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1. Introduction

1.1. AERC Product Modeling Using THERM and WINDOW

The Lawrence Berkeley National Laboratory (LBNL) software tools, Berkeley Lab WINDOW (further referred
as WINDOW in this manual), THERM, and AERCalc, are used to model products for AERC certification.
LBNL maintains two databases, the Complex Glazing Database (CGDB) and the International Glazing
Database (IGDB), which contain AERC approved materials and material combinations that are used in
THERM and WINDOW to model AERC certified products. Several thermal, optical and energy performance
indices are calculated and reported using these tools. U-factor is used as a thermal metric, visible
transmittance (VT) as an optical metric, solar heat gain coefficient (SHGC) as a mixed thermal and optical
metric, and a duo of newly developed annual energy performance indices, EPc and EPh, as metrics for
cooling and heating energy performance respectively. U-factor, SHGC, and VT are calculated by WINDOW
and THERM, while EPc and EPh are calculated by AERCalc based on detailed product information from
WINDOW. Technical details about the mathematical model and algorithms are available in the WINDOW
and THERM technical documentation as well as the AERC 2 Appendix A for EPc and EPh.

This manual discusses the modeling details and assumptions for these software tools when utilized for AERC
Certification. More detailed information about modeling glazing, shading, and window products can be
found in the WINDOW and THERM User’s Manuals.

1.2 Modeling Overview

Throughout this manual, glazing (IGDB) and shading (CGDB) databases will be referenced. While both
databases exist as self-contained, downloadable and installable files, this manual will generally refer to them
as they are shown in the WINDOW program, i.e., in the Glass Library (IDGB), the Shading Material Library
(CGDB), and the Shading Layer Library (CGDB). These libraries will need to be periodically updated through
regular releases of IGDB and CGDB by LBNL.

While most shading materials will be directly measured and stored in the Shading Layer Library, some
products are stored in the Glass Library or will need to be defined from materials in the Shade Material
Library that are then used to define the product in the Shading Layer Library. Examples of products defined
from the Shade Material Library in combination with the Shading Layer Library are Venetian blinds, cellular
shades, and pleated shades. More than one shading material may be needed to define some products (e.g.,
Cellular shades). Refer to Section 5, Preparing Shading Layers for Submission to the CGDB, for details on
preparing these shade layers. Glass Library records are used to define surface applied films, secondary
windows. Procedures for submitting shading materials for CGDB are provided in

https:/ /windows.lbl.gov /submitting-data-0, and the procedure for submitting glazing materials for IGDB is
provided in https:/ /windows.lbl.gov/submitting-data.

The process for modeling attachment products is as follows:

WINDOW:
e Shading Layer Library:

o Select the appropriate record from the Shading Layer Library. Shading layers qualified for
use in simulations of products submitted for AERC certification have the “@” mark of
approval in the Certification column of the library. One shading layer is typically used per
certified product, but Slat type shades require four Shading Layers (one layer at each
required slat tilt) for certification.
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1.2 Modeling Overview 1. Introduction

¢ Glass Library:

o For use with secondary windows. Select the appropriate layer from the Glass Library.
Products qualified for use in AERC simulations bear the NFRC (#) or AERC (@) marks of
approval in the Mode column of the library.

e Glazing System Library:

o Define a glazing system from the AERC base glazing system(s), detailed in AERC 1 for the
required baseline window and add the shading product from the Shading Layer Library.

o Calculate the glazing system (including shading)
THERM:

e Model the frame components, i.e., Sill, Jamb and Head, starting from the standard AERC THERM
frame models.

e Import the glazing system (that includes the shading system) from WINDOW and calculate the
results for each frame component.

WINDOW:

e Frame Library: import the three THERM frame component files for the required baseline window
per AERC 1, provided in AERCalc installation directory (list names of files)

¢ Window Library: create a whole window for the product
o Assign frame components from Frame Library
o Assign glazing from Glazing System Library
o Name the whole window with the convention needed for import into AERCalc

<product name>::<shade type><slat tilt>::BW-<basecase window ID>
Note: <slat tilt> is provided only when shade type is VB or HB.

o Calculate the product
AERCalc:

e Import the desired products from the WINDOW Window Library into the AERCalc Product library

e Calculate the Energy Performance values for heating and cooling, EPh and EPc
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2. Center-of-Glass (COG) Modeling

2.1. Overview

WINDOW consists of a series of libraries that are described in detail within the WINDOW User’s Manual.
This manual describes creating glazing systems with AERC approved shading layers in the WINDOW
Glazing System Library. The specific settings and preferences for AERC certified simulations, as described in
the AERCI technical document, are presented.

Some shading products are directly measured and stored in the WINDOW Shading Layer Library, some
products are defined from materials in Shading Material library as well as the Shading Layer Library,
whereas secondary windows are defined in the Glass Library. Awnings are defined in the Awning Library
and then applied directly to a record in the Window Library. The following products are included in the
AERC certification process:

Awning

Cellular Shade
Insulating Quilt (modeled as roller shade or solar screen as appropriate)
Pleated Shade

Roller Shade

Roller Shutter
Roman Shade
Secondary Window
Slat Shade

Solar Screen

Surface Applied Film
Venetian Blind

Vertical Louver
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2.2. WINDOW Gilass Library 2. Center-of-Glass (COG) Modeling

2.2. WINDOW Glass Library

The Glass Library contains the thermal and optical properties of glazing materials. The solar, visible, and
thermal infrared optical properties of a glazing as well as the thickness and thermal conductivity are
displayed.

Records from the Glass Library are used to construct the standard glazing systems to model with shading
products, as well as modeling the following attachment products:

®  Secondary Windows

= Surface Applied Films

Three standard glass layers are used in baseline windows A-F, listed in AERC 1, Appendix A. These layers
are in the International Glazing Database (IGDB).

Nominal
Thickness
IGDB ID [mm] Product Name Manufacturer
102 3 Generic Clear Glass Generic
103 6 Generic Clear Glass Generic
2011 3 LoE2 272 on 3 mm Clear | Cardinal Glass Industries

The WINDOW User Manual contains information about importing glass layers from the IGDB into the
WINDOW Glass Library.

2.3. WINDOW Glazing System Library

The Glazing System Library is used to create glazing systems to determine the center-of-glass performance
metrics, which are then used in THERM to determine edge-of-glass and frame performance, and finally used
in the Window library to determine whole window performance metrics.

Glazing Systems for modeling AERC certified products consist of one or more glass layers from the Glass
Library as defined in AERC 1, Appendix A, a shading layer as defined in the Shading Layer Library, and gaps
between the layers as defined by a thickness and a gas from the Gas Library. When the glazing layers and
gaps have been defined, the results are calculated using the Calc button. The WINDOW User Manual contains
full details on constructing glazing systems within the Glazing System Library. Figure 2-1 shows the Glazing
System library detail view of the AERC standard double-clear glazing system with room-side cellular shade
(Shade 3).
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2. Center-of-Glass (COG) Modeling 2.3. WINDOW Glazing System Library

10} n;|1DD3 | Name;|5inglec:ell Light color [Levolar] Indoor: CS:: 1 BwW-B |

1 Lapers: STk :

Ervironmental

v,
aronmental R 100-2010 v . //
Comment: ‘ /
7,
3

im Mode: D [ Model Deflection 1 2

Ovwerall thickness:

D Mame Mode| Thick Flip Tszol | Rsoll | Rsol2 | Twiz | RAwvisl | Avis2 | Tir E1 EZ | Cond | Dtop [mm] | Dbot [mm] | Dright [mm] | Dleft (mm]
= Glasz1 »» 102 CLEAR_3DAT # 30 |Jjos4 0075 0075 0539 0033 00583 0.000 0.540 0840 1.000
Gap1 »k 1 i 127
- Glass 2 »» 102 CLEAR_3DAT # 30 (o834 0075 0075 0899 00893 0083 0000 0840 0840 1.000
Gap2 »k 1 i 381
- Shade 3 ke 50 Cellular Shade. Single ce 20.0 0008 0805 0.805 | 0.000 0.000 3.000 3.000

Figure 2-1. Glazing System library detailed view. The baseline glazing and shading layers are selected from the Glass Layer and
Shading Layer libraries respectively. The Gap width from the glass to the shade is entered based on the shade type. The perimeter gap
widths (Dtop, Dbot, Dright, and Dleft) between the frame and the shade with continuous hardware are entered based on the shade
mounting.
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2.3. WINDOW Glazing System Library 2. Center-of-Glass (COG) Modeling

2.3.1. Shading System Perimeter Gaps

Perimeter gap widths between the frame and the shade are defined for each shading system according to
Figure 2-2. Perimeter gaps are the minimum distance from the end of the shade (continuous hardware
included) to the frame or glazing. Dtop is the distance at top of shade, Dbot is distance at bottom of shade,
and Dleft & Dright are distances on the left and right of shade. AERC 1 defines typical perimenter gap
distances based on product type. Perimeter gaps for non-typical product are calculated based on Figure 2-3.
The figures illustrate a roomside interior shading system, but the defined gap distances also apply to exterior

mounted shades.

