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Window UValues

Revisions for the 1989 ASHRAE Handbook—Fundamentals

By Michael E. McCabe, P.E., Dsc

Member ASHRAE

Editor’s Note: Chapter 27 in the 7989
ASHRAE Handbook—Fundamentals is
the authoritative source of technical infor-
mation on fenestration products such as
windows, patio doors, skylights, shading
devices, etc. Its revision every four years
is the responsibility of Technical Commit-
tee 4.5 (Fenestration). Table 13 in this
chapter lists Overall Coefficients of Heat
Transfer (U-Values) for a variety of fenes-
tration, based on standard outdoor de-
sign conditions. This data has been used
by engineers, architects, manufacturers,
code officials, etc., for many purposes;
including design calculations for sizing
heating and cooling equipment, for esti-
mating building energy consumption,
and for comparing thermal performance
between competing fenestration prod-
ucts. The 71989 ASHRAE Handbook—
Fundamentals was printed and mailed
to ASHRAE members entitled to receive
the book in May.

Reoentiy, the thermal resistance of
insulated glazing units has under-
gone significant improvement due to
commercialization of products having
low-emittance coatings and or low-con-
ductance gasfills. Thus, heat conduction
in the non-glazed portion such as the
frame and sash has become more impor-
tant in determining the overall U-Valug of
the system. The U-Value Subcommittee
of TC. 45 has recommended a number
of changes to be made to Table 13 in the
1989 Handbook. This article discusses
the technical basis for the changes and
illustrates the differences between data in
the 1989 Handbook and previous Hand-
books.

Overall coefficient of heat transfer

The general equation used to estimate
the total rate of heat transfer, Q,, through
a fenestration system from inside to out-
side is:

Oo = Ug'Ao (t\ ar = t()alr)~ (1)
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overall heat transfer coefficient (U-

Value), Btu/h + #2 « F (W/m? + K),

A, = combined glazing plus frame area
projected to a plane parallel to
glass as viewed from outside,
ft2 (m?),

= temperature of warm space air,
F(©C),

toar = temperature of cold space air,

F @)

The total rate of heat transfer through a
fenestration system can be calculated
knowing the separate heat transfer con-
tributions of the glazing and frame. With
insulating glass, the glazing heat transfer
contribution includes a center of glass
component and an edge of glass com-
ponent that is due to the presence of a
spacer. The overall U-Value is estimated
using area-weighted U-Values for each
contribution by:
UO = (UCQ'ACQ + Ueg'Aeg + U1'A1)/
(Acg + Aeg + A, ()
where the subscripts cg, eg, and f refer
to, respectively, the center-of-glass, edge-
of-glass and frame.
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Center-of-glass coefficient

Center-of-glass U-Vaiues are calcu-
lated based on one-dimensional heat
flow theory using convective heat transfer
correlations for enclosures (E! Sherbiny,
1982) and standard computational meth-
odologies (Rubin, 1982). Values for U,
depend on the surrounding air tempera-
tures and velocities, and the glazing con-
struction features, including the number
of glazing lites, the air-space dimensions,
the orientation relative to vertical, the
emittance of each surface and the com-
position of the fill gas. Public-domain
computer programs, such as WINDOW3
(Lawrence Berkeley Laboratory, 1987),
and VISION (University of Waterloo,
1987) provide rapid estimates of U-Value
for a wide range of glazing constructions.

Figure 1 shows values of Uy for
double and triple-glazed, vertical fenes-

tration at standard winter design condi-
tions calculated using WINDOWS, The
plot shows the important effects of low-
emittance coatings and argon gas fill.
The reduced importance of air-space
dimensions greater than about 1/2in. (13
mm) are evident. Emittance values of
0.84, 0.40, and 0.15 correspond, respec-
tively, to conventional glass (uncoated).
pyrolitic coated glass and sputter coated
glass. The vertical lines in Figure 1 show
the gas space widths listed in the 7989
ASHRAE Handbook—Fundamentals.

