THERMAL PERFORMANCE OF
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According to a recent study conducted by “"Architectural Record," energy conservation iz one of
the highest ranking considerations, nationwide, when designers select »uilding materials for
new construction. Due to the energy crisis of 1974 and subsequent energy conservation codes
and legislation, complete and detailed thermal performance data is being required for windows
and cdoors, for use in analyzing their contribution to the energy load of the exterior building

envelope. Much of this data is currently based on engineering calculation or glass performance
tables.

NWMA has conducted controlled laboratory testing of modern window and door designs to verify
their calculated or published design thermal performance. Tests were also conducted to explore
how various testing techniques affected the measured performance of windows and doors. The
generic window and door constructions used for this project were selected from the current man-
ufacturers production or were purchased from local retail outlets, Each window was tested with
one or more combinations of single glazing, insulated glazing, removable double glazing or °
storm windows. The various door constructions were tested as separate slabs, without being
machined for hardware or installation. Additional tests were conducted with doors installed
in wood or metal door frame assemblies. All units were tested in accordance with nationally
recognized test methods for thermal transmittance and air infiltration. Several experimental

tests were also conducted to more closely study the specific effects of unit design or test
method variation.

The report itself is divided into separate sections on windows and doors. The results of
this study form an overall view of the thermal transmittance performance capabilities of wood
window and door designs. Comparisons are drawn among the various units and tests conducted in
this study. The results of this study are also compared to the design performance data con-
tained in the ASHRAE Handbook and Product Directory, 1977 Pundamentals Volume. Dotailed sample

descriptions, test methods, calculation procedures and metric conversions are contained in the
Appendix.

THERMAL PERFORMANCE OF WINDOWS

The thermal performance testing of windows was divided into four phases. Each phase was struc-
tured to study a particular modification, variation or effect of the testing method. A brief
description of the windows tested during this study is contained in Table 1. All window units
were approximately 3' wide by 4' high and were tested with only the glazing combinations sup-
plied by the manufacturer.  Whenever practical, however, factory installed storm panels or
storm windows were removed to obtain data for the prime window with single glazing only. Mure
complete descriptions of the test units and their glazing combinations are contained in
Appendix A.

For ease of comparison within this study, and for comparison with published thermal design
information, the results of each individual test have been corrected to HRAE Standard Winter

Design conditions of still air on 8he interior (h, = 1.46 BTU/hr.-8q.ft.~ F) and 15 MPH on the
exterior (h° = 6,0 BTU/hr.-gq.ft.- F), unless othirvlae noted.
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PHASE I - Thermal Transmittance of Windows Under Static Air Conditions

The Phase I tests were conducted to establish the base-line thermal performance of the sample
windows under static wind conditions. The tests consisted of measuring the thermal performance
of eleven generic wood and aluminum window designs with various combinations of single glazing,
insulated glazing, removable double glazing (RDG) and wood or aluminum storm window. Tests for
this phase were conducted in accordance with ASTM C-236-66(71), "Standard Test Method for
Thermal OConductance and Transmittance of Built-Up Sections by Means of ths Guarded Hot Box,”
with a cold chamber temperature of 1801", a warm chamber tomperature of 68 F, and an exterior
and interior wind condition of essentially still air (40 to 60 ft. per min. velocity). The
results of each test were then adjusted to the ASHRAE Standard Winter Design conditions
described previously. In all, twenty-eight thermal tests were conducted during this phase.

The results from Phase I (Table 2) indicate that the performance of each window unit was
basically dependent upon the glazing combination present in the unit duringothe test. The
U-values for single glazed windows ranged from 0.72 tg 1.06 BTU/hr.-sq.ft.- P insulated
glazed units ranged from 0.47 to 0.66 BTU/hr.-sq.ft.- F.

In general, the addition of a storm window, either wood or aluminum framed over a single
glazed prime window, increased the thermal efficiency of the prime window by 44% to 59%,
depending on the design of the prime unit and the thickness of the enclosed air space. A
408 to 47% reduction in heat loss was also obtained by placing the storm window over an in-
sulated glazed prime unit. It ghould be noted that all aluminum prime/storm window combina-
tions did contain a thermal break in the window frame. This thermal break was by-passed in
in some cases when the storm window was not in place.

For casement windows, conventional storm windows cannot be installed without impairing the
operation of the unit. Thus, removable double glazed panels (RDG) were installed directly to
the window sash. There the improvement in U-value was about 45% for single glazed prime
windows, and 29% for insulated glazed prime windows. The RDG panel was also effective when

installed on a single glazed wood double hung window, though not as effective as the storm
window.

