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Chapter 29: FENESTRATION
DC, DA


Nomenclature
all



Fenestration Components
??




Insulated Glass Units
BC, ??




Figure 1: IGU Construction Detail
BC, ??



Framing
SC, DC, DA




Figure 2: Types of Residential and Commercial Windows
SC, DC




Shading
DC, JK, RM




Expand to include commercial systems
SC

Determining Fenestration Energy Flow
DA, SC, DC

U‑FACTOR (THERMAL TRANSMITTANCE)
DC, DA, BS



Center-of-glass U-factor
JW?, DC, DA




Figure 3: Center of Glass U-Factor for Vertical Double- and Triple-Pane Glazing Units
DA, JW?



Edge-of-glass U-factor
BS, JD, CM, DC, JH



Frame U-factor
BS, JD, CM, DC, JH




Table 2: Representative Fenestration Frame U-Factors in Btu/(hft2F) - Vertical Orientation
BS, JD, CM, DC, JH



Curtainwall construction…
SC, JH


Indoor and outdoor surface heat transfer coefficients
DC, WduP, JK, HE




Table 3: Indoor Surface Heat Transfer Coefficient hi in Btu/(hft2F)- Vertical Orientation…
DC, WduP



Table 4: Airspace Coefficients for Horizontal Heat Flow
JW, SR?



Representative U-factors 
JH, BS




Figure 5: Standard Fenestration Units
JH, DC




Table 5: Overall Coefficients of Heat Transfer of Various Fenestration Products
JH, DC, BS, DA




Table 6: Glazing U-Factor for Various Wind Speeds
SC?



Representative U-Factors for Doors
JH, DC




Table 7: U-Factors of Doors in Btu/(hft2F)
JH, DC



Figure 6: Details of Stile and Rail Door
JH, DC




Area effects on U-factors
DC



Modif. Effects on U-Factors from Fenestration Attachments
JK, PL

SOLAR HEAT GAIN AND VISIBLE TRANSMITTANCE
RM, MC


Paragraph or two introduction
RM, MC

DETERMINING INCIDENT SOLAR FLUX
RM, WduP, MC


Solar Radiation 
RM, WduP, MC



Table 8: Extraterrestrial Solar Radiation Intensity and Related Data
RM, WduP, MC



Figure 11: Motion of Earth around Sun
RM, WduP, MC



Figure 12: Terrestrial and Extraterrestrial Solar Spectral irradiance 
RM, WduP, MC



Table 9: Portions of Total Solar Spectral Irradiance Contained in Portions of Visible Spectrum
RM, WduP, MC



Figure 13: Comparison of a Standard ASTM Air Mass 1.5 Solar Spectrum with Direct …
RM, WduP, MC



Figure 14: Comparison of Direct and Diffuse Solar Spectra for a Low Solar Altitude Angle
RM, WduP, MC



Figure 15: Solar Angle for Vertical and Horizontal Surfaces...
RM, WduP, MC



Table 10: Surface Orientations and Azimuths, Measured from South
RM, WduP, MC


Determining Solar Angle
RM, WduP, MC


Direct Normal Irradiance
RM, WduP, MC


Diffuse and Ground-Reflected Radiation
RM, WduP, MC


Thermal Infrared Radiation
RM, JK, MC



Figure 16: Illustration of the Difference Between Normal and Hemispherical Emittance
RM, MC



Figure 17: Spectral Distribution of Blackbody Radiation at Different Source Temperatures
RM, MC

OPTICAL PROPERTIES
JK, RM, MC



Figure 18: Illustration of Difference Between “-ivity” and “-ance” Quantities
RM, MC



Figure 19: Fresnel Transmittance and Reflectance of a Plane Plate of Glass…
RM, MC


Angular Dependence
JK, RM, MC
??


