8. SPECIAL CASES

8.1. Overview

The following special cases are covered in this section:

8.2. Meeting Rails page 8-2

8.3. Dividers page 8-10
8.4. Storm Windows page 8-39
8.5. Flat Skylights page 8-48
8.6. Tubular Daylighting Devices page 8-61
8.7. Doors page 8-81
8.8. Spacers page 8-82

8.9. Non Continuous Thermal Bridge Elements page 8-84

8.10.  Site Built Fenestration Products
Curtain Walls, Window Walls
and Sloped Glazing page 8-98
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8.2 Meeting Rails 8. SPECIAL CASES

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

* 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.

* Model the meeting rail with the glazing systems facing up and down (see Section 6.3.2, "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

A

Sight Line

The Sight Line determines the
Edge-of-glass delimeter for the
Boundary Conditions

Frame

< Sight Line

Edge-of-glass

Figure 8-1. Meeting rail cross section.
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8. SPECIAL CASES 8.2 Meeting Rails

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
extrusions, which are
generally unpainted
metal, should have an
emissivity of 0.2.

Define the air between the sashes as

Frame Cavity NFRC 100-2001. Sash 2

Sash 1

Emissivity of interior
surfaces of unpainted
extrusion = 0.2.

Sweep

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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8.2 Meeting Rails

8. SPECIAL CASES

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.

=lofx|
B Fle Edt ¥ew Draw Libraries Options Calculation Window Help -1=l x|
DEESGELod f|a-lkkaq 200 | FEuU|K| B
=
Step 3:
Insert the glazing system using the Libraries/Glazing Systems menu choice or the F6 key.
/ 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.
_l’_
Step 5: Insert Glazing System il
Use the Material Link et [U |
' fientation | Up [~ ok I
feature to fill the polygon o Tm - =

Step 4:
Insert the
gpacer

below the glazing cavity

with the same material as

the glazing cavity itself.

= Fill the space with any
material

= Select the polygon

=  Goto Libraries/Create
Link menu option

= With the Eye Dropper
cursor, click on the
glazing system cavity.

Sight line ta bottam of glass |1 51257 mm

L]
Spacer height |9.2954 fr
Edae of Glazz Dimension |83 5 mm
Glazing system height I [ mm
[~ Use nominal glass thickness
[~ Use CR Model for Window Glazing Systems

Edge of Glass Dimension
=63.5 mm (2.5 inches)
Glazing system height
=150 mm (6.0 inches)

i~ Gap Propertie:

% Default " Custom Gap|1 'I
']
KeffIU.UB383 W
widh[i2 m
-~ Spacer /
[~ Draw spacer

/o

b aterial IFibergIass [PE Resin] /j
/

/o

[ Single spacer for multiple glazings

— Boundary Candition:

" Use U-factar values
" Use SHGE values

|

Exterior Boundary Condition
= Use existing BC from
library,

NFRC 100-2001 Exterior
Interior Boundary Condition
= Use convection plus
enclosure radiation

E sterior Boundany Condition Interior Boundary Condition

IUse existing BC from library [select below)] j IUse convection plus enclosure radiation j

[NFRC 100-2001 Extericr S [N =l ke
<
[y 96.9,21.1 |de,dy 0.0, 0.0 len 0.0 [step 10,0 [mm | "
Ready 5ill [ MM

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 2d glazing system.

Step 4:

Reposition the Locator in the
upper left corner of the frame
for the 2™ glazing

Figure 8-5. Reposition the Locator for the 2nd glazing system.

5. Insert the 27 glazing system, setting the Orientation to “Down”, and entering the correct values for Sight
line to bottom of glass and Spacer height.

-0l
B Ele Edt Yiew Draw Lbraries Options Calulation Window Help — = x|
DEE&EG B LS P a-jrk sl 295 Frulkg| E

=

Insert Glazing System

Orientation  [{sfa) hd

CR cavity height 1000

Sight line to bottom of glass IW m
Spacer height |9.2984 fr

Edge of Glass Dimension W mm
Glazing system height IT T

™ Use nominal glass thickness

[ Uze CR Madel for window Glazing Spstems

Cancel |

X Step 7:

Click on “Add as additional
glazing system”.

— Gap Propertie:
@ Defaut " Custom  Gap m
Keff | D0E3E5 WwWiimek
widh[12 mm
— Spacer
[~ Draw spacer
I Single spacer for multiple glazings Step 6:
1 aterial IFibergIass [PE Resin] j Insert the an glazing
— Boundary Condition: sys_tem .
& Use U-factor values (orlentatlon = Down)
" Use SHGC values
Exterior Boundary Condition Interior Boundary Condition
IUse exizting BC from library [zelect below) j IUse convection plus enclozure radiation j
|NFRC 100-2001 Esterior =IFE =

[

[xy 70.3, 36.7
Ready

[dz,dy 136.0, 9.2

len136.3 [step 10.0 om |

Insert Glazing Syste; il
" Replace Existing Glazing System
% i4dd az additional glazing syste
(1] I Cancel
of
A
[5i [ o

Figure 8-6. Insert the 2nd glazing system.
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8.2 Meeting Rails 8. SPECIAL CASES

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.

BC = Adiabatic
; * U-factor Tag = None
BC = <glazing system name> U-factor Inside Film

Radiation Model = AutoEnclosure
U-factor Tag = None

BC = NFRC 100-2001 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)

BC = NFRC 100-2001 Exterior Radiation Model = AutoEnclosure
U-factor Tag = SHGC Exterior U-factor Tag = Frame
Sight Line

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

BC = NFRC 100-2001 Exterior
U-factor Tag = None

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

I
BC = Adiabatic
U-factor Tag = None

Figure 8-8. Define the Boundary Conditions for the meeting rail.
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8.2 Meeting Rails 8. SPECIAL CASES

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.

uractors x|

U-factar delta T Length

ek c i R otation
SHIGC Exterior I?.344U |39.U |53.5427" IQU.U IF'roiected in Glazz Plane j
Frame |7.0959  [33.0 [493017 {800 |Projected in Glass Plane < |
Edge | |20267  [330 [130177  [sop | Prajected in Glass Plane |~ |

% Enror Erergy Morm IW Export |

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 Calculation

The Condensation Resistance model is only appropriate for horizontal meeting rails (found in vertical sliding
products) - THERM will not calculate the Condensation Resistance for a file with the Cross Section Type set
to “Vertical Meeting Rail”.

There are two methods for calculating the Condensation Resistance information in THERM, which will be
used in WINDOW to calculate the total Condensation Resistance of the product:

= Check the “Use CR Model for Window Glazing System” cheekbox 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|

Freferences | Dirawing Dptiors
Simulation Therm File Options | Shap Settings
tezh Cantrol

(uad Tree Mesh Paramater IS

¥ Run Enror E stimatar
b amirnunn % Error Energy Morm I'I 0 x

bed @irnunn Iterations |5

v {lse CR 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,
0.20 for 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
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8. SPECIAL CASES 8.2 Meeting Rails

2. Simulate the model. The program will calculate both U-factor results and the Condensation Resistance
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.

Figure 8-11 Red boundary conditions will appear inside the glazing system when the Condensation Resistance feature is activated.
Check the emissivities of each of these boundaries. Note that Condensation Resistance is only modeled for horizontal meeting rails
(such as in a double hung window).
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8.3 Dividers 8. SPECIAL CASES

8.3 Dividers

8.3.1. Internal Dividers (Suspended Grilles)

The criteria for when dividers are modeled can be found in NFRC 100, Section 1.4.4, “Simplifications to a
Product Line”. 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 THERMS and WINDOWS are the same for all divider shapes and all possible gas fills,
in contrast to modeling steps in previous versions of THERM. These 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 100-2001” material

+ For gas-filled dividers: Create a new material in the Material Library that is identical to the “Frame
Cavity NFRC 100-2001” material, except that the gas used in the glazing system, found in the Gas
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.

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. Laquered Yellow
Brass with a conductivity of 119 W/m-K and an emissivity of 0.9 (from the ASHRAE Handbook of
Fundamentals) shall be used as the default material. The caming drawing DXEF file is available from the
NFRC website. (Reference NFRC Technical Interpretation TI-2004-05).
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8. SPECIAL CASES

8.3 Dividers
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Figure 8-12 Standardized Caming Drawing
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8.3 Dividers

8. SPECIAL CASES

.1.. 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. 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 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)

= Draw spacer = Not checked

THERM - [Untitled-2]
]%1File Edit View Draw | Libraries Options Calculation  Window  Help

Set Material
Set: Boundary Condition

NDEHE&| 5o

F4
F5

=15
=13 x|

(£ & u %]

Material Library
Boundary Condition Library
Gas Library

Shift-F4
Shift-F5
Shift-F&

Select Material/Eoundary Condition

Step 1:

Glazing Sy H
UFactor Mames

Create Link
Remowve Link

Step 2:
Select the appropriate glazing

1D M amne

15 Double Cle:

Glazing System

Ucenter |2.72 Wmz2-C
Cloze |
Thickness |2U.?D1 mm

WINDOW Glazing System Library

IE:\Program FileshLBMLYWINDOWSY Browse |

Window 5 D atabase

system from the WINDOW library

Glazing Systems x|

K|

Insert Glazing System

Sight line to bottom of glass I‘I .05

[x,y -106.9, 94.1 |d,dy -137 5, 90.6
Provides access to WINDOW Glazing System Libraries

llen 1647 |5tep 10.0

Orientation IUp 'I
CR cavity height I‘IUUEI

Edge of Glass Dimension |83.5
Glazing system height I‘IED

[ Use nominal glass thickness
[ Use CR Model for Window Glazing Spstems

mm
i

Spacer height IW mm
mm
m

Cancel

—
\

<« Select Glazing Systems from the Libraries menu

Step 3:

Set Glazing System

properties:

=  Sight line to bottom of
glass and Spacer
height = Divider height.

= Edge of Glass
Dimension = 63.5 mm

— Gap Properhie: (2-5”)
© Defaut O Custom  Gap[1 7] *  Glazing system height
Keff |DOEZES wiim-K =150 mm (60")
widh [ = Exterior Boundary
 Spacer / Condition = NFRC 100-
[~ Draw spacer 2001 Exterior
[~ Single spacer for multiple glazings . Interior Boundary
I aterial IFibergIass [PE Resin) j Condition = Use
/

convection plus

— Boundary Condition:

@ Use U-factor values
 Use SHGC values

Exterior Boundary Condition

enclosure radiation

|ntggior Boundary Condition

IUse existing BC from library (select below) / j

IUse convection plus enclosure radiation

I MNFRC 100-2001 Exterion

¥

=l
| =l

Figure 8-13. 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
= 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

Insert the glazing system as an Additional Glazing.

THERM - [Divider.THM] : 8 -18(x]
B Fie Edi View Draw Lbraries Options Calculation Window Help — =1
D& o F i adlkkal 296 Fruk| 5l

=

Insert Glazing System x|

Origntation | D owr hd I

CR cavity height | 1000 mm Cancel |
Sight line to bottom of glass |0 m

Spacer height |0 m
Edge of Glass Dimension |63.5 i .
Glazing system height | 150 . C(ljlgl;on tlhel Add as
. aadiuonal azin
I™ Use nominal glass thickness 2nd g|a2|ng System. System" ra?jio bugtton in
[™ Use CR Model for window Glazing Systems the ||"| sert Glazi n
- Giap Properie Set Sight line to S dialod b 9
* Default " Custom Gap|1 hd bOttOm Of gIaSS and yStem 1a Og OX.
Keff |D0E355 widm-F Spacer helg ht to
Widlh|12 iy zero.
—Spacer
™ Diaw spacer \ Inzert Glazing System E
™ Single spacer for multiple glazings - .
Material IFibergIass [PE Resin) j " Replace Existing Glazing System

" Add as additional glazing spster

~ Boundary Condition:
& Use U-factor values

" Use SHEC values ak. I Caticel

Exterior Boundary Condiion—————————— [~ Interior Boundany Condition
IUse existing BC from library [select belaw] j IUse convection plus enclasure radiation j
|WFRC 100-2001 Exterior R [N |
=
0,y 108,3,-47.7 [dx,dy 99.7, 24.4 len102.6 [Step 10.0 [mm |
Ready T am

Figure 8-14. Import the second glazing system as an additional glazing system, facing down.
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8.3 Dividers 8. SPECIAL CASES

4. Draw (or copy and paste from another THERM file) the polygons in the cavity that represent the divider.

. THERM - [Divider. THM] = x|
%Eile Edit Wiew Draw Lbraries Options Calculation ‘Window Help _Iﬁllil
DEH&ELo@da=<]lLaQ 205 |FEU|K| -]
E
o
|
Draw the divider in
the cavity between J
the two glazing
systems.
i
l
4 1 _>IJ
[z 9.7,-7.5 |dx,dy -9.4, 9.3 llen 133 [step 100 [mm |
[ o

Ready
The figure below shows the divider for this example drawn with the material set to Aluminum Alloy

Figure 8-15. Draw the polygons to represent the divider.
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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 100-2001”. Divide the cavities up according to the 5 mm rule as necessary.

L F Cavity Surf;
Check the em|ss|v|ty values for

the inside surface (by double-
clicking on the surface) of the m

extruded metal divider — set to
0.20 if the surface is unpainted

metal.

Fill the divider frame cavities
with the material “Frame
Cavity NFRC 100-2001".

Figure 8-35 Fill the divider frame cavities with Frame Cavity NFRC 100-2001.
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8.3 Dividers 8. SPECIAL CASES

6. Define the boundary conditions, using the “ AutoEnclosure” choice for the Radiation Model.

BC=Adiabatic
U-factor tag = None

a—

<&
<

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor taa = None

BC=NFRC 100-2001 Exterior
U-factor tag = None

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

> 8§ ¢— BC = <glazing system> U-factor Inside Film
BC=NFRC 100-2001 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 100-2001 Exterior
U-factor tag = None

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

-

+ 4

BC=Adiabatic
U-factor tag = None

Figure 8-16 Assign the boundary conditions.
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8. SPECIAL CASES 8.3 Dividers

6. Calculate the results.

. THERM - [Divider.THM] A8 -8 x|
,E‘Ei\e Edit W¥iew Draw Lbraries Options Calculation Window Help =1=1 =]
NEdE& Lod - a-drL Q205 Fleu k| =

E

- 1T ZBIS Step 3: Click on the Calculation/Show U-factors
Step 1: Click on the Calc toolbar menu choice to see the U-factor results.

button to start the simulation.