Table 3 shows a comparison between the results of the Phase I tests and the thermal design
values listed in the ASHRAE Handbook and Product Directory, 1977 Fundamentals Volume. Overall,
the results from Phase I compared well with the ASHRAE values, with wood window test values
averaging 12% better than the data listed for 80% glazed wood windows. Aluminum single glazed
windows averaged 10% better than the ASHRAE metal window values, and double glazed and insu-
lated glazed aluminum windows ranged from 6% better to 14% worse than the ASHRAE values for
metal windows with thermal barriers.

PHASE II - Thermal Transmittance of Windows Under Dynamic Wind Conditions

The second phase of the project consisted of retesting three of the wood windows originally
tested under Phase I (Units #9-77, #10-77, and #11-77), under a modified test procedure. The
retests on these units were conducted under the same procedures used during Phase I, except
that a 15 MPH wind horizontal and parallsl to the plane of glazing was applied to the exterior
of the unit. The Phase II tests were conducted to verify the calculation techniques and the
air film co-efficients used for correcting the measured performance values to the Standard
Winter Design conditions. Six thermal tests were performed under Phase II. Both the Phase I

and Phase II tests were conducted on the same units without removing them from the chamber
between tests.

Table 4 shows that the results from the Phase 11 testing were 17% to 45% worse than the
results from Phase I. Since both sets of values were adjusted to the same Standard Winter
Design conditions, and since panel conductance, (C), is theoretically independent of tem-

perature and wind, both sets of valuess shoul? have been approximately equal, allowing for
testing error.

A closer loock at the raw lab data revealed that while there was a significant increase in heat
flow during tests conducted with the wind applied, there was not a corresponding change in the
surface temperature readings to compensate for the increased heat flow. Consequently, the
panel conductance values obtained during Phase II were significantly higher than those ob~
tained from Phase I. Further, the exterior film conductance values, (h), calculated from the
thermocouple readings and heat flow measurements, were much higher than could be justified
by the msurodovlnd velocities. (Bxterior film conductances ranged from 5.7 to 9.7
BTU/hr.-s¢.ft.~ F, while the wind varied only slightly from the prescribed 15 MPH). Interior
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film conductances also increased by about 40% during the Phase II tests, with no change in
interior air velocity. These facts suggested that heat flow was occurring during the test by
some mechanism other than transmission through the window glazing and frame.

PHASE IIX - Effect of Air Infiltration o; the Measurement of Conductive Heat lLoss

Additional tests were conducted to determine if air infiltration was an influencing factor
during the previous thermal transmittance tests. Phase III consisted of removing some or all
of the weatherstrip from Units #9-77, #10-77, and #11-77, and retesting each modified unit for
thermal performance under both wind conditions described previously. The weatherstrip was re-
moved as an easy and reproducable way of varying the air infiltration rate of the unit without
changing its design or installation. Air infiltration tests were performed on each unit both
before and after the weatherstrip was removed. Air iniiltration tests were conducted in accor-
dance with ANSI/ASTN E-283-73, "Standard Test Method for Rate of Air Leakage Through Exterior
Windows, Curtain Walls, and Doors," at static air pressure differentials of both 0.30 and
0.11 inches of water (equivalent to wind velocities of 25 and 15 MPH respectively). After the
air infiltration tests were completed, the modified window units were again tested for thermal
performance in accordance with the test methods used in Phase I and Phase II. A comparison of

the results for each of the three window units, with and without weatherstrip, is listed in
Table 5.

With only one exception, the thermal transmittance measured for units without weatherstrip
was essentially the same as that measured for the unit with weatherstrip, even though there
was a two to four-fold increase in the air infiltration rates of the units when the weather-
strip was removed. Pressure measurements taken during these and all previous thermal trans-
mittance tests showed that the differential across the unit never exceeded 0.02 inches of
water. Thus, air infiltration was probably not occurring during the tests, and even if it was,
at such low pressure differentials the effect on the total heat flow would have been too small
to account for the large discrepancy between the Phase I and Phase II tests.

PHASE IV - Bffect of Test Temperature on the Measurement of Conductive Heat loss

The fourth and £inal phase of the project consisted of tuting one voog window unit
(Unit #9-77) at warm and cold chamber temperatures other than 68 P and 18 F. These tests were
conducted to determine if extreme differences in chamber temperatures affected measured thermal
transmittance. The temperature combinations selected represent extremes in mean air temperature

and total air temperature difference. Tests were conducted in accordance with procedures es-
tablished under Phase I.

