£

E@ THERM 7 | WINDOW 7

b g NFRC Simulation Manual

National Fenestration Rating Council, Inc.
Publication Version: January 2026



DISCLAIMER

This document was prepared as an account of work sponsored by the United States Government. While this
document is believed to contain correct information, neither the United States Government nor any agency
thereof, nor The Regents of the University of California, nor any of their employees, makes any warranty,
express or implied, or assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product process, or service by its trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof, or The Regents of the
University of California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof, or The Regents of the University of
California or the University of Minnesota.

This manual is derived from the original simulation manual that had been authored by an author at Lawrence
Berkeley National Laboratory under Contract No. DE-AC02-05CH11231 with the U.S. Department of
Energy. The U.S. Government retains, and the publisher, by accepting the article for publication,
acknowledges that the U.S. Government retains a non-exclusive, paid-up, irrevocable, world-wide license to
publish or reproduce the published form of this manual and original manual, or allow others to do so, for U.S.
Government purposes.

Prior versions (up to 6.3) of this Simulation Manual were supported by the Assistant Secretary for Energy
Efficiency and Renewable Energy, Office of Building Technology, Building Technologies Program of the
U.S. Department of Energy under Contract No. DE-AC03-76SF00098, and the Original Simulation Manual
was supported by the Assistant Secretary for Energy Efficiency and Renewable Energy, Office of Building
Technology, State and Community Programs of the U.S. Department of Energy under Contract No. DE-
AC02-05CH11231.

Subsequent versions, including the current version, are developed by NFRC members and staff.

NFRC has a license to all copyrights in the Simulation Manual and a license to use, modify, and create
derivative works of this Simulation Manual and NFRC retains the copyright for such derivative works.

The content of this manual was composed in English and from time to time may be translated into other
languages. The English version of the document is NFRC’s official version. If there are any discrepancies
or conflicts between any translated versions and the English version of this document, the English version
will control.



THERM 7/ WINDOW 7 NFRC Simulation Manual

NFRC Publication Dates: May 2015, January 2016, July 2016, July 2017, September 2020, February 2021,
October 2022, March 2023, July 2024, January 2026.

Original Simulation Manual, THERM6.3/WINDOW®6.3 NFRC Simulation Manual, Publication Dates were:
January 2011, June 2013, July 2013, and January 2014



Table of Contents

1. INTRODUCTION ... s 1-1
L1, OVEIVIEW ..ottt 1-1
2. FENESTRATION PRODUCTS.........occiiiirnninne s s 2-1
2.1, OVEIVIEW ...ttt 2-1
2.2 Fenestration Product Sash Operation..........c.c.ccccceevrrrrnieierererececrcnennenerenens 2-1
2.2.1. Projected or Hinged Windows..........ccceeeueueucuiiinnnnnneeceenenene 2-2

2.2.2. Slding WINAOWS.....c.ccoiiiniririciicciciierreee e 2-2

2.2.3. Sliding Glass DOOTS .........cceueueueueueiiiirrreecccccee e 2-2

2.2.4. French Doors and Folding Patio Doors ... 2-2

2.2.5. Skylights and Roof WINdows............ccccevvniicicieinniccciis 2-2

2.3 Performance Implications of Basic Fenestration Types........cccccecevvrueueueuennee 2-3
2.3.1. Hinged WINdOWS.......cccooivviriiiiiiiiiiiiirreeeecccc e 2-3

2.3.2. Sliding WINAOWS.......ccccoiiiiiiiiiiiiiiiiiiiccccceees 2-3

2.3.3. Sliding Glass and French Doors..........cccccccviiicciinininiiicce, 2-4

2.4 Frame Materials..........ccocoviiiiiiiiininiiiii s 2-4
2.4.1. Wood Frames ..o 2-4

2.4.2. Aluminum Frames.........ccccoovviiiiiniiiine 2-4

2.43. VINyl Frames ... 2-5

2.4.4. Fiberglass and Engineered Thermoplastics...........cccccoceviririninnnnnn. 2-5

2.4.5. WoOd COMPOSILES.....ccorereeirrercicieiiiiiririreeetete e 2-5

2.4.6. Hybrid and Composite Frames............cccocoeuecuiiiininnnnneccennee 2-5

2.5 Basic Glazing Materials............cccccoviiiiiiiiiiiiicces 2-5
2.5 1. GlASS ..o s 2-5

2.5.2. PIAStICS ...vvuimiiiiiiiiiiiiic s 2-6

2.6 Improved Glazing Products ..........cccooeeeeiiiiinnnrecccccccerneeeeeeenee 2-7
2.6.1. Tinted Glazing.........cccceeevverurueueieieieiiirrrreee e 2-7

2.6.2. Reflective Coatings and Films...........ccccocovviiiiiiininiccene 2-8

2.6.3. Double Glazing ...........ccccceeuriririiiiiiiirineeeesseee s 2-8

2.6.4. Glass Coatings and Tints in Double Glazing..........c.cccoceeueueuenenenee 2-8

2.6.5. Gap Width in Multiple Glazed Units..........ccccccoeeiiininnnnciencnnee 2-9

2.6.6. Divided Lights.......cccccoooviiiiiiiiiiiiiiccccccccce 2-9

2.6.7. Special PrOdUCES ..ot 2-10

2.6.8. Multiple Panes or FIIMS .........cccccccueuiiiinnnneccccccenenereeeenene 2-10

2.6.9. Low-Emittance Coatings............cccccouvuriiniiiiniiiinniiiiniicecece, 2-11

2.6.9.1. Coating Placement............ccccceeueuiininrernneeiccecccerreseseeeeenes 2-12

2.6.9.2. Coating TYPES......ccoovvvimiiiiiiiiiiiicc 2-12

2.6.10. Gas FillS......cceuiiiiiiiiciiiriccce s 2-13

2.7 Thermally Improved Edge Spacers ..........cccccceeuriierneninnenienererereeeeenerenenenes 2-14

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026



Contents

3. FENESTRATION HEAT TRANSFER BASICS ........cccoiirrrrrsannneeee 3-1
3.1, OVEIVIEW ..ot 3-1
3.2 Energy Flow MechaniSms..........ccovueueueuiiicuciiinirinneeeeeeccee e 3-1
3.3 Temperature Driven Heat Transfer ...........ccoececveeeneecneccninccneecneeeceens 3-2

3.3.1. ConAUCHON .....cveeiiiiiiiciicc e 3-3
3.3.2. CONVECHON ....coiuiiiiiiiiicicci e 3-3
3.3.3. Radiation ....cccueueuuiiiiiiiirce e 3-4
3.3:4. U-AACOT ... 3-4
3.3.4.1. Total Product U-factor..........cccccccoiiiiniinnnniiiiiiiccicccenes 3-4
3.3.4.2. Center-of-Glazing U-factor............cccccevvniiicicinininiicceers 3-4
3.3.4.3. Edge Effects .....ccccceiiinnirreccccccccre e 3-4
3.3.4.4. Frames and Sashes...........cccccccceueuiiinnnnnnccccccccreeeeenenee 3-5
3.3.4.5. Overall U-factor .........ccccoviriririiiiiiiiiiiceeccccccceenes 3-5
3.4 Solar Heat Gain and Visible Transmittance ...........ccccoecieiiniicncccnccnnne. 3-5
3.4.1. Determining Solar Heat Gain.........cccccovvvureeieieiccccnenennreeeennen 3-6
3.4.2. Solar Heat Gain Coefficient (SHGC) ......c.coeecenvuevennerinnccnnecens 3-6
3.4.3. Visible Transmittance............cccccccoeeiirnnnneieieccccccenreeeeenenes 3-7
3.5 Condensation ResiStance .............cccocecuiuiiiiinininiiiiiiccceeee e 3-7
3.5.1. Impact of Glazing Type and Spacers on Condensation................. 3-8
3.5.2. Condensation Resistance ..........c.cccccceverrrerereeeererecccerinnrreeeenenens 3-9
3.5.3. Outdoor Condensation ...........c.cccccceeeverererirereeicicieecciinreeeeeeenenes 3-9
3.5.4. Condensation Between Glazings...........c.cccccecuiuiiiinicnnnnccenenee 3-9
3.6 INFIITAtION c.oeeecccc ettt 3-10
3.7 Solar Properties of Glazing Materials..........ccccceeiivnnnnneecccccienreeene 3-10
3.7.1. Transmittance.........cccocveiviriiiiiiiiiiicic e 3-11
3.7.2. RefleCtance..........ccccouiirrririeiciciceiicir e 3-12
3.7.3. ADSOIPLANICE. ..ottt 3-12
3.8 Infrared Properties of Glazing Materials (Emittance)...........cccccccovicucnnne. 3-13
4. SUMMARY OF ALGORITHMS ...t ssssssss s nsannes 41
4.1. THERM and WINDOW AIgorithms ..........ccccccceuvininiiiiinnniicccenniccnes 4-1
4.1.1. WINDOW Lottt 4-1
4.1.2. THERM: ..ot 4-1
4.2 WINDOW Computational Method .........c.ccccvveieineccinnenniccnecneecreneens 4-1
4.3 THERM Computational Methods..........cccoeveeerieiniicnieenneiinecneeereneens 4-3
4.4 Total Product Calculations .........cccceeeevrrrieieieieueueeiiininenneeerereeneeceseseneneneees 4-5
44T, UAACOT.....viiiiiiiiririreeeete ettt ettt 4-5
4.4.2. Solar Heat Gain Coefficient (SHGC) ......c.coceceeureverneernnecnnencens 4-6
4.4.3. Visible Transmittance............cccocovvuriiiiiiiininininiicccccecceceeeens 4-6
4.4.4. Condensation ResiStance..............cccccccveuieiniiciinnicnininciencccneneens 4-7

5. MODELING CENTER-OF-GLAZING WITH WINDOW..........ooeeereereereeerennes 5-1
D1, OVEIVIEW ..ttt ettt ettt te e be et e saeesteebeeateeaseessesbaesseenseenseennas 5-1
5.2, Glass LIDIary ...ttt e 5-4

5.2.1. Updating Glass Library from the IGDB...........ccccceevvnnnnneennee 5-6
5.3 Shading Layer Library and Shading Material Library ..........ccccccccevururnueneee 5-6
5.3.1. Updating and/or Adding Shading Layers and Shading Materials
from the CGDB.......ccoviiieicecccitrrrrr et 5-6
5.4 Glazing System Library -- Center-of-Glazing U-factor..........cccccccouvurueueuenenee 5-10
5.4.1. Environmental Conditions ...........cccccoeeevirrnereneeueccecccinnnerenenes 5-13
5.4.2. COAtINEGS ...ooveviiiriniieiciic e 5-15
5.3.3. GaS Fillu..ouiiiiiiiciciciccciirrrreeeeccc et 5-16

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026



Contents

5.4.4. Laminated Glass / Applied Films.....c...ccccoeveinnevcnnennecnnnee. 5-16

5.5 Solar Heat Gain Coefficient and Visible Transmittance ...........cccccecerurureneee. 5-17
6. 6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM......6-1
6.1, OVEIVIEW ..ot s 6-1
6.2 Cross-Sections to be Modeled ............c.cccooiiiinninnnieeii e 6-1
6.3 Draw the Cross Sections..............cccoviiieiiiiiiniiiice e 6-4
6.3.1. Getting Started — Drawings and DXF Files............ccccccoeoeiininnnnee. 6-4

6.3.2. File Properties -- Cross-Section Type ......ccccceueueueueececininnrrereenenenen 6-4

6.3.3. Cross-Section Orientation...........ccccoceeevviiiniiiiiniiniiiins 6-5

6.3.4. What is Not Modeled ..............ccooovriiiininiiiicce, 6-7

6.3.5. Deformable Parts ........c.cccovvueveueuceiinnnnnneecccccccnenneeenenenene 6-8

6.3.6. Frame Cavities........c.cccocieiiiiiiniiiiiiiciicccccee e 6-8

6.3.6.1 Unventilated Cavities.........cccceveueeecinirinnririeieiciecccereneeeeeenenee 6-8

6.3.6.2. Slightly Ventilated Cavities..........cccovvrrrecccccinnrrrenee 6-14

6.3.7 Sealing per Physical Testing - Frame Cavity NFRC 100 ............. 6-17

6.3.8. Modeling Sloped and Curved Surfaces............ccccccoueiiccrcirinnnne 6-20

6.3.9. Modeling Sloped Sills..........cccccceeueiinnnnrrieecceceeeereeeenenee 6-20

6.3.10. Modeling of Micro-Thin Materials in THERM............................ 6-21

6.4 Importing Glazing SYStems ...........ccccouviviririreiiiiiiiircee s 6-22
6.4.1. OVEIVIEW ..ottt 6-22

6.4.2. Inserting Glazing Systems...........ccccccvviivinininiiicccine, 6-23

6.4.3. Multiple Glazing OptionS..........cccceeueuririrerrreneeieerereeeeererereseees 6-24

6.4.4. Linking Glazing Cavities ............ccccceuriiininnnneeiccnceecceeeeeenes 6-27

6.4.5. Condensation Resistance ...........cccccoooueveieiniiiceiicinicccee, 6-30

6.5 Defining Boundary Conditions...........cccceeuvrniiiieininininiiicesrncceene 6-33
6.5.1. OVEIVIEW...c.ciiiiiiiiiiicci e 6-34

6.5.2. Assigning Boundary Conditions and U-factor Surface Tags...... 6-37

6.5.3. Voids, Overlaps and Bad Points.........c.cccccceneirneccneinnccninnnee 6-43

6.6 Calculating ReSUltS ..........coocciuiiiiiiiiiiiccccccc e 6-44
6.6.1. MESHING......c.ccuiiiiiiiiiiiiiirccc s 6-44

6.6.2. Error EStimator..........coccoiiiiiiiiiniiiiiiiiccccccce 6-44

6.6.3. Required Settings for NFRC Simulations..........c.cccccoccceeeinrnenenne. 6-45

6.6.4. Calculations ..ot 6-46

6.6.5. RESUILS ..o 6-48

6.6.6. Custom Frame Length..........cococoeeuiiiiinnnnnccccccccreens 6-49

6.6.7. Importing Results into WINDOW ..........cccovviiiiiiiiiinnnnene 6-50

7. TOTAL PRODUCT CALCULATIONS USING WINDOW ...........ccocemrrrinnnnen 7-1
7.1, OVEIVIEW ..ottt 7-1
7.2 Frame and Edge U-factors from THERM ..........cccccccevininiiicinnniiccen, 7-1
7.3 Center-of-Glazing U-factors from WINDOW ...........ccccceoeiiiinnnicccininnn, 7-2
7.4 Overall Product U-factor, SHGC, VT, and CR Calculations........cccccevveeveuuee... 7-3
74.1. Individual Product SHGC and VT (SHGC 0& 1, VT 0 & 1)......... 7-6

7.4.2. Sightline Grouping Procedures.............ccccocoeiininnnnnncccccccan. 7-9

7.4.3. Whole Product U-factor With Dividers.........cccocovnnrvnerererenenes 7-11

7.5 Project Databases ...t 7-12
8. SPECIAL CASES ... eeeeeeeeeeeeseeseeeseseessesseseessesseaseasessseesessesassaseasessseasessens 8-1
8.1, OVEIVIEW ...ttt ettt sttt et et sa e st be bt be ettt et enenaenes 8-1
8.2 Meeting Rails ........ccccocouviiiiiiiiiiiiiicicccc s 8-2
8.2.1. Modeling Meeting Rails..........cccccceceirirrnnneieieiiicnreeeeenenee 8-2

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026



Contents

8.2.2. Steps for Meeting Rail U-factor Calculation............ccccceuvueuenennnne. 8-3
8.2.3. Steps for Meeting Rail Condensation Resistance Model............... 8-8
8.3 Dividers 10
8.3.1. Internal Dividers (Suspended Grids).......cccccceeurvviinnnrnccncnnee 8-10
8.3.2. Simulated Divided Lites ..........ccccooviriiiniiiiniiiccceece 8-22
8.3.3. True Divided Lites..........cccocovviiriminiiiiiiceeeeccc s 8-31
8.3.4. Door Caming ........cccceiiiniiiiiiininiiiiicc s 8-39
8.4 Storm WINAOWS........ccceuviiiiimiiiiiiii s 8-45
8.4.1. Modeling StePs........cccovveririririeueieieiciiiiierreeee e 8-45
8.4.2. Storm Window Example........cccccccveeviniecnnicneccnieeeneecene, 8-47
8.4.3. Storm Window Meeting Rails...........ccccooviiiiiinnniniiiiinnn, 8-52
8.4.4. Steps for Storm Window Condensation Resistance Model......... 8-53
8.5 Unit Skylights and Sloped Glazed Wall Systems ............cccccccceecinnnnnenne. 8-56
8.5.1. Modeling Steps.........cccccvviviriririiieiiiiiiiirrce s 8-56
8.5.2. Skylight Mounting Details...........ccccccoeiiiinnnnniiiiiiiicne 8-58
8.5.3. Example Inset Mounted Skylight Problem .............cccccoecuvinnnnee. 8-58
8.6 Doors 69
Boundary Conditions for Steel Skin DooTs..........cccooeueuecccciinnnnennes 8-69
8.7 Spacers 70
8.7.1. OVEIVIEW ..ottt s 8-70
8.7.2. Linking Glazing Cavity properties (imported from WINDOW) for
OPEN SPaCETS......ocuiiiiiiiiiiic s 8-71
8.7.3. Trapped Air Cavities Within a Spacer System ..............cccceueue. 8-72
8.8 Non Continuous Thermal Bridge Elements............c.ccccccccociiiiinnnnnnnnnee. 8-74
8.8.1. Modeling Steps.........cccceeueuiiririiiiiiciiirinee s 8-75
8.8.2. EQUALIONS ....cuoiiiiiiiiicicici e 8-76
8.8.3. Example 1: Bolts in Curtain Wall...........cccocevvriecceiiiinnnneenes 8-77
8.8.4. Example 2: Thermally slotted cross-section..........cccccceuvvruruennnnee 8-80
8.8.5. Example 3: Skip-and-debridge:..........cccoouieiivvnniiiiiiiiee 8-84

8.9 Site Built Fenestration Products (Curtain Walls, Window Walls and Sloped
Glazing) 87

8.9.1. Curtain Walls, Window Walls, and Sloped Glazing.................... 8-87
8.9.2. Curtain Wall Modeling Procedure.............cccccccciiiinininnnnnncnnee 8-89
8.10 Garage / RollING DOOTS.........ccccvuviririiiiiieiciiiiiccccirsn e 8-101
8.10.1. Sectional Garage Door (Insulated and Non-Insulated) ........... 8-101
8.10.2. ROIING DOOT ... 8-107
8.11. Creating a Laminate in Optics for NFRC...........cccocooeiiiiiinnniicene, 8-111
8111, OVEIVIEW ..ottt s 8-111
8.11.2. Laminate Interlayer Data........c.ccccoovvrrreeieiercccicnrrrereenene 8-112
8.11.3. Constructing a Laminate in Optics.........ccccoevvniiiniiiniicnnne 8-113
122
8.12. Creating an Applied Film Layer in Optics for NFRC Certification ........ 8-125
8.12.1. OVEIVIEW ..ottt s 8-125
8.12.2. Film Data....c.ceueuiiiirininieieiecciciccttrerreeee e 8-126
8.12.3. Using this Procedure for ANSI/NFRC 200:..........ccccceeueueuennnne. 8-127
8.12.4. Creating a Layer with an Applied Film in Optics.................... 8-127
8.13. Framed Intermediate Pane........c.c.cocoeueueuiiiinnnnninicccccccrenneeeenenee 8-135
8.13.1. OVEIVIEW ..ot 8-135
8.13.2. THERM Modeling Details ..........ccccoeveerrerriiecccccinrrrreenen 8-136
8.14. Shading Systems Modeling Overview ...........c.ccoceeeueeeieeinnnnnereeenenens 8-137
8.14.1. WINDOW Preferences............cccocovereverniviceeenininceeeenens 8-138
8.14.2. Shading System States..........c.ccoeeuiurrrriiiceieniiccceees 8-139

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026



Contents

8.14.3. Modeling Rules / Definitions ............ccccceeueuiiiininnininiccnnee 8-140

8.15 Shading Systems Modeled for SHGC / VT Only .......cccccoviiuereivnninccnnes 8-156

8.16. Venetian Blinds - Between Glass (Integral)........c.cccccceviiinnnnnnccenenee 8-157

8.16.1. Fully Open Venetian Blind ...........cccocovviiiiiiiinnrnenee 8-158

8.16.2. Closed Venetian Blind............cccoereriiniiiiiiiicce, 8-179

8.17 Woven Shades — OUtdOOT ...........ccccevviiinimiiiiiiiice e 8-192

8.17.1. Fully Open Woven Shade...........ccccovvniiicicivnniiccceinenns 8-192

8.18 Diffuuse GlazZing..........cueveueueueuiuiiiriniririeieieieieeieee e 8-204

8.18.4 Modeling Steps........covvevurueueucueiciiiirrreeeee e 8-205

8.19 Environmentally Controlled Dynamic Glazing...........ccccccceeevevrirrennnnee 8-209

8.20 Vacuum Insulated Glazing (VIG) ........cccccceeuvnniniiicnnniiccceriniccnes 8-216

8.20.1. Creating the Vacuum Gap ......ccccovrrrreeeeieueuccceennrerreeeenenene 8-216

8.20.2 Create the VIG Unit.......cccccoovviiiiiiiiiniiiicccccces 8-219

8.20.3 Importing VIG into THERM ........ccccccoviviiiniiniiiiiie, 8-220

8.20.4 Modeling Hybrid VIG Glazing.........ccccceeeuiiiiiininnnnnnnnen 8-221

8.21 Spandrel Panel SyStems ...........ccccovuviiicieieinininiiiccinnne e 8-223

8.21.1. Create Center-of-Glazing (COG) of Spandrel Panel System... 8-223

8.21.2. Modeling Spandrel Panel Systems in THERM.......................... 8-228

8.22 Pivot Windows and DOOTS............ccoviriiiiiiiiiiiccccee e 8-233
8.23 Domed Skylights / Glass Block / U-Channel Glazing / Specialty Glazing

........................................................................................................... 8-235

9. SAMPLE PROBLEMS.........c.c.ciiiiniinsmnsnn s s 9-1

9.1, OVEIVIEW ..ottt s 9-1

9.2 Problem 1: Vinyl Fixed WINAOW ........ccoeueueueieiiiiiinrnneceeececceeeseeees 9-2

9.2.1. DeSCription.......ccccviiuiiiiiiiiiiiiiiiii s 9-2

9.2.2. Glazing MatriX ......cccccoeiiiiiiiiiriiciiiicce e 9-2

9.2.3. Center-of-glazing Modeling (WINDOW)...........ccccccoviiiinnnnnnn. 9-3

9.2.4. Edge-of-glazing and Frame Modeling for U-Factor (THERM) .... 9-4

9.2.5. Total Product U-Factor ..o, 9-9

9.2.6. Individual Product SHGC and VT using SHGC 0 & 1 and VT 0 & 1

............................................................................................................. 9-11

9.2.7. Drawings Vinyl Fixed Window ..........ccccccovnvreeccccccnnnnenenes 9-14

9.3 Problem 2: Aluminum Horizontal Slider Window ...........cccccecevviinnninn, 9-16

9.3.1. DeSCription.......cccccvuiuiiiiiiiiiiiiiiicic e 9-16

9.3.2. Glazing MatriX .......cccccoiiiiiriririririciciccce e 9-17

9.3.3. Center-of-glazing Modeling (WINDOW).........cccccoeoeeucirnnnnnnne. 9-17

9.3.4. Edge-of-glazing and Frame Modeling (THERM)......................... 9-18

9.3.5. Total Product U-Factor............ccooeiiiiiininiiiiiiiccne, 9-26

9.3.6. Individual Product SHGC and VT using SHGC 0 & 1 and VT 0 & 1

............................................................................................................. 9-27

9.3.7. Drawings for Aluminum Horizontal Slider..........ccccccorurrurunence 9-29

9.4 Problem 3: Flush-Mount SKylight...........cccccccciuiiiinnnecccccccereneneees 9-34

9.4.1. DeSCription.......cccccvuiuiiiiiiiiiiiiiiii e 9-34

9.4.2. Glazing MatriX ......cccccoeoiiiiniiiiiiriiiiiiiecccc e 9-34

9.4.3. Center-of-glazing Modeling (WINDOW).........cccccoeeeecvvnnnnnee. 9-35

9.4.4. Edge-of-glazing and Frame Modeling (THERM)......................... 9-36

9.4.5. Total Product U-Factor...........cccooviiiiiiniiiiiiicccne, 9-40

9.4.6. Individual Product SHGC and VT using SHGC 0 & 1 and VT 0 & 1

............................................................................................................. 9-41

9.4.7. Skylight DTawings. .......ccccevrrrrieieueieeieirennseeeeeeeee e 9-44

9.5 Problem 4: DOOT ........cccccvviiimiiiiiiiiiii e 9-45

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026



Contents

9.5.1. DeSCIIPHION. ...c.ecuiiiiciiiiiciiriceeereee et 9-45
9.5.2. Glazing MatriX ... 9-45
9.5.3. Center-of-Glazing Modeling (WINDOW).........ccccccecevvevrnrnnunene. 9-46
9.5.4. Edge-of-glazing and Frame Modeling for U-Factor (THERM) .. 9-47
9.5.5. Total Product U-Factor, SHGC and VT .......ccccceeeveivvieeeeeeeeieeeens 9-60
9.5.6. Wood Stile and Rail Door Drawings. ..........ccccccveeiieinininccnenenee. 9-60
10. ACKNOWLEDGEMENTS.........ciiiiiinnrr s ssss s 10-1
APPENDIX A. The Application of ISO 15099 to ANSI/NFRC 100 and
ANSI/NFRC 200 .......cooiiiiinnmmmrrrr s sssssss s ssssss s e s s es s sns A-1
APPENDIX B. References..........ccccccvmiiiimininninncenne s B-1

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026



1. INTRODUCTION

1.1. Overview

This document, the THERM 7 /WINDOW 7 NFRC Simulation Manual, discusses how to use the THERM and
Berkeley Lab WINDOW programs to model products for NFRC certified simulations and assumes that the
user is already familiar with those programs. In order to learn how to use these programs, it is necessary to
become familiar with the material in both the THERM User's Manual and the WINDOW User’s Manual.

This manual covers the modeling procedures for products that are allowed to be certified using the
simulation method as covered in the appropriate NFRC standards documents. There are modeling
capabilities in WINDOW 7 and THERM 7 that are not covered in the NFRC documents, and these cannot be
used for NFRC product certification.

In general, this manual references the User's Manuals rather than repeating the information.

If there is a conflict between either of the User Manual and this THERM 7/ WINDOW 7 NEFRC Simulation
Manual, the THERM 7 /WINDOW 7 NFRC Simulation Manual takes precedence.

If this manual is in conflict with any NFRC standards, the standards take precedence. For example, if samples
in this manual do not follow the current taping and testing NFRC standards, the standards not the samples in
this manual, take precedence. NFRC periodically publishes technical interpretations to clarify or provide
modeling techniques, rules, and procedures for simulating products in THERM and Berkeley Lab WINDOW.
Refer to the NFRC website to review all technical interpretations.
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2. FENESTRATION PRODUCTS

2.1. Overview

Much of the information in this chapter is taken from Residential Windows: A Guide to New Technologies and
Energy Performance by John Carmody, Stephen Selkowitz, and Lisa Heschong.

Although glazing materials are the focus of much of the innovation and improvement in fenestration
products, the overall performance of any unit is determined by the complete fenestration product assembly.
The assembly includes the operating and fixed parts of the product frame as well as associated hardware and
accessories. These are defined and illustrated at the beginning of this section. The next two sections address
the different options available for sash operation and new advances in frame materials designed to improve
product energy efficiency. Proper installation is an important aspect of their performance as well. The final
section of this chapter discusses other installation issues.

2.2 Fenestration Product Sash Operation

There are numerous operating types available for fenestration products. Traditional operable types include
the projected or hinged types such as casement, awning, and hopper, and the sliding types such as double-
and single-hung and horizontal sliding. In addition, the current market includes storm windows, sliding and
swinging patio doors, skylights and roof-mounted (i.e., sloping) windows, and systems that can be added to a
house to create bay or bow windows, miniature greenhouses, or full sun rooms.
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Figure 2-1. Fenestration Operator Types
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2. FENESTRATION PRODUCTS 2.2 Fenestration Product Sash Operation

2.2.1. Projected or Hinged Windows

Hinged windows include casements, awnings, and hoppers —hinged at the side, top, and bottom,
respectively. Some manufacturers also make pivoting and combination windows that allow for easier
cleaning of the exterior surfaces. Hinged windows, especially casements, project outward, providing
significantly better ventilation than sliders of equal size. Because the sash protrudes from the plane of the
wall, it can be controlled to catch passing breezes, but screens must be placed on the interior side. Virtually
the entire casement window area can be opened, while sliders are limited to less than half of the window
area.

2.2.2. Sliding Windows

Sliders are the most common type of windows and include horizontal sliders and single-hung and double-
hung windows. Ventilation area can vary from a small crack to an opening of one-half the total glass area.
Screens can be placed on the exterior or interior of the window unit.

In double-hung or double-sliding units, both sashes can slide. In double-sliding units, the same net amount of
glass area can be opened for ventilation as in single sliders, but it can be split between the top and bottom or
two ends of the window for better control of the air flow.

2.2.3. Sliding Glass Doors

Sliding glass doors (patio doors) are essentially big sliding windows. As extremely large expanses of glass,
patio doors exaggerate all of the issues related to comfort and energy performance. Since the proportion of
glass to frame is very high for a glass sliding door, the selection of high-performance glass can have
significant benefits.

2.2.4. French Doors and Folding Patio Doors

French doors and folding glazed doors are growing in popularity. A basic double French door consists of two
hinged doors with no center mullion, resulting in a 1.5 to 1.8 m (5- to 6-foot) wide opening. Folding doors are
typically made of pairs of hinged doors, so that a double folding door with two pairs of doors can create an
opening of 3.7 m (12 feet) or more.

2.2.5. Skylights and Roof Windows

The vast majority of skylights are permanently fixed in place, mounted on a curb above a flat or sloped roof.
However, hatch-style skylights that can be opened with an extended crank, push latch, or remote control
motor are becoming more common. Some skylights have a domed profile made of one or two layers of tinted
or diffusing plastic.

A roof window is a hybrid between a skylight and a standard window. They have become increasingly
popular as homeowners and designers seek to better utilize space in smaller houses by creating habitable
rooms under sloping roofs. They are glazed with glass rather than plastic and are available with most of the
glazing and solar control options of standard windows. Both fixed and operable versions are available, and
the operable roof windows can be opened manually or by a motorized system. In addition, some
manufacturers offer special venting mechanisms that allow some ventilation air flow without actually
opening the window. Operable skylights or vents allow hot air that rises to the ceiling level to be effectively
exhausted from the space.

Skylights and roof windows present a special case for insulating around windows because they are typically
set into the thickest, most heavily insulated framing in the house, and they must also meet much more
stringent conditions for shedding water. In order to create a positive water flow around them, skylights are
commonly mounted on “curbs” set above the roof plane. These curbs, rising 15 to 30 centimeters (6 to 12
inches) above the roof, create additional heat loss surfaces, right where the warmest air of the house tends to
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2. FENESTRATION PRODUCTS 2.3 Performance Implications of Basic Fenestration Types

collect. Ideally, they should be insulated to the same level as the roof. In practice, it is often difficult to achieve
insulation levels much above R-11. Some manufacturers provide curbs prefabricated out of a rigid insulating
foam, which can be further insulated at the site.

Roof windows, mounted in a sloping roof, often include a metal flashing system. If this metal flashing is in
contact with a metal window frame, it can create additional surfaces for conducting heat. Thus, as with
thermally broken aluminum windows, care should be taken to ensure a thermal separation between the cold
outer metal surfaces and metal parts of the window frame that are exposed to the warm interior air.

2.3 Performance Implications of Basic Fenestration Types

There are subtle performance differences between a fixed and operable fenestration product that fills an
identical rough opening. The fixed unit will typically have a smaller fraction of frame and proportionately
more glass than the similar operable unit. Thus, fixed products with high-performance glass will have a
better, lower U-factor, but a higher SHGC due to a smaller frame area and larger glass area. Fixed products
have very low infiltration rates, but then they also do not provide natural ventilation and do not satisfy
building code requirements for fire egress.

For operating fenestration products, the type of operation has little direct effect on the U-factor or SHGC of
the unit, but it can have a significant effect on the air infiltration and ventilation characteristics. Operation can
be broken into two basic types: sliding products and hinged products. The comments below are a general
characterization of American fenestration products; however, they may not apply to a specific product made
by a given manufacturer.

2.3.1. Hinged Windows

Hinged windows such as casements, awnings, and hoppers generally have lower air leakage rates than
sliding windows from the same manufacturer because the sash closes by pressing against the frame,
permitting the use of more effective compression-type weatherstripping. In most types, the sash swings
closed from the outside, so that additional external wind pressure tends to push the sash more tightly shut.
Hinged windows require a strong frame to encase and support the projecting sash. Also, because projecting-
type sashes must be strong enough to swing out and still resist wind forces, the stiffer window units do not
flex as readily in the wind. In addition, hinged windows have locking mechanisms that force the sash against
the weatherstripping to maximize compression. These design details tend to reduce air infiltration of hinged
windows in comparison to sliders.

2.3.2. Sliding Windows

Sliding windows, whether single-hung, double-hung, or horizontal sliders, generally have higher air leakage
rates than projecting or hinged windows. Sliding windows typically use a brush-type weatherstripping that
allows the sash to slide past. This type is generally less effective than the compression gaskets found in
projecting windows. The weatherstrip effectiveness also tends to be reduced over time due to wear and tear
from repeated movement of the sliding sash. The frames and sashes of sliding units can be made with lighter,
less rigid frame sections since they only need to support their own weight. This lightness may permit the
sliding frames to flex and can allow more air leakage under windy conditions. Manufacturers can choose to
engineer greater stiffness in their products by design and material selection.

Slider window performance can also be improved with latching mechanisms that compress the sash to the
fixed frame and by the addition of compression weatherstripping at the head and sill of double-hung
windows or the end jamb of horizontal sliders.
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2. FENESTRATION PRODUCTS 2.4 Frame Materials

2.3.3. Sliding Glass and French Doors

As previously noted, sliding doors are essentially big sliding windows. However, they are more complicated
because of their size and weight and because the sill is also a door threshold, which must keep water out
while allowing easy passage of people and objects. The threshold is typically the most difficult part of the
frame to weatherstrip effectively.

French doors benefit from being much more like traditional doors than sliding doors. French doors can use
weatherstripping and operating hardware designed for similar non-glazed doors. However, when there are
large openings with multiple hinged doors, it is more difficult to positively seal the joints between door
leaves and to create the stiffness that will resist infiltration.

2.4 Frame Materials

The material used to manufacture the frame governs the physical characteristics of the fenestration product,
such as frame thickness, weight, and durability, but it also has a major impact on the thermal characteristics
of the product. Increasingly, manufacturers are producing hybrid or composite sash and frames, in which
multiple materials are selected and combined to best meet the overall required performance parameters.
Thus, a simple inspection of the inner or outer surface of the frame is no longer an accurate indicator of the
total material or its performance. Since the sash and frame represent from 10 to 30 percent of the total area of
the fenestration unit, the frame properties will significantly influence the total product performance.

2.4.1. Wood Frames

Wood fenestration products are manufactured in all configurations, from sliders to swinging windows. Wood
is favored in many residential applications because of its appearance and traditional place in house design.

A variation of the wooden product is to clad the exterior face of the frame with either vinyl or aluminum,
creating a permanent weather-resistant surface. Clad frames thus have lower maintenance requirements,
while retaining the attractive wood finish on the interior.

From a thermal point of view, wood-framed products perform well. The thicker the wood frame, the more
insulation it provides. Wood-framed fenestration products typically exhibit low heat loss rates.

However, metal cladding, metal hardware, or the metal reinforcing often used at corner joints can degrade
the thermal performance of wood frames. If the metal extends through the fenestration product from the cold
side to the warm side of the frame, it creates a thermal short circuit, conducting heat more quickly through
that section of the frame.

2.4.2. Metal Frames

The biggest disadvantage of metal (e.g. aluminum alloys or steel) as a fenestration product frame material is
its high thermal conductance. It readily conducts heat, greatly raising the overall U-factor of a fenestration
unit. Because of its high thermal conductance, the thermal resistance of a metal frame is determined more by
the amount of surface area of the frame than by the thickness or the projected area, as with other frame
materials. Thus, a metal frame profile with a simple compact shape will perform much better than a profile
with many fins and undulations.

In cold climates, a simple metal frame can easily become cold enough to condense moisture or frost on the
inside surfaces of fenestration product frames. Even more than the problem of heat loss, the condensation
problem spurred development of a more insulating metal frame.

The most common solution to the heat conduction problem of metal frames is to provide a “thermal break”
by splitting the frame components into interior and exterior pieces and use a less conductive material to join
them. There are many designs available for thermally broken metal frames. An example of a technique used
in aluminum alloy fenestration products is called “pouring and debridging.” The frame is extruded as a
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2. FENESTRATION PRODUCTS 2.5 Basic Glazing Materials

single piece with a hollow trough in the middle. This is filled with a polymer that hardens into a strong
intermediate piece. The connecting legs, or walls, of aluminum is then milled out, leaving only the plastic to
join the two halves of aluminum. Functionally, the resulting piece is cut, mitered, and assembled like a simple
aluminum extrusion. Thermally, the polymer slows the heat flow between the inside and outside. There are
other manufacturing techniques for producing a thermal break (such as crimped-in-place polymer strips), but
the thermal results are similar.

2.4.3. Vinyl Frames

Plastics are relative newcomers as fenestration product frame materials in North America. Vinyl, also known
as polyvinyl chloride (PVC), is a versatile material with good insulating value.

The thermal performance of vinyl frames is roughly comparable to wood. Large hollow chambers within the
frame can allow unwanted heat transfer through convection currents. Creating smaller cells within the frame
reduces this convection exchange, as does adding an insulating material. Most manufacturers are conducting
research and development to improve the insulating value of their vinyl fenestration product assemblies.

2.4.4. Fiberglass and Engineered Thermoplastics

In addition to vinyl fenestration products two other polymer-based technologies have become available,
fiberglass and thermoplastics. Frames can be made of glass-fiber-reinforced polyester, or fiberglass, which is
pultruded into lineal forms and then assembled into fenestration products. These frames are dimensionally
stable and have good insulating value by incorporating air cavities (similar to vinyl).

2.4.5. Wood Composites

Most people are familiar with composite wood products, such as particle board and laminated strand lumber,
in which wood particles and resins are compressed to form a strong composite material. The wood
fenestration product industry has now taken this a step further by creating a new generation of

wood/ polymer composites that are extruded into a series of lineal shapes for frame and sash members. These
composites are stable, and have the same or better structural and thermal properties as conventional wood,
with better moisture resistance and more decay resistance. They can be textured and stained or painted much
like wood. They were initially used in critical elements, such as sills and thresholds in sliding patio doors, but
are now being used for entire units. This approach has the added environmental advantage of reusing a
volume of sawdust and wood scrap that would otherwise be discarded.

2.4.6. Hybrid and Composite Frames

Manufacturers are increasingly turning to hybrid frame designs that use two or more of the frame materials
described above to produce a complete fenestration product system. The wood industry has long built vinyl-
and aluminum-clad products to reduce exterior maintenance needs. Vinyl manufacturers and others offer
interior wood veneers to produce the finish and appearance that many homeowners desire. Split-sash designs
may have an interior wood element bonded to an exterior fiberglass element.

2.5 Basic Glazing Materials

Two basic materials are used for fenestration product glazing: glass, which is by far the most common, and
plastics, which have many specialized applications.

2.5.1. Glass

Traditionally, fenestration products have been made of clear glass. Most residential-grade clear glass today is
produced with the float technique in which the glass is “floated” over a bed of molten tin. This provides
extremely flat surfaces, uniform thicknesses, and few if any visual distortions. The glass has a slight greenish
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2. FENESTRATION PRODUCTS 2.5 Basic Glazing Materials

cast, due to iron impurities, but this is generally not noticeable except from the edge. An even higher-quality
glass with reduced iron content eliminates the greenness and also provides a higher solar energy
transmittance. This is commonly called “water-white glass.”

Obscure glasses still transmit most of the light but break up the view in order to provide privacy. This effect
is generally achieved either with decorative embossed patterns or with a frosted surface that scatters the light
rays.

By adding various chemicals to glass as it is made, glass can be produced in a wide variety of colors. Glass
colors are typically given trade names, but the most frequently used colors can be generally described as
clear, bronze, gray, and blue-green. After clear glass, the gray glasses are most commonly used in residential
construction, as they have the least effect on the perceived color of the light. Tinted glass is discussed later in
this chapter.

The mechanical properties of glass can be altered, as well as its basic composition and surface properties.
Heat-strengthening and tempering make glass more resistant to breakage. Heat-strengthened glass is about
twice as strong as standard glass. Tempered glass is produced by reheating and then quickly chilling the
glass. It breaks into small fragments, rather than into long, possibly dangerous shards. Laminated glass is a
sandwich of two outer layers of glass with a plastic inner layer that holds the glass pieces together in the
event of breakage. Fully tempered and laminated glass is required by building codes in many door and
fenestration product applications.

2.5.2. Plastics

Several plastic materials have been adapted for use as glazing materials. Their primary uses are fenestration
products with special requirements and skylights.

The following list of plastic glazing materials covers the major types of plastic glazing materials and
compares their general properties:

®  C(Clear acrylic is widely available and relatively inexpensive. It is available in various tints and colors. It
has excellent visible light transmittance and longevity. However, it is softer than glass, which makes it
vulnerable to scratching.

= Frosted acrylic is like clear acrylic, except that it diffuses light and obscures the view. It comes in varying
degrees of light transmittance. Most bubble skylights are made of frosted acrylic.

®  (lear polycarbonate is like acrylic sheet, but it is harder and tougher, offering greater resistance to
scratching and breakage. It is more expensive than acrylic.

= Fiber-reinforced plastic is a tough, translucent, flexible sheet material with good light-diffusing
properties. Short lengths of fiberglass are embedded in a polymer matrix to form flat or ribbed sheets.
Stiff, insulating, translucent panels are created by bonding double layers to a metal frame and adding
fiberglass insulation. It is also formed into corrugated sheets as a translucent roofing material. Surface
erosion may shorten its useful life.

=  Extruded multicell sheet, usually made with acrylic or polycarbonate plastic, is a transparent or tinted
plastic extruded into a double- or triple-wall sheet with divider webs for stiffness, insulating value, and
light diffusion.

® Polyester is a thin film used to carry specialized coatings and/or to divide the air space between two
layers of glass into multiple air spaces. Highly transparent, it is protected from abuse and weathering by
the two exterior glass layers. It can also be used in tinted or coated forms as film that is glued to the inner
surface of existing fenestration products for retrofitting applications.
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2.6 Improved Glazing Products

There are three fundamental approaches to improving the energy performance of glazing products:

1. Alter the glazing material itself by changing its chemical composition or physical characteristics. An
example of this is tinted glazing. The glazing material can also be altered by creating a laminated
glazing.

2. Apply a coating to the glazing material surface. Reflective coatings and films were developed to

reduce heat gain and glare, and more recently, low-emittance and spectrally selective coatings have
been developed to improve both heating and cooling season performance.

3. Assemble various layers of glazing and control the properties of the spaces between the layers. These
strategies include the use of two or more panes or films, low-conductance gas fills between the layers,
and thermally improved edge spacers.

Two or more of these approaches may be combined. Each of these improvements to the glazing is discussed
below

2.6.1. Tinted Glazing

Both plastic and glass materials are available in a large number of tints. The tints absorb a portion of the light
and solar heat. Tinting changes the color of the fenestration product.

Tinted glazings retain their transparency from the inside, so that the outward view is unobstructed. The most
common colors are neutral gray, bronze, and blue-green, which do not greatly alter the perceived color of the
view and tend to blend well with other architectural colors. Many other specialty colors are available for
particular aesthetic purposes.

Tinted glass is made by altering the chemical formulation of the glass with special additives. Its color changes
with the thickness of the glass and the addition of coatings applied after manufacture. Every change in color
or combination of different glass types affects transmittance, solar heat gain coefficient, reflectivity, and other
properties. Glass manufacturers list these properties for every color, thickness, and assembly of glass type
they produce.

Tinted glazings are specially formulated to maximize their absorption across some or all of the solar spectrum
and are often referred to as “heat-absorbing.” All of the absorbed solar energy is initially transformed into
heat within the glass, thus raising the glass temperature. Depending upon climatic conditions, up to 50
percent of the heat absorbed in a single layer of tinted glass may then be transferred via radiation and
convection to the inside. Thus, there may be only a modest reduction in overall solar heat gain compared to
other glazings.

There are two categories of tinted glazing: the traditional tints that diminish light as well as heat gain, and
spectrally selective tints that reduce heat gain but allow more light to be transmitted to the interior. The
traditional tinted glazing often forces a trade-off between visible light and solar gain. For these bronze and
gray tints, there is a greater reduction in visible light transmittance than there is in solar heat gain coefficient.
This can reduce glare by reducing the apparent brightness of the glass surface, but it also reduces the amount
of daylight entering the room.

To address the problem of reducing daylight with traditional tinted glazing, glass manufacturers have
developed new types of tinted glass that are “spectrally selective.” They preferentially transmit the daylight
portion of the solar spectrum but absorb the near-infrared part of sunlight. This is accomplished by adding
special chemicals to the float glass process. Like other tinted glass, they are durable and can be used in both
monolithic and multiple-glazed fenestration product applications. These glazings have a light blue or green
tint and have visible transmittance values higher than conventional bronze- or gray-tinted glass, but have
lower solar heat gain coefficients. Because they are absorptive, they are best used as the outside glazing in a
double-glazed unit. They can also be combined with Low-E coatings to enhance their performance further.
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2.6.2. Reflective Coatings and Films

As the solar heat gain is lowered in single-pane tinted glazings, the visible light transmission drops even
faster, and there are practical limits on how low the solar heat gain can be made using tints. If larger
reductions are desired, a reflective coating can be used to lower the solar heat gain coefficient by increasing
the surface reflectivity of the material. These coatings usually consist of thin metallic layers. The reflective
coatings come in various metallic colors (silver, gold, bronze), and they can be applied to clear or tinted
glazing (the substrate). The solar heat gain of the substrate can be reduced a little or a lot, depending on the
thickness and reflectivity of the coating, and its location on the glass.

As with tinted glazing, the visible light transmittances of reflective glazings are usually reduced substantially
more than the solar heat gain.

2.6.3. Double Glazing

Storm windows added onto the outside of window frames during the stormy winter season were the first
double-glazed fenestration products. They reduce infiltration from winter winds by providing a seal around
all the operating sash and they improve the insulating value of the glazing as well.

When manufacturers began to experiment with factory-sealed, double-pane glass to be installed for year-
round use, they encountered a number of technical concerns, such as how to allow for different thermal
movement between the two panes, how to prevent moisture from forming between the panes and
condensing on an inaccessible surface, and how to allow for changes in atmospheric pressure as the assembly
was moved from factory to installation site. These issues have been successfully addressed over the years
with a variety of manufacturing techniques and material selections.

When double-glass units first came on the market, the two glass layers were often fused around the perimeter
to make a permanently sealed air space. In recent years, however, spacers and polymer sealants have largely
replaced glass-to-glass seals, and have proven sufficiently durable for residential applications. The layers of
glass are separated by and adhere to a spacer, and the sealant, which forms a gas and moisture barrier, is
applied around the entire perimeter. Normally, the spacer contains a desiccant material to absorb any
residual moisture that may remain in the air space after manufacture. Sealed insulating glass units are now a
mature, well proven technology. Designs utilizing high-quality sealants and manufactured with good quality
control should last for decades without seal failure.

2.6.4. Glass Coatings and Tints in Double Glazing

Both solar reflective coatings and tints on double-glazed fenestration products are effective in reducing
summer heat gain; however, only certain coatings contribute to reducing winter heat loss, and tints do not
affect the heat loss rates at all. It is possible to provide reflective coatings on any one of the four surfaces,
although they are usually located on the outermost surface or on the surfaces facing the air space. Coating
location can also depend on the type of coating. Some vacuum-deposited reflective coatings must be placed in
a sealed air space because they would not survive exposure to outdoor elements, finger prints, or cleaning
agents. Pyrolytic coatings that are created with a high-temperature process as the glass is formed are
extremely hard and durable and can be placed anywhere. Each location produces a different visual and heat
transfer effect. Other advanced coatings such as low-emittance and spectrally selective coatings are normally
applied to double-glazed or triple-glazed fenestration products. These applications are discussed later in this
chapter.
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Double-pane units can be assembled using different glass types for the inner and outer layers. Typically, the
inner layer is standard clear glass, while the outer layer can be tinted, reflective, or both. The solar heat gain
coefficient is reduced because the tinted glass and clear glass both reduce transmitted radiation. In addition,
this design further reduces solar heat gain because the inner clear glass, the gas fill, and any Low-E coating
keep much of the heat absorbed by the outer glass from entering the building interior.
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Figure 2-2. Insulating Glass Unit (IGU).

2.6.5. Gap Width in Multiple Glazed Units

Fenestration product manufacturers have some flexibility to reduce heat transfer by selecting the best gap
width between two or more glazings. The air space between two pieces of glass reaches its optimum
insulating value at about 1/2-inch (12 mm) thickness when filled with air or argon. As the gap gets larger,
convection in the gap increases and slowly increases heat transfer. Below 3/8 inch (9 mm), conduction
through the air gap increases and the U-factor rises more rapidly. Krypton gas has its optimum thickness at
about 1/4 inch (6 mm), so that if smaller air gaps are required, for example in a three-layer fenestration
product whose overall exterior dimensions are limited, krypton may be the best selection, although it is also
more costly.

2.6.6. Divided Lights

Manufacturers have been struggling with the problem of many homeowners’ preference for traditional,
divided light fenestration products, which have many small panes separated by thin bars called muntins.
With single-pane glass, true divided lights actually improved the thermal performance of the fenestration
product because the wood muntins had a higher insulating value than the glass. Some manufacturers have
introduced “true divided light” insulated units, in which traditional-looking muntins hold small, individual,
insulated panes. However, these are expensive and difficult to fabricate with insulated glass and have greater
thermal losses due to the number of edges, which now have metal in them.

A second option is to produce a single, large sealed glass unit with “muntins” glued to the inside and outside
surfaces, while a grid is placed in the middle of one large insulated unit, giving the visual effect of divided
lights. This reduces fabrication costs but does not reduce resistance to heat flow if the muntins in the middle
are metal and if they touch both lights of glass.
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A third option, which is more energy efficient, is to build a large-pane insulated unit that has snap-on or
glued-on grilles to simulate the traditional lights.

The energy performance of the simple snap-on grid will be similar to a unit without any mullions; however,
the true divided lights will result in greater heat transfer because of the additional edges.

2.6.7. Special Products

Glass blocks present a very special case of double glazing. They provide light with some degree of visual
privacy. Plastic blocks, which have a lower U-factor than glass, are also available. However, when installed,
the necessary grouting reduces the energy efficiency. Also, metal mesh and steel reinforcing bars, used
between blocks to provide structural stability, provide thermal bridges which also reduce energy efficiency.

Plastic glazings are available in a number of configurations with double layers. Double-glazed acrylic bubble
skylights are formed with two layers separated by an air space of varying thickness, ranging from no
separation at the edges to as much as 3 inches (7.6 cm) at the top of the bubble. The average separation is used
to calculate the effective U-factor.

Multicell polycarbonate sheets, which can be mounted with the divider webs running vertically or
horizontally, are available. The divider webs increase the effective insulating value of the glazing by reducing
convection exchange within the cells, especially when they are mounted horizontally.

2.6.8. Multiple Panes or Films

By adding a second pane, the insulating value of the fenestration product glass alone is doubled (the U-factor
is reduced by half). As expected, adding a third or fourth pane of glass further increases the insulating value
of the fenestration product, but with diminishing effect.

Triple- and quadruple-glazed fenestration products became commercially available in the 1980s as a response
to the desire for more energy-efficient products. There is a trade-off with this approach, however. As each
additional layer of glass adds to the insulating value of the assembly, it also reduces the visible light
transmission and the solar heat gain coefficient, thereby reducing the fenestration product’s value for
providing solar gains or daylighting. In addition, other complications are encountered. Additional panes of
glass increase the weight of the unit, which makes mounting and handling more difficult and transportation
more expensive.

Because of the difficulties discussed above, it is apparent there are physical and economic limits to the
number of layers of glass that can be added to a fenestration product assembly. However, multiple-pane units
are not limited to assemblies of glass. One popular innovation is based on substituting an inner plastic film
for the middle layer of glass. The plastic film is very lightweight, and because it is very thin, it does not
increase the thickness of the unit. The glass layers protect the inner layer of plastic from scratching,
mechanical abuse, corrosion, weathering, and visual distortions caused by wind pressure. Thus, the strength
and durability of plastic as a glazing material are no longer issues when the plastic is protected from physical
abuse and weathering by inner and outer layers of glass. The plastic films are specially treated to resist UV
degradation and they are heat shrunk so they remain flat under all conditions.

The plastic inner layer serves a number of important functions. It decreases the U-factor of the fenestration
product assembly by dividing the inner air space into multiple chambers. Units are offered with one or two
inner layers of plastic. Secondly, a Low-E coating can be placed on the plastic film itself to further lower the
U-factor of the assembly. Also, the plastic film can be provided with spectrally selective coatings to reduce
solar gain in hot climates without significant loss of visible transmittance. The performance of multiple-pane
fenestration product assemblies with low-emittance coatings and gas fills is described in the following
sections.
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2.6.9. Low-Emittance Coatings

The principal mechanism of heat transfer in multilayer glazing is thermal radiation from a warm pane of
glass to a cooler pane. Coating a glass surface with a low-emittance material and facing that coating into the
gap between the glass layers blocks a significant amount of this radiant heat transfer, thus lowering the total
heat flow through the fenestration product. The improvement in insulating value due to the Low-E coating is
roughly equivalent to adding another pane of glass to a multipane unit.

The solar spectral reflectances of Low-E coatings can be manipulated to include specific parts of the visible
and infrared spectrum. A glazing material can then be designed to optimize energy flows for solar heating,
daylighting, and cooling.

With conventional clear glazing, a significant amount of solar radiation passes through the fenestration
product, and then heat from objects within the house is reradiated back through the fenestration product. For
example, a glazing design for maximizing solar gains in the winter would ideally allow all of the solar
spectrum to pass through, but would block the reradiation of heat from the inside of the house. The first Low-
E coatings were designed to have a high solar heat gain coefficient and a high visible transmittance to
transmit the maximum amount of sunlight into the interior while reducing the U-factor significantly.

A glazing designed to minimize summer heat gains but allow for some daylighting would allow visible light
through, but would block all other portions of the solar spectrum, including ultraviolet light and near-
infrared, as well as long-wave heat radiated from outside objects, such as paving and adjacent buildings, as
shown in Figure 2-3. These second-generation Low-E coatings were designed to reflect the solar near-
infrared, thus reducing the total solar heat gain coefficient while maintaining high levels of light
transmission. Variations on this design (modified coatings and/or glazings) can further reduce summer solar
heat gain and control glare.

There are three basic types of Low-E coatings available on the market today:

1. High-transmission Low-E:
These Low-E glass products are often referred to as pyrolitic or hard coat Low-E glass, due to the glass
coating process. The properties presented here are typical of a Low-E glass product designed to reduce
heat loss but admit solar gain.

2. Moderate-transmission Low-E:
These Low-E glass products are often referred to as sputtered (or soft-coat products) due to the glass
coating process. (Note: Low solar gain Low-E products are also sputtered coatings.) Such coatings reduce
heat loss and let in a reasonable amount of solar gain.

3. Low-transmission Low-E:
These Low-E products are often referred to as sputtered (or soft-coat) due to the glass coating process.
(Note: Moderate solar gain Low-E products are also sputtered coatings.) This type of Low-E product,
sometimes called spectrally selective Low-E glass, reduces heat loss in winter but also reduces heat gain
in summer. Compared to most tinted and reflective glazings, this Low-E glass provides a higher level of
visible light transmission for a given amount of solar heat reduction.

The type and quality of Low-E coating will affect not only the U-factor, but also the transmittance and solar
heat gain coefficient of a glass. All these properties (U-factor, VT, and SHGC) need to be taken into
consideration in characterizing a particular glazing product.
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Figure 2-3. Ideal spectral transmittance for glazings in different climates. (Source: "Sensitivity of Fenestration Solar Gain to Source
Spectrum and Angle of Incidence." ASHRAE Transactions 10, R. McCluney, June 1996).

2.6.9.1. Coating Placement

The placement of a Low-E coating within the air gap of a double-glazed fenestration product does not
significantly affect the U-factor but it does influence the solar heat gain coefficient (SHGC). That is why, in
heating-dominated climates, placing a Low-E coating on the #3 surface (outside surface of the inner pane) is
recommended to maximize winter passive solar gain at the expense of a slight reduction in the ability to
control summer heat gain. In cooling climates, a coating on the #2 surface (inside surface of the outer pane) is
generally best to reduce solar heat gain and maximize energy efficiency. Manufacturers sometimes place the
coatings on other surfaces (e.g., #2 surface in a heating climate) for other reasons, such as minimizing the
potential for thermal stress. Multiple Low-E coatings are also placed on surfaces within a triple-glazed
fenestration product assembly, or on the inner plastic glazing layers of multipane assemblies referred to as
superwindows (discussed later in this chapter), with a cumulative effect of further improving the overall U-
factor.

2.6.9.2. Coating Types

There are two basic types of Low-E coatings - sputtered and pyrolytic, referring to the process by which they
are made. The best of each type of coating is colorless and optically clear. Some coatings may have a slight
hue or subtle reflective quality, particularly when viewed in certain lighting conditions or at oblique angles.

A sputtered coating is multilayered (typically, three primary layers, with at least one layer of metal) and is
deposited on glass or plastic film in a vacuum chamber. The total thickness of a sputtered coating is only
1/10,000 of the thickness of a human hair. Sputtered coatings often use a silver layer and must be protected
from humidity and contact. For this reason they are sometimes referred to as “soft coats.” Since sputtering is
a low-temperature process, these coatings can be deposited on flat sheets of glass or thin plastic films. While
sputtered coatings are not durable in themselves, when placed into a sealed double- or triple-glazed assembly
they should last as long as the sealed glass unit. Sputtered coatings typically have lower emittances than
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pyrolytic coatings. They are available commercially with emittance ratings of e = 0.10 to as low as e = 0.02 (e =
0.20 means that 80 percent of the long-wavelength radiant energy received by the surface is reflected, while e
= 0.02 means 98 percent is reflected). For uncoated glass, e = 0.84, which means only 16 percent of the radiant
energy received by the surface is reflected.

A typical pyrolytic coating is a metallic oxide, most commonly tin oxide with some additives, which is
deposited directly onto a glass surface while it is still hot. The result is a baked-on surface layer that is quite
hard and thus very durable, which is why this is sometimes referred to as a “hard coat.” A pyrolytic coating
can be ten to twenty times thicker than a sputtered coating but is still extremely thin. Pyrolytic coatings can
be exposed to air, cleaned with normal cleaning products, and subjected to general wear and tear without
losing their Low-E properties.

Because of their greater durability, pyrolytic coatings are available on single-pane glass and separate storm
windows, but not on plastics, since they require a high-temperature process. In general, though, pyrolytic
coatings are used in sealed, double-glazed units with the Low-E surface inside the sealed air space. While
there is considerable variation in the specific properties of these coatings, they typically have emittance
ratings in the range of e = 0.20 to e = 0.10.

A laminated glass with a spectrally selective Low-E sputtered coating on plastic film sandwiched between
two layers of glass offers the energy performance of single-pane, spectrally selective glass and the safety
protection of laminated glass. However, in this configuration, since the Low-E surface is not exposed to an air
space, there is no effect on the glazing U-factor.

2.6.10. Gas Fills

Another improvement that can be made to the thermal performance of insulating glazing units is to reduce
the conductance of the air space between the layers. Originally, the space was filled with air or flushed with
dry nitrogen just prior to sealing. In a sealed glass insulating unit air currents between the two panes of
glazing carry heat to the top of the unit and settle into cold pools at the bottom. Filling the space with a less
conductive gas minimizes overall transfer of heat between two glass layers.

Manufacturers have introduced the use of argon and krypton gas fills, with measurable improvement in
thermal performance. Argon is inexpensive, nontoxic, nonreactive, clear, and odorless. The optimal spacing
for an argon-filled unit is the same as for air, about 1/2 inch (12 mm). Krypton has better thermal
performance, but is more expensive to produce. Krypton is particularly useful when the space between
glazings must be thinner than normally desired, for example, 1/4 inch (6 mm). A mixture of krypton and
argon gases is also used as a compromise between thermal performance and cost.

Filling the sealed unit completely with argon or krypton presents challenges that manufacturers continue to
work on. A typical gas fill system adds the gas into the cavity with a pipe inserted through a hole at the edge
of the unit. As the gas is pumped in, it mixes with the air, making it difficult to achieve 100 percent purity.
Recent research indicates that 90 percent is the typical concentration achieved by manufacturers today. Some
manufacturers are able to consistently achieve better than 95 percent gas fill by using a vacuum chamber. An
uncoated double-pane unit filled with 90 percent argon gas and 10 percent air yields a slightly more than 5
percent improvement in the insulating value at the center of the glass, compared to the same unit filled with
air. However, when argon and krypton fills are combined with Low-E coatings and multipane glazings, more
significant reductions of 15 to 20 percent can be achieved. Since the Low-E coating has substantially reduced
the radiation component of heat loss, the gas fill now has a greater proportional effect on the remaining heat
transfer by convection and conduction.
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2.7 Thermally Improved Edge Spacers

The layers of glazing in an insulating glass (IG) unit must be held apart at the appropriate distance by
spacers. The spacer system must provide a number of additional functions in addition to keeping the glass
units at the proper dimension:

® accommodate stress induced by thermal expansion and pressure differences;

® provide a moisture barrier that prevents passage of water or water vapor that would fog the unit;

® provide a gas-tight seal that prevents the loss of any special low-conductance gas in the air space;

® create an insulating barrier that reduces the formation of interior condensation at the edge.

Older double-pane wood fenestration products used a wood spacer that could not be hermetically sealed and
thus was vented to the outside to reduce fogging in the air gap. Modern versions of this system function well
but, because they are not hermetically sealed, cannot be used with special gas fills or some types of Low-E
coatings. Early glass units were often fabricated with an integral welded glass-to-glass seal. These units did
not leak but were difficult and costly to fabricate, and typically had a less-than-optimal narrow spacing. The
standard solution for insulating glass units (IGUs) that accompanied the tremendous increase in market share
of insulating glass in the 1980s was the use of metal spacers, and sealants. These spacers, typically aluminum,
also contain a desiccant that absorbs residual moisture. The spacer is sealed to the two glass layers with
organic sealants that both provide structural support and act as a moisture barrier. There are two generic
systems for such IGUs: a single-seal spacer and a double-seal system.

In the single-seal system , an organic sealant, typically a butyl material, is applied behind the spacer and
serves both to hold the unit together and to prevent moisture intrusion. These seals are normally not
adequate to contain special low-conductance gases.

In a double-seal system , a primary sealant, typically butyl, seals the spacer to the glass to prevent moisture
migration and gas loss, and a secondary backing sealant, often silicone, provides structural strength. When
sputtered Low-E coatings are used with double-seal systems, the coating must be removed from the edge first
(“edge deletion”) to provide a better edge seal.

Since aluminum is an excellent conductor of heat, the aluminum spacer used in most standard edge systems
represented a significant thermal “short circuit” at the edge of the IGU, which reduces the benefits of
improved glazings. As the industry has switched from standard double-glazed IGUs to units with Low-E
coatings and gas fills, the effect of this edge loss becomes even more pronounced. Under winter conditions,
the typical aluminum spacer would increase the U-factor of a Low-E, gas fill unit slightly more than it would
increase the U-factor of a standard double-glazed IGU. The smaller the glass area, the larger the effect of the
edge on the overall product properties. In addition to the increased heat loss, the colder edge is more prone to
condensation.

Fenestration product manufacturers have developed a series of innovative edge systems to address these
problems, including solutions that depend on material substitutions as well as radically new designs. One
approach to reducing heat loss has been to replace the aluminum spacer with a metal that is less conductive,
e.g., stainless steel, and change the cross-sectional shape of the spacer. Another approach is to replace the
metal with a design that uses materials that are better insulating. The most commonly used design
incorporates spacer, sealer, and desiccant in a single tape element. The tape includes a solid, extruded
thermoplastic compound that contains a blend of desiccant materials and incorporates a thin, fluted metal
shim of aluminum or stainless steel. Another approach uses an insulating silicone foam spacer that
incorporates a desiccant and has a high-strength adhesive at its edges to bond to glass. The foam is backed
with a secondary sealant. Both extruded vinyl and pultruded fiberglass spacers have also been used in place
of metal designs.

There are several hybrid designs that incorporate thermal breaks in metal spacers or use one or more of the
elements described above. Some of these are specifically designed to accommodate three- and four-layer
glazings or IGUs incorporating stretched plastic films. All are designed to interrupt the heat transfer pathway
at the glazing edge between two or more glazing layers.
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Warm edge spacers have become increasingly important as manufacturers switch from conventional double
glazing to higher-performance glazing. For purposes of determining the overall fenestration product U-
factor, the edge spacer has an effect that extends beyond the physical size of the spacer to a band about 63.5
mm (2.5 inches) wide. The contribution of this 63.5 mm (2.5-inch) wide “glass edge” to the total fenestration
product U-factor depends on the size of the product. Glass edge effects are more important for smaller
fenestration products, which have a proportionately larger glass edge area. For a typical residential-size
window (0.8 by 1.2 meters, 3 by 4 feet), changing from a standard aluminum edge to a good-quality warm
edge will reduce the overall fenestration product U-factor by 0.01 to 0.02 Btu/hr- ft>-°F.
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3. FENESTRATION HEAT TRANSFER BASICS

3.1. Overview

Much of the information in this chapter is taken from the book Residential Windows: A Guide to New
Technologies and Energy Performance by John Carmody, Stephen Selkowitz, and Lisa Heschong. Additional
information can also be found in the ASHRAE 2013 Handbook of Fundamentals.

3.2 Energy Flow Mechanisms

Overall energy flow through a fenestration product is a function of:

®= Temperature Driven Heat Transfer: When there is a temperature difference between inside and
outside, heat is lost or gained through the fenestration product frame and glazing by the combined
effects of conduction, convection, and radiation. This is indicated in terms of the U-factor of a
fenestration assembly.

®  Solar Gain: Regardless of outside temperature, heat can be gained through fenestration products by
direct or indirect solar radiation. The amount of heat gain through products is measured in terms of
the solar heat gain coefficient (SHGC) of the glazing.

= Infiltration: Heat loss and gain also occur by infiltration through cracks in the fenestration assembly.
This effect is measured in terms of the amount of air (cubic feet or meters per minute) that passes
through a unit area of fenestration product (square foot or meter) under given pressure conditions. In
reality, infiltration varies with wind-driven and temperature-driven pressure changes. Infiltration
also contributes to summer cooling loads in some climates by raising the interior humidity level.

The 2001 ASHRAE Handbook of Fundamentals contains the following equation for calculating the energy flow
through a fenestration product (assuming no humidity difference and excluding air infiltration):

q = Ut = Apf (tout — tin) + (SHGCt = Apf * Et) [3-1]
Where:
q = instantaneous energy flow, W (Btu/h)
U; = overall coefficient of heat transfer (U-factor), W/m2-°K (Btu/h-ft2-°F)
tin = interior air temperature, °C (°F)
tout = exterior air temperature, °C (°F)
Aps = Total projected area of fenestration, m? (ft?)

SHGC; = overall solar heat gain coefficient, non-dimensional
E; = incident total irradiance, W/m? (Btu/h-ft2)

This equation shows that the properties of U-factor and SHGC that can be obtained via simulation are the
major factors which determine the energy flow through a fenestration product. However, air leakage can also
be a factor for heat loss and shall be considered. For this reason, the NFRC rating system rates the U-factor,
SHGC, and air infiltration of products, and the ANSI/NFRC 100, ANSI/NFRC 200, and ANSI/NFRC 400
documents define the procedures for calculating these values for the total product. The calculated energy
flow to include air leakage shall refer to the 2017 ASHRAE Handbook of Fundamentals, equation 1:
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q = Ut x Apf (tout — tin) + (SHGCt * Apf * Et) + (AL = Apf)pCp(tout — tin)) [3-2]
Where:

q = instantaneous energy flow, W (Btu/h)

u; = overall coefficient of heat transfer (U-factor), W/m2-°K (Btu/h-ft?-°F)

tin = interior air temperature, °C (°F)

Fout = exterior air temperature, °C (°F)

Apf = Total projected area of fenestration, m? (ft2)

SHGC; = overall solar heat gain coefficient, non-dimensional

E; = incident total irradiance, W/m? (Btu/h-ft?)
AL = air leakage at current conditions, m3/s-m? (cfm/{t?)
p = air density, kg/m3 (Ib/{t3)

Cp specific heat of air, kJ /kg-K (Btu/1b-°F)

3.3 Temperature Driven Heat Transfer
Fenestration product heat loss/gain due to temperature is a combination of three modes of heat transfer:

1. Conduction (heat traveling through a solid material, the way a frying pan warms up) through glazing,
spacer, and frame elements

2. Convection (the transfer of heat by the movement of gases or liquids, like warm air rising from a candle
flame) through air layers on the exterior and interior fenestration product surfaces and between glazing
layers

3. Radiative heat transfer (the movement of heat energy through space without relying on conduction
through the air or by movement of the air, the way you feel the heat of a fire) between glazing layers, or
between IG units and interior or exterior spaces.

Solar radiation absorbed by glazing layers will contribute to the temperature driven heat transfer, while solar
radiation transmitted by the glazing system will be independent of the temperature driven heat transfer.
Absorbed solar radiation will partially be transmitted into the conditioned space and will be included in
SHGC. These three modes of heat transfer are shown schematically in Figure 3-1. Heat flows from warmer to
cooler bodies, thus from inside to outside in winter, and reverses direction in summer during periods when
the outside temperature is greater than indoors.

The amount of heat transfer due to these three processes is quantified by its U-factor (W/m?-°K or Btu/h-ft2-
°F). The inverse of heat flow, or resistance to heat transfer, is expressed as an R-value. NFRC's rating system
quantifies and predicts U-factors.
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Figure 3-1. Mechanisms of heat transfer in a fenestration product.

3.3.1. Conduction

Compared to a well-insulated wall, heat transfer through a typical older fenestration product is generally
much higher. A single-glazed fenestration product has roughly the same insulating qualities as a sheet of
metal —most of the insulating value comes from the air layer on each surface of the glass. Such a product can
be considered a thermal hole in a wall and typically has a heat loss rate ten to twenty times that of the wall. A
product with such a poor insulating value allows heat to flow out of a space almost unimpeded. If the
temperature inside is 21°C (70°F) and outside is -18°C (0°F), the glass surface of a single-glazed product
would be about -8°C (17°F) — cold enough to form frost on the inside of the glass.

3.3.2. Convection

Convection affects the heat transfer in many places in the assembly: the inside glazing surface, the outside
glazing surface, inside frame cavities, and inside any air spaces between glazings. A cold interior glazing
surface cools the air adjacent to it. This denser cold air then falls to the floor, starting a convection current
which is typically perceived as a “draft” caused by leaky fenestration products. One remedy for this situation
is to install a product with lower heat loss rates that provides a warmer glass surface.

On the exterior, a component of the heat transfer rate of a fenestration product is the air film against the
glazing surface. As wind blows across the product (causing convection), and the insulating value of this air
film diminishes which contributes to a higher rate of heat loss. Finally, when there is an air space between
layers of glazing, convection currents can facilitate heat transfer through this air layer. By adjusting the space
between the panes of glass, as well as choosing a gas fill that insulates better than air, double-glazed
fenestration products can be designed to minimize this effect.
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3.3.3. Radiation

All objects emit invisible thermal radiation, with warmer objects emitting more than colder ones. Hold your
hand in front of an oven window and you will feel the radiant energy emitted by that warm surface. Your
hand also radiates heat to the oven window, but since the window is warmer than your hand, the net balance
of radiant flow is toward your hand and it is warmed. Now imagine holding your hand close to a single-
glazed window in winter. The window surface is much colder than your hand. Each surface emits radiant
energy, but since your hand is warmer, it emits more toward the window than it gains and you feel a cooling
effect. Thus, a cold glazing surface in a room chills everything else around it.

3.3.4. U-factor

The U-factor is the standard way to quantify insulating value. It indicates the rate of heat flow through the
fenestration product. The U-factor is the total heat transfer coefficient of the fenestration system, in W/m?2-°K
(Btu/hr-ft2-°F), which includes conductive, convective, and radiative heat transfer for a given set of
environmental conditions. It therefore represents the heat flow per hour, in Watts (Btu per hour) through
each square meter (square foot) of fenestration product for a 1°C (1°F) temperature difference between the
indoor and outdoor air temperature. The smaller the U-factor of a material, the lower the rate of heat flow.
The total R-value, which measures thermal resistance, is the reciprocal of the total U-factor (R=1/U).

The U-factor depends on the thermal properties of the materials in the fenestration product assembly, as well
as the weather conditions, such as the temperature differential between indoors and outside, and wind speed.
NEFRC has standardized the exterior conditions (called environmental conditions) for U-factor calculations for
product ratings using the following temperatures and wind speeds:

= Wind Speed: 5.5 m/s (12.3 mph)
® Indoor air temperature: 21.0°C (69.8°F)
®  QOutdoor air temperature: -18.0°C (-0.4°F).

Skylights and roof fenestration products are simulated at a 20 degree slope from horizontal.

3.3.4.1. Total Product U-factor

The U-factor of a total fenestration assembly is a combination of the insulating values of the glazing assembly
itself, the edge effects that occur in the insulated glazing unit, and the insulating value of the frame and sash.

3.3.4.2. Center-of-Glazing U-factor

The U-factor of the glazing portion of the fenestration unit is affected primarily by the total number of glazing
layers, the dimension separating the various layers of glazing, the type of gas that fills the separation, and the
characteristics of coatings on the various surfaces. The U-factor for the glazing alone is referred to as the
center-of-glass U-factor.

3.3.4.3. Edge Effects

A U-factor calculation assumes that heat flows perpendicular to the plane of the fenestration product.
However, fenestration products are complex three-dimensional assemblies, in which materials and cross
sections change in a relatively short space.

For example, metal spacers at the edge of an insulating glass unit have much higher heat flow than the center
of the insulating glazing, which causes increased heat loss along the outer edge of the glazing. The relative
impact of these “edge effects” becomes more important as the insulating value of the rest of the assembly
increases.
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3.3.4.4. Frames and Sashes

The heat loss through a fenestration product frame can be quite significant: in a typical 1.2 by 0.9 m (4’ by 3")
double-hung wood frame product, the frame and sash can occupy approximately 30 percent of the product
area.

In a frame with a cross section made of one uniform, solid material, the U-factor is based on the conduction of
heat through the material. However, hollow frames and composite frames with various reinforcing or
cladding materials are more complex. Here, conduction through materials must be combined with convection
of the air next to the glazing and radiant exchange between the various surfaces.

Furthermore, frames rarely follow the same cross section around a fenestration product. For example, a
horizontal slider has seven different frame cross sections, each with its own rate of heat flow.

3.3.4.5. Overall U-factor

Since the U-factors are different for the glazing, edge-of-glazing zone, and frame, it can be misleading to
compare U-factors if they are not carefully described. In order to address this problem, the concept of a total
fenestration product U-factor is utilized by the National Fenestration Rating Council (NFRC). A specific set of
engineering assumptions and procedures must be followed to calculate the overall U-factor of a fenestration
unit using the NFRC method. In most cases, the overall U-factor is higher than the U-factor for the glazing
alone, since the glazing remains superior to the frame in insulating value.

The U-factor of a product is calculated with the product in a vertical position. A change in mounting angle
can affect its U-factor.

3.4 Solar Heat Gain and Visible Transmittance

The second major energy performance characteristic of fenestration products is the ability to control solar
heat gain through the glazing. Solar heat gain through fenestration products tends to be the single most
significant factor in determining the air-conditioning load of a residential building. The intensity of heat gain
from solar radiation can greatly surpass heat gain from other sources, such as outdoor air temperature or
humidity.

Visible transmittance (VT) is an optical property that indicates the amount of visible light transmitted
through the glazing. Although VT does not directly affect heating and cooling energy use, it is used in the
evaluation of energy-efficient fenestration products and therefore is discussed following the solar heat gain
section.

The origin of solar heat gain is the direct and diffuse radiation coming directly from the sun and the sky or
reflected from the ground and other surfaces. Some radiation is directly transmitted through the glazing to
the space, and some may be absorbed in the glazing and then indirectly admitted to the space. Sunlight is
composed of electromagnetic radiation of many wavelengths, ranging from short-wave invisible ultraviolet,
to the visible spectrum, to the longer, invisible near-infrared waves. About half of the sun’s energy is visible
light; the remainder is largely infrared with a small amount of ultraviolet. This characteristic of sunlight
makes it possible to selectively admit or reject different portions of the solar spectrum. While reducing solar
radiation through fenestration products is a benefit in some climates and during some seasons, maximizing
solar heat gain can be a significant energy benefit under winter conditions. These often conflicting directives
can make selection of the “best” product a challenging task. See Section 2.6.9 for a more detailed discussion of
these properties of fenestration products.
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Reflection Transmission

Abeorption
| ]

Figure 3-2. A glazing system’s properties of reflection, transmission and absorption determine what happens to solar gain.

3.4.1. Determining Solar Heat Gain

There are two means of indicating the amount of solar radiation that passes through a fenestration product.
These are solar heat gain coefficient (SHGC) and shading coefficient (SC). In both cases, the solar heat gain is
the combination of directly transmitted radiation and the inward-flowing portion of absorbed radiation
(Figure 3-3). However, SHGC and SC have a different basis for comparison or reference. The SHGC value is
calculated for NFRC rating and certification. SHGC replaces SC because it more correctly accounts for angle-
dependent effects. SC represents the ratio of solar heat gain through the system relative to that through 3 mm
(1/8-inch ) clear glass at normal incidence.
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Figure 3-3. A glazing system’s properties of reflection, transmission and absorption determine what happens to solar gain.

3.4.2. Solar Heat Gain Coefficient (SHGC)

The solar heat gain coefficient (SHGC) represents the solar heat gain through the fenestration system relative
to the incident solar radiation. Although SHGC can be determined for any angle of incidence, the default and
most commonly used reference is normal incidence solar radiation. NFRC rated SHGC's are at 0° incidence.

The SHGC refers to total fenestration product system performance and is an accurate indication of solar gain
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under a wide range of conditions. SHGC is expressed as a dimensionless number from 0 to 1.0. A high SHGC
value signifies high heat gain, while a low value means low heat gain.

3.4.3. Visible Transmittance

Visible transmittance is the amount of light in the visible portion of the spectrum that passes through a
glazing material. This property does not directly affect heating and cooling loads in a building, but it is an
important factor in evaluating energy-efficient fenestration products. Transmittance is influenced by the
glazing type, the number of layers, and any coatings that might be applied to the glazings. These effects are
discussed in more detail later in this chapter in conjunction with a review of various glazing and coating
technologies. Visible transmittance of glazings ranges from above 90 percent for water-white clear glass to
less than 10 percent for highly reflective coatings on tinted glass.

Visible transmittance is an important factor in providing daylight, views, and privacy, as well as in
controlling glare and fading of interior furnishings. These are often contradictory effects: a high light
transmittance is desired for view out at night, but this may create glare at times. These opposing needs are
often met by providing glazing that has high visible transmittance and then adding attachments such as
shades or blinds to modulate the transmittance to meet changing needs.

NFRC reports visible transmittance as a rating on the label. Note that NFRC's rating is a whole product rating
that combines the effect of both glazing and frame. There are many cases where the transmittance of glazing
alone will be required, so it is important to make sure that the appropriate properties are being compared.

In the past, products that reduced solar gain (with tints and coatings) also reduced visible transmittance.
However, new spectrally selective tinted glasses and selective coatings have made it possible to reduce solar
heat gain with little reduction in visible transmittance.

3.5 Condensation Resistance

Condensation has been a persistent and often misunderstood problem associated with windows. In cold
climates, single-glazed windows characteristically suffer from water condensation and the formation of frost
on the inside surface of the glass in winter. The surface temperature of the glass drops below either the dew
point or frost point of the inside room air.

Excessive condensation can contribute to the growth of mold or mildew, damage painted surfaces, and
eventually rot wood trim. Since the interior humidity level is a contributing factor, reducing interior humidity
is an important component of controlling condensation.

Condensation can also be a problem on the interior surfaces of window frames. Metal frames, in particular,
conduct heat very quickly, and will “sweat” or frost up in cool weather. Solving this condensation problem
was a major motivation for the development of thermal breaks for aluminum windows.

Infiltration effects can also combine with condensation to create problems. If a path exists for warm,
moisture-laden air to move through or around the window frames, the moisture will condense wherever it
hits its dew point temperature, often inside the building wall. This condensation can contribute to the growth
of mold in frames or wall cavities, causing health problems for some people, and it encourages the rotting or
rusting of window frames. Frames must be properly sealed within the wall opening to prevent this potential
problem. In some instances, the infiltration air will be dry, such as on cold winter days, and it will thus help
eliminate condensation on the window surfaces.

Condensation can cause problems in skylights and roof windows as well as typical windows. “Leaky”
skylights are frequently misdiagnosed. What are perceived to be drops of water from a leak are more often
drops of water condensing on the cold skylight surfaces. A skylight is usually the first place condensation
will occur indicating too much moisture in the interior air. Insulating the skylight well and providing
adequate air movement assists in reducing condensation. Also, the use of more highly insulating glazing with
a well-designed frame can help solve this problem. In many systems, a small “gutter” is formed into the
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interior frame of the skylight where condensate can collect harmlessly until it evaporates back into the room
air.

The NFRC Publication NFRC 501: User Guide to the Procedure for Determining Fenestration Product
Condensation Index Rating contains more information about condensation resistance.

3.5.1. Impact of Glazing Type and Spacers on Condensation

Figure 3-4 indicates condensation potential for four glazing types at various outdoor temperature and indoor
relative humidity conditions. Condensation can occur at any points that fall on or above the curves. As the U-
factor of windows improves, there is a much smaller range of conditions where condensation will occur.
Figure 3-4 must be used with caution, since it shows condensation potential for the center of glazing area only
(the area at least 63.5 mm (2.5 inches) from the frame/glazing edge). Usually condensation will first occur at
the lower edge of the product where glazing temperatures are lower than in the center.
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Figure 3-4. Condensation potential on glazing (center of glazing) at various outdoor temperature and indoor relative humidity
conditions.

As Figure 3-4 shows, double-glazed products create a warmer interior glazing surface than single-glazing,
reducing frost and condensation. The addition of low-E coatings and argon gas fill further reduce
condensation potential. The triple-glazed product with low-E coatings has such a warm interior surface that
condensation on any interior surfaces may be eliminated if humidity levels are maintained at reasonable
levels.
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Condensation forms at the coldest locations, such as the lower corners or edges of an insulated product even
when the center of glazing is above the limit for condensation. Generally, as the insulating value of the
glazing is improved, the area where condensation can occur is diminished. Condensation potential increases
as the outdoor temperature is lowered and the indoor relative humidity increases.

3.5.2. Condensation Resistance

NFRC has a Condensation Resistance (CR) rating for comparing fenestration products to resist the formation
of condensation on the interior surface of the product at a specific set of environmental conditions. The CR
calculation method is defined in the NFRC 500-2017: Procedure for Determining Fenestration Product
Condensation Resistance Values. A newer condensation calculation was developed and implemented in 2020,
identified as Condensation Index (CI) and documented in ANSI/NFRC 500 (2020 or later), Procedure for
Determining Fenestration Product Condensation Index Ratings. The CI rating calculation is not similar to CR,
except that it is defined by the same set of environmental conditions. The CI rating allows for the most
appropriate product to be used for a specific location due to the environmental conditions outside and inside
the building to resist the potential for condensation.

3.5.3. Outdoor Condensation

Under some climate conditions, condensation may occur on the exterior glazing surface of a window. This is
more likely to occur on higher-performance windows with low-E coatings or films, and low-conductance gas
fills that create very low U-factors. By preventing heat from escaping from the interior, the exterior surfaces of
the window approach outside air temperature. These exterior temperatures may be below the exterior dew
point causing condensation on the exterior glazing surfaces. This is most likely to happen when there is a
clear night sky, still air, and high relative humidity, in addition to the right temperature conditions. Like
other dew formed at night, exterior window condensation will disappear as surfaces are warmed by the sun.
It is the excellent thermal performance of well-insulated glazing that creates the condition where the outer
glazing surface can be cold enough to cause condensation to form.

3.5.4. Condensation Between Glazings

A more annoying problem can arise with double-pane windows, which is condensation between the panes.
Moisture can migrate into the space between the panes of glass and condense on the colder surface of the
exterior pane. This condensation is annoying not only because it clouds the view and stains the interior
surfaces, but because it may mean that the glazing unit must be replaced if it is a sealed insulating glazing
unit. In a non-sealed unit, simpler remedies may correct the situation.

Factory-sealed insulated glazing utilizes a permanent seal to prevent the introduction of moisture. The void
may be filled with air or dry gases, such as argon. A desiccant material in the edge spacer between the panes
is used to absorb any residual moisture in the unit when it is fabricated or any small amount that might
migrate into the unit over many years. These windows will fog up when moisture leaking into the air space
through the seals overwhelms the ability of the desiccant to absorb it. This could happen early in the
window’s life (the first few years) if there is a manufacturing defect, or many decades later because of
diffusion through the sealant. Quality control in manufacture, sealant selection, window design, and even
installation can influence the rate of failure. Once a sealed window unit fails, it is not generally possible to fix
it, and the sealed unit must be replaced. Moisture in the unit is also likely to reduce the effectiveness of low-E
coatings and suggests that gas fills may be leaking out. Most manufacturers offer a warranty against sealed-
glazing failure which varies from a limited period to the lifetime of the window.

When condensation occurs between glazings in a non-sealed unit, there are several possible remedies. Most
manufacturers who offer non-sealed double glazing include a small tube connecting the air space to the
outside air, which tends to be dry during winter months. Check to be sure that the inner glazing seals tightly
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to the sash, and clear the air tube if it has become obstructed. In some cases, reducing interior room humidity
levels may help alleviate the problem.

3.6 Infiltration

Infiltration is the leakage of air through cracks in the building envelope. Infiltration leads to increased heating
or cooling loads when the outdoor air entering the building needs to be heated or cooled. Fenestration
products and doors are typically responsible for a significant amount of the infiltration in homes. In extreme
conditions, depending on the type and quality, infiltration can be responsible for as much heat loss or gain as
the rest of the product. The level of infiltration depends upon local climate conditions, particularly wind
conditions and microclimates surrounding the house. Typically, U-factor and SHCG effects far outweigh
infiltration effects. Tight sealing and weatherstripping of the fenestration product, including sash, and frames
is of paramount importance in controlling infiltration.

High quality fixed fenestration products help to reduce infiltration because they are easier to seal and keep
tight. Operable fenestration products are necessary for ventilation, but they are also more susceptible to air
leakage. Operable units with low air leakage rates are characterized by good design and high-quality
construction and weatherstripping. They also feature mechanical closures that positively clamp the product
shut against the wind. For this reason, compression-seal products such as awning, hopper, and casement
designs are generally more effectively weatherstripped than are sliding-seal products. Sliding products rely
on wiper-type weatherstripping, which is more subject to wear over time and can be bypassed when it flexes
under wind pressure.

3.7 Solar Properties of Glazing Materials

Three things happen to solar radiation as it passes through a glazing material. Some is transmitted, some is
reflected, and the rest is absorbed. These are the three components of solar that determine many of the other
energy performance properties of a glazing material, such as the solar heat gain coefficient and shading.
Manipulating the proportion of transmittance, reflectance, and absorptance for different wavelengths of solar
radiation has been the source of much recent innovation in fenestration energy performance.

Visible light is a small portion of the electromagnetic spectrum (see Figure 2-3). Beyond the blues and purples
lie ultraviolet radiation and other higher-energy short wavelengths, from X rays to gamma rays. Beyond red
light are the near-infrared, given off by very hot objects, the far-infrared, given off by warm room-
temperature objects, and the longer microwaves and radio waves.

Glazing types vary in their transparency to different parts of the spectrum. On the simplest level, a glass that
appears to be tinted green as you look through it toward the outside will transmit more sunlight from the
green portion of the visible spectrum, and reflect/absorb more of the other colors. Similarly, a bronze-tinted
glass will absorb the blues and greens and transmit the warmer colors. Neutral gray tints absorb most colors
equally.

This same principle applies outside the visible spectrum. Most glass is partially transparent to at least some
ultraviolet radiation, while plastics are commonly more opaque to ultraviolet. Glass is opaque to far-infrared
radiation but generally transparent to near-infrared. Strategic utilization of these variations has made for
some very useful glazing products.

The basic properties of glazing that affect solar energy transfer are:

" Visible transmittance
= Reflectance
= Absorptance

Each is described below.
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3.7.1. Transmittance

Transmittance refers to the percentage of radiation that can pass through glazing. Transmittance can be
defined for different types of light or energy, e.g., “visible light transmittance,” “UV transmittance,” or “total
solar energy transmittance.” Each describes a different characteristic of the glazing. Visible transmittance is
the total fenestration product system's transmittance across the visible portion of the solar spectrum.
Although VT can be determined for any angle of incidence, the default and most commonly used reference is
normal incidence solar radiation. Transmission of visible light determines the effectiveness of a type of glass
in providing daylight and a clear view through the fenestration product. For example, tinted glass has a
lower visible light transmittance than clear glass.

With the recent advances in glazing technology, manufacturers can control how glazing materials behave in
these different areas of the spectrum. The basic properties of the substrate material (glass or plastic) can be
altered, and coatings can be added to the surfaces of the substrates. For example, a product optimized for
daylighting and for reducing heat gains should transmit an adequate amount of light in the visible portion of
the spectrum, while excluding unnecessary heat gain from the near-infrared part of the electromagnetic
spectrum.

On the other hand, a product optimized for collecting solar heat gain in winter should transmit the maximum
amount of visible light as well as the heat from the near-infrared wavelengths in the solar spectrum, while
blocking the lower-energy radiant heat in the far-infrared range that is an important heat loss component.
These are the strategies of spectrally selective and low-emittance coatings, described later in the chapter.
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Figure 3-5. Different glass types have different characteristics for the amount of solar radiation reflected, transmitted, absorbed, and
re-radiated.
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3.7.2. Reflectance

Just as some light reflects off of the surface of water, some light will always be reflected at every glass surface.
A specular reflection from a smooth glass surface is a mirror-like reflection similar to when you see an image
of yourself in a store window. The natural reflectivity of glass is dependent on the quality of the glass surface,
the presence of coatings, and the angle of incidence of the light. Today, virtually all glass manufactured in the
United States is float glass and has a very similar quality with respect to reflectance. The sharper the angle at
which the light strikes, however, the more the light is reflected rather than transmitted or absorbed . Even
clear glass reflects 50 percent or more of the light striking it at incident angles greater than about 70 degrees.
(The incident angle is formed with respect to a line perpendicular to the glass surface.)

Coatings can often be detected by careful examination of a reflected bright image, even if the coating is a
transparent low-E coating. Hold a match several inches from a fenestration product at night and observe the
reflections of the match in the glass. You will see two closely spaced images for each layer of glass, since the
match reflects off the front and back surface of each layer of glass. A wider spacing between the two sets of
pairs of images occurs with a wider air space between the glass panes. A subtle color shift in one of the
reflected images normally indicates the presence of a low-E coating.

The reflectivity of various glass types becomes especially apparent during low light conditions. The surface
on the brighter side acts like a mirror because the amount of light passing through the fenestration product
from the darker side is less than the amount of light being reflected from the lighter side. This effect can be
noticed from the outside during the day and from the inside during the night. For special applications when
these surface reflections are undesirable (i.e., viewing merchandise through a store window on a bright day),
special coatings can virtually eliminate this reflective effect.