Step 2: When the simulation is

finished, the results specified in the »
Calc/Display Options menu choice E\J-:Jacéc'.é deItCaT Length _
will be drawn on the model. In this e i Jefien

, - Fame [3333 [0 [1905 [N Frojected ¥ -
example, isotherms are displayed. The fame [Proiecte [
Show Results toolbar button will Edge [18782  [380  [127 [z [Projected ¥ =l

toaale the results disnlav on and off.

_ % Emor Energy Morm I 2.19% Export |

[,y 224.5, 62,3 |,y 169.9,126.5 lenz11.8 [Step 100 fom |
Ready U-Factar results UM

Figure 8-17 Calculate the results.

7. Save the file using the File/Save As menu choice.

THERMS5.2/WINDOWS5.2 NFRC Simulation Manual July 2006 8-17



8.3 Dividers 8. SPECIAL CASES

8. 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.

ivider Library (C:'Program Files'LBNL WINDDW S5 w5.mdb} A8 3 x|

File Edit Libraries Record Tools Wiew Help

D sBR|(&EE: «rr|Ba=eli O# % 28

: : Diivider Library [C:\Pragram =
Detailed Yiew | Filesh LEMLYWIND OW5LwE mdb)
Update | Edge Edge Glazing
1D Mame Source Type Ualue Uwalue | Comelation | Thickness Ffd Abg | Color
New | WK | wimzK mm mm
c 1 Alum/Divided ASHRAE/LEL M/A n/a nfa  Classi n'a 153 040
&l 2 Bubyl/Divided ASHRAE/LBL M/A nfa nfa  Class2 nfa 153 oo [
3 “wWood/Divided ASHRAE/LBL Suspende g ' - ' - —— T
—Find 4 Inzul/Divided ASHRAE/LBL Suspende —I —I
IID vI 5 Alum/Suzpended ASHRAE/LBL Suspende  Look in: Ia THERMS j & rj( -
ended BSHRAE/LBL | MAA
I Im I ’ DividetFrame, THM
Advanced.. | divicler-23, THM Headventeds.thr
Divider-28. THM HF.thm
6 records found gtep 1'LFt';om thel.VKINDS]W divider-hifized, THM HF_00%, thm
Import ]" — Frame Library, click on e Divider-contour-airfiled, THM HF_010.thm
Irr_1p0rt button. An open WIndOW Divider—contour—gasﬁlled.THM HF_DII.thm
ﬂl will open. Select the THERM file
Report | or files to import. 4] o 0
Biint | File name:  [divider. THM gren |

For Help, press F1 Files of type: [ Them files [~ thr) | Cancel |

Adding a record...

Step 2: Specify the record number. or use > C:4Program Files“LBMLA\THE R Shdivider. THR

the program default number, which is an ID for new recard: [7 Cancel |
increment from the last record.

2% Divider Library {C:\,Program Files',LBNL\ WINDDW5%w5.mdb) I Dverwite ewisting records A8 o] x|

File Edit Libraries Record Tools Wiew Help

Ded| R EE: K> v|(Beeon: O %78

. . Divider Library [C:\Program =]
DetailedView | | FilesLBHL WIND 0%WEwE. mdb)

il

Update Edge Edge Glazing
Mame Source Type Uwalue Uwalue | Comelation | Thickness Pfd Abg | Color
New | Wima2K | Wimzk mm mm
. 1 Alum/Divided ASHRAEABL N/ néa nfa  Classl nfa 159 040
il 2 Bubl/Divided ASHRAE/LBL N/A na nfa  Class2 nfa 153 0 [
Delete | 3 Wood/Divided ASHRAE/LEL Suspended néa nfa  Class3 nfa 153 040 -
- Ed 4 Insul/Divided ASHRAE/LBL Suspended  n/a nfa  Classd nfa B3 o3
||D .[ 5 Alum/Suspended ASHRAE/LEL Suspended néa nfa  Clas5 n/a 16.0 030 -
l— £ Vinyl/Suspended ASHRAE/LBL N/ nia nfa  Classl nfa 180 030 -
m Therm i
Advanced.. | \ i
il Step 3: The selected records will be L
imported into the library.
Ezport |
Eeport |
Bt | (4] | ! .
For Help, press F1 Mode: NFRC E LR ¥

Figure 8-18 Import the THERM file into the WINDOW Divider Library.

9. 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

..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 Gas 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 Gas Library and then imported into the
THERM Gas 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 Gas Library. Presumably it already exists for the product
glazing system model. See Section 4.6, “Gas Library” in the WINDOW User’s Manual for details about
creating new entries in the Gas Library.

i Gas Library (C:'Program Files' L BNL', WINDOWS, w5 1b-SimMan.mdb) — IEI |£|
File Edit Libraries Record Tools Wiew Help
D@H|sB2RE[E: 4> v |Bajen: O# 2N
: = Gas Libram [C:%Program =
Detailed Yiew | Files\LBMLSWIND DWW Shw51 b-Simbd an. mdb)
Calc |
[n] MHame Type | Conductivity Yizcosity Cp Dengity Frandtl
MHew i mek kg/m-z Jikg-k kg/m3
LCopy |
2 Argon Pure 0016349 0.000021 521.929016 1776655 06704
Delete | 3 Kippton Pure 0008664 0.000023 248091003 ATIETT 06717
Y E— 4 ¥enon Pure  0.005160 0.000021 158339936 5839131 06542
I D - l B Air(5%] 7 Argon [95%] Mix b 0.016704 0.0000z21 B39.729614 1.782144 0.6731
l— 7oA [12%) 4 Argon [22%)] 4 Kryptan [BEX%] Mis bl 0.011440 0.000023 322703613 3005083 06403
8 Air[5%] /7 Kieptan [95%] Mix Pl 0.009191 0.000023 251636536 3604808 06640
Advanced.. | 9 Air[10%) / Argon [30%] Mix Mix 0.017063 0000021 553.033142 172773 06758
8 records found. _
| miport |
Export |
Eeport |
Frint | . | » -
For Help, press F1 Mode: MFRC T 4

Figure 8-19 Make the necessary gas mixture in the WINDOW Gas Library.
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8.3 Dividers

8. SPECIAL CASES

. THERM - [Untitled-2]

r'ﬁ‘File Edit View Draw | Libraries Options Calculation  Window Help

=1o] x|
=12 x|

) . ] Set [Material 4 3? | B
Stel:;] 1'GC|ICk = SetBoundary Condition F& | | ||
on the Gas
. IMaterial Liby Shift-F4 ;| i -
Library from CEEIEEY f Mame: [ai | Ll
N N Boundary Condition Library shift-FS . —GasDat
the Libraries : , Step 2: Click on the s
menu Import button in the o
Seleck Material (Boundary. Condition . . Pure gas Delete |
Gas lerary dlalog — Conductivity Coefficients Rename
Glazing Systems Fé box. Al 0.002em30 e |
UFactor Names & [0.0000776 STP Propertiesl
Create Link C | 00000000 Save Lib i |
Riemaove Link
- —Wizscozity Coefficients Load Lib |
Window5 Gas Impork x| Step 4: Select the . W
— | WINDOWS gas record from ][ IT00n0n00
the pulldown list and click on | DT
the |mport button. — Specific Heat Coefficients——
Gas type: |2 Gas Mix 4] 27363335
| E | 0.0123240
Import I Cloze Tl
Step 3: Use the Browse £ 0.0000000
\Windowd Databaze button to select the — Malecular Weight
WINDOWS database. [ a0
IC:\F‘rogram Files\LBMLYw/ INDIOWwEY Browse |
Kl
¥ Frotected
[, —rever — ; . o100 om |

Edit Gas fill properties

2.

Import the WINDOW gas mixture into the THERM Gas Library, if it is not already there.

Figure 8-20 Import the gas mixture entries into the THERM Gas Library.

3. Make a new frame cavity material in the THERM Material Library based on “Frame Cavity NFRC 100-
2001” but with the Gas Fill field set to the correct gas mixture from the Gas Library.

x|

Material Definitions

Frame Caviiy NERL 10
~ Material Type
Cance|
 Silid _I
& Erame Bayity Hew
| Glazing Cawity
Delete
| Epterrial Fadiation Enclzsurs _I
Bename |
= Solid Braperie:
Corductiyita o TR Calor
Emizsivity IU.BSS Save Lib A
i~ Cavity Propertie: Load Lib |
Radiation Madsl | Siriplii=d |
Cavity Model |50 15099 'I
Gasg Fill |20 'I
Emizsiviies: Side 1 [0.9 Side 2 ID.S M
¥ | Fratested .

MHew Material name:

x|

|Frame Cavity NFRC 100-2001 Argonds —1—> Material Definitions

Cancel |

Step 3:
Define the new Frame Cavity:

Material Type = Frame Cavity
Radiation Model = Simplified
Cavity Model = ISO 15099
Gas Fill = Gas from Gas Library
Emissivities = Irrelevant
because they will be
recalculated during the
simulation

Step 2:

/Give the new material a unique name.

|

IFrame Cavity MFRC 100-2001 Argond5

j Lloze I

—Material Type
" Solid
% Frame Cavity
) Gl azitg Caity

" External Fradiation Enclosure

= Salid Propertie
Carductiit 0.1 AR Color |
Brmiesiyity ID.SSS Save Lib asl

Cavity Propertie:

LoadLib |

Radiation Model | Simpified =

Cavity Model IISD 15033 'l

i Argon [95
Emissivities: Side 1 IU.S Side 2|09

I~ Brotected

Figure 8-21 Import the gas mixture entries into the THERM Gas Library.
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8. SPECIAL CASES 8.3 Dividers
4.  Use this new frame cavity material in the divider model cavities.

THERM - [DividerContouredGasFilled. THM] =] ] 4

].';E‘ File Edit Wiew Draw Libraries Options Calculation  Window Help =] x|

DSE&G B0 @]k L ad 0% F E U|%|Frame Cavity NFRC 100-2001 Argond5s

&l

NN

Properties for Selected Polygon(s)

b aterial [{EETTE

01

Cancel

5
Keff [00318 Brusier Ly
Harizortal dimension W inches
Wertical dimension W inches
T
Jamb cavity height IW inches

Heat Flaw Direction || eft w | [relative to screen)

el

Jambs: left to right [relative to gravity]

— Side 1
Temperature|28.8? F
Emissivity | 050 =l
—Side 2
Temperaturel28.? F
Emissivityl 0.90 j
Mote: For some cavity types, Keff, Temperature and
E mizsivity data may not be correct until a simulation has
been done. The values shown are approximations.

|

o | of

[x,v0.637,0.308 [dx,dy 0.285,-0.027 llen 0.286 [Step 0.394 [inches |w,h0.420, 0,392 "

Ready [vertical Divider [ oM
Figure 8-22. Use the new Frame Cavity material to fill the divider cavities.
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8.3 Dividers 8. SPECIAL CASES

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.

[ e Lo 181x]
,!ﬁﬁile Edit Wew Draw Lbraries Options Calculstion Window Help == x|
DEEHS E|LOS | (a-<0sad 95 FEUu % ]

Bl

|l | _>ILI

pey 1.579,0.144 |d,dyv -0.147,0.021 len 0,142 [Step 0.394 [inches |
Ready [vertical Divider [ oM

Figure 8-23. A simulated divided lite in THERM.

In THERM:
10. Set the Cross Section Type to “Vertical Divider”.

11. 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 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)
= Draw spacer = Not checked

8-22 July 2006 THERMS5.2/WINDOWS5.2 NFRC Simulation Manual



8. SPECIAL CASES 8.3 Dividers

. THERM - [Untitled-2] _ =] x|
]_"'E‘File Edit Wiew Draw | Libraries Options Calculation ‘Window Help _|El|£|

m Set Material i | # Eu |%’ || j
F5

Set Boundary: Condition

IMaterial Library Shift-F4
Boundary Condition Library Shift-F5
Gas Library Shift-F&

Sieleck Material/Boundary Condition Step 1:
Glazing s 6 <« Select Glazing Systems from the Libraries menu

UFactar Mames

Create Link
Remoye Link

Insert Glazing System il

Orientation I Up = l

— =  Sight line to bottom of
Edge of Glass D |53.5
x| o 0 e TErEan glass and Spacer

DNeme Glazing system heigh 150 height = Divider height.
)0 W ™ Use nominal glass thickness L] Edge of Glass

# Layers |2 [~ Use CR Model for Window Glazing Systems Dimension = 63.5 mm

Glazing Systems

Step 2: A .
SelgCt the appropriate glaZing O ey et IW i Cancel gteethSIazmg System
system from the WINDOW library Sightline ta batam of gass [1.05 mm‘\ properties:
Spacer height IW mm \ :
mn
il

Glazing System

Ucenter |2.72 Wim2-C — Gap Propertie: (2 . 5")
) Cloze |
Thlcknesslzﬂ.?m mm & Default ™ Custom Gap|1 'I - Glazing system height
WINDW Glazing System Library————— Keff|O.05353 Wik =150 mm (6.07)
|C:Progiam Files\LBNLYWINDOWS, | Browss | widh 12 mm =  Exterior Boundary
‘window 5 Database — Spacer / Condition = NFRC 100-
I Draw spacer 2001 Exterior
I™ Single spacer for multiple glazings . Interior Boundary
LI taterial IFibergIass [PE Resin] j Condition = Use
Pey-106.9, 941  |dxdy-137.5, 906  [len 1647 [Step 10.0 - / convection plus
Provides access to WINDOW Glazing System Libraries i~ Boundary Canditions | enclosure radiation
7 Use U-tactor values
" Use SHGC values
Exterior Boundary Condition Intwpior Boundary Condition
IUse existing BC from library [zelect below) j IUse convection pluz enclozure radiation j
|NFRE 100-2001 E stericr =0 |

Figure 8-24. Import the first glazing system.
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8.3 Dividers

8. SPECIAL CASES

12. 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

= Spacer height =0

= Edge of Glass Dimension = 63.5 mm (2.5 inches)
= Glazing System Height: 150 mm (6.0 inches)

= Draw spacer = No

t checked

Insert the glazing system as an Additional Glazing,.