Table 6 contsin: the guults of this testing and includes the results of Unit #9-77 when
tested at 68 F and 18 F.

These tests show that the choice of chamber temperatures used during the test had little
effect on the measured thermal performance of the unit. However, when the difference between
the warm and cold chamber temperatures is small, steady-state heat flow is difficult to
maintain, and accurate readings of heat flow and surface temperatures are difficult to obtain.
The magnitude of these values is also small, and slight variations in surface temperature, air
temperature, and heat flow readings can introduce significant error in the final results.

Conclusions on Window Testing

The following conclusions were drawn from the data obtained from the four phases of this
window study and from the analysis of that data, as described in proceding sections.

1. The most important determining factor in the thermal transmittance of the modern window
is the combination of glazing materials in that unit, as evidenced by the tests conducted
during Phase I and Phase II of this project.

2. The application of storm windows is an effective means of reducing conductive heat loss
for both single glazed and insulated glazed prime windows. Phase I and Phase II testing
indicated that the installation of a storm window over single glazing was wmore effective
in reducing conductive heat loss than was the use of insulating glass. This way be due to
the increased air space thickness created by the addition of the storm window or to the
additon of air space over portions of the sash and frame.




3. In window designs where the application of conventional storm windows is impractical,
such as cusements or awnings, the use of a removable double glazing panel effectively
reduced the conductive heat loss, though not as effectively as the use of a storm window.

4. The thermal transmittance (U-value) of wood windows, obtained from the Phase I testing,
averaged 12% better than the design data contained in the ASHRAE Handbook and Product
Directory, 1977 Fundamentals Volume, Chapter 22, Table 8. The measured U-values for
single glazed aluminum windows were about 10% better than the metal window values from
ASHRAE, but in some instances were worse than the ASHRAE values adjusted for thermal
barrier design.

%, The results from the Phase II tests, which included the application of an exterior
15 MPH wind were on the average 28% worse than the results for identical units tested
without an exterior wind, even though both sets of data had been corrected to the ASHRAE
Standard Winter Design conditions and should have been equal.

6. The Phase III tests indicate that the air infiltration rate of a uni: is not an influenc-
ing factor in the measurement of thermal transmittance by either the Phase 1 or Phase II
test methods, provided little or no air pressure differential exists a~ross the unit
during the thermal transmittance test.

7. Testing window units at chamber temperatures other than 68°r and 18°r has little influence
on the results of the tests, as evidenced by the results from Phase IV.

THERMAL PERFORMANCE OF DOORS

A three stage testing program was developed for evaluating the thermal transmittance of wood
doors and door assemblies. The overall testing program was designed to enable substitution
of any of five generic door constructions into either a wood or steel door frame. Data was
developed for the thermal transmittance of the doors as slabs, and for the doors as installed
in the frame assemblies.

A brief description of the various doors and door/frame assemblies tested during this study
is containmed in Table 7. All doors were 3°'0" x 6° 8" x 1-3/4" thick and were built to minimum
NWMA I.S.~)l and ANSI/NWMA I.S.-5 requirements. Detailed descriptions of the test doors, door
frames and hardware are contained in Appendix A.

For ease of comparison within this study and for comparison to published thermal design
information, the results of each individual test have been corrected to Standard Winter
Design conditions of still air on the in rior (h, = 1.46 BTU/hr.-sq.ft.~ P) and 15 MPH wind
on the exterior (h = 6,0 BTU/hx. -oq.ft.- F)o unl*u otherwise noted.

STAGE I - Thermal Transmittance of Door Slabs Under Static Air Conditions

Stage I consisted of testing each of five generic wood door constructions as separate slabs,
without being machined for hardware or installation. The tests were conducted in accorxdance
with SDI 113 "Standard Thermal Performance Test for Steel Doorxr and Prame Assemblies,” with
cold charber temperatures of 10 F, warm chamber temperatures of 80° P, and an exterior wind
condition of essentially still air (40-60 foet per minute velocity). It should be noted that
the SDI 113 test method measures only the center five feet of door height, due to limitations
in thermal testing equipment design, and also includes portions of the test chambor wall on
eithor side of the door. The results from the first stage of testing and a comparison to the
calculated design performance data from the ASHRAE Handbook and Product Directory, 1977
Fundamentals Volume, are listed in Table 8.