The reflectivity of glass can be increased by applying various metallic coatings to the surface. Early processes
used a liquid alloy of mercury and tin to create mirrors. A silvering process developed in 1865 improved the
performance of mirrors. Today, mirror-like surfaces can be created by using vacuum-deposited aluminum or
silver, or with a durable pyrolytic coating applied directly to the glass as it is manufactured. Thick coatings
can be fully reflective and virtually opaque; a thinner coating is partially reflective and partially transmitting.

Most common coatings reflect all portions of the spectrum. However, in the past twenty years, researchers
have learned a great deal about the design of coatings that can be applied to glass and plastic to reflect only
selected wavelengths of radiant energy. Varying the reflectance of far-infrared and near- infrared energy has
formed the basis for low-emittance coatings for cold climates, and for spectrally selective low-emittance
coatings for hot climates.

3.7.3. Absorptance

Energy that is not transmitted through the glass or reflected off of its surfaces is absorbed. Once glass has
absorbed any radiant energy, the energy is transformed into heat, raising the temperature of the glass.

Typical 1/8-inch (3 mm) clear glass absorbs only about 4 percent of incident sunlight. The absorptance of
glass is increased by adding to the glass chemicals that absorb solar energy. If they absorb visible light, the
glass appears dark. If they absorb ultraviolet radiation or near-infrared, there will be little or no change in
visual appearance. Clear glass absorbs very little visible light, while dark tinted glass absorbs a considerable
amount. The absorbed energy is converted into heat, warming the glass. Thus, when these “heat-absorbing”
glasses are in the sun, they feel much hotter to the touch than clear glass. They are generally gray, bronze, or
blue-green and are used primarily to lower the solar heat gain coefficient and to control glare. Since they
block some of the sun’s energy, they reduce the cooling load placed on the building and its air-conditioning
equipment. Absorption is not the most efficient way to reduce cooling loads, as discussed later.
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3.8 Infrared Properties of Glazing Materials (Emittance)

When heat or light energy is absorbed by glass, it is either convected away by moving air or reradiated by the
glass surface. This ability of a material to radiate energy is called its emissivity. Fenestration products, along
with all other household objects, typically emit, or radiate, heat in the form of long-wave far-infrared energy.
This emission of radiant heat is one of the important heat transfer pathways for a fenestration product. Thus,
reducing the product’s emission of heat can greatly improve its insulating properties.

Standard glass has an emittance of 0.84 over the long wavelength portion of the spectrum, meaning that it
emits 84 percent of the energy possible for an object at its temperature. It also means that for long-wave
radiation (where there is no transmittance) striking the surface of the glass, 84 percent is absorbed and only 16
percent is reflected. By comparison, low-E glass coatings have an emittance as low as 0.04. This glazing would
emit only 4 percent of the energy possible at its temperature, and thus reflect 96 percent of the incident long-
wave infrared radiation.
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4.1. THERM and Berkeley Lab WINDOW Algorithms

This section is a brief overview of the calculational algorithms found in THERM and Berkeley Lab WINDOW
(hereinafter referred to a "WINDOW"). Much more detailed documentation is available at

http:/ /windows.lbl.gov/software and is referenced in the appropriate parts of this discussion. The
algorithms in both programs are based on ISO 15099, with the exceptions documented in Appendix A of this
manual.

4.1.1. WINDOW
The WINDOW program calculates:
= Center-of-glazing properties of a glazing system

= Total product area-weighted properties (based on previously calculated center-of-glazing properties,
frame, edge-of-glazing, divider, and divider-edge properties calculated in THERM)

WINDOW algorithms are documented in publications, which can be found on the LBNL WINDOW
Documentation website (https:/ /windows.lbl.gov/window-documentation).

= "WINDOW 5: Program Description, A PC Program for Analyzing the Thermal Performance of
Fenestration Products", R. Mitchell, C. Kohler, D. Arasteh, John Carmody, C. Huizenga, Dragan
Curcija, LBNL-44789 DRAFT, June 2001;

=  TARCOG: Mathematical Models and Computer Algorithms for Calculation of Thermal Performance
of Glazing Systems with or without Shading Devices.

® Conrad 5 & Viewer 5 Technical and Programming Documentation
®  Calculation of Optical Properties for a Venetian Blind Type of Shading Device
= Optical Model of Fritted Glazing in WINDOW

= A New Method for predicting the Solar Heat Gain of Complex Fenestration Systems. 1. Overview and
Derivation of the Matrix Layer Calculation

® A New Method for predicting the Solar Heat Gain of Complex Fenestration Systems. II. Detailed
Description of the Matrix Layer Calculation.

4.1.2. THERM:
The THERM program calculates:

® Frame and edge-of-glazing properties, the results of which are imported into WINDOW where the
total product properties are calculated.

4.2 WINDOW Computational Method

Heat transfer across a fenestration product is a function of both the temperature difference between the inside
and outside and the incident solar radiation on the product. In order to evaluate heat transfer through a
specific product, its configuration and physical dimensions must be specified. This includes the glazing
properties (visible, total solar and infrared optical properties, and thermal conductivity), the gap gas (air or
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low-conductivity gas) thermophysical properties, spacer and frame characteristics, and environmental
conditions.

Fenestration product heat transfer through the center-of-glazing area is primarily a one-dimensional process.
It is analyzed by breaking down the glazing system cross section into an assembly of nodes and calculating
the heat transfer between each node. Under steady-state conditions, the temperatures of the nodes are such
that the net energy flux entering each node is equal to that leaving each node. To perform the energy balance,

——p T

Solar Radiation

A=A AR A AR~
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Glazing Layer

WINDOW models the user-defined glazing system as a one-dimensional, steady-state resistance network,
shown in Figure 4-1. An iterative solution method is then used to converge upon the correct temperature
distribution. From this temperature distribution, any desired performance index can be calculated.

Figure 4-1. Resistance network used to model center-of-glazing heat transfer in WINDOW.

Two temperature nodes are assigned to each glazing layer (front and back surface), along with outdoor and
indoor air temperature nodes. The resistance between each node equals the inverse of the sum of the radiative
and conductive/convective heat transfer coefficients. The temperature-dependent conduction/convection
and effective-radiation heat transfer coefficients for the outward-facing and inward-facing surfaces and for
the gas-filled gaps are calculated from the temperature distribution. The heat transfer coefficients between the
nodes within the solid materials simply depend on the conductivity of the materials, where the materials are
considered to be homogenous.

Conductive/convective heat transfer coefficients are calculated based on empirical relationships. The outdoor
film coefficient depends on the wind speed and the direction from which the wind is blowing. The indoor
film coefficient is a function of the difference between the inward-facing surface temperature, the indoor
temperature, and the height of the fenestration product. Gap heat transfer coefficients are computed from
empirical equations for the Nusselt number. The Nusselt number is a non-dimensional quantity that relates
the temperature difference between the surfaces bounding the gap, and width, height and thermophysical
properties of the gap gas. Fenestration product tilt is also accounted for in all conductive/convective
correlations.

The radiative energy flux leaving each surface is calculated from the Stephan-Boltzmann law using the
surface infrared hemispherical emissivity and temperature. The net radiative flux between radiating nodes
divided by the associated temperature difference gives an effective radiation heat transfer coefficient.

The measure of the heat transmission through the fenestration product is its overall U-factor, which is the
inverse of the total thermal resistance in the absence of solar radiation. The measure of energy transfer due to
solar radiation is the Solar Heat Gain Coefficient or SHGC, which is calculated from the solar-optical
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properties of the glazing and framing system, and the portion of absorbed solar energy that is transmitted to
the indoor side.

To accurately model glazing systems with multiple spectrally selective glazings (i.e., glazings with solar-
optical properties which vary by wavelength, such as many low-emissivity coatings), a multi-band model is
used in WINDOW. In this model, WINDOW calculates the transmittance and reflectance for the glazing layer
or the glazing system wavelength by wavelength, and then weights the properties by the appropriate
weighting functions to obtain the total solar, visible, thermal infrared properties, as well as the damage-
weighted transmittance and the transmittance between 0.30 and 0.38 microns. To use the multi-band model,
WINDOW needs a spectral data file for each glazing layer. These data files are updated and maintained by
LBNL and available from NFRC. If some of the glazing layers in a glazing system do not have a spectral data
file, WINDOW assumes a flat spectral behavior of the glazings without the spectral data files, based on their
stated visible and solar properties. For NFRC certification simulation, the NFRC-approved spectral data files
must be used (indicated by a # symbol in the WINDOW GClass Library).

4.3 THERM Computational Methods

THERM incorporates a two-dimensional heat transfer model, utilizing a finite element method to numerically
solve the governing two-dimensional energy equation. The geometry of the fenestration system consists of
the frame and glazing sections, where glazing materials are transferred from the WINDOW program. Frame
materials are directly assigned in the THERM program and the appropriate boundary conditions are applied
on the frame surfaces exposed to indoor room air and outdoor air, while the bottom frame surfaces and the
top of glazing surfaces are assigned adiabatic boundary conditions. The numerical model needs to have
boundary conditions assigned to each boundary surface of the model in order to be completely defined.

Boundary conditions on indoor and outdoor surfaces consist of both a convection and radiation component.
The convection component on the indoor side is specified through the use of a temperature dependent
surface heat transfer coefficient, based on natural convection correlations. For each frame material type there
is a constant value of the convective surface heat transfer coefficient. The radiation component is modeled
explicitly through the use of a detailed, view-factor-based radiation model. This model assumes that the
indoor environment has a uniform temperature and the emissivity of a black body (e=1.0), while the
appropriate emissivity is assigned to each frame and glass surface. While the majority of surfaces have an
emissivity of 0.9, metals like Aluminum have an emissivity of 0.2. On the outdoor side, the convective portion
of the boundary condition is specified as a constant, dependent on the wind velocity. The radiation
component is modeled explicitly, but under the simplified black body assumption (i.e., each surface on the
outdoor fenestration boundary has a perfect view of the outdoor environment with the view factor of 1.0).

The convection and radiation in glazing and frame cavities is approximated through the use of an effective
conductivity, ke, which assumes the gas to be an equivalent solid with the conductivity being equal to the
base conductivity of the gas, plus the convection and the radiation component added to the conductivity
value. The effective conductivity of the glazing is transferred from the WINDOW program, while for frame
cavities, their value is calculated by the THERM program based on the geometry, heat flow direction, surface
emissivities and temperatures. The frame cavities may be completely enclosed or partially ventilated (only on
the outdoor side), depending on the configuration and size of the section, connecting the frame cavity with
the outdoor environment.

Upon the completion of the numerical simulation, the error estimator portion of the program makes local
error estimates, and based on the error levels, refines troublesome regions of the model and recalculates the
entire model. This procedure is repeated until no local regions show error levels higher than what is
prescribed. This error estimator is based on the error energy norm methodology by Zinkiewitz (see the
THERM User’s Manual for more information).

The details of the models can be found in the most current version of the THERM User's Manual
(https:/ /windows.lbl.gov/documentation-therm and “Conrad 5 and Viewer 5 Technical and Programming
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4. SUMMARY OF ALGORITHMS 4.3 THERM Computational Methods

Documentation” [Curcija 2006]. The following diagram shows the program flow. Figure 4-2 shows the steps
involved in a THERM analysis.

Model is defined
(See Finlayson 1998)

®  Geometry is drawn
®  Material properties assigned
"  Boundary Conditions assigned

\4

Mesher generates mesh
(See George 1991 and Baehmann 1987) +—

\4

Finite Element Analysis Solver calculates
temperature and heat flux values Mesh is refined if
(See Curcija 1995, Curcija 1998, Pepper EEN value is not
1992, Shapiro 1983, Shapiro 1986, Shapiro
1990, and Zienkiewicz 1989.)

Error Energy Norm (EEN) determines if
mesh needs to be refined

(See Zienkiewicz 1992a and Zienkiewicz
1992b)

\ 4

Post-processor produces temperature and
heat flux results by element

(See Shapiro 1983, Shapiro 1986, and
Shapiro 1990)

y

Post-processed results are reported (See
Finlayson 1998):

= U-factor
®  Min/Max Temps

Figure 4-2. THERM program calculation procedures flow chart.
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4. SUMMARY OF ALGORITHMS 4.4 Total Product Calculations

4.4 Total Product Calculations

The total fenestration product properties for U-factor, SHGC and VT are based on an area-weighted average
of the product's component properties which are:

® the center-of-glazing properties of the glazing system
® the frame

® edge-of-glazing

= divider

= Edge-of-divider

The frame edge and divider edge properties depend on the center-of-glazing properties of the associated
glazing system.

This area-weighted total product value can be calculated using the WINDOW program, or other calculation
tool such as a spreadsheet. This procedure for this area-weighted calculation is:

1. Multiply the component property by the component area
2. Sum these area-weighted component properties
3. Divide the area-weighted sum by the total projected area of the product

The operator types (fixed, vertical slider, horizontal slider, casement) determine which components (head,
jamb, sill and meeting rail) are required to calculate the whole product area-weighted values.

4.4.1. U-factor

The whole-product area weighted U-factor calculation, shown below, is documented in Section 4.6.3 in
"ANSI/NFRC 100: Procedures for Determining Fenestration Product U-factors".

[4-1]
U= [>(Ur* 40) + X (Ua* Ad)+3. (Ue* Ae)+ Y, (Uae* Aac)t+ Y (Ue* Ae)]
Apr
Where:
U = Total product U-factor, W/m?-°K , (Btu/hr-ft2-°F).
At = Projected fenestration product area, m? (ft?).
Ut = Frame U-factor, W/m?2-°K , (Btu/hr-ft>-°F).
A = Frame area, m? (ft2).
Ug = Divider U-factor, W/m?2-°K, (Btu/hr-ft2-°F).
A4 = Divider area, m? (ft2).
U. = Edge-of-glazing U-factor, W/m?2-°K , (Btu/hr-ft?-°F).
A = Edge-of-glazing area, m? (ft2).
Udge = Edge-of-divider U-factor, W/m?-°K , (Btu/hr-ft2-°F).
Age = Edge-of-divider Area, m? (ft?).
U = Center-of-glazing U-factor, W/m?-°K, (Btu/hr-ft>-°F).
A = Center-of-glazing area in ft? (m?).

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026 4-5



4. SUMMARY OF ALGORITHMS 4.4 Total Product Calculations

4.4.2. Solar Heat Gain Coefficient (SHGC)

The total solar heat gain coefficient is determined by an area-weighted average of contributions from the
transparent and the opaque elements in the fenestration product. The SHGC is a function of the solar
transmittance, the solar absorptances of each layer and the inward flowing fraction of thermal energy. The
SHGC is calculated for each component of the product separately. See ISO 15099 for detailed algorithm
documentation

All the transparent regions (center-of-glazing, edge-of-glazing, and edge-of-divider) have the same SHGC.
Once the SHGC of the opaque elements is determined the total SHGC is calculated as the area-weighted
average of the SGHC through the transparent and the opaque portions of the fenestration product as shown
below.

SHGC, = [(SHGCf *Ar)+(SHGCa* Aa)+(SHGCe* Ae)+ (SHGCuae * Ade) +(SHGC * Ac)] [4-2]
Apr
Where:

SHGC; = Total product SHGC (dimensionless).

At = Projected fenestration product area, m? (ft?).

SHGC; = Frame SHGC (dimensionless).

As = Frame area in, m?2 (ft2).

SHGC4 = Divider SHGC (dimensionless).

Aq = Divider area in, m?2 (ft?).

SHGC. = Edge-of-glazing SHGC (dimensionless).

A, = Edge-of-glazing area in, m? (ft?).

SHGCqe = Edge-of-divider SHGC (dimensionless).

Age = Edge-of-divider Area in, m? (ft?).

SHGC. = Center-of-glazing SHGC (dimensionless).

Ac = Center-of-glazing area, m? (ft?).

For NFRC rating purposes, Section 4.7 of ANSI/FRC 200 shall be followed to obtain SHGC values.

4.4.3. Visible Transmittance

The whole-product area weighted visible transmittance calculation is shown below.

T - (VT * Ap)+ (VTa* Ad)+ (VTe* Ae)+ (VTae* Aae)+(VTe* Ac)] [4-3]
Apr
Where:
VT = Total product VT (dimensionless)
A = Projected fenestration product area, m? (ft?).
VT = Frame VT (dimensionless).
As = Frame area, m?2 (ft?).
VTaq  =Divider VT (dimensionless).
A4 = Divider area, m? (ft2).
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4. SUMMARY OF ALGORITHMS 4.4 Total Product Calculations

VI.  =Edge-of-glazing VT (dimensionless).
VT.  =Edge-of-glazing area, m? (ft?).

VT4se =Edge-of-divider VT (dimensionless).
VTse = Edge-of-divider, m? (ft?).

VT. = Center-of-glazing VT (dimensionless).
Ac = Center-of-glazing area, m? (ft?).

For opaque components (all known frames and dividers) the component visible transmittance (VT¢, VTq) are
zero. Also note that, as defined by ANSI/NFRC 200, visible transmittance VT, = VT, = VTqe

For NFRC rating purposes, Section 4.7 of ANSI/NFRC 200 shall be followed to obtain VT values.

4.4.4. Condensation Resistance

The whole-product Condensation Resistance can be determined in two different methods. The Condensation
Resistance (CR) rating will co-exist with the newer Condensation Index (CI) rating until the CR rating is
rendered obsolete. Once CR is obsoleted, the Cl rating shall be the only recognized NFRC rating.

Both condensation methods use a calculated surface temperature on the indoor side of the edge-of-glazing
and frame boundaries. Berkeley Lab WINDOW calculated the product CR according to NFRC 500-2017:
Procedure for Determining Fenestration Product Condensation Resistance Values. The newer Condensation Index
(CI) rating does not use WINDOW to calculate CI so it shall be determined using the NFRC's "CI
Temperature Reading Tool Software", along with a proprietary spreadsheet. The Cl is determined according
to ANSI/NFRC 500: Procedure for Determining Fenestration Product Condensation Index Rating via the use the
coldest temperature as found from all THERM cross-sections of a product's frame, edge-of-glazing, or from
WINDOW:!s center-of-glass.

The glazing cavity model for condensation resistance is based on the variable convective surface heat transfer
coefficient, rather than effective conductivity. This is because the spatial distribution of surface temperatures
are important, and therefore the effective conductivity model for the glazing cavity, which produces
sufficiently accurate average results, does not produce sufficiently accurate local results. The details of the
methodology are given in “Conrad 5 and Viewer 5 Technical and Programming Documentation” [Curcija
2006].
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F Edge-of- Divider Center-of-
rame Glazing Edge Glazing
Installation

Clearance

+
i t

Frame

Edge of Glazing
(63.5 mm. 2.5")

Center-of-glazing
Projected

Fenestration

Product Area

Divider Edge
(63.5 mm, 2.5")

Divider I:l

Divider Edge
(63.5 mm. 2.5™

Rough
Opening

Center-of-glazing

Edge of Glazing
(63.5 mm. 2.5")

Frame

T

Installation
Clearance

Divider

Figure 4-3. Components for the whole product area-weighted calculation. The view on the left is a section, and the view on the right is
an elevation.
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4. SUMMARY OF ALGORITHMS

4.4 Total Product Calculations

The following figure is from ANSI/NFRC 100 and shows in detail how each section of the product is area-

weighted. The WINDOW program implements this scheme for area-weighting.

Figure 1: Fenestration Product Schematic—Vertical Elevation

F
F|E C F
|| e [ |
E E
E C DE DE C
DE DE
F D F
DE DE
E C DE| |DE C
E E
F
LEGEND

Center-of-glazing
Edge-of-glazing

Frame
Divider
Edge-of-divider

Center-of-glazing, edge-of-glazing, divider, edge-of-divider and frame areas for a typical
fenestration product. Edge-of-glazing and edge-of-divider areas are 63.5 mm (2.5 in.) wide.
The sum of these component areas equals the total projected fenestration product area.

Figure 4-4. Schematic for whole product area-weighting from the ANSI/NFRC 100 document.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.1. Overview

The WINDOW program calculates the center-of-glazing U-factor (U.), Solar Heat Gain Coefficient (SHGC.),
Visible Transmittance (VT.) and Fading Resistance (FR) according to the following procedures:

ANSI/NFRC 100: Procedure for Determining Fenestration Product Thermal Properties

ANSI/NFRC 200: Procedure for Determining Fenestration Product Solar Heat Gain Coefficients at Normal
Incidence

NEFRC 300: Procedure for Determining Solar Optical Properties of Simple Fenestration Product
NFRC 500: Procedure for Determining Fenestration Product Condensation Resistance Values
ANSI/NFRC 500: Procedure for Determining Fenestration Product Condensation Index Ratings
ISO 15099: Thermal Performance of Windows, Doors and Shading Devices — Detailed Calculations

The WINDOW 7 User Manual, (latest version can be found at https:/ /windows.lbl.gov/window-
documentation) contains detailed information about how to use the program and can be used to become
familiar with the program before reading this manual.

For NFRC simulations, the settings and procedure for calculating the center-of-glazing U-factor in
WINDOW is:

Set Calculation Standard

to “ISO 15099” — Themal calculation options
T | Calculation standard bl
Convection models
Outside Integral Inside
Model Model Model
Venetian biinds | {150 15099 ~|| | |i1s0 15089 || | |iso 15099 E
Woven shades | |150 15099 =1 | 10 15099 ||| 150 15099 B

It is important to set the values correctly in the Preferences dialog box in order to produce reasonable
results in WINDOW. The settings shall be as follows:

Thermal Calcs Tab
e Calculation standard: ISO 15099
e Integral Model: ISO 15099

Set Convection Model
for Integral Venetian
Blind to “ISO 15099”

\

-Options Themal Calcs | Cptical Calcs l Optical Data | adiance | Deflection | Updates |

Figure 5-1. Correct Preferences settings for Thermal Calcs Tab
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5. MODELING CENTER-OF-GLAZING WITH WINDOW 5.1. Overview

Optical Calcs Tab

e Use matrix method for specular systems (glazing systems without shading devices): unchecked

e  Write CSV output file: unchecked. With this unchecked, by default the “Write XML BSDF

output “ will be grayed along with the “Generate full spectrally-averaged matrix for Solar band

and Visible band” and cannot be selected
e Spectral data: Full spectral data
e Number of visible bands: 5
e Number of IR bands: 10
e Angular basis: W6 half-size
e Solar/Visible range: Directional diffuse
e FIR range: Directional diffuse

e {# of segments: 5

Options Thermal Cales Optical Calcs  Optical Data  Radiance Deflection  Updates

Optical calculation options Wenetian blind calculation methods

[ ] Use matrix method for specular systems

(glazing systems without shading devices) Solar/Vigible range | Directional diffuse i

FIR irectional di o
[] Write CSV output file range Directional diffuse

Write XML BSDF output # of segments:

Solar band

Visible band

Spectral data | Full spectral data -

Mumber of visible bands: &

Mumber of IR bands: 10

Angular basis | W6 halfsize w

Figure 5-2. Correct WINDOW Preferences Settings for Optical Calcs Tab
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5. MODELING CENTER-OF-GLAZING WITH WINDOW 5.1. Overview

Options Tab

e Use Nominal Heights is required to be unchecked

e Default Frame Absorptance does not affect the modeling of the glazing systems but will affect

the overall product SHGC so it is important to note here that this setting shall be 0.3 for all
products, except Glazed Wall Systems which shall be set to 0.5.

Options  Thermal Calcs  Optical Cales  Optical Data  Radiance  Deflection  Updates

Localization

Display
Unit system D IP @S' Grid Fort Size |14 e
Language choice | English b
Misc. options

[ ] Dont show CR waming messages
[]Create debug output

[ Create log file

[]Usze Mominal Heights

Glazing system height: |[1000.000 | mm
MNominal window height: | 1000.000 |mm

Use Mominal Glass Thickness

Display precision: 5

Default Frame Absorptance |0.300
Frame Glazing System
Thickness Tolerance % £.00

IUse Torr for Gas Library Pressure Units

Database inteqrity check before
database close (recommended)

M Check that results are cument for all
records and their dependent records

Cancel Aoy Help

Figure 5-3. Settings from OPTIONS tab in WINDOW.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW 5.2. Glass Library

=  Verify that the Glass Library entries are from the currently approved International Glazing Data
Library associated with the Optics program (the following website contains current updates:
https:/ /windows.lbl.gov/software)and click on the International Glazing Database link)

® Create a glazing system for the product to be modeled which is composed of entries from the Glass
and Gas Libraries

®  This Glazing System can then be imported into THERM to calculate the frame and edge-of-glazing
values

= The Glazing System is also used in WINDOW when constructing the whole product in the Window
Library.

1D #: 102 Wame; |Clear / Air / Clear

#Layers:[2 j‘ AE 16 Height [1000.0C mmn

|NFRC 100-2010 | 16 /it 1000.0C mm

Environmertal
Conditions:

Comment: |

Overall thickness: |12 446 mm Mode: |# [ Model Deflection

D Name Mode| Thick |Flip Tsol | Rsofl | Rsol2 | Tvis | Rwisl | Rvis2 | Tir El E2 | Cond C
Glass 1 p» 102 CLEAR_3DAT # 30 [J|o834 0075 0075 0839 0083 0083 0000 0240 0840 1.000
Gap1 »» 5 A 63
Glass 2 b+ 102 CLEAR_3DAT # 30 [J|o834 0075 0075 0839 0083 0083 0000 0240 0840 1.000

Center of Glass Results | Temperature Data | Optical Diata | Angular Data | Colar Properties | Radiance Results |

Utactor sC SHGC Rel Ht. Gain Tvis Keff Layer 1 Keff Gap 1 Keff Layer 2 Keff
Wm2E Wwim2 Wm-K W AmE WK -
3123 0.876 0.762 577 0814 00826 1.0000 0.0439 1.0000

Figure 5-4. WINDOW Glazing System Library Detailed View.

5.2. Glass Library

The Glass Library contains individual glass layers that can be used to construct glazing systems. For NFRC
simulations, the NFRC approved glass layers from the International Glazing Database shall be used.
WINDOW will install a current International Glazing Database, but the library is updated frequently so check
the website mentioned in Section 5.1 for updates. The data in the International Glazing Database is
determined according to the NFRC 300 procedure. When the NFRC approved glass data is used, a # symbol
appears in the Mode fields of both the Glass Library (shown in Figure 5-2) and the Glazing System Library
(shown in Figure 5-1). All certification simulations must use the most current NFRC-approved International
Glazing Database (IGDB).

The Glass Library imported from the International Glazing Database contains glass products of specific
manufacturers, as well as several entries for generic uncoated products, indicated by the Manufacturer field
being set to “Generic”. The values for these generic entries are not measured properties from any specific
glass products but are averaged spectral data from at least two samples.

See Section 8 for instructions about how to create laminates and applied films in the Optics program and
import them into the WINDOW Glass Library.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.2. Glass Library

File Edit Libraries Record Tools Yiew Help
= B = 23] e 0: OH#7Z || %W
= Glass Library [C: AU zershPublichLBMLWWINDOWE. 35/ 7. mdb) i
Detailed YWiew
1o} Name ProductMame M arufacturer Source  |Mode Color Thickness | Tsol | Rsoll | Rsol2| Twis | Rwisl| Rvis2| Tir | emis] | emis2
New mm
B 3 1|:|D BRO _3DAT |jEI'|E:rE ol . ||,,'[|E: Wil 4 I;. 0. .IIIIIIEI‘ 0840 | 0840 |
101 BRONZE_BDAT | Generic Bronze Glass Generic IGDE w114 # 5740 0486 0053 0053 0533 0056 0056 0.000 0840 0.840
Delete 102 CLEAR_3.DAT Generic Clear Glass Generic IGDE¥11.4 & 3048 0834 0075 0075 0.899 0.083 0083 0.000 0.840 0.840
Find 103 CLEAR_BDAT Generic Clear Glass Generic IGDE w114 # 8715 0771 0070 0070 0.884 0080 0080 0.000 0840 0.840
o] - 104 GRAY_IDAT Generic Grey Glass Generic IGDE v11.4  # 3124 0E03 0.0B0 0061 0617 0.0B2 DOE3 0.000 0840 0.840 =
,7 200 SiAG25LE_ 3w bsfl Sibver AG 25 Low-E Saint-Gobain Sc IGDB w163 # 3023 0156 0546 0E16 0.222 0417 0476 0000 0840 0.330
201 AutBrad_3ww.bst | Autumn Bronze 30 Saint-Gobain Sc IGDE v17.0  # 3023 0244 D467 0.8 0.343 0238 0156 0.000 0840 0.770
facyagced® 202 H7O_3bsf Hilie 70 Saint-Gobain Sc IGDB V163 & 3277 0368 0353 0415 0721 0088 0085 0000 0840 0.770
4887 records found 203 H70-8_3bsf 3 Mil Hilite 70 Saint-Gobain Sc IGDE w163 # 3404 0331 036 0403 0722 0035 003 0000 0840 0790
Import 204 N520_3.bsf HMightSky 20 Saint-Gobain 5S¢ IGDE v17.4  # 3251 0238 0113 0108 0.2001 0132 07116 0.000 0840 0.860
- 205 MNS30_3hsf HightSky 30 Saint-Gobain Sc IGDE v17.4  # 3251 0354 0089 0032 0.316 0038 0083 0000 0840 0.820
& 205 H40_3bsf Hilite 401 Saint-Gobain Sc IGDE «17.4  # 3276 0274 0233 0334 0420 0059 0066 0.000 0840 0.750
Repart 207 SBrz2l 3wwbst | Solar Bronze 20 SantGobain Sc IGDB v16.3 & 3023 0130 0612 0610 0.223 0383 0361 0.000 0.840 0660
Frint 209 SB35 3w hst Solar Bronze 35 Saint-Gobain Sc IGDE v1B.3  # 3023 0224 0538 0532 0.353 0300 0276 0000 0840 0620
210 SBr35-4 3w bst | 4 Mil Solar Bronze 35 Saint-Gobain S¢ IGDE «16.3  # 3073 0207 0525 0520 0322 0296 0272 0000 0840 0680
pdal=l DB 211 SBrS0_3wwbsl | Sola Bionzs 50 Sainl-Gobain S IGDE vIB3 & 3023 0317 0455 0448 0.453 0,235 0211 0.000 0840 0690 *
[~ NFRC only Pl | v i
For Help, press F1 Mode: NFRC  |SI NUM

Figure 5-5. WINDOW Glass Library.

On the left-hand side of the screen, of particular interest is the NFRC only checkbox; if checked, only the
records with a “#” in the Mode column will be displayed, which are the records certified for NFRC
simulations.

Detailed View Click on this button to see all the information about the currently highlighted record.

The optical properties defined for each glass entry are listed below:

ID The unique ID associated with this record. For records whose Source is “Optics”, this ID
is the “NFRC ID” from the International Glazing Database. For records whose Source is
“User”, this ID is assigned automatically by WINDOW but can be overwritten by the
user as long as it is unique.

Name The name of the glass layer. If the record was imported from the International Glazing

Product Name

Manufacturer

Source

Mode

Color
Thickness
Tsol
Rsol1

Database, this name will automatically come from that database.
The Product Name field from the International Glazing Database.

The name of the glass manufacturer. If the record was imported from the International
Glazing Database, this name will automatically come from that database.

Source of the glass record. Current options are:

= IGDB v<nn.n>: Indicates that the data was imported from the International Glazing
Database (IGDB), with the database version number, such as, 11.4. These records
will have the spectral data information from the International Glazing Database.

= User: Indicates that the data was created when the user copied an existing record
into a new record. User defined records will not have associated spectral data
values.

An identifier to determine if the glass layer is approved by NFRC. Only records with
“#” in this field can be used for NFRC simulations, except for laminates and applied
films that are imported from the Optics6 User Database. See Section 8 for more details.

A graphic representation of the color of the glass.
Glass thickness. Units: mm (SI); inches (IP).
Solar transmittance of the glazing layer.

Solar reflectance of the glazing layer, exterior-facing side.
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Shading Layer Library and Shading Material Library

Rsol2 Solar reflectance of the glazing layer, interior-facing side.

Tois Visible transmittance of the glazing layer.

Ruis1 Visible reflectance of the glazing layer, exterior-facing side.

Rois2 Visible reflectance of the glazing layer, interior-facing side.

Tir Thermal infrared (longwave) transmittance of the glazing layer.

emis] Infrared (longwave) emittance of the glazing layer, exterior-facing side
emis2 Infrared (longwave) emittance of the glazing layer, interior-facing side

5.2.1. Updating Glass Library from the IGDB

The International Glazing Database (IGDB) is updated by LBNL approximately every three months. These
updates are available on the LBNL website (https://windows.lbl.gov/software/igdb ). The WINDOW Glass
Library should be updated when these IGDB releases occur. There are detailed instructions on the website
listed above about how to do this update.

5.3 Shading Layer Library and Shading Material Library

Both the Shading Layer and Shading Material Libraries comprise the Complex Glazing Database (CGDB). It
is the shading layer library that contains the individual venetian blind or diffuse glazing (i.e. fritted or etched
glazing layers, diffusing interlayers and diffusing applied films). The optical properties of the shading layers
are located in the Shading Material Library and that library is not used to construct glazing systems but those
records are needed for the center-of-glass glazing system values. For NFRC simulations, the NFRC approved
complex shading layers from the Complex Glazing Database shall be used and they are indicated by a “#”
symbol appearing under the “Certification” column (shown in Figure 213) and the Glazing System Library
(shown in Figure 5-1).

See Section 8.14 for instructions about how to create a glazing system with a venetian blind or woven shade
and Section 8.18 for diffuse glazings.

5.3.1. Updating and/or Adding Shading Layers and Shading Materials from the CGDB

The Complex Glazing Database (CGDB) is updated by LBNL approximately every three months. These
updates are available on the LBNL website (https://windows.lbl.gov/software/cgdb ). There are detailed
instructions on the website listed above about how to do this update but understand that there is a version of
the database for each version of WINDOW. The databases are basically just WINDOW databases that only
have complex glazing records in them, so the products are easily imported into any WINDOW database
(keeping in mind the program version compatibility). An example WINDOW?7 CGDB database would be
titled, “W7_8-CGDB-37_0-AllRecords”

By default, the CGDB will be installed onto your computer at: C:\ Users\ Public\ LBNL\ LBNL Shared.

To import records from the CGDB, it is important to note that the either a Shading Layer or a Shading
Material is imported while in that library’s “List View” so the appropriate record(s) are found and added. If
you try to import a venetian blind slat while in the Shading Material Library will only bring in a slat’s optical
properties and not the detailed venetian blind characteristics (e.g. tilt angle or rise, etc.) needed for the
glazing system.

If using a default venetian blind slat per ANSI/NFRC 100 and ANSI/NFRC 200, it is required to create an
entry in the Shading Material Library with specific default optical properties. See Figures 5-6 through 7.
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e . — S — - —

B W7.8 - Shade Material Library (C:\Users\PublicA\LBNLYWINDOWT.8%7.mdkb)
File Edit Libraries Record Tools View Help
o

@ | | = | E = |BH - @ l: OH 7 @4

Shade Material Library (C:\Users'\Public\LBNL\WINDOW?Y 8w 7 mdb)

Detailed View

e D Name ProductName Manufacturer

Ml 10 | NFRC default Venet NFRC Default Venetian biind

Copy = — ___

Figure 5-6. Click “New” in Shading Material Library to create a new entry for a default slat.

File Edit Libraries Record Tools View Help

= = - N === A T S N I 2 |

Shade Material

List
- D #: 1[]4[ Thickness: ﬂmm l
Optics 5
Mame: NFRC default venetian biind sla
New
— Product Name:  NFRC Default Venetian blind sla
Copy Manufacturer:  Generic
Delete
Save

Condstiv 1on one

fsular \
Trans, Front 0000001

Trans, Back (Tsol2): 0,000000

Reflect., Front (Rsoll): p,050000
Reflect., Back (Rsol2): 0.050001

Visible
Trans, Front (Twis): 0.00000(

Trans, Back (Tvis2): 0,00000(

Reflect., Front (Rvis1): 0.05000(
Reflect., Back (Rvis2): 0.05000(

R
Trans (Tir): 0.00000(

Emis., Front (Emis1) 0.90000(

\Emis,Back{EmisZ} 0.90000¢ )

Color: -

8 Mon-specular

Figure 5-7. Required Entries for Default Venetian Blind Slat.

The ONLY value that the simulator is required to change from the default settings (Figure 5-7 and the large
rectangle area) is the slat thickness (See Figure 5-7 for the circled “xxx”) which can differ for each slat type.
All other entries are the default values to be entered, including checkmarking “Non-specular”.

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026 5-7



5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.3

Shading Layer Library and Shading Material Library

The following steps is how to import whle in the working Shading Layer Library so that when you import

from this library, the optical properties automatically will be added to the Shading Material Library:

1. Shading Layer Library: Import the complex glazings from the CGDB into the Shading Layer

Library

In the Shading Layer Library List View, click the Import button and browse to the CGCB database.

File Edit Libraries Record Tools View Help

SRR ST B e O aa TR

Shading Layer Library (C:\Users\Public\LBNL\WINDOW?7.8\w7 mdb)

Detailed View
Cale D Name ProductName Manufacturer Type Material PemeabiltyFactor Source Versifhy | Certfication
New
22003 ODL 14.8mm Sia, Deployed & 45 : Wht| ODL White Bind 14.8mm St ODL Venetian (rorzontal)  ODL White Bind 0982 CGDB 2
Copy 22004 ODL 12.3mm Siat, Deployed & 45 : Sand ODL Sand Bind 12.3mm Slat  ODL Venetian forzontal) DL Sand Bind 0979 CGDB 2,
Delete 22005 ODL 12.3mm Siat, Deployed & 45 : Tan | ODL Tan Bind 12.3nm Siat ~ ODL Venetian horizontal) DL Tan Bind 0979 CGDB uq #
5 22006 ODL 12:3nm S, Deployed § Aot - Esp| ODL Esprsso Bnd 1230m SLODI % 2
D - 22007 ODL 12.3mm Sia, Deployed & Closed : § ODL Espresso Bind 12.3mm S| OD| 2,
22008 ODL 12.3mm Sia, Deployed & +45 : Esp| ODL Espresso Bind 12.3mm S| OD| 2.
22009 ODL 12.3mm Siat, Deployed & Flat : San{ ODL Sand Bind 12.3mm Siat  OD| R RR I 2,
22010 ODL 12.3mm Siat, Deployed & Closed : § Wl Import source  C:\Jsers\Public\ BNLLBNL Shared\W7_8-CC  Browse l 2
22011 ODL 12.3mm Siat, Deployed & +45 - 123 Sat 0| 2
M ODL Tan Bind 12:3nm St OD| (@ AY9d reating uplcaterecordsn export database by searching %
22013 ODL 12.3mm Siat, Deployed & Closed : T ODL Tan Bind 12.3mm St O 2 #
22014 ODL 12.3mm Siat, Deployed & +45 : Tan| ODL Tan Bind 12.3mm Siat 0D Cancel ul #
22015 ODL 12.3mm Slat, Deployed & Flat : Wh{ ODL Whte Bind 12.3mm Slat O 2Q #
- 22016 ODL 12.3mm Siat, Deployed & Closed : || ODL White Bind 12.3mm Siat ODL Wm—m 0s7  CGDB 2l #

Figure 5-213. Browse to the CGDB database to import the frit records into the Shading Layer Library

When the CGDB dialog box appears, highlight the records to import and click the Select button (or

click the Select All button to import all the records in the CGDB file). Only NFRC shading layers with
the NFRC approval indicator “#” can be used for product certification.

7| C:\Users\Public\LBNL\LBNL Shared\W7-CGDB-1.2.mdb

Select I Caticel | Select Alll Clear selectionl Find I IID LI 105 records found.
D Mame Producth anme b anufacturer Type -
10 Wenetian C30 Generic “enetian [horizontal] SlaJ
11 Wenetian DO Gerefic Wenetian [horizontal] Sla
12 Wenetian D45 Generic “enetian [horizontal] 5la
13 Wenetian D30 Generic “enetian [horizontal] Sla
17 white Frit Generic Fritted glazs
14 Clear Frit [no pigrme Generic Fritted glass
Generic Wi Generic mw
20 Off wihite Elind 24 nf Generc Wenetian [horizontal] Wi
2 Dark Blue Elind 24 1 Genenc YYenetian [horizontal]
Y'enetian [horizontal)
> Yenetian [horizantal)

Figure 5-8. Select the desired records to be imported into the Shading Layer Library
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5. MODELING CENTER-OF-GLAZING WITH WINDOW 53
Shading Layer Library and Shading Material Library

The selected records will be imported into the Shading Layer Library and all associated optical
properties of the chosen records will be added as records in the Shading Material Library (if
applicable).

File Edit Libraries Record Tools View Help
DEdl s=R|S|[E: > |Baeli; O#[7|%|7W
Shading Layer Library [C:AUsers\Public\LBNLAWINDOWT. 35/ 7. mdb)
Detailed View
Cale D MName ProductM ame Manufacturer Tupe Material Openness Source Wersion
New |
Cony 17 “white Frit Fritted glass
_I- Il e Shade Mat
Delete 20 Generic Yenetian [horzontal) “White Venetian Bl 0r00  CGDB
~Find————————— ] | Datk. Blue Blind 24 mm 3 Generic Wenetian [horizontal] Marine Venetian Blir 0,500 CGDE
D - 22 Clear Frit [no pigment] Generic Fritted glass
I— 23 ‘Woven shade - 30% refl Generic \Waven ‘Woven Shade Mate  pgposop CGDB
24 Wwhoven shade - 30% refl Generic \Waven ‘Woven Shade Mate  gosp CGDB
Advanced | 28 Perforated screen - circul Generic Perforated Screen Slat Metal & 0500  CGDB
148 records found | 29 1" harizontal WB [white] - Generic ‘Yenetian (horizontal) “White Venetian Blin 1000 CGDB
el | an 3" horizontal YB [white] - Generic Venetian [horizontal) “white Venetian Bline 1 000 CGDB
M 3" vertical VB [white] - 0 Genenc Wenetian [vertical) “white Venetian Bine 1,000 CGDB
Esport 32 0.4"inbetween VB (white Generic Venelian [horizantal) Wwhite Venetian Blim 1,000 CGDB
Report | 50 Cellular Shade - Opaque| Cellular Shade - Opaque - Da Generic BSDF 0oo0  CGDB
Print | 51 Cellular Shade - Opaque| Cellular Shade - Dpaque - Me Generic BSDF 0oon  CGDB
2 Cellular Shade - Opaque | Cellular Shade - Opaque - Lig Generic BSDF 0.000 CGDEB
%] Cellular Shade - Sheer - | Cellular Shade - Sheer - Dark. Generic BSDF 0,000 CGDB
54 Cellular Shade - Sheer | Cellular Shade - Sheer - Medi Generic BSDF ooon CGDE
| 55 Cellular Shade - Sheer | Cellular Shade - Sheer - Light Generic BSDF 0oo0  CGDB
| 513 Cellular Shade - Opaque| Cellular Shade - Opaque - Wt Generic BSDF 0oon  CGDB
| A7 Cellular Shade - Opaque | Cellular Shade - Opaque - W Generc BSDF 0.000 CGDEB
| L) Cell in Cell Cellular Shade| Cellular Shade -- Opague - Wt kanutacturer BSOF 0.000 CGDB
=) Sample Pleated Shade LBMNL BSDF 0.000
a0z Slim White Open Slim White YWenetian Blind Pella Venetian [horizontal) “White Venetian Bline 1 000 CGDE
| 3003 Shim Marine Closed Slim Marine Blue Venetian Blini Pella Wemetian [horizontal) Marine Venetian Blr 0,000 CGDB
2004 Slm Marine 45 Slim Marine Blue Yenetian Blini Pella Wenetian [harizontal) Marine Yenetian Blir 0500 CGDE

Figure 5-9 Chosen records imported into the Shading Layer Library.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW 5.4 Glazing System Library -- Center-of-Glazing U-factor

5.4 Glazing System Library -- Center-of-Glazing U-factor

The center-of-glazing U-factor is determined in the WINDOW Glazing System Library. A glazing system is
created by specifying layers of glass from the Glass Library, as well as the gas fill material between the
layers, such as air or argon. Shading systems, as described in Section 8 of this manual, can be modeled with
glazing systems. Detailed instructions about creating a glazing system can be found in the WINDOW 5.0
User's Manual. A simple glazing system library entry is shown in Figure 5-3.

When defining a glazing system, the number of glass layers (# Lay), the Tilt, and the Environmental
Conditions (Env Cond) must be specified. For NFRC certification calculations the Environmental
Conditions have restricted values, as discussed in the next section. Also, the glass layers must be from the
Glass Library using approved records from the International Glazing Database, indicated by a # value in the
Mode field of the glass layer record, as shown in Figure 5-3.

Note: to see the U-factor value to four decimal places, click on File/Preferences menu choice and in the Options tab, set
the Display Precision field to”4”

File Edit Libraries Record Tools View Help
Eg:tl?llgaRtlgn = b BB El: H 4> M | H @i O# 7 ™| 7K

calculations, the
NFRC 100-2010 _|
Environmental
Conditions
choice must be
used.

Click on the\m/
double arrowto

Cale [F3)

D#2 Name: |Double Clear Air

#Layers: |2 jl Tilt 90"

New Er =
2 e [NFRC 100-2010 |
Copy Comment: |

Delete Overall thickness: [23.430  mm

Save
Repart
Radiance

1G Height:| 1000.00

1G Width| 1000.00 mm

Mode: |#

I Model Deflection

[ Mame
Glass1 » 103 CLEAR_GDAT
Gepl w1 AT

Glass2 b 103 CLEAR_GDAT

Pl

Mode| Thick |Flip| Teol | Reoll | Recl2 | Twis | Rwisl  Rwis2 | Tir El E2 | Cond

# 57 O|orit 0070 0070 0864 0080 0080 0000 0.840 0.840 1.000
120

# 57 [J|0771 0070 0070 0884 O0B0 0080 0000 0640 0640 1.000

L.

e of Glass Resulty | Temperature Data | Optical Data | Angular Data | Calor Properties | Radiance Results |

Utactor sC SHGC Rel Ht Gain Twis Keff Layer 1 Keff Gap 1 Keff Layer 2 Keft
Wlm2E | Wim2 Wk Wm-E Wm-E WK
access the Glass f | 7 I ! ! ! I z z -
- L3
Library to select  rurvsp g X Mode R[]
a layer.
] Select ‘y
Cancel Find ) + | 4887 records fi
The values in the
. . |n] Mame ProductMame I anufacturer Source  |Mode
Results section will be
woyn . ;
: Untll the glaZIng 100 BROMZE_3DAT | Generic Branze Glass Generic IGDE +11.4 #
Sy.Stem is calculated 101 BROMZE_GDAT | Generic Branze Glass Gensiic IGDB vI1.4  #
using the Calc button. 102 CLEAR_3DAT | Geneiic Clear Glass Gieneric IGDB vi1.4  #
N CLEAR_E.DAT Generic Clear Glass IGDB +11.4
104 GRAY_3.DAT Generic Grey Glass Generic IGDB +11.4 #

Figure 5-10. Selecting glass layers in the Glazing Systems Library.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.4 Glazing System Library -- Center-of-Glazing U-factor

When the glass and gap layers have been
defined, click on the Calc button and the
center-of-glazing U-factor as well as other
results will be displayed in the Results
section at the bottom of the screen. This
value is used when the glazing system is
imported into THERM.

File Edit Libraries Record Tools View Help
= b BB B: W r|Ba 0 OHZ | %TR
List n
1D #: |2 Mame: |DUub|E Clear Air
Calc F3) ) Lapers B ﬂ L T G Height[1000.00 ram
MNew Environmental - .
= Conditians: | MFRC 100-2010 G 'Ww/idth:| 100000 mm
| o Comment: |
— 1 2
_Delete Ovwerall thickness: | 23,430 mm Mode: |# I Model Deflection
Jave
Rfport E
Rafliance
1D Mame Made| Thick Fip Tsol | Fsoll | Rsal2 | Twis | RAwisl | Rwis2 | Tir E1 E2 | Cond Carm
M Glass 7 »» 103 CLEAR_GDAT # 57 [Jlo77 0070 0070 0884 0030 0030 0000 0.840 0.840 1.000
Gap1 ke 1 Air 120
M Glass 2 »» 103 CLEAR_GDAT # 67 [J]o7m 0070 0070 0854 0080 0080 0000 0.840 0840 1.000
1 \ 3
Center of Glass Resuls | Temperature Dala] DpticaIData] AngularDala. Calar Praperties | Radiance Hesults.‘
Ufactar 5C SHGC Rel. Ht. Gain Tuiz Keff Layer 1 Keff Gap 1 Keff Layer 2 Keft
2K Wiz Wi K K ik
0.809 0.704 533 7B 01175 1.0000 0.0E38 1.0000
4 T s
For Help, |press F1 f Mode: MFRC  |SI NUM
Figure 5-11. Calculating results in the Glaziyg Systems Library.
or NFRC certification

calculations of SHGC
and VT, glass layers
from the Glass Library
with a # in the Mode field
shall be used. The #
indicates that the record
is approved for NFRC
simulations.

The Center of Glass Results tab at the bottom of the screen shows the results for the glazing system. The U-
factor results are based on a default glazing system height of one meter (1000mm). This center-of-glazing U-
factor value will be recalculated in the Window Library to reflect the true height of the product being
modeled. (See Section 7, “Total Product Calculations”, for more information).
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5. MODELING CENTER-OF-GLAZING WITH WINDOW 5.4 Glazing System Library -- Center-of-Glazing U-factor

All the Glazing System Library records can be seen in the List View, access by clicking the List button from
the Glazing System Library Detailed View.

File Edit Libraries Record Tools View Help
= = B € N: O#H 7 | %8
- - Glazing System Library [C:\U sershPublic\LEML\WINDOMW 7 357 mdb)
Detailed View
Ll D Name Lgfefls Mode| Tit | Emiermental | Dverall |y SHEC | Tvis | TdwdSO
Hew mm wim2-K
o 1 Single Clear 1 # 90 NFRC100-2010 3.00 5.914 0.861 0.8339 0.842
= D n T 2 2 0.704 0.630
Delete 3 Double Low-e Air 2 # 90 MFRC100-2010 21.70 1.657 0.470 0.E96 0.548
Find 4 Double Clear with Argon 2 # g0 NFRC100-2010 18.70 2676 0.764 0eld 0.738
o =l 5 Tiiple Clear 3 # @y NFRCIO0-20M0  434p 1742 0B17 0703 0601
,7 7  Double high solar gain low-= 2 # g0 NFRC100-2010 26.51 1.932 0636 0.741 0.635
8 Gample Glz3ys 2 # 90 MFRC100-2010 26.51 1.432 (.E8E 0.741 0.635
jadonced a  Double lovee [vacuum) L a0 NFRC100-2010 g1p 0,634 035 0831 0517
29 records found. 10 Double low-e [air] - deflected 2 # 9o NFRC100-2010 2170 1ER3 0362 B35 0512
et 11 Triple low-e [argon] - deflected | 3 # 90 NFRC100-2010 4340 0.700 0298 0515 0349
12 Triple with suspended low-g film 3 # 9o NFRC100-2010 3748 1123 0530 0.E34 0.493
Ezport 13 Double clear (@i with white frit |~ 2 # g NFRC100-2010 24.70 2664 0.439 0528 0.423
Repart 20 Double low-e [argon) with est. 3 # g0 NFRC100-2010 38.00 1.092 0.053 0.052 1.000
Frint 30 Double lovee [argon] withint. hd 3 # 90 NFRC100-2010 55,36 1.276 0.267 0147 0.03z2
7 Double low-e [argon] with inbet, 3 # g0 NFRC100-2010 2172 3.373 0.295 0,159 0104
For Help, press F1 Mode: NFRC |

The pound sign (#) in th§ Mode field indicates that all the glass layers
in the glazing system are NFRC approved. The exception is that
laminates and applied films imported from the OPTICS User
database will not have the “#” symbol. See Section 8 for more details.

Figure 5-12. The List View of the Glazing System Library shows all the glazing systems.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW 5.4 Glazing System Library -- Center-of-Glazing U-factor

5.4.1. Environmental Conditions

When defining the glazing system for use in an NFRC certified simulation, the NFRC 100-2010 choice must
be used for the Environmental Conditions (Env Cnd) parameter, which contains the parameters defined by
ANSI/NFRC 100.

Figure 5-6 shows the NFRC 100-2010 choice in the WINDOW Environmental Conditions Library. Table 5-1
lists the values for the U-factor calculation and Table 5-2 lists the values for the Solar Heat Gain Coefficient
calculation.

File Edit Libraries Record Tools View Help
= E = 2| e N O#H 7 % %K
- - Environmental Conditions Library [C:A\Users\PublichLEMLNWINDOW?. 337 mdb] it
Detailed View
D N U-factor | U-factor | SHGC | SHGC | SHGC
ame Tin Tout Tin Tout Solar
New C C C C w2 2
o » 1 | NFRC100-2010 . mm
4 2 NFRC100-2010 winter 21.0 -18.0 21.0 -18.0 a
Delete 3 MFRLC 100-2010 Summer 240 320 240 320 793
Find 4 CEM 20.0 0o 28.0 30.0 500
D A
Advanced..
4 records found. v
q [ [T ] G
For Help, press F1 Mode: NFRC  |SI MNUM

Figure 5-13. WINDOW Environmental Conditions Library List View.

File Edit Libraries Record Tools View Help
= b By @ EzH4» y|H 0N O#H 7 =T

-

List Environmental Conditions Library

New D #
Lopy Mame: |NFRC 1002010
Delete Usfactor: Inside | U-factor: Dutside | SHEC: Inside | SHGC: Outside |
Save
Q Inside &ir Temperature noc
Conwvection A
Model [A3HRAE/MFRC [nside E
Radiation
A5HRAE/MFRC
Effective Room Temperature 210 C
Effective Room Emissivite|  1.000
For Help, press F1 Mode: NFRC ST I

Figure 5-14. WINDOW Environmental Conditions Library Detailed View of U-factor settings.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.4 Glazing System Library -- Center-of-Glazing U-factor

Table 5-1. Environmental Conditions for NFRC Simulations for U-factor calculations.

Variable Sl Units IP Units (reference only)
Outside Temperature -18.0°C -04°F
Inside Temperature 21.0°C 69.8 °F
Wind Speed 55m/s 12.3 mph
Wind Direction Windward Windward
Direct Solar 0W/m2 0 Btu/hr-ft2
Sky Temperature (Tsky) -18.0°C -0.4 °F
Sky Emissivity (Esky) 1.00 1.00

Use the NFRC 100-2010 Environmental Conditions Library in WINDOW for NFRC center-of-glazing simulations

Ervvironmental Conditions Library

o #

Mame; |NFRC 100-20
N

=)

" U-factar: |rside | I)-factor: Outside  SHGC: Inside | SHGLC: Dutside |

Ervvironmental Conditions Library

1D #:

Mame: [NFRC 100-2010

_ v o
U-factor; Inside | U-factar: Dutside] SHGE: Inside  SHGC: Outside

Inzide Air Temperature 240 C Outside Air Temperature 320 C
Direct Solar Radiation 783.0 W/mz2
Corrvection Corrvection
Model [4SHRAE/NFRC Inside  ~] Model |[ASHRAE/MFRC Outside |
Convection Coef. | 15,000 'w/m2-K
Outzide Wind Speed IW més
Wwind Direction [Windward |
Radiation R adiation
| ASHRAENFRC | |ASHRAE MFRC ~|
Effective Foom Temperature 240 C Effective Sky Temperature 320C
E ffective Room E missivity ’w Effective Sky Emizsivity lw
Figure 5-15. WINDOW Environmental Conditions Library - Settings for SHGC.
Table 5-2. Environmental Conditions for NFRC Simulations for SHGC and VT calculations.
Variable Sl Units IP Units

Outside Temperature 32.0°C 89.6 °F

Inside Temperature 24.0°C 75.2°F

Wind Speed 2.75m/s 6.15 mph

Wind Direction Windward Windward

Direct Solar 783 W/m?2 248.2Btu/ hr-ft2

Sky Temperature (Tsky) 32.0°C 89.6 °F

Sky Emissivity (Esky) 1.00 1.00
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5. MODELING CENTER-OF-GLAZING WITH WINDOW 5.4 Glazing System Library -- Center-of-Glazing U-factor

It is possible to make new environmental conditions with specific conditions specified, in order to evaluate
the design of a product. However, only the pre-defined NFRC 100-2010 shall be used for NFRC rating
purposes.

5.4.2. Coatings

The location of coatings on a glass layer can affect the center-of-glazing U-factor and therefore the whole
product calculation, so it is important to specify the location correctly. When using a glass entry from the
WINDOW Glass Library, if the coating is not on the correct surface, the glass layer shall be flipped. To flip a
glass layer, while on a glass layer in Edit mode, click on the Flip checkbox, and the glass surfaces will be
flipped, as indicated by the dashed line in the graphic display of the glazing system.

Record Tools View Help
Bl :W4r M |Ba @Ni O#7Z|% T

D #: |3 Mame: |Double Lows-e Aiir ,
# Layers: |2 j‘ Tilt: 90 * |G Height:{1000.00 mm E
Erwiranmental -
Eaeline |NFF|C 100-2010 j 1G Wfidth:{1000.00 mm :
Camment: ' o . .
! —2 LowE coating is on
Overall thickness: | 24.079  mm Mode: |# I~ Madel Deflection exposed outside |ayer
D Mame Mode| Thick Flip| Tsol | Rzoll | Rzol2 | Twis | Rwis] | Rwis2 Tir E1 EZ | Cond
- Glasz 1 »» 5248 SHO0CL_E.PPG # 57 [|oes? 0123 0101 0823 0112 0107 0000 0215 0840 1.000
Gap1 »» 1 Air 127

@ Glasz 2 »» 103 CLEAR_E.DAT # 57 [|orm 0070 0070 0884 0080 0080 0000 0.840 0840 1.000

Click on the Flip checkbox and the glass
layer will be flipped so that the coating is
on the inside of the glass layer.

zcord Tools View Help

E] ElzHW4» M| B ¢ N: OH?Z | % T

x

ID# 3 Mame: |Double Low-e & &
a2 j‘ Tie| =0° IG Height{1000.00 mm
Enwvironmental tood
e = INFRC 1002010 =] IG Width:[1000.00 mm
Comment: |

-
M

Overall thickness: |24.079  mm Mode: |# I~ Model Deflection

o} Mame Mode| Thick |Flip /Tzol | Rsoll | Rsol2 | Twis | Rwisl | Rvis2 | Tir ] E2 | Cond

- Glass1 »» 5248 S500CL_G PP # 57 pfoss? 01 0123 0823 0107 0112 0000 0840 0215 1000
Gapl »» 1 Air 127

- Glass2 »» 103 CLEAR_E.DAT # 57 O|orrt 0070 0070 0834 0080 0.080 0000 0840 0840 1.000

Figure 5-16. Use the Flip checkbox to flip the coatings on a glass layer.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW 5.4 Glazing System Library -- Center-of-Glazing U-factor

5.2.3. Gas Fill

The gas used to fill the gap between the glass layers makes a significant contribution to the center-of-glazing
U-factor, although it does not have much affect on the Solar Heat Gain Coefficient. For NFRC certified
simulations, the gas to be shipped in the fenestration product shall be modeled. When creating a glazing
system in WINDOW, choose the appropriate gas fill from the Gap library, which contains the maximum gas
fills that can be used, as shown in the figure below. Custom gas mixtures can be defined in the Gap library.
See the WINDOW User’s Manual for more details about making a new gas mixture in the Gap library.

When a gas is used to fill the gap between glass layers, there is always a mixture of the gas and air. The
amount of air mixed in is dependent on many factors including the method used to fill the gap, either
evacuated chamber filling, two-probe filling with a concentration sensor, or single-probe timed filling. Table
5-3 shows the maximum gas concentrations that can be achieved with each method. For NFRC certification
simulations, the simulator shall request the gas-filling technique and the gas concentration for their product
from the manufacturer.

Table 5-3. Gas Concentrations based on Filling Technique.

Filling Technique Maximum Gas Concentrations
Achieved
Evacuated Chamber Filling 97%
Two-Probe Filling with a Concentration Sensor 95% for Argon filled

90% for any other gas (Krypton, Xenon, etc)

Single-Probe Timed Filling 90% for any gas type

For IG units with multiple gases, the simulation shall be performed using the gas concentrations stipulated by
the manufacturer, but in no case can the simulation exceed the “Maximum Gas Concentration” shown in
table 5.3 for the fill technique used. In the case where the fill technique is “Two-Probe with concentration
sensor” and the gas mix is Krypton & Argon, the Maximum Gas Concentration of the mixed gas shall not
exceed 90%.

File Edit Libraries Record Tools View Help

= E = H el O#H 2 % 7K
- - Gap Library [C:4U sers\Publich LEMLYWIND Ot 7. 35 7. mdb)
Detailed igw
|} Marne Type | Conductivity Wizcozity Cp Density Prandtl
Hew Wik ka/m-z JAkgK kg/m3
Pure 0.024070 0.0000 7 0327 1.292458
Copy
2 Argon Pure 0016348 0.000021 £21.923018 1.782282 06705
Delete 3 FKiypton Pure 0002663 0.000023 245.091003 3738740 0E718
Find 4 Xenon Pure 0005160 0.000021 158.339996 5.857955 06543
D - £ Air(9%)/ Argon [35%) Mix Mix noe702 0.000021 529.729614 1.757792 0E732
’7 7 AIr(12%) / Argon [22%) / Kiypton [BB%] | Mix 0.011490 0.000023 322703613 3014770 06403
g Air(9%]/ Kiypton [35%] Mix Mix 0.003190 0.000023 2F1.B36536 3616428 06641
_dvanced. | 5 A (10%)/ Argon (80%) Mis Mis 0017062 0000021 SSRO33142 17303 0675
273 recards found. 10 “acuumn-air P=0.001 (pr-1.5 ps-30] Pure
— | 100 Tir - EN.B-?..BW Eure 0.024163 0000017 1008000000 1.292435  0.7138

Figure 5-17. WINDOW Gap library.

5.4.4. Laminated Glass / Applied Films

Section 8 describes the procedures for creating laminated glass layers and applied films using Optics and
importing the results into the WINDOW Glass Library.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW 5.5 Solar Heat Gain Coefficient and Visible Transmittance

5.5 Solar Heat Gain Coefficient and Visible Transmittance

The document ANSI/NFRC 200: Procedure for Determining Fenestration Product Solar heat Gain Coefficients at
Normal Incidence contains the rules and definitions for calculating the Solar Heat Gain Coefficient and Visible
Transmittance for products. Consult ANSI/NFRC 200 to determine how to group products for these
calculations, as well as algorithm documentation.

In WINDOW, the center-of-glazing Solar Heat Gain Coefficient (SHGC) and Visible Transmittance (VT) are
automatically calculated in the Glazing System Library in the Center of Glass Results tab, as shown in the
figure below.

In addition, these values are calculated for the whole product and for the NFRC SHGC 0 and 1 and VT 0 and
1 cases in the Window Library, as explained in Chapter 7 of this manual.

: Edit Libraries Record Tools View Help

= & B B4 |Ha @i OHF7 % TN
List n
10 #t: |2 Mame: |Dnuh|e Clear Air
Cale F3) Bl 2 j‘ T T 16 Height 100000 mm
Mew Envvironmental -
= Cerlias MFRC 100-2010 - |G Wwidth:| 1000.00 mm
Lopy -
Commert: | 1 2
Delete Overall thickness: |23.430  mm Mode: |# [ Madel Deflection
Save
Repart
Radiance
[} Mame Mode Thick Flp| Tsol | Reoll | Reol2 | Twiz | Awisl | Rwis2 | Tir E1 EZ | Cond Con
© Glass 1 »» 103 CLEAR_B.DAT # 67 [Jo77 0070 0070 0824 0080 0.080 0.000 0.840 0840 1.000
Gap1 kv 1 Air 120
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Figure 5-18. The center-of-glazing SHGC and VT are calculated in the WINDOW Glazing System Library.
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6. MODELING FRAME AND EDGE HEAT TRANSFER
WITH THERM

6.1. Overview

In order to calculate the total product U-factor, the U-factor must be determined for the following
components, and then these values must be area-weighted for the whole product:

Center-of-glazing values from WINDOW
Frame and edge-of-glazing values from THERM

The ANSI/NFRC 100: Procedures for Determining Fenestration Product U-factors is the definitive source for the
methodology for calculating U-factors and should be used for situations not covered in this manual. In
addition, NFRC Technical Interpretations supplement the ANSI/NFRC 100 document, and these should also
be consulted when questions arise.

6.2 Cross-Sections to be Modeled

The fenestration product being modeled must be divided into the cross-sections which completely define the
heat transfer through the product. THERM is used to calculate the U-factor values for the edge-of-glazing as
well as the frame components (sill, head, jamb, meeting rail, and divider).

The operator type of the fenestration product, as well as the configuration of each component of the frame,
will determine the number of cross sections that must be modeled. Table 6-1 lists the minimum and
maximum cross sections that must be modeled for each operator type, and Figure 6-1 illustrates where the
cross sections must be taken. The maximum assumes that each frame cross section is unique and therefore
must be modeled. If there are some cross sections of the frame which are identical, such as a fixed window
with the same cross section for the jambs, then only one cross section needs to be modeled for the jamb.
However, the new modeling assumptions for cavities when modeling Condensation Resistance, based on ISO
15099, require that different cross sections be modeled for head, sill, and jambs if those cross sections contain
frame cavities. If only U-factor is being modeled, the head and the sill can be combined into one calculation if
the geometries for each are the same.

Although all the Product types listed in Table 4-3 of ANSI/NFRC 100 are not listed here in Table 6-1 or Figure
6-1, these four basic categories cover all the geometries in ANSI/NFRC 100.
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6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM 6.2 Cross-Sections to be Modeled

Table 6-1. Cross sections to be modeled

Operator Number of Cross Sections to Model
Type Minimum Maximum | Cross Sections

Single Lite Condensation U only Calc 4 * Head
(Fixed, Ratings & U Calc . ]é}mb (1or2)
Picture, 3 2 = Sill
Transom, If Jambs are the same If Head and Sill are the
Casement, same
Awning, etc)
Two Lite 5 4 7 =  Head Fixed or Vent
Vertical If Left and Right If Head and Sill are the " ]z?mb.F ixed & Vent
(Vertical Upper Jambs are the same = sill Fl‘xed &'Vent
Slider) same, and Left and *  Meeting Rail

Right Lower Jambs

are the same
Two Lite 7 5 7 = Head Fixed & Vent
Horizontal If Head and Sill are the - ]e}mb‘Fixed & Vent
(Horizontal same = Sill Fl.xed &‘Vent
Slider, *  Meeting Rail
Sliding Patio
Door)
Two-lite 4 4 7 = Head Fixed & Vent
casement, If Left and Right " ]&?mb.Fixed & Vent
(Window Head are the same, *  Sill Fixed & Vent
Wall, Curtain Left and Right Sills *  Meeting Rail
Wall) are the same, and

Left and Right Jambs

are the same.
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6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM 6.2 Cross-Sections to be Modeled
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Figure 6-1. Minimum and maximum cross sections to be modeled based on operator type.
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6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM 6.3 Draw the Cross Sections

6.3 Draw the Cross Sections

After the number of cross sections to be modeled has been determined, draw them in THERM. The Section 5,
"Drawing Cross-Section Geometry" in the THERM User’s Manual contains detailed instructions about how to
draw cross sections. This section of the THERM NFRC Simulation Manual contains information pertaining
specifically to the NFRC procedures.

6.3.1. Getting Started — Drawings and DXF Files

In order to reproduce accurate cross sections in THERM, it is necessary to use dimensioned drawings and/or
DXEF files. See Section 5.2, "Importing a DXF or Bitmap File as an Underlay" in the THERM User’s Manual.

If only dimensioned drawings are available (assembly drawings and die drawings), and there are no DXF
files, it is still possible to create a cross-section in THERM. Section 5.5, "Drawing Using the Keyboard
(Numeric Cursor Positioning)" of the THERM User’s Manual.

6.3.2. File Properties -- Cross-Section Type

It is extremely important to specify the Cross Section Type in the THERM File Properties dialog box
(accessed from the File/Properties menu). The Cross Section Type, in combination with the glazing system
orientation, will determine how many of the parameters in the the ISO 15099 simulation models are
implemented, such as the frame cavity gravity vector. This setting will appear in the WINDOW Frame
Library in the Type field, and it also appears in the lower right-hand corner of the main THERM screen.

Therm File Properties ﬁ
Filename: Urtitled-1
The THERM version the program DlrecFory: C:AUzershPublich LEMLATHERMY. 34 . c |
Creation Date: Wednesday, December 17, 2014 10:47 AM Version 7.3.2.0 ENEE

was calculated in is displayed.

Lazt Modifed: ‘wednesday, December 17, 2014 10:47 Ak Version 7.3.2.0

Calculated in: Results need ta be recalculated.

Title: |
Created by |
Compary: |
Make sure to choose the correct Cient: |
Cross Section Type Cross Section Type: |Si|| j
Motes:
Both THERM and WINDOW use
this setting in the calculations. =l

Figure 6-2 The Cross Section Type value from the THERM File Properties is used by the ISO 15099
models to determine the gravity vector and also in WINDOW to determine the method for calculating the Condensation Resistance
values.
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6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM 6.3 Draw the Cross Sections

6.3.3. Cross-Section Orientation

For NFRC simulations using THERM, all cross sections shall be oriented in a vertical direction, i.e., all the
glazing systems must be pointing either up or down, not horizontally. (The exception is for skylights, which
are modeled at a 20 degree tilt; see Section 8.5 for a discussion of modeling skylights). When creating the
cross section, the frame components may be drawn horizontally if that is easiest (i.e., if the DXF file is drawn
that way), but before importing the glazing system, rotate the cross section so that the glazing will come in either
up or down.

So, for example, jamb cross sections can be drawn horizontally, but they must be rotated into a vertical
position for modeling. Figure 6-3 shows how a DXF file might be drawn. The horizontal jamb and meeting
rail sections can be drawn horizontally as in the DXF file until the point of importing the glazing system, at
which time they must be rotated 90 degrees. For heads, the glass should face down, for sills and jambs the
glass should face up, with the inside surfaces of the model facing to the right and the exterior surfaces facing
to the left.

The jamb fixed, jamb vent, and meeting rail cross
sections can be drawn horizontally as in the DXF
file until the glazing system is to be imported. At
that time, rotate the cross section 90 degrees so
that the glazing systems will point up (or up and
down in the case of the meeting rail).

Figure 6-3. DXF file with horizontal cross sections that must be rotated 90 degrees before importing glazing systems and simulating.
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6.3 Draw the Cross Sections
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Figure 6-4. Sample cross sections from a horizontal slider showing the cross section orientation, cross section type label in the lower
right corner of the screen, and gravity arrow orientation..
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6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM 6.3 Draw the Cross Sections

6.3.4. What is Not Modeled

ANSI/NFRC 100 specifically excludes certain options on fenestration products which are not modeled in
THERM. These options include:

= Screen Systems: Screen systems include trim/stops that hold/cover the screen. Minor frame changes
are allowed to accommodate the screen system and may be represented by a product offered without
a screen.

=  Optional Interior trim

= Removable grids (a.ka. grilles) applied to the interior or exterior surface of the glass (i.e., snap-on
grids). Grid or dividers between glass layers must be modeled under some circumstances, as
discussed in Section 8.3, "Modeling Internal Dividers."

= Optional jamb, head, and sill extensions

® Interior or exterior shading devices, unless modeling fenestration products with shades/blinds (See
Sections 8.14 and 8.15).

® Nailing flanges which can be removed from a fenestration product, and which are removed for
testing. These may be vinyl flanges on wood windows, or flanges on vinyl or aluminum windows
designed to be removed for some installations. Permanent nailing flanges that would be in place
during a test shall be modeled.

In addition, as stated in ANSI/NFRC 100, "including but not limited to screws and bolts in curtainwalls and
pour-and-debridge thermal breaks which are not fully debridged, shall be simulated". For the time being,
components that do not have to be modeled include:

® Non-continuous Hinges

= Non-continuous Locks

= Balances

=  Non-continuous Operator Hardware
=  Weep Holes

= Setting Blocks

®  Shear Blocks

® Corner Keys

ANSI/NFRC 100 states that non-continuous elements shall be simulated; but it requires the simulator to check
that the fraction of the bridging element (Fb) meets one of the two caveats in Section 8.8.2 of this manual.
Typical bridging elements that often require modeling with a calculated effective thermal conductivity (Keff)
because of their length fraction (Fb) and/or resultant Keff include, but are not limited to:

= Screws and bolts in curtainwalls,
= Pour-and-debridge thermal barriers which are not fully debridged, and
= Metal glass setting chairs in glazed wall systems.

There are some instances where the simulator shall be permitted to determine if a non-continuous part is
required to be modeled. If the non-continuous part is required to be modeled, the simulator shall model this
part by one of two methods.

®  Modeling as continuous

® Modeling as intermittent component per isothermal planes, see section 8.8 herein
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6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM 6.3 Draw the Cross Sections

6.3.5. Deformable Parts

Because deformable parts, such as glazing clips, weatherstripping and other snap-in parts, are often drawn in
the undeformed states in DXF files and assembly drawings (many times in the DXEF files they overlap other
parts), simulator judgement is still required to ensure that these parts are modeled in a way that results in
accurate heat transfer results. For example, there are several instances when small air gaps can be replaced
with solid materials, such as in sweeps and seals.

6.3.6. Frame Cavities

THERM bases the convection modeling in a frame cavity on rectangularization of the cavity according to ISO
15099 specifications. A truly rectangular cavity is calculated by THERM directly and does not need to be
divided into separate portions. However, some cavities with non-rectangular shapes require the simulator to
manually subdivide the cavity into separate portions to more accurately model the real-world convection
happening inside the cavity, such as portions of a cavity essentially behaving as separate cavities due to the
cavity geometry.

There are two main types of cavities used in NFRC simulations, which have different considerations for the
locations where the cavities must be subdivided — unventilated cavity and slightly ventilated cavity.

e Anunventilated cavity ("Frame Cavity NFRC 100") applies to an area enclosed within the model that does
not have any convection influence from the outdoors.

e A slightly ventilated cavity (“Frame Cavity Slightly Ventilated NFRC 100”) applies to an opening to the
exterior of the model and does have some convection influence from the outdoors. The determination of
Slightly Ventilated cavities is made in accordance with ISO 15099-2003 Sect. 6.7.1 based on the size of the
cavity where it opens to the exterior as described in section 6.3.6.2 below.

Further, in determining whether to subdivide a cavity, there are two main types of cavity geometries to assess,
constrictions and tapers.

e A constriction is a location where the cavity narrows, either between two larger cavities or between a larger
cavity and a smaller side cavity such as a groove, kerf, or screw spline.

e A taper (applicable only in slightly ventilated cavities) is an area where two straight walls of the cavity are at
an angle to each other less than 90 degrees and transition from larger to smaller, or vice-versa.

The size of these geometries and whether the cavity is ventilated or unventilated is of primary importance;
therefore, the simulator shall identify “throat(s)” to make the proper subdivision(s) where applicable.
Subdividing throats shall be determined by the measured length of the line.

Refer to 6.3.6.1 and 6.3.6.2 for subdividing rules and illustrations of unventilated and slightly ventilated frame
cavities, respectively.

6.3.6.1 Unventilated Cavities

If an unventilated cavity has throats less than or equal to 5mm, the first consideration when assessing the cavity
is the Nusselt number. The Nusselt number (Nu) can be displayed by double clicking on the frame cavity,
which displays the "Properties for Selected Polygon(s)" dialog box. Nusselt numbers are dependent on the size
of the cavity and the orientation of the model: horizontal (e.g. head, sill, horizontal meeting rail) or vertical (e.g.
jamb, vertical meeting rail).

As an example, a fixed window using the same frame on all four sides, for a given cavity will have different
Nusselt numbers for the jamb than for the head and sill. Therefore, it is critical to ensure the proper cross section
type in the THERM File Properties dialog box before determining the Nusselt numbers of the frame cavity.
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6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM 6.3 Draw the Cross Sections

Nusselt numbers of unventilated cavities must be determined in THERM before calculations have been run for
the model, since calculating the model may cause the Nusselt numbers to change. If the Nusselt number of the
cavity is less than or equal to 1.20 prior to calculating the model, it is NOT required to modify the cavity, even if

the Nu is greater than 1.20 after calculating. If the Nusselt number is found to be greater than 1.20 the geometry
of the cavity shall be reviewed.

Unventilated cavities with no constrictions require no subdivision by the simulator. If an unventilated cavity
has constrictions, only those "throats" less than or equal to 5Smm are of interest; throats larger than 5mm are
ignored.

Throat constrictions less than or equal to 5mm of an unventilated cavity are defined as:

1.
2.

Location between two points;

Location between a point and a wall where the cavity narrows between the two cavity areas. Any point-
to-wall division shall not include corners of a cavity where the adjacent walls are 90° or greater. See
incorrect division of an unventilated cavity in Figure 6-11.

Unventilated frame cavities shall not be divided from wall-to-wall.

Examples of throat constrictions in unventilated cavities:

—= |=— THROAT  THROAT —= |=—
—| = THROAT —| |~ THROAT

THROAT

!

THROAT

OPTIONS 3
B B 3|

Figure 6-5. Frame cavity with various throats

Constrictions often have multiple steps in the THERM model such as the points that model the
curvature of framing or weatherstripping. Where multiple steps exist in a constriction of an
unventilated cavity, the throat shall be defined as the location which measures closest to but is still less
than or equal to 5mm. For example, in each of the illustrations below the throat is at the 4.8 mm
location:

| L)j | Lj

4mm 4.8mmi 5.6mm 4mm 4.4mm 4.8mm

oot bt

Figure 6-6. Unventilated frame cavity with stepped constrictions
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Unventilated cavities that satisfy both conditions, with Nusselt numbers > 1.20 and throats < 5mm, must

be subdivided. There are 2 procedures to subdivide the unventilated cavity. The required procedure to

follow is critically dependent on the cross-section type — Horizontal Model and Vertical Model. Figure 6-
7 illustrates an undivided frame cavity that shall look different after it is subdivided when the horizontal
versus vertical procedures are applied.

Example Unventilated
Frame Cavity

Nu > 1.20

Figure 6-7. Example of an unventilated frame cavity before subdivisions

6. Procedure to Subdivide the Unventilated Frame Cavity in a Horizontal Model:

1. Set the "THERM File Properties” to the correct cross-section type (head, sill, horizontal meeting
rail).
2. Fill the entire cavity with “Frame Cavity NFRC 100” and check the Nusselt (Nu) number.
3. If the Nusselt number of the undivided cavity is > 1.2 then,
a. Identify all throats (any direction of lines allowed: horizontal, vertical, diagonal).
b. Break up the cavity at the throat that creates the 2 largest cavities.
i Check the Nusselt Number of each of these 2 new cavities
ii. If Nu < 1.2 for any frame cavity, then no further cavity division shall be done
iii. If Nu > 1.2 for one or both of the 2 new cavities, then repeat step b for each of

the affected cavities until both cavities have a Nu < 1.2 or no further throats are
available.

7. Step-by-step example to subdivide the unventilated cavity in Figure 6-7 as a Horizontal Model:

Horizontal Frame Members (e.g. head, sill, and horizontal meeting rail):

Division of an unventilated frame cavity for throats may be in any orientation (horizontal, vertical, or
diagonal).

1. The first action is to identify if the un-divided cavity has a Nu > 1.2. This cavity's Nu was greater
than 1.20 and therefore shall be divided.

2. The second action is to identify only one < 5mm throat that would create the largest two cavities.
See Figure 6-8.
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Horizontal Frame Member

Any Throat (horizontal, vertical,
or diagonal) may be used.
Throat resulting in largest cavities:

Figure 6-8. Unventilated horizontal frame cavity subsivided into the two largest cavities

3. The third action is to identify the Nu value in both cavities created (See Figure 6-9). If both cavities
have a Nu < 1.20, then this action is completed, and no further subdivisions are required. If either
of the newly created cavities still have a Nu value greater than 1.20, then perform step 1-3 again
for each cavity.

Horizontal Frame Member

@ Nu<=1.20

Nu >1.20

Figure 6-9. Cavity was divided at throat (1), the Nu of the cavity on the left is still > 1.20 and requires further subdivision

Horizontal Frame Member

Nu <=1.20

Nu <=1.20 | .

@

Nu<=1.20

Figure 6-10. Because there are two remaining throats < 5mm in the left cavity, the throat shall be divided at throat #2
(diagonally). This results in the two largest cavities that could be made from that cavity.
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Note: In the Figure 6-11 below, is an example of the correct and incorrect use of subdividing a frame
cavity. The left illustration is a correct frame cavity fill because there are no constrictions. The
illustration on the right has errors but the division line circled in black is a very common simulation
error. Although it is a line from point-to-wall, the adjacent walls have an angle greater than 90° (i.e.
air circulation not restricted) and therefore not allowed. Do not force a frame cavity obtain a Nusselt
<1.20.

‘ Nu <1.20

Figure 6-11. Unventilated frame cavity subdivided at corners

8.  Procedure to Subdivide the Unventilated Frame Cavity in a Vertical Model:

1. Set the "THERM File Properties" to the correct cross-section type (jamb, vertical meeting rail,
vertical divider).

2. Fill the entire cavity with “Frame Cavity NFRC 100” and check the Nusselt number.
3. If the Nusselt number of the undivided cavity is > 1.2 then,
a. Identify all throats (only horizontal lines shall be applied).
b. Break up the cavity at the horizontal throat that creates the 2 largest cavities.
i. Check the Nusselt (Nu) Number of each of these 2 new cavities
ii. If Nu £1.2 for any frame cavity, then no further cavity division shall be done
iii. If Nu > 1.2 for one or both of the 2 new cavities, then repeat step b for each of

the affected cavities until both cavities have a Nu < 1.2 or no further horizontal
throats are available.

9. Step-by-step example to subdivide the unventilated cavity in Figure 6-7 as a Vertical Model:

Vertical Frame Members (e.g. jambs, vertical meeting stiles):

Division of an unventilated vertical frame cavity shall only be divided at horizontal throats. That is,
only horizontal lines shall be used.

1. The first action is to identify if the un-divided cavity has a Nu>1.2. See again Figure 6-7 as this
cavity's Nu was greater than 1.20 and therefore shall be divided.
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2. The second action is to identify only one < 5mm throat that would create the largest two cavities
but you shall only use horizontal lines. See Figure 6-12 and how it differs from the second action
for the horizontal frame cavity in Figure 6-8.

Vertical Frame Member

ONLY horizontal Throats may be used. :
Throat resulting in largest cavities:

Figure 6-12. Unventilated vertical frame cavity subdivided into the two largest cavities

3. The third action is to identify the Nu value in both cavities created (See Figure 6-13). If both
cavities have a Nu < 1.20, then this action is complete and no further subdivisions are required.

4. If either of the newly created cavities still have a Nu value greater than 1.20, then perform step 1-3
again. Keep in mind that for each newly created cavity that you shall only use horizontal lines to

create the two largest cavities. See Figures 6-13 through 6-15 for the multiple subdivisions for this
frame cavity

Nu <=1.20

Vertical Frame Member

Nu >1.20

Figure 6-13: Cavity was divided at throat (1), the Nu of the larger cavity on the left is still > 1.20
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Nu <=1.20

Vertical Frame Member

Figure 6-14: Because there are remaining throats < 5mm in the larger cavity, the throat (2) shall then be divided as it
results in the two largest cavities that could be made from that cavity

Nu<=120

Vertical Frame Member

iCj

Nu > 1.20, However no more horiz. Throats

Figure 6-15. After the division at (2). The Nu of the large cavity is still > 1.20, and there are still throats < 5mm therefore
the throat at (3) shall be divided. After this final division, the Nu of the large cavity is still > 1.20; however, no further

horizontal throats < 5mm exist. Therefore, the frame cavity in Figure 6-15 is complete with the three throat divisions
indicated.

6.3.6.2. Slightly Ventilated Cavities

A slightly ventilated cavity is a cavity which is open to the exterior of the model and has an exposed exterior
throat (as defined in 6.3.6) size of greater than 2mm and less than or equal to 10mm, and a depth into the model
which is greater than or equal to the throat size. The determination of slightly ventilated cavities are made in
accordance with ISO 15099-2003 Sect. 6.7.1, and is graphically shown with throat size ‘b” and cavity depth ‘d’
(depth rule"):

Fill with "Frame Cavity
Slightly Ventilated

NFRC 100"
1

2mm< b <=10mm

i
= d>=b——

Figure 6-16. Slightly ventilated frame cavity
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Unlike unventilated cavities, the throat size of slightly ventilated cavities may be measured horizontally,
vertically, or diagonally for any profile type, horizontal or vertical.

An opening to the exterior with throat 2mm <b < 10mm, but with d <b (depth rule), and an opening to the
exterior with a throat greater than 10mm, are assumed to be well-ventilated and are left open to the exterior with
no cavity fill:

Do Not Fill, Do Not Fill,
Leave Open Leave Open

EE
b >10mm

b

| 3
2mm< b <=10mm

{ s

d<b—

Figure 6-1.: Slightly ventilated frame cavity differences based on gap and depth of cavity

Many exterior gaps of fenestration products do not have simple ventilated rectangular constrictions as
illustrated in Figure 6-18. Exterior constrictions can often have multiple stepping or tapering in the THERM
model. In complex geometries of ventilated cavities, it is imperative to understand that the first thing to identify
is the location of any < 2mm throats (regardless of depth) and fill them with the standard "Frame Cavity NFRC
100" which makes that cavity a ventilated cavity next to an unventilated cavity. It is only after that is completed
that you then apply the "depth rule" of the remaining unventilated area and assign the "Frame Cavity Slightly
Ventilated NFRC 100" where applicable.

Multiple stepping examples may be the curvature of the framing at a meeting rail/stile (Figure 6-18) or
weatherstripping in an exterior gap (Figure 6-19).

Where multiple steps exist for an exterior constriction, the exterior throat shall be defined as the location which
measures closest to 10mm without going over 10mm. In Figure 6-18 below, there are no 2mm throats and the
dimension at the exterior constriction is 9.8mm and therefore the entire constriction shall be assigned as an
unventilated cavity

Figure 6-18. Multiple stepping of a ventilated cavity

Where stepping occurs in a complex geometry such as around weatherstripping, find < 2mm throats first and fill
them with the standard "Frame Cavity NFRC 100". Then re-evaluate the remainder of the exterior constriction as
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an unventilated cavity applying the "depth rule" as shown in Figure 6-17. The depth ‘d” of the slightly ventilated
cavity shall not include the depth of any unventilated cavity assigned the standard "Frame Cavity NFRC 100".
Examples of the correct and incorrect process for the application of ventilated and unventilated cavities within
the same exterior constriction is illustrated in Figure 6-19 below.

Figure 6-19. Multiple Stepping of a ventilated cavity with weatherstripping

More examples of stepped frame cavities that illustrate combined ventilated and unventilated cavities can be
found below in Figures 6-20 and 6-21.

Frame Cavity
Slightly Ventilated
NFRC 100 <=2mm

+

T

~d>=b Frame Cavity

NFRC 100
Figure 6-20. Example for use of the "Frame Cavity Slightly Ventilated NFRC 100" after filling in the inner-most gap <= 2mm gap

Do Not Fill,

Leave Open <=2mm

+—

2mm< b <=10mm

I

Frame Cavity
NFRC 100

d<b

Figure 6-21. Example for not using the "Frame Cavity Slightly Ventilated NFRC 100" after filling in the inner-most gap <= 2mm gap
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A special case of unventilated cavity determination is an opening to the exterior which contains a taper as

illustrated in Figure 6-22.

10mm —~
THROAT .

b ?

Figure 6-22. Tapering of a ventilated cavity

2mm
THROAT

Tapered constrictions are applicable only in ventilated cavities. The simulator must first identify where the
straight horizontal or vertical distance between two walls is equal to 10mm. From that 10mm throat, simulator
must then identify where the model transitions (or narrows) to 2mm. If the taper does not narrow to a point that
is < 2mm, then the entire unventilated cavity is assigned "Frame Cavity Slightly Ventilated NFRC 100".

However, if the narrowing of the taper does reach a point where the wall-to-wall dimension is < 2mm, then the
that is where the start of the unventilated cavity begins and is filled with the standard "Frame Cavity NFRC 100".
It is after filling the unventilated area with "Frame Cavity NFRC 100" that the simulator shall re-evaluate the
depth (d, depth now equals distance between 10mm point and 2mm point), versus gap (b) to determine if
constriction is to stay well-ventilated or filled with the slightly ventilated conditions, "Frame Cavity Slightly
Ventilated NFRC 100". (See Figures 6-23 for differences that determine when depth, d, dimension alters how
cavity is filled after application of 2mm throats).

Frame Cavity Do Not Fill
Slightly Ventilated Leave Open
NFRC 100

2mm THROAT

2mm
THROAT

—

b=10mm 2mm<b <=10mm

Frame Cavity Frame Cavity
NFRC 100 NFRC 100

Figure 6-23. Example of filling exterior, taped gap based on gap height and depth

6.3.7 Sealing per Physical Testing — Frame Cavity NFRC 100

During physical testing, the product is sealed where the frame meets the surround panel on the interior and
exterior, with tape to secure the product and prevent air leakage. Those cavities shall be simulated with the
standard “Frame Cavity NFRC 100” material.
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Open cavities, which would be sealed during
testing, must be filled with a polygon of material
Frame Cavity NFRC 100. Test laboratories are
required to apply a maximum seal up to 12.7mm
up from the base of the frame.

Figure 6-24. Cavities open to the interior are filled with Frame Cavity NFRC 100 material

Locate all areas on the interior frame where there are air leakage paths. An air leakage path is considered a
location where air could pass through the frame and into the interior of the product (i.e. weatherstrip or
gasket seals). Identify the areas that are taped when the product is tested and apply Frame Cavity NFRC 100
at these locations. The glazing seals are not to be considered an air leakage path.

This area set to Frame Cavity NFRC 100 because the frame was tested with this area taped for air leakage. If
necessary, consult the testing laboratory to confirm if any additional air leakage paths were sealed.

Figure 6-25. Cavities taped for air leakage with Frame Cavity NFRC 100.
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These points are sealed
due to path for air leakage

---------------- ) This gap does not have an
air leakage path and it is

ot an installation area that
---------------- test lab shall seal for
surround panel perimeter
leakage.

Figure 6-26. Interior gaps, sealed and not sealed.

Glazing seals are typically deformable parts/materials, see section 6.3.5. Figure 6-27 illustrates how the
simulator may choose to model a deformable glazing seal. Glazing seals are not taped for air leakage.

e

Figure 6-27. Glazing seals are not taped for air leakage with Frame Cavity NFRC 100 material.

T

THERM?7 / WINDOW?7 NFRC Simulation Manual January 2026 6-19



6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM 6.3 Draw the Cross Sections

6.3.8. Modeling Sloped and Curved Surfaces

Because the exact geometry of sloped surfaces can be modeled in THERM, there is no need to change the
boundary conditions for sloped surfaces.

For curved surfaces, THERM approximates curves with line segments. The number of line segments used in
the curve will determine how close the final model is to the original geometry of the product. When
importing a DXF file, the number of line segments is set using the Arc to Polygon setting in the Options
menu. See the section on “Interpreting Arcs” in the Drawing Tips document on the LBNL THERM
Documentation website for a detailed discussion of this procedure. In general, an Arc to Polygon setting of 45
degrees for small rounds and fillets in extrusions will give great enough accuracy without introducing
unnecessary detail. For larger curved details, all points on the represented line must be within 5 mm of the
actual line or curve. The averaged distance (for all points) between the represented line and the actual line or
curve must be not greater than 2.5 mm (ISO 15099 Standard).

6.3.9. Modeling Sloped Sills

A product with a sloped sill must be modeled in the same way that it was tested. When a vertical sliding or
fixed window is tested, the air space underneath the sloped portion of the sill is filled with expanded
polystyrene insulating material. For the simulation of the sill section this window must have the insulating
material modeled underneath the sloped portion of the sill as well, as shown in the figure below. The bottom
surface of the insulating material will have an adiabatic boundary condition applied. The surface of the
insulating material that faces to the interior will have a boundary condition applied that is the same as the
condition applied to the frame above the insulating material. The U-factor surface tag for the interior facing
surface of the insulating material will be defined as Frame, which ensures the correct projected frame
dimension will be used in the area weighting of the total window U-factor.