THERM - [Divider.THM] 28| 1= x|
B Fie Edi View Draw Lbraries Options Calculation Window Help =l21x]
D& o F i adlkkal 296 Fruk|
=
Origntation IDown ‘l
CR cavity height | 1000 M Cancel
Sight line to battom of glase [3.1750 ml
Spacer height 0 d .
Edge of Glass Dimension |E3.5 Em 2” glazmg SyStem'
: Click on the “Add as
Glazing system height [152 4 mm . . - .
Set Sight line to additional glazing
I Use nominal glass thickness bottom of g|ass to System“ radio button in
™ Use CR Model for “indow Glazing Systems the appropriate the Insert Glazing
A values for the System dialog box.
' Default € Custom Gap|l ™ simulated spacer and
Keff |005105  \wiimK s hei F;]t t
N v pacer height to zero.
[ Spacer Inzert Glazing System [ %]
™ Draw spacer
™ Single spacer for multiple glazings I Pl v s Sostin
taterial IFibergIass [PE Resin] ﬂ & e e e =
O a3 additional alazing system
— Boundary Canditian:
& Use U-factor values I
" Use SHGC values Ok Cancel
Exterior Boundary Condition Interior Boundary Condition
IUse existing BC from library [select below] IUSE convection plus enclosure radiation

|NFRC 100-2001 Exterior

Ll L«

=l
| =

7 108.3,-47.7 [dx,dy 99.7, 24.4
Ready

Figure 8-25

len102.6 [Step 10.0 [mm |

[

. Import the second glazing system as an additional glazing system, facing down.

July 2006

THERMb5.2/WINDOWS5.2 NFRC Simulation Manual



8. SPECIAL CASES

8.3 Dividers

1.

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

 THERM - [Untitled-2] =]
r';g‘EiIe Edit Wiew Draw Lbraries Options Calculation  window  Help _|ﬁ||1|
DG ELoe (kL aqd 205 | FLEu|k| -]
=l
[ N |
Draw the divider in
the cavity between
the two glazing
systems.
-+ <
ki 1 ;I_I
%y 32,1, -0.8 |dx,dy 2.9, -4.6 len 5.4 |Step 100 [mm | 4
Ready [sil [ e
Figure 8-26. Draw the polygons to represent the divider.
8-25
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8.3 Dividers 8. SPECIAL CASES

2. Fill the cavities between the divider and the glass layers and inside the divider with the material “Frame
Cavity NFRC 100-2001”. Divide the cavities up according to the 5 mm rule as necessary.

Check the emissivity values for the inside
surface (by double-clicking on the surface)
of the extruded metal divider — set to 0.20 if
the surface is unpainted metal.

Frame Cavity Surface E
0200

Cancel

Fill the divider frame cavities
with the material “Frame
Cavity NFRC 100-2001".

Figure 8-35 Fill the divider frame cavities with Frame Cavity NFRC 100-2001.
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8. SPECIAL CASES 8.3 Dividers

7. Add the polygons for the simulated divided light elements on either side of the glazing system and
assign the appropriate materials to them.

THERM - [SimulatedDividedLite.THM] o [

r"'ﬁﬁile Edit ¥iew Draw Lbraries Options <Calculation ‘Wwindow Help -|ﬁ'|5|
DEEdEE LD ia<kLald 2% | FLEU|%| M|

|

|4
[x,v 38.3,25.9 dx,dy 0.0,-0.1 len 0.1 [step 100 [om | 4
Ready [vertical Divider | MU

Figure 8-35 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

8. Define the boundary conditions, using the “ AutoEnclosure” choice for the Radiation Model.

BC=Adiabatic
U-factor tag = None

i3

|

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor taa = None

BC=NFRC 100-2001 Exterior
U-factor tag = None

1

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

7
[\

BC = Interior <frame type> (convection only)
— Radiation Model = AutoEnclosure
U-factor tag = Frame

BC=NFRC 100-2001 Exterior
U-factor tag = SHGC Exterior

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC=NFRC 100-2001 Exteri
U-factor tag = None

1

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

L

BC=Adiabatic
U-factor tag = None

Figure 8-27 Assign the boundary conditions.
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8. SPECIAL CASES

8.3 Dividers

3. Calculate the results.

. THERM - [SimulatedDividedLite. THM] _|EI ll
r';E‘EiIe Edit ‘“iew Draw Lbraries Options Calculation  Window Help _Iﬁ' 1'
DS ELoe dla-drtad 296 Fleu x| B

=

F= " Step 3: Click on the Calculation/Show U-factors

menu choice to see the U-factor results.

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. .

u-ractors x|

% Emar Energy Morm I 5.69%

L-factor delta T Length
W m2-K € T R otation
Frame [25331  [330 [zzz251 [a00 Frojected in G
Edge [27738 390 i | 900 |Projected in Glass Plane x|
SHIGL Esterior M EE I EEX [22225  [a00 | Projected in Glass Plare > |

ewor|[_ ok _]

[zw 1200814253 [de,dy 72.3,-193.1 lenzoe.2 [step 10,0 |jom |

Ready

=l

[vertical Divider

A
|Ufactor results MUM 2

Figure 8-28 Calculate the results.

4. Save the file using the File/Save As menu choice.
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8.3 Dividers

8. SPECIAL CASES

5. Import the results to the WINDOW Divider Library, as shown below. See Section 4.7.3, "Importing
THERM files" in the WINDO W User's Manual for more information about importing THERM files.

% W5 - Divider Library {C:\Program Files'LBNL WINDOW5' Dividers',Divider.mdb} =3 x|
File Edit Libraries Record Tools Wiew Help
Dewd B SE: > | Bee0: O % 2R
= = Divider Library [C:%Program Files\LBMHL W/ INDOwW S DividershDivider. mdb) =
Dretailed Yiew |
Update | Edge Edge Glazing
P D Mame Source Tupe Llvalue et || Conekiton| Thitasss Pfd Abz | Color
Hew Btush-it2-F | Btush-ft2-F inches inches
R b i 0.3 /8, 1.000 0.750 0.30
Lopy -~ "
_ ow | 2 DividerContouredG asFiled TH| Therm ~ Vertical I 0,268 N/ 1oo0 o750 030 [
_Deke | open 21|
T| X

r— Find

=}
4

[

Advanced...

2 records found.
Import
E xport
Beport

Print

il

Step 1: From the WINDOW
Frame Library, click on the

I~ Import button. An open window
will open. Select the THERM file
or files to import.

Laok in: I i) Dividers

x|« =k E-

A SimulatedDividedLite, THM

File name: |

Open I

Faor Help, press F1 Files af tpe: IThe[m files [%.thm] j Cancel |
Adding a record... |
A
C_:\F'roglam . _ .
Step 2: Specify the record number, or use ) Files\LBM LYW INDOWSDividershSimulatedDivide =
the program default number, which is an G |
increment from the last record. D for new record: |3
5% W5 - Divider Library {C:Program FilesLBNL\ WINDOWS' Dividers' Divid : o - |D|ﬂ
File Edit Libraries Record Tools Wiew Help I Dverwrite existing records
Dw| fBR|Z|([E: > | Bael
= = Divider Library [C:%Pragram FilessLBMLVWINDOWS\DividershDivider. mdb) =
Dretailed YWiew |
Updat | Edge Edge Glazing
paats D Mame Source | Type Uwalue Weehs | Eomekite | Titncss Pfd Abz | Color
Hew Btush-ft2-F | Btush-ft2-F inches inches
Copy | ’
= 2 DivideContowedGasFiled THM | Them  WericalD 0,283 0271 M/ tooo o070 030 [
Delete | 3 SimulstedDividedLite. THM Them  VeticalD 0446 0488 N o746 o8 030 [

r—Find
Io]

4

Advanced...

[

3 records found.
Import
E xport
Beport

Pririt

Step 3: The se

i

lected records will be

imported into the library.

For Help, press Fi

hd
Mode: NFRE 1P [ M [

Figure 8-29 Import the THERM file into the WINDOW Divider Library.

6. Use the new divider in the calculation of the complete product values in the main screen of WINDOW.

8-3
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8. SPECIAL CASES 8.3 Dividers

8.3.3. True Divided Lites

The criteria for when dividers are modeled can be found in NFRC 100, Section 1.4.4, “Simplifications to a
Product Line”. The discussion below describes the methodologies in WINDOW and THERM for modeling
dividers when that criteria is met.

A true divided lite means that the dividers have separate glazing systems between the divider elements, as
shown in the figure below.

e enns HEE
#E‘E\\e Edit Wiew Draw Lbraries Options Calculation window Help =] x|
DR Ebos fa-lr L ad s |F e x| B

=

4] | _’l;I

|%,¥ 16.308,3,135  [dx,dy 26,151,-46.476  [len 53,328 [Step 0,394 [inches |
Ready |Ditvider UM

Figure 8-30. 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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8.3 Dividers 8. SPECIAL CASES

10
r"ﬁ‘EiIe Edit ‘Wiew Draw Libraries Options Calculation ‘window Help _|ﬁ||1|
DEE&S E o8 f(a-<fkLaq 208 | FEu| k| ]

[

=
Kl 1 2
[x,v 15.176,6.014  [dx,dy 0.966,-0.101 leno.972 [step0.125  inches | Y
Ready |Divider [ MM

Figure 8-31. 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: 152.4 mm (6.0 inches)
= Draw spacer = Not checked

8-32 July 2006 THERM5.2/WINDOWS5.2 NFRC Simulation Manual
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8.3 Dividers

. THERM - [ TrueDividedLite.TH™] - |EI|5|
r';g‘ File Edit Wiew Draw | Libraties Options Calculation ‘Window Help _|ﬁl|1|
O &|E |k st F4 |3.;|£?L[‘_=LU|V;|| ]
Set Boundaty: Condition F5 d
Makerial Library Shift-F4 Step 1:
Boundary Condition Library Shift-F5 ’ . . .
Gos Librery e — Select Glazing Systems from the Libraries menu
Select Material/Boundary Condition
Glazing Systems
UFactar Mames
Create Link
il =
I Insert Glazing System _|
Orientation I vl
CR cavity height |1uuu Cancel | Step 3:
Sight line to bottom of glass |9.525 Set Glazmg SyStem

Spacer height |9.525
Edge of Glasz Dimension |53.5
Glazing system height |152 4

™ Use nominal glass thickness

mm
mm
mm
mm
mrmn

R

properties:

Set Sight line to bottom
of glass and Spacer
height

Edge of Glass

Step 2: u s :
' i . Use CR Model for Window Glazing Spstems i i =
Select the appropriate glazing , D|m;3n5|0n 63.5mm
. r Gap Propertie: (25 )
system from the WINDOW library & Defaukt G Gep]1 = NG
sfalt s B *  Glazing system height
Keff|DLOEEET Wiimel =152.4 mm (6 On)
x Wih[TZ00% " - Exterior Boundary
1D M amne: e
Glazing System I 9 Clear 3 mm Air j ~ Spacer Condition = NFRC 100-
[T Draw spacer 2001 Exterior
# Layers |2 i i i
| [ Single spacer for multiple glazings . Interior Boundary
Ucenter |2.73 W m2-K I aterial IFihergIass [FE Riesgin) j P _
: Close | Condition = Use
Thickness [18.985  mm / nvection pl
— Boundary Conditiong convection p L.IS X
WIMDOW Glazing Spstem Libray——————————— & Use U-factor values enclosure radiation
L
C:APY FileshLBMLAWIND 0SS Browse R " Use SHEC values
'ﬁ I . rogram Files —I tep 3z . - . N
pros | Window 5 Database Exterior Boundary Condition Integbr Boundary Condition
— IUse exizting BLC fram library [zelect below) / j Usze convection pluz enclosure radiation j
[NFRC 100-2001 Esterion ¥ = =
THERM - [ TrueDividedLite.THM] =l0lx|
B Ele £t Wow Drow Lbwarks Options Colubaton Window el LI

DESAS B Lbosimdrad so | fe

u k|

The first glazing system
is imported into the file. ——»

L) I
RN TREENE [l 45, 2 k462 fRep 92 mm _
Ready [Donder [
Figure 8-32. Import the first glazing system.
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8.3 Dividers

8. SPECIAL CASES

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.

. THERM - [TrueDividedLite.THM] -|EI|1|
r';E‘Eile Edit Wiew Draw Lbraries Options Calculation Wwindow  Help -||5'|5|
DEHS B Loe ia<qrlad 2% FEu|k| -]

=l

Insert Glazing System
Orertaion - [ o]

CF cavity height I‘IDDD Fermeel |
Sight line to bottom of glazs |9.525 m

mm

mi
Spacer height |9.525 m

Edge of Glass Dimenzion IF mm

Glazing system height IW mm

™ Use nominal glass thickness
™ Use CR Model for Window Glazing Systems

2" glazing system.

— Gap Propertie:

Set Sight line to

Click on the “Add as
additional glazing
system” radio button in
the Insert Glazing
System dialog box.

l

Inzert Glazing System [ %]

* Default " Custom Gap|1 'l bottom Of glass and ||
Keff [00EE3T  wim-K Spacer height to the i _'\ ™ Replace Existing Glazing System
Width|13.005 mm appropriate values. _,J/ | ¥ iadd a5 additional glazing systent
— Spacer |
[~ Draw spacer 0K I Cancel
[ Single spacer for multiple glazings '\
Material IFibergIass [PE Resin) j
— Boundary Condition:
% Usge U-factor values
 Use SHGC values
Exterior Boundary Condition Interior Boundary Condition
IUse exizting BC from library [select below] j IUse corvection plus enclosure radiation j
| NFRE 100-2001 Exterior =R |
K| I _>I_I
[,y 490.5,-47.7 |de,dy 37.9,-93.1 len 1005 |Step 32 o | Y
Ready |Divider [ WM
Figure 8-33. 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.