The data from the Stage I tests indicate that the thermal performance of solid wood block
core, hollow core, and pine panel doors agrees closely with the values calculated from the
data found in the ASHRAE 1977 Fundamentals Volume. However, test data for the particleboard
core door was 19% worse than the calculated value. Closer examination of the calculation for
the particleboard core door revealed that the thermal conductivity, (k), for particleboard
material listed in the ASHRAE 1977 Pundamentals Volume did not apply to the low density
material (27 pounds per cubic foot) used in the tested door. Accurate thermal conductivity
data for this low density coré material could not be obtained.



While the test data and the calculated data for doors were in close agruement, the test data
did not agree with the design thermal transmittance values listed for doors in Table 9,
Chapter 22 of the 1977 ASHRAE Fundamentals Volume. This AGHRAE table lists the U-value of
1-3/4" thick s01id wood slab doors as 0.47 BTU/hr.-sq.ft.- P, (interpolated), regardless of core
construction. The Stage I test results indicate that the U-values of wood doors do vary with
core construction, and that most core constructions are considerably better than the ASHRAE
table would suggest.

STAGE IT = Thermal Transmittance of Door Slabs Under Dynamic Wind Conditions

For this stage, two door deeigns (Noors "A" and "E") were retested under the same procedures
used during Stage I, except that an exterior 15 MPH wind was applied vertically upward and
parallel to the plane of the door during the test. These tests were conducted to verify the
calculation techniques used for correcting measured performance values to the ASHRAE Standard
Winter Design conditions. Table 9 contains the results from the Stage II portion of this
study, along with a comparison to the Stage I results. The tests from both stages were con-
ducted on the same doors without rewoving them from the chamber between tests.

The results of these tests indicate that the application of the exterior 15 MPH wind had
little effect on the measured U-value performance. The slight discrepancy between the Stage I
and Stage II results for the pine panel door (Door "E"), was primarily due to a poor seal
between one edge of the door and the test chamber wall.

STAGE III - Thermal Transmittance of Installed Door/Prame Assemblies

The last stage of testing, Stage I1I, involved preparing and installing one door (Door "A")
separately into a2 wood and metal door frame. The door was machined for and installed with stan-
dard cylinder lock hardware and butt hinges. The door and door frame were then installed into a
test wall as described in the SDI 113 test method. Each assembly was then tested for thermal
transmittance both with and without the application of the 15 MPH exterior wind. The results
of Stage III testing under each wind condition are contained in Table 10 along with a com-
parison to the results for the door slab alone. Again, comparison is made to the U-values
calculated from the ASHRAE 1977 Fundamentals Volume.

The results in Table 10 indicate that the thermal transmittance valuas obtained during the
tests without an exterior wind (Stage 1 method) were in close agreement with values calculated
from the ASHRAE data. When the wind was applied, however, the U-value for the door installed
in the metal frame was slightly higher than for the test without the wind. Conversely there
was a drastic change in measured U-value for the two tests conducted on the door and wood
frame combination. Again, the adjusted U-values for a specific door and frame combination
should have been the same under either wind condition.

A close examination of the detailed test data and the calculations for these door combina-
tions and tests did not identify any specific cause for the discrepancy between tests. However,
the installation of the door/frame assembly into the test wall may have influenced the results.
The door/frame assembly is installed into a 2 x 4 frame wall construction for testing. A por-
tion of that wall is included in the 4' x 5° metering areca of the test appartus. Heat flow
through this wall is included as part of the total measured heat flow, and is thus included in
the final test results for the door/frame combination. Whilo thermocouples are placed on both
the inside and the outside surfaces of the wall, their readings may not have accurately esti-
mated the average temperature of the entire wall, and thus may have affected the calculation
of the average temperature of the entire sample. Since heat flow through the wall cannot be

isoclated from the total heat flow, the effect of the wall cannot be separted from the final
test results.

The metering chamber used for the door tests was only 5° high and was centered on the doors
during the tests. Thus, the top and bottom 10" of the door and door frame were not included
in the test measurements. The possibility exists that lateral heat flow was occurring within
the door or the door frame mombers, in the cracks between the door and the frame, or betwaen
the frame and the wall. Lateral heat flow could also occur within the test wall. This heat
flow, whether by conduction or convection, would raise the total measured heat flow, but would
not affect the thermocouple readings of surface temperatures. Consequently, the test would
indicate a higher transmittance than was actually occuring through the door/frame assembly.














































