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¥ 
FOREWORD 

This work was performed by Southern Research Institute under 
USAF Contract No. AF 33(616)-6073. The contract was initiated under 
Project No. 7360, "The Chemistry and Physics of Materials", Task 
No. 73603, "Thermodynamics and Heat Transfer", and was administered 
under the direction of the Materials Central, Directorate of Advanced 
Systems Technology, Wright Air Development Division, with Capt. Frank 
Zaleski and Mr. Hyman Marcus acting as project engineers. 

This report covers the work conducted from March 1, 1959, to 
July 31, 1960. 
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ABSTRACT 

The thermal expansion, specific heat, and thermal conductivity 
were measured for twelve different resin-reinforcement combinations, 
some of which had variations in reinforcement orientations. These 
properties were also determined for one foam core. The temperature 
range was generally from -50° F to 700° F. Rather extensive physical 
property data are also presented on all of the materials (including 
flexural strength, flexural modulus, Barcol hardness, density, and 
resin content). Detailed descriptions of the panels and cures are given. 

The specific heats of the laminates ranged from about 
0. 25 Btu/lb 0 F to 0. 47 Btu/lb 0 F with most falling between about 
0. 25 and 0. 32 Btu/lb 0 F. The nylon-reinforced material had a specific 
heat of 0.47 Btu/lb 0 F, which is consistent with the fact that the 
specific heat of nylon is around 0.4 Btu/lb 0 F compared to 0. 2 to 
0.3 Btu/lb 0 F for the other reinforcements. 

Expansion coefficients varied considerably. The only materials 
with a reasonably constant slope through the entire temperature range 
were materials containing silicone resin. An increased expansion 
coefficient was found with increased deviation from the major fiber 
axis from 0° to 90°. A permanent change in expansion coefficient, 
probably due to additional curing at elevated temperatures, was also 
demonstrated. 

The conductivity with the heat flow normal to a continuous 
reinforcement was influenced primarily by the resin rather than by the 
reinforcement, while the reinforcement was the major parameter with 
parallel heat flow. 

PUBLICATION REVIEW 

This report has been reviewed and is approved. 

FOR THE COMMANDER: 

Chief, Thermophysics Branch 
Physics Laboratory 
Materials Central 
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THE THERMAL PROPERTIES OF SOME PLASTIC PANELS 

INTRODUCTION 

This report to Wright Air Development Division under Contract 
No. AF 33(616)-6073 covers the determination of the thermal conductivity, 
capacity, and expansion of twelve plastic-reinforced panels and one foam 
core. The density, Barcol hardness, flexural strength, and flexural 
modulus were obtained from the suppliers when available and further 
supplemented with measurements by Southern Research Institute. In 
addition, information on the fabrication and curing processes was 
obtained on most of the materials. 

The thermal properties were determined in the general range of 
-50° F to 700° F. s ë 

MATERIALS 

The materials for which the thermal properties were measured 
included eight laminates, four molded panels, and one foam core In 
addition, the measurements were made with several different reinforce¬ 
ment orientations on three of the laminates A complete material 
description is given in Table 1, which lists, among other data, fabrics, 
resins, and fabrication and curing processes Table 2 presents the 
physical properties as reported by the manufacturers or determined by 
Southern Research Institute. 

Since part of the materials were to be run to destruction Table 3 
is included to show the degree of destruction of each material in the 
conductivity runs and the maximum temperature of that exposure. 

PHYSICAL PROPERTIES 

The flexural strength, flexural modulus, and densities of the 
materials were determined by Southern Research Institute in accordance 
with Federal specification LP-406(b). Some supplier data is also 
included. 

Manuscript released by authors July 1960 for publication as a WADD 
Technical Report. 
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Table 2 

Physical Properties 

SRI 
No. 

Material Density 
lbs/ft3 

j Barcol Hardness 
j on Panel Face 

I Flexural Strength at 
j Room Temperature 

psi 

Flexural Modulus 
at Room Temperature 

psi X108 

1-1 Unidirectional 
Laminate 

114.9 

- . . 

62 129,000 5.39 

1-2 Isotropic 
, Laminate 

114.9 

— 

69 74,000 2.61 

2 Molded Panel 114.2 137210 T7B- 
3 Foam Core 11.60 Compressive Strength 200 nsi 
4 Molded Panel 

Fiberite 
4030-190 

107.9 GO 20, 000 3.00 

5 Molded Panel 
Coast F-130 

106 to 
109.7 

53 41,800 2.90 

6 Laminate 
Random 
Reinforcement 

90.0 54 5,000 1.00 

7-1 Laminar 
Construction 
Parallel 
Layup 

' SO.O 60 25,000 3.00 

7-2 Edgewise 
Layup with 
Thickness in 
Warp 
Direction 

90.0 

' 

33 
_ 

1 21,020 
2 3, 300 

1 2.15 
2 0.85 

8-1 Laminar 
Construction 
Regular 
Layup (Parallel) 

116. 5 78 Warp - 24,000 
Fill - 13,200 

Warp - 2. 50 
Fill - 1.80 

8-2 Edgewise 
Layup with 
Thickness in 
Warp 
Direction 

111.0 64 41,900 3,03 

CO 
CO Edgewise 

Layup with 
Thickness at 
45° of Warp 
Direction 

111.7 62 

_ . . . 

See 8-1 and 8-2 See 8-1 and 8-2 

9 Chopped 
Fabric 
Construction 

72.0 10,750 0.397 

10 Laminate 113.6 61 Warp - 27, 200 
Fill - 19,000 

Warp - 3.89 
Fill - 1.97 

11 Laminate 131.0 86 Warp - 59, 300 
Fill - 54, 800 

Warp - 4.88 
Fill - 3.86 

12 

Laminate 137.5 

.... 

~70" Warp - 84,000 
Fill - 80,100 

Warp - 5.43 
Fill - 5,18 

13 Mat 117.0 74 Warp - 47, 600 
Fill - 36,400 

Warp - 2,68 
Fill - 2.37 

1 Fill lengthwise (see Figure 1). 
2 Fill across length. 
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Flexural Strength and Modulus 

fflexuraJ ^sts were made on a Tinius Olsen Universal Testing 
Machine at a crosshead speed of approximately 0.25 in. / min and with6 
a loading arrangement as shown in Figure 1. only modified to the 
reinforcement orientation as required for the different panels. See 
Table 2 for the strength and modulus values. 

The ultimate flexural strength was calculated from the formula: 

S = 
STL 
2bd2 

where 

S = maximum fiber stress, psi 
P = maximum load, pounds 
L = distance between points of support, inches 
b = width of beam as tested, inches 
d = depth of beam as tested, inches 

As might be expected, the laminates with either a roving or woven 
continuous ieinforcement across the planes of principal stress had a 
igher flexural strength than the panels with a chopped and randomly 

oriented reinforcement. As seen in Table 2, one exception to this was 
ma eria No. SRI 5 with a strength of 41, 800 psi, which was higher than 

SR] 7_1 (25’000 PSI)’ No- SRI 8-1 (warp 24,000, 
1 i3<200) and No. SR] 10 (warp 27,200, fill 19,600). Material 
No. SR! 5 had rather large flakes of glass cloth that overlapped and 
probably provided an interlock and continuous reinforcement. 