D
r o frame
- 5 H

glazing
Shade

—» “«—Djq —» L—D

right

Figure 2-2. Perimeter gap widths between frame and shade with continuous hardware. The figure illustrates the nominal gap distance
of a roomside interior shading system. The actual perimeter gap is the minimum distance defined by Figure 2-3. The defined gap
distances apply to both interior and exterior shade mounting locations.

Figure 2-3. Perimeter gaps (Dtop, Dbot, Dleft, Dright) are measured from end of shade (continuous hardware included) to frame or
glazing. These dimensions are the minimum of A, B, and C at each location.
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2. Center-of-Glass (COG) Modeling 2.4. WINDOW Shading Layer Library

2.4. WINDOW Shading Layer Library

The Shading Layer Library allows for the definition of seven shading layer types, which can be selected from

the Type pull-down list. Currently, AERC uses six of these layer types for modeling AERC certified products.

The layer types used by AERC are listed below:
® Homogeneous diffusing shade
®  Perforated screen
®  Shade with XML data
®  Therm file (*.thmx)
®  Venetian blind, horizontal
"= Venetian blind, vertical

Shading Layer Library
D4 |20005

M ame: |Default

Froduct M ame: |

b anufacturer: |generi|:

Type: |H-:|mcngenecnus diffuzing zhade

It

Perforated zcreen
Shade with =ML data
Therm File [*.thros)
Yenetian blind, horizontal

PeIme s eretian blind, vertical
YWoven shade

b aterial:

Figure 2-4. Type field from the Shading Layer Library
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2.5. WINDOW Awning Library 2. Center-of-Glass (COG) Modeling

2.5. WINDOW Awning Library

The Awning Library is used to define awnings, which are then referenced from the Window Library. The
awning geometry is defined relative to a window, so that the same awning can be used on different window

geometries.

A material for the awning is selected from the Shading Layer pull down list, which will include all Shading
Layers defined as Shade Type = “Shade with XML data”.

For AERC certification, the following values must be set:
e Distance from left side of window (DL): 0
e Distance from right side of window (DR): 0
¢ Distance from top of window (DH): 0

For AERC certification, the awning Length and Tilt values defined in AERC 1 must be used, depending on
the type of awning being modeled (fixed, operable or seasonal).

D #:

Mame: |Awning 14 - Dark |

Product Mame: |.-’-'«wning 14 - Dark |

M anufacturer: |Generic |
Shading Layer: | 10003 | Sunbrella awning, Black 4603 w
Awning
e o DL - — DR
Length [L): |[1499.775 | mm i

Tilt [&lpha): degrees off horizontal Dy .
- L

Diztance from left zide of window (DL) | 0000 rmm T . X
o | N

Distance from nght side of vandow (DR |0.000 ] ﬂ_ /
Distance from top of window(DH]; {0000 mm

Figqure 2-5. Awning geometry and materials are defined in the Awning Library.
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2. Center-of-Glass (COG) Modeling

2.5. WINDOW Awning Library

In the Window Library, if the “Awnings” box is checked, an awning can be selected from the Awning Library

using the double arrow button, or by selecting from the pulldown list.

Ligt
Calz (F9)
Mew
Copy
Delete
Save

Feport
[ Dividers
Dividers

Lumnings

ID# 110 ~
M arne |.-’-‘-.wning 1 Fised - Dark: oo d:
Mode | NFRC w
Tuope | Fixed [picture] w3
Width 1200 mm
Height 1500| rmm

Area m2

Errironmental Conditions
NFRC 100-2010 w

Total Window Fesults - Mormal |ncidence

Awining 14.- Light
Dizplay mode:

Mormal

SHGCAT Detail

CR Dretail

a7 Select

s
Cancel

D Mame

Fd| | D

ProductM ame

1 Awning 14 - Dark | Awning 14 - Dark
7 Auning 1o, - Light | Lagning 14 - Light

Awning 1B - Dark. | Awning 1B - Dark
Awning 1B - Light | Awning 1B - Light

Awning 28 - Light | Awning 24 - Light
Awning 2B - Dark | Awning 2B - Dark
Awning 2B - Light | Awning 2B - Light

3
4
5 Awning 28 - Dark. | Awning 24, - Dark
B
7
a

M anufacturer

Generic
Generic
Generic
Generic
Generic
Genernc
Generic

Generic

« | 8 records found.

ShadingLayerlD

10002
10008
10003
10002
10002
10002
10003
10002

Figure 2-6. Records from the Awning Library are associated with a Window.
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2.5. WINDOW Awning Library

2. Center-of-Glass (COG) Modeling

The naming convention for the different awning configuations (see AERC 1) is as follows:
Fixed Awnings:
<awning name 1>:AY1A
<awning name 2>:AY1B
<awning name 3>:AY2B
<awning name 4>:AY2B
Operable Awnings:

@)
@)
)
@)

o

o

)
@)
O

Model two awnings as a pair, using either geometry 1 or 2. They must have the same name
before the designation of the A and B for the geometry. For example:

* <awning name 5>:AO1A
* <awning name 5>:AO1B
Seasonal Awnings:
<awning name 6>:AS1A
<awning name 7>::AS1B
<awning name 8>:AS2A
<awning name 9>:AS2B

WWindow Library [G:4Shared drives\dERCalc\Sample Database\WwINDOW

T.8.06%AER CalcS ample.mdb)
I} Mame Type Width | Height IJfactor SHGC | Twis CR
mm mm -k
100  Baseling B Window Fixed (picture] 1200 1500 2,590 0638 0E7E  N/A
110 Awning 14 Fiked - Dark::ay14:0:BW-B Fized [picture] 1200 1500 2590 0192 0181 KN/
111 Awning 14 Fiked - Light:a%74:0:BW-B Fized [picture] 1200 1500 2590 0192 0181 KN/
112  Awning 1B Fiked - Dark::aY7B::0::BW-B Fized [picture] 1200 1500 2590 0334 0344 N/A
113 Awning 1B Fixed - Light:. 4180 BW-B Fired [picturs] 1200 1500 2830 04238 0441 M
114 Awning 24 Fiked - Dark:Ayv'24:0:BwW-B Fixed [picturs] 1200 15800 2590 0597 0B20  Mas
115  Awning 24 Fiked - Light: 45240 BB Fixed [picturs] 1200 15800 2590 0614 0B4E  Mas
116  Awning 2B Fiked - Dark: Ay 28:0::BwW-B Fixed [picturs] 1200 15800 2590 0618  0B49 M
117 Awning 2B Fiked - Light::42B::0::BW-B Fied [picture] 1200 1500 2590 0E25  0EBB1 N/
120  Awning 14-1B Operable - Dark::4014::0::EwW-B Fized [picture] 1200 1500 2590 0146 0011 KNAA
121  Awning 14-1B Operable - Dark::4018:0::BwW-E Fized [picture] 1200 1500 2590 0334 0344 N/A
122  Awning 14-1B Operable - Light::40714::0::EwW-B Fized [picture] 1200 1500 2590 0192 0182 KN/
123 Awning 14-1B Operable - LightA078::0::Bw/-B Fixed [picturs] 1200 15800 2590 0439 0442 Mas
130 Awning 24-28 Operable - Dark AO028::0::Bw/-B Fixed [picturs] 1200 15800 2590 0597 0B20  Mas
131 Awning 24-2B Operable - Dark 2 AQ0ZB::0::Bw/-B Fixed [picturs] 1200 15800 2590 0618  0B49 M
132 Awning 24-28 Operable - Light:A024::0::8w-B Fixed [picture] 1200 1500 25890 0E13  0E44 N/
133 Awning 24-2B Operable - Light:4028::0::BwW-B Fized [picture] 1200 1500 2590 0625 0BE1T  MN/A
140  Awning 14 Seasonal - Dark:A514:0:BwW-E Fized [picture] 1200 1500 2590 0146 0011 KNAA
141  Awning 14 Seasonal - Light: 45740 BwW-E Fized [picture] 1200 1500 2590 0192 0182 KN/
142 Awning 1B Seazonal - Dark::A5718:0::BwW-B Fixed [picturs] 1200 15800 2590 0394 0344 M
143  Awning 1B Seasaonal - Light:A51B:0::BwW-B Fixed [picture] 1200 1500 2 /90 0438 0447 MAA
144 Awning 24 Seazonal - Dark:AS524:0::BwW-B Fixed [picturs] 1200 15800 2590 0597 0B20  Mas
145  Awning 28 Seasonal - Light:A524:0:Bw-B Fixed [picture] 1200 1500 2590 0614  0B44 N/
145  Awning 2B Seasonal - Dark:AS28:0:EBwW-E Fized [picture] 1200 1500 2590 0618 0649 N/A
147  Awning 2B Seasonal - Light:4528::0:.BwW-E Fized [picture] 1200 1500 2590 0625 0BE1T  MN/A

Figure 2-7. Examples of awning records in the Window Library.
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2. Center-of-Glass (COG) Modeling 2.6. WINDOW Preferences

2.6. WINDOW Preferences

This section outlines the settings required for AERC calculations within WINDOW. See the WINDOW User
Manual for full details on modifying preferences settings.

