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1. INTRODUCTION

1.1. Overview

This document, the THERM 5.2 /WINDOW 5.2 NFRC Simulation Manual, discusses how to use the THERM
and WINDOW programs to model products for NFRC certified simulations and assumes that the user is
already familiar with those programs. In order to learn how to use these programs, it is necessary to become
familiar with the material in both the THERM User's Manual and the WINDOW User’s Manual.

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

If there is a conflict between either of the User Manual and this THERM 5.2 /WINDOW 5.2 NFRC Simulation
Manual, the THERM 5.2 /WINDOW 5.2 NFRC Simulation Manual takes precedence.

In addition, if this manual is in conflict with any NFRC standards, the standards take precedence. For
example, if samples in this manual do not follow the current taping and testing NFRC standards, the
standards not the samples in this manual, take precedence.
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2. FENESTRATION PRODUCTS

2.1. Overview

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

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

2.2 Fenestration Product Sash Operation

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

0

Casement Awning Hopper
N
- \
Horizontal slider Single-hung Double-

Figure 2-1. Fenestration Operator Types
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2.2 Fenestration Product Sash Operation 2. FENESTRATION PRODUCTS

2.2.1. Projected or Hinged Windows

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

2.2.2. Sliding Windows

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

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

2.2.3. Sliding Glass Doors

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

2.2.4. French Doors and Folding Patio Doors

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

2.2.5. Skylights and Roof Windows

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

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

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

inches) above the roof, create additional heat loss surfaces, right where the warmest air of the house tends to
collect. Ideally, they should be insulated to the same level as the roof. In practice, it is often difficult to achieve
insulation levels much above R-11. Some manufacturers provide curbs prefabricated out of a rigid insulating
foam, which can be further insulated at the site.

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

2.3 Performance Implications of Basic Fenestration Types

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

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

2.3.1. Hinged Windows

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

2.3.2. Sliding Windows

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

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

THERMS5.2/WINDOWS5.2 NFRC Simulation Manual July 2006 2-3



2.4 Frame Materials 2. FENESTRATION PRODUCTS

2.3.3. Sliding Glass and French Doors

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

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

2.4 Frame Materials

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

2.4.1. Wood Frames

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

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

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

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

2.4.2. Aluminum Frames

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

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

The most common solution to the heat conduction problem of aluminum frames is to provide a “thermal
break” by splitting the frame components into interior and exterior pieces and use a less conductive material
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to join them. There are many designs available for thermally broken aluminum frames. The most prevalent
technique used in residential fenestration products is called “pouring and debridging.” The frame is first
extruded as a single piece with a hollow trough in the middle. This is filled with a plastic that hardens into a
strong intermediate piece. The connecting piece of aluminum is then milled out, leaving only the plastic to
join the two halves of aluminum. Functionally, the resulting piece is cut, mitered, and assembled like a simple
aluminum extrusion. Thermally, the plastic slows the heat flow between the inside and outside. There are
other manufacturing techniques for producing a thermal break (such as crimped-in-place polymer strips), but
the thermal results are similar.

2.4.3. Vinyl Frames

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

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

2.4.4. Fiberglass and Engineered Thermoplastics

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

2.4.5. Wood Composites

Most people are familiar with composite wood products, such as particle board and laminated strand lumber,
in which wood particles and resins are compressed to form a strong composite material. The wood
fenestration product industry has now taken this a step further by creating a new generation of
wood/polymer composites that are extruded into a series of lineal shapes for frame and sash members. These
composites are stable, and have the same or better structural and thermal properties as conventional wood,
with better moisture resistance and more decay resistance. They can be textured and stained or painted much
like wood. They were initially used in critical elements, such as sills and thresholds in sliding patio doors, but
are now being used for entire units. This approach has the added environmental advantage of reusing a
volume of sawdust and wood scrap that would otherwise be discarded.

2.4.6. Hybrid and Composite Frames

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

2.5 Basic Glazing Materials

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

Traditionally, fenestration products have been made of clear glass. Most residential-grade clear glass today is
produced with the float technique in which the glass is “floated” over a bed of molten tin. This provides
extremely flat surfaces, uniform thicknesses, and few if any visual distortions. The glass has a slight greenish
cast, due to iron impurities, but this is generally not noticeable except from the edge. An even higher-quality
glass with reduced iron content eliminates the greenness and also provides a higher solar energy
transmittance. This is commonly called “water-white glass.”

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

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

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

2.5.2. Plastics

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

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

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

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

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

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

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

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

2.6 Improved Glazing Products

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

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

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

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

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

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

2.6.1. Tinted Glazing

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

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

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

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

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

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

2.6.2. Reflective Coatings and Films

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

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

2.6.3. Double Glazing

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

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

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

2.6.4. Glass Coatings and Tints in Double Glazing

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

2.6.5. Gap Width in Multiple Glazed Units

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

2.6.6. Divided Lights

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

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

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

2.6.7. Special Products

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

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

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

2.6.8. Multiple Panes or Films

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

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

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

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

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

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

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

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

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

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

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

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

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

2.6.9.1. Coating Placement

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

2.6.9.2. Coating Types

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

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

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

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

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

2.6.10. Gas Fills

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

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

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

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

® accommodate stress induced by thermal expansion and pressure differences;

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

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

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

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

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

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

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

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

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

3.1. Overview

Much of the information in this chapter is taken from the book Residential Windows: A Guide to New
Technologies and Energy Performance by John Carmody, Stephen Selkowitz, and Lisa Heschong. Additional
information can also be found in the ASHRAE 2001 Handbook of Fundamentals.

3.2 Energy Flow Mechanisms

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

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

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

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

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

q

Where:

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

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

E = incident total irradiance, W/m2-°K (Btu/h-ft2-°F)

This equation shows that the properties of U-factor, SHGC, and infiltration are major factors which determine
the energy flow through a fenestration product. For this reason, the NFRC rating system rates the U-factor,
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SHGC, and air infiltration of products, and the NFRC 100, NFRC 200, and NFRC 400 documents define the
procedures for calculating these values for the total product.

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

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

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

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

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

The amount of heat transfer due to these three processes in quantified by its U-factor (W/m?2-°C or Btu/h-ft>-
°F). The inverse of heat flow, or resistance to heat transfer, is expressed as an R-value. NFRC's rating system
quantifies and predicts U-factors.

<+— Double-glazed
window

OUTDOORS INDOORS

Convection
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conduction
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W
_ O —_
Thermal
radiation

Figure 3-1. Mechanisms of heat transfer in a fenestration product.
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3.3.1. Conduction

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

3.3.2. Convection

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

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

3.3.3. Radiation

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

3.3.4. U-factor

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

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

=  Wind Speed: 12.3 km (5.5 mph/hr)

® Indoor air temperature: 21°C (70°F)
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®  Qutdoor air temperature: -18°C (0°F).

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

3.3.4.1. Total Product U-factor

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

3.3.4.2. Center-of-Glazing U-factor

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

3.3.4.3. Edge Effects

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

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

3.3.4.4. Frames and Sashes

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

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

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

3.3.4.5. Overall U-factor

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

The U-factor of a product is calculated with the product in a vertical position. A change in mounting angle
can affect its U-factor.
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3.4 Solar Heat Gain and Visible Transmittance

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

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

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

these properties of fenestration products.

Reflection Transmission

iv'

Ab@orption
| |

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

3.4.1. Determining Solar Heat Gain

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

3.4.2. Solar Heat Gain Coefficient (SHGC)

The solar heat gain coefficient (SHGC) represents the solar heat gain through the fenestration system relative
to the incident solar radiation. Although SHGC can be determined for any angle of incidence, the default and
most commonly used reference is normal incidence solar radiation. NFRC rated SHGC's are at 0° incidence.
The SHGC refers to total fenestration product system performance and is an accurate indication of solar gain
under a wide range of conditions. SHGC is expressed as a dimensionless number from 0 to 1.0. A high SHGC
value signifies high heat gain, while a low value means low heat gain.

3.4.3. Visible Transmittance

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

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

NFRC reports visible transmittance as a rating on the label. Note that NFRC’s rating is a whole product rating
that combines the effect of both glazing and frame. There are many cases where the transmittance of glazing
alone will be required, so it is important to make sure that the appropriate properties are being compared.
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In the past, products that reduced solar gain (with tints and coatings) also reduced visible transmittance.
However, new spectrally selective tinted glasses and selective coatings have made it possible to reduce solar
heat gain with little reduction in visible transmittance.

3.5 Condensation Resistance

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

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

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

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

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

The NFRC Special Publication NFRC 500 UG: User Guide to NFRC 500 contains more information about
condensation resistance.
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3.5.1. Impact of Glazing Type and Spacers on Condensation

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

As Figure 3-4 shows, double-glazed products create a warmer interior glazing surface than single-glazing,
reducing frost and condensation. The addition of low-E coatings and argon gas fill further reduce
condensation potential. The triple-glazed product with low-E coatings has such a warm interior surface that
condensation on any interior surfaces may be eliminated if humidity levels are maintained at reasonable
levels.

Condensation for typical glazing
types occur at points in the
following shaded areas on the
graph.

. Triple-glazed
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Figure 3-4. Condensation potential on glazing (center of glazing) at various outdoor temperature and indoor relative humidity
conditions.

Condensation forms at the coldest locations, such as the lower corners or edges of an insulated product even
when the center of glazing is above the limit for condensation. Generally, as the insulating value of the
glazing is improved, the area where condensation can occur is diminished. Condensation potential increases
as the outdoor temperature is lowered and the indoor relative humidity increases.

3.5.2. Condensation Resistance

NFRC has developed a Condensation Resistance (CR) value for rating for how well a fenestration product can
resist the formation of condensation on the interior surface of the product at a specific set of environmental
conditions. The CR calculation method is defined in the NFRC 500: Procedure for Determining Fenestration
Product Condensation Resistance Values.
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3.5.3. Outdoor Condensation

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

3.5.4. Condensation Between Glazings

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

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

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

3.6 Infiltration

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

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

3.7 Solar Properties of Glazing Materials

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

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

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

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

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

" Visible transmittance
= Reflectance
= Absorptance

Each is described below.

3.7.1. Transmittance

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

With the recent advances in glazing technology, manufacturers can control how glazing materials behave in
these different areas of the spectrum. The basic properties of the substrate material (glass or plastic) can be
altered, and coatings can be added to the surfaces of the substrates. For example, a product optimized for
daylighting and for reducing heat gains should transmit an adequate amount of light in the visible portion of
the spectrum, while excluding unnecessary heat gain from the near-infrared part of the electromagnetic
spectrum.
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On the other hand, a product optimized for collecting solar heat gain in winter should transmit the maximum
amount of visible light as well as the heat from the near-infrared wavelengths in the solar spectrum, while
blocking the lower-energy radiant heat in the far-infrared range that is an important heat loss component.
These are the strategies of spectrally selective and low-emittance coatings, described later in the chapter.

&0%
transmitted

&%
reflected
6% absorbed 6% absorbed
and convected and reradiated
away into space
Clear glass
50%
transmitted
26%
reflected
16% absorbed ©% absorbed
and convected and reradiated
away into space
Reflecting glass
40%
transmitted
50/0
reflected
43% absorbed 12% absorbed
and convected and reradiated
away into space

Heat-absorbing glass

Figure 3-5. Different glass types have different characteristics for the amount of solar radiation reflected, transmitted, absorbed, and
re-radiated.

3.7.2. Reflectance

Just as some light reflects off of the surface of water, some light will always be reflected at every glass surface.
A specular reflection from a smooth glass surface is a mirror-like reflection similar to when you see an image

of yourself in a store window. The natural reflectivity of glass is dependent on the quality of the glass surface,
the presence of coatings, and the angle of incidence of the light. Today, virtually all glass manufactured in the
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United States is float glass and has a very similar quality with respect to reflectance. The sharper the angle at
which the light strikes, however, the more the light is reflected rather than transmitted or absorbed . Even
clear glass reflects 50 percent or more of the light striking it at incident angles greater than about 70 degrees.
(The incident angle is formed with respect to a line perpendicular to the glass surface.)

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

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

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

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

3.7.3. Absorptance

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

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

3.8 Infrared Properties of Glazing Materials (Emittance)

When heat or light energy is absorbed by glass, it is either convected away by moving air or reradiated by the
glass surface. This ability of a material to radiate energy is called its emissivity. Fenestration products, along
with all other household objects, typically emit, or radiate, heat in the form of long-wave far-infrared energy.
This emission of radiant heat is one of the important heat transfer pathways for a fenestration product. Thus,
reducing the product’s emission of heat can greatly improve its insulating properties.
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Standard glass has an emittance of 0.84 over the long wavelength portion of the spectrum, meaning that it
emits 84 percent of the energy possible for an object at its temperature. It also means that for long-wave
radiation (where there is no transmittance) striking the surface of the glass, 84 percent is absorbed and only 16
percent is reflected. By comparison, low-E glass coatings have an emittance as low as 0.04. This glazing would
emit only 4 percent of the energy possible at its temperature, and thus reflect 96 percent of the incident long-
wave infrared radiation.
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4. SUMMARY OF ALGORITHMS

4.1. THERM and WINDOW Algorithms

This section is a brief overview of the calculational algorithms found in THERM and WINDOW. Much more
detailed documentation is available and is referenced in the appropriate parts of this discussion. The
algorithms in both programs are based on ISO 15099, with the exceptions documented in Appendix A of this
manual.

4.1.1. WINDOW
The WINDOW program calculates:

= Center-of-glazing properties of a glazing system

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

WINDOW algorithms are documented in two publications:

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

=  WINDOW 6: Mathematical Models and Computer Algorithms for Calculation of Thermal
Performance of Glazing Systems.

4.1.2. THERM:
The THERM program calculates:

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

4.2 WINDOW Computational Method

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

Fenestration product heat transfer through the center-of-glazing area is primarily a one-dimensional process.
It is analyzed by breaking down the glazing system cross section into an assembly of nodes and calculating
the heat transfer between each node. Under steady-state conditions, the temperatures of the nodes are such
that the net energy flux entering each node is equal to that leaving each node. To perform the energy balance,
WINDOW models the user-defined glazing system as a one-dimensional, steady-state resistance network,
shown in Figure 4-1. An iterative solution method is then used to converge upon the correct temperature
distribution. From this temperature distribution, any desired performance index can be calculated.
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Figure 4-1. Resistance network used to model center-of-glazing heat transfer in WINDOW.

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

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

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

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

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

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

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

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

Upon the completion of the numerical simulation, the error estimator portion of the program makes local
error estimates, and based on the error levels, refines troublesome regions of the model and recalculates the
entire model. This procedure is repeated until no local regions show error levels higher than what is
prescribed. This error estimator is based on the error energy norm methodology by Zinkiewitz (see the
THERM 2.0 User’s Manual, Section 9, References)

The details of the models are in the “THERM 2.0 Users Manual (THERM 2.0 for Analyzing Two-
Dimensional Heat Transfer Through Building Products)” and “Conrad 5 and Viewer 5 Technical and
Programming Documentation” [Curcija 2006]. The following diagram shows the program flow.
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Figure 4-2 shows the steps involved in a THERM analysis.

Model is defined
(See Finlayson 1998)

u Geometry is drawn
u Material properties assigned
u Boundary Conditions assigned

A4

Mesher generates mesh
(See George 1991 and Baehmann 1987)

v

Finite Element Analysis Solver calculates
temperature and heat flux values

(See Curcija 1995, Curcija 1998, Pepper 1992,
Shapiro 1983, Shapiro 1986, Shapiro 1990, and

Mesh is refined if
EEN value is not met

Zienkiewicz 1989.)

Error Energy Norm (EEN) determines if mesh needs
to be refined
(See Zienkiewicz 1992a and Zienkiewicz 1992b)

A 4

Post-processor produces temperature and heat flux
results by element
(See Shapiro 1983, Shapiro 1986, and Shapiro

\ 4

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

" U-factor

- Min/Max Temps

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

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

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

® edge-of-glazing

= divider

= Edge-of-divider

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

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

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

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

4.4.1. U-factor

The whole-product area weighted U-factor calculation, shown below, is documented in Equation 4 in "NFRC
100: Procedures for Determining Fenestration Product U-factors".

4-1
U= [ZUr* A+ 3 Ua* Aa)+3 (Ue* Ae) + 3 (Ude* Ace)+ Y Ue* Ac) | .
Apf
Where:
U = Total product U-factor, W/m?-°K, (Btu/hr-ft2-°F).
At = Projected fenestration product area, m? (ft?).
Ut = Frame U-factor, W/m?2-°K , (Btu/hr-ft>-°F).
A = Frame area, m? (ft2).
Ug = Divider U-factor, W/m?2-°K, (Btu/hr-ft2-°F).
A4 = Divider area, m? (ft2).
U. = Edge-of-glazing U-factor, W/m?2-°K , (Btu/hr-ft2-°F).
A = Edge-of-glazing area, m? (ft?).
Uge = Edge-of-divider U-factor, W/m?-°K , (Btu/hr-ft>-°F).
Age = Edge-of-divider Area, m? (ft?).
U = Center-of-glazing U-factor, W/m?2-°K , (Btu/hr-ft?-°F).
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Ac = Center-of-glazing area in ft? (m?).

4.4.2. Solar Heat Gain Coefficient (SHGC)

The total solar heat gain coefficient is determined by an area-weighted average of contributions from
the transparent and the opaque elements in the fenestration product. The SHGC is a function of the
solar transmittance, the solar absorptances of each layer and the inward flowing fraction of thermal
energy. The SHGC is calculated for each component of the product separately. See 1ISO 15099 for
detailed algorithm documentation

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

SHGC: — [(SHGC: * Ar) + (SHGCa* Ad) + (SHGCe* Ae) + (SHGCuae * Ace) + (SHGC:* Ac) | [4-2]
Apt
Where:

SHGC; = Total product SHGC (dimensionless).

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

SHGC; = Frame SHGC (dimensionless).

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

SHGCq4 = Divider SHGC (dimensionless).

Aq = Divider area in, m?2 (ft2).

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

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

SHGC¢e = Edge-of-divider SHGC (dimensionless).

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

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

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

For NFRC rating purposes, Section 6 of NFRC 200 shall be followed to obtain SHGC values.

4.4.3. Visible Transmittance

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

VT, [(VT1* A+ (VTa ™ Ag) + (VTe* Ae) + (VTee* Ae) + (VTe* Ac)| [4-3]
Apt
Where:
VT, = Total product VT (dimensionless)
A = Projected fenestration product area, m? (ft?).
VT = Frame VT (dimensionless).
A = Frame area, m? (ft2).

VT4  =Divider VT (dimensionless).

4-6 July 2006 THERMS.2/WINDOWS5.2 NFRC Simulation Manual



4, SUMMARY OF ALGORITHMS 4.4 Total Product Calculations

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

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

VT4e =Edge-of-divider VT (dimensionless).
VT4e = Edge-of-divider, m? (ft?).

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

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

For NFRC rating purposes, Section 6 of NFRC 200 shall be followed to obtain VT values.

4.4.4. Condensation Resistance

The whole-product Condensation Resistance calculation is implemented in WINDOW according to NFRC
500: Procedure for Determining Fenestration Product Condensation Resistance Values. The procedure is based on
the calculated surface temperature on the indoor side of the glazing and frame boundaries. The glazing cavity
model for condensation resistance is based on the variable convective surface heat transfer coefficient, rather
then effective conductivity. This is because the spatial distribution of surface temperatures are important, and
therefore the effective conductivity model for the glazing cavity, which produces sufficiently accurate average
results, does not produce sufficiently accurate local results. The details of the methodology are given in
“Conrad 5 and Viewer 5 Technical and Programming Documentation” [Curcija 2006].
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(63.5 mm, 2.5")

Divider I:l

Divider Edge
(63.5 mm. 2.5

A

Rough
Opening

Center-of-glazing

Edge of Glazing
(63.5 mm, 2.5")

Divider

Frame

T

Installation
Clearance

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

4.4 Total Product Calculations

The following figure is from NFRC 100 and shows in detail how each section of the product is area-weighted.
The WINDOW program implements this scheme for area-weighting.

Figure 1: Fenestration Product Schematic—Vertical Elevation

F
F|E C F
E E
E c DE( |DE c
DE DE
F D F
DE DE
E C DE| |DE C
E E
F
LEGEND

Center-of-glazing
Edge-of-glazing

Frame
Divider
Edge-of-divider

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

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

5.1. Overview

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

®  NFRC 100: Procedure for Determining Fenestration Product Thermal Properties

®  NEFRC 200: Procedure for Determining Fenestration Product Solar Heat Gain Coefficients at Normal incidence
= NFRC 300: Procedure for Determining Solar Optical Properties of Simple Fenestration Product

= NEFRC 500: Procedure for Determining Fenestration Product Condensation Resistance Values

= ]SO 15099: Thermal Performance of Windows, Doors and Shading Devices — Detailed Calculations

The WINDOW User's Manual, WINDOW 5: Program Description, A PC Program for Analyzing the Thermal
Performance of Fenestration Products (http://windows.lbl.gov/software) contains detailed information about
how to use the program, and can be used to become familiar with the program before reading this manual.

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

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

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

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

® The Glazing System is also used in WINDOW when constructing the whole product in the Window

Library.
¥ Glazing System Library (C:\Program Files\LBNL, WINDOWS5 w5.mdb) -10o] x|
File Edit Lbraries Record Tools Yiew Help
DSy B2R&[E: ey n|[BE - en: OH%| 28
- Glazing System Librar =
Cale [F4) D48 Name: [Sample GlzSys ;
Mew # Layers: [2 i’ Ti 90 " :
Environmental :
o | Conditions:| "¢ 100-2001 = . .
Delete Comment; |
Save Overall thickness: 1021 inches  Mode: [
Beport [T o] Mame [Mode] Thick [Fi| Tsol | Fisull | Fisul2 | Tvis | Fwis] | Fis2 | Tir | E1 | E2 | Cond |
Glasz 1 b 9803 CLEARSLOF # 0185 [ 079 0074 0074 0888 0.082 0082 0000 0840 0840 D578
Gas1 b 1 A 0850
Glass 2 b 9923 LOW-E_SLOF # 0186 [J| 0676 0117 0105 0826 0115 0109 0000 0158 0.840 0578
4 | »
Center o Glass Results | Temperature Data | Optical Data | Angular Data | Color Propertes | ]
Uactor | SC | SHGC | FelHtGan | Tws | Kel |
BuhizF | | | Buwhiz | T
07885 06846 162 0.7407 0.0265 -
For Help, press Fi Mode: NFRC [P UM v

Figure 5-1. WINDOW Glazing System Library Detailed View.
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5.2. Glass Library 5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.2. Glass Library

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

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

I8 W5 - Glass Library {CProgram Files'LENL\ WINDOWS w5.mdb) 1ol =l
File Edit Libraries Record Tools Wiew Help
DeH s BRES[E: « « » | Blael; O# %7 N
Dretailed Viewl S R R o ~l
Cale | [0} Mame Productt ame Manufacturer Source  Mode Color| Thickness | Tsol ;l
Hew | mm
209 Sb35.bef Salar Gard® Solar Bronze 25 on 3mm W Bekaert Specialty Films, LLC IGDE w126 2022 0224
il | 210 Sb35_dbsf Armorcoat® 4 Mil Solar Bronze 35 on 3mm 'wis Bekaert Specialty Films, LLC IGDE v12.6 3073 0207
Delete | | 211 Sb50.bsf Solar Gard® Solar Bronze 50 on 3mm Wi Bekaert Specialty Fins, LLC IGDE v12.6 3023 07
| [Eirl | 212 5ba0_4.bsf Armorcoat® 4 Mil Solar Bronze 50 on 3mm *whs Bekaert Specialty Films, LLC IGDE w126 3073 0318
m | 213 Si20bsf Solar Gard® Sikver 20 on Jrm ! Bekaert Specialty Fims, LLC IGDE +12.6 B o o
l— I 214 Sil20_10.bst Armorcoat® 10 Mil Sikver 20 on 3mm Wi Bekaert Speacialty Films, LLC IGDE +12.E - 3226 0130
216 Sil20_4 bsf Armorcoat® 4 Mil Silver 20 on 3mm W Bekaert Specialty Films, LLC IGDE +126 - 2072 0118
Advanced... | | 216 Sil20_8 bsf Armorcoat® 8 Mil Sikver 20 on 3mm W Bekaert Specialty Films, LLC IGDE w126 - 3175 0110
1578 records found | 217 Sil35.bsf Solar Gard® Silver 35 on 3 W Bekaert Specialty Filns, LLC IGDE v12.6 3023 0275
[ | : 215 5il35_8.bsf Armorcoat® 8 Mil Sikver 35 on 3mm Wi Bekaert Specialty Films, LLC IGDE v12.6 3175 0281
219 Sils0bst Solar Gard® Silver 50 on 3mm ' Bekaert Specialty Films, LLC IGDE +12.6 3010 0428
Export | | 200 SiBObs Solar Gard® Silver B0 an 3mm Wi Bekaert Specialty Films, LLC IGDE w126 200 0521
Repart | | 221 Sil70 bsf Solar Gard® Silver 70 on 3mm wha' Bekaert Specialty Films, LLC IGDE +12.6 2010 0647 —
Bt | 222 Slatel0.bsf Panorama® Slate 10 on 3mm Wik Bekaert Specialty Fins, LLC IGDE v12.6 - 3035 0087
223 Slate20.bsf Panorama® Slate 20 on 3mm Wi Bekaert Specialty Filns, LLC IGDE v12.6 - 3035 0177
CUNFRConly || oy Slate3ibs Panarama® Slate 30 on Jmm W/ Bekaert Specialty Fims, LLC IGDE ¥125 3035 u_zfl;l
4| | D |
Far Help, press F1 Mode: WFRC 5T | M | g

Figure 5-2. WINDOW Glass Library.

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

Detailed View Click on this button to see all the information about the currently highlighted record.
The optical properties defined for each glass entry are listed below:

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

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

Product Name The Product Name field from the International Glazing Database.

Manufacturer The name of the glass manufacturer. If the record was imported from the International

Glazing Database, this name will automatically come from that database.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.2. Glass Library

Source

Mode

Color
Thickness
Tsol
Rsoll
Rsol2
Tvis
Ruis1
Ruois2

Tir

emis]

emis2

Source of the glass record. Current options are:

=  Optics5 v <nn.n>: Indicates that the data was imported from the International
Glazing Database, with the database version number, such as, 11.4. These records
will have the spectral data information from the International Glazing Database.

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

An identifier to determine if the glass layer is approved by NFRC. Only records with
“#” in this field can be used for NFRC simulations.

A graphic representation of the color of the glass.

Glass thickness. Units: mm (SI); inches (IP).

Solar transmittance of the glazing layer.

Solar reflectance of the glazing layer, exterior-facing side.

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

Visible transmittance of the glazing layer.

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

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

Thermal infrared (longwave) transmittance of the glazing layer.
Infrared (longwave) emittance of the glazing layer, exterior-facing side

Infrared (longwave) emittance of the glazing layer, interior-facing side
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5.3 Glazing System Library -- Center-of-Glazing U-factor

5. MODELING CENTER-OF-GLAZING WITH WINDOW

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

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

When defining a glazing system, the number of glass
Conditions (Env Cond) must be specified. For NFRC

layers (# Lay), the Tilt, and the Environmental
certification calculations the Environmental

Conditions have restricted values, as discussed in the next section. Also, the glass layers must be from the
Glass Library using approved records from the International Glazing Database, indicated by a # value in the
Mode field of the glass layer record, as shown in Figure 5-3.