Edge-of-glass coefficient

Insulating glass units have continu-
ous members around the glass perimeter
to separate the glazing lites and provide
an edge seal. The spacers are often
made of highly conductive materials
(aluminum), which locally degrades ther-
mal performance of the glazing unit.
Alternate spacer materials include ther-
mally insulating materials such as fiber-
glass and butyl rubber, and partly insu-
lating glass edges. Edge heat transfer
can make a significant difference in the
U-Value of the glazing unit, especially
those with small glazing dimensions or
with high-performance insulating glass.
Thus, it is important to use test data or
design specific computations to account
for this important feature.

Laboratory measurements reported
by Peterson (1987) have shown this con-
ductive region to be limited to a band
approximately 2-1/2 in. (63 mm) wide
around the perimeter of the glazing unit.
Figure 2 shows the heat flow in the edge
region of an insulating glass unit to be
two-dimensional, as depicted by the
computer generated isotherms for a
glazing unit with an aluminum spacer.
Figure 3 shows the edge-of-glass U-Value
as a function of the center-of-glass U-
Value for different spacer materials, Data
for aluminum spacers and insulating
spacers will appear in the 1989 Hand-
book. Test data are shown for aluminum
spacers. Calculated values are also
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IEC RATED

DEFINITE
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Examine the differences between NEMA, Definite Purpose
and IEC rated motor starters. By doing so, you'll gain an
insight into selecting the right control for specific applications.

The big differences can be quickly seen in the contacts
that actually make and break power circuits,

Look at the copper and silver content in each type of
contact. Now, you'll easily see that the heavier silver in a
NEMA contact offers the longest electrical life in severe duty
applications. And to give it the greatest thermal capacity. a
large copper heat sink area takes the punishment generated
from high temperatures during hours of start-stop action

With a medium silver contact tip and large heat sink
copper base, definite purpose controls are ideal for light
and medium duty applications such as refrigeration
and air conditioning.

And for lighter duty applications IEC-rated
starters can be economical. But economy
isn't always cost effective. TR l
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That's why you should learn more from a Furnas
representative. He's an expert in helping you put a finger
on the proper control.

After all, Furnas offers the broadest line of quality motor
starters in the industry. Each is 100% American made —
designed to work with, and protect,

U.S. industrial motors.

Clearly choose a starter
that fits your needs. Call or )
write: Furnas Electric Company, |
1000 McKee Street, Batavia,
lllinois 60510.

(312} 879-6000.

,__, Furnas

A8 Where quality is in control.
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Window UValues

Revisions in the 1989 Handbook

The 1985 Handbook includes a set of
"adjustment factors” that multiply the
center-of-glass U-value to account for the
thermal conductivity of the different
frame materials. The original frame ad-
justment factors were constants derived
from laboratory test data. However, in re-
cent Handbook revisions, a range of ad-
justment factors was provided instead of
a single value for each frame type, ap-
parently to reflect the measured varia-
tion in U-Value for commercial products
based on laboratory testing. However,
the current data have limited value be-
cause the frame adjustment factors do
not consider different product sizes or
glass to frame ratios, and the frame fac-
tors are not applicable for the newer fram-
ing materials such as extruded vinyl, or
composites of aluminum or vinyl-clad
wood.

These limitations have been partially
addressed in the 1989 Handbook. The
format has been revised to provide a con-
sistent set of winter design day data for
currently important products. U-Value
data in previous Handbooks for summer
design conditions, and for combinations
of added shades and storm sash are no
longer considered important and have
been eliminated. The revised format for
Table 13 in the 1989 Handbook should
permit comparison between alternative
products based on product size, glazing
design and framing material. The actual
table is too lengthy to present in this arti-
cle. Therefore, the pertinent changes
are summarized in the 1985 Handbook
illustrations.