+ Boundary condition is the same for

all edges facing in.

Expanded Polystyrene
Insulating material

The insulating material is added so
that the full frame height is used by
the program.

U-factor tag = Frame

t BC = Adiabatic

U-factor tag = None

Figure 6-28. Model the sloped sill as it was tested, with insulating material under the sill.
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6.3.10. Modeling of Micro-Thin Materials in THERM

Thin metal foils that are less than 0.127mm (0.005") thick requires special attention and it is at the simulator's
discretion which of the two options below may be utilized, as determined by the surrounding materials. For
very thin non-metal layers (e.g. vapor barrier in a spacer assembly) less than 0.127mm (0.005") that have a
conductivity less than 10 W/mK may be excluded from modeling.

Option 1: To simulate a very thin metal foil, increase the thickness by a multiple and divide its conductivity
by the same multiple. Draw the foil at x times the thickness and use a conductivity equivalent to 1/x of the
conductivity found in NFRC101. The modified thickness shall not exceed 0.005".

Option 2: If the very thin metal is bonded to another thin material (< 0.127 or 0.05" thick), an effective
conductivity for the combined material may be determined using the isothermal planes method documented
in Section 8.8.4.

Surface emissivities of the original materials shall be applied regardless of the option used or whether the
material is metal or non-metal.
Calculation Examples:

Example Option 1:
0.0003" thick Aluminum, k = 160 W/mK, Rescale to 0.005"

Kegr =k - (1/X)

x =0.005" / 0.0003" = 16.6667
Kerr =160 - (1 / 16.6667)

Kett = 9.6 W/ mK @ 0.005"

Example Option 2:
0.0003" thick Aluminum bonded to 0.0038" thick Polyethylene/polythene HD (high density)

Keft = For ko + Fn kn
Where:
Aluminum: k, =160 W/mK, Dy, = 0.0003"
Polyethylene/polythene HD (high density): k, = 0.500 W/mK, D, = 0.0038"

D: = 0.0003" + 0.0038" = 0.0041"
Fp, = Dy/Dy = 0.0003" / 0.0041" = 0.0732

Fn = Dy/D; = 0.0038" / 0.0041" = 0.9268

Kegt = 0.0732 - 160 W/mK + 0.9268 - 0.500 W /m-K
Kegt = 12.1754 W/mK @ 0.0041" thick

It is permissible, if desired, to rescale the Option 2 results using the calculation in Option 1.
To rescale the 0.0041" results to 0.0040":

x = 0.0040" / 0.0041" = 0.9756
Keftrs = Kett - (1 / 0.9756) = Kegs - 1.025 = 12,1754 W/mK - 1.025

Kefrrs = 12.5 W/mK @ 0.0040" thick
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6.4 Importing Glazing Systems

When the frame cross section has been drawn, and rotated into a vertical orientation if necessary, the next
step is to import a glazing system. Section 5.9, "Inserting a Glazing System" in the THERM User's Manual
contains detailed information about this step. The discussion in this manual is added information about
glazing systems.

6.4.1. Overview

For NFRC simulations, a glazing system shall be imported into THERM from the Glazing System Library in
the WINDOW program. When THERM imports the glazing system from the WINDOW library, it obtains the
following information from the glazing system:

emittance of the glazing surfaces

the effective conductivity of the glazing cavity

the interior and exterior boundary conditions of the glazing system

As discussed in Section 6.3.3, glazing systems should always be imported into the cross section in a vertical
(either up or down) orientation (it may be necessary to rotate the cross section in order to do this). The figure
below shows where the Locator should be positioned based on the orientation of the glazing system when it
is imported. The orientation of the glazing system determines in part the gravity vector orientation so it is extremely
important to model it correctly.

NOTE: Although in general it is best to rotate and flip cross sections before the glazing systems are imported and
boundary conditions are defined, the exception is skylights, which are modeled at a tilt. In that case, import the glazing
system in a vertical orientation, define the boundary conditions, and then rotate the entire cross section.

Glazing Orientation = Up
Locator = Lower left

Glazing Orientation = Down
Locator = Upper left corner

Figure 6-29. The Locator position when importing glazing systems in different orientations.
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6.4 Importing Glazing Systems

6.4.2. Inserting Glazing Systems

The THERM User's Manual contains a detailed description about how to insert glazing systems into a THERM
file for U-factor and Condensation Resistance calculations. The figure below is a brief overview of the steps.

Check the “Use nominal glass thickness”.
This will be required, and is extremely

helpful, when using the multiple glazing
option calculations feature to run more than
one glazing option.

B THERM 73 - [Untitled-1] (=] F3
&, Fie Edit View Draw [ENEI Options Calculation Window Help == %
DEE &S E| WL FEu T |
Material Library Shift-F4 i .
Boundary Cendition Library Shift-FS Step 1: Select the Glazing System
Gas Library shift-F / choice from the Library menu
UFactor Names Glazing Systems %]
- 1D Hame
Glazing System | 1 Single Clear j
Step 2: Select the Glazing System from a - HLayers |1
WINDOW glazing system library. Ucenter [591  wim2k R ER
Thickness |2.042 mm

Shading layers: Mone

Close

WwiNDOW Glazing Syetem Library

|E:\U sershPublic\LEMLYWINDIO WY 3 Browse

Window Databaze

Sight line to bottom of glass (127 mm
Spacer height |12.7 mm
Edge of Glass Dimension |E3.5 mm

Systems.

Step 3:
Enter the appropriate values; -
Rl e = CR cavity height = 500mm for Cl ratings but _»IJ
Drientation hd for CR ratings, use value from Table 6-2 o
based on product height (see Section 6.4.5)
Glazing system width ’V T u Edge Of glaSS = 635 mm
CR caviy height [1000 oy =  Glazing system height = 150 mm

Check the Use CR Model for Window Glazing

Glazing system height [150 i
Sight line to shade edge |0 ]

@ Defsut  Gap [17 - Keff [0.0p00gs WémK
" Custom
Width [12.7 mm
Spacer

™ Draw spacer
™ Single spacer for multiple glazings

Material |Fiberglass [PE R esin hd

* Use U-factor values
" Use SHGC values

Exterior Boundary Condition Interior Boundary Condition

¥ Use nominal glass thickness
¥ Use CR Model for ‘wWindow Glazing Systern
Gap Properties.

Default Boundary Conditions //

|Use existing BC from library [select below] j |Use convection plus enclosure radiation

[NFREC 100-2010 Exterior -

Step 4:

Enter the appropriate Gap Properties. For
NFRC simulations, “Default”, which uses the
values directly from WINDOW, is the correct
setting.

Step 5:

Define the Boundary Conditions:

= Click on “Use U-factor values”
=  Exterior Boundary Conditions:

— = Setto “Use existing BC from Library”, and

set the value to “NFRC 100-2010 Exterior”

= Interior Boundary Condition:

=  Set to “Use convection plus enclosure
radiation”, which sets the boundary condition by
default to “AutoEnclosure”

Figure 6-30. Inserting a Glazing System Into a Cross Section.
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The NFRC modeling requirements when inserting a glazing system are:

* CR cavity height:

For ANSI/NFRC 500 CI Ratings, the value is a constant 500mm
For NFRC 500-2017 CR Ratings, See table 6-2, Section 6.4.5 for the proper height to be entered.

Both of the above condensation CR cavity heights are only activated when "Use CR Model for
Window Glazing Systems" is checkmarked.

= Edge of Glass: 63.5 mm (2.5 inches)

* Glazing System Height: 150 mm (6.0 inches) for all products

=  Exterior Boundary Condition: Set to "Use existing BC from library" and select “NFRC 100-2010
Exterior”. This will be applied automatically by the program on the exterior surfaces of the glazing
system and frame.

= Interior Boundary Condition: Set to "Use convection plus enclosure radiation". This will cause the
program to automatically calculate the boundary conditions for the glazing system to the
“Autoenclosure” radiation model, which does not require the Radiation Enclosure geometry to be drawn.

The nominal thickness feature, turned on by checking the “Use nominal glass thickness” when importing a
glazing system, can be useful for multiple glazing options where THERM expects all the glazing system
options to have identical thicknesses. This feature is explained in more detail in the THERM User’s Manual.

6.4.3. Multiple Glazing Options

THERM allows multiple glazing options to be associated with a glazing system. This feature can be useful for
simulations where many different glazing systems are to be modeled in the same frame cross section.

To use this feature, follow these steps:

1.

Determine the frame cross sections to be modeled: The glazing options for a frame cross section
must be identical in their geometry, including overall thickness, cavity thickness, spacer height, and
sight line dimension. Therefore, the first step is to determine the number of frame cross sections,
including dividers and meeting rails, that must be defined in THERM for each set of glazing options

Create and Simulate the Base Case File: For each frame/ glazing option set, create a THERM file
with the complete frame cross section and one of the glazing options. Create the boundary conditions
for this model, making sure to check the “Use convection plus enclosure radiation” when importing
the glazing system, and simulate it to make sure that the geometry is correct. This will be the “base
case” file and will contain no results once the multiple glazing options have been defined and
simulated.

Define the glazing options: There are two ways to define the glazing options in a file:

From the Calculation menu, select the Glazing Options menu choice.

OR
Double click on the glazing system geometry and click on the Glazing Options button in the
Glazing System Info dialog box.

= Add glazing options: From the Glazing System Options dialog box, click on the Add button to
see a list of all the glazing systems in the currently selected Glazing System Library that have the
same overall thickness and glass layer thickness as the base case glazing system. (Note: Use the
nominal glass feature if necessary to make all the glazing systems a uniform thickness.) Click on
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the glazing systems in the Add Glazing Options dialog box that are to be associated with this
cross section (use Shift-click or Ctrl-click to select multiple glazing systems) Click OK when all

are selected.

Step 1:

Either:

®=  Click on the Glazing
System and then click
on the Calculation /
Glazing Options
menu choice
OR

®= Double click on the
Glazing System and
click on the Glazing
Options button in the
Glazing System Info
dialog box

The Shading properties section should always have
ﬂi “N/A" for “Interior shade” values because they cannot be—=
modeled in THERM for NFRC at this time. “Exterior
shade” systems can be modeled and values will be

¢ -81.9,121.8
ecify additional glaz

Calculation Window  Help
| Calculstion F9
Show Results
Display Options
Show U-factors
Calc Manager

v Background Calc

Shift+Fe
Ctrl-F9

€ U | % |[sample GIzSys

Tn—-

Add bo queue
: Calculation

A J

Glazing System Info

Glazing |Sample GlzSys

Mumber of Glazings |2

x

Cancel I

Step 2:

When the Glazing
System Info dialog
box opens, click on
the Glazing
Options button.

Nominal Thickness [26.510 mm

|J-Factor |1,934 WmZ-K o Ehzinrgl

= Options

Update I

Source ]C:\ngan Files\LBNLYWIND OWShw.

r~ Laver propertie
Layer [1 ~] 1D [3803 Type [Glass
Name |CLEARS.LOF
Thickness |5.000 mm [nominal)
Emissivites:  Front [0.840 Back [0.840
 Gas properties
Gap[1 ¥ DI
Name |Air
Keff [0085 ymic
Thickness [16.510 mm
[ e e
E missivity modifier N/A MN/A
Corwection modifier NA& MNi&

shown in this box if an exterior shade is present.

Figure 6-31. Define multiple glazing options.

4. THERM will make a separate file for each glazing option, and in the Glazing System Options dialog
box, click on the radio button choice to determine how the program will automatically name each file.
The options are either that the program will append the Glazing System ID (as a 3 character number,
such as 001, 002) or Name to the base case filename.

5. Boundary Conditions: THERM will automatically calculate the boundary conditions for each
separate glazing system option.
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Click on the Add button in the
Glazing System Options dialog
hox.

The Add Glazing Option dialog —»

box shows all the glazing systems
which match the Base Glazing
System in terms of glass layer
thickness and overall thickness.

Select individual glazing systems
(use Shift-click and Ctrl-click) or
click on Select All, and click
the OK button.

Click on the Browse to select a
different WINDOW Glazing
Svstem Librarv.

The selected Glazing Systems
appear in the Glazing System
Options dialog box.

Click on the radio button which

indicates to the program how to \
name the individual THERM files

for each glazing system option.
Either the Glazing System ID or
Name will be appended on to the
base case.

Glazing System Dptions il

Baze Glazing System:

8 Sample GlzSys

Mame the Therm files based an:  Glazing system name
%' Glazing system 1D

Fenjove

towe up
Movedoil
U |

Example: |sample-siII_DDS.thm

7 3mm Clear
11 Sample GlzSys

—WINDOW Glazing System Library

IC:\ProgramW

BrowseJ

Glazing System Options

Baze Glazing Spstem:

I 8 Sample GlzSys

When simulating. each of the following glazing
zysternz will be used to create a separate
simulation with the same frame geometry.

0

\;11 Sample GlzSyps

7 3mm Clear

Mame the Themm files bazed on: " Glazing system name

Add
Hemowe
fove up

Imve dawn

[LEE BT

[pen

' Glazing system ID

Exannple: |sam|:-|e-sil|_008.thrn

Figure 6-32. Select the glazing systems to be associated with the base case file.

6. Calculate the Results: the file can now be simulated, or more files can be created and all the files
simulated through the Calc Manager. This is explained in more detail in Section 6.6, “Calculating the

Results”.
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6.4.4. Linking Glazing Cavities
When a glazing system cavity touches another cavity, there are two options in terms of modeling.

1. Link the glazing system cavity to the other cavity (rather than modeling the second cavity as a frame
cavity), or

2. Model the non-glazing system cavity as a frame cavity.

The method used to determine how to model this case depends on the geometric relationship of the glazing
system cavity to the other cavity. Here are the guidelines:

Un-sealed glazing units
(such as storm panels and venetian blinds between-the-glass)

e Apply the 5 mm rule to the “throat” of the cavity next to the glazing system cavity. If it is less than 5
mm, make it into a frame cavity.

e If a cavity touches two glazing systems and the “throat” at each glazing system is > 5 mm, link to the
glazing system with the highest Keff (double click on the glazing sytem to see the Keff value for each

8ap)-
Sealed glazing units (IGs):

e The 5 mm rule is not applied to sealed IG units - all the cavities that touch the glazing cavity (such as
U-shaped spacer cavities) are linked, even if the throat is less than 5 mm.

Internal Dividers (Grids):

e These rules do not apply to internal dividers, which are only modeled if the distance between the
edge of the internal divider and the glass layer is < 3 mm. See Section 8.3. Dividers.
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Y Y

This portion of the THERM model This portion of the THERM model

represents an unsealed unit (storm represents a sealed |G unit. Therefore

panel). Therefore the 5 mm rule for the 5 mm rule for linking cavities is

linking cavities is used. NOT applied, and all the cavities
around the spacer that touch the

The throats of the circled cavities are glazing cavity are linked to that glazing

< 5 mm, so they are modeled as cavity.

“Frame Cavity NFRC 100” and not
linked to the glazing system cavity

Figure 6-33. Example of a model where some cavities that are part of a “sealed IG unit”and some part of an “un-sealed” system. The
mixture creates some cavities linked to the glazing system cavity and some not linked and instead modeled as frame cavities (Frame
Cavity NFRC 100) per the 5mm gap rule.
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Unsealed storm panel —
5 mm rule for linking
cavities applies

Sealed IG, so 5 mm rule for
linking cavities is NOT
applied to the cavities

\ / around the spacer

Throat of this cavity is < 5
mm, so it is modeled as a
frame cavity and not linked to
the glazing system cavity.

~
Unsealed storm panel —
5 mm rule for linking
cavities applies

Sealed IG, so 5 mm
rule for linking
cavities is NOT
applied to the
cavities around the
spacer

Link the cavity between the storm panel
and the primary sash, which has a throat of
25mm where it connects to the bottom
glazing cavity, to the glazing system cavity
with the highest Keff, ie, the bottom cavity
with a Keff = 0.508

Figure 6-34. Link the cavity between the storm panel and the primary sash, which is > 5 mm,
to the glazing system with the highest Keff value.
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6.4.5. Condensation Resistance
There are two ways to activate the Condensation Resistance model in THERM:
=  When importing the glazing system, check the “Use CR Model for Window Glazing System” checkbox.

= In the Options menu, Preferences choice, Therm File Options tab, check the “Use CR Model for Glazing
Systems”

When inserting the glazing system into the model, as discussed in Section 6.4.2, the value for the “CR cavity
height” shall be determined based on whether the condensation rating is per NFRC 500-2017 or ANSI/NFRC
500 (2020 or newer).

A) NFRC 500-2017 Condensation Resistance (CR) Ratings

The value entered for the CR cavity height varies by the operator type real product height (See
Table 6-2). If the real product height is not listed in Table 6-2 below, subtract 100 mm from the
product height to use for the default glazing height for condensation modeling. For example,
Swinging Doors in ANSI/NFRC 100 Table 4-3 list a model height of 2090 mm, so the Actual
Glazing Height (CR cavity height in THERM) would be 1990 mm.

Table 6-2. Default Values for Actual Glazing Height Modeling for Condensation Resistance

Real Product Height Default Glazing Height for Condensation Modeling
(input as the “CR cavity height” in THERM)
2000 mm 1900 mm
1500 mm (vertical slider) 675 mm per sash
1500 mm (non-vertical slider) 1400 mm
1200 mm 1100 mm
600 mm 500 mm

B) ANSI/NFRC 500 Condensation Index (CI) Ratings

The CI rating will supersede the CR rating in the future but they will co-exist for a few years. For
the determination of CI, the CR cavity height entered shall be a constant 500mm, regardless of the
product type or height.

Activating the Condensation Resistance model in THERM will cause boundary conditions to be drawn inside
the glazing system cavity, as shown in the figure below. When this model is simulated, THERM will
automatically calculate temperatures for both the U-factor and CR results.

The Condensation Resistance model is not used for vertical cross sections, such as a Jamb, a Vertical meeting
rail, or a Vertical Divider. Even if the CR model is activated (i.e., the “Use CR Model for Window Glazing
System” is checked) for these Cross Section Types, THERM will not perform the CR simulation for that file.
The condensation resistance model is also not activated whenever there is a shading system layer involved in
the glazing system. When the CR model is not appropriate for the whole product CR calculations, WINDOW
will use the temperatures from the THERM U-factor calculation instead, as shown in Table 6-3.

The U-factor and condensation resistance temperature data from the THERM runs, will be used in WINDOW
(shown in the Frame Library Detailed View) from the imported THERM files to calculate an NFRC 500-2017
CR rating for the whole fenestration product (shown in the Window Library Detailed View). However, the
temperature data for CI ratings shall be required to be determined via an NFRC generated software titled, CI
Temperature Reading Tool. The software and it's user-manual can be obtained from the NFRC website. It is the
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simulator's responsibility to learn and understand the determination of Cl in a separate simulation manual
titled, Linear Energy Analysis For Fenestration (LEAFF), Trendline Approach Component Based Calculation and

Condensation Index Simulation Manual.

Table 6-3. Temperatures used by WINDOW based on Product Type and Tilt

=  Sjll, Head, Horizontal
Meeting Rail, Horizontal
Divider;

* Jamb, Vertical Meeting Rail,
Vertical Divider

Product Type WINDOW 7 Whole Product Tilt | Temperatures Used by WINDOW
(From THERM) (input in Window Library for whole product CR & CI
Detailed View) calculations
Horizontal elements: 90 CR results
Sill, Head, Horizontal Meeting
Rail, Horizontal Divider
Horizontal and Vertical elements: | >0, <20 U-factor results
=  Sjll, Head, Horizontal
Meeting Rail, Horizontal
Divider;
* Jamb, Vertical Meeting Rail,
Vertical Divider
Vertical elements: 90 U-factor results
Jamb, Vertical Meeting Rail,
Vertical Divider
Horizontal and Vertical elements: | > 20, < 90 CR results not calculated
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When conducting CR ratings per NFRC 500-2017, the application of these rules happens when WINDOW
performs a calculation in the Window Library. It is up to the simulator to have provided WINDOW with the
appropriate simulations in THERM in order for WINDOW to be able to calculate the result. For example, if
there are no CR results for a Sill or Head THERM file modeled in a window with a 90e tilt, then WINDOW
will not calculate a whole product CR value because the needed CR temperature data does not exist. A
message, shown below, will indicate which cross sections are missing the CR data.

Warning: Window 2. The following Therm files do not contain current
simulation results required for CR calculation.

Head THM

Sill. THM

CR Data will not be available unles: pou resimulate the Therm files
with & current wersion of Therm.

[ Don't show this message again

Figure 6-35. WINDOW will display a message if it determines that CR temperature data is not available from the THERM file.

i W6 - Frame Library (C:\Program Files',L BNL',WINDOWG3',wh -1l x| ii Frame Library (C:\Program Files'L BNL}\ WINDDW63\wb.mdb =13l x|
File Edit Libraries Record Tools View Help File Edit Libraries Record Tools View Help
DESH| +BB2E: KM B @0 0O#*7|%| DS 4 B@3 E: 1y v|[Bo e 0: (0% 7| %
Frame Library Frame Library
List List
_I oe 5 —I o# 5
Therm Them _
- Name: | sample-sil THM Mame: [samplejamb THM
Mew Hew
= Source: [ Therm | Tope: [s =l = Souce: [Them | Tare: [tamh =l
Copy —opy - - =
Filename: |.\Samp\es\sample—slll THM f Fﬂenama‘|.\Samp\es\samp\ermmb.THM iBruwseél
Delete Delete
— - UvALUES - UMALUES
Save Frame:| 2001 W/m2-K Save Frame:| 1.995 W/ m2-K
Edge Corelation; I - Edge Corelation: >
Edge of Glass: [~ 2348 Wim2k Edge of Glass: | 2 343 W/m2-K
~ GLAZING SYSTEM ~ GLAZING 5YSTEM
width: 265 mm Width 265 mm

Center of Glass u-va\ua-l 1.934 Wwim24 Center of Glass U-value: | 1.934 W/m2-K

- FRAME ~ FRAME
Projected Frame Dimension: I 429 mm Fiojected Frame Dimension: 428 mm
Material Abs.l 0.300 Material Abs:|  0.200
Color. [ Color [
‘Wetted Length: 556 mm Wetted Lenagth: 41.2 mm
Comment: Camment:

~Condensation Fiesistance based on Therm CR simulation - Condensation Flesistance based on Therm L-factor simulation—
| @30%RH | @50RH | @70%RH | Dveral | @30%RH | @E0%RH | @70%RH | Overdll |

Frame 0.004 0.023 0.082 7.0 Frame 0.002 0018 0.053 376
Edge 0.023 0.202 0323 816 Edge 0.007 0132 0.263 866
*“These CR numbers are base%and Ti as defined in the INI

I Brotected
Mode: WFRC [T [ oM [ 2

For Product Type = Sill, not
rotated, the CR calculation will
be based on the THERM CR
simulation

*These CR numbers are based on To and Ti a5 Hefined in the INI

W&WE!_W!_ 4

For Product Type = Jamb, not
rotated, the CR calculation will
be based on the THERM U-
factor simulation

I~ Fratected

For Help, press Fi Far Help, press Fi

Figure 6-36. WINDOW Frame Library Detailed View displays the type of THERM temperature data to be used with the CR
calculation, either U-fator or CR.

For CI ratings, WINDOW is not used and thefore the warnings and figures noted above can be ignored.

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026 6-32



6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM 6.5 Defining Boundary Conditions

1%
/|

Emissivity = 1.0
Side = Open

< Emissivity = glass layer emissivity
Side = Left

Boundary conditions are
drawn inside the glazing
system cavity when the CR

calculation is “turned on”. Emissivity = glass layer emissivity

Side = Right

Emissivity = emissivity of adjacent
material
Side = Adiabatic

Figure 6-37. Modeling the profile with the CR model turned on.
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6.5 Defining Boundary Conditions

Chapter 6 of the THERM User's Manual contains a detailed explanation of how to define boundary conditions
in a model. The information found in this manual is supplemental to that discussion.

6.5.1. Overview

Boundary conditions must be defined for all the surfaces on the perimeter of the models, as well as at the
surfaces adjacent to the radiation enclosure. These boundary conditions define the temperatures and film
coefficients for each element of the perimeter. Different boundary conditions are defined for the surfaces on
the interior and the exterior of the cross section. Surfaces which are assumed to have no heat transfer are
assigned Adiabatic boundary conditions.

There are three main categories of boundary conditions:

Interior: An interior boundary condition is used for all interior surfaces and assumes that the surface
is exposed to natural convection, and the heat transfer coefficient used depends on the temperature of
the surface, which is a function of the material.

For Glazing Systems: The interior glazing system boundary conditions should be set to the
boundary condition that is associated with the glazing system imported from WINDOW. (WINDOW
calculates the center-of-glazing surface temperatures, and THERM uses these values to automatically
calculate the edge-of-glazing boundary conditions for glazing systems imported from WINDOW). At
the time the glazing system is imported from WINDOW, set the Interior Boundary Condition
pulldown to “Use Convection plus enclosure radiation”, which will cause the program to set the
glazing system interior boundary condition Radiation Model to “AutoEnclosure”. THERM will then
model the cross section with the radiation enclosure feature (which is required by NFRC for all
simulations) without the geometry of Radiation Enclosure being drawn. The boundary condition is
named “<filename>:<glazing system name> U-factor Inside Film”. Double click on an interior
boundary condition to see its characteristics, as shown in the figure below.

For Frame Elements: Set all non-glazing system interior boundary conditions according to the
material, from the following predefined boundary conditions (which all have the Radiation Model set
to “Autoenclosure”), one set for cross sections at a 90° tilt and another set for cross sections at a 20°
tilt.

Interior Aluminum Frame (Convection only)

Interior Thermally Broken Frame (Convection only)
Interior Thermally Improved Frame (Convection only)
Interior Wood/ Vinyl Frame (Convection only)

Interior (20 tilt) Aluminum Frame (Convection only)
Interior (20 tilt) Thermally Broken Frame (Convection only)

Interior (20 tilt) Thermally Improved Frame (Convection only)

® N o O bk D=

Interior (20 tilt) Wood/Vinyl Frame (Convection only)

If there are frame materials that fall into more than one category, a single boundary condition must
be applied to the entire interior surface of a given frame section, even if it contains different material
components (i.e. vinyl sash and aluminum frame). The surface condition applied shall be the
component with the greatest interior exposed area of that section.

For steel skin door boundary conditions, see Section 8.6, Doors.
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=  Exterior: The “NFRC 100-2010 Exterior” exterior boundary condition is used for all exterior surfaces,
including the glazing system, and assumes that the surface is exposed to a 5.5 m/sec (12.3 mph) air
velocity, which corresponds to a convective film coefficient of 26 W/m?2-°C (4.58 Btu/h-ft2-°F).

= Adiabatic: The adiabatic boundary condition is used for any surface assumed to have no heat flow. This
is used for the top of the glazing system at the boundary between the edge-of-glazing and the center-of-
glazing, because the assumption is that the heat transfer between the two sections are independent of
each other. Adiabatic is also used for the bottom of the frame that would sit in the mask wall of the

thermal chamber during testing.

Bound

Boundary Condition Type x|

U-Facta

Eonditi;; I sample-zilk 5 ample GlzSys [1D:8)] U-factor Insj

T
Surface I Edge

Temperature | 638

A

Radiation Model |AutoE nelosure
Q-Fact_or Surface
Emisswityl 0.840 Library |
Shading spstern modifier INnnE j

™ Blocking Surface

Detaul Boundary Conditior Isample-sill:Samp\e GlzSys [ID:8) U-factor Inside Film

j Cancel |
F Ho |48 BumiizF con%?li“o"ndfi'ﬁwgl

The “Default Boundary Condition” field shows the default
boundary condition that THERM will use when the glazing
system is inserted (for both interior and exterior boundary
conditions). If a glazing system boundary condition is
changed, that new boundary condition will become the
default value for that THERM session.

Figure 6-38. Double click on a boundary condition segment to see its characteristics.
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THERM has a Boundary Condition Library (accessed from the Library/Boundary Conditions menu, or by
double clicking on a boundary condition) which has the standard boundary conditions defined by NFRC,
shown in Table 6-4, as well as Adiabatic. By default, the exterior boundary conditions are blue, interior
boundary conditions are red, and the adiabatic boundary condition is black.

Table 6-4. Boundary condition definitions

Convective Film Coefficient Boundary

Boundary Condition Radiation Model Tilt = 90° Tilt = 20°
W/m?K (Btu/h-£t?-°F) W/m?K (Btu/h-ft2-°F)
NFRC 100-2010 Exterior Blackbody 26.00 (4.578) 26.00 (4.578)
Interior Aluminum Frame Automatic Enclosure 3.29 (0.579) 4.65 (0.819)
(convection only) Model
Interior Thermally Broken Automatic Enclosure 3.00 (0.528) 4.09 (0.720)
Frame (convection only) Model
Interior Thermally Improved Automatic Enclosure 3.12 (0.549) 4.32 (0.761)
Frame (convection only) Model
Interior Wood/Vinyl Frame Automatic Enclosure 2.44 (0.429) 3.09 (0.544)
(convection only) Model

Interior Glazing System
boundary condition

Automatic Enclosure
Model

Depends on the WINDOW calculations for the imported
glazing system

Steel Skin Door Panels

Automatic Enclosure
Model

Non-Metal Edge of Door Panel shall use “Wood/Vinyl
Frame”

Steel or Aluminum Edge of Door Panel shall use
“Thermally-Improved”

Interior Insulated Opaque
Spandrel Panel

Automatic Enclosure
Model

Shall use the interior boundary condition from above that
is equivalent to the glazed wall system’s intermediate
frame type
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BC = Adiabatic
U-factor surface tag = None

v

—>

BC = NFRC 100-2010 Exterior
U-factor surface tag = None

BC = <glazing system name> U-
factor Inside Film
U-factor surface tag = None

BC = <glazing system name> U-
factor Inside Film
U-factor surface tag = Edge

/

BC = Interior Aluminum Frame

BC = NFRC 100-2010 Exterior (convection only)
U-factor surface tag = SHGC Exterior Taped during U-factor surface tag = Frame
testing so
modeled with a
frame cavity . )
/ The upper section of this
frame is thermally broken,

while the lower section is
not. The surface area of
the non-thermally broken
frame is greater than the
surface area of the
thermally broken section,
therefore the entire frame

T Ty is tagged as non-

thermally broken, “Interior
| Aluminum Frame”.

BC = Adiabatic
U-factor surface tag = None

Figure 6-39. Defining the boundary conditions for a cross section.
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6.5.2. Assigning Boundary Conditions and U-factor Surface Tags

Boundary conditions for a cross section are created in THERM by pressing the Boundary Condition toolbar
button, clicking on the Draw/Boundary Conditions menu option, or pressing the F10 key.

THERM will automatically assign boundary conditions, both interior and exterior, to a glazing system
imported from WINDOW, as discussed above. However, the frame boundary conditions must be assigned in
most cases.

1. NFRC 100-2010 Exterior for the entire exterior surface of the glazing system and frame
2. Adiabatic for bottom of the frame

3. Interior Frame Components: The appropriate interior convection-only boundary condition for all
other interior surfaces, from the choices in Table 6-4, found in the THERM Boundary Condition
Library.

The technique for doing this is described in detail in Chapter 6, "Defining Boundary Conditions" of the
THERM User's Manual.

In THERM, in addition to assigning boundary conditions to a boundary segment, the U-factor Surface Tags
must also be assigned for each boundary condition. The U-factor Surface Tags, which are selected from the
U-factor Names library, are used by THERM to calculate the component U-factors. For a THERM U-factor
calculation that will be used in WINDOW, it is necessary to use the following U-factor Surface Tags, with the
same capitalization (WINDOW will not recognize any other values):

= Frame: Use this tag for all interior boundary conditions that are part of the frame U-factor calculation,
including the boundaries of the glazing system below the sight line. See ANSI/NFRC 100, "Figure 4-2,
Fenestration Product Schematic -- Vertical Section". THERM will automatically assign the U-factor
tag of Frame to the portion of the glazing system that is below the sight line, based on the Site Line to
Bottom of Glass value entered when the glazing system is inserted from WINDOW.

= Edge: Use this tag for all interior boundary conditions that are to be used in the edge-of-glazing
calculation. THERM will automatically assign the U-factor tag of Edge based on the dimension
entered in the Edge of Glass Dimension when importing the glazing system, which for NFRC
modeling should be 63.5 mm (2.5 inches). This dimension will be added above the sight line, defined
by the Sight line to bottom of glass dimension when importing the glazing system.

= None: Use this tag for the 86.5 mm (3.5 inches) of glazing system that is modeled above the Edge-of-
glazing, and for the glazing system exterior boundary condition. This is the default U-factor tag
automatically assigned by THERM for all surfaces except the glazing system.

= SHGC Exterior: Use this tag for all surfaces below the sightline (this may include portions of the
glazing due to shading system hardware between-the-glass or outside the glazing). This tag is used to
calculate the wetted length of the exterior frame to be used in WINDOW for the Solar Heat Gain
Coefficient (SHGC) calculation.

The Blocking Surface checkbox should be checked for frames, but not for glazing systems.

To change the boundary condition for one boundary segment, double click on the segment, or single click
and press Enter, and the Boundary Condition Type dialog box will appear. This dialog box allows
specification of both the boundary condition and the U-factor tag at the same time. To change the boundary
condition for multiple boundary segments, cl ick on the first segment and double click (or single click and
press Enter) on the last segment in a counterclockwise direction. The choices made in the Boundary Condition
Type dialog box will then be applied to all the selected boundary segments. It is also possible to change the
boundary condition definition for boundary segments using the Select Material/BC toolbar button. Click on
the Eye Dropper tool, click on a boundary segment whose definition is to be duplicated to other segments,
then click on the boundary segment(s) which need that boundary condition definition. The program will
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assign both the boundary condition and U-factor tag from the copied segment. There is also one level of
"undo" for boundary conditions, accessed through the Edit/Undo file menu choice.

The Radiation Model of all interior boundary conditions should be set to “ Automatic Enclosure Model”. If for
some reason the interior boundary conditions do not have the Radiation Model set to “ AutoEnclosure”
(double click on the boundary condition to open the Boundary Condition Type dialog box which displays
the setting), they can be easily changed to that model. To change the Radiation Model, go to the Boundary
Condition Library, either through the Library menu, Boundary Condition Library choice, or by double

clicking on a boundary condition segment and clicking on the Boundary Condition Library button. In the

Boundary Condition Library, under the Radiation Model, click on the “Automatic Enclosure Model” radio

button.

= THERM B.3 - [sample-sil. THM]

r';g‘FiIe Edit ‘Wiew Draw Libraries Options Calculation  ‘Window  Help

=10l x|
==l x|

DEEd&S B LoE eIk Lad 2056 |FEU|K ||samp|e—siII:SampIe GlzSys (ID:8] U-factor Insij

Double click on a

Boundary Condition Type ﬂ

Boundar
Eoo:crl}tilonyl zample-sill S ample GlzSys (10:8] U-factor Insj
L-Fact Cancel |

Sulfac:II Edge d

Boundary
Temperature| 21.0 C He 261 ConditionLibrargl
U-Factor $uface

Librgry

Radiation Model[futoEncloswe
Shading system modifier INone j

Wi

Emizsivity | 0.840

™ Blacking Surface

Default Boundary Conditior Isamp C5ill:5 ample GlzSys (1D:8] U-factor Inside Film

B

boundary condition\ +
segment to open N Click on Boundary " - A 4 =
the Boundary \ Condition Library 5
Condition Type button to edit the sample-sill S ample GlzS, :8]
dialog box. library. Make sure the = Madel |Comprehensive | r— |
Radiation is set to = .
“Automatic Enclosure =~ Fenveetien New
Model” Temperature |21 C R e |
F Fim Coefficient [2.614  wiimzK [ Var
Fename |
[ Constant Heat Flus
Caolor
Flux |0 W2 I van —I
Save Lib
|_| |'| v Fiadiation —I
% Automatic Enclosure Maodel M
" Manual Enclosure Model
Load Lib
(" Black Body Radation _ Loadlis|
Ti |21— C Ei |1— I | Fratested
Wiew Factaor |1
" Linear
Hr 4595 wim2¥  Temperature |21 C
M Fiadiation Effectiveness |1
[z 11.7,-27.8 |d=,dy 0.0, 0.0 len 0.0 |step 100 om jwh 0.0, 835, 0.0 ™| Canstant Temperature
Read
=C Temperature |21 C I~ van
Figure 6-40. Make sure that the interior boundary conditions have set to “AutoEnclosure”.
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When boundary conditions are generated for a model, the program keeps them in the model until they are
regnerated. If the boundary conditions are regenerated, the program will display a dialog box with three
choices for how the program should generate them, as shown below.

Generating Boundary Conditions X|

“When generating the new Boundary Conditions:

¥ Use the same library type as any existing or deleted boundany conditions, but
azzigh new emissivities bazed oh material properties

™ Use all of the properties of any exizting or deleted boundany conditions

™ |gnare all of the praperties of any exsting or deleted boundary conditions

Cancel |

Figure 6-41. The dialog box displayed when boundary conditions are regenerated.

In general, pick the first option in “Generating Boundary Conditions” dialog box, which will pick up the
emissivities of the materials in the model. However, do not select this option if you have edited the
emissivities of material boundary conditions, such as frame cavities, by hand.

All the boundary conditions can be deleted by deleting one boundary segment.

Boundary conditions and U-factor tags are stored in libraries, and new entries can be defined for both using
the Libraries menu choice. See Section 6.2, "Assigning Boundary Condition Definitions" in the THERM User's
Manual for more detailed information.

Occasionally THERM loses track of the glazing system boundary conditions. If this happens they can be
reassigned from the Boundary Condition Library.
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Exterior Interior

BC = NFRC 100-2010 Exterior
U-factor tag = None

— -~ Sight Line

BC = NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior

v
A

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

150 mm
(6.0 inches)
» 4—
BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge
63.5 mm
(2.5 inches) For glazing system below the sight line:
BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Frame
Interior

_________________ <

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

In order to model the Radiation Enclosure, x

make sure all interior boundary conditions

have the Radiation _Moqel set to g;:;soamlnteriol WioodVinyl Frame [convechion Dn|}']j L —
AutoEncIosurg ..ThIS will cause THERM to T oo
model the Radiation Enclosure without an Surface | Frame =] |
enclosure geometry being drawn, and the Boundary

. - 4 T ture| 210 C He 244 wim2K Eondition Li
convection-only film coefficients for these STPSIEE c 4 Condtion Library |

boundary conditions will be calculated and ——> Radiation Model [AutoEnclosure U-Factor Surface
assigned automatically by the program E missivity | 0.900 Library

I Elocking Surface

Figure 6-42. Standard boundary condition assignments for most models.
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Boundary Conditions for Nailing Flanges

When modeling nailing flanges, assign the “NFRC Exterior” boundary condition, with U-factor tag set to
“None”, to the portion of the nailing flange that is facing the exterior condition, as shown in the figure below.

BC = Adiabatic

BC = NFRC Exterior 2010 U-factor tag = None

U-factor tag = None

Figure 6-43. Boundary condition assignments for nailing flange.
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6.5.3. Voids, Overlaps and Bad Points

In order to perform a simulation, the geometry of the cross section must be correctly defined, i.e., there must
not be any voids, overlapping polygons, or points that cannot be resolved by THERM.

While drawing, there are a number of features in THERM to help avoid creating voids, overlapping
polygons, and bad points. The Always Check for Overlapping Polygons feature (in
Options/Preferences/Drawing Options) is the main tool used to avoid drawing overlaps and voids. This
option can be turned off, but this is NOT recommended for most situations. The Show Voids / Overlaps
(from the View menu) feature is also a good tool for visual inspection to find voids and overlapping
polygons in a cross section.

In addition to the features that attempt to prevent the creation of bad geometry during the drawing process, a
number of error checks are performed when THERM calculates the boundary conditions in order to make
sure the model geometry is correct.

For example, when the boundary conditions are calculated THERM identifies all points within 0.1 mm (0.004
inches) and 0.01 mm (0.0004 inches) of each other (points closer together than 0.01 mm are automatically
merged). A message box appears saying that there are points closer than the program tolerance, as shown in
Figure 6-44. In general, select the option Automatically adjust points within tolerance option, in which case
THERM will fix all of the points automatically. This now works even for models with thin films in glazing
systems. If you are unsure about whether to let the program adjust the points automatically, select the Mark
the points but don't adjust them option, which causes THERM to draw red circles in the problem areas. Then
you can examine all the circled points and fix them if appropriate, or regenerate the boundary conditions and
let the program automatically adjust them. If the marked points are actual details in the drawing that need to
be kept, they do not have to be fixed, although they might cause meshing problems during the simulation
because of too much detail. Once all the circled areas in the drawing have been examined, press the Boundary
Conditions toolbar again - if the program identifies “bad points” but you wish to keep the detail, just click OK
and the boundary conditions will be generated. (Having THERM adjust the points is an "all or nothing"
proposition -- which is why all the points should be examined first before having the program adjust them.
Also keep in mind that the automatic fixing of points cannot be reversed by THERM.)

There are points in the model that are closer
together than the program tolerance. YWwhat would
you like to do?

" Automatically adjust points within tolerance

& Mark the paints but don't adjust therm

Cancel |

Figure 6-44. Message when trying to define boundary conditions indicating that there is a problem in the geometry.

The best way to fix points that are too close together is to delete or move the offending point. Many times, the
point in question is in all the adjacent polygons, so it is best to delete the point in all the polygons at the same
time by selecting all the polygons using the Shift key, then delete the point; it will be deleted from all the
selected polygons.

THERM also marks Voids and Overlaps by checking for "lonely edges" -- two adjacent edges with a different
number of points on each edge. THERM marks voids and overlapping polygons with red circles also. One
way to eliminate these two conditions is by "jiggling" the points -- moving the points away from the adjacent
polygon, then moving them back within the sticky distance and letting the program "snap" them to the
polygon. Another way is to delete the offending polygon and use the Fill Void toolbar button to create it
again, which means that THERM will automatically align all points and ensure that no voids are created.
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THERM can also find invalid polygons caused by points collapsing on each other, creating a zero-area
extension. In this case both the point at the tip of the extension and the extra point at its base must be deleted.

Turning off the Material Color and the Boundary Conditions from the View menu can sometimes help to
find the problems.

THERM will simulate a problem even if “bad points” have been marked and intentionally left in the cross
section, because in some cases details are drawn that give bad points but which need to be modeled.

If changes are made to polygons on the boundary of the cross section, the boundary conditions must be
generated again. If all the corrections are on internal polygons, the boundary conditions will not be
automatically deleted. However, in this case, it is still a good idea to press the Boundary Conditions toolbar
button again, to ensure that all points on all surfaces have boundary segments defined between them.

6.6 Calculating Results

When the boundary conditions have been correctly defined for the cross section, the model can be simulated.
Begin the calculation by either clicking on the Lightning Bolt toolbar button, selecting the
Calculation/Calculation menu option, or pressing F9.

6.6.1. Meshing

The first step performed by THERM in the simulation is to generate a mesh from the geometry on which the
thermal analysis is based. This mesh is generated automatically, and a summary of how it works is found in
"Appendix C" in the THERM User's Manual.

The one variable in the mesh generation that the user can control is the Quadtree Mesh Parameter, which
determines how fine the mesh is. The larger the mesh parameter value, the smaller the largest element in the
mesh is. The NFRC required default value for the mesh parameter is 6, as shown in Table 6-4.

Occasionally the mesh generator cannot create a closed mesh with the geometry that has been drawn, usually
created because of extremely fine detail in the cross section. THERM circles the point(s) where the mesher
failed. If this happens, first:

= Rerun the problem with a higher mesh parameter value. This causes the program to generate a finer
mesh, and results in longer run times. The default mesh parameter value is 6. Mesh parameter values
greater than 8 are rarely needed for single cross sections, but may be needed for full height product
simulations. Options/Preferences/Simulation has a setting to “ Automatically increment mesh
parameter”. If this option is checked the program will increase the mesh parameter until the problem
meshes.

If this doesn't work:

®  Simplify any unnecessarily complicated details. Keep in mind that the circled point often lies on the
boundary between two polygons; the detail that is causing the problem could be anywhere in those
two polygons and is often not at the place that is circled. One method to try is to break the problem
polygon into multiple polygons, while keeping the geometry otherwise unchanged. Another option
is to delete unnecessary points, such as in curves, because each point generates a mesh node.

6.6.2. Error Estimator

THERM has a built-in error estimator, and automatically refines the mesh in the areas where it is needed. The
details of the error estimation algorithm are found in "Appendix C" of the THERM User's Manual. The error
estimator returns the Percent Error Energy Norm, which is related to the gradient of heat flux (energy). If the
returned value is greater than the target value, THERM refines the mesh in areas with a high rate of change in
the heat flux.

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026 6-44



6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM 6.6 Calculating Results

The default value for the Maximum % Error Energy norm in THERM is 10% as shown in Figure 6-45. This
setting forces THERM to do the error estimator calculation and return a value for the error estimate (recorded
with the U-factor results) and the program may or may not refine the mesh, depending on the result of the
Error Energy Norm. If an error message is displayed saying that the error energy norm cannot be reached,
increase the Maximum Iterations value (set by default to three iterations). An Error Energy Norm of less than
10% is equivalent to an uncertainty of less than 1% in the U-factor.

6.6.3. Required Settings for NFRC Simulations

In the THERM File Options tab found in the Options/Preferences menu, the following values must be set:
Table 6-5. Options/Preferences settings for THERM NFRC modeling

Setting Value for NFRC Modeling
Quad Tree Mesh Parameter 6 or greater
Maximum % Error Energy Norm 10%
Run Error Estimator must be checked
Preferences | Drawing Options | Simulation i
Themn File Options | Snep Setiings | Updates |
Mesh Coritrol

Guad Tree Mesh Parameter ]
W Run Emor Estimator

Masdmum % Ermor Energy Mom |10 %

Maxdmum terations B

[ Use CR Model for Glazing Systems

[+ Check for comect WINDOW boundary conditions on glazing systems
Figure 6-45. NFRC required THERM File Options settings.

In the Simulation tab found in the Options/Preferences menu, the Relaxation Parameter can be set to 1.0, and
the feature to “ Automatically adjust relaxation parameter” should be set, as shown in the figure below.

at]

Them File Options | Snap Settings | Updates |
Preferences ] Drawing Options Simulation

ConRad Simulation
Convergence Tolerance  |1e-006

Relaxation Parameter ,17

W Automatically adjust relaxation parameter
Adjustment step ’W
Maxdmum iterations ’25—

I¥ View Factor Smoathing
¥ 150 15099 Jamb Cavity Radiation Fix

I Save Simulation results in THM files

™ Save Conrad results file (0)

I Save simulation intermediate files

[T Automatically increment mesh parameter
Maximum entries in simulstion log file: ,ﬁ
# of threads used in Calc Manager : ,3—

Mesh void tolerance 1 mm2

Figure 6-546. Simulation option settings.
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6.6.4. Calculations

When a calculation is started, THERM can do the calculations in the background while another model is
being worked on. There is also a Calculation Manager, accessed from the Calculation/Calc Manager menu
option that allows the submittal of many files at one time to be calculated in the order they are added. The
Calc Manager Log shows whether the jobs ran or not.

Calculating Multiple Glazing Options

If a base case file has been created with multiple glazing options (see Section 6.4.3, “Multiple Glazing
Options”), when the file is simulated using the Calc toolbar, the Calculation/Calculation menu option, or the
F9 shortcut key, the Glazing Option Simulation dialog box will appear with the following options , as shown
in Figure 6-47:

= Create the glazing option files and perform all simulations: This choice is the default, and it creates and
runs all the THERM files for the multiple glazing options defined in the base case file.

* Simulate the current file (base case) only: This choice is useful when setting up the base case file to
make sure there are no geometry errors before running the entire multiple glazing options.

= Create the glazing option files but do not perform the simulations: This choice will cause the program
to make individual THERM files for each of the glazing options associated with the base case file, with
either the Glazing System ID or Name appended on to the base case filename, but it will not simulate the
files. These files can then be opened and simulated individually or simulated through the Calc Manager.

ITHR: —_ea sy
r';g‘ File Edit Wiew Draw Libraries ©Options Calculation  Window  Help - |ﬁ'|ﬂ
DEHSE Lo@ f(a-dk - 205 |F E UK ~]

Click on the Calc toolbar button, select the
Calculation/Calculation menu choice, or press the F9
shortcut key to start the calculation.

For a THERM file with multiple glazing options defined,
the Glazing Option Simulation dialog box is
displayed. Choose the appropriate option and click on
OK.

For each glazing option, THERM wiill
automatically generate the
appropriate boundary conditions for
the interior of the profile next to the
radiation enclosure.

Glazing Option Simulation =
F -

Thiz file has glazing options specified. Would you like to:

' Create the glazing option files and perform all simulations Cancel |

" Simulate the current file anly
" Create the glazing option files but do not perfarm the simulations

1 [
v
L« >
[,y 88.8,136.8 |d=,dy -24.4,120.5 llen 1230 [step 100 |wm | &
Ready |=il [ MM

Figure 6-47. When a file w ith multiple glazing options is calculated, THERM gives several calculation options.

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026 6-46



6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM 6.6 Calculating Results

Multiple base case files with multiple glazing options in each file can be added to the Calc Manager, as
shown in the figure below. The Calc Manager does not ask the three simulation-option questions; it
implements the first choice, which is that to make all the files and then simulate them. The Calculation Log
can be viewed to see the status of the runs. The information in the Calculation Log can be sorted by clicking
on a column heading.

JE Fle Edt View Draw Lbraties Options | Calculation Window Help - 18] %]
DEE & E|lho & o |m Cakuston Fa @u|%|l
Show Resulks
Display Gptions SHiift+Fa j
Show U-Fackors Ctrl-F3
Calc Manager
v Background Calc
: ——
Add to queue
StapCurrent Calculftion Status: Running C:YProgram
. . FileghLBMLSWIND 0'WE3NS ampleshaample-sil_008 thm
Glaging Options

Cloze | Add I Fiemave |

Pause | Interrupt | Log |

C:\Program Flles\LENL WINDOWE3\S amplgstsample-sil_011.thm
C:\Program Files\LENL\WINDOWE3\S amplgstsample-sill_007.thm
C:\Program Files\LENLYWINDOWE3\S amplgstsample-sill_011.thm

Multiple files with
multiple glazing
options can be added
to the Calculation
Manager using the
Calculation/Calc
Manager menu
choice.

To see the status of the simulations,
go to Calculation/Calc Manager,
click on the Log button, and the
status of each file will be displayed
(only for this THERM session).

M Calculation Log

Click on a column to sart

Jll \LI Fun Time ‘ Filename ‘ Message ‘ Status

boy1.768,4.810  dcdy -1.156,3.4%  Clearlog | Tuehug 31 1728332010 C:\Program Fiies\LBNLAWIND DWE3\S amplessample-sil_011.thm  Calculation complete. OK
ko Tuedug 31 17:28:38 2010 C:\Program Files\LBNLWWIND OWE3\S ampleshsample-sil_007.thm ~ Caloulation complete. DK
; C an Fi 1th | C eh
Tuebug 31 17:28:352010  C:\Program Files\LBNL\WINDOWENS ampleshsample-sil_008.thm  Calculstion complete. QK
Tuebug 31 17:28:30 2010 C:\Program Files\LBNL\WINDOWESNS ampleshsample-gil_11.thm  Calculstion complete. 0K
Tuebug 31 17:28:28 2010 C:\Praaram Files\LEHLYWIND O'WE3YS amoleshsamole-sil 007.thm  Calculation complete. OF,

lete:

Figure 6-48. TheCalc Manager can be used to simulate multiple files with multiple glazing options in each file.
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6.6 Calculating Results

6.6.5. Results

When the calculation is finished, the U-factors (shown in the figure below) can be viewed using the
Calculation/Show U-factor menu choice or the Show U-factor toolbar button.

In addition, the graphic display of the results can be controlled using either the Calculation/Show Results

menu choice or the Show Results toolbar button.

The U-factors can be viewed for Projected X, Projected Y, Total Length, Custom Length, Projected in Glass
Plane or Custom Rotation. U-factors are generally calculated as Project in Glass Plane, but there are a few
special cases where the Custom Frame Length feature must be used for an NFRC simulation. (See the
following discussion in Section 6.6.6, “Custom Frame Length" for an example using Custom Frame Length.)

The SHGC Exterior U-factor is
meaningless — it is a result of
the SHGC Exterior tag, which is
used by WINDOW to calculated
the frame exterior wetted length
for the ISO 15099 SHGC value.

L-factar delta T Length
A2k C mm Ruatation

U-factors are generally
calculated as
x| “Projected in Glass
Plane”.

Frame and Edge U-factors SHEC Esterior [18081  [330  [428752 [a00

IProiected in Glazz Plane j

IF‘roiected in Glass Plane j

are reported. These values Frame [20008 [390  [428753 [a00
will be used by WINDOW
to calculate the total [Edge | 23444 330 |635 jao.0
prOdUCt U-factor. % Emar Energy Morm I B.72%

/

IProiected in Glazz Plane j

Export |

AN

% Error Energy Norm
must be less than 10%.

Use the Export button to
generate a comma
delimited file with the
results.

Figure 6-49. U-factor results from the Calculation/Show U-factors menu choice.

Local temperatures can be displayed at the cursor (from the View/Temperature at Cursor menu choice) and
average temperatures can be displayed with the tape measure (from the Options/Preferences menu,
Drawing Options tab, check the Tape Measure Average Temperature checkbox).

THERM has a report which summarizes all the details of a THERM file, including the polygon ID numbers
for all cavities. This report can be viewed and printed from the File/Report menu choice.

THERM files (*.THM) can be saved without the detailed temperature data by selecting the
Options/Preferences menu, going to the Simulation tab, and unchecking Save Simulation results in THM
files. The THERM file will then contain only the geometry and boundary conditions used to run the
simulation, the U-factor results, and the report, thus making the file much smaller.
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6.6.6. Custom Frame Length

There is a case where THERM will not calculate the project frame length correctly. This happens when a
section of an adiabatic boundary "overlaps" a boundary with a U-factor tag in the projected dimension over
which the length is being calculated. The figure below illustrates this. This incorrect frame length will cause
the U-factor over the projected length to be calculated incorrectly. The U-factors results dialog box has a
feature which allows a custom frame length to be entered, in order for THERM to calculate the correct U-
factor. This situation happens in some skylight files, although it potentially could happen in any model. The
figure below describes the steps required to use the Custom Frame Length feature.

For multiple glazing options, setting the custom frame length for each option can be quite cumbersome. One
technique is to set the custom frame length in the base file first, and then the program will pick up for custom
length values for each multiple glazing option.

Adiabatic
<— Boundary
Condition

THERM calculates

this as the projected

Y frame length, in «—

ghzls%xr?]rrnnple itis This is the true projected Frame Length,
) in this example it is 15.651 mm

I

| ‘g

A

Figure 6-50. Example of a case where THERM does not calculate the projected Y frame length correctly because of an adiabatic
boundary condition that "overlaps" an interior boundary condition.
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6.6 Calculating Results

U-factor delta T Lenath
2K C i R otation
Edge [1B350  [419 [634898  [Msa Projected v |
Frame [18.6544  [413 [3z4315  [MsA Frojected 1

% Error Energy Norm I 721%

— The projected Y frame
length calculated
(incorrectly) by THERM, in
this example it is 33.4315
mm

| Step 2:

delta T
[

[419

Length
mm

|63.4338
|15.651

U-factar
Wma-K,

Edge [1.6350

Step 3:

THERM recalculates
the U-factor based on
the custom frame ——® Fiams [338469 [41.9

length.

% Enar Energy Mo I T2A%

E=port | ak. I

The Length field will
become editable. Enter
the correct length

—— Step 1:
Select Custom from
the pulldown

Figure 6-51. The Custom Frame Length feature allows the correct frame length to be entered.

6.6.7. Importing Results into WINDOW

Because the U-factors and temperatures from individual THERM cross sections will be used for the whole

product calculations in WINDOW, it is necessary to import the THERM files with
temperature results into the WINDOW program. This is explained in detail in the
Section 4.7.3, “Importing THERM Files”. The basic steps are:
[
L]

Open WINDOW and go to the Frame Library List View.

o
files to import (select multiple files using either Shift or Ctrl keys).

from the last existing record, or overwriting existing records.

THERM file name as the record name by default.

U-factor and simulation
WINDOW User's Manual,

Create the THERM models, calculate the results, and save and close the files.

Click on the Import button, select the “Therm Files” option from the pulldown, then THERM
WINDOW will ask how to number the new Frame Library records, either sequentially starting
WINDOW will add each THERM file to the Frame Library as a separate record, assigning the

If necessary, set (in WINDOW File/Preferences/Calculation Options) the “Default Frame

Absorptance” to 0.30 or 0.50, according to the ANSI/NFRC 200 specifications.

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026

6-50



6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM

6.6 Calculating Results

File Edit Libraries Record Tools Yiew Help

Dwd sERE[E: «dr i[Baen; 07| % 2\
= = Frame Library [C:\Program FilesLE LYW MDOWESwE. mdb) =
Detailed View
Update Frame Edge Edge Glazing
4' o itz SauEe || Tupe Urvalue Uvalue | Comelation | Thickness i s
New | Wim2K | wim2k rom i
g 1 Alwibreak ASHRAE NAA 5.680 [RFS Class M/A 57.2 0.90
Copy | —
2 Alflush ASHRAE NA& 3570 M Class1 M/A 57.2 0.90
3 ‘wood ASHRAE NA& 2.270 M Class1 M/A E3.8 0.90
—Find 4 Vinyl ASHRAE NAA 1.700 [iFE Class1 /A E3.8 0.50
IID 'l 5 sample-sil. THM Therm  Sil 2.001 2344 NAA 265 4219 0.30
l— £ sample-jamb. THM Therm  Jamb 1.936 2343 NAA 265 4219 0.30
mple-head T HM Therm | Sill 0
Advanced... | i
7 records found.
Import
=
Export

Beport

FErint

il

\ — ]

\ Mode: NFRC 5L [ e [

Step 1: In the WINDOW
Frame Library List View,
click on the Import button.

For Help, press F1

open 21

Look in: I ) Samples j - £k B

Step 2: In the Import dialog || Divider, THM
box, set Format to Therm | 4] sample-head. THM
file. ﬂsample—jamb.THM

ﬂsample—silI.THM

ﬁ sample-sil-MoGlazing, THM
ﬂSpacer.thm

Step 3: From the Open dialog, select the
THERM file(s) to import into the library.

Fil :
This same method is used in the WINDOW fename: | ﬂl
Divider Library. Files af type: IThe[m files [7.thm] j Cancel |
o d-ari
PEN a3 read-anly A
Figure 6-52 Importing THERM files into the WINDOW Frame Library.
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7. TOTAL PRODUCT CALCULATIONS USING WINDOW

7.1. Overview

WINDOW determines the total product U-factor according to ANSI/NFRC 100 and ISO 15099 by calculating
an area-weighted average of the U-factors of the product components and accounting for product height:

® Frame and edge values for each cross section (frames and dividers) calculated in THERM: The U-
factors are area-weighted based on the projected area on a plane parallel to the glass (the Projected in
the Glass Plane choice in the THERM U-factors dialog box), not the total surface area of the frame
and edge.

= Center-of-glazing values from WINDOW

WINDOW calculates the total product area-weighted solar heat gain coefficient (SHGC) and visible
transmittance (VT) according to the ANSI/NFRC 200 procedures and the total product Condensation
Resistance (CR) according to the NFRC 500-2017 procedures. For Condensation Index (CI), WINDOW cannot
be used and simulator shall refer to the ANSI/NFRC 500 (2020 or newer) procedures.

WINDOW cannot calculate the total product area-weighted properties for some fenestration products. These
include entry doors (see Chapter 8, Section 8.6. Doors), Vehicular Access Garage/Rolling Doors (see Chapter
8, Section 8.10. Garage and Rolling Doors). For these cases, a spreadsheet can be used to calculate the total
product area-weighted values.

7.2 Frame and Edge U-factors from THERM

As discussed in Section 6.6.7, "Importing Results into WINDOW", THERM files are imported into the
WINDOW Frame and Divider Libraries in order to calculate the whole product values in WINDOW.

When the THERM files are imported into the WINDOW Frame and Divider Libraries, they can be used in
whole product calculations. The Source field in the Frame Library indicates whether the files were imported
from THERM, as shown in the following figure.

File Edit Libraries Record Tools View Help
H = Hoell: O# 7 % 2K
Frame Library [C:s]sershPublichLBML WM D DW 7 357 rmdb)

Detailed Wiew
Sk D Narne Source | Type UFrvaaTlfe UE\faEIIL?e Eolrzrgﬁa?ion T EEE::EQSS Ftd Abs | Calor
MHew Wm2-K | Wm2H i i
Al vifbreak ASHRAE N/ 5.680 T4 Class1 M8 57.2 0.50

Coj
=R Al flush ASHRAE Nia 3570 M4, Clasa RS 57.2 080

‘wiood ASHRAE MAa 2270 T, Clags1 A2, £9.8 0.a0

.
I
N
Vinyl BSHRAE N 1700 N Class] wee  ess cso [
N
o

Delete

i

=]
4
.
Hb “1~T

Find

zample-head. THM Therm m D m
£  sample-jamb. THM Them  Jamb 1.936 2343 WA 265 42.9 030
7 sample-sil. THM Them  5il 2.001 2344 N/A 26.5 42.9 0.30

Advanced...

P

7 records found.

Impart

Figure 7-1. WINDOW Frame Library with records imported from THERM.
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7.3 Center-of-Glazing U-factors from WINDOW
The WINDOW User's Manual contains detailed information about calculating the center-of-glazing U-factors.

For an NFRC simulation, create glazing systems that represent all the glazing types to be modeled from the
glass matrix provided by the manufacturer. In WINDOW, access the Glazing System Library List View
either from the Libraries/Glazing System menu, by clicking on the Glazing System Library toolbar button,
or by pressing F5.

File Edit Libraries Record Tools View Help

I g||E Z 4 4 » M |@E @ N: O#H 72 || 78
- - Glazing System Librany [C: AU zersh PublicA\LBMLWINDOWEYwwE. mdb)
Detailed View I
Calc # of ; Ernwironrental Overall 5
D Mame e Mode| Tilk Tt F.eff Thickness | Uwal SHGC SC Triz
New | | | | | whim- mm wima2-F | |
: 1 3mmlawE 2 # 90 NFRC100-2010 0033 18.50 1.773 0518 070 07E
Lopy 1 =
2 Double Clear Air 2 # 90 WFRC100-2010 0.064 24.00 2699 0.704 0.809 0,786
Frd 4 Double Clear with Argon 2 # 90 WFRCT00-2010 0060 18.70 2576 0.754 0878 0814
D - 5 Triple Clear 3 # 90 WFRC100-2010 0.0s81 43.40 1.742 0E17 0.709 0703
,7 6 3mm Low-e air 2 # 90 NFRC100-2010 0051 25,46 1.784 0.500 0.574 0720
7 3mm Clear 2 # 90 WFRC100-2010 0.049 2851 1.932 0.636 0.788 0741
Advanced.. g Sample Glz5ys 2 # g0 MFRC100-2010 0.043 28.51 1.932 0.636 0.728 074
9 records found. 9 Sample GlzSps wnt Blue VB 3 # g0 WFRC 1002010 0107 BE.18 1.749 0525 0718 0.085
Export
Repart
Prrint ‘

Figure 7-2. WINDOW Glazing System Library.

For NFRC certified simulations, use the currently approved International Glazing Database (IGDB) spectral
data, imported into the WINDOW Glass Library. Glazing Systems that use approved spectral data will have
a “#”symbol in the Mode field, as shown in the figure above, with the exception of laminates and applied
films (see Section 8 for more information).

The U-factors shown in the Glazing System Library are based on a one meter default height. When these
glazing systems are used in whole products, the center-of-glazing U-factors will be recalculated based on the
actual product height specified in the Window Library. Therefore, the U-factors in the Glazing System and
Window Libraries will probably be slightly different.
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Glazing Spstem Libran

NFRC default being one meter (1000 mm).

Center of Glass Results | Tepferature Dats | Optical Data | Angular Data | Color Properties |

Glazing System U-factor is based on the glazing
system height in the Preferences dialog box, the

1D &: |8 M ame: |Sample GlzSys .
# Lapers: |2 AE |G Height[1000.00 mm ;
Ernvironmental - '
W |NFRC 100-2010 - IG "width:| 1000.00 mm _
Conditiars: | J Options |Therrna| Calcs ] Optical Calcs ] Optical Data
Carmmert: |
1 Localization
Overall thickness: |26.510  mm Mode: |# Urit system 1P + S
1D Mame Mode| Thick |Flipl Tsol | Rzoll | Reol2 | Twis Language choice ,English—L|
- Glazz1 »» 9803 CLEARSLOF # &0 [J|0796 0074 0074 0888
Gap1 kb 1 Air 165 [ Misc. options
- Glass 2 9923 LOW-E_BLOF # &0 [J|0676 0117 0105 0826 [ Den't show CR waming messages

™ Create debug output
[~ Create log file

[ Use Nominal Heights
Glazing system height: | 10000 mm
Nominal window height : Wmm

[v Use Nominal Glass Thickness:

—

Total ‘Window Results

U-factor W A2
SHGC ?

Click on a component Yo display charactenstics below

Glazing System

. - Mame |Sample Glzhbys j
I Ugenter | 7 wim2kK
LR l—? Mlayers 5C ’—7'
Area sHGC [ @
The calculated center-of- e area vie[ ¢

glazing U-factor in the

Window Library is based on

the 1500 mm window height Uty || ST i
rather than the default 1000 SHEC | 06041
mm height in the Glazing w1 | 06454
System Library. To ensure W[ @

this, "Use Nominal Heights"
shall be un-checked.

Display precision: 5
Ulactor 5C SHEC Rel. Ht Gain Tuis Kt Rt
W2k W2 im || e Taemens, |50
L5 ‘\D'?BBE 0,550 ol 0t 0Lk ¥ Use Tomfor Gas Library Pressure Units
v Database integrity check before
database close {recommendad)
o |4 =
Mame |Ficture I .
o T3] \ The U-factor for the glazing
— system is “?” in the Window
Tope [Fived (icture) ] 3] Library until the Calc button is
width | 1200 mm clicked, because the U-value is
Height | 1500 mm dependent on the height of the
duea [ 1.800 m2 glazing system in the window.
Til a0 /
E nvironmental Conditions ’
|NFRC 100-2010 |

Click on a component to display characteristics below

S »|

Glazing Spstem

Hame |Sample GlzSys

(W] Ucenter | 1.932 wi/m2-K
Miayers | 2 sc[ o7ee
frea [ 1.271m2 SHGC | 0686
Edge area lﬁ me Wic ’W

Figure 7-3. WINDOW Glazing System Library.
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7.4 Overall Product U-factor, SHGC, VT, and CR Calculations

When the THERM results have been imported into the WINDOW Frame and Divider Libraries, and the
needed glazing systems have been defined in the Glazing System Library (also needed for the THERM
simulations), the whole product values for U-factor, SHGC, VT and CR can be calculated in the Window
Library. Calculating these values is explained briefly below and in more detail in the WINDOW User Manual.

In the Window Library Detail View, set the appropriate values on the left-hand side of the screen, which
depend on the type of fenestration product. The Mode field should be set to “NFRC”, and the Type field
should be set to the appropriate choice for the fenestration product being modeled. The complete list of
choices can be viewed by clicking on the double arrow next to the Type pulldown list. All the choices are the
official NFRC sizes except for the last three which are all custom sizes, which are not allowed in NFRC
simulations. The Environmental Conditions field should be set to “NFRC 100-2010".

On the right-hand side of the screen, for each cross section component, select the appropriate records from
the Frame and Divider libraries. When the frame cross sections and the glazing systems are specified, click on
the Calc button and WINDOW will calculate the total product U-factor, SHGC, VT and CR, shown in the
lower left corner of the main screen. In addition, for obtaining NFRC rating values, the program calculates the
SHGCy, SHGC;, VTo and VTi, discussed in detail in the following section.
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I Dividers |MFRC 100-2010 |
Diwiders
Dizplay mode:
Marmal
Tota Window Results 0] Sclect @
-factor i M2 Cancel Find o} ~ | 18 records found.
SHGC 2
[] Type Slze Width | Height La =
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4 ) - . >

Figure 7-4. Window Library Detail View where the whole product is defined.
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7. TOTAL PRODUCT CALCULATIONS USING WINDOW 7.4 Overall Product U-factor, SHGC, VT, and CR Calculations

Once the values have been calculated, the results are displayed in the Total Window Results section, as
shown below. The Detail button next to the SHGC and VT results can be used to view the SHGCy, SHGC;,

VTo and VT; values, and the Detail button next to the CR result is used to view the intermediate values used

to determine the overall CR result.

Mew
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Copy

Delete
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[ Dividers
Dividers

Dizplay mode:

Mormal hd

SHGCAT Detail

CR Detail

Type |Fixed [picture)
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Tilt a0

Environmental Conditions

< »]

|MFRC 100-2010

Total 'Window Fesults

SHGC |0.B034
WT |0E484

CR 43

Btush-ft2-F
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See the next section for a
detailed description of the
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Detail button.

tic:
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button:

U-factor
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NFRC 500 (2020 or newer)
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Figure 7-5. Window Library Detail View where the whole product results are calculated and displayed.
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7.4.1. Individual Product SHGC and VT (SHGC 0& 1,VT 0 & 1)

It is not necessary to calculate the SHGC and VT for all individual products and associated model sizes.
ANSI/NFRC 200 outlines a procedure for determining SHGCo, SHGCy, VTo, VT values which can then be
used to calculate the SHGC and VT of any individual product. This procedure is used to obtain NFRC rating
values.

These values are calculated in WINDOW for the best glazing option modelled with the highest combined
frame and edge heat loss (i.e., the option with the lowest center-of-glass U-factor and the highest total
product U-factor), as outlined in ANSI/NFRC 200, Section 4.2.3.A. The values calculated from that one case
are then used to calculate the SHGC and VT for any other glazing options using Equations 4-1 and 4-2 in
ANSI/NFRC 200.

For domed skylights (see Chapter 8 of this manual), it is necessary to use the tested value for the center-of-
glass value, with the modelled frame and edge values. The values are calculated for the product using the
best glazing system, for three cases:

= No dividers
= Dividers < 25.4 mm (1”), modelled at 19.05 mm (0.75")
= Dividers 2 25.4 mm (1”), modeled at 38.1 mm (1.50”)
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WINDOW automatically calculates these values for all records in the Window Library, using the U-factor for

the default divider as defined in ANSI/NFRC 200. The values can be displayed by clicking on the Details
button next to the whole product results for SHGC and VT, as shown in the figure below.

to get the SHGC 0 &1 and VT 0 & 1
values calculated for No Dividers,
Dividers < 25.4 mm (1”), and
Dividers = 25.4 mm (17).

File Edit Libraries Record Tools View Help
= & B @ Elz W 4 » M ||H ®0i OH# 7% T
List 1D #[1 -
Mame |Picture
o - Mode [NFRC -
Conw ijpe Fixed [pic.lure] - ﬂ
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[eEE Height | 53,055 inches
Save Area | 19.38 #2
Report Tilk Ell
Environmental Conditions
[ Dividers NFRC 100-2010 i
Dividers
Dizplay made:
Mormal - )
Tatal Window Results = \;SHGCEHd VT detail
U-factor |0.3514
SHGCAT Detai Ma
Dividers
WT |0.6484
Rl 4 FDD [inches) M
SHECO 0.003561
SHECT 0.873021
. . wTa 0.000000
Click on the “SHGC/VT Detail” button
W1 0.875453

Generic Generic
Dividerz Dividers
0. 750000 1.500000
0006533 0009343
0792339 0710336
0.000000 0.000000
[.785806 0700992
Save Az

Figure 7-6. Click on the Detail button to get the SHGC 0 & 1 and VT 0 & 1 results.
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If the product has real dividers, the program will calculate the SHGC 0 & 1 and VT 0 & 1 values for the

generic dividers as well as for the actual dividers, as shown below. For NFRC simulations, the default divider
results should always be used.

File Edit Libraries Record Tools View Help

FH Y RE S E: M B el OfZ|(% T
List ID#|2 -
Cale [F3) MName |Plicture w.div
tode |NFRC -
Hew
Type | Fixed [picture) - ﬁ]
LCopy
Width 1200 mm
Delete Height [ 1500 mm
Save Area | 1.800 m2
Fepart Tik 0
Errvironmental Conditions
I¥ Dividers NFRC 100-2010 s
Diwiders
SHGC and VT detail
Dizplay mode:
ol = Actual MNo Generic Generic
T otal Window Resuls Dividers Dividers Dividers Dividers
POD [mm] 25.259354 M#4 19049933 38.0359333
Ufactor |1.9315 W AmZ-, SHGCO 0.007040 | 0.003561 0006533 0.005343
SHGCAYT Detail she [ar SHGC1 0764040 | 0879024 0792342 0710338
| e V1O 0000000 | 0000000 0000000 0.000000
CR Detail : VTl 0756956 | 075453  07FE680E 0700891
CR 4
Save Az

Results for actual
dividers modeled in
the Window

Figure 7-7. The SHGC 0 & 1 and VT 0 & 1 results are shown for the actual dividers if they are modeled.

SHGC and VT detail
Mo Generic Generic
Dividers Dividers Dividers
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SHGCO 0003561 O00R533 0.009343 . ‘__ i
SHGC 0879021 0739233 071033 HE0 R R 8 woshgc. o = £
V10 0.000000)  0.000000)  0.000000 Hon | Inse | Pagi| Forr | Date| Revi| Viev| Acc| @ @ o &2 2
vT1 0875459 0785806 (0.700992 —
Al - Je w
savess.. | A B c D E L
I\ 1 Actual Div Mo Divide Generic D Generic Dividers
2 PDD (inch 1 N/A 0.75 1.5 =
3 |SHGCO 0.00704 0.003561 0.006533 0.009343
1. Click on the Save As button to 4 SHGC1 0.76404 0.879024 0.792342 0.710338
save the results into a text file. 3 |VTO 0 o 0 0
2. Open *.txt file in a spreadsheet 711 6 WT1 0.736996 0.875459 0.785806 0.700991

program and be sure to delimit it
by “tab” and “space”

Figure 7-8. The SHGC 0 & 1 and VT 0 & 1 results can be saved to a text file which can be imported into other applications, such as a
spreadsheet or word processing program.
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7. TOTAL PRODUCT CALCULATIONS USING WINDOW 7.4 Overall Product U-factor, SHGC, VT, and CR Calculations

7.4.2. Sightline Grouping Procedures

In order to reduce the number of simulations required to develop the SHGC values for a product line with
varying frame widths, the following grouping procedure has been developed by NFRC. It is based on Section
4.2.3.E of the ANSI/NFRC 200 Standard, “Procedure for Determining Fenestration Product Solar Heat Gain
Coefficient and Visible Transmittance at Normal Incidence”.

To determine the SHGC grouping, follow the steps below. For the products with the largest and smallest
daylight openings:

1.

Determine the SHGC for both products

Using the product with the highest Center-of-Glass SHGC*, determine the whole fenestration SHGC
for the product with the largest daylight opening and the product with the smallest daylight
opening, using equation 4-1 of ANSI/NFRC 200.

SHGClargest = SHGCOlargest + SHGC, (SHGCllargest - SHGCOlargest)
SHGCsmallest = SHGCOsmallest + SHGCc (SHGClsmallest - SHGCOsmaHest)

* For the purpose of this procedure you must start with the glazing option with the highest Center-of-
Glass SHGC, or do this for each different glazing option or a group of glazing options always using
the highest Center-of-Glass SHGC as the starting point.

Calculate the difference for both products (SHGCdiff)

SHGCqiff = SHGClargest - SHGCsmallest

Determine the number of SHGC groups needed (NGN):

To determine the number of SHGC groups needed (NGN) for this range of products, divide SHGC i
by 0.05 :

NGN = SHGCqiff / 0.05

Calculate the daylight area difference for both products (Areadiff)

Calculate the difference in daylight area between the product with the largest daylight area and the
product with the smallest daylight area.

Areadiff = Areadaylight largest — Ar€adaylight,smallest

Calculate the Grouped Area Band Width (GABW)

Divide the Area difference by the number of SHGC groups needed and round to the next integer to
obtain the Grouped Area Band Width (GABW):

GABW = Areagirr / NGN
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6. Determine the Sightline Group Leader
The sightline group leader is the mid-point of each band:

Group leader = Areadaylight largest — [(Group Leader Number - 0.5) * GABW)]

So, for example:
1st group leader = Areadaylight largest - (0.5) * GABW)
2nd group leader = Areadaylight largest - (1.5 * GABW)
3rd group leader = Areadaylight,largest - (2.5 * GABW)
And so forth for the number of GABW calculated.

7. Calculate SHGC and VT for each Sightline Group Leader

Model each group leader and use the SHGCy, SHGC;, VTo, and VTinumbers to calculate the SHGC
and VT for each group.
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7.4.3. Whole Product U-factor With Dividers

The generic dividers used to calculate the SHGCo, SHGC;, VTo, and VTi values are NOT used to calculate the
whole product U-factor, if the whole product is manufactured with dividers. In that case, the actual divider
geometry is modeled in THERM, the THERM file is imported into the WINDOW Divider Library, and used
in a record (different from those used for the SHGC,, SHGC1, VT, VT calculations) in the Window Library.
This is shown in the following figures.
Figure 7-9. Window Library List View for the “U-factor with Dividers” case.

The Window Library Detailed View shows that the divider used for this product is from a THERM file, rather
than one of the generic dividers.
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Figure 7-10. Window Library List View for the “U-factor with Dividers” case.
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7.5 Project Databases

WINDOW databases can be quite large. For example, the default database, w7.mdb, that is included in the
program installation package, is approximately 100 MB. One of the main reasons for the large size is the
records in the Glass Library - there are over 6000 records in that library as of this writing. Each entry in the
Glass Library contains spectral data for that glass layer, hence the large database size. For any given modeling
project, only a few of these glass layers are used.

It is possible to make a much smaller WINDOW project database by saving only the records in each library
(particularly the Glass Library) that are used in the defined glazing systems and windows. For example,
saving a project database in this fashion would mean that only the glass layers referenced by the glazing
system would be saved in the Glass Library, rather than the entire Glass Library that is installed with the
program. A database with only the referenced glass layers can be less than 1 MB.

Saving a smaller database in this manner is referred to in this manual as a “Project Database”, meaning it
contains only the needed entries for the project being modeled. In the List View of each library there is an
“Export” button, which can be used to export selected records to another database. This “Export” feature is
what can be used to generate a Project Database.

Many of the libraries reference other libraries for some of their values. Therefore, when a record is Exported
from a library, WINDOW also has to export any other records that are referenced from the exported record.
Figure 7-11 shows how each library is referenced from other libraries. The Gas, Glass, Frame, Divider and
Environmental Conditions libraries are stand-alone libraries, meaning they do not reference any other
libraries. However, the Glazing System and Window Libraries reference many of the other libraries.

So, for example, in order to export to another database all the information for a glazing system, WINDOW
must also import the referenced records from the Gap Library, Glass Library and Environmental Conditions
Library. But the important point is that only the needed records in each of these referenced libraries are
needed in the exported database. So there might only be two or three entries in the Glass Library, i.e., those
used in the Glazing System, instead of the 6000+ entries that are in the entire database. This will then make
the database these records are imported into much smaller.

Window Library »| Glazing System Library »| Gap Library
Glass Library
Frame Library Environmental
> Conditions Library

Divider Library

Environmental
Conditions Library

Figure 7-11. The database hierarchy in the WINDOW project database.
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The steps to save a WINDOW database in this manner are the following:

= Select the Library “level” that the export should start from - in general, the most complete “level” to
export from will be the Window Library.

Start from the Window Library: this will mean that records from all the libraries that are used either
directly or indirectly from those libraries will be included in the project database:

Glazing System Library: All the glazing systems referenced in the Window Library entries
Frame Library: All the frames referenced in the Window Library entries

Divider Library: All the dividers referenced in the Window Library entries, if dividers are
modeled.

Glass Library: All the glass layers referenced from the glazing systems used in the Window
Library entries

Gap Library: All the gases referenced from the glazing systems used in the Window Library
entries

Environmental Conditions Library: All the environmental conditions referenced from the
glazing systems and the Window Library entries.

Shading Layer Library: Any records in the Shading Layer Library that are referenced from the
glazing systems that are exported to the Project Database.

Shade Material Library: Any shade material records that are referenced from the Shading Layer
Library if Shading Layers are modeled in the exported glazing system.

Start from the Glazing System Library: this will mean that records from the libraries used to define
the glazing systems will be written into the project database, and no other entries:

Glazing System Library: All the glazing systems referenced in the Window Library entries

Glass Library: All the glass layers referenced from the glazing systems used in the Window
Library entries

Gap Library: All the gases referenced from the glazing systems used in the Window Library
entries

Environmental Conditions Library: All the environmental conditions referenced from the
glazing systems and the Window Library entries.

Shading Layer Library: Any records in the Shading Layer Library that are referenced from the
glazing systems that are exported to the Project Database.

Shade Material Library: Any shade material records that are referenced from the Shading Layer
Library if Shading Layers are modeled in the exported glazing system.

Note that when you create a project database the program may display a message saying that some
records already exists (based on detecting duplicate record ID numbers), and ask if you want to overwrite
it, as shown below.

B

‘window Fecard 1 already exists in Yes
C:4Jsers\Public\LBMLYWIND O'WENProjec

Do pow want to averwrite it with the Mo
ourent record?

Cancel

‘ez to Al

Figure 7-12. This message will always appear during an export.
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7.5 Project Databases

This message will always appear for a New Project Database for Record 1 of the Environmental
Conditions Library, because the default “blank” database that the program writes into contains one
default Environmental Conditions record. For new project databases, click the Yes button for overwriting
existing records. If you are importing records into an existing database, you should determine what
record ID numbers are already defined in the existing database, and determine whether or not you
should overwrite those records with records you are going to import into that database.
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Figure 7-13. Creating a Project Database.
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8. SPECIAL CASES

8.1. Overview

The following special cases are covered in this section:

8.2.
8.3.
8.4.
8.5.
8.6.
8.7.
8.8.
8.9.

8.10.
8.11.
8.12.

8.13.
8.14.
8.15.
8.16.
8.17.
8.18.
8.19.
8.20.

8.21
8.22
8.23

Meeting Rails

Dividers

Storm Windows

Unit Skylights

Doors

Spacers

Non-Continuous Thermal Bridge Elements

Site Built Fenestration Products
Curtain Walls, Window Walls
and Sloped Glazing

Garage / Rolling Doors
Creating a Laminate in Optics for NFRC

Creating an Applied Film Layer in Optics
for NFRC Certification

Framed Intermediate Pane

Shading Systems Modeling Overview

Shading Systems Modeled for SHGC / VT Only
Venetian Blinds - Between Glass (Integral)
Woven Shades - Outdoor

Diffuse Glazing

Environmentally Controlled Dynamic Glazing
Vacuum Insulated Glazing (VIG)

Spandrel Panel Systems

Pivot Windows and Doors

Domed Skylights/Glass Block/U-Channel Glazing/Specialty Glazing

page 8-2

page 8-10
page 8-45
page 8-56
page 8-69
page 8-70
page 8-74

page 8-87
page 8-101
page 8-111

page 8-125
page 8-135
page 8-137
page 8-139
page 8-157
page 8-192
page 8-204
page 8-209
page 8-216
page 8-223
page 8-233
page 8-235
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8. SPECIAL CASES 8.2 Meeting Rails

8.2 Meeting Rails

Meeting rail cross sections are the stiles or rails that meet in the middle of a sliding window. In this manual,
the term "meeting rail' is used generically to describe meeting rails, meeting stiles, interlock stiles,
interlocking stiles, sliding stiles, check rails, and check stiles.

8.2.1. Modeling Meeting Rails

When modeling a meeting rail, both the sashes and their associated glazing systems are modeled. Figure 8-1
shows an example of the meeting rail from a horizontal aluminum slider.

Creating the cross section for a meeting rail is no different than any other model in THERM. A few things to
keep in mind are:

= Two glazing systems are imported, one facing up and one facing down

1. Interior boundary conditions for each of the glazing systems are labeled with the Edge U-factor tag,
and the program averages the values for both to derive one Edge U-factor.

2. Model the meeting rail with the glazing systems facing up and down (see Section 6.3.3, "Cross Section
Orientation" in this manual). If the DXF file is drawn with them in a horizontal position, draw the
frame cross section, and then rotate it before inserting the glazing system.

The following discussion lists the steps for making a cross section with two glazing systems and assigning the
correct boundary conditions.

Exterior Interior

Edge-of-glass

Sightline

The Sightline determines
the Edge-of-glass
delimeter for the Boundary
Conditions

Frame

Sightline

A4

A

Edge-of-glass

Figure 8-1. Meeting rail cross section.
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8.2.2. Steps for Meeting Rail U-factor Calculation

1. Using dimensioned drawings or a DXF file, create the cross section for the frame portion of the meeting
rail. In Figure 8-2, the frame for the horizontal aluminum slider meeting rail has been created.

Sweep

Step 1:

Draw the frame portion of the meeting
rail cross section, including both sash
elements, and the sweeps between
them.

The interior surface of
aluminum extrusions,
which are generally
unpainted metal, should
have an emissivity of
0.05.

Sash 2

Define the air between the sashes as
Frame Cavity NFRC 100.

Sash 1

Emissivity of interior
aluminum alloy
surfaces of unpainted Sweep
extrusion = 0.05.

Figure 8-2. Frame portion of meeting rail cross section.

2. Position the Locator (using the Draw/Locator menu choice, or pressing Shift F2) in the lower left corner
of the frame where the first glazing system will be inserted, as shown in Figure 8-3.

Step 2:
Position the Locator (using Shift F2 or
the Draw/Locator menu choice) in the
lower left corner of the frame where the
glazing system will be inserted.

Figure 8-3. Position the Locator for the first glazing system.
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8. SPECIAL CASES

8.2 Meeting Rails

3. Using the Libraries/Glazing Systems menu option (or the F6 key), insert the upper glazing system, as
shown in Figure 8-4. In this example, the spacer will be copied and pasted into the cross section later.
Add a spacer and use the Material Link (Library/Create Link) to link the glazing system cavity
conductivity with adjacent cavities in a spacer which is open to the glazing system cavity, if necessary.

o, File Edt View Draw Lbraties Options Caleulation Window Help

=@ x|
DSEEG E|LD@ [a-]k LaQ #2050 |FKu ‘%H??FrameCavirySuriace?? ~|
=
Step 3:
Insert the glazing system using the Libraries/Glazing Systems menu choice or the F6 key.
L] Specify the appropriate values in the dialog boxes (such as Orientation = Up) and then click on
the OK button and the glazing system will be imported.
| Insel in em . . " 1=
Step 5: - ;Ghz o "CR cavity height" for CR :
Al Li fientation - . =
Use the Material Link } ratings shall per operator type
feature to fill the polygon but for CI rati the height i
below the glazing CaVity Glazing system width | 25.51 mm ut ror ra lngs’ € elg 15
with the same material as R oaviy height [0 me | D00mm for all products.
the glazing CaVity itself. Sight line to bottom of glass ,T mm
= Fill the space with any Spacer height [127
material Edge of Gless Dimension [£35  mm Edge of Glass Dimension and
= Select the pplygon Glazing spstem height 150 mm Glazing system height shall
. Gp to lerarle§/Create Sightline to shade edgs [0 o always be 63.5mm and
Link menu option .
Step 4: = With the Eye Dropper 150mm , respectively.
|nsert the CUrS-Or, C“Ck on the . ¥ Use nominal glass thickness
Spacer N ng 3y$tem CaVIty- ¥ Use CR Model for Window Glazing Systems Slght llne to Shade edge is
Gap Properties . .
N @ veimt 6o [T ket o 25T llmlesls Workmg with
_— complex glazings.
O b ‘width |16.51 p g g
Spacer Exterior and Interior
||: glr:;::;ac:;r for multiple glazings Boundary Conditions
Meterl [Fiberglss (PE Resin) = settings shall be entered as
kN Default Boundary Conditions illustrated belOW.
%y -132.2,-1208  [dxdy 0.5, 4.6 llen 46  [step 100 jom | % Usge U-tactor values

Ready

" Use SHGC values

Esterior Boundary Candition

Interior Boundary Conditian

|Usa exigting BC from library [zelect below) j ‘Use convection plug enclosune radiation j
[MFRC 100-2010 E sterior | ]
' vl
Figure 8-4. Insert the first glazing system.
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8. SPECIAL CASES

8.2 Meeting Rails

4. Reposition the locator to the upper left corner for the 24 glazing system.

Step 5:

Reposition the Locator in the
upper left corner of the frame
for the 2" glazing

Figure 8-5. Reposition the Locator for the 21 glazing system.

5. Insert the 2nd glazing system, setting the Orientation to “Down”, and entering the correct values for Sight
line to bottom of glass and Spacer height.

Glazing systefm width [25.34 mm
CR cavfty height | 1000 mm

Sight line ta bottofn of glass {19.430 mm
Spacer height (9.7730 T

Edge of Glasf Dimension [63.5 mm
i stem height 1150 ]

ok |
Cancel

Insert Glazing System ¥ - 10| x|
Orientation | Cown - ok ation Window Help .= ﬂ

AQ 2O | FIE WK 3mmCIG

Step 6:

Insert the 2"¢ glazing
system

(Orientation = Down)

Insert Glazing System

" Replace Existing Glazing System

* i4dd as additional glazing syster

]

Cancel |

Sightline

Step 7:
Clicks on “Add as
additional glazing system”.

=l

/

Figure 8-6. Insert the 214 glazing system.
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8. SPECIAL CASES 8.2 Meeting Rails

6. Add spacers and create materials linked to the glazing system cavity if necessary.

Add spacers and link materials
to the glazing system cavity

Figure 8-7. Add custom spacers.
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8. SPECIAL CASES

8.2 Meeting Rails

7. Define the boundary conditions by pressing the Boundary Conditions toolbar button, or clicking on the
Draw/Boundary Conditions menu choice, or pressing the F10 key. Make sure that the interior boundary
conditions are set to Radiation Model = “ AutoEnclosure”. Assign the Edge U-factor tag to each of the
interior glazing system boundary conditions, as shown in Figure 8-8.

T

»

BC = NFRC 100-2010 Exterior

U-factor Tag = None ®

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior

BC = NFRC 100-2010 Exterior
U-factor Tag = None

BC = Adiabatic

U-factor Tag = None

BC =

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

Interior <frame type> (Convection only)

Radiation Model = AutoEnclosure

U-fac

U-fact

tor Tag = Frame

____________ Sightline

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure

or Tag = Edge

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

BC = Adiabatic
U-factor Tag = None

Figure 8-8. Define the Boundary Conditions for the meeting rail.
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8. SPECIAL CASES 8.2 Meeting Rails

8. Run the simulation, by pressing the Calc toolbar button, clicking on the Calculation/Calculation menu
choice, or pressing the F9 key. The U-factor results are calculated for the Frame and Edge U-factor tags,
as shown in the figure below.

uractars x|
U-factar delta T Length
Wi m2-K = mm Fiotation

SHGL Exterior I?.3DE? |3S.D |53.542? ISD.D IProiected in Glazs Plane j

Frame |7.0538  [33.0 |433017 300 | Projected in Glass Plane |~ |

Edge i | S 130177 900 | Projected in Glass Plane |~ |

[s00 Expart

% Erar Energy MNorm | 3.04% ﬁl

Figure 8-9. Calculate the results.
9. Import the THERM file into the WINDOW Frame Library.

8.2.3. Steps for Meeting Rail Condensation Resistance Model

The condensation resistance model is only appropriate for horizontal meeting rails (found in vertical sliding
products) - THERM will not calculate the temperatures for condensation resistance models for any file with
the Cross Section Type set to “Vertical Meeting Rail”.

There are two methods for calculating the temperatures for the condensation resistance information in
THERM. WINDOW will calculate the total Condensation Resistance (CR) ratings per NFRC 500-2017.
WINDOW does not calculate CI ratings per ANSI/NFRC 500; therefore, NFRC's "CI Temperature Reading
Tool", along with a proprietary spreadsheet, shall be used to calculate the overall product CI.:

= Check the “Use CR Model for Window Glazing System” checkbox when importing a glazing system
OR

= In the Options menu, Preferences choice, THERM File Options tab, check the “Use CR Model for Glazing
Systems”, as shown in the figure below.