Figure 20: Geometry for Definition of Plane and Solid Angles
RM, MC



Figure 21: Geometry for Definition of Biconical Transmittance and Reflectance
RM, MC


Spectral Dependence
JK, RM, MC



Source spectra
JK, RM, MC

SOLAR‑OPTICAL PROPERTIES OF GLAZING
JK, RM, MC 




Figure 22: Spectral Transmittance for Typical Architectural Glass
JK, RM




Figure 23: Spectral Transmittance of Commercially Available Glazings
JK, RM 




Figure 24: Spectral Transmittances and Reflectances of Some Strongly Spectrally Selective…
JK, RM 



Angular Dependence of Glazing Optical Properties
JK, RM




Figure 25: Variations with Incident Angle of Solar-Optical Properties for (A) Double-Strength
JK, RM




Optical Properties of Single Glazing Layers
JK




Figure LP-1 Optical Properties of a Single Glazing Layer
JK



Uncoated Glazings
JK



ASHRAE Standard Glass
JK



Table 23: Coefficients for DSA Glass for Calculation of Transmittance and Absorptance
JK, WduP



Determining the Properties of Uncoated Glazing Layers from Normal Incidence Measurements
JK



Figure EG-1: Transmittance and Reflectance of clear 3 mm Glass Approximated by a 2-band…
JK



Coated Glazings
JK



Table LPE-1: Polynomial Coefficients for Calculation of the Reference Angular Functions
JK



Figure EG-2: Transmittance and Reflectance of a Selective low-E Glass Approximated by
JK


Optical Properties of Multiple Layer Glazing Systems
JK



Figure ML-1: Multi-Layer Glazings Considered as Systems and Subsystems
JK


Spectral Averaging of Glazing Properties
JK


Angular Averaging of Glazing Properties
JK



Table EG-1: Angular Weighting Function and Double Glazing System (Example 10) Transmittance
JK



Spectrally Selective Glazing
JK, RM




Figure 26: Solar Spectrum, Human Eye Response Spectrum, Scaled Blackbody Radiation
JK, RM




Figure 27: Demonstration of Two Spectrally Selective Concepts, Showing Ideal… 
JK, RM


SOLAR HEAT GAIN COEFFICIENT
JK, RM, MC


Calculation of Solar Heat Gain Coefficient
JK, MC

Diffuse Radiation
JK, MC

Solar Heat Gain Through Frame and Other Opaque Elements
JK, RM, MC


Figure 28: Components of Solar Radiant Heat Gain with a Double Pane Window, … 
RM, MC

Shading Coefficient – a Historical Perspective
RM, JK, MC

Solar Heat Gain Coefficient and Visible Transmittance Values
JK, RM, MC


Table 11: Visible Transmission (VT), Shading Coefficient (SC), and Solar Heat Gain Coeff
SR, MC

Passive Solar Gain
RM, MC

Solar Gain Rejection and Internal Load Dominated Buildings
?


Airflow Windows
HE


Skylights
RM, JK, MC

Domed Skylights
JK, DT, MC


Table 12: Solar Heat Gain Coefficients for Domed Horizontal Skylights
JK, DT, MC

Glass Block Walls
DT, MC


Table 13: Solar Heat Gain Coefficients and U-Factors for Standard Hollow Glass Block Wall Panels
DT, MC

Plastic Materials For Glazing
DT, MC


Table 14: Solar Optical Properties and Solar Heat Gain Coefficients of Transparent Plastic
DT, MC
CALCULATION OF SOLAR HEAT GAIN
JK, RM, MC


Figure 29: Instantaneous Heat Balance for Sunlit Glazing Material
RM, WduP, MC

Opaque Fenestration Elements
JK, MC

Glazing Systems
JK, MC
??

Table 22: Solar Reflectance of Foreground Surfaces
RM, WduP, MC
SHADING DEVICES AND FENESTRATION ATTACHEMENTS
SR, JK, MC

Generalized Calculation Procedure for Shading Devices and Fenestration Attachments
JK, MC, PL, MC

Solar Thermal Separation
JK, MC


Table 30: Measured Layer Inward-Flowing Fraction Ni for Typical Fenestration
SR, JK, MC

Calculating System Transmittance and Absorptances from Layer Properties
JK, MC


Figure 30: Contour Plot of Beam SHGC for Double Glazed Window with Interior Venetian Blind
JK, SR, MC

Simplified Calculation Procedure
JK, MC
EXTERIOR SHADING
DC, RM, MC

Louvers and Sunshades
DC, MC


Figure 31: Profile Angle for South-Facing Slat-Type Sunshades
DC, MC


Figure 32: Geometry of Slat-Type Sunshades
DC, MC

Roof Overhangs: Horizontal and Vertical Projections
DC, MC


Figure 33: Vertical and Horizontal Projections and Related Profile Angles for Vertical Surface...
DC, MC