2.6.1. Options
Use Nominal Glass Thickness = Checked

Options |Therrna| Calcs ] Optical Calcs ] Optical Data

Localization

Unit system P (=" 5l

Language choice  |English ﬂ
Misc. options

™ Dont show CR waming messages
v Create debug output

™ Create log file

I Use Mominal Heights

Glazing system height: |1000.0 mm
Nominal window height: Wmm

¥ Use Nominal Glass Thickness
Display precision: 3

Default Frame Absorptance W
Frame Glazing System Im

Thickness Tolerance %
¥ Use Tomfor Gas Library Pressure Units

v Database integrity check before
database close recommended)

Figure 2-8. WINDOW Preferences menu, Options tab

2.6.2. Thermal Calcs

All options set to ISO 15099

"Options  Thermal Calcs |0ptic:al Calcs ] Optical Data | Radiance | Deflection | Updates |

Themal calculation options

Calculation standard |{E8REEE] v

Convection models

Outside Integral Inside
Model Made! Model
Venetian blinds| [150 15099 = | |150 15099 ~|| | |1s0 15089 ]
Woven shades| |!S0 15093 ~| | [1s0 15088 =|| | [1s0 15099 |

Figure 2-9. WINDOW Preferences menu, Thermal Calcs tab
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2.6. WINDOW Preferences

2. Center-of-Glass (COG) Modeling

2.6.3. Optical Calcs

Optical calculation options
®  Spectral data = Condensed spectral data
®  Number of visible bands =5
®=  Number of IR bands =10
® Angular basis = W6 standard basis

Venetian blind calculation methods
= Solar/Visible range = Directional diffuse
® FIR range = Directional diffuse
=  #of segments =5

Optical calculation options

[~ Use matrix method for specular systems
(glazing systems without shading devices)

[¥ Write CSV output file

v Wiite XML BSDF output

"Options | Themal Cales ~ Optical Cales |Optica| Data | Radiance | Deflection | Updates |
Venetian blind calculation methods
Solar/Visible range IDirectionaI diffuse ;I
FIR range

H of segments:

I Directional diffuse ;I

—

Generate full spectrally-averaged matrix for:
[~ Solar band
[~ Visible band

Spectral data | Condensed spectral data ;I

Mumber of visible bands: |5
Mumber of IR bands: |1 D

Angular basis IWB standard basis ;I

Figure 2-10. WINDOW Preferences menu, Optical Calcs tab
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2. Center-of-Glass (COG) Modeling

2.7. Modeling procedures by shade type

2.7. Modeling procedures by shade type

All shading system layers are measured and accepted per AERC 1.1 and include an @ in the Shading Layer
Library Certification field. AERC simulators must ensure the CGDB is updated to the latest version prior to

simulation.

This section provides a quick reference table to the modeling procedures for AERC shading types followed by
detailed steps for simulating AERC systems from approved shading layers.

Type Material Geometry WINDOW Shading Layer Glazing System gap
Properties Library Type dgapwinbow)
xziliieii Defined in

Awning Shading Layer Awmng N/A N/A
. Library
Library
Measured fabric Drawn in Average gap distance
Cellular Shade ) Therm file (*.thmx) from glass to shade
material(s) THERM urface
Insulating Quilt Modeled as either roller shade or solar screen as appropriate
M.easured. Drawn in Average gap distance
Pleated Shade fabric material THERM Therm file (*.thmx) from glass to shade
surface
N/A
(easured / Shade with XML data
Woven shade Distance from glass to
Roller Shade Defined in e nearest shade surface
Measured bulk Shadine Laver Homogeneous Diffusing
material g Lay Shade
Library
Perforated Screen
Measured slat Drawn in . Distance from glass to
Roller Shutter material THERM Therm file (*.thmx) nearest shade surface
Measured Drawn in Average gap distance
Roman Shade fabric Therm file (*.thmx) from glass to shade
. THERM
material(s) surface
Secondar Measured Distance from glass to
win dowy product in N/A N/A nearest SW/WP glass
glass library surface
Measured slat Defined in Venetian blind. horizontal Distance from glass to
Slat Shade material Shading Layer ) - ) nearest slat surface,
Library Venetian blind, vertical varies with tilt.
N/A
easured / Shade with XML data
Solar S Woven shade Distance from glass to
olarscreen Defined in P nearest shade surface
Measured bulk Shadine Laver Homogeneous Diffusing
material e Ay Shade
Library
Perforated Screen
Surface applied Measured

PP product in N/A N/A N/A

glass library
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2.7. Modeling procedures by shade type 2. Center-of-Glass (COG) Modeling

2.7.1. Cellular Shades

WINDOW Glazing System
®  Construct the baseline glazing system
® Add the shading system in the one of the following positions as appropriate:
® Interior
= Exterior
=  Gaps
®  Gap between glass and shade that is entered into WINDOW, dgap(WINDOW), is calculated
based on average gap distance, where dgap is the distance between glass and closest point on
shade as defined by AERC 1. See Figure 2-8 for further details.
® Setto Air (ID =1)
= Dtop, Dbot, Dright, Dleft
® Values are per AERC 1 Section 5.1.1.

d
d center center
éﬂ g}o dgap
<] N || (WINDOW),
L] K}
an an|
dgap

N

1
dgap = dcemter Ll - 12 (p/z
2 P32
g1 + \Iln -(f)

dyap(WINDUW) = deenter — 2

L+ |12 — (P/2

dga-p(WINDOW) = Qgap + 2

Figure 2-11. Distance between the glazing and the shade layer for cellular shades.
The equivalent gap distance, dgap(WINDOW), is defined and entered in WINDOW in place of the AERC 1 defined dgap in cases
where the gap width is variable due to the surface profile of the shade.
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2. Center-of-Glass (COG) Modeling 2.7. Modeling procedures by shade type

2.7.2. Pleated Shades / Roman Shades

WINDOW Glazing System

Construct the baseline glazing system

Add the shading system in one of the following positions as appropriate:

® Interior

= Exterior

Gaps

®  Gap between glass and shade that is entered into WINDOW, dgap (WINDOW), is calculated
based on average gap distance, where dgap is the distance between glass and closest point on
shade as defined by AERC 1. See Figure 2-9 for further details.

® Setto Air (ID =1)

Dtop, Dbot, Dright, Dleft

® Values are per AERC 1.

d .
dcenter | ‘—.Icenter

p
o) en
Sl ™ =]
15 d k=)
S| g 5
|| (WINDOW) " e
d 1

gap

Je-py
2

dgap = deenter —

dgap(W{NDOW) = deenter
2
JE= (L)
2

Figqure 2-12. Distance between the glazing and the shade layer for pleated shades.

dgap(WINDUW} = dgap +

The equivalent gap distance, dgap(WINDOW), is defined and entered in WINDOW in place of the AERC 1 defined dgap in cases

where the gap width is variable due to the surface profile of the shade.
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2.7. Modeling procedures by shade type

2. Center-of-Glass (COG) Modeling

2.7.3. Slat Shades

WINDOW Glazing System

Construct the baseline glazing system

Add the shading system in one of the following positions as appropriate:

= Interior

= Exterior

Gaps

®  Gap between glass and shade that is entered into window, dgap(WINDOW), is calculated based
on the distance from the glass to the nearest slat surface (dependent on slat tilt).

= Inital dgap is set based on zero slat tilt. Subsequent dgaps are calculated based on actual tilt.