B x|

Preferences | [rrawing Options I Simulation
Therm File Options | Shap Settings
Mesh Contral

(Quad Tree Mezh Parameter IS

v Fur Error E stimatar

Maximurn % Emor Energy Morm I1 0 %

b aximnum [berations |5

¥ Use CF Model for Glazing Systems

Figure 8-10. In Options/Preferences/Therm File Options, check the “Use CR Model for Glazing Systems” checkbox.

When the CR model has been “turned on”, red boundary conditions will appear inside the glazing system,
and the following steps should be taken to simulate the file:

1. Check the emissivities of these boundary conditions. They should be the following:

=  Emissivity of the surrounding surface, such as 0.84 for standard glass, 0.90 for most frame materials,
0.05 for un-painted aluminum alloy, and so forth.

= 1.0 for the adiabatic (open end) of the glazing cavity.
= Actual cavity height per Table 6-2, Section 6.4.5 for CR ratings and 500mm for CI ratings.
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8. SPECIAL CASES 8.2 Meeting Rails

2. Simulate the model. The program will calculate temperatures for both U-factor results and the
condensation modeling results.

3. Import the results into the WINDOW Frame Library and use the meeting rail file to create the whole
product in the Window Library as applicable.

Fiqure 8-11. Red boundary conditions will appear inside the glazing system when the CR model feature is activated.
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8. SPECIAL CASES 8.3 Dividers

8.3 Dividers

8.3.1. Internal Dividers (Suspended Grids)

The criteria for when dividers are modeled can be found in ANSI/NFRC 100, Sections 4.2.4 and 4.2.5. The
discussion below describes the methodologies in WINDOW and THERM for modeling dividers when that
criteria is met.

8.3.1.1. Modeling Steps

The modeling steps in THERM7 and WINDOW? are the same for all divider shapes and all possible gas fills,
in contrast to modeling steps in previous versions of THERM.

Linking Frame Cavities and Glazing Cavities

Internal dividers are an exception to the rules for linking frame cavities to glazing cavities as discussed in
Chapter 6. Internal dividers are only modeled if the distance between the exterior sides of the divider and the
inside surface of the glazing system are less than 3 mm. Therefore, even for contoured internal dividers, a
simplifying assumption is made that the 5 mm rule is not applied. The space between the divider edge and
the glass are modeled as frame cavities, and the boundary of that cavity extends to the top and bottom of the
divider component. See the following examples for detailed descriptions.

Modeling Steps
The modeling steps are the following:

In WINDOW:
* No new work is required, because the same glazing system that is used to model the rest of the product is
used in the divider model.

In THERM:
= The new ISO 15099 modeling assumptions would theoretically warrant modeling horizontal and vertical
dividers separately. However, a conservative simplification is to model all dividers, including horizontal
ones, as vertical dividers. Therefore, only one divider model is created in THERM and referenced in
WINDOW.
=  Set the Cross Section Type to “Vertical Divider” for all dividers.
* Insert the glazing system twice, once facing up, with a spacer height defined as the same height as the
divider height, and once facing down with the spacer height set to zero.
= NOTE: Because all dividers are modeled as “Vertical Dividers” the CR model is not run in THERM for these files.
However, WINDOW will still calculate a whole product CR value when these dividers are used in a
product, by using the U-factor temperatures for the dividers.
= Draw the true geometry of the divider in the upper glazing system, in the “spacer” area.
= Depending on the fill of the glazing system, assign the appropriate frame cavity material to the cavities
between the glazing system and the divider, as well the cavity inside the divider, as follows:
+ For air-filled dividers: Assign “Frame Cavity NFRC 100-2010” material
+ For gas-filled dividers: Create a new material in the Material Library that is identical to the “Frame
Cavity NFRC 100-2010” material, except that the gas used in the glazing system, found in the Gap
Library, is referenced in the Gas Fill field. Assign this new material to the cavities in the divider. (See
the example below)
= Assign Boundary Conditions.
* Simulate the results.

Import the file into the WINDOW Divider Library. Reference the Divider as appropriate from the Window
Library when constructing the whole product.
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8. SPECIAL CASES

8.3 Dividers

8.3.1.2. Air Filled Glazing Systems

The modeling steps for a divider with an air-filled glazing system are explained in detail in the following

pages.
In THERM:

1.
2.

Set the Cross Section Type to “Vertical Divider”.

Import the glazing system for the divider, which is the same glazing system as the rest of the product,

with the following settings:
*  Orientation = Up

* CR Cavity height = 1000 mm (39 inches)

= Sight line to bottom of glass = height of the divider (in this example it is 19.05 mm [0.75 inches])

= Spacer height = height of the divider (in this example it is 19.05 mm [0.75 inches)
= Edge of Glass Dimension = 63.5 mm (2.5 inches)

* Glazing System Height: 150 mm (6.0 inches)

= Sight line to shade edge: 0 (not modeling shading system)

= Gap Properties = Check “Default”

=  Draw spacer = Not checked

JE Fle Edt View Draw | Libraries Options Caloulstion Window Help

DEHE &S| B L o F4 ‘ECH;@u‘VEH_
[ SetBoundary Condlion 75
Material Library Shift-F4
Boundary Condiion Library Shift-F5
Gas Library Shift-F6

7| Insert Glazing System

Selech Materia|/Baundary Condtion

Glaz

UFa 5
Create Link
Remoye Link

Sight line to bottom of glass [1905 mm

7
Step 1: Select Glazing System from
the Libraries Menu, or Fé6.

Step 2: Select the appropriate
glazing system by ID Name from
WINDOW and then click Import

\ \

=

T ¥

Glazing Systems

Glazing System

# Layers |2
Ucenter |1.68 Wiim2- NFRC CHA..
Thickness |21.595%  mm

Shading layers; Mone

Cloze

WINDOW Glazing System Library

|C:\Users\Puinc\LBNL'\WINDDW?S Browse

Window D atabase

Dientation

Glazing system width W mm
CR cavity height (1000 mm

Spacer beight [1206

Edge of Glass Dimension [635 mm
Glazing system height [150 mm
Sight line to shade edge 'U— M

v Use nominal glass thickness
W Use CR Model for Window Glazing Syster
Gap Properties

@ Defaut  Gap [1 & Keft [0

" Custom
“width |12.7]
Spacer
[ Draw spacer

I~ Single spacer for multipls glazings

Material |Fiberglass (PE Resin) -

Default Boundary Conditions:

(¥ Use l-factor values
" Use SHGC values

Step 3: Enter in CR Cavity
Height as 1000mm. The Sight
line to bottom of glass and
spacer height shall be equal
and is the divider height.

Edge of Glass Dimension and
Glazing system height shall
always be 63.5mm and 150mm,
respectively.

Sight line to shade edge is
zero, unless working with
complex glazings.

Exterior/Interior Boundary
Conditions shall as illustrated
below for all NFRC modeling.

Esterior Boundary Condition

Interior Boundary Condition

| Use existing BC from library (select below]

j ‘Use convection plus enclosure radiation j

[NFRC 100-2010 Exterior

ol

-] LIL‘

Fiqure 8-12. Import the first glazing system.
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8. SPECIAL CASES

8.3 Dividers

3. Import the glazing system again as an additional glazing system, below the first one (the locator does not
have to be moved), but facing down this time. Use the following settings for this glazing system:

= QOrientation = Down

= CR Cavity height = 1000 mm (39 inches)

= Sight line to bottom of glass = 0

= Spacer height =0

= Edge of Glass Dimension = 63.5 mm (2.5 inches)
= Glazing System Height: 150 mm (6.0 inches)
= Sight line to shade edge: 0 (not modeling shading system)

= Draw spacer = Not checked

Insert the glazing system as an Additional Glazing.

r!g‘ﬂls Edit View Draw Lbraries ©Options Calculation Window Help

I
th

x |

DZES B Lo@ ekt aq o6 F

Click on the “Add as
additional glazing
system” radio button in
the Insert Glazing
System dialog box.

Insert Glazing Syste

" Replace Existing Glazing System

x|

& Add as additional glazing system

o]

24 Glazing System /

Cancel

Insert Glazing System

Orientation |Down ﬂ
Glazing system width |21 mmrn
CR cavity height {1000 T
Sight line to bottom of glass |0 mm
Spacer height {0

mm
Edge of Glazs Dimension |E3.5 mim
]

Glazing syztem height (150
Sight line to shade edge (0 mm

¥ Usze nominal glass thickness

T

Cancel

0K
[t ]

Set Sight line to
bottom of glass and
Spacer height to
zero.

Fiqure 8-13. Import the second glazing system as an additional glazing system, facing down.

I*1
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8. SPECIAL CASES

8.3 Dividers

4. Draw (or copy and paste from another THERM file) the polygons in the cavity that represent the divider.
The figure below shows the divider for this example drawn with the material set to Aluminum Alloy

Figure 8-14. Draw the polygons to represent the divider.

Draw the divider in
the cavity between
the two glazing
systems.

8-13
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8. SPECIAL CASES 8.3 Dividers

5. Fill the cavities between the divider and the glass layers and inside the divider with the material “Frame
Cavity NFRC 100”. Because internal dividers are only modeled if the gap between the edge of the divider
and the glass surface is less than 3 mm, the 5 mm rule for linking glazing cavities and frame cavities is not
applied to internal dividers - the cavity surrounding the divider is modeled as a frame cavity, with
boundaries at the upper and lower edges of the divider.

Check the emissivity values for the inside surface (by double-clicking on
the surface) of the extruded metal divider — If there is a different surface
finish on each side of the material, change the default material emissivity
as appropriate based on the NFRC 101 values.

Frame Cavity Surface

Cancel

Per NFRC 101, this
surface shall be 0.05 for
unpainted aluminum.

Fill all divider frame cavities with the material “Frame Cavity NFRC 100
for this example; but, it could also be a Gas-Filled Cavity (See 8.3.1.3)

Note that the 5 mm rule for linking glazing and frame cavities does not
apply to dividers.

Figure 8-15. Fill the divider frame cavities with Frame Cavity NFRC 100.

6. Define the boundary conditions, using the “AutoEnclosure” choice for the Radiation Model.
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8. SPECIAL CASES

8.3 Dividers

Fiqure 8-16. Assign the boundary conditions.

BC=NFRC 100-2010 Exterior
U-factor tag = None

BC=NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior

BC=NFRC 100-2010 Exterior
U-factor tag = None

BC=Adiabatic
U-factor tag = None

i

<«

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor taa = None

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

¢« 4— BC = <glazing system> U-factor Inside Film
I —Radiation Model = AutoEnclosure
U-factor tag = Frame
]

-

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

A

BC=Adiabatic
U-factor tag = None
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8. SPECIAL CASES

8.3 Dividers

7. Calculate the results.

].'ﬁ‘FiIe Edit View Draw Libraries Options Calculation Window Help

@& B Lo L A e Wk A R AL R

i}

Step 1: Click on the Calc toolba/
button to start the simulation. “EE

Step 2: When the simulation is
finished, the results specified in the |5
Calc/Display Options menu choice
will be drawn on the model. In this
example, isotherms are displayed. The
Show Results toolbar button will
toggle the results display on and off.

Lol

Step 3: Click on the
Calculation/Show U-factors menu
choice to see the U-factor results.

x|

Export

U-Factors
U-factar delta T Length
Wm2-K, (% i Rakation
Fdge [28048  [330 [127 [30.0 |Projected in Glass Plane |
SHGC edterior 33783 |390 [1an7o8  |90.0 |Projected in Glass Plane |
Frame ~||310a |30 [1a05  |300 |Projected in Glass Plane |
% Enor Erergy Mom | 2.24%

0

Figure 8-17. Calculate the results.

8. Save the file using the File/Save As menu choice.
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8. SPECIAL CASES

8.3 Dividers

9. Import the results to the WINDOW Divider Library, as shown below. See Section 4.7.3, "Importing
THERM files" in the WINDOW User's Manual for more information about importing THERM files.

File Edit

e

Libraries

Detailzd Yiew

Update

Copy

Delete

=]
14

Al

W

Advanced...

7 records found,

Export
Fieport

Prirt

.
__ R |
_ min |

Record Tools View Help
- Import
= = f
Divider Librany [Z:5\Users\PublichLBMLYWIND DWW Ewh Format |Therm file j
WwWINDOW Database
D Mame Source bs | Color
v Awoid creatipfg duplicate reconds in export database by searching
for identica records
Alum/Divided
2 Bul/Divided AsHRA 0 [l
3 ‘Wood/Divided AYHRAE SEpen TI7E | Era 7 TS .90 -
4 InsulDivided sEHRAE N/, N/&  Classé ne 153 0o [
" R N/t N/ Class§ we 160 03 [
Step 1: From the WINDOW Nt N/ Class] ne 160 030 [
rame Library, click on the Vertic —
Import button. This will open the H Open =
Im ial X o
port dialog bo Lookin: | |, WINDOW - e E-
N Date modified T Siz:
Step 2: Set the Format to ame e monhe e =
“Therm File”. /L Divider.THIM 5/21/20131:33PM  THERM File
) Debug 5/20/2013 2:45 PM File folder
/ | BSDFs 5/14/20131:53 PM  File folder
Step 3: Select the THERM files | Samples 4/22/2013 5:17 PM File folder
| XML 11/15/2012 6:34 PM  File folder

to import

<

Step 4: Specify the record number, or us
the program default number, which is an

increment from the last record.

Detailed View

Update

Copy

Ul

Delete

Fird

(=]
i

i,

Advanced...

8 records found.
Import
E xport
Report

Frint

il

T~

LIWIOEr LIDRany | LU sersEunncsLB ML Y D

nr

| 3

File name:

Files of type: | Themn files (“thm)

Adding a record...

M arne

‘wiood/Divided
Imzul/Divided
Alum/Suzpended
WVirgl'S uzpended
divider-3ram. TH
Divider. THM

\

-
mwmm-ﬁ-wm! =

Butpl/Divided

D for new record: |

™ Owensrite existing recaords

C:AUsers\PublichL BNLYWINDOW \Divider. THM

ﬂ Cancel

T IT T T

ASHRAE Suzpends
ASHRAE Suspende
ASHRAE Suspend:
ASHRAE M4

Themn  Wertical D
Therm  Wertical D

I A
R A
M
MJa
2o
2248

A8
T4
A2
M A2,
1.732
1.830

Step 5: The selected records will be
imported into the library.

[l

Cancel |
%2 | Pd o Abs | Color

mrm mm

NN
== e 159 090 [
Class3 w153 o050 [
Classd e 153 030 [
Class5 nea 160 030 [l
ClassT na 1s0 0 030 [
M x4 w4 ox BN
N 54 131 oz

Figure 8-18. Import the THERM file into the WINDOW Divider Library.

10. Use the new divider in the calculation of the complete product values in the main screen of WINDOW.
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8. SPECIAL CASES

8.3 Dividers

8.3.1.3. Gas Filled Glazing Systems

If the glazing system being modeled with a divider is gas-filled, it is necessary to model the divider with the
same gas fill as the glazing system. This means a new material must be defined for the gas-filled frame
cavities around and inside the divider.

The THERM Gap Library contains entries for standard gases, as well as examples of gas mixtures. These
gases are not made in THERM,; they are made in the WINDOW Gap Library and then imported into the

THERM Gap Library. When the gas mixtures have been imported into THERM, they can be referenced from
a new frame cavity material for the divider model, as shown below.

1. Create the gas mixture in the WINDOW Gap Library. Presumably it already exists for the product
glazing system model. See Section 10.4, “Gas Mixtures” in the WINDOW 7 User’s Manual for details about
creating new entries in the Gap Library.

H W73 - Gap Library (C:\Users\Public\LENL\WINDOWT 3\W7.mdb)
File Edit Libraries

Record Tools View Help

(=[O )

Copy

Delete

[ JEEL L

Advanced...

23 records found.
Impaort
Export

Repart

Sl

Frint

For Help, press F1

= E = = ell: O#H 7 || 7K
- - Gap Library [C:\Users\PublichLBMLWWIMDOW T 347 mdb)
Detailed Yiew
D Mame Type | Conductivity Yiscozity Cp [renzity Frandtl | Conductance
= A kgfm-z Jikgk kgdm3 Wmz2-E

0000017 | 1006 1. 0.7197 -
2 Argon Pure 0016248 0000021  521.929016  1.782282  (.6705
3 Kmpton Pure  0.008663 0000023 248.091003 3738740 06718
4 Kenon Pure  0.005160 0000021  158.339396 5857955 (.6543
£ Air(5%]/ Argon [95%) Mix Wi 0.016703 0000021 B39.729614 1757792 (6732
7 Air(12%] 4 Argon [22%] / Krypton [B6%] | Mix 0.011430 0000023 322703613 3014770 0.6403
8 Air(5%]/ Kypton [357%) Mix Wi 0.009130 0000023 261.636536 3616428 0.6641
9 Air(10%) / Argon (30%) Mix Wi 0.017062 0000021 BRE.033N42 1733303 067ES
10 Vacuum-air P=0.007 [pr-1.5 ps-30) Pure 0106787
100 Air- ENE73 Pure 0024169 0.000017 1002000000 1292438 0.7138
101 Argon - ENGT3 Pure  0.016245 0000021 E19.000000 1782282  (.6674
102 Krypton - ENE73 Pure 0008707 0.000023 245000000 3738740  (.6557
103 Henon - ENE73 Pure 0005119 0000022 161.000000  BE5TISS 0677
104 Air(5%) / Argon [35%) Mix - ENET3 Wi 0.016705 0000021 G36.977966 1757792 (L6700
105 Air(12%] / Argon (22%] / Krypton [B6%] | Mix 0.011531 0000023 219890289 3014770 0.6291
106 Air(5%) / Krypton [95%) Mix - ENET3 | Mix 0.009195 0000023 261670441 3616428 (.6637
107 Air(10%] / Argon (30%] Mix - ENEF3 | Mix 0.017068 0000021  G55.463989 1733303 (06726
200 CO2 Pure 0014567 0000014 827734131 1963508 0.7208
201 M2 Pure 0023969 0.000017 1040794678 1.250113  0.7207
202 SFE Pure 0013000 0.000014 418600006  B518257  (.4567
203 Helium Pure 0145163 0.000019 5196500000 0178460  (.6645
204 Meon Pure 0045239 0000029 1030400024 090033 (.6666
205 Octofluorpropane Pure 0010688 0000011 7E2.015320 8388474 0.8140
| | »
Mode: NFRC |51 NUM

Fiqure 8-19. Make the necessary gas mixture in the WINDOW Gap Library.
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8. SPECIAL CASES

8.3 Dividers

2. Import the WINDOW gas mixture into the THERM Gap Library, if it is not already there.

%File Edit VYiew Draw | Libraries Options Calculation  Window Help _|5|ﬂ
Dﬁ;n§||b St Material F4 |BC|§L[_§U|'VC|| j
Set Boundary: Condition F5 j
-
IMakerial Library shift-F4

Boundary Condition Library Shift-F5

Step 1: Click : b it |
on the Gap Select Material{Boundary Condition
Library from Glazing Systems F&
th_e . UFactar Mames Step 2: Click on the —GasData
Libraries Create Link Import button in the o poke_|
menu Remaye Link Gap Library dialog HeasE - =
— Conductivity Coefficients Rename |
box. & [0002a730 =
e [0.o00077g 5TR Plopeltiesl
C | 0.0000000 e lLinds |
—Wizcozity Coefficients Load Lib |
WINDOW Gas Import x| Step 4: Select the WINDOW | LTIy
o N /? gas record from the g 0.0000000
ame . .
< pulldown list and click on the [ NI
|mport button. — Specific Heat Coefficients——
Gas lype: |2 Gas Mix 4| 27369335
B [0.0123240
Import | Cloze [0 onnonnn
| / Step 3: Use the Browse g
WINDOW Database ¥ / button to select the ~ Molecular Weight
WINDOW database. [ 230
C:AU zerghPublich LEMNLWYWINDOW T, 3 Browse
¥ Pratected
1< | _>I_I
[, -3.102,2.917 |dx, dy 0.862,2.075 llenz.247 |Step 0.394 [inches | 4
Edit Gas Fil properties [ [ [ e
Figure 8-20. Import the gas mixture entries into the THERM Gap Library.
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8. SPECIAL CASES

8.3 Dividers

3. Make a new frame cavity material in the THERM Material Library based on “Frame Cavity NFRC 100”
but with the Gas Fill field set to the correct gas mixture from the Gap Library.

Material Definitions

Frame Cavity MFRC 100

— Material Type
! Sifid
%) Frame Bawity

) Glazing Eavity

1 Bt et ErE osre

Cavity Material

Cloze

Laticel

Step 1: Click the New button to make a new Frame

MNew Material name;
[

Delete

HHEE

|Gias Fil 35% Argor]  &—

Femarme:

= Solid Brapertie:

Cardietiit ID B Ficktefs
Ermreaiyite ID.S

— Cavity Propertie:

o |

Catcel
[Calar

Save Lib &z

Step 2:

| _— Give the new material a unique name.

Material Definitions

material. i

| Gas Fil 35% Argon

HA

Load Lib

Radiation tadel |5 mpliied =l
Cavity todel Im
GasFil[s <]
Emissivities: Side 109 Side2[08

Iv | Frotected

Step 3: Define the new Frame
Cavity

Material Type = Frame Cavity
Radiation Model = Simplified
Cavity Model = ISO 15099
(very important — do not use

“NFRC” as a choice.)

Gas Fill = Gas from Gap Library
from WINDOW

Emissivities = Irrelevant because
they will be recalculated during the
simulation.

" Solid
+ Frame Cavity
~

Material Type

(" Extemal Radiation Enclosure

=t =
w| o
o
]

avity Properties
distion Model | Simplified
Cagy Model | 150 15039 hd
Gas Fill | &ir [5%) / Argon (95

migsivities: Side 1|09 Side 210.9

-

=

x

LClose

Cancel
Hew
Delete

Calor
Save Lib As
Load Lib

Figure 8-21. Import the gas mixture entries into the THERM Gap Library.
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8. SPECIAL CASES

8.3 Dividers

4.  Use this new frame cavity material in the divider model cavities.

r!E‘File Edit  Wiew Draw Libraries Options Calculation  Window Help

=181 x|

NEES BELO fm=<{kLad 205 FEU|K

Propetiesfor Selecied Pobgons) X
Materisl [ Gas Fil 95% Argon =
D |1— Cancel |
Altributes Library |
Keff [0.3938 WK ibutes |
Harizontal dimension ISD.3 mm
Vertical dimenzion IF mm
B8
Jamb cavity heightw mm
Heat Flow Direction | Right ~ | [relative to screen)

Jamb: left ta right [relative to gravity)

—Side 1

Temperature|15 C
Emissivity | 050 B
— Side 2
Temperature|5 C
Emissivilyl 0.90 LI
Mate: For some cavity types, Keff, Temperature and
Emissivity data may not be comect until a simulation has
been done. The values shown are approximations.

L]
%y 25.4,-26.3 [dx,dy -3.0,-37.6 len 377 [step 10,0 jmm |
Ready [ertical Divider [ o
Figure 8-22. Use the new Frame Cavity material to fill the divider cavities.
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8. SPECIAL CASES 8.3 Dividers

8.3.2. Simulated Divided Lites

A simulated divided lite is a glazing system that has elements attached to the inside and outside of a glazing
system to give the appearance of true divided lites. The glazing system has a metal internal reinforcement,
but is all one system. The materials applied/adhered to the outside of the insulating glazing unit are not
required to be modeled per ANSI/NFRC 100. This is an option of the manufacturer and the following
provides the details to model and simulate it correctly.

Internal dividers, such as the dividers in the glazing system gap for simulated divided lites, are an exception
to the rules for linking frame cavities to glazing cavities as discussed in Chapter 6. Internal dividers are only
modeled if the distance between the exterior sides of the divider and the inside surface of the glazing system
are less than 3 mm. Therefore, even for contoured internal dividers, a simplifying assumption is made that
the 5 mm rule is not applied. The space between the divider edge and the glass are modeled as frame cavities
(with either air-filled or gas-filled as needed), and the boundary of that cavity extends to the top and bottom
of the divider component. See the following examples for detailed descriptions.

Fiqure 8-23. A simulated divided lite in THERM.
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8. SPECIAL CASES

8.3 Dividers

In THERM:

1. Set the Cross Section Type to “Vertical Divider”.

2. Import the glazing system for the divider, which is the same glazing system as the rest of the product,
with the following settings:

Orientation = Up

Actual Cavity height = 1000 mm (39 inches)
Sight line to bottom of glass = height of the highest opaque member, which is not the between-the-
glass divider. Since the exterior and interior SDL bars are the same height, we will use the
measurement of the interior wood bar (in this example it is 31.8 mm [1.25 inches])

Spacer height = same as “Sight line to bottom of glass”
Edge of Glass Dimension = 63.5 mm (2.5 inches)
Glazing System Height: 150 mm (6.0 inches)

Draw spacer = Not checked

JE Fle Edt Yiew Draw |Lbraries Options Caloulation Window Help

laix

[ FEu k|

O HS|E| L setHateid F
| SetBoundary Condition F5
Material Library Shift-F4
Boundary Condition Library Shift-F5
ias Library Shift-F&

Select Material/Eoundary. Condition

Step 1: Select Glazing Systems from the Libraries menu

-

“
I Step 3: Enter in CR Cavity
7 | Insert Glazi . . .
creata kg System Height as 1000mm. Sight line
Femave Link Orientation -
= to bottom of glass and spacer
Blazing e with BT o height shall be equal and is
CR caviy height [1000 oy the Wood SDL height.
Sight line to bottom of glass |31.8 mm
Spacer height |31.8 mm . .
Step 2: . X Edage of Glass Dimengion |B3.5 i Edge Of GlaSS DlmenSIOrl
Select the approprlate gIaZIng Glazing system heighl’F mm and Glazing system helght
system from the WINDOW libra il CO—
y ry Sight line to shade edge |0 mm Shall always be 635mm and
150mm, respectively.
Glazing Systems x|
DN ¥ Use nominal glass thickness
ame ] . . :
Glazing System [ EDER RN ] 'VP“SE EA Medsllorwindew Bz 29 - Sjorht line to shade edge is
ap Properties . .
Hlayes 2 © ot G [T =] ke[| Z€TO, unless working with
| 's .
Uesmiler |l | WA NFRC CMA... ustom wan [ complex glazings.
Thickness (21,595 mm
Shading layers: Mone Boacs] . .
I Draw spacer Exterior/Interior Boundary
Cloze I Single spacer for multiple glazings .
WINDOW Glazing System Library Mataiial [Fiberghsss IFE Resin) 5| Conditions shall as
[CA\Users\PUBlic\ BNLYWINDDW? 3 Browse Defk Bounday Condiions illustrated below for all
‘window Datab. " Use U-factar values 1
e EEiahase " Use SHEC values NFRC mOdehng'
Exterior Boundary Condition Interiar Boundary Condition
|Use existing BC from library [select below) j |Use convection plus enclosure radiation j
— | MFRC 100-2010 Enterior - -
K| f
VIdes JCCess Lo la2Ing 2y'stem LiDrares

Figure 8-24. Import the first glazing system.
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8. SPECIAL CASES

8

.3 Dividers

3. Import the glazing system again as an additional glazing system, below the first one (the locator does not
have to be moved), but facing down this time. Use the following settings for this glazing system:

*  Orientation = Down

= Actual Cavity height = 1000 mm (39 inches)

= Sight line to bottom of glass = 0 mm

= Spacer height = Same as “Sight line to bottom of glass”
= Edge of Glass Dimension = 63.5 mm (2.5 inches)

= Glazing System Height: 150 mm (6.0 inches)

= Draw spacer = Not checked

Insert the glazing system as an Additional Glazing.

e
%‘Flle Edit ‘iew Draw Lbraries Options Calculstion Window Help

~lsix

1 1 L CT ] = L -1 1 I

| Insert Glazing Systemn ﬂ

s

=
Cancel

Orientation | R

Glazing system width |21.7 i
CR cavity height (1000 o

Sight line: to bottom of glass |0 g _Set Slght llne to bOttOm Of
Spacer height |0 mm

lass and spacer height
Edge of Glass Dimension |53.5 mm g . . p g
Glazing spsterm height (150 mnm (WhICh 15 the SDL bar
Sight line to shade edge |0 mm helght) to zero.

Insert 2rd glazing system in

the down orientation. \ .

¥ Usze nominal glass thickness

¥ Usze CR Model for window Glazing Systems

Gap Properties system” radio button in

@ Defaull  Gap [ - Keff [o03089 \ T [ the Insert Glazing

C) Custom N System dialog box.

Width |127 i

Spacer l

™ Draw spacer

™ Single epacer for multiple glazings Inserk Glazing System il

Material |Fiberglass [PE Resin) hd

" Replace Existing Glazing System

Drefault Boundary Conditions » .

@ Use U-factor values &+ Add as additional glazing system

" Use SHGC values

Esterior Boundary Condition Interior Boundary Condition 0K I Cancel

|Use existing BC from librany [select below] j ‘Usa convection plus enclosure radistion j

[MFRC 100-2010 Exterior -| v Ul .

ki P
-
[l | »
[ 116.0,-18.5 /dx,dy 0.0, 0.0 len 0.0 [Step 100 |mm | v
Ready [sill [ WUM Lz

Click on the “Add as
additional glazing

Figure 8-25. Import the second glazing system as an additional glazing system, facing down.
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8. SPECIAL CASES 8.3 Dividers

4. Draw (or copy and paste from another THERM file) the polygons in the cavity that represent the divider.
The figure below shows the divider for this example drawn with the material set to Aluminum Alloy and
centered within the open cavity (the SDL bars established the sightline so this model will be different
than modeling only between-glass grids).

,!‘E‘ THERM 7.3 - [Divider] ;@ﬂ

]%‘EHE Edit View Draw Libraries Options Calculation Window Help = Eﬂ
hed& B Lo d &L QAR [FE U %

It is recommended to use a
temporary polygon to
serve as an anchoring
point for inserting the
glass and centered
between-glass divider.

L o

=y 0.207,-0.026 dx.dy -0.053,-0.276 len0.281 |5tep0.250 |inches
Ready Vertical Divider NUM

Figure 8-26. Draw the polygons to represent the divider before SDL bars are added.
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8. SPECIAL CASES 8.3 Dividers

5. Fill the cavities between the divider and the glass layers and inside the divider with the material “Frame
Cavity NFRC 100”. You will need to move the existing glazing cavity polygon flush to the between-glass

divider before filling the cavities. Apply 5mm rule if this cavity were an un-sealed system (in this
example this glazing system is a sealed IG unit).

Al s A FE W% [3mmoe

Calculation Window Help
P aQ 208 |F B WK

Fiqure 8-27. Fill the divider frame cavities after moving points to the between-glass divider.
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8. SPECIAL CASES 8.3 Dividers

6. Add the polygons for the simulated divided light elements on either side of the glazing system and
assign the appropriate materials to them.

r';E‘FiIe Edit Wiew Draw Libraries Options  Calculation  Window  Help =1l

DEEE B Lo i m<ilk Lt aq 25 FEuU| K|

IEY | _>ILI

[y 36.6,-12.5 |d,dy 55.3,-35.2 llen gt |step 100 ||

Figure 8-28. Add the polygons for the simulated divided lite elements on either side of the glazing system.
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8.3 Dividers

8. SPECIAL CASES

7. Define the boundary conditions, using the “AutoEnclosure” choice for the Radiation Model

BC=Adiabatic
U-factor tag = None

=

»
»

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor taa = None

BC=NFRC 100-2010 Exterior
U-factor tag = None

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

/
\

BC = Interior <frame type> (convection only)
BC=NFRC 100-2010 Exterior — Radiation Model = AutoEnclosure
U-factor tag = SHGC Exterior | U-factor tag = Frame

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge
BC=NFRC 100-2010 Exterior ’
U-factor tag = None
BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None
A4
—
BC=Adiabatic

U-factor tag = None

Figure 8-29. Assign the boundary conditions.

8-28
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8. SPECIAL CASES 8.3 Dividers
8. Calculate the results.
-r'a_ﬁle Edit Wiew Draw Libraries Options Calculation  Window  Help Ez

NEESG BLo ila-<jkaQ 9% FEu %] ]

Step 1: Click on the
Calc toolbar button to
start the simulation.

Step 2: When the simulation is
finished, the results specified in
the Calc/Display Options menu
choice will be drawn on the model.
In this example, isotherms are
displayed. The Show Results
toolbar button will toggle the
results display on and off.

N —

A

Step 3: Click on the Calculation/Show U-factors
menu choice to see the U-factor results.

U-factor delta T Length

W fma-K. C Fiotation

x|

mm
Frame |2.5308 ISS.D |22.2251 ISU.U IProiected in Glass Plane 'l

Edge [27734  [330 J1z7 Jao.o

IProiected in Glazz Plane j

| SHGC Exterior

% Error Energy Norm I 5.69%

| [24383 [330 jez2zs1 [ano

IProiected in Glasz Plane j

E xport |

[,y -43.7,-185.5 =, dy -40.5,-208.4
Ready

lenziz.3 |step 100 |wm |

[vertical Divider

4
|U-Factor results MUM

5l

Figure 8-30. Calculate the results.

9. Save the file using the File/Save As menu choice.
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8. SPECIAL CASES

8.3 Dividers

10. Import the results to the WINDOW Divider Library, as shown below. See Section 4.7.3, "Importing

THERM files" in the WINDOW User's Manual for more information about importing THERM files.

File Edit Libraries

Record Tools

Yiew Help

D sEREEz: «rv[Bael: O#7%[% 2%
= . Diivider Library [C:%\Program FileshLBML W IMDOWI _\Dividers.mdb) =
Detailed View |
Update | Edge Edge Glazing
D Mame Source Type Uwalue Uvalue | Comsiation | Thickness Pid Abz | Color
Hew Whim2-k | i m2-k
2 Buyl/Divided ASHRAE N/ N M Class2 e 153 oo [
Delete | 3 Wood/Divided ASHRAE Suspendc  N/& N/4  Class3 we 153 oo [
T 4 Insul/Divided ASHRAE Suspende  N/A M/ Classd N, 153 oo [
B 4| 5 Alm/Suspende asrpag suspenct N, (R 2]
g Vinyl/Suspended ASHRAE M M . = = :
I | Laak ir: Divider | = : -
7 DividerContoured. THM Therm  VericalD 15 0% In I_} J (& cF
il | | & DivideContowedGaskiled TH| Themm  VericslD 1. |1 DividerContoured, THM
ﬂ Divider Conkoured@asFilled, THM
8 records found.
nulatedDividedLite, THM
/ ﬂ TruebividedLite, THM
Ezpart |4 Step 1: From the WINDOW
Feport | Frame Library, click on thg
- ; Import button. An open window
_em |l il open. Select the THERM file
Fur Help, press F1 or files to import. File name:  [SimulatedDividedLite. THM Open |
Files aof type: IThe[m filers: [t j Cancel |
Step 2: Specify the record number, or use [~ Open as read-only y
the program default number, which-is-ar—» = =
increment from the last record.
i C:4Pragram B [ S

File Edit Libraties

Record Tools VWiew Help

IR EE

LR LA |I 1D far new recard: |9

FilesA\LBMLATHERM  \Divider\SimulatedDivided

Cancel |

: = Diivider Libram [C:\Program Filez\LBMLMWINT
Detailed Yiew |
[ Owenwrite existing recards
ﬂl I Mame 9. Pid | abs | Colr
Hew | WmE T | WM T mm
EDD}' - L
—I 2 Butyl/Divided ASHRAE M4 N A NA%  Class? N A 169 0.40 -
Delete | | 3 Wood/Divided ASHRAE Suspended N A NA&  Class3 N A 159 0.90 -
— Find | 4 Insul/Divided A5HRAE Suspended [FFa) AR Clagsd [FFa) 1583 0.90 -
IID v[ | 5 Alm/Suspended ASHRAE Suspended N NA&  ClassS N 160 0.30 -
|— | B vinl/Suspended ASHRAE M4 N A NA% Classt N A 160 0.30 -
| 7 DividerContoured. THM Themn  Wertical Divider  1.953 1832 MéA 54 181 0.30 -
""‘d"a”CEd_l"' | & DividetContouredGasFiled TH| Themn  Vertical Divider 1803 1733 N/A 25.4 11 o3
9 recards faund. | 9 SinustedDividedLite THM | Themn  Vertical Divider 2,531 2773 N 189 222 0.30 -
[_imoor | _
Step 3: The seleqted records will be
—I- imported into the library.
Beport |
FPrrint |

For Help, press F1

|
Mode: MFRC [5T [ [WUM [SCRL 2

Figure 8-31. Import the THERM file into the WINDOW Divider Library.

11. Use the new divider in the calculation of the complete product values in the main screen of WINDOW.
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8. SPECIAL CASES 8.3 Dividers

8.3.3. True Divided Lites

A true divided lite is separate glazing systems between the divider elements, as shown in the figure below.

P

=18 |

B

mem
r';g‘FiIe Edit Wiew Draw Libraries Options Calculation Window Help

NERS B L0 | M-k LaQ 0% FEu|%| |

1 | o

[z,v392.0, 88,6 |de,dy 642.0,-1193.5  [len 1355.3 [Step 10,0 [mm | &
Divider MUM

Ready

Figure 8-32. A true divided lite in THERM.
In THERM:

In this example, it is easier to start by drawing the polgyons that represent the divider, and then placing the
glazing systems relative to those polygons.

1. Set the Cross Section Type to “Vertical Divider”.

2. Draw the divider polygons as shown in the figure below.
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8. SPECIAL CASES 8.3 Dividers

]_';g‘FiIe Edit “iews Draw Lbraries Options Calculation Window Help _||5’|5|
DEES B/ Lod ek aQ 2O |FE UK

-
IKl} L _'|J
|z,v 361.1,174.0 |dx,dy -5.1, 44.5 llen 45,3 [step 1000 || 4
Ready |Divider [ MUM

Figure 8-33. In THERM, draw the polygons for the divider elements that the glazing systems will fit into.

3. Import the first glazing system (in this case the top glazing system) for the divider, with the following
settings:
=  Set the Locator in the appropriate location for where the glazing system will start, in this example
3.175 mm (0.125 inches) above the bottom of the divider
* Orientation = Up
= Actual Cavity height = 1000 mm (39 inches)
= Sight line to bottom of glass = height of the divider (in this example it is 9.525 mm (0.375 inches)
= Spacer height = height of the divider (in this example it is 9.525 mm (0.375 inches)
= Edge of Glass Dimension = 63.5 mm (2.5 inches)
= Glazing System Height: 150 mm (6.0 inches)
= Draw spacer = Not checked
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8. SPECIAL CASES 8.3 Dividers

i

=
r';g‘FiIe Edit View DI’aW‘LihranEs Options  Calculakion  Window  Help
Dﬁﬂ§||b Set Material F4 |BC|§L[5-u|VD|I v|

Set Boundary Condition 5 — ﬁ
Step 1: =

Material Library Shift-F4 . . .
By Gar i iy Shift-F5 Select Glazing Systems from the Libraries menu
taas Library Shift-Fé /

Select MaterialjBoundary Condition

Gla

UFactor Mames

Create Linfk
Remoye Link

Step 2:
Select the appropriate glazing
system from the WINDOW library

v

Glazing Systems x|

1D M ame

Glazing System

Ucenter |2.73 Wik MFRC CHA... |
Thickness|18.?98 mn

Shading layers: Mone

Cloze
WwiNDOW Glazing Syztem Librany

IE:\F'rogram Filez\LBMLWINDOWES Browse |

Window 6 D atabase

KT
X% ] 4
Proy |Bivider | [ o

ptions _ Calculation Window _ Help

o
DERSBE Loe I adpad so[feu k] [E

The first glazing system
is imported into the fle. ——»

| 5!

4
[oivider [ o

‘
fyaSLeZLT  odyi015 471 Jeniidd Bep 00 fm |
Ready

Figure 8-34. Import the first glazing system.
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8. SPECIAL CASES

8.3 Dividers

4. Import the glazing system again as an additional glazing system, facing down this time. Use the
following settings for this glazing system:
Set the Locator in the appropriate location for where the glazing system will start, in this example

3.175 mm (0.125 inches) above the bottom of the divider

Orientation = Down

Actual Cavity height = 1000 mm (39 inches)
Sight line to bottom of glass = height of the divider (in this example it is 9.525 mm (0.375 inches)
Spacer height = height of the divider (in this example it is 9.525 mm (0.375 inches)

Edge of Glass Dimension = 63.5 mm (2.5 inches)

Glazing System Height: 150 mm (6.0 inches)
Draw spacer = Not checked

Insert the glazing system as an Additional Glazing.

Lk
r"'g‘Fl\e Edit View Draw Libraries Options Calculation  Window  Help

~lsix

DSedSE/Lo@ =]k L a9 20 (5% F & U|5%|[NFRC100-2010 Exterior

| Insert Glazing Systern

Orientation (R0

Glazing system width ’T mm

CR cavily height ’W mm

Sight line ta bottom of glass ’W mm
Spacer height ’W i

Edge of Glass Dimension ’W mm
Glazing spstem height ’F mm
Sight ine to shade edge ’D— mm

¥ Use nominal glass thickness

W Use CR Model for Window Glazing Systen

x|
g
Cancel
Set Sight line to bottom

of glass and spacer
height, same as a
regular frame cross-
section.

Insert 2nd glazing
system in the down
orientation.

Gap Properties
@ Defat  Gap [{ « Keff [ pan|
" Custom
‘width [12.7
Spacer

[™ Draw spacer
I™ Single spacer for multipls glazings

Material |Fiberglass (PE Resin) -

Detault Boundary Conditions

& Lse Ufactor values
" Use SHGC values

Exterior Boundary Condition

Interior Boundary Condition

‘ Uze existing BC from library [select below]

- |Usa conhvection plus enclosure radiation

‘ NFRC 100-2010 E terior

K1

-]

=l

o

Click on the “Add as
additional glazing
system” radio button in
the Insert Glazing
System dialog box.

l

‘ Insert Glazing Systen

4]

{* Replace Existing Glazing System
" Add az additional glazing system

x|

[z, 102.2,173.0

Ready

|,y -255.3, 43.0

len 2559 [Step 10,0 [mm |

Ok I Caticel
| _>l_I
A
|Divider [ l_ ,W &

Figure 8-35. Import the second glazing system as an additional glazing system, facing down.
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8. SPECIAL CASES 8.3 Dividers

5. Add the spacers, sealants, desiccants, and frame cavities as appropriate.

.
r';E‘FiIe Edit ‘Wiew Draw Libraries Options Calculation  Window  Help

DEHdEE Lo & (el 8| FEU|5K| |
Draw the
spacers,
desiccants,

sealants, and

needed.

frame cavities as

1

[« [ —

[z, w4115, 92.7 |dx,dy 661.5,-1167.4  [len 1341.8 [step 10,0 [mm | v
Ready |Divider [ oM
Figure 8-36. Draw the polygons to represent the divider.
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8. SPECIAL CASES

8.3 Dividers

6. Define the boundary conditions, using the “ AutoEnclosure” choice for the Radiation Model.

BC=NFRC 100-2010 Exteri
U-factor tag = None

BC=NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior

BC=NFRC 100-2010 Exterior

U-factor tag = None

BC=Adiabatic
U-factor tag = None

A
<«

or

1

1

|

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC = Interior <frame> (convection only)
—Radiation Model = AutoEnclosure
U-factor tag = Frame

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

—

A

BC=Adiabatic
U-factor tag = None

Figure 8-37. Assign the boundary conditions.
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8. SPECIAL CASES

8.3 Dividers
7. Calculate the results.
| —e=aosy
r';g‘ File Edit Wiew Draw Libraries Options Calculation  Window Help ;Iilﬂ
DEEG E Los (el 295 Flegu %] ]
. g
ep 3: Click on the Calculation/Show U-factors
Step 3: Click on the Calculation/Sh U-fact
. menu choice to see the U-factor results.
Step 1: Click on the Calc toolbar
button to start the simulation.
UFactors x|
U-factor delta T Length
Step 2: When the simulation is W2k c mm__ Rotation
ﬁniSphed the results SpeCified in Frame |3.7825 IBS.D |38.1DD1 ISU.U IProiected in Glazz Plane 'l
the Calc/Display Options menu Edge 20585  [39.0 17 | | Projected in Glass Plare |~ |
choice will be drawn on the [SHECEweror  ~|[33888  [3m0 [aar [30.0° " [Projected in Glass Flane x|
model. In this example, isotherms
are dlsplayed The Show % Error Energy Morm I 7.48% ﬂl
Results toolbar button will toggle
the results display on and off.
1< |>|J
[x,v 455.6,112.9 |d=,dy 56.6,-65.7 llen 86,7 [step 100 |mm | v
Ready Divider [U-factor resuks [ UMz

Figure 8-38. Calculate the results.

8. Save the file using the File/Save As menu choice.

9. Import the results to the WINDOW Divider Library, as shown below. See Section 4.7.3, "Importing
THERM files" in the WINDOW User's Manual for more information about importing THERM files.
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8. SPECIAL CASES 8.3 Dividers

i1 Divider Library {C:\Program Files'LBNL\ WINDOW63'Dividers.mdb) - 0] =]

File Edit Libraties Record Tools Yiew Help

Dwd R EE: «qrn|@Baol; O#F7|% 2N

Divider Library [C:5\Program FilesLEMLAWIM QOB Dividers. mdb)

Detailed Yiew
|Ipdate Edge Edge Glazing
4' 1D Mamne Source Type value Uvalne | Cameiation | Thickness Pfd Abz | Calor
Mew | Wm2-E | Wmz-k mm mm
» £ d
o | |- IO T 213
2 Butyl/Divided ASHRAE NiA M :
Dielets | 3 ‘“Wood/Divided ASHRAE Suspended W Lookin: I_}Di\rider j L £F Ed-
Fird 4 Insul/Divided ASHRAE Suspended A [[4] CividerContaured. THI
0 - 5 Alum/Suzpended #5HRAE Suspended WA | DividerContouredGasFilled, THM
T | & Vingl/Suspended BEHREE [ o | %] SimulatedDividedLite, THM
7 DividerContoured THM Therm  Vertical Divider  1.9¢
Advanced... | —
Step 1: From the WINDOW Frame 1.8l
9 records found. Library, click on the Import button. An .

Open window will appear. Select the
THERM file or files to import.

Import

File name:  [TrueDividedLite. THM Open |
Filers of type: ITherm filers 7. thirn)] j Cancel |

[ Open as read-only

Expart

Beport

i

Frint | ] 4
For Help, press Fi Mode: NFRC ﬁ MUM SCRL
10. Use the new divider in the calculation of the complete product values in the main screen of WINDOW.
Step 2: Specify the record number, or use
Fhe program default number, which is an =i
increment from the last record.
E E C:\Program ;IEIEI
File Edit Libraries Record Tools Yiew Help wﬁfﬂ..\DividBI\TrueDividedLite'I
Cancel
= = = |
D = E | 3:' E | % | E 4 r | E 1D for new record: lw—
= : Diivider Library [C:\Program FilestLBHLAwIMD 0%, =
Detailed \-"|ew| ™ Overwi .
verwrite existing records
|lpdate Glazing
| D Mame Storoo rps Crvas Uvalue | Corelation | Thickness Prd Absz | Color
New | wimzk | wimaE i i
c 1 Alum/Divided ASHRAE N/4 N2, N/ Classl N 158 0.0
Copy | — —
2 BuylDivided BSHRAE N/, N, N Class2 nes  1sa 090 [
Delste | 3 Wood/Divided ASHRAE Suspended M N/t Class3 nea 158 oo [
Find 4 Insul/Divided ASHRAE Suspended N2 M Classd N R |
[iD -] §  Alm/Suspended ASHRAE Suspended (1 N Class5 ne o 1e0 030 [
e B inyl/Suspended BSHRAE M/ N Class1 nes  1e0 o3 [
7 DividerCortoured THM Them  Verical Divider  1.953 : N/A w4 191 o
Aabvanced... | g DividerCortouredGasFiled TH| Themn  Vertical Divider 1,803 _ NA w4 191 o
/) yercandle ol 9 SimulatedDividedLite THM | Themn  Vertical Divider 2,531 . 189 2z o3
:m TrueDividedLite. THM ~ Them | Divided ;
Ezport | Step 3: The selected record will be
Beport | imported into the library.
Brint | 1| I d LI
For Help, press F1 Mode; MERC ﬁ MWUM |SCRL 2

Figure 8-39. Import the THERM file into the WINDOW Divider Library
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8. SPECIAL CASES 8.3 Dividers

8.3.4. Door Caming

When modeling glazing options with caming, which are treated in a similar fashion to dividers, the NFRC
default caming can be used. The flat caming (H-Bar) shall be used as the default shape. Brass conductivity
and emissivity, per NFRC 101, Appendix B, shall be used as the default material. The caming drawing DXF
file is available from the NFRC website.

PROFILE W o

—T 1882010 t—

-;—@ 2871010 ' [
h J | IINC

1372.010 u
FULL SCALE 164,001 124 P

P WAL o L [0 078 REF
044

H-ROUND

4 J

BRASS

T

]

BRUSHED NICKEL

(=]

SLACK NICKEL

* H-FLAT
(REFERENCE 030B03)

**NOTE: FOR CRYSTAL DIAMONDS LITES, H-FLAT BRASS
CAMING 1S DESIGNATED BY A "-1A" IN THE PART.

Figure 8-40. Standardized Caming Drawing

Decorative caming between two pieces of glass is an exception to the rules for linking frame cavities to
glazing cavities as discussed in Chapter 6. This type of caming is only modeled if the distance between the
exterior sides of the caming and the inside surface of the glazing system are less than 3 mm. Therefore, even
for contoured caming shapes, a simplifying assumption is made that the 5 mm rule is not applied. The space
between the caming edge and the glass are modeled as frame cavities, and the boundary of that cavity
extends to the top and bottom of the caming component. See the following examples for detailed
descriptions.

In THERM:

In this example, which represents an intermediate pane in an IG unit with caming, it is easier to start by
drawing the polgyons that represent the divider, and then placing the glazing systems relative to those

polygons.
1. Set the Cross Section Type to “Vertical Divider”.

2. Draw the caming polygons.
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8. SPECIAL CASES 8.3 Dividers

3. Insert the first glazing system (in this case the top glazing system which is a triple glazed unit made in
WINDOW) for the divider, with the following settings:
=  Set the Locator in the appropriate location for where the glazing system will start
*  Orientation = Up
= Actual Cavity height = 1000 mm (39 inches)
= Sight line to bottom of glass =0
= Spacer height =0
= Edge of Glass Dimension = 63.5 mm (2.5 inches)
* Glazing System Height: 150 mm (6.0 inches)
=  Draw spacer = Not checked

Step 2: Insert
the upper
glazing
system

Step 1: Draw
<4— caming

polygons

Figure 8-41. Draw the caming polygons and insert the upper glazing system
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8. SPECIAL CASES 8.3 Dividers

4. Insert the second glazing system, with the following settings, and click the “Add as additional glazing
system” radio button upon insert.
=  Set the Locator in the appropriate location for where the glazing system will start
* Orientation = Down
= Actual Cavity height = 1000 mm (39 inches)
= Sight line to bottom of glass =0
=  Spacer height =0
= Edge of Glass Dimension = 63.5 mm (2.5 inches)
* Glazing System Height: 150 mm (6.0 inches)
= Draw spacer = Not checked

Figure 8-42. Insert the lower glazing system
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8. SPECIAL CASES 8.3 Dividers

5. From the Options menu, select Preferences, then click on the Drawing Options tab and check “Allow

editing of IG polygons” so that the glazing system geometry can be modified.

6. For both the upper and lower glazing systems, move the points of the center glass layer into the caming,

as showin in the figure below.

For both the upper and
lower glazing systems,
move the points of the
center layer into the
caming polygons.

Figure 8-43. Move the points of the middle layer of the upper and lower glazing systems into the caming.
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8. SPECIAL CASES 8.3 Dividers

7. For either the upper or lower glazing system, move the points of the outer layers to meet the other
glazing system, to enclose the IG.

Figure 8-44. Move the points of either the outside layers of either
the upper or lower glazing system to meet the other glazing system, to enclose the IG
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8. SPECIAL CASES 8.3 Dividers

8. If the IG Unit is air-filled, then fill the cavities with NFRC Frame Cavity 100, assign the normal boundary
conditions, and simulate as usual. If the IG unit if gas-filled, follow the procedures for gas filling a
divider per Section 8.3.1.3.

Because internal dividers are only modeled if the gap between the edge of the divider and the glass
surface is less than 3 mm, the 5 mm rule for linking glazing cavities and frame cavities does not need to
be applied to internal dividers. The frame cavity starts at the top and the bottom of the divider
component.

Figure 8-45. Fill the cavities with Frame Cavity NFRC 100
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8. SPECIAL CASES 8.4 Storm Windows

8.4 Storm Windows

Storm windows present a modeling problem different from most insulated glass (IG) units, because the
spacing between the IG unit and the storm window is usually quite large, as shown in the figure below. As
with all other product modeling, all relevant cross sections (head, sill, jambs, meeting rails and dividers) must
be modeled in THERM.

Ql!

/7

Fiqure 8-46. Product with an interior storm window.

|

8.4.1. Modeling Steps

The following steps can be used to model storm windows. These steps are discussed in more detail in the
following sections.

If the product is NOT a single or double hung (i.e., it is a casement, fixed, picture, transom, awning, etc), do
the following;:

In WINDOW:

=  Create a three-layer glazing system with the correct spacing between each of the glass layers in
WINDOW.

In THERM
=  Draw the frame components for the product in THERM.

=  Import the glazing system into THERM
Edge of Glass Dimension = 63.5 mm (2.5 inch)
Glazing System Height = 150 mm (6.0 inch).

=  Fill the air cavity below the glazing system and use the Library/Create Link feature to link that air cavity
to the glazing cavity.

®  Assign the boundary conditions
Exterior Boundary Condition = Use existing BC from library, select “NFRC 100-2010 Exterior”, and
assign the SHGC Exterior U-factor tag to the exterior frame components
Interior Boundary Condition = Use “convection plus enclosure radiation” for Glazing System, use
appropriate “convection only” frame boundary condition for the frame components.

= Simulate the problem
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8. SPECIAL CASES 8.4 Storm Windows

If the product IS a hung or sliding window (i.e., a vertical or horizontal slider), where there will be a different
gap width between the glazing system and the storm window for different frame profiles, do the following;:

In WINDOW:

= Before starting the program, open the W7.x.INI file and add the following line (if it does not already
exist):
=  FrameToleranceGlazingSystemThickness=5
Notes:

- The ”“x” in the W7.x.INI filename refers to most recent version of W7 that NFRC shall designate as the
official software for fenestration certification.

- The tolerance setting shall all be one word, no spaces, and it can go anywhere in the INI file. If this
line already exists, but has some other value other than “5”, change the value to “5”. This represents
the percentage tolerance between the frame and glazing system thickness. Setting it to “5” makes the
thickness tolerance checking 500 %, which should disable the WINDOW thickness tolerance checking,
and therefore allowing the program to perform a calculation with glazing systems of different
thicknesses.

Location of W7.x.ini file: The location of the W71.x.ini file will depend on your operating system.
For Microsoft Windows XP, it is located in:
C:\ Program Files\ LBNL\ Settings
For Microsoft Windows 7 and higher, it is located in:

C:\ Users\ Public\ LBNL\ Settings

= Create the two glazing systems with the actual thicknesses between the glazing system and the storm
window, which will fit into the frame profiles that will be modeled in THERM.

In THERM
®= Draw the frame components for the product in THERM.

= Import the glazing systems with the actual gap widths into the appropriate frame profiles with the
following settings:
Edge of Glass Dimension = 63.5 mm (2.5 inch)
Glazing System Height = 150 mm (6.0 inch).

= Fill any air cavity between the bottom of the glazing system and the top of the frame profile as necessary,
and use the Library/Create Link feature to link that air cavity to the glazing cavity.

=  Assign the boundary conditions
Exterior Boundary Condition = Use existing BC from library, select “NFRC 100-2010 Exterior”, and
assign the SHGC Exterior U-factor tag to the exterior frame components
Interior Boundary Condition = Use “convection plus enclosure radiation” for Glazing System, use
appropriate “convection only” frame boundary condition for the frame components.

®  Simulate each model.
In WINDOW:

= Import the THERM frame profiles that have the correct geometry for the glazing systems into the Frame
Library.
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8. SPECIAL CASES 8.4 Storm Windows

® Inthe Window Library, create the window, referencing the matching frames and glazing systems,
including the meeting rail (you cannot “match” the glazing system thicknesses in the meeting rail, so just
reference it).

= (Calculate the overall product values from this combination of components.
= Close the program, open the W7 x.ini file, and do the following:

®  Change the frame tolerance setting for the glazing system thickness to
FrameToleranceGlazingSystemThickness =0.25 (NFRC acceptable tolerance of 25%)

8.4.2. Storm Window Example

The following example problem, based on the product in Figure 8-46, is explained in detail in the following
discussion.

8.4.2.1. Create Glazing System in WINDOW:

1. Make a glazing system consisting of three layers of glass, with the dimensions of the glazing cavity
for the first gap, and the correct dimension from the glass to the storm window for the second gap.

[ W7.3 - Glazing System Library (C:\Users\Public\LBNL\WINDOWZ.3\W7.mdb)
File Edit Libraries Record Tools View Help

= % B B Elz MK 4« » ¥ | H e : O# 7 |%| 78

$ D #: [61 Mame: [Stom
) HLayers: 7 j‘ e[ W 16 Height 000D
Mew Environmental -
& Conditions: | MFRC 100-2010 1G Width:| 1000.0( rmm
Copy Camment; | ] 3 3
Delete Owerall thickness: |72.500  mm Mode: |# [ Model Deflection
Save
Repart
Radiance
ID Mame Mode| Thick Flip Tsol | Rgoll | Rsol2 | Twvis | Rwisl | Rwis2 | Tir E1 E2 | Cond Comment
© Glass1 »» 102 CLEAR_3DAT # 30 [J|os3 0075 0075 0899 0083 0083 0000 0840 0840 1.000
Gap1 e 1 Air 127
< Glass 2 »» 102 CLEAR_3DAT # 30 [J|os34 0075 0075 0899 0083 0083 0000 0840 0.840 1.000
Gap 2 rr 1 Air 50.8
M Glass3 »» 102 CLEAR_3DAT # 30 [Jjos 0075 0075 0899 0083 0083 0000 0540 0840 1.000
4

Center of Glass Results | Temperature Data] Optical Data AngulalDalal Calor F’ruuerl\es] Radiance Results

Ufactor sC SHGC Rel. Ht. Gain Twis Keff Layer 1 Keff Gap 1 Keff Layer 2 Keff Gap 2 Keff Layer 3 Keff
Wim2-K W/m2 WK WK Wik W ek W ek WK
1.76864 078653 062428 5107 074152 0.1850 1.0000 0.0633 1.0000 0.2730 1.0000

Fiqure 8-47. Make a triple glazed glazing system with a large gap width between the IG and the storm window.
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8. SPECIAL CASES 8.4 Storm Windows

8.4.2.2. Calculate U-factor in THERM
The steps for importing the glazing system into THERM are explained in more detail below.
1. Draw the required frame cross sections (such as head, sill, jambs, meeting rails, and dividers)

2. From the File/Properties menu, select the appropriate Cross Section Type, such as “Sill”, “Head”,
“Jamb", and so forth.

3. Import the glazing system with the correct storm window cavity dimensions (created in WINDOW), in
this case the glazing system with the 2" gap.
Edge of Glass Dimension = 63.5 mm (2.5 inch)
Glazing System Height = 150 mm (6.0 inch).
Exterior Boundary Condition = Use existing BC from library, select “NFRC 100-2010 Exterior”
Interior Boundary Condition = Use convection plus enclosure radiation for glazing system, and
appropriate “convection only” boundary condition for the interior frame components.

W'E‘E\Ie Edit View Draw Libraries Options Calculation Window Help

Dﬁ’vn§|||_L|E|@'4I|l‘3ID“.“—“Qﬁ'©‘Bc|5@'U|%H ~|
ClmetGlangSsen x
_ il Drienlat\onIUp vl :‘
Step 2: i —» Glazing System | ) ) Caweed |
Insert Glazing ‘L Blazing system width [725 o
ayers _
System from ) ¥ t |13?? ok [ lsa | CR cavip height [I00 Notice the sight line
WI NDOW7 cemer|’. e HFRC CHA... | Sight line to bottom of glass |1 2.7 mirm . . . .
Thickness [72644 S dimension is slightly
) pacer neigl . rmrm . .
Shading laye:s: None Edge of Glass Dimension IBE.S i dlfferent than Spacer helght
Cloze | . . s
WINDOW Glazing System Libray——————————— Glazing system height 150 D That is because you have to
CAUsers\Public\LBNLOWINDOW?.3 _ Browss | Sightlne 1o shade eige [0 mm measure sight line to highest
Window Diatabase opaque member and that is
the storm's glazing pocket.
¥ Use nominal glass thickness g g p
W Use CR Model for Window Glazing Systems

—

Step 1:
Draw frame
cross section

4

%y8.403,2146 |decy12171,4749  [len13.065 [Step0.394 inches |

Figure 8-48. Insert the glazing system.
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8. SPECIAL CASES

8.4 Storm Windows

4. If necessary (as in this example because there is a gap between the bottom of the glazing cavity and the
frame), create a separate polygon and use the Library > Create Link feature to link the properties to the 2”
glazing cavity. In the example below, the width of the inner gap is 50.800 mm, and therefore is greater
than 5 mm, so the smaller cavity can be linked to the larger cavity. See Section 6.4.4 for details about

linking cavities to glazing cavities.

/ Remove Link
Step 2:

Click on the
Libraries/Create Link
menu choice. The
cursor will become an
eyedropper. Click the

glazing system cavity,
which is the material the
first polygon will be
linked to.

eyedropper on the ]

Cavity width = 25.695 mm

Because it is greater than 5
mm, it can be linked to the
glazing cavity.

Step 1:

Fill the space below the
glazing system cavity with any
material using the Fill Tool.

Click on the polygon to select
it.

T e e
TE' Eile Edit Yiew Draw Options  Calculation Window Help -5 ll
ODEE S B Lo SetMaterl F # & U | % [Stormwindow-sill:Storm Window Cavity 2 |

Set Boundary Condition F5 j

Material Library Shift-F4

Boundary Condition Library Shift-F5

Gas Library Shift-F6

Select Material/Boundary Condition

Glazing Systems F&

UFacter Names

La|

Figure 8-49. If needed, create a material link between the glazing system cavity.
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8. SPECIAL CASES 8.4 Storm Windows

5. Generate the Boundary Conditions by pressing the BC toolbar button. The figure below shows the
boundary conditions for one storm window cross section. Make sure that the interior boundary
conditions have the Radiation Model set to “ AutoEnclosure”.

BC=Adiabatic
U-factor tag = None

—

»

1 >

150 mm

(6.0 BC= <glazi > Inside Fil
lazing = <glazing system> Inside Film

g stem Radiation Model = AutoEnclosure

h)éight U-factor tag = None

BC=NFRC 100-2010 Exterior
U-factor tag = None

<«

BC= <glazing system> Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

63.5 mm
(2.57)
Edge of

N

BC= Interior <frame type> (convection only)
Radiation Model = AutoEnclosure
BC=NFRC 100-2010 Exterior U-factor taa = Frame

U-factor tag = SHGC Exterior

<+—

BC=Adiabatic |

U-factor tag = None

Figure 8-50. Define the boundary conditions.
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8. SPECIAL CASES 8.4 Storm Windows

6. Simulate the problem and save the file.

5. EEEE. 3 35.0

Figure 8-51. Simulate the file.
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8. SPECIAL CASES 8.4 Storm Windows

8.4.3. Storm Window Meeting Rails

In the case of a meeting rail with a storm window, if the the space between the storm panel and the primary
sash is > 5 mm, that space is linked to the glazing system cavity with the highest Keff (effective conductivity)
value. See Chapter 6 for the frame cavity / glazing cavity linking rules for sealed and unsealed units.

Unsealed storm panel

—-5mm _rule for !inking Sealed IG, so 5 mm rule
cavities applies for linking cavities is NOT
N {applied to the cavities

AL

around the spacer
\I_H

Throat of this cavity is <5
mm, so it is modeled as a
frame cavity and not linked
to the glazing system
cavity.

Optiohs

V

Unsealed storm panel Sealed IG, so 5
— 5 mm rule for linking mm rule for linking
cavities applies cavities is NOT

applied to the
cavities around the

spacer Link the cavity between the storm panel

and the primary sash, which has a
throat of 25mm where it connects to the
bottom glazing cavity, to the glazing
system cavity with the highest Keff, ie,
the bottom cavity with a Keff = 0.508

Figure 8-52. Link the cavity between the storm panel and the primary sash, which is > 5 mm,
to the glazing system with the highest Keff value.
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8. SPECIAL CASES 8.4 Storm Windows

8.4.4. Steps for Storm Window Condensation Resistance Model
The condensation resistance model is only appropriate for horizontal frame components such as Head and Sill

elements - THERM will not calculate the temperatures for condensation resistance models for any file with
the Cross Section Type set to “Jamb” or “Vertical Meeting Rail”.

There are two methods for calculating the temperatures for the condensation resistance information in
THERM. WINDOW will calculate the total Condensation Resistance (CR) ratings per NFRC 500-2017.
WINDOW does not calculate CI ratings per ANSI/NFRC 500; therefore, NFRC's "CI Temperature Reading
Tool", along with a proprietary spreadsheet, shall be used to calculate the overall product CI.:

= Check the “Use CR Model for Window Glazing System” checkbox when importing a glazing system

OR

= In the Options menu, Preferences choice, THERM File Options tab, check the “Use CR Model for
Glazing Systems”, as shown in the figure below.
[ x|
Preferences | Drawing Options I
Simulation Themn File Options | Shap Settings

tesh Control

(uad Tree Mesh Parameter (4]

¥ Run Enror Estimator

tMarimum 3 Errar Energy Marm |10 %z
Iarimum Iterations 3

¥ Use CR tModel for Glazing Systems

Figure 8-53. In Options/Preferences/Therm File Options, check the “Use CR Model for Glazing Systems” checkbox.

When the CR model has been “turned on”, red boundary conditions will appear inside the glazing system,
and the following steps should be taken to simulate the file:

1. Check the emissivities of these boundary conditions. They should be the following:

= Emissivity of the surrounding surface, such as 0.84 for standard glass, 0.90 for painted metal and
most other frame materials, 0.05 for mill finish aluminum alloy metal, and so forth.

= 1.0 for the adiabatic (open end) of the glazing cavity.
= Actual cavity height per Table 6-2, Section 6.4.5 for CR ratings and 500mm for CI ratings.

2. Simulate the model. The program will calculate both U-factor results and the Condensation
Resistance results if the CR model is checked.

3. Import the results into the WINDOW Frame Library and use the file to create the whole product in
the Window Library as applicable.
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8. SPECIAL CASES 8.4 Storm Windows

Emissivity = 1.0
Side = Open

Emissivity = glass layer emissivity
Side = Left

Boundary conditions are

drawn inside the glazing

system cavity when the CR

calculation is “turned on”. Emissivity = glass layer emissivity
Side = Right

Emissivity = emissivity of adjacent
material
Side = Adiabatic

Figure 8-54. Red boundary conditions will appear inside the glazing system when the CR model option is turned on.
Check the emissivities of each boundary condition.
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8. SPECIAL CASES

8.4 Storm Windows

8.4.4.3. Calculate the Total Product Values in WINDOW

The following discussion explains how to model the whole product values for the storm window in

WINDOW.

= Import the storm window THERM files into the WINDOW Frame Library.

B w73 - Frame Library (C\Users\Public\LBNL\WINDOWT 3YWT.mdb)
File Edit Libraries Record Tools View Help
= E & e 0: O#H 7 % 7w
Frame Library [C:A\Users‘\PublichLBMLYWIMD 04w, 3% 7. mdb)
Detailed View
U | D Name Swace | Twe | [ | il | Conson| Tl P12 | Abs  Cob
Hew WM | wWmE-K mm mm
Q » m T T S Y
2 Alflush ASHRAE N/A 3.970 Mt Class1 M 57.2 0.590 -
Delete 3 Wood ASHRAE N/A 2.270 M Class1 M E9.8 0.90 -
Find 4 Mingl ASHRAE N/A 1.700 Mt Classl M B3.8 0.590 -
1o} - 5 sample-head THM Therm  Head 2.007 2350 NsA 265 429 0.30 -
’7 & sample-amb. THM Therm  Jamb 1.996 2343 N/A 265 429 0.30 -
7 sample-sil THM Therm  Sill 2001 2344 MAA 265 429 0.30 -
_pdvarced.. | 8 Stomwindowhead THM | Them Head 1244 1848 N 725 s 03 [
10 records found. 9 Stormwindow-jamb. THM Therm  Jamb 1.264 1.855 N/A 725 788 0.30 -
| 10 Starmwindow-sil. THH Them Sl 1.244 1848 N/A 725 78 o [H

Fiqure 8-55. Import the storm window THERM files .

* In the WINDOW Window Library, construct the storm window from the THERM files and the glazing
system previously defined, and calculate the total product values.

H W73 - Window Library (C:\Users\Public\LBNL\WINDOWZ 3\W7.mdb)

Caopy
Delete

Save

_ o |
Focee]
e |
_Fepen |

Feport

[ Dividers

i

Dividers

Display mode:

Mormal -

SHGCAT Detail

CR Dretail

Mode ’m
Tvpe ’W ﬂ
width EOO mm
Height | 1500 mm
Area 'w me
Tie| 80

Environmental Conditions
[NFRC 100-2010 |

Tatal Window Results

U-factor [1.6078 W dmz-K,

SHGC (0.4569
YT |0.4852

CR 63

File Edit Libraries Record Tools View Help
= # B Bl:arM|E2®N: O#7[% 7N
List ID#|3 -
Narne |starm window

Click on a component to dizplay charactenistics below

Frame

Marne | Stormwindow-head. THM

= »|

10] 8 Uedge | 1.948 wi/m2H
Source |—2 Edge area 'W m2
Ufactor | 1.244 Ww/m2-K PFD 788

Area 'W m2 &bz 'W

Fiqure 8-56. Storm window created in the Window Library to obtain total product results.
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8. SPECIAL CASES 8.5 Unit Skylights and Sloped Glazed Wall Systems

8.5 Unit Skylights and Sloped Glazed Wall Systems

This section discusses the modeling procedures for skylights and sloped glazed curtainwalls/windowwalls,
which are modeled in sections in a similar manner to other products. In addition, in accordance with
ANSI/NFRC 100, skylights and sloped glazed wall systems are modeled at a 20° slope from horizontal.

8.5.1. Modeling Steps

The steps for modeling a skylight are as follows:

In WINDOW:

®  Create the skylight glazing system in WINDOW:
= Set Tilt to “20” degrees

In THERM:

® Draw the required frame cross sections in THERM, for example a head, sill, and jambs if they are all
different, untilted. Because the tilt of the jambs will be in the z-direction, which is not possible to display
in the two dimensional viewing of THERM, they will be drawn vertically and the gravity vector oriented
properly to reflect the tilt in the z-direction.

® Do not use the Condensation Resistance Model on any of the THERM skylight cross sections. For CR
ratings per NFRC 500-2017, WINDOW will calculate the CR value based on the temperatures from the U-
factor results. (Even if the THERM cross sections are modeled with CR enabled, the temperatures
calculated will be based on U-factor and not the CR model.

=  Set the Cross Section value in File/Properties as follows:
= For Sill: set Cross Section to “Sill”, Gravity Vector should face “Down”
® For Head: set Cross Section to “Head”, Gravity Vector should face “Down”
® For Jambs: set Cross Section to “Jamb”, set Gravity Vector to “Right” manually

= For Vertical Meeting Rails of Glazed Wall Systems: set Cross Section to "Vertical Meeting Rail", set
Gravity Vector to "Right" manually

®  The Frame Cavity height is not used by the program for the skylight cross sections, as long as the Types
are defined properly as shown above, so the default value of 1000 mm can be left unchanged.

= Insert the glazing system from WINDOW into the frame cross sections with the Glazing system height
field set to 150 mm (6.0 inches) and the Edge of Glass Dimension field set to 63.5 mm (2.5 inches). The
CR cavity height field can be set to any value (you can leave it set to the default of 1000 mm) because the
U-factor temperatures not the CR temperatures will be used in WINDOW to calculate the overall CR
value).

= Insert the Sill glazing system with orientation up
= Insert the Head glazing system with orientation down
= Insert the Jamb glazing system with orientation up
=  Assign the boundary conditions. Interior Boundary conditions have the following settings:
= Radiation Model set to “ AutoEnclosure”
® Frame Boundary Conditions: set to the appropriate “Interior (20 tilt) ...” choices

= Tilt the cross section 20 degrees from horizontal:
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8. SPECIAL CASES 8.5 Unit Skylights and Sloped Glazed Wall Systems

= For a Sill or Head, rotate the entire model 70 degrees clockwise
® For Jambs and Vertical Meeting Rails of Glazed Wall Systems, do not rotate the model at all
Simulate the skylight cross sections and save them.

View the U-factor for the cross section, and make sure the “Projected in Glass Plane” is selected from the
Projection pulldown list, as shown in the figure below. This will ensure that the projection will be correct
for the tilted cross section.

e
U-factor delta T Length
- C mim Rotation
SHGC Exstericr |3.53D2 |39.U |193.411 I 7oa IProiected in Glazs Plane j
Frame [49540  [33.0 [440342 | 700 |Projected in Glass Plane 7 |
Edge ] |35 330 g6 | 70 Projected in Glass Plane i
% Errar Energy Narm I 4.45% E=port | 0K I

Figure 8-57. Make sure the “Projected in Glass Plane” projection option is selected for the tilted cross section.

There is a circumstance where THERM will not calculate the total frame length correctly, and it is
necessary to enter a “Custom Frame Length” into the U-factor dialog box above. It occurs when a section
of an adiabatic boundary “overlaps” a boundary with a U-factor tag in the projected dimension over
which the length is being calculated. This is explained in detail in Chapter 6, Section 6.6.6.

Import the components into the WINDOW Frame Library (and Divider Library if appropriate)

Construct the whole product in the WINDOW Window Library to get the overall product results. Ensure
to change the tilt on the Window Library Details screen to 20.
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8. SPECIAL CASES

8.5 Unit Skylights and Sloped Glazed Wall Systems

8.5.2. Skylight Mounting Details

There are two ways that skylights can be mounted into a roof system, either inset-mounted or roof-mounted.
The figures below show these two different mounting styles. Each mounting style has a slightly different
definition of the adiabatic boundary condition, and each will have a different projected frame length. The
rules for modeling can be found in ANSI/NFRC 100 and the NFRC Technical Interpretations. To model roof
mounted skylights, if the projected frame height is zero, define a Frame U-factor Surface Tag 0.25 mm (0.01

inches) up the interior of the glass, which will result in a non-zero frame height.

P
<«

Frame
Height

A 4

Adiabatic boundaries
(no heat loss)

Rough Opening

[ >
Frame
Height

25.4 mm
(1 inch)

T <

Surround panel — not
modeled in THERM

Fiqure 8-58. An inset-mounted skylight.

»

!

Surround panel — not
modeled in THERM

Adiabatic boundaries

(no heat loss)

Rough Opening

Figure 8-59. A roof mounted skylight.

A\ 4
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8. SPECIAL CASES

8.5 Unit Skylights and Sloped Glazed Wall Systems

8.5.3. Example Inset Mounted Skylight Problem

This example assumes an inset mounted skylight.

In WINDOW:
1.

Glazing System Library: Make a glazing system with a tilt of 20° off horizontal. In this example, the

glazing system is called Skylight Double Glz and is made up of generic glass layers. It is okay to get

a warning, as illustrated below) for a tilt less than 60°.
H W7.3 - Glazing System Library (C:\Users\Public\LENL\WINDOW7 3\W7.mdkb)
File Edit Libraries Record Tools View Help
= & Bn Ellz M 4 » M |H ¢ 0: O# 7 %28
| D #:[81 Name: |Sklight Double Glz
# Laypers: |3 j‘ Tilt: a0 ° 1G Height:| 1000.00 mrm
M Environmental .
[l oo [NFRC 100-2010 > 16 width1000.00 mm
Co .
Lopy Comment: | 1 2 3
Delete Overall thickness: | 70,700 mm Mode: |# ™ Model Deflection
Save
Repart
Radiance
D Mame tMode Thick |Flipl Tsol | Rzoll | Rzal2 | Twis | Rwisl | Rvis2 Tir E1 E2 Cand Comment
- Glass1 »» 102 CLEAR_3.DAT # a0 [J|oss4 0075 0075 0899 0083 0083 0000 O.840 0840 1.000
Gapl w1 Air 103
- Glass 2 102 CLEAR_3.DAT # a0 [J|oss4 0075 0075 0899 0083 0083 0000 0840 0840 1.000
Gap2 v 1 Air 50.8
- Glass 3 »» 102 CLEAR_3.DAT # a0 [J|oss4 0075 0075 0899 0083 0083 0000 0840 0840 1.000
Center of Glass Fiesuls | Temperature Data | Optical Data | Angular Data | Color Properties | Fadiance Results |
Ufactor sC SHGC Fiel. Ht. Gain Twiz K.eff Layer 1 Keff Gap 1 Kelff Layer 2 Keff Gap 2 Kel
wimzK wiimz Wik ik K WK K
1.96463 078363 068615 5129 074152 0.2029 1.0000 01,0851 1.0000 02952
Information
Glazing System B1. Calculation YW arming: -
Calculation is complete and while rezultz are
probably cormect, some parameters are outside
the range of the equations prescrbed by 150
15099, which iz the basiz for this computer
pragrar. Aspect Fatio of the glazing system
gap iz out of range in Muzselt number E
calculations [angle between 0 and B0 degrees),
20 calculated values are a result of
extrapolation. The affected values are U-factor
and temperatures and, to a lesser extent,
SHIGLC.
Figure 8-60. Make new glazing system in the Glazing System Library with Tilt = 20 degrees.
2. Save the file: Make sure to save the glazing system (Record menu, Save choice.).
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8. SPECIAL CASES

8.5 Unit Skylights and Sloped Glazed Wall Systems

In THERM, for Sill:
1. Draw the appropriate cross sections for the Sill.

s, File Edit ‘Wiew | Draw Libraries ©Options Calculation  Window  Help

DS E&G[[ Povon r2 Lo 9% FEu %
Rectangle F3
Boundary Conditions F10
Fill Yoid
Insett Paoint Shift+FE
Delete Point Del
Edit Points
Move Polygon Fil
Tape Measure Fa
Set Drawing Scale Shift+Fg
Set Origin Shift+F7

Step 1:

Repeat mode

—

Shift+F2

Locatar

Flip 3
Rotate 3

Clear Bad Points

Click on the Draw/Locator
menu (or press Shift F2)

Step 2:

To position the Locator,
click on the lower left
hand corner of the space
where the glazing system
will be placed

25.4 mm
(1 inch)

NN
[z, -140.8,215.9 |dx,dy 109.2,-39.2 llen116.1 [Step 10.0 fom | y
Sets Locator For copying and importing Glazing Swstems |Si|| | l_ W v
Figure 8-61. Position the locator so that the first glazing section can be inserted.
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8. SPECIAL CASES

8.5 Unit Skylights and Sloped Glazed Wall Systems

2. Insert the glazing system for the Sill, with the following settings:

® Orientation = Up

= Cavity height = 1000 mm
= Sight line to bottom of glass = measure this value with the THERM tape measure
= Spacer height = measure this value with the THERM tape measure

= Edge of Glass Dimension = 63.5 mm (2.5 inches)

® Draw spacer = not checked

s, File Edit ‘View Draw | Libraries Options Calculation  'Window  Help

- 8] %]

DE’:E§||E Set: [Material 4 |BC|§L[_g-u|y:|l
Seb Boundary Conditian F&
Material Library shift-F4
Boundary Condition Library Shift-F2 Step 1:
& Uy SiEFE Go to Libraries/Glazing
Select Material{Boundary Condition SyStemS
Glazing Systems
UFactar Mames
|
5. Insert Glazing System ﬂ
Giertation [ <] 4
1
Glazing system width |70.7 mm Ente]_‘ CR CaVIty Helghtl

CR cavity height ’W mm

Sight line to battom of glass ’W mm
Spacer height ,W mm

Edge of Glass Dimension ’W mm
Glazing syztem height ’T i

Sight line to shade edge ’U— M

¥ Use nominal glass thickness
¥ Use CR Model for ‘Window Glazing System:

Gap Properties
@ Defaut  Gap [{ + Keff [0 es
" Customn
width |10.9
Spacer

™ Diaw spacer
™ Single spacer for multiple glazings

Material | Fiberglass [PE Resin] j

Defavlt Boundary Conditions

(* Use U-factor values
" Use SHGC values

Exterior Boundary Candition

Sight line to bottom of glass,
Spacer height just like has
been shown in previous
screenshots. Skylights are
not treated any differently
except do the measurements
before tilting THERM file.

Sight line to shade edge =0
unless working with
complex glazing.

Boundary conditions are to
remain the same for all
NFRC simulations.

Interior Boundary Condition

|Use existing B from library [zelect belaw]

ﬂ |Use caorwection plus enclosure radiation j

[MFRC 100-2010 Exteriar
P |

-|

-~

/Step 4:
Glazing system is

[*]

inserted

Step 5:
Add the spacer.

[sill

Fiqure 8-62. Insert the glazing system.

= Note: If using the Multiple Glazing Options feature of THERM, set up the multiple glazing options
before tilting the profile, so that all the Boundary Conditions become defined automatically for the
glazing options by THERM. Then tilt the cross-section.

3. Assign Boundary Conditions and U-factor tags: Click on the Boundary Conditions (BC) toolbar button
and correct any problems encountered with the geometry (see Section 6.5.3, "Voids, Overlaps, and Bad

Points" in this manual).
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8. SPECIAL CASES 8.5 Unit Skylights and Sloped Glazed Wall Systems

4. Tilt the cross section to be 20 degrees off the horizontal plane. For this example sill cross section, click on
the Draw menu, Rotate/Degree choice, and enter 70 degrees Clockwise.

B Fle Edi ‘View | Draw Lbraies Options Calculation Window Help _ =] x|
O &/ [ Fobon 2 o Ao [ FEu %]

Rectangle F3 :1

Boundary Conditions  F10

Fil Void

Insert Point Shift-+F6 —

Delete Point Del

Edi: Points

Mave Polygon Fi1 B Fle Edt View Draw Lbrares Options Calculation Window Help & x|
Tape Meastrs Fa Dﬁﬂé\‘bD@*f‘l']D‘.FHQé’Q‘lacl?@U‘VEH

Set Drawing Scale Shift-+F& ;I
Set Origin Shift+F7

Repeat mode

Locatar Shift+F2

Left 50°
Right 90°
160

Clear Bad Paints

X

Degrees I?D ﬂ
% Clockwise il

T Courterclackwise

i | o

[,y -85.7,237.9 |dx,dy 164.3,-18.3 len16s.3 [step 10.0 [mm | 4

o | o

%,y 236.,4,-126.8 [dx,dy 182.7,-192.5  flenzes.4 [step 100 [mm | 7

Figure 8-63. Rotate the sill cross section AFTER assigning Boundary Conditions.
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8. SPECIAL CASES

8.5 Unit Skylights and Sloped Glazed Wall Systems

BC=NFRC 100-2010
Exterior
U-factor tag = SHGC
Exterior

BC=Adiabatic
U-factor tag = None

Gravity Yectorp.d|

BC=NFRC 100-2010 Exterior
U-factor tag = None

63.5 mm (2.5")
Edge-of-Glass

150 mm (6.0")
Glass Height
(above sightline)

BC=<glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC=<glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC=lInterior (20 tilt) <frame type> Frame (Convection Only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

Figure 8-64. Boundary condition and U-factor tag settings for skylight Sill example.

6. Check the Gravity Vector for the Sill cross section (View/Gravity Arrow), which should point down.

7. Simulate the file.
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8. SPECIAL CASES

8.5 Unit Skylights and Sloped Glazed Wall Systems

8. Click on the Show U-factors button to view the U-factors dialog box. Make sure that the projection is set
to “Projected in Glass Plane” which will allow the program to calculate the correct projected frame

dimensions with a tilted cross section.

U-Factors
U-factar delta T Length
W imi-K, C mm Rotation
SHGC Ewterior [1.0262 |30 [fa1os2  [200 |Projected in Glass Plane v |
Frame [1.2276  [330 [7ag186  [200 |Frojected in Glass Plane v |
Edge | fre43z 330 200 |Frojected in Glass Plane v |
Dizplay
& U-factor
" R-value
= Expart
% Enor Energy Nom | 4.90% Eiel

A

Select Projected in Glass
Plane from the pulldown
list to replace Projected Y
for Frame, Edge and
SHGC Exterior

Figure 8-65. Select the Projected in Glass Plane for the projected frame dimension calculation.
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8. SPECIAL CASES 8.5 Unit Skylights and Sloped Glazed Wall Systems

In THERM, for Head:
1.

5.

Create the cross section for the Head, set the Cross Section Type to “Head”, and import the glazing
system facing Down (in order to get the Gravity Vector pointing in the proper direction).

Assign the Boundary Conditions as shown in the figure below.

Tilt the Head cross section so that it is 20 degrees off horizontal (click on the Draw menu, Rotate/Degree
choice, and enter 70 degrees Clockwise).

Check the Gravity Vector (View/Gravity Arrow), which should be pointed down.

BC = NFRC 100-2010 Exterior
\ U-factor tag = SHGC Exterior

BC = NFRC 100-2010 Exterior
U-factor tag = None

63.5 mm (2.5")
Edge-of-Glass

150 mm (6.0")
Glass Height

BC = Adiabatic
U-factor tag = None

—

BC = <glazing system>U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC = <glazing system>U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC = Interior (20 tilt) <frame type> Frame (Convection Only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

Figure 8-66. Boundary condition and U-factor tag settings for skylight Head example.

Simulate the file.
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8. SPECIAL CASES 8.5 Unit Skylights and Sloped Glazed Wall Systems

6. Click on the Show U-factors button to view the U-factors dialog box. Make sure that the projection is set

to “Projected in Glass Plane” which will allow the program to calculate the correct projected frame
dimensions with a tilted cross section.

U-Factors
U-Factar delta T Lenath
W fm2-K C i Rotation
SHGE Exterior [1.0262  [33.0 [fat0sz  [200 | Projected in Glass Flane |
Frame [1.2276  [33.0 |7a.8186  [200 |Projected in Glass Flane v |
Edgs | [reazz [aan0 25 [200 [Projected in Glass Plane |
Diisplay
@+ U-factor
" R-value
> Export
% Eor Enerqy Morm ’m e

Figure 8-67. Select the Projected in Glass Plane for the projected frame dimension calculation.

In THERM, for Jamb:
1. Create the cross-section for the Jamb. The steps are similar to modeling the head and sill, except for the
following:
=  Jambs are modeled in the vertical direction =
. : “" 7
= The Cross Section Type is set to “Jamb

= The glazing system is oriented “Up”
=  The gravity vector is set manually to the “Right” (because the dominant direction of gravity is not
vertical as it is with a normal jamb)

2. Simulate the file.

Because the cross section is not rotated, the projection in the U-factor dialog box can be set to either
“Projected Y” or “Projected in Glass Plane”; both settings will result in the same answer.

U-Factors ﬁ
U-factor delta T Length
Wimz2-k, C i Fiotation
SHEC Exterior [1.0504  [33.0 [fa1051 [a00 | Projected in Glass Plane |
Frame [1.2440  [39.0 [7amss [s00 | Projected in Glass Plane |
Edge | f18a7s [330 [25 300 |Projected in Glass Plane |
Dizplay
* U-factor
" R-value
> Export
% Enor Energy Morm W EipC

Figure 8-68. The projection can be set to either “Projected Y” or “Projected in Glass Plane”; both will result in the same
answer.
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8. SPECIAL CASES 8.5 Unit Skylights and Sloped Glazed Wall Systems

BC = Adiabatic
U-factor tag = None

3

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC = NFRC 100-2010
Exterior
U-factor tag = None

.iy\l"ectm il

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure

U-factor tag = Edge

BC = Interior (20 tilt) <frame type> Frame (Convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

BC = NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior

1

BC = Adiabatic
U-factor tag = None

Figure 8-69. Boundary condition and U-factor tag settings for skylight jamb example.
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8. SPECIAL CASES

8.5 Unit Skylights and Sloped Glazed Wall Systems

In WINDOW, Calculate the Total Product U-factor:

1. Inthe WINDOW Frame Library, import the THERM files for the Head, Sill, Jamb and any other needed
cross sections that were modeled.

File Edit Libraries

Record Tools

View Help

H W73 - Frame Library (C:\Users\Public\LENL\WINDOWZ.3\W7.mdb)

Ded { 2R E|(E: 1 > @

eN: O# 7% 2%

Frame Library [C:5dserssPublic\LBMLYIN DOW 7, 347 mdb)

r Find

Impork
Export

Repaort »

i

light-head. THM

Therm
Therm

Therm

Detailed View |

ﬂl ID Name Sorce Type UFLaaTL?e Lllzvdaglje Eolrzrgﬁa?ion TEilc?lanegss Pid Abs

Mew | WK | wim2K mm mm
Cony |1 Alwibeak ASHRAE N/ 5 B8O M Class] N/, 7.2 0.0
—I 2 Alflush ASHRAE N/ 3870 M Class] N/, 7.2 0.0
Delete | | 3z wood ASHRAE N/ 2270 N/ Class] N/, £9.8 0.0
[ | ASHRAE M/ 1.700 N/ Class] £9.8 0.90
||D v[ | 5 samplehead THM Therm  Head 2,007 2380 N : 429 0.30
|— | & samplejamb.THM Tharm  Jamb 1996 2343 N } 429 0.30
| 7 samplesilTHM Therm il 20m 2344 Na } 429 0.30
4|Ad"a”°ed"' | 8 Stomwindowhead THM Therm  Head 1.244 1848 NAA . 788 030
12 racords found. | 3 Storwindowjamb. THM Therm  Jamb 1.264 1655 MiA 788 0.30
| 10 Stomwindow-sil. THM Therm Sl 1.244 1848 MNAA 758 0.30

Figure 8-70. Import the skylight THERM files into the WINDOW Frame Library.

2. Construct the whole skylight in the WINDOW Window Library by using the THERM files for the frame
components and the glazing system for the center of glass. Make sure that Type = Skylight and Tilt = 20.

3. The warning received upon completion ‘Calc’ is okay for skylights.

Record Tools View Help

w73 - Window Library (C\Users\Public\LBNL\WINDOWT 3\W7.mdb)
File Edit Libraries

DEH s2@d|& E(: > B

Ll

PO #* 7

% TN

Calc F3)

i

New

Eopy
Dielete
Save

Feport

Hefe

I Dividers

Dividers

i

Digplay mode:
INormaI 'I

SHGCAT Detail

CR Detail I

H

osls ]
Mame lSkyhght—
Mode[WFRC  +]
Twe[Soln x| x|
hidth | 1200 mm
Height lW mm
Alea m m2
I
Environmental Conditions
NFRC 100-2010 -

Information

‘indow 4, Glazing System B1. Calculation
"wamning: Calculation iz complete and while
rezults are probably cormect, some parameters
are outside the range of the equations
prezcibed by (50 15033, which is the basis for
thiz computer program. Fayleigh number is out
of range in nuzsselt number calculations for gaps
[angle between 0 and B0 degrees)

- Tokal Window B esult

U-factor |1.7655

SHEC |0.5212

T |0.5505
CR 50

WK

| Click on a component to display characteristics belov

=
Frame:

Name: [skyligrt-si. THM = |
o[ 13 Uedge | 1.843 wimak
Source I 2 Edge area | 0.062 m2
Utactor [ T.228%//m2k  PFD [ 788

Area I 0.088 me

Absz | 0.300

Figure 8-71. Create the whole skylight in the Window Library.
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8. SPECIAL CASES 8.6 Doors

8.6 Doors

Swinging entry doors are modeled differently than window products because there are more opaque sections
to be modeled in THERM. The procedures for modeling doors are included in ANSI/NFRC 100 and that
document should be reviewed in detail before modeling any entry door systems.