Note: to see the U-factor value to four decimal places, click
Options tab, set the Display Precision field to”4”

on File/Preferences menu choice and in the Calculation

For NFRC I Glazing System Library (C:4Program Files\L BNL\WINDDWS5',w5.mdb) A8 -0 x|
tificati File Edt Lbraries Record Took Yiew Help
certncaton CEH| s 2@ S E: 14 B o[g; OH %2R
calculations, the Tl i =
NFRC 100-2001 e |
Environmental _tokra | 082 oo [Donkle O &2
s N - : o
Conditions ] b e T
choice must be soe " Consitions:| T 1002001 _
used Delete Enmmenll 1 2
: Save Overall thickness: [23.430 mm Mode: [4
Hepart (] | Mame |Mode‘ Thick |FI|p Tzal | Rsall ‘ Hso\Zl Tuis ‘ Rwis1 | Rvis2 ‘ Tir | E1 ‘ E2 | Cand ‘ Comment
Glass 1 103 CLEAR_G.DAT # 57 [Jlo7r1 0070 0070 0.834 0080 0080 0000 0840 0840 1.000
Gas1 b 1 Air 120
| Glashpr b 103 CLEAR_G.DAT # 57 |07 0070 0070 0.88¢4 0080 0080 0000 0840 0840 1.000
Click on the —
dOUb|e arrow '[O Center of Glass Res\lts | Temperature Dalal Upt\ca\Dalal AngularDatal Calor Froperllesl
a_ccess the Glass Ubsctor | \ SC_ | SHGC | RelHtGan |  Tvie | ket |
Library to select wimzk |\ | T wm2 | C wimk |
? 7 ? ? ? ?
a layer. P \
/ y I
1 = I _I
i select x
The values in the /Fnr Help, press F1
ReSUltS SeCtiOn W|” be Select I Cancel Fmdl I\D VI1D?2 records found
won : : -
?” until the glaZIng [o] Mame Producthame Manutacturer Source  |Mode| Color| Thickness | Tsol | Rsoll | Rsol2| Twis
system is calculated -
using the Calc button. 100 BRONZE_3DAT | Generic Bronze Glass Generic IGDB w114 & 3124 0646 0.062 0063 0680
101 BROMZE_B.DAT | Generic Bronze Glass Generic IGDE «11.4 & 740 0486 0.053 0053 0.533
102 CLEAR_3.DAT Generic Clear Glass Generic IGDBE v11.4 # 2048 0834 0075 0075 0.899
» CLEAR_G.DAT  Generic Clear Glass Gieneric IGDB v11.4 B 55 |07 [oorofooroo.ses
104 GRAY_3.DA Generic Grey Glass Generic IGDE +11.4  # 3124 0609 0.060 0081 n_m:lll
4| | »

Figure 5-3. Selecting glass laye

rs in the Glazing Systems Library.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW

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

-
Mode: MFRC [ST | [MUM [SCRL

i Glazing System Library (C:\Program Files'LBNL\WINDOW5'wS.mdb) 48 -10] x|
File Edit Libraries Record Tools Wiew Help
DSR2 B 44> n (B €0: OH|%| 2N
r— Glazing System Librar =
List
Calc [F9] 1D |2 Marme: IDUubIe Clear Air
Hw # Layers: |2 il T‘“'I 90 ©
Enwrnnmentallﬁ
Loy Conditions: | NFRC 100-2001 2
Defete Comment | 1 2
Sqve Owerall thlckness'IZB 430 mm Mode: |#
Beport | [T o] Name [Mode Thick [Fiip] Tsol [ Fisalt [ Rsol2 | Twis | Rvist [Rvis2 | Ti | E1 | E2 [Cord|  Comment
Glass 1 103 CLEAR_B.DAT # 57 [O|o7rm 0070 0070 0.884 0080 0050 0.000 0840 0540 1.000
Gaz1 w1 Air 120
Glass2 »» 103 CLEAR_EDAT # 57 [|orM 0070 0070 0.884 0080 0050 0.000 0840 0540 1.000
Center of Glass Results | Temperature Dalal Optical Datal.&\ng\g)atal Calor Properties
Ufactar 5C SHGE Rel Ht. G\n Triz Keff
W2k A2 Wi
/' 2.7033 0.8091 0705 533 0.7861 0.0638
\\ L

" Protected
Far Help, prgss

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

\Eor NFRC certification

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

Figure 5-4. Calculating results in the Glazing Systems Library.

The Center of Glass Results tab at the bottom of the screen shows the results for the glazing system. The U-
factor results are based on a default glazing system height of one meter. This center-of-glazing U-factor value

will be recalculated in the Window Library to reflect the true height of the product being modeled. (See
Section 7, “Total Product Calculations”, for more information).
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5.3 Glazing System Library -- Center-of-Glazing U-factor 5. MODELING CENTER-OF-GLAZING WITH WINDOW

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

i1 Glazing System Library {C:\Program Files',LBNL', WINDOWS' w5.mdb) i j@l - |E||1|

File Edit Libraries Record Tools Wiew Help

DeEH s RRS[E: ««» M| B2 ep; O#%| TN

Glazing System Libramy [C:\Program FileshLBMNLYWwINDOWEwE. mdb]

|»

Detailed View

i

Cals ID Name Lgfefrs Mode| Til E%";’ﬁé‘igfn”s‘a' Keff Tg;’f:;"ss Usal SHGLC sC Tis

New | Wik mm wimz
Conp 1| SingleClear 1 N DB N/ 3.05 5312 0853 0389 0839
4|— zm Doubls Clear 4 z NFRC 100-2001 0,064 3 | 2703 | oF0l | 6
Delete | 3 Double Loves Ai 2 50 MFRC 1002001 0.030 2159 1.657 0463 0540 069
| e | 4 Double Clear with Argon 2 ot a0 MFRC 1002001 0.060 18.80 2576 0FE2 0878 0814
o =l | 5 TipleClea a8 90 NFRC 100-2001 0.020 4256 1,744 0614 0708 0702
— | 7 snmlowsan 2 B 90 NFRC 100-2001 0.051 25,40 1.785 043 0574 072
| 5 sampleizsys 2 90 MFRC100-2001 0.043 2593 1.934 0685 0788 074

Advanced... | — T

7 records found.

o A “#” in the Mode field indicates that all the i
glass layers in the glazing system are

i

Ezpart
= NFRC approved.
FReport
FPrint | 4 | | » LI
For Help, press F1 Mode: NFRC E MUM [SCRL 2

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

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

5.3.1. Environmental Conditions

When defining the glazing system for use in an NFRC certified simulation, the NFRC 100-2001 choice must
be used for the Environmental Conditions (Env Cnd) parameter, which contains the parameters defined by
NFRC 100. Figure 5-4 shows the NFRC 100-2001 choice in the WINDOW Environmental Conditions Library.
Table 5-1 lists the values for the U-factor calculation and Table 5-2 lists the values for the Solar Heat Gain
Coefficient calculation.

i W5 - Environmental Conditions Library (C:\Program Files’ LBNL' W1
File Edit Libraries

Record Tools  Wiew Help

-8l -0l x|

e HlfE2aEEE > v|@

¢ 0|; O# % 7N

Detailed Wiew

Erwironmental Conditions Library [C:\Program FileshLBMNLYWINDOWSSwS. mdb)

|»

[Lalc o

dddd!

3 1
Cory 2 NFRC 100-2001 Winter
Delete | 3 MFRC100-2001 Summer
—Find | 4 e
D [l | 5 wFRC1001997

Advanced..

[,

5 records found.
Irnpart

Export

i

Frint

& ]

N U-factor | Usfactor | SHGC | SHGC | SHGC
ame Tin Taut Tin Tout Salar
[ [ [ C Wima2

21.0 -18.0
24.0 320
20.0 0o

211 178

21.0 -18.0 0

24.0 320 783
250 a0.0 500
2349 nz 783

4

| o

For Help, press F1

Mode: NFRC  [ST UM [SCRL 7

Figure 5-6. WINDOW Environmental Conditions Library List View.

Use the NFRC 100-2001 Environmental Conditions Library in WINDOW for NFRC center-of-glazing simulations

i W5 - Environmental Conditions Library {C:\Program Fi o)/ =] E3Y W == WS - Environmental Conditions Library (C:Program 8| -18] x|

File Edit Libraries Record Tools Wiew Help File Edit Libraries Record Tools Yiew Help

DSH| 2R 2B : > n|[B ¢I; O#% |[DFH 4BBZ/E[: « « » |0 |eN; O#*[?
- -

i

List
Hew
Copy

Delete

Save

i

1

E nvironmental Conditions Library

1D #: I v

Mame: [MFRLC 100-2001

U-factor: Inside. | U-factor; Dutside | SHGC: Inside | SHGC: Qutside

Inside Air Temperature I 210 ¢C

— Convection

Madel [4SHRAE/NFRC Inside |

— Radiation

|4SHRAE/NFRE =l

Effective Foom Temperaturel 210 C
Effective Room Emissivityl 1.000

-

V¥ Protected

For Help, press F1

Mode: MFRC ST [ [MUM [5C 2

i

List
Hew
Copy

Delete

Save

iy

1

E nvironmental Conditions Library

1D #: I N

Name: [NFRC 100-2001

<«

Udactor Inside.  Udactor: Outside | SHGC: Inside | SHGC: Outside |

DutsideAirTemperaturel 80 C
Direct Solar Hadiationl 0.0 wim2

— Convection

Model: |ASHHAE£NFF|E Outzide j
26.000 4w fm2-K

Outside 'ind Speedl R mis
“wind Direction IWindward 'l

|4SHRAE/NFRE =

Effective Sky Temperaturel 180 C
Effective Sky Emissivityl 1.000

Convection Coef.

— Radiation

-

[V Protected

For Help, press F1

Mode: NFRC [31 [ UM [SC g

Figure 5-7. WINDOW Environmental Conditions Library Detailed View of U-factor settings.
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5.3 Glazing System Library -- Center-of-Glazing U-factor

5. MODELING CENTER-OF-GLAZING WITH WINDOW

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

Variable Sl Units IP Units (reference only)
Outside Temperature -18°C 0°F
Inside Temperature 210C 700F
Wind Speed 55m/s 12.3 mph
Wind Direction Windward Windward
Direct Solar 0W/m2 0 Btu/hr-ft2
Sky Temperature (Tsky) -18°C QcF
Sky Emissivity (Esky) 1.00 1.00

Use the NFRC 100-2001 Environmental Conditions Library in
WINDOW for NFRC center-of-glazing simulations

1 W5 - Environmental Conditions Library {C:\Program Fil ol [m] EI| Wl £F w5 - Environmental Conditions Library {C:4Program A8 -[0] x|
File Edit Librares Record Tools Wiew Help File Edt Lbraries Record Tools Wiew Help
D sRBEE: nqr B el O#7 |DSH $B=R|Z|E: .« » v |B[- enj; O#|7
List | Environmental Conditions Library = List Environmental Conditians Library =
Mew | D #' v Mew D #: v
B | Mame: [NFRC 100-2001 B Name: [NFRC 100-2001
Delete | U-factar: Insidel U-factor, Outside  SHGE: Inside | SHEGC: Outside Delete U-factar: Insidal U-factor. Dutsidel SHGEC: Inside  SHGC: Outside
il Inside Air Temperatulem [ il Ovtside Air Temperaturem [
Direct Solar Hadiationlm Wim2
~ Convection — Convection
ModetlASHHAEKNFHC Inside j ModetlASHHAEKNFHC Outside j
Convection Coef. | 15.000 wimz-K
Outside 'Wind Speedl—ZE mds
“find Dilectionlm
— Radiation — Radiation
[asHRAENFRE | [4sHRAE/NFRE =l
Effective Foom Temperalurem C Effective Sky Temperaturelw C
Effective Room EmISSIVI[}IIW e Effective Sky Emissivitylw f

4

For Help, press F1

-

Modes WERC 31| WOM | s

<]

-

For Help, press FL

Mode: MFRC 5D oM [ s

Figure 5-8. WINDOW Environmental Conditions Library - Settings for SHGC.

Table 5-2. Environmental Conditions for NFRC Simulations for SHGC and VT calculations.

Variable Sl Units IP Units
Outside Temperature 32:C 89°F
Inside Temperature 240C 75¢0F
Wind Speed 2.75m/s 6.15 mph
Wind Direction Windward Windward
Direct Solar 783 W/m? 248.2Btu/ hr-ft2
Sky Temperature (Tsky) 320C 89°F
Sky Emissivity (Esky) 1.00 1.00
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5. MODELING CENTER-OF-GLAZING WITH WINDOW

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

It is possible to make new environmental conditions with specific conditions specified, in order to evaluate
the design of a product. However, only the pre-defined NFRC 100-2001 shall be used for NFRC rating

purposes.

5.3.2. Coatings

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

i Glazing System Library {C:'Program Files\LBNL'\\WINDOWS'w5.mdb)
File Edit Libraries Record Tools Yiew Help

=8| -0 x|

DSHEH 2R (S(E: « «» 0|8 o0 OH#| % 28

— Glazing System Library

For Help, press F1

Calc [F9) | D #: |3 Mame: | Dauble Low-e A
Mew ﬂLayers:|2 ﬂ TiIt:I an *
Enwvironmental -

Capy | Camiitint: | NFRC 100-2001 =l

Delete | Comment:l 1 2

Save | Dverallthickness:|21.590 mm Mode: Iﬂ

Report | [ [ o] Name [Mode] Thick [Fiig] Tsol [ Rsoll | Rsol2 | Tvis | Rvist [Rvis2 | Ti [ E1 | E2 [ Cond|
Glass1 #» 925  CMFTIR_3.AFG # 32 [ {049 0395 033 0780 0126 0158 0000 0033 0840 1.000
Gaz1 »r 1 Air 127
Glass2 »» 103 CLEAR_B.DAT # 57 [O|o77 o070 0070 0884 0080 0080 0000 0.840 0,840 1.000

Mode: NFRC  [ST NUM [SCRL 7

|

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

i Glazing System Library (C:\Program Files'LBNL\ WINDOW S5 w5.mdb}

-8 -0

X

File Edit Libraries Record Tools Yiew Help
DB a2 (E: «ar (B €0

O #%|?

r— Glazing System Library

Calc: [F9) | D #: |3 Mame: [Double Lawr-e Air \
Mew # Layers: |2—ﬂ Ti|t;|—90° i
Copy | Envirenmentalfy Fr 1002001 = 5
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Figure 5-9. Use the Flip checkbox to flip the coatings on a glass layer.

Coating is on
the outside of
the glass layer.
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5.3 Glazing System Library -- Center-of-Glazing U-factor 5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.3.3. Gas Fill

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

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

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

Filling Technique Maximum Gas Concentrations
Achieved
Evacuated Chamber Filling 97%
Two-Probe Filling with a Concentration Sensor 95% for Argon filled
90% for any other gas (Krypton, Xenon, etc)
Single-Probe Timed Filling 60-90%

For IG units with multiple gases, the simulation shall be performed using the gas concentrations stipulated by
the manufacturer, but in no case can the simulation exceed the “Maximum Gas Concentration” shown in
table 5.3 for the fill technique used. In the case where the fill technique is “Two-Probe with concentration
sensor” and the gas mix is Krypton & Argon, the Maximum Gas Concentration of the mixed gas shall not
exceed 90%. (Reference: NFRC TI-2003-07).

i W5 - Gas Library (C:\Program Files\ LBNL\ WINDOWS',w5.mdb) -0 x|
File Edit Libraries Record Tools Wiew Help
Ded s 2R[(EE: r |Balen; O#|%|2N
= : Gas Library [C:\Program Files\LBMLYW/MD 0545 mdb) =
Detailed Yiew |
Calz | [] Mame Type | Conductivity Wiscosity Cp Density Frandtl
Hew WK gtz JAkg-E kg/m3
e " . .
Copy | :m' " i
2 Argon Fure 0.016349 0.000021 521.923016 1.781832 06704
Delete | 3 Kmypton Pure 0.005664 0.000023 248.031003 3737796 0E717
~Find————————— 4 Renon Fure 0.005180 0.000021 158.339996 5856475 0542
IID 'I £ Air (5% / Argon [35%) Mix Mix 0016704 0.000021 539.729614 1.757349 0E7H
I— 7 Ar[12%] / Argon [22%] / Krypton [B6%) Mix | Mix 0017490 0.000023 322703613 2.014009 0.E403
g Ar[5%)/ Kiypton [35%) Mix Mix 0.009191 0000023 261.638536 3615515 06640
Advanced. . | q A (10%) / Argon [90%) Mix Pl 0.017063 0.000021 558.033142 1.732866 06758
2 records found,
Import |
Export |
Beport |
Print | 4| | b ;I
For Help, press F1 Mode: MFRC ﬁ LM 5

Figure 5-10. WINDOW Gas Library.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW 5.4 Solar Heat Gain Coefficient and Visible Transmittance

5.3.4. Laminated Glass / Applied Films

At the time of this writing, to model laminated glass or glass with applied films in WINDOW, the data must
be approved data (with “#”) in the IGDB.

5.4 Solar Heat Gain Coefficient and Visible Transmittance

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

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

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

ii Glazing System Library {C:\Program Files'LBNL WINDOW5' w5.mdb) j@l — |E||i|
File Edit Libraries Record Tools Wiew Help

DS s B@R& E: v W[ @;: O#* % 2N

— Glazing System Library -
List |
Calc (F9) | D n;|2 Name;IDouble Clear Air
New #Layers:IE ﬂ TiIt:I a0 -
Copy | EmArenental [y o 100.2001 .
Delete | Eomment:' 1 2
Save | Owerall thickness:|23.430 mm Mode:lﬂ
Report | [ 1 o | Mame  |Made| Thick [Fig] Tsol [ Rsall | Rsol2 | Twis | Rvist | Rvis2| Ti | E1 | E2 [Cond|  Comment
Glazz 1 »» 103 CLEAR_E.DAT # 857 [J| o771 0070 0070 0.884 0080 0080 0000 0.840 0840 1.000
Gaz1 w1 Air 120
Glasz 2 »» 103 CLEAR_E.DAT # 57 [J]07M 0070 0070 0884 0080 0030 0000 0840 0840 1.000
1 | »
Center of Glass Results | Temperature Data | Optical Data | Angular Data | Color Properties
Ufactor 5C SHGC Rel. Ht. Gain Twiz K.eff
A2 w2 WK
.............. 2r0E i 08091 WS e Le] IDE:S
/ A
/
I~ Protected LI
For Help, press F1 Mode: MFRC ﬁ MUM |SCRL %
7
The center-of-glazing Solar The center-of-glazing Visible
Heat Gain Coefficient (SHGC,) Transmittance (Vtc)

Figure 5-11. The center-of-glazing SHGC and VT are calculated in the WINDOW Glazing System Library.
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6. MODELING FRAME AND EDGE HEAT TRANSFER
WITH THERM

6.1. Overview

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

= Center-of-glazing values from WINDOW

= Frame and edge-of-glazing values from THERM

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

6.2 Cross-Sections to be Modeled

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

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

Although all the Product types listed in Table 1 of NFRC 100 are not listed here in Table 6-1 or Figure 6-1,
these four basic categories cover all the geometries in NFRC 100.
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6.2 Cross-Sections to be Modeled

6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM

Table 6-1. Cross sections to be modeled

Operator Number of Cross Sections to Model
Type Minimum Maximum | Cross Sections
Single Lite CR & U Calc U only Calc 4 * Head
(Fixed =  Jamb (1 or 2)
Picture, 3 2 = sl
Transom, If Jambs are the same If Head and Sill are the
Casement, same
Awning, etc)
Two Lite 5 4 7 =  Head Fixed or Vent
Vertical If Left and Right If Head and Sill are the i ]e?mb.leed & Vent
. =  Gill Fixed & Vent

(Vertical Upper Jambs are the same «  Meetine Rail
Slider) same, and Left and &

Right Lower Jambs

are the same
Two Lite 7 5 7 = Head Fixed & Vent
Horizontal If Head and Sill are the " Jamb Fixed & Vent

. =  Gill Fixed & Vent

(Horizontal same = Meetine Rail
Slider, &
Sliding Patio
Door)
Two-lite 4 4 7 = Head Fixed & Vent
casement, If Left and Right Ll ]a}mb.Fixed & Vent
(Window Head are the same = sill F%xed &.Vent
Wall, Curtain Left and Right Sills’ *  Meeting Rail
Wall) are the same, and

Left and Right Jambs

are the same.
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6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM

6.2 Cross-Sections to be Modeled

Head

f Jamh

-

Fixed

(Max. 4, Min 3 cross sections)

1\ Jamb

IIIIIH-E.EII:I_,IL
// "

v/
fx// "

Projecting/Awning
(Max. 4, Min 3 cross sections)

Head

Iz eting

Fail

t ] 4

Jamb Upper

pl] 4

Jamb Lower

Sill

-

Vertical Slider
(Max. 7, Min 5 cross sections)

Head —»

e ——,
T——
m— T
.

T——

,f

Si

Casement
(Max. 4, Min 3 cross sections)

Head

Jamnhb

Head

Jamhb

Jamk

legting F ail
i —=
Sil Sill
— -

Horizontal Slider
(Max. 7, Min 4 cross sections)

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

6.3 Draw the Cross Sections

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

6.3.1. Getting Started — Drawings and DXF Files

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

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

6.3.2. File Preferences -- Cross-Section Type

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

x4
Filename: 5L

Directony: C:AThermdochTHERM 5 - #INDOW 5 MFRC Sim kManual -
Creation Date: Thursday, Movernber 13, 1393 04:19 P LCancel
Lazt Modifed: Manday, March 07, 2005 09:04 Ak Wersion 5.2 [5.2.14]

The THERM version the program _____y, = Calculatedir: Yersion 5.2 (5.2.14]

was calculated in is displayed.

Title: |Si||
Created by: I
Company: I
Client: I
Make sure to set the Cross Section
Type — both THERM and WINDOW —p  Cross Setion Type: [Sil =l
use this value for calculation Mates:
settings. o

|

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

6.3.3. Cross-Section Orientation

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

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

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

Figure 6-3. DXF file with horizontal cross sections that must be rotated 90 degrees before importing glazing systems and simulating.
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6.3 Draw the Cross Sections

6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM

THERM - [HF_OL.thm]
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Figure 6-4 Sample cross sections from a horizontal slider showing the cross section orientation, cross section type label in the lower
right corner of the screen, and gravity arrow orientation..
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6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM 6.3 Draw the Cross Sections

6.3.4. What is Not Modeled

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

Screens
Optional Interior trim

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

Optional jamb, head, and sill extensions
Interior or exterior shading devices

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

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

Hinges

Locks

Balances

Non-continuous Operator Hardware
Weep Holes

Setting Blocks

Shear Blocks

Corner Keys

6.3.5. Deformable Parts

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

THERMS5.2/WINDOWS5.2 NFRC Simulation Manual July 2006 6-7



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

6.3.6. Frame Cavities

For NFRC Simulations, frame cavities are modeled using the ISO 15099 Cavity Model. There are default items
in the Material Library that can be used to model frame cavities:

= Frame Cavity NFRC 100-2001: to be used for all interior frame cavities

= Frame Cavity Slightly Ventilated NFRC 100-2001: to be used for frame cavities open to the exterior. See
Section 6.3.7, Vented Exterior Cavities, for a complete description of when to apply these cavities.

Material Definitions

g

= oy Lloze
M aterial Tope Cancel
! Safid
{* Frame Baity Hew

) [ azing Eayity

Delete
"] Erternal Fadiation Briclosure

:

Eename

= SolidiFreperties

Cardustivit |E| SRt Calor

Emissititi ID. 899 Save Lib &g

— Cavity Properties Load Lib
Radiation Model ISimpIified j

Cavity Model IISD 15099 'I
Gaz Fil If-\ir 'I

Emizzivitizs: Side 1 ID.S Side 2|0.9

Hi

I | Eratected

Figure 6-5. Default frame cavity material for NFRC Simulations.

As shown in the figure above, the Frame Cavity NFRC 100-2001 material has the following characteristics:
= Radiation Model: Simplified

= Cavity Model: ISO 15099
This cavity model is an implementation of the ISO 15099 standard, and will cause THERM to
automatically calculate the cavity wall temperatures, emissivities and heat flow direction.

= Gas Fill: Air

= Emissivities:
The default emissivities that are included in this frame cavity material are essentially irrelevant
because THERM will recalculate and override them during the simulation of the cross section.
However, when either the “Frame Cavity NFRC 100-2001” or the “Frame Cavity Slightly Ventilated
NFRC 100-2001”, the frame cavity surfaces will be outlined in red. Double-clicking on one of these
red surface segments will display a dialog box that can be edited. This allows the emissivity values
assigned by the program to be overridden. The edited values will then be what the program uses for
the simulation.

THERM also makes the following assumptions about the frame cavity:
= Default frame cavity height: 1 meter

=  Gravity vector: based on Cross Section Type (see Section 6.3.2, “Cross Section Type”, and Section
6.3.3, “Cross Section Orientation”)
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6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM 6.3 Draw the Cross Sections

If the frame cavity model is set to “ISO 15099”, which it is for Frame Cavity NFRC 100-2001 the emissivities,
temperatures and heat flow direction will be automatically calculated by the program during simulation. Therefore, the
default values that appear for individual frame cavities before the simulation do not need to be edited. These
automatic calculations are computed as follows:

Heat Flow Direction: The calculated heat flow direction will depend on the Cross Section Type
setting, accessed from the File/Properties menu. It also depends on the orientation of the glazing
system, ie, whether it is imported up, down, left or right. The “gravity vector” can be displayed using
the View/Gravity Arrow menu. (See the THERM User’s Manual for a discussion of the gravity
vector). The assumptions for each type of cross section are the following:

= Head: Cross Section Type = Head, glass imported facing down, gravity vector is pointing down
= Sill: Cross Section Type = Sill, glass imported facing up, gravity vector is pointing down

= Jamb: Cross Section Type = Jamb, glass imported facing up, gravity vector is pointing into the
screen

=  Meeting Rail: Cross Section Type = Meeting Rail, glass imported facing up and down, gravity
vector is pointing into the screen for a horizontal slider and gravity vector is pointing down for a
vertical slider.

Temperature: The program calculates the temperatures of the cavity walls based on the surrounding
material temperatures, and determines the heat flow direction based on the temperature differences.
It is not necessary to change the initial default cavity temperatures before the simulation. After the
simulation, the calculated temperatures can be viewed by double clicking on a frame cavity.

Emissivity: The program determines the emissivities of the frame cavity walls based on the
emissivity values of adjacent materials. If there are materials with different emissivities in the walls
perpendicular to the heat flow direction, the program will area-weight the emissivity values. After
the simulation, the calculated emissivities can be viewed by double clicking on a frame cavity.

It is important to remember that the emissivity of a metal surface, such as aluminum and steel, will
depend on the surface finish, i.e., painted or unpainted. Many metal cross sections, particularly
extrusions, will be painted on the outside, but unpainted on the inside. For unpainted metal surfaces,
remember to change the emissivity to 0.20.

All the inner surfaces of these metal
extrusions are unpainted, so the
emissivity of those surfaces shall be set to
0.20

Figure 6-6. Set the emissivity of unpainted metal surfaces, such as the inside surfaces of extrusions, to 0.20.
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6.3 Draw the Cross Sections

6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM

When the cross section has been simulated, double click on a frame cavity to view the resulting heat flow
direction, temperatures, and emissivities automatically calculated by the program, as shown in the figure

below.

Select the “Frame Cavity NFRC 100-2001"
choice from the Material Library pulldown
list. Because the Cavity Model for that
material is set to “ISO 15099", the heat flow
direction, emissivities, and temperatureswill
be automatically calculated.

The emissivity values are associated with the

materials adjacent to the cavities, and they
are automatically calculated by the program
during the simulation. If there are materials
adjacent to the cavity which have different
emissivities, the program will area-weight the
final values, as in this example.

Therefore, it is not necessary to check the
emissivity of every frame cavity before the
simulation because what is displayed are
default values that are not particularly
relevant.

Figure 6-7. Select the Frame Cavity choice

B @ EEIEWN Frarne Carity NERC 100-2002

The information in this dialog box is from a frame cavity
in a THERM file that has been simulated, so the values
for Nusselt (Nu), Heat Flow Direction, Temperature and
Emissivity (for Side 1 and Side 2) are not the default
values, but have been automatically calculated by the
program.

Properties for Selected Pulvgon(

The Nusselt number (Nu) is

calculated before the

simulation based on default

temperatures, but will be

recalculated based on the

actual cavity temperatures
L during the simulation.