=  Setto Air (ID =1)

Dtop, Dbot, Dright, Dleft

® Values are per AERC 1.

dcenter | dcenter | dcenter 1 dcenter |
b0 | oo [ I| on[* I| ool I|
£ g = /LR ¢
N —— N N N —
| d i <4 A SR <ld
80| “gap : bo( _—gap : Bo|(_“gap | Bo| “'gap .
| | > Il
| \‘ J | . J
d =d w t .
gap(WINDOW) — “gap dga;p(WINDOW) = dcenter - E cos (;b - ElSlI’l ¢|

Figqure 2-13. Distance between glazing and shade layer for slat shades. Inital dgap is set based on zero slat tilt. Subsequent dgaps are
calculated based on tilt. dgap(WINDOW) is the gap distance entered into WINDOW, while dgap is the distancebetween glass and

shade defined by AERC 1.

dcenter |
1—D‘

L

glazing
M
]
glazing
I o 1

"z - | t
H T "

w t
dgap = deenter —5 C05¢ — 5 Isin gl

Figqure 2-14. Distance between glazing and shade layer for slat shades. Inital dgap is set based on zero slat tilt. Subsequent dgaps are

calculated based on tilt.
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2. Center-of-Glass (COG) Modeling 2.7. Modeling procedures by shade type

2.7.4. Roller Shades

WINDOW Glazing System
®  Construct the baseline glazing system
®  Add the shading system in one of the following positions as appropriate:
® Interior
= Exterior
=  Gaps
® Glazing system gap between glass and shade calculated based on actual geometry
= Setto Air (ID =1)
= Dtop, Dbot, Dright, Dleft
®  Values are per AERC 1.

dcenter : dcenter :
] ke B ‘
| |
-« Wy j
W [ |in T
rle—t
R e
e e
L1 [ ]
. ~

1
dgap = dcemer _Et

Figure 2-15. Distance between glazing and shade layer for roller shades.
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2.7. Modeling procedures by shade type 2. Center-of-Glass (COG) Modeling

2.7.5. Solar Screens

WINDOW Glazing System

Construct the baseline glazing system

Add the shading system in the appropriate position:

= Interior

= Exterior

Gaps

® (Glazing system gap between glass and shade calculated based on actual geometry
= Setto Air (ID =1)

Dtop, Dbot, Dright, Dleft

®  Values are per AERC 1.

—I dcenter : q—ud center
“«——»
|

« Wy :
W[ o T ]
ple—t
o -
&) &
1 [ ]in
m ~

1
dgup = dremw 7Et

Figure 2-16. Distance between glazing and shade layer for solar screens.
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2. Center-of-Glass (COG) Modeling 2.7. Modeling procedures by shade type

2.7.6. Secondary Windows

WINDOW Glazing System
®  Construct the baseline glazing system
® Add the secondary window system in the one of the following positions as appropriate:
® Interior
= Exterior
=  Gaps
® (Clazing system gap, dgap, between glass and panel is based on AERC 1
= Setto Air (ID =1)

—| dcenter : e dcenter .|I
| E— ]
|

fe——r—wy :
oI B T
et
%ﬂq_dgap;. gqgapﬂ
&) o
3l _hs
m| [ l -st ~

1
dgup = dreﬂzer - Et

Figure 2-17. Distance between glazing and shade layer for secondary windows.
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2.7. Modeling procedures by shade type 2. Center-of-Glass (COG) Modeling

2.7.7. Surface Applied Fllms

WINDOW Glazing System

= Glazing layer of baseline system is replaced with glazing layer containing surface applied film on
baseline glass in the appropriate position:
® Interior
= Exterior

—

]

+— Applied film

glazing

-

Figure 2-18. Applied film on interior glazing surface.
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2. Center-of-Glass (COG) Modeling 2.7. Modeling procedures by shade type

2.7.8. Roller Shutter

WINDOW Glazing System

®  Construct the baseline glazing system

® Add the shading system to the Exterior position

" Gaps
® (Glazing system gap, dgap, between glass and panel is based on AERC 1
= Setto Air (ID=1)

= Dtop, Dbot, Dright, Dleft
®  Values are per AERC 1.

‘ dcenter | dcenter
\ |
\ |
\ |
\ |
\ |

|
T T
[ \
i \
- oo oo
| dgap = |\ dg £
| [t 4&’ [
- By K
| o0 \ o0
| \
|
| - i

[

N\

dgap = deenter — Et

Figure 2-19. Distance between the glazing and the shade layer for roller shutters.
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3. Edge-of-Glazing (EOG) and Frame model

3.1. Overview

THERM and WINDOW are utilized to determine the two-dimensional heat transfer through the edge-of-
glazing (EOG) and frame of window systems. This document describes frame components and edge-of-
glazing in THERM with specific settings and preferences related to AERC modeling as described in AERC
technical documents AERC 1 and AERC 2. All THERM simulation described in this document is performed
with Radiance mode (under Options/Preferences) turned off. Full simulation guides for WINDOW and
THERM are found within the WINDOW and THERM User Manuals.

3.2. Frame templates

For the convenience of the simulator, template glazings (in a WINDOW database) and frame profiles
(THERM files) are provided by AERC, for each of the AERC baseline window systems. The template frame
profiles are modified for each shade system to include appropriate hardware and continuous shade
accessories. The proper simulation and boundary condition settings for AERC compliance are outlined in the
following sections.

3.3. Shade position

Shades are either operable (may be positioned on two or more states) or non-operable (fixed position). All
operable shades must be simulated in multiple states, as defined by AERC 1 and AERC 2. Different
fenestration attachment product types have different degrees of freedom for operation (e.g. retraction, slat
angle). With respect to EOG modeling with THERM, the two states that typically involve geometry changes
to the frame are:

e “fully closed” shall mean deployed to cover the window opening to the fullest extent allowed by the
attachment product design, as defined in AERC 1

e “fully opened” shall mean retracted as far as possible to cover the window opening to the smallest extent
allowed by the attachment product design, as defined in AERC 1. The AERC simulation method does not
currently model shades in the fully open state. The baseline window system (without a shading system)
is considered identical to a shading system in the fully opened position.

3.3.1. Shade position: Fully closed shade

This section describes the settings for modeling the edge-of-glass and frame performance metrics for a
glazing system with the shade system in the fully closed position.

3.3.1.1. Center-of-Glass

The center-of-glass is modeled with the shading system included per the requirements outlined in
Section 2, Center-of-Glass Modeling.

3.3.1.2. Shading system sight line

The highest frame dimension, with frame hardware included, defines the sight line to bottom of
glass dimension. This is illustrated in the figure below for (a) and (b). The sight line to shade edge
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3. Edge-of-Glazing (EOG) and Frame model 3.3. Shade position

dimension is defined if the top of the shading system (including hardware) is different than the sight
line. This is illustrated in (c) and (d) in the figure below.

Sight line to bottom of glass Sight line to bottom of glass
Sight line to shade edge = (-) :f Sight line to shade edge = (-)

Sight line to bottom of glass

Sight line to bottom of glass
Sight line to shade edge = (-) I& I III I e Sight line to shade edge = (-)

Sight line to shade edge = (+) —-17 T Sight line to shade edge = (+)

s oot Ny S In botom g

Sight line to shade edge = (0) —

Sight line to shade edge = (0)

Sight line to bottom of glass ——

Sight line to bottom of glass

k3 T T—— Sightline to shade edge = (-)
Sight line to shade edge = (-) { N

Sight line to bottom of gl
Sight line to bottom of glass 1At line To botloth of glass

Figure 3-1. Sight line definitions for a frame with a shading system. The sight line to shade edge is positive if the shade end is above
site line, negative if the shade end is below sight line, or zero if the shade end defines the sight line.

3.3.1.3. Shading system hardware

If there is a gap larger than 5 mm between the shade hardware and the base frame (Dtop, Dbot, Dleft,
or Dright depending on cross section) then the hardware is not modeled. Air cavities that are open to
the exterior within a frame cross-section, shall be modeled according to ISO 15099, Section 6.7.1 which
states that cavities greater than 2mm but equal to or less than 10 mm shall be modeled as slightly
ventilated air cavities. The THERM Material Library has a default material for this case, called
“Frame Cavity Slightly Ventilated NFRC 100”, which will be used to fill the entire cavity. Any cavity
less than 2 mm is modeled as “Frame Cavity NFRC 100”. A cavity open to the exterior is never
modeled if its width is greater than 10 mm or its width is greater than its depth. The figure below
illustrates the four possible frame cavity scenarios for hardware on a head profile section.
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3.3. Shade position 3. Edge-of-Glazing (EOG) and Frame model

do not model cavity
d,2b,
b, >10 mm

Frame Cavity NFRC 100
b, <2 mm

\ \ Frame Cavity Slightly Ventilated NFRC 100
2mm<b, <10 mm
d.2b,

x do not model cavity
N\ 2 mm <b, <10 mm

dy<by

Figure 3-2. Four different potential frame cavity configurations are illustrated.
The gap between frame and hardware (bb) is less than 10 mm so the shade hardware is modeled.

For shading systems whose hardware may be ignored, such as exterior roller shutters (e.g., roller box, rails,
etc.), shading layer position (i.e., "Sight line to shade edge") is specified so that there is no gap between the
frame and the shading layer, as shown in figure below.

Figure 3-3. Position of exterior shading for which hardware is not modeled.
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3. Edge-of-Glazing (EOG) and Frame model 3.3. Shade position

3.3.1.4. Boundary condition assignments

Shade layers are not explicitly modeled in THERM. When a WINDOW glazing system with shade layer is
inserted into a THERM file, THERM draws a graphic representation of the shade, but does not create a
polygon for it. The space between the shade and the glazing system or frame is not modeled as a frame
cavity, and the effect on the glazing system or frame is accounted for by assigning a Shading Modifier when
defining the boundary conditions. The Shading Modifier is automatically created when the glazing system is
inserted, and will be available from the Shading Modifier pulldown menu in the Boundary Condition
dialog box. All boundaries that fall on or between the glazing system and the shade layer are assigned the
modifier.