NFRC has defined ten regions within a door that need to be modeled. These regions include:

"  Frame Area

= Lite Frame Area

® Divider area

® Edge-of-divider area
= Edge-of-Lite Area

= Center-of-lite area

"  Door Core Area

® Panel Area

= Edge-of-Panel Area

ANSI/NFRC 100 contains several figures which illustrate the location of the door sections to be modeled in
THERM.

When modeling glazing options with caming, the NFRC default caming can be used. See the section on
Dividers in this chapter for information about modeling caming inside an IG.

A spreadsheet must be used to do the door area-weighting from the THERM files, because the current version
of WINDOW does not area-weight doors. In THERM, the U-factor Surface Tags can have any name and as
many U-factor Surface Tags can be defined as are needed to accurately describe the model. (See Section 6.2.4,
"Define U-factor Surface Tags in the THERM User's Manual), so define as many U-factor Surface Tags as
needed and name them descriptively.

When calculating the SHGC for the opaque components of a door, using the ISO 15099 equation for frames
(see formula for SHGCbelow), using an hou value of 20.6 W/m2-"C.
. U,
SHGC; =a; - ———

surf ]lom

“’f

Boundary Conditions for Steel Skin Doors

The following boundary conditions (BC) shall be applied when modeling doors containing a steel skin with
either a non-metal or wood edge or steel edge. The appropriate BC shall be applied to applicable individual
sections.

Door section material Boundary Condition
Non-metal / wood edge Wood / Vinyl
Steel edge Thermally-Improved

Note: The interior surface emissivity of steel can affect thermal transmittance so it is imperative that NFRC
101 is adhered to regarding material emissivity. For example, a painted galvanized steel skin shall require a
surface emissivity of 0.9 per NFRC 101 for a painted material in Appendix A.

Chapter 9 contains a door example, which describes in detail the THERM modeling steps.
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8. SPECIAL CASES 8.7 Spacers

8.7 Spacers

8.7.1. Overview

THERM has the capability to model spacers in great detail, so that modeling of spacer effective conductivity
is no longer needed. Spacer models can be easily reshaped in THERM, and the program's cut and paste
feature allows spacers to be copied into each cross section as needed. A library of spacer models can be
produced for each spacer type. See the THERM User's Manual, Section 3.5, "Adding a Custom Spacer". A
sample spacer, Spacer.thm, is included on the THERM download.

 THERM - [Spacer.thm] M= E3
].';E‘Eile Edit ‘“iew Draw Libranes Options Calculation  ‘window Help _|ﬁ'|5|
NEHS Los [ m-dlbnQ 9% fEu %] B

[

Kl 1 _»IJ
19 0.525,1.930 |,y 0,136, -0.004 llen0136  [Step 0500 [inches | 5
Ready MUM 2

Figure 8-72. Spacer.thm sample file.
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8. SPECIAL CASES 8.7 Spacers

8.7.2. Linking Glazing Cavity properties (imported from WINDOW) for Open Spacers

The properties of a glazing cavity can be linked to another polygon in order to properly model spacers that
are open to the glazing system cavity. Section 5.11.5, “Linking Materials Properties of Polygons” in the
THERM User Manual explains this methodology in detail.

Follow the rules in Section 6.4.4 to determine whether the cavities in the open spacer cavity should be linked
to the glazing system cavity.

To Link the properties of two materials, follow these steps:
= Select the polygon that is to linked to another polygon
= Select the Libraries/Create Link menu choice.

= The cursor will become an Eye Dropper. Click the Eye Dropper cursor in the polygon to be linked
to. The material properties of the first polygon are not linked to the material properties of the
second polygon.

When using the multiple glazing calculation option, THERM will automatically use the glazing system cavity
properties for each glazing option for the linked polygon.

W | Ltraries Options Calodotion Window  Heb

(L SetMateril 4 % | # & U % [Frame Cavity NFRC 100 ~|
== Set Boundary Conditicn Fs
Materidl Libeary Shift-F4
Boundary Condition Lieary Shit-FS
Gas Lbeary Shit-F6.
Seloct MteisBoundary Condion Step 3:
s Sas = The cursor will become an Eye Dropper. Click the Eye
LT Dropper in the polygon you want to link to, in this
= example, the large glazing cavity, labeled “2” in this
/ example.
Step 2: The material properties of polygon “1” are now linked to
Select the ) the material properties of polygon “2”, so in this
Libraries/Create Link example, the polygon below the glazing cavity (1) will
menu choice. have the same material properties as the glazing cavity
(2). /

Step1: — |
Select the polygon
(labeled “1” in this
example) that is to be
linked to another
polygon.

Figure 8-73. Link the open spacer cavity to the glazing system cavity using the Library/Create Link feature .
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8. SPECIAL CASES 8.7 Spacers

Another example of an “open” spacer is shown below. For sealed glazing systems (such as an IG) the 5 mm
rule for linking frame cavities and glazing cavities does not apply. So in the example below, the frame cavity
inside the spacer as well as the two small cavities on either side of it, all of which are connected to the glazing
cavity, are linked to the glazing cavity even though the connection (throat) to the glazing cavity is less than 5
mm.

For sealed IG units, the 5 mm rule is
not applied to frame cavities that touch
the glazing cavity,

So in this example, all the frame
cavities that touch the glazing cavity
are linked to it, even if their throats are
less than 5 mm.

Figure 8-74. Because the “throat” between the spacer opening and the glazing system cavity is < 5 mm,
the two cavities are not linked.

8.7.3. Trapped Air Cavities Within a Spacer System

Air spaces within a spacer system that are not open to the glazing cavity shall not be linked to the glazing
cavity but shall be assigned a user-defined conductivity value of 0.024 W/mK, and default emissivity of 0.9.
This includes any spacer that is perforated and also applied regardless of the gas-fill type of glazing cavity.
To create the new solid material in THERM, open the material library and enter as follows:
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8. SPECIAL CASES

8.7 Spacers

Mew Material name:

| Keff 0,024

[ o< |

Material Definitions *
material.lib
|keff0.024 v [ close |
Material Type T 1
Cancel
(®) Solid I—-——I
O Frame Cavity New
Glazing Cavity | Dacte |
(C)External Radiation Endosure
Shading Material | Rename |
Solid Properties | Color |
Conductivity [ 0,024 | Wimk [Gave b As|
Enesity[0.9_| Loxdtt |
Edit Shade Material

Cavity Properties
Radiation Model

Cavity Mode|

Gas Fill

Protected

Figure 8-77: Create trapped air conductivity

Once the new material is created, then the user-defined conductivity shall fill all cavities that are trapped (e.g.
not exposed to any glazing cavities). An example of this type of spacer system is shown in Figure 8-78.

This area shall be filled with a solid conductivity of 0.024 W/mK.

It is never to be filled as "Frame Cavity NFRC 100". Notice this
area is not linked or connected to the air or glazing cavity.

Figure 8-78: Example spacer system with trapped air

Note: The 0.024 W/m-K is the same conductivity used in the 3-D modeling calculation for Bolts, etc.
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8. SPECIAL CASES 8.8 Non Continuous Thermal Bridge Elements

8.8 Non Continuous Thermal Bridge Elements

Bolts, skip and debridge thermal break, including partially de-bridged thermal break material, and thermally
slotted cross section shall be included in the model using the concept of isothermal planes. The isothermal
planes methodology calculates an effective conductivity of the bridging material based on area weighting the
sections of the product with and without thermal bridging material based on the bridging material spacing
dimensions. This method is also valid for other regularly spaced thermal bridges such as skip-and-debridged
systems. This method is not valid if the framing component on the exterior side of the thermal bridging
material is not metal (for example, a curtainwall with a thermoplastic pressure plate connected to an
aluminum-alloy interior intermediate by a rigid vinyl thermal isolator can ignore modeling the bolt, screws,
etc. per section 8.8).

The effect on the performance of a curtain wall system due to bolts is explained in detail in an ASHRAE
paper published in 1998 entitled “The Significance of Bolts in the Thermal Performance of Curtain-Wall Frames for
Glazed Facades”, by Brent Griffith, Elizabeth Finlayson, Mehrangiz Yazdanian and Dariush Arasteh.

The THERM model to be simulated for the final result is one in which the actual materials of the thermal
bridging elements are replaced with a user-defined material having an effective conductivity which
represents the area-weighted value that combines the bridging and non-bridging elements.

Figure 8-79 below illustrates an example of a curtain wall system which would require that the thermal
bridging elements, in this case the bolts, be modeled using the isothermal planes method.

Thermal bridging

material depth Cross section A through
thermal bridging material
(bolt)

Cross section B
without thermal

bridging material
(bolt)

I Bolt Head Size ength

Bolt spacing

Figure 8-75. Example of a curtain wall system with regularly spaced bolts which act as thermal bridges
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8. SPECIAL CASES 8.8 Non Continuous Thermal Bridge Elements

8.8.1. Modeling Steps
The steps for constructing the final THERM model to be simulated are the following;:

1.
2.

Draw the THERM model without the thermal bridging material.
Determine the conductivities of the materials that the thermal bridging material will be penetrated.
* Conductivities of materials can be obtained from the THERM Material Library

= Conductivities of air-filled cavities (such as frame cavities) are assumed to be 0.024 W/m-K (or 0.014
Btu/hr-ft-°F).

Using a cross-section that contains the non-thermal bridging material, measure the depths of each
element of the non-thermal bridging material that will have a different thermal conductivity in the non-
bridging cross section.

Use the conductivities of the non-thermal bridging materials and depths of the non-thermal bridging
materials in Equation 2 below to determine the Resistance (R) for each non-thermal bridging element.

Sum the resistances (Rt) and divide by the total depth of the non-thermal bridging elements to obtain Kn,
as shown in Equation 3, to calculate the conductivity of the non-thermal bridging elements

Calculate the fraction of thermal and non-thermal bridging material along the length of the facade using
Equations 4 and 5.

Calculate the final effective conductivity value for the thermal bridging elements using Equation 1.

In THERM, define a new material with the Keff value derived in Step 7, and assign it to the cross section
polygon(s) that represent the thermal bridging elements, except for the continuous conductive material
(i.e. aluminum alloy of the pressure plate for a structural-glazed curtain wall) which would be modeled
as intended.

Simulate the model.
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8. SPECIAL CASES 8.8 Non Continuous Thermal Bridge Elements

8.8.2. Equations

Calculate the effective conductivity of thermal bridging elements (e.g., bolts, screws, etc.)

Keff= Fb*Kb + Fn*Kn Equation 1
where
Fb = Fraction of the Length which contains the thermal bridging elements (see equation 4 below)
Fn = the fraction of the Length which contains non-thermal bridging elements(see equation 5
below)
Kb = conductivity of the thermal bridging elements
Kn = conductivity of the non-thermal-bridging elements

(from the sum of the resistances, Rt, of individual elements from Equation 2 below)
Assume a default value of 0.024 W/ m-K for air cavities.

This methodology should be applied with the following caveats:

= Ifless than 1% (to obtain percentage, multiply fraction by a 100) of the Length is made of thermal
bridging elements (such as stainless steel), i.e., Fb < 0.01, do not model the thermal bridging elements.

= If between 1% and 5% of the Length is made of thermal bridging elements (0.01 <=Fb <= 0.05) and if
the conductivity of the thermal bridging elements is more than 10 times the conductivity of the
thermal break, model the thermal bridging elements using the keff calculated in Equation 1.

= If more than 5% of the length is made of thermal bridging elements (Fb > 0.05), model the thermal
bridging elements using the keff calculated in Equation 1.

Calculate the total resistance of the non-thermal bridging elements, Rt, by summing individual
resistances (non-thermal bridging element conductivity) for each non-thermal bridging element using the
formula:

Rt=%([D / k) Equation 2
Where:

Rt = Sum of the thermal resistances of the individual non-thermal bridging material. Units: m? K/W
(SI), or hr t2 °F/Btu (IP)

D = Depth of the individual non-thermal bridging elements that will be substituted by the calculated
effective conductivity. Units: m (SI), or ft (IP), or (in) (alternate IP)k = conductivity of the individual
non-thermal bridging elements that will be substituted. Units: W/m K (SI), or Btu/hr in “°F (IP), or
Btu in/hr ft2 °F (alternate IP)

Therefore:

Kn=Dt/Rt Equation 3
Where:

Dt = Total depth, which is the sum of the depths of the individual non-thermal bridging elements
Calculate the fraction of thermal bridging material to non thermal bridging material as follows:

Fb=Wb /Sb  (%Fb=Fb 100) Equation 4

Fn=1-Fb Equation 5
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8. SPECIAL CASES 8.8 Non Continuous Thermal Bridge Elements

Where:
Wb = Bridging material width
Sb = Bridging material spacing

8.8.3. Example 1: Bolts in Curtain Wall
Note: This example is only presented in SI units and is not translated into IP units.

The following figures show two cross sections of the curtain wall in Figure 8-80. Figure 8-82 represents the
cross section of the curtain wall where the bolt occurs (screw threads should be averaged and not drawn
explicitly), and Figure 8-81 represents the cross section of the curtain wall where the bolt does not occur. The
geometry of the cross-section in Figure 8-82 would be used for the final THERM run, and the conductivity of
the materials used to define the bolt would be changed to the value derived from the methodology explained
in this section. The geometry in Figure 8-81 is drawn only to obtain the conductivity values for calculating the
conductivity of this “averaged” material.

Figure 8-80. THERM cross section where the bolt occurs (curtain wall bolt.thm).
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8. SPECIAL CASES 8.8 Non Continuous Thermal Bridge Elements

Figure 8-81 shows the conductivity values for the four materials that must be obtained for the calculation.
Material 1 and 4 are air cavities, and the conductivity is assumed to be 0.024 W/m-K.

k4, Air Cavity
= 0.024 W/mK

k2, Aluminum Alloy k3, Rigid PVC
=160 W/mK =0.17 W/mK

k1, Air Cavity
=0.024 W/mK

Figure 8-81. Materials in the non-bridging material cross section for which conductivities must be obtained.

Figure 8-82 shows the depths of each of the thermal bridging elements that are used in the Keff calculation.

d4=14.110 mm

d1=3.920 mm
d3=5.860 mm

d2 =3.175 mm

Figure 8-82. Material depths for the thermal bridging materials.
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8. SPECIAL CASES

8.8 Non Continuous Thermal Bridge Elements

Table 8-1 shows the conductivity and depth values used to calculate the R for each non-thermal bridging
element using Equation 2.

Table 8-1
Cross Material Conductivity | Depth R
Joction WmK] | (m) [m2K/
Element
W]
1 Air cavity (default value) 0.024 0.00392 0.16333
2 Aluminum 160 0.003175 | 0.0000198
(conductivity from THERM Material Library)
3 Vinyl 0.12 0.00586 0.049
(conductivity from THERM Material Library)
4 Air cavity (default value) 0.024 0.01411 0.587917
Total 0.02706 0.800103

Calculate Rt as follows:

Rt =

Dt =

Z(d/k)
(d1/ka) + (do/k2) + (da/ks) + (ds/ ka)

(0.00392 / 0.024) + (0.003175 / 160) + (0.00586 / 0.12) + (0.01411 / 0.024)

0.800103 m2K/W

0.00392 m + 0.003175 m + 0.00586 m + 0.01411 m

0.02706 m

Calculate the conductivities as follows:

Kn =

Kb =

Di/R¢

0.02706 / 0.800103

0.033821 W/m K

14.3 W/m K (stainless steel)

Calculate the fraction of bolt to no bolt as follows:

Wb =

Sb =

Fb =

Fn =

Bolt head width

11.1 mm

Bolt spacing 12"

304.8 mm

Wb / Sb

11.1 mm / 304.8 mm

0.036 (%Fb=0.036 100 = 3.6%)
1-Fb

1- 0.036

0.964
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8. SPECIAL CASES 8.8 Non Continuous Thermal Bridge Elements

Calculate the new Keff, which will be used in THERM as follows:

Keff = Fb*Kb + Fn*Kn
Keff = (0.036 * 14.3)+(0.964 * 0.033827)
= 0.55 W/m K

In THERM, create a new material in the Material Library with this Keff. In the THERM cross section, the bolt
material should be changed from Stainless Steel to this new material, except for the aluminum alloy pressure
plate since it is attached to the bolt and is the most conductive material. The resulting cross section is a 2-D
thermal equivalent of the cross section with and without the thermal bridging material.

Only polygons 1, 3, and 4 (as defined in
Figures 79 and 80) are given the newly defined
Keff of 0.55 W/mK. Polygon 2 remains as an
aluminum alloy.

Figure 8-76. Final THERM model with boundary conditions defined.
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8. SPECIAL CASES 8.8 Non Continuous Thermal Bridge Elements

8.8.4. Example 2: Thermally slotted cross-section

N
—~| 03750
03400 _ le—— 3.625 —] :
:_‘ O.im [ 01000
I 1 ] ] £
os00d 2 =
Figure 8-84. DXF for thermally slotted cross section.

Step |
Skip =0.009525 m (0.375 in)
Slot (Air) =0.092075 m (3.625 in)
Interval =0.092075 m (3.625 in) + 0.009525 m (0.375 in)

= 0.1016 m (4 in)
Fb =0.009525 m/ 0.1016 m

=0.094
Fn =1-Fb

=1-0.094

=0.906
Percent of thermal bridge = (Fb)*100

=0.094 * 100
=9.4%

Because the thermal bridge is 9.4% of the length of the fagade, the skip-and-debridge needs to be calculated
using the isothermal plane procedure. Note: The rest of the example will be in SI units only, with no IP unit
translation.
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8.8 Non Continuous Thermal Bridge Elements

Kb =160 W/m-K (conductivity of skipped debridge, in this case Aluminum)
Rt =) (Depth/ conductivity)
=Da/ka

= (0.0086 m/0.024W / m-K)
= (0.35833 m2-K/W

where Depth is length of thermal bridge in a direction of heat flow, and the air is assumed to have the

conductivity of 0.024 W/m-K

Kn = total depth/Rt
=0.0086m/ 0.35833 W/m-K
=0.024W/m-K

Keff  =Fb*Kb +Fn*Kn
=0.094*160 W/m-K + 0.906* 0.024W / m-K
=15.062 W/m-K

To convert to IP:

Keff =15.062 W/m-K *0.57782
= 8.703 Btu/hr-ft-°F

or in alternative IP units,

Keff  =15.062* 0.57782 * 12 in/ft
= 104.436 Btu-in/hr-ft2-°F
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8. SPECIAL CASES 8.8 Non Continuous Thermal Bridge Elements

Step-2
Replace the strip of air-aluminum-air with new keff material of 15.078 W/m-K

Thermal-debridged Apply keff for each skip and slot row
Keff 8.918 W/m-K (air / aluminum / air)
(61.854 Btu-in/hr-ft-deg F) Keff = 15.0617 W/m-K

Figure 8-85. New Keff assigned to each skip and debridged row.

Step 3
Define the Boundary condition and run the model to calculate the U-factor for frame and edge-of-glass.
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8. SPECIAL CASES 8.8 Non Continuous Thermal Bridge Elements

8.8.5. Example 3: Skip-and-debridge:

M4s3 | ,1 T\\\_ 17433

FRAME HETIGHT

!

Scale 1: 2

Note: the skip trapezoid shall be treated as a rectangle equal to the total length of the base of the
trapezoid.

Figure 8-86. Drawings for Example 3 Skip and Debridge.
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8. SPECIAL CASES 8.8 Non Continuous Thermal Bridge Elements

STEP 1

Skip = 0.0508 m (2 in)

Debridge (Air) = 0.4318 m (17 in)

Interval = 0.508 m (2 in) + 0.4318m (17 in) = 0.4826 m (19 in)

Note: The rest of the example will be in SI units only, with no IP unit translation

Original file with skipped debridge New file with skipped debridge

area set to material with
Keff = 16.869 W/m-K

Fiqure 8-87. Original THERM model and new model with new Keff for skipped debridge area.
Fb =0.0508 m/ 0.4826 m = 0.1053

Fn =1-Fb
= 1-0.1053 =0.8947

%Fb = (Fb) 100
=(0.1053) - 100
=10.53% (Skip-and-debridge needs to be calculated using Isothermal plane procedure).

Kb =160 W/m-K (conductivity of skipped debridge, in this case aluminum)
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8. SPECIAL CASES

Rt =3 Length/ conductivity
= (0.00635 m/0.024 W/m-K)
=0.2646 m2-K/W

The length is the length of material in a direction of heat flow i.e. 0.25” as shown in the figure above. (The air
effective conductivity calculated using THERM)

Kn = length/Rt
=0.00635m/0.2646 m>-K/W
=0.024 W/m-K

Fb*Kb +Fn*Kn
0.1053*160 W/ m-K + 0.8947*0.024 W/ m-K
=16.869 W/m-K

Keff

To convert to IP:

Keff =16.869 * 0.57782 = 9.747 Btu/ hr-ft-F (or in alternative IP Units: 116.97 Btu-in/hr-ft?-F)
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8. SPECIAL CASES 8.9 Site Built Fenestration Products
(Curtain Walls, Window Walls and Sloped Glazing)

8.9 Site Built Fenestration Products
(Curtain Walls, Window Walls and Sloped Glazing)

A few things to be aware of:

= Review the drawings carefully for non-continuous elements. These systems tend to have many such
elements including shear blocks, installation clips and spacers at the bolts.

=  Site built modeling is partially dependent on the installation of the product. Make sure that the drawings
show the installation.

=  Site built products are typically multiple lite systems where the intermediate vertical and horizontal
frame members repeat in some pattern.

=  Curtain Walls, per ANSI/NFRC 100 Table 4-3, shall be simulated and tested with the intermediate
verticals as jambs and intermediate horizontals as the head and sill members.

=  Window Walls, or also known as strip windows, per ANSI/NFRC 100 Table 4-3, shall be tested and
simulated with intermediate verticals as jambs and standard head and sill members.

= Sloped Glazing may also be rated based on the centerline dimensions if utilized like a curtain wall or
window wall, except for solariums and sunrooms. Sloped glazing of solariums and sunrooms shall be
simulated and tested with standard jamb, head, and sill members.

Modeling of the representative products above used to compare to the physical validation test is as follows:
1. Simulate the full vertical intermediate member twice (for the left and right jambs):

a. Once with the left glass replaced with wood (or manufacturer supplied closure part), which
is typically the same thickness as the IG unit.

b. Once with the right glass replaced with wood (or manufacturer supplied closure part), which
is typically the same thickness as the IG unit.

2. Simulate the horizontal members.

a. If this is for a curtain wall, then model once with the top glass replaced with wood (or
manufacturer supplied closure part), which is typically the same thickness as the IG unit and
then a second model with the bottom glass replaced with wood (or manufacturer supplied
closure part), which is the same thickness as the IG unit.

b. If this is for a window wall or sloped glazing, then the standard sill and head members are
modeled.

3. A physical thermal testing laboratory shall test a sample with the same cross sections as simulated in
the steps listed above per NFRC 102.

4. Validation is checked by comparing the values obtained by simulating the product using steps 1 and
2 above, and the physical test results.

8.9.1. Curtain Walls, Window Walls, and Sloped Glazing

NFRC defines a curtain wall and window wall as any building wall carrying no super imposed vertical load.
A curtain/window wall system will typically be exterior to the building framework and will typically bypass the
building floors.

ANSI/NFRC 100 Table 4-3 states that curtain walls, window walls, and sloped glazed wall systems are
simulated as two lites with one vertical mullion. See the introduction to this section for the specific members
of curtain walls, window walls, and sloped glazed wall systems that are to be modeled. If the intermediate
vertical and horizontal members were simulated full width or height for the jambs, head and sill, then the

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026 8-87
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(Curtain Walls, Window Walls and Sloped Glazing)

total area of the frame as simulated would be significantly larger than actual frames, so for rating purposes,
some members (depending on whether it is a curtain wall, window wall or sloped glazing) are simulated as
¥ the full height ( for head and sill) or width (for jambs). The vertical mullion is always simulated full width.

1 1
T T T
i* Intermediate vertical frames > !
: — :
o oSS Seeseeesseesssesssesssesss R
1 I 1
1 1
' Modeled as '
: Head, but %2 ) )
i [Modeledas ) | height i |Intermediate
! | Mullion, full 1 |horizontal
' | width Modeled as  |frames
: Jamb,buts P!
i width '
' Modeled as '
1 4—Jamb, but %2 Modeled as Sill, ]
: width but % hTight .
1 1
1 v | v
el ___ R A -
1 1
1 1
1 1
1 1

Fiqure 8-88. Curtain Wall Modeling Method

Modeling Procedures:

1 1
1 1
1 1
1 1
- ! ! -
1 1
| A |
i | i
1 1
' Modeled as '
! Head, full :
1 | Modeledas —p height 1
1 | Mullion, full '
' | width Modeled as Q i
| Jamb, but ¥ |
! width ]
' Modeled as |
1 4—Jamb, but ¥ Modeled as Sill, !
: width full heigrt .
1 1
: v :
- ! ! -
1 1
1 1
1 1
1 1

Figure 8-89. Window Wall Modeling Method

=  Curtain Walls: See the modeling steps in the following section.

=  Window Walls: For window walls, the standard head and sill members are modeled, and therefore the
steps for simulation are identical to that of a normal window cross-section.

= Sloped Glazed Wall System: If the product to be simulated is a sloped glazed wall system, then the
modeling steps are identical to a curtain wall or window wall, except that the cross-section is to be sloped
20 degrees (see Unit Skylights and Sloped Glazed Wall Systems, Section 8.5. for instruction on sloping
products).
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8. SPECIAL CASES
(Curtain Walls, Window Walls and Sloped Glazing)

8.9 Site Built Fenestration Products

8.9.2. Curtain Wall Modeling Procedure

N :
1 1
1 1
1 1
s Intermediate j
i vertical frames i
_——) - - S |
: :
T T
! T !
1 1
! Modeled as Head, !
] but %2 height !
' Modeled as > i
' Mullion, full width i |Intermediate
! i horizontal
! Modeled as Jamb, __ | ' frames
! but %2 width !
| |
1 1
1 1
1
| ¢ Modeled as Jamb, Modeled as Sill, :
' but 72 width but % height '
! | !
1 1
| v |
i S _——d e - -
I | v
| |
1 1
1 1
1 1

Fiqure 8-90. Curtain wall simulation model (represented by dotted lines) for rating,

where the framing members are modeled at half their width.

Modeled as
Mullion, full width

Modeled as

Jamb, full width

T

Modeled as Head,
full height

Modeled as Jamb, __|
full width

Modeled as Sill,
full heigr‘t

v

Fiqure 8-91. Curtain wall simulation model (represented by dotted lines) to match validation (physical) testing, only.
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8. SPECIAL CASES 8.9 Site Built Fenestration Products
(Curtain Walls, Window Walls and Sloped Glazing)

Steps in Modeling Curtain Walls for Rating Simulation
In WINDOW:

= Create glazing systems in WINDOW as usual, with Tilt set to “90".
In THERM:

=  Draw the cross sections for curtain walls in the same manner as any other model in THERM - it will
be a model similar to a meeting rail.

The following discussion lists the steps for making cross sections for intermediate horizontal and vertical
frames. In the example, the horizontal frame and vertical frame are the same so only one drawing will be
needed.

Figure 8-92. Curtain Wall Mullion Cross Section (mull.thm)
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8. SPECIAL CASES 8.9 Site Built Fenestration Products
(Curtain Walls, Window Walls and Sloped Glazing)

Modeling the Intermediate Vertical Mullion:

Using the dimensioned drawings or a DXF file, create the cross section for the frame portion of the vertical
mullion. The figure below shows a THERM cross section of the frame portion of the vertical mullion.

Make sure that the section is oriented correctly with the glazing oriented up and down.

= If bolts are present make sure to model them as non-continuous thermal bridging elements if needed.
(see Section 8.8).

= Pay particular attention to the aluminum finish in order to assign the correct materials to the
drawing. (In the figure below, where the arrows point to Aluminum)

Bolt
Head

Aluminum

Figure 8-93. Mullion frame cross section without glass (Mull_noglass.thm)

This vertical cross section will be used for the vertical intermediate (mullion) and for the jambs. The jamb
model it is necessary to determine and mark the %2 width point between the sightlines. The easiest way to do
this is to make temporary reference rectangles as follows:
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8. SPECIAL CASES 8.9 Site Built Fenestration Products
(Curtain Walls, Window Walls and Sloped Glazing)

Determine Frame Midpoints

In order to model the “half-width” frame dimensions for the rating simulation, it is necessary to determine
the mid-point of the frame, which is most easily done before the glazing systems are inserted.

= Draw a rectangle from the sightline (highest interior point) for both glazing systems, going horizontally
in both directions, so that each rectangle is larger than the horizontal dimension of the frame.

=  On both the right and left side of the frame draw a rectangle between the other two reference rectangles
and make sure it contacts the frame.

= Measure the exterior rectangle just created in the vertical dimension. The midpoint of the frame is half of
this dimension.

=  For both the right and left sides of the frame cross section, select the vertical frame component and insert
a point on the frame at the midpoint dimension.

o Step 1: Draw two 'reference’ rectangles (top/bottom) from
Sightline the sightline, larger than depth of the frame cross-section

—

Step 3:

Measure the
Step 4: Select the vertical frame vertical
components and insert a point at the rectangles
midpoint as measured in Step 3. and

determine
This will define the midpoint of the midpoint (half
frame for the 'center-line' frame of the vertical
dimension for the simulation. dimension).

I

Step 2: Draw two 'reference’ rectangles (left/right)
between top/bottom rectangles

Figure 8-94. Determine the frame mid-points (mull_midpoint.thm)

Finish the cross section

= Delete the four “reference” rectangles.

= Insert the glazing and spacers as usual.

* In Therm File Properties (File/Properties), set the Cross Section Type to “Vertical Meeting Rail”.
=  Assign the Boundary Conditions as follows:

= Interior Frame: For the mullion cross section, the entire frame width (not just half) is modeled, so all
the interior frame boundary condition elements are assigned a Boundary Condition of “<frame
type> Interior (Convection Only), and a U-factor Surface tag of “Frame”.
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8. SPECIAL CASES 8.9 Site Built Fenestration Products
(Curtain Walls, Window Walls and Sloped Glazing)

= Interior Glazing: Set the Boundary Conditions for each glazing system to “<glazing system> U-
factor Inside Film” and the U-factor Surface tag to “Edge” for the first 63.5 mm (2.5 inches) from the
sightline, and “None” for the remainder of the glazing system.

=  Exterior Frame: Set the Boundary Condition to “NFRC 100-2010 Exterior” and the U-factor Surface
tag to “SHGC Exterior” for the exterior frame

= Exterior Glazing: Set the Boundary Condition to “NFRC 100-2010 Exterior” and the U-factor Surface
tag to “None” for both exterior glazing systems.

Exterior Mullion Interior

| > -—n

150 mm
(6.01in.)

BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = None

BC= NFRC 100-2010 Exterior
Radiation Model=Blackbody

U-factor tag = None (]
63.5 mm BC= <glazing system>U-factor Inside Film
(2.5in.) Radiation Model=AutoEnclosure
N U-factor tag = Edge
BC= NFRC 100-2010 Exterior BC= Interior<frame type>(Convection Only)
Radiation Model=Blackbody Radiation Model=AutoEnclosure
U-factor tag = SHGC Exterior U-factor tag = Frame

l

BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = Edge

BC= NFRC 100-2010 Exterior
Radiation Model=Blackbody
U-factor tag = None

BC= <glazing system>U-factor Inside Film

Radiation Model=AutoEnclosure
U-factor tag = None

»
»

Figure 8-95. Curtain Wall Mullion Boundary Conditions (mull_boundary.thm)
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8. SPECIAL CASES 8.9 Site Built Fenestration Products
(Curtain Walls, Window Walls and Sloped Glazing)

Modeling Curtain Wall Jambs:

In this example, the curtain wall jambs are modeled using the same drawing as the mullion. The boundary
conditions are adjusted to capture the heat flow of only half the width. Since the sections may be
asymmetrical, both the left and right portions of the mullion are required to be simulated as left and right
jambs.

For the Right Jamb:
=  Copy the vertical mullion drawing with boundary conditions assigned .
* In Therm File Properties (File/Properties), set the Cross Section Type to “Vertical Meeting Rail”.
* Do not change the Boundary Conditions but assign new U-factor Surface tags as follows:
* Interior Frame:
= from the midpoint to the top sightline set the U-factor Surface tag to “Frame”

= from midpoint to the bottom sightline and the entire bottom glass assign the U-factor Surface tag
to “None”.

= Interior Glazing System: for the first 63.5 mm of the top glazing system set the U-factor Surface
tag to “Edge”, and the remainder of the glazing system to “None”. For the entire bottom glass
assign the U-factor Surface tag to “None”.

= Exterior Frame:
= from the midpoint to the top sightline assign the U-factor Surface tag to “SHGC Exterior”
= from midpoint to the bottom sightline assign the U-factor Surface tag to “None”.

= Exterior Glazing System: set the U-factor Surface to “None”.
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8. SPECIAL CASES 8.9 Site Built Fenestration Products
(Curtain Walls, Window Walls and Sloped Glazing)

Right Jamb
Exterior Interior
| > i-—i
150 mm
(6.0in.)
BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = None
BC= NFRC 100-2010 Exterior
Radiation Model=Blackbody
U-factor tag = None (]
BC= <glazing system>U-factor Inside Film
63.5 mm Radiation Model=AutoEnclosure
(2.5in.) U-factor tag = Edge
> |
I
BC= Interior<frame type>(Convection Only)
BC= NFRC 100-2010 Exterior Radiation Model=AutoEnclosure
Radiation Model=Blackbody U-factor tag = Frame
U-factor tag = SHGC Exterior

//—>

BC= Interior<frame type>(Convection Only)
Radiation Model=AutoEnclosure
U-factor tag = None

BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = None

BC= NFRC 100-2010 Exterior
Radiation Model=Blackbody
U-factor tag = None

BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = None

Figure 8-96. Right Jamb Boundary conditions
(rightjamb_boundary.thm).
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8. SPECIAL CASES

(Curtain Walls, Window Walls and Sloped Glazing)

8.9 Site Built Fenestration Products

For the Left Jamb:

=  The process is the same as the right jamb except that the Frame, edge and SHGC Exterior tags are
assigned to the bottom half of the drawing and the top half is assigned the tag of “none”

Exterior

Left Jamb

150 mm
(6.0in.)

BC= NFRC 100-2010 Exterior
Radiation Model=Blackbody
U-factor tag = None

Interior

BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = None

63.5 mm
(2.5in.)

BC= NFRC 100-2010 Exterior
Radiation Model=Blackbody
U-factor tag = SHGC Exterior

BC= NFRC 100-2010 Exterior
Radiation Model=Blackbody
U-factor tag = None

BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = None

BC= Interior<frame type>(Convection Only)
Radiation Model=AutoEnclosure
U-factor tag = None

BC= Interior<frame type>(Convection Only)
Radiation Model=AutoEnclosure
U-factor tag = Frame

BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = Edge

BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = None

Figure 8-97. Left Jamb Boundary Conditions (leftjamb_boundary.thm)

»
»

NOTE: the THERM File option “ Use CR Model for Window Glazing System” may be left checked since THERM will
not calculate condensation resistance for a cross section Type tagged Vertical Meeting Rail or Jamb.
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8. SPECIAL CASES 8.9 Site Built Fenestration Products
(Curtain Walls, Window Walls and Sloped Glazing)

Modeling the Intermediate Horizontal (as Head and Sill):

The horizontal frame cross section is drawn in exactly the same way as the intermediate vertical frame cross
section, including inserting the midpoint. For this example the horizontal and vertical frames are identical so
the same drawing is used. Assign boundary conditions in the usual way and then assign new boundary
condition U-Factor Surface tags as follows for the head and sill.

For the Head:
= Use the drawing for the intermediate horizontal.
= In Therm File Properties (File/Properties), set the Cross Section Type to “Head”.
=  Assign the Boundary Conditions as follows:
= Interior Frame:

=  For the interior frame from the midpoint to the bottomn sightline, set the Boundary
Condition to “<frame type> Interior (Convection Only), and the U-factor Surface tag to
“Frame”.

= For the interior frame from midpoint to the fop sightline, set the Boundary Condition to
“<frame type> Interior (Convection Only), and the U-factor Surface tag to “None”.

= Interior Glazing: Set the Boundary Conditions for each glazing system of the bottom of the glass to
“<glazing system> U-factor Inside Film” and the U-factor Surface tag to “Edge” for the first 63.5 mm
(2.5 inches) from the sightline, and “None” for the remainder of the glazing system.

= Exterior Frame:

= For the exterior frame from the midpoint to the bottom sightline, set the Boundary
Condition to “NFRC 100-2010 Exterior” and the U-factor Surface tag to “SHGC
Exterior”.

=  For the exterior frame from the midpoint to the top sightline, set the Boundary Condition
to “NFRC 100-2010 Exterior” and the U-factor Surface tag to “None”.

= Exterior Glazing: Set the Boundary Condition to “NFRC 100-2010 Exterior” and the U-factor Surface
tag to “None” for both exterior glazing systems.

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026 8-97



8. SPECIAL CASES

(Curtain Walls, Window Walls and Sloped Glazing)

8.9 Site Built Fenestration Products

Exterior

Head

150 mm
(6.01in.)

BC= NFRC 100-2010 Exterior
Radiation Model=Blackbody

Interior

BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = None

U-factor tag = None

63.5 mm
(2.5in.)

BC= NFRC 100-2010 Exterior
Radiation Model=Blackbody
U-factor tag = SHGC Exterior

BC= NFRC 100-2010 Exterior
Radiation Model=Blackbody
U-factor tag = None

BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = None

\

BC= Interior<frame type>(Convection Only)
Radiation Model=AutoEnclosure
U-factor tag = None

BC= Interior<frame type>(Convection Only)
Radiation Model=AutoEnclosure
U-factor tag = Frame

BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = Edge

BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = None

v

Figure 8-98. Head Boundary Conditions (head_boundary.thm)
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8. SPECIAL CASES 8.9 Site Built Fenestration Products
(Curtain Walls, Window Walls and Sloped Glazing)

For the Sill:
= Use the drawing for the intermediate horizontal.
= In Therm File Properties (File/Properties), set the Cross Section Type to “Sill”.
=  Assign the Boundary Conditions as follows:
= Interior Frame:

=  For the interior frame from the midpoint to the top sightline, set the Boundary Condition
to “<frame type> Interior (Convection Only), and the U-factor Surface tag to “Frame”.

=  For the interior frame from midpoint to the bottom sightline, set the Boundary Condition
to “<frame type> Interior (Convection Only), and the U-factor Surface tag to “None”.

= Interior Glazing: Set the Boundary Conditions for each glazing system of the top of the glass to
“<glazing system> U-factor Inside Film” and the U-factor Surface tag to “Edge” for the first 63.5 mm
(2.5 inches) from the sightline, and “None” for the remainder of the glazing system.

=  Exterior Frame:

=  For the exterior frame from the midpoint to the top sightline, set the BoundaryCondition
to “NFRC 100-2010 Exterior” and the U-factor Surface tag to “SHGC Exterior”.

=  For the exterior frame from the midpoint to the bottom sightline, set the
BoundaryCondition to “NFRC 100-2010 Exterior” and the U-factor Surface tag to
“None”.

= Exterior Glazing: Set the BoundaryCondition to “NFRC 100-2010 Exterior” and the U-factor Surface
tag to “None” for both exterior glazing systems.
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8. SPECIAL CASES

(Curtain Walls, Window Walls and Sloped Glazing)

8.9 Site Built Fenestration Products

Exterior

Sill

150 mm
(6.0in.)

BC= NFRC 100-2010 Exterior
Radiation Model=Blackbody

f

Interior

BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = None

U-factor tag = None

63.5 mm
\ (2.5in.)

BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = Edge

BC= NFRC 100-2010 Exterior
Radiation Model=Blackbody
U-factor tag = SHGC Exterior

//

BC= NFRC 100-2010 Exterior
Radiation Model=Blackbody
U-factor tag = None

BC= Interior<frame type>(Convection Only)
Radiation Model=AutoEnclosure
U-factor tag = Frame

BC= Interior<frame type>(Convection Only)
Radiation Model=AutoEnclosure
U-factor tag = None

BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = None

BC= <glazing system>U-factor Inside Film
Radiation Model=AutoEnclosure
U-factor tag = None

Figure 8-99. Sill Boundary conditions ( sill_boundary.thm)

It is a good idea at this point to verify the orientation and the direction of the gravity arrows of these sections.

In WINDOW:

Calculate these files and import into WINDOW. Use the files to create the whole product in the Window

Library as applicable.
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8. SPECIAL CASES 8.10 Garage / Rolling Doors

8.10 Garage / Rolling Doors

Garage doors and rolling doors are modeled differently than window products because there are more
opaque sections to be modeled in THERM. The procedures for modeling doors are included in ANSI/NFRC
100 and that document should be reviewed in detail before modeling any entry door systems.

As with all other product modeling, all relevant cross sections must be modeled in THERM. Detailed
illustrations of sections, elevations and model details, as well as the area-weighting methodology for
calculating the whole product properties (based on THERM results from of each cross section) are defined in
ANSI/NFRC 100. The information in this manual covers the specific modeling procedures for the THERM
cross-sections.

NFRC has defined nine regions within a door that need to be modeled. These regions include:
= Frame Area
= Lite Frame Area
= Divider area
= Edge-of-divider area
= Edge-of-Lite Area
= Center-of-lite area
=  Door Core Area
= Panel Area
= Edge-of-Panel Area

ANSI/NFRC 100 contains several figures which illustrate the location of the door sections to be modeled in
THERM.

When modeling glazing options with caming, the NFRC default caming can be used.

A spreadsheet must be used to do the door area-weighting from the THERM files, because the current version
of WINDOW does not area-weight doors. In THERM, the U-factor Surface Tags can have any name and as
many U-factor Surface Tags can be defined as are needed to accurately describe the model. (See Section 6.2.4,
"Define U-factor Surface Tags in the THERM User's Manual), so define as many U-factor Surface Tags as
needed and name them descriptively.

8.10.1. Sectional Garage Door (Insulated and Non-Insulated)

The overall product U-factor is calculated based on the area weighted average of the U-factor of each
component of the door. The components used for area weighting a sectional garage door are:

= Top Rail

= Bottom Rail

= End Stile

= Meeting Rail

= Door Panel Core
= Edge-of-Lite

= Center-of-Lite

The U-factor of each component is calculated using two dimensional heat transfer software THERM. The
sectional garage doors with embossed or raised panels are not covered in this section. However, refer to the
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8. SPECIAL CASES 8.10 Garage / Rolling Doors

entry door section for the principles of modeling embossed or raised panels which can then be applied to
sectional doors.

The boundary condition details and other modeling assumptions used on the simulation models for door
components are discussed in the following sections.
8.10.1.1. Top Rail Model

A nominal 2x4 wood block is used in the Top Rail Model as shown in the figure below. The torsion spring
assembly, and any non-continuous hardware, shall not be included in this model. The boundary condition
(BC) type and U-factor tags used in the model are illustrated in the figure below.

THERM File Properties:
= Cross Section Type: Head
=  Gravity Arrow: Down

BC=Adiabatic

U-factor tag = None l /

BC= Interior <frame type> (convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

Model the greater of
63.5 mm (2.5”) or into

— 25.4 mm (1”) of core
material consistency,
from top edge of
wood framing
member

BC=NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior

v
A

BC=Adiabatic
U-factor tag = None

Figure 8-100. Top Rail Model.
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8. SPECIAL CASES 8.10 Garage / Rolling Doors

8.10.1.2. Bottom Rail Model

A nominal 2 x 6 wood block is used in the bottom rail model of the garage door. Refer to the figure below for
the boundary conditions and U-factor tag tags.

THERM File Properties:
= Cross-section Type: Sill

=  Gravity Arrow: Down

BC=Adiabatic

BC=NFRC 100-2010 Exterior U-factor talg = None
U-factor tag = SHGC Exterior

| l

BC= Interior <frame type> (convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

Model the greater of 63.5 mm
(2.5”") or 25.4 mm (1”) of core
material consistency, from
bottom edge of wood framing
member.

Height of weatherstrip

T BC=Adiabatic T

U-factor tag = None

Figure 8-101. Bottom Rail Model.
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8. SPECIAL CASES 8.10 Garage / Rolling Doors

8.10.1.3. End Stile Model

A nominal 2x4 wood block is used in the End Stile Model. The projected frame dimension shall incorporate a
1” uniform section of the garage door panel. Any non-continuous hardware, such as rollers, shall not be
included in the model. The boundary condition type and the U-factor tag used on the End Stile model are
shown in the figure below.

THERM File Properties:
= Cross-section Type: Jamb

=  Gravity Arrow: Into the Screen
BC=Adiabatic

U-factor tag = None
I

A S

»

BC= Interior <frame type> (convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

BC=NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior

< Model the greater of
63.5 mm (2.5”), or
into 25.4 mm (1”) of
core material
consistency, from
outside edge of wood
framing member

S

| BC=Adiabatic T\

U-factor tag = None

Figure 8-102. End Stile Model.
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8. SPECIAL CASES 8.10 Garage / Rolling Doors

8.10.1.4. Meeting Rail / Door Panel Core Model

The Meeting Rail Model is combined with the Door Panel Core Model, as shown in the figure on the
following page. The meeting rail model shall include 63.5 mm (2.5”) section of the each joining panel. The
projected dimension of the panel core section shall be equal to:

([Height of the Panel]-5") / 2

THERM File Properties:
= Cross-section Type: Horizontal Meeting Rail
=  Gravity Arrow: Down

BC=Adiabatic U-factor tag = None
— 1

v
|

v

BC= Interior <frame type>
(convection only)

BC=NFRC 100-2010

Exterior
U-factor tag = SHGC
Exterior <
Model the
greater of
_____ 63.5 mm
0| (2.57), or into
""" / 25.4 mm (17)
of core
BC= Interior <frame type>

(convection only)
Radiation Model =
AutoEnclosure
U-factor tag = Frame

BC= Interior <frame type>
(convection only)
Radiation Model =
AutoEnclosure

U-factor tag = Core

> A ’1

BC=Adiabatic U-factor tag = None

Fiqure 8-103. Meeting Rail and Door Panel Core Model.
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Modeling Assumptions:

8. SPECIAL CASES 8.10 Garage / Rolling Doors

8.10.1.5. Edge-of-Lite Model

The procedure for modeling edge-of-lite (edge-of-glazing) properties is the same procedure as for entry
doors. See the entry door procedure in this manual for detailed instructions for modeling these cross-sections.

Below is a sample THERM cross section for the Door Lite Sill. See Section 9.5.4 for the complete example for
Entry Doors.

BC = Adiabatic
U-Factor Surface tag = None

3

» <
» <

oraviy vectoRES

BC = <glazing system> U-factor Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = None

Cross Section = Sill
Gravity Arrow = Down

P¢E———m
] BC = <glazing system> U-factor Inside Film
BC = NFRC 100-2010 Exterior Radiation Model = AutoEnclosure
Radiation Model = Blackbody U-Factor Surface tag = Edge

U-Factor Surface tag = None

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

BC = Interior <frame type> (convection only)
Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

—>

A | 3

BC = Adiabatic
U-Factor Surface tag = None

Fiqure 8-104. Edge-of-Lite model for the garage door lite.

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026 8-106



8. SPECIAL CASES 8.10 Garage / Rolling Doors

8.10.2. Rolling Door

The overall product U-factor is calculated based on area weighted average of various component’s U-factor.
The components used for area weighting a rolling door are:

= Top Rail
= Bottom Rail
= End Stile
= Door Core
The U-factor of each component is calculated using two dimensional heat transfer software THERM.

The boundary condition details and other modeling assumptions used on the simulation models for door
components are discussed in the following sections.

8.10.2.1. Top Rail Model

A nominal 2x4 wood block is used in the Top Rail Model as shown in the figure below. The torsion spring
assembly, and any non-continuous hardware, shall not be included in this model. The boundary conditions
(BC) and U-factor tags used in the model are described in the figure below.

THERM File Properties:
= Cross-section Type: Head
=  Gravity Arrow: Down

BC = Adiabatic U-Factor Surface
r taa = None
—>

BC =Interior <frame type>
(convection only)
Radiation Model =
Blackbody

U-Factor Surface tag =
Frame

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

g
L |

A

BC = Adiabatic U-Factor Surface tag = None

Figure 8-105. Top Rail Model for Rolling Door

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026 8-107



8. SPECIAL CASES 8.10 Garage / Rolling Doors

8.10.2.2. Bottom Rail Model

A nominal 2 x 6 wood block is used in the bottom rail model of the rolling door. The figure below illustrates
the boundary conditions and U-factor tags.

THERM File Properties:
= Cross-section Type: Sill
=  Gravity Arrow: Down

BC = Adiabatic
U-Factor Surface tag = None

.

BC = NFRC 100-2010 Exterior

Radiation Model = Blackbody

U-Factor Surface tag = SHGC Exterior BC =Interior <frame type> (convection only)
Radiation Model = Blackbody

U-Factor Surface tag = Frame

+—

—>
L BC = Adiabatic 4T

U-Factor Surface tag = None

Figure 8-106. Bottom Rail Model for Rolling Door
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8. SPECIAL CASES 8.10 Garage / Rolling Doors

8.10.2.3. End Stile Model

A nominal 2x4 wood block is used in the Stile Model. The boundary condition type and the U-factor tag used
on Stile model are shown in the figure below

THERM File Properties:
=  Cross-section Type: Jamb

=  Gravity Arrow: Into the Screen

BC = Adiabatic
U-Factor Surface tag = None

!

L D E—

Model the greater of
63.5 mm (2.5”), or into
25.4 mm (1”) of core
BC = NFRC 100-2010 Exterior material consistency,
L from outside edge of
Radiation Model = Blackbody wood framing member
U-Factor Surface tag = SHGC Exterior '

BC =Interior <frame type> (convection only)
Radiation Model = Blackbody
U-Factor Surface tag = Frame

T— BC = Adiabatic /T_

U-Factor Surface tag = None

Figure 8-107. End Stile Model for Rolling Door
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8. SPECIAL CASES 8.10 Garage / Rolling Doors

8.10.2.4. Door Core Model

The Door Core Model shall include two full slats and two half slats at each end. The details of the section
where slats join shall be obtained from the manufacturer. The boundary conditions on door core model are
specified in the figure below.

THERM File Properties:
= Cross-section Type: Horizontal Meeting Rail

=  Gravity Arrow: Down

BC = Adiabatic U-Factor Surface tag = None

v

»-d
Ll

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC
Exterior

BC =Interior <frame type> (convection only)
Radiation Model = Blackbody
U-Factor Surface tag = Core

D

$<

BC = Adiabatic U-Factor Surface tag = None

»
»

Figure 8-108. Door Core Model for Rolling Door
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8. SPECIAL CASES 8.11. Creating a Laminate in Optics for NFRC

8.11. Creating a Laminate in Optics for NFRC

8.11.1. Overview

Optics can be used for the limited purpose of constructing laminates for NFRC certified simulations using the
following criteria:

Laminates cannot have embedded coatings, where embedded coatings are defined as a coating on a
substrate that touches an interlayer

Only NFRC glass layers with the NFRC approval indicator “#” can be used in these constructed
laminates

The glass layers can be tinted or coated as long as the coatings do not face the interlayer

The interlayers in Optics do not have a “#” on them and therefore, only interlayers from the
LBNL/NFRC “Approved Interlayer” list can be used (updated by LBNL with every IGDB release
and available on the WINDOW Knowledge Base website), which means the data for those interlayers
was submitted to the IGDB using the criteria specified in Section 1.2 of this document.

For NFRC verification of the laminate construction submitted by simulators:

Laminates constructed by simulators in Optics will not have a # next to them. The simulator shall
provide base properties for the complete laminate assembly, including solar transmittance (solar, T),
visible transmittance (photopic, T), solar reflectance front (solar, Rf), solar reflectance back (solar, Rb),
visible reflectance front (photopic, Rf), visible reflectance back (photopic, Rb), Emissivity front
(EmitF), Emissivity back (EmitB). These values are reported on the Optics screen when the laminate is
calculated, and also in the WINDOW Detailed Report from the Glazing System Library. This
requirement is satisfied by submitting a WINDOW “mdb” database file which includes this laminate.

An A (or anyone else wanting to check the results) can recreate the laminate from the specified
layers and verify the calculated values

NFRC simulators shall assign numbers to the laminates starting with 30,000. The numbers do not
have to be unique between simulation laboratories or even between projects in the same laboratory.
These laminates are not stored in a central NFRC database.

The naming convention for the laminate should describe the layers used to construct the laminate,
using the IGDB Layer ID for glass layers and the interlayer name (from the Optics program) for the
interlayer. If a glass layer is flipped, add the “F” designator to the end of the layer number. The total
number of characters (not including extension, but including “/” separators in the name) cannot
exceed 45.

<glass layer ID><F if layer is flipped>/ <interlayer name from Optics>/<glass layer ID><F if layer is
flipped>

For example:

102/030keepsafe/2026F
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8. SPECIAL CASES 8.11. Creating a Laminate in Optics for NFRC

8.11.2. Laminate Interlayer Data

Optics can accurately calculate the optical properties of laminates as long as the component layers with the
following characteristics (and only interlayers submitted with these characteristics will be included in the
“Approved Interlayer List” for NFRC certification):

= Interlayers are measured with transparent glass with a solar transmittance Tsol > 0.820 and Tvis >
0.890. This ensures that a “constructed” laminate in Optics will always have a similar or lower
transmittance than the reference laminate which determines the interlayer properties

= No glass layers have coatings next to interlayers (embedded coatings).

= Substrate layers (the base glass to which the interlayers are applied) are measured separately from
the interlayers. This is the responsibility of the manufacturer submitting data to the IGDB, as
discussed below.

As discussed in the LBNL document which contains guidelines for submitting data to the IGDB (International
Glazing Database: Data File Format, Version 1.4, April 2003), “an interlayer is an adhesive layer used to join
components in a laminate. The optical properties of laminate layers cannot be measured directly. Instead they
are calculated from the spectral properties of a ‘reference laminate” which consists of the interlayer laminated
between two glass layers of known optical properties. To submit data for an interlayer, both the spectral
optical properties of the reference laminate, and the glass layers used in the reference laminate should be
submitted.”

This means that in order for an interlayer to be added to the Optics “Interlayer” type, and therefore used in
making laminate constructions in Optics, the spectral data for a “reference” laminate which contains that
interlayer is submitted to the IGDB as follows:

Reference — L

laminate >

substrate layers > ¢ nterlayer

+
Interlayer Optics
algorithms
. With these two sets of data,

Spectral data is 2%22;13?;? Itlswe Optics can “back out” the The interlayer
measured for a i i i
mee . clear glass used pptlcal propertlgs of the appears in
aminate construction as the substrate interlayer. That interlayer Optics as an
made up of the lavers in the then appears as a record in “Interlayer” type
|nterla¥er r)(/evious the “Interlayer” type in and can be used
sandwiched between Ir;minate Optics, and can be used as to make other
two identical pieces measurement an interlayer in other laminates.
of clear glass (the laminates “constructed” in
substrate layers) Optics

Figure 8-109. How Optics “deconstructs” measured data to obtain interlayer information.

Optics can do an accurate calculation for the interlayer properties from the reference laminate as long as the
substrate glass layers have a high solar and visible transmittance, hence the requirement of Tsol > 0.820 and
Tvis > 0.890. This ensures that laminates that are later created in Optics with this interlayer will almost
always have a lower solar and visible transmittance then the reference laminate.
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8. SPECIAL CASES 8.11. Creating a Laminate in Optics for NFRC

8.11.3. Constructing a Laminate in Optics

8.11.3.1. Building a New Laminate

When Optics starts, you can start building a laminate immediately by switching to the ‘Laminate’ tab and
adding layers (see “8.11.3.3. Add Layers to a Laminate”).

If you have created a laminate already, but want to start over with an empty laminate:
* Make sure the ‘Laminate’ tab is selected (See figure 8-110)
*  Choose menu option File|[New Laminate
*  You will be prompted to save the current laminate if one already exists
Note: if you created new layers and did not save the layers or did not save the laminate (which would save
any new layers), the new layers will be lost when you start a new laminate
8.11.3.2. Wavelength Sets

Use the NFRC default wavelength set, which is called “Optics”. This setting is shown on startup of the
program, and also can be viewed (and changed if necessary) from the menu option Tools|Select Wavelength
Set.

8.11.3.3. Add Layers to a Laminate

You can add monolithic, coated, and interlayer type layers to a laminate. There are a number of ‘rules’ for
building laminates:

1. The first and last layer in a laminate must be a non-interlayer type (e.g. monolithic or coated)

2. You can place as many interlayers as you like adjacent to each other, but you must separate rigid
non-interlayers with at least one interlayer.

3. For NFRC certified simulations, you CANNOT place a coating next to an interlayer.
If you break rule 1 or 2, the operation will be cancelled.

Use the “Add Interlayer’ tab above the database to add interlayers. To add other layers, use the “‘Add Glazing’
tab. Only those database records with enough data to be loaded into a laminate will be shown in these views
- if you want to see all records in the database, including those which cannot be used in laminates, use the
“View All' tab. If you try to load an invalid layer into a laminate from the ‘View All” view of the database, an
error message will be displayed.
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8.11.3.4. Add Glazings to a Laminate

You can add monolithic, coated, and interlayer type layers to a laminate as long as you follow the laminate-
building ‘rules’ (see “8.11.3.3. Add Layers to a Laminate” above).

To add layers from the current database to a laminate:

= Select the first available (unoccupied) layer in the laminate by clicking on its layer button - if you
select an occupied layer, it will be replaced (see “8.11.3.8. Replace a Layer in a Laminate”)

Glazing System
Click on the “Layer —————
button”, in this cgse tayer> _#1_| |
#1, of an unoccupied Filename |
|ayer solar, T I
solar, Rf |
solar, Rb

phatopic, T

phatopic, Rb
EmitF
EmitB

l
l
photapic, Rf |
|
|
|

Figure 8-110. Click on the #1 layer button to add the first glass layer.
=  Select the “Add glazing’ tab in the database

Add Glazing IAdd Interlayer I Add Embedded Coating I Edit Laminate ] Yiew Al | Schematic I

Monolithic CLEAR_3DAT Generic Clear Gl... 3 mm double - 1/8" 3.048 Generic

Monolithic BRONZE_E6.DAT |Generic Bronze ...|6 mm 1/4" 5.7404 |Generic 101 #
Monolithic CLEAR_BE.DAT Generic Clear Gl...|6 mm 154" 5.715|Generic 103 #
Monolithic GRAY_3DAT Generic Grey Gl... |3 mm double - 1/8" 3.1242|Generic 104 #
Monolithic BRONZE_3.DAT |Generic Bronze ...|3mm double - 18" 3.1242|Generic 100 #

Fiqure 8-111. Select the glass layer from the Add Glazing tab.

= Double-click on the layer in the database
or

= Using the mouse, drag the layer from the database over the layer button where you want to add the
layer and release the mouse button
or

= Select the layer in the database, then choose the menu option Database]Add/Replace Layer
or

= Select the layer in the database, then right-click to display the pop-up menu then choose Add/Replace
Layer

If you are replacing a layer, a dialog box will appear to confirm that you want to replace the existing layer.

Note: Select a layer in the database by clicking on it with the mouse, or by browsing to it by pressing the up
and down arrow.
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8.11.3.5. Add Interlayers
To add an interlayer to a laminate:
= Select the first available (unoccupied) layer by clicking on a layer button
= Select the “Add Interlayer’ tab
= Select the interlayer you want to add, and load it into the laminate (see “8.11.3.3. Add Layers to a

Laminate”)
Select the desired interlayer for the laminate
. construction, double click the mouse, and that
Select the Layer Click on the Add interlayer will be added as the next layer in the
Button for the Interlayer tab. laminate
Interlayer
Glazing System Laminate | _* > | Add Glazing  Add Interlayer | add Embedded Coating | Edit Liminate | view All | Schematic
Layer: # | #2 | | Lamin. l
Filename |ELEAH I I ICGlCLa Product name Manufacturer Nominal (mil)| Code Appearence Material Reference
solar. T [0g34 | | [N/ |Butacte®NCO10 |DuPort 15 Clear PVE 15PVE6.DUP
solar, Rf o075 | | [N7a |Butacte®NCO10 |DuPont 0 Clear PVE 30PVEG.DUP
solar. Ab Jo.075 | | [N/ |Butacte®NCa10 |DuPont 80 Clear PVE B0P\B6 DUP
photopic. T |ng33 | | N/A, Butacite® 0637 .. [DuPort 30|0637600 W [Blue PVE AZURBLUE DUP
photopic, Rf {083 | | N/A, Butacite® 2377... DuPort 30 2377300 Blue-Green PVB BLUGREEN DUP
photopic. Rb [p.0g3 | | N/A Butacite® 0360... [DuPort 30(0360900 Dark Brown PVB BRN_DARK DUP
EmitF ID.B4U [ I N/ Butacite® 0365... |DuPont 30|0365500 Light Brown PVB BRN_LITEDUP
EmitB |pg40 | | N/A Butacite® 0362... |DuPont 3010362800 Medium Brown  IPVB BRN MEDM.DUP

The selected Interlayer has been
added as then 2™ layer in the
laminate construction

Glazing System ~Laminate _‘ » Add Glazing Add Interlayer | add Embedded Coating | Edit Laminate I View Al I Schematic
Layer: #1 I #2 I #3 ] Lamin. I
Filename ICLEAH IBLUGH I ICaIcLa Product name Manufacturer Nominal (mil)| Code Appearence Material Reference
solar. T Jog34  [0859 | [Nz Butacite®NCO10 |DuPort 15 Clear PVB 15PYBE DUP
sola. Rt Joo75  |0.000 | [N72~ [Butacte®NCO10 |DuPort 30 Clear PVE 30PVES DUP
solar. Aib Jo.075  [0.000 | [N/ |Butacte®NCOT0 [DUPORt 80 Clear PVE B0PYB6 DUP
photopic. T og3g  |0.834 | [N7a" |Butacite®0837... [DuPont 30|0637600  |Blue PVB AZURBLUE DUP
photopic. b [p.083 [0.000 | W Butacite® 0360... |DuPont 30|0360900 Dark Brown PVB BRN_DARK DUP
EmitF ||134u ||1[||3r_| | N/ Butacite® 0365... |DuPont 30|0365500 Light Brown PVB BRN_LITE.DUP
EmtB |ng40 |o000 | N/ Butacite® 0362... |DuPort 3010362800 Medium Brown  IPVB BRN MEDM.DUP

Figure 8-112. Select the desired interlayer from the Add Interlayer tab for layer #2.

8.11.3.6. Flip Layers in a Laminate
To flip layers in a laminate:
=  Select the layer to flip by clicking a layer button

= Choose the menu option Edit|Flip Layer
or

» Right-click on the layer button to display the pop-up menu and select Flip Layer
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8. SPECIAL CASES 8.11. Creating a Laminate in Optics for NFRC

= If flipping the layer would place a coating adjacent to an interlayer, and this will break the laminate-
building rules (see “8.11.3.3. Add Layers to a Laminate”) and the laminate cannot be constructed for
NFRC certification.

Note: Check the schematic view and the layer spectral averages if you are not sure which way a layer is
oriented.

If any glass layers are flipped, make sure to add an “F” to the NFRC ID in the name of the final laminate.

8.11.3.7. View the Properties of a Laminate
To view the calculated spectral data, spectral averages and other properties of a laminate:
=  Select the laminate by clicking on the ‘Lamin.” layer button

= The laminate is now the current layer, so its spectral data and spectral averages are displayed in the
lower part of the screen

Click on the Lamin. Button and Optics will calculate and display the calculated
properties of the laminate construction in the column below that button.

File Edit Database View Tools Graph Help

D& 9|32 68 [Main petabasd c0e) ]

Glazing System Laminatel - Add Glazing]ndd Interlayer | Add Embedded Coating | Edit Laminate | Wiew all - Schematic ]Warnings! |
Loper: _#1 | w2 | 3 |[Gan] [ ouse =
Filename [CLEAR [BLUGR [Optiw3) |[Cakla
sl T fngsd  [0859  [0904  |[o7o3
solar. BF Joo7s  foooo  [oos1 |[;oee
solar Ab [0075  [ooo0  [.0s1  ([ooer

photopic. T Jogaa  [0834 |09z |[oar

phatopic. Bf [0og3  [ooo0  [ooss  |[aa7 2.0 mm 0.8 mrm ZiAmn

photopie, Rb - [oog3 o000 (0085 |[;o7 ' I |
EmitF |D.840 |D.DDD |D.8-’10 I—D.84U - --- Coating / Applied Film
Emi? [nz40 [0000 [0840 |[osen

(] CalcLamusr B ys_nrrc_2003 B 16DE version 14.3

Spectral Properties:

Filename ’m e
solar, T |0.703
solar, R |0.066 L
solar, b |0.067 020 +

phatopic, T |0.747
photopic, Rif [0.071 ey
phatapic, Ak |0-071 0.40 -
EmitF |0.840
Emitg 0,890 =
.00 = I
0.00 2.50
Wigvelength (microns)
Transmission —?eﬂectance frant ~ Reflectance back

When the Lamin. Button above is selected, the graph below
displays the properties of the entire laminate construction.

Figure 8-113. Click on the Lamin button to view the optical properties of the entire laminate structure.
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8. SPECIAL CASES 8.11. Creating a Laminate in Optics for NFRC

= To view a schematic diagram of the laminate, select the ‘Schematic” tab in the upper right part of the
screen

= To view the spectral data in a table, choose menu option View|Spectral Data Grid.

= To view calculation warnings for the laminate data, select the "Warnings tab in the upper right part
of the screen

= To see more information about the laminate, choose menu option View|View Details

8.11.3.8. Replace a Layer in a Laminate

Replace a layer in a laminate in the same way as you would replace a layer in a glazing system - you must
respect the laminate-building rules (see “8.11.3.3. Add Layers to a Laminate”).

You cannot insert layers into a laminate - you must delete and add layers from the interior side of the
laminate to modify the structure.
8.11.3.9. Delete a Layer in a Laminate
You can only delete the last (interior side) layer in a laminate. To delete the last layer:
= Select the last layer by clicking the layer button

= Choose the menu option Edit|Delete Layer
or

= Right-click on the layer button to display the pop-up menu and select Delete Layer

8.11.3.10. Save a Laminate
To save a laminate to the user database:
= Select the laminate by clicking on the ‘Lamin.” layer button

= (lick the ‘Save’ button on the toolbar:
or

= Choose the menu option File|Save filename
or

* Right-click the layer button to display the pop-up menu and select Save filename

Note: To save the laminate under a different name, choose the menu item Save As...

8.11.3.11. Edit a Laminate
To edit a laminate saved in the user database:
= Make sure the ‘Laminate’ tab is selected above the layer buttons

= Select the ‘Edit Laminate” tab in the upper right part of the screen
or

» Choose the menu option File|Edit Laminate

= Load the laminate you wish to edit like you would add a layer into any layer position - the current
laminate will be cleared, and the saved laminate loaded.

Note: You cannot edit laminates in ‘Glazing’ mode, you must switch to ‘Laminate’ mode first. In order to use
the edited laminate in a glazing system, save the laminate to the user database, switch to ‘Glazing’ mode and
re-load the laminate layer into the glazing system from the user database.

Note: You cannot use a laminate as a component of another laminate
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8.11.3.12. Calculation Warnings for Laminates

The optical properties of most laminates without coatings can be calculated without generating warnings,
except that it is likely that some components will not have spectral data across the whole range of the selected
wavelength set (see “8.11.3.2. Wavelength Sets”), so the wavelength set will be truncated.

8.11.3.13. Viewing Calculation Warnings for Laminates

To view calculation warnings for a laminate:
= Select the laminate by clicking on the ‘Lamin.” layer button
=  Select the “Warnings’ tab

The example below shows a warning message that says:

Results could not be calculated at all wavelengths in the selected wavelength set. Wavelength set
truncated to: 0.300 — 2.500 um

This message does not indicate a problem because the solar optical properties in WINDOW are calculated
between 0.300 and 2.500 um.

-0l

Fle Edi Databsse Miew Tools Graph Help
O|2|e| 2| A== #8| [ain Database qs08) |

Glazing System Laminats | 4 | - | Add Glazing | Add Tnterlayer | Add Embedded Costing | Edit Laminats | view all | Schematic Warnings! |
[ Layer | w2 | wa |[L
Filename |CLEAR |BLUGR |Optiw3.) |[102/B1

‘el () | \Warning Description

TV, T IU.?'I [3 IU-EBS IU-EES 0.030 102/Bluegreen. dup/981 1. ust - Laminate
SPE.T 10855 [133.845 [2512 |1 59,164 i Results could ot be calculated at all wavelengths in the selected wavelength set,
0w, T [osaz [oeze  [os97 |D.559 ‘Warvelength set truncated bo: 0,300 - 2.500 pm

EmitF |og40 [0.000 |0.840 |0.240
EmitB Jogs0 Joooo [0.840  |[o=do

(] cacLamusr | £ @ s wFRC_2003| B 1608 version 14.5|

Figure 8-114. An example of a warning that is not relevant for the calculations WINDOW will be doing with the
laminate.

8.11.3.14. Save the Laminate to a User Database to Import into WINDOW

User databases have the same format as the IGDB, but they are used to store data that the user has imported,
or generated with Optics. It is not possible to add layers to the IGDB, so all new layers are saved to the user
database.

The default user database is UserGlazing.mdb in the \LBNL Shared directory of your program installation.
You can specify the location of the user database - this allows you to use as many user databases as you like
(one at a time) with Optics.

To create a new (empty) user database:

= (Click on the Database menu, and select the choice “Create new user database”.
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Find...

View

Tools Graph Help

Ctrl+F

Create new user database

»

Figure 8-115. Use the Database/Create new user database option to create a blank user database.

= The program will ask you for a database name and location. Name the database as appropriate and
put it in whatever directory is desired - the default directory for the default Optics User Database
(called UserGlazing.mdb) is the “c:\ Program Files\ LBNL\ LBNL Shared” directory, but any user
database can be put in any directory, as long as the path is specified (Tools menu,

Save new user database as...

Savein: | () LENL Shared

- eEskE-

(Deiceerice;

) standards

[)version 14,2 Final
[)version 14,3 Final

T [Cversion 14,3 For testing

IC)version 14,4 For testing

IC)viwesion 14,5 For checking

Copy of IGDE Update.mdb

Empty UserGlazing.mdb

GIazing-H.D.mdb

Glazing-14.2.mdb

[ clazing-14. 3.mdb

(2 clazing-14.4.mdb

(& clazing-14.5.mdb

D

Fy Fecent
Diocurments

Deskiop

;)

My Documents

-

[E1608 Update-14-4.mdh
[Z160E Update-14.3.mdh
[E160E Update-14.5.mdb
[F]160E Update.mdhb
UserGIazing.mdb
&w5-150B14, 3Update.mdb

Fdy Computer
) 5lazing.mdb
My Network File name: |HobinD pticsD atabse.mdb j Save |
Flaces
Save as type: |L|ser database [*.mdhb) j Cancel

Figure 8-116.

Specify the name of the new user database as well as the location where it will be stored.
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= Set the default user database to the newly created database from Tool/Options

ﬁg File locations @

D atabaze locations / Default folders | Other oreferences |

Main databaze IGDE) |E:hUsers'\F‘uinchLBNL\LBNL SharedhC soc

Uszer databaze |E:HLIsersHPuI:uIic:HLENL\LENL Sharedi. ..

Default 1/0 folder: |u::\temp'\ Q

Standards / |E:'\F‘rugram Files [xB6MLEMLALBML She e
W avelenathsets falder:

Fiqure 8-117. Define the location for the User Database from the Tool/Options menu, setting the “User database” field

You can save a layer to the user database if it has a different filename to any layer currently in the user
database or in the IGDB. If you save a layer that has components (such as a coated layer that has a substrate,
or a laminate which has component layers), the component layers will be saved to the user database at the
same time (unless they already exist in the IGDB or user database). This allows you to load and edit those
layers at a later time.

If you want to save an unmodified layer from the IGDB to the user database, you must change its filename
first.

To save a layer to the user database:
=  Select the layer or system to save by clicking on a layer button

= (Click the ‘Save’ button on the toolbar:
or

= Choose menu option File|Save filename
or

» Right-click to display the pop-up menu and select the option Save filename

= If the layer or system you saved had components, or if the save operation fails, you will be asked ‘Do
you want to view the details of the save operation?’. If you answer yes, you can view information
about components that were saved to the user database, and components that were not saved to the
user database along with an explanation of why some components were not saved.

Note: to change the filename and save in one operation, choose menu option Save As instead.

Note: You cannot save data for a layer with the same filename as another layer in the IGDB or your current
user database. If a conflict is detected, Optics will ask you to rename the layer before saving it, or cancel the
import. The most common reason a component is not saved is that its filename already exists in the IGDB or
user database. In this case Optics assumes that the component layer information is already available and
does not need to be saved again.
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Glazing System Laminate| 4—| - |
Layer | #1 | 52 | #3 | <« Select the Lamin
Filename | [CLER ] (378 827 [0omma] button to save the
colar T L1952, 10ptia3 ) [Galelor entire laminate
T Jog34 [n8ss |oso4  ([a7a7 construction.
solar. BF Joozs  Jooo0 (008t |[ooss
solar. Rl fo07s 0000 [00@  |[ooss
photopic. T fngag o879 |0.91 ,—_1 - . . | —
phatopic, Rf | =l I_DDD I_ File Edit Database Wiew Tools Graph  Help) .
photopic. Rb [00s3  [0000  [0.08 Mew Lamninake CErl+h Select the File /
mif | [T |30 ][04 Edit Laminate Chrl+0 Save As menu
ot 089 option
EmitE Ig—l_l_g Save CalcLamn, ust Chrl+S
cLarn, usr
Export CalcLam.usr Text File. .. ChH+E
Export CalcLam,usr Fadiance File. ..

Export CaleLam. st Warnings Fie..

Import Text File(s). ., crrl+1| Mevs Filename (leave extension blank to use default
extenszion]:

Prink Screen Chrl+P

Exit

/ |1 02/ ancevadquamnarine 38171 usr

Type the desired name for the new
laminate. Optics will automatically add the
“.usr” extension

This new record will be automatically added
to the Optics User Database set in
Tools/Options

Figure 8-118. Save the final laminate using the naming convention of<glass layer ID>/<interlayer name/><glass layer
ID>.
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The laminate construction (called in this case
ClearLaminate.usr) as well as the Interlayer used in

Select User Database from the the laminate is saved in the User Database. The
pulldown list to see the records in glass layers on either side of the Interlayer are not
the User Database. saved in the User Database because they are

found in the IGDB

Eile Edit Datsbase Vew Tools Graph Help

0Oz 7| |5 7= @& |User Database i
ladng System Laminate | - | - | Add Glazing | Add Interlayer | Add Embedded Coating | Edit Laminate Ms:h/e;aaﬁ | warnings! |
Layer: L #2 H3
.
Filename [cLEaR [BLUGR [Optiwdl
Tupe # FileName ProdfdName »  |Hpfinal (m... Nominal (ind |Thickness  |Manufacturer [NFREC_ID Acceptance |Appearance

TIW.T Jo7s  |oosw  [oses
SPE.T [10.855 [139.846 [2512

TOW. T

Sl
S E
L
=2 m
=

=] Irteriayer
[intertayer  [BLUGREENM.Usr T |putaciteg2d7r . [in [30 mi | o7sseooz]opticss  [30000 [ [
=] Laminate
[Laminste  [102Biuegreen.dupiat 1 usr ‘k [ [huia, | £.76[User [300m1 [ \

@
fa:)
=)
=

88 | | |48
| 118

=l

118

EmitF [ 0.00K
EmiE [og40 [0.000 |00 <1 >

] 102/Biuegresn dupi9e1 1 usr B s nere_2003 | Bl RobinopticsDatabase mob

=
@
=
=}

Spectral Properties:
Filename |102/Bluegre 102/Bluegreen.dup/3811 usr

TUW. T |0.030

SPF. T |153.164

TOvw, T |0.553 020 4

0ED

L.00

il

EmitF |0.840

Emiths 0,840 20

Wavelength (microns)

Transmission — Reflectance front  — Reflectance back

/

The name of the User Database is
displayed on this button

Figure 8-119. Select the User Database to see the constructed laminates (and the associated interlayers)
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8.11.3.15. Importing the Laminate into WINDOW from the Optics User Database

In WINDOW, in File/Preferences, go to the Optical Data tab, and set the second option, Optics User
Database, to your Optics user database (which by default is called UserGlazing.mdb, but it can have any
name with the "mdb" extension) -- you can browse to the file with the browse button (its default location is in
Program Files\ LBNL\ LBNL Shared directory).

" Options ] Themal Calcs ] Optical Cales  Optical Data | Radiance | Deflection

Use the following database for optical data:
(" IGDEB or IGDE Update

AUsers Public\LBMLALBNL Shared“Glazing mdb =50

(% Optics User database
|C:"\Users\F‘uinc\LENL\LBNLShared'\UserGIar_ing.l Browse

Standards File
|C:‘\F‘rogrc|m Files (x86)"LBML\LBML shared“Standai Browse

Figure 8-120. Using the File/Preferences menu, click on the radio button for the “Optics User database”
and use the Browse button to specify the file with the full directory path.

In WINDOW?, go to the Glass Library List View, click on the Import button, select "IGDB or Optics User
Database" as the format, and click OK.

Import @

Forrnat

v Avoid creating duplicate records in export database by searching
for identical records

Ok | Cancel |

Figure 8-121. Import the data from the Optics User Database.

The program will open the user database set in the File/Preferences dialog box (the name will be displayed at
the top of the dialog box) and you will see the glass layers that can be imported in to the existing library.

| CAUsers\Public\l BNLALBNL Shared\UserGlazing.mdb @
Select | Cancel | SelectAII‘ Clear selechnn| Find D * | 1 records faund
NFRC_ID FileMame Producttame Manufacturer | Acceptance | Thickness ef eb Appearance Conductivity |Databasze_Wersian
mm W frn-K
(W 20001 | 4mmCh/Du ht/4mmLClr s

Figure 8-122. You will see all the entries in the specified user database.
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You can select the records you want to import (use Shift Click to select contiguous records, Ctrl Click to

select multiple non-contiguous records, or Select All to select all records). Then click the Select button, which
will import the selected records into the Glass Library.

B W7.3 - Glass Library (C:\Users\Public\LBNL\WINDOWT 3VW7.mdb) =
Eile Edit Libraries Record Tools Yiew Help
= E & eN: O#7 % W
Glass Library [C:A\Users\Public\LBNLAWIND DWW 7. 34 7. mdb)
Detailed View
D MName ProductMame M anutacturer Source  Mode Color| Thickness | Tsol | Rsoll| Rsol2| Twis | Rvig Rwis2| Tir | emisl | emist
New mm
27452 NeutralelgySgm | SunGuard® HF Grey B0 Guardian Middle East IGDE w340 # 4851 0252 0148 0200 0348 0099 0064 0000 0840 006
ﬂ 27453 NeutralbOgyB.gm | SunGuard® HP Grep 60 Guardian Middle East IGDE w340 # 5842 0225 0129 0297 0309 0.089 0.062 0000 0840 008
Delete 27454 Meutral60guB.grm | SunGuard® HP Grep B0 Guardian Middle East IGDE w340 # - 8.001 0177 0.099 0.295 0239 0.072 0.060 0000 0.840 0.08%
Find 27482 RB40gy5.gm SunGuard® HP RB Grep 40 Guardian Middle East IGDE w340 # - 4851 0170 0146 0395 0240 0109 0174 0000 0840 007
o+ 27433 ABA40gyE.am SunGuard® HP RB Grey 40 Guardian Middle East IGDEv340 & [ B84z 0152 0127 0395 0213 D087 0173 0000 0840 007
’— 27404 RE40gysgm SunGuard® HP RE Grey 40 Guardian Middls East IGDE v34.0 # - 8001 0119 0.038 03534 0165 0.077 0172 0000 0840 007
27502 MeutraldObz5.arm | SunGuard® HP Bronze 40 Guardian Middle East IGDE v34.0 # - 4.851 0175 0146 0280 0247 0104 0.045 0000 0.840 0.08F
eianced 27583 NewraMlbzG.am | SunGusrd® HP Brorze 40 Guardian Middle East iGoev340 ¢ [ 5812 0755 0128 0273 0219 N3 N0 N00D DE4D NG
4999 records faund 27584 NeutraldObzB.gm | SunGuard® HF Bronze 40 Guardian Middle East IGDE w340 # - 8.00 0121 0099 0279 0169 0075 0044 0000 0840 0O0BE
e 27642 Sibver3beSgm | SunBuad® HP Brorze 35 Guardian Middle East IGDEv340 & [ 4851 0156 0199 0354 0212 0166 Q174 0.000 0840 Q05
27647 Silver3Sbzb.arm SunGuard® HP Bronze 35 Guardian Middle East IGDE v34.0 # - 5842 07139 0169 0354 0189 0141 0174 0000 0.840 0.050
27644 Silver3Sbz8.arm SunGuard® HP Bronze 35 Guardian Middle East IGDE w340 # - 8.001 01028 0125 0.363 07146 0105 0.173 0000 0.840 0.05(
Repart 30000 WhiteFritDiffuseFron white Frit Diffuse [front] LEML CGOE w.2.00 - EOO0 0250 0364 0209 0251 0481 0308 0000 0840 0840
Prirt > 0 - 0 455
s e | 30002 wihite Frit Specular (front] LEML CGOE v.2.00 - 6000 0.044 0.030 0050 0067 0.026 0.043 0000 0.840 084

The laminate has now been imported from the
Optics user database to the WINDOW Glass
Library. It can now be used in the Glazing System
Library to create a glazing system.

Figure 8-123. The laminate has now been added to the WINDOW Glass Library.
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8. SPECIAL CASES 8.12. Creating an Applied Film Layer in Optics for NFRC Certification

8.12. Creating an Applied Film Layer in Optics for NFRC Certification

8.12.1. Overview

Glazing layers with applied films can be constructed using Optics for NFRC certified simulations using the
following criteria:

= The substrate for the applied film cannot have embedded coatings, where embedded coatings are
defined as a coating on a substrate that touches the applied film.

*  Only NERC glass layers with the NFRC approval indicator “#” can be used as the substrate for
applied film layers

= The glass layers used as the substrate for the applied film can be tinted or coated as long as the
coatings do not face the applied film

*  Only the layers of the Type “Applied Films” in Optics that have a “#” on them and are also on the
“Approved Applied Films List” (updated by LBNL with every IGDB release and available on the
WINDOW Knowledge Base website) can be used. This means that the data for those applied films
was submitted to the IGDB using the criteria specified in Section 1.2 of this document, and that the
Applied Film manufacturers are participating in the NFRC rating program.

For NFRC verification of the applied film construction submitted by simulators:

= Glass Layers with an applied film constructed by simulators in Optics will not have a # next to them
when imported into WINDOW. The simulator shall specify in simulation reports the NFRC ID’s of
the applied film and the substrate, which shall all meet the # criteria, such as:

2802 / 5038

= The simulator shall provide the properties for the applied film layer, including solar transmittance
(solar, T), visible transmittance (photopic, T), solar reflectance front (solar, Rf), solar reflectance back
(solar, Rb), visible reflectance front (photopic, Rf), visible reflectance back (photopic, Rb), Emissivity
front (EmitF), Emissivity back (EmitB). These values are reported on the Optics screen when the
applied film is calculated, and also in the WINDOW Detailed Report from the Glazing System
Library. This requirement can be met by submitting the Optics User Database containing the applied
film glass layers with the certification documentation.

= AnIA (or anyone else wanting to check the results) can open the Optics User Database to verify the
film and substrates used, as well as recreate the applied film layer from the specified film and
substrate to verify the calculated values
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8.12.2. Film Data

There are two types of films in Optics; the difference between them is how they were measured for submittal
to the International Glazing Database:

= Films: These films were measured without a substrate and may appear in and be inputs to Optics
calculations. However, the IGDB submittal process no longer accepts this type of submittal, and they
cannot be used for the NFRC Applied Film procedure. Data in this category can be resubmitted to
the IGDB, measured as an applied film with a substrate, and thus be added to the Applied Film
category.

= Applied Films: These films are measured with a substrate. For the purposes of the NFRC Applied
Film procedure, the only films that can be used are those that were measured with a clear substrate,
the substrate having the properties of Tsol > 0.820 and Tvis > 0.890

Optics can accurately calculate the optical properties of applied films on glass layers as long as the applied
films were measured following the guidelines listed below (and only applied films submitted with these
characteristics will be included in the “ Approved Applied Films” list for use in NFRC certified product
calculations):

8.12.2.1. IGDB Submittal for Applied Films

As discussed in the LBNL document which contains guidelines for submitting data to the IGDB (International
Glazing Database: Data File Format, Version 1.4, April 2003), “an applied film glazing is an adhesive backed film
applied to a Monolithic substrate.” If the measured data submitted to the IGDB includes the substrate
information, Optics can apply the film to another substrate.

This means that in order for an applied film to be added to the Optics “ Applied Film” type, and therefore
used in making applied film glass layers in Optics, the spectral data for the “reference” substrate to which
that applied film was attached, is submitted to the IGDB as follows:

= Applied films are measured with transparent glass with a solar transmittance greater than 0.820 (Tsol
> 0.820) and a visible transmittance greater than 0.890 (Tvis > 0.890). Glass that meets this criteria
includes 3mm clear glass, 3 mm low-iron glass, 6 mm low-iron glass. This ensures that an applied
film layer in Optics will always have a similar or lower transmittance than the reference substrate
which determines the applied film properties

= Substrate layers (the base glass to which the applied films are applied) are measured separately,
without the applied films attached, and submitted to the IGDB. This is the responsibility of the
manufacturer submitting data to the IGDB, as discussed below.

The applied film manufacturer can submit to the IGDB two spectral data files, single 3 mm clear with the
applied film on a clear substrate and the clear substrate by itself. With this data in the IGDB, simulators, using
this Applied Film Procedure, can then create the other two cases, the single 6 mm clear with the film, and the
single 6 mm gray with the film, to do the SHGC and VT calculations.

This will allow a film manufacturer to submit to the IGDB several different films with the same clear
substrate, if they are all measured on the same clear 3 mm substrate (from the same glass batch). For example,
if a film manufacturer wanted to submit data for 20 different applied films, they would submit one spectral
data file for the substrate of all 20 measurements (assuming the substrates for each film all came from the
same glass batch), and 20 spectral data files, one for each film on the substrate, resulting in 21 files submitted.
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Reference
substrate > )
layers > <« lﬁzxipl)ralled
+
Applied film Optics
algorithms
Spectral data is That applied film
Spectral data measured for the then apc??a[ﬁ' as
ectral data is a record in the
mpeasured for a gffﬁg?uss;rsﬁg With these two sets of data, “Applied Film”
construction made up layer in the Optics can “back out” the type in Optics,
of the applied film previous applied optical properties of the and can be used
glued to clear glass film applied fim. as an applied
(the substrate layer) measurement fllrrt; 2n ?thgr
substrates in
Optics

Figure 8-124. How Optics “deconstructs” measured data to obtain interlayer information.

Each of the 20 spectral data files for the films applied to the substrate would reference the substrate spectral
data file.

Additionally, the glass manufacturer will not have to submit spectral data for the applied films attached to 6
mm clear or 6 mm gray cases, as they can be simulated in Optics from the applied film on the 3 mm clear
substrate.

8.12.3. Using this Procedure for ANSI/NFRC 200:

ANSI/NFRC 200 specifies a procedure for calculating SHGC and VT for attachments, which applies to
“Applied Films”. This procedure specifies that reference glazing systems shall be calculated “with and
without the film installed” from the following glass layers.

= Single 3 mm clear
= Single 6 mm clear
= Single 6 mm gray

The first case, “Single 3 mm clear” is what the applied film manufacturers submit to the IGDB and will be in
that database. The other two cases, “Single 6 mm clear” and “Single 6 mm gray” can now be calculated with
Optics.

8.12.4. Creating a Layer with an Applied Film in Optics

8.12.4.1. Adding an Applied Film to an Uncoated Layer
You can apply a film to a monolithic layer in Optics to create a new applied film layer.
To apply a film to a monolithic layer follow the steps belowr:

= Click on the Glazing System tab

= Add the desired layer to a layer column under the Glazing System tab

=  Select the monolithic layer by clicking on the desired layer number button
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= Add an Applied Film to the selected glazing layer in one of the following ways:
= Choose the menu option Edit| Change/Add Film
Edit

Delete Layer
Flip Layer

Change Thickness
hange Substrate

Add Coating

Fiqure 8-125. Select a monolithic glass layer, click on the Layer button,
and select the Edit/Add Film menu choice

OR
= Right click on the selected glazing layer button and select the choice “Add Film”

= The Change Glazing dialog box will appear. The film name box is highlighted in blue - click on it to
select an applied film from the database (you must select an “Applied Film” layer , not a “Film”
layer). You must choose a film that is on the “ Approved Applied Films” list.

