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ABSTRACT

A development of one-dimensional thermal analysis tool is performed to estimate the thickness of cork insulation
for flight vehicle. In the