Boundary Condition Type X
Corditor, | de Fi
Condition |Unl|tled-1 :Example (ID:24006) U-tactor Inside Film ﬂ
U-Fact
Sur?ﬁ?cg |Frame ﬂ ﬂl

Temperature | B3.8  F He |019  Brush-f2-F I:Dnﬁl:lﬁli-lunndgﬁraly
R adiation Model |Aul0Enc|usure U-Factor Surface
Emissivity [0.387 Library
Shading system modifier |Interior [Glazing System [D:24006) -
MNore
™ Blockirgpes

Untitled-1:E xample [I0: 24006] U-factor Inzide Film

Figure 3-4. Boundary Condition Dialoge Box. Shading system modifier is available for glazing systems that contain shade layers.

The boundary condition settings for room-side and outside mounted shade layers are shown in the Figures 3-
5 through 3-14 below. The top of glazing and bottom of frame are designated adiabatic. These boundary
conditions are shown only in Figure 3-4 for brevity, but are typical for all configurations shown.
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3.3. Shade position 3. Edge-of-Glazing (EOG) and Frame model

BC = Adiabatic
U-factor tag = None
Shading system modifier = None

.

>®

A

U-factor tag = None

BC = <glazing system> U-factor Inside Film
} Shading system modifier = <glazing system>

BC = NFRC 100-2010 Exterior

U-factor tag = None — j BC = <glazing system> U-factor Inside Film
Shading system modifier = None U-factor tag = Edge

i Shading system modifier = <glazing system>

BC = Interior <frame type> (convection only)
U-factor tag = Frame
Shading system modifier = <glazing system>

BC = NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior
Shading system modifier = None

BC = Interior <frame type> (convection only)
U-factor tag = Frame
Shading system modifier = None

f

BC = Adiabatic
U-factor tag = None
Shading system modifier = None

Figure 3-5. Standard boundary condition assignments for interior attachment with no perimeter gap and no hardware. Adiabatic
boundary conditions on the top and bottom are identified.

BC = <glazing system> U-factor Inside Film
} U-factor tag = None

Shading system modifier = <glazing system>

BC = NFRC 100-2010 Exterior
U-factor tag = None
Shading system modifier = None

BC = <glazing system> U-factor Inside Film
~ U-factor tag = Edge
Shading system modifier = <glazing system>

BC = Interior <frame type> (convection only)

U-factor tag = Frame

Shading system modifier = <glazing system>
BC = NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior

Shading system modifier = None

BC = Interior <frame type> (convection only)
~ U-factor tag = Frame
Shading system modifier = None

Figure 3-6. Standard boundary condition assignments for interior attachment with perimeter gap
less than sight line and no hardware.
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3. Edge-of-Glazing (EOG) and Frame model

3.3. Shade position

BC = NFRC 100-2010 Exterior
U-factor tag = None —<
Shading system modifier = None

—

BC = NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior —
Shading system modifier = None

—»

A

\\

U-factor tag = None
Shading system modifier = <glazing system>

} BC = <glazing system> U-factor Inside Film

BC = <glazing system> U-factor Inside Film
=— U-factor tag = Edge
Shading system modifier = <glazing system>

U-factor tag = Edge
Shading system modifier = None

}_ BC = <glazing system> U-factor Inside Film

BC = Interior <frame type> (convection only)
= U-factor tag = Frame
Shading system modifier = None

<

Figure 3-7. Standard boundary condition assignments for interior attachment with
perimeter gap greater than sight line and no hardware

BC = NFRC 100-2010 Exterior
U-factor tag = None —=
Shading system modifier = None

BC = NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior —
Shading system modifier = None

—>

.
:

<

BC = <glazing system> U-factor Inside Film
U-factor tag = None
Shading system modifier = <glazing system>

BC = <glazing system> U-factor Inside Film

~— U-factor tag = Edge

Shading system modifier = <glazing system>

BC = <glazing system> U-factor Inside Film
U-factor tag = Frame
Shading system modifier = <glazing system>

BC = Interior <frame type> (convection only)

= U-factor tag = Frame

Shading system modifier = <glazing system>

BC = Interior <frame type> (convection only)

= U-factor tag = Frame

Shading system modifier = None

Figure 3-8. Standard boundary condition assignments for interior attachment with perimeter gap <5mm and hardware top greater

than frame sight line
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3.3. Shade position

3. Edge-of-Glazing (EOG) and Frame model

BC = NFRC 100-2010 Exterior
U-factor tag = None —
Shading system maodifier = None

BC = NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior —
Shading system modifier = None

>

I

BC = <glazing system> U-factor Inside Film
U-factor tag = None
Shading system modifier = <glazing system>

BC = <glazing system> U-factor Inside Film
~— U-factor tag = Edge
Shading system modifier = <glazing system>

BC = <glazing system> U-factor Inside Film
U-factor tag = Frame
Shading system modifier = <glazing system>

BC = Interior <frame type> (convection only)
—— U-factor tag = Frame
Shading system modifier = <glazing system>

BC = Interior <frame type> (convection only)
U-factor tag = Frame
Shading system modifier = None

Figure 3-9. Standard boundary condition assignments for interior attachment with perimeter gap >5mm and hardware top greater
than frame sight line. Hardware is not modeled explicitly (shown transparent here for clarity), top and bottom are projected to define

BC = NFRC 100-2010 Exterior
U-factor tag = None
Shading system modifier = <glazing system>

BC = NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior
Shading system modifier = <glazing system>

BC = NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior
Shading system modifier = None

boundary conditions

v

—

< BC = <glazing system> U-factor Inside Film
% U-factor tag = None
Shading system modifier = None

BC = <glazing system> U-factor Inside Film
~— U-factor tag = Edge
Shading system modifier = None

BC = Interior <frame type> (convection only)
—=— U-factor tag = Frame
Shading system modifier = None

<

Figure 3-10. Standard boundary condition assignments for exterior attachment with no perimeter gap and no hardware
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3. Edge-of-Glazing (EOG) and Frame model

3.3. Shade position

BC = NFRC 100-2010 Exterior
U-factor tag = None
Shading system modifier = <glazing system>

BC = NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior
Shading system modifier = <glazing system>

BC = NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior
Shading system modifier = None

—

v

< BC = <glazing system> U-factor Inside Film
%— U-factor tag = None
Shading system modifier = None

BC = <glazing system> U-factor Inside Film
~— U-factor tag = Edge
Shading system modifier = None

BC = Interior <frame type> (convection only)
= U-factor tag = Frame
Shading system modifier = None

<

Figqure 3-11. Standard boundary condition assignments for exterior attachment with perimeter gap less than sight line and no
hardware

BC = NFRC 100-2010 Exterior
U-factor tag = None
Shading system modifier = <glazing system>

BC = NFRC 100-2010 Exterior
U-factor tag = None
Shading system modifier = None

BC = NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior
Shading system modifier = None

—

v

—

<

< BC = <glazing system> U-factor Inside Film
}>— U-factor tag = None
Shading system modifier = None

BC = <glazing system> U-factor Inside Film
=— U-factor tag = Edge
Shading system modifier = None

BC = Interior <frame type> (convection only)
= U-factor tag = Frame
Shading system modifier = None

Figure 3-12. Standard boundary condition assignments for exterior attachment with perimeter gap greater than sight line and no

hardware
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3.3. Shade position

3. Edge-of-Glazing (EOG) and Frame model

BC = NFRC 100-2010 Exterior
U-factor tag = None
Shading system modifier = <glazing system>

BC = NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior
Shading system modifier = <glazing system>

BC = NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior
Shading system modifier = None

—

_ain

BC = <glazing system> U-factor Inside Film
U-factor tag = None
Shading system modifier = None

BC = <glazing system> U-factor Inside Film
U-factor tag = Edge
Shading system modifier = None

BC = <glazing system> U-factor Inside Film
U-factor tag = Frame
Shading system modifier = None

BC = Interior <frame type> (convection only)
U-factor tag = Frame
Shading system modifier = None

Figure 3-13. Standard boundary condition assignments for exterior attachment with perimeter gap <5mm and hardware top greater

BC = NFRC 100-2010 Exterior
U-factor tag = None
Shading system modifier = <glazing system>

BC = NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior
Shading system modifier = <glazing system>

BC = NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior
Shading system modifier = None

than frame sight line

—

.

Y L

<

BC = <glazing system> U-factor Inside Film
U-factor tag = None
Shading system modifier = None

BC = <glazing system> U-factor Inside Film
U-factor tag = Edge
Shading system modifier = None

BC = <glazing system> U-factor Inside Film
U-factor tag = Frame
Shading system modifier = None

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

 Shading system modifier = None

Figure 3-14. Standard boundary condition assignments for exterior attachment with perimeter gap >5mm and hardware top greater
than frame sight line. Hardware is not modeled explicitly (shown transparent here for clarity), top and bottom are projected to define

boundary conditions
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3. Edge-of-Glazing (EOG) and Frame model 3.4. Glazing Options with Shading Systems

3.4. Glazing Options with Shading Systems

The Glazing Options functionality within THERM may be used for glazing systems with shading to create
multiple edge-of-glass glazing systems. The functionality is limited to properly assigning boundary
conditions on the glazing surfaces only. The shading modifier must be manually applied to frame surfaces for
THERM files generated by the Glazing Options feature, where applicable, before the calculation is performed.