=  The new film will be added to the side you select in the “Apply Film to” section of the dialog box:
*  You will be prompted to enter a new name for the glazing

= If you want to keep the new layer, save it to the user database (see “Saving Layers to the User
Database”).
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i@ Optics -0l =l

File Edit Database Yiew Tools Graph Help

D|D”|g ‘?|_;||.,§1|ﬁ|m| IMainDatabase(IGDB) vl

Glazing System |Laminatel -+ | > | | Add Glazing |Edit lazing System | view Al | schematic |
Laper: #1 #2 #3 System
oo | ] | i -
anutacturer
Ferane 6 (.
solar, T IN m
solar, RE ||N.-"A FileMame » ProductName Mominal (m... |Mominal (in) |Thickness Manufacturer |HFRC_ID 1
zolar, Rb ||N.-"A |4 mm J
. +|5mm
photopic, T ||N.-"A
) =|&mm
photopic, Rf ||N.-"A
hotapic, Rb —
P DDD'; i | (D +|DuPart
m_l "N"'IA *|zeneral Electric Company il
EmitEB "N.-"A Pl | »
[] cLrReCG | Flost Glass | B WS_NFRC_2DDS|¥ IGDE version 15.0
Spectral Properties: \
Fileriame [CLR-6 ClG Step 1:
solar. T |0.785 - Select the monolithic layer that
solar. Rf ggg o you want to add the applied film
solar, Rb |2 ' to, and double click on it
photopic, T |0.830 060 +
phatapic, Rf |0.021 040 4
i 0.081
photopic, Rb aam AL _/\
EmitF |0.840 = /\
0.00 +
ite |0.840 !
Emit 0.00 12,50 25,00
Wavelength (microns)
Transmission — Reflectance frant Reflectance back ﬁ
i x|
File Edit Database YWiew Tools Graph Help
D|D”|g ‘?|_;||.,§1|ﬁ|ﬂ| IMainDatabase(IGDB) vl
Glazing System |Laminat8[ A | > | Add Glazing | Edit Glazing System | view &l Schematic |
Layer: H2 | #3 | System| <~ Dutside Inside >
Filename  [CLR-A. GlzSys.
solar, T [0.786 \ 0785
solar, Rf [0 071 \ [TXika)
zolar, Rb ' {0071 \ [TXika)
photopic, T [ 830 \ 0890
photopic, RE [0 e 0.0E .
phatopic, Rb [g 0 \ 0081 +mm
EmitF |7 840 \ 0840 —
. .. N
EmitB [0 g40 0840 ij§# Optics

File Edit Database Wiew Tools Graph Help

[ clrR6cc |4 Fiost Gless | #\ws_nrre_2003| B 1608 version 150 —
?pecllal Pmpetlie's: \ @ ng"lﬂl ﬂm IMain Datahase
Filename [CLR-BCIG Step 2: CLR-6.CIG Glazing Syskem |Laminatel - | - |
solar, T |0.785 The selected layer will appear in the —— —
zolar, Bf |0.071 #1 column of the G|azing System Layer: . #2 | #3 I Systeml
soler, A [0.071 1 defiame [CLREG. | I GlzSys
photopic, T [0.890 060 Step 3: zalar, T ||j 706 I I [07es
photopic, Rt [008T || [ed Database View Toos §  Click on the #1 column whert colar Bf '
photopic, Fb [0051 | ] pelete Layer the substrate was added g | | I 0.071
Emi [0.840 Flip Layer L — solar R o071 | | [oo7t
Emig [0.840 charce Thick e photopic. T [0.890 | | [naa0
Ch::gz Su;:streaiz Wavelength (microns) pthDp-IC, Rf ID-D81 I | |EI. o0&
Add Coating photoplc,sb [nost | I ID.DS'I
add Filrm '\ Transmission — Reflectance frant Reflactar E rnitF 0.840 IUS"-“J
EmitE  |0.840 [0840
Rename BLGRMN10.LOF
Change Details \Step 4:
Glazing System Gap Width Select the Add Film choice from the Edit

Menu OR right click on the Layer button
to see the menu to add the film

Fiqure 8-126. Select a monolithic glass layer, click on the Layer button, and select the Edit/Add Film menu choice
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Change Glazing

— Exizting Glazing
Filename:

Product Hame:
Appearance;
MFRC ID:
Glazing Type:

I aterial:

[Cleamaoar
[

— Mew Glazing

Filename:
Product Mame:

Appearance;
MWFRC D
Glazing Type:

I aterial:

[Fleam apar
[Cea
[z
[Glass

Click on the

Substrate Filename:  [ia Subshate Filename: [y, highlighted Film
Filrn M arne: )i, Filrn M arne: 1, - Name box, which will
Thickness [mmk Thickness (il — open the Select new
ickness [mm): |3.D48 icknesz [mm]: |3.I348 film or applied film
Manufacturer: IGeneric tanufacturer: IGenelic dialog box.
Film applied to: Apply film to: Make sure to Specify
Frant of Glazing (Exterior) - Frant of Glazing (Exterior) . the side of the
Back of Glazing (Interior] r Back of Glazing (Irterior] = glazing to apply the
Fieplace existing film r film to, either Front
Create glazing with two films r or Back
Ok | Cancel |

A
if@ Select new film or applied Ffilm

=10l x|

Only select films from Type =
Applied Films

|Main Database (GDB) x|

Click on the + to expand the list.
Only select Applied Films that
are on the Approved Applied

danutact:

Film List
——— ~1ol x|
Main Databass (GDB] x|
T FY
¥Pe /
Manufacturer »
Type ¢ Filekame « tocuctMame Matminal (mm) |Motningl (i) | Thickness Manutacturer [NFRC_ID Acceptance
Applied Filn - [SLGYCLO3 ST [Solis® Select Gr... (ML Pdi, 33274 (Southeeeall .. 1548
Applied Film SLGYCLDB.S‘.-’\I’T/ Solis® Select Gr... | ML Pi, 5715 | Southereall ... (1549
Applied Fim - |%k40 5wt / W-KoolE 40 i, [dia, 3.0584 |Southweall ... [1561 #
Applied Fil WRTOL 5wt * A T, #
#
Applied Film YIP by Y-Kool® #
+|Film 1
b
A oI
Wk TS st
L | T T T T |
0.8 | +——— A A |
us L S o, -
0.4 1 e | Transmission
% 'F' : == Refectance front
.U r— ' i e T = d t Refectance back
1} 25
W avelength [microns)

O LCancel

Figure 8-127. Choose the film to apply
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i3 Select new film or applied film o =]
|Main Databass IGDB) x|
Y
Type #
hid hanufacturer ¢
Type » Filetzme + ProductiMame Marminal {mm) (Mominal (in) | Thickness Manufacturer [MFRC_ID Acceptance |App
Applied Film | SLGYCLOZSNT  (Solis® Select Gr... [MA& MI&, 3.3274 | Southeesll . (1548 Gra
Aoplied Film  [SLGYCLOE SWT | Solis® Select Gr.. [MA&, i, 5715 |Southeavall .. |1549 Gra
Applied Film | %Yk40 2wt W-KoolE 40 RS M2, 30584 | Southeeeall .. 1561 # Lt.C
Aoplied Film - |%E70 swt -Kool& 70 [, i, 3047 | Southraeall 1862 # Cles
Applied Film IR by -HoolE 3.0711 | Southweall ..
+|Filtm 1=
-
A ol
VK75 syt
L I I I T I ]
0.5 : | ! | P |
06 -m- -
o= el = Tranzrniszion
0.4 —-
i == Reflectance front
0.2 ——
. r—1. I"‘F.d i i e — X T Refectance back
1] 2.5
i awelemath micrans
Double click on the selected
film, or highlight the film and
click the OK button. > Ok LCanesl
/
Change Glazing
Existing Glazing New Glazing
Filename: Cir-3.C1G Filerame: [Cir-3.01G
Product Name: Float Glass - 3mm Product Name: Float Glass - 3mm
Appearance: Clear Appearance: Clear
NFRCID: 2001 NFRC ID: 2001
Glazing Type: Monolithic Glazing Type: Monolithic
Material Glass Material: Glass
Substrate Filename: [N 8 Substrate Filename: A
Film Mame: N/A Filrn Name: VK7S
Thickness (mm): 3.000 Thickness (mm): |3.000
Click for Applied Film
Manufacturer: Cardinal Glass Industries Manufacturer. Cardinal Glass Industries .
to be applied to back or
Film applied to: Apply film to: front of glazing
Front of Glazing [E xterior] ™ Front of Glazing (E sterior) { Z substrate and hit Ok.
k of ing (Interi k of Glazing (Irteri 5 )
Back of Glazing (Interior] [5 Back of Glazing (Interior] After hlttll’lg Ok, a
Replace existing film [& in
- message will a ear
pisi= e Create glazing with two films [T ] & ] pp .
confirming application.
Applied film VK75 to Back
K Ok | Cancel
Fiqure 8-128. Apply the applied film to the substrate
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The dialog appears saying a new name must be
applied to the new glazing (glass layer)

Optics

The current glazing will become the substrate of the new glazing. You have to
supply a name for the new glazing.

=3

\
N

Type a new name for the glazing (glass layer).
Then name should be the NFRC IDs of the glass
layer and the applied film.

Optics6

extension]:

Mew Filename [leave extenzion blank to uze default

~>2001/1563

A dialog box appears asking if you want to review the information
fields of the new glass layer. Click Yes, to change the NFRC ID # of
the new layer.

Opticsé

One or more of the information fields
been reset by the operation. Do you want

roductname, Apearence, NFRC ID) has
review/change these fields?

E s

Change Glazing
Existing Glazing

Filename: W
Product Narme: l—
Appearance: l—
NFRE ID: oz
Glazing Type: W
M aterial: ’NM—
Substrate Filename: e
Filrn M arne: ,VKT"E—
Thickness [mm}: 2000
Manufacturer: 'Llser—
Coated Side:
Front of Glazing (Ex=teriar] I
Back of Glazing [Interior] v

number.

The Change Glazing dialog box
will be displayed. Change the
NFRC ID to an appropriate (and
unique for your user database)

2001 A1563.usr

Appearance:

MFRCID: 30002

Glazing Type: W
b aterial: 1A

Substrate Filename: W
Filrn Marne: IVK?E—
Thickness [mm): [z000
Manufacturer: lLlser—

x|

Cancel |

Figure 8-129. Give the new applied film layer a name and a new NFRC 1D number if needed to ensure uniqueness.
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8.12.4.2. Adding an Applied Film to a Coated Layer

You can apply a film to the uncoated side of a coated glazing, creating a double-coated layer with the coating
on one side and the film on the other.

To apply a film to a coated layer:
= C(lick on the Glazing System tab
= Add the desired layer to a layer column under the Glazing System tab
= Select the coated layer by clicking on the desired layer number button
= Choose the menu option Edit | Change/Add Film
= OR
= Right click on the selected glazing layer button and select the choice “Add Film”

= The Change Glazing dialog box will appear. The film name box is highlighted in blue - click on it to
select an applied film from the database (you must select an “ Applied Film” layer , not a “Film”
layer). You must choose a film that is on the “Approved Applied Films” list.

= The new film will be applied to the uncoated side of the glazing to create a double-coated layer with
the film on one side and the coating on the other - this is indicated in the “Apply Film to” section of
the dialog box.

*  You will be prompted to enter a new name for the glazing. Use the naming convention specified in
the beginning of this document, i.e., NFRC IDs for both the glazing layer and the applied film.

= If you want to keep the new layer, save it to the user database (see “Saving Layers to the User
Database”).

8.12.4.3. Adding an Applied Film to a Laminate
In the same manner as adding an applied film to either a coated or an uncoated layer, a film can be applied to
a laminate. This laminate can already exist in the IGDB or can be a laminate constructed using the NFRC
Laminate Procedure. The laminate is treated as a glass layer in the Glazing System tab, and the applied film is
then added to that layer.
8.12.4.4. Change a Film
To change the film applied to an applied film layer:

= Select the applied film layer by clicking on the appropriate layer button

= Choose the menu option Edit | Change/Add Film

* The Change Glazing dialog box will appear The film name box is highlighted in blue - click on it to
select an applied film from the database (you must select an “Applied Film” layer , not a “Film”
layer). You must choose a film that is on the “ Approved Applied Films” list.

= The new film will replace the current film - this is indicated in the “Apply Film to” section of the
dialog box

*  You will be prompted to enter a new name for the glazing. Use the naming convention specified in
the beginning of this document, i.e., NFRC IDs for both the glazing layer and the applied film.

= If you want to keep the new layer, save it to the user database (see “Saving Layers to the User
Database”).
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8.12.4.5. Saving Layers to the User Database

You can save a glazing layer with an applied film to the user database if it has a different filename from any
layer currently in the user database or in the IGDB. If you save a layer that has components (such as a glazing
layer that has an applied film), the component layers will be saved to the user database at the same time
(unless they already exist in the IGDB or user database). This allows you to load and edit those layers at a
later time.

To save a layer to the user database:

=  Select the layer or system to save by clicking on a layer button

=  Click the ‘Save’ button on the toolbar:
or
Choose menu option File | Save filename
or
Right-click to display the pop-up menu and select the option Save filename

= If the layer or system you saved had components, or if the save operation fails, you will be asked ‘Do
you want to view the details of the save operation?’. If you answer yes, you can view information
about components that were saved to the user database, and components that were not saved to the
user database along with an explanation of why some components were not saved.

Note: to change the filename and save in one operation, choose menu option Save As.. instead.

Note: You cannot save data for a layer with the same filename as another layer in the IGDB or your current
user database. If a conflict is detected, Optics will ask you to rename the layer before saving it, or cancel the
import. The most common reason a component is not saved is that its filename already exists in the IGDB or
user database. In this case Optics assumes that the component layer information is already available and does
not need to be saved again.

8.12.4.6. Renaming a Layer
To rename a layer with an applied film:
= Select the layer you want to rename by clicking on a layer button.

= Choose menu option Edit | Rename filename
or
Right-click on the layer button to display the pop-up menu, and select item Rename filename

= Enter a new filename and click ‘OK’

If you want to save the layer under the new name, save it to the user database (see “Saving Layers to the User
Database”). You could also achieve the same result by using the File | Save As... menu option to rename and
save the layer in one operation.
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8.13. Framed Intermediate Pane

8.13.1. Overview
For a product that has an intermediate pane with its own frame, the modeling steps are as follows:
In WINDOW:
= Create the glazing system, including the intermediate pane.
In THERM:

*  Model the head, sill and jamb sections including the intermediate pane and frame, using the glazing
system created in WINDOW. Model caming, if applicable, as shown in the Dividers section (8.3.4) of
this manual

In WINDOW:
= Import the THERM cross sections into the Frame (and Divider if modeling caming) Libraries.

* Model the whole product using the Glazing System, Frame and Divider components.

Figure 8-130. An example of a framed intermediate pane. Section A is modeled for the Sill/Jamb, Section B is modeled
for the Head, and Section C is modeled as a Divider.
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8.13.2. THERM Modeling Details
The THERM modeling is relatively straightforward, with a few details to be aware of shown below.

The head and sill are modeled normally, except that the extra frame for the intermediate pane is also
modeled. The sightline will be defined as the highest interior or exterior point on the window - in this case it
is the intermediate pane frame so there should be 63.5mm of Edge tag above the intermediate pane and
Frame tag below the sightline (which means a portion of the glass has the Frame tag).

For addressing the boundary conditions and U-factor surface tags (interior and exterior), see illustrations of
simulation shading systems between-the-glass in Section 8.16. See Example Sill (Figure 8-132) regarding
location points.

Example Sill Intermediate Pane

Link spacer cavity to glazing system
cavity above, if appropriate. Because
this is a sealed unit, the 5 mm rule for
linking frame cavities and glazing Frame for Intermediate
cavities does not apply. Therefore the Pane

cavities around and inside the spacer
that are next to the glazing cavity are
linked to that cavity. (See Section 6.4.4)

== £ Sightline

Make sure to insert a point at the
exterior sightline for THERM will

not automatically do this. Ensure that a point is automatically

produced by THERM when
boundary conditions are set. If the
point is not at the sightline, you will
not have 63.5 mm of Edge.

Figure 8-131. Example sill with framed intermediate pane and how to link open spacer cavities

Example Caming / Divider

Caming;, if it exists, is modeled as a Divider. (See Section 8-3, Dividers for modeling rules.)

THERM?7 / WINDOW? NFRC Simulation Manual January 2026 8-136



8. SPECIAL CASES 8.14. Shading Systems Modeling Overview

8.14. Shading Systems Modeling Overview

The table below shows the current (as of the writing of this manual) shading systems that can be simulated.
As this table shows, not all products can be simulated for all characterizations. These shading systems must
meet the requirements in ANSI/NFRC 100 and 200 in order to be considered in this modeling category.

Table 8-1. Shading Systems that can be simulated

Venetian Blinds Between Glass
(See Sections 8.14.3
& 8.16)
Venetian Blinds Indoor Y N Y Y
Woven Shades Indoor Y N Y Y
Woven Shades Outdoor Y Y Y Y
(See Sections 8.14.3
and 8.17)

This section contains general modeling guidelines that should be followed for all of these shading system
types.

In addition, there is a detailed description of modeling procedures for each of these shading systems in the
following sections.
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8.14.1. WINDOW Preferences

It is important to set the values correctly in the Preferences dialog box in order to produce reasonable results
in WINDOW. The settings should be as follows:

Thermal Calcs Tab

Calculation standard: ISO 15099
Integral Model: ISO 15099

Set Convection Model

for Integral Venetian
Blind to “ISO 15099”

. "Options  Themal Cales | Optical Calcs | Optical Data | Radiance | Deflection | Updates |
Set Calculation Standard | l | | | |
to “ISO 15099” — | Themnal calculation options
T | Calculation standard hd
Convection models
Outside Inteqral Inside
Model Model
Venetian blinds | {150 15099 || | |i1s0 15089 || | ]iso 15099
Woven shades | |150 15099 =1 | 1o 15099 ||| |1s0 15099

Figure 8-132. Preferences settings for Thermal Calcs Tab for Integral Venetian Blind

Optical Calcs Tab

Use matrix method for specular systems (glazing systems without shading devices): unchecked

Write CSV output file: unchecked

Spectral data: Condensed spectral data

Generate full spectrally-averaged matrix for Solar Band: unchecked
Generate full spectrally-averaged matrix for Visible Band: unchecked
Number of visible bands: 5

Number of IR bands: 10

Angular basis: W6 quarter-size

Solar/ Visible range: Directional diffuse

FIR range: Directional diffuse

# of segments: 5
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Leave Use Matrix method for
specular systems unchecked

. " Opti Optical Cal i i ion | |
It is not necessary to check Optlons] Themnal Calcs  Optical Calcs lOptlcaI Datal Radiance | Deflection | Updates |

Write CSV output file or Write Optical calculation options Venetian blind calculation methods Set both
XML BSDF output . < ..
p B I.Llse matrix method for specular systems Solar/Visible range | Directional diffuse - Solar/Visible
« N e " lglazing systems without shading devices)
Solar band” and “Visible band” can S ————— «—— range and FIR
be left unchecked for NFRC ratings [~ Write CSV output file d range” to

— these are only used to view results H# of segments: 5 “Directional

-
in the MatrixReader spreadsheet \ \ diffuse”
\ r

Set Spectral data to Set # of
“Condensed spectral data” - segments to “5”

Spectral data |Condensed spectral data j

Number of visible bands: |5

Set Number of IR bands to “10” ————___» numberof IR bands: [10

/ Angular basis | W6 quartersize -

Set Number of visible bands to “5”

Set Angular basis to
“W6 quarter-size"

Fiqure 8-133. WINDOW Preferences Settings for Optical Calcs Tab

8.14.2. Shading System States

Shading systems, such as venetian blinds and roller shades, fall into the category of a dynamic glazing
product. The rules for rating dynamic glazing products, according to ANSI/NFRC 100 and 200, state that
they must be rated in both their Fully Open and Fully Closed positions. (See ANSI/NFRC 100, Section 3 for
definitions of fully open and closed positions)

Calculating U-factor:

The following cases must be modeled for each blind or shade hardware configuration for calculating U-
factors :

=  Fully Open -- Venetian blind fully retracted, ie, the most transmitting state
The Open state can be defined in a few different ways, depending on the shading system.

e Retractable / Open: Shading Systems that retract up to the top of the glazing system. Even
though the shading system is retracted, many times the hardware associated with the shading
system will need to be modeled. See the Sections that pertain to the different shading system
types for modeling details.

¢ Non-Retractable / Open: Shading systems that are fixed at the bottom (do not retract up) - the
open state for venetian blinds is defined as having the blind slats horizontal (perpendicular) to
the plane of the glass, and for roller shades this case may be the same as the closed state.

= Fully Closed -- Venetian blind fully deployed, ie, the least transmitting state

Calculating SHGC/ VT only:

For the shading systems that can only have SHGC and VT simulated, see the Section 8.15, "Shading Systems
Modeled for SHGC / VT Only" for the modeling procedures for this case.
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8.14.3. Modeling Rules / Definitions

WINDOW
Glazing System Library: Dtop, Dbot, Dleft, Dright

In the Glazing System Library, the values for Dtop, Dbot, Dleft and Dright represent the space
between the edge of the shading system (including hardware) and the top (bottom, left or right) of the
glazing system cavity. These values are used to define the convection that will occur between the
shading system and the glazing system. These values are used for the glazing system thermal
calculations in WINDOW. However they are not used to place interior and exterior shading systems
in THERM, which is controlled by the “Sight line to shade edge” input when inserting the glazing
system into THERM.

Glass

Frame to Shading System Distance for Interior Shading Systems.

]

—»>

}

Dtop variations

(same approach
used for Dbot, Dleft,
Dright for jambs,
sills, meeting rails)

'4— Shade,
including
hardware
when
applicable

Frame to Shading System Distance for Exterior
Shading Systems.

I

Frame

J—k—»_

]

“\

Frame to Shading System Distance for Between
Glass Shading Systems.

]

~N

N —1
Spacer
Element
Between
Glass

¢

Figure 8-134. Determine the distance from the frame/spacer and the shading system at the top, bottom, left and right of

the window.
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Modeling a Glazing System with a Shading System

This section describes, in general, how to model a glazing system with a shading system. This method applies
to both Venetian blinds and roller shade systems. By describing it once here, it will not be repeated to this
level of detail in the sections that pertain to specific shading system types.

Glazing System Library

Once the Shade Layer has been defined in the Shade Layer Library (which is decribed in detail in each
shading type section), that layer can be added to a glazing system. The layer can be placed on the inside
of the glazing system, between the glass layers, or on the outside of the glazing system.

File Edit Libraries Record Tools View Help

= & Bm Bz 4> M |Bo @i O 7 % T8
Glazing System Library -
Calc [F9) ID#: 29 Mame: |5ample GlzSys ~ Interior VB, Offwhite, Ope

- 7
Hew # Layers: |3 j‘ Tilk: a0’ |G Height:{ 1000.00 mm E //
Environmental ] .
Copy oo | MFRC 100-2004 - 1G ‘width:| 100000 mm : /
Conditions: : %
Delete Comment: | 1 2 3
Save Overall thickness: |B6.701  mm Mode: |#
Report | D Mame Mode| Thick Flip Tszol | Rzoll | Rsol2 | Twiz | RAwisl | Avis2 | Tir E1 EZ2 | Cond
- Glass1 »» 3803 CLEARS.LOF # 50 0796 0074 0074 0883 0082 0082 0000 0.840 0.840 1.000
Set Layer 3 to T 1T s g |
“ » . ap Ir . =
Shade using the - Glass 2 »» 9923 LOW-E_S.LOF # &0 [JJos?s 017 0105 0826 0115 0109 0000 0153 0.840 1.000
pulldpwn for an Gap2 w1 A 2 O
interior shade; ~|  Shade3 »» 23 Off'Whie Blind, Open [0 slat angle], 16 mm B0 O 0000 0900 0900 1.000
Set Layer 1 to ‘ | 3

“Shade” for an
exterior shade,

Center of Gla€s Results | Temperature Data | Optical Data] Angular Data | Color Properties ‘ Radiance Results |

and so forth
Ufactar sC SHGC Rel. Ht. Gain Twis K.eff Gap 1 Keff Gap 2 Keff
W m2-K Wiim2 WS-k WK WK
? 7 ? ? ? ? ?
For Aelp, press F1 Mode: NFRC  |SI MNUM
5| Select
Cancel Find |ID j 24 records found.
D Mame ProductMame | Manufacturer Type M aterial Holefuea
Click on the 14  BSDF Example Shade LBNL example  BSDF ESDF Material LEN 0050
double arrow 15 Diffusing Shade LBNL example  Diffusing Diffuzing shade mab 0,050
to see the 16 WINDAT Shade with Spectral Data WINDAT Venstian WINDAT Intemal L 0,050
Shading oo : .
, 17 “white Frit Generic Fritted glazs  Slat Metal A 0.050
Layer Library , :
list 18 F.oester blind BSDF LBML example  ESDF BSDF Material Koe: 0080
19 Generic Woven Shade LBML example  wwioven ‘Wowen Shade Mate 0080
20 0ff white Blind 24 mm slat at 45 degrees Generic Wenetian O wihite Slat 0.050
e Dark Blue Blind 24 mm slat at 45 degrees Generic Wenetian [rark Blue Slat 0.050
a2 Clear Frit [no pigment) Generic Fritted glazs  Slat Metal A 0.050
> ang T 2 o ] lat
24 Qff w/'hite Blind, Closed [90 slat angle), 16 mm Generic Wenetian QIff Wihite Slat
al |

Figure 8-135. For the third layer in the Glazing System (Layer #2), select the venetian blind
from the Shading System Library.
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e Set Number of layers = 3 (this is derived from two layers of glass plus one shading layer)

¢ Depending on the position of the shade, set the appropriate Layer to “Shade” (from
pulldown arrow to the left in the first column). For example, in a double glazed system:

e If the shading layer is on the outside of the glazing system, set Layer 1 to “Shade”.

e If the shading layer is between the glass layers of the glazing system, set Layer 2 to
“Shade”.

e If the shading layer is on the room side of the glazing system, set Layer 3 to
“Shade”

e Select the appropriate shading layer from the shading layer library for the “Shade” layer.

¢ Set Dtop, Dbot, Dright, Dleft to the appropriate values for the shading system geometry; see
the previous section for a detailed description of these values. It will be necessary to make a
separate glazing system for each frame that has a different Dtop/Dbot/Dleft/Dright. These
values from WINDOW are not used in THERM when a glazing system is imported, and
therefore must be redefined when importing a glazing system. In the example below, there is
no space at the top or the bottom of the Venetian blind, but there is a 3.2 mm space on the left
and the right side of the blind.

B E:zM4dd4» M| H e : OH %% K

Glazing System Library

1D #: |43 Mame: ‘DS 36, Argl0 /¥ Ext VB Open

# Layers: |3 jl Til: I |G Height:| 1000.00 mm

- M

Environmental -
Condiions: | FRC 100-2010 hd 1G \idth:| 1000.00
C : .
omment; | 2 3
Overall thickness: | 76.147  mm Mode: |#
ID Name Mode| Thick Flipl Tsol | Rsoll | Reol2 | Twis | Rwisl | Rvis2 | Tir E1 E2 | Cond | Dtop [mm) | Dbot [mm] | Pright (mm]| Dleft (mm)
Shade 1 #3002 Slim'white YB Open 148 O 0.000 0800 0.900 160.000 0.0 0.0 32 3.2
Gap1 »» 12 ARG 90 Ang/i 1|1 O /
Glass2 b+ 2154 LoE36E-3CIG # 30 [|0275 0549 0429 0713 0044 00BE 0000 0022 0840 1.000
Gap2 »r 1 Air 162 O
Glass 3 b» 2000 Cl-3.CIG # 30 0343 0076 0076 0304 0082 0032 0000 0240 0840 1.000
- = ' = Set'values for

top, Dbot, Dleft, ]
Dright

Center of Glass Results | Temperature Dala] Optical Dala] Angular Dala] Color Properties | Radiarce Results |

Ufactor scC SHGC Fiel. Ht. Gain Twiz Keff Gap 1 Keff Gap 2 Keff
Wim2 WK e -k,
01.40725 0.35431 265.4 061235 01338 01107 it

Shade Material Layer

s

Figure 8-137. CAD of Jamb for Measurement of Dleft and Dright to be entered for Glazing System.
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THERM
Sightline

The shading system hardware can define the sightline rather than the frame, depending on the
geometry of both the frame and the shading material (venetian blind slat or textile of a roller shade).
The sightline is used in the Tvis and SHGC calculations.

Representation of the Shading System

In THERM, the shading material is not modeled. When a WINDOW glazing system with an interior
or exterior shading system is imported into a THERM file, THERM draws a graphic representation of
the shade material, but does not create a polygon nor can the simulator "snap" to it like a frame
underlay. The space between the shading system (includes the material and hardware) and the
glazing system and/or frame is not modeled as a frame cavity. The effect on the glazing system or
frame is accounted for by assigning a Shading Modifier when defining the boundary conditions. The
Shading Modifier is automatically created when the glazing system is inserted, and will be available
from the Shading modifier pulldown menu in the Boundary Condition dialog box.

Graphic representation of
the shading material. It is N
not to be traced over and NN
made into a polygon.

Graphic is there to help
the simulator with
assigning the Shading

system modifier.

Therefore, the space
between the shading
system and the glazing

system is NOT modeled
as a cavity.

The effect of the blind is
modeled using the
Shading Modifier in the
Boundary Condition
Library.

]

Boundary

Conditior; | MFRE 100-2010 Exterior |
0l SHGC Eterion -] Corcel |

Temperature| 04 F Ho [057  BuvhiF pe |
Fiadiation ModeIIBIackbody U-Factor Surface
Library

Emiszivity (M2

Shading system modifier IExteriDr [Glazing Systern [D:43) LI

The effect of the blind is modeled using "Shading system modifier". It is
applied ONLY to U-factor Surfaces between the shade layer and glazing
system ("SHGC Exterior" and "None" for exterior mounted shading;
"Frame", "Edge" and "None" if interior mounted shading requires modeling).

Figure 8-138. The shading material is not modeled in THERM.
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Sightline to Shade Edge

When importing a glazing system that includes a shading layer, the “Sight line to shade edge” input in the
Insert Glazing System dialog box will determine where the shade starts (or stops) relative to the glazing
system and frame. These values should correspond to the Dtop, Dbot, Dleft and Dright input in WINDOW;
however the user has to input the value for every glazing system that is inserted into the THERM file, as
THERM does not read those values from WINDOW.

Insert Glazing System Insert Glazing System Insert Glazing System

Sight line to Sigrr']t I(ijne Sight line to

shade edge to shade shade edge

==-10 mm edge =+ 10 mm
=0 mm

Figure 8-139. The "Sight line to shade edge" input determines where the shade sits relative to the frame.
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For a shading system that sits in a panel next to an insulated glazing unit (IGU), where the shading system
dictates the hardware, the following guidelines can be used when importing the glazing system. Notice there
is more than one acceptable method to importing glazing systems when the glazing layers are not on the
same plane, but in all cases the "Sightline to bottom of glass" shall EQUAL the "Spacer height".

Shading system hardware sits
on the frame elements.

Sightline
In this case, the shading system hardware
definined the sightline.

Spacer for Therefore, the sightline to shade edge = 0

After the glazing system is inserted, all glass
layer polygons will need to be adjusted
("stretched") down. Do not "add" glass polygons
for it may affect LowE surface boundary layers.
Then fill all open glazing cavities as appropriate
according to the modeling rules.

Ilnsert Llazing >ystem - -

Orientation | 1o ;I

y \ Glazing spstem width |4?.14? mm

CR cavity height | 1400 mm

Sight line to bottom of glazs IE.488 mm
[ Spacer height |6. 432 mrn ]

Edge of Glazz Dimenszion |83.5 mrn

Glazing swstem height I‘I R0 mrn
Sight line to zhade edge IU mm

--Or, the following illustration is also a method to import the glazing system --

Glazing svster width I‘W-'I 47 i
‘f CR cavity height |1 400 s
Sight line to bottom of glass |2'I 874 mm]

Spacer height |21 974 i

Edge of Glazs Dimenzsion IE‘-3.5 i
Glazing system height |1 A0 mm
Sight line to shade edge Ilj i

After the glazing system is inserted, the interior pane of glass
polygon will need the points moved "up" and then fill all open glazing
cavities as appropriate according to the modeling rules.

Figure 8-140. The relationship of sightline to spacer height, bottom of glass, and shade edge,
for a shading system that has the hardware defining the sightline.
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For a shading system between-the-glass where the hardware is not modeled, such as a jamb, then the
diagrams below shows how to define the input variables when importing a glazing system so the "grey" box
appears to account for the convective heat flow for the gap around the shade. The gap was determined and
entered in WINDOW at Dbot.

Sightline to
Shade Shade Edge
would be
negative in this
L case
Sightline to Shade
Edge would be I < Sightline N
g . . T
positive in this case AL, |_>
T
T
ShadeEdge ----p» |&#—— & s g| -----q----------- et T
. . A
< Slghtllne o >
o A
o T
A o f e o o T T A T
Spacer/Frame A A A AN A A A A A A A A o A
A / o e o o T A AT
Element o o f \ e o o A A )
e e A A A A AT /////////(‘, L //////////////////(‘,
e o o A A A AT e o o T A // /////////////////
e e o A A A AT e o o T A ' e e o o A A A AT o e

The (grey) polygon accounts

for the convective heat flow Sightline to Bottom of Glass
between the two sides of the

shading system

Figure 8-141. The relationship of sightline to shade edge when shading system hardware is not modeled.

Examples of two sightline situation to ensure that the "grey" polygon appears below the shade edge to
account for the convective heat flow:

Example 1: "Sight line to shade edge" > 0

TR
[27.8034
o
fiiia
=
7

Sight line to bottom of glass = 11.1125 mm
Spacer height = 9.652 mm
Dleft/Dright = 3.2 mm per WINDOW, which shall equal the grey box height
Sight line to shade edge = 1.7395 mm
Math required: 11.1125mm - 9.652mm - 3.2 mm = -1.7395mm
Enter the "opposite" of the mathematic result, or 1.7395mm
Since no hardware, make sure grey box under glazing is created by THERM (not simulator).
The grey box polygon is completed by THERM (not manually entered by the simulator)

Figure 8-142. Positive sightline to shade edge when shading system hardware is not modeled.
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Example 2: "Sight line to shade edge" <0

Sight line to bottom of glass = 17.945 mm
Spacer height = 11.707 mm (from bottom of glazing to top of spacer block)
Dleft/Dright = 3.2 mm per WINDOW, which shall equal the grey box height
Sight line to shade edge = -3.038 mm
Math required: 17.945mm - 11.707 mm minus 3.2 mm = 3.038 mm
Enter the "opposite" of the mathematic result, or -3.038 mm

Since the shade has no hardware, make sure grey box under glazing is created by THERM (not simulator).
The grey box polygon is completed by THERM (not manually entered by the simulator).

Figure 8-143. Negative sightline to shade edge when shading system hardware is not modeled.
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8. SPECIAL CASES

8.14. Shading Systems Modeling Overview

Linking Glazing System Cavities to other cavities

Cavities around the shading system (including hardware) that touch the glazing system cavities
(imported from WINDOW) can be linked to the glazing system cavity following the 5 mm rule
described in Section 6.4.4..

In the example below, the frame cavities that have a throat adjacent to the "un-sealed" glazing cavity
greater than 5 mm are linked to the glazing cavity, and those that are less than or equal to 5 mm are
modeled as frame cavities.

These cavities have a
throats < 5 mm where it
touches the un-sealed
glazing system cavity,
so they are not linked to
the glazing cavity but is
modeled as separate
frame cavities.

These cavities are > 5 mm
where they touch the glazing
system cavity, so they are all
linked to the glazing system

cavity.

This frame cavity
starts where the
throat is 5 mm,
and then is
modeled as a
frame cavity.

Figure 8-144. Determine which cavities around the shading system can be linked to the Glazing System Cavity
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8. SPECIAL CASES 8.14. Shading Systems Modeling Overview

Modeling Shading System Hardware
Do not model the hardware:

o If the hardware is not between two layers of glass and isolated from the frame or other
shading system hardware (e.g. suspended in mid-air). For example, if the hardware of a
roller shade is not continuously connected to the shading system housing, it does not need to
be modeled, such as the roller tube and bottom tab rail for a roller shade system. The roller
tube is only attached at each jamb but not continuously along the head.

Roller Shade
Housing

continuously connected
to the housing — they
are suspended inside

Roller Tube In this example head
r cross section, the roller
/ and the shade material
f |
N /!
i} -7 and outside of the
‘ shading system
housing. The roller tube
is only joined to the

around it are not
Shade Layer jamb at each end.

B

Therefore the roller and
bottom rail would not be
modeled in THERM.

Hardware at the bottom
of this roller shade
would not be modeled
because it is not
attached to the frame or —» 0
other shading system

hardware

Figure 8-145. If the roller shade tube, bottom hem bar or any shading system hardware is not
continuous, it shall not be modeled.

¢ This would also apply to hardware at the bottom of a shading system that is fully
closed(pulled down) because it does not touch the frame or other shading system hardware;
and, is not between two layers of glass (e.g. venetian blind bottom aluminum rail)
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8. SPECIAL CASES 8.14. Shading Systems Modeling Overview

Model the hardware:

e If the hardware is continuous and attached to the frame or other shading system
hardware. The example above (Figure 8-144) required the roller shade housing to be
modeled for it was fastened to the frame.

e If the hardware is between two layers of glass, such as but not limited to venetian blind
bottom rails. Typically, blinds between-the-glass have a bottom rail that can freely float
above the frame/spacer of a glazing system. (See Figure 8-146 below of a suspended
bottom rail)

Figure 8-146. Bottom rail that is suspended in the air but shall be modeled since it is between two glass layers

Frame cavities inside the shading system housing:

When modeling an exterior shading system, such as a woven shade, there are three possibilities for
how to fill the cavity of the shading system housing:

e NFRC Frame Cavity

e Slightly Ventilated Cavity

e No Cavity Modeled

e The above cavity applications shall follow the rules established in Chapter 6, section 6.3.6.

The guidelines below are used to determine which model to use, depending on the housing
geometry, exterior gap widths, and the shading layer’s Effective Openness Fraction. Shading system
hardware usually has openings (gaps) where the shading layer enters it, and is dealt with as follows:

o If the exterior gap between the shade material layer and the shade hardware is greater than
10mm, leave the cavity fully open and Effective Openness Fraction is not a factor and can be
completely ignored. The gap is too large for the shading layer to have an effect. See Figure 8-
148 for examples.

e If the Effective Openness Fraction of the shading layer is < 0.20:

o ltisrequired that the simulator go to WINDOW and obtain the Effective Openness
Fraction by reviewing the material in the Shading Layer Library. See Figure 8-147 for
finding this value.

o The shading layer shall be modeled as outlined on Page 8-159 with its material
conductivity, except if the Shade Layer-Housing Gap exceeds 10mm. See Figure 8-147 to
find conductivity value in WINDOW.
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8. SPECIAL CASES 8.14. Shading Systems Modeling Overview

o Shading layer materials are not published in NFRC 101; therefore, this is the only
occurrence that creating your own user-defined material without a published material in
NFRC 101 is allowed.

o The gap between the shading housing and shading layer (or Shade Layer-Housing Gap)
shall be considered for modeling the frame cavity inside the shade housing hardware.

Note: Examples of that when you shall use the Shade Layer-Housing Gap and not the overall
gap (or Overall Shade Housing gap as defined below). Shade shall be modeled when gap is
less than 10mm. See example illustrations A-C in Figure 8-148.

e If the Effective Openness Fraction of the shading layer is > 0.20:

o The shading layer is not modeled.

o Only consider the gap width of the shade hardware (or Overall Shade Housing Gap) for
modeling an exterior frame gap cavity (e.g None, NFRC Frame Cavity 100, or Slightly
Ventilated Cavity).

¢ Bring the boundary conditions into the inside of the shading system housing if the cavity is
left open due to the > 10mm gap rule but address any small gaps using the gap rules as
outlined in Chapter 6, section 6.3.6.

e For filled frame cavities (NFRC Frame Cavity 100 or the Slightly Ventilated Cavity) inside the
shading system housing, break them up as needed according to the 5 mm rule. The cavity
type stays the same even if the cavity is broken up into smaller polygons.

Note: Examples of using only Overall Shade Housing Gap and ignoring the shade layer are
illustrated in Figure 8-148.
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8. SPECIAL CASES

8.14. Shading Systems Modeling Overview

When a frame cavity is
modeled (normal or
slightly ventilated) and
the shade layer comes
into the housing,
model that layer as a
THERM polygon with
the corresponding
conductivity found in
WINDOW's "Shade
Material Library."

Shade\M aterial
Thickness:l 0.6 mm
|Woven Shade Material

me: IWoven Shade

Manufactuler: |Generic

[~ Solar
Trans, Front (Tsol): I 0.000
Trans, Blck (Tsol2): I 0.000
Reflect., Frant (Rsol1): I 0.500

Reflect.. Back (Rsol2): | 0.500
il \
[~ Visible
Trans, Fr (Tvis): I 0.000

Trans, Back Tvis2]:| 0.000

Reflect.. Front (Rvis1): [ﬁ

Reflect.. Back (RYis2): [ 0.500
T=Y \

Trans ( ir]:l 0.000

Emis.. Front (Emid1) [ 0.900

Emis.. Back (EmisX), [W

[ Conductivity: 0.300 wi/m-K ]
Color:T T

If this shading layer has an Effective

Openness Fraction < 0.20, apply
appropriate frame cavity rule bas
on the gap opening width to the
outside of the shading layer (or
defined as Shade Layer-Housing
Gap). The shading layer will be
required to be modeled with a
polygon.

If this shading layer has
an Effective Openness
Fraction > 0.20, apply
the slightly ventilated
frame cavity rule based
on the entire housing
gap opening (or
defined as Overall
Shade Housing Gap).
The shading layer does
not need to be modeled
as a polygon.

Shading Layer Librany

1D #: |19

M ame: IGenetic wioven Shade

the

Froduct Marme: I

ed

M anufacturer: IGEHEIiC
Type: IWoven shade LI
M ateriak | 31006 waven Shade Material Il

[E flective Dpenness Fraction I 0050 ]

Figure 8-147. The cavity inside the shading system housing may be modeled as partially ventilated cavity if it meets the
modeling rules for that case
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8. SPECIAL CASES 8.14. Shading Systems Modeling Overview

The following illustrations are examples of various modeling scenarios when faced with the two different
gaps (Shade-Layer Housing Gap & Overall Shade Housing Gap) and the shading layer’s openness fraction.

Mustrations (A) through (C) are what to do when the Openness Fraction of the shading layer is < 0.20:

Gap 1>2mm but _'/

< than 10mm 1 Gap 1<2mm 1 Gap 1>10mm

Gap 1 = Shade-Layer Housing Gap (shall consider this gap and model shading layer, except for (C).
Gap 2 = Shade Housing Gap or Overall Gap with of Hardware (not to be used since Openness Fraction < 0.20

Mustrations (D) through (F) are what to do when the Openness Fraction of the shading layer is > 0.20:

.
Gap 2 >2mm but h'/

<than 10mm Gap 2 <2mm Gap 2 > 10mm

Gap 1 = Shade-Layer Housing Gap (shall NOT consider this gap since Openness Fraction > 0.20).
Gap 2 = Shade Housing Gap or Overall Gap with of Hardware (shall only use this gap).

Figure 8-148. Examples of Shading Layer Modeling Requirements and Frame Cavity Applications Inside a Shading
System Housing Hardware
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8. SPECIAL CASES 8.14. Shading Systems Modeling Overview

Shading layer in the shading system housing, when required per Effective Openness Fraction
criteria on Pages 8-157 through 8-160.

¢ Bring shading layer from WINDOW into housing as illustrated below.
¢ If Frame Cavities are modeled, draw polygon over shade layer into housing

In the case where a frame cavity (either normal or slightly ventilated is modeled inside the
shading system housing), if the shading layer comes into the shading system housing, for
either the open or closed instances of the shading system, model that shading layer as a real
polygon, and do not have the shade layer graphic element go into the housing. The material
conductivity is per the Shade Material Library found in WINDOW (See Figure 8-147).

e If Frame Cavities are not modeled, keep as is.

If a frame cavity and shade
layer is modeled inside the
shading system housing,
create a polygon for the shade

layer in the cavity. \ L :
1 1

1

s ’

If a frame cavity is NOT -

modeled inside the shading Define the shading layer point
_\ system housing, insert the where the frame cavity begins

glazing system so that the to first touch the roller tube.

shading system is in the (Roller tube shown for clarity

housing per the shade design. only — not to be modeled)

Figure 8-149. Modeling the shade layer in the shading system housing.
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8. SPECIAL CASES 8.14. Shading Systems Modeling Overview

Shading System Modifiers

Apply the shading system modifiers, shown in the Boundary Condition Type dialog box, to all
glazing and frame surfaces based on a projection of the shade onto those elements.

Apply
shading
modifier to
glass and
portion of
frame.

\*< A point must be
inserted in the frame
boundary segment so
that part of the
boundary will have a
shading modifier and
part will not.

The shading
modifier is
applied to all
the frame
elements and No shading
the glazing modifier
system on this
side of the
shading layer
A point must be
inserted in the
Apply glazing system
shading boundary segment
modifiers so that part of the
boundary will have
MNFRC 100-2010 E skerior :nsdh 22::%\,“??1(::{@
No
shading
modifier
along part
of glass
: : and entire
Eutenior [Glazing System 1D:30) - frame.

Figure 8-150. Apply shading modifiers from the Boundary Condition Type dialog box.
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8. SPECIAL CASES 8.15 Shading Systems Modeled for SHGC / VT Only

8.15 Shading Systems Modeled for SHGC / VT Only

The modeling guidelines in this section apply to the cases where only the SHGC and VT values are simulated,
which, at the time of this writing, are:

e Indoor Venetian Blinds
¢ Indoor Roller (Woven) Shades

Even though these shading systems, which are only modeled to calculate SHGC and VT, fall into the category
of a dynamic glazing product, because of the method used to calculate SHGC and VT, which calls for
modeling the 0 (completely opaque) and 1 (completely transparent) case for these two values, both the Open
case and the Closed case are covered in one calculation. This simplifies the modeling procedures
considerably.

The following rules apply when calculating only the SHGC/ VT values for this situation:

1. If the PFD (Projected Frame Dimension) of the framing system, including the framing for the shading
system, DOES NOT change the sightline of the product, then follow this procedure:

a. Best Glazing Option: determine the best case glazing option (lowest U-factor) WITHOUT a
shading system

b. Glazing System Library: build all the glazing system/shading layer options for the open
and closed cases as needed. Only the SHGC/ VT values for the glazing system/shading layer
are uploaded to the NFRC database for the Center-of-Glass results. If there is a Center-of-
Glass component test, then that result can be entered for the U-factor into the NFRC
database.

c. THERM: No THERM runs for the shading case are needed.

d. Window Library: build the window with the best glazing option (without the shading
system) to obtain the SHGC/VT 0 and 1 values.

e. NFRC database: Input the SHGC/VT 0 and 1 values into the NFRC database.

2. If the PFD of the framing system, including the framing for the shading system, DOES change the
sightline of the product, then follow this procedure, which applies to the non-retractable open and
the closed cases:

Determine the best case glazing option (lowest U-factor) WITHOUT the shading system.

b. Inthe Glazing System Library, build all the glazing system/shading layer options for the
open and closed cases as needed. Only the SHGC/ VT values are uploaded to the NFRC
database for the Center-of-Glass results. If there is a Center-of-Glass component test, then
that result can be entered for the U-factor into the NFRC database.

c. In THERM, model the shading system hardware, but without the shading system, to use in
the whole product calculation in WINDOW, with the best case glazing option offered with
that shading system.

d. Inthe Window Library, build the window with the best glazing system option (without the
shading system) and the new frame model that includes the shading system hardware
(without the shading system), to obtain the SHGC/VT 0 and 1 values.

e. Input the SHGC/VT 0 and 1 values into the NFRC database.
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8. SPECIAL CASES

8.16. Venetian Blinds — Between Glass (Integral)

8.16. Venetian Blinds — Between Glass (Integral)

NFRC has approved using WINDOW and THERM to model venetian blinds between glass for vertical

products only (no tilted products) for U-factor, SHGC and VT.

Venetian blinds between glass (venetian blinds between two glazing layers in a glazing system) fall into the

category of a dynamic glazing product. The rules for rating dynamic glazing products, according to

ANSI/NFRC 100 and 200, state that they must be rated in both their fully open and fully closed positions. In
the case of modeling retractable integral venetian blinds as part of a dynamic glazing product, the fully open
position is when the venetian blind is completely retracted. However, even when completely retracted, the

stacked venetian blind slats become a “block” of material that must be modeled.

outside

T

inside

Figure 8-151. Venetian Blind Between Glass is a blind between two pieces of glass

The following cases must be modeled for each venetian blind configuration:

=  Fully Open -- Venetian blind fully retracted, i.e., the most transmitting state

=  Fully Closed -- Venetian blind fully deployed, i.e., the least transmitting state
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

8.16.1. Fully Open Venetian Blind
There are two scenarios for Fully Open venetian blinds:

e Retractable / Open: Venetian blinds that retract up to the top of the glazing system

outside inside

Figure 8-152. Retractable / Open Venetian Blind

¢ Non-Retractable / Open: Venetian blinds that are fixed at the bottom (do not retract up) - the “open” state is
defined as having the blind slats horizontal (perpendicular) to the plane of the glass.

outside —T] inside

Figure 8-153. Non-Retractable / Open Venetian Blind

For Retractable / Open, two examples will be illustrated:
=  The venetian blind fully retracted inside a double glazed system.

=  The venetian blind fully retracted between an IGU and a third glazing layer (such as, but not limited to,
an add-on panel).

For Non-Retractable / Open, one example will be illustrated:

= The venetian blind inside a double glazed system with the venetian blind slots in a horizontal (open)
position.
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

8.16.1.1. Fully Retracted / Open Venetian Blind Between Glass System

The following section discusses how to model a fully retracted venetian blind that has a stack of blind slats at
the top of the glazing system. The following shows Head cross sections for a venetian blind in the fully-
retracted position inside a double-glazed system.

In this example, only the Head section will be shown. For Vertical Sliding windows where the lower sash
contains a venetian blind between glass, the lower sash portion of the Meeting Rail section will be modeled
with the same venetian blind considerations as the Head section. The other cross sections (Jambs, Sills and
Meeting Stiles) are modeled normally, without any venetian blind considerations.

In WINDOW:

1. Glazing System Library: Create the appropriate glazing system in the Glazing System Library. In
this case, it is not necessary to model a venetian blind in WINDOW, because the blind is fully
retracted.

In THERM

1. Frame Geometry: Draw the frame geometry, including Head, Sill, Jamb and Meeting Rail if
appropriate

2. Glazing System: a) Import the glazing system defined in WINDOW (no venetian blind modeling
needed) into the frame geometry; b) Make sure that the Sight line to bottom of glass value includes
the height of the block representing the closed venetian blind, so that the Frame and Edge of Glass
boundary conditions and U-factor tags are defined automatically by THERM; and c) fill the glazing
cavities based on if it is sealed (like an IGU) or un-sealed so the proper cavity rules are followed. (See
Section 6.4.4 - Linking Glazing Cavities)

3. Boundary Conditions: Define the Boundary Conditions in the normal manner; no venetian blind was
modeled in WINDOW, so the Boundary Conditions in THERM do not need to be modified for a
Shading System
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

Use the proper modeling technique where the frame meets
the surround panel, ie, model these voids as air cavities

Stack of venetian
blind slats

Sealed (IGU)
glazing cavity

Un-sealed glazing
cavity

Fiqure 8-154. Head cross section with fully retracted venetian blind inside a double-glazed and triple-glazed system.

Note: All of the next figures are Head cross-sections with double-glazed systems but the steps to import glazing and
assigning boundary conditions are identical. The only exception is the linking of glazing cavities for sealed and un-
sealed systems.
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

Top of venetian blind
assembly

—_U_L#

Solid Block of Aluminum Alloy
used to represent the geometry
and material properties of the
stack of venetian blind slats in
their fully retracted position

In this case the stack of blind
slats is approximately 15 mm
wide and 50 mm long.

o J

This frame cavity
starts where the
throat is 5 mm, and
then is modeled as a
\ frame cavity.

Bottom of venetian blind

assembl
4 The space between the stack of venetian blind

slats and the glazing layers.

Note that some cavities are linked to the
glazing system and some are not, according to
the rules in Section 6.4.4

Figure 8-155. The Head cross section with the retracted venetian blind, including the stacked slats,
and the top and bottom assemblies for the blind that are continuous across the section.

Follow these steps to model a fully retracted venetian blind:

(Note: This example was done for aluminum slat blinds. If the material of the blinds is not aluminum, use the
appropriate material properties from NFRC 101 “Procedure for Determining Thermo-Physical Properties of
Materials for Use in NFRC-Approved Software Programs” for the stack of retracted venetian blind slats or directly
from the Shade Material Library in WINDOW and make a user-defined material in THERM.)

1. Draw the Head cross section of the product frame.

2. Draw the geometry of the retracted venetian blind, including the length and width of the stacked
venetian blind slats and any continuous hardware that holds the blind in place (top and bottom).
(Note: In this case, the system seems to be “floating” because non-continuous hardware is used to attach the
blind to the fenestration system.)
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

3. Insert the glazing system.
The example shown below has glazing layers that intersect the frame at two different heights. There
are numerous methods for modeling this. The method shown is to import the glazing at the sightline
of the exterior glazing layer and”stretch” the glazing layers to meet the bottom of the frame at the
appropriate places. This method ensures if you have any low-e coatings on the exposed surface of
any glazing that the boundary conditiions are not altered.

Insert the glazing system at the exterior glazing sightline because it is
below the interior sightline. This will allow the user to see how the
system came in without too many overlapping issues.. The “Spacer
height” and “Sight line to bottom of glass” shall be set equal and shall
include the blind hardware.

Turn on “Allow editing of IG polygon” in
Preferences/Drawing Options. Then pull
the edges of the glazing in the glazing
system up to the frame.

Preferences Drawing Optior
Arc to Pahygon :

[ Stay in draw mode after drawing
[ Mways check for overapping polygons

When inserting the glazing
system, make sure the “Sight

line to bottom of glass” includes
the height of the entire Venetian
blind assembly, so that points

will be inserted in the proper
places to define the boundary
conditions and U-factor tags.
Insert a point on the outside
glass surface.

Figure 8-156. Insert the glazing system
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8. SPECIAL CASES

8.16. Venetian Blinds — Between Glass (Integral)

4. Fill the cavities around the venetian blind with a material, and then link that material to the cavity of
the main glazing system. There may be several cavities to be linked, as shown in the figure below.

To link the left-hand cavity next to the venetian
blind to the main glazing system cavity, do the
following:

o  First, apply the 5 mm rule for breaking
up cavities (Section 6.3.6), then fill the
cavity with any material

e select the cavity you just filled

e go to the Library menu, Create Link
option

o the “eyedropper” tool wil/appear — click
on the main glazing cayity (the polygon
to link to) and the othgr cavity will turn
gray and have the sgme name as the
glazing system cauvity.

e The linked cavity

.

Libraries ©ptions  Calculation  Wwjddow  Help
Set Material F4
Set Boundary Condition F5

IMaterial Library Shift-F4
Boundary Condition Librgrty Shift-F5
aas Library Shift-Fé&

Select Material,l’Bou?éary Condition

Glazing Systems F&
UFactor Mames

Remowve Link

Apply frame c
gaps:

The width of this cavity is
<5 mm, soitis not linked
to the glazing system
cavity, and is modeled as
a frame cavity.

The width of this cavity is >
5 mm, so it is linked to the
glazing system cavity

avity for the following < 5 mm

This polygon is broken
horizontally first from
largest to smallest and
Nusselt is less than 1.2.

The width of this cavity is
<5 mm, so it is not linked
to the glazing system
cavity; and, the Nusselt
number when filled is less
than 1.2.

n )

J

This frame cavity
starts where the
throat is 5 mm, and
then is modeled as a
frame cavity.

Figure 8-157. Fill the cavity next to the venetian blind by linking it to the main glazing cavity.
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

5. Generate the Boundary Conditions. The section of the warm side of the glazing system adjacent to the
retracted venetian blind should be defined with a U-factor Surface tag of “Frame”.

BC = Adiabatic

ﬁ U-factor Tag = None ﬁ

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor Tag = Frame

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Frame

v
A

BC = NFRC 100-2010 Exterior BC = <glazing system name> U-factor Inside Film
U-factor Tag = None Radiation Model = AutoEnclosure
U-factor Tag = Edge

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

A

T 4
BC=Adiabatic
U-factor Tag = None

Figure 8-158. Define the boundary conditions for the cross section
6. Calculate the results for this cross section.

7. Complete the calculations for the other product cross sections (Sill, Jambs and Meeting Rails / Stiles
as appropriate).

8. Import all the cross sections into the WINDOW Frame Library and calculate the total product U-
factor, SHGC and VT.
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

8.16.1.2. Non-Retractable / Open Venetian Blind Between Glass System

Non-Retractable / Open Venetian Blind are systems that are fixed at the bottom (do not retract up), and the
“open” position is defined as the blind slats set to a horizontal position, perpendicular to the plane of the
glass.

outside 1—[] inside

Figure 8-159. Non-retractable open venetian blind

In WINDOW:

1. Shading Layer Library: If the appropriate venetian blind product is not already in the Shading Layer
Library, import it from the Complex Glazing Database (CGDB). If the product is not in the CGDB, the
manufacturer will need to have the blind slat material measured and added to the CGDB before the
product can be simulated.

The Shading Layer should be defined with the venetian blind slats in a horizontal position, or as
“open” as the blind geometry allows.

2. Shade Material Library: When the Shading Layer Library is imported from the CGDB, WINDOW
will also import the associated Shade Material record for that Shade Layer into the Shade Material
Library. In general, this should be automatic and you should not have to manipulate the records in
the Shade Material Library.

3. Glazing System Library: Define the glazing system with the venetian blind between two layers of
glass

In THERM:

1. Frame Geometry: Draw the frame geometry, including Head, Sill, Jamb and Meeting Rail if
appropriate

2. Glazing System: Import the glazing system defined with the venetian blind (horizontal slats) into the
frame geometry

3. Boundary Conditions: For Integral Venetian Blinds, set “Shading System Modifier” to “None”
4. Simulate the model, save the results

In WINDOW:
1. Frame Library: Import the THERM files into the Frame Library

2. Window Library: Construct the window using the THERM files from the Frame Library and the
glazing system defined in Glazing System Library

These steps are illustrated in more detail in the following discussion.
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

In WINDOW:

1.

Shading Layer Library: If the appropriate venetian blind product is not already in the Shading Layer
Library, import it from the Complex Glazing Database (CGDB).

In the CGDB Shading Layer Library, for Venetian blinds that are defined as Type “Venetian” ( not
Type “BSDF”, which are currently not allowed in NFRC certification), there may be one or more
definitions for the same Venetian blind product. These different records will represent different
geometries of the Venetian blind, such as slat thickness, width, slat spacing and slat tilt. If you are
modeling the same Venetian blind product, but with a different slat thickness, width, slat spacing or
slat tilt, you can make a new Shading Layer Library and change the slat geometry.

In this example, the Venetian blind has three records in the CGDB Shading Layer Library,
representing three different slat tilts - “Closed”, “45 degrees” and “Open”. For NFRC certification,
the 45 degree geometry is not needed, and therefore only the “Closed” and “Open” records are
imported from the CGDB, as shown in the figure below.

FH W73 - Shading Layer Library (C:\Users\Public\LBNL\WINDOW?.3\W7.mdb) =0 =R
File Edit Libraries Record Tools View Help
= B = 53] e0N: O#H 7 % %W
; . Shading Layer Library [C.\Users\PJﬁ%DDW?G\W?.mdb] 4
Detailed View
D Mame ProductM ame Manufacturer Type M aterial Operness 2
| ,
§ 3000  Shinwhite VE Closed | | Slim white Venetian Blind Pella ‘Yenetian [horzontal] ‘white Venetian Blinn  goog  CGDBE 5
Copy 3001 Shim White YE 45 Shim white Venetian Blind ~ Pella Venstian (horizontal) \white Venetian Blin 0500 CGDE —
Delete | § 3002 Shmwhite Open § | Slim \White Yenetian Blind Pella ‘Yenetian [horzontal] ‘white Venetian Blinn 1,000 CGDBE
Find 3003 Slim Marine Clozed Slim b arine Blue Wenetian Blire Pella ‘Yenetian [horzontal] Marine Yenetian Blir -~ gpognp CGDE
o = 3004 Slim Marine 45 Slim Marine Blue Yenetian Blin Pella Venetian (horizontal] Marine Venetian Blr 0500 CGDB
'7 3005  Slim Marine Open Slim b arine Blue Wenetian Blire Pella ‘Yenetian [horzontal] Marine Yenetian Blir 1000 CGDE
Foon Wiraspan(Th] Medium Grg Yiraspan(TM] Ceramic Frit, Mec Viracon Fritted glasz
Advanced... o071 Simulated Sandblast [V-11 Translucent Frit, Simulated Sar Viracon Fritted glazs
148 records found. B000  Hexcel Screen2 [52) 3%.| Hexcel Screen2 [52] 3%, Whib MNysan BSDF 0.038 CGDB
Ao CrmmnCmrmmin Cmm 2% DA CrmmnC mrmmin Cmm 7% Dmnnbmre hlos—as LTt AoAme rznD
Impart 4 | LIJ i

Move to next record Mode: NFRC  |SI NUM

Figure 8-160. Import the appropriate records from the CGDB Shading Layer Library

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026 8-166




8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

If only one slat geometry (fully open or 0° and fully closed or 90°/-90°) is represented in the CGDB,
import that record into the working database, and then make new records for the missing slat
geometries, so that there is a separate Shading Layer record for both the Open and Closed
geometries (tilt).

H wra- Shading Layer Library (C:\Users\Public\ LENL\WINDOW7 .3\ W7.mdb)
File Edit Libraries Record Tools View Help
= & B H:uWarn Baelli: OHZ % T
Shading Layer Librarny

I #: |3002

MName: |S|im ‘white Open

% Praoduct Marne: |Slim White Wenetian B lind
Qe Manufacturer: |F‘e||a

= el [t e =l The Material references a record
Materist  [[31100 White Veretian Bind Slat whit -] | €— | i the Shade Material Library,
which is automatically created
when the Shading Layer is
imported from the CGDB.

Effective Openness Fraction 1.000

Venetian Blind |

Slat width: 'IMT mm —
Spacing: W mm

i T
Tilt angle: ,D_ :‘ degrees

Blind thickness: [14.8000 mm

Rise: 0.83200 mm -1

Help |

Fiqure 8-161. Define the venetian blind geometry for the “open” (horizontal) slats

e Type: Venetian blind, horizontal

e Material: White Venetian Blind Slat; this pulldown references the record in the Material Library
that is associated with this Shading Layer. When a Shading Layer is imported from the CGDB,
the associated record for the material is automatically added to the Shade Material Library. If you
need to make a new Shading Layer record for a different slat geometry, make sure to reference
the same material record in the Shade Material Library.

o Effective Openness Fraction: If a Shading Layer is imported from the CGDB, this value will
automatically be set. If you are making a new record, the Effective Openness Fraction = 1.000 for
the “fully open” blind case, and 0.000 for the "fully closed" blind case.

e Slat Width: appropriate value, in this example 14.8 mm

e Spacing = spacing between each slat, in this example 12 mm
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

e Tilt: “fully open (0°)” for a slat in the horizontal position

% slat thickness
7 rise
L

spacing
B

tilt angle

& #
blind thickness

Figure 8-162. Venetian blind geometry definition

e Tilt angle: This value is calculated based on the geometry of the slat in its closed or open state.
The tilt angle may be less than the "Tilt" due to the rise in the slat and/or spacing that prevents a
true vertical orientation of the slatswhen in the closed position.

¢ Blind thickness: This value is not editable, and shows the width of the blind “assembly” based
on the slat tilt. In this “Open” case, the blind thickness will equal the slat width. At any other slat
angle, this value will be less than the slat width.

e Rise: this value defines the curve of the slat, and is defined in the CGDB for each Venetian blind
product.

2. Shade Material Library: When a Shading Layer record is imported from the CGDB, the Shad e
Material is automatically imported, and therefore it is not necessary to add or change records in the
Shade Material Library. However, you may need to reference existing records in the Shade Material
Library if you are defining a new Shading Layer record (for example to define a differen slat
geometry for a product).

FH W73 - Shade Material Library (C:\Users\Public\LBNL\WINDOWZ 2\W7.mdk) =3 E=R(==
File Edit Libraries Record Tools Wiew Help
= H 2] ¢0N: O#H 7 |% T
X Shade Material Library [C:4U sers'PublichLBMLYWINDOW 7. 3%/ 7. mdb)
Detailed iew
[n] Mame ProductMame b anufacturer Source  |Mode| Color| Thickness [zectialDz Tsoll_dTsol2_dRsoll_cRsol2 oTwisl_d Twvis2
New M
3001 Slat Metal & Opague white colored slat mab Generic CGDE 0.600 0000 0000 0700 0700 0.000 0.00
% 20102 Slat Metal B Opague pastel colored slat mal Generic CGDE 0.600 0000 0000 0550 0550 0.000 0.00
Delete 30103 Slat MetalC Opaque light-dark colored slat Generic CGDE - 0.600 0000 0000 0700 0400 0000 0.00
Fird 30104 Slat Metal D Translucent white colored slat  Generic CGDE 0.600 0400 0400 0500 0500 0400 0.40
0] - 21000 windat internal light { light venetian blind WINDAT CGDE it 16500 % 0000 0000 0544 0544 0000 000
— 21002 Diffusing shade maty Example Generic CGDE 2000 0500 0500 0300 0300 0400 040
31006 ‘woven Shade Matd ‘wioven Shade Generic CGDE 0.500 0000 0000 0500 0500 0.000 O.00
Advanced.. 31100 W hite Yenetian Blind white Yenetian Blind 5lat Fella LGDE ) - oion v 0000 0000 OE7F OEFF 0.000 0.00
15 records found 31107 Marine Yenehan Bl Marine Yenetian Blind Slat Pella COE - oo v 0000 0000 0186 0185 0.000 000
i 21111 SCRadiantBarrier.t+) Salar Comfort Radiant Barrier  Solar Comfart CGDB - 023 v 0000 0000 0866 0490 0000 0.00
— 21112 ODLwhiteblind tet | Blind white oL CGDE ! 0152 v 0000 0000 0649 0643 0000 0.00

CGDB.

Figure 8-163. Shade Material Library records are automatically created when Shading Layers are imported from the
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8. SPECIAL CASES

8.16. Venetian Blinds — Between Glass (Integral)

Glazing System Library: Define the glazing system with the venetian blind between two layers of glass

Glazing System Library
D # |24 Marne: |L|:|wE, DhiGlz, IntvB, Open-Mon-Fetract y
B Layers: |3 i‘ Tilt: 90 ° 1G Height:{ 1000.00 ram /
Ervironmental oy :
Dot e | WFRIC 100-2010 - I width:| 100000 mrm // :
Comment: | T
) 1 2 3
Owverall thickness: |46.892  mm Mode: |#
I} Hame Mode Thick |Flip) Tezol | Reoll | Reold | Twiz | Bwigl | Rwig2 | Tir E1 E2 | Cond
~|  Glass1iv» 9801 CLEARZLOF # 20 [|osr o075 0075 0899 0083 0083 0000 0840 0.840 1.000
Gap1 b+ 1 Air 23 O
- Shade 2 »» 3002 Slimwhite Open 148 0.000 0900 0,300 160.000,
Set Layer 2/" 5 " Ta 2 17 E
to “Shade” ap ir .
using the - Glgds 3 w9327 LOW-E_3LOF # 30 [Joeg2z 0122 0112 0824 0115 0110 0000 0156 0840 1.000
niilldown 4 | |
Cepfler of Glass Results | Temperature Data | Optical Data ] Angular Data | Colar Properties \ Radiahce Resultz |
Ufactor sC SHGC Rel. H. Gain Twiz F.eff Gap 1 Keff Gap 2 keff
W2k Wim2 WA WA W
1.932 0.730 0.687 510 0710 01207 01732 0.0138
=T Select
Cancel Find D * | 20 records found.
D Mame Product ame: Manufacturer =
Click on the §  VenetianC45 150 15099 appendis  Venetiar
double arrow §  Venetian CAD 150 16099 appendis  Yenetiar
to see the 10 Wenetian C90 150 15099 appendix Venetiar
Shadmg 1 Wenetian D0 150 15099 appendis ‘Venetiar
Layer lerary 12 Wenetian D45 150 15099 appendix Venetiar
list 13 Wenetian D30 150 15099 appendix Venetiar
17 white Frit Generic Fritted gl
22 Clear Frit [no pigment] Generic Fritted gl
3000 Slim white VB Clozed Slim *White Yenetian Blind Pella Venetiar
3 i ia Wenetiar
5oo0 Wiraspan(TM) Medium Gray [V-948] 30% | Viraspan(Th] Ceramic Frit, Medium Gray [-348] 30% Coverage  Viracon Fritted gl
o0l Simulated Sandblast [V-1086) 70% Translucent Frit, Simulated 5andblast [-1086) 70% Coverage  Wiracon Fritted gl
5o0z  Wiraspan(TM) Medium Gray [V-948] 60% | Viraspan(Th] Ceramic Frit, Medium Gray [V-348] 30% Coverage  Viracon Fritted ol ™ |
| | »

Fiqure 8-164. For the middle layer in the Glazing System (Layer #2), select the venetian blind from the Shading System

e Set Number of layers = 3

e Set Layer #2 to “Shade” (from pulldown arrow to the left in the first column)

Library.

¢ Set Dtop, Dbot, Dright, Dleft to the appropriate values for the venetian blind geometry.
These distances are based on the distance between the top of the venetian blind (including
hardware) and the top (or left, right, bottom) of the glazing system. (See Figures 8-133 and 8-

135)
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8. SPECIAL CASES

8.16. Venetian Blinds — Between Glass (Integral)

(Glazing System Library
1D #: |24 M arne: |LDwE, DblGz, IntE, Open-Mon-Retract W
# Layers: |3 j‘ Tilt: 0 - |G Height:[1000.00 mm / E
E nvironmental & E
Comgiton= | NFRC 100-2010 =] |G width:| 1000.00 mm /4 :
Comment: '
| 1 2 3
Owerall thickness: |46.892  mm Mode: |#
[n] M ame Maode| Thick [Flipl E1 E2 Cond | Dtop [mm) | Dbat [mm] | Dright (mm] | Dleft [mm)
d Glazz 1 »» 9301 CLEARILOF # 20 [ o&40 0s40 1.000
Gap1 M 1 A 219 O
d Shade 2 wr 3002 Slim ‘White Open 148 [J| 0400 0900 160.000 0.0 nn an a0
Gap 2 kk 1 Air 42 4 /
d Glass 3 w9921 LOW-E_3LOF # 20 [ 0186 0240 1.000 v
1 ' d

Set values for Dtop, Dbot, Dleft, Dright
based on the geometry of the blind

- - i| product.
Center of Glass Results | Temperature Data] Optical Data] Angular Data | Color Properties | P
Ufactar SC SHGC Rel Ht. Gain Twiz F.eff Gap 1 keff Gap 2 Keff
Wiim2-K, Wiima2 WA, LS Wi,
0.730 0.587 510 0.710 01207 01732 00153
Fiqure 8-165. Define a Dtop, Dbot, Dleft and Dright in the Glazing System Library.
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

In THERM:
1.

Frame Geometry: Draw the frame geometry, including Head, Sill, Jamb and Meeting Rail if
appropriate

Glazing System: Import the glazing system defined with the venetian blind (horizontal slats) into the
frame geometry. For this example, the Head and Jamb cross sections are illustrated , the following
settings were used in the Insert Glazing System dialog box:

® Cross Section Type: Head
® Orientation: Down

® CR Cavity Height: Can be the default 1000mm because CR cannot be calculated for shading
systems. Use CR Model for Window Glazing Systems can also be checked on or off -
THERM will ignore it.

® Sight Line to bottom of glass: The sightline is defined by the edge of the venetian blind
hardware. Shall be equal to spacer height if shading hardware is present in model.

® Spacer Height: Depends on where the location point is set for importing of the glazing
system. In any case, the spacer height shall be equal to the "Sight Line to bottom of glass". In
this example, it is 33.362 mm.
You can use the spacer height value to make room for the venetian blind hardware, or you
can set it to zero and stretch the glass layers into the frame (make sure
Options/Preferences/Drawing Options has “ Allow Editing of IG Polygons” checked).

® Sight line to shade edge: If shade layer is to be flush with top of hardware, then the value =0.
If shade layer is designed to be recessed into the hardware as in the example below, the value
will be negative. However, by allowing editing of IG polygons to be checkmarked, you can
move the shading layer manually into the recess of the hardware.

Once the glazing system Insert Glazing System

is inserted, stretch the

glazing system layers to
meet the frame on each
side as needed.

Orientation |80

Glazing system width |46.52 i
CR cavity height {1400 mm

T
o
] Sight line to bottom of glasse |33.3B2 mm
Spacer height |33.3B2 frn
Edge of Glass Dimension |83.5 mm
Glazing spstem height IT T
/ Sight line to shade edgeIU mm
//
Venetian Set the Sight Line to Bottom of Glass and Spacer
blind Height to the value needed to allow room to fit
hardware\< the Venetian Blind hardware into the glazing
system space. In this case it is set to 0, but it can
Polygon also be negative, which will allow the shade to fit
representing up into the hardware.
the venetian ~_ . ) . )
blind It is always possible to edit the glazing system
Ly | \ polygons after the fact using the “Allow Editing of
! IG Polygons” in Preferences
Sightline

Figure 8-166. Insert the glazing system with the venetian blind
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

Fill in the remaining cavities and either model them as NFRC Frame Cavities or link them to the appropriate
glazing system cavity, if the criteria in Section 6.4.4 are met.

Use the Fill tool to fill the

remaining cavities, and then
link them to the appropriate
glazing system cavity

Pull the polygon representing the
Venetian blind up to meet the head rail
assembly hardware, or use the Fill tool to
create a polygon, and link it to the
venetian blind polygon

!

Glazing cavity Glazing cavity

Link this polygon to
the glazing cavity
because the throat
where it connects to
the glazing cavity is
greater than 5 mm.

These polygons are not linked to the
glazing cavity because the throats
where they connect to the glazing
cavities below are less than 5 mm

They are defined as “Frame Cavity
NFRC 100”.

See Section 6.4.4 for more information
about linking cavities.

Figure 8-167. Fill the remaining cavities and link to the appropriate glazing system cavities.
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

® Cross Section Type: Jamb
® QOrientation: Up

® (R Cavity Height: Can be the default 1000mm because CR cannot be calculated for shading
systems.

® Sight Line to bottom of glass: The sightline is defined by the highest member of the
frame/sash. In this example, it is 9.1631mm.

® Spacer Height: Depends on where the location point is set for importing of the glazing
system. In this example, it is 2.7834 mm.
The spacer height in the case of no shading hardware is the frame or sash materials. (make
sure Options/Preferences/Drawing Options has “ Allow Editing of IG Polygons” checked).

e Sight line to shade edge: If no shade hardware is present, then math is required to enter in
this value so as to obtain a 'grey' box (convective heat flow around shade). The height of the
grey box shall be equal to what was entered in WINDOW for Dright/Dleft. In this example,
Dright/Dleft for this shading layer was 3.2mm. Therefore, the math required depends on
where the user is starting the inserting of the glazing system. In this example, the insertion
point is flush with the exterior glass layer's sightline since it is lower than the interior
sightline. Math to ensure the grey box (or shade convective heat flow around shade) height =
3.2mm is as follows:

"Sight line to shade edge" = "Sight line to bottom of glass" - " Spacer Height" — Dright/Dleft
=9.1631mm - 2.7834mm - 3.2mm
= 3.1797mm (since this number is positive, it means the shade layer is

below the sightline and therefore -3.1797mm shall be entered).

I
Sightline to bottom of glass

Insert Glazing System I I

Orientatiar I p - l
Glazing spstem width |4E- 82 mi

/ Sightline

M
CR cavity height IW T

Sight line to bottom of glazs IW i
Spacer height W i1

Edge of Glazs Dimenzion IF i
i
mm

Glazing system height IF
Sight line to shade edge |-3.1 797

"Grey Box" inserted by THERM and not
simulator. It represents the convective

Spacer Height
heat flow around the shading layer.

Figure 8-168. Insert the glazing system with the venetian blind for a jamb and obtaining the shade convective flow
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

Stretch the glazing layers into the frame and fill in the remaining cavities as instructed like the Head cross-
seciton. One exception for jambs with no shading hardware and the convective "grey box", the frame cavities
below that exceed 5mm in gap shall be linked to the convective box.

3. Create the other cross sections in this manner.
In the case of the Head and Sill cross sections, the Sight Line to Shade Edge is zero. However, for the

Jamb cross section, the blind does not touch the edge of the frame, but rather is 3.2 mm off the frame,
so the Sight Line to Shade Edge is not zero.

Head Cross Section Sill Cross Section Jamb Cross Section

Figure 8-169. Head, Sill and Jamb cross sections for Non-retractable Open Venetian Blind
between glass layers (Integral)

4. Boundary Conditions: The program will not automatically insert a point in the exterior glass layer
for the SHGC Exterior U-factor tag, so you will need to do that by hand by editing the glazing
system. For Integral Venetian Blinds, the Shading System Modifier choice will automatically be set
to “None”
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

BC = Adiabatic
| U-factor Tag = None |
4_

—>

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior

BC = Interior ¥frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor Tag § Frame

BC = <glazing system name> U-factor Inside Film
Insert a point on the exterior Radiation Model = AutoEnclosure

boundary condition at the U-factor Tag = Frame
sightline for the SHGC

Exterior U-factor taa

—

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

BC = NFRC 100-2010 Exterior
U-factor Tag = None

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

»
»

1 r

T
BC = Adiabatic
U-factor Tag = None

Figure 8-170. Define the boundary conditions for the Head Non-Retractable Open Venetian Blind cross section

8-175
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

BC = Adiabatic
U-factor Tag = None

| !

v

o

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

BC = NFRC 100-2010 Exterior
U-factor Tag = None

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Frame

//

v

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure

U-factor Tag = Frame
BC = NFRC 100-2010 Exterior

U-factor Tag = SHGC Exterior

|

|
BC = Adiabatic
U-factor Tag = None

Figure 8-171. Define the boundary conditions for each Sill Non-Retractable Open Venetian Blind cross section
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

BC = Adiabatic
U-factor Tag = None

| !

-]

»
»

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

BC = NFRC 100-2010 Exterior
U-factor Tag = None

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor Tag = Frame

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior

v

|
BC = Adiabatic
U-factor Tag = None

Figure 8-172. Define the boundary conditions for each Jamb Non-Retractable Open Venetian Blind cross section

5. Simulate each cross section and save the results.
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8. SPECIAL CASES

8.16. Venetian Blinds — Between Glass (Integral)

In WINDOW:
1. Frame Library: Import the THERM files into the Frame Library
ID N ame Source | Type UFrvaaTuee UEvdaEIISE Eulrzrgﬁjiun T Ei!flfregsﬁ Prd Abs
Wiim2-E | Wim2-K mim mim
1 Alw/break ASHRAE MAA 5.680 A Clazzl M A g7.2 n.an
2 Alflush ASHRAE MAA 3.970 M A Clazz1 I A, B7.2 0.aa
3 ‘wood ASHRAE MAA 2270 Y Clazs1 F A2 £9.8 0.an
4 Mingl ASHRAE MAA 1,700 A Clazs1 M A2 B9.8 0.an
5 WenetianClozed-Head THH Therm  Head 2874 1746 N/A 471 114.8 0.30
£ WenetianClozed-Jamb THH Therm  Jamb 2.661 1.809 N/ 471 ar.e 030
7 WenetianClozed-Sil. THM Therm Sl 2732 1.853 N/A 471 ave 030
v VenetianFixedOpen-Head THM Them 463 | 148 | 030 |
WenetianFiseddpen-Jamb. THRM Thern
WenetianFixeddpen-Sill. THR Thermn

Figure 8-173. Import the THERM files into the WINDOW Frame Library

system defined in Glazing System Library

File Edit Libraries Record Tools View Help

B W6.3 - Window Library (C:\Users\Public\LBNL\WINDOWB\w6Venetian.mdb)

=N Ho =)

DS % BB & BE:  ar M@= ®0:i OH*Z

|7 | 2 X2

[ ] LRI -
Cale (F9) Mame IF\XEdUpen\n"E
ModaINFF\E vl
Hew
g Type IFixed [picture] - I ﬁ
Lopy
‘Wwidth | 1200 mim
elEe Height | 1500 mm
Save Area [ 1,800 m2
Repart Tilt I 30
Environmental Conditiors
[™ Dividers NFRC 100-2010 =
Dividers
Display mode:
Normal -
Total window Results
U-factor [1.9954 Wm2-K
H SHGC |0.6034
leeyrrl
CR Detail il
tRy MR

For Help, press F1

‘ Click on a component to display characteristics below |

Glazing System

Name [LowE. DbIGE, IntvB, Openonf =] 2> |

n] I 24

Niagers [ 3
Area Imnﬁ
Edge area Iﬁnﬁ

Ucenter I 1.933 wim2K
sC I 0.730
SHGC I 0EET

Ve | 0710

[Modei NFRC [sT|— [NUM [

Figure 8-174. Define the window.

Window Library: Construct the window using the THERM files in the Frame Library and the glazing
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

8.16.2. Closed Venetian Blind

According to ANSI/NFRC 100 and 200, dynamic glazing products must be rated in both their fully open and
fully closed positions. This section describes modeling a venetian blind in it’s closed position. The modeling
procedures presented here will apply to either a retractable or non-retractable venetian blind.

—_—— S A A A A A A D

Figure 8-175. A closed venetian blind between two glass layers.

In WINDOW:

1.

Shading Layer Library: If the appropriate venetian blind product is not already in the Shading Layer
Library, import it from the Complex Glazing Database (CGDB). If the product is not in the CGDB, the
manufacturer will need to have the blind slat material measured and added to the CGDB before the
product can be simulated.

The Shading Layer should be defined with the venetian blind slats in a vertical position, or as
“closed” as the blind geometry allows.

2. Shade Material Library: When the Shading Layer Library is imported from the CGDB, WINDOW
will also import the associated Shade Material record for that Shade Layer into the Shade Material
Library. In general, this should be automatic and you should not have to manipulate the records in
the Shade Material Library

3. Glazing System Library: Define the glazing system with the venetian blind between two layers of
glass

In THERM:

1. Frame Geometry: Draw the frame geometry, including Head, Sill, Jamb and Meeting Rail if
appropriate

2. Glazing System: Import the glazing system defined with the venetian blind (vertical “closed” slats)
into the frame geometry

3. Boundary Conditions: For Integral Venetian Blinds, set “Shading System Modifier” to “None”

4. Simulate the model, save the results
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

In WINDOW:

5.

Frame Library: Import the THERM files into the Frame Library

6. Window Library: Construct the window using the THERM files in the Frame Library and the glazing

system defined in Glazing System Library

These steps are illustrated in more detail in the following discussion.

In WINDOW:

1.

Shading Layer Library: If the appropriate venetian blind product is not already in the Shading Layer
Library, import it from the Complex Glazing Database (CGDB).

In the CGDB Shading Layer Library, for Venetian blinds that are defined as Type “Venetian” (and not
Type “BSDEF”), there may be one or more definitions for the same Venetian blind product. These
different records will represent different geometries of the Venetian blind, such as slat thickness,
width and slat spacing. However, if you are modeling the same Venetian blind product, but with a
different slat thickness, width or slat spacing, you can make a new Shading Layer Library and change
the slat geometry.

In this example, the Venetian blind has three records in the CGDB Shading Layer Library,
representing three different slat tilts - “Closed”, “45 degrees” and “Open”. For NFRC certification,
the 45 degree geometry is not needed, and therefore only the “Closed” and “Open” records are
imported from the CGDB, as shown in the figure below.

D Mame ProductM ame Manufacturer Type td aterial Openness
C_3|]UU Slirn WwWhite VB ClosedD Slirn *White Y enetian Blind Pella Venetian wihite Wenetian Blind Slat [white. tat) 0.000
001 Slim white VB 45 Slirn *White Y enetian Blind Pella Venetian wihite Wenetian Blind Slat [white.tst) 0.500
02 Slim white Open Slirn *White Y enetian Blind Pella Venetian wihite Wenetian Blind Slat [white.tst) 1.000
2003 Slim Marine Clozed Slirn M arine Blue Yenetian Bline Pella Venetian tdarine Wenetian Blind Slat [marine.tst] 0000
04 Slm Marine 45 Slir Marine Blue Yenetian Bline Pella Venetian tdarine Yenetian Blind Slat [marine.tst] 0500
05 Slim Marine Open Slirm Marine Blue Yenetian Bline Pella Wenetian tdarine Yenetian Blind Slat [marine.tst] 1000
o |

e
Source

—
CGDE

CGDEB
CGDEB
CGDEB
CGDE

CGDE .
f

Figure 8-176. Import the appropriate records from the CGDB Shading Layer Library
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8. SPECIAL CASES

8.16. Venetian Blinds — Between Glass (Integral)

If only one slat geometry is represented in the CGDB, import that record into the working database,
and then make new records for the missing slat geometries, so that there is a separate Shading Layer

record for both the Open and Closed geometries.

H W73 - Shading Layer Library (C:\Users\Public\L BNL\WINDOW7.3\W7.mdk)

File Edit Libraries Record Tools View Help
= & Bz Elz 4 4> M |BH @N: OHZ * TK

Shading Layer Library

List
|04 |3000

Mew - -
M ame: |SI|m ‘wihite VB Cloged
Praduct M ame: |Slim White Yenetian Blind

[l M anufacturer: |F'e||a

He Type: | venetian blind, harizontal |
M ateril: | 21100 Wihite Venetian Blind Slat [whit - |

Effzctive Openness Fraction 0.0a0
Venetian Blind |

Slat width: 148 mm

Spacing: 127 mm

Titt: closed (-307) hd
Titt angle: W :‘ degrees
Blind thickness: |0.51657 mm

Rise: 0.83734 mm

Help

The Material references a
record in the Shade Material
Library, which is automatically
created when the Shading Layer
is imported from the CGDB.

Fiqure 8-177. Define the venetian blind geometry for the “closed” (vertical) slats

e Type: Venetian blind, horizontal

e Material: White Venetian Blind Slat; this pulldown references the record in the Material Library
that is associated with this Shading Layer. When a Shading Layer is imported from the CGDB,
the associated record for the material is automatically added to the Shade Material Library. If you
need to make a new Shading Layer record for a different slat geometry, make sure to reference

the same material record in the Shade Material Library.

Effective Openness Fraction: If a Shading Layer is imported from the CGDB, this value will

automatically be set. If you are making a new record, the Effective Openness Fraction = 0 for the

“Closed” blind case.
e Slat Width: appropriate value, in this example 14.8 mm

¢ Spacing = spacing between each slat, in this example 12.7 mm
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8. SPECIAL CASES

8.16. Venetian Blinds — Between Glass (Integral)

e Tilt: “closed (-90)” or “closed (+90)” depending on the product geometry

5\,3'-wm #
‘/_._;—_——-r % slat thickness
7 rise
/4.:::.. .
spacing

— B

= =
/ tilt angle

4 b
blind thickness

Fiqure 8-178. Venetian blind geometry definition

e Tilt angle: This value is calculated based on the geometry of the slat in its closed or open state.
The tilt angle may be less than the "Tilt" due to the rise in the slat and/or spacing that prevents a
true vertical orientation of the slatswhen in the closed position

¢ Blind thickness: This value is not editable, and shows the width of the blind “assembly” based
on the slat tilt. In this “Closed” case, the blind thickness is very small.

e Rise: this value defines the curve of the slat, and is defined in the CGDB for each Venetian blind

product..

2. Shade Material Library: When a Shading Layer record is imported from the CGDB, the Shade
Material is automatically imported, and therefore in general, it is not necessary to add or change

records in the Shade Material Library. However, you may need to reference existing records in the

Shade Material Library if you are defining a new Shading Layer record (for example to define a

different slat geometry for a product).

D M arme

31108 White Wenetian Blind Slat [white: tat]
3109 White Yenetian Blind Slat [white. bxt]
@ 1100 White Vienetian Blind Slat (white: t@
31111 White Yenehan Blind 5lat [white: tat]
3112 Marine Wenetian Elind Slat [marine. txt)
L
|

t anufacturer

Pella
Pella
Pella
Pella
Pella

Source

CGDE
CGDE
CGDE
CGDE
CGDE

o]

Figure 8-179. Shade Material Library records are automatically created when Shading Layers are imported from the

CGDB.
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8. SPECIAL CASES

8.16. Venetian Blinds — Between Glass (Integral)

Glazing System Library: Define the glazing system with the venetian blind between two layers of glass

Glazing System Library

ID & |25 Mame: |LowE. DGz, IntB, Closed .
# Layers: |3 A IG Height:|1000.00 mm :
E revironmental oy :
Comitane | NFRC 100-2010 | |G /idth:| 100000 mm .
Cornment: | 1 2 3
Overall thickness: |45.056  mm Mode: |#
D Marme Mode| Thick Flip) Tsol | Rsoll | Rzol2 | Twis | Rwisl | Bvis2 | Tir E1 E2 | Cond
> Glazz 1 »» 9801 CLEARZ.LOF # 30 [Oloer 0075 0075 0899 0083 0083 0000 0840 0840 1.000
Set Layer 2 Gap1 »r 1 Bir 24 O
to “Shade” ™S~ Shade2 w3000 Siim'white VE Closed 05 [0 0.000 000 0.900 160.000
gz‘lr dgowr? Gap 2 b 1 & nz O
- Glazz 2 »» 9921 LOW-E_3.LOF # 30 Oloes: o122 0112 0824 0115 0110 0000 0456 0.840 1.000
[ | »
Cent of Glass Results | Termperature Data | Optical Data ] Anagular Data | Calar Properties | Radiance Resuls |
|Ifactar s5C SHGC Rel Ht. Gain Twiz F.eff ap 1 keff Gap 2 keff
W2k W2 Wiim-K WK W=k
? ? ? ? ? ? ?
Cancel Find o} + | 19 records found.
D Mame Productt ame Manufacturer Type =
5 Yenetian B45 150 15093 appendix “enetian Sk
. 1 Yenetian B0 150 15099 appendix Venetian Sk
Click on the 7 VenstianCO S0 15099 appendi Venetian sk
double arrow 8 Venstian C45 150 15099 appendis enetian 5l
to see the 3 VenetianC80 S0 15099 appendi Venetian sk
Shading 10 Venefian C30 150 15093 appendis  Yenetian 5l
Layer Library 1 Venstian DO 150 15099 appendi  Venetian Sk
list 12 Venetian D45 150 15099 appendix enetian Sl:
13 Yenetian DE0 150 15099 appendix Venetian Sk
17 white Frit Generic Fritted glass
22 Clear Frit [no pigmes Generic Fritted glass
3 3000 netian Blind Pella ‘Venetian w
3002 Slimwhite Open [ Slim White Yenetian Blind Pella Venetian W
goon Viraspan(TM] Mediy Yiraspan(TM] Ceramic Frit, Mec Viracon Fritted glass
o0l Simulated Sandblag] Translucent Frit, Simulated Sar Yiracon Fritted glazs -l
< | | »

Fiqure 8-180. For the middle layer in the Glazing System (Layer #2), select the venetian blind from the Shading System

e Set Number of layers = 3

Library.

e Set Layer #2 to “Shade” (from pulldown arrow to the left in the first column)

e Set Dtop, Dbot, Dright, Dleft to the appropriate values for the venetian blind geometry
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

Glazing Systern Library

D #: |25 Mame: |LowE, DbiGlz, IntvE, Closed
# Layers: |3 j‘ Tilk 90 ¢ 1G Height{ 1000.00 mm E
Ervironmental oo :
o = | NFRC 100-2010 | |G idthy| 1000.00 mm .
Comment; | 1 2 3
Owerall thickness: |45.056  mm b ode: ,ﬂ—
D Mame tode| Thick |Flip|  Tir E1 E2 | Cond | Dtop [mm] | Dbot [rmm] | Dught [mm) | Dleft [mm)
- Glazz1 »» 9801 CLEARZLOF # 20 [ oooo 0840 0840 1.000
Gap1 w» 1 Air 24 O
- Shade 2 ¥ 3000 Slimwhite VB Closed 05 | oooo 0900 0.900 160,000 0.0 0.0 30 30
Gap2 k¢ 1 Air 02 0 \ /
- Glazz 3 w9921 LOW-E_3LOF # a0 O oooo 0156 0840 1.000 V
\ Set values for Dtop, Dbot, Dieft, Dright
based on the geometry of the blind
. ) | product.
Center of Glass Results | Temperature Data | Optical Data | Angular Data | Color Froperties |
| Jfactor 5C SHGC Rel Ht. Gain Twis K.eff Gap 1 Keff Gap 2 Keff
W -k Wi /m2 W -k, Wt ek W -k
? ? ? ? ? ? ? ?

Figure 8-181. Define a Dtop, Dbot, Dleft and Dright in the Glazing System Library.
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

In THERM:

1. Frame Geometry: Draw the frame geometry, including Head, Sill, Jamb and Meeting Rail if
appropriate

2. Glazing System: Import the glazing system with the same steps as outlined for a non-retracted open
blind above. Because the blind is closed, that may create different glazing cavity gap scenarios so do
not assume the same cavity link rules. For this example, the Head and Jamb cross sections are
illustrated , the following settings were used in the Insert Glazing System

Cross Section Type: Head
Orientation: Down

CR Cavity Height: Can be 1000mm or the specific height of real product because CR cannot
be calculated for shading systems. Use CR Model for Window Glazing Systems can also be
checked on or off - THERM will ignore efault is 1000mm

Sight Line to bottom of glass: The sightline is defined by the edge of the venetian blind
hardware. Shall be equal to spacer height if shading hardware is present in model.

Spacer Height: Depends on where the location point is set for importing of the glazing
system. In any case, the spacer height shall be equal to the "Sight Line to bottom of glass". In
this example, it is 33.362 mm (make sure Options/Preferences/Drawing Options “Allow
Editing of IG Polygons” is checked).

Sight line to shade edge: If shade layer is to be flush with top of hardware, then the value =0.
If shade layer is designed to be recessed into the hardware as in the example below, the value
will be negative. However, by allowing editing of IG polygons to be checkmarked, you can
move the shading layer manually into the recess of the hardware

See Figure 8-166 for notes and
comments for insertion of glazing
system with open blind. A closed blind
is conducted exactly the same.

Insert Glazing System

Orientation | BT

Glazing system width |46.82 rmm

CH zavity height {1400 fr

Sight line to bottorn of glass |233.262 T
Spacer height |33.362 M

Edge af Glazz Dimension (E3.5 rmm

Glazing syztemn height {150 i

NiEERL

Sight line to shade edge |0 T

Figure 8-182. Insert the glazing system with the Venetian blind
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

Add Venetian Blind Hardware: Add the head rail assembly of the venetian blind between the polygon
representing Dtop and the polygon representing the Venetian blind.

Fill in the remaining cavities by linking them to the appropriate glazing system cavity. Notice the difference
between an open blind (Figure 8-167) and the closed blind below - the glazing cavity requires a different rule
for Frame 100 Cavity versus a direct link to the main glazing cavity. In addition, notice that the sill shading
hardware (Figure 8-183) due to the smaller gap (<5mm) required only a Frame 100 Cavity and not a linked
cavity like the head hardware for a closed blind.

The small polygons on the sides of the
venetian hardware are modeled as a
frame cavity because the throat where
it connects to the glazing system cavity
is <5 mm wide.