D [30
Keff [0.0335 e

Librany |
Harizantal dimengion I‘I E.857
h |3.4‘I1

mm
B

u| 1.00

Heat Flow Direction m/

Cancel |

Wertical dimenzio
M

The Heat Flow Direction is
automatically calculated by
"~ the program; therefore it is
not necessary to check it for
every cavity before the

~Side 1 simulation.
Temperaturew C 1\
Emigsivitp | 042
I \ The Temperatures are
~Side 2 — automatically calculated by
TemperatureI-S.EBB C the program.
Emissivit_l,ll 0.43 j

from the Material Library that matches the emissivity for both sides of each frame.
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6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM 6.3 Draw the Cross Sections

THERM bases the convection in the frame cavity on rectangularizton of the cavity according to ISO 15099
specifications. The current NFRC procedure is to break up cavities that are separated by a connection, or
"throat", less than or equal to 5 mm (0.20 inches). However, if a frame cavity has a Nusselt number less than
or equal to 1.20 before simulating, it is not necessary to break it up into smaller cavities. The Nusselt number
can be displayed by double clicking on the frame cavity, which displays the Properties dialog box. The
horizontal and vertical dimensions of the bounding rectangle, which determine the Nusselt number, are also
shown in this dialog box.

Note: Before a file is calculated, the Nusselt number is based on the default temperatures and emissivities for the frame
cavity. There is a slight chance that the Nusselt number of a cavity before a calculation is less than or equal to 1.20, and
after the calculation is greater than 1.20. In this case, the cavity does not need to be broken up.

Cavity Rectangularization

9.525 mm
(0.375")

o Py x4
(0375||) WEICEN Frame Cavity MFRC Z
Double click on the Ll Cancel |
rame cavity to display Keit[03355 Buinhhi2F Lie |
the Properties fOI’ Haorizontal dimension Winches
S_elected Polygons ertical dimension [1288 _ inches
dialog box. wlios

The Horizontal and Direction [Lait |
Vertical dimensions from

/ the rectangularization are

displayed. Temperature |53.72 F
his vinyl frame is modeled with these areas set Emissivity [ 0.90 =
to Frame Cavity NFRC 100-2001 because the If the Nusselt number (Nu) ” B2
frame was tested with these areas taped. If the is <1.20, itis not necessary [l o
frame is not tested this way, these areas would to apply the 5 mm (0.20") S ]
not be filled with a frame cavity. rule.

Figure 6-8. THERM uses the ISO 15099 rectangularization specification to model the thermal characteristics of cavities.

The best method for determining whether a frame cavity with a 5 mm (0.20”) throat will have to be divided
up, and how to divide it if necessary, is the following;:

1. Verify that there are throats (constrictions) in the frame cavity less than or equal to 5 mm (0.20 inches). If
there are no throats, do not break up the cavity. A throat is defined as any place in a frame cavity where
two walls, two points, or a wall and a point in the cavity are at or within 5 mm (0.20 inches) of each
other.

2. Check the Nusselt Number of the undivided cavity. If the Nusselt Number is less than or equal to 1.20,
the simulator shall not break the cavity into smaller polygons.

3. If the Nusselt Number is greater than 1.20, the simulator shall identify all cavities that are less than or
equal to 5 mm (0.20 inches) in both opening and depthand define them as separate cavities.

4. Re-check the Nusselt number of the remaining large cavity. If it is less than or equal to 1.20, no further
action is necessary. If the number is greater than 1.20, the simulator shall:
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Identify throats (constriction) in the cavity that are less than 5 mm (0.20 inches) and working from the
largest part of the cavity to the smallest, break-up the larger cavity into smaller cavities, splitting first
horizontally, then vertically, and finally (as a last resort) diagonally.

Each time the cavity is broken, the simulator shall re-check the Nusselt number of the new cavities. If
the Nusselt number in the remaining cavity/cavities is less than or equal to 1.20, no further action is
necessary. If the Nusselt number for the remaining cavity/cavities is greater than 1.20, proceed,
again, with step 4 until no further constrictions can be defined.

A 5 mm square polygon
can be moved around the
cavity to determine 5 mm

The hatched
area would be
made into a
separate frame
cavity polygon

The Nusselt number for this large cavity (before After determining where to break up the cavity,
being broken up) is 1.77. To implement the 5 mm delete those portions of the cavity (by deleting
rule, make a 5 mm polygon (outside the main cross points) and them refill them with the same cavity
section), then move it around the cavity to find material.

areas where there is a throat that is equal to or less
than 5 mm (0.20 inches).

Figure 6-9. Breaking up frame cavities.

Breaking up cavities in this
manner is not allowed. They

can only be broken up at
“throats”.

Figure 6-10. Breaking up frame cavities in this manner is not allowed.

6-12
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6.3.7. Slightly Ventilated Exterior Cavities

For NFRC simulations, air cavities that are open to the exterior within a frame section, such as the air cavity
under the sash of a casement window that is vented to the exterior, 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 100-2001”, which will be used to fill the entire cavity. The figure
below illustrates this.

Model a cavity open to the
exterior environment as
slightly ventilated when:

In this example, where the
opening to the outside narrows
to 10 mm is where the slightly
ventilated cavity would start —

d>b a polygon is created and
defined with the material
and “Frame Cavity Slightly

Ventilated NFRC 100-2001".
2mm<b<10 mm

For cavities < 2 mm, use the _
standard “Frame Cavity 4,
NFRC 100-2001”

For cavities > 10 mm, do not
model a frame cavity

Figure 6-11. Slightly Ventilated exterior cavities.

If there are openings < 2 mm that open into a frame cavity defined as “Frame Cavity Slightly Ventilated
NFRC 100-2001” , these small cavities shall be defined as the standard “Frame Cavity NFRC 100-2001" . (See
TI-2003-24 for reference.)

<2mm Define this frame cavity
R as the standard “Frame
Cavity NFRC 100-2001"

“Frame Cavity Slightly
Ventilated NFRC 100-
2001”

Figure 6-12. Small cavities adjoining slightly ventilated cavities.
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If during testing, the product is sealed at the inside surface with tape, those cavities must be simulated with
the standard “Frame Cavity NFRC 100-2001” material.

Open cavities, which would be sealed during
testing, must be filled with a polygon of material
Frame Cavity NFRC 100-2001.

Figure 6-13. Cavities open to the interior are filled with Frame Cavity NFRC 100-2001 material .

6.3.8. Modeling Sloped and Curved Surfaces

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

For curved surfaces, THERM approximates curves with line segments. The number of line segments used in
the curve will determine how close the final model is to the original geometry of the product. When
importing a DXF file, the number of line segments is set using the Arc to Polygon setting in the Options
menu. See Section 10, "Interpreting Arcs" in this manual for a detailed discussion of this procedure. In
general, an Arc to Polygon setting of 45 degrees for small rounds and fillets in extrusions will give great
enough accuracy without introducing unnecessary detail. For larger curved details, all points on the
represented line must be within 5 mm of the actual line or curve. The averaged distance (for all points)
between the represented line and the actual line or curve must be not greater than 2.5 mm (ISO 15099
Standard).
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6.3.9. Modeling Sloped Sills

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

+ Boundary condition is the same for

all edges facing in.

Expanded Polystyrene
Insulating material

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

U-factor tag = Frame

t BC = Adiabatic

U-factor tag = None

Figure 6-14. Model the sloped sill as it was tested, with insulating material under the sill.
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6.4 Importing Glazing Systems

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

6.4.1. Overview

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

= emittance of the glazing surfaces

= the effective conductivity of the glazing cavity

= the interior and exterior boundary conditions of the glazing system

As discussed in Section 6.5, glazing systems should always be imported into the cross section in a vertical
(either up or down) orientation (it may be necessary to rotate the cross section in order to do this). The figure
below shows where the Locator should be positioned based on the orientation of the glazing system when it
is imported. The orientation of the glazing system determines in part the gravity vector orientation so it is extremely
important to model it correctly.

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

Glazing Orientation = Up
Locator = Lower left corner

Glazing Orientation = Down
Locator = Lower right corner

Figure 6-15. The Locator position when importing glazing systems in different orientations.

6-16 July 2006 THERMS5.2/WINDOWS5.2 NFRC Simulation Manual



6. MODELING FRAME AND EDGE HEAT TRANSFER WITH THERM 6.4 Importing Glazing Systems

6.4.2. Inserting Glazing Systems

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

. THERM - [Untitled-2] i ml ]
‘_';E‘ File Edit Wiew Draw | Libraries ©Options Calculstion  window  Help _ |5|i|
OD=E él |y O  5ekMateral F4 | FoE oy, | B || j
Set Boundary: Condition FS ;I
Material Library Shift-F4 Step 1 .
Boundary Condition Library shift-FS Sel(?Ct the Glazmg SyStem
Gas Library Shift-F& choice from the Library menu
Select Material/Eoundary Condition
Glazin s
UFactar Mames
reate Link p——
Remove Link azind o visteilie
Glazing System
Step 2:
Select the Glazing System from e |2 w
a WINDOW glazing system Usenter |1.78  ‘wimd-C
i Close
library Thickness|25,395 [
. . WINDOW Glazing Systern Librarpy——————————
T Check the “Use nominal glass thickness” .
to turn on this feature. This may be |C:\Frogiam Files\LENLW/INDOWS: &I
useful for multiple glazing option Wfindaw 5 Database |
calculations to ensure that all glazing
systems have the same thickness
tep s o val
nter the appropriate values;
Orientatian IU Vl oK, A .
o ph —~— P =1 . ¢r cavity height = value from Table 6-2
I 1§ . .
e i _ Coroel | based on product height (see Section
Sight line ta bottom of glass IT mm
: 6.4.5)
spscerheh[177 =  Edge of glass = 63.5 mm =
A Edge of Glass Dimension |E3 5| mm . . _ 4
= Glagig spsem it [T =  Glazing system height = 150 mm =
£ aarsystem hegh mn < Check the Use CR Model for Window Glazing 4
—ia—’ [~ Use nominal glass thickness / Systems |f appropriate RLIrA A
[~ Use CR Modsl for ‘window Glazing Systems
~ Gap Properti Step 4:
 Defaut O Cusom  Gap)1 v| @ Enter the appropriate Gap Properties. For
Keft[009742 wirm most NFRC simulations, “Default”, which uses
wikh [T5.9560 o the values directly from WINDOW, is the
Gpacer correct settina.
[~ Draw spacer .
[~ Single spacer for multiple glazings Step 5 .
Meterial [Flbeigass [PE Fisin El Deflne.the Boundary Conditions:
- = Click on “Use U-factor values”
b P = Exterior Boundary Conditions:
* Use U-tfactar values l « .. . .
£ Use SHEC values =  Setto “Use existing BC from Library”,
Exterior Boundary Condition————————— [~ Interior Boundary Condition and set the Value to “NFRC 100-2001
IUse exigting B from library (zelect below) ﬂ IUse convection plus enclasure radiation j EXteriOI’"
[NFRC 100-2001 Esterior =] | = Interior Boundary Condition:
= Set to “Use convection plus enclosure

radiation”, which sets the boundary
condition by default to “AutoEnclosure”

Figure 6-16. Inserting a Glazing System into a cross section.
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The

The

NFRC modeling requirements when inserting a glazing system are:

CR cavity height: See table 6-2, Section 6.4.5 for values. Only used if the Condensation Resistance model
is activated.

Edge of Glass: 63.5 mm (2.5 inches)
Glazing System Height: 150 mm (6.0 inches) for all products

Exterior Boundary Condition: Set to "Use existing BC from library" and select “NFRC 100-2001
Exterior”. This will be applied automatically by the program on the exterior surfaces of the glazing
system and frame.

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

nominal thickness feature, turned on by checking the “Use nominal glass thickness” when importing a

glazing system, can be useful for multiple glazing options, where THERM expects all the glazing system

opti

ons to have identical thicknesses. This feature is explained in more detail in the THERM User’s Manual.

6.4.3. Multiple Glazing Options

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

To use this feature, follow these steps:

1.

Determine the frame cross sections to be modeled: The glazing options for a frame cross section must
be identical in their geometry, including overall thickness, cavity thickness, spacer height, and sight line
dimension. Therefore, the first step is to determine the number of frame cross sections that must be
defined in THERM for each set of glazing options.
Create and Simulate the Base Case File: For each frame/ glazing option set, create a THERM file with the
complete frame cross section and one of the glazing options. Create the boundary conditions for this
model, making sure to check the “Use convection plus enclosure radiation” when importing the glazing
system, and simulate it to make sure that the geometry is correct. This will be the “base case” file, and
will contain no results once the multiple glazing options have been defined and simulated.
Define the glazing options: There are two ways to define the glazing options in a file:
=  From the Calculation menu, select the Glazing Options menu choice.
OR
* Double click on the glazing system geometry, and click on the Glazing Options button in the
Glazing System Info dialog box.

6-18
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6.4 Importing Glazing Systems

. THERM - [sample-sill. THM]

r';E‘File Edit Wiew Draw Libraries Options | Calculation indow Help

D& Lo - e <]

Step 1:

Either:

®  Click on the Glazing
System and then click
on the Calculation /

8| -0 x|
=181 x|
Caleulation ] L | 74 ”Sample GlzSys j
Show Resulks ;I
Display Options Shift+F2
Show U-Factors Ctrl-Fa
Calc Manager H—aa

Background Calc
Add to queus

Stop Current Calculation

Glazing Options

Glazing Options menu
choice
OR

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

Kl

Glazing System Info

Step 2:

When the Glazing
System Info dialog
box opens, click on

the Glazing
Options button.

x|
> Glazing |Double Clear Air
Mumber of Glazings |2 Cancel |
U-Factar I2.?D3 WM Elkzing
» .
Actual Thickness |23. 430 mm Dyt

[ev-326.7,18486  [dx,dv-102.0, 40.3
Specify additional glazing systems for calulations

llen 1095 [Step 10,0 [om |

£

Update

CR Cavity Height | ([aEyuEs

Source IE:\F‘rogram Filez LB ML M DO AW
— Glags layer properties

La}ler|1 'l [[n] |103

Mame |CLEAR_B.DAT
Thickness |5-?15 mm [actual]
Emissivities: Fronllm Back |0.840
— Gaz properties
Gap[1 »] [T
Marme IAir
Ksff W et
Thickness W i

Figure 6-17. Define multiple glazing options.

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

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

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

The Add Glazing Option dialog — GlREEEIEREEL

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

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

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

The selected Glazing Systems

appear in the Glazing System separate simulation with the same frame
Options dialog box. geomstry.

Click on the radio button which
indicates to the program how to
name the individual THERM files
for each glazing system option.
Either the Glazing System ID or
Name will be appended on to the
base case.

Glazing System Options il

Baze Glazing Spstem:

separate simulation with the
geometny.

Add

_Bemove |
[ Oeen |

Mame the Therm files bazed on: € Gazing sifstem name
% Glazing spstem 1D

Example: | Sample_2mm_008.thrn

10 Sample Glz5Sys - Clear
11 Low E - 0.04

12 LowE -0.08
13 Branze ﬂJ

Select All

—WINDOW Glazing System Libram

Glazing System Options il

Base Glazing Systen:

I 8 Sample GlzSys oK |
‘when simulating, each of the following Cancel |

dlazing syztems will be uzed ta create a

10 Sample GlzSys - Clear
11 Low E - 0.04

12 Low E -0.08 |
13 Bronze Ezmaz
Open |

Mame the Them files based ot ¢ Gazing system name
% Glazing system |D

Example: |Sample_2mm_ElElS.thm

Figure 6-18. Select the glazing systems to be associated with the base case file.

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

Results”.
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6.4.4. Condensation Resistance

There are two ways to activate the Condensation Resistance model in THERM:
*  When importing the glazing system, check the “Use CR Model for Window Glazing System” checkbox.

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

When inserting the glazing system into the model, as discussed in Section 6.4.2, the value for the “CR cavity
height” shall come from the table below.

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

Real Product Height Default Glazing Height for Condensation Modeling
(input as the “CR cavity height” in THERM)

2000 mm 1900 mm

1500 mm (vertical slider) 675 mm per sash

1500 mm (non-vertical slider) 1400 mm

1200 mm 1100 mm

600 mm 500 mm

Activating the Condensation Resistance model in THERM will cause boundary conditions to be drawn inside
the glazing system cavity, as shown in the figure below. When this model is simulated, THERM will
automatically calculate both the U-factor results and CR temperature data that will be be used, when this
profile is imported into WINDOW, to generate the overall Condensation Resistance value for the whole
product. During the simulation, two simulations will appear at the bottom of the screen, the first for the U-
factor results and the second for the CR results.

The Condensation Resistance model is not used for vertical cross sections, such as a Jamb, a Vertical meeting
rail, or a Vertical Divider. Even if the CR model is activated (i.e., the “Use CR Model for Window Glazing
System” is checked) for these Cross Section Types, THERM will not perform the CR simulation for that file.
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THERM generates temperature data from both the CR and U-factor simulations which WINDOW uses to
calculate the frame CR values (shown in the Frame Library Detailed View) and also the whole product CR
values (shown in the Window Library Detailed View). When the CR model is not appropriate for the whole
product CR calculations, WINDOW will use the temperatures from the THERM U-factor calculation instead,

as shown below.

Product Type WINDOW 5 Whole Product Tilt Temperatures Used by WINDOW
(From THERM) (input in Window Library for whole product CR calculations
Detailed View)
Horizontal elements: 90 CR
Sill, Head, Horizontal Meeting
Rail, Horizontal Divider
Horizontal and Vertical elements: | >0, <20 U-factor
= Sjll, Head, Horizontal
Meeting Rail, Horizontal
Divider;
= Jamb, Vertical Meeting
Rail, Vertical Divider
Vertical elements: 90 U-factor
Jamb, Vertical Meeting Rail,
Vertical Divider
Horizontal and Vertical elements: | > 20, <90 CR not calculated

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

* Jamb, Vertical Meeting
Rail, Vertical Divider
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The application of these rules happens when WINDOW performs a calculation in the Window Library. It is
up to the simulator to have provided WINDOW with the appropriate simulations in THERM in order for
WINDOW to be able to calculate the result. For example, if there are no CR results for a Sill or Head THERM
file modeled in a window with a 90e tilt, then WINDOW will not calculate a whole product CR value because
the needed CR temperature data does not exist. A message, shown below, will indicate which cross sections

are missing the CR data.

Information

Wwharning: Window 2. The follmwing Therm files do not contain current
zimulation results required for CR calculation.

Head THM
Sill. THr

CFR Data will not be available unlezs pou resimulate the Therm files
with a current version of Therm.

[~ Dan't show this message again

Figure 6-19. WINDOW will display a message if it determines that CR temperature data is not available from the THERM file.

21 Frame Library (C:\Program Files\LBNL\WINDOWS'\w5.md = I =] B3| i Frame Library (C:\Program Files\LBNL\WINDOW5'w5.mdb) ] o [m[ 3]
Flle Edit Libraties Record Tools Yiew Help File Edit Libraries Record Taools Vi Help
~ = . =] B = E,
Dofkd $ BB &(EE W« v[o[Bo®0; (0% %7 DSH B8 & EH: Wy (Boeni|o# %2
Frame Library Frame Library
N L
1D #: k)
Themm I
Mame:  [samplersil THH Mame: [sample-jamb. THM
Hew L | o
Source: [Them =] Tyme: [sil =] = ource: [Therm ype: [Jami
Copy LCopy | . J -
Filename: [ 15 amplessample-sil.THM renes | Filename: .\5 ampleshsample-jamb. THM Browse:
Delete Deite - UABLUE
= ~UVALUES
Save Frame:| 1.968 wi/m2K Save Frame:| 1.987 'wi/m2-K
Edge Correlation: - Edge Correlation: =
Edge of Glass: [ 2.216 wi/m2-K Edge of Glass: | 2.220 wi/m2:K
- GLAZING 5YSTEM - BLEZING SYSTEM
Wwidh [ 289 mm Width:| 253 rom
Certer of Glass U-value: [ 1.927 wém2£ Center of Glass U-value: [ 1.927 w/m2-k
- FRAME
~FRAME
Frojected Frame Dimension:|  42.9 mm Frojected Frame Dimersion:| 429 mm
Material abs: [ 0.300 Material Aps:| 0,300
Color: [T Color: [
Wetted Length | 568 mm wiztted Length[ 568 mm
Comment: Commert:
~ Condensation Resistance based on Therm CR simulation i~ Condensation Resistance based on Therm U-factor simulation——
| @zowr | @sozan Morozen | Overl | @a0zAn | @s0zAH | @rozmEl Ovesl |
Frame 0003 0 0.060 971 Frame 0.0m ome 0o a7
Edge 0.022 190 0314 825 Edgs 0.004 0108 0244 832
I” Protected " Protected
Far Help, press F1 Made: NERC [51 | WOM [ For Help, press F1 Mode: NFRC  [sT MU 4

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

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

Figure 6-20. WINDOW Frame Library Detailed View displays the type of THERM temperature data to be used with the CR
calculation, either U-fator or CR.
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i

Emissivity = 1.0
Side = Open

Emissivity = glass layer emissivity

. Side = Left
Boundary conditonsare —— ¢
drawn inside the glazing
system cavity when the CR
calculation is “turned on”. < Emissivity = glass layer emissivity
Side = Right

Emissivity = emissivity of adjacent
material
Side = Adiabatic

Figure 6-21. Modeling the profile with the CR model turned on.
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6.5 Defining Boundary Conditions

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

6.5.1. Overview

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

There are three main categories of boundary conditions:

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

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

For Frame Elements: Set all non-glazing system interior boundary conditions according to the
material, from the following predefined boundary conditions (which all have the Radiation Model
set to “ Autoenclosure”), one set for cross sections at a 90° tilt and another set for cross sections at a
20c tilt. Note: If there are frame materials that fall into more than one category, apply the boundary condition
of the predominant material to all the frame elements (see NFRC TI-2003-05):

= Interior Aluminum Frame (Convection only)

* Interior Thermally Broken Frame (Convection only)

= Interior Thermally Improved Frame (Convection only)

= Interior Wood/ Vinyl Frame (Convection only)

= Interior (20 tilt) Aluminum Frame (Convection only)

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

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

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

Exterior: The “NFRC 100-2001 Exterior ” exterior boundary condition is used for all exterior surfaces,
including the glazing system, and assumes that the surface is exposed to a 5.5 m/sec (12.3 mph) air

velocity, which corresponds to a convective film coefficient of 26 W/m?2-°C (4.58 Btu/h-ft?>-°F).

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

THERM - [sample-sill.THM] F : =] =]
B Fil= Edit View Draw Lbraries Options Caculation Window Help —181 x|
DEES Lodfa-1m - aQ f$[% | F E U|% [samplesil:Sample GlzSys U-actor Inside Fili ]
Foumdary Condiion Type x
Condiion | sample-silS ample GleSys U-factor Inside Fir > | [L_ 0K |
UF, —I
Suface | Edae I~ Lencel
Boundary
Tempeiatue| 210 © He [261  wimzC Condition Librar
Radiation Model [£ulEnclosure: UFactor Suface
Emissivity| 0.84 Libraty
4
I¥ Blocking Surface
Il
Kl I _’IJ
[y -96.3,30.3 |de,dy 114.1,-38.1 lleni20.3 [step 10.0 [mm  |wh 0.0, 635 v
Ready NoM

Figure 6-22. Double click on a boundary condition segment to see its characteristics..

THERM has a Boundary Condition Library (accessed from the Library/Boundary Conditions menu, or by
double clicking on a boundary condition) which has the standard boundary conditions defined by NFRC,
shown in Table 6-3, as well as Adiabatic. By default, the exterior boundary conditions are blue, interior
boundary conditions are red, and the adiabatic boundary condition is black.

Table 6-3. Boundary condition definitions

Radiation Convective Film Coefficient
Boundary Condition Model Tilt = 90° Tilt = 20°
W/m2-°K | Btu/h-ft>-°F | W/m®°K | Btu/h-ft>°F
NFRC 100-2001 Exterior Blackbody 26 4.578 26 4.578
Interior Aluminum Frame AutoEnclosure 3.29 0.579 494 0.869

(convection only)

Interior Thermally Broken AutoEnclosure 3.00 0.528 4.38 0.771
Frame (convection only)

Interior Th ermally AutoEnclosure 3.12 0.549 4.60 0.81

Improved Frame
(convection only)

Interior Wood,/ Vinyl Frame AutoEnclosure 2.44 0.429 3.38 0.595
(convection only)
WINDOW Glazing System AutoEnclosure Depends on the WINDOW calculations for the imported
boundary condition glazing system

<filename>:<glazing system
name> U-factor Inside Film
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U-factor surface tag = None

—> l
BC = NFRC 100-2001 Exterior
U-factor surface tag = None

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

-

BC = <glazing system name> U-
factor Inside Film
U-factor surface tag = Edge

:

BC = Interior Aluminum Frame
BC = NFRC 100-2001 Exterior (convection only)

U-factor surface tag = SHGC Exterior Taped during U-factor surface tag = Frame

testing so
modeled with a

frame cavit
/ y The upper section of this

frame is thermally broken,
while the lower section is
not. The surface area of
the non-thermally broken
frame is greater than the
surface area of the
thermally broken section,
therefore the entire frame
" is tagged as non-
T T thermally broken, “Interior
| Aluminum Frame”.

BC = Adiabatic
U-factor surface tag = None

Figure 6-23. Defining the boundary conditions for a cross section.

THERMS5.2/WINDOWS5.2 NFRC Simulation Manual July 2006 6-27



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

6.5.2. Assigning Boundary Conditions and U-factor Surface Tags

Boundary conditions for a cross section are created in THERM by pressing the Boundary Condition toolbar
button, clicking on the Draw/Boundary Conditions menu option, or pressing the F10 key.

THERM will automatically assign boundary conditions, both interior and exterior, to a glazing system
imported from WINDOW, as discussed above. However, the frame boundary conditions must be assigned in
most cases.

= NFRC 100-2001 Exterior for the entire exterior surface of the glazing system and frame
= Adiabatic for bottom of the frame

= Interior Frame Components: The appropriate interior convection-only boundary condition for all
other interior surfaces, from the choices in Table 6-3, found in the THERM Boundary Condition
Library.

The technique for doing this is described in detail in Chapter 6, "Defining Boundary Conditions" of the
THERM User's Manual.

In THERM, in addition to assigning boundary conditions to a boundary segment, the U-factor Surface Tags
must also be assigned for each boundary condition. The U-factor Surface Tags, which are selected from the
U-factor Names library, are used by THERM to calculate the component U-factors. For a THERM U-factor
calculation that will be used in WINDOW, it is necessary to use the following U-factor Surface Tags, with the
same capitalization (WINDOW will not recognize any other values):

= Frame: Use this tag for all interior boundary conditions that are part of the frame U-factor calculation,
including the boundaries of the glazing system below the sight line. See NFRC 100, "Figure 2,
Fenestration Product Schematic -- Vertical Section". THERM will automatically assign the U-factor
tag of Frame to the portion of the glazing system that is below the sight line, based on the Site Line to
Bottom of Glass value entered when the glazing system is inserted from WINDOW.

= Edge: Use this tag for all interior boundary conditions that are to be used in the edge-of-glazing
calculation. THERM will automatically assign the U-factor tag of Edge based on the dimension
entered in the Edge of Glass Dimension when importing the glazing system, which for NFRC
modeling should be 63.5 mm (2.5 inches). This dimension will be added above the sight line, defined
by the Sight line to bottom of glass dimension when importing the glazing system.

= None: Use this tag for the 86.5 mm (3.5 inches) of glazing system that is modeled above the Edge-of-
glazing, and for the glazing system exterior boundary condition. This is the default U-factor tag
automatically assigned by THERM for all surfaces except the glazing system.

= SHGC Exterior: Use this tag for all exterior non-glazing surfaces. This tag is used to calculate the
wetted length of the exterior frame to be used in WINDOW for the Solar Heat Gain Coefficient
(SHGC) calculation.

The Blocking Surface checkbox should be checked for frames, but not for glazing systems.

To change the boundary condition for one boundary segment, double click on the segment, or single click
and press Enter, and the Boundary Condition Type dialog box will appear. This dialog box allows
specification of both the boundary condition and the U-factor tag at the same time. To change the boundary
condition for multiple boundary segments, cl ick on the first segment and double click (or single click and
press Enter) on the last segment in a counterclockwise direction. The choices made in the Boundary Condition
Type dialog box will then be applied to all the selected boundary segments. It is also possible to change the
boundary condition definition for boundary segments using the Select Material/BC toolbar button. Click on
the Eye Dropper tool, click on a boundary segment whose definition is to be duplicated to other segments,
then click on the boundary segment(s) which need that boundary condition definition. The program will
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6.5 Defining Boundary Conditions

assign both the boundary condition and U-factor tag from the copied segment. There is also one level of

"undo" for boundary conditions, accessed through the Edit/Undo file menu choice.