Although material No SRI 2 failed initially in tension, there was 
some indication that shear may have initiated the failure as the break 
was not at the loading point, but withininch of one support. The rest 
of tne materials failed in either tension or a combination of tension and 
compression. 

The flexural modulus was calculated from the formula; 

WADD TR 60-657 6 
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where 

Eg = modulus of elasticity in bending, psi 
L = distance between points of support, inches 
b = width of beam as tested, inches 
d = depth of beam as tested, inches 
P = slope of straight line portion of load deflection curve in 
y pounds per inch 

ue ne rally the moduli of the materials fell 
2 X 10 to 5 X 10e psi. A few materials exhibited values a little higher 

' mini ine range 
- N.«.Wicv.va VO.AUCÖ a lime niP 

or lower. A correlation appeared to exist between continuous and 
discontinuous reinforcement across the principal plane of stress with 
those materials having a discontinuous reinforcement having a low 
modulus and those materials having a continuous reinforcement having 
a high modulus. Also, the modulus was generally greater when the 
warp was lengthwise with the beam or across the principal plane of 
stress Other conditions being similar, glass reinforcement resulted 
m a hlgher modulus than asbestos, and nylon fell in between. 

Barcol Hardness 

me nardness of the surface finish was determined with a BarCv,* 

Tr°: N*°' GYZJ 934A CUrVe f0r converting values obtained^ 
with this tester to other hardness scales is given in Figure 2. 

Ihe Barcoi hardness obtained for each material is shown in 
a e 2 and is an average of three readings taken from each sample 

The hardness values varied from a low of 16 for material No. SRI 9 
to a high of 86 for material No. SRI 11. This low value for material 
No. SRI 9 is probably due to the short molding cycle, which did not 
allow time for the resin to cure sufficiently. Material No. SRI 11 
which also had a 91-LD phenolic resin, was cured extensively. Most 
of the materials, however, fell into a range between 50 and 70. 

SPECIFIC HEAT 

Apparatus and Procedure 

Specific heat determinations for these panels were made by 
means of a drop-type adiabatic calorimeter consisting of a covered 

WADD TR 60-657 8 



sjsquinN sja^oiA-Iiauug-na^aoH 

WADD TR 60-657 9 

F
ig

u
re

 2
. 

B
a
rc

o
l 

H
a
rd

n
e
ss
 
C

o
n
v
e
rs

io
n
 T

a
b
le

 



brass cup approximately 2¿ inches in diameter by 2 inches deep. Three 
thermocouple wells were located in the bottom wall of the cup The cun 
was mounted on cork supports., which rested in a silver-plated copper 
jacket, the jacket being immersed in a bath of ethylene glycol The 
temperature of the bath was maintained at the temperature of the cup by 
means of a 1000-watt mchrome wire heater and a copper cooling coil 
immersed in the liquid. Chilled trichloroethylene was pumped through 
the cooling coil to cool the bath. A double-bladed stirrer maintained 
uniform bath temperature. 

A tubular furnace and a cold box were used to bring the specimens 
to temperature. When this equipment was pivoted on a common post 
near the calorimeter, the samples could be transferred to a position 
directly over the calorimeter cup. At this position the specimen was 
released from a suspension assembly, which was externally triggered. 
Thermocouples located near the specimen indicated specimen temperature. 

Elevated specimen temperatures were maintained by a manual 
setting of a variable voltage transformer, which controlled the voltage of 
the furnace. Cold sample temperatures were obtained by filling the cold 
box with dry ice. A fan inside the box circulated the air to insure 
temperature uniformity. The cold box consisted of two concentric 
cylinders enclosed in an insulated plywood box. The smaller cylinder 
(3 inches in diameter by 16 inches high) was constructed of-Mnch mesh 
hardware cloth. The larger cylinder was made of galvanized sheet metal 
(15 inches in diameter and 16 inches high). The annulus was partially 
filled with dry ice. J 

Three copper-constantan thermocouples, differentially connected 
etween calorimeter cup and jacket, indicated temperature differences 
etween cup and bath. The three thermocouples enabled a difference of 

U.Ud F to be detected. During the test runs, this difference was 
maintained to within 0.15 F. Absolute temperature measurements of 
the cup were determined by means of three thermocouple junctions, 
connected in series in the bottom of the calorimeter cup. All of thé 
thermocouple readings were taken on a Leeds and Northrup K-2 
potentiometer in conjunction with a galvanometer of 0.43 microvolts 
per mm deflection sensitivity. This setup permitted temperatur.e 
measurements within 0.01° F. This apparatus is shown in Figure 3. 

Specimens of the test materials were heated or cooled to the 
desired temperature and, following a stabilization period, were dropped 

WADD TR 60-657 10 
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into the calorimeter cup. Adiabatic conditions were maintained during 
each test by manually adjusting the temperature of the bath guarding 
the cup. 

The foam core had such a small specific gravity that the specimens 
were made so that they would just fit into the cup in order to obtain the 
largest mass possible. Considerable difficulty was encountered in getting 
the specimen to drop into the cup, as it would fit in only one direction. 

The foam samples were formed into cylinders, about If inches in 
diameter x 14 inches long, out of two halves that were held together by a 
few drops of Sauereisen DW-30 cement. These samples were then baked 
overnight at 215 F to remove any moisture. 

The remainder of the samples were made by forming cubes 
approximately 1 inch x 1 inch xf inch out of several thicknesses, which 
were pinned together using pins of the same material. Layers of 
material No. SRI 11 and No. SRI 12 were not pinned together because no 
adequate means of turning the pins out of the beryllium containing 
materials were available. 

Data and Results 

A calorimeter constant of 0. 2654 Btu/° F, which was previously 
determined by using an electrolytic copper specimen of known specific 
heat, was used in the calculations. 

Determination of the specific heats consisted of measuring the 
enthalpy of the specimens as a function of the initial specimen 
temperature. A reference temperature of 85° F for the enthalpy 
determinations was used, and all enthalpy values were referred to this 
85° F base. 

The enthalpy of the specimen at any initial temperature is given by 
this formula: 

K , 
h " Ws(t2 " ^l) 

where 

K = calorimeter constant, 0. 2654 Btu/° F 
Ws = sample weight, lbs 

tA = initial cup temperature, ° F 
t2 = final cup temperature, 0 F 

WADD TR 60-657 12 



The enthalpy was referred to the common base temperature of 
85° F by: 

h 85 = h (t2 - 85) 
(^3 _ ^2) 

where 

h85 = enthalpy above the reference temperature of 85° F, Btu/lb 
t3 = initial sample temperature, ° F 

The specific heat is determined as the slope of the heat content 
curve in the temperature range for which the specific heat is desired. 
In the special case when the heat content curve is a straight line, the 
specific heat is a constant. 

