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THERMAL RESISTANCE OF COMPOSITE PANELS CONTAINING 
SUPERINSULATIONS AND URETHANE FOAM 

Kenneth E. Wilkes, Ronald S. Graves, and Kenneth W. Childs 
Oak Ridge National Laboratory 

Oak Ridge, Tennessee 37831-6092 

Laboratory data are presented on the thermal resistance of composite panels that incorporate 
superinsulation embedded in urethane foam. Composite panels were fabricated using four types of 
advanced insulations (three types of evacuated panel superinsulation and one type of gas-filled 
panel), and three foam blowing agents (CFC- 1 1, HCFC- 14 1 b, and HCFC- 142b/22 blend). Panels 
were also fabricated with only the urethane foam to serve as a baseline. Thermal measurements 
were performed using an ASTM C 5 18 Heat Flow Meter Apparatus. The thermal resistances of the 
panels were measured over a two-year period to detect whether any significant changes occurred. 
A computer model was used to anaIyze the data, adjusting for differences in size of the advanced 
insulations, and extrapolating to different sizes of composite panels. 

INTRODUCTION 

In July of 1991, a Cooperative Research and Development Agreement (CRADA) was signed 
between the Appliance Industry-Government CFC Replacement Consortium, the Appliance 
Research Consortium (ARC), and the Oak Ridge National Laboratory. The overall objective of the 
CRADA was to develop a lifetime testing procedure for powder-filled evacuated panels (PEPS). 
The results presented here were obtained during Phase N of the CRADA, which had the specific 
objective of determining the lifetime of superinsulations when installed in simulated refrigerator 
doors. 

SPECIMENS 

The composite panels used in this study wen: constructed to simulate a door or wall in a refrigerator 
that would incorporate a superinsulation. Figure 1 shows a cross-section of a composite panel. One 
side of the panel is a sheet of 24 gauge (0.024 inch thick) mild steel that represents the outside of 
a refrigerator cabinet. The other side is a 0.12 inch thick sheet of acrylonitrile-butadiene-styrene 
(ABS) plastic that represents the inside lining. The total thickness of the panels was 2.0 inches, and 
the lateral dimcnsions were 24 by 24 inches. Normally, the space between these two sheets would 
be complctely filled with a urethane foam insulation. For the superinsulatiodfoam composite 
pancls, a superinsulation panel was attached to the center of the inside surface of the steel sheet 
using double-sided foam tape, and the remaining space was filled with urethane foam. The edges 
were sealed using aluminum tape. 
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Figure I. Construction of Composite Panels 
Nine superinsulation panels were furnished by each of four organizations, each using a different 
construction, as follows: 

Silica powder filler encapsulated in a polymer barrier film (denoted as Type A) 
Fibrous glass insulation filler encapsulated in a stainless steel barrier (denoted as Type B) 
An undisclosed insulation filler encapsulated in a stainless steel barrier (denoted as Type C) 

0 

0 

a P e l s  containing radiation baflles within a polymer barrier film, and filled with krypton gas 
at atmospheric pressure (denoted as Type D) 

All superinsulation panels were approximately 1/2 inch thick, and had lateral dimensions of 14 by 
14 inches (Types A and C) or 12 by 12 inches (Types B and D). 

Installation of the urethane foam into the composite panels was performed by three foam suppliers, 
each of which used a different foam blowing agent for these specimens The three types of blowing 
agents used were CFC- 1 1, HCFC- 141b, and HCFC- 142W22 blend This procedure resulted in a 
matrix of specimens with each type of superinsulation and each type of blowing agent produced in 
triplicates. The foam formulations used were not necessarily representative of current capabilities. 

In addition to the superinsulatiodfoam composite panels, similar foamed panels were fabricated 
without the superinsulation panels The purpose of these foamonly panels was to provide a baseline 



for comparison with the panels containing superinsulations. All of the composite panels, with or 
without superinsulation, were stored in closed cabinets maintained at 90°F between the thermal 
measurements described below. 