The Radiation Model of all interior boundary conditions should be set to “ Automatic Enclosure Model”. If for
some reason the interior boundary conditions do not have the Radiation Model set to “ AutoEnclosure”
(double click on the boundary condition to open the Boundary Condition Type dialog box which displays
the setting), they can be easily changed to that model. To change the Radiation Model, go to the Boundary
Condition Library, either through the Library menu, Boundary Condition Library choice, or by double
clicking on a boundary condition segment and clicking on the Boundary Condition Library button. In the
Boundary Condition Library, under the Radiation Model, click on the “Automatic Enclosure Model” radio

button.
THERM - [manual. THM] HBl 18]
r!g‘ Eile Edit Yew Draw Lbraries Options Calculation Window Help =18 x|
(=g = él 5 o@ -+ | ek s ‘ o ‘ 7 Eu | 2 ||manuaI:DuuhIe Low-e Air U-actor Inside Film j
Boundary Condition Type 1'

Boundar

Conditionyl manual:Double Low-e Air U-factor Ingide Filnj
U-Factor
. Suf IEdge j
Double click on a Hiase
boundary condition Temperature| 210 C© He |252  wi/m2C
Segment to open R adiation ModeIIEnclosure
the Boundary Emissivity | 0.84

Condition Type—»
4 dialog box.

¥ Blocking Suiface

ctor Surface
— 3

Click on Boundary Condition Library button to
edit the library. Change the Radiation setting to
“Automatic Enclosure Model”

Boundary Conditions

manual:Double Low-e Air J-factor Insi
todel IEomprehenswe j Cancel |
¥ Corwection New |
T ture |21 [
emperature I~ arn Delete |
Film Coefficient |2.517  wWim2-C i
Bename |
[~ Constant Heat Flus
Colar
Flu |0 wi/m2 I~ e ‘—l
SavelLib |
¥ Radiation
% Automatic Enclosure Madel Save Lib Az
 Manual Enclosure Model
Load Lib
(" Black Bady Radation [ el
Ti|21 C Ei |1 [ | Fratested
Yiew Factar |1
4
[y 8977, 0.6 [ehe,dy 180.9, 94.1 len 203.9 [Step 1000.0 fom b 0.0, 63.5 " Lingar
Ready Hr [£E28 wiim2C Temperature |21 C
™| Earstant Temperatine
Temperature |21 C I~ arn
Figure 6-24. Make sure that the interior boundary conditions have set to “AutoEnclosure”.
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When boundary conditions are generated for a model, the program keeps them in the model until they are
regnerated. If the boundary conditions are regenerated, the program will display a dialog box with three
choices for how the program should generate them, as shown below.

Generating Boundary Conditions 1[

When generating the new Boundary Conditions:

i Usze the same library type as any existing or deleted boundary conditions, but
azzigh hiew emissivities bazed on material properties

7 Use all of the properties of any existing or deleted boundary conditions

" Ignare all of the properties of any exsting or deleted boundary conditions

Cancel |

Figure 6-25. The dialog box displayed when boundary conditions are regenerated.

In general, pick the first option in “Generating Boundary Conditions” dialog box, which will pick up the
emissivities of the materials in the model. However, do not select this option if you have edited the
emissivities of material boundary conditions, such as frame cavities, by hand.

All the boundary conditions can be deleted by deleting one boundary segment.

Boundary conditions and U-factor tags are stored in libraries, and new entries can be defined for both using
the Libraries menu choice. See Section 6.2, "Assigning Boundary Condition Definitions" in the THERM User's
Manual for more detailed information.

Occasionally THERM loses track of the glazing system boundary conditions. If this happens they can be
reassigned from the Boundary Condition Library.
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Exterior Interior

v
A

_ Radiation Model = AutoEnclosure
BC = NFRC 100-2001 Exterior U-factor tag = None
U-factor tag = None

150 mm
(6.0 inches)

B 4

Radiation Model = AutoEnclosure

U-factor tag = Edge
63.5 mm

Interior !
—» --- SightLine "~~TTTTTTTTTToTooC \

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

BC = <glazing system> U-factor Inside Film

BC = <glazing system> U-factor Inside Film

(2.5 inches) For glazing system below the sight line:
BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Frame

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

In order to model the Radiation Enclosure, ﬂ

make sure all interior boundary conditions

iati Bound ; ]
have the Radiation Model set to ourt ar'lfllnteriol WoodAfingl Frame [convection Dn|}']j L

Moc Canditi
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- [

model the Radiation Enclosure without the Surface | Frame
enclosure geometry being drawn, and the
convection-only film coefficients for these

boundary conditions will be calculated and —— Radiation Model [#utoEnclasure
assigned automatically by the program Emissivity | 0,900

I Elocking Surface
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U-Factor Surface
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Figure 6-26. Standard boundary condition assignments for most models.
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6.5.3. Voids, Overlaps and Bad Points

In order to perform a simulation, the geometry of the cross section must be correctly defined, i.e., there must
not be any voids, overlapping polygons, or points that cannot be resolved by THERM.

While drawing, there are a number of features in THERM to help avoid creating voids, overlapping
polygons, and bad points. The Always Check for Overlapping Polygons feature (in
Options/Preferences/Drawing Options) is the main tool used to avoid drawing overlaps and voids. This
option can be turned off, but this is NOT recommended for most situations. The View Voids and Overlaps
(from the Draw menu) feature is also a good tool for visual inspection to find voids and overlapping
polygons in a cross section.

In addition to the features that attempt to prevent the creation of bad geometry during the drawing process, a
number of error checks are performed when THERM calculates the boundary conditions in order to make
sure the model geometry is correct.

For example, when the boundary conditions are calculated THERM identifies all points within 0.1 mm (0.004
inches) and 0.01 mm (0.0004 inches) of each other (points closer together than 0.01 mm are automatically
merged). A message box appears saying that there are points closer than the program tolerance, as shown in
Figure 6-27. In general, select the option Automatically adjust points within tolerance option, in which case
THERM will fix all of the points automatically. This now works even for models with thin films in glazing
systems. If you are unsure about whether to let the program adjust the points automatically, select the Mark
the points but don't adjust them option, which causes THERM to draw red circles in the problem areas. Then
you can examine all the circled points and fix them if appropriate, or regenerate the boundary conditions and
let the program automatically adjust them. If the marked points are actual details in the drawing that need to
be kept, they do not have to be fixed, although they might cause meshing problems during the simulation
because of too much detail. Once all the circled areas in the drawing have been examined, press the Boundary
Conditions toolbar again - if the program identifies “bad points” but you wish to keep the detail, just click OK
and the boundary conditions will be generated. (Having THERM adjust the points is an "all or nothing"
proposition -- which is why all the points should be examined first before having the program adjust them.
Also keep in mind that the automatic fixing of points cannot be reversed by THERM.)

There are points in the model that are clozer
together than the program tolerance. *what would
you like to da?

 Autonatically adjust paints within bolerance

% bark the points but don't adjust them

Cancel |

Figure 6-27. Message when trying to define boundary conditions indicating that there is a problem in the geometry.

The best way to fix points that are too close together is to delete or move the offending point. Many times, the
point in question is in all the adjacent polygons, so it is best to delete the point in all the polygons at the same
time by selecting all the polygons using the Shift key, then delete the point; it will be deleted from all the
selected polygons.

THERM also marks Voids and Overlaps by checking for "lonely edges" -- two adjacent edges with a different
number of points on each edge. THERM marks voids and overlapping polygons with red circles also. One
way to eliminate these two conditions is by "jiggling" the points -- moving the points away from the adjacent
polygon, then moving them back within the sticky distance and letting the program "snap" them to the
polygon. Another way is to delete the offending polygon, and use the Fill Void toolbar button to create it
again, which means that THERM will automatically align all points and ensure that no voids are created.
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THERM can also find invalid polygons caused by points collapsing on each other, creating a zero-area
extension. In this case both the point at the tip of the extension and the extra point at its base must be deleted.

Turning off the Material Color and the Boundary Conditions from the View menu can sometimes help to
find the problems.

THERM will simulate a problem even if “bad points” have been marked and intentionally left in the cross
section, because in some cases details are drawn that give bad points but which need to be modeled.

If changes are made to polygons on the boundary of the cross section, the boundary conditions must be
generated again. If all the corrections are on internal polygons, the boundary conditions will not be
automatically deleted. However, in this case, it is still a good idea to press the Boundary Conditions toolbar
button again, to ensure that all points on all surfaces have boundary segments defined between them.

6.6 Calculating Results

When the boundary conditions have been correctly defined for the cross section, the model can be simulated.
Begin the calculation by either clicking on the Lightning Bolt toolbar button, selecting the
Calculation/Calculation menu option, or pressing F9.

6.6.1. Meshing

The first step performed by THERM in the simulation is to generate a mesh from the geometry on which the
thermal analysis is based. This mesh is generated automatically, and a summary of how it works is found in
"Appendix C" in the THERM User's Manual.

The one variable in the mesh generation that the user can control is the Quadtree Mesh Parameter, which
determines how fine the mesh is. The larger the mesh parameter value, the smaller the largest element in the
mesh is. The NFRC required default value for the mesh parameter is 6, as shown in Table 6-4.

Occasionally the mesh generator cannot create a closed mesh with the geometry that has been drawn, usually
created because of extremely fine detail in the cross section. THERM circles the point(s) where the mesher
failed. If this happens, first:

® Rerun the problem with a higher mesh parameter value. This causes the program to generate a finer
mesh, and results in longer run times. The default mesh parameter value is 6. Mesh parameter values
greater than 8 are rarely needed for single cross sections, but may be needed for full height product
simulations. Options/Preferences/Simulation has a setting to “ Automatically increment mesh
parameter”. If this option is checked the program will increase the mesh parameter until the problem
meshes.

If this doesn't work:

®  Simplify any unnecessarily complicated details. Keep in mind that the circled point often lies on the
boundary between two polygons; the detail that is causing the problem could be anywhere in those
two polygons and is often not at the place that is circled. One method to try is to break the problem
polygon into multiple polygons, while keeping the geometry otherwise unchanged. Another option
is to delete unnecessary points, such as in curves, because each point generates a mesh node.

6.6.2. Error Estimator

THERM has a built-in error estimator, and automatically refines the mesh in the areas where it is needed. The
details of the error estimation algorithm are found in "Appendix C" of the THERM User's Manual. The error
estimator returns the Percent Error Energy Norm, which is related to the gradient of heat flux (energy). If the
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returned value is greater than the target value, THERM refines the mesh in areas with a high rate of change in
the heat flux.

The default value for the Percent Error Energy Norm in THERM to 10%, as shown in Figure 6-28. This setting
forces THERM to do the error estimator calculation and return a value for the error estimate (recorded with
the U-factor results) and the program may or may not refine the mesh, depending on the result of the Error
Energy Norm. If an error message is displayed saying that the error energy norm cannot be reached, increase
the Maximum Iterations value (set by default to three iterations). An Error Energy Norm of less than 10% is
equivalent to an uncertainty of less than 1% in the U-factor.
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6.6.3. Required Settings for NFRC Simulations

In the THERM File Options tab found in the Options/Preferences menu, the following values must be set:

Table 6-4. Options/Preferences settings for THERM NFRC modeling

Setting Value for NFRC Modeling

Quad Tree Mesh Parameter 6 or greater

Maximum % Error Energy Norm 10%

Run Error Estimator must be checked

B x
Preferences | Dirawing Options |
Simulation Therm File Options I Shap Setlings
tesh Cantral

Quad Tree Mesh Parameter IE

IV Run Enor Estimator

b airurn % Erar Energy Marm |1 0 ES
Mazimum lterations |3

¥ Use CR Model for Glazing Systems

Figure 6-28. NFRC required THERM File Options settings.

B x|

Preferences | Drawing Options
Sirmulation | Therm File Options I Shap Settings

— ConRad Simulation
Cotwergence Tolerance

Relaxation Parameter

v Automatically adjust relaxation parameter

Adjustment step I-EI.IJ‘I
b airnun iterations |25

v iew Factor Smoothing

v Save Simulation results in THH files

[ Save Conrad results file 0]

[ Save simulation intermediate files

[ &utomatically increment mesh parameter

b arinaurn entries in sirulation log file: |2DD

(n] 4 I Catcel Apply

Figure 6-29. Simulation option settings.

In the Simulation tab found in the Options/Preferences menu, the Relaxation Parameter can be set to 1.0, and
the feature to “ Automatically adjust relaxation parameter” should be set, as shown in the figure below.
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6.6.4. Calculations

When a calculation is started, THERM can do the calculations in the background while another model is
being worked on. There is also a Calculation Manager, accessed from the Calculation/Calc Manager menu
option that allows the submittal of many files at one time to be calculated in the order they are added. The
Calc Manager Log shows whether the jobs ran or not.

Calculating Multiple Glazing Options

If a base case file has been created with multiple glazing options (see Section 6.4.3, “Multiple Glazing
Options”), when the file is simulated using the Calc toolbar, the Calculation/Calculation menu option, or the
F9 shortcut key, the Glazing Option Simulation dialog box will appear with the following options , as shown
in Figure 6-30:

= Create the glazing option files and perform all simulations: This choice is the default, and it creates and
runs all the THERM files for the multiple glazing options defined in the base case file.

= Simulate the current file (base case) only: This choice is useful when setting up the base case file to
make sure there are no geometry errors before running the entire multiple glazing options.

= Create the glazing option files but do not perform the simulations: This choice will cause the program
to make individual THERM files for each of the glazing options associated with the base case file, with
either the Glazing System ID or Name appended on to the base case filename, but it will not simulate the
files. These files can then be opened and simulated individually, or simulated through the Calc Manager.

. THERM - [sample-sill.THM] -8 10| =l
r';g‘EiIe Edit Wiew Draw Libraries Options Calculation  Window Help _|ﬁ'|5|
DEHSG L0 i@k LaqQsro% [ FEuUu %] [-|

=

S

Click on the Calc toolbar button, select the
Calculation/Calculation menu choice, or press the F9
shortcut key to start the calculation.

For a THERM file with multiple glazing options defined,
the Glazing Option Simulation dialog box is displayed.
Choose the appropriate option and click on OK.

For each glazing option, THERM will
automatically generate the appropriate
boundary conditions for the interior of the
profile next to the radiation enclosure.

Glazing Option Simulation

Thiz file has glazing options specified. *Would pou like to:

¢ Create the glazing option files and perform all simulations Cancel |

' Simulate the current file only
™ Create the glazing option files but dao nat perfarm the simulations

1 i
_{} -
Kl | >|_I
%,y -196.0, 95.8 |dx,dy -11.6,-32.0 len 340 [Step 100 fom | 4
Ready [ e
Figure 6-30. When a file w ith multiple glazing options is calculated, THERM gives several calculation options.
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Multiple base case files with multiple glazing options in each file can be added to the Calc Manager, as
shown in the figure below. The Calc Manager does not ask the three simulation-option questions; it
implements the first choice, which is that to make all the files and then simulate them. The Calculation Log
can be viewed to see the status of the runs. The information in the Calculation Log can be sorted by clicking
on a column heading.

. THERM - [sample-sill. THM] A8 -0l x|
B File Edit View Draw Lbraries Options | Calculation Window Help =18 =
= §| |5 O & —+f | a -] Calculation F9 u | 7 || j
Show Resulks ;I
Display Optians Shift+F9
Show U-factors Chrl-Fa

Calc Manager ey il Calculation Manager
Background Calc A
Add to queus

Stop Current Salculation
Glazing Optians |

<

Statuz: Running C:A\Program
Files\LBEMLATHERMSysample-sill_013.thm

LCloze

Bemove |

Pauze | Interrupt Log |

C:\Program Files\LBML\THERMShzample-sill_J12.thm
C:\Program Files\LBML\THERMShzample-sill_J11.thm
C:%Program Files\LEMLA\THE R M5,sample-sill_§10.thm

Multiple files with multiple
glazing options can be
added to the Calculation
Manager using the
Calculation/Calc To see the status of the simulations, go to
Manager menu choice. Calculation/Calc Manager, click on the Log
button, and the status of each file will be
displayed (only for this THERM session).

l |

i Calculation Log x|

Click on a column to sort

|LI Run Time Filenarme ‘ Meszage ‘ Statlﬂ
Clear Log | | |SunFeb1718:04:442002  C:\Program Files\LBNLATHERMS!sample-sil_012.th Calculation complete. 0K
ﬂ | SunFeb 17 18:04:39 2002 C:%Program Files\LBMLA\THERMShsample-sil_013.th Calculation complete. oK.
SunFeb 17 18:04:35 2002 C:\Program Files\LEML\THE RMShsample-sil_008.th Calculation complete. [] =
[,y -39.1,-12.9 |dx,dy 235.5,-32.0 fen237.6 [st _‘| = -

to

Figure 6-31. The Calc Manager can be used to simulate multiple files with multiple glazing options in each file.
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6.6.5. Results

When the calculation is finished, the U-factors (shown in the figure below) can be viewed using the
Calculation/Show U-factor menu choice or the Show U-factor toolbar button.

In addition, the graphic display of the results can be controlled using either the Calculation/Show Results
menu choice or the Show Results toolbar button.

The U-factors can be viewed for Projected X, Projected Y, Total Length, Custom Length, Projected in Glass
Plane or Custom Rotation. U-factors are generally calculated as Project in Glass Plane, but there are a few
special cases where the Custom Frame Length feature must be used for an NFRC simulation. (See the
following discussion in Section 6.6.6, “Custom Frame Length" for an example using Custom Frame Length.)

The SHGC Exterior U-factor is
meaningless — it is a result of
the SHGC Exterior tag, which is
used by WINDOW to calculated
the frame exterior wetted length

for the 1ISO 15099 SHGC value. U-factors are generally

calculated as
x| “Projected in Glass

LI-factor delta T Length Plane”.
W im2-K C mm R otation
Frame and Edge U-factors SHEC Exterior [1.8081  [35.0 [128752" [an0 | Projected in Glass Plane ™|
are reported. These values Frame [20008  [380  [#28753 [300  [Froectedin Glass Flans j‘(
will be used by wmoow/
IEdge j |2.3444 |39.U |53.5 IQU.U IProiected in Glass Plane j

to calculate the total
product U-factor. % Enor Energy Norm [672% Export [ [:

/ AN

Use the Export button to
generate a comma
delimited file with the
results.

Figure 6-32. U-factor results from the Calculation/Show U-factors menu choice.

% Error Energy Norm
must be less than 10%.

Local temperatures can be displayed at the cursor (from the View/Temperature at Cursor menu choice) and
average temperatures can be displayed with the tape measure (from the Options/Preferences menu,
Drawing Options tab, check the Tape Measure Average Temperature checkbox).

THERM has a report which summarizes all the details of a THERM file, including the polygon ID numbers
for all cavities. This report can be viewed and printed from the File/Report menu choice.

THERM files (*.THM) can be saved without the detailed temperature data by selecting the
Options/Preferences menu, going to the Simulation tab, and unchecking Save Simulation results in THM
files. The THERM file will then contain only the geometry and boundary conditions used to run the
simulation, the U-factor results, and the report, thus making the file much smaller.
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6.6.6. Custom Frame Length

There is a case where THERM will not calculate the project frame length correctly. This happens when a
section of an adiabatic boundary "overlaps" a boundary with a U-factor tag in the projected dimension over
which the length is being calculated. The figure below illustrates this. This incorrect frame length will cause
the U-factor over the projected length to be calculated incorrectly. The U-factors results dialog box has a
feature which allows a custom frame length to be entered, in order for THERM to calculate the correct U-
factor. This situation happens in some skylight files, although it potentially could happen in any model. The
figure below describes the steps required to use the Custom Frame Length feature.

For multiple glazing options, setting the custom frame length for each option can be quite cumbersome. One
technique is to set the custom frame length in the base file first, and then the program will pick up for custom
length values for each multiple glazing option.

<4— Adiabatic
Boundary
Condition

THERM calculates
this as the projected
Y frame length, in
this example it is

32 16 mm This is the true projected Frame Length,

in this example it is 15.651 mm
| s 4 |

Figure 6-33 Example of a case where THERM does not calculate the projected Y frame length correctly because of an adiabatic
boundary condition that "overlaps" an interior boundary condition.
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— The projected Y frame

U-factor delta T Lenath

W2 C mm Fiatation length calculated
Edge [1.6980  [a13 [6ad838  [n.a Projected | (incorrectly) by THERM, in
Frame [166544 [119  [334315 Wi Biojected T this example it is 33.4315
mm
% Errar Energy Morm I 721% E xport | n]4 I
_-Step 2:

The Length field will
become editable. Enter
x]|| the correct length

Step 3: U-factor deka T Length
WWIm2-K C i R atatiol
THERM recalculates
Edge [1.6980  [#1.3 ga433m M Frojected
the U-factor based on oe | I I ‘I/M/ |Proecte
the custom frame ———————— Frame |39.8489 |41.9 |15.551 |Nm Custom length —— Step 1:
length. Select Custom from
the pulldown

% Error Energy Morm I FRE 4 Expart | ak I

Figure 6-34 The Custom Frame Length feature allows the correct frame length to be entered.

6.6.7. Importing Results into WINDOW

Because the U-factors and temperatures from individual THERM cross sections will be used for the whole
product calculations in WINDOW, it is necessary to import the THERM files with U-factor and simulation
temperature results into the WINDOW program. This is explained in detail in the WINDOW User's Manual,
Section 4.7.3, “Importing THERM Files”. The basic steps are:

= Create the THERM models, calculate the results, and save and close the files.
= Open WINDOW and go to the Frame Library List View.

®  (Click on the Import button, select the “Therm Files” option from the pulldown, then THERM files to
import (select multiple files using either Shift or Ctrl keys).

=  WINDOW will ask how to number the new Frame Library records, either sequentially starting from
the last existing record, or overwriting existing records.

=  WINDOW will add each THERM file to the Frame Library as a separate record, assigning the
THERM file name as the record name by default.

® Ifnecessary, set (in WINDOW File/Preferences/Calculation Options) the frame Absorptivity to 0.30
or 0.50, according to the NFRC 200 specifications.
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§i Frame Library (C:'Program Files'LBNL WINDOW5'w51b-SimMan.mdb} j@l - |EI ﬂ
File Edit Libraries Record Tools Wiew Help
IEEEIEEEE R e
= = Frame Library [C:\Frogram =
Dietailed View FilestLBMLYWIND O S4w51 b-Simb an. mdb)
Update | Frame Edge Edge Glazing -
D Mame Source Type Uvalue Uvalue Comelation | Thickness | Pfd Abs | Calor
Hew Wimz2-k,
&l 2 ASHRAEABL N/ Class] [ ]
Delste | 3 ASHRAEALBL N/ nfa  Class] n'a £98 090 -
i 4 ASHRAEABL — N/a n/a  Classl n/a R |
) = 5 Headvented.thm Therm Head 2130 n/a 254 2 030 -_
|— £ HeadFixed thm Them Head 2133 n'a 25.4 02 030 -
7 Silented.thm Them il 2309 n'a 25.4 w6 0
Adieiee.. | 8 SilFixedtm Them sl 2185 n/a w4 w3 0w
33 records found. 9 Jambented.thm Therm Jamb 2.258 néa 254 543 o [ |
o 10 JambFised thm Them Jamb 2134 n'a 25.4 543 030 -
- B gelingFiail thm Therm Horizontal Meeti 4044 2,060 n/a 254 55,1 0.30 -
Export | - = — = : o —
= 12 sample-zil. Therm Sill
(— 7
Eepart | 13 zample-jamb. THM Jamb 0 —Iil
Fint | 14 sample-head THM Therm Look jn: I a Samples-WFRC 100-2002 j & l::F v d
For Help, press F1 \ rnanual, THM sample-sill_00&.thm sample-sill:, THM ]
MeetingR.ail.thrm sample-sill_010.thm SillFized. thrm
sample-head, THM sample-sill_011.thm Sillvented.thm
sample-headCI.THM sample-siII_DIZ.thm
sample-jarb. THM sarple-sill_013.thri
i . ) sanple-sill. THM sarmple-sillCI THM
In the WINDOW Frame Library List View,
click on the Import button, and then select 4] |+
the THERM file(s) to import into the library. _
File name: | Open I
This same method is used in the WINDOW Files of type: | Ther files [* th] =] Cancel |
Divider Library.
[~ Open as read-only
v

Figure 6-35 Importing THERM files into the WINDOW Frame Library.
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/. TOTAL PRODUCT CALCULATIONS USING WINDOW

7.1. Overview

WINDOW determines the total product U-factor according to NFRC 100 and ISO 15099 by calculating an
area-weighted average of the U-factors of the product components and accounting for product height:

= Frame and edge values for each cross section (frames and dividers) calculated in THERM: The U-
factors are area-weighted based on the projected area on a plane parallel to the glass (the Projected in
the Glass Plane choice in the THERM U-factors dialog box), not the total surface area of the frame
and edge.

= Center-of-glazing values from WINDOW

WINDOW calculates the total product area-weighted solar heat gain coefficient (SHGC) and visible
transmittance (VT) according to the NFRC 200 procedures and the total product Condensation Resistance
(CR) according to the NFRC 500 procedures.

7.2 Frame and Edge U-factors from THERM

As discussed in Section 6.6.7, "Importing Results into WINDOW", THERM files are imported into the
WINDOW Frame and Divider Libraries in order to calculate the whole product values in WINDOW.

When the THERM files are imported into the WINDOW Frame and Divider Libraries, they can be used in
whole product calculations. The Source field in the Frame Library indicates whether the files were imported
from THERM, as shown in the following figure.

-8 -0l x|

#i Frame Library (C:\Program Files',LBNL, WINDOW S sample.mdb}
File Edit Libraries Record Tools Wiew Help

DEH| R E[E: > v|Bael;: [0 %] 2N

For Help, press F1

= = Frame Library [C:%Program =
Detalled View | | Files\L BNL4wINDOWSssample.mdh)
Update | Frame Edge Edge Glazing
D Mame Source Type Uvalue Uvalue Comelation | Thickness | Pfd Abz | Colar
Hew |
ﬂl 2 Alflush NZA, nfa  Class] nfa sz2 a0 [
Delste | 3 ‘wood ASHRAEALBL T nfa  Classl n/a £9.8 0.90 -
~Find 4 Wiyl ASHRAE/LBL  N/& n/a  Class] n/a g3z 030 [
||D v[ 5 Headvented thm Therm Head 2130 n/a 25.4 70.2 0.30 -
|— £ HeadFixed.thm Therm Head 2133 n'a 254 0.2 030 -
7 Silented.thm Therm il 2309 n'a 254 97.6 030 -
Al | 8 SilFixedthm Them sl 2188 n/a x4 973 0w
17 records found. 9 JambVented.thm Therm Jarmb 2.258 néa 25.4 543 030 N
10 JambFised thm Therm Jamb 2134 n'a 254 543 030 -
Import |
11 MeetingRai. thm Therm Horizontal Meeti 2060 n'a 254 55,1 030 -
Export | 12 sample-sil THM Therm Sil 2218 n'a 259 429 030 -
Report | 13 sample-jamb. THM Therm Jamb 2222 n'a 259 429 030 -
Piint | 14 sample-head THM Therm Head 2217 n'a 259 429 030 - —
18 vinyhlamb. THM Therm Jamb 2094 n'a 191 476 030 -
20 vinglSil. THM Therm il 2104 n'a 191 476 030 -
22 vingtHead THM Therm Head 2106 n'a 191 476 030 -

=]
ode: wFRC 5L [ om [

Figure 7-1. WINDOW Frame Library with records imported from THERM.
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7.3 Center-of-Glazing U-factors from WINDOW 7. TOTAL PRODUCT CALCULATIONS USING WINDOW

7.3 Center-of-Glazing U-factors from WINDOW
The WINDOW User's Manual contains detailed information about calculating the center-of-glazing U-factors.