[ e [ruepadediteid] e ]
].'ﬁ‘Eile Edit View Draw Lbraries Options Calculation ‘Window Help 18|
DSEHEG E LoD (a0 LaQ 20% | FEU K| ~]
;l
Draw the J
spacers,
desiccants,
sealants, and
frame cavities as
needed.
Kl | 3|
[x,v 402.4,159.9 |dx,dyv 0.0,-0.1 len 0.1 [Step 3.2 fom | y
Ready |Divider [ mum

Figure 8-34. Draw the polygons to represent the divider.
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8.3 Dividers 8. SPECIAL CASES

6. 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 tag = None

BC=NFRC 100-2001 Exterior
U-factor tag = None

1

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=NFRC 100-2001 Exterior
U-factor tag = SHGC Exterior

\
o d

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC=NFRC 100-2001 Exterior
U-factor tag = None

il

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

L

e —

+_'_+

BC=Adiabatic
U-factor tag = None

Figure 8-35 Assign the boundary conditions.
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8. SPECIAL CASES

8.3 Dividers
6. Calculate the results.

THERM - [TrueDividedLite.THM] =8| 5[[
JB Fie Edt wew Draw Lbraries Options Calculation Window Help =S|
NEESBEboe - adrLad 29[ Fleu % E

=

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
toaale the results disnlav on and off.

KT

~ 1

Step 3: Click on the Calculation/Show U-factors
menu choice to see the U-factor results.

|

u-Factors x|
U-factor delta T Length
W m2-K, C mm Rotation
Frame [37825  [33.0 |381001 [ 800 |Projected in Glass Plane x|
Edge |3.0555 |39.D |12? | 0.0 Frojected in Glass Flane [d
SHGCEsteror  v| 33998 [330 [31 jann | Projected in Glass Plare |7 |
% Errar Energy Morm I 7A8% Export |

o

[x,¥ 450.3,140.2
Ready

[dx,dy 24.6,-140.7 len 1429 [step 3.2

om |

[Divider

|U-Factor results [CAP [MUM -

Figure 8-36 Calculate the results.

7. Save the file using the File/Save As menu choice.

8.

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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8.3 Dividers

8. SPECIAL CASES

£8 Divider Library {C:"Program Files"LBNL" WINDOW 5" Dividers', Divider.mdb) - |EI|1|
Eile Edit Libraries Record Tools View Help
CwH sB2R&E: «r @@ eli O# %28
: . Diiwider Library [C:%Program FileshLBMLVWIND D4w5\Dividers\Divider. rmdb) =]
Detailed Wiew |
Update | Edge Edae Glazing
[n] MHame Source Type Uwalue el | Conabitam | Tl e Prd Abz | Color
MHew Wma-k, mm
C 3 . .
Lopy 55 =
—I 2 DivideCortouredGasFiled THM | Them  VericalD 1533 1541 N/ 190 i |
Delete | 3 SimulatedDividedLite. THM Them  VericalD 2533 2774 N/ 22 o R
I — CON— 21
IID 'I ) = - ;
Step 1: From the WINDOW Lock i | 3 Dividers =]+ @ e B
| Frame Library, click on the
py——l | Import button. An open window ——» [}
will open. Select the THERM file
3 recards found, or files to import.
Import | X
Export |
Report
;I File name:  [TrueDividedLite. THM DOpen I
Frint |
Files of lype: ITherm files: 7. thm] j Cancel |
For Help, press F1 ™ Open as read-orly A
C:\Pragram
. H FilesA\LBMLYWIND OS5 DividershT rueDividedLite
Step 2: Specify the record numb_er, or use e
the program default number, which isan —» o . o [Exed |
. Or New record;
increment from the last record.
I Overnwrite existing records

28 Divider Library (C:\Program Files'LBNL' WINDDOW 5'.Dividers'Divider.mdb) - |EI|5|
File Edit Libraries Record Tools Wiew Help
DS BB EE: vy v|[Bael;: O %28
: . Diivider Library [C:4%Program FileshLBMLYWw/IMNDOWS\DividershDivider. mdb) =
Detailed Yiew |
Update | Edge Edge Glazing
D MHame Source | Type Uwalue Uvalue | Comelation | Thicknass Pid Abz | Color
New | Wi | wimE rom rm
= 1 DividerContoured THH Themn  “ertical D 1.933 1818 M 254 191 i
Copy | — — -
2  DivideContouredGasFiled THM | Them  VerticalD 1633 1541 M/A ®/4 10 o [
Delete | 3 SimulatedDividedLite. THM Them VericalDl 2533 2774 NJA s =z o [
~Find BN ¢ | TrueDivideclicTHM “Therm | Divided | ! '

1D

4

Advanced...

[

Step 3: The selected record will be
4 records found. imported into the library.

Import

Ezport

Beport

dild

Print

4

hd
For Help, press F1 Mode: NFRC (ST [CAP UM 4

Figure 8-37 Import the THERM file into the WINDOW Divider Library.

9. 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 8.4 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.

Figure 8-38 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 100-2001 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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8.4 Storm Windows 8. SPECIAL CASES

If the product IS a single or double hung (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:

Create three three-layer glazing systems as follows:

One glazing system with a gap width between the glazing and the storm window that is the average of
the gaps of the entire product.

Two glazing systems, with the correct spacing between each of the glazing system and the storm
window, for each of 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).

Edit the Keff values for each glazing system cavity to match that of the first “average-gap” glazing system
made in WINDOW. Do this by double clicking on the glazing system.

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 100-2001 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

In WINDOW:

Import the THERM frame profiles that have the correct geometry for the glazing systems. Copy each
record and edit the glazing system thickness to match the thickness of the “average-gap” glazing system
in WINDOW.

In the Window Library, create a product that is made of the frame records that have the “average-gap”
glazing system thickness and the center-of-glazing defined as the ‘average-gap” glazing system defined
first.

Calculate the overall product values from this combination of components.
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8. SPECIAL CASES 8.4 Storm Windows

8.4.2. Storm Window Example

The following example problem, based on the product in Figure 8-23, 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.

i1 Window Library (C:\Program Files'LBNL Workshop'StormWindows',StormWindow.mdb} jﬁl - |EI|1|
File Edit Libraries Record Tools Yiew Help
DSk s BR@|&(E: K« » [0 ¢n: O#|%|? N
— Glazing System Library =
List |
Calz [F9) ID #: [3 Mame: | Starm S/inda
Mew | ﬂLayers:IS ﬂ TiIt:I an v
Environmental
Copy | = | NFRiC 100-2001 =l
Delete | Eomment:l 1 2 3
Save | Owerall thickness:|?2.844 mm Mode:l
Beport | [ o | Name [Made] Thick [Fiig] Tsel | Rsolt | Rsol2 | Twis | Rwist [ Rvis2 | Tic | E1 | E2 [ Cond|  Comment
Glass1§» 102  CLEAR_3.DAT 30 [J] 0834 0075 0075 0893 0033 0093 0000 0840 0840 0900
1 Air 127
Glazs 2 »» 102 CLEAR_3.DAT 30 [J| 0834 0075 0075 0899 0093 0083 0.000 0840 0840 0800
Gaz2 » 1 Air 50.8
Glazz 3 »» 102 CLEAR_3.DAT 30 [J] 0834 0075 0075 0899 0083 0083 0000 0.840 0840 0.900
Certer of Glazs Results | Temperature Data | Optical Datal Angular Datal Color Properties
Ufactor §C SHGC Fel Ht. Gain Twis K.eff Gap 1 Keff Gap 2 keff
W2 Wim2 W -k WK WK _
0.7864 06821 511 0.7415 01723 0.0633 0.2789
For Help, press F1 Mode: NFRC ﬁ MM v

Figure 8-39 Make a triple glazed glazing system with a large gap width between the IG and the storm window.
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8.4 Storm Windows

8. SPECIAL CASES

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 100-2001 Exterior”
Interior Boundary Condition = Use convection plus enclosure radiation for glazing system, and
appropriate “convection only” boundary condition for the interior frame components.
‘!'g‘ File Edit “iew Draw Libraries Options Calculation ‘Window Help ;Iilil
DSHS b08 i b LaQ 9% [FEU K| ]
Bl
Step 2: eyl Glazing Systems x|
Insert Glazing ID Name
System from Glazing Spstem I 9 Storm Window j
WINDOWS5S #lavers [3
Ucenter |1.76 W dm2-C
Thickness|?2.844 mm ﬁl
WINDOW Glazing System Library————————
IE:\F‘rogram Files\LBMNLAWIND O, Browsze |
Window 5 Database
Step 1 _
Draw frame [T S

Cross section

[

Orientatiorn lﬁ

CFR cavity height IW

Sight line to bottom of glass IW
Spacer height |1 2.555

Edge of Glazz Dimenzion IF

Glazing system height lr

™ Use nominal glass thickness
™ Use CR Model for Window Glazing Systems

mrm
mrm
mrm
mmn
mm

Cancel |

Set Glazing System

properties:

= Edge of Glass
Dimension = 63.5
mm (2.5”)

=  Glazing system
height = 150 mm
(6.0")

~ Gap Propetis =  Exterior Boundary
— & Defaul € Custom Gap|1 'l Condition = NFRC
Keff[T05927 whimk 100-2001 Exterior
Widh[ 27 * Interior Boundary
~ Spacer Condition = Use
Kl e [~ Draw spacer convection plus
|MH,_\;:£54,-3.024 |dx,dy 0.000,0.042 |Ien 0.042 |Slep 0.334  |inches ,_ r Single spacer for multiple glazings enclosure radiation
Material IFibergIass [PE Reszin] j
— Boundary Conditions
& Uze U-factor values
" Use SHGEC values
Exterior Boundary Condition Interior Boundary Condition
IUse existing BC from library [zelect below) j IUse convection pluz enclosure radiation j
| NFRIC 100-2001 Esterior =IHE |
Figure 8-40 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),use the material linker to create a separate polygon and link the properties to the 2” glazing cavity.

. THERM - [Stormwindow-t5.thm] - |E|
]."'E‘ File Edit “iew Draw | Libraries ©Options  Calculation  Window  Help _|E|
= él [ O SetMaterial = | F & u | % |IStnrmwinduw—t5:Sturm Window Cavij
Set Boundary Condition F5
Material Library Shift-F4
Boundary Condition Library Shift-F5
Gas Library Shift-Fé&

Select Material/Boundary Condition

Glazing Swskems Fé&
UFackor Mames

Create Link
/ Rermaye Link

Step 2:
Click on the -
Libraries/Create Link —
. —/
menu choice. The
cursor will become an / Step 1:
eyedropper. Click the Fill the space below the
eyedropper on the glazing system cavity with any
glazing system cavity, material using the Fill Tool.
which is the material the
first polygon will be _____—Click on the polygon to select

linked to. it.

X

Figure 8-41 If needed, create a material link between the glazing system cavity.
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8.4 Storm Windows

8. SPECIAL CASES

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”.

r

BC=Adiabatic
U-factor tag = None

|

150 mm
(6.0
glazing
system
height

BC=NFRC 100-2001 Exterior
U-factor tag = None

63.5 mm
(2.57)

Edge of
glass

/

BC=NFRC 100-2001 Exterior
U-factor tag = SHGC Exterior

BC=Adiabatic
U-factor tag = None

_ 1

-
.

BC= <glazing system> Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

—

BC= <glazing system> Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC= Interior <frame type> (convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

<«

Figure 8-42 Define the boundary conditions.
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8. SPECIAL CASES 8.4 Storm Windows

6. Simulate the problem and save the file.

=)
=}

|
i
[iS|

£d

Figure 8-43 Simulate the file.

8.4.3. Steps for Storm Window Condensation Resistance Calculation

The Condensation Resistance model is only appropriate for horizontal frame components such as Head and
Sill elements - THERM will not calculate the Condensation Resistance for a file with the Cross Section Type
set to “Jamb” or “Vertical Meeting Rail”.

There are two methods for calculating the Condensation Resistance information in THERM, which will be
used in WINDOW to calculate the total Condensation Resistance of the product:

= 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 | Drrawing Options I
Simulation Thern File Options | Snap Seltings

Mezh Contral

Quad Tree Mesh Parameter [5]

¥ Run Error Estimator

M aximum % Enor Energy Mom [10 %

b awirnum |terations )

¥ Use CR Model for Glazing Systerns

Figure 8-44 In Options/Preferences/Therm File Options, check the “Use CR Model for Glazing Systems” checkbox.
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8.4 Storm Windows 8. SPECIAL CASES

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, 0.20 for mill finish metal, and so forth.

= 1.0 for the adiabatic (open end) of the glazing cavity.

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.

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 8-45 Red boundary conditions will appear inside the glazing system when the CondensationResistance option is turned on.
Check the emissivities of each boundary condition.
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8. SPECIAL CASES

8.4 Storm Windows

8.4.3.3. 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 THERM files into the WINDOW Frame Library.
§i Frame Library (C:"Program Files\LBNL Workshop',StormWindows', StormWindow.mdb} j@l - |EI|1|
File Edit Libraries Record Tools Wiew Help
DediE=eEE: > niBael; [O0#% 2R
= = Frame Library [C:%Program =
QetalledVIEW| FileshLBMLworkshopiStomiwindows\Starmiwindow. mdb)
Lpdate | Frame Edge Edge Glazing
D Mame Source Type Uvalue Uvalue Carelation | Thickness Frd Abz | Colar
Hew w2 Wwiima-k, mm mm
C 3 I 0 t el
0
_ | 19 Stomwindawjant thin Therm Jamhs néa 726 630 030 |
Delete | 20 Stomwindowhead thn Therm Head 0.440 néa 726 gs0 o3

—Find
D

4

Advanced...

[

3 records found.
Imnpart
Export

Eepart

il

Frint

For Help, press F1

=]
Mode: wFRC 51 [ om [

Figure 8-46 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.