EXPERIMENTAL, PROCEDURES 

Thermal resistance measurements were made using a heat-flow-meter apparatus (HFMA), which 
conforms to ASTM C 518. [l] In an HFMA, a flat rectangular specimen is sandwiched between hot 
and cold plates that are maintained at constant temperatures. The heat flux through the specimen 
is measured using heat flux transducers (HFTs), which are calibrated by making measurements on 
a standard specimen for which the thermal resistance is known. The HFMA had an array of 30 four- 
inch-square HFT's on the hot side. An average of the readings from the two HFTs nearest the center 
of the plate (giving an average heat flux over the central 4 inch by 8 inch area) was used in analysis 
of the data reported here. For the data reported here, the plates were maintained at 95°F and 55"F, 
so that the mean temperature of the specimen was 75°F. 

The usual mode of operation of a HFMA requires the use of a homogeneous specimen. For 
measurements on the composite panels and on the superinsulation specimens, modifications were 
necessary in order to eliminate any undesirable air gaps between the specimen and the plates and 
to protect the plates from the rigid specimens. The superinsulation specimens were sandwiched 
bctween two Iayers of fiberglass boards, and this package was placed between the plates of the 
I-IFMA. Likewise, the composite panels were sandwiched between two layers of foam rubber, and 
the package was placed between the plates of the HFMA. In both cases, thermocouples were taped 
dircctly to the faces of the test specimen (either the superinsulation panel or the composite paneI), 
so that the temperature difference across the specimen was measured directly. 

RESULTS AND DISCUSSION 

Supcriisulation Pancls 

Upon receipt of the superinsulation panels, their thermal resistances were measured in the HFMA. 
Ccntcr-of-panel thermal rcsistivities (measwed over the center 4 in. by 8 in. area) are given in Table 
1 .  It must be strongly emphasized that these center-of-panel values do not account for any heat 
conduction around the edge of thc panels due, for example, to high thermal conductivity stainless 
steel skins, and hence do not reprcscnt a thermal value for a complete panel. The values do, 
however, serve as an indicator of the condition of the vacuum within the evacuated insulations, or 
of the fill gas in the gas-filled panels. As Table 1 shows, the Type A paneIs had thermal resistivities 
that rangcd from 26.72 to 29.44 h*it2*"F/Btu*in. The resistivities of Type B, C, and D panels had 
ranges of 54.64 to 71.58,46.23 to 52.49, and 10.93 to 11.39 h*ft2*"F/Btu*in., respectively. Average 
resistivities were 28.03, 65.23, 48.18, and 11.13 h*it2*"F/Btu*in. for Types A, B, C, and D, 
rcspcc tively. 



Table 1. Center-of-Panel Thermal Resistivities of Superinsulation Panels 

A-6 1 29.44 I B-6 I 71.58 I C-6 I 47.15 I D-6 I 11.00 
A-7 28.08 B-7 69.05 C-7 48.52 D-7 10.93 
A-8 29.00 B-8 71.09 C-8 47.76 D-8 11.16 
A-9 27.03 B-9 58.66 C-9 46.60 D-9 11.39 

Note: Thermal resistivities have units of h*ftz*"F/Btu*in. 

Composite Panels with Only Foam Insulation 

Thermal measurements were performed on nine foam-only composite panels that contained slightly 
less than 2 inches of foam insulation. Three specimens of insulation foamed with each of the three 
blowing agents we= tested over a one-year period. Additionally, one specimen foamed with each 
blowing agent was tested at the end of two years. The thermal measurements yielded the overall 
thermal resistance of the composite panel, including the contributions of the foam, steel sheet, and 
plastic sheet. The thermal resistances of the steel and plastic sheets were subtracted from the overall 
thermal resistance to obtain the resistance of the foam insulation itself. For these calculations, the 
thermal conductivities of steel and plastic were taken to be 480 and 1.8 Btu*in./h*fl2*"F. These two 
layers contributed less than 0.5 percent of the total resistance of the panel. 

Foam insulation apparent thermal conductivities obtained from these measurements are given in 
Table 2 and in Figure 2. These resufts show that, on average, the apparent thermal conductivities 
of urethane foams blown with HCFC-141b and HCFC-142b122 were higher than that of foams 
blown with CFC-11 by 17 and 11 percent, respectively. The variation in apparent thermal 
conductivity of individual specimens ranged up to f 6 percent, with no systematic variation with 
time. 