For an NFRC simulation, create glazing systems that represent all the glazing types to be modeled from the
glass matrix provided by the manufacturer. In WINDOW, access the Glazing System Library List View
either from the Libraries/Glazing System menu, by clicking on the Glazing System Library toolbar button,
or by pressing F5.

i Glazing System Library {C:'Program Files\LBNL' WINDOWS5' w5.mdb}) 48 - 0] =]
Eile Edit Libraries Record Tools Wiew Help
DEE| RS <y B a e O#%]7
= = Glazing System Library (C:4Program FileshLBNLWINDOW 5w mdb) =
Detailed View |
Calz # of Environmmental Ovweral
I D Marmne Layers Mode| Tilt i, Keff Tz Uwal SHGC sC Twis RHG Tdw-S0
Hew | Wik mm WimZK Wim2
Com | 1 Single Clear 1 # 90 MFRC100-2001 NA& a0 5912 0.859 0.989 0833 BE5.6 n0a42
— 2 Dauble Clear 2ir 2 # 90 MFRC100-2001 0.064 24.00 2703 0.7 0.809 0786 B32E 0E30
Delete | I = | Double Cowee di 2 NFRC 100-2001 0,030 !
I — 4 Double Clear with Argon 2 an  NFRC100-2001 0100 1870 2576 0762 0878 0814 5751 0738
I\D 2 5 Triple Clear 3 # 90 NFRC100-2001 0.0a0 43.40 1.744 0614 0.709 0703 4623 0&0
I— 7 3mm Lovee air 2 # 90 Melanie 0.037 25.46 1.879 0.471 0.552 07wz 3B 0550
2 Sample GlzSys 2 # 90 MFRC100-200 0.043 2651 1.934 0655 0788 0741 5105 0635
Advanced | —
7 records found.
Import |
Expart |
Eepart |
Print | _I
-
For Help, press F1 Mode: NFR.C E M v

Figure 7-2. WINDOW Glazing System Library.

For NFRC certified simulations, use the currently approved International Glazing Database (IGDB) spectral
data, imported into the WINDOW Glass Library. Glazing Systems that use approved spectral data will have
a “#” in the Mode field, as shown in the figure above.

The U-factors shown in the Glazing System Library are based on a one meter default height. When these
glazing systems are used in whole products, in the Window Library, the center-of-glazing U-factors will be
recalculated based on the actual product height specified in the Window Library. Therefore, the U-factors in
the Glazing System and Window Libraries will probably be slightly different.
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i Glazing System Library (C:\Program Files',LBNL, WINDDW5' w5.mdb) — |EI|5|
File Edit Libraries Record Tools View Help
DS H s RB(E(E: 4« M |B ®©0: O#H|%|2W
— Glazing System Librany =
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Calz [F9) D #: IB M arme: ISampIe Glz5ys ,
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Delete | Comment:l
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Report | HIEN Name [Mode] Thick [Fiig| Tsol | Rsolt | Rsol2 | Twis | Rvist [Avis2 | T [ E1 | E2 [ Cond ]
Glass1 b 9303 CLEARSLOF # 47 [J|07% 0074 0074 oges o0osz ooz | x|
Gasl v 1 AW 165 Options | Oiptical Data|
Glazz 2 kb 9923 LOWAE_SLOF # 47 [J]oe?s 0117 0105 0826 0115 0109 Wi Bty
P
. . . fol=(]
Glazing System U-factor is based on height
1] in the Preferences dialog box, the NFRC I UseNominalHeighis
default being one meter (1000 mm). Bemgeten iz | LUAE T
— Mominal window height: [1000.0  mm
Center of Glass Results fTemperature Datal DpticaIDatal AngularDataI Colar Propertiesl ™ Use Naminal Glass Thickness
Display precision: |4
Ufactar SC SHGC Rel. Ht. Gain Twis k.eff e e e W
Wem2-K, -/ Wim2 Wik, [~ Don't show CR warning messages
19345 “5345 510 0.7407 0.0433 I Debug autput
For Help, press F1 g I—IDK r— | e | Heln |

List D # 1 =] =
. \\ The U-value for the glazing |

" Made [NFRC | system is “?” in the Window

= Type [Fued (pictwrs) =] 53] Library until the Calc button is

[n)
o
[¥]

=i
o

z . ) .
Lopy [ clicked, because the.U value is
Delete Height [ 7508 mm dlepgndent on the rr:elgh_t gf the
Save rea [ 700 2 glazing system in the window.
Bepart Tilt I a0 ///

Environmental Conditions i =

INFF!E 100-2001 'l

Dividers

S e
g |g¢g !

I Mormal ¥ I

[ TetalWindaw Fiesul | Click ah a component ko dizplay characteristic: below/ |
Udactor [ 7 WimzK o VA
azing Systern
SHi: I_I: Detail.. Mame ISampIe Glz5ys j ﬂ
: 1o} & Ugenter 7 WimzK,
ER I—F) _IDetaiI... Mlayers 2 SC ?
Area [ 1271 m2 shec [ 7
Edge arza IWmE Wie |—7
” — — Tatal Window Fesult
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Window Library is based on o o] [P Hame IS&mD"ZG'ZSPS =]
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Figure 7-3. WINDOW Glazing System Library.
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7.4 Overall Product U-factor, SHGC, VT, and CR Calculations

When the THERM results have been imported into the WINDOW Frame and Divider Libraries, and the
needed glazing systems have been defined in the Glazing System Library (also needed for the THERM
simulations), the whole product values for U-factor, SHGC, VT and CR can be calculated in the Window
Library. Calculating these values is explained briefly below and in more detail in the WINDOW User Manual.

In the Window Library Detail View, set the appropriate values on the left-hand side of the screen, which
depend on the type of fenestration product. The Mode field should be set to “NFRC”, and the Type field
should be set to the appropriate choice for the fenestration product being modeled. The complete list of
choices can be viewed by clicking on the double arrow next to the Type pulldown list. The choices with the
Size field set to “NFRC” are the official NFRC sizes. The Environmental Conditions field should be set to
“NFRC 100-2001".

On the right-hand side of the screen, for each cross section component, select the appropriate records from
the Frame and Divider libraries. When the frame cross sections and the glazing systems are specified, click on
the Calc button and WINDOW will calculate the total product U-factor, SHGC, VT and CR, shown in the
lower left corner of the main screen. In addition, for obtaining NFRC rating values, the program calculates the
SHGCy, SHGC;, VT and VTi, discussed in detail in the following section.

=8| o] x|

i Window Library {C:\Program Files\LENL\ WINDOW5'w5.mdb)
File Edit Libraries Record Tools Yiew Help

D sB=REE: ««» M@

e0: O# % 7K

| v

i

List 1D # |1 vI
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Save Areal 1.800 m2
Report Tilk I 30

Environmental Conditions

Set Mode
to “NFRC” Hew

LCopy

Delete

g

Set Environmental

Conditions to F—vider
“NFRC 100-2001" Diicers 5 5
Display mode: Cancel | Find I IID 'l 16 records found
Mormal i
 Total ¥indow Results m 7 g waln | e L :
ype 28 i &ig Ao
U-factor I ? Wwima-K - -
SHGE I ? 1 Casement - Doubls MFRC 12000 15000 Horzontal Shider
T I—? Detaill. 9 Casement - Single MFRC 5000 15000  Single wision area
3 Door Transom MFRLC 20000 EO0Q  Single vision area
|—7 .
Lhl Z HI 4 Door MFRC 10000 20000 Single vision area
5 Double Door MFRC oponn zonpp  Horzontal Shider
3 Fied [picture] Sing
7  [Garage door MFRLC 20000 24000 Single vision area
A 3 Hor.izor?tal Slider MFRC 15000 12000 Hon.zontal.SIidel
Fr Help, press F1 g Projecting [fuwing-Dual) MFRLC 15000 12000 Wertical Slider
10 Projecting [fwning-Single] MFRLC 15000 6000 Single vision area
11 Sidelite MFRLC g00.0 20000 Single vision area
1z Skylight MFRLC 12000 12000 Single vision area
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14  Custom Dual Vision Horizontal | Custorn 15000 12000 Horizontal Slider
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Figure 7-4. Window Library Detail View where the whole product is defined.
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Total Product Results calculated by
pressing the Calc button:

7. TOTAL PRODUCT CALCULATIONS USING WINDOW 7.4 Overall Product U-factor, SHGC, VT, and CR Calculations

Once the values have been calculated, the results are displayed in the Total Window Results section, as
shown below. The Detail button next to the SHGC and VT results can be used to view the SHGC,, SHGC;,

VT and VT; values, and the Detail button next to the CR result is used to view the intermediate values used

to determine the overall CR result.

#i Window Library {C:',Program Files', LBNL' WINDOWS' w5.mdb}
File Edit Libraties Record Tools Wiew Help
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DSH $»2R(E(E: «>»M|[BE- e0: O# %|2N

i

List

A
Copy
Delete

Save

e |
oo |
_Deke |
g |
_fopen |

Beport
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P Ufactor [1.9776 wiim2K

VT (Visible Transmittance)

—P SHGE | 06012
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Detail...
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—» T | 06484

1

ﬁ‘cﬂ| 51 Detail .

See the next section for a
detailed description of the
information in the SHGC / VT
Detail button. |

E—

For Help, press F1

Mode: WFRC [SI [ UM 4

CR Detail Button

i Condensation Index Details

o] Aiea| @30%RH | @50%RH | @70%RH Orverall

CR 1.800 80.85 51.67 37.54 50.51

CRa 1271 100.00 8813 46.24 6253

CRe 0305 80.85 51.67 3754 50.51

CRf 0224 89.22 73.93 £2.74 71.33
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Header 6 0.050 0.0002 00135 0.0445 0.01594

Header Edge [ 0087 0.0007 00538 01723 0.0758

Left Jamb 7 n.os2 0.0008 00176 00512 0.0232

Left Jamb Edge 7 0.036 0.0036 01061 02433 01178

Right.Jamb 7 0.0s2 0.0008 00178 00512 0.0232

Right.Jamb Edge 7 0.086 0.0038 01061 02439 01178

Sil 8 0.050 0.0034 no2zz 0.0603 0.0286
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Figure 7-5. Window Library Detail View where the whole product results are calculated and displayed.
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7.4.1. Individual Product SHGC and VT (SHGC0& 1, VT 0 & 1)

It is not necessary to calculate the SHGC and VT for all individual products and associated model sizes.
NEFRC 200- outlines a procedure for determining SHGCo, SHGCy, VT, VT1 values which can then be used to
calculate the SHGC and VT of any individual product. This procedure is used to obtain NFRC rating values.

These values are calculated in WINDOW for the best glazing option modelled with the highest combined
frame and edge heat loss (i.e., the option with the lowest center-of-glass -factor and the highest total product
U-factor), as outlined in NFRC 200, Section 4.5B. The values calculated from that one case are then used to
calculate the SHGC for any other glazing options using Equations 4-3 and 4-4 in NFRC 200.

For domed skylights (see Chapter 8 of this manual), it is necessary to use the tested value for the center-of-
glass value, with the modelled frame and edge values.

The values are calculated for the product using the best glazing system, for three cases:
= No dividers

= Dividers < 25.4 mm (1”), modelled at 19 mm (0.75”)

= Dividers 2254 mm (1”), modeled at 38 mm (1.50”)

7-6 July 2006 THERMS5.2/WINDOWS5.2 NFRC Simulation Manual



7. TOTAL PRODUCT CALCULATIONS USING WINDOW 7.4 Overall Product U-factor, SHGC, VT, and CR Calculations

WINDOW automatically calculates these values for all records in the Window Library, using the U-factor for

the default divider as defined in NFRC 200. The values can be displayed by clicking on the Details button

next to the whole product results for SHGC and VT, as shown in the figure below.

i: Window Library (C:Program Files'LBNL', WINDOW S w5.mdb)

File Edit Libraries Record Tools Wiew Help
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Save fs...
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mm (1”), and Dividers = 25.4 mm (1”);

Figure 7-6. Click on the Detail button to get the SHGC 0 & 1 and VT 0 & 1 results.
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If the product has real dividers, the program will calculate the SHGC 0 & 1 and VT 0 & 1 values for the
generic dividers as well as for the actual dividers, as shown below. For NFRC simulations, the default divider

results should always be used.

Results for actual
dividers modeled
in the window

SHGC and ¥T detail

Results for default dividers

Dividers

Mo Generic

Dividers

|

Generic
Dividers

Actual

Dividers
FDD [rm] 25.39993
SHGEO 0.00543
SHGEC 074908
wTa (0.00000
WT1 074257

/A, 19.04933
007 0.00509
086211 077E20
0.00000 0.00000
085334 07

I Save fs.. I

38.09358
0.00785
0.63436
0.00000
063711

Figure 7-7. The SHGC 0 & 1 and VT 0 & 1 results are shown for the actual dividers if they are modeled.
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7. TOTAL PRODUCT CALCULATIONS USING WINDOW 7.4 Overall Product U-factor, SHGC, VT, and CR Calculations

SHGC and ¥T detail |
Mo Generic Generc
Dividers Dividers Dividers
PDD from) WA 19.04935 38.099538
SHGCO ooy 0.00509 0.007aa
SHGC 086211 077620 0.63495
V1O 000000 0.00000 0.00000
VTl 0.85994 07N 0.E3711
Save bz

Save jn I =3 Wiryl Fived

]« Bk E-
Click on the Save As

2l

a Therrmlaog.txt

button to save the results
into a text file.

File name: |vin_l,JIshgc:vt. 18

Save as type: IText files [*.txt]

Save I
j Cancel |

4

Ed Microsoft Excel - vinylshgovt.kxt
J File Edit Miew Insert Format Tools

Data Window Help

-8 -10| x|
=181x]

DEHa & B=i|o-

@ = A 4|l o - )

>
-

The text file can be imported —p | Arial -0 - B I U === M A7
into other software, such as a F7 ~| =]
spreadsheet. A | B [ T [ 5] [ E Zi
| 1| Mo Dividers  Generic Dividers | Generic Dividers
| 2 [PDD (mm) MNA 19.04999 38.09993
| 3 [EHGCO 0.00217 0.00503 0.00735
| 4 [SHGCH 0.86211 0.7762 0.69436
| 5 |vTD D ] ]
| B [WT1 0.655594 0771 0.65711
| 7 |
| 8 |
14/ 4T» [bils vinylshgeve 14

JD[an 3 5 | Aurashapes ~ ™~ w [] O | o &ﬂ' = =
Ready || | 1 [N | -

4

Figure 7-8. The SHGC 0 & 1 and VT 0 & 1 results can be saved to a text file which can be imported into other applications, such as a

spreadsheet or word processing program.
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7.4 Overall Product U-factor, SHGC, VT, and CR Calculations 7. TOTAL PRODUCT CALCULATIONS USING WINDOW

7.4.2. Whole Product U-factor With Dividers

The generic dividers used to calculate the SHGCp, SHGC;, VT, and VT values are NOT used to calculate the
whole product U-factor, if the whole product is manufactured with dividers. In that case, the actual divider
geometry is modeled in THERM, the THERM file is imported into the WINDOW Divider Library, and used
in a record (different from those used for the SHGCy, SHGCy, VTo, VT; calculations) in the Window Library.
This is shown in the following figures.

i1 window Library {(C:\Program Files'LBNL\WINDOW5"¥inyl.mdb) A8l -3 x|

File Edit Lbraries Record Tools Yiew Help

Ded i =REE: ««rEaen; O 2V

= = “window Library [C:%\Program
Detailed Yiew | | Filas\LBNLWINDOWSNYinyl mdb)

I»

i

fae [} MName Tupe ‘Wwidth | Height Ufactar SHGLE | Twis CR
Hew | mm mm -k
11 Winyl - Mo Dividers Fixed [picture] 1200 1500 1.807 0643 546
&l | 12 Winyl- SHGCAT Divider = 13 mm [0.75") Fixed [picture] 1200 1500 2544 0577 hia
Delete | | 13 Wingl- SHGCAYT Divider = 38 m [1.5%) Fixed [picture] 1200 1500 2834 0514

n/a
—Find——— Wingl - U-factor \with Dividers Fired [picturs] W 2

D

4
—

Advanced . Window Library record defined for the U-factor
calculation for a product that is manufacturered
with dividers. The generic dividers are NOT used in
Import this case.

Export

[

4 records found.

Beport

Prrint

[ ]
For Help, press F1 Mode: MFRC EI_WI_ v
Figure 7-9. Window Library List View for the “U-factor with Dividers” case.

il

The Window Library Detailed View shows that the divider used for this product is from a THERM file, rather
than one of the generic dividers.

i Window Library {C:\Program Files\LBNL\WINDOWS\ ¥inyl.mdb} : 8| — O] x|

File Edit Libraries Record Tools Wiew Help

DSH BB 2B 1 ar W[E ©0; O#% 2K

List 1D # (14 vl
Calc Mame: |Virgl - U-factor With Divi
- Mode [NFRC 'l
Type |Fized [picture) 'Iﬂ
Width | 1200 mm

Delete Height |_1500 i

Save #rea [ 1800 m2

Fieport Tilk 0

Enviranmental Conditions
IV Dividers NFRC 100-2001 =

|»

Capy

e el

Dividers
Display mode:
Normal i ;
[ Tetal Windaw Ficsl | Click on a component to display characteristics below |
U-factor I 20077 W/ Am-K, D x|
ividar
SHGC | 0.4578 Bl Nare. [vingl-Div. THM = o > -Selecl B it o =]3recod
v || e o[ 12 Uedos [ 2008 w2k e
Rl 5 el ]|| souee 2 Edge area | 0.713 m2 D Name Source | Twpe | Uvalue | Uvalus
Utactar | 2702 wi/mz¥,  PFD[ 254 _ WM ek
Area lmmz Abs IW én wingl-Div. THM Them | Divided | 2 '
14 Divider SHGCAT 19 mm [0.75") | Generic  MN/&
_|L| 15 Divider SHGCAT 38 mm [1.50" | Generic  MN/A
4 | L4 4 |
For Help, press F1 ’WE,_W,_ i

Figure 7-10. Window Library List View for the “U-factor with Dividers” case.
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7. TOTAL PRODUCT CALCULATIONS USING WINDOW 7.5 Project Databases

7.5 Project Databases

WINDOW 5 databases can be quite large. For example, the default database, w5.mdb, that is included in the
program installation package, is approximately 27 MB. One of the main reasons for the large size is the
records in the Glass Library - there are 1800+ records in that library as of this writing. Each entry in the Glass
Library contains spectral data for that glass layer, hence the large database size. For any given modeling
project, only a few of these glass layers are used.

It is possible to make a much smaller WINDOWS5 project database by saving only the records in each library
(particularly the Glass Library) that are used in the defined glazing systems and windows. For example,
saving a project database in this fashion would mean that only the glass layers referenced by the glazing
system would be saved in the Glass Library, rather than the entire Glass Library that is installed with the
program. A database with only the referenced glass layers can be less than 1 MB.

Saving a smaller database in this manner is referred to in the manual as a “Project Database”, meaning it
contains only the needed entries for the project being modeled. In the List View of each library there is an
“Export” button, which can be used to export selected records to another database. This “Export” feature is
what can be used to generate a Project Database.

Many of the libraries reference other libraries for some of their values. Therefore, when a record is Exported
from a library, WINDOW also has to export any other records that are referenced from the exported record.
Figure 7-10 shows how each library is referenced from other libraries. The Gas, Glass, Frame, Divider and
Environmental Conditions libraries are stand-alone libraries, meaning they do not reference any other
libraries. However, the Glazing System and Window Libraries reference many of the other libraries.

So, for example, in order to export to another database all the information for a glazing system, WINDOWb5
must also import the referenced records from the Gas Library, Glass Library and Environmental Conditions
Library. But the important point is that only the needed records in each of these referenced libraries are
needed in the exported database. So there might only be two or three entries in the Glass Library, i.e., those
used in the Glazing System, instead of the 1800 entries that are in the entire database. This will then make the
database these records are imported into much smaller.

Window Library »| Glazing System Library p| Gas Library
Glass Library
Frame Library Environmental
> Conditions Library
Divider Library
Environmental

Conditions Library

Figure 7-11. The database hierarchy in the WINDOW project database.
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7.5 Project Databases 7. TOTAL PRODUCT CALCULATIONS USING WINDOW

The steps to save a WINDOW database in this manner are the following;:

= Select the Library “level” that the export should start from - in general, the most complete “level” to
export from will be the Window Library.

Start from the Window Library: this will mean that records from all the libraries that are used either
directly or indirectly from those libraries will be included in the project database:

Glazing System Library: All the glazing systems referenced in the Window Library entries
Frame Library: All the frames referenced in the Window Library entries

Divider Library: All the dividers referenced in the Window Library entries, if dividers are
modeled.

Glass Library: All the glass layers referenced from the glazing systems used in the Window
Library entries

Gas Library: All the gases referenced from the glazing systems used in the Window Library
entries

Environmental Conditions Library: All the environmental conditions referenced from the
glazing systems and the Window Library entries.

Start from the Glazing System Library: this will mean that records from the libraries used to define
the glazing systems will be written into the project database, and no other entries:

Glazing System Library: All the glazing systems referenced in the Window Library entries

Glass Library: All the glass layers referenced from the glazing systems used in the Window
Library entries

Gas Library: All the gases referenced from the glazing systems used in the Window Library
entries

Environmental Conditions Library: All the environmental conditions referenced from the
glazing systems and the Window Library entries.

Note that when you create a project database the program may display a message saying that some
record already exists (based on detecting duplicate record ID numbers), and ask if you want to overwrite
it, as shown below.

B x|

Enwironmental Conditions Record 1 already
exizitz in the export databaze. Do pou want
to owerwrite it with the curent record?

Yestodl

— o
Cancel |
=

Figure 7-12. Export only referenced records into a new WINDOWS database.

This message will always appear for a New Project Database for Record 1 of the Environmental
Conditions Library, because the default “blank” database that the program writes into contains one
default Environmental Conditions record. For new project databases, click the Yes button for overwriting
existing records. If you are importing records into an existing database, you should determine what

7-12
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7.5 Project Databases

record ID numbers are already defined in the existing database, and determine whether or not you
should overwrite those records with records you are going to import into that database.

i1 Window Library {C:\Program Files'LBNL Workshop' ¥inyl Fixed' vinyL.mdb} j@l - |EI|1|
File Edit Libraries Record Tools Yiew Help
DeH|sB2R(E[E: 1> v[E=eN: O# % 2N
= = ‘window Library [C:\Program FileshLEMNL W orkshopiWinyl Fisedbvinyl mdb) =
Detailed Yiew
Lale D Mame Type Width | Height | Ufactor | SHGC | Twis | CR

=

Copy

Delete

r Find
18]

4

Advanced...

[

duddd

2 records found.

Import

Export <
Feport

FErint

efife

For Help, press F1

»
12 Wingl - With Dividers

Click the export button to bring
up the Export dialog box

Fixed [picture] 1200 1500

1.970 0456 0554  KW/A

|
Mode: wFRC 51 [ [ 4

E xport:
" Selected record(s)

ol

Farmat IW’indow 5 Database

Exporth:\ProgramFiIes\LENL'\WINDDWS'\SDIexdat Browsel Newl

Avoid creating duplicate records in export database by searching

v

=

L— Set Format

for identical records

o]

Cancel |

to WINDOW 5

Database, and click New to
make a new database.

Figure 7-13. Export only referenced records into a new WINDOWSb database.
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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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8.2 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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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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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. 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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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

8.3.1. 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

AT

PRIFILE w [

MAT'|

_PI B8 010 =
_5_4, ' Jareoin
u

1372010
Z i
UL Tht '%tﬁuﬂnl @)ﬂ T—mﬁ i
W o R om
H-ROUND

" H-FLAT
(REFERENCE 030803

A

X

[

BRASE

ZINC

BRUSHED NICKEL

BLACK NICKEL

*NOTE: FOR CRYSTAL DIAMONDS LITES, H-FLAT BRASS
CAMING 1S DESIGNATED BY A "-1A" IN THE PARTE

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.
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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
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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.
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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
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8. SPECIAL CASES

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.

THERMS5.2/WINDOWS5.2 NFRC Simulation Manual

July 2006

8-47



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.).

THERMS5.2/WINDOWS5.2 NFRC Simulation Manual

July 2006

8-51



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

THERMS5.2/WINDOWS5.2 NFRC Simulation Manual July 2006 8-55



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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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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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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8.6 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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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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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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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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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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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

THERMS5.2/WINDOWS5.2 NFRC Simulation Manual July 2006 8-73



8.6 Tubular Daylighting Devices 8. SPECIAL CASES

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

8-76 July 2006 THERMS5.2/WINDOWS5.2 NFRC Simulation Manual



8. SPECIAL CASES 8.6 Tubular Daylighting Devices

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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8.6 Tubular Daylighting Devices 8. SPECIAL CASES

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. SPECIAL CASES

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.
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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. SPECIAL CASES 8.8 Spacers

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 Spacers 8. SPECIAL CASES

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 .
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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

Non Continuous Thermal Bridge Elements 8. SPECIAL CASES

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. SPECIAL CASES 8.9 Non Continuous Thermal Bridge Elements

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:

THERMS5.2/WINDOWS5.2 NFRC Simulation Manual July 2006 8-85



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”.
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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.
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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

]

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

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 8-106. 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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9. SAMPLE PROBLEMS

9.1. Overview

There are four sample problems:

= Problem1: Vinyl Fixed Window page 9-2

= Problem 2: Aluminum Horizontal Sliding Window page 9-16
= Problem 3: Skylight page 9-50
= Problem 4: Door page 9-59

These sample problems may contain boundary conditions, frame cavity conditions and modeling techniques
that do not conform to the NFRC modeling rules. If this is the case, the NFRC modeling rules always take
precedence over what is shown in these example problems. Also, the results shown in these examples may
not correspond exactly to results obtained with the WINDOW and THERM programs.

Please note that some of the drawings provided with these sample problems are proprietary. Therefore, they
shall not be used by anyone for any purpose other than the enclosed sample problems without the prior
written consent of NFRC.
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9.2 Problem 1: Vinyl Fixed Window 9. SAMPLE PROBLEMS

9.2 Problem 1: Vinyl Fixed Window
For this fixed vinyl window, calculate the U-factor, SHGC, and VT values.

9.2.1. Description

Window Type
Overall Size

Frame Material

Glazing System

Spacer Type
Glazing Method

Dividers

Cross Sections

Fixed picture window.

Width = 1200 mm; Height = 1500 mm

PVC frame and stop, with a wall thickness of 3.175 mm (0.125”). The same geometry can
be used for the head, jambs and sill.

Double glazing, 19.05 mm (0.750”) overall I.G. thickness. The outboard lite is double-
strength clear glass, 3.277 mm (0.129”) thick. The inboard lite is double-strength clear

glass with a PPG Sungatel00 Low-E coating on surface three. The glazing cavity is air
filled, 12.5 mm (0.492") thick.

Intercept spacer with PIB primary seal and hot-melt butyl secondary seal.
Foam rubber tape, 3.175 mm (0.125”) thick.

Aluminum grille pattern, painted white. The grille pattern for the window is three by
four, and is between the glass.

See Section 9.2.7 for drawings of this product.

9.2.2. Glazing Matrix

The window is offered by the manufacturer both with and without dividers. The drawings indicate that there
is less than 3.0 mm (0.118”) between the glass and the divider, so the glazing matrix must include both a case
with and without dividers.

9-2
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9. SAMPLE PROBLEMS 9.2 Problem 1: Vinyl Fixed Window

9.2.3. Center-of-glazing Modeling (WINDOW)

Model the glazing system in WINDOW with double strength clear glass, a 12.5 mm (0.492”) air space (air
filled), and Sungate100 Low-E.