Because all values are calculated using a reference temperature 
of 85 F, the enthalpy at 85° F is zero by definition. For this reason, 
all heat content curves were drawn through 85 F and zero enthalpy and 
a best fit of the cold and hot data points. 

The calibration of the apparatus was confirmed by running a 
copper specimen of known specific heat. The data obtained on this 
specimen is shown in Table 6, and the curve plotted from this data is 
shown in Figure 4 The specific heat, which was the slope of the 
enthalpy-temperature curve, was 0.093 Btu/lb 0 F between 200 F and 
520° F. A comparison of specific heat values obtained by others in this 
temperature range is shown in Table 4 and indicates general agreement. 
For further calibration, a specimen consisting of sapphire enclosed in 
a stainless steel cup was run. The specific heat of the sapphire alone 
was compared to several known values as shown in Table 5. The results 
of this comparison again indicated general agreement. 

The specific heats ranged from 0.25 Btu/lb c F for material 
No. SRI 5 to 0.47 Btu/lb ° F for material No. SRI 9, but most of the 
materials had a specific heat between 0, 25 Btu/lb 0 F and 0. 32 Btu/lb 0 F. 

Upon comparing the physical make-up and properties of the 
materials, a correlation between the specific heats and the types of 
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reinforcement was suggested. Generally speaking, the glass-reinforced 
materials had the lowest specific heats, while the asbestos-reinforced 
materials were next, with the one nylon-reinforced material exhibiting 
the highest value. The foam core material had a specific heat slightly 
higher than the asbestos-reinforced materials. 

It is not surprising that the specific heat value for the nylon- 
reinforced material was high in comparison to the glass-reinforced 
materials, because nylon itself has a specific heat which is about twice 
that of glass. When there is little or no chemical interaction, the 
specific heat of a composite is anticipated to be the weighted average of 
the separate materials. 

The specific heat data is shown in Tables 6 through 19 of the 
Appendix, and the specific heat curves are presented in Figures 15 
through 27 of the Appendix. 

THERMAL EXPANSION 

Apparatus and Procedure 

Thermal expansion measurements were made utilizing two quartz 
tube dilatorneters of the Bureau of Standards design. The tubes and dial 
gages were mounted on a single arm to facilitate the testing of two 
samples simultaneously. The dial gages (B. C. Ames Co., Model 212, 
shockless) were graduated in 0.0001-inch divisions with a total range of 
0. 100 inch for specimens with low coefficients and 0. 500 inch for the 
specimens with a higher coefficient. The manufacturer's stated 
mechanical accuracy for any given reading is i 0. 0001 inch at any point 
in the range. 

The quartz dilatorneters were wrapped with a layer of ¡^-inch 
asbestos sheet next to the tube and with alternating layers of asbestos 
sheet and aluminum foil until a total of three layers of each were around 
the tubes. This was done to minimize the temperature gradient through 
the samples. 

The extensions from the dial, which were made of aluminum, 
were finned to facilitate cooling and reduce the possibility of a different 
expansion between the dial-gage mount and the extension; see Figure 5, 
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Figure 5. Thermal Expansion Apparatus. 

WADD TR 60-657 18



For temperatures above room temperature, each dilatometer was 
heated by an individual heater. The temperature of the heater was 
maintained by a manual setting of a variable voltage transformer. 

Cold specimen temperatures were obtained by use of a Dewar 
flask filled with dry ice and trichloroethylene. The flask was placed 
up on the dilatometer tubes to a height covering the specimens. Iron- 
constantan thermocouples were placed at each end and the center of the 
specimens to monitor the temperature throughout. This apparatus is 
shown in Figure 5. The specimens were 3 inches in length with the ends 
rounded on a 3-inch diameter. The ends of the foam core specimen were 
washed with Sauereisen DW-30 cement to prevent crushing. 

Data and Results 

The accuracy of the apparatus was checked by running a graphite 
and a nickel sample. The graphite was used to check the apparatus for 
running a material with a low coefficient of expansion. By calculation, 
using an equation from Kent's Mechanical Engineers Handbook, the 
coefficient for graphite between 70e F and 600‘ F is 1.19 micro- 
inches/in, F. This is relatively close to quartz —compared to plastics — 
and, as shown by Figure 6 and Table 20, the dilatometers indicated 
practically no motion. A curve showing the theoretical value for quartz 
is also included on the graphite curve. The indication of zero motion 
for the graphite was a good check that no severe thermal gradients 
existed in the tubes. Several reruns were made on the graphite to 
develop the heating technique that would reduce thermal gradients in the 
specimen. The data from these reruns is also shown in Table 20. 

The nickel was used to check the apparatus for running materials 
with a fairly high coefficient of expansion. The data for the nickel 
specimen when plotted produced a curve with a slope of 7.69 micro¬ 
inches/in.; see Figure 6 and Table 21. This value compares 
favorably with the value for nickel of 7.6 microinches/in. given in 
the literature. 

The actual data points for each run were plotted on the curves 
shown in Figures 28 through 53. No correction for the expansion of 
quartz was applied to the data because the correction would have been 
such a small percent of the total expansion that it would have been 
negligible anyway A curve showing the expansion of quartz is given 
in Figure 7. For those cases requiring extreme accuracy, the 
expansion of quartz may be added to the expansion of the desired 
material in the range under consideration. 
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The expansion coefficient is the slope of the expansion curve over 
a temperature increment. This slope is shown on those curves having a 
straight line portion over a reasonable temperature increment. This 
slope has been corrected in those cases when the expansion of quartz 
exceeded 5 percent of the specimen expansion. 

Figure 8 shows the curves of the expansion parallel to the panel 
for all of the materials run in this direction. It can be seen from this 
figure that most of these materials had a reasonably constant expansion 
from -100° F to 200° F. After passing 200° F, however, the curves 
exhibited very little similarity. Material No. SRI 1-1, No. SRI 7-1, 
No. SRI 11, and No. SRI 12, all with continuous reinforcements, 
expanded until they reached a maximum at some temperature, and then 
began to contract. Material No. SRI 1-1 and No. SRI 7-1, an epoxy and 
a phenolic with a relatively light cure, reached this maximum at a fairly 
low temperature, while material No. SRI 11 and No. SRI 12, a phenolic 
and an epoxy with a hard cure, continued to expand to around 600° F. 
Material No. SRI 2 and No. SRI 10 had a plateau preceding their 
maximum expansions, and material No. SRI 2, after reaching its 
maximum and declining, began to expand again Material No. SRI 4 
and No. SRI 6, with a discontinuous reinforcement, while not exhibiting 
this plateau before the maximum expansion was reached, did show the 
re-expansion after a previous increase and decrease. Material 
No. SRI 5 and No. SRI 13, silicones with a hard and light cure respectively, 
had a reasonably constant expansion to 700° F. This is typical of 
materials with silicone resins probably because this resin remains more 
stable at higher temperatures regardless of cure. 