Eile Edit Libraries Record Toaols Yiew Help

Window Library {(C:Program Files'\LBNLWorkshop',StormWindows' Storm

28 =10l %]

DESHEH| 28 |S|(E: 4 M ([B

®0: O# %78

List

Calc

=
T
x

Bl

Copy
Delete
Save

Report

Dividers

Dizsplay mode:

4

MNormal

oe[s =]
Mamg | Stom Yindow

Mode lm

Type W ﬂ
Width [~ 1200 mm
Height [ 1500 mm

Area IW m2

e[ 90

Ervironmental Conditions

MR 100-2001

r Total Window Resul

U-factor I * wm2K
SHGE | 7
Detai..

VT | ?
tR | ? et

Click on a component to display characteristics below

F

Name [Stormuindaw-silthm = =
o[ 1 Uedge [ 1915 wimzk
Souce [ 2 Fdge area | 0063 m2
Utactor [ 0433 w/m2k  PFD
Area Imm2 Abs lﬁ

1]

For

Help, press F1

|
Mode: HFRC  [31 [ [MOM

of

»
4

Figure 8-47 Storm window created in the Window Library to obtain total product results.
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8.5 Skylights 8. SPECIAL CASES

8.5 Skylights

This section discusses the modeling procedures for skylights, which are modeled in sections in a similar
manner to other products. In addition, in accordance with NFRC 100, skylights are modeled at a 20° slope
from horizontal.

8.5.1. Skylight 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. 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, WINDOW will use the U-factor temperature results rather
than the CR temperature results when calculating the whole product CR value).

=  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 “Sill”, set Gravity Vector to “Right”

®  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 Edge of Glass
Dimension field set to 150 mm (6.0 inches). TheCR cavity height field can be set to any value (you can
leave it set to the default 0f1000 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:
= For a Sill or Head, rotate the entire model 70 degrees clockwise

= For Jambs, do not rotate the model at all
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8. SPECIAL CASES 8.5 Skylights

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.

U-Factors x|
-factor delta T Length
Wiim2-C [ T Fotation
SHGC E sterior |3.53D2 ISS.D |198.411 I 0.0 IProiected in Glazs Plane j
Frame [49540  [33.0 [440342 | 700 [Projected in Glass Plane < |
Edge RN EE T |g25 | 700 Projected in Glass Plane [

# Emor Energy Norm I 4 453 Export | 0K, I

Figure 8-48 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.
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8.5 Skylights 8. SPECIAL CASES

8.5.2. Skylight Mounting Details

There are two ways that skylights can be mounted into a roof system, either flush-mounted (also called inset-
mounted) or curb-mounted. Figure 8-33 and 8-34 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 NFRC 100 and the NFRC Technical
Interpretations. To model curb 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.

Adiabatic boundaries 25.4 mm
(no heat loss) (L inch)
Frame Frame
Height . Height
T < Rough Opening > T
Surround panel — not Surround panel — not
modeled in THERM modeled in THERM

Figure 8-49 A flush-mounted (or inset-mounted) skylight.

Frame
Height

Adiabatic boundaries
(no heat loss)

\4

< Rough Opening

Figure 8-50 A curb-mounted skylight.
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8. SPECIAL CASES

8.5 Skylights

8.5.3. Example Flush Mounted Skylight Problem

This example assumes a flush-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.

21 window Library (C:\Program Files'LBML Workshop',Skylights',Skylight.mdb) 8 10l x|
File Edit Libraries Record Tools Wiew Help
DS BB E: 44> 0B €n: O#[%| 2N
— Glazing System Library
List |
Calc [F) | D #: |16 Name: | Skylight Double Glz
HNew | ﬂLa_l,lers:|2 ﬂ Tilt:l 20
Enviranmental
oy | Earitione: NFRC 100-2001 =l
Delete | Comment; | 2
Save | Overall thickness:l‘lB.SSB i Mode:l
Beport | [ [ o | Name [Mode] Thick [Fiip] Tsol [ Fisell [ Fsol2 [ Twis [ Rwist [Rwis2| T | E1 | E2 |Cond |  Comment
Glazs1 »» 102 CLEAR_3.DAT 20 [J] ne34 0075 0075 0899 0033 0083 0000 0840 0840 0900
Gazl » 1 Air 10.9
Glass 2 »» 102 CLEAR_3.DAT a0 [O) ne34 0075 0075 0839 0033 0083 0000 0840 0840 0900

4

Certer of Glass Fesults | Temperature Data | Optical Data | Anogular Data | Color Propertiss
Utactor SC SHGC Rel Ht. Gain Twiz Keff
A2k "l dm2 -k
08794 07629 578 08143 0.0729

I~/ Protected

For Help, press F1

Mode: NFRC [T [ [MUM A

Figure 8-51 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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8.5 Skylights

8. SPECIAL CASES

In THERM, for Sill:

1. Draw the appropriate cross sections for the Sill.

THERM - [SL.THM] o ] 4
].',ﬁFile Edit Wiew | Draw Libraties Options  Calculsbion  Window  Help 1= x|
D& [ Fovor F2 LY IR ATl 5

Rectangle F3 ;|
Boundary Conditions F10

Fill vioid

Inisert Paint: Shifk+Fa

Delete Point Del

Edit Points

Move Polygon Fil

Tape Measure F5

Set Drawing Scale Shift-+Fg

Sek Crigin Shift+F7

Repeat mode

Locator Shift+F2

Flip
Rotate

-

Clear Bad Points

Step 1:
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)
-
Kl | _’l_I
[, -100.9,206.3 [dx,dy -209.5,185.1 lenz79.5 [step 10,0 fom | 4
Sets Locator for copying and importing Glazing Swstems |Si|| l_ W v

Figure 8-52 Position the locator so that the first glazing section can be inserted.
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8. SPECIAL CASES 8.5 Skylights

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 tape measure or get from dimensioned
drawings
=  Spacer height = measure this value with the tape measure or get from dimensioned drawings
= Edge of Glass Dimension = 150 mm (6.0 inches)
® Draw spacer = not checked

~ THERM - [SL.THM] =10l ]
IR Fle Edt view Draw |Libraries Options Calculation Window Help =151
DD’*H§||E ek [Matetisl £ |Bc|§L[§LU.|V:|| j
Set Boundary Condition F& d
IMaterial Library Shift-F4
Boundary Condition Library Shift-F5 Step 1
Gas Library Shift-Fe Go to Libraries/Glazing
Select Material/Boundary Condition SyStemS

Glazing 5
UFactor Mames

Create Link
Remaye Link
Glazing Systems x|
1D Mame
Glazing System I 16 Skylight Double Glz j +—— Step 2:

Step 4:
Select the glazing system /Glazing system is

# Lavers |2

created in WINDOW inserted
Ueenter ID.E? Btu/h-ft2-F
; Claze |
Th|ckness|lj,889 inches
WMDOW Glazing System Library |
’VIC:'\F'mgram Files\LBML\WIMNDOWS0 Browse |
Insert Glzig ys‘l E 1'
Orientation IUp 'l Step 3: Step 5:
CR cavity height [1000 Insert the Skylight glazing system with Add the spacer.

the following settings:

Sight line to bottom of glass ISB.??‘I

= CR cavity height = 1000 mm

mm
mm - :
Spacer height [11.585 | rom =  Orientation = Up
mm
mrm

Edge of Glazs Dimension |83.5 ) .
Blezng system heght 150 = Sightline to bottom of glass =
azing system hei
SHEEIES measured value
™ Use nominal glass thickness L] Spacer height = measured value
I~ Use CR Model for Window Glazing Systemsm Edge of Glass Dimension = 63.5
-~ Giap Fropettie mm (2.5 inches)

 Defaut " Custom  Gap|T =] w Glazing System Height = 150 mm
Keff [0.07285 (6.0 inches)
wigh[[09" "« Use CR Model for Window

~Spacer Glazing System = not checked -
I~ Draw spacer = Draw spacer = not checked | _,lJ
[~ Single spacer for multiple glazings u Exterior Boundary Condition = Y
Material | Fiberglass [PE Fiesin) =] “NFRC 100-2001 Exterior” [l [ o

= Interior Boundary Condition =

— Boundary Conditions “ .
Use convection plus enclosure

& Use U-factor values

H 1 ”
7 Use SHGC values radiation”.
Esterior Boundary Condition—————————— [~ Interior Boundary Condition
IUse exizting BC from library [zelect below) j IUse convection plus enclozure radiation j
| NFRC 100-2002 E sterior =1 |

Figure 8-53 Insert the glazing system .
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8.5 Skylights 8. SPECIAL CASES

= 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).

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.

THERM - [SL-GlazingSpacer.THM] =[]
,.';E‘Flle Edit View | Draw Lbravies Options Calculstion  Window  Help =151 x|
D& | &E Pdvon F2 Lo AR [ FE UK
[ Rectangle F3 ;I
EBoundary Conditions  F10
Fill void _—
Insert Point: ShiftHFe:
o il
Edit Paints JB Ele Edt View Draw Lbraries Options Calculstion Window Help —l&] x|
Mave Palygen Fi1 DEEHSG B|lLo® Jja-<]k-aQ 205 FEU K|
Tape Measure F& B
Set Drawing Scale  Shift+Fe
o
Set Crigin Shift+F7
Repeat mode
Locator Shift+F2

Flip »

Left 90°
Right 90°
160°

Clear Bad Paints

ok

Cancel

Degrees |70 i’

@ Clockwize
" Counterclockuise

K1
[,y -38.9,232.5 |, dy -92.6, 1667 len190.7 [Step 10.0 [om | Vi
has been changed to [Sil [ HUM 2

L] | LILI

[y 236.4,-126.8 |dx,dy 182.7,-192.5  [len265.4 [step 10.0 fom | V7
Ready [sill [ o

Figure 8-54 Rotate the sill cross section AFTER assigning Boundary Conditions.
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8. SPECIAL CASES 8.5 Skylights

BC= NFRC 100-2001 Exterior
U-factor tag = None

150 mm
(6.0

glass height BC= Adiabatic

U-factor tag = None

63.5 mm
(2.57)
edge-of-glass

_—

BC= NFRC 100-2001 Exterior
U-factor tag = SHGC Exterior

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= Adiabatic

U-factor tag = NonV

Figure 8-55 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. II'

7. Simulate the file. I

BC= Interior (20 tilt) <frame type> Frame (Convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame
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8.5 Skylights 8. SPECIAL CASES

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 X
Ul-factor delta T Length
W 2K C i Fatation
Frame [47604  [38.0 [420003  |2nD [ Prajected in Glass Plane |~ | Select Projected in Glass
SHGC Esterior [5.1097 | |30 [485854 [200  [Projectedin Glass Plane =] Plane from the pulldown
list to replace Projected Y
Edge RN [ea5  [200 [ Projected in Glass Plane | » | for Frame, Edge and
- SHGC Exterior
% Errar Energy Narm I B.33% Export |

Figure 8-56 Select the Projected in Glass Plane for the projected frame dimension calculation.
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8. SPECIAL CASES 8.5 Skylights

In THERM, for Head:

1. 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).

2. Assign the Boundary Conditions as shown in the figure below.

3. 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).

4. Check the Gravity Vector (View/Gravity Arrow), which should be pointed down.

=TT )

BC= NFRC 100-2001 Exterior
U-factor tag = SHGC Exterior

BC= NFRC 100-2001 Exterior
U-factor tag = None

63.5 mm (2.57)
edge-of-glass

150 mm
(6.0
glass height

BC= Adiabatic
U-factor tag = None

BC= <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC= Adiabatic

U-factor tag = None . . .
BC= <glazing system name> 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 8-57 Boundary condition and U-factor tag settings for skylight Head example.
5. Simulate the file.
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8.5 Skylights

8. SPECIAL CASES

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-factar delta T Length
W2 [ i Raotation

]

Frame [47985  [33.0 [4200m  [z0n

IF'roiected in Glazz Plane j

SHEGC Exterior [5.1479 |39 [485853  [200

IProiected in Glass Plane j

Edge | |38827  [330 [ [z0p

% Eror Energy Norm I 7.37%

IProiecled in Glass Plane j

Figure 8-58 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

=  The Cross Section Type is set to “Sill”

= The glazing system is oriented “Up”

= The gravity vector is set by hand to “Right”
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-factor delta T Length
Widm2-K. C i Fatation

%]

Frame [48282  [33.0 [420002  [snp | Prajected in Glass Plane |~ |
SHGE Exterior [5.1595  [39.0 [4a.5853  [90.0 | Projected in Glass Plane x|
Edge M EET [fas  |a0.0 | Prajected in Glass Plane v |

% Enor Energy Morm I 7.30%

Figure 8-59 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 Skylights

BC=Adiabatic
U-factor tag = None

3

150 mm
(6 inch) BC = <glazing system name> U-factor Inside Film
glazing Radiation Model = AutoEnclosure
system U-factor tag = None
height
BC=NFRC 100-2001 Exterior
U-factor tag 5 None
4_
63.5 mm BC = <glazing system name> U-factor Inside Film
(2.5 inch) Radiation Model = AutoEnclosure
Edge-of- U-factor tag = Edge
glass

1
BC = Interior (20 tilt) <frame type> Frame
(convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

BC=NFRC 100-2001 Exterior
U-factor tag = SGHC Exterior

|
BC=Adiabatic
U-factor tag = None

Figure 8-60 Boundary condition and U-factor tag settings for skylight jamb example.
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8.5 Skylights 8. SPECIAL CASES

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.

I8 W5 - Frame Library {C:\, Thermdoc , THERM 5 - WINDOW 5 NFRC Sim Manual -- 2005',5im Man Example Ther o ] 4

File Edit Libraries Record Tools Wiew Help

D@H| sBR|E[E: « > M| (Beelli0H % ¢

: : Frame Library [C:A\ThermdochTHERM 5 - W/INDOW 5 MFRC Sim Manual -- 200545im
Detailed View tan Example Therm FilezhSkulights-Chapter 845 kylight. mdb)

|»

Update D Frame Edge Edge Glazing Pid

Lwvalus Uwalue | Comelation | Thickness
Whim2K | wiAm2-K

Marme Source | Type Abs | Calor

Copy .
2 JB.THM Therm  Jamb 4828 3546 N 3 40 o030 [N

Delete 3 SLTHM Them Sl 4760 3EE1 M/ B9 420 o3 [

]

r Find

=]
L]

n

Advanced..

3 records found.