Link these polygons to,
glazing cavity # 1
because the throat
where the two cavities
connect is > 5 mm.

See Section 6.4.4 for Link this polygon to glazing cavity

more details about #2 because the throat where it

linking cavities. connects to the glazing system
Glazing cavity #1 Glazing cavity #2 cavity is > 5 mm wide.

Figure 8-183. Fill the remaining cavities and link to the appropriate glazing system cavities.
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

Create the other cross sections in this manner.

Figure 8-184. Head and Sill cross sections for Closed Venetian Blind between glass layers (Integral)

Boundary Conditions: For Integral Venetian Blinds, set “Shading System Modifier” to “None”

Boundary Condition Type

YenetianClazed-Sil:LawE, DBIGIz, Integral, [ =
Boundam
Condition Librar

[658 F ooz

—I U-Factor Surface

o
[Nore =]

Figure 8-185. For Integral Venetian blinds, set the Shading System Modifier to “None”.
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

BC = Adiabatic
U-factor Tag = None
L

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor Tag = Frame

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Frame

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

BC = NFRC 100-2010 Exterior
U-factor Tag = None

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

v

R

BC = Adiabatic
U-factor Tag = None

Figure 8-186. Define the boundary conditions for Head Non-Retractable Closed Venetian Blind section
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8. SPECIAL CASES 8.

16. Venetian Blinds — Between Glass (Integral)

BC = Adiabatic
U-factor Tag = None
|

-

BC =<g
Radiatio
U-factor

BC = NFRC 100-2010 Exterior
U-factor Tag = None

«—

lazing system name> U-factor Inside Film
n Model = AutoEnclosure
Tag = None

Radiati

BC = <glazing system name> U-factor Inside Film

on Model = AutoEnclosure

U-factor Tag = Edge

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Frame

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior

v

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor Tag = Frame

T
BC = Adiabatic
U-factor Tag = None

Fiqure 8-187. Define the boundary conditions for Sill Non-Retractable Closed Venetian Blind section
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8. SPECIAL CASES 8.16. Venetian Blinds — Between Glass (Integral)

BC = Adiabatic
U-factor Tag = None
|

l l

> «—

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

BC = NFRC 100-2010 Exterior
U-factor Tag = None

—

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

If glazing system was imported \
correctly, the "grey" polygon for

convective heat flow thatwas  --fF--------------1 |

filled in by THERM will have a BC = Interior <frame type> (Convection only)

height equal to Dleft and Dright Radiation Model = AutoEnclosure
in WINDOW. U-factor Tag = Frame

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior

T
BC = Adiabatic
U-factor Tag = None

Fiqure 8-188. Define the boundary conditions for Jamb Non-Retractable Closed Venetian Blind section

Note: Simulate each cross section and save the results.
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8. SPECIAL CASES

8.16. Venetian Blinds — Between Glass (Integral)

In WINDOW:

3. Frame Library: Import the THERM files into the Frame Library

— Find
18]

Update Frame Edge Edge Glazing
—I D Wi Sz | e Uvalue Uvalue | Caorelation | Thickness it A
New | Wim2K | wimzK mm mm
C 1 Alw/bieak ASHRAE N/A 5.680 NZA Clasz1 MAA 57.2 0.4a0
Lopy | |
2 Alflush ASHRAE M/a 3.570 M Classi M 57.2 0.50
Delete | 3 Wood ASHRAE M/AA 2270 MAA Class1 A& B398 0.0
- 4 Winyl ASHRAE M/a 1.700 M Classi (RP E9.8 0480
I 'l 5 VenetianFizedOpen-Head THM Therm  Head 2704 1830 MNA 471 g7k 0.0
l— g VenetianFixedOpen-Sil. THM Therm  Sill 2742 1705 WA 471 g0.8 0.0
9 WenetianFizedOpen-Jamb. THM Therm  Jamb 2680 173 N 471 876 030
10 recards found. 11 VenetianClosedh)amb. THM Therm  Jamb 1735 NA 471 876 030
[rem— | 12 WenetianClosed Sil. THM Therm  5ill 2862 1744 NA 471 ar6 03 |
Exzport |
Beport |
e |y | o
For Help, press F1 Mode: NFRC E MUM |SCRL 2

Fiqure 8-189. Import the THERM files into the WINDOW Frame Library

4. Window Library: Construct the window using the THERM files in the Frame Library and the glazing
system defined in Glazing System Library and calculate the results.

File Edit Libraries
= &

Record Tools

View Help

M4 » M ||BE

List

il

Calc [FS
New
Copy
Delete

Save

Report

it

Diividers

=2
@
o
&
3
[=]
(=
]

Marmal

SHGCA/T Detai

CR Detail

o#ls <]
Mame ’W—full}lclosec
Mode m
Type [Fined (picture) ] 23]
‘width | 1200 mm
Height ’W mrm

Area ’W il

D

Environmental Conditions
[WFRC 1002010

Total Window Results = = —
Click on a component to display characteristics below

U-factor | 2246 /m2k
Frame
SHGC | 0143
Name |SilBlinds Down-Closed THM =] 55
WT 0.006
o} 20 Uedge | 1.975 WwWim2-K
i L4 Source 2 Edge area | 0.058 m2
Ufactar | 3727 W/m2-K PFD | 1127

Area | 0122 m2 &bz | 0.300

Figure 8-190. Define the window.
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8. SPECIAL CASES 8.17 Woven Shades — Outdoor

8.17 Woven Shades — Outdoor

NFRC has approved using WINDOW and THERM to model exterior woven shades for vertical and tilted
products for U-factor, SHGC and VT.

Outdoor woven shades fall into the category of a dynamic glazing product. The rules for rating dynamic
glazing products, according to ANSI/NFRC 100 and 200, state that they must be rated in both their fully open
and fully closed positions. In the case of modeling retractable outdoor woven shades as part of a dynamic
glazing product, the fully open position is when the woven shade is completely retracted.

outside E—. inside outside Ij—. inside
1 G

Fiqure 8-191. Outdoor woven shade is located on the outside of the glazing system. The location of the shading system
housing may or may not affect the sight line of the frame.

The following cases must be modeled for each outdoor woven shade configuration:
¢  Fully Open - Woven shade in its most transmitting state

3. Fully Closed - Woven shade in its least transmitting state

8.17.1. Fully Open Woven Shade
There is one scenario for open woven shades:

4. Retractable / Open: Woven Shades that retracts up into an enclosure on the exterior of the frame.

outside |§—. inside

Figure 8-192. Retractable / Open Woven Shade

For Retractable / Open woven shades, one example will be illustrated:

o A woven shade fully retracted with a double glazed system.
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8. SPECIAL CASES 8.17 Woven Shades — Outdoor

8.17.1.1. Fully Retracted / Open Woven Shade With a Double Glazed System

The following section discusses how to model a fully retracted woven shade that has a housing at the top of
the woven shade that holds the rolled up shading material on a roller. The following shows Head cross
sections for a woven shade in the fully-retracted position with a double-glazed system.

In this example, only the Head section will be shown. All other cross sections (Jambs, Sills and Meeting
Stiles/Rails) are modeled without a shade system since the shade is pulled up and would only affect the
Head cross-section.

In WINDOW:

1. Glazing System Library: Create the appropriate glazing system in the Glazing System Library. In
this case, it is not necessary to model a woven shade in WINDOW, because the shade is fully
retracted (rolled or folded up).

In THERM

2. Frame Geometry: Draw the frame geometry, including Head, Sill, Jamb and Meeting Stile/Rail if
appropriate

3. Glazing System: Import the glazing system defined in WINDOW (no woven shade modeling
needed) into the frame geometry. Make sure that the Sightline to bottom of glass value includes the
height of the block representing the closed woven shade, so that the Frame and Edge of Glass
boundary conditions and U-factor tags are defined automatically by THERM.

4. Boundary Conditions: Define the Boundary Conditions in the normal manner; no woven shade was
modeled in WINDOW, so the Boundary Conditions in THERM do not need to be modified for a
Shading System
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8. SPECIAL CASES 8.17 Woven Shades — Outdoor

Detailed Modeling Steps:

The following steps explain in detail how to create the Outdoor Woven Shade model for a fully open -
retracted orientation.

In WINDOW:

1. Glazing System Library: Define the glazing system without the shad layer so it is built as a typical
two-layer glazing system.

In THERM:

2. Draw the Head cross section of the product frame. In this example, only the Head cross section needs
to be drawn for the “Open” case, because the jambs and sill are the same as if there was not a shading
system.

3. Draw the geometry of the housing for the woven shade, and the rolled up woven shade itself inside
the housing if applicable. Model the hardware inside the housing according to the guidelines in the
Shading System Modeling Overview section earlier in this manual.

4. Insert the glazing system.

The roller tube is a CAD underlay and not to be
modeled. It is here for illustration and as
placeholder to help simulator

The area inside the shade housing will be
Slightly Ventilated because the shade is
retracted up and the gap on either side of
shading layer is greater than 2mm but less than
10mm. Otherwise if greater than 10mm, the
simulator shall leave it open to ambient air.

Housing for
woven shade )]
roller assembly

Woven shade material
that projects into the

housing, modeled as a The shade material .polygon

polygon Model that layer is modeled at the point of

as a THERM polygon with entry mto ho_usmg and stops

the corresponding where it begins to.turn on the

conductivity found in roller tube. The triangular

WINDOW's "Shade piece is a placeholder to find Double-glazed system

Material Library." the flusz entry point and then (no shade - retracted)
removed.

Figure 8-193. Head cross section with fully retracted woven shade with a double-glazed system.
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8. SPECIAL CASES 8.17 Woven Shades — Outdoor

5. Generate the Boundary Conditions.

BC = Adiabatic

+ U-factor Tag = None

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure

BC = NFRC 100-2010 Exterior U-factor Tag = Frame

U-factor Tag = SHGC Exterior

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure

BC = NFRC 100-2010 Exterior U-factor Tag = Edge

U-factor Tag = None

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

[ <
> <

b

BC = Adiabatic
U-factor Tag = None

Figure 8-194 Define the boundary conditions for the cross section
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8. SPECIAL CASES 8.17 Woven Shades — Outdoor

6. Calculate the results for this cross section.
7. Complete the calculations for the other product cross sections (Sill, Jambs and Meeting Rails / Stiles as

appropriate).
In WINDOW:
8. Import all the cross sections into the WINDOW Frame Library
9. Calculate the total product U-factor, SHGC and VT in the Window Library.

8.17.2. Fully Closed Exterior Woven Shade

According to ANSI/NFRC 100 and 200, dynamic glazing products must be rated in both their fully open and
fully closed positions. This section describes modeling an Exterior Woven Shade in the fully closed position.

0

Figure 8-195. A Closed Exterior Woven Shade.

In WINDOW:

1.

Shade Material Library: Make sure that the appropriate material is in the Shade Material Library. If
it is not, contact the manufacturer to submit data to the CGDB. For this example, we are using the
generic woven shade material called “Generic Woven Shade Material”.

2. Shading Layer Library: Reference the “Generic Woven Shade” material and define the Woven Shade
thread geometry in the Shading Layer Library

3. Glazing System Library: Define the glazing system with the closed woven shade on the exterior side
of the glazing system.

In THERM:

4. Frame Geometry: Draw the frame geometry, including Head, Sill, Jamb and Meeting Rail if
appropriate

5. Glazing System: Import the glazing system defined with the woven shade into the frame geometry

6. Boundary Conditions: For Exterior Woven Shades, set “Shading System Modifier” to “Exterior
(Glazing System ID: <nn>)”

7. Simulate the model, save the results
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8. SPECIAL CASES

8.17 Woven Shades — Outdoor

In WINDOW:

8. Frame Library: Import the THERM files into the Frame Library

9. Window Library: Construct the window using the THERM files in the Frame Library and the glazing

system defined in Glazing System Library

Detailed Modeling Steps:

The following steps explain in detail how to create the Outdoor Woven Shade model for a fully closed

orientation.

In WINDOW:

1. Glazing System Library: Define the glazing system with the appropriate woven shade layer on the

outside of the glazing system. See Shading System Overview section for detailed instructions for

adding shading systems to glazing systems.

File Edit Libraries Record Tools View Help

= & B @B Ellz: M 4 » M H ¢ i O## 72 [% T8
Glazing System Libram
Calz [F9) 1D # |31 Name: |Double Low-E - Exterior Woven Shade
Hew # Layers: |3 j‘ Tilk: a0 ¢ |G Height:{1000.00 mm E
Erviranmental ol .
LCopy Conditions: | FRC 100-2004 bt 1G Width: 1000.00 mm
Delete Comment: | . -3
Owerall thickness: [81.025  mm Mode: |#
Feport D Mame Mode| Thick |Flipl Tszol | Rzoll | Rzol2 | Twis | Rwisl | Rviz2 Tir E1 E2 Cond | Dtop [mm) | O
- Shade 1 re 19 Generic 'Woven Shade s [ 0.000 0,500 0500 0300 00
Gap1 #p 1 Air g2 [
- Glasz 2 »p 2001 CLR-3CIG # 30 [J|0s848 0075 0076 0904 0032 0082 0000 0840 0840 1.000
Gap & rr B Air [3%) / Argon (95%) M 162 [
o Glass 3 vp 2154 E3EE-3CIG # 20 X[0275 0543 0429 0713 0.044 0056 0000 0022 0.840 1.000
1 | 3

Center of Glass Results | Temperature Data | Optical Data | Angular Data | Color Properties Fadiance Results |

Lfactor 5C SHGC Fiel Ht. Gain Twis Keft
W dmzZ-K wdmz ek
1.1158 0.3415 0.2971 222 04605 01053

Gap 1 Keff Gap 2 Keff
Ak K
03539 0.0286

Figure 8-196. Construct the glazing system, adding the shading system as Layer 1, which is the outermost layer.

2. Set Dtop, Dbot, Dright, Dleft (as illustrated in Figure 8-133) to the appropriate values for the woven

shade.
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8. SPECIAL CASES 8.17 Woven Shades — Outdoor

In THERM:

1. Frame Geometry: Draw the frame geometry, including Head, Sill, Jamb and Meeting Rail if
appropriate. In this example, the hardware for the woven shade is only drawn for the Head cross
section. The hardware on the bottom of the shade for the Sill is suspended in air and does not touch
andy frame surface and is therefore not drawn.

Drawn polygon of roller shade
material inside roller hardware.
The suspended roller tube is

not modeled. _‘

Figure 8-197. Draw the frame with the exterior woven shade continuous hardware, in this case for the Head cross
section.

2. Glazing System: Import the glazing system defined with the woven shade into the frame geometry.
The important input value for shading layers is the “Sight line to shade edge” value. In the Head
cross section example below, the edge of the shade (at the bottom of the hardware) starts above the
sight line, so the “Sight line to shade edge” value in this case is negative.

L Sight line to bottom of glags (12,253 i
The woven shade graphic is displayed when
the glazing system is imported. Spacer height |12.253 i

It is not a true THERM polygon, but is instead Edge of Glass Dimension 645 Qi

a reference for where the shade is located Glaging system height [150 -

] HE

Sight line to shade edge | -6.9336 e

=¥

Figure 8-198. Insert the glazing system with the Exterior Roller Shade into the Head cross section.

Sight line to shagé edge
=-6.9336 mm in this example
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8. SPECIAL CASES

8.17 Woven Shades — Outdoor

For the Sill and Jamb cross sections in this example, the woven shade extends below the sight line of

the frame, so the “Slight line to shade edge” value is negative.

The woven shade
graphic is
displayed when the
glazing system is
imported.

Oval shape represents the pull-
down rod for a roller shade. Itis
suspended and therefore not

modeled. It is shown for
illustration only.

[nsert Glazing System

Orientation I Up - l

Glazing system width [22.2306 mm

CR cavity height {1400 mm

Sight line to bottom of glass {11.112 mm
Spacer height {11.112 fr

Edge of Glasz Dimension [53.5 mm
Glazing system height 150 i

Sight line to shade edge |-6.8031 mm

— L1318

v

Sight line to shade
edge is negative
(-6.8091 mm) in
this example

Figure 8-199. Insert the glazing system with the Exterior Roller Shade into the Sill and Jamb cross sections.
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8. SPECIAL CASES 8.17 Woven Shades — Outdoor

Head Cross Section Sill Cross Section Jamb Cross Section

Figure 8-200. Head, Sill and Jamb cross sections for Closed Roller Shade on the exteropr of a glazing system

3. Boundary Conditions: For Outdoor Woven Shades, set “Shading System Modifier” to “Exterior
(Glazing System ID: <nn>)" for the exterior boundary condition (NFRC 100-2010 Exterior) where the
shade projects onto either the glazing system or the frame.

NFRC 100-2010 Exterior -
SHGC Exteriar - Cancel

Boundary
Condition Librar

U-Factar Surface
Library

Figure 8-201. For Outdoor Woven Shades, set the Shading System Modifier to “Exterior (Glazing System ID: <nn>)”
where appropriate on the glazing system and frame.
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8. SPECIAL CASES 8.17 Woven Shades — Outdoor

BC = Adiabatic
U-factor Tag = None
v Ve

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior
Shading modifier = None BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure

U-factor Tag = Frame

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior
Shading modifier =

Exterior (Glazing System ID: <nn>)

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

BC = NFRC 100-2010 Exterior
U-factor Tag = None
Shading modifier = Exterior (Glazing System ID: <nn>)

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

&
g «

Tt

BC = Adiabatic
U-factor Tag = None

Figure 8-202. Define the boundary conditions for the Head cross section
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8. SPECIAL CASES 8.17 Woven Shades — Outdoor

BC = Adiabatic
U-factor Tag = None

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure

BC = NFRC 100-2010 Exterior U-factor Tag = None

U-factor Tag = None
Shading Modifier =
Exterior (Glazing System ID: <nn>)

A

BC = <glazing system name> U-factor
Inside Film

Radiation Model = AutoEnclosure
U-factor Tag = Edge

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior
Shading modifier =

Exterior (Glazing System ID: <nn>)

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor Tag = Frame

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior
Shading modifier = None

v

BC = Adiabatic
U-factor Tag = None

Figure 8-203. Define the boundary conditions for the Jamb and Sill cross section.

4. Simulate each cross section and save the results
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8. SPECIAL CASES 8.17 Woven Shades — Outdoor

In WINDOW:
5. Frame Library: Import the THERM files into the Frame Library

Frame Edge Edge Glazing =

m D MName Source Type Uvalug Uvalue | Corelation | Thickness i@ g

Hew wm2E | Wm2k mm mm

LCopy . v

7 Al fush ASHRAE M4, 3970 Mt Class1 M4t 572 nan
Delete 3 ‘wood ASHRAE M4 2.270 MAA Class1 MAA E3.8 0a0
Find 4 Wil ASHRAE N/A 1.700 Mt Class] ) £33 n.a0
o ] 5 WenstianFizedOpen-Head THM Therm | Hsad 2.704 1830 N 471 876 030
I g WenetianFivedOpen-Sil THM Therm Sl 2742 1705 M/A 471 ana 020
9 VenetianFizedOpen-Jamb. THM Them  Jamb 2680 173 N 471 876 030
uduancedy 10 WenetianClosed Head THM Themn  Head 2683 2061 N/& 47.1 876 030
22 records faund, 11 WenetianClosed-lamb. THM Therm  Jamb 2E41 1735 N 471 876 030
Jmport 12 WenetianClosed-Sil. THM Therm Sl 2BE2 1744 N/ 471 876 030
13 sample-hesdBlnteriorFizedOpen THM Therm  Head 2186 2005 M/A 5 BER 020
Esport 14 sample~JambBlnterior-FixedOpen. THM Them  Jamb 2118 2146 NJA 265 429 030
Feport 15 sample-SillVBInteriar-Fized0pen. THM Them  Sil 2167 2068 M4 265 4249 ke
Print 16 sample-Head%Blrterior-Closed THM Thermn  Head 2.200 1879 N/ 65 555 030
= 17 sample-JambYBInterior-Closed THM Therm  Jamb 2188 2023 N/ 65 421 030
18 sample-SilBInterior Closed THM Therm Sl 2197 2016 M/A 5 428 020
13  sample-Head-Shadek sterior-Closed. THH Thermm  Head 1.966 1633 Wi 265 794 030
20 sample-Jamb-Shadek sterior-Closed. THM Them  Jamb 1.704 1817 M 265 4219 030
21 sample-Sill-GhadeEsterior-Closed. THM Thermn  Sill 1.708 1818 N/ 65 421 030

Fiqure 8-204. Import the THERM files into the WINDOW Frame Library

6. Window Library: Construct the window using the THERM files in the Frame Library and the glazing
system defined in Glazing System Library and calculate the results.

File Edit Libraries Record Tools View Help
= + B3 Bz M4 » M |BD eI OH

List o#Ho =
Marmne lm
Mode Im
Type W ﬂ
wfidth 1200 ram

Delete Height lw -

Save diea [ 1800 m2

Feport L]

Erveironmental Conditions
[ Dividers [NFRC 100-2004 -]

Dividers

w
&

7 %2

e

Copy

ddily

i

Dizplay mode:

MHormal

Total window Results - - —
Click on a component to display characteriztics below
U-factor | 1.485 w/m2-K

Frame
SHECAT Detai SHGC | 0399

Dietail. Narne |sample-SiII-ShadeExterior-Closed.'j I

VT 0294
CF Detail 1D 2 Uedge | 1.583 “W/m2-K.
CR A Source 2 Edge area | 0.067 m2

Ufactor | 1,719 Wmz-K FFD 429

Area | 0.080 m2 Abs | 0.300

Figure 8-205. Define the window.
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8. SPECIAL CASES 8.18 Diffuse Glazing

8.18 Diffuse Glazing

WINDOW has the ability to model diffuse glazing such as fritted or etched glazing layers, diffusing
interlayers, and diffusing applied films. These glazing layers are submitted to and accessible from the CGDB.

8.18.1 Examples of Diffuse Glazing Layers

One example of a diffuse glazing are frits. Frits are a ceramic surface treatment that is baked onto the surface
of a piece of glass (called a substrate). Another example is etched glazing which has a surface treatment that
creates a diffuse pattern visibly etched into the glazing surface. The ceramic frit or the etched pattern has the
optical characteristic that the incident light passing through it has both a specular component (that goes
straight through the construction) and a diffuse component (that scatters the light in many different
directions). This means that in order to model it correctly, it is necessary to measure both those different
optical characteristics.

Frit Substrate

Diffuse

Incident Light
o Specular

—={

front back

Figure 8-206. Diffuse glazings have both a diffuse and specular optical properties component. In this fiqure the fritted
layer is on the front of the substrate

The following data is needed for inclusion in the CGDB:

Spectral data for the substrate covered 100% by the diffuse glazing: For specular glass, the
transmittance is the same for the front and back surface, and the reflectance values are different.
However, to obtain data for the first case above, ie, the spectral data for the substrate covered 100% by the
diffuse glazing, it is necessary to take measurements for these cases.

® Specular spectral data for the front surface
® Specular spectral data for the back surface
e Diffuse spectral data for the front surface

e Diffuse spectral data for the back surface

Spectral data for all partially covered configurations or patterns: WINDOW does not yet have a built-in
way to mix a 100% and 0% covered (substrate only) products. Partially covered products shall use an
averaging of the 100% and 0% covered measurements resulting in separate spectral data records for each
coverage.
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8. SPECIAL CASES 8.18 Diffuse Glazing

8.18.2 Diffusing Interlayers

Interlayers are measured as laminates rather than the interlayer by itself, but unlike specular interlayers, the
base substrates cannot be removed, and the diffuse interlayer cannot be combined with other substrates

8.18.3 Diffusing Applied Films

Diffusing applied films are measured on a substrate, but unlike specular applied films the base substrate
cannot be removed, and the applied film cannot be applied to alternate substrates.

8.18.4 Modeling Steps

The steps for diffuse glazing layers are as follows:

In WINDOW:
1. Find the appropriate product in the Complex Glazing Database (CGDB) and import it into the

WINDOW Shading Layer Library
http:/ /windows.lbl.gov /software/CGDB

In the Shading Layer Library List View, click the Import button and browse to the CGCB database,
whose default location will be in: C:\Users\Public\LBNL\LBNL Shared

i
File Edit Libraries Record Tools View Help
=R = aR=0E |H - @ll: O#7 a4 %%
Shading Layer Library (C:\Users\Public\LBNL\WINDOW7.8\w7 mdb)
Detaled View
Cale D Name ProductName Manufacturer Type Material PemeabilityFactor Source Version | Certfication
New
=) 54 Celular Shade. Sing ID54_CS Generc Them e 0590 CADB 000
Delete
Find
D v Import X
Format | WINDOW Database e

Advanced

P Import source ‘ared\W?_E_S5-CGDE-Z7_U-NIRecards‘de‘ Browse
2records found
— — Avoid creating duplicate records in export database by searching
Chirkarhes

Export
e

Feport

Prirt

Figure 8-207. Browse to the CGDB database to import the diffuse records into the Shading Layer Library

2. When the CGDB dialog box appears, highlight the records to import and click the Select button (or
click the Select All button to import all the records in the CGDB file).
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8. SPECIAL CASES

8.18 Diffuse Glazing

Cancel | [Select Al [Cearselection| Fnd[ | [ID /786 records found.

] Name Product Name Manufacturer Type ”
B4 Cellular Shade. Single cell, light colar, sheer ID54_CS Generic Thermn File
3 0 Liift 0 Lt Dir/Dif File
1000  Black, Close Weave Black, Close Weave Ricky Richards BSDF

Figure 8-208. Select the desired records to be imported into the Shading Layer Library

3. The selected records will be imported into the Shading Layer Library, and corresponding records will
be imported into the Shade Materials Library.

Shading Layer Librany (C:\Users\Public \LBNLWWINDOWY 8w 7 mdb)

D Mame Product Mame Manufacturer Type -
%] Cellular Shade. Single cell, blackout, low-e ID53_CS Generic Therm File
R4 Cellular Shade. Single cell, light color, sheer D54 CS Generic Them File
N 019_1 D 019_1 Dif Generic | Dir/Df File
: ~
1000  Black, Close Weave Black, Cloze Weave Ricky Richards BSDOF

Figure 8-209. The records selected from the CGDB will be imported into the WINDOW Shading Layer Library

4. Make a glazing system using the diffuse glazing layer in the appropriate location in the system.
Select “Shade or Frit” from the pulldown to the left of the layer you want to include a diffuse layer.

B W7.8 - Glazing System Library (C:\Users\Public\LENL\WINDOWT.8\w7.medb)
File Edit Libraries PRecord Tools View Help
D £ | 7 ‘ Name: | Diffuse
Environmental e F : elseee
New Comritians: NFRC 100-2010 | Iewidtr] 39.37 |inches R
Copy Comment:
Delete
Ee Overall thickness: ind'les Mode:
Repart
Radiance
[T o] Name [Mode| Thick [Fip| Tsol | Rsol1 | Rsol2 | Twis | Rvist [ Rvis2 |
- Shade 1:rk 1 Venetian AD 0.630
5;1 — 1 Ar 0.500
adeorfit L0 CLEAR_3.DAT # 0112 [OJ]oeas 0075 0075 0899 0083 0083

Figure 8-210. Select “Shade or frit” to see the Shading Layer Library records.
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8.18 Diffuse Glazing

5. Click on the Double arrow button to see the Shading Layer Library, and select the appropriate diffuse
glazing record.

B W7.2 - Glazing System Library (C:\Users\klouder\,OneDrive - National Fenestration Rating Council\Commercial Technical T6\Working Files\CTA Program files\Training\ CTA SM wT.rr
File Edit Libraries Record Tools View Help
L e b 2 [

M4 » | H ) I O & 2

List D 2| 127 | Name: | Diffuse
22 |5 me| 90]° 1GHeight:| 1000.00 |mm
M Environmental o ‘ -
New e, INFRC 100-2010 v | 16 width:[ 1000.00 |mm 7
Copy Comment: B Select X
= Sel Cancel Find [} 4 rds found
< . ect anc in l:l ~ 4 records found.
Fe Overall thickness: mm
Report
] Mame ProductName Manufacturer Type
Radiance
| | ID | 1 Wenetian AD Generic Wenetian (horizontal) m) .
| Shade1pr 56 1LC3 54  Celular Shade. Sing ID54_CS Generic Them File
Gap 1w Air 55  ILC 1 Diffuse Inteda| ILC 1 Diffuse Interiayer Eastman Dir/Df File
j Glass 2 v 102 ILC 2 Low-e frit coml ILC 2 Low-& frit combo Viracon Dir/Dif File
<
Center of Glass Results  Temperature] >
Ufactor 5C SHGC Rel. Ht. Gain Tvis Keff Layer 1 Keff Gap 1 Keff Layer 2 Keff i
Wim2-K Wim2 Wom-K Wom-K Wim-K Wim-K
163847 0.17814 1411 0.35294 0.0635 1.0000 0.0302 1.0000

Figure 8-211. Click on the double arrow to show and select the layers in the Shading Layer Library.

6. Click the Calc button to calculate the center-of-glass properties for this glazing system.

[ W78 - Glazing System Library (C:AUsers\klouder\OneDrive - National Fenestration Rating Council\Commercial Technical T6\Working Files\CTA Program files\Training\CTA SM w?.mdb)
File Edit Libraries Record Tools View Help

o x
L& S M4rH B @l OHZ @A % %
~
= D #:[ 127 | Wame: | Diffuse
sz J5 e[ ] ereqn m00m0]m
tew Endronments nRe 100-2010 | 16 wdth:[ 100000 | mm
Copy Comment:
Delete
S Overallthickness: [ 27.70000 |mm  Mode:
Report.
Radiance
[T o] Name [Mode] Thick [Fip] Tsol | Rsoll | Rsol2 | Tvis | Rvisl | Rvis2 | Tr | E1 | E2 | Cond | Diop fmm) | Dbot fmm) [ Drght fum)| Dieft gnm) | Comment
j Shade 1{PE 56 ILC 2 Low- fiit combo 120 0.000 0.000 0.000 0.000
Gl 1 Ar 127
<] Gess2wr 102 cLEAR3DAT # a0 O

0834 0075 0075 08939 0083 0083 0000 0840 0340 1.000

Center of Glass Results Temperature Data  Optical Data  Angular Data Color Properties  Radiance Results

Ufactor sC [ sHGC [ RelH.Gan | Tuis I Keff | LoyertKeff | Gaptheft | Layer2fefi |
W/m2K | wm2 | | wmk | WK | WK | Wk |
163847 [ 020476 G 0a7BM4 1411 035284 00635 1.0000 00302 1.0000

For Help, press F1

v
| Mode: NFRC | 51| CAP| NUM| SCRL] ;;

Fiqure 8-212. Calculate the results for the glazing system.
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8. SPECIAL CASES

In THERM:

5. Import the glazing system into THERM in the usual way. A glazing system with a diffuse layer does
not have any different values in THERM than a normal glazing system (i.e., a glazing system without
a shading system).

a. Frame Geometry: Draw the frame geometry for all cross-sections (i.e. Head, Sill, Jamb and
Meeting Rail/Stile as appropriate to the product

b. Glazing System: Import the glazing system defined with the diffuse glazing into the frame
geometry

c. Boundary Conditions: Set “Shading System" (Modifier) to “None” (the default)

d. Simulate the model, save the results

In WINDOW:

6. Import the THERM files into the WINDOW Frame Library, and then construct the whole product in
the Window Library, in the normal manner.

a. Frame Library: Import the THERM files into the Frame Library

b. Window Library: Construct the window using the THERM files in the Frame Library and the
glazing system defined in Glazing System Library
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8. SPECIAL CASES 8.19 Environmentally Controlled Dynamic Glazing

8.19 Environmentally Controlled Dynamic Glazing

1.

Identify an ECDG interlayer product of interest. Prepare two complete series (i.e. laminates composed
of the same glass layers using each of the interlayer temperatures or states) of laminates in OPTICS
according to the procedure detailed in Section 8.11. One series will be used for “off-state” calculations
and one series for “on-state” calculations. For accurate results, it is vital that the series of laminates is
prepared such that the NFRC ID numbers assigned for each laminate in the order of increasing interlayer
temperature (e.g., Product XYZ at 5C with NFRC ID = 32000, Product XYZ at 15C with NFRC ID =
32001, etc.). Save each laminate according to a logical scheme (e.g., 5012/ProductXYZ-05C_off/5012,
5012/ ProductXYZ-15C_off /5012, etc. and 5012/Product XYX_05C_on, 5012/Product XYX_15C_on,
etc.) such that the structure of the laminates and the identity of the components are obvious.

Import the complete series of Laminates into Window 7 Glass Library, as per Section 8.11 of this manual

and shown in Figure 8-213.

File Edit Libraries Record Tools View Help

Dl sBRl&[E: « « » n|Bae i OH%%|%|7N

= Glags Librany [C:5U sershPublichLBMLWWIND O 7 45447 mdb]
Detailed View
Cale | D Name PraductM ame M anutacturer Source  |Mode Color) Thickness
New | mm
o Eﬁi@
Lopy | | o B ChUsers\Public\LBNLALBNL Shared\UserGlazing.md! |
215 i =
&I 216 41 Se\ectl Eancell SeleclAI\l Clear selectlonl Fmdl IID - | 1080 records found.
~Find a7
IID 'l }2;?( NFRC_ID FileM ame ProductMame banufacturer | Acceptance | Thickness ef eh |
220
Advanced... | 7‘ 21
gaermmmmmTEmm 222
< Import | 23
224
EeD | s
Fepart | 226
Frint | 227
azs
Update IGDEB —
229
M NFRConb I

Figure 8-213 Importing of the Series of Independent Glass Layers (Laminates) from OPTICS

The newly imported laminates appear as independent entries in the W7 database (see Figure 8-214). In
order for W7 to treat these laminates as a single dynamic (thermochromic) glass layer, these must be
associated in the database by manually adjusting several tables in the W7 database (.mdb) file. A simple
software tool, known as the “Window 7 thermochromic glass layer utility” has been developed to
automate this process. The software tool is available from the NFRC website.
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30020 Themochromic2_24.LBL Thermochromic2_24 LEBML IGDE User vl 12000 0229

20020 Themochromic3 22 LBL Thermochramic3_22 LENL IGDE User vl 12000 03
[To0E0T T0e7a i, o o 2. e User IGDE User vl 733 0E00

32652 102/Suntuitive_15C_off/102.usr User IGDE User vl 73130588

32653 102/Suntuitive_25C_off/102.usr

32654 102/Suntuitive_45C_off/102 st The glass layers are independent

32655 102/Suntuitive_B5C_off /102 usr . .
/ .
ees 1025 unhitive, 550 ot 100 entries. W7 does not automatically

32857 102/Suntuitive_95C_oft/102ust recognize these as a dynamic glass

32652 102/Suntuitive_08C_on/102 usr layer.
32659 102/Suntuitive_15C_on/102 usr

32660 102/5untuitive_25C_on/102.usr User IGDE User +L 73 0,558
32661 102/5untuitive_45C_on/102 usr Uszer IGDE User wL 7313 0427
32662 102/Suntuitive_B5C_on/102 usr Uszer IGDE User wL - 7313 0285
32663 102/Suntuitive_B5C_on/102 usr Uszer IGDE User wL - 7313 0208
32664 102/Suntuitive_95C_on/102 usr Usger IGDE User vl - 7313 0188
50000 10865 pecular. bl Translucent Frit, Simulated Sar Unknown CGDE +.2.00 - 4763 0336
50007 1086Difuze lbl Translucent Frit, Simulated Sar Unknown CGDE +.2.00 4763 032

Fiqure 8-214 Series of Independent Glass Layers (Laminates) in W7 Database

4. Close W7 prior to the use of the “Window 7 thermochromic glass layer utility”. Open the thermochromic
glass layer utilty software tool. Set the correct location for the W7 database. Select “Make backup copy
of the database” to avoid possible data loss. When prompted, select the path and name for the backup
file. See Figure 8-215.

H Window7 theromochromic glass layer utility
About..

iindow7 database

Step 2: Set W7 database path

C:\Users'Public\LBNL\WINDOW? .3'w7.mdb

Main menu

Make backup copy of database

— Step 1: Make backup copy of W7 database

Create thermochromic glass layer

Figure 8-215 Backup W7 Database

5. Select “Create thermochromic glass layer.” See Figure 8-216.

B Window7 theromochromic glass layer utility
About...

Window?7 database

IC \Users\Public\LBNL\WINDOW?7.3\w7.mdb

{“Set... |

Main menu

Make backup copy of database

Step 3: Select "Create thermochromic glass
layer.

Create thermochromic glass layer

Figure 8-216 Initiate Creation of Thermochromic Glass Layer
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8.19 Environmentally Controlled Dynamic Glazing

6. Verify that the database path is correct. Change path, if necessary. Highlight the series of laminates
that are to be associated as a single dynamic glass layer for the Full OFF/OPEN states, as shown below,
and select “Create”. See Figure 8-217 and select “Create”. Repeat for the series of laminates that are to
be associated as a single dynamic glass layer for the Full ON/CLOSED state. Note: The “on” series and
the “off” series must be treated as independent dynamic glazing layers for the purpose of having

calculated values persist in the W7 database.

‘ Window7 theromeochromic glass layer utility @ﬂg

~Select laminates to combing

About...
~Windouw Zdatatraree \
od |C:\Users\l'—‘ubIic\LBNL\\n\ﬂNDOW?.cl\w?.mdb Step 3 Verlfy the database
< path is correct.
. Set...
——— e
~Create thermochromic glass layer

Mame

102 /Suntuitive_05C_off/102
102/Suntuitive_15C_off/102
102/Suntuitive_25C_off/102
102 /Suntuitive_45C_off/102

102 /Suntuitive_65C_off/102
102 /Suntuitive_85C_off/102
102/Suntuitive_95C_off/102
102/ 5untuitive_05C_on/102

102/Suntuitive 15C on/102

Temp Coating

4| m

Temperature of selected laminate: I g5

Manually set to

Step 2: Select the laminates
that are to comprise the
dynamic glass layer.

<>

Return to main menu

Step 1: Select "Create"

Figure 8-217 Selection of Laminates and Creation of Thermochromic Glass Layer
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8. SPECIAL CASES 8.19 Environmentally Controlled Dynamic Glazing

7. Exit the Window 7 thermochromic glass layer utility and re-open W7. Now only the record for the
lowest interlayer temperature is visible. All of the records for the thermochromic glass layer have been
associated with this name. See Figure 8-218.

20020 Thermaochromic?_24.LBL Thermochromic2_24 LEML IGDE User vl 12000 0229

20030 Thermochiomica 22 LEL Thermochromic3 22 LEML IGDE Uszer L 12000 031

32651 102/Suntuitive_05C_off/102.usr User IGDB User vl 7313 0.E0D

32658 102/ Suntuitive_05C_on/102. usr User IGDE User L 7313 0600

60000 10865pecular. bl % Each of these is a single record that appears in 0.33

EO007 10860 Uz bl Tra . 0.3z
Glass Library.

Figure 8-218 Thermochromic Glass Layer in the Glass Library

8. In the Glazing System Library, a glazing configuration can assembled using the newly created
thermochromic glass layer. Below a double pane construction is shown, using a thermochromic laminate
and a coated glass pane. Detailed instructions about creating a glazing system in WINDOW 7 can be
found in the WINDOW User's Manual. In accordance with ANSI/NFRC 100, Section 4.1.4 Dynamic
Glazing Products are rated at both the Full OFF/OPEN state and the Full ON/CLOSED state. As
thermochromic products are controlled by the environment, the properties of thermochromic products
for the Full OFF/OPEN state shall be those that exist at NFRC 100 Winter Conditions and the properties
for the Full ON/CLOSED state shall be those that exist at NFRC 100 Summer Conditions, as calculated
by Window 7. To obtain the center of glass ratings values for this glazing in the Full OFF/OPEN state,
a glazing configuration is assembled using the “off” glazing layer and then a simulation is run at NFRC
100-2010 Winter Conditions. Under the “Dynamic Properties” tab, the temperature of the
thermochromic pane at these environmental conditions is listed on the last row (in blue). Record this
value. See Figure 8-219.
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E W74 - Glazi.ng System Uhraa i(‘.’\Users\Pum:LBNL\W[NDOW?A\WImdb}

File Edit Libraries Record Tools View Help

= b BB E =4 40r M| B e N: O#H 7 | 2K
el o6 Name: [T02/5untutive_UC_off/102
caiz 9 | TP S I 16 Height 100001 ram
—
New Environmentl -
L [ ool [FRC 1002010 Winler 100001 rm
- .
Copy Commen: [OFF Sisle Caliatir] Select NFRC 100-2010 Winter
Delets Overall thickness: [23.061 mm Mode: I~ Model Deflection
Save
[ Use switching Parameter
Repart
Radisnce
D Name Mode] Thick |Fiig| Tsal | Fisall | Risol2 | Tuis | Rwisl | Rvis2 | Ti | ET | E2 | Cond |  Comment
- Glass 1+ 32651 102/Sunluilive_05C_ofl 73 [J|o600 0060 mORD 0703 D06 00S 0000 0840 D840 DETR
Gapl 1 A 127
- Ghass2 102 CLEAR_3DAT ¢ 30 OJosss 0075 0075 0899 0023 0083 0000 0840 0840 1.00

Dynamic Properties Tab

e

rd

Center of Glass Results | Temperature Data | Optical Data | Angular Data | Color Properties Hadianueﬂesu\t

| Switching Paramater

Thermochromic Pane

ayer Temp
5.000
15.000
26.000
45.000

Temperature

£5.000
85.000

SEoon

-13.826

Figure 8-219 Determine the Thermochromic Pane Temperature at Winter Conditions

Tsol
0506
04596
0.470
0254
0231
0167
0151
0.EDE

Abs1

0.354
0.367
0.339
0.537
0.679
0.754
0.774
0.354

Abs2
0.051
0.050
0.049
0.042
0.034
0027
0.025
0.051

Risol
0.0a3
0.0a7
0.0s2
0.0e6
0.056
0.051
0.080
0023

System Properties
Rbsol
[INR IS
oz
0116
[INRD
0108
0107
0107
onz

Tuiz
036
0614
0.556
0xg
0033
0.020
oo
0E3E

Fibvig
0103
0104
0034
0.080
0.045
0044
0.044
01039

Rbuis
0138
0136
0133
n12z
011a
011e
o11e
n13e

SHGC

-1.000
-1.000
-1.000
-1.000
-1.000
-1.000
-1.000
-1.000

9. Select the “Use switching Parameter” option and enter the temperature of the thermochromic pane

obtained at NFRC 100-2010 Winter Conditions (e.g. -13.826 °C) in the "Value" text box.

Perform

simulation at NFRC 100-2010 Standard Conditions. The resulting center of glass values are for the Full
OFF/OPEN state of the glazing system (e.g. U-factor: 2.66 W/m?K; Tvis: 0.64; SHGC: 0.60). See Figure
8-220. Save this glazing system for calculating the Full OFF/OPEN state of total product following the

procedure detailed in Section 7 of this manual.
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[ W7.4 - Glazing System Library (CAUsers\Public\LBNL\WINDOW?.A\W7.mdb) L

File Edit Libraries Record Tools View Help
= & B EHl:WM4» M Boeni O#* 7 %(TW
List =
D #: |83 Name: |1UZ.-"Suntultlve_DEE_off.-"‘I 0z |
Cal (F9) i) lp—ﬂ T | :
| r— N s o0 i Select NFRC 100-2010
Hew marenmentall R 100-2010 | ] 100000 mim
Capy Comment: |OFF State Calculation
1 2
Delete Overall thickness: | 23061 mm Mode: I~ Madel Deflection
Save " s : :
Q [ ¥ |se switching Parameter  Value: 13826 C I& Select USlng SWltChlng Parameter and
Feport .
enter thermochromic layer temperature
Radiance
D Mame Mode Thick |Flip| Tsol | Rsoll | Rzol2 | Twiz | Rwis] | Rwis2 | Tir E1 EZ | Cond Corr
- Glass 1 b 32651 102/Suntuitive_08C_off, 73 [J|oso0 0080 00R0 0703 O0G3 0063 0000 0840 0840 01
Gap1 »r 1 Air 127
- Glass 2 w102 CLEAR_IDAT # 20 [Jjose24 0075 0075 0899 0083 0083 0.000 0840 0.840 1.000
Center-of-Glass Values for Full OFF/OPEN State
Center of Glass ResulE | Temperature Data | Optical Data | Angular Data | Color Properties | Radiance Results | Dynamic Properties
Ufactor SC SHGC Rel. Ht. Gain Twiz K.eff Layer 1 Keff Gap 1 Keff Layer 2 Keff
W Am2-K WAmz2 W Am-K whimeK W Am-K whimeK
0.688 0.5959 456 0.636 01128 0.6179 0.0670 1.0000

Figure 8-220 Center of Glass Values for Full OFE/OPEN State

10. To obtain the center of glass ratings values for this glazing in the Full ON/CLOSED state, a new glazing
system is constructed that is identical to that constructed in step 8, except that the “on” glazing layer is
substituted for the “off” series glazing layer. A simulation is then run at NFRC 100-2010 Summer
Conditions. Under the “Dynamic Properties” tab, the temperature of the thermochromic pane at these
environmental conditions is listed on the last row (in blue). Record this value. See Figure 8-221.

[l W7.4 - Glazing System Library (C:\Users\Public\LBNL\WINDOW7.8\W7.mdb)

4

File Edit Libraries Record Tools View Help
= $ BB H:HA)» M B2e0; O#*7 % 28
<y 1D # [64 Mame: [102/Suntuitive_DSC_on/102
CEBFE) #Laver i . 16 Height{1000.00 mm
e Erwironmer "—L| B
o ol [ NFRC 100-2010 Summer 16 idth 100000 mm
Copy Comment: |ON state calculation 1 2
Delete Overallthickness:[Z.061 mm  Mode: [ Model Deflection
Save
I™ Use switching Parameter
Report
Radiance

E1 E2 | Cond Camment

o Narme Mode Thick FipNJsol | Rsoll | Rsel2 | Twis | Rvist | Rwis2 | Tir
- Glass 1 ¥ 32658 102/Suntuitive_05C_on, 73 Ol 0080 0060 0703 0063 0068 0000 0840 0840 0618
Gap1 »r 1 A 127
- Glass2 i 102} CLEAR_3DAT # 30 [(fosd o 0075 0833 0083 0083 0000 0840 0840 1.000

Thermochromic Pane Temperature at NFRC 100-2010 Summer Conditions

Center of Glass Results | Temperature Data | Optical Data | Angular Data | Color Pm%e Resuls  Dynaric Properies |

Suitching Paramater System Properties
Layer Temp Tsol Abs1 A/ Fifsal Rbsal Tvis Rfvis Rbvis SHGC
5000 0505 0572 A 0,083 017 063 0109 013 0538
15.000 0.436 . 0050 0087 on? 0514 0.104 0136 0530
25.000 0.470 0043 0082 0115 0558 0034 0133 0583
45.000 0.354 0.043 0066 o 0.315 0.060 0123 0.474
65.000 0.23 0E79 0034 0058 0108 0083 0.045 [IRRE: 0372
85.000 0.754 0027 0.051 0107 0.020 0.044 0113 0317
074 0025 0050 0108 oon 0.044 0118 0303
l 49.357 l 0.324 0572 004 0083 oo 0.258 0.055 0121 0443

Figure 8-221 Determine the Thermochromic Pane Temperature at Summer Conditions
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11. Select the “Use switching Parameter” option and enter the temperature of the thermochromic pane
obtained at NFRC 100-2010 Summer Conditions (e.g. 49.997 °C) in the "Value" text box. Perform
simulation at NFRC 100-2010 Standard Conditions. The resulting center of glass values are for the Full
ON/CLOSED state of the glazing system (e.g. U-factor: 2.67 W/m?K; Tvis: 0.26; SHGC: 0.45). See Figure
8-222. Save this glazing system for calculating the Full ON/CLOSED state of total product following the
procedure detailed in Section 7 of this manual.

f3 W7.4 - Glazing System Library (CA\Users\Public\LBNL\WINDOW?.4\W7.mdb) L

File Edit Libraries Record Tools View Help
= Ellz M4 4 » M |H e i O# 7 |%| %8
Lt D #:[64 Name: [102/Suntuive_05C_on/102

Conditions:

Lopy

LDelete

o F9) | blagelr =l -
y—
Hew Ervironmental NFRC 1002010 -

Overal thickness: |23.0687  mm

|G Height:{ 100000 mm

15 fidthe 1000.00 mm

Mode:

I Model Deflection

Select NFRC 100-2010

Save

[ W Use switching Parameter  Yalue:

49397 C ]&

Select "Using switching Parameter and

Repart

Hellr

Radiance

enter thermochromic layer temperature

Gap1 »r
@ Glass 2 #r

- Glass 1 w» 32658 102/Suntuitive_05C_on.

[[») Marme tMaode Thick Flip) Tsol | Rsoll | Reol2 | Twis | Rwisl | Rvis2 | Tir E1 E2 | Cord Con
73 [J|osoo 0080 000 0703 0063 0063 0000 0840 08540 0518
1 Air 127
102 CLEAR_3DAT # 30 [Jjos3d 0075 0075 0839 0083 0083 0.000 0.840 0840 1.000

Center-of-Glass Values for Full OFF/OPEN State

Center of Glass Results ] Temperature D ata I Optical Data] Angular Data] Colar Properties ] Fadiance Hesulls] Dwnamic Properties ]
Ufactar SC SHGC Fel. Ht. Gain Twis Keff Layer 1 Keff Gap 1 Keff Layer 2 Keff
WAma-K, Wim2 WL ek WK sk
2667 0.516 0.443 348 0_258 01128 06179 0.0870 1.0000

Figure 8-222 Center-of-Glass Values for Full ON/CLOSED State

12. With data for both the Full ON/CLOSED and Full OFF/OPEN states in hand, the remainder of the
simulation process can be completed in accordance with the procedures outlined in this manual.

Note: W7 only saves one calculated value for a dynamic glazing layer at this time. For the sake of data
persistence, every glazing construction (e.g., different low-e option) will require a new pair of dynamic
glazing layers to be created (steps 1-6). Alternatively, one may create uniquely named backups of the
W7 database (.mdb) file after each use of a dynamic glazing layer with a logical naming convention that
indicates the glazing construction, thus permitting the re-use of dynamic glazing layer without
compromising data persistence.
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8.20 Vacuum Insulated Glazing (VIG)

WINDOW can model vacuum gaps which are required for Vacuum Insulating Glazing (VIG) products. This

is the only gap type that can use a pure gap fill type.
VIG are assemblies with an evacuated gap and constructed using two pieces of glass which are separated by a

pillar array or other system designed to maintain spacing between glass lites. These products do not use a

typical spacer system construction like other insulated glass units and the edge seal system can be comprised

of, but not limited to, a variety of materials such as solder glass, glass, ceramics, metal, plastic, or sealants.

8.20.1. Creating the Vacuum Gap

The first step would be to create the vacuum gap. The VIG unit has a different type of gap than gas-filled

IGU.

To create the vacuum gap:

1. Click on the Gap Library and create a New gap ID.

.Hfl W7.7 - Gap Library (C:\Users\Public\LBNL\WINDOWY7.7\w7.mdb)

_ee— -
File Edit Libraries Record Tools View Help
o _ - .
= =0 I | B el O a7
————————— Gap Library (CA\Users\PublicdLENLYWANDOWT . Pyw? mdk)
Detailed “iew
Calc D MName Type Caonductivity Wiscogity Cp Density Prandtl Conductance Comment
MNew Wk kafm-z Jékagk kagdm3 Wiim2-K
07‘ 10 A Pure 0.024069 0.000017 1006103271 1.292498 07197
Copy
2 Aigon Pure 0.016349 0.000021 521,9268528 1782282 06704
Delete Kiyptan Pure 0.002664 0.000023 248.090538 3738740 0E77
it 4 Nggnen Pure 0.005160 0.000021 156,3349706 5857555 06542
1D > g A ERQY Argon [35%] Miy Mix 0016704 0.000021 539.729126 1.757792 06731
7 A [127%) FNgen [22%) /| Mix 0.011430 0.000023 322.703308 3014770 06403
— g A (5] 7 KiptorNgRE] M Mix 0.009191 0.000023 261.636230 3616428 06540
Advanced. - b .
g A [10%] / sugon (307 [RQMix 0017063 0000021 556.032715 1733303 06758
30 records found. 100 Ar-ENE73 P . )
Adding a record... il
Import 107 Argon - ENET3 Pui
— 10z Fepton - ENG73 Pui _
Export o1
103 «enon - ENE73 Pui
Feport 04 Air [5%) ¢ drgon [35%) Mif Mi \%
o 05 Air[12%) / degon (22%) / | Mi —
l&‘ . | |D for new record [30]
105 A (5%) 4 Kropton [957%] b M
qo7 A [1032)  degon (302) b i
oo CO2 puf | ] Overwrits existing recards
omp M2 Puik,
202 5FE Pure 0.013000 0.000014 418,600005 6515257 04567
Figure 8-223 Gap Library
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2. Open the new gap ID and select vacuum.

[0 W7.7 - Gap Library (C\Users\Public\LBNL\WINDOW? 7\w7.mdb}

File Edit Libraries Record Tools View Help

=l pB@ o EH: 4 rH B @i O#Zark §

Gap Library

D # 307

Name: Vacuum Glazing

[ Gas Midure I [Ivacuum I

Molecular\Weight: 28.970 Pressure: 10132500000 Pa
Conductivity Coefiicients Properties at STP

A 0.00287300 Wfm-K Conductivity 0024063 wimK

B 0.00007760 Wjm-k2 Visoosity 0000017 kgjimes

G 0.00000000 Wim-3 SpecificHeat 1006103271 Jkg-k
Viscosity Coefficients Density 1.292498  kg/m3

A 0.00000372 kg/m-s Prandtl  0.7197

B 000000005 kg/m-s-K

(= Calculat
C 0nmmn gz

Specific Heat Coefficients
A 100273699951 Ufkgrk

B 0.01232400 kK2
C 000000000 Jfkgk3
Comment:
Protected

Fiqure 8-224 Gap Library - Vacuum Selection

3. Upon vacuum selection, a new screen will open, and user defined parameters need to be specified.
The Name, Pressure and Pillar Definition (pillar name, radius and spacing) shall be updated to match
the VIG product construction, as provided by the manufacturer. The conductance value will
automatically adjust based on user inputs. The molecular weight (28.970) and specific heat ratio (1.4)
shall not be altered from default. Pressure needs input in only one pressure unit, Pa, psi or Torr, as
WINDOW will auto convert the other pressure values.

E W7.7 - Gap Library (C:\Users\Public\LBNL\WINDOW?7.7\w/.

File Edit Libraries

= b B

Record Tools View Help

S E: w4 rn B €0 OB Z @%% 7
Gap Librany
D+ 307
Mame: Yacuumn Glazing |
[¥]vacuum
MolecularWeight: 28.970 Pressure: 013332 Pa 0.00100 Tar
Specific heat ratio: 1.400 ¥ Pillar Definition: [11.5radiu5—305pacing v]

Gap Properies atYacuum

Conductance 0106787 ‘wirm2-K

Figure 8-225 Gap Library - Vacuum Gap Properties
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4. The Pillar Definition shall be updated to match the VIG product. Select the >> to open the gap pillar
definition menu box, edit the current information or select New to add a new pillar definition record,
and update the Name, Radius, Spacing, and Manufacturer. The Type can only be set to Circular
regardless of manufacturer specification. However, rectangular geometries can also be modeled by
calculating equivalent radius of the circular type. Equivalent radius is calculated using the following

formula:
a-b
r=,—
T

Where a and b are sides of the rectangle (for square a=b). Please note that this approximation is valid
when rectangle does not significantly depart from the square (e.g., aspect ratio less than 2).

Spacing is calculated center to center of the pillar, and if staggered pillar spacing is employed,
shortest distance is specified.

Figure. (a) Regular Grid (b) Staggered Grid
Figure 8-226 Pillar Definitions

5. Once the vacuum gap pressure and pillar definitions are defined, click Save and OK. Note that pillar
conductivity is not an input field, since material conductivities of pillars all exceed conductivity of
glass, which is the threshold above which different conductivity values make no difference. Because
of future developments and innovations, future versions of WINDOW software tool will have an
option to specify pillar conductivity. The new pillar definition will now be available in the pillar
definition drop down for selection and based on any New pillar definitions saved. Then click Save
from the Gap Library to save the vacuum gap inputs. The pillar definition selected in the drop-down
list will be the only pillar definition used when building the VIG in the glazing system library, so
additional gap library records will be required if multiple vacuum gaps and pillar definitions are
used. If there are multiple vacuum gaps, but same gap pressure and pillar definition, then the
vacuum gap can be reused as many times as necessary.
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|E W7.7 - Gap Library (C:\Users\Puinc\LBNL\WlﬁDOWT.?\w‘I.mdh -
| File Edit Libraries Record Tools View Help
4 M

Gap Library

1D #: 307

Name: Wacuum Glazing
[v]vacuum

olecular Wisight 28970 Pressure: 013 Pa 0.00 Tarr

Specific heat rafio. 1.400  Pillar Definition: |1 1.5 radius — 30 spacing -

Gap Properties at Vacuum
Conductance 0106787 wim2-K

Gap Pillar Definition e
D: |1 Manufacturer:  Generic
—_—
Name: 1.5 radius -- 30 sp
Comment:
Type: Circular -
—_—
Radius: 0.200 mm
- Spacing: 30-000 T
[ New ] [ Delete ] [ Save ] [ oK ] [ Cancel
Camment T 7 T

Protected

Figure 8-227 Gap Library - Gap Pillar Definitions

8.20.2 Create the VIG unit

Once the vacuum gap has been created the VIG unit can be assembled in the glazing system library.

1. Click on the Glazing System Library and create a New glazing system ID
HW.? - Glazing System Library (C:\Users\klouder\Desktop\Sim Manual\w7.mdb) - ‘

‘ File Edit Libraries Record Tools View Help

Dﬁi\&"%wﬁé L NN g[l]| O# ;@% %

Glazing System Library (C{Usersiklouder\DeskiophSim Manualw? mds)

Detailed View

Hof Ervionmental Overall

Calc o Name Lapers | Mode | Tit Condtions Thickness Uval SHEC Twis | TdwiSO

mm Wim2K

gn | NFRC 1002010

Copy

Delste

=
@
=

Fing

‘Adding a record.. ﬂ

1 records found .
D for new record,

Import

Expont
2R ] Overwrite existing records

Report

Print

il

Figure 8-228 Glazing System Library

2. Open the new glazing system ID, update the Name, and select the glass layers and vacuum gap to
generate the VIG product. The gap width will need to be adjusted to match manufacturer
specifications. Calculate and save the glazing system for import into THERM.
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| File Edit Libraries Record Tools

View Help
=L ¥ B E: 14 M B @i O @R ®
List
22 Name: VIGH
Calc F9) #Layers: ? S T 80 IGHeight 100000 mm
Emdranmental (eec 4002010 v| iGwidt 100000 mm
Conditions:
Comment,
Overall thickness: 6.50400 mm Mode: # 12
o Name Mode | Thick |Flip| Tsal Risoll Risol2 Tuis Riwigl Riwis2 Tir E1 E2 Cond Comment
< Glass 1 »p 102 CLEAR_2.DAT # 30 []|0834 0075 0075 0893 0083 002 0000 0240 0840 1000
Gap1 »b 307 Vacuum Glazing
< Glass 2 »p 102 CLEAR_2.DAT # 30 []|0834 0075 0075 0893 0083 002 0000 0240 0840 1000
Center of Glass Results | Temperature Data | Optical Data | Angular Data | Color Properties | Radiance Results
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Figure 8-229 VIG Unit Construction

8.20.3 Importing VIG into THERM

Construct the fenestration product line sections (head, sill, jamb, etc.) and import the VIG unit
(Libraries/Glazing Systems (F6)) into the product sections.

1. Adjust all glazing system parameters as normal. The spacer height shall reflect the edge seal height
as specified by the VIG manufacturer.

7 Insert Glazing System [
Orientation Dt - i
R =
| cancel
Glazing system width 6508 mm
CR cavity height 1900 mm
Sightline o battom of glass 13.901 mm
Er=zriterai (A N —
Edge of Gless Dimension 635 mm
Glazing system height 150 mm
Sightline to shade edge 0 mm
V] Use nominal glass thickness
] Use CR Model for Window Glazing Systems
Gop Propetties
© Defeut Gap Keff g 0019267 | WimK Vacuum Glazing
Custom = Top of Spacer to Center of
Wicth 050 mm iy 30 mm
Spacer
Draw spacer
Single spacerfor muliple glazings
Materiel [Fiberglass (PE Resin) v]
Defeult Boundery Conditions
@ Use Urfactor values
Use SHGCvalues
Exterior Boundary Condlfion Interior Boundary Condfion
Use existing BC from library (select below) - Use convection plus enclosure radiation -
[NFRC100-2010 Exteriar - <
<[ »

Figure 8-230 VIG Import - Spacer Height
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2. Use the manufacturer specifications to fill the edge seal location with an approved material from

NFRC 101.
/\

Figure 8-231 VIG Import — Edge Seal Material

3. After importing the VIG glazing into the frame and assigning the edge seal, apply boundary
conditions and calculate as usual. Repeat for all remaining cross-sections of fenestration product.

8.20.4 Modeling Hybrid VIG Glazing

1. After creating VIG unit as described above, add another glass layer and specify appropriate gas fill
and gap thickness. See Figure 8-232

8
File Edit Libraries Record Tools View Help

EM AP B @l O# 7 @aa % 2

L ID#:[202 | Name:[defaut ]

N Environmental 5 y
= el NFRC 100:2010 16 Wickhe|_1000.00] mm

Copy Comment:

Delete ‘ f Sl
Overallthickness (30695 |mm  Mode:[? | 12 3 s
3rd glazing layer
Report
Radiance
D Name Mode] Thick |Fip| Tsol | Rsoll | Rsol2 | Tvis | Rvist | Rvis2| Tie | E1 | E2 | Cond|  Comment
Glass1 »» 6086 VE292M.vir # 59 [Jo2e1 0153 0431 0553 0052 0032 0000 0840 0040 1.000
Gapl » 300 Vacuum-air P=0.001 (pr- 05
Glass2 »» 103 CLEAR_6DAT # 57 o771 0070 0070 0884 0030 0080 0000 0840 0840 1.000
Gap2% 2 Asgon 127
Glass 3 »» 6086 VE292M.vi # 59 [B[0281 0431 0153 0553 0032 0052 0000 0040 0840 1.000

Fiqure 8-232 Building Hybrid VIG Glazing System
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2. In THERM, import hybrid glazing and add appropriate spacer to the gas filled gap. Note that spacer
area height needs to be adjusted after the import, since only one “Spacer Height” can be specified
during import and VIG will likely have different sealing material height than spacer height. In order
to be able to do that, in Preferences, check the option to Allow editing IG polygons. One can also
specify gas-filled area height and adjust VIG side instead.

Figure 8-233 One Typical Cross-Section of VIG Hybrid Glazing System Import in THERM

3. After importing hybrid VIG glazing, apply boundary conditions and calculate as usual. Repeat for all
remaining cross-sections of fenestration product.
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8.21 Spandrel Panel Systems

Spandrel panel systems are products that differ in from standard fenestration products in that they
incorporate opaque building elements that may or may not be combined with transparent layers. For NFRC

certification of spandrel panel systems, it is required that the system shall include a glazing component as
defined in ANSI/NFRC 100.

The whole product performance calculation shown in this section is of a two-lite glazed wall system with
interior spandrel panels. It does not present procedures to rate combination units (spandrel above or below a
vision area).

The simulation process for evaluating spandrel panel systems is not entirely the same as modeling a typical
vision area curtainwall system. WINDOW, by default, calculates the edge-of-glass U-factor with a 63.5mm
dimension. Therefore, the simulator is required to calculate whole product rating via an area-weighting
spreadsheet to account for a 254mm edge-of-glass U-factor from THERM. The area-weighting spreadsheet
may be created by the simulator and should be compared to the results from the NFRC Spandrel Benchmark
spreadsheet for verification.

Follow the detailed steps below to model a spandrel panel system.

8.21.1. Create Center-of-Glazing (COG) of Spandrel Panel System

This requires two different COG systems to be created; one of the glazing only (no spandrel components) and
one with the glazing and spandrel materials combined (spandrel panel system). This is required because the
glass layer(s) will be the only component(s) imported into THERM. The simulator will add the spandrel
components (metal skins, insulation and applicable air gaps) as polygons adjacent to the glazing. The
spandrel panel system COG values calculated from WINDOW is entered into the area-weighting
spreadsheet.

Step 1: Creation of the Glazing System Only

Create the glazing portion of the spandrel panel system in the Glazing System Library, with no interior
spandrel components (e.g., metal skins or insulation). In this example, the glazing system is a dual-glazed
clear IGU with 6mm glass and 13.97mm air gap (0.5500 in.). See ID #11 in Figure 8-234.

D& | Name: [6nmClear/Ar/GmmClear |
# Layers: = °  IG Height mm

Envionmental )
=1 NFRC 100-2010 | 1G Width: 1000.00|mm
Comment
Overallthickness: (2597000 [mm  Made 1 2
D Name Mode| Thick [Fip| Teol | Rsoll | Rsol2 [ Tws [Rvst Rvis2| Tr [ E1 | E2 [Cond [  Commem
Glass1 ¥+ 103 CLEAR 6.DAT # 60 []]0771 007 0070 0834 0030 0080 0.000 0340 0.840 1.000
Gap 1 »» 1 Air 140
Glass2 b 103 CLEAR_G.DAT # 60 [J|0771 007 007 0834 0030 0080 0000 034D 0340 1000

Center of Glass Results  Temperature Data  Optical Data  Angular Data  Color Properties  Radiance Resuits

Ufactor SC SHGC Rel. Ht. Gain Tvis Keff Layer 1 Keff Gap 1 Keff Layer 2 Keff
Wim2-K Wim2 Wim-K Wim-K Wim-K Wom-K
| 267610 . 080985 070457 5326 0.78610 0.1279 1.0000 00731 1.0000

Figure 8-234 Creation IGU System Only
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Step 2: Creation of the Glazing System and Opaque Spandrel Panel Component

In this step, create the overall spandrel panel system (glazing from Step 1 and the opaque spandrel
components combined). This is required to calculate a spandrel panel system overall COG U-factor and
SHGC to be used in an area-weighting spreadsheet. This built system will not be imported into THERM. If
the spandrel panel components are not available in the Glass Layer Library, then they will be required to be
created by the simulator. Spandrel panel components are comprised of, but not limited to, insulation and

metal skins.

The following sub-steps illustrate how to create opaque spandrel materials as glazing layers in Berkeley Lab

WINDOW.

Step 2A) To create non-glass opaque layers in the Glass Layer Library, click New and then enter a
name identifying the material, thickness, conductivity, Rsoll, Rsol2, Rvisl, Rvis2, and
emissivity (both surfaces). All other optical values shall be zero.

The following material layers, insulation and metal skins, are potential spandrel
components with example characteristics that could be input into Berkeley Lab WINDOW.
The solar reflectance and visible reflectance values shall always be entered to 0.5 regardless
of opaque material type created.

- Insulation:

(]
o
(@]

(e}
(e}

50.8mm thick of Glass Wool (density of 50-60 kg/m3)

Conductivity of 0.033 W/mK (from NFRC 101 Appendix A)

For the default "Solar", "Visible" and "IR" properties, enter 0.5 for Rsoll, Rsol2,
Rvisl, and Rvis2. All other cells shall be entered as zero (0). If manufacturer has
tested optical property values, those may be entered but simulation report will
include declaration of those values

Emissivity of glass wool is 0.9 on both surfaces

Diffusing shall be un-checked

- Galvanized Steel Skin

O

o
(@]
(o]

0.737mm thick galvanized steel (unpainted)

Conductivity of 52 W/mK (from NFRC 101 Appendix A)

Default optical properties, same as noted for foam insulation above
Emissivity of un-painted galvanized steel is 0.2. For other metal finishes, see
NFRC 101 for proper emissivity of material surfaces.

131858 LIDTaMY fL14NFHILDU' | 35K GMDUPS \SPanare! Fane! 11avror Sim Manual

Detailed View  Edits\W74SpandrelorSM2022 mdb)
Calc D ProductName Manufacturer Source  Mode| Color| Thickness | Tsol |Rsoll| Rsol2| Tvis |Rwis1| Rvis2| Tir | emis1 | emis2 | Cond
New mm WmK
= 2 Auminum Shadow Box Parel Generic User 3175  0.000 1.000 1.000 0.000 1.000 1.000 0.000 0.500 0050 160.000
= 3 Steel Skin Generic User 0.406 | 0.000 0.800 0.800 0.000 0.800 0.800 0.000 0.900 0.500 50.000
4 irdon-Gios Wod (Gerese U [ 50310 {0000 0500 0500 0000 050010500 000 [ 0560 | 000 0033 |
ind 5 Steel Skin 0.7/ 0.7 Generic User 0737 0000 0.700 0.700 0.000 0700 0.700 0.000 0.500 0500 50.000
D ~ g  Insulation - EPS 0.7/0.7 Generie User 50800 0.000 0.700 0.700 0.000 0.700 0.700 0.000 0900 0500 0.038
|:| 12 Auminum Shadow Box Panel Generic User 0635 | 0.000 1.000 1.000 0.000 1.000 1.000 0.000 0.900 0500 160.000
13 Steel Skin 24ga Pairted Genenc User 0635 0000 1.000 1.000 0.000 1.000 1.000 0.000 0.300 0500 50.001
fhinced 15  Steel Skin 0.9/ 0.9 Generic User 0737 0000 0.500 0.500 0.000 0:900 0.500 0.000 0.500 0500 50.000
e Rt 25 Steel Skin 0.8/ 0.8 Generie User 0.737 0000 0300 0.800 0.000 0.300 0.800 0.000 0.300 0500 50.000
5| Gohanze Sieo 56 05/ 05 B 07 oo 0sa0[o500looo 0500 00010000 o210 0200 L 52000
35 Steel Skin 0.5/ 0.5 emiss1 Genenic User 0.737 0000 0.500 0.500 0.000 0.500 0.500 0.000 1.000 0500 50.000
Export 100 BRONZE 3DAT Geneiic Bronze Glass Generic IGDBv114 # 3124 0646 0.062 0.063 0.680 0.065 0.066 0.000 0840 0540 1.000
Report 102 CLEAR_3.DAT Generic Clear Glass Generic IGDBv114 # 3048 0834 0075 0075 0899 0083 0083 0000 0840 0840 1000
Brnt 103 CLEAR 6.DAT Generic Clear Glass Generic IGDBv114 # 5715 0771 0.070 0070 0.884 0.080 0.030 0.000 0840 0240 1.000
— 5012 Clear_6.VTA Clear 6mm Vitro formerdy PPG IGDBv56.0 # 5664 0771 0.072 0073 0.886 0.085 0.085 0.000 0840 0.340 1.000
Lzict Hy 3 5439 SB70XL Starphire_6.VTA Solarban® 70XL on Starphire® Viro formerly FPG~ IGDBW5S.0 # 5664 0281 0509 0562 0718 0076 0.059 0.000 0840 0018 1,000
[CINFRC only
Figure 8-235 Creation of Opaque Materials in Glass Library
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- Glass Library . Glass Library
D #: ,4—|I Thidcness:| 50.800 |mn1 I List o= |35 ickness:|  0.737 |mm

Cptics 3 3
l\lame: Insulation - Glass Wool L= m Galvanized Steel 5kin 0.5/ 0.5
= Product Name: == Product Mame:
Copy Manufacturer: | Generic | Copy Manufacturer: | Genaric |
Delete Delete
Type: | Unknown | Type: | Unknown |
Save Save
Jconductivity | 903300 wujm | | conductivity | 52.000¢) wm |
Solar Solar
Trans, Front | 0,00000 Trans, Front | 0,00000
Trans, Back {T=ol2): | g.00000 Trans, Back (Tsol2): | 0.00000
'’ r -
Reflect., Front (Rsol1): | o,50000 Reflect., Front (Rsal1): | 0.50000 |
Update IGDB Reflect., Back (Rsol2): | 0, 50000 \pdate IGDE Reflect., Back (Rsol2): | 050000
Visible Visible )
Trans, Front (Tvis): | 0,00000 Trans, Front (Tvis): | 0.00000
Trans, Back (Tvis2): | 0,00000 Trans, Back (Tvis2): | 0.00000
Reflect., Front (Rvis1): | 0, 50000 Reflect., Front (Rwis1): | 0,50000
Reflect., Back (Rvis2): | 0.50000 Reflect., Back (Rvis2): | 0.50000
" " 00000
Trans (Tir): | 0.00000 Trans (Tir): | 0.
Emis., Front (Emis1) | 0.90000 Emis., Front (Emis1) | 0.20000
Emis., Back (Emis2) | 0.90000 Emis., Back (Emis2) | 0.20000

Color: [T Color: [ ]
=
Figure 8-236 Enter Opaque Material Property Details of Glass Library

Step 2B) Once all opaque layers are created in the Glass Library, the next step is the creation of a
special air gap since Berkeley Lab WINDOW does not allow glass layers to 'touch' and it is
very typical that opaque layer(s) are designed to be bound together. A glazing gap of
0.01mm with a conductivity of 999 W/mK is required to be created in the Gap Library.

Highlight ID #1 for "Air" (Type "Pure") and make a "Copy" of that ID. Open the newly
created ID and rename it so user does not confuse it with the regular Air option. Change
the value in cell "A" under "Conductivity Coefficients" to 999 and make sure to be using
metric units. All other values remain the same. Save and exit. See Figures below for
assistance of copied ID#1 to ID#5 for new air gap conductivity.

Gap Library (C:\NFRCbu\Task Groups'.Spandrel Panel TZ4For Sim Manual
Detailed View Edits\W 745pandrelforSM2022 mdb)

Cale D MName Type | Conductivity Viscosity Cp Density Prandtl | Conductant
Wim-K kg/m-3 JkgK kg/m3 W/m2-K

0.024069 1.292498

0016349 0.000021 521928528 1782282  0.670d
0.003664  0.000023 243090638 3736740  0.6717
0005160  0.000021 158335706 5857355  0.6542
Pure | 999021179 0.000017 1006103271 1.292458  0.0000

Pure

Figure 8-237 Creation of Conductive Air Option
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New
Copy
Delete

Save

Gap Library

Name: |Air with Keff of 999 W./mK

[ Gas Misture

Molecular Weight 28570

Conductivity Coefficients

Al 593.00000000| W/m-K

E EEEBE.’ .’gﬂ N:m-Q

C 0.00000000| W/m-K3

Viscosity Coefficients
A 0.00000372| ka/m-s

B 0.00000005 | kg/m=-K
C 0.00000000 | kg/m-s-K2

Specific Heat Coefficients
A[1002.73659951 | JAkg-K

B 0.01232400| JAeg-K2

C 0.00000000 | J/kg-K3

[ vacuum

Pressure: | 101325.00| Pa

This value will re-

S calculate once you

Conductivity |999.02117] W/m- save and exit.
ECOs! L o/ms

Specific Heat |1006.1032| J/kgK
Density |1.252498 | kg/m3
Prandtl |0.0000

Property Calculator

Fiqure 8-238 Creation of Conductive Air Option with 999 W/mK Value

Step 2C. Build the spandrel panel system COG in the Glazing System Library. Other than the artificial
air gaps of 0.0lmm (as noted in Step 2B above), build the COG as typical throughout this manual for
any glazing system. In the below illustration, the IGU built in Step 1 is included and then the opaque

layers created from Steps 2A and 2B.

Note: the below details are specific to this exercise and more or less layers may be needed to build
other Spandrel Panel Systems.

Glass 1, Gap 1, and Glass 2 is the IGU from Step 1.
b. Gap 2 is the air space between the IGU and the first surface of the spandrel panel

c. Glass 3 is the exterior side steel metal skin of the spandrel panel

d. Gap 3 is the artificial gap created in Step 3 and user shall enter 0.01lmm for gap thickness

[a ¢

7 ®

Glass 4 is the spandrel pane insulation
Gap 4 is the artificial gap created in Step 3 and user shall enter 0.01mm for gap thickness
Glass 5 is the interior side steel metal skin of the spandrel panel

Click 'Calc (F9)' and it is okay to see the error, "Layer, #3, #4, #5 do not have spectral data" after

the calculation is successful. Those layers were created by user in Glass Library and will not
have the official IGDB optical property values.
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Lt D# Neme: [Emm(Clear/Ar/EmmClear/air/spandrel skin 0.5/0.5
Cale (FS) # Layers I *IG Height:| 1000.00|mm
New Environmental » )
B o tone: | NFRC 100-2010 G Width:| 1000.00]mm
Copy Commert: . . .
‘ This portion is
Delete
= Overallthickness: [ 133.38120 |mm ~ Mode:[ | 12 3 4 5 the IGU
Report
Radiance
1D Mame Mode  Thick Flip| Tsol | Rsoll 51 | Rvis2 | Tir E1 E2 | Cond Comment
- Glass 1 103 CLEAR_B.DAT 0.884 0030 0.080 0.000 0340 0.840 1000
Gapl w1 Ar
- Glass2 ¥ 103 CLEAR_B.DAT # 0.334 0080 0080 0000 0840 0.840 1000
Gap 2 PF T Ar 2
- Glass3 W 35 Galvanized Steel Skin 0. 07 [J|oooo 0500 0500 D000 0500 D.500 0.000 0.200 D200 52000
Gap3 ¥ 5 Arwith Keff of 399 W/m 0.0
- Glass4 M 4 Insulation - Glass Wool Clo.000 0500 0500 0000 0500 0500 0.000 0500 0.900 0033
Lt ID Name: | BmmClear/ Ar/6mmClear/air/spandrel skin 0.5/0.5 ]
Slaess |3 e[ 90" G Hag
N Environmertzl » - . . .
L Condions: NFRC 100-2010 G widh mm Thls pOI'thl’l 1S the
Copy. Comment | !
Dt 3 added interior
T Overalthickness: (13338120 |mm  Mode:| | 12 3
Feoa spandrel panel
Radiance
system
D Name Mode| Thick Fip| Tsol | Rsol1 | Rsol2 | Tuis Rvis2 | Tir E1 E2 | Cond Comment
113 1A 55 1
- Glass 3 M 35 Galvanized Steel Skin 0. 07 J]|0000 OS5 500 0000 0500 0500 0000 0200 0200 52000
Gap3 M 5 Air with Keff of 999 W/m 0.0
- Glass 4 »» 4 Insulation - Glass Wool 508 f1|0000 0500 0500 0000 0500 0500 0000 0500 0800 0033
Gap 4 M 5 Air with Keff of 399 W/m 00
M Glass 5 »» 35 Galvanized Steel Skin 0. 07 J|0000 0500 0500 0000 0500 0500 0.000 0200 0200 52000
Certer of Glass Results  Temperature Data  Optical Data  Angular Data  Color Properties  Radiance Results
Ufactor SC SHGC Rel. Ht. Gain Tuis. Keff Layer 1 Keff Gap 1 Keff Layer 2 Keff Gap 2 Keff Layer 3 Keff Gap 3 Keff Layer 4 Keff Gap 4 Keff Layer 5 Keff
W/m2-K W/m2 W/m-K W/mK W/m-K W/m-K W/m-K W/mK W/m-K W/mK Wim-K W/m-K
oaesi7 T 00M% 007386 5655 000000 0.0609 1.0000 00622 1.0000 01332 520000 999.0206 0033 999023 52,000

Figure 8-239 Creation of Glazing and Opaque Spandrel Panel Layers as Glazing System

Note: The artificial air gaps may appear to be 0.0 in the screen but when you click and highlight the
gap thickness, the gap of 0.01lmm was entered.

Step 3: Enter Spandrel Panel System COG values for U-factor and SHGC in Area-Weighted Spreadsheet

This COG values for U-factor and SHGC from Berkeley Lab WINDOW shall be used in the area-
weighting spreadsheet. Values from THERM models are not acceptable.
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8.21.2. Modeling Spandrel Panel Systems in THERM

Creating the cross sections for the frames that will include a spandrel panel system that follows standard

modeling procedures with the following exceptions;

A. Only the IGU (or single glazing) shall be imported into the THERM cross-section.

B. The imported glazing system shall require the "Edge of Glass Dimension" to be entered as 254mm
and "Glazing system height" to 406mm. Be very careful of this because once you type those values,
they will be the future "default" for other fenestration systems; therefore, do not forget to change
those settings for non-spandrel projects back to 63.5mm and 150mm, respectively.

C. The simulator is required to assign boundary conditions of all interior surfaces, including the frame
and spandrel panel system. THERM will not automatically assign them.

THERM Modeling Steps:

1. Import Glazing System from WINDOW (this is the glazing only and not the spandrel panel). See
Figure 8-240 for comments for the entered values for "Insert Glazing System". It is important to note
that you may have to import the glazing system more than once to ensure there is 254mm of "Edge-
of-Glass Dimension" and a total "Glazing System height" of 406mm because of the composition of the

spandrel panel system materials.

87 Insert Glazing System

Orientation Up ~

NFRC CR nor CI cannot be determined
at this time. Enter 500mm as default.

Glazing system width 23.97 mm
CR cavity height | 500 gmm

Sight line to bottom of | 13.836 mm

Spacer height | 12.7 mm

Edge of Glass Dimension | 254 mm

Glazing system height mm

Sight line to shade edge

"Sight line to bottom of glass" shall be
the measurement from the bottom of
glazing to the point where materials are
in the same plane, parallel layers. See
examples in Figure 8.248

Spacer height entered as typical.

Gap Properties

"Edge of Glass Dimension" shall be
entered as 254mm

(®) Default Gap

() Custom

"Glazing system height" shall be entered
as 406mm

Spacer

Check "Use nominal glass thickness"

[oraw spacer
[ single spacer for multiple alazings

Material | Fiberglass (PE Resin) ~

Default Boundary Conditions

"Use CR Model for Window Glazing
Systems" not required to be check
marked (optional)

(®) Use U-factor values
(0 Use SHGC values

Fiqure 8-240 Import of Glazing System Only

2. Polygons of the opaque spandrel panel materials shall match the entries created in Berkeley Lab
WINDOW and that may require simulator to create new material(s) in the THERM library. Any

created materials shall adhere to NFRC 101 for the proper conductivity and emissivity.
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In some scenarios, the insulation and/or metal skin may have had different emittances for the
interior-facing versus exterior-facing surfaces when it was created in Berkeley Lab WINDOW. For
such scenarios, see Step 7.

3. Begin modeling the polygons that comprise the spandrel panel system (i.e. metal skins and
insulation, etc.). The polygons shall be modeled so that there is a total height measurement of 406mm
from the point where there is no longer any material transition. That may include the frame, spacer,
and glazing gasket; but typically, it is the spandrel panel materials that have the highest point on the
model where there are no longer any more transitions.

See examples below of some scenarios of where the sightline designation shall be started, located at
the part in the 2-D geometrical model which, when in isolation, consists of plane, parallel material
layers.

Sightline, or point where
parallel materials begin

Sightline, or point where
parallel materials begin

/

Figure 8-241 Sightline Examples
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4. If during Step 2 you find that the Glazing System is lower in height than the spandrel panel system
polygons, reinsert the glazing system rather than extending the glass and air space. If you extend the
glass layers, problems may occur with boundary conditions along the top of the glazing.

5. Once glazing system and spandrel panel system materials are modeled and correctly at the height
required, then insert a point at the 254mm location to indicate where the model will be assigned the
"Edge" U-factor surface tag. Do not forget to insert a point on the opposite, exterior, side of the model
for the SHGC Exterior surface tag.

Insert point here since
this is the "sightline"
defined in Step 2 (no
more transitions).

Figure 8-242 Illustration to Define Sightline Manually

6. Assign the interior boundary conditions based on Table 6-4 of this manual but is also reference in
ANSI/NFRC 100, Table 4-2. Because the interior opaque spandrel material polygons are created and
not directly imported from Berkeley Lab WINDOW, the simulator shall manually assign the
appropriate boundary condition for the entire interior side of the model based on the cross-section of
the curtainwall or window wall.

7. For examples of differing emissivity surfaces of a single polygon, such as glass wool insulation with a
foil-faced surface emissivity of 0.05 on one side and 0.9 on the other, manual manipulation of the
polygon by the simulator is required to change the effected surface emissivity.

In the example illustration below (Figure 8-250), the foam insulation with a low emittance foil
adhered to exterior side (i.e. facing the glazing system) shall be required to be changed on the foil
surface when modeled in THERM because it will be automatically be assigned the same emissivity
property of the non-foil side as defined in THERM's material library for that specific material. To
change the material's emissivity:

1) Click on the Frame Cavity Surface to be modified, seen as a red boundary line. If no red line
exists, it is because the modeling was not completed and will require the cross-section with
boundary conditions assigned first.
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2) Once you click on the Frame Cavity Surface, a dialog box will appear for simulator to manually
change the emissivity. This step is very similar to modifying unventilated frame cavity surface
emissivities per Section 8.2.2 (see Figure 8-2) and Section 8.3.1.2 regarding the modeling of hollow
divider models (see Figure 8-15).

3) Hit OK and the emissivity change is complete. However, be wary that if the cross-section
requires changes and/or edits later, simulator must use the middle radio button seen in Figure 8-
243 below when re-assigning boundary conditions or else the emissivity of the foam insulation
will revert back to the original values from the THERM material library.

Frame Cavity Surface X

Emissivity 0.900 m:]

Generating Boundary Cenditions *

When generating the new Boundary Conditions:

(") Use the same library type as any existing or deleted boundary conditions, but
assign new emissivities based on material properties

(®) Use all of the properties of any existing or deleted boundary conditions:

(O Ignore all of the properties of any existing or deleted boundary conditions

o ] [ concel |

Figure 8-243 Proper Boundary Condition Generator for Revised THERM Models
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BC=Adiabatic
U-factor tag = None

/\.

N

BC = Same as Interior Frame Type
U-factor tag = None
This dimension = 152mm

-

\

BC = Same as Interior Frame Type
U-factor tag = Edge
This digtance shall = 254mm

BC=NFRC 100-2010 Exterior
U-factor tag = None

7

BC=NFRC 100-2010 ExteriN
U-factor tag = SHGC Exterior
BC = Interior <frame type>

(convection only)
Radiation Model = AutoEnclosure

U-factor tag = Frame
\ BC=Adiabatic /
U-factor tag = None

Figure 8-244 Boundary Conditions for Spandrel Panel System Modeling
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8. Repeat Steps 1-7 for the remaining cross-sections to be modeled as a Spandrel Panel System. The
example modeling is of a sill section for a window wall and was therefore not center-lined. The steps
to center-line (1/2 the full width) the left and right intermediate jambs of a curtainwall, window wall,
or sloped glazed wall are to be followed as outlined in Section 8.9.1.

9. Once all models are complete, it is required to use the Uframe and Uedge from THERM and the
Ucenter-of-glass from Berkeley Lab WINDOW in an area-weighting spreadsheet for total product U-
factor. For the total product SHGC calculation, required are the component SHGC values, and
represented areas, of the frame (SHGCs) and interior opaque spandrel system (SHGCc). The “edge”
and COG areas are represented by the Berkeley Lab WINDOW COG value calculated in Step 2C in
Section 8.22.1. To calculate the SHGC, the following formula shall be used:

o U,
SHGC, = at; -——*
““surf h

out

A;

1

Where:

Ut = U-factor of frame from THERM model (W/m2K)
as= 0.5 for frame absorption

Asurf = Wetted surface area of frame (m2)

At = Projected surface area of frame (m?)

hout=20.6 W/m2-K.

The simulator will be required to use an area-weighted spreadsheet to calculate the whole product
U-factor and SHGC (Note: VT shall be 0.00). Berkeley Lab WINDOW shall not be used to calculate
whole product values. It automatically calculates whole product values based on a 63.5mm "Edge-of-
Glass" and spandrel panel system modeling requires an edge dimension of 254mm.

8.22 Pivot Windows and Doors

A pivoted window or door are products that have a pivot axis that is fixed in place within the frame and the
sash/slab travel traverses both the interior and exterior planes of the frame during operation. This requires
special attention for what is required to be modeled.

When multiple geometries exist within a single frame perimeter section (i.e. head, jamb, or sill), each
geometry shall be modeled in THERM separately. The models for each frame section with the highest frame
U-factor shall be used to represent that frame section. See Figure 8-246 of an example pivoted product.

Once the representative head, jamb and/or sill is determined, proceed with simulating/modeling using only
the representative frame cross-sections to calculate U-factor, SHGC, VT, and CR/CI as usual.

As an example per Figure 8-253, there are two head profiles and two sill profiles but only 1 jamb profile.
Simulator shall model head#1, head #2, sill #1, and sill #2 with a glazing system for that specific
manufacturer's lowest center-of-glass U-factor. Identify the one head model and the one sill model that has
the highest frame U-factor by using THERM's "display U-factor results". (See Figure 8-245).
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U-Factors *
U-factor delta T Length
el  C mm Rotation
l Frame | 1.7682 ig.o Projected in Glass Plane
SHGC Exterior | 1.79%6 | | 39.0 | | 55.11?9| |90.0 | Projected in Glass Plane
Edge v|[17s8s | [390 | [635 |[90.0 | |projectedinGlassPlane ~
Display
(® U-factor
O r-value
% Error Energy Morm Export
Figure 8-245: Sample Output to Identify Frame U-factor
< &b ®» @
[ T Iﬂ ] -
! \
\
| / N
/ \
\
\
N
\
/ \
! \
Exterlor Interlor /
Head #1 Head #2 \
I‘ \\
Y
! \
/ \
\
\
/7
/
/
/
/
\ /
\ ,
Sill #1 Sill #2 / Left/Right
\ . .
\ J/ Jambs identical
\
: J/ and do not
\
Y change due to
] l“ VL pivoted frame.
[ ] ﬁE-’%EL_
\ Exterlor
[ T
{ Interlor

Figure 8-246: Pivoted Window/Door Example
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8. SPECIAL CASES 8.22 Domed Skylights / Glass Block / U-Channel Glazing / Specialty Glazing

8.22 Domed Skylights / Glass Block / U-Channel Glazing / Specialty Glazing

The following describes the steps for simulating a domed skylight, r glass block, U-channel glazing (See
Figure 8-247 for example of U-channel system) or specialty glazing products to obtain the total product U-
factor.

1) Determine the glazing components conductance, Cs, per ASTM C1363.
2) Calculate the effective conductivity (to 3 significant figures) in Btu/h/ft/°F by the following formula:

Keffglass = Cs*t/12,

Where:
Cs = Conductance of glass as determined per ASTM C1363 test
T = thickness of sample in inches
12 = conversion factor from conductance to conductivity

(Btu-in/hr/ft2/°F to Btu/h/ft/°F)

3) Make a new a glass layer in the Glass Library, and set the conductance to the calculated Keffglass
value.

a. Enter the thickness of the sample

b. If the sample is glass, enter 0.84 for the emissivity of the front and back surfaces

c. If the sample is not glass, then the emissivity of the material shall be determined per the
applicable ASTM standard.

d. The solar, visible, and Tir spectral data values shall not be used and therefore the default
values shown do not need to be modified.

e. To determine Keffglass of specialty glazing products, such as stiff insulating translucent
panels or infill panels where homogeneous solid materials are in direct contact, the Keffglass
is only dependent on the conductivity and depth of each of the materials and therefore can be
calculated as, Keffglass = RT/DT where:

i. RT=}d/k =Total Resistance = sum of the depth(d) of each material layer divided by
the conductivity (k) of that material layer as listed in NFRC 101;
ii. DT =}d=Total Depth = sum of the depth all the material layers. In WINDOW,
create a new glazing layer in the glass library as shown in the "Glass Block" example
below using the calculated Keffglass and using the emissivity(ies) from NFRC 101;
iii. This is for a center-of-glazing scenario for importing a glazing layer from WINDOW,
only. Any edge effect (e.g. aluminum wrapped around the edge) shall be modeled in
THERM
4) Build the glazing system to be used in the THERM model in the Glazing System Library
5) Import the glazing system into the applicable THERM model.
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8. SPECIAL CASES 8.22 Domed Skylights / Glass Block / U-Channel Glazing / Specialty Glazing

Aluminum Jomio Continuous Aluninun Jamb
extrusion posket Sllicone z:truslnn
SBS 27 Siu P1 backer rod Continuous S$BS 2 \
/,,Eﬂ'}ﬁ ) msket
=
BVC Insert PVC hs rt
|/ U
I
ml;tilumas c Lo Sllicone. S
Ad Jacent gaske’ honnel glass sealant licone
censtruction \ sealant UP"' l:on:tru:tlm

gap

Figure 8-247. U-channel Glazing. This portion would require

testing per ASTM C1363 to
obtain a COG U-factor.