An interesting comparison of the same material expanding in 
different orientations is shown in Figure 9. The curves of this figure 
indicate an increase in expansion for the material from a minimum, 
oriented at 0° to the major axis of the fibers, and parallel to the plane 
of the reinforcement, to a maximum at 90° to the major axis of the 
fibers, and parallel to the plane of reinforcement. The curve for the 
expansion of the isotropic laminate is also included for comparison. 
The expansion of the isotropic laminate was somewhat greater than the 
minimum expansion, but closer to it than either of the other curves. 
This difference in expansion rates for various reinforcement con¬ 
figurations is an indication of the importance of the orientation in design 
considerations of the expansion of plastic laminates. However, this 
material had a roving reinforcement that caused a greater difference in 
expansion at different orientations than would have been exhibited for a 
woven reinforcement. 

WADD TR 60-657 22 



1 

WADD TR 60-657 23 

F
ig

u
re

 8
. 

C
o
m

p
o
si

te
 o

f 
E

x
p
a
n
si

o
n
 P

a
ra

ll
e
l 

to
 P

a
n
e
l 

o
f 

A
ll
 
M

a
te

ri
a
ls
 
R

u
n

. 



WADD TR 60-657 24 

F
ig

u
re

 
9
. 

C
u
rv

e
 
S

h
o
w

in
g
 
th

e
 
E

x
p

a
n

s
io

n
 
in
 
D

if
fe

re
n

t 
O

ri
e
n

ta
ti

o
n

s
 
o

f 
M

a
te

ri
a
l 

S
R

I 
N

o
. 



An interesting comparison that shows in part, the influence the 
resin has on the over-all expansion of a plastic laminate is shown in 
Figure 37 of the Appendix The curves in this figure were produced by 
running one specimen of material No. SRI 4 to 518° F, allowing it to cool, 
and then exposing it to 735” F; a second specimen was then run to 774 F. 
The curves made by the first runs of each specimen show a similar 
characteristic that is inherent in many laminates with either continuous 
or discontinuous reinforcements and is probably caused by the resin. The 
material will expand to some point, level off and then contract to a point 
where it levels off and begins to re-expand This characteristic 
re-expansion is probably due to additional curing of the resin at the 
elevated temperature. When the first specimen was run a second time, 
there was a decrease in expansion coefficient and the characteristic hill 
and valley inflections were replaced by a smooth curve to the maximum 
expansion. This curve indicates that the chemical change was permanent 
and produced a permanent change in expansion properties. 

THERMAL CONDUCTIVITY 

Apparatus and Procedure 

Thermal conductivity measurements were made with a guarded hot 
plate, which is a slight modification of the standard ASTM C177-45 design. 

The heat for the apparatus was supplied by a central heater plate 
surrounded by a guard heater; each separately controlled. The guard 
ring was maintained at the same temperature as the central heater so 
that all of the heat flow from the central heater was normal to the test 
surfaces. The temperature difference between the guard and central 
sections was measured by means of 8 differential-thermocouple junctions 
connected in series Moving out from the top and the bottom of the 
heater, the complete assembly, shown in Figure 10 was made up in the 
following order, Next to the heater was the assembly for measuring the 
temperature on the hot side of the specimen To insure no air film 
between the specimen and the thermocouple as well as between the 
specimen and the hot plate, the ends of the thermocouples were soldered 
to 1 inch X 1 inch squares of brass shim stock. Also, the leads to the 
thermocouples were sandwiched between sheets of thin asbestos paper. 
Five of these thermocouples were placed at each hot face. Next to this 
assembly were the test panels. The cold face measuring assemblies 
followed next and consisted of 14-inch square copper plates through which 
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five thermocouples projected. The thermocouples were held in place 
by pieces of insulation bolted to the back of the copper plates. To 
protect them from high temperature corrosion, the copper plates were 
plated with nickel Following next, to dissipate the heat was a cold 
source consisting of a copper coil enclosed in an aluminum box To 
obtain mean sample temperatures above room temperature water was 
circulated through the copper tubing of the cold plates. For mean sample 
temperatures below room temperature, cold trichloroethylene was 
pumped through the copper tubing. This coolant was chilled by 
circulating it through copper coils in a trichloroethylene dry-ice bath. 
Equilibrium conditions were verified before readings were taken 

To maintain good contact pressure, a screw loading device held 
the entire sandwich assembly pressed firmly together. 

The assembly was arranged to operate with the specimen placed 
in the apparatus horizontally as shown by Figure 10. The assembly 
was insulated around the edges oy glass batting which can be seen on 

the far side of the apparatus in F gure 10, 

A constant voltage iransformer was used in conjunction with the 
variable control transformers, to assure a constant power supply at 
each setting The central heater and guard heater were controlled 
individually by the variable control transformers 

Voltage and current 'o t'ne central heater were mon tored by means 
of a voltmeter and an ammeter wh ch were switched out of tee circuit 
except when actually being read The voltage to the guard beater was 
monitored constantly by a voltmeter and an ammeter was switched m 
occasionally to confirm that tie guard heater was operating. 

All of the thermocouple readmgs were taken on a Leeds and 
Northrop K-2 potentiometer used m conjunction with a galvanometer of 
0.43 microvolts per mm deflection sensitivity. 

Due to the high cost of materials and the fact that larger dies were 
not available, some of the panels were less than the 14 inches x 14 inches 
required for this apparatus. Most of the undersized panels were 
8 inches x 8 inches, although there were several panels in between the 
8 inch x 8 inch and the 14 inch x 14 inch sizes. 

To permit the undersized specimens to fit fully across the 
central and guard heaters these specimens were placed in a square 
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hole cut to their size in the center of a piece of asbestos board 
14 inches x 14 inches and the same thickness as the specimen. This 
assembly then provided a specimen the same size as the normal 
14 inch x 14 inch pieces and well guarded by the asbestos periphery. 

Data and Results 

Coefficients of thermal conductivity were calculated from the 
expression: 

QX 
= AAt 

where 

Q = total heat flow, Btu/hr 
X = average thickness of specimens, inches 
A = area of central heater section, square feet 

At = sum of temperature drops across each sample, F 

Theoretically, Q, the heat input, should split, with exactly half 
of the input flowing through each sample. The temperature drops 
indicate that this condition rarely exists. Instead, there is a slight 
unbalance in the heat flow. The above formula then permits a 
calculation of the arithmetic average K for the two test panels. 

The apparatus was calibrated against a calibration reference 
specimen used in previous work. 