The figure below shows the WINDOW Glazing System Library for this glazing system.

i Window Library (C:\ Thermdoc', THERM 5 - WINDOW 5 NFRC Sim Manual — 20054 5im Man Example Th o [ |
File Edit Libraries Record Tools Wiew Help
DS H| % BB & E: > M |[B- og: O#|%|2 N
— Glazing Spstem Libram =
Calc [F9) | D #: |36 Marne; | 3mm vingd
Hew | ﬂLa_l.Jers:|2 ﬂ TiIt:I a0 * E
Errvironmetital E
Copy | Coiitone: {NFRC 100-2002 =l 1 )
Delete | Comment: |
Save | Ovwerall thickness:|19.053 mm Mode; I#
Report | | | o | Name Mode| Thick Flipl Tsol | Rsoll | Rsol2 | Tvis | Rvist | Rvis2 | Ti | E1 | E2 | Cond |
Glass1 s BO03 CLEAR_IPPG # 33 [ o\ 0076 0077 0898 0086 0086 0000 0840 0840 1.000
Gaz1 w1 Alr 125
Glazz 2 »» 5142 S100CL_3.PPG # 33 [J] 0674 0262 0207 0827 0047 0062 0000 0096 0840 1.000
4| | 3
Center of Glass Results | Temperature Datal Optical Datal Amgular Data | Color Propertiesl
Ufactar e SHGC Rel. Ht. Gain Twis Keff
A2k 'l fmz i fn-F po
.............. 17885 | 06388 0.B087 454 0.7483 0.0323
Far Help, press F1 Mode: NFRC E UM =

Figure 9-1. WINDOW Glazing System Library for the vinyl window.

The results for the center-of-glazing U-factor are shown in the following table:

Table 9-1. Center-of-glazing U-factor results from WINDOW.

Center-of-Glazing U-Factor

Glazing Options
19.05 mm (0.75”) overall thickness Wim?-°C (Btu/hr-ft>-°F)
1 Clear (3 mm), Air, Low-E (3 mm) 1.7865 0.3146

This glazing system will be used in THERM to calculate the edge-of-glazing and frame U-factors, and also in
WINDOW to calculate the overall product U-factor.
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9.2 Problem 1: Vinyl Fixed Window

9. SAMPLE PROBLEMS

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

Because this is a fixed window where the head, sill and jambs have the same geometry, the frame and stop
portions of the cross sections created in THERM will be the same. However, due to the ISO 15099 modeling
assumptions for gravity vectors and Condensation Resistance modeling, it is necessary to create a unique
cross section for each component type to reflect the proper orientation of the glazing system and gravity
vector.

The table below shows the files that are associated with this example.

Table 9-2. Files associated with the vinyl window example.

Cross Section

DXF Filename

THERM Filename

Sill

Vinyl-Frame.dxf

Vinyl-SillSL.thm

Head Vinyl-Frame.dxf Vinyl-HeadHD.thm
Jamb Vinyl-Frame.dxf Vinyl-Jamb]B.thm
Divider Vinyl-DivDV.thm

The table below shows the resulting U-factors for the vinyl frame and divider cross sections.

Table 9-3. THERM results for the vinyl window cross sections.

Frame U-Factor Edge U-Factor
Cross Section | W/m%-°C Btu/hr-ft>-°F | W/m%-°C Btu/hr-ft*-°F
Sill 1.5988 0.2816 2.1163 0.3727
Head 1.6037 0.2824 2.1151 0.3725
Jamb 1.8068 0.3182 2.1045 0.3706
Divider 2.6081 0.4593 1.9995 0.3521

Figures 9-2 through 9-5 show the THERM cross sections and U-factor results for this window.

9-4
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9. SAMPLE PROBLEMS

9.2 Problem 1: Vinyl Fixed Window

Sill

BC= Adiabatic

U-factor tag =

—

None

Cross Section Type = Sill
Gravity Vector = Down

Gravity YecEamkd|

‘ BC= NFRC 100-2001 Exterior

Radiation Model = Blackbody
U-factor tag = None

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody

U-factor tag = SHGC Exterior

—

; BC= Adiabatic

BC= 3 mm Vinyl U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

g

BC= 3 mm Vinyl U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

|
/ BC= Interior Wood/Vinyl Frame
(convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

I |

U-factor taa = None

wractars x|
|-factor delta T Length
Wim2-K £ mm R otation
SHGC Exterior 14032 [38.0 [476248 [800 | [Projected in Glass Plane =]
Frame [1.5988  [38.0 [47825 | 800  [Projected in Glass Plane |~ |
Edge MBI ET 625 | 900 |Projected in Glass Plane |~ |

% Error Energy Morm I 7.52%

Figure 9-2. THERM cross section and U-factor results for the sill cross section.
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9.2 Problem 1: Vinyl Fixed Window

9. SAMPLE PROBLEMS

Jamb

Modeling Assumptions:

= Cross Section Type = Jamb

=  Gravity Vector = Into the Screen

= Jambs are modeled without the
Condensation Resistance Model

Gravity Yectomkd|

&

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody

U-factor tag = None

BC= Adiabatic
U-factor tag = None

—> o
BC= 3 mm Vinyl U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None
9«

BC= 3 mm Vinyl U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-factor tag = SHGC Exterior

1
A/ BC= Interior Wood/Vinyl Frame
(convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

U-factar delta T Length
W2 C i Rotation

BC= Adiabatic
U-factor tag = None

x|

SHGC Exterior |1.5?5? |39.U |4?.5249 I 90.0 IF'rDiec:ted i Glazz Flane j
Frame ITEUEE |39.U |4?.525 I 90.0 IPrDiected i Glazz Flane j
Edge | |21045 380 |B35 [800  |Projectsd in Glass Plane 7 |

% Error Energy Morm I a1

i | ,

Figure 9-3. THERM cross section and U-factor results for the jamb cross section.
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9. SAMPLE PROBLEMS 9.2 Problem 1: Vinyl Fixed Window

Head
BC= Adiabatic
U-factor tag = None
A Y
BC= Interior Wood/Vinyl Frame
BC= NFRC 100-2001 Exterior (convection only)
Radiation Model = Blackbody Radiation Model = AutoEnclosure
U-factor tag = SHGC Exterior v\ U-factor taa = Frame
|
Modeling Assumptions:
=  Cross Section Type = Head
= Gravity Vector = Down BC= 3 mm Vinyl U-factor Inside Film
Radiation Model = AutoEnclosure
x| U-factor tag = Edge
BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody ?
U-factor tag = None
BC= 3 mm Vinyl U-factor Inside Film

Radiation Model = AutoEnclosure
U-factor tag = None

‘ A ;

BC= Adiabatic
U-factor tag = None

X
Ll-factor delta T Length
K c i Raotation
SHGE Exterior [14040  |350 [476243 | 800  |[Projected in Glass Plane x|
Frame [1.6037  [33.0 [47.625 [ 900 |[Projected in Glass Plane x|
Edge R EBIEIEE [f25 || 900 |Pujectedin Glass Plane x|
% Emar Energ_l,J Marr IW EHDDI[ |

Figure 9-4. THERM cross section and U-factor results for the head cross section.

THERMS5.2/WINDOWS5.2 NFRC Simulation July 2006 9-7



9.2 Problem 1: Vinyl Fixed Window

9. SAMPLE PROBLEMS

Divider
BC= Adiabatic

U-factor tag = None

Cross Section Type = Vertical Divider
(model both vertical and horizontal
dividers as Vertical)

Do not use the CR model with a Vertical
Divider cross section.

Gravity Vector = Into the Screen

It is not necessary to apply the SHGC
Exterior U-factor tag in this case because
the interior projected frame dimension
and the exterior wetted length are the
same (but it should be added for
consistency).

B

Gravity vectole

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-factor tag = None

4

BC= 3 mm Vinyl U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC= 3 mm Vinyl U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

® 4
BC= 3 mm Vinyl U-factor Inside Film
— Radiation Model = AutoEnclosure
1 p4——  U-factor tag = Frame

BC= 3 mm Vinyl U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC= 3 mm Vinyl U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

-

X A
|
BC= Adiabatic
U-factor tag = None
.
|-factor delta T Length
Wim2-K £ mm R otation
Frame [26081  [38.0 [54 [0 [ Projected in Glass Plane |~ |
Edge [1.88%5  [33.0 127 |EII [ Projected in Glass Plane |~ |
SHGCEsterior  —| [30921 | [390 [5.4  [a0.0 | Projected in Glass Plane |~ |

% Error Energy Morm I 721%

Figure 9-5. THERM cross section and U-factor results for the divider cross section.
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9. SAMPLE PROBLEMS 9.2 Problem 1: Vinyl Fixed Window

9.2.5. Total Product U-Factor

In WINDOW, import the THERM cross sections into the Frame Library.

&8 W5 - Frame Library (C:' Thermdoc, THERM 5 - WINDOW 5 NFRC Sim Manual -- 2005%5im Man Example o ] 4]
File Edit Libraries Record Tools Wiew Help

Do fEEE|E: K v|iBael: O %IZW

: = Frame Library [C:AThermdoch THERM 5 - WwARDOW 5 MFRC Sim Manual -- 200545im
DetailedView | | Wan Example Them Filestyingl Fisedsvingl.mdb)

| v

i

|Update ) Frame Edge Edge Glazing

L alue Uwalue | Comelation | Thickness
WmZ-K | WwWim2-K

Mame Source | Tepe Pfd Abs | Color

Mew

Copy

:

2 Vinhlamb. THM Theim  Jamb 1807 2105 NuA 11 s 030 [
3 WinhSiLTHM Them il 1599 2116 N w1 a5 030 [

Delete

r—Find

[=1
4

o

Advanced...

3 records found.
Import
Export
Beport

Frint ﬂ
Far Help, press F1 Mode: MFRC [ST [ UM 4

Figure 9-6. THERM files imported into the Frame Library.

idd]

In WINDOW, two records are created in the Window Library for the U-factor calculation - one without
dividers and one with the manufacturer supplied dividers, as shown in the figure below.

% Wwindow Library {C:' Thermdoc, THERM 5 - WINDOW 5 NFRC Sim Manual - 2005%Sim Mai -0 x|
File Edit Libraries Record Tools Wiew Help

DwH|BRS|E: « «»M[[B= € 0i O#H|%|2 W

§ : “Window Library [C:4Thermdoch THERM 5 - wWINDOW 5 NFRC Sim Manual - =
Detailed View 200545Sim kan Exarnple Thernn Fileshinpl Fixed iyl rmdb)

il

Calc o Name Type ‘Width | Height | Ufactor | SHGC | Twis | CR

Hew i il W2k

1 Winwl - 3mm low-g (Mo Dividers] | Fixed [picturs) 1200 1500 1.819 0524 0F43 527

S Im 1200 1500 W 0458 |0 w

Delete

Wirwl - 3mm low-e [}

ith Dividerz) Fixed [picture]

U

—Find

[=]
1

[

Advanced...

2 recards found,
Impaort

Export

i

Bepart

Erint

]
Far Help, press F1 Mode: MFRC (ST | [mom 4
Figure 9-7. Window Library records for the product with and without dividers for the U-factor calculation.
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9.2 Problem 1: Vinyl Fixed Window 9. SAMPLE PROBLEMS

5 Window Library (C:\Thermdoc', THERM 5 - WINDOW 5 NFRC Sim Manual - 20054 - | [m] ﬂ

File Edit Lbraries Record Tools Yiew Help

DS &R & E: a4 M[E €0 OH#| %78

List D # |1 -
Calc [F3) Marne IVI!’M - 3mm low-E [No Di
MndeINFHE -
Mew
o Tupe IFixed [picturs) 2 I ﬂ
0
=Y W’idlhl 1200 mm
skl Height [ 1500 mm
S frea [ 71800 m2
Feport Tiltl Ell

Environmental Conditions
I Dividers FRC 100-2001 d

Dividers

B

efe

i

Display mode:

INmmaI

Fl

r~ Total Window Resul |
U-factar I 1.8188 W/m2-K
Glazing System

SH\G; I% Detal. Mame: [3nom lowE =l |
. D I 1 Ucenter | 1.763 wi/m2-K
CR I B3 Detail.. Nlapers I 2 SC| 0638
I—

Area | 1.249 m2 SHGC | 0.B06

Edge aiea I 0.303 m2 Wi | 0.74E

Click on a component to display characteristics below |

. o

| 3
For Help, press F1 [Moder WFRC [T [ oM [ 2
Figure 9-8. WINDOW total product U-factor calculation without dividers.

& Window Library (C:\ Thermdoc, THERM 5 - WINDOW 5 NFRC Sim Manual — 20051 - |E| ll

File Edit Libraries Record Tools Yiew Help

DSH $RB|& E: (B ¢0: O#H % 2w

List ID#|2 vI

Calc (F3) Mamme |*inyl - 3mm low-E [with
Mode | NFRC -

A
z Type | Fived [picture] = ﬁ
o
= width 1200 mm
eI Height | 1500 mm

S Area [ 1800 m2
Fepoit Tilt 90

Enwironmental Conditions
v MFRC 100-2001 =

Dividers

N

]

N

=
EN
ERE-
ke
2
2
2
g
A

i~ Total Window Resul = = =
| Click on a component to display characteristics below ‘

U-factor | 2.0051 ‘w/m2-K

Glazing System

Detal... MName: |3mm lowE j il
U D 1 Ucenter [ 1.763 Wiim2K,
CR I 53 Detail.. Mlapers 2 SC| 0638

Area | 0.345 m2 SHGC | 0.E06 |
Edge area | 0.283 m2 Wie | 0746
=
|

| »
For Help, press F1 [Mode: WFRC [0 [ oM [ 2
Figure 9-9. WINDOW total product U-factor calculation with dividers.

sHGE [ 04577

The following table shows the overall product U-factor from WINDOW, both with and without dividers.
Table 9-4. Total product U-factors.

Glazing Options19.05 mm (0.75”) overall Total Product U-Factor
thickness Wim2-°C Btu/hr-f*-°F
1 Clear, Air, Low-E (without dividers) 1.8188 0.3203
2 Clear, Air, Low-E (with dividers) 2.0051 0.3531
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9. SAMPLE PROBLEMS 9.2 Problem 1: Vinyl Fixed Window

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

The methodology for determining the Solar Heat Gain Coefficient (SHGC) and Visible Transmittance (VT) for
products is outlined in NFRC 200 using values of SHGCp, SHGC;, VIo and VTi. A detailed explanation of
how to apply that methodology in WINDOW is presented in Section 7.4.1 of this manual. These values are
calculated in WINDOW for the best glazing option modeled with the highest frame and edge U-factor frame,
as outlined in NFRC 200, Section 4.2.3 (A). The values calculated from that one case are then used to calculate
the SHGC and VT for any other glazing options using Equations 4-1 and 4-2 in NFRC 200. Do not use the
SHGCy, SHGC;, VT and VT, from WINDOW for every glazing option - just for the best glazing option.

Using this procedure, display the results for the SHGCy, SHGC;, VT and VTi for the best glazing option
(Clear, Air, Low-E), by clicking on the Detail button on the Window Library Detailed View screen, as shown
in the figure below. The SHGC and VT detail dialog box will show the SHGC and VT values for the
following three cases for this glazing option:

= No Dividers

= Dividers <254 mm (modeled as 19.5 mm)

= Dividers > 25.4 mm (modeled as 38.1 mm)

i Window Library {C:\Thermdoc', THERM 5 - WINDDW 5 NFRC Sim Manual - =13l x|
File Edit Libraries Record Tools Yiew Help

DSH| s 2R2 E: «ar (B e0;: O# %28

= DY | Best glazing
Calc [F3) Mame [Vinyl - 3mm low-E (Mo Di < Option
" tode | NFRC vl
Tupe | Fixed [picture] - ﬂ

whidth | 1200 mm
DD Height [ 1500 mm
Save Area | 1.800 m2

il

]

7 bbb

Lopy

BReport Tilt 90
Environmental Conditions
NFRAC 100-2001 -
Dividers
x
s = ~ Tatal Window Resul ‘ i )Pem [Ey———— DNdD g?n;'ic g?n;[ic
K 0N 8 GOl it b0 dizplay charactenshics below
T play ividers ividers ividers
hg System
SHGC | 05215 Bt Name [3mm v = il FDD [rom] MHAA 19.05000 3810000
WT | DB435 o |—1 Ucerter [ 1789 wima¥ SHGCO 000214 0.00508 0.0o7az2
= Wayers [ 2 sc| 06% SHGCT DEG430 077828 OIG9AI3
Area | 1.249 m2 SHGC | 0.B06 T wuTn |
. . WTO
Click the Detail button’to Edge area | 0303 m2 wic[ 074 R 0En0 L oty
display the SHGC,, WT1 08617 077322 0.E2311
SHGC4, VTo, VT, values |
I Mode: NFRC ST | U
Save fs... |

Figure 9-10. Window Library SHGC and VT values for the best glazing option, accessed from the Detail button.
Table 9-5. SHGCy, SHGC;1, VT and VT data for the best glazing option in this product line (Clear, Air, Low-E).

Dividers Dividers
i <25.4 mm, modeled at | > 25.4 mm, modeled at
No Dividers ’ ’
19.5 mm (£ 1.0”, 38.1 mm (> 1.5”, modeled
modeled at 0.75”) at 1.5”)
SHGC, 0.00214 0.00506 0.00782
SHGC; 0.86430 0.77828 0.69693
VTo 0.0 0.0 0.0
VT1 0.86217 0.77322 0.68911
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9.2 Problem 1: Vinyl Fixed Window 9. SAMPLE PROBLEMS

SHGC Calculation Using Equation 4-1 from NFRC 200

Equation 4-1 from NFRC 200 is used to calculate the whole product SHGC from the SHGCy, SHGC;, and
SHGCc:

SHGC = SHGC, + SHGCc (SHGC; - SHGCy)

Where:

SHGCc = center-of-glazing SHGC (calculated in the Glazing System Library of WINDOW for the
best glazing option)

SHGC, = total product SHGC values for a center-of-glazing SHGC of 0.0 (calculated in the
Window Library of WINDOW for the best glazing option)

SHGC, = total product SHGC values for a center-of-glazing SHGC of 1.0 (calculated in the
Window Library of WINDOW for the best glazing option)

SHGC = total product SHGC (calculated using Equation 4-1)

The SHGC data from Table 9-5 is used with Equation 4-1 to determine total product SHGC as follows:

Without Dividers:
SHGC = (0.00214 + 0.6067 (0.86430 - 0.00214)
= 0.5249
With Dividers <1” (25.4mm) - modeled at 0.75”:
SHGC =0.00506 + 0.6067 (0.77828 - 0.00506)
= 0.4730
With Dividers > 1” (25.4mm) modeled at 0.75”:
SHGC =0.00782 + 0.6067 (0.69693 - 0.00782)
= 0.4235
Table 9-6. Total product SHGC for the best glazing option (Clear, Air, Low-E).
SHGC
Dividers Dividers
<25.4 mm, modeled at | > 25.4 mm, modeled
19.5 mm (= 1.0”, at 38.1 mm (> 1.5”,
Glazing Option No Dividers modeled at 0.75”) modeled at 1.5”)
Clear, Air, Low-E 0.5249 0.4730 0.4235
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9. SAMPLE PROBLEMS

9.2 Problem 1: Vinyl Fixed Window

VT Calculation Using Equation 4-2 from NFRC 200

Equation 4-2 from NFRC 200 is used to calculate the whole product VT from the VTy, VT, and VTc:

VT =VTy+ VTc (VT1 - VTO)
Where:

Window

VIC = center-of-glazing VT (calculated in the Glazing System Library of WINDOW for the best
glazing option as “Tvis”)
V10 = total product VT values for a center-of-glazing VT of 0.0 (calculated in the Window
Library of WINDOW for the best glazing option)
VI1l= total product VT values for a center-of-glazing VT of 1.0 (calculated in the
Library of WINDOW for the best glazing option)
VT = total product VT (calculated using Equation 4-2)
The VT data from Table 9-5 is used with Equation 4-1 to determine total product VT as follows:
Without Dividers:
VT = 0.0 +0.7463 (0.86217 - 0.0)

0.6434

With Dividers <1” (25.4mm) - modeled at 0.75”:

VT = 0.0 +0.7463 (0.77322 - 0.0)
= 0.5771
With Dividers > 1”7 (25.4mm) modeled at 0.75":
VT = 0.0 + 0.7463 (0.68911 - 0.0)
= 0.5143

Table 9-7.. Total product VT for the best glazing option (Clear, Air, Low-E).

VT

Glazing Option

No Dividers

Dividers

< 25.4 mm, modeled
at 19.5 mm (£ 1.0”,
modeled at 0.75”)

Dividers

> 25.4 mm, modeled
at 38.1 mm (> 1.5”,
modeled at 1.5”)

Clear, Air, Low-E

0.6434

0.5771

0.5143
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9.2 Problem 1: Vinyl Fixed Window 9. SAMPLE PROBLEMS

9.2.7. Drawings Vinyl Fixed Window

The following pages contain detailed drawings for this window.

Head, Sill and Jamb

1000
L 0125
0482 ’\
0625
e |
r k
0375 0250
0%
0.250 J
0425 —f
0250 0500 —
1500 1,000 1.000 0500 —

0.250 r
0.500
1.000 F—— 0425 1.000

|

NI W o s
0250 0‘?—% W }— NS 05

= 0375 JL J’ 0315 1~

+0.250. ! 2250

Figure 9-11. Dimensioned drawing for the frame and stop.
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9. SAMPLE PROBLEMS 9.2 Problem 1: Vinyl Fixed Window

Spacer
4 umT 0080 — -
—1 3l "

1] ate ] [

1] N 0200

7

1] 00850

/ h I s

o
04280
0420
Figure 9-12. Dimensioned drawing for the spacer.
Divider

RO.0310
e

00310 —'f~ 09360  1.0000

A— 03500 —

Figure 9-13. Dimensioned drawing for the divider.
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9.3 Problem 2: Aluminum Horizontal Slider Window 9. SAMPLE PROBLEMS

9.3 Problem 2: Aluminum Horizontal Slider Window

For this aluminum horizontal slider window example, calculate the total product U-factor, SHGC, VT and the
specialty products table.

9.3.1. Description

Window Type
Owerall Size
Frame Material

Spacer type
Weather Strip
Cross Sections

Dividers

Glazing System

Spacer Type
Glazing Method

Dividers

Cross Sections

Horizontal Slider
Width = 1500mm; Height = 1200mm

Aluminum painted white. Thermal breaks as indicated in the drawing assembly. The
manufacturer indicated that the de-bridge width is 0.250" for all the cross sections.
Thermal break material is poured in place polyurethane.

See drawings in Section 9.3.7.

See drawings in Section 9.3.7.

Section 9.3.7 contains the drawings for this example.
Aluminum painted white. See drawing for dimensions.

Manufacturer provides standard 12" on center or less horizontal and vertical grid
pattern for his products.

”

Double glazing, 25.4 mm (1”) overall L.G. thickness. The manufacturer uses two different

glass suppliers depending on the market availability and price factor. The manufacturer

uses clear and Low-E coated glass from the same supplier.

= (Clear Glass: from PPG or CIG with nominal thickness of 3 mm, 4 mm, 5 mm, and
6mm

* Low-E Glass: from PPG (Sungate100) or CIG (LoE 145) with nominal thickness of 3
mm, 4 mm, 5 mm, and 6mm

Stainless steel spacer with PIB primary seal and silicone secondary seal.

PVC U-channel.

Aluminum grille pattern, painted white. See drawing in Section 9.3.7 for dimensions.
The manufacturer provides standard 12” on center or less horizontal and vertical grid
pattern for this product.

Based on the drawings and the glazing cavity thickness, the dividers do not need to be
modeled because the gap between the divider and the glass is greater than 3.0 mm
(0.1187).

See Section 9.3.7 for drawings of this product.
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9. SAMPLE PROBLEMS 9.3 Problem 2: Aluminum

Horizontal Slider Window

9.3.2. Glazing Matrix

The following table shows the glazing matrix that is to be simulated for this window. However, for this

example, only Glazing Option 1 will be modeled using CIG glass.

Table 9-8. Matrix of glazing options for the aluminum horizontal slider.

Glazing Options
25.4 mm (1.0”) overall thickness Grid Option Manufacturer
1 Clear (3mm), Argon (95%), Low-E (3mm) Not modeled* CIG
2 Clear (4mm), Argon (95%), Low-E (4mm) Not modeled* CIG
3 Clear (bmm), Argon (95%), Low-E (5mm) Not modeled* CIG
4 Clear (6mm), Argon (95%), Low-E (6mm) Not modeled* CIG
5 Clear (3mm), Argon (95%), Low-E (3mm) Not modeled* PPG
6 Clear (4mm), Argon (95%), Low-E (4mm) Not modeled* PPG
7 Clear (5mm), Argon (95%), Low-E (5mm) Not modeled* PPG
8 Clear (6mm), Argon (95%), Low-E (6mm) Not modeled* PPG

9.3.3. Center-of-glazing Modeling (WINDOW)

In WINDOW, create the glazing systems needed for the Glazing Matrix in Section 9.3.2. The figure below
shows the record for Glazing Option 1 in the Glazing System Library.
i Window Library (C:\Thermdoc', THERM 5 - WINDOW 5 NFRC Sim Manual -- 2005',5im Man Example Therm Files',s i ] 59
File Edit Libraries Record Tools Wew Help
DB $B@a SB[z v M|[B oN; OH* %k 2N
— Glazing System Library -
Calz [F9) | ID # |1 Mae: |3mm CIG :
Mew ﬂLayers:|2 ﬂ TiIt:I 1 :
oy | Environtientalf} FrC 100.2001 = :
Delete | Comment: I 1 2
Save | Owerall thickness:|25.34ﬂ i Mode: Iﬂ
Report | [T o | Name Mode] Thick |Fiig] Tsol [ Reoil | Rsolz | Tvis | Rvist [Rvis2 | T | E1 [ E2 [cond|  Comment
 Glass 119 2001 CLR-3.CIG g 30 [O|osde oovs 0076 0904 0082 0052 0.000 0840 0840 1.000
Gas1 v 10 Aigon95% 19.4 ARG=35
Glasz2 » 2016 E1453.01G # 30 (|0342 0258 0240 0497 0070 0136 0.000 0102 0840 1.000

Center of Glass Results | Temperature Data | Optical Datal Angular Data | Color Properties

Ufactar SC SHGC Rel Ht. Gain Twiz Keff
WK W2 Wik
.............. ey ) eSS e 2 [EE] DT
For Help, press F1 Mode: MFRC ﬁ MM v

Figure 9-14. WINDOW Glazing System Library for Glazing Option 1 of the aluminum slider window.
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9.3 Problem 2: Aluminum Horizontal Slider Window

9. SAMPLE PROBLEMS

The results for the center-of-glazing U-factor are shown in the following table:
Table 9-9. Center-of-glazing U-factor Results for Glazing Option 1 from WINDOW

Glazing Options

25.4 mm (1.0”) overall thickness

Center-of-glazing U-Factor

W/m?-°C BTU/hr-ft>-°F

1 Clear (3mm), Argon (95%), Low-E (3mm)

1.6219 0.2856

These glazing systems will be used in THERM to calculate the frame and edge-of-glazing U-factors, and also
in WINDOW to calculate the overall product U-factor.

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

There are seven cross-sections that must be modeled for this product, listed in the table below.

Table 9-10. Cross sections and files associated with the aluminum horizontal slider example.

Cross Section DXF Filename THERM Filename

Sill Vent Aluminum-Sill Vent.dxf SV_01.thm

Sill Fixed Aluminum-Sill Fixed.dxf SF_01.thm

Head Vent Aluminum-Head Vent.dxf HV_01.thm

Head Fixed Aluminum-Head Fixed.dxf HF_01.thm

Jamb Vent Aluminum-Jamb Vent.dxf JV_01.thm

Jamb Fixed Aluminum-Jamb Fixed.dxf JE_01.thm

Meeting Rail Aluminum-Meeting Rail.dxf MR_01.thm

Note: The sample THERM files for this example were modeled with Glazing Option 1 only. Spacer geometry
must be altered to accommodate the remaining glazing options.

Create THERM files for each cross section. The DXF files were not generated in a manner that would
facilitate the use of the AutoConvert function in THERM, but the underlay can be used to trace the cross
sections (see Chapter 5 “Drawing Cross Section Geometry” in the THERM User’s Manual).
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9. SAMPLE PROBLEMS

9.3 Problem 2: Aluminum Horizontal Slider Window

Table 9-11 shows the resulting U-factors for the vinyl frame and divider cross sections.