Partially Shaded Fenestration Products
DC, MC

Equations for Computer Calculations of External Shadowing of Inclined Surfaces
DC, RM, MC
INDOOR SHADING DEVICES ON SIMPLE FENESTRATION
JK, MC

Venetian Blinds and Roller Shades
SR, JK, MC


Table 24: Shading Coefficients for Louvered Sun Screens
SR, JK, MC


Table 25: Shading Coefficients for Single Glass with Indoor Shading by Venetian Blinds or 
SR, JK, MC


Table 26: Shading Coefficients for Insulating Glass with Indoor Shading by Venetian Blinds or...
SR, JK, MC


Table 27: Shading Coefficients for Double Glazing with Between-Glass Shading
SR, JK, MC


Table 28: Properties of Representative Indoor Shading Devices Shown in Tables 25, 26, and 27
SR, JK, MC

Draperies
SR, JK, MC


Figure 34: Classification of Drapery Fabrics
SR, JK, MC


Table 29: Shading Coefficients for Single and Insulating Glass with Draperies
SR, JK, MC
COMPLETELY SHADED GLAZINGS
JK, MC

Exterior Shading by Overhangs, Fins, etc.
JK, MC

Exterior Shading Layer
JK, MC

Between Glass Shading Layer
JK, MC

Interior Shading Layer
JK, MC
AIR LEAKAGE
DC


AIR MOVEMENT
DC, HE



Infiltration through Fenestration 
SC, JH



Indoor Air Movement
DC, HE

DAYLIGHTING
EL, SS

DAYLIGHT PREDICTION
EL, SS

LIGHT TRANSMITTANCE AND DAYLIGHT USE
RM, SS



Table 32: Daylight Transmittance for Various Types of Glass
RM



Figure 36: Tv Versus SHGC for a Number of Glazing Systems with Varying Spectral Selectivities
RM



Figure 37: Visible Transmittance Versus SHGC for Several Glazings with Different Spectral Sel
RM



Table 33: Spectral Selectivity of Several Glazings
RM

VISUAL AND THERMAL CONTROLS
PL, SR


Operational Effectiveness of Shading Devices
PL, SR


Indoor Shading Devices
PL, SR



Radiant energy protection
PL, SR



Outward vision
PL, SR



Privacy
PL, SR



Brightness control
PL, SR



Table 31: Summary of Environmental Control Capabilities of Draperies
PL, SR



View modification
PL, SR



Sound control
PL, SR



Figure 35: Noise Reduction Coefficient versus Openness Factor
PL, SR


Double Drapery
PL, SR

SELECTING FENESTRATION
DC

ANNUAL ENERGY PERFORMANCE
DA, BC, CM, SM


Simplified Techniques for Characterizing Fenestration Annual Energy Performance
DA, BC, CM, SM


Simplified Residential Annual Energy Performance Ratings
DA, BC, CM, SM


CONDENSATION RESISTANCE
DC, J.W., HE, BS




Figure 7: Temperature Distribution on Indoor Surfaces of a Fenestration System
DC, HE




Figure 8: Minimum Indoor Surface Temperature Before Condensation Occurs
DC, HE




Figure 9: Minimum Condensation Resistance (CR) Requirements (Th = 20 (C)
DC, HE




Figure 10: Location of Window Reveals and Blinds/Drapes and Their Effect on CR
DC, HE

OCCUPANT COMFORT AND ACCEPTANCE
PL, KC, JH


Sound reduction
PL, KC, JH



Table 34: Sound Transmittance Loss for Various Types of Glass
PL, KC, JH


Strength and safety
PL, KC, JH



Life-cycle costs
KC, JH

DURABILITY
BC, JT, BS

NATURAL VENTILATION
?

NEW COVERAGE
DC, HE, ??


This section is inserted as a place holder for some of the new areas that were planned to be covered.  This does not mean that the areas appearing here will be placed in one section, or that section will be placed here.  It is just a placeholder!!


SUPPLY AND EXHAUST WINDOWS
HE, ??


VENTILATION DEVICES
DC, ??


STORM AND RETROFIT WINDOWS
DC, DA, ??

CODES AND STANDARDS
JH

REFERENCES
All
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All

KEYS:
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· Highlighted in shadow red italicized: missing (but promised) new material


- 
Highlighted in 50% gray: modified material
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