Figure 11 shows the curve established previously along with 
several data points obtained using (1) the same material but smaller 
specimens, (2) a modified periphery insulation, and (3) an improved 
temperature measuring technique. From this curve it can be seen 
that this preliminary data had considerable scatter. In spite of this 
scatter, sufficient information was obtained to establish operation 
procedure and techniques and to confirm the validity of using smaller 
specimens. 

A more accurate calibration curve was subsequently established 
and is shown in Figure 12. From these data, it was determined that 
the best operating procedure was to measure the face temperature 
with five thermocouples mounted on small brass "getters" and held 
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against the specimen by a thin sheet of asbestos paper. Also, the 
copper plates on the hot side were eliminated. The results from these 
procedures indicated close agreement with both the previous 
calibrations on 14-inch specimens with 6 inches of vermiculite 
insulation around the apparatus, and the ASTM technique of simply 
laying the couples between the hot plate and the specimen. This latter 
technique is good for deformable materials but not advisable for rather 
rigid structures such as some of the molded panels. With copper plates 
on the hot side, the conductivity obtained was higher, indicating a radial 
heat loss out through the copper plates on the heater side of the specimens. 

Conductivity curves for the materials are shown in Figures 54 
through 70 of the Appendix and have been assembled in Figure 13 for 
comparison. The data from which these curves were plotted are shown 
in Tables 35 through 51 of the Appendix. On all of the materials, points 
obtained at a reduced temperature, after the material had been to the top 
temperature exposure, indicated a reduced conductivity. This suggests 
a nonreversible cure at the higher temperatures. Generally, the 
additional cure reduced the conductivity about 15 percent. 

From Figure 13, observe that most of the materials fell within a 
close range with material No. SRI 1-1, No. SRI 1-2, No. SRI 2, 
No. SRI 11, and No. SRI 12, phenolics and epoxies, indicating a 
decreasing conductivity earlier during the temperature increase than 
most materials. This is probably the result of additional resin cure 
and then subsequent resin destruction. Material No. SRI 3, a foam 
core, had a lower conductivity than the other materials but continued 
to increase to the maximum temperature. This constant increase in 
conductivity was probably the result of increasing convection as well as 
the natural character of the silicone. 

As was expected, the conductivity of material No. SRI 8, a 
phenolic-glass with a regular layup, increased as the orientation of the 
fabric to the heat flow direction was varied from normal to the panel, 
to 45° to normal, to 90° to normal or edgewise to the panel. This 
progression in conductivity can be noted from Figure 13. As seen in 
the more detailed curves on Figures 64 and 65, this material also had 
an unusual S-shaped character when run edgewise and at 45° to the 
panel. This shape has not been exhibited before by glass-reinforced 
laminates. Some glass does have a characteristic conductivity curve 
that increases sharply with temperature. It is possible that this 
characteristic of glass is controlling in these planes. 
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Material No. SRI 9 decreased in conductivity earlier during the 
increasing temperature exposure than the rest of the materials probably 
because of the properties of the nylon reinforcement. 

Because of the many varied physical constructions and fabrication 
procedures used in the different panels, it is difficult to correlate many 
of these characteristics with the conductivity. However, an interesting 
analysis can be made from the curves in Figures 60, 61, and 62 of the 
Appendix. These curves, which have been assembled in Figure 14, are 
for material No. SRI 6, No. SRI 7-1, and No. SRI 7-2, which are the 
Astrolite laminate with SC-1008 phenolic resin, a light cure, and different 
reinforcements. Material No. SRI 6 and No. SRI 7-1 had practically 
identical conductivity curves, although they contained different 
reinforcements. This would indicate that the conductivity normal to a 
panel is probably primarily influenced by the resin. The curve of 
material No. SRI 7-2 indicates a conductivity reasonably similar in 
character to that of the other two materials but somewhat higher since 
the conductivity was determined edgewise rather than normal. In this 
aspect, the glass could conduct continuously through the panel. Another 
interesting observation is that the curve of material No. SRI 7-1 was 
determined using a 14 inch x 14 inch specimen, while the one for 
material No. SRI 6 was determined using an 8 inch x 8 inch specimen. 
For these similar materials the specimen size had no appreciable 
influence on conductivity. 

CONCLUSIONS 

From the materials evaluated, the specific heat seemed to be 
influenced by the reinforcement materials more than any other single 
parameter probably because the heat capacity of the different 
reinforcements varied more than that of the different resins. The glass- 
reinforced materials had the lowest specific heats, the asbestos- 
reinforced materials were next, and the one nylon-reinforced material 
had the highest value. 

The expansion coefficient was influenced by both the over-all 
composition and the orientation of the reinforcing fibers. The 
coefficient progressed from a minimum when determined at 0° to the 
major axis of the fibers, to a maximum when determined at 90° and 
parallel to the major axis of the fibers. The expansion properties of 
a material may be completely altered after the material has been 
exposed to a certain critical temperature. 
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Conductivity determined edgewise to a panel was influenced more 
by the reinforcement than by the resin. In the case of panels with glass 
reinforcement, the conductivity was higher edgewise than normal to the 
panel. In contrast to this, the conductivity normal to a panel was 
influenced more by the resin than the reinforcement. 
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APPENDIX 

Individual Curves for all Properties 

Individual Tables for all Properties 
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Figure 35. Thermal Expansion Normal to Panel, 
Material SRI No. 3, Silicone Foam. 
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Figure 36. Enlarged View of Thermal Expansion Normal to Panel, 
Material SHI No. 3, Silicone Foam. 
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Figure 37. Thermal Expansion Parallel to Panel, Material SRI No. 4, 
Glass Roving, Phenolic Resin. 
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Figure 38. Thermal Expansion Normal to Panel, Material SRI No. 4, 
Glass Roving, Phenolic Resin. 
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Figure 45. Thermal Expansion Normal to Panel, Material SRI No. 9, 
Chopped Nylon, Phenolic Resin. 
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Figure 46. Thermal Expansion Parallel to Panel, Material SRI No. 10, 
Asbestos, Silicone Resin. 
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Figure 47. Thermal Expansion Normal to Panel, Material SRI No. 10, 
Asbestos, Silicone Resin. 
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Figure 48. Thermal Expansion Parallel to Panel, Material SRI No. 11 
Glass Fabric, Phenolic Resin. 
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Figure 49. Thermal Expansion Normal to Panel, Material SRI No. 11, 
Glass Fabric, Phenolic Resin. 
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Figure 50. Thermal Expansion Parallel to Panel, Material SRI No. 12, 
Glass Fabric, Epoxy Resin. 
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Figure 51. Thermal Expansion Normal to Panel, Material SRI No. 12, 
Glass Fabric, Epoxy Resin. 
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Table 21 

Thermal Expansion Data forf" Diameter x 3" Long 
Nickel Calibration Sample 

Avg Temp., 0 F Avg. Expansion, yin./in. 