It is well known that the apparent thermal conductivity of foam insulations with exposed faces can 
change as the material ages When freshly blown, the cells of the foam are filled primarily with the 
blowing gas. In the case of blowing agents such as CFCs or HCFCs, the blowing gas has a lower 
thermal conductivity than that of air. As the material ages, first air diffuses into the cells and later 
the blowing agent dithses out. Both of these processes cause the appmnt thermal conductivity to 
increase with time. Since the average values of apparent thermal conductivity for each type of 
blowing agent varied by only 2 to 3 percent over the one-year period, it must be concluded that the 
encapsulation of the foam with steel and plastic face sheets and aluminum edge tape greatly reduces 
the ability of air to enter the cells and of the blowing gas to escape. 



Table 2. Apparent Thermal Conductivity of Foam Insulation in Composite Panels 

- - - - HCFG142W22 

I I 

Note: Values in parentheses are averages of three numbers directly above. Apparent thermal 
conductivity values have units of Btu*in/h*ft**"F. 
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Figure 2. Apparent Thermal Conductivity of Foam Insulation 

from Composite Panels 



Composite Panels Containing SuperinsaiMons 

Thermal measurements were performed on 36 composite panels that contained superinsulations 
Measurements were made on all 36 panels at 0,6, and 12 months of aging, and on 12 panels at 24 
months. Raw data on the actual test panels were analyzed using a computer model to normalize 
them for differences in the sizes of the superinsulation panels and to estimate the total effective 
thermal resistance of panels that would likely be used in refrigerators. The computer model was a 
three-dimensional finite-difference heat conduction model based on the HEATING code. 121 
Analysis of the data consisted of two steps In the fmt step, the test specimens were d e l e d  using 
the conditions applied in the test apparatus. In the second step, information obtained from the first 
step was used to model panels in the construction and conditions that would be expected in a 
refrigerator. 

For the first step of analysis, a model was set up that included the composite panel as well as the 
foam rubber sheets that were laid between the panel and the plates of the HFMA. Boundary 
conditions for the model consisted of the temperatures measured on the plates. Handbook values 
for thermal conductivities of several of the materials were used, v k ,  480, 1.8, and 96 
Btu*in/h*ft**"F for the steel sheet, the ABS plastic sheet, and the stainless steel superinsulation 
cladding, respectively. A measured value of 0.7 Btu*in./h*P*"F was used for the foam rubber 
sheets. The value used for the utethane foam insulation was the average value measured on thc 
foam-only composite panels at each time period for each blowing agent. The thermal conductivity 
of the superinsulation was treated as the only unknown quantity. The thermal conductivity of the 
superinsulation was systematically varied in the calculations until the calculated heat flux over the 
centra1 4 inch by 8 inch axca matched the value measured by the heat-flux transducers. 

With values for the thermal conductivity of each of the materials, another computer model (also 
based on HEATING) was used to estimate the overall thermal resistance of composite panels of 
various sizes in which the superinsulation covered 60 percent of the total area For this model, the 
steel and plastic boundary sheets were taken to be exposed to air with a heat transfer coefficient of 
1.0 Btu/h*ft2*"F. Overall thermal resistances obtained by this procedure are given in Table 3. 

The overall thermal resistance depends upon four factors in this study: the type of superinsulation, 
the blowing agent for the foam insulation, the aging time, and the size of the simulated panels 
Inspection of the data in Table 3 shows that the effect of panel size depends upon the type of 
superinsulation, but is essentially independent of the blowing agent or the aging time. For Type A 
panels, increasing the size from 18 to 24 inches increases the resistance by 0.5 percent, and 
increasing from 18 to 30 inches causes a 1 percent increase in resistance. For Type B panels, the 
resistance increases for these two size changes are 4 and 6-7 percent, while for Type C panels, the 
resistance increases are 4-5 percent and 7-8 percent. For Type D panels, the resistance increases at.c 
0.1 percent or less. Thus, the effect of panel size is only significant for those superinsulations that 
have stainless steel claddings. Since the thickness of the stainless steel is constant, the heat 
conduction around the edges of the superinsulations becomes less important as the overaI1 panel size 
increases while maintaining the same percentage of area covered by the superinsulation 

Figure 3 shows the time variation of the averages of the triplicate sets of resistances at the 24 inch 
panel size. As was found for the foam-only composite panels, the overall resistances with 
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Figure 3. Thermal Resistance of SuperinurlationlFoam Composite Panels 
Legend gives Type of Superinsulation and Blowing Agent 

superinsulation show no clear trends for decrease of resistance with time. The resistance changes 
over the two-year period range from an increase of 4.5 percent to a decrease of 6.0 percent. Since 
these results rely upon two sets of experimental data (one for the supersinsulatiodfoam composites 
and one for the foam-only composites), the variations are generally within the estimated uncertainty 
of -+lo percent for the overall procedure. No obvious trends with type of superinsulation or blowing 
agent are seen in the variations of thermal resistance with time. 