Import

Export

i

Beport

Eint <
For Help, press F1 [Mode: wFRC 5T [ [mum [
Figure 8-61 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.

i% Window Library {C:' Thermdoc , THERM 5 - WINDOW 5 NFRC Sim Manual - 200 o |EI|1|

File Edit Libraries Record Tools Yiew Help

DEH| s 2B S E: «carM|[B ©0: OH#|%|7W
i D #[1 - M

Calc [F9) MName |Skylight - 3mm Generic

Mode I MFRC 2 l
Hew
Type [Skolcht =] 53]

Width | 1200 mm

Copy

Delete

Height 1200 mm

Save Area | 1.440 m2
Beport Tilt I 20

Environmental Conditions
MFRC 100-2001 hd

Dividers

A

4

I Mormal l

r Tatal Window Result - - —
| Click on a component to display characteristics below |

U-factor I 25064 W Am2-k
e S Frame
Detail.. Mame | SL.THM = >>|
YT | 07017

{75}

[} Uedge | 3.551 wWi/m2K
EF‘I & m Source 2 Edge area | 0.067 m2

Ufactor | 4.760 W /m2-K PFD 430

Area | 0.050 m2 Abs| 0.300
«| | 3|
For Help, press F1 Mode: NFRC E MM v

Figure 8-62. Create the whole skylight in the Window Library.
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8. SPECIAL CASES 8.6 Tubular Daylighting Devices

8.6 Tubular Daylighting Devices

Tubular skylights are a group of products that can loosely be defined as non-standard skylight products.
Their primary purpose is to provide daylighting, and not view to the outside. For this reason, there are some
arguments whether these products can be considered fenestration at all. However, because they penetrate the
building envelope and provide some of the essential functionality of a fenestration system (i.e., daylight) they
are considered to be a fenestration product.

The assumptions and methodology for modeling these products differs considerably from typical
fenestration products. The following is a list of standardized assumptions to be used when modeling tubular
daylighting devices:

= D =Shaft Diameter = 350 mm (14 in.)

= L =Shaft Length = 750 mm (30 in.)

= Standard dome mounted on 350 mm (14 in.) shaft

= Exterior boundary conditions are applied on the exterior side of the dome

= Standard ASHRAE Attic boundary conditions are applied to the exposed surfaces of the shaft,

= Bottom of the shaft is mounted in a 250 mm (10 in.) thick surround panel (standard surround panel
material, such as EPS),

= Bottom of tubular skylight is covered with light diffusing plate (manufacturer supplied).

The first step is to draw the geometry of the tubular daylighting device in THERM, per the manufacturers’
drawings and using the assumptions above (see Figure 8-46). Material properties, other than frame cavities,
should be assigned from the THERM material library.

Next calculate the effective conductivity of the shaft and dome cavity. The set of equations and assumptions
required to calculate effective conductivity of this cavity is detailed in Curcija (2001). A custom spreadsheet is
also designed to facilitate this calculation and is available on request from NFRC (tubes_keff.xls). The
information necessary to calculate ke of this cavity are the average temperatures and emissivities of the inside
surface of the diffuser plate at the bottom of the cavity, and inside surface of the dome at the top of the cavity.
Initially these temperatures need to be estimated, a reasonable starting point being -2°C (28.4 °F) for the
diffuser plate and -17°C (1.4 °F) for the dome (when the dome is single glazed). After the THERM simulation
is calculated with the keff determined from these estimated temperatures, find the average temperatures for
the diffuser plate and dome surfaces using the THERM tape measure tool. If the resulting average
temperatures differ by more than 1° C (2 °F) from the estimated values, a new keff shall be calculated and the
THERM simulation repeated with the new keff. This process should be repeated until the criterion of 1° C (2
°F) temperature difference is satisfied. In many cases, one iteration is enough, but the temperatures shall be
checked to make sure that this has been met for the particular case. In the THERM file, fill the shaft/dome
cavity with a solid material which has the conductivity equal to the calculated k. Fill the other small frame
cavities with the “Frame Cavity NFRC 100-2001” frame cavity material, which will automatically calculate
effective conductivity of them.
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8.6 Tubular Daylighting Devices 8. SPECIAL CASES

Next the boundary conditions need to be defined and assigned as shown in Figure 8-47. The exterior and
adiabatic boundary conditions can be used from the THERM library, while the attic and indoor side of the
diffuser plate must be defined in the THERM Boundary Condition Library. The following values should be
used for the boundary conditions:
= Exterior: NFRC 100-2001 Exterior
hy =30 W/m2K; T, =-18 °C
(ho = 5.3 Btu/hr ft2 °F; T, = 0 °F)
= Adiabatic: Adiabatic
g=0W/m?
(9 =0 Btu/hr ft?)
= Attic: User defined
h,=125W/m2K; T, = -18 °C
(ha = 2.2 Btu/hr ft2 °F; T, = 0 °F)
= Indoor Side of diffuser plate: User defined
hi=9W/m?2K; T; = 21 °C (1.582 Btu/hr ft2 °F; T; = 70 °F)

Note: The height of the shaft/dome cavity represents area weighted equivalent height, Lz, and is set to 1.041
m (41 in.) for domed top diffuser products and 750 mm (30 in.) for flat top diffuser products.
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8. SPECIAL CASES

8.6 Tubular Daylighting Devices

Dome

<«——— Collar

(—— Shaft

Shaft and dome air cavity

A

«— Shaft Diameter —

Diffuser

=)

L

Figure 8-63 Tubular Daylighting Device Geometry drawn in THERM.
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8.6 Tubular Daylighting Devices 8. SPECIAL CASES

BC = NFRC 100-2001 Exterior

gh: aft Leqv = Equivalent T
Length Shaft Length Adiabatic Surface

<— Attic Boundary Condition

D = Shaft Diameter —

A

T

250 mm (10 in) Adiabatic Surface

! 4

U-Factor Tag Indoor Side of Diffuser Plate
Boundary Condition

U-Factor Tag Zoom-in

Figure 8-64 Boundary Conditions and location of U-factor tag for Tubular Daylighting Device.
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8. SPECIAL CASES 8.6 Tubular Daylighting Devices

The last step before simulating the problem is to define the U-factor tag. This tag is defined as shown in
Figure 8-50. After the calculation is done, the U-factor obtained represents the total product performance.

8.6.4. Example Tubular Devices Problem

This example assumes that the bottom diffuser plate is made up of a single layer. For multiple layer plates,
additional instructions are given at the end of this example. For single layer plates, it is not necessary to do
calculations with WINDOW.

Begin by drawing geometry in THERM either by using DXF file underlay as shown below or by using a
dimensioned drawing.

CLEAR DOME W/ GASKET

EENR2]

/ SEE DETAIL A
"‘\\

\

)
Y

!
luqmm,“,

FLASHING, ASPHALT RC(

TABLE TUBE / /

Figure 8-65 DXF File for Use as an Underlay in THERM.
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8.6 Tubular Daylighting Devices 8. SPECIAL CASES

SEIES
B rle md vew Draw Lbraes Optors Calodstien Window Heb LIk
D& Lo F i adiLtad ~o|h | FEu k| -]

=

Ly — o

P B0, ol Wy 210.0,-050.2 | len 278 Seen 100 e |

L]
Figure 8-66 Underlay of the Top Part of the Tubular Daylighting Device.

Draw the geometry of all solid pieces of the tubular skylight, making sure that the shaft is 350 mm (14 in.)
wide. The width of the dome should be adjusted to fit over such a shaft but thickness of the dome material
shall not be changed. Include all of the details of sealing as per the manufacturers” drawings and
specifications. The figure below shows the completed dome, collar, and one side of the shaft wall, along with
gaskets.

Emﬂw_m— ﬂ:

DA Los ia-prndsos FOUKT

Gaskets

<—— Shaft wall

Collar

o

AR Bk TR e S W

Figure 8-67 THERM drawing of the dome, collar, gaskets and one section of the shaft wall.
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8. SPECIAL CASES 8.6 Tubular Daylighting Devices

The figure below shows the completed solid sections without any frame cavity polygons defined.

THERM - (EZ1050M_no-ins_L0-in-adiabatic.thm] =l=lx
U Fo Ede Wew Draw Lbrores Options Cocustion Window Hep T

DEES LOs i adDLal 2ok FBU K] gl

EAIEAEET My TEASIES  Jenfsll S 100 e |
Redy

Figure 8-68 THERM drawing of all of solid sections.

Create polygons (using the Fill tool where possible) and assign the “Frame Cavity NFRC 100-2001"” material
for all the frame cavities except the large central shaft/dome cavity, as shown in the figure below.

THERM - [EZL05CM_no-ins_L0-in-adiabatic.thm] =lol=|
B Fe Bt View Drow Lbwaies Options Cakudation Wi Hel =18 =]
DEEA& Lo® fjadirbal Ao FB U %[ =

Material Definitions x|
Frame Cavits NERC 1002001
— Material Typ
C |
oo [
% Erame Cavity New | @

") Glazing Cavity
Delete
1 Ertemal Riadiation Enclasure —I
Hename |
= Solid Broperti
Carductiit |0 TS Color | -
Enissivita {0893 Save Lib ésl
— Cavity Properti LoadLib I
Radiation Madel |5 mpllizd = |
Cavity Model |50 150559 'I
Gas Fill |40 'I
Emissivities: Side 1 |0.9 Side 2|0.9
¥ | Frotested

. o

fr2 e [ty 175,204 fen 269 Fwen 10.0° o

Figure 8-69 Fill all cavities, except for shaft/dome, with the “Frame Cavity NFRC 100-2001" material.
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THERM - [EZ2145CM_Example_sim-man.thm] j@l - |EI|1|
‘.';E‘Eile Edit Yiew Draw Libraries Options Calculation ‘Window Help -|ﬁ'|5|

DS Lo@-] <kt ad 2[5 |F E U|%|[Frame Cavity NFRC 100-2002

-
K| 1 _>lJ
[x,v 289.4,212.3 [dx,dy 4.3, -4.3 len &1 [Step 10,0 fmom | Y
Ready MUM

Figure 8-70 Small Frame Cavities Around the Edges of the Diffuser set to “Frame Cavity NFRC 100-2001" material.

Before the large shaft/dome cavity can be filled, it is first necessary to calculate k. for this cavity. Open
spreadsheet Tubes_keff.xls and input the four yellow highlighted fields that are available for inputting data
as shown in the figure below:

B
| 8 |Heigth, L[m] 1.041 k1 k2 [R1T] heow hr h keff
| 10 |Diameter, D [m] 0.3 [Wiiim™2K] [Wiiim™2K] ™ 2] [Wimk]
[ 11 [T warm -2 1.401 441.157 84.574 1.898 2104 4.002 4.166
12 T cold -17
13 |emiss - hot side | l].9_|
| 14 |emiss - cold side 09
| 15 |velocity [ris] [lids
x|
Tul ¥ Lloze . .
o Keff value for new Frame Cavity material for the large
— Material Tupe C | | shaft/dome cavit
afice!
* Salid vity.-

™ Frame Cavity Hew |
€ [Glazing Eavits |
Delete

' External Radiation Enclosure

Bename |
— Solid Properties |
Condustivity [4 188 Wi < Clor Make a new Frame Cavity

Emissivity[08 SaveLib asl material defined with the Keff
calculated in the spreadsheet
LoadLib |

= Cawit Broperties
Fiadiatior Mede | =l

ety fdodel I "l
[as Fil I 'l

" | Bratected

Figure 8-71 Tubes_keff.xls spreadsheet with input data highlighted in yellow
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Temperatures of the inside surface of a bottom diffuser plate (Twarm) and top dome (Tco14) shall be estimated
by finding respective average temperatures.

For the bottom diffuser plate, the average temperature can be estimated simply by stretching tape measure
across the inside surface of the bottom diffuser plate from the left side of the shaft/dome cavity to the right
side, as shown in the figure below.

Tape veamrs N

Length of this ine iz (EEREE

Figure 8-72. Estimate of the average temperature of the inside surface of a bottom diffuser plate

For the dome, the average temperature should be calculated in increments, because the surface consists of
several straight line increments. Because the lines are of approximately the same length, the average can be
estimated by summing the temperatures for all the segments and dividing by the number of segments, as
shown in the figure below. As discussed at the beginning of this section, this is an iterative process, and once
the model has been simulated, find the average temperatures for the diffuser plate and dome surfaces using
the tape measuring tool, and if the resulting average temperatures differ by more than 1° C (2 °F) from the
estimated values, the new Keff shall be calculated and the simulation repeated until the criterion of 1° C (2 °F) is
met. Emissivities are input from the surface emissivities of the inside surface of the bottom diffuser plate
(emiss - hot) and inside surface of the top dome (emiss - cold). The resulting ket value is calculated using the
spreadsheet, and a new material shall be made with that conductivity and assigned to the shaft/dome cavity.
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Tape Measure X|

J£7]
FrBELIES QU IIZ0.605 a8 Sep 180 bm |
ik ket 0 define o enel of the measurng ine —r=

Figure 8-73. Estimate of the average temperature of the inside surface of a bottom diffuser plate temperatures of segments (usually at
15° increments)

The next step is to define the boundary conditions. The outside surface of the dome and collar should be
assigned the standard “NFRC 100-2001 Exterior” boundary condition. The bottom of the collar shall have
standard “Adiabatic” boundary condition, as shown in the figure below.

Boundary
Condition Librar
U-Factor Surface
Library

Boundary Condition Type
Adiabatic

Nore

Boundary
Condition Librar,
U-Factor Surface

Library

0K

WWWWE T

Figure 8-74. Exterior and adiabatic boundary conditions near the top dome
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The outside surfaces of the shaft walls, except for the bottom 250 mm (10 inches) should be assigned a user
defined “Attic boundary condition” (see description of all boundary conditions at the beginning of this
section). The bottom 250 mm (10 in.) of the shaft walls and portion of the diffuser plate edge assembly shall
have an “Adiabatic” boundary condition as shown in the figure below.