123 
152 
200 
255 
301 
363 
400 
447 
503 
569 

0 
167 
533 
933 

1300 
1733 
2033 
2400 
2867 
3367 
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Table 24 

Thermal Expansion Data for Foam Core, Dow-Corning Silicone R-7002, Fully Cured 
SRI No. 3 

Expansion Parallel to Panel 
■£" xf X 3" Long Specimen 

Expansion Normal to Panel 
_ 6 - ^ X 4 X 0 Cubes Stacked to Form 311 Snorirrmn 

Avg. Tcmp., F Avg. Expansion, yin./in. Avg. Temp., 0 F Avg. Expansion, uin./in. 

76 
17 

- 2 
- 29 
- 57 
- 86 
- 94 
- 98 
-101 
-103 
-103 
- 77 
- 44 
- 15 
+ 2 

21 
40 

53 
63 
76 

* 78 
100 
148 
197 
260 
304 
32b 
345 
382 
395 
447 
492 
547 
554 

0 
- 3133 
- 4233 
- 5133 
- 5800 
- 6633 
- 6833 
- 6933 
- 7033 
- 7100 
- 7133 
- 6800 

5800 
- 4800 
- 4300 
- 3467 
- 2800 
- 2300 
- 1933 
- 1407 

0 
700 

3267 
5967 
8333 
8670 
8667 
7900 
2600 
1167 

- 5733 
- 6200 
- 8100 
-12467 

76 
104 
151 
215 
247 
294 
342 
367 
391 
447 
518 
532 
611 
650 
715 

75 

0 
700 

2200 
4400 
5400 
5900 
5800 
4300 
1800 

- 4000 
- 7000 
-11600 
-11500 
-13000 
-19000 
-21800 

* Dial gage rezeroed. 
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Table 25 

Thermal Expansion Data for Molded Panel Fiberite 4030-190, Glass Fiber, Phenolic Resin 
Expansion Parallel to Panel, 1" x-}" x 3" Long Specimen 

SRI No. 4 

Sample Nc ). 1, Run No. 1 Sample No. 1, Run No. 2 Sample No. 2 
Avg. Temp., 0 

F 
Avg. Expansion, 

Uin. /in. 
Avg. Temp., 

° F 
Avg. Expansion, 

/jin, /in. 
Avg. Temp. , 

° F 
Avg. Expansion, 

uin. /in. 

80 
14 

- 3 
- 38 
- 50 
- 57 
- 70 
- 79 
- 83 
- 95 
-100 
-103 
-104 
- 88 
- 68 
- 50 
- 27 

12 
37 
51 
63 
78 

* 76 
129 
148 
213 
280 
306 
369 
414 
464 
518 
460 
413 
340 
316 

74 

0 
- 767 
- 967 
-1300 
-1433 
-1500 
-1667 
-1733 
-1767 
-1833 
-1900 
-1933 
-1967 
-1800 
-1633 
-1433 
-1267 
- 767 
- 533 
- 367 
- 233 
- 67 

0 
700 
967 

1867 
2600 
2900 
3430 
2500 
1667 
1500 

833 
200 

- 267 
- 533 
-2167 

78 
97 

143 
195 
251 
312 
369 
434 
387 
428 
496 
524 
579 
650 
656 
683 
735 
623 
420 
279 
136 

78 

0 
133 
467 
833 

1200 
1600 
2033 
2533 
1967 
2300 
2800 
2900 
3000 
3433 
3367 
3367 
3200 
1833 

267 
- 667 
-1567 
-1900 

78 
98 

144 
203 
246 
288 
350 
415 
428 
433 
455 
478 
512 
567 
638 
687 
774 

85 

0 
167 
767 

1567 
1933 
2333 
2700 
2133 
1767 
1433 
733 
467 
533 
767 
833 

1033 
1367 

-4967 

j 

1 

1 

* Dial gage rezeroed. 

WADD TR 60-657 111 



Table 26 

Thermal Expansion Data for Molded Panel Fiberite 4030-190 
Glass Fiber, Phenolic Resin Expansion Normal to Panel ’ 

12-, Diameter Disks Stacked Up, Total Height Approximately 2^' 
SRI No 4 '' 18 
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Table 30 

Thermal Expansion Data for Molded Panel, 
SN-19 Nylon Chopped Fabric Construction, CTL-91 LD Phenolic Resin 

SRI No. 9 

Expansion Normal to Panel 
Specimen, 11 --f" Dia. Disks Stacked to a Height of 3" 

Avg. Temp. , ° F Avg. Expansion, yin./in. 

74 
33 

8 
- 19 
- 55 
- 73 
-101 
- 70 
- 11 

26 
59 
75 

t 75 
104 
144 
286 
205 
295 
320 
327 
356 
407 

_ 76 

0 
- 800 
- 1433 
- 2033 

2733 
- 3033 
- 3667 
- 3367 
- 3067 
- 2800 
- 2000 
- 1433 

0 
1166 
3333 

18900 
10333 
19500 
31233 
32900 
57833 

* 125833 
98700 

* Limit of dial gage reached so run was stopped. Bubbles 
were produced in the material, and the dial gage would 
show a great expansion as the bubble formed and then a 
contraction when the bubble burst. 

t Dial gage rezeroed. 
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Thermal Conductivity Data 8" x 8" Area (64 sq. in.) 

Unidirectional Laminate, Scotchpiy Xr-125 Special Resin Content 
30% * 1% by Weight, 14" x 14" Specimen, Average Thickness = 0. 122" 

SRI No. 1-1 
Average Mean 

Temp., 0 F 
Average At 

0 F 
Total Heat Input 

Watts 
K 

Btu/hr ft2 r' F/in. 

- 55 
94 

196 
281 
357 
436 
527 

22.0 
28.0 
86.0 

128. 5 
166.5 
74.5 

107.5 

32.7 
52.6 

198.5 
331.0 
463.0 
185.8 
221.7 

0.714 
0.906 
1.107 
1 238 
1.335 
1.197 
0.989 
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Table 36 

Thermal Conductivity Data 8" x 8" Area (64 sq. in. ) 

Isotropic Laminate, Scotc 
30% t 1% by Weight, 14" x 14" 

S 

hply XP-125 Special Resin Content 
Specimen, Average Thickness = 0.122" 
RI No. 1-2 

Average Mean 
Temp., ° F 

Average At 
0 F 

Total Heat Input 
Watts 

K 
Btu/hr ft2 ° F/in. 

- 45 
108 
119 
197 
214 
300 
445 
527 

*337 

27.5 
35.0 
39.5 
75.5 
90.5 

128.5 
76.0 

100.5 
58.0 

41.7 
65.0 
87.0 

176.6 
218.2 
373.0 
217.9 
274.0 
147.8 

0.713 
0.872 
1.035 
1.095 
1.130 
1.361 
1.345 
1.276 
1.193 

* Run made after material had been to top temperature. 
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Table 37 

Thermal Conductivity Data 8" x 8" Area (64 sq. in. ) 

Molded Panel, Chopped 181 Glass Fabric, A-1100 Finish, CTL-91 LD 
Phenolic Resin, 8" x 8" Specimen in 14" x 14" Asbestos Board, 

Specimen Thickness = 0.281" 
SRI No. 2 

Average Mean 
Temp., 0 F 

Average At 
0 F 

Total Heat Input 
Watts 

K 
Btu/hr ft2 ° F/in. 