The type of blowing agent has a clear effect on the level of the thermal resistance. The resistances 
with CFC-11 are greater than those for HCFC-141b by 2.2 to 12.0 percent, with an average of 8.5 
percent. Likewise, the resistances with CFC-11 are greater than those for HCFC-142W22 by 0.6 
to 12.8 percent, with an average of 6.4 percent. These are to be compared with the results on the 
foam insulation from the composite panels, where the average apparent thermal conductivity for 
CFC- 1 1 was 17.5 percent less than for HCFC- 14 1 b, and 10.8 percent less than for HCFC- 142W22. 
These comparisons are in good agreement, since the foam contributes about one-half of the center- 
of-panel resistance of the composites with superinsulation 

Averaging all the results for each type of superinsulation gives average composite panel thermal 
resistances of 21.2,20.2,20.5, and 17.8 for panels with Types A, B, C, and D superinsulation. Thus 
panels with Types A, B, and C superinsulations are relatively similar, while the panels with Type 
D superinsulation have resistances that are about 12 to 16 percent lower. This is in agreement with 
the center-of-panel results on the superinsulation panels, where the average thermal resistivity of 
Type D panels was 40 percent less than that of Type A panels. The thermal resistance of composite 



panels with Types A, B, and C superinsulations are very Similar, even though the center-of-panel 
thermal resistivities were greatly different. The higher center-of-panel thermal resistivities for 
Types B and C superinsulations were offset by heat conduction through the stainless steel 
encapsulation material. 

SUMMARY AND CONCLUSIONS 

Thermal resistances have been measured on composite panels that simuIate walls or doors of 
refrigeratom that contain superinsulations along with urethane foam. It was demonstrated that both 
gas-filled and vacuum superinsulations can withstand the processes necessary to fabricate 
refrigeratodfreezer walls and doors, including the foaming of mthanc insulation around the 
superinsulations The overall resistances of the tweinch-thick superinsulatiodfoam composite 
panels ranged from 16 to 23 h*ft**"F/Btu This is to be compared with the range of 13 to 17 
h*ft**"F/Btu for the composite panels without superinsulation. Superinsulatiodfoam composite 
panels measured over a tweyear time period showed less than a 6 percent change in overall thermal 
resistance. Similar results on composite panels without superinsulation showed resistances changes 
of less than 3 percent. These small changes with time indicate that the bounding surfaces of the 
simulated refrigerator walls or doors hinder the movement of air into and the blowing agent out of 
the cells of the foam. With 60 percent of the panel area covered with superhsulation, increasing 
the panel size from 18 to 30 inches squiuc results in about an 8 percent increase in overa11 resistance 
when the superinsulation is encapsulated in stainless steel foil, and very small increases for other 
superinsulations. 
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Table 3. Thermal Resistance of Composite Panels Containing Superinsulations 
__ 

Panel Blowing Agent 

A- 1 CFC- 1 1 
A-2 CFC- 1 1 
A-3 CFC- 1 I 
A-4 HCFC-14lb 
A-5 HCFC-14lb 
A-6 HCFC- 14 I b 
A-7 HCFC-I42b/22 
A- 8 HCFC-I42b/22 
A-9 HCFC-I42b/22 
B- 1 CFC- 1 1 
B-2 CFC- 1 1 
B-3 CFC- I 1 
B-4 HCFC-14lb 
B- 5 HCFC-14lb 
B- 6 HCFC-14lb 
B-7 HCFC-I42b/22 
B-8 HCFC-l42b/22 
8-9 HCFC-I42b/22 

* Thermal resistance of composite 

0 Months*** 6 Months 12 Months 24 Months 

in. * * 
18 24 in. 18 in. 24 in. 18 in. 24 in. 30 in. 18 in. 24 in. 30 in. 