3.5. Special Cases

Shading systems with non-typical EOG geometry or boundary conditions are outlined in this section.

3.5.1. Intermediate framing or hardware

Shading systems may include intermediate (not located on the perimeter) framing or hardware, see Figure 3-
15. A common example of this is triple-track storm windows. EOG simulations of these products are
modified to account for the increased frame dimensions. Figures 3-16 and 3-17 illustrate how the projected
frame dimension of the intermediate members are added to the sill and jamb profiles respectively. Shading
systems incorporating both vertical and horizontal intermediate members should use both sill and jamb
methods. The average distance to the baseline glazing is used to determine dgap for the system if there are
multiple shade planes.

frame frame frame
(a) typical frame (b) vertical intermediate  (c) horizontal intermediate
frame frame
(d) projected (e) vertical intermediate (f) horizontal intermediate
frame dimension with variable horizontals with variable verticals

Figure 3-15. Illustration of (a) typical shade with perimeter only frame members, frame with (b) vertical intermediate framing, (c)
horizontal intermediate framing, (d) the projected frame dimension used to determine height or width of the framing, (e) vertical
intermediate with variable height horizontal frame, and (f) horizontal intermediate with variable width vertical frame.
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3.5. Special Cases 3. Edge-of-Glazing (EOG) and Frame model

jamb jamb

3

dgap(1) * dgap(2)
2

se glazing

F Y
Y

base glazing

-

jamb jamb
head head

!

—
—

dhary +dnezy T

dyey| | | |9nczy 2

[=T] [=T]

£ E

N N

ko ko

[=T] [=T]

2 2
dyy| | |[dsa] |2 ds) + ds) 2
e | 1“

sill sill

Figure 3-16. Illustration of a shade with vertical intermediate framing or hardware. V2 the projected width of the intermediate member
is added to each jamb profile and the average height of variable height horizontals is added to the head and sill profiles. The average gap
from shade plane to base glazing is used to determine the equivalent dgap of the system.
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3. Edge-of-Glazing (EOG) and Frame model

3.5. Special Cases

head

head

r—

dgap(1) * dgap(2)

base glazing

base glazing

djc2)

jamb

dicy +djy ¥

2

%d

l—

2

djc1) + dj2)
2

fe—!
F base glazing q

—>

A
\4

base glazing

sill

jamb

jamb

Figure 3-17. Illustration of a shade with horizontal intermediate framing or hardware. V2 the projected height of the intermediate
member is added to the head and sill profiles and the average width of variable width verticals is added to each jamb profile. The
average gap from shade plane to base glazing is used to determine the equivalent dgap of the system.
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4. Whole Window Model in WINDOW

4.1. Overview

When the glazing system + shading system has been defined in WINDOW, and the frame models have been
created in THERM, they are brought together in the WINDOW Window Library to create a whole window
model. This is explained in more detail in the WINDOW User Manual.

4.2. Frame Library: Import the THERM files
Import the THERM files into the WINDOW Frame Library.

4.3. Window Library: Create the Whole Window
Define the whole window in the WINDOW Window Library.
Make sure to name the window with the following naming convention, which is required when importing
the window into the AERCalc software.
product name>::<attachment type><slat tilt>::<attachment position>::BW-<basecase window ID

Each element is separated by a double colon

Element Description

<product name> The name of the product. Make sure not to use any of the following characters
/ \ < > "

<attachment type> Attachment Type abbreviation

AF: Applied Film

AO<geometry code>: Operable Awning
Geometry codes: 1A and 1B or 2A and 2B

AS<geometry code>: Seasonal Awning

Geometry codes: 1A, 1B, 2A, 2B AF: Applied Film

AY<geometry code>: Fixed Awning

Geometry codes: 1A, 1B, 2A, 2B

CS: Cellular Shade

ER: Roller Shutter

SS: Solar Screen

PS: Pleated Shade

RM: Roman Shade

RS: Roller Shade

VB: Venetian Blind

VL: Vertical Louver

WP: Window Panel
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4. Whole Window Model in WINDOW

4.3. Window Library: Create the Whole Window

<slat tilt>

Slat tilt, used only for Venetian Blinds and Vertical Louvers
0
45
-45
90

<attachment position>

The position of the attachment relative to the glazing system
I: Indoor
O: Outdoor

Name of Window is

Single cell Light color (Levolor) Indoor::CS::I::BW-B

\

0]

1002 Single cell Light color [Lewolor] Indoor:CS::|::Bw B
1004 Stacked double cell Light colorLesvalor] [ndoor: 5221 Bw-B
1007 Cellin-cell Light color [HDY Indoor:: C5::1:: Byw-B

K E=]

BW-<basecase window ID>

The AERC Base Case window abbreviation. The only choice now is
BW-B

Below is an example of the name of a shade product in the WINDOW Window Library with the name
1 cell Light Indoor::CS::1::BW-B
Name =1 Cell Light Indoor
ShadeType = CS (Cellular Shade)
SlatTilt = not there, this is not a slat shade

Attachment Position = I (Indoor)

BW Basecase window ID = BW-B
Figure 4-1. Window Library with whole product calculation and the correct Name format.
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4.3. Window Library: Create the Whole Window

4. Whole

Window Model in WINDOW

4.3.1. Glazing System

Clicking the glazing system in the image shows the glazing system being modeled, in this example

ID 1003: Single cell Light color (Levolor) Indoor::CS::1::BW-B

1D # [1003

=

Mame |Single cell Light color [Lewvalar]

Made | NFRC

=

Width

Type |Fi:-ced [picture]

1200 mm

Height 1500 mm
Area 1.800 m2
Tilt a0

Errdironmental Conditions

< »)

SHGC

[NFRC 100-2010

Total window Results

U-factor 7

MAA

v 2

=l

Wiim2-K

Click on a compgihient to display characteristics below

Glazing System

Marne |Single cell Light color [Levolnl]lndnnr::[ﬂ »r

D 1003

Mlayers 3

Ucenter W m2K
SC ?

MAa
LR Area 1.207 m2 SHGC ?
Edage area 02938 m2 Wio ?
x
[hE:3 |WDD3 Mame: |Single cell Light color [Levolar] Indoaor: C5::1:BWw-B

# Layers: |3 j‘ Tilt: 90 °
Erviranmental ’—_|
Ealirne NFRC 100-2010 hd

|G Height:{1000.00 mm

1G idth:| 1000.00 mm

Caomment:
Overall thickness: |55.895 mm Mods: |# ™ Model Deflection 1 2 3
D Mame Maode Thick |Flipl Tsol | Rszoll | Rzol2 | Twiz | Rwigl | Rwis2 | Tir E1 EZ2 | Cond | Dtop [mm] | Dbat [mm] | Dright [mrm] | Dleft [mm]
M Glass1 w102 CLEAR_3.DAT # 30 [J|0s34 0075 0.075 0893 0083 0083 0000 0.540 0.840 1.000
Gap1 ke 1 Air 127
i Glass 2 »» 102 CLEAR_3.DAT # 30 [J]os34 0075 0075 0833 0083 0033 0000 0840 0.840 1.000
Gap2 » 1 Air 381
- Shade 3 »» 80 Cellular Shade. Single ce -1.0 0.000 0.000 0.000 0.0 0.0 30 30

Figure 4-2. The glazing system defined with the attachment is referenced from the Window library.
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4. Whole Window Model in WINDOW 4.3. Window Library: Create the Whole Window

4.3.2. Frames
The THERM files imported into the WINDOW Frame Library are used to create the whole window

ID 4 | 1003 |
Marme ISingIe cell Light color [Levolor]
Made |NFRC |

Type IFiHE—'d [picture) j ﬂ
"width 1200 mm
Height | 1500 mm
Area Iﬁ m2

A

Environmental Conditions

|MFRC 1002010 =]
I Total Window Results
| Click on a c%punent to digplay characteristics below |
U-factor | 7 Widm2-K ~ Frame /
cHEC T Name |BASE_B_SL_1003.thm =] >
YT I—,rl 10 3 Uedge I 7 wmz2-k
A Source I 2 Edge area I 0.0B5 mg
Ch U[actoll 2267 W /mZk PFD I a7
.-'-‘«real 0065 m2 Abs I 0.300
A 4
71 Select (3]
Cancsl | Find [0 =]184ree
D Mame Source | Type LIF[p'aaTuee LIEvdaEIlSe =
WimZ-K | wm2-E
3
30z BASE_B_SL_1004.thm Them  Sil 2.293 1253 |
303 BASE_B_SL_1007.thm Them  Sil 2.272 1.351
304  BASE_B_SL_1070.thm Therm Sl 2267 1.367 -
4| | v

Figure 4-3. THERM files imported into the WINDOW Frame Library are referenced for the
Head, Jamb and Sill components of the window.
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5. Prepare Shading Layers for Submission to the CGDB

5.1. Overview

Shading products, and their associated materials, must be submitted through AERC for inclusion in the
CGDB. The AERC approved CGDB records are then imported into the WINDOW Shade Material and
Shading Layer libraries for use in glazing systems as discussed in the 2. Center-ofGlass (COG) Modeling
document.