101 
232 
414 
541 
554 

*421 
*593 
*167 

41.0 
167.5 
141.5 
185.0 
192.5 
144.0 
208.0 
46.5 

48.8 
223.0 
218.5 
274.2 
286.2 
183.6 
275.3 
50.6 

1.280 
1.435 
1.661 
1.602 
1.602 
1.375 
1.422 
1.172 

* These values were obtained after material had been to highest 
temperature. 
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Table 38 

Thermal Conductivity Data 8" x 8" Area (64 sq. in. ) 

Foam Cc 
14" a 

)re^ Dow-Cormng Silicone R-7002. Fully Cured, 
14" Specimen, Average Thickness = O.^SS" 

SRI No. 3 
Average Mean 

Temp., 0 F 
Average At 

0 F 
Total Heat Input 

Watts 
K 

Btu/hr ft2 ° F/in 

122 
237 
311 
510 
553 
704 

79.5 
256.5 
311.5 
428.5 
439.0 
475.0 

11 2 
55.1 
84.7 

167.4 
182.0 
266.0 

0 371 
0. 568 
0.718 
1.031 
1.094 
1.478 
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Table 39 

Thermal Conductivity Data 8" x 8" Area (64 sq. in. ) 

Molded Panel, Fiberite 4030-190, Glass Fiber, Phenolic Resin, 
8" x 8" Specimen in 14" x 14" Asbestos Board, 

Specimen Thickness = 0.230" 
_ SRI No. 4 

Average Mean 
Temp., 0 F 

Average At 
° F 

Total Heat Input 
Watts 

K 
Btu/hr ft2 ° FI in. 

- 54 
- 54 
107 
206 
214 
303 
407 
512 
613 
780 

26.0 
24.0 
35.5 
88.5 
90.0 
77.0 

108.0 
143.0 
169.5 
241.0 

15.5 
15.7 
41.9 

113.1 
115.5 
117.7 
160.6 
230.0 
284. 5 
419.0 

0.585 
0.636 
1.137 
1.231 
1.231 
1.465 
1.427 
1.548 
1.613 
1.670 
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Table 40 

Thermal Conductivity Data 8" x 8" Area (64 sq. in. ) 

Molded Panel, Coast F-130 Chopped Glass Fiber, Silicone Resin, 
8" x 8" Specimen in 14" x 14" Asbestos Board, 

Specimen Thickness = 0.273" 
SRI No. 5 

Average Mean 
Temp., ° F 

Average At 
0 F 

Total Heat Input 
Watts 

K 
Btu/hr ft2 ° F/in. 

- 73 
104 
262 
454 
633 

* 320 
*183 

23.0 
35 0 

193.0 
161.0 
215.5 
107.0 
49.5 

14 4 
41.6 

230.0 
215.5 
337 0 
127.0 
58.5 

0.657 
1.372 
1 310 
1.402 
1.635 
1.242 
1.020 

* These values were obtained after material had been to highest 
temperature. 
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Table 41 

Thermal Conductivity Data 8" x 8" Area (64 sq. in. ) 

Laminate, Astrolite, Random Reinforcement-^" Squares of 1201V Cloth, 
SC-1008 Phenolic Resin, 8" x 8" Specimen in 14" x 14" Asbestos Board, 

Specimen Thickness = 0. 132" 
SRI No. 6 

Average Mean 
Temp., 0 F 

Average At 
0 F 

Total Heat Input 
Watts 

K 
Btu/hr ft2 0 F/in. 

- 61 
105 
218 
333 
481 
627 
725 

* 563 
*454 

18.0 
33.0 
99.0 

164. 5 
105.0 
138.0 
162. 5 
130.0 
105.5 

26.5 
69.3 

239.2 
439.0 
264.0 
361.5 
439.0 
306.0 
242.0 

0.745 
1.061 
1.222 
1.351 
1.276 
1.328 
1.369 
1.191 
1.165 

* These values were obtained after material had been to highest 
temperature. 
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Table 42 

Thermal Conductivity Data 8" x 8" Area (64 sq. in. ) 

Laminate, Astrolite, Refrasil 184 Weave, SC-1008 Phenolic Resin, 
14" x 14" Specimens x 0.126" Thick 

SRI No. 7-1 
Average Mean 
Temp., ° F 

Average At 
° F 

Total Heat Input 
Watts 

K 
Btu/hr ft2 F/'in. 

- 61 
111 
193 
313 
447 
551 
730 

*656 
*465 

18.5 
29.5 
70.0 

140.5 
78.5 
Qá d 
VA. V 

127.0 
118 5 
85.0 

27.4 
65.0 

172,0 
372,0 
206 2 
273.0 
377,0 
335 0 
219.5 

0.716 
1.065 
1.189 
1 280 
1.271 
1.396 
1.435 
1.369 
1.249 

* These values were obtained after material had been to highest 
temperature. 
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Table 43 

Thermal Conductivity Data 81^ 8" Area (64 sq. in. ) 

Laminate, Edgewise Layup with Thickness in Warp Direction, 
Astrolite, Refrasil 184 Weave, SC-1008 Phenolic Resin, 

8" X 8" Specimen in 14" x 14" Asbestos Board, 
Specimen Thickness = 0.132" 

SRI No. 7-2 
Average Mean 

Temp., 0 F 
Average At 

0 F 
Total Heat Input 

Watts 
K 

Btu/hr ft2 0 F/in. 

- 65 
105 
204 
308 
400 
521 
733 

* 625 
*465 

18.0 
29.5 
90.0 

161.5 
81.0 

100.0 
148.0 
131.0 
99.5 

27.4 
71.1 

255.5 
464.7 
255.0 
344.0 
481.0 
400.0 
286.1 

0.731 
1.158 
1.361 
1.380 
1.510 
1.651 
1.560 
1.466 
1.380 

* These values were obtained after material had been to highest 
temperature. 
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Table 44 

Thermal Conductivity Data 8" x 8" Area (64 sq. in.) 

Laminate, CTL 37-9X Phenolic Resin, 181 "E" Glass Fabric, 
Regular Layup, 14" x 14" Specimens x 0.132" Thick 

SRI No. 8-1 
Average Mean 
Temp., ° F 

Average At 

ü F 
Total Heat Input 

Watts 
K 

Btu/hr ft2 0 F/m. 