20.15" 20.19 22.82 22.95 22.41 22.52 22.61 
23.02 23.14 22.92 23.05 22.89 23.02 23.13 
22.85 22.97 22.42 22.54 22.15 22.25 22.34 22.19 22.29 22.37 
20.96 21.09 20.42 20.54 20.93 21.07 21.18 
20.68 20.80 20.56 20.69 20.28 20.39 20.48 
20.93 21.06 20.44 20.57 20.62 20.75 20.85 19.82 19.94 20.04 
21.00 21.11 20.21 20.30 19.91 19.99 20.06 20.92 21.03 21.11 
22.09 22.24 19.71 19.78 20.64 20.74 20.83 
20.68 20.78 20.57 20.67 20.28 20.37 20.45 
20.62 21.28 21.08 21.93 20.80 21.60 22.15 
21.09 21.88 20.36 21.02 20.37 21.06 21.53 20.23 20.86 21.29 
19.49 19.91 19.93 20.49 19.14 19.55 19.83 
18.78 19.45 18.31 18.95 18.72 19.41 19.90 
19.85 20.82 18.93 19.74 19.67 20.64 21.34 
19.88 20.86 18.73 19.49 19.38 20.26 20.89 18.76 19.61 20.22 
19.80 20.60 19.47 20.26 19.45 20.26 20.83 19.58 20.32 20.83 
20.19 21.10 20.07 21.03 19.91 20.85 21.53 
19.37 20.06 18.67 19.25 19.40 20.19 20.75 
panel, h*fiZ~"F/Btu. 
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Table 3. Thermal Resistance of Composite Panels Containing Superinsulations (cont.) 

0 Months*** 6 Months 12 Months 24 Months 

in.** 
Panel Blowing Agent 18 24 in. 18 in. 24 in. 18 in. 24 in. 30 in. 18 in. 24 in. 30 in. 

v 

c- 1 CFC- 1 1 21.55* 22.52 20.64 21.42 21.21 22.17 22.85 
c-2 CFC- 1 1 20.76 21.51 21.31 22.28 21.34 22.34 23.05 
c-3 CFC- 1 1 21.37 22.29 20.04 20.67 20.48 21.24 21.76 20.86 21.70 22.29 
c-4 HCFC-141b 19.63 20.57 19.05 19.93 19.36 20.27 20.92 18.79 19.68 20.31 
c-5 HCFC-14lb 19.56 20.48 18.66 19. 43 19.59 20.57 21.27 
C-6 HCFC-14lb 19.32 20.17 18.86 19.68 19.15 19.99 20.60 
c-7 HCFC-142bI22 19.74 20.57 19.46 20.28 19.84 20.80 21.48 
C-8 HCFC-142bI22 19.18 19.86 18.88 19.56 19.45 20.29 20.89 19.89 20.75 21.36 
c-9 HCFC-l42b/22 19.07 19.72 19.73 20.62 19.63 20.52 21.16 

- 
D- 1 CFC -1 I 19.25 19.27 18.68 18.69 18.80 18.81 18.82 
D-2 CFC- 1 1 19.15 19.16 18.25 18.25 18.88 18.89 18.90 
D-3 CFC- 1 1 19.04 19.05 18.86 18.87 18.75 18.76 18.77 18.80 18.81 18.82 
D-4 HCFC-14lb 18.30 18.33 17.43 17.45 17.73 17.75 17.77 
D-5 HCFC-141b 17.21 17.22 16.79 16.80 16.26 16.26 16.27 16.95 16.96 16.98 
D-6 HCFC- 14 1 b 17.47 17.49 17.11 17.12 17.14 17.15 17.16 
D-7 HCFC-142bI22 17.37 17.38 17.01 17.02 17.12 17.13 17.13 
D- 8 HCFC-142b122 17.67 17.68 17.11 17.11 17.31 17.32 17.33 
D-9 HCFC-142bI22 18.07 18.09 17.26 17.27 17.08 17.09 17.10 17.94 17.95 17.96 

* Thermal resistance of composite panel, h*fV*"F/Btu. 
** SiZt of simulated square composite panel, assumes superinsulation covers 60 percent of area. 
*** Aging time. 