Submitting products to the CGDB generally starts with material measurements per AERC 1.1. The measured
material properties are then imported to WINDOW to create shading materials and/or shading layers. The
six Shading Layer Types utilized in WINDOW for AERC siulations are first described in detail and then the
detailed steps for constructing shading layers for each AERC shading type are outlined in this section.

5.2. WINDOW Preferences

The settings required to prepare AERC Shading Layers for submittal to the CGDB are the same WINDOW
preference settings as described in Section 2.5 of the Center-of-Glass (COG) Modeling document. In addition to
those settings, Radiance must be enabled for creating some shading layers such as cellular and pleated
shades. The Radiance program is used in conjuction with shade THERM files to create the genBSDF files
WINDOW uses for whole product optical calculations. See the WINDOW User Manual for full details on
modifying preferences settings.

Radiance

WINDOW - Preferences—> Radiance tab—> Enable Radiance = Checked

" Options ] Themal Calcs ] Optical Calcs ] Optical Data  Radiance | Deflection | Updates |

Figure 5-1. WINDOW Preferences menu, Radiance tab

5.3. WINDOW Shading Layer Library Types

This section describes the WINDOW Shading Layer Library “types” that are utilized to model the AERC
defined shading products for submittal to the CGDB. Defining AERC products with these WINDOW Shading
Layer Types is decribed in Section 5.4.

5.3.1. Homogeneous diffusing shade

Used to define the following AERC products for submittal to the CGDB:
= Roller Shade
=  Solar Screen

For Shading Layer Type Homogeneous diffusing shade, no geometry is defined. The appropriate bulk
material of the diffusing shade is measured per AERC 1.1 and the measurement results are imported into the
Shade Material Library. The Shade Material Library record is referenced when defining the Shading Layer
Library record for that product. This type of shade material represents a perfectly Lambertian diffusing
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5. Prepare Shading Layers for Submission to the CGDB 5.3. WINDOW Shading Layer Library Types

material. The Permeability Factor is entered manually when defining the Shading Layer Library record, as
determined per the requirements defined in AERC 1.1.

Shading Layer Library

¥

MHame: |Diffusing Shade |

Praduct Mame: | |
M anufacturer: | Generic |
Tupe: Homogeneous diffusing shade ~
b aterial; 002 Diffuzing shade material w

Permeability Factar 0.000

Figure 5-2. Homogeneous diffusing shade option from Shading Layer Library.
Material is selected from Shade Material Library and Permeability factor is entered.

5.3.2. Perforated screen

Used to define the following AERC products for submittal to the CGDB:
= Roller Shade
® Solar Screen

For Shading Layer Type Perforated screen, the bulk screen material is measured according to AERC 1.1, and
imported into the Shade Material Library. This bulk material is without perforations and should represent a
perfectly Lambertian diffusing material.

That material is then referenced when defining the Shading Layer Library record for the product, where the
geometry of the perforations is defined. Perforations must be in a regular repeating pattern of a single shape
(circular, square, or rectangular). Non-regular patterns can be approximated by determining the equivalent

area. Refer to the WINDOW User Manual for details on how to calculate the equivalent area for special cases.

The Permeability Factor is calculated automatically by WINDOW based on the geometry of defined
perforations.
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5.3. WINDOW Shading Layer Library Types 5. Prepare Shading Layers for Submission to the CGDB

Shading Layer Library

M arne: |So|ar Carnfort Badiant B arrier |

Product Mame: | Solar Comfort B adiant Barrier 5C400 Perforated !|

M anufacturer: | Solar Comfort |
Type: Perforated screen
b aterial: 31111 SCRadiantE arrier. bt

Permeability Factar 0.370

Perforated Screen

Geometry: Circular
Dimensions
Diameter: 1.160 Ml
i
Thickness: 0230 |mm S!:"
|

Spacing @
S 1650 |[mm
7 ete)

Sy mm e
thickness —/\

Figure 5-3. Perforated Screen option from Shading Layer Library. Material is selected from Shade Material Library
and Permeability factor is calculated from input dimensions and spacing.

5.3.3. Shade with XML data

Used to define the following AERC products for submittal to the CGDB:
= Roller Shade
= Solar Screen

For Shading Layer Type Shade with XML data, the geometry of the layer, thermal properties, and optical
properties of the shade material are all defined within an XML formatted file. The thermal and optical

properties in the XML file are measured according to AERC 1.1.

The Permeability Factor is determined per the requirements defined in AERC 1.1 and included in the XML
file. The value from the XML file is displayed in the Shading Layer Library detail view.
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5. Prepare Shading Layers for Submission to the CGDB 5.3. WINDOW Shading Layer Library Types

Shading Layer Library

Name: |3000 NET 5% N901 Charcoal/Charcoal |

Product Mame: | |

Manufacturer: |f-‘-.|kenz - Sunshadow |

Type: Shade with XML data V

BSDF File: |XML'-}-‘-.Ikenz-SunshadDw 3000 NET 5 N901 Charcu:ual-Charcc| Browse

Permeability Factor themal) 0.051

Device Type Angle Basis Thickness Conductivity Emissivity Front | Emissivity Back TIR

LBMLKlems Full 0.031 0.173 0.843 0.248 0.066

Figure 5-4. Shade with XML data option from Shading Layer Library. XML file is selected from the
Browse button and layer properties are populated from file.

5.3.4. Therm File (*.thmx)
Used to define the following AERC products for submittal to the CGDB:
= (Cellular Shade
®  Pleated Shade
=  Roller Shutter
®  Roman Shade

For Shading Layer Type Therm File (*.thmx), the geometry of the layer is defined within the THERM
software program. The process for defining layer geometry of cellular shades, pleated shades, and roller
shutters is provided in Chapter 19.4 of the WINDOW 7 User Manual. The materials used in the THERM file
must represent a perfectly Lamberitan diffusing material and must be measured according to AERC 1.1, and
these are then referenced in the Shade Material Library for the product.

The Permeability Factor for each material in the system is determined per the requirements defined in AERC
1.1 and entered into the Shading Layer Library definition for the product. For single layer systems, such as
pleated shades, the permeability factor of the single material is entered. For multiple layer systems, the shade
material with the lowest permeability factor in the airflow critical path is used. The critical path for several
systems is illustrated in the figure below.
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5.3. WINDOW Shading Layer Library Types 5. Prepare Shading Layers for Submission to the CGDB

Airflow path >

==> < > & >
<

a) pleated b) single cell b) multi-cell d) stacked cell

Figure 5-5. Airflow critical path through cellular shade sytems. The shade material with the lowest
permeability factor in the airflow critical path determines the Permeability Factor.

Large scale perforations in a shade layer, which are not accounted for in the material properties, can
accounted for by determining the equivillent open area of the perforations and entering the ratio of open area
to total layer area as the Optical Openness. Perforations must be in a regular repeating pattern and
distributed over the entire layer area. The primary example for a shading layer of the Therm file (*.thmx) type
with optical openness is a roller shutter with perforated slats.

Shading Layer Library

Mame: |Eellular Shade. Single cell. light color, sheer |

Product Name: | ID54_CS |

b anufacturer: |Generic |
Type: Therm File [*.thrmx) ~
BSDF File: |XMLAID54_CS thm | |Browse

Permeability Factor 0.590 Optical Opennese | 0.000

THERM File

Picture is not available

Calculate

Figure 5-6. Therm File (*.thmx) option from Shading Layer Library. THMX file is selected from the Browse button. Permeability
Factor is entered based on the airflow critical path and Optical Openness is calculated based on the repeating pattern of perforations
(if present). Optical properties are then calculated with the Calculate button.
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5. Prepare Shading Layers for Submission to the CGDB 5.3. WINDOW Shading Layer Library Types

5.3.5. Venetian blind, horizontal

Used to define the following AERC products for submittal to the CGDB:
®  Slat Shade

For Shading Layer Type Venetian blind, horizontal, the bulk material of the slat, without any perforations
and which represents a perfectly Lambertian diffusing material, must be measured according to AERC 1.1
and imported into the Shade Layer Library. That material is then referenced in the Shading Layer Library,
where the geometry of the layer is also defined. In the Shading Layer Library, the slat width (w), slat spacing
(p), tilt angle (), blind thickness (t), and rise (r) are defined according to the Figure below. The blind
thicknessis defined in the Shade Material Library.

