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Abstract 

A simple transient thermal test was developed for evaluating the 
thermal performance of high-temperature flexible insulation materials in 
atmospheric pressure air.  The test setup was inspired by the test assembly 
used for evaluating the performance of fire shelters and fire protective 
clothing. The heating source used was a burner supplied with propane gas 
that can generate relatively uniform heating over a wide area.  The ratio 
of the in-plane width to thickness of the insulation test sample in the test 
assembly was selected to be greater than ten so that the heat transfer in 
the center of the test assembly was nearly one-dimensional.  A rigid, thin 
Inconel plate was used as the septum plate directly exposed to the flame 
to provide a relatively uniform, known-temperature boundary condition 
for the test assembly, and to prevent convective heat transfer through the 
test insulation from the burner. The test sample, flexible alumina paper 
insulation, was placed between the Inconel plate and a thin titanium 
witness plate.  The overall assembly was further insulated using a 
combination of rigid and flexible ceramic insulations to minimize heat 
losses from the periphery of the test assembly.  Thermocouples installed 
on the septum and witness plates and inside the insulation test sample 
provided temperature measurements at various locations.  For the 
evaluation tests, the Inconel septum plate reached temperatures between 
780ûC and 850ûC for tests with flame exposure durations of 120 sec to 300 
sec.  The measured temperatures for various tests with similar flame 
exposure times were repeatable.  A one-dimensional numerical heat 
transfer model of the test assembly was developed.  The close agreement 
between measured and predicted temperatures on the titanium witness 
plate and inside the insulation test sample indicated that this test may 
provide a one-dimensional thermal testing capability for evaluation of 
thermal performance of similar insulations.     

 

Introduction 

There is a need for a simple test for quick turnaround thermal performance evaluation testing of novel 
high-temperature insulations that are being developed. The test described in this paper is intended for 
comparison of thermal performance of various insulations. The test, combined with a numerical thermal 
model of the test configuration, has also the potential to be used for estimation of unknown thermal 
properties of insulation samples.  There are standard steady-state techniques (Refs. 1, 2) for measuring 
thermal conductivity of high-porosity, low-density thermal insulations, but they require significant setup 
and test time to achieve steady-state conditions in order to yield accurate results.  Because of the high 
porosity of these insulations, typically larger than 90 percent, the thermal conductivity of these insulations 
are a function of not only temperature, but the environmental pressure and gaseous medium (Ref. 3).  For 
a quick turnaround system, having the test assembly operate at atmospheric pressure air to avoid 
complexities involved with testing in a vacuum chamber or in an inert environment is desirable.  
Furthermore, imposing a constant, spatially uniform heat flux on the hot side of the system is also desirable.  
Moreover, the test sample should have a large ratio of width to thickness to reduce the influence of the edge 
effects and thus result in nearly one dimensional (1-D) heat transfer through the thickness in the center of 
the test assembly.  Preventing any forced convective flow from the burner through the test sample is also 
important, because such flow will not be present in most applications using the insulations, nor in the more 
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a) 

 

b) 
Figure 15. Temperature repeatability for tests 9 through 11: a) standard deviation, b) standard 

deviation/average temperature 
 

The comparison of test data and the numerical heat transfer model predictions for Tc1, Tc2 and Ticen for 
test 9 is provided in Fig. 16.  The model predictions are displayed with solid lines, while measurements are 
presented with dashed lines. For the two embedded thermocouples in the test sample, the predictions rose 
at a faster rate than the measurements up to 100 seconds, then the predictions were lower than the 
measurements for the remainder of the test duration.  The titanium witness plate temperature predictions 
were slightly lower than the measurements.  The corresponding graph of the difference of predictions and 
measurements as a function of time for the three measurement locations is shown in Fig 17a.  For Tc1, 
predictions were higher than measurements up to 86 seconds with a maximum difference of 20.2°C in this 
time period. The predictions were then lower than the measurements for the rest of the test with a maximum 
absolute value difference of 30.2°C during this time period.  The same patterns but with slightly lower 
differences were observed for Tc2.   For Ticen the difference between measurements and predictions varied 
between 0°C and 8.1°C.  The ratio of the difference between measurement and prediction to the maximum 
measured temperature for Tc1, Tc2, and Ticen is provided in Fig. 17b.  The difference for Tc1 and Tc2 varied 
between -7% and 4% during the test.  The difference for Ticen varied between -5% and 0% during the test.  
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The same patterns were observed for tests 10 and 11 which were the other two tests with nominal 180 
second long flame exposures.  
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Figure 16. Comparison of predicted and measured temperatures for test 9 
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a) 

 

b) 
Figure 21. Variation of difference between predicted and measured temperatures for test 13: a) 

absolute differences; b) percent differences 

 

A tabulation of maximum absolute value difference and root mean square (RMS) difference between 
predictions and measurements for Tc1, Tc2 and Ticen are presented in Table 5.  The RMS differences between 
predictions and measurements varied between 16.9°C and 21.0°C for Tc1, between 10.5°C and 14.5°C for 
Tc2, and between 2.8°C and 4.9°C for Ticen.  The maximum absolute value difference varied between 23.9°C 
and 30.2°C for Tc1, between 15°C and 23.6°C for Tc2, and between 4.8°C and 8.1°C for Ticen.  The 
corresponding ratio of RMS difference between predictions and measurements to the maximum measured 
temperatures for each quantity is presented in Table 6.  The ratio of RMS difference to maximum 
temperature varied between 3.2% and 3.3% for Tc1, between 3.6% and 3.9% for Tc2, and between 1.6% 
and 2.2% for Ticen.  The ratio of maximum difference between predictions and measurements to maximum 
temperature is not presented in the table, but varied between 4.5% and 5% for Tc1, between 5.2% and 6.5% 
for Tc2, and between 2.9% and 4.1% for Ticen.  ��

As mentioned previously, neglecting the volumetric heat capacity of the foil thermocouples in the 
thermal analysis could explain some of the differences observed between predictions and measurements for 
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similar flame exposure duration.  A 1-D heat transfer model of the entire test assembly was used in 
conjunction with a measured specified temperature thermal boundary condition on the hot side and an 
adiabatic boundary condition on the cold side.  The close agreement between measured and predicted 
temperatures on the titanium witness plate and inside the insulation test sample indicated that the test 
assembly can provide a 1-D thermal testing capability for evaluation of thermal performance of similar 
insulations. 
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