Glass Block Example

. The Cs value from the ASTM C1363 test = 0.635 Btu/hr-ft2-°F. The glass =1.008" thick.
2. Keffglass=0.635* 1.008 / 12 = 0.0533 Btu/hr-ft-°F = 0.092 W/m-K
3. In the Glass Library, make a new record, and set the Conductivity to 0.092 W/m-K. Set the front and
back emissivity to 0.84.

File Edit Libraries Record Tools View Help

DSEH| Y RBEE: «« v |[B[c o0 O#7[%[2%

L Glass Library =]
1D #:  |20000 Thicknessl 258 mm
Opticz 5
Name: |Glass Block

M
i Praduct Mame: I

L n
= Manufacturer: |Genenc

Delete ~ Salar
Tranz, Front [Tsoll:| 0834

Trans, Back [Tzol2): | 0.834
Reflect.. Front [Reoll]: | 0.075
Reflect., Back [Rsal2):| 0.07

Pl

Save

o

~Wisible
Tranz, Front [Twig): | 0.899

Trans, Back [Twis2): | 0.899
Reflect., Front [Rwizl]: | 0.023

Reflect., Back [Rwis2): | 008

Trans [Tir): I 0.000

Emis.. Front (Emis1)| 0.840

Ermis.. Back [Emis2]| 0.840

Conductivity: | 0.092 s m-K

]

~IR

Color:

|

Comment: I Diffusing

I
For Help, press F1 Mode: NFRC E UM b

Fiqure 8-248. Create a new record in the Glass Library for the Glass Block tested value.

4. Inthe Glazing System library, create a record for, in this example, a glass block glazing system using
the new glass layer created in the Glass Library, and calculate the properties.
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8. SPECIAL CASES

8.22 Domed Skylights / Glass Block / U-Channel Glazing / Specialty Glazing

kg Edit  Libranes Hecord lools  view  Help

DSEH| %2R S E: > |[B @0: O#*7|%| 2N
— Glazing System Library A

List
Cao (F9) | EE Mame: |Glass Block 25 mm

New | # Layers: |1—il Tilk: I—SD * IG Height:lw i

oy | Enviententalfy FRC 1002010 =l iGwidh] 1000 mm

Delete | Comment:l ]

Save | Owerall thickness:lm mm Mode:l?—

Report | [ ] Name [Mode] Thick [Fip] Tsol | Rsolt [ Rsol2 | Tuis | Rvist [Fvis2| Ti | E1 | E2 [ Cond

256 [J]os34

j Glazz 1 »» 20000 Glass Block

4

0075 0075 0833 0033 0033 0000 0840 0840 0032

Certer of Glass Results | Temperature Data | Optical Data | Angular Data EolorPropertiesI

Ufactar SC SHGC Rel Ht. Gain Triz Feff
idm2-K Wim2 i
22250 1.0018 0.8715 £43 0.8392 AP

For Help, press F1

Mode; wFRE 5T [ um [

=

v

Figure 8-249. Create a new record in the Glazing System Library using the Glass Block layer.

5. Import the glazing system into the applicable THERM model and simulate the product.

6. Calculate the total product U-factor. WINDOW should be able to calculate this value but if not, then

use a spreadsheet to obtain the area-weighted U-factor.
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9. SAMPLE PROBLEMS

9.1. Overview
There are four sample problems:

* Problem 1: Vinyl Fixed Window

= Problem 2: Aluminum Horizontal Sliding Window

= Problem 3: Flush-Mount Skylight
= Problem 4: Door

page 9-2

page 9-16
page 9-34
page 9-45

These sample problems may contain boundary conditions, frame cavity conditions and modeling techniques
that do not conform to the NFRC modeling rules. If this is the case, the NFRC modeling rules always take
precedence over what is shown in these example problems.

The results shown are only examples of the process to use WINDOW /THERM using version 6 to calculate
whole product ratings and therefore tables and figures provided were not updated for version 7. Also, these
examples may not correspond exactly to results obtained with the WINDOW and THERM programs.

Please note that some of the drawings provided with these sample problems are proprietary. Therefore, they
shall not be used by anyone for any purpose other than the enclosed sample problems without the prior

written consent of NFRC.
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9. SAMPLE PROBLEMS 9.2 Problem 1: Vinyl Fixed Window

9.2 Problem 1: Vinyl Fixed Window
For this fixed vinyl window, calculate the U-factor, SHGC, and VT values.

9.2.1. Description

Window Type
Overall Size

Frame Material

Glazing System

Spacer Type
Glazing Method
Dividers

Cross Sections

Fixed picture window.
Width = 1200 mm; Height = 1500 mm

PVC frame and stop, with a wall thickness of 3.175 mm (0.125”). The same geometry can
be used for the head, jambs and sill.

Double glazing, 19.05 mm (0.750”) overall L.G. thickness. The outboard lite is double-
strength clear glass, 3.277 mm (0.129”) thick. The inboard lite is double-strength clear
glass with a PPG Sungate100 Low-E coating on surface three. The glazing cavity is air
filled, 12.5 mm (0.492”) thick.

Intercept spacer with PIB primary seal and hot-melt butyl secondary seal.

Foam rubber tape, 3.175 mm (0.125”) thick.

Aluminum grid pattern, painted white. The grid pattern for the window is three by four,
and is between the glass.

See Section 9.2.7 for drawings of this product.

9.2.2. Glazing Matrix

The window is offered by the manufacturer both with and without dividers. The drawings indicate that there
is less than 3.0 mm (0.118”) between the glass and the divider, so the glazing matrix must include both a case
with and without dividers.
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9. SAMPLE PROBLEMS 9.2 Problem 1: Vinyl Fixed Window

9.2.3. Center-of-glazing Modeling (WINDOW)

Model the glazing system in WINDOW with double strength clear glass, a 12.5 mm (0.492”) air space (air
filled), and Sungate100 Low-E.

The figure below shows the WINDOW Glazing System Library for this glazing system.

File Edit Libraries Record Tools Yiew Help

D% 2@ & E: «a>r B @n: O# 7 |%|7 W

— Glazing Syetem Library a
List |
Calc [F9) | D #: |1 Narne: |3 low-E

Hew | # Lapers: |2 i’ TiIt:I I 1G Height:l 1000
Environmental ] :
Copy | Dt | MFRE 100-2010 | IG Widty] 1000 mm :
Delete | Carmment: I : 2

Save | Owverall thickness: |1 8,500 mm Fode: Iii

Repont | [ o | Name [Mode] Thick |Fiig] Tsol [ Rsanl [ Rsoiz | Tvis [ Rwist [ Avisz| Tir | E1 | E2 | Cond |
=] Glass1 v 5009 CLEAR_3FPG # 30 [O|oser o007 0077 089% 0086 0085 0000 0840 0840 1.000
Gap1 »» 1 i 126 [
| Glass2 »r 5142 ST00CL_3FFG # 30 [O|os7e 0ze2 0207 0827 0047 0062 000D 009 0840 1.000
4| | 3

Center of Glass Results | Temperature Data | Optical Datal Angular Data | Color Properties I

Ufactor SC SHGC Rel. Ht. Gain Trwis k.eff
W fma-k W ime -k
.............. 1?888 0.6987 0.B07S 454 0.7463 0.0329
Far Help, press Fi Mode: NERC E MM v

Figure 9-1. WINDOW Glazing System Library for the vinyl window.

The results for the center-of-glazing U-factor are shown in the following table:

Table 9-1. Center-of-glazing U-factor results from WINDOW.

Center-of-Glazing U-Factor

Glazing Options
19.05 mm (0.75”) overall thickness W/m?2-°C (Btu/hr-ft2-°F)
1 Clear (3 mm), Air, Low-E (3 mm) 1.7886 0.3150

This glazing system will be used in THERM to calculate the edge-of-glazing and frame U-factors, and also in
WINDOW to calculate the overall product U-factor.
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9. SAMPLE PROBLEMS 9.2 Problem 1: Vinyl Fixed Window

9.2.4. Edge-of-glazing and Frame Modeling for U-Factor (THERM)

Because this is a fixed window where the head, sill and jambs have the same geometry, the frame and stop
portions of the cross sections created in THERM will be the same. However, due to the ISO 15099 modeling
assumptions for gravity vectors and condensation resistance modeling, it is necessary to create a unique cross
section for each component type to reflect the proper orientation of the glazing system and gravity vector.

The table below shows the files that are associated with this example.

Table 9-2. Files associated with the vinyl window example.

Cross Section

DXF Filename

THERM Filename

Sill

Vinyl-Frame.dxf

Vinyl-Sill.thm

Head Vinyl-Frame.dxf Vinyl-Head.thm
Jamb Vinyl-Frame.dxf Vinyl-Jamb.thm
Divider Vinyl-Div.thm

The table below shows the resulting U-factors for the vinyl frame and divider cross sections.

Table 9-3. THERM results for the vinyl window cross sections.

Frame U-Factor Edge U-Factor
Cross Section | W/m2-°C Btu/hr-ft2-°F W/m?-°C Btu/hr-ft2-°F
Sill 1.5988 0.2816 2.1163 0.3727
Head 1.6037 0.2824 2.1151 0.3725
Jamb 1.6498 0.3182 21176 0.3706
Divider 2.6050 0.4593 1.9986 0.3521

Figures 9-2 through 9-5 show the THERM cross sections and U-factor results for this window.
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9. SAMPLE PROBLEMS

9.2 Problem 1: Vinyl Fixed Window

Sill

Cross Section Type = Sill
Gravity Vector = Down

Gravity VectoRE
‘ BC= NFRC 100-2001
Exterior
Radiation Model =
Blackbody

U-factor tag = None

BC= Adiabatic
U-factor tag =

—>

[
BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-factor tag = SHGC Exterior

e

*— BC= Adiabatic

lI-factor tacd = None

VI

BC= 3 mm Vinyl U-factor Inside
Film
Radiation Model = AutoEnclosure

<4

BC= 3 mm Vinyl U-factor Inside
Film
Radiation Model = AutoEnclosure

I
/ BC= Interior Wood/Vinyl Frame
(convection only)
Radiation Model = AutoEnclosure

U-factor tag = Frame

4

uractors x|
U-factar delta T
i Am-K, C R ctation
SHGC E sterior |1.4U32 |39.U |4?.E249 I 50.0 IF'roiected in Glass Plane j
Frame [15988  [33.0 | 900 [Projected in Glass Plane ¥ |
Edae il EARCER | 800 |Projected in Glass Plane =]

% Enor Energy Mormn I 7.52%

Espart |

Figure 9-2. THERM cross section and U-factor results for the sill cross section.
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9. SAMPLE PROBLEMS

9.2 Problem 1: Vinyl Fixed Window

Jamb

Modeling Assumptions:

=  Cross Section Type = Jamb

=  Gravity Vector = Into the
Screen

= Jambs are modeled without
the Condensation Resistance
Model

iy Vet

)

BC= NFRC 100-2010
Exterior

Radiation Model =
Blackbody

U-factor tag = None

BC= Adiabatic
U-factor tag = None

vy

—» 9

BC= 3 mm Vinyl U-factor Inside
Film
Radiation Model =

9 <

BC= 3 mm Vinyl U-factor Inside
Film
Radiation Model =

BC= NFRC 100-2010
Exterior

Radiation Model =
Blackbody

U-factor tag = SHGC
Exterior

— 1
\A BC= Interior Wood/Vinyl

Frame (convection only)
Radiation Model =
AutoEnclosure

uractors |

U-factor delta T Length
Wik C mm Fotation

BC= Adiabatic
U-factor taa = None

SHGCEweror [14619 | [380  [47.6248 [300 | [Projected in Glass Plane 7]
Fiame [15438  [380  [47625  [900  |Puojectedin Glass Plane |
Edge ~ljz1176 [0 [B35 [300 | |Projected in Glass Plane ¥

= Expart
% Enar Eneragy Norm I 742% &l

Figure 9-3. THERM cross section and U-factor results for the jamb cross section.

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026 9-6



9. SAMPLE PROBLEMS 9.2 Problem 1: Vinyl Fixed Window

BC= Adiabatic
U-factor tag = None

v IR

BC= Interior Wood/Vinyl Frame
BC= NFRC 100-2010 Exterior (convection only)

Radiation Model = Blackbody Radiation Model =
U-factor taa = SHGC Exterior AitnFnelaciire

Modeling Assumptions:
=  Cross Section Type =
Head BC= 3 mm Vinyl U-factor Inside

=  Gravity Vector = Down Film
Radiation Model = AutoEnclosure

BC= NFRC 100-2010

m x| Exterior \ |
Radiation Model =
Blackbody
l U-factor taa = None BC= 3 mm Vinyl U-factor Inside
Film
Radiation Model = AutoEnclosure

RS
I
BC= Adiabatic
U-factor taa = None
UFactors x|
U-factor delta T Length
wf fm2-K. C e Rotation
SHGEC Exterior |1.4040 |39.U |4?.5249 I an.0 IProiected in Glasz Flane j
Frame |1.503? |39.U |4?.525 I an.0 IProiected in Glasz Flane j
Edge i EANE I =X 625 | 900 |Praiected in Glass Plane 7 |
% Enar Energy Maorm I 7.75% Expart |

Head

Figure 9-4. THERM cross section and U-factor results for the head cross section.
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9. SAMPLE PROBLEMS 9.2 Problem 1: Vinyl Fixed Window

Divider
BC= Adiabatic
U—factorltag = None
=  Cross Section Type = Vertical + }
Divider —> P —

=  (model both vertical and horizontal
dividers as Vertical)

= Do not use the CR model with a
Vertical Divider cross section.

= Gravity Vector = Into the Screen

= ltis not necessary to apply the
SHGC Exterior U-factor tag in this
case because the interior projected
frame dimension and the exterior
wetted length are the same (but it 4
should be added for consistency).

Film

Film
Radiation Model = AutoEnclosure
® » <4—
BC= 3 mm Vinyl U-factor Inside
— Film
1 »4—  Radiation Model =
Gravity VectalEd
BC= 3 mm Vinyl U-factor Inside
Film
BC= NFRC 100-2010 Radiation Model = AutoEnclosure
Exterior
Radiation Model =
Blackbody <
U-factor tag = None

Film

S,

A A
I
BC= Adiabatic
U-factor tag = None
X
U-factor delta T Length
Wm2-F, C mm Ratation
Frame 28050 [380 |54 (900 |Projected in Glass Plane x|
Edge |1 .9936 |39.U |1 27 ISU.D IProiected in Glazs Plane j
SHGEC Exterior j |3.UB58 |39.U |25.4 ISU.U IProiected in Glass Plane j

I 7 Expart |
% Enror Energy Norm | 7.20% Hpar

BC= 3 mm Vinyl U-factor Inside

Radiation Model = AutoEnclosure

BC= 3 mm Vinyl U-factor Inside

BC= 3 mm Vinyl U-factor Inside

Radiation Model = AutoEnclosure

Figure 9-5. THERM cross section and U-factor results for the divider cross section.
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9. SAMPLE PROBLEMS 9.2 Problem 1: Vinyl Fixed Window

9.2.5. Total Product U-Factor
In WINDOW, import the THERM cross sections into the Frame Library.

i Frame Library {C:\Program Files'LBNL\ WINDOWG3',¥inyl.mdb) o = |
File Edit Libraries Record Tools View Help

D@ s ER|E[E: « r v Baeli [0 7|%| 20

= - Frame Library [C:\Proaram FileshLBMNLIHD W B35 inplmdb) =
Detailed View |
Update Frame Edge Edge Glazing
—I o W SEEE | TR Uvalus Uvalue | Corelation | Thickness [P @b | (Dol
Hew | Wim2E | Wim2k o e
1 VinylHead THM Therm  Head 1.604 2115 N 1581 476 030
Lopy | -
2 VinhJamb. THM Theim  Jamb 1650 2118 N/ 191 46 oo [
Dokt | ||y “Them | Sil 2116 L
— Find
[} v

Advanced... |

3 reconds found.

Imnpark

| G |
E xport |
__ Bt |

Report

Erint

=l
Far Help, press F1 Made: NFRC ﬁ l_ W v
Figure 9-6. THERM files imported into the Frame Library.

In WINDOW, two records are created in the Window Library for the U-factor calculation - one without
dividers and one with the manufacturer supplied dividers, as shown in the figure below.

i1 Window Library {C:'Program Files'LBNL\ WINDOWG3' ¥inyl.mdb) =13l =l
File Edit Libraries Record Tools  View Help

D@ s ER|E[E: (> M|[BEae0i O#Z|%| 2\

Windaow Library [C:\Program Files\LEM LYW N DOWEINY il mdb) =

o

Detailed View

Lalc D Mame Type ‘width | Height | Ufactor | SHGC | Twis | CR

mm mm W fm2-k,
YWiryl - 3mm low-E (Mo Dividers) Fired [picture] | 1200 1500 1.809 0525 | 0E44

Lopy 5 Virl- 3mm lowE [With Dividers) Fised [pictus] |~ 1200 1500 1995 = 0453 0556 M

dddd

Delete

rFind
o]

A

Advanced...

[,

2 records found.

Irmnpark

E xpart

il

Report

Frint

=
For Help, press FL Mode: NFRC  [51 [ [NUM 4

Figure 9-7. Window Library records for the product with and without dividers for the U-factor calculation.
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9. SAMPLE PROBLEMS

9.2 Problem 1: Vinyl Fixed Window

The following table shows the overall product U-factor from WINDOW, both with and without dividers.

5 window Library (C:,Program Files',L BNL\WINDOWG3', ¥inyl.mdb)

File Edit Libraries Record Tools ‘iew Help

~lojx|

= =R

|8 em: O#7 % TN

List ] n|1 -
Calc [F3) Mame IV\nyI - 3 low-E [Ma Di
MUdEINFHC -
Hew
C TypeIF\xed [picture] - j
o
=2 Wmlhl 1200 mm
DEk, Height | 1800 mm
Save drea [ 1800 m2
Bepoit Tie| =0

Enviranmental Conditions
MFRC 100-2010 hd

Rl kol

Dividers

o
123
-1
2
ES
=
=%
@

Fl

Normal

i~ Total Window Result |

Click on & component ta display characteristics below

U-factar | 1.8095 W/m2-K

SHGC | 0.5254
Dietail
YT | 06435

CR 53 Detail..

Edge area I 0.303 m2

Glazing Systern

Name |3mm low-E ﬂ il
D | 1 Ueenter | 1.771 Wim2-K
Niapers [ 2 sc| D658
Area [ 1243 m2 SHGE [ 0607
Wie lﬁ

4]

Far Help, press Fi

|
Mode: NFRC 5L [ [WUM

o

»
4

Figure 9-8. WINDOW total product U-factor calculation without dividers.

i Window Library {C:\Program Files'LBNL\WINDOWG3" ¥inyl.mdb}
File Edit Lbraties Record Tools View Help

=lolx|

DS ¢2RB(EE: K «» M@ ®0; OHZ[% TN

List ID# |2 -I

Heme [Vrgl 3 ewE (Wi T

- New tode lm

Type | Fiwed [picture) = ﬁ
E Width [~ 1200 rmm

Delete Height lﬁ o

Save Hiea IW m2

Fepart Tilt 0

Environmental Conditions
NFRLC 100-2010 x

_u |

el

[¥ Dividers

i

Dividers

Display mode:

INmmaI 'I

r~ Tatal Window Fesul
U-factar | 1.9347 W /m2-K

SHGC | 0.4585

Detai..
VT | 0.5558

CR I B3 Detai

Click on a component to display characteristics below

Glazing Spstem

=1 2
Ucenter | 1.771 wWém2K
sc| nesE
sHeE [ 0807
Wte: lﬁ

Name |3mm lowE
D I 1
Mlapers |—2
Area Iﬁm2
Edge area Iﬁm?

1

For Help, press F1

|
Mode: NFRC 5L [MUM

o

5
4

Figure 9-9. WINDOW total product U-factor calculation with dividers.

Table 9-4. Total product U-factors.

Glazing Options19.05 mm (0.75”) overall

Total Product U-Factor

thickness W/m?2-°C Btu/hr-ft2-oF
1 Clear, Air, Low-E (without dividers) 1.8095 0.3187
2 Clear, Air, Low-E (with dividers) 1.9941 0.3512
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9. SAMPLE PROBLEMS 9.2 Problem 1: Vinyl Fixed Window

9.2.6. Individual Product SHGC and VT using SHGC 0 & 1 and VT 0 & 1

The methodology for determining the Solar Heat Gain Coefficient (SHGC) and Visible Transmittance (VT) for
products is outlined in NFRC 200 using values of SHGCyp, SHGC;, VTp and VTi. A detailed explanation of
how to apply that methodology in WINDOW is presented in Section 7.4.1 of this manual. These values are
calculated in WINDOW for the best glazing option modeled with the highest frame and edge U-factor frame,
as outlined in NFRC 200, Section 4.2.3 (A). The values calculated from that one case are then used to calculate
the SHGC and VT for any other glazing options using Equations 4-1 and 4-2 in NFRC 200. Do not use the
SHGC, SHGC;, VT and VT, from WINDOW for every glazing option - just for the best glazing option.

Using this procedure, display the results for the SHGCo, SHGC1, VT and VT for the best glazing option
(Clear, Air, Low-E), by clicking on the Detail button on the Window Library Detailed View screen, as shown
in the figure below. The SHGC and VT detail dialog box will show the SHGC and VT values for the
following three cases for this glazing option:

= No Dividers

= Dividers < 25.4 mm (modeled as 19.5 mm)

= Dividers >25.4 mm (modeled as 38.1 mm)

~=1alx|

i Window Library (C:\Program Files'\LBNL WINDOWG3" Yinyl.mdb)
File Edit Libraties Record Tools View Help

CEd @2 BE: v B eN: O 7| 7

List D #[1 - Best glazing
Cale F3] Mame [vingl - 3mm lowrE (o Dis < option

" Mode m
Tops IWI ﬂ

width [ 1200 mm

Heigrt [ 1500 mm

Save Area IW i

Bepart ie] a0

Environmental Conditions

NFRC 100-2010 >

=
T

Bl ElekEl

Lopy

Delete

Dividers

Display mode:

/ x

ol = i Total Window R esult: Ho Generic Generic
Click. displ h bel Il il Il
Ustactor [ 7805 W/, ‘ hich ﬂwnent to display charactenstics belov Dividers Dividers Dividers
g
sec [T5850 A  int S FOD (mm) N4 1905000 3810000
vT [06435 ™ Userter [ 177 wimzk SHGCO 000203 000435 0.00771
HRl = Nisvers [ 2 sc| 0638 SHGC 0.86426 0.77823 069658
Area | 1.249 m2 SHGC | 0.607 = wv1n_ |
. . [ wT0
Click the Detail button’to Edge ea [ T3 iz ve [T _ "% | 0pfoooo 000000 0.00000
display the SHGCo, YT1 086224 077328 063317

SHGC1, VTo, VT1 values |

Ok, | Save bz I

Figure 9-10. Window Library SHGC and VT values for the best glazing option, accessed from the Detail button.
Table 9-5. SHGCy, SHGCy, VTyand VTidata for the best glazing option in this product line (Clear, Air, Low-E).

Dividers Dividers
. <25.4 mm, modeled at | > 25.4 mm, modeled at
No Dividers ’ ’
19.5 mm (£ 1.0”, 38.1 mm (> 1.5”, modeled
modeled at 0.75”) at1.5”)
SHGGC, 0.00203 0.00495 0.00771
SHGC; 0.86426 0.77823 0.69688
VT 0.0 0.0 0.0
VT1 0.86224 0.77328 0.68917
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9. SAMPLE PROBLEMS

9.2 Problem 1: Vinyl Fixed Window

SHGC Calculation Using Equation 4-1 from NFRC 200

Equation 4-1 from NFRC 200 is used to calculate the whole product SHGC from the SHGCy, SHGC;, and

SHGCc:
SHGC = SHGC, + SHGCc (SHGC; - SHGCy)
Where:
SHGCc = center-of-glazing SHGC (calculated in the Glazing System Library of WINDOW for the
best glazing option)
= 0.6079 in this example
SHGC, = total product SHGC values for a center-of-glazing SHGC of 0.0 (calculated in the
Window Library of WINDOW for the best glazing option)
SHGC, = total product SHGC values for a center-of-glazing SHGC of 1.0 (calculated in the
Window Library of WINDOW for the best glazing option)
SHGC = total product SHGC (calculated using Equation 4-1)

The SHGC data from Table 9-5 is used with Equation 4-1 to determine total product SHGC as follows:

Without Dividers:
SHGC = 0.00203+ 0.6079 (0.86426- 0.00203)
= 0.5262
With Dividers <1” (25.4mm) - modeled at 0.75”:
SHGC =0.00495 + 0.6079 (0.77823 - 0.00495)
= 0.4750
With Dividers > 17 (25.4mm) modeled at 0.75”:
SHGC =0.00771+ 0.6079 (0.69688- 0.00771)
= 0.4267

Table 9-6. Total product SHGC for the best glazing option (Clear, Air, Low-E).

SHGC
Dividers Dividers
<25.4 mm, modeled at | > 25.4 mm, modeled
19.5 mm (£1.07, at 38.1 mm (> 1.5”,
Glazing Option No Dividers modeled at 0.75”) modeled at 1.5”)
Clear, Air, Low-E 0.5262 0.4750 0.4267
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9. SAMPLE PROBLEMS

9.2 Problem 1: Vinyl Fixed Window

VT Calculation Using Equation 4-2 from NFRC 200

Equation 4-2 from NFRC 200 is used to calculate the whole product VT from the VT,, VT, and VTc:

VT =VTy+ VIc (VTl - VTo)
Where:

Window

VIC = center-of-glazing VT (calculated in the Glazing System Library of WINDOW for the best
glazing option as “Tvis”)
VT0 = total product VT values for a center-of-glazing VT of 0.0 (calculated in the Window
Library of WINDOW for the best glazing option)
VT1= total product VT values for a center-of-glazing VT of 1.0 (calculated in the
Library of WINDOW for the best glazing option)
VT = total product VT (calculated using Equation 4-2)
The VT data from Table 9-5 is used with Equation 4-1 to determine total product VT as follows:
Without Dividers:
VT = 0.0 + 0.7463 (0.86224- 0.0)

0.6435

With Dividers <1” (25.4mm) - modeled at 0.75”:

VT = 0.0 + 0.7463 (0.77328- 0.0)
= 0.5771
With Dividers > 1” (25.4mm) modeled at 0.75”:
VT = 0.0 + 0.7463 (0.68917- 0.0)
= 0.5143

Table 9-7. Total product VT for the best glazing option (Clear, Air, Low-E).

VT

Glazing Option

No Dividers

Dividers

< 25.4 mm, modeled
at 19.5 mm (£ 1.0”,
modeled at 0.75”)

Dividers

> 25.4 mm, modeled
at 38.1 mm (> 1.5”,
modeled at 1.5”)

Clear, Air, Low-E

0.6435

0.5771

0.5143
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9. SAMPLE PROBLEMS 9.2 Problem 1: Vinyl Fixed Window

9.2.7. Drawings Vinyl Fixed Window

The following pages contain detailed drawings for this window.

Head, Sill and Jamb

1000
L 025
0482 [
0.625
— |
T 3
oas 0.250
l 0%
0250 J
0125 —
0250 250 —
1500 1400 1000 0500 —

‘

0.625 0.625
0.250 r
0.500
1000 J r—- 0125 1.000
— 0625 «;I’

N|

|0z
S — i —
- 0375 L

1500 1'0.250 1 2250

Figure 9-11. Dimensioned drawing for the frame and stop.
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9. SAMPLE PROBLEMS 9.2 Problem 1: Vinyl Fixed Window

Spacer
. umﬂuT e — 4
— =
Bots0 ] % [
020
00680 # |
13 | 0.3750
01780
0480
040
Figure 9-12. Dimensioned drawing for the spacer.
Divider

R0.0310 ~
<

00310 —

g
g

Figure 9-13. Dimensioned drawing for the divider.
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9. SAMPLE PROBLEMS 9.3 Problem 2: Aluminum Horizontal Slider Window

9.3 Problem 2: Aluminum Horizontal Slider Window

For this aluminum horizontal slider window example, calculate the total product U-factor, SHGC, VT and the
specialty products table.

9.3.1. Description
Window Type Horizontal Slider
Quwerall Size Width = 1500mm; Height = 1200mm

Frame Material ~ Aluminum painted white. Thermal breaks as indicated in the drawing assembly. The
manufacturer indicated that the de-bridge width is 0.250" for all the cross sections.
Thermal break material is poured in place polyurethane.

Spacer type Stainless steel spacer with PIB primary seal and silicone secondary seal. (See drawings in
Section 9.3.7)

Weather Strip See drawings in Section 9.3.7.

Cross Sections Section 9.3.7 contains the drawings for this example.

Dividers Aluminum painted white. See drawing in Section 9.3.7 for dimensions. Based on the

drawings and the glazing cavity thickness, the dividers do not need to be modeled
because the gap between the divider and the glass is greater than or equal to 3.0 mm
(0.118).

Manufacturer provides standard 12" on center or less horizontal and vertical grid
pattern for his products.

Glazing System  Double glazing, 25.4 mm (1”) overall L.G. thickness. The manufacturer uses two different
glass suppliers depending on the market availability and price factor. The manufacturer
uses clear and Low-E coated glass from the same supplier.

= (Clear Glass: from PPG or CIG with nominal thickness of 3 mm, 4 mm, 5 mm, and
6mm

= Low-E Glass: from PPG (Sungate100) or CIG (LoE 145) with nominal thickness of 3
mm, 4 mm, 5 mm, and 6mm

Glazing Method ~ PVC U-channel.

Cross Sections See Section 9.3.7 for drawings of this product.
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9. SAMPLE PROBLEMS 9.3 Problem 2: Aluminum Horizontal Slider Window

9.3.2. Glazing Matrix

The following table shows the glazing matrix that is to be simulated for this window. However, for this
example, only Glazing Option 1 will be modeled using CIG glass.

Table 9-8. Matrix of glazing options for the aluminum horizontal slider.

Glazing Options
25.4 mm (1.0”) overall thickness Grid Option Manufacturer
1 Clear (3mm), Argon (95%), Low-E (3mm) Not modeled* CIG
2 Clear (4mm), Argon (95%), Low-E (4mm) Not modeled* CIG
3 Clear (5mm), Argon (95%), Low-E (5mm) Not modeled* CIG
4 Clear (6mm), Argon (95%), Low-E (6mm) Not modeled* CIG
5 Clear (3mm), Argon (95%), Low-E (3mm) Not modeled* PPG
6 Clear (4mm), Argon (95%), Low-E (4mm) Not modeled* PPG
7 Clear (bmm), Argon (95%), Low-E (5mm) Not modeled* PPG
8 Clear (6mm), Argon (95%), Low-E (6mm) Not modeled* PPG

9.3.3. Center-of-glazing Modeling (WINDOW)

In WINDOW, create the glazing systems needed for the Glazing Matrix in Section 9.3.2. The figure below
shows the record for Glazing Option 1 in the Glazing System Library.

ii Glazing System Library {C:\Program Files'LBNL'\WINDOWG3" Aluminum Slider.mdb) - |EI|1|

File Edit Libraries Record Tools Wiew Help

DS 4@ S|« ar (B oN;: O#7[%| 7N
— Glazing Swystern Library =
List |
Calc [F9) i # [1 Mame: |3mra CIG
MHew ﬁLa_l,lers:|2 i’ TiIt:I I 1G Height:l 1000 mm
Erironmental .y '
Copy | Conditions:lNFHC1DU'2mU ﬂ |G Widthe| 1000 mm :
Delete | Eomment:l 1 '2
Save | Dverallthickness:lZE.dDD mm Mode: Iii
Bepert | [ o] Name |Mode] Thick |Fiig] Tsel [ Rsail | Rsoi2 | Tvis | Rvist [Rvis2| T | E1 | E2 | cond |
j ________________ Glass 1i»» 2001 CLR-ZCIG # 20 [Jjoess 0076 0076 0.904 0082 0.082 0.000 0.840 0.840 1.000
Gap1 »» 10 Argon 95% 134 [
j Glasz 2 »» 2016 E145-3.C1G # 30 |03z 0258 0240 0497 0070 0136 0000 0102 0840 1.000
4| | »
Certer of Glass Results | Temperature Data DpticaIDataI Angular Data | Calar Propertiesl
Ufactar SC SHGC Rel. Ht. Gain Tuis K.eff
wdma-K W ime -
.............. 1217 . 0883 ik e ALz ML
Far Help, press F1 Maode: MFRC E W] 5

Figure 9-14. WINDOW Glazing System Library for Glazing Option 1 of the aluminum slider window.
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9. SAMPLE PROBLEMS

9.3 Problem 2: Aluminum Horizontal Slider Window

The results for the center-of-glazing U-factor are shown in the following table:

Table 9-9. Center-of-glazing U-factor Results for Glazing Option 1 from WINDOW

Glazing Options

25.4 mm (1.0”) overall thickness

Center-of-glazing U-Factor

W/m2-°C BTU/hr-ft2-°F

1 Clear (3mm), Argon (95%), Low-E (3mm)

1.6217 0.2856

These glazing systems will be used in THERM to calculate the frame and edge-of-glazing U-factors, and also
in WINDOW to calculate the overall product U-factor.

9.3.4. Edge-of-glazing and Frame Modeling (THERM)

There are seven cross-sections that must be modeled for this product, listed in the table below.

Table 9-10. Cross sections and files associated with the aluminum horizontal slider example.

Cross Section DXF Filename THERM Filename

Sill Vent Aluminum-Sill Vent.dxf SV_01.thm

Sill Fixed Aluminum-Sill Fixed.dxf SF_01.thm

Head Vent Aluminum-Head Vent.dxf HV_01.thm

Head Fixed Aluminum-Head Fixed.dxf HF_01.thm

Jamb Vent Aluminum-Jamb Vent.dxf JV_01.thm

Jamb Fixed Aluminum-Jamb Fixed.dxf JF_01.thm

Meeting Rail Aluminum-Meeting Rail.dxf MR_01.thm

Note: The sample THERM files for this example were modeled with Glazing Option 1 only. Spacer geometry
must be altered to accommodate the remaining glazing options.

Create THERM files for each cross section. The DXF files were not generated in a manner that would
facilitate the use of the AutoConvert function in THERM, but the underlay can be used to trace the cross

sections (see Chapter 5 “Drawing Cross Section Geometry” in the THERM User’s Manual).

Table 9-11 shows the resulting U-factors for the aluminum frame and divider cross sections.

Table 9-11. THERM results for the aluminum horizontal window cross sections.

Frame U-Factor Edge U-Factor
Cross Section | W/m2-°C Btu/hr-ft2-°F W/m?-°C Btu/hr-ft2-°F
Sill Vent 6.0714 1.0692 2.1744 0.3829
Sill Fixed 8.8507 1.5587 2.0555 0.3620
Head Vent 5.1152 0.9008 2.1201 0.3734
Head Fixed 7.1510 1.2594 2.0810 0.3665
Jamb Vent 5.3240 0.9376 21173 0.3729
Jamb Fixed 8.0264 1.4135 2.0708 0.3647
Meeting Rail 7.0598 1.2433 2.0251 0.3566

The figures on the following pages show THERM file cross sections and U-factor results for this window.
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9. SAMPLE PROBLEMS

9.3 Problem 2: Aluminum Horizontal Slider Window

Sill Vent

BC= Adiabatic

Cross Section Type =

U-factor tag = None

Sill v }
Gravity Vector = Down > <

orovty Vectat

L

BC= NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-factor tag = None

BC= NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-factor tag = SHGC Exterior

.

L BC= Adiabatic
U-factor taa =

R -

BC= 3 mm CIG U-factor Inside
Film

Radiation Model = AutoEnclosure
U-factor tag = None

BC= 3 mm CIG U-factor Inside
Film

Radiation Model = AutoEnclosure
U-factor tag = Edge

BC= Interior Thermally Broken
Frame (convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

uractors B
U-factar delta T Lenath
-k C i Rotation
SHGC Esterior |5.2433 |39.U IS?.5251 ISU.U IProiected in Glass Plane j
Frame [5.8204  [390 | [976252 | [300  |Piojected in Glass Plane 7]
Edge x| je1ess  Jssn (|35 |00 |Projected in Glass Plane 7]

% Enor Energy Norm I 8.03%

Expart |

Figure 9-15. THERM cross section and U-factor results for sill vent cross section.
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9. SAMPLE PROBLEMS

9.3 Problem 2: Aluminum Horizontal Slider Window

Sill Fixed

Figure 9-16. THERM cross section and U-factor results for the sill fixed cross section.

Cross Section Type =

BC= Adiabatic
U-factor tag = None
R

Sill v
Gravity Vector = Down —>

orovty vetaRd

-L

BC= NFRC 100-2010
Exterior
Radiation Model =

BC= NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-factor tag = SHGC Exterior

v

<4—

BC= 3 mm CIG U-factor Inside
Film

Radiation Model =
AutoEnclosure

Il fAntAr +Aa~n — NlAnA

BC= 3 mm CIG U-factor Inside
Film

Radiation Model =
AutoEnclosure

Y

BC= Interior Aluminum Frame
(convection only)

Radiation Model =
AutoEnclosure

U-factor tag = Frame

BC= Adiabatic J
U-factor tag = None
uracors X
LI-factar delta T Length
ddm2-K, C i Ruatation
Frame [2.8507  [390  [97.3204 [900  [Projected i Glass Flane v ]

SHGC Exterior 30815

|39_u |S?.32D4 |sn.u

IProiecled in Glazs Plahe j

Edge | |28
% Error Energy Mom I 8.24%

|39.u |53.5 |an.u

IProiected in Glazs Plane j

Export |
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9. SAMPLE PROBLEMS

9.3 Problem 2: Aluminum Horizontal Slider Window

Jamb Vent

BC= Adiabatic
U-factor tag = None

v

Cross Section Type = Jamb »

Gravity Vector = Into the Screen

Gravity ¥Yec il

&)

BC= NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-factor tag = None

BC= NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-factor tag = SHGC Exterior

r

BC= Adiabatic

N R

v

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

L oo

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

/

BC= Interior Thermally Broken
Frame (convection only)
Radiation Model = AutoEnclosure
U-factor taa = Frame

A~

U-factor tag = None

wractars x|
U-factar delta T Length
2K C mm Rotation
Frame [5.1970  [38.0 [532373  [ann | Proiected in Glass Plane |~ |
SHGC Exterior [5.6168  [38.0 [5az378  [anD | Projected in Glass Plane |~ |
Edge MBI EE |64.6568  [a0.0 | Projected in Glass Plane |~ |

% Error Energy Morm I 9.34%

E sport |

Figure 9-17. THERM cross section and U-factor results for the jamb vent cross section.
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9. SAMPLE PROBLEMS

9.3 Problem 2: Aluminum Horizontal Slider Window

U-factor tag = None

v

<4+—

Jamb Fixed
BC= Adiabatic
Cross Section Type = Jamb +
Gravity Vector = Into the Screen —
Gravity vectomed

BC= NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-factor tag = None

BC= NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-factor tag = SHGC Exterior

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

<

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC= Interior Thermally Broken
Frame (convection only)
Radiation Model = AutoEnclosure

U-factor tag = Frame

- BC= Adiabatic ™~
U-factor tag = None
U-Factors X
-factor Length
W ma-K ] Ratation
SHGC Exterior [81208 [5az378 a0 [ Projected in Glass Plane > |
Frame I?.?543 |53.23?9 ISU.U IPrc-iec:ted it Glass Plane j
Edge | |2n802 EEE E [ Projected in Glass Plane 7]

% Error Energy Norm I B.04%

Expart |

Figure 9-18. THERM cross section and U-factor results for jamb fixed cross section.
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9. SAMPLE PROBLEMS 9.3 Problem 2: Aluminum Horizontal Slider Window

Head Vent

BC= Adiabatic

\l+ U-factor tag = None }K_

BC= Interior Thermally Broken
Frame (convection only)
Radiation Model = AutoEnclosure
U-factor taa = Frame

BC= NFRC 100-2010 Exterior

Radiation Model = Blackbody
U-factor tag = SHGC Exterior

Cross Section Type = Head
Gravity Vector = Down

Gravity vectoRlEd

L

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

* <4

BC= NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-factor tag = None

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

L 2
BC= Adiabatic
U-factor tag = None

Uractors x|

L-factor delta T Lenath

W Ami2-K C i R otatian
Frame [49772  [290 [702442 Jano | Projected in Glass Plane 7|
SHGE Extericr (53332 [29.0 [702441  Jaoo | Projected in Glass Plane 7|
Edge R BAENEE |25 Jaoo | Projected in Glass Plane 7|

3 Export
% Errar Energy Momm I 9E1% ﬁl

Figure 9-19. THERM cross section and U-factor results for head vent cross section.
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9. SAMPLE PROBLEMS 9.3 Problem 2: Aluminum Horizontal Slider Window

Head Fixed
BC= Adiabatic

\ * U-factor tag = None l‘(_

BC= Interior Thermally Broken

- : Frame (convection only)
BC= NFRC 100'2_010 Exterior Radiation Model = AutoEnclosure
Radiation Model = Blackbody U-factor tag = Frame
U-factor tag = SHGC Exterior !

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure

Cross Section Type = Head U-factor tag = Edge
Gravity Vector = Down

Gravity ¥ec il

L

» <

BC= NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-factor tag = None

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

—>
I
BC= Adiabatic
U-factor tag = None
wractors x|
U-factar delta T Length
2K C mm R otation
Frame |6.9232  [38.0 [7n2443  [a0D | Projected in Glass Plane |~ |
SHGC Exterior [7.2683  [38.0 [7n2442 [anp | Projected in Glass Plane |~ |
Edge ) P T |g25 [g0.0 | Projected in Glass Plane |~ |
[eeax Expart
% Ermror Energy Morm | 6.82% &I

Figure 9-20. THERM cross section and U-factor results for Head Fixed Cross Section.
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9. SAMPLE PROBLEMS

9.3 Problem 2: Aluminum Horizontal Slider Window

Meeting Rail

BC= Adiabatic
U—factolr tag = None

Cross Section Type = Vertical Meeting Rail

Gravity Vector = Into the Screen \ 4 ¢
Gravity Vectolp|
BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None
BC= NFRC 100-2010 Exterior ‘

Radiation Model = Blackbody
U-factor tag = None

S

BC= NFRC 100-2010 Exterior
Radiation Model = Blackbody

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

o

BC-= Interior Thermally Broken
Frame (convection only)
Radiation Model = AutoEnclosure
U-factor taa = Frame

U-factor tag = SHGC Exterior V\
|
BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge
o
BC= NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-factor tag = None BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None
:
'S
-
BC= Adiabatic
U-factor tag = None
x|
L-factar delta T Length
W An2-K. C T Fotation
SHGC E sterior I?.'|924 ISS.D |53.542? ISD.D IProiecled in Glazz Plane j
Frame [6.8917  [39.0 [493m7  [90.0 [ Projected in Glass Plane > |
Edge =] [2oss [z80 130177 J90.0 [ Projected in Glass Plane > |

% Enror Energy Mo I 8.96%

Expart |

Figure 9-21. THERM cross section and U-factor results for Meeting Rail Cross Section.
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9. SAMPLE PROBLEMS

9.3 Problem 2: Aluminum Horizontal Slider Window

9.3.5. Total Product U-Factor
In WINDOW, import the THERM cross sections into the Frame Library.

Advanced...

i Window Library (C:,Program Files'LBML\WINDOWG3' Aluminum Slider.mdb) =10l
File Edit Libraties FRecord Tools Wiew Help
I $B2R(S[E: )y Baelli|0#7 %2R
= = Frame Library [C:%Frogram FileshLBML YWD OWE 3 luminum Slider. mdb] =)
Detailed View |
ﬂl D Name Source | Type UF:?aTuee LllzvdjSe Coﬁgﬁa?ion TEiEIf::agss Pid Abs | Colar
Mew Wima-E | widmZE mm mm
LCopy | '
2 HY_D1.THM Therrn  Head 5115 2120 N/A 25.4 0.2 0.30 -
Delete | 3 JF_OLTHM Them  Jamb 8.026 2071 N 254 53.2 0.30 -
— Find 4 JV_O1LTHM Therm  Jamb 5.324 217 N 254 53.2 0.20 -
IID j g MR_O1.THM Therrn  Vertical v 7.060 2025  N/A 25.4 43.3 0.30 -
I— £ SF_O1.THM Therm  Sill 8.851 2056 N/ 25.4 97.3 0.30 -
| 7 SV_OLTHM Therm  Sill £.071 2174 N/ 254 976 0.30 -

¥ records found.

Expark

i

Report

Frint

For Help, press F1

=
Pode: NFRC [5T[ oM [

Figure 9-22. THERM files imported into the Frame Library.

In WINDOW, create a record in the Window Library using the appropriate THERM files from the Frame

Library and glazing system from the Glazing System Library, as shown in the figure below.

The table below shows the overall product U-factor from WINDOW for Glazing Option 1.

& window Library (C:\Program Files\LBNL\WINDOWG3" Aluminum Slider.mdb)
File Edit Libraries

Record Tools View Help

=10l x|

DS y2@|ZE: 4 M[E eN: O#*?

% | 2 2|

List

i

Calc (F3]
Hew
Copy
Delet
Save

Repoit

e

Dividers

=
gz
A
2
2
E
el
g
4

: :

o[ =
Mame W
Mode m

Type [Horizortal Slider =] 2]
width [ 1500 mm
Height | 1200 mm

Area IW m2

] 90

Environmental Conditions
NFRC 100-2010 =

- Total Wwindow Resul
U-factor | 29184 wW/m2-

SHGE I 04728

Detail
WT | 0.3485

EHI 27 Detai I

Click. on a component ta dizplay characteristics below |

Glazing System
Mame |3mm ClG j il
D 1 Ucenter | 1615 wim2-K
Mlayers 2 SC| 0685
frea [ 0453 m2 SHGE [ 05% _
Edge area |W me bt |W

4]

| »

For Help, press F1

Mode: MFRC ST | [um v

Figure 9-23. Window Library record for the aluminum horizontal slider.
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9. SAMPLE PROBLEMS 9.3 Problem 2: Aluminum Horizontal Slider Window

Table 9-12. Total Product U-factor.

Glazing Options Total Product U-Factor
25.4 mm (17) overall thickness W/m2-°C Btu/hr-ft2-°F

1 Clear (3mm), Argon (95%), Low-E (3mm) 2.9194 0.5141

9.3.6. Individual Product SHGC and VT using SHGC 0 & 1 and VT 0 & 1

The methodology for determining the Solar Heat Gain Coefficient (SHGC) and Visible Transmittance (VT) for
products is outlined in NFRC 200 using values of SHGCp, SHGC;, VTo and VT;. These values are calculated in
WINDOW for the best glazing option modeled with the highest frame and edge U-factor frame, as outlined in
NFRC 200, Section 4.2.3 (A).

Since only Glazing Option 1 was modeled for this example, we will assume that it is the best glazing option
for the purpose of determining SHGC and VT values.

Using this procedure, display the results for the SHGCo, SHGC;, VT and VT for the best glazing option
(Clear, Argon, Low-E), by clicking on the Detail button on the Window Library Detailed View screen, as
shown in the figure below. The SHGC and VT detail dialog box will show the SHGC and VT values for the
following three cases for this glazing option:

= No Dividers

= Dividers <25.4 mm (modeled as 19.5 mm)

= Dividers >25.4 mm (modeled as 38.1 mm)

Figure 9-24. Window Library record for the best glazing option for the aluminum horizontal slider.

i Window Library {C:\Program Files'LBNL WINDOW63' Aluminum Slider.mdb _Of x|

File Edit Libraries Record Tools Wiew Help

CEH|d2B(ZE: 4@ eN; O#*7|%[2 8

List D # 1 -
Calz [F9) Mame [&luminwrn - 3mm CIG
" Mode [NFRC -
Type |Horizorkal Shider > ﬂ
wiidth 1500 mm
Dkl Height [ 1200 mm
S Area [~ 1,800 m2
Report Tikk 90

Enviranmental Conditions

™ Dividers |NFH:100-2010 vl

Dividers

Display mode: SHGLC and ¥T detail 5'
INormaI I

|»

=
]

HddddA

Lopy

i

Fl

[ Tetal¥/indon Resul | Click on a component to display characteristics below Mo Leneric Generic
Ufactor [ 28184 Wim2-K il P Dividers Dividers Dividers
—Glazing I
sy [ 0e72e -
i . . » PDD finches] R 0.75000 1.50000
MBS Cick on the Detail JImZK  SHGCO | Qo135 001530 001850
t[ z Dew.||| button to show the —mec | n.?eaas Dl?uzaat ul52532
SHGCo, SHGC1, el : : :
VTo. VT1 values for vT0 000000 0O0DOOD 000000
the product VT 077050 06GES4 0EO7ED

< i
For Help, press FL Mode: NFRC E UM [

ak. | Save Az I
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9. SAMPLE PROBLEMS 9.3 Problem 2: Aluminum Horizontal Slider Window

Table 9-13. SHGCy, SHGCy, VTy and VT data for the best glazing option in this product line (Clear, Argon, Low-E)

Dividers .
<1” (25.4 mm) Dividers
o (modeled at 217 (25.4 mm)
No Dividers 0.75”) (modeled at 1.5”)

SHGGC, 0.01315 0.01590 0.01850
SHGC; 0.78405 0.70284 0.62632
VT 0.0 0.0 0.0
VT 0.77090 0.68694 0.60782

SHGC Calculation Using Equation 4-1 from NFRC 200

Using Equation 4-1 from NFRC 200 and the data from Table 9-13, calculate the whole product SHGC from the
SHGCo, SHGC;, and SHGCc:

SHGC = SHGC, + SHGCc (SHGC; - SHGCy)

Without Dividers:
SHGC

0.01315 + 0.5971 (0.78405 - 0.01315)
0.4735

With Dividers <1” (25.4mm) - modeled at 0.75”:

SHGC = 0.01590 + 0.5971 (0.70284 - 0.01590)
= 0.4261
With Dividers > 1” (25.4mm) modeled at 0.75”:
SHGC = 0.01850 + 0.5971 (0.62632 - 0.01850)
= 0.3814
Table 9-14. Total product SHGC for the best glazing option (Clear, Argon, Low-E).
SHGC
Dividers Dividers
; ; i £ 25.4 mm, modeled | >25.4 mm, modeled
Gl Opt No Divid ’ ’
azing bption o bividers at19.5mm (1.0, | at38.1 mm (> 1.5”,
modeled at 0.75”) modeled at 1.5”)
Clear, Argon, Low-E 0.4735 0.4261 0.3814

VT Calculation Using Equation 4-2 from NFRC 200

Using Equation 4-2 from NFRC 200 and the data from Table 9-13, calculate the whole product VT from the
VTo, VTl, and VTci

VT =VTy+ VTc (VT1 - VT())

Without Dividers:
VT = 0.0 + 0.4521 (0.77090 - 0.0)
= 0.3485
With Dividers <1” (25.4mm) - modeled at 0.75”:
VT = 0.0 + 0.4521 (0.68694 - 0.0)
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9. SAMPLE PROBLEMS

9.3 Problem 2: Aluminum Horizontal Slider Window

= 0.3106

With Dividers > 1”7 (25.4mm) modeled at 0.75":
0.0 +0.4521 (0.60782 - 0.0)
0.2748

VT

Table 9-15. Total product VT for the best glazing option (Clear, Argon, Low-E).

VT
Dividers Dividers
£ 25.4 mm, modeled at | > 25.4 mm, modeled at
] . o 19.5 mm (£ 1.0”, 38.1 mm (> 1.5”,
Glazing Option No Dividers modeled at 0.75”) modeled at 1.5”)
Clear, Argon, Low-E 0.3485 0.3106 0.2748

9.3.7. Drawings for Aluminum Horizontal Slider

The following pages contain detailed drawings for this window.

Sill Vent

1.000

1.296

Figure 9-25. Dimensioned drawing for the sill vent cross section.
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9. SAMPLE PROBLEMS 9.3 Problem 2: Aluminum Horizontal Slider Window

Sill Fixed

1.000

0.730

Figure 9-26. Dimensioned drawing for the sill fixed cross section.

Jamb Vent

1.000

At

0.061

—

0.675

|

Figure 9-27. Dimensioned drawing for the jamb vent cross section.
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9. SAMPLE PROBLEMS 9.3 Problem 2: Aluminum Horizontal Slider Window

Jamb Fixed
1.000
- A A
0.750 oess T
0.385
| -
+ - 0.0
FP ®
| L T
0.675
—
Figure 9-28. Dimensioned drawing for the jamb fixed cross section.
Head Vent

1.269

0.750

|

I

1.000

Figure 9-29. Dimensioned drawing for the head vent cross section.
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9. SAMPLE PROBLEMS 9.3 Problem 2: Aluminum Horizontal Slider Window

Head Fixed

1.269

0.750

1.000

Figure 9-30. Dimensioned drawing for the head fixed cross section.

Meeting Rail

18750 18750

0.3850
0.6900 l

L~~~

02000

\l 16310

1.0000

Figure 9-31. Dimensioned drawing for the meeting rail cross section.
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9. SAMPLE PROBLEMS

9.3 Problem 2: Aluminum Horizontal Slider Window

7000 ——————~ i
0.7000 ‘

"m 0.0800

\

0.2500

Spacer
0.7600
By — I
00750 | 0.4151 |
0.0770
0.3300
1
0.1000 —
4 0.1724 }—H
Figure 9-32. Dimensioned drawing for the spacer.
Divider

00310 —

\\

— 02880 —

0.3500

Figure 9-33. Dimensioned drawing for the divider.
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9. SAMPLE PROBLEMS 9.4 Problem 3: Flush-Mount Skylight

9.4 Problem 3: Flush-Mount Skylight

9.4.1. Description

Window Type  Skylight.
Overall Size Width = 1200 mm; Height = 1200 mm
Frame Material ~Wood.

Glazing System  Double glazing, 17.0 mm (0.669”) overall 1.G. thickness. Both the inboard and outboard
lites are generic 3 mm clear glass. The glazing cavity is air filled.

Spacer Type Aluminum folded spacer.

Glazing Method ~ Butyl rubber sealant.

Dividers N/A

Cross Sections See Section 9.4.7 for drawings of this product.

9.4.2. Glazing Matrix
The following table shows the glazing matrix that is to be simulated for the skylight.

Table 9-16. Matrix of glazing options for the skylight.

Glazing Options
17 mm (0.669”) overall thickness Grid Option Manufacturer

1 Clear (3mm), Air, Clear (3mm) N/A Generic
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9. SAMPLE PROBLEMS

9.4 Problem 3: Flush-Mount Skylight

9.4.3. Center-of-glazing Modeling (WINDOW)

In WINDOW, create a record for the glazing system using generic 3 mm clear glass for both lites and a 10.9

mm (0.429”) air space (air filled). Make sure to set the “Tilt” to 20°.

The following figure shows the WINDOW Glazing System Library for this glazing system.

i Glazing System Library {C:"Program Files'LBNL', WINDOWE 3, Skylight.mdb)
File Edit Libraries Record Tools Wiew Help

= =]

TEH iR EE8[: K «» 0 |B " €(n: O 7

% TR

—Glazing Systen Librany

4

r
Cale [F4) | 15} n:|2 Mame: | Skylight Diovble Glz
MHew | ﬂLayers:|2 i’ Ti|[;| 20° G Height:l 1000 rarm
E nwiranmental - _—
Copy | Enitape | MFRE 10020110 = IG widhy 1000 mm
Delete | Comment:l . )
Save | Owerall thickness:l‘lB.SDD mm Mode:lﬂ
Report | [ o] Mare [Mode] Thick [Fiip| Tsol | Risolt [ Rsoi2 | Tuis [ Rwist [Rwis2 | Tir [ E1 | E2 [ Cond |
-] Glass1 »» 102 CLEAR_3DAT # 30 [|os 0075 0075 0899 0083 0083 0000 0840 0.840 1.000
Gapl »» 1 Bir ma O
- Glass2 »» 102 CLEAR_3DAT # 30 [|ossd 0075 0075 0839 0083 0083 0000 0840 0840 1.000

Center of Glass Results | Temperature Datal Optical Data | &ngular Data | Color Plopeltiesl

Ufactor sC SHGC Rel Ht. Gain Twiz Ketf
W A2 WeAm2 WK
322952 0.87335 0.76503 578.0 081427 0.0729 o

]

Far Help, press F1

Mode: WFRC (S| [MOM 4

Figure 9-34. WINDOW Glazing System Library for the skylight.

The results for the center-of-glazing U-factor are shown in the following table.

Table 9-17. Center-of-glazing U-factor results from WINDOW

Glazing Options Center-of-glazing U-Factor

17 mm (0.669”) overall thickness

W/m2-°C BTU/hr-ft2-°F

1 Clear (3 mm), Air, Clear (3 mm) 3.22952 0.56875

This glazing system will be used in THERM to calculate the frame and edge-of-glazing U-factors, and also in
WINDOW to calculate the overall product U-factor.
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9. SAMPLE PROBLEMS

9.4 Problem 3: Flush-Mount Skylight

9.4.4. Edge-of-glazing and Frame Modeling (THERM)

Skylights are modeled in the same manner as other window products - with separate THERM files for the

sill, head, jamb, and so forth. See Section 8-5 of this manual for detailed instructions on modeling skylights.
For this example, we will assume that the skylight is flush-mounted.

The following table shows the files for this example.

Table 9-18. Files associated with the skylight example.

Cross Section DXF Filename THERM Filename
Sill Skylight-Frame.dxf SL.thm

Head Skylight-Frame.dxf HD.thm

Jamb Skylight-Frame.dxf JB.thm

The table below shows the resulting U-factors for the skylight cross sections.

Table 9-19. THERM results for the skylight cross sections.

Frame U-Factor

Edge U-Factor

Cross Section | W/m2-°C Btu/hr-ft>-°F W/m?2-°C Btu/hr-ft2-°F
Sill 4.7604 0.8383 3.5507 0.6253
Head 4.7955 0.8445 3.5527 0.6257
Jamb 4.8084 0.8468 3.5455 0.6244

The figures on the following pages show the THERM cross sections and U-factor results for this window.
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9. SAMPLE PROBLEMS 9.4 Problem 3: Flush-Mount Skylight

Head

A skylight Head

Modeling Assumptions:
l =  Cross Section Type = Head
Gravity Arrow = Down

»=  Glazing System = Down
=  File Rotation = 70° Clockwise

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody

U-Factor Surf tag=N
actor Surface tag one BC = Adiabatic

U-Factor Surface tag =
None

BC = 3 mm Generic U-factor

BC = Adiabatic Inside Film
U-Factor Surface tag = Radiation Model =
None AutoEnclosure

BC = 3 mm Generic U-factor Inside

Film BC= Interior (20 tilt) Wood/Vinyl Frame
Radiation Model = AutoEnclosure (convection only)
U-Factor Surface tag = None Radiation Model = AutoEnclosure

U-fartar tan = Frame

BC-= Interior (20 tilt) Wood/Vinyl Frame

U-factar deltaT Length (convection only)
e 49 Ratation Radiation Model = AutoEnclosure
|4 7955 | |43 nnm |2n 0 |
Frame Pres -factor tag = Frame
SHIGC Exterior |5 1479 |39 1] |48 hea3 |2U 0 IPrmemeu In 1353 Flane T
|Edge x| |z8827 =80 jgas 200 | Projected in Glass Plane > |
% Error Energy Morm I 3% Expart |

Figure 9-35. THERM cross section and U-factor results for the head cross section.
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9. SAMPLE PROBLEMS 9.4 Problem 3: Flush-Mount Skylight

Sill

BC = Adiabatic
U-Factor Surface tag = None

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = None

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

BC = 3 mm Generic U-factor
Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = None

BC = 3 mm Generic U-factor
Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = Edge

Gravity Yectonk |

BC = BC= Interior (20 tilt) Wood/Vinyl
Frame (convection only)
Radiation Model = AutoEnclosure

U-factor tag = Frame

Skylight Sill

Modeling Assumptions:

= Cross Section Type = Sill

= Gravity Arrow = Down

=  Glazing System = Up

=  File Rotation = 70° Clockwise

-V \
BC = Adiabatic
U-Factor Surface tag = None

Ufactors x|

L-factor delta T Length

W mi2-K, C m R otation
Frame [47604  [290 [42.0003  [z200 | Projected in Glass Plane = |
SHGC Esterior |5.109? |39.U |43.5854 |2D.D IF'roiected in Glazz Plane j
Edge | [38807 340 [gas  [200 | Projected in Glass Plane x|

°/° E"D[ Energ}] No[m IW E:,:port | ,\

Figure 9-36. THERM cross section and U-factor results for the sill cross section.
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9. SAMPLE PROBLEMS

9.4 Problem 3: Flush-Mount Skylight

Jamb

BC = Adiabatic
U-Factor Surface tag = None

v

Gravity YectoRp:d|

=

BC = NFRC 100-2010
Exterior

Radiation Model = Blackbody
U-Factor Surface tag = None

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC
Exterior

<4

/

Skylight Jamb

Modeling Assumptions:

=  Cross Section Type = Jamb
Gravity Arrow = Right
Glazing System = Up

File Rotation = None

BC = 3 mm Generic U-factor
Inside Film

Radiation Model =
AutoEnclosure

U-Factor Surface tag = None

<4+

BC = 3 mm Generic U-factor
Inside Film

Radiation Model =
AutoEnclosure

U-Factor Surface tag = Edge

Frame (convection only)
Radiation Model = AutoEnclosure

‘ BC= Interior (20 tilt) Wood/Vinyl
U-factor tag = Frame

-
T T’ BC = Adiabatic
U-Factor Surface tag = None
u-ractors x|
U-factor delta T Length
WK C mm Ratation
Frame (48084  [330  [43.0002 (900 | [Projected in Glass Plane x|
SHGC Esterior [51335 |30 |4e5853 |90 [Projected in Glass Plane = |
Edge RN EEEREED [635 J90.0 | Projected in Glass Plane 7|
% Enror Energy Morm I 7.60% ﬂl

Figure 9-37. THERM cross section and U-factor results for the jamb cross section.

THERM7 / WINDOW?7 NFRC Simulation Manual

January 2026 9-39



9. SAMPLE PROBLEMS 9.4 Problem 3: Flush-Mount Skylight

9.4.5. Total Product U-Factor
In WINDOW, import the THERM cross sections into the Frame Library.

2 Window Library (C:\Program Files',LBNL, WINDOW63"Skylight. mdb) o [m] |

File Edit Libraries Record Tools Wiew Help

DeH|sERE[E: 4> | Ba el 07 % 2%
Frame Library [C:\Program FileshLBMLYWINDOWE3NS kylight. mdb)

| v

Detailed View

Update D Frame Edge Edge Glazing Pid

Uwalues Uwvalue | Comelation | Thickness
Wim2-K | Wm2-K rmm T

Mame Source | Type Abs | Calor

» HD. THM Therrn

Eopy

2 JBTHM Them Jamb 4808 3545 N/A 1.3 430 o3 [
Delete 3 SLTHM Them il 4760 3E51 N e 40 o [N

R

—Find

=]
4

n

Advanced...

3 records found.

Import

Ezport

i

Report

Print

[]
For Help, press F1 Mode: MFRC EI_WI_ &
Figure 9-38. WINDOW Frame Library.

i Window Library (C:\Program Files'LBNL, WINDOW63' Skylight.mdb} . =]

File Edit Libraries Record Tools Wiew Help

DSH $BRaE B : «ar B ©0;: O# 7 %|? N
List 1D #[1 =l

Calc [F9) Mame |Skylight - 3mm Generic
Mode INFHE vl

U

TypeISkyIight - ﬂ

Width | 1200 mm
Height 1200 mm

Save Area | 1.440 m2
Report Tilk I 20

Environmental Conditions

INFF!E 100-200 'l

| v

M

@

Copy

Delete

Diividers

g At e

A4

Momal

— Total Window Fesult |
U-factar |3.5?2DB Wik,
Glazing System

066238
SHEC Detail... Narme |Skylight Double Glz j >>|
YT ID.?D1 74 ——
1D 2 Ucenter | 3.329 Wim2-E

EHI 36 Detail...l Nlayers 2 sCc| 087

Click on a component to display charactenistics below |

Area | 05974 m2 SHGC | 0.765 |

Edge area 0.267 m2 Vic| 0.814
< | LI_I
For Help, press F1 Mode: MFRC E M v

Figure 9-39. Window Library record for the skylight.
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9. SAMPLE PROBLEMS

9.4 Problem 3: Flush-Mount Skylight

Table 9-20. Total product U-factors.

Glazing Options
17 mm (0.669”) overall thickness

Total Product U-Factor

W/m2-°C

Btu/hr-ft2-°F

1 Clear, Air, Clear

3.57206

0.62908

9.4.6. Individual Product SHGC and VT using SHGC 0 & 1and VT 0 & 1

The methodology for determining the Solar Heat Gain Coefficient (SHGC) and Visible Transmittance (VT) for
products is outlined in NFRC 200 using values of SHGCo, SHGC, VTo and VT1. These values are calculated

in WINDOW for the best glazing option modeled with the highest frame and edge U-factor frame, as outlined
in NFRC 200, Section 4.2.3 (A).

Display the results for the SHGCo, SHGC;, VTo and VT for the best glazing option (Clear, Air, Clear), as

shown in Figure 9-40.

i W6 - Window Library {C:\Program Files\LBNL\WINDOW63'Skylight.mdb)

File Edit Libraries Record Tools Wew Help

DESH| B REE: « « » M|E

® 0 :

List

Hew
Copy
Delete

Save

uddd

Beport

™ Dividers

Dividers

i

Dizplay made:

I Marmal = l

T [—

Faor Help, press F1

1D # |1 'l

Mame |5 kylight - 3rmm Generic

Maode INFHE 'l

Wwidth | 1200 mm
Height 1200 mm

Area | 1.440 m2
Tilt | 0

Environmental Conditions

Tupe ISkyIight vI ﬂ

INFHE‘IDD-2D1D 'l

A

Total Window Results

[
:

SHGC and ¥T detail

U-factor |3.5?2DB WAk
SHGC (066238 ;
W lm Detail...
CR I 36 Detail...l

Click the Detall
button to display the
SHGCo, SHGCy,
VTo. VT1 values.

Mo ‘ Generc Generic

Dividers Dividers Dividers
» FOD [mm] M4 19043333 33093395
SHGCO 0.002958 [0.005795 0008483
SHGC 0.8E47E2 0781443 0702511
Y10 0.0000a0 0.0000a0 0.000000
W11 0.867802 0775646 0634027

Ok, | Save As.. I

Option

Figure 9-40. Window Library record for the best glazing option.

Best Glazing
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9. SAMPLE PROBLEMS 9.4 Problem 3: Flush-Mount Skylight

Table 9-21. SHGCy, SHGC,, VTyand VT1data for the best glazing option in this product line (Clear, Air, Clear)

Dividers Dividers
<1” (25.4 mm) > 17 (25.4 mm)
No Dividers (modeled at 0.75”) (modeled at 1.5”)
SHGCy 0.002958 0.005795 0.008483
SHG(C, 0.864762 0.781443 0.702511
VT 0.0 0.0 0.0
VT, 0.861802 0.775647 0.694027

SHGC Calculation Using Equation 4-1 from NFRC 200

Using Equation 4-1 from NFRC 200 and the data from Table 9-21, calculate the whole product SHGC from the

SHGC,, SHGC;, and SHGCc:
SHGC = SHGC, + SHGCc (SHGC; - SHGC))
Without Dividers:
SHGC = 0.002958 + 0.76504 (0.864762 - 0.002958)
= 0.66227
With Dividers <1” (25.4mm) - modeled at 0.75”:
SHGC = 0.005795 +0.76504 (0.0.781443 - 0.005795)
= 0.59920

With Dividers > 1”7 (25.4mm) modeled at 0.75":
SHGC = 0.008483 + 0.76504 (0.702511 - 0.008490)
= 0.53944

Table 9-22. Total product SHGC for the best glazing option (Clear, Air, Clear).

SHGC
Dividers Dividers
<17 (25.4 mm) >1” (25.4 mm)
Glazing Option No Dividers (modeled at 0.75”) (modeled at 1.5”)
Clear, Air, Clear 0.66227 0.59920 0.53944
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9. SAMPLE PROBLEMS

9.4 Problem 3: Flush-Mount Skylight

VT Calculation Using Equation 4-2 from NFRC 200
Using Equation 4-2 from NFRC 200 and the data from Table 9-21, calculate the whole product VT from the

VTo, VTl, and VTci

VT =VTy+ VTc (VT1 - VT())

Without Dividers:
VT

0.7017

0.0 + 0.81427 (0.861802- 0.0)

With Dividers <1” (25.4mm) - modeled at 0.75”:

VT = 0.0 + 0.81427 (0.775647- 0.0)
= 0.6316
With Dividers > 1”7 (25.4mm) modeled at 0.75”:
VT = 0.0 + 0.81427 (0.694027- 0.0)
= 0.5651

Table 9-23. Total product VT for the best glazing option (Clear, Air, Clear).

VT

Dividers Dividers

<1”(25.4 mm) >1” (25.4 mm)
Glazing Option No Dividers (modeled at 0.75”) (modeled at 1.5”)
Clear, Air, Clear 0.7017 0.6316 0.5651
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9. SAMPLE PROBLEMS 9.4 Problem 3: Flush-Mount Skylight

9.4.7. Skylight Drawings.
The following are detailed drawings for the skylight.

Head, Sill and Jamb

2989
1859 1130
0264
*
[ 033
N|
0568 0.709 .
,Ia 0472 — 0315
0197 0335 4 06 1693
1913 ’
0.984 3 0426
_— 0.406
LI
4
0299
—
T
2364

Figure 9-41. Dimensioned drawing for the frame.

Spacer

0428

f— 0.191 —1 Q.008 —
r g

0183

0.335 JP_

7

Led

110°

- 0.102L 0.213 JD,DSE -

0413

Figure 9-42. Dimensioned drawing for the spacer.
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

9.5 Problem 4: Door
For this wood stile and rail door, calculate the U-factor, SHGC and VT.

9.5.1. Description
Door Type Wood stile-and-rail door.
Overall Size Width = 960 mm; Height = 2090 mm
Frame Material ~ Wood with a thermal-break aluminum sill.

Glazing System  Double glazing, 12.7 mm (0.5”) overall IG thickness. There are four glass options, all
with two layers of 3 mm (0.129”) PPG glass.

Spacer Type Intercept spacer with butyl sealant on three sides.
Glazing Tape Wet glazed with silicone (on both sides).
Dividers N/A

Cross Sections See Section 9.5.7 for drawings of this product.

9.5.2. Glazing Matrix

The table below shows the glazing matrix that is to be simulated for the door.

Table 9-24. Matrix of glazing options for the door.

Glazing Options
12.7 mm (0.5”) overall thickness Grid Option Manufacturer
1 Clear (3mm), Air, Clear (3mm) N/A PPG
2 Clear (3mm), Argon (95%), Clear (3mm) N/A PPG
3 Low-E (3mm), Air, Clear (3mm) N/A PPG
4 Low-E (3mm), Argon (95%), Clear (3mm) N/A PPG
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

9.5.3. Center-of-Glazing Modeling (WINDOW)
In WINDOW, create four records for the glazing systems described in the glazing matrix.
The figure below shows the WINDOW Glazing System Library for this glazing system.

i Glazing System Library (C:Program Files' L BNL\ WINDOW63'Door.mdb} - |EI|1|

File Edit Libraries Record Tools Wiew Help

Ded s 2R|E[E: > n|BaepN; O#Z[%|?N

| v

= = Glazing System Library [C:4\Program Files\LBMLYW/INDOWE3AD oor. mdb]
Detailed View

# of f Environmental Overall .
Layers Mode| Til Conditionz Thickness Uval SHEC sC Tuis

W WK mm W2

Calc 1D Mame

MWFRC 100-200 20 E 0.75¢ 0.
WFRC 100-2001 0.036 12.20 2884 0.755 0.868 0813
MFRC 100-2001 0.025 12.20 233 0.393 0.459 0722
WFRC 100-2001 noms 12.20 1.880 0.394 0.453 0722

5 C
==l 2 3mm Clear_frgon_Clear

dddd

Delete 3 3mm Low-e_air_Clear

RN NN NE

e 4 3mm Low-e_frgon_Clear
1o]

4

Advanced...

(]

4 records found.

Import

Export

i

Beport

FErint

| | d
Far Help, press F1 Mode: MFRC ST | [mum [
Figure 9-43. WINDOW Glazing System Library for the door.

The results for the center-of-glazing U-factors are shown in Table 9-25.

Table 9-25. Center-of-glazing U-factor results from WINDOW.

Glazing Options Center-of-glazing U-Factor
12.7 mm (0.5”) overall thickness W/m?2-°C BTU/hr-ft2-°F
1 Clear (3mm), Air, Clear (3mm) 3.14238 0.55340
2 Clear (3mm), Argon (95%), Clear (3mm) 2.88406 0.50791
3 Low-E (3mm), Air, Clear (3mm) 2.33880 0.41189
4 Low-E (3mm), Argon (95%), Clear (3mm) 1.87978 0.33105

These U-factors will be used with the edge-of-glazing and frame values from THERM to calculate the overall
U-factor for the door in Section 9.5.6 (note that five significant digits have been included as these values will
be entered into a spreadsheet in order to calculate overall U-factors, but as a requirement per ANSI/NFRC
100 and 200, six decimal places shall be used when calculating the final result to two decimals for rating
purposes).
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

9.5.4. Edge-of-glazing and Frame Modeling for U-Factor (THERM)

There are a minimum of six cross-sections to be modeled for an opaque six-panel door and a maximum of
eleven cross sections that must be modeled for a non-vented glass entry door system. Vented glazing for an
entry door will require some additional cross sections to be modeled.

= Head

= Lock Jamb
* Hinge Jamb
= Sill

= DPanel Edge

= Panel Core

= Door Core

= Door Lite Head

=  Door Lite Sill

= Door Lite Hinge Jamb
=  Door Lite Lock Jamb

The door in this example has identical cross sections for both jambs, so only one jamb model will be required.

Some simulations required additional lites to be modeled for each door lite cross section (head, sill and jamb)
- one for each glass option. To generate the additional glazing options, a “base” file for each Door Lite cross
section has been created using Glazing Option 1. As shown in Figure 9-44, add the remaining options in the
Glazing System Options dialog box. When the base file is simulated, the additional door lite options will be
automatically created.

WINDOW does not recognize any U-factor surface tags other than “Edge”, “Frame”, or “None”. If you
import door THERM files into WINDOW with U-factor surface tags on the interior boundaries other than
those values, the WINDOW fields will not be correct. If you intend to import these files into WINDOW use
only the “Edge”, “Frame”, or “None” U-factor surface tags for the THERM file interior boundary surfaces.
Because WINDOW cannot area-weight the opaque portions of the door models, total product values must be
manually calculated externally, by inputting the center-of-glazing results from WINDOW and the frame and
edge results from THERM into a spreadsheet.

The table below shows the files for this example.
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9.5 Problem 4: Door

Table 9-26. Files associated with the door example.

Cross Section

DXF Filename

THERM Filename

Head Door-Frame.dxf HD.thm
Door Core DC.thm
Lock & Hinge Jambs Door-Frame.dxf JB.thm

Sill Door-Sill.dxf SL.thm
Panel Edge Door-Panel Edge.dxf PE.thm
Panel Core PC.thm
Door Lite Sill Base Case Door-Lite.dxf LT-SL.thm
Door Lite Head Base Case Door-Lite.dxf LT-HD.thm
Door Lite Jamb Base Case Door-Lite.dxf LT-JB.thm

Door Lite Sill Option 1 LT-SL_001.thm
Door Lite Head Option 1 LT-HD_001.thm
Door Lite Jamb Option 1 LT-JB_001.thm
Door Lite Sill Option 2 LT-SL _002.thm
Door Lite Head Option 2 LT-HD_002.thm
Door Lite Jamb Option 2 LT-JB_002.thm
Door Lite Sill Option 3 LT-SL_003.thm
Door Lite Head Option 3 LT-HD_003.thm
Door Lite Jamb Option 3 LT-JB_003.thm
Door Lite Sill Option 4 LT-SL_004.thm
Door Lite Head Option 4 LT-HD_004.thm
Door Lite Jamb Option 4 LT-JB_004.thm

Glazing System Options

Basze Glazing System:

| 1 3mm Clear_air_Clear

(.
Wwhen simulating, each of the following ﬂl

glazing systems will be uzed to create a
separate simulation with the same frame:
geametry.

23 mm Clear_Argon_Clear Add

33 mmn Low-e_air_Clear —

4 3 Low-g_srgon_Clear E—
Open

Mame the Them files based on: ¢ Glazing system name

¢ Glazing system 1D

Example: [LT_001.thm

Figure 9-44. Glazing System Options for Lite.thm.
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

Table 9-27 shows the resulting U-factors for the door cross section.

Table 9-27. THERM results for the door cross sections.

Frame U-Factor Edge U-Factor
Cross Section W/m?-°C BTU/hr-ft2-°F W/m2-°C BTU/hr-ft2-°F

Head 1.9355 0.3409 N/A N/A
Jamb 1.9840 0.3494 N/A N/A
Sill 2.3649 0.4165 N/A N/A
Door Core 2.0512 0.3612 N/A N/A
Panel Edge 2.7592 0.4859 N/A N/A
Panel Core 2.5843 0.4551 N/A N/A
Door Lite Sill Option 1 2.8372 0.4997 3.2705 0.5760
Door Lite Sill Option 2 2.8217 0.4969 3.0615 0.5392
Door Lite Sill Option 3 2.7911 0.4915 2.6284 0.4629
Door Lite Sill Option 4 2.7675 0.4874 2.2718 0.4001
Door Lite Head Option 1 2.8375 0.4997 3.2705 0.5760
Door Lite Head Option 2 0.8219 0.4970 3.0613 0.5391
Door Lite Head Option 3 2.7914 0.4916 2.6281 0.4628
Door Lite Head Option 4 2.7677 0.4874 2.2715 0.4000
Door Lite Jamb Option 1 2.8372 0.4997 3.2705 5760
Door Lite Jamb Option 2 2.8217 0.4969 3.0615 0.5392
Door Lite Jamb Option 3 2.7911 0.4915 2.6284 0.1629
Door Lite Jamb Option 4 2.7675 0.4874 2.2718 0.4001
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

The following table shows the dimensions of the frame and edge portions of each cross section. These
dimensions will be used later to determine total product U-factors.

Table 9-28. Frame and Edge dimensions.

Frame Height Edge Height
Cross Section mm inch mm inch

Head 22.225 0.875 63.500 2.500
Jamb 22.225 0.875 63.500 2.500
Sill 39.696 1.563 63.500 2.500
Door Core N/A N/A N/A N/A
Panel Edge 25.400 1.000 76.597 3.016
Panel Core N/A N/A N/A N/A
Door Lite 42.063 1.656 63.500 2.500

The figures on the following pages show the THERM cross sections and U-factor results for this window.
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9. SAMPLE PROBLEMS

9.5 Problem 4: Door

Sill

Modeling Assumptions
=  Cross Section = Sill
= Gravity Arrow = Down

Gravity Yector E

BC = Adiabatic
U-Factor Surface tag = None

|
| !

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

63.5 mm

BC = Adiabatic
U-Factor Surface tag = None

U-Facktors

[
>

BC = Interior Wood/Vinyl Frame
(convection only)

Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

Figure 9-45. THERM cross section and U-factor results for the sill cross section.
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

Jamb

Figure 9-46. THERM cross section and U-factor results for the jamb cross section.

Gravity Yector E

Modeling Assumptions:

=  Cross Section = Jamb

= Gravity Arrow = Into the
screen

BC = Adiabatic
U-Factor Surface tag = None

! |

&
<«

v

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

BC = Interior Wood/Vinyl Frame
(convection only)

Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

63.5 mm

T BC = Adiabatic J

U-Factor Surface tag = None

U-Fackors
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

Head

Modeling Assumptions:
= Cross Section = Head
= Gravity Arrow = Down

BC = Adiabatic
U-Factor Surface tag = None

BC = Interior Wood/Vinyl Frame
(convection only)

Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

BC = Adiabatic
U-Factor Surface tag = None

Figure 9-47. THERM cross section and U-factor results for the head cross section.
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

Door Core

Modeling Assumptions:
=  Cross Section = Head

=  Gravity Arrow = Down

BC = Adiabatic
U-Factor Surface tag = None

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

BC = Interior Wood/Vinyl Frame
(convection only)

Radiation Model = AutoEnclosure
U-Factor Surface tag = Door Core

BC = Adiabatic
U-Factor Surface tag = None

Figure 9-48. THERM cross section and U-factor results for the door core cross section.
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

Panel Edge

Figure 9-49. THERM cross section and U-factor results for the panel edge cross section.

BC = Adiabatic
U-Factor Surface tag = None
R "

Modeling Assumptions:
=  Cross Section = Sill
= Gravity Arrow = Down

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

BC = Interior Wood/Vinyl Frame
(convection only)

Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

—’ 4—
BC = Adiabatic
U-Factor Surface tag = None

JEE e T
O T =T —
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

Panel Core

Figure 9-50. THERM cross section and U-factor results for the panel core cross section.

BC = Adiabatic
U-Factor Surface tag = None

0 | l

<+—

Modeling Assumptions:
=  Cross Section = Sill
= Gravity Arrow = Down

BC = Interior Wood/Vinyl Frame
(convection only)

Radiation Model = AutoEnclosure
U-Factor Surface tag = Panel Core

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

>

t | f

BC = Adiabatic
U-Factor Surface tag = None

-
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9. SAMPLE PROBLEMS

9.5 Problem 4: Door

Door Lite -- Sill

BC = Adiabatic
U-Factor Surface tag = None

3

oraviy VectofS

Modeling Assumptions:
=  Cross Section = Sill
=  Gravity Arrow = Down

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = None

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

<
<«

BC = 3 mm Clear-Air-Clear U-
factor Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = None

P ¢——

BC = 3 mm Clear-Air-Clear U-
factor Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = Edge

BC = Interior Wood/Vinyl Frame
(convection only)

Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

") 3
I
BC = Adiabatic
U-Factor Surface tag = None
x|
-factar delta T Length
wim2-K £ mm Rotation
Frame [28372  [39.0 [+z0624” [300 | Projected in Glass Plans x|
SHGC Exterior [26078  [35.0 [420824  |snD [ Projected in Glass Plane |~ |
Edge ~||azzos  [380  [825 800 |Projected in Glass Plane x|
% Errar Energy Narm I 5.90% Export |

Figure 9-51. THERM cross section and U-factor results for the door lite cross section.

THERM7 / WINDOW?7 NFRC Simulation Manual January 2026 9-57



9. SAMPLE PROBLEMS 9.5 Problem 4: Door

Door Lite -- Head

BC = Adiabatic
U-Factor Surface tag = None

|
v v

O

|

xj| BC =NFRC 100-2010 Exterior

Radiation Model = Blackbody

U-Factor Surface tag = SHGC Exterior
Modeling Assumptions:

=  Cross Section = Head
=  Gravity Arrow = Down

BC = Interior Wood/Vinyl Frame
(convection only)

Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

BC = 3 mm Clear-Air-Clear U-
factor Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = Edge

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody

4—
U-Factor Surface tag = None ?

BC = 3 mm Clear-Air-Clear U-
factor Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = None

—? ® <
BC = Adiabatic
U-Factor Surface tag = None
uractors x|
L-factor delta T Length
W ina-K, C T R otation
Frame [28375  [390  [420624 [300  [Frojectsdin Glass Plane v]
SHGC Esterior |2.BUB4 |39.U |42.UB24 ISU.U IPrc-iec:ted in Glazz Flane j
Edge | [327m5  |za0 [gas 300 | Projected in Glass Plane 7|
= Expart |
% Emror Energy Morm IW Ly

Figure 9-52. THERM cross section and U-factor results for the door lite cross section.
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9. SAMPLE PROBLEMS

9.5 Problem 4: Door

Door Lite -- Jamb

BC = Adiabatic
U-Factor Surface tag = None

vV

Gravity ¥ec ll

&

Modeling Assumptions:

=  Cross Section = Jamb

= Gravity Arrow = Into
the screen

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = None

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

—

<
«

BC = 3 mm Clear-Air-Clear U-
factor Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = None

PE——

BC = 3 mm Clear-Air-Clear U-
factor Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = Edge

BC = Interior Wood/Vinyl Frame
(convection only)

Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

t [
BC = Adiabatic

U-Factor Surface tag = None

U-factar delta T Length
W 2K [ mm Raotation

x|

Frame [28372  [33.0 [420824  Jsnp | Praiected in Glass Plane |~ |
SHGC Exterior [26078  [38.0 [420824  |snp [ Projected in Glass Plane |~ |
Edge R N EE T 625 jao0 | Projected in Glass Plane |~ |

% Enmrar Energy Mo I 5.90%

Figure 9-53. THERM cross section and U-factor results for the door lite cross section.
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

9.5.5. Total Product U-Factor, SHGC and VT

Total product U-factor, SHGC and VT values for door products cannot be calculated in the same manner as
window and skylight products. Because WINDOW cannot area-weight the opaque portions of the door
models, and cannot read the results from THERM files with tags other than “Frame”, “Edge” or “None”, total
product values must be manually calculated outside of WINDOW, by inputting the center-of-glazing results
from WINDOW and the frame and edge results from THERM into a spreadsheet. The spreadsheet calculation
is outside the scope of this manual, and is therefore not included in this example. However, NFRC has
Benchmark Spreadsheets for area-weighting wood, steel-skin, and fiberglass-skin entry doors which is
available on the NFRC website (www.nfrc.org). Instruction on the use of that spreadsheet is not included in

this manual.

9.5.6. Wood Stile and Rail Door Drawings.

The following pages contain detailed drawings for this door.
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

Half-Panel with Glass Layout

30"
4—————— 27DAYLIGHT ——m8M
.
o
o
Yo
<
T o
= —
52 5
Ve
mz ©
3 (3]
&
©
o
4 4500 4 3
~
=
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o @
N
>
<
(&)
+ 4500 |+ +| 4500 ¢

Figure 9-54. Half-Panel with Glass Layout.
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

Half-Panel with Glass Section

]~ 4563 ¥
dr |
1250 HEAD JAVB /I
4
+
: z 0125 J
24
s 4500 HEAD TO SLAB
QDS-650 SEAL o
COMPRESSED TO 3/8" -
0.125 4 \
CLEARANCE GLASS SPACER
0.125
TEMPERED GLASS B %
=1
0.125
TEMPERED GLASS
0.500 -
THICK O.A.
JIRA
]
=
e -1 7.505
L5 :
O
- 3
L— OVERALL DIMENSION
SLAB HEIGHT PLUS 2 7/16"
0.125 4
CLEARANCE
\I: ~ VENEER PANEL
]
-~
o
2
X -
- z 9.248
e
DOOR SWEEP d 5
m -
L~
E /—/ 1.750
0.440 L—]
THRESHOLD TO SLAB L—
"
L L
1115
A
| l '
* 5.750 +

ALUMINUM THRESHOLD

Figure 9-55. Half Panel with Glass Vertical Section.
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Half-Panel with Glass Section

GLASS SPACER

0125 1750
JAMB TO SLAB r 0125
4,502 TEMPERED GLASS L 41502
YA \\\ . // 7T ( 17
. STILE (B 7L =] STILE .
SN AVVAVY 7/ /vy g
S = f = 5 4563
1563 y 0500 L
© THICK O & ®
125 4
TEMPERED GLASS QDS 550 SEAL
COMPRESSED TO 3/8"
1250 1250
OVERALL DIMENSION
SLAB WIDTH PLUS 1 314"
UPPER HORIZONTAL CROSS SECTION
0125 — r 1.750
JAMB TO SLAB
4502 - 4500 4 502
STILE \—-: E j STILE /}
2 \\\\\é % v STV £
) —
TR \ /ﬂa n
a &
2] wl
VENEER PANEL
QOS50 SEAL
COMPRESSED TO 3/8"
1250 1250
OVERALL DIMENSION

SLABWIDTH PLUS 1 2:d"

LOWER HORIZONTAL CROSS SECTION

Figure 9-56. Half Panel with Glass Horizontal Section.
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Sill

e
L -

3.562

5.750

Figure 9-57. Dimensioned drawing for the sill cross section.
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Jamb

1.750

2438 0.375

W

0750 0.875

4.563

Figure 9-58. Dimensioned drawing for the jamb cross section.
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9.5 Problem 4: Door

Head

4563

0875

2436 0375

2500

2500

AUAN

Figure 9-59. Dimensioned drawing for the head cross section.
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9.5 Problem 4: Door

Panel Edge

1.750

1891

k- 20°

0.625

Figure 9-60. Dimensioned drawing for the panel edge cross section.

1.187
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9. SAMPLE PROBLEMS

9.5 Problem 4: Door

0.625

Door Lite
- — 0625 —
0092 T' -
0.656 0831
1.0’00/
1.750
Figure 9-61. Dimensioned drawing for the door lite cross section.
Spacer

00730 —ﬁ‘/ 0010 —

_' 0;?150|jr

0.0850

13

— 0241 —

—— (44 —

Figure 9-62. Dimensioned drawing for the spacer.
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APPENDIX A. THE APPLICATION OF ISO 15099 TO
ANSI/NFRC 100 AND ANSI/NFRC200

Software utilized in computing NFRC U-factors (ANSI/NFRC 100) and SHGCs (ANSI/NFRC 200) will be
based on the recently completed ISO 15099 document. In several cases, ISO 15099 suggests that individual
national standards will need to be more specific and in other cases the ISO document gives users the choice of
two options. This document clarifies these specific issues as they are to be implemented in NFRC approved
software/algorithms:

1) Section 4.1: For calculating the overall U-factor, ISO 15099 offers a choice between the linear thermal
transmittance (4.1.2) and the area weighted method (4.1.3). The area weighted method (4.1.3) shall be
used.

2) Frame and divider SHGC's shall be calculated in accordance with Section 4.2.3. The alternate
approach in section 8.6 shall not be used. [Note: current research is aimed at assessing which method
is more accurate; at some point in the future, this recommendation may be revised.]

3) Section 6.4 refers the issue of material properties to national standards. Material conductivities and
emissivities shall be determined in accordance with NFRC 101, Procedure for Determining
Thermophysical Properties of Materials For Use in NFRC-Approved Software.

4) Section 7 on Shading Systems is currently excluded from NFRC procedures.
5) Section 8.2 addresses environmental conditions. The following are defined by NFRC:
For U-factor calculations:
Tin=21.0°C
Tou =-18.0 °C
V=55m/s
Trm,out=Tout
Trm,in=Tin
I:=0 W/m?

For SHGC calculations:
Tin=24.0°C

Tou =32.0°C
V=275m/s
T'm,out=Tout

Trm,in=T:

=783 W/m?
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6) Section 8.3 addresses convective film coefficients on the interior and exterior of the window product.
In section 8.3.1, NFRC simulations shall use the convective heat transfer coefficient based on the
center of glass temperature and the entire window height; this film coefficient shall be used on all
glass and edge of glass indoor surfaces. Frame section indoor convective film coefficients shall be
constants which depend on frame material type; these shall be determined using the algorithms in
ISO15099 and using representative frame surface temperatures for each frame material type (to be
included in the Simulation Manual). In section 8.3.2, the formula from this section shall be applied to
all outdoor exposed surfaces.

7) Section 8.4.2 presents two possible approaches for incorporating the impacts of self-viewing surfaces
on interior radiative heat transfer calculations. NFRC shall use the method in section 8.4.2.1 (Two-
Dimensional Element To Element View Factor Based Radiation Heat Transfer Calculation). This is
also the method referenced in NFRC 500-2017 for Condensation Resistance (CR) calculations and
ANSI/NFRC 500 (2020 and later) for Condensation Index (CI) ratings. Furthermore, in the interests
of consistency and accuracy, this method shall be used for all products, including planar products, for
U-factor calculations as well as CR and CI calculations. The use of this method makes the use of
Slightly or Partially Ventilated cavities (see section 6.7.1) on the interior of frame surfaces redundant.
The standard frame convective film coefficients (hc) referenced in 6) above will thus be applied to all
interior frame surfaces.
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