U-Valuesinthe 1989 Handbook con-
sist of calculated data for a variety of glaz-
ing systems and framing materials for two
product types designated Type R (resi-
dential) and Type C (commercial). Part A
of the table provides winter design U-
Values for vertical glazing. Part B pro-
vides approximate factors to convert
vertical data to sloped (45 deg) and
horizontal orientation. Glazing unit des-
criptors include: one, two, or three glaz-
ing layers; glass, acrylic, or polyester film,
and spacing dimensions of 1/4-, 3/8- or
1/2-in. (6, 10 or 13 mm) with emittance
values of 0.84, 0.40 or 0.15; and gasfills of
air or argon. The spacer material is
assumed to be aluminum. Whenever a
fenestration system differs from that
assumed in the Handbook, such as due
to different glazing spacings, emittances,
spacer materials, frame conductances,
etc., Equation 2 can be used to calculate
the appropriate U-Value.

Comparison between uncoated in-
sulating windows

To illustrate the changes appearing
in the 1989 ASHRAE Handbook, un-
coated insulating glass (e = 0.84) with an
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air fill is compared with previous Hand-
book data. Figure 5a displays overall U-
Values for a double-glazed window with a
1/2-in. (13 mm) airspace having either a
thermally-broken aluminum frame, a non-
thermally-broken aluminum frame or a
wooden or vinyl frame. Figure 5b dis-
plays similar data, however for triple-
glazed windows with two 1/2-in. (13 mm)
air spaces. (Note that the center-of-glass
U-Value for these glazing units are iden-
tical with the 1985 Handbook data,
therefore the differences are due to the
edge-of-glass factors, frame geometry
and thermal conductance.)

Figures 5a and 5b show a significant
increase in the 1989 U-Value data for
aluminum-framed windows, especially
without thermal breaks. These changes
reflect the importance of frame geometry
and thermal conductivity in computing
overall UValue. There are no significant
changes noted for wooden-framed win-
dows. Aluminum-framed windows show
a greater difference between the Product
Types R and C as compared to dif-
ferences attributed to the range of ad-
justment factors previously used. The
graphs depict both double glass and tri-
ple glass U-Values.
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Figure 3. Edge-of-glass U-Value.
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Figure 4. Frame geometry for Type R and Type C products
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Ruskin is First with
Dynamic Fire Dampers!

Don’t gamble with your fire and smoke control system.
30 with the winner...Ruskin.

If hvac fans remain on to control
smoke movement, you need Ruskin
dynamic fire dampers. The only fire
dampers currently UL tested for closure
under airflow to the proposed UL555
Standard. Ruskin fire dampers bear a
dynamic label and show the airflow
and maximum static pressure
allowable for ensured closure. Just
select the size you need and install
horizontally or vertically.

et the facts free. Call Ruskin today at
/-(800)-284-1563.

P.O. Box 129

Grandview, MO 64030 H‘“LIS
(816) 761-7476 [l || 'NOUSTREES INC.
FAX (818) 765-8955

(Circle No. 34 on Reader Service Card)
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Window U-Values

Conclusions

Significant progress in reducing
center-of-glass heat transfer has recently
been made with commercially-available
glazing units. However, reduction in edge
and frame heat transfer still needs to be
addressed. It is anticipated that the re-
vised table of U-Values published in the
1989 ASHRAE Handbook—Fundamen-
tals will provide sufficient technical infor-
mation to enable rational decisions to be
made in specifying generic window
products, and also would encourage
manufacturers to develop improved pro-
ducts. It is apparent that additional sub-
classification of the different materials
and construction techniques are re-
quired for framing members. Both
analytical and experimental methods
need to be further refined to assist in this
important undertaking.
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Window U-Values
Double Glass, 1/2 in.(13mm) air space
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Window U-Values
Triple Glass, 1/2 in.(13mm) air space
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Figures  Comparison of U-Values between 1985 and 1989 Handbooks, (a) double-

5A & 5B. glazed window, (b) triple-glazed window.

ASHRAE JOURNAL June 1989

_»