Boundary Condition Type x|

e = Cancel
ins

Boundary

L ke D
DEES 0S4 md0sal 28 % F B u|% b g fizso” Buredl. v

U-Factor Suface
Library

Boundary Condition Type
adabatic -

Boundarny

Condition Libran

U-Factor Suface
I Libran

ID'E
==
Figure 8-75. Attic and adiabatic boundary conditions on the shaft wall and near the bottom diffuser

| 1]
o dER008  Mndy-1nL RS b6l Se 00 e |
Ready
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The remaining boundary condition, “Indoor Side of Diffuser Plate” shall be applied to the exposed surfaces of
the bottom diffuser plate and edge assemblies up to the point where adiabatic boundary condition ends, as
shown in the figure below.

kA e F B U [Rremuliple selealons?? z
e
Boundan
Condition Libran
U-Factor Surface

I Libramy

Boundary Condition Type |

Tubesz Indoor =

Boundary
_I _I Condition Librar

U-Factor Surface

Librar
L [rza y

RySTII0A  Wud BASAT e 552 e 100 e |
Raady

Figure 8-76. Indoor boundary condition on the exposed surfaces of the diffuser plate

After all boundary conditions are defined, the remaining task left is to define the U-factor tag. The U-factor
shall be calculated for the area corresponding to the rough opening in the ceiling, which is defined on Figure
8-50. Select bottom diffuser plate and insert points on both sides of the model and define U-factor tag
“Center” (or some other name if desired) for the surface between those two points.

THERM - [E2145CM_Example_sim-man.thm] rr!ﬂ x|
,.';h‘ﬁle Edit Wiew Draw Lbraries Options Calculstion ‘Window Help - E‘|5|

== é‘ L o@ -] ‘ ek Laq e | B | 7 1Eu |F/c | EZ145CM_Example_sim-man:Tubes Indoor ~

Boundary Condition Type

Tubes Indoor B

Boundary
_I Condition Librar,
U-Factor Surface
Library
=
4 | >
[,¥ 521.9,202.4 |d=,dy -115.5,-13.7 len116.3 [Step 100 [mm | 4
Ready NUM 2

Figure 8-77. Definition of U-factor tag
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This completes the definition of the model. The final step is to simulate the problem. As discussed at the
beginning of this section, it is an iterative process to obtain the Keff value for the material defined for the
shaft/dome cavity. Once the model has been simulated, find the average temperatures for the diffuser plate
and dome surfaces using the tape measuring tool, and if the resulting average temperatures differ by more
than 1° C from the estimated values, the new Keff shall be calculated and the simulation repeated until the
criterion of 1° C is met. The resulting U-factor is the overall product U-factor.

THERM - [EZ105CM_no-ins_10-in-adiabaticthm] gl

i 181X
DedSLbosiadeadsos Flou ki

uractors .1

U-factar delta T Length
-

C C mm
Center |2.9735 |38.9 |2BE.?38 I Projected = = I

3 Error Energy Mom I 4.54% Export

oy S 7m0 a0y envedd Seo 100 e |
Rosdy

Figure 8-78. Temperature Contour plot and U-factor results
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8.6.5. Example: Tubular Device Problem With the Double-Glazed Diffuser Plate

Using a double glazed diffuser plate is a variation to the design presented in the first example. This case can
be modeled by first using WINDOW to calculate the effective conductivity of the gap space in a diffuser and
then specifying this conductivity in the THERM model.

In WINDOW create a special boundary conditions for this case (i.e., tubes diffuser) by copying the NFRC 100-
2001 record in the Environmental Conditions Library to a new record, and set outdoor wind speed to 0 (this is
the closest approximation to convection and radiation heat transfer inside shaft/dome cavity that borders
cold side of this double layer diffuser). Name the new environmental condition something that makes it clear
how it is to be used, such as “NFRC Tubular Skylight”, as shown in the figure below.

&% Environmental Conditions Library {C:\Program Files L BNL\ \WINI -8 10l x|

File Edit Libraries Record Tools Wiew Help

DS 4@ S /E: > M|(B @0} O# % 2N

Environmental Conditions Library

Mew | 1D #: IE
Copy | Mame: [NFRC Tubular Skylight
Delete | U-factar: Inside  U-factor: Dutside I SHGE: Insidel SHGC: Dutsiﬂx

Save
_I Outzide Air Temperature 180
Direct Solar Hadiationl 00 ' dm

— Convection
Model: [4SHRAE/NFRC Dutside | \
Convection Coef. 4.000 s fmz-K Set outside wind
Dutside Wind Speedl 0.0 m/s ¢ speed to 0 in both the

"Wind DirectionlWindward v[ U-factor Outside and
SHGC Outside tabs.

r~ Radiation
|ASHRAE/MNFRC [~
Effective Sky Temperaturem C
Effective Sky Emissivit}llW
[ Protected ZI
For Help, press F1 [Mode: wFRE [T [ [Mom [

Figure 8-79. New environmental conditions for calculating center of glass performance of the diffuser plate.
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In the glass library, create the new glazing layer, naming it appropriately to the material used (called Lexan in
this example) and specify the thickness per the manufacturer drawings. Set the conductivity and emissivity
by copying the values from the library of material thermo-physical properties or value derived from NFRC
101.

In the Glazing System Library, create a new double glazed system using the newly defined entries in the
Glass Library, and reference the new environmental condition, “NFRC Tubular Skylight”. Set the tilt to 0
degrees, and set the gap thickness and gap gas according to the manufacturer’s specifications. After the
calculation is done, make note of the effective conductivity (Keff value under the Center of Glass Results
tab) for later use in THERM.

i Window Library {C:\Program Files'LBNL'WINDOW 5", TubularSkylight.mdb) j@ - IEllil
File Edit Lbraries Record Tools Yiew Help
DS 2B5(E: « « » M |[B - o[n: O# % 2N
— Glazing System Library
List |
Calc [F9) | D # |32 Mames | Tubular Skylight Diffuser
Mew ﬂLayers:|2 ﬂ TiIt:I o
Environmental -
Copy | Conditions:lNFHE Tubular Skylight j
Delete | Comment:l 1 2
Save | Owveral thickness:|8.2DD mn Mode:l
Report | [T | Name [Made] Thick [Flig] Tsel [ Risoll | Rsolz | Tuis | Fwist [Fwis2 | Ti | E1 [ E2 [Cond [  Comment
GIass‘I» 10002 Lexan 16 [J] 0834 0075 0075 0899 0082 0082 0000 0800 0900 O0.200
Gas1 w1 A 30
Glass 2 »» 10002 Lexan 16 [l 0834 0075 0075 0899 0082 0082 0000 0800 0900 0.200
Center of Glass Results | Temperature Data | Optical Data AngularDataI Color Propeties
Ufactor SC SHGC Rel. Ht. Gain Twis F.eff
A2k widm2 -k
.............. 28886 | 083%2 0.7739 582 0813 0.0359
™| Frotected
Far Help, press F1 Mode: NFRC E MM v

Figure 8-80. Glazing system for the double-layer diffuser plate

These calculations are only for U-factor; the SHGC results will not be valid because the layers were created
without spectral data. When performing a calculation on this glazing system, the following message will
appear, indicating that there is not spectral data associated with the glazing layers.
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Information x|

Ore of the glazs layers for Glazing Sypztem 32 does not have detailed
spectral data, which may result in incorrect results for optical
properties such az SHGC and TWIS. Custom lapers with detailed
spectral data can be created in Optice and imported into the ‘Window
Library

Figure 8-81. Message at calculation time, indicating that there is not spectral data for the glazing layers. Therefore, the SHGC value
will not be accurate.

In THERM draw the geometry of the double-layer diffuser plate, including the detail of spacer and draw the
rest of the geometry as per original example.

THERM - [E2145CM_Example_dbl-glzd_sim-man.thm] jﬂl - |EI|5|
l.';ﬁ‘ File Edit ‘ew Draw Lbraries Options Calculation ‘Window Help _|5|5|

O E“:H@II_H O & "fl- <L Q) f@ch |2? € u |V::”Pulycarhunate[Lexan]

Double layer diffuser plate, in this
case 2 layers of Lexan.

4] | _>I;I

%,y 649.7,230.1 [dx,dv 29.6, 6.5 llen 30,3 [step 10.0 |mm  |w,h356.6, 1.6 Vs

Ready [ e
Figure 8-82. THERM model of double-layer diffuser plate
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Define a new material with the conductivity equal to the effective conductivity (Keff) calculated in WINDOW
and fill the cavity with that material. As discussed at the beginning of this section, it is an iterative process to
obtain the Keff value for the material defined for the shaft/dome cavity. Once the model has been simulated,
find the average temperatures for the diffuser plate and dome surfaces using the tape measuring tool, and if
the resulting average temperatures differ by more than 1° C (2 °F) from the estimated values, the new Keff shall
be calculated and the simulation repeated until the criterion of 1° C (2 °F) difference is met.
THERM - [EZ2145CM_Example_sim-man.thm] jﬂl ;|g|5|
1_';5‘ File Edit Wiew Draw Libraties Options Calculstion  Window  Help ==

DEEHS Lof i a-lkLralqQ 20% | FE UK

-

Propetrties for Selected Polygon(s) x|
ity

I aterial |

L IS Cancel |
Conductiviy |0.035 Wk, =
Emigsivity ID 9
|
[xy 1187.9,335.1  [dx,dy 234.7,-589.9 len634.9 |step 10,0 [mm | v
Ready [ om

Figure 8-83. THERM model of double-layer diffuser plate
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Define the same set of boundary conditions as in previous example and perform calculation. The following
are results for an example where the two layers of Polycarbonate diffuser plates, separated by 3 mm (0.1181
inches) of air space and butyl spacer, are used.

e
IE File Edi View Draw Lbraries Options Calculation Window Help _18 x|
NSHE L o0@-I[mfr s aQ 296 [Fleu|R] =]

u-ractors x|

-factor delta T Length
Wiimz-C C i
Center [25417  [331 |266736  |Projected x|

% Error Energy Morm I 413% Expart | 0K I

[x,v¥ 512.8,873.3 |die,dy -23.7,845.7 llerg46.2 [Step 10.0 mm |

Ready il
Figure 8-84. Heat Transfer Results for the Tubular Daylighting Device, Incorporating Double-Layer Diffuser Plate

Note that the overall U-factor has been reduced from 3.97 W/m?2-2C (0.699 Btu/h-ft>-°F) to 2.94 W /m?2->C
(0.518 Btu/h-ft2-°F), by using double-layer configuration for the diffuser plate instead of the original single
layer. This analysis does not include solar optical properties or Solar Heat Gain Coefficient calculation, which
will also be affected by the introduction of double-glazed diffuser plate. It is likely that the daylighting
performance would be negatively affected due to the presence of an additional diffuser plate, which will
reduce overall visible transmittance (VT).
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8.6 Tubular Daylighting Devices

THERM - [Dbl-glazed_tube.thm] _|
B Fie Edit Yiew Draw Lbraries Options Calculation ‘Window Help

DDH&\LHEI@*IIl -1 anuv@la | Fleu %]

K|

Ky 45.2,292.2  |de,dy 913, 645

lentits [Step 10,0 [om |

Ready

Figure 8-85. Zoomed-in Region Near the Diffuser Plate
References:

|
1 B

Curcija, D.C. 2001. “Proposed Methodology for Modeling Tubular Skylights For NFRC Rating Purposes

CEERE Technical Report. June, 2001.

THERMS5.2/WINDOWS5.2 NFRC Simulation Manual July 2006

8-79



8.7 Doors 8. SPECIAL CASES

8.7 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 NFRC 100: and that document
should be reviewed in detail before modeling any entry door systems.

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

NEFRC 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.

Chapter 9 contains a door example, which describes in detail the THERM modeling steps.
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8.8 Spacers

8.8.1. 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 installation CD.

. THERM - [Spacer.thm] M= E3
r';g‘EiIe Edit ‘“iew Draw Libraries Optioh: Calculation Window Help _|E’|i|
DEHES|/Lo0@ ek LFaQ 2058 FEU|K| E

=

|4 1 _‘l_l
[y 06251990  |dedp0136,0004  [len0136 [Step0.500 [inches | A
Ready HUM

Figure 8-86. spacer.thm sample file.
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8.8.2. 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.

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.

. THERM - [SillFixed.thm] A (=] x|
B File Edit View Draw ’m Options  Calculation  Window  Help ==l x|
DEE&S| 5o Sthae [~ # & U | % |[Frame Cavity NFRC 100-2002 ~|
- Set Boundary Condition Fs ;I
Material Library Shift-F4
Boundary Condition Library Shift-F5 Step 3:
s shitFe The cursor will become an Eye
o T e G o Dropper. Click the Eye Dropper in
CLTERRI: e the polygon you want to link to, in this
Craats Lik example, the large glazing cavity,
/ Remava ik labeled “2” in this example.
Step 2: The material properties of polygon “1”
Select the Libraries/Create are now linked to the material
Link menu choice. properties of polygon “2”, so in this

example, the polygon below the
glazing cavity (1) will have the same
material properties as the glazing
cavity (2).

Step 1:
Select the polygon
(labeled “1” in this
example) that is to
be linked to
another polygon.

Kl
b,y -377.0,131.9 [dx,dy 20,8, 25.4 len 328 [step 10.0 |om  |wh 18.2, 1.3

Create a link ta the properties of anather polyaaon lili W
Figure 8-87. Link the open spacer cavity to the glazing system cavity using the Library/Create Link feature .

8-82 July 2006 THERMS5.2/WINDOWS5.2 NFRC Simulation Manual



8. SPECIAL CASES 8.9 Non Continuous Thermal Bridge Elements

8.9 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.

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 8-74 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

Bolt spacing

1G

Figure 8-88. Example of a curtain wall system with regularly spaced bolts which act as thermal bridges.
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8.9.3. Modeling Steps

The

steps for constructing the final THERM model to be simulated are the following:

1. Draw the THERM model without the thermal bridging material.

2. Determine the conductivities of the materials that the thermal bridging material replaces.
=  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).

3. 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.

4. 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.

5. 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

6. Calculate the fraction of thermal and non-thermal bridging material along the length of the facade using
Equations 4 and 5.