Table 9-11. THERM results for the vinyl window cross sections.

Frame U-Factor Edge U-Factor
Cross Section | W/m?-°C Btu/hr-f>°F | W/m?-°C Btu/hr-ft>-°F
Sill Vent 6.0714 1.0692 2.1744 0.3829
Sill Fixed 8.8507 1.5587 2.0555 0.3620
Head Vent 5.1152 0.9008 2.1201 0.3734
Head Fixed 7.1510 1.2594 2.0810 0.3665
Jamb Vent 5.3636 0.9446 2.1263 0.3745
Jamb Fixed 8.0835 1.4236 2.0694 0.3644
Meeting Rail 7.0959 1.2497 2.0267 0.3569

The figures on the following pages show THERM file cross sections and U-factor results for this window.
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9.3 Problem 2: Aluminum Horizontal Slider Window 9. SAMPLE PROBLEMS

Sill Vent
BC= Adiabatic
Cross Section Type = Sill U-factor tag = None
Gravity Vector = Down
—>

Gravity Yeckomd|

‘ BC= 3 mm CIG U-factor Inside Film

Radiation Model = AutoEnclosure
U-factor tag = None

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-factor tag = None

g

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-factor tag = SHGC Exterior

BC= Interior Aluminum Frame
(convection only)

Radiation Model = AutoEnclosure
U-factor taa = Frame

&
Y - adiabatic
U-factor tag = None
UFactors x|
U-factar delta T Lenath
W2 [ mm Raotation
SHEC Exterior |5.41 95 |39.D |9?5251 IQU.U IF'miected it Glasz Plane j
Frame [80714  [33.0 [g7.6252  [sa0D | Projected in Glass Plane = |
Edge M BT a5 [g0.0 | Proiected in Glass Plane x|
% Errar Ehelg_l,J Marm IW EHDDI[ |

Figure 9-15. THERM cross section and U-factor results for sill vent cross section.
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9. SAMPLE PROBLEMS 9.3 Problem 2: Aluminum Horizontal Slider Window

Sill Fixed
BC= Adiabatic
Cross Section Type = Sill U-factor tag = None
Gravity Vector = Down ¢—‘—¢
—>
(Gravity vectollE

‘ BC= 3 mm CIG U-factor Inside Film

Radiation Model = AutoEnclosure
U-factor tag = None

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-factor tag = None

<4

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

N

BC= Interior Aluminum Frame
(convection only)
Radiation Model = AutoEnclosure

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

Radiation Model = Blackbody
U-factor tag = SHGC Exterior

>

L BC= Adiabatic J

U-factor tag = None

u-ractors x|
|-factor delta T Length
W 2K [ mm Ratation
Frame [B.8507  [33.0 [g7.3204  |snp [ Projected in Glass Plane |~ |
SHGC Exterior IS.US'I 5 |39.U IS?.32U4 ISU.U IProie-:ted in Glazz Plane j
Edge x| |zoss5 380 25 fan.o [ Projected in Glass Plane |~ |
% Errar Energy Morm IW Expart |

Figure 9-16. THERM cross section and U-factor results for the sill fixed cross section.
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9.3 Problem 2: Aluminum Horizontal Slider Window 9. SAMPLE PROBLEMS

Jamb Vent

BC= Adiabatic
U-factor tag = None

"

—>

Cross Section Type = Jamb
Gravity Vector = Into the Screen

Gravity ¥ectarlEd|

@ BC= 3 mm CIG U-factor Inside Film

Radiation Model = AutoEnclosure
U-factor tag = None

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-factor tag = None

L

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

/|

BC= Interior Aluminum Frame
(convection only)

Radiation Model = AutoEnclosure
U-factor taa = Frame

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-factor tag = SHGC Exterior

r BC= Adiabatic P

U-factor tag = None

wracors x|
Ll-fackor delta T Length
W Am2-K C i R otatian
Frame [53636  [a40 [5a2a7a [a00 | Projected in Glass Plane x|
SHGC Exterior [5.7599  [2.0 |532378 [0 | Projected in Glass Plane x|
Edge ~|[z1283  [3a0  [eseses [a0o [ Projected in Glass Plane = |
% Errar Energy Maorm I 9.82% Export |

Figure 9-17. THERM cross section and U-factor results for the jamb vent cross section.
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9. SAMPLE PROBLEMS 9.3 Problem 2: Aluminum Horizontal Slider Window

Jamb Fixed

BC= Adiabatic
U-factor tag = None

Cross Section Type = Jamb

Gravity Vector = Into the Screen —» P—

Gravity ¥ec 5[

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-factor tag = None 4 —

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

v |

(convection only)

BC= Interior Aluminum Frame

BC= NFRC 100-2001 Exterior Radiation Model = AutoEnclosure

Radiation Model = Blackbody U-factor taa = Frame
U-factor tag = SHGC Exterior

% BC= Adiabatic A~

U-factor tag = None

vracors x|
Ll-factor delta T Length
wfdm2-K c i R otation
SHGE Exterior [24001  [350 X E | Projected in Glass Plane |~ |
Frame [8.0835  [33.0 [sa23ra [a0.0 | Proiected in Glass Plane x|
Edge | |zosas  [380 [54.6568  [a0.0 | Prajected in Glass Plane |7 |
% Emar Ehelg_l,J Marr IW EHDDI[ |

Figure 9-18. THERM cross section and U-factor results for jamb fixed cross section.
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9.3 Problem 2: Aluminum Horizontal Slider Window 9. SAMPLE PROBLEMS

Head Vent

BC= Adiabatic

N I; U-factor tag = None l/_

BC= Interior Aluminum Frame
(convection only)

Radiation Model = AutoEnclosure
U-factor taa = Frame

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-factor tag = SHGC Exterior

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure

Cross Section Type = Head U-factor tag = Edge

Gravity Vector = Down

Gravity vectoRlEd

84—

L

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-factor tag = None

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

"X
BC= Adiabatic
U-factor tag = None
X
Ul-factor delta T Length
wim2-K c mm R otation
Frame [51152  [330  [M02442 [300  [Frojected in Glass Plane ¥)
SHGC Exterior (54433 330  [70.2441 [300 [Piojected i Glass Plane v)
Edge R | EAFI EEIT [a5  |sop [ Projected in Glass Plane |~ |
% Errar Energy Marrm IW EHDDIt |

Figure -. THERM cross section and U-factor results for head vent cross section.
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9. SAMPLE PROBLEMS

9.3 Problem 2: Aluminum Horizontal Slider Window

Head Fixed

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-factor tag = SHGC Exterior

Cross Section Type = Head
Gravity Vector = Down

Gravity ¥ec EI

L

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-factor tag = None

>

BC= Adiabatic

\ & U-factor tag = None }‘(_

1

S

BC= Interior Aluminum Frame
(convection only)

Radiation Model = AutoEnclosure
U-factor tag = Frame

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC= Adiabatic
U-factor tag = None

x|

u-Factors
U-factar delta T Length
W2 C i Rotation
Frame |7.1510  [33.0 [702443  [a00 | Proiected in Glass Plane 7|
SHGC Exteriar I?.4590 |39.U I?U.2442 ISU.U IPrniected it Glazz Flane j
Edge i | X |635 EI | Praected in Glass Plane 7 |

3 Error Energy Nom I £.88%

Figure 9-20. THERM cross section and U-factor results for Head Fixed Cross Section.
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9.3 Problem 2: Aluminum Horizontal Slider Window 9. SAMPLE PROBLEMS

Meeting Rail

BC= Adiabatic

. . . . U-factor tag = None
Cross Section Type = Vertical Meeting Rail I 9

Gravity Vector = Down v v

Gravity Vectolpb:|
BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody

U-factor tag = None BC= 3 mm CIG U-factor Inside Film

Radiation Model = AutoEnclosure
U-factor tag = Edge

|

™ /

BC= Interior Aluminum Frame
(convection only)

Radiation Model = AutoEnclosure
U-factor taa = Frame

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-factor tag = SHGC Exterior

BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC= NFRC 100-2001 Exterior
Radiation Model = Blackbody

U-factor tag = None BC= 3 mm CIG U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC= Adiabatic
U-factor tag = None

X
U-factar delta T Lenath
W2 C i) Raotation
SHGE Exterior [7.3440 |39 [5a5427  [a0.0 | Proiected in Glass Plane x|
Frame [70953  [33.0  [48.3017 |00  |Puojectedin Glass Plane 7 |
Edge R B I [130177  [ann | Praiected in Glass Plane 7|
% Errar Energy Marm IW Export |

Figure 9-21. THERM cross section and U-factor results for Meeting Rail Cross Section.
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9. SAMPLE PROBLEMS 9.3 Problem 2: Aluminum Horizontal Slider Window

9.3.5. Total Product U-Factor
In WINDOW, import the THERM cross sections into the Frame Library.

ii Window Library {C:', Thermdoc', THERM 5 - WINDOW 5 NFRC Sim Manual -- 2005 Sim Man Example Therm File: O] x|
Fil= Edit Libraries Record Tools Wiew Help
Do se2aEE: « «»»|B=eon;: [O0#%) 28
: : Frame Library [C:AThemdoct THERM 5 - WIKDOW 5 MFRC Sim Manual -- 200545im 1=
Detailed V'Ewl tan Example Therm FileshAluminurn SliderAluminum Slider.mdb)
Update Frame Edge Edge Glazing
—I D Wi smuEs | e Urvalue Uvalue | Corelation | Thickness i A |Gl
New | W2k
LCopy | . ;
2 HY_O01.THM Therm  Head 5115 2120 Mda 254 702 030
Dekts | 3 JF_0THM Them  Jamb BOB4 2089 N/ xs sz on N
el 4 IV_OLTHM Therm | Jamb 534 2126 N 5.4 s2z2 0 [
[iD -] §  MR_D1.THM Therm  Veticsll 7095 | 2027 M x4 oz 0w [N
— §  SF_OT.THM Therm il BESl 2086 M w4 wz ow [N
7 SV_O1.THM Them Sl BO7I 2174 N xs  we o N
Advanced... | —
7 records found, |
Import |
Ezport |
Report |
Print | _I
For Help, press F1 Mode: MFR.C ’E TLIM v

Figure 9-22. THERM files imported into the Frame Library.

In WINDOW, create a record in the Window Library using the appropriate THERM files from the Frame
Library and glazing system from the Glazing System Library, as shown in the figure below.

Window Library {C:3Thermdoc) THERM 5 - WINDOW 5 NFRC Sim Manual -- 2005° - Ellil

File Edit Libraries Record Tools Wiew Help

DS 4 2B EE: 1 r|[E ©0;: OH % 2%

List D # |1 vl
Calc [F3) Name IAIum\num - 3mm CIG
MUdEINFHC -

Mew |

c | TypelHDliznnlaISlider hd ﬁ
0|

=2 Wn:llhl 1500 mm

_ Dot | Height | 1200 rom
e | area [ 7800 m2

HReport | Tilk I a0

Environmental Conditions
™ Dividers MFRC 100-2001 =

Dividers

Display mode:

Normal I

A

i~ Total Window Resul
| Click on a component to digplap characteristics below ‘

U-factar |2.92411 W /ma-k

Glazing Spstem
0.47033
e Detail. Name [3mm CIG =] |
WT |0.34853
D I 1 Ucenter | 1615 Wim2-K

CR 27 Detal. Niayers [ 2 sc[ oees

Aleal 0,493 m2 SHGC | (0554

Edgealeal 0.200 m2 wic [ 0.452 [

-
1| | 3

For Help, press Fi Mode: NFRC [50 [ [HOM 4

Figure 9-23. Window Library record for the aluminum horizontal slider.
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9.3 Problem 2: Aluminum Horizontal Slider Window 9. SAMPLE PROBLEMS

The table below shows the overall product U-factor from WINDOW for Glazing Option 1.

Table 9-12. Total product U-factor.

Glazing Options Total Product U-Factor
25.4 mm (1) overall thickness W/m2-°C Btu/hr-ft2-°F

1 Clear (3mm), Argon (95%), Low-E (3mm) 2.9241 0.5150

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

The methodology for determining the Solar Heat Gain Coefficient (SHGC) and Visible Transmittance (VT) for
products is outlined in NFRC 200 using values of SHGCp, SHGC;, VTo and VT;. These values are calculated in
WINDOW for the best glazing option modeled with the highest frame and edge U-factor frame, as outlined in
NFRC 200, Section 4.2.3 (A).

Since only Glazing Option 1 was modeled for this example, we will assume that it is the best glazing option
for the purpose of determining SHGC and VT values.

Using this procedure, display the results for the SHGCo, SHGC;, VT and VT for the best glazing option
(Clear, Air, Low-E), by clicking on the Detail button on the Window Library Detailed View screen, as shown
in the figure below. The SHGC and VT detail dialog box will show the SHGC and VT values for the
following three cases for this glazing option:

= No Dividers

= Dividers < 25.4 mm (modeled as 19.5 mm)

= Dividers > 25.4 mm (modeled as 38.1 mm)

i1 Window Library {C:\Thermdoc!, THERM 5 - WINDOW 5 NFRC Sim Manual — 20 —[O] x|

File Edit Libraries Record Tools View Help

CEH| % =B SB[z K4r M B €N; O %28

List D # |1 -
Calc [F9) Name IAIuminum - 3mm CIG
ModeINFHC -
ol
- TypelHDriznnla\Shdel hd ﬂ
0
= Widlhl 1500 mm
Delete Height | 1200 mm
Save drea [ 7800 m2

N

T

| Bl Ef

Beport Tilk I 30
Enwvironmental Conditions
MFRC 100-2001 5
Dividers
INDrmaI ‘l
r Total Window Resul z 7
| Click on a component to display characteristics below Mo Generic Generic
U-factor |2.82411 W/m2-K Dividers Dividers Dividers
sHaC [14msE [ >
o3 ity . . FOD [rm) Mds 19049333 33.093338
e : Click on the Detal SHGCO nomaez 0.015340 0.018533
e[ 2 pesi.| | putton to show the e : :
SHGCo, SHGC;, 0734081 0.702873 0.626357
VTo, VT values for IO 0000000 0.000000  0.000000
" the product I WT1 0770899 0636939 0.6O7S1S
(| |
For Help, press F1 Mode: WFRC 5T [ UM |

Figure 9-24. Window Library record for the best glazing option for the aluminum horizontal slider.
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9. SAMPLE PROBLEMS 9.3 Problem 2: Aluminum Horizontal Slider Window

Table 9-13. SHGCy, SHGCy, VT and VT, data for the best glazing option in this product line (Clear, Argon, Low-E)

Dividers .
<1” (25.4 mm) Dividers
o (modeled at >1”(25.4 mm)
No Dividers 0.75”) (modeled at 1.5”)

SHGCy 0.01318 0.01594 0.01854
SHGC; 0.78408 0.70288 0.62636
VTo 0.0 0.0 0.0
VT, 0.77090 0.68694 0.60782

SHGC Calculation Using Equation 4-1 from NFRC 200

Using Equation 4-1 from NFRC 200 and the data from Table 9-11, calculate the whole product SHGC from the
SHGCo, SHGC;, and SHGCc:

SHGC = SHGC, + SHGCc (SHGC; - SHGC)

Without Dividers:
SHGC = (0.01318 + 0.5947 (0.78408 - 0.01318)
= 0.4686
With Dividers <1” (25.4mm) - modeled at 0.75”:
SHGC = 0.01594 + 0.5947 (0.70288 - 0.01594)
= 0.4195
With Dividers > 1”7 (25.4mm) modeled at 0.75":
SHGC = (0.01854 + 0. 5947 (0.62636 - 0.01854)
= 0.3727
Table 9-14. Total product SHGC for the best glazing option (Clear, Argon, Low-E).
SHGC
Dividers Dividers
; ; i £ 25.4 mm, modeled | > 25.4 mm, modeled
Glazing Option No Dividers ’ ’
Zing Lptl i at19.5mm (£1.0”, | at 38.1 mm (> 1.5,
modeled at 0.75”) modeled at 1.5”)
Clear, Argon, Low-E 0.4686 0.4195 0.3727

VT Calculation Using Equation 4-2 from NFRC 200

Using Equation 4-2 from NFRC 200 and the data from Table 9-11, calculate the whole product VT from the
VTo, VT1, and VTC:

VT = VT + VTc (VT; - VTo)

Without Dividers:
VT = 0.0 +0.4521 (0.77090 - 0.0)
= 0.3485
With Dividers <1” (25.4mm) - modeled at 0.75”:
VT = 0.0 + 0.4521 (0.68694 - 0.0)
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9.3 Problem 2: Aluminum Horizontal Slider Window 9. SAMPLE PROBLEMS

= 0.3106
With Dividers > 1” (25.4mm) modeled at 0.75":
VT = (0.0 + 0.4521 (0.60782 - 0.0)
= 0.2748
Table 9-15. Total product VT for the best glazing option (Clear, Argon, Low-E).
VT
Dividers Dividers
£ 25.4 mm, modeled at | > 25.4 mm, modeled at
. . . 19.5 mm (£1.0”, 38.1 mm (>1.5”,
Glazing Option No Dividers | modeled at 0.75”) modeled at 1.5”)
Clear, Argon, Low-E 0.6434 0.5771 0.5143

9.3.7. Drawings for Aluminum Horizontal Slider

The following pages contain detailed drawings for this window.

Sill Vent

Figure 9-25. Dimensioned drawing for the sill vent cross section.
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9. SAMPLE PROBLEMS 9.3 Problem 2: Aluminum Horizontal Slider Window

Sill Fixed
1.000
- A A
A\
0.750
Figure 9-26. Dimensioned drawing for the sill fixed cross section.
Jamb Vent
1.000
4 ]- A A -I b
N

0.061

L
| ]

Figure 9-27. Dimensioned drawing for the jamb vent cross section.
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9.3 Problem 2: Aluminum Horizontal Slider Window 9. SAMPLE PROBLEMS

Jamb Fixed
1.000
£ = A A -+ F
0.750 oess T
0.385
| -
+ - 4 0.061
F :]\ ()
C
| 1L,
—J
0.675 I ‘
 m—
Figure 9-28. Dimensioned drawing for the jamb fixed cross section.
Head Vent

0.750 0658 |

o

Lo ]

1.000

Figure 9-29. Dimensioned drawing for the head vent cross section.
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9. SAMPLE PROBLEMS 9.3 Problem 2: Aluminum Horizontal Slider Window

Head Fixed
o)
1.268
'[ 1
0.385
0.750 0658 | é
e
1.000
Figure 9-30. Dimensioned drawing for the head fixed cross section.

Meeting Rail

1.269
T 0.;[85 é
0.750 osss |
| 8

1.000

Figure 9-31. Dimensioned drawing for the meeting rail cross section.
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9.3 Problem 2: Aluminum Horizontal Slider Window 9. SAMPLE PROBLEMS

Spacer
0.7600
0.0750 | 0415 | [ 0.0800
0.0770 JJ f
0.3300 }
0.2500
0.1000 —
01724
Figure 9-32. Dimensioned drawing for the spacer.
Divider

00310 —.

;
g

A— 02880 —r

0.3500

Figure 9-33. Dimensioned drawing for the divider.
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9. SAMPLE PROBLEMS 9.4 Problem 3: Skylight

9.4 Problem 3: Skylight

9.4.1. Description

Window Type Skylight.
Overall Size Width = 1200 mm; Height = 1200 mm
Frame Material Wood.

Glazing System  Double glazing, 17.0 mm (0.669”) overall I.G. thickness. Both the inboard and outboard
lites are generic 3 mm clear glass. The glazing cavity is air filled.

Spacer Type Aluminum folded spacer.

Glazing Method ~ Butyl rubber sealant.

Dividers N/A

Cross Sections See Section 9.4.7 for drawings of this product.

9.4.2. Glazing Matrix

The following table shows the glazing matrix that is to be simulated for the skylight.

Table 9-16. Matrix of glazing options for the skylight.

Glazing Options
17 mm (0.669”) overall thickness Grid Option Manufacturer

1 Clear (3mm), Air, Clear (3mm) N/A Generic
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9.4 Problem 3: Skylight 9. SAMPLE PROBLEMS

9.4.3. Center-of-glazing Modeling (WINDOW)

In WINDOW, create a record for the glazing system using generic 3 mm clear glass for both lites and a 10.9
mm (0.429”) air space (air filled). Make sure to set the “Tilt” to 20°.

The following figure shows the WINDOW Glazing System Library for this glazing system.

i W5 - Glazing System Library (C:' Thermdoc’, THERM 5 - WINDOW 5 NFRC Sim Manual -- Z005%,Sim Ma - |EI|£|
Eile Edit Libraries Record Tools Miew Help
DS H Y BR@|&E: < r[B - e[n; O# 2R
— Glazing System Library A
List |
Cale [F9) | D 31;'1 Name:|3mm Generic
Mew | #La_l,lers:IZ ﬂ TiIt:I 0"
Enviranmertal
Copy | Coreftane | NFRC 100-2001 =l 1 )
Delete | Comment:l
Save | Dvelallthickness:l‘l?.DDU mm Mode:l#
Report | [ [ | Name Made] Thick [Flig] Tsol | Rsoll | Rsol2 | Tvis | Rvist [Fwis2 | Ti [ E1 | E2 [ Cond |
Glazz1 ¥ 102  CLEAR_3.DAT # 20 [O|os4 0079 0075 0893 0083 0083 0000 0840 0840 1.000
Gaz1 ¥ 1 Air 109
Glazz 2 ¥ 102 CLEAR_3IDAT # 30 [J]os34 0075 0075 0899 0083 0083 0000 0840 0840 1.000
| | »
Center of Glazs Results | Temperature Datal Optical Data AngularDataI Calor Propertiesl
factor sC 5SHGC Rel Ht. Gain Twis Keff
2K b A2 -k, fo
322848 087935 076230 5r7a.0 081427 0.0730
For Help, press F1 Mode: MFR.C E LM v

Figure 9-34. WINDOW Glazing System Library for the skylight.

The results for the center-of-glazing U-factor are shown in the following table.

Table 9-17. Center-of-glazing U-factor results from WINDOW

Glazing Options Center-of-glazing U-Factor
17 mm (0.669”) overall thickness W/mZ2-°C BTU/hr-f2-°F
1 Clear (3 mm), Air, Clear (3 mm) 3.2285 0.5686

This glazing system will be used in THERM to calculate the frame and edge-of-glazing U-factors, and also in
WINDOW to calculate the overall product U-factor.
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9. SAMPLE PROBLEMS

9.4 Problem 3: Skylight

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

Skylights are modeled in the same manner as other window products - with separate THERM files for the

sill, head, jamb, and so forth. See Section 8-5 of this manual for detailed instructions on modeling skylights.
For this example, we will assume that the skylight is flush-mounted.

The following table shows the files for this example.

Table 9-18. Files associated with the skylight example.

Cross Section DXF Filename THERM Filename
Sill Skylight-Frame.dxf SL.thm

Head Skylight-Frame.dxf HD.thm

Jamb Skylight-Frame.dxf JB.thm

The table below shows the resulting U-factors for the skylight cross sections.

Table 9-19. THERM results for the skylight cross sections.

Frame U-Factor

Edge U-Factor

Cross Section | W/m?-°C Btu/hr-ft*>-°F Wim?-°c Btu/hr-ft*>-°F
Sill 4.7604 0.8383 3.5507 0.6253
Head 4.7955 0.8445 3.5527 0.6257
Jamb 4.8282 0.8503 3.5455 0.6244

The figures on the following pages show the THERM cross sections and U-factor results for this window.
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9.4 Problem 3: Skylight 9. SAMPLE PROBLEMS

Head

Gravity VectRlEd| Skylight Head

L

Modeling Assumptions:

Cross Section Type = Head
Gravity Arrow = Down
Glazing System = Down

File Rotation = 70° Clockwise

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = None

o BC = 3 mm Generic U-factor
BC = Adiabatic Inside Film

U-Factor Surface tag = None Radiation Model = AutoEnclosure
U-Factor Surface tag = Edge

BC = 3 mm Generic U-factor

BC = Adiabatic
U-Factor Surface tag = None

Inside Film BC = Interior Wood/Vinyl Frame
Radiation Model = AutoEnclosure (convection only)
U-Factor Surface tag = None Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame
Uractors x|
U-factar delta T Lenath
-k c i R otation
Frame [47985  [33.0 [4300m {200 |Projected in Glass Plane 7 |
SHGE Exterior [51478  [330 [455853  [20D | Projected in Glass Plane = |
Edge B T a5 200 | Proiected in Glass Plane x|

% Ermor Energy Marm I TS Export |

Figure 9-35. THERM cross section and U-factor results for the head cross section.
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9. SAMPLE PROBLEMS 9.4 Problem 3: Skylight

Sill

BC = Adiabatic
U-Factor Surface tag = None

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = None

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

BC = 3 mm Generic U-factor
Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = None

BC = 3 mm Generic U-factor
Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = Edge

Gravity Yectorkd |

BC = Interior Wood/Vinyl Frame

(convection only)
Radiation Model = AutoEnclosure

U-Factor Surface tag = Frame

Skylight Sill

Modeling Assumptions:

=  Cross Section Type = Sill
=  Gravity Arrow = Down

=  Glazing System = Up

. i File Rotation = 70° Clockwise
BC = Adiabatic

U-Factor Surface tag = None

wractars x|
Ul-factor delta T Length
WimZ-K c i R otatioh
Frame [4.7604  [39.0 [43.0003  [20.0 | Projected in Glass Plane |~ |
SHGC Exterior |5.1 097 |39.D |43.5354 IEU.D IProiected in Glazz Flane j
Edge | [aB507  [33.0 [a5  |zop [ Projected in Glass Plane |~ |
% Ermor Ene[g}, Marm IW E:,:por[ | ,

Figure 9-36. THERM cross section and U-factor results for the sill cross section.
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9.4 Problem 3: Skylight

9. SAMPLE PROBLEMS

Jamb

BC = Adiabatic
U-Factor Surface tag = None

O

> g —]

BC = 3 mm Generic U-factor
Inside Film

U-Factor Surface tag = None

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = None

4

BC = 3 mm Generic U-factor
Inside Film

U-Factor Surface tag = Edge

Radiation Model = AutoEnclosure

Radiation Model = AutoEnclosure

Skylight Jamb

Modeling Assumptions:

Cross Section Type = Jamb
Gravity Arrow = Into the Screen
Glazing System = Up

File Rotation = None

BC = Interior Wood/Vinyl Frame

/

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

1

(convection only)
Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

<«

BC = Adiabatic
U-Factor Surface tag = None
|
U-factar delta T Length
Wima-K (= i Rotation
Frame (48282 [330  |430002 (300  |Projected in Glass Flane 7]
SHGC Exterior 51695 [330 |485853  [a0.0 | Projected in Glass Plane x|
Edge ) S T |35 Ja00 | Proiected in Glass Plane 7|

% Enror Energy Morm I 7.30%

Export |

Figure 9-37. THERM cross section and U-factor results for the jamb cross section.
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9. SAMPLE PROBLEMS 9.4 Problem 3: Skylight

9.4.5. Total Product U-Factor
In WINDOW, import the THERM cross sections into the Frame Library.

i1 Frame Library (C: Thermdoc', THERM 5 - WINDOW 5 NFRC Sim Manual -- 2005',Sim Man Example Therm Files',S — |Ellﬂ

File Edit Libraries Record Tools Wiew Help

Do f2nEE: ««rr[Bael: O0H%|?W

- - Frame Library [C:AThermdoch THERM 5 - WINDOW 5 MFRC Sim Manual - 200545im
Detailed View tdan Example Therm FileshSkylights--Chapter 345 kylight mdb]

| v

[Detiedvien]
ﬂl 1D e i | Ty UFETUEE LllzvdagISe Eol;:rgfa?ion TEilslf::a!;s [Fid s | Doty
MNew whimZ-K | A2k
oo | 2 Them Jamb 4828 3546 N/ B9 430 o030 [
Delste | | 3 sLTHM Them Sl 4.760 3861 N/ 16.9 a0 o3 [
~Find

=]
[l

[

Advanced...

3 records found.