Figure 5-7. Slat shade layer geometry. Slat width (w), slat spacing (p), tilt angle (¢), blind thickness (t),
and rise (r) are defined according to the figure.

A separate Shading Layer Library record must be created for each slat tilt angle defined by AERC. To obtain
accurate Permeability Factor and optical performance results for a layer when slats are in the closed position,
the maximum angles achieved when rotating slats fully tilted upward (maximum positive tilt angle) must be
measured and entered with Tilt: Custom angle and the tilt angle achieved.

The Permeability Factor is calculated automatically by WINDOW based on the geometry of slats and tilt
angle.
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5.3. WINDOW Shading Layer Library Types

5. Prepare Shading Layers for Submission to the CGDB

Shading Layer Library

Mame: |Dalk Blue Aluminum Yenetian Blind 24 mm [0]

Product Marme:
b anufacturer:
Type:

b aterial:

Wenetian Blind

Slat width:
Spacing:

Titt:

Titt angle:

Blind thickness:

Rize:

Help

|Marine ‘Wenetian Blind Slat [marine. tst)

| generic

Wenetian blind, harizontal w

31107 Marine Yenetian Blind Slat [mar ~

Permeability Factor 0555

ool
5000 Jom

fully open {07) w
0.00000 = degrees
24000 |mm

750 Jom

Figure 5-8. Venetian blind, horizontal option from Shading Layer Library. Material is selected
from the shade material library. Permeability Factor is calculated based on the entered geometry.

5.3.6. Venetian blind, vertical

Used to define the following AERC products for submittal to the CGDB:

= Vertical Louver

For Shading Layer Type Venetian blind, vertical, the bulk material of the slat, without any perforations and
which represents a perfectly Lambertian diffusing material, must be measured according to AERC 1.1 and
imported into the Shade Layer Library. That material is then referenced in the Shading Layer Library, where
the geometry of the layer is also defined. In the Shading Layer Library, the slat width (w), slat spacing (p), tilt
angle (), blind thickness (t), and rise (r) are defined according to the Figure below. The blind thicknessis

defined in the Shade Material Library.
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5. Prepare Shading Layers for Submission to the CGDB

5.3. WINDOW Shading Layer Library Types

Figure 5-9. Slat shade layer geometry. Slat width (w), slat spacing (p), tilt angle (¢), blind thickness (t), and rise (r) are defined
according to the figure.

A separate Shading Layer Library record must be created for each slat tilt angle defined by AERC. To obtain
accurate Permeability Factor and optical performance results for a layer when slats are in the closed position,
the maximum angles achieved when rotating slats fully tilted upward (maximum positive tilt angle) must be
measured and entered with Tilt: Custom angle and the tilt angle achieved.

The Permeability Factor is calculated automatically by WINDOW based on the geometry of slats and tilt

angle.

Shading Layer Libram

D #:

Mame: |Dark Fabric: Wertical Blind 3.5 [0)

Product Mame: |Vertical zlat - Macha [w01_Mocha.t=t] |

b anufacturer: | genenic
Tupe: Yenetian blind, vertical
M aterial: 31010 wt01_tocha kst

Parmeability Factor 0,988

Wenetian Blind

Slat width: mm

Spacing: 80.000 |mm

Titt: fully open {07) w
Titt angle: 0.00000 2 degrees
Blind thickness: |22.500 mm

Rise: mm

Help

Figure 5-10. Venetian blind, vertical option from Shading Layer Library. The Material is selected from the
Shade Material Library. Permeability Factor is calculated based on the entered geometry.
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5.4. Defining AERC Product Types for submittal to CGDB 5. Prepare Shading Layers for Submission to the CGDB

5.4. Defining AERC Product Types for submittal to CGDB

After all the appropriate materials have been measured and imported into WINDOW, depending on the
AERC product type as described in the previous section, the AERC shading products are defined in the
WINDOW Shading Layer Library. Details for these definitions are provided in this section. The following
products are included in the AERC certification process:

54.1.

Awning

Cellular Shade
Insulating Quilt (modeled as roller shade or solar screen as appropriate)
Pleated Shade

Roller Shade

Roller Shutter
Roman Shade
Secondary Window
Slat Shade

Solar Screen

Surface Applied Film
Venetian Blind

Vertical Louver

Cellular Shades

WINDOW Shade Material Library

Import the measured materials that define the properties of cellular shade fabric(s).

WINDOW Shading Layer Library

54.2.

Shade layer geometry is drawn in THERM. Refer to the Cellular shade modeling section of WINDOW
User Manual for modeling details.

Shade materials selected from the Shade Material Library, are associated with each THERM polygon
Select Type = Therm File (*.thmx)

Reference the THERM thmx file with geometry and material assignments

Assign Permeability Factor based on the airflow critical path as defined in Section 5.3.4.

Pleated Shades / Roman Shades

WINDOW Shade Material Library

Import the measured materials that define the properties of the pleated shade fabric

WINDOW Shading Layer Library

Shade layer geometry drawn in THERM. Refer to the Cellular shade modeling section of WINDOW
User Manual for modeling details.

Shade materials, selected from the Shade Material library are associated with each polygon

Select Type = Therm File (*.thmx)

Reference THERM thmx file with geometry and material assignments
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5. Prepare Shading Layers for Submission to the CGDB 5.4. Defining AERC Product Types for submittal to CGDB

® Assign Permeability Factor of shade material based on the airflow critical path as defined in Section
5.3.4.

5.4.3. Slat Shades

WINDOW Shade Material Library
= Import the measured materials that defines the properties of the slat material

WINDOW Shading Layer Library
® Defined as one of the following types based on the orientation of the slats
®"  Venetian blind, horizontal
®  Venetian blind, vertical
® Define shade geometry. Each slat tilt is a separate record in the Shading Layer Library. All geometry
is defined for the shading layer except blind thickness, which is defined in the Shade Material
Library. The following characteristics are used for calculating equivalent layer properties.
= Slat width (w)
® slat spacing (p)
®  blind thickness (t)
= rise (r)
= tilt angle ()
® Four tilt angles are required for AERC and each is defined in a separate Shading Layer
Library record.
® 0 degrees (horizontal)
= -45 degrees
= 45 degrees
® maximum positive tilt angle achievable by system in normal use.

—\ s |

(a) 0° (b) -45° (c) 45° (d) max tilt

Figure 5-11. Slat tilt angles for AERC shading layers

5.4.4. Roller Shades

WINDOW Shade Material Library

® Import the measured materials that define the properties of the roller shade fabric if it is a
homogeneous diffusing material. If not homogeneous diffusing then Shade with XML data is used in
lieu of this method.

WINDOW Shading Layer Library

®  Select Type = Perforated Screen
®  Select for non-specular shade materials with perforations.
® Base material is selected from Shade Material Library

®  Geometry of the perforations is defined. Perforations must be in a regular repeating pattern of a
single shape (circular, square, or rectangular).
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5.4. Defining AERC Product Types for submittal to CGDB 5. Prepare Shading Layers for Submission to the CGDB

5.4.5.

Select Type = Homogeneous Diffusing Shade

®  Select for non-specular shade materials without perforations

® Base material is selected from Shade Material Library

=  Assign Permeability Factor of shade material based on AERC 1.1

Select Type = Shade with XML data

=  Select for specular shade materials, non-woven materials, materials with a non-uniform weave
pattern, or products constructed of multiple materials such as Insulating Quilts

= Reference XML data file with geometry and material assignments

Roller Shutters

WINDOW Shade Material Library

Import the measured materials that define the properties of roller shutter slats.

WINDOW Shading Layer Library

5.4.6.

Shade layer geometry is drawn in THERM. Refer to the roller shutter modeling section of WINDOW
User Manual for modeling details.

Shade materials selected from the Shade Material Library, are associated with each THERM polygon
Select Type = Therm File (*.thmx)

Reference the THERM thmx file with geometry and material assignments

Assign Permeability Factor based on the airflow critical path as defined in Section 5.3.4.

Solar Screens

WINDOW Shade Material Library

Import the measured materials that define the properties of the solar screen fabric if it is a
homogeneous diffusing material. If not homogeneous diffusing then Shade with XML data is used in
lieu of this method.

WINDOW Shading Layer Library

Select Type = Perforated Screen
®  Select for non-specular shade materials with perforations.
® Base material is selected from Shade Material Library

®  Geometry of the perforations is defined. Perforations must be in a regular repeating pattern of a
single shape (circular, square, or rectangular).

Select Type = Homogeneous Diffusing Shade

=  Select for non-specular shade materials without perforations

= DBase material is selected from Shade Material Library

®  Assign Permeability Factor of shade material based on AERC 1.1

Select Type = Shade with XML data

= Select for specular shade materials, non-woven materials, materials with a non-uniform weave
pattern, or products constructed of multiple materials such as Insulating Quilts

® Reference XML data file with geometry and material assignments
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