- 57 
103 
183 
317 
450 
586 
730 

* 614 
*468 

19.5 
30.0 
71.0 

139.0 
73.5 
97.0 

127.5 
112.5 
86.5 

27.7 
64.1 

168.8 
372.5 
210.9 
296.0 
377.0 
309. 5 
221.5 

0.719 
1.081 
1.203 
1.360 
1.455 
1.545 
1.500 
1.392 
1.295 

* These values were obtained after material had been to highest 
temperature. 
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Table 45 

Thermal Conductivity Data 8" x 8" Area (64 sq. in. ) 

Laminate, 181 "E" Glass F 
Edgewise Layup with 

8" x 8" Specimen in 
Average T 

SB 

abric, CTL 37-9X Phenolic Resin, 
Thickness in Warp Direction, 
14" x 14" Asbestos Board, 

hickness = 0. 699" 
J No. 8-2 

Average Mean 
Temp., ° F 

Average At 
0 F 

Total Heat Input 
Watts 

K 
Btu/hr ft2 ° F/in. 

- 64 
102 
215 
316 
459 
554 
701 

* 561 
*377 

24.5 
23.0 
95.5 

152.0 
233.5 
209.5 
270.5 
209.5 
139.5 

16.2 
18.5 
96.1 

174.2 
299.6 
271.5 
356.0 
257.0 
157.0 

1.770 
2.155 
2.700 
3.075 
3.440 
3.460 
3.535 
3.290 
3.015 

* These values were obtained after material had been to highest 
temperature. 
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TabJe 46 

Thermal Conductivity Data 8" x 8" Area (64 sq. in. ) 

Laminate, 181 "E" Glass Fabric, CTL 37-9X Phenolic Resin, 
Edgewise Layup with Thickness at 45° of Warp Direction, 

10" x 10" Specimen in 14" x 14" Asbestos Board. 
Average Thickness = 0,708" 

SRI No. 8-3 
Average Mean 
Temp., ° F 

Average At 
° F 

Total Heat Input 
Watts 

K 
Btu/hr ft21' F/in. 

- 58 
116 
223 
330 
458 
572 
702 

*547 
*396 

35.0 
40 5 

113.0 
135 8 
167 5 
209 0 
255.0 
193 5 
139.5 

18.8 
24.3 
76.9 

135.8 
171.1 
221 5 
283.0 
197 7 
131.5 

1.455 
1.628 
1.845 
2.245 
2.770 
2.870 
3.010 
2.770 
2.560 

* These values were obtained after material had been to highest 
temperature 
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Table 47 

Thermal Conductivity Data 8" x 8" Area (64 sq. in. ) 

Molded Panel, SN-19 Nylon, CTL-91 LD Phenolic Resin, 
8" x 8" Specimen Made of Four 4" x 4" Pieces 

in 14" x 14" Asbestos Board, 
Average Thickness = 0.265" 

SRI No. 9 
Average Mean 
Temp., 0 F 

Average At 
" F 

Total Heat Input 
Watts 

K 
Btu/hr ft2 0 F/in. 

- 68 
101 
201 
298 
451 
556 
732 

* 559 
* 362 

26.0 
43.0 

136.0 
235.5 
178.5 
241.5 
307.0 
242.0 
160.5 

203.0 
54.9 

189.0 
314.0 
228.5 
295.0 
349.0 
188.5 
102.0 

0.794 
1.295 
1.411 
1.360 
1.302 
1.245 
1.159 
0.791 
0.646 

* These values were obtained after material had been to highest 
temperature. 
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Table 48 

Thermal Conductivity Data 8" x 8" Area (64 sq. in. ) 

Lam;;“te-4S CRPD’ DC'2106 Sii¡“"^Asbestos Laminate:- 
12 x 12 Specimen in 14" x 14" Asbestos Board. 

Specimen Thickness - 0. 121" 
SRI No. 10 

average Mean 
Temp., ° F 

j Average At 
0 F 

Total Heat Input 
Watts 

K 
Btu/hr ft2 ° F/in 

- 65 
102 
193 
298 
437 
569 
721 

* 547 
*340 

16.0 
26.0 
74.5 

129.5 
70.0 
93.5 

126.0 
96.0 
59.0 

25.7 
73.9 

230.5 
430.0 
233 5 
330.0 
430.0 
306 0 
175.5 

0.746 
1.320 
1.438 
1.542 
1.549 
1.640 
1.585 
1 480 
1.380 

These values were obtained after material had been to highest 
temperature. 6 

WADD TR 60-657 134 



Table 49 

Thermal Conductivity Data 8" x 8" Area (64 sq. in. ) 

Laminate, YM-31A Glass Fabric, CTL-91 LD Phenolic Resin, 
14" x 14" Specimen, Average Thickness = 0.116" 

SRI No. 11 
Average Mean 
Temp., ° F 

Average At 
0 F 

Total Heat Input 
Watts 

K 
Btu/hr ft2 c F/in. 

- 57 
104 
222 
325 
485 
586 

*487 
*370 

19.0 
16.0 
83.0 

142.0 
55.0 
72.0 
58.5 
47.5 

35.4 
49.0 

288.0 
542.0 
236.0 
288.5 
216.0 
171.0 

0.828 
1.361 
1.545 
1.695 
1.910 
1.785 
1.640 
1.600 

* These values were obtained after material had been to highest 
temperature. 
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Table 50 

Thermal Conductivity Data 8" x 8" Area (64 sq in. ) 

Laminate, YM-31A Glass Fabric, CTL-91 LD Phenolic Resin 
14" x 14" Specimen, Average Thickness = 0.110" 

SRI No 12 
Average Mean 

Temp., ° F 
Average At 

°F 
Total Heat Input 

Watts 
K 

Btu/hr ft2 F/in. 

- 51 
103 
231 
347 
510 
599 

*479 
*374 

15 5 
14 5 
71.0 

115.0 
57.0 
80.0 
64 5 
47.0 

36 3 
49.9 

274.0 
496.0 
233.8 
288 5 
222.3 
148.8 

0 988 
1.450 
1.630 
1.825 
1 730 
1 521 
1.455 
1.335 

* These values were obtained after material had been to highest 
temperature. 
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Table 51 

Thermal Conductivity Data 8" x 8" Area (64 sq. in.) 

Laminate, R/M Style 42 RPD Asbestos Mat, R/M High Heat Resistant 
Phenolic, 14," x 14" Specimen x 0.147" Thick 

SRI No. 13 
Average Mean 
Temp., 0 F 

Average At 
0 F 

Total Heat Input 
Watts 

K 
Btu/hr ft2 0 F/in. 

- 51 
115 
218 
345 
477 
608 
706 

*546 
*406 

17.0 
29.5 
76.5 

136.0 
76.5 
95.0 

114.0 
91.0 
67.0 

25.7 
70.8 

206.0 
399.8 
255.5 
332.5 
394.0 
290.0 
204.5 

0.854 
1.351 
1.520 
1.659 
1.881 
1.975 
1.950 
1.800 
1.723 

* These values were obtained after material had been to highest 
temperature. 
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