Import
Ezport

Bepart

il

FErrirt

=l
Far Help, press F1 Mode: MFRC  [SI [ [wOm 4

Figure 9-38. WINDOW Frame Library.

i Window Library {C:\ Thermdoc', THERM 5 - WINDDW 5 NFRC Sim Manual - 20054, - |E||1|
File Edit Libraries Record Tools Wiew Help

DSH| s BR&S EH: Car (B o0 OH %|2N
List 10 # |1 'l

Calc [F9) MName |Skylight - 3mm Generic

Mode INFF!C 'l
New
Type [Skylcht =] ]

Width | 1200 mm

|»

il

Copy

Delete Height w o

Save Area| 1.440 m2
Beport Tilt I 20

Environmental Conditions
MFRC 100-2001 A

[

Dividers

o
I3

=

2
2
2
(=
o

I Mormal A I

— Total Window Result

U-factor IS.SDBB? Wmz2-K,

SHGE [16E045

vT [o70174 Detal..
CR |—3s Ml

Click on a component to display characteristics below

-
1 | 3

For Help, press F1 Mode: NFRC (ST [ [NUM 4

Figure 9-39. Window Library record for the skylight.
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9.4 Problem 3: Skylight 9. SAMPLE PROBLEMS

Table 9-20. Total product U-factors.

Glazing Options Total Product U-Factor

17 mm (0.669”) overall thickness W/m2-°C Btu/hr-f2-°F

1 Clear, Air, Clear 3.5064 0.6175

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

The methodology for determining the Solar Heat Gain Coefficient (SHGC) and Visible Transmittance (VT) for
products is outlined in NFRC 200 using values of SHGCo, SHGC;, VTo and VTi. These values are calculated
in WINDOW for the best glazing option modeled with the highest frame and edge U-factor frame, as outlined
in NFRC 200, Section 4.2.3 (A).

Display the results for the SHGCyp, SHGC;, VTp and VT for the best glazing option (Clear, Air, Clear), as
shown in Figure 9-40.

i1 Window Library {C:\ Thermdoc!, THERM 5 - WINDDW 5 NFRC Sim Manual - 2005 [ 3]

File Edit Libraries Record Tools Wiew Help

DSH| $B@ S E: « r M@ e0: OH# % 2N
List 10 4 |1 'l

Calc [F9) Mame |Skylight - 3mm Generic
Mode INFHE A l
Type ISkyIight - l ﬂ

Copy — :
widkh [ 1200 mm Best Glazing
Delete Height | 1200 mm Option

Save Area| 1.440 m2
Beport Tilt I 20

Environmental Conditions

I WFRC 100-2001 = l

| v

H

@

A

Ndddads

Dividers
INormaI 'l
— Tatal Window Results I: Mo Generic Generic
|-factor lm WA Dividers ‘ Dividers Dividers
SHGC |0BE04G Dot | PDD () M/ 19049999 38.099998
etai... » - |
w1 [070174 SHGCD 0002964 0005802 0.008489
tR[ 3% Detal. | SHGCA 0864766 0791448 0702517
. . WTO 0000000 0000000 0.000000
Click the Detail YT 0861802 0775647 0694027
button to display the - | - : :
———— SHGC,, SHGC,,
/ VTa. VT1 values. — DK| m
For Help, press F1

Fiqure 9-40. Window Library record for the best glazing option.
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9. SAMPLE PROBLEMS

9.4 Problem 3: Skylight

Table 9-21. SHGCy, SHGC1, VT and VT;data for the best glazing option in this product line (Clear, Air, Clear)

Dividers Dividers
<1” (25.4 mm) >1” (25.4 mm)
No Dividers (modeled at 0.75”) (modeled at 1.5”)
SHGCy 0.00296 0.00580 0.00849
SHGC,; 0.86477 0.78145 0.70252
VTy 0.0 0.0 0.0
VT, 0.86180 0.77565 0.69403

SHGC Calculation Using Equation 4-1 from NFRC 200
Using Equation 4-1 from NFRC 200 and the data from Table 9-21, calculate the whole product SHGC from the

0.01318)

0.00580)

SHGC,, SHGCy, and SHGCc:
SHGC = SHGCy + SHGCc (SHGC; - SHGCy)
Without Dividers:
SHGC = 0.01318 + 0.7629 (0.86477 -
= 0.6609
With Dividers <1” (25.4mm) - modeled at 0.75”:
SHGC = 0.00580 + 0.7629 (0.78145 -
= 0.5962

With Dividers > 17 (25.4mm) modeled at 0.75”:
SHGC = 0.00849 + 0. 7629 (0.70252 - 0.00849)
= 0.5354

Table 9-22. Total product SHGC for the best glazing option (Clear, Air, Clear).

SHGC
Dividers Dividers
<1” (25.4 mm) >1” (25.4 mm)
Glazing Option No Dividers (modeled at 0.75”) (modeled at 1.5”)
Clear, Air, Clear 0.6609 0.5962 0.5354
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9.4 Problem 3: Skylight

9. SAMPLE PROBLEMS

VT Calculation Using Equation 4-2 from NFRC 200
Using Equation 4-2 from NFRC 200 and the data from Table 9-21, calculate the whole product VT from the

VTo, VT1, and VTc:
VT = VT + VTc (VT - Vo)
Without Dividers:
VT = 0.0 + 0.8143 (0.86180 - 0.0)

With Dividers <1” (25.4mm) - modeled at 0.75”:

VT

0.7018

= 0.0 + 0. 8143 (0.77565 - 0.0)

= 0.6316

With Dividers > 1” (25.4mm) modeled at 0.75":

VT = 0.0+ 0. 8143 (0.69403 - 0.0)
= (0.5651
Table 9-23. Total product VT for the best glazing option (Clear, Air, Clear).
VT
Dividers Dividers
<1”(25.4 mm) >1” (25.4 mm)
Glazing Option No Dividers (modeled at 0.75”) (modeled at 1.5”)
Clear, Air, Clear 0.7018 0.6316 0.5651
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9. SAMPLE PROBLEMS

9.4 Problem 3: Skylight

9.4.7. Skylight Drawings.

The following are detailed drawings for the skylight.

Head, Sill and Jamb

2989
1859 1130
0.264
5 J T
|‘ 03%
|
0.568 0.708 *
1; 0472 — 0315
0.187 = 0335 4 0634 1683
1813 ’
0.984 b 0426
\_\K 0406
0.181 Al
028
—,
r
2364

Figure 9-41. Dimensioned drawing for the frame.

Spacer

0428

— 0191 ﬂlf 0008 —4t-
[ — —T

0.163 o33

10°

= 0.102 J‘-—- 0213 --1{ 0.088 =

0413

Figure 9-42. Dimensioned drawing for the spacer.
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9.5 Problem 4: Door 9. SAMPLE PROBLEMS

9.5 Problem 4: Door
For this wood stile and rail door, calculate the U-factor, SHGC and VT.

9.5.1. Description

Door Type Wood stile-and-rail door.
Overall Size Width = 1000 mm; Height = 2000 mm
Frame Material Wood with a thermal-break aluminum sill.

Glazing System  Double glazing, 12.7 mm (0.5”) overall IG thickness. There are four glass options, all
with two layers of 3 mm (0.129”) PPG glass.

Spacer Type Intercept spacer with butyl sealant on three sides.
Glazing Tape Wet glazed with silicone (on both sides).

Dividers N/A

Cross Sections See Section 9.5.7 for drawings of this product.

9.5.2. Glazing Matrix

The table below shows the glazing matrix that is to be simulated for the door.

Table 9-24. Matrix of glazing options for the door.

Glazing Options
12.7 mm (0.5”) overall thickness Grid Option Manufacturer
1 Clear (3mm), Air, Clear (3mm) N/A PPG
2 Clear (3mm), Argon (95%), Clear (3mm) N/A PPG
3 Low-E (3mm), Air, Clear (3mm) N/A PPG
4 Low-E (3mm), Argon (95%), Clear (3mm) N/A PPG
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9. SAMPLE PROBLEMS

9.5 Problem 4: Door

9.5.3. Center-of-Glazing Modeling (WINDOW)

In WINDOW, create four records for the glazing systems described in the glazing matrix.

The figure below shows the WINDOW Glazing System Library for this glazing system.

i1 Glazing System Library (C:3 Thermdoc, THERM 5 - WINDDW 5 NFRC Sim Manual -- 2005',5im Man Example T| - |EI|5|
File Edit Libraries Record Tools Wew Help
CeH|s=nEE: « « » B = e[n; OH%|?W
- - Glazing System Library [C:AThermdoch THERM 5 - WINDOW 5 MFRC Sim M anual - =
Detailed View| | 20054Sim Man E xample Therm Files\Doors\Doar. mdb)
Cale # of . E rvironmental Owerall X
D Mame [ Mode | Tilt Conditions Feff Thickness Ual SHGC 5C Twis

Coy " " "
=i 3 mm Clear_Argon_Clear

2
Delete k]
Find————— 4
1D

3 mm Low-e_air_Clear

duuld

SRS N -

3 mrn Low-e_Argon_Clear

4

Advanced...

[

4 records found.
Irnport

E xport

i

Repart

Print

1]

W ek

WNFRC 100-2001 nome 1275

MFRC 100-200 : 3 0.867
MFRE 100-2001 0.036 1275 2.879 0.753 0.868
WFRC 100-200 0.025 12.75 2336 0.338 0.459

0392 0.453

For Help, press F1

3
[
Mode: WFRC [SL [ [ [

Figure 9-43. WINDOW Glazing System Library for the door.

The results for the center-of-glazing U-factors are shown in Table 9-35.

Table 9-25. Center-of-glazing U-factor results from WINDOW.

Glazing Options Center-of-glazing U-Factor

12.7 mm (0.5”) overall thickness W/m2-°C BTU/hr-f2-°F
1 Clear (3mm), Air, Clear (3mm) 3.1369 0.5524
2 Clear (3mm), Argon (95%), Clear (3mm) 2.8795 0.5071
3 Low-E (3mm), Air, Clear (3mm) 2.3358 0.4113
4 Low-E (3mm), Argon (95%), Clear (3mm) 1.8778 0.3307

These U-factors will be used with the edge-of-glazing and frame values from THERM to calculate the overall
U-factor for the door in Section 9.5.6 (note that four significant digits have been included as these values will
be entered into a spreadsheet in order to calculate overall U-factors).

THERMS5.2/WINDOWS5.2 NFRC Simulation

July 2006

9-47



9.5 Problem 4: Door 9. SAMPLE PROBLEMS

9.5.4. Edge-of-glazing and Frame Modeling for U-Factor (THERM)

There are a minimum of six and a maximum of ten cross sections that must be modeled for an entry door
system:

= Head

= Lock Jamb
* Hinge Jamb
= Sill

= Panel Edge

= Panel Core

= Door Core

=  Door Lite Head
=  Door Lite Sill

=  Door Lite Jamb

The door in this example has identical cross sections for both jambs, so only one jamb model will be required.
The door core model has been added to the head model, and the panel core model has been added to the
panel edge model.

Some simulations required additional lites to be modeled for each door lite cross section (head, sill and jamb)
- one for each glass option. To generate the additional glazing options, a “base” file for each Door Lite cross
section has been created using Glazing Option 1. As shown in Figure 9-44, add the remaining options in the
Glazing System Options dialog box. When the base file is simulated, the additional door lite options will be
automatically created.

Windowb does not recognize any U-factor surface tags other than “Edge”, “Frame”, or “None”. If you import
door THERM files into WINDOW with U-factor surface tags on the interior boundaries other than those
values, the WINDOW fields will not be correct. If you intend to import these files into WINDOW use only the
“Edge”, “Frame”, or “None” U-factor surface tags for the THERM file interior boundary surfaces. Because of
this, as well as the fact that WINDOW can not area-weight the opaque portions of the door models, total
product values must be manually calculated externally, by inputting the center-of-glazing results from
WINDOW and the frame and edge results from THERM into a spreadsheet.

The table below shows the files for this example.
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9. SAMPLE PROBLEMS

9.5 Problem 4: Door

Table 9-26. Files associated with the door example.

Cross Section

DXF Filename

THERM Filename

Head Door-Frame.dxf HD.thm
Lock & Hinge Jambs Door-Frame.dxf JB.thm

Sill Door-Sill.dxf SL.thm
Panel Edge Door-Panel Edge.dxf PE.thm
Door Lite Sill Base Case Door-Lite.dxf LT-SL.thm
Door Lite Head Base Case Door-Lite.dxf LT-HD.thm
Door Lite Jamb Base Case Door-Lite.dxf LT-JB.thm

Door Lite Sill Option 1 LT-SL_001.thm
Door Lite Head Option 1 LT-HD_001.thm
Door Lite Jamb Option 1 LT-JB_001.thm
Door Lite Sill Option 2 LT-SL _002.thm
Door Lite Head Option 2 LT-HD_002.thm
Door Lite Jamb Option 2 LT-JB_002.thm
Door Lite Sill Option 3 LT-SL_003.thm
Door Lite Head Option 3 LT-HD_003.thm
Door Lite Jamb Option 3 LT-JB_003.thm
Door Lite Sill Option 4 LT-SL_004.thm
Door Lite Head Option 4 LT-HD_004.thm
Door Lite Jamb Option 4 LT-JB_004.thm

Glazing System Options

Base Glazing System:
I 1 3mm Clear_&ir_Clear

“wihen simulating, sach of the following Canesl |

dlazing systems will be uzed to create a
geparate simulation with the zame frame
QEamEtmy.

¢

Ok ¢
2 3 mm Clear_Argon_Clear Add
33 mm Low-e_air_Clear ’_I

4 3 mmn Low-e_Argon_Clear Remove.

Dpen |

Name the Therm files based an: ¢ Glazing system name
% Glazing system D

E=ample: |LTJUW thm

Figure 9-44. Glazing System Options for Lite.thm.
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9.5 Problem 4: Door

9. SAMPLE PROBLEMS

Table 9-27 shows the resulting U-factors for the door cross section.

Table 9-27. THERM results for the door cross sections.

Frame U-Factor Edge U-Factor
Cross Section W/m*°C | BTU/hrft>°F | W/m?°C | BTU/hr-ft"-°F

Head 2.0449 0.3417 N/A N/A
Jamb 1.9840 0.3494 N/A N/A
Sill 2.3649 0.4165 N/A N/A
Door Core (HD.thm) 2.0449 0.3601 N/A N/A
Panel Edge 2.7580 0.4857 N/A N/A
Panel Core (PE.thm) 2.5888 0.4559 N/A N/A
Door Lite Sill Option 1 2.8372 0.4997 3.2705 0.5760
Door Lite Sill Option 2 2.8212 0.4968 3.0615 0.5392
Door Lite Sill Option 3 2.7906 0.4915 2.6284 0.4629
Door Lite Sill Option 4 2.7671 0.4873 2.2719 0.4001
Door Lite Head Option 1 2.8379 0.4998 3.2703 0.5759
Door Lite Head Option 2 2.8221 0.4970 3.0612 0.5391
Door Lite Head Option 3 2.7915 0.4916 2.6281 0.4628
Door Lite Head Option 4 2.7679 0.4875 2.2716 0.4001
Door Lite Jamb Option 1 2.8409 0.5003 3.2702 0.5759
Door Lite Jamb Option 2 2.8242 0.4974 3.0612 0.5391
Door Lite Jamb Option 3 2.7936 0.4920 2.6281 0.4628
Door Lite Jamb Option 4 2.7699 0.4878 2.2716 0.4001
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

The following table shows the dimensions of the frame and edge portions of each cross section. These
dimensions will be used later to determine total product U-factors.

Table 9-28. Frame and Edge dimensions.

Frame Height Edge Height
Cross Section mm inch mm inch

Head 22.225 0.875 63.500 2.500
Jamb 22.225 0.875 63.500 2.500
Sill 39.696 1.563 63.500 2.500
Door Core N/A N/A N/A N/A
Panel Edge 25.400 1.000 76.597 3.016
Panel Core N/A N/A N/A N/A
Door Lite 42.063 1.656 63.500 2.500

The figures on the following pages show the THERM cross sections and U-factor results for this window.
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9.5 Problem 4: Door

9. SAMPLE PROBLEMS

Sill

R

Modeling Assumptions
= Cross Section = Sill

= Gravity Arrow = Down

BC = Adiabatic
U-Factor Surface tag = None

|
!

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

63.3 mm

BC = Adiabatic

U-Facktors

v

BC = Interior Wood/Vinyl Frame
(convection only)

Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

U-Factor Surface tag = None

Figure 9-45. THERM cross section and U-factor results for the sill cross section.
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

Jamb

Gravity Yectop E

Modeling Assumptions:

=  Cross Section = Jamb

= Gravity Arrow = Into the
screen

BC = Adiabatic
U-Factor Surface tag = None

! 1

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

BC = Interior Wood/Vinyl Frame
(convection only)

Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

T BC = Adiabatic

U-Factor Surface tag = None

U-Factors

Figure 9-46. THERM cross section and U-factor results for the jamb cross section.
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9.5 Problem 4: Door 9. SAMPLE PROBLEMS

Head

Modeling Assumptions:
= Cross Section = Head
= Gravity Arrow = Down

BC = Adiabatic
U-Factor Surface tag = None

(convection only)

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

(convection only)

v

BC = Adiabatic
U-Factor Surface tag = None

U-Fackors E

Projected v A

Figure 9-47. THERM cross section and U-factor results for the head cross section.

Gravity ¥eckor

BC = Interior Wood/Vinyl Frame

Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

BC = Interior Wood/Vinyl Frame

Radiation Model = AutoEnclosure
U-Factor Surface tag = Door Core
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

Panel Edge

BC = Adiabatic
U-Factor Surface tag = None

|
|

Gravity ¥eckor l

—>

Modeling Assumptions:
= Cross Section = Sill
=  Gravity Arrow = Down

BC = Interior Wood/Vinyl Frame
(convection only)

Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

BC = Interior Wood/Vinyl Frame
(convection only)

Radiation Model = AutoEnclosure
U-Factor Surface tag = Panel Core

BC = Adiabatic
U-Factor Surface tag = None

U-Fackors

Figure 9-48. THERM cross section and U-factor results for the panel edge cross section.

THERMS5.2/WINDOWS5.2 NFRC Simulation July 2006 9-55



9.5 Problem 4: Door

9. SAMPLE PROBLEMS

Door Lite -- Sill

BC = Adiabatic
U-Factor Surface tag = None

3

Modeling Assumptions:
= Cross Section = Sill
=  Gravity Arrow = Down

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = None

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

d
<«

BC = 3 mm Clear-Air-Clear U-
factor Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = None

»E———

BC = 3 mm Clear-Air-Clear U-
factor Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = Edge

BC = Interior Wood/Vinyl Frame
(convection only)

Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

.

L* |

BC = Adiabatic
U-Factor Surface tag = None

X
U-factar delta T Length
W 2K c mri R otation
Frame [28372  [33.0 [42m824  Jsnp | Praiected in Glass Plane |~ |
SHGC Exterior [26078  [35.0 [420824  |snD [ Projected in Glass Plane |~ |
Edge R N EE T 625 jao0 | Projected in Glass Plane |~ |
% Error Energy Marm IW Export |

Figure 9-49. THERM cross section and U-factor results for the door lite cross section.
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9. SAMPLE PROBLEMS

9.5 Problem 4: Door

Door Lite -- Head

Gravity Yectomkd|

L

Modeling Assumptions:
=  Cross Section = Head
=  Gravity Arrow = Down

BC = Adiabatic
U-Factor Surface tag = None
I

—

o

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody

U-Factor Surface tag = None BC = Interior Wood/Vinyl Frame

(convection only)
Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

BC = 3 mm Clear-Air-Clear U-
factor Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = Edge

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody

U-Factor Surface tag = SHGC Exterior ?

BC = 3 mm Clear-Air-Clear U-
factor Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = None

—> -
BC = Adiabatic
U-Factor Surface tag = None
X
U-factar delta T Length
W 2K c mri R otation
Frame [28372  [33.0 [42m824  Jsnp | Praiected in Glass Plane |~ |
SHGC Exterior [26078  [35.0 [420824  |snD [ Projected in Glass Plane |~ |
Edge R N EE T 625 jao0 | Projected in Glass Plane |~ |

Expart |

% Enmrar Energy Mo I 5.90%

Figure 9-50. THERM cross section and U-factor results for the door lite cross section.
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9.5 Problem 4: Door 9. SAMPLE PROBLEMS

Door Lite -- Jamb

BC = Adiabatic
U-Factor Surface tag = None
I

Gravity ¥ec ll

&

Modeling Assumptions:

= Cross Section = Jamb

= Gravity Arrow = Into
the screen

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = None

BC = NFRC 100-2001 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

<
<

BC = 3 mm Clear-Air-Clear U-
factor Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = None

pE——

BC = 3 mm Clear-Air-Clear U-
factor Inside Film

Radiation Model = AutoEnclosure
U-Factor Surface tag = Edge

BC = Interior Wood/Vinyl Frame
(convection only)

Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

|

L* |

BC = Adiabatic
U-Factor Surface tag = None

X
U-factar delta T Length
W 2K c mri R otation
Frame [28372  [33.0 [42m824  Jsnp | Praiected in Glass Plane |~ |
SHGC Exterior [26078  [35.0 [420824  |snD [ Projected in Glass Plane |~ |
Edge R N EE T 625 jao0 | Projected in Glass Plane |~ |
% Errar Energy Marm I 5.90% E=part |

Figure 9-51. THERM cross section and U-factor results for the door lite cross section.
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

9.5.5. Total Product U-Factor, SHGC and VT

Total product U-factor, SHGC and VT values for door products cannot be calculated in the same manner as
window and skylight products. Because WINDOW cannot area-weight the opaque portions of the door
models, and cannot read the results from THERM files with tags other than “Frame”, “Edge” or “None”, total
product values must be manually calculated outside of WINDOW, by inputting the center-of-glazing results
from WINDOW and the frame and edge results from THERM into a spreadsheet. The spreadsheet calculation

is outside the scope of this manual, and is therefore not included in this example.

9.5.6. Wood Stile and Rail Door Drawings.

The following pages contain detailed drawings for this door.
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9.5 Problem 4: Door 9. SAMPLE PROBLEMS

Half-Panel with Glass Layout

3
44— 27DAYLIGHT —— 8

o
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<
<I @
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mE @

5 L]

i
©
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+ 4500 4 2
-

—

I
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o

[a]

+ 4500 |+ +| 4500 %

Figure 9-52. Half-Panel with Glass Layout.
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

Half-Panel with Glass Section

T 4563 ]
+ >
12 HEAD JAMB )
J AU
ofE 0125
s 4500 HEAD TO SLAB
QDS-650 SEAL 2
COMPRESSED TO 3/8" L~
0.125 4 \
CLEARANCE GLASS SPACER
0125
TEMPERED GLASS L=
A
; 0.125
TEMPERED GLASS
0.500 o
THICK O.A L@A
s
L~
= -
&
-~
- 5 7.505
O
/ -
/__.--/ OVERALL DIMENSION:
SLAB HEIGHT PLUS 2 718"
0.125 4
CLEARANCE
VENEER PANEL
]
L~
-~
L~ =
g & A
=
s _| s
L E
DOOR SWEEP o
@ —
L
4 /—-/ 1.750
0.440 L—]
THRESHOLD TO SLAB L
¥ t
1.115
+
.l 5.750 [

ALUMINUM THRESHOLD

Figure 9-53. Half Panel with Glass Vertical Section.
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9.5 Problem 4: Door

9. SAMPLE PROBLEMS

Half-Panel with Glass Section

GLASS SPACER

[ 1.750
4502

éﬂf 77
20177

J)

QDS-650 SEAL /

COMPRESSED TO 378~

SIDE JAMB

4.563

1.250

’-1750

L 4502

COMPRESSED TO 378"

0125
JAMB TO SLAB - 0125
4502 TEMPERED GLASS
VAV . //
- STILE L ] £
AV J 7/
4563 Q < 0.500
@
THICK O.A 0125
TEMPERED GLASS
1250
OVERALL D ON
SLAB WIDTH PLUS 1 34"
UPPER HORIZONTAL CROSS SECTION
0125
JAMB TO SLAB
4502 4500
NSARRN \\
STILE
8 ANANIN
4563 WS
=]
o
VENEER PANEL

1.250

OVERALL O ON

QDS-650 SEAL //

SIDE JAMB

N

|

4563

1.250

SLAB WIDTH PLUS 1 3i4”

LOWER HORIZONTAL CROSS SECTION

Figure 9-54. Half Panel with Glass Horizontal Section.
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9. SAMPLE PROBLEMS 9.5 Problem 4: Door

Sill

1.750

A

YL D =

I 00 ]

6

5.750

Figure 9-55. Dimensioned drawing for the sill cross section.
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9.5 Problem 4: Door 9. SAMPLE PROBLEMS

Jamb

1.750

2438 0375 4

1

0.750 0.875

4.563

Figure 9-56. Dimensioned drawing for the jamb cross section.
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9. SAMPLE PROBLEMS

9.5 Problem 4: Door

Head
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Figure 9-57. Dimensioned drawing for the head cross section.
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9.5 Problem 4: Door 9. SAMPLE PROBLEMS
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Figure 9-58. Dimensioned drawing for the panel edge cross section.
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9. SAMPLE PROBLEMS

9.5 Problem 4: Door
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Figure 9-59. Dimensioned drawing for the door lite cross section.
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Figure 9-60. Dimensioned drawing for the spacer.
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APPENDIX A. The Application of ISO 15099 to
NFRC 100 and 200

Software utilized in computing NFRC U-factors (NFRC 100-02) and SHGCs (NFRC 200-02) will be based on
the recently completed ISO 15099 document (FDIS, September 21, 2001). In several cases, ISO 15099 suggests
that individual national standards will need to be more specific and in other cases the ISO document gives
users the choice of two options. This document clarifies these specific issues as they are to be implemented in
NEFRC approved software/algorithms:

1) Section 4.1: For calculating the overall U-factor, ISO 15099 offers a choice between the linear thermal
transmittance (4.1.2) and the area weighted method (4.1.3). The area weighted method (4.1.3) shall be
used.

2) Frame and divider SHGC's shall be calculated in accordance with Section 4.2.2. The alternate
approach in section 8.6 shall not be used. [Note: current research is aimed at assessing which method
is more accurate; at some point in the future, this recommendation may be revised.]

3) Section 6.4 refers the issue of material properties to national standards. Material conductivities and
emissivities shall be determined in accordance with the NFRC Simulation Manual or more currently
adopted NFRC standard on this topic.

4) Section 7 on Shading Systems is currently excluded from NFRC procedures.
5) Section 8.2 addresses environmental conditions. The following are defined by NFRC:
For U-factor calculations:
Tin=21°C
Tout =-18 °C
V=55m/s
Trm,out=Tout
Trmin=Ti
;=0 W/m?

For SHGC calculations:
Tin=24°C

Tou =32 °C
V=275m/s
Tm,out=Tout

Trmin=Tin

=783 W/m?
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APPENDIX A. The Application of ISO 15099 to
NFRC 100 and 200

6)

7)

Section 8.3 addresses convective film coefficients on the interior and exterior of the window product.
In section 8.3.1, NFRC simulations shall use the convective heat transfer coefficient based on the
center of glass temperature and the entire window height; this film coefficient shall be used on all
glass and edge of glass indoor surfaces. Frame section indoor convective film coefficients shall be
constants which depend on frame material type; these shall be determined using the algorithms in
ISO15099 and using representative frame surface temperatures for each frame material type (to be
included in the Simulation Manual). In section 8.3.2, the formula from this section shall be applied to
all outdoor exposed surfaces.

Section 8.4.2 presents two possible approaches for incorporating the impacts of self-viewing surfaces
on interior radiative heat transfer calculations. NFRC shall use the method in section 8.4.2.1 (Two-
Dimensional Element To Element View Factor Based Radiation Heat Transfer Calculation). This is
also the method referenced in NFRC 500 for CI calculations. Furthermore, in the interests of
consistency and accuracy, this method shall be used for all products, including planar products, for
U-factor calculations as well as CI calculations. The use of this method makes the use of Slightly or
Partially Ventilated cavities (see section 6.7.1) on the interior of frame surfaces redundant. The
standard frame convective film coefficients (hc) referenced in 6) above will thus be applied to all
interior frame surfaces.

A-2
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