7. Calculate the final effective conductivity value for the thermal bridging elements using Equation 1.

8. In THERM, define a new material with the Keff value derived in Step 7, and assign it to the cross section
polygons that represent the thermal bridging elements.

9. Simulate the model.
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8.9.4. 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 0.24 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
Where:
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8.9 Non Continuous Thermal Bridge Elements 8. SPECIAL CASES

Wb = Bridging material width
Sb = Bridging material spacing

8.9.5. 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 8-74. Figure 8-75 represents the
cross section of the curtain wall where the bolt occurs (screw threads should be averaged and not drawn
explicitly), and Figure 8-76 represents the cross section of the curtain wall where the bolt does not occur. The
geometry of the cross-section in Figure 8-75 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 8-76 is drawn only to obtain the conductivity values for calculating the
conductivity of this “averaged” material.

Figure 8-89. THERM cross section where the bolt occurs (curtain wall bolt.thm).
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8. SPECIAL CASES 8.9 Non Continuous Thermal Bridge Elements

Figure 8-76 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.

ki = Air cavity k2 = Aluminum ks = Vinyl ks = Air cavity
=0.024 W/m-K =160 W/m-K =0.12 W/m-K =0.024 W/m-K

Figure 8-90. Materials in the non-bridging material cross section for which conductivities must be obtained.

Figure 8-77 shows the depths of each of the thermal bridging elements that are used in the Keff calculation.

_|_

|
z
i

dl =0.00392m d2 =0.003175m 93 =0.00586m

d4 =0.01411m

Figure 8-91. Material depths for the thermal bridging materials.
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8.9 Non Continuous Thermal Bridge Elements 8. SPECIAL CASES

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
Jection WmK] | (m) [m2K/
ement
WI
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:
R¢ = 2(d/k)
= (di/ ki) + (do/ ko) + (ds/ks) + (da/ ka)
= (0.00392 / 0.024) + (0.003175 / 160) + (0.00586 / 0.12) + (0.01411 / 0.024)
= 0.800103 m2K/W
DX = 0.00392 m + 0.003175 m + 0.00586 m + 0.01411 m
= 0.02706 m
Calculate the conductivities as follows:
Kn = D¢/R¢
= 0.02706 / 0.800103
= 0.033821 W/m K

Kb = 14.3 W/m K (stainless steel)
Calculate the fraction of bolt to no bolt as follows:
Wb = Bolt head width
= 11.1 mm
Sb = Bolt spacing 12"
= 304.8 mm
Fb = Wb / Sb

= 11.1 mm / 304.8 mm

= 0.036 (%Fb=0.036 100 = 3.6%)
Fn = 1-Fb

= 1-0.036

= 0.964
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8. SPECIAL CASES 8.9 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. The resulting cross section is a 2-D
thermal equivalent of the cross section with and without the thermal bridging material.

Material with
Keff = 0.55 W/mK

Figure 8-92. Final THERM model with boundary conditions defined.
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8.9 Non Continuous Thermal Bridge Elements

8. SPECIAL CASES

8.9.6. Example 2: Thermally slotted cross-section

| |e-03750
posee_ L 3625 . Sl |
n o.izo [ [ 01000
! 1 ] ] £
ozod = I
Figure 8-93. 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)
= 01016 m (4 in)
=)
Fb =0.009525 m/ 0.1016 m
=0.094 m (3.7 in)
Fn =1-Fb
=1-0.094 m
=0.906 m (35.67 in)
Percent of thermal bridge = (Fb)*100
= (0.094 m) * 100
=94%

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

Kb =160 W/m-K (conductivity of skipped debridge, in this case Aluminum)
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8. SPECIAL CASES

8.9 Non Continuous Thermal Bridge Elements

Rt =) (Depth/ conductivity)
=Da/kdq

(0.0086 m/0.024W/m-K)

0.35833 m?2-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 =15.062W/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-ft>-°F
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8.9 Non Continuous Thermal Bridge Elements 8. SPECIAL CASES

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 8-94. 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 8.9 Non Continuous Thermal Bridge Elements

8.9.7. Example 3: Skip-and-debridge:

|
|
T\\\ 17433

1M453 M

FRAME HFIGHT

1 9”
()
AN srale 1020
0.0508 m (2")

P.UBS

!

Note: the skip trapezoid shall be treated as a rectangle equal to the total length of the base of the
trapezoid.

Figure 8-95. Drawings for Example 3 Skip and Debridge.
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8.9 Non Continuous Thermal Bridge Elements 8. SPECIAL CASES

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

Figure 8-96. 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 =0.4947

%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 = Length/ conductivity
= (0.00635 m/0.024 W/m-K)
=0.2646 m>-K/W

The length is the length of material in a direction of heat flow i.e. 0.25” as shown in the figure. (The air
effective conductivity calculated using THEM)

Kn = length/Rt
=0.00635m/0.2646 m2-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-ft2-F)
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8.10 Site Built fenestration products
(Curtain Walls, Window Walls and Sloped Glazing) 8. SPECIAL CASES

8.10 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
you have show the installation.

= Site built products are typically multiple lite systems where the intermediate vertical and horizontal
frame members repeat in some pattern.

8.10.1. Curtain Walls

NFRC defines a curtain wall as any building wall carrying no super imposed vertical load. A curtain wall
system will typically be exterior to the building framework and will typically bypass the building floors.

NFRC 100 Table 4.3 states that curtain walls are simulated as two lites with one vertical mullion which are
simulated and tested with intermediate vertical frames modeled as jambs and mullion, and intermediate
horizontal frames modeled as head and sill. If the intermediate vertical and horizontals were simulated full
width or height for the jambs, head and sill, the total area of the frame as simulated would be significantly
larger than actual frames, so for rating purposes the head, sill and jamb are simulated as % the full height (
head and sill) or width (Jambs). The mullion is simulated full width.

Curtain walls cannot be built or tested with %2 the full height or width head jambs and sill so when modeling
the curtain wall head, sill, jambs and vertical mullion for testing purposes the full cross section and
associated glazing systems are modeled
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8. SPECIAL CASES

(Curtain Walls, Window Walls and Sloped Glazing)

8.10 Site Built fenestration products

Intermediate

vertical frames

: |
i ]
i |
S i ey - L _.
: T | !
i |
i 1
i Modeled as Head, i
| but %2 height ! |Intermediate
! Modeled as Ly ' | horizontal
! Mullion, full width ' |frames
E Modeled as Jamb, _ | E
! but %2 width '
: Modeled as Jamb :
]
E I buc; 12 svid?r? am, Modeled as Sill, !
i but %2 height '
! | !
: v !
R - JI ___________________________________________ - .:. s s o e e e e ] - —
! |
i ]
! !

Figure 8-97. 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,

4 full width

|

Modeled as Head,
full height

Modeled as Jamb, |
full width

Modeled as Sill,
full height

v

Figure 8-98. Curtain wall simulation model (represented by dotted lines) to match testing.
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8.10 Site Built fenestration products
(Curtain Walls, Window Walls and Sloped Glazing) 8. SPECIAL CASES

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 8-99. Curtain Wall Mullion Cross Section (mull.thm)
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8. SPECIAL CASES 8.10 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 8.9).

= Pay particular attention to the aluminum finish in order to assign the correct materials to the
drawing. (Arrow to aluminum)

bolt

Aluminum

Figure 8-100. 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 sight lines. The easiest way to do
this is to make temporary reference rectangles as follows:
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8.10 Site Built fenestration products
(Curtain Walls, Window Walls and Sloped Glazing) 8. SPECIAL CASES

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 sight line (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.

Step 1 — Draw two “reference” rectangles
(top and bottom) from the sight line, larger
than the depth of the frame cross section

Sight line

Step 4 — Select the vertical frame Step I -
components and insert a point at the Measure the
midpoint as measured in Step 3. vertical
rectangles and
This will define the midpoint of the frame determine the

for the “half-height” frame dimension for midpoint (half the
the rating simulation. vertical
dimension) of
each rectangle.

4

Step 2 — Draw two “reference” rectangles
(right and left) between the top and
bottom rectangles

Figure 8-101. 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 8.10 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
sight line, and “None” for the remainder of the glazing system.

=  Exterior Frame: Set the BoundaryCondition to “NFRC 100 Exterior” and the U-factor Surface tag to
“SHGC Exterior” for the exterior frame

=  Exterior Glazing: Set the BoundaryCondition to “NFRC 100 Exterior” and the U-factor Surface tag
to “None” for both exterior glazing systems.

Mullion
Exterior Interior
> 4—e
150 mm
(6.0 inches) BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None
BC = NFRC 100 Exterior
Radiation Model = Blackbody P
U-factor tag = None | *< |
63.5 mm BC = <glazing system> U-factor Inside Film
(2.5 inches) Radiation Model = AutoEnclosure
\ U-factor tag = Edge
\‘\ |
[

BC = NFRC 100 Exterior BC = Interior <frame type> (Convection only)
Radiation Model = Blackbody 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 Exterior
Radiation Model = Blackbody
U-factor tag = None BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None
> ¥ €

Figure 8-102. Curtain Wall Mullion Boundary Conditions
(mull_boundary.thm)
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8.10 Site Built fenestration products
(Curtain Walls, Window Walls and Sloped Glazing) 8. SPECIAL CASES

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 sight line set the U-factor Surface tag to “Frame”

= from midpoint to the bottom sight line 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 sight line assign the U-factor Surface tag to “SHGC Exterior”
= from midpoint to the bottom sight line assign the U-factor Surface tag to “None”.

= Exterior Glazing System: set the U-factor Surface to “None”.

8-102 July 2006 THERMS5.2/WINDOWS5.2 NFRC Simulation Manual



8. SPECIAL CASES

(Curtain Walls, Window Walls and Sloped Glazing)

8.10 Site Built fenestration products

Right Jamb
Exterior Interior
> + <
150 mm . ) .
(6.0 inches) BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None
BC = NFRC 100 Exterior
Radiation Model = Blackbody
]
U-factor tag = None | '
63.5 mm BC = <glazing system> U-factor Inside Film
(2.5 inches) Radiation Model = AutoEnclosure
\ U-factor tag = Edge
l |
BC = NFRC 100 Exterior / e :
BC = Interior <frame type> (Convection onl
Radiation Model = Blackbody ype> y)
U-factor tag = SHGC Exterior (

v

BC = NFRC 100 Exterior
Radiation Model = Blackbody
U-factor tag = None

v

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

Figure 8-103. Right Jamb Boundary conditions
(rightjamb_boundary.thm).
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8.10 Site Built fenestration products
(Curtain Walls, Window Walls and Sloped Glazing) 8. SPECIAL CASES

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”

Left Jamb
Exterior Interior
150 mm
(6.0 inches)
BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
BC = NFRC 100 Exterior I ’ U-factor tag = None
Radiation Model = Blackbody 63.5 mm
U-factor tag = None (2.5 inches)
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

v

BC = NFRC 100 Exterior
Radiation Model = Blackbody |
U-factor tag = SHGC Exterior

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC = NFRC 100 Exterior
Radiation Model = Blackbody
U-factor tag = None BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure

U-factor tag = None

v
A

Figure 8-104. 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 8.10 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 bottorn sight line, 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 top sight line, 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 sight line, and “None” for the remainder of the glazing system.

=  Exterior Frame:

= For the exterior frame from the midpoint to the bottom sight line, set the
BoundaryCondition to “NFRC 100 Exterior” and the U-factor Surface tag to “SHGC
Exterior”.

=  For the exterior frame from the midpoint to the top sight line, set the BoundaryCondition
to “NFRC 100 Exterior” and the U-factor Surface tag to “None”.

= Exterior Glazing: Set the BoundaryCondition to “NFRC 100 Exterior” and the U-factor Surface tag
to “None” for both exterior glazing systems.
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8.10 Site Built fenestration products

(Curtain Walls, Window Walls and Sloped Glazing) 8. SPECIAL CASES
Head
Exterior Interior
150 mm
(6.0 inches)

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC = NFRC 100 Exterior | "
Radiation Model = Blackbody 63.5 mm
U-factor tag = None (2.5 inches)

BC = Interior <frame type> (Convection only)
( Radiation Model = AutoEnclosure
U-factor tag = None

]

BC = Interior <frame type> (Convection only)

BC = NFRC 100 Exterior Radiation Model = AutoEnclosure
Radiation Model = Blackbody [ U-factor tag = Frame

U-factor tag = SHGC Exterior \ |

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

v

BC = NFRC 100 Exterior

Radiation Model = Blackbody ) _ .
U-factor tag = None BC = <glazing system> U-factor Inside Film

Radiation Model = AutoEnclosure
U-factor tag = None

v
A

Figure 8-105. Head Boundary Conditions
(head_boundary.thm)
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8. SPECIAL CASES 8.10 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 sight line, 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 sight line, 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 fop 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 sight line, and “None” for the remainder of the glazing system.

Exterior Frame:

=  For the exterior frame from the midpoint to the top sight line, set the BoundaryCondition
to “NFRC 100 Exterior” and the U-factor Surface tag to “SHGC Exterior”.

=  For the exterior frame from the midpoint to the bottom sight line, set the
BoundaryCondition to “NFRC 100 Exterior” and the U-factor Surface tag to “None”.

Exterior Glazing: Set the BoundaryCondition to “NFRC 100 Exterior” and the U-factor Surface tag
to “None” for both exterior glazing systems.

THERMS5.2/WINDOWS5.2 NFRC Simulation Manual July 2006 8-107



8.10 Site Built fenestration products

(Curtain Walls, Window Walls and Sloped Glazing) 8. SPECIAL CASES
Sill
Exterior Interior
150 mm _ _ : .
(6.0 inches) BC = <_g|a2|ng system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC = NFRC 100 Exterior
Radiation Model = Blackbody
U-factor tag = None

&
| 8 < |

63.5 mm BC = <glazing system> U-factor Inside Film
(2.5 inches) Radiation Model = AutoEnclosure
\ U-factor tag = Edge
| |
BC = NFRC 100 Exterior / e ,
o - BC = Interior <frame type> (Convection only)
Radiation Model = Blackbo_dy [ Radiation Model = AutoEnclosure
U-factor tag = SHGC Exterior

U-factor tag = Frame
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Figure 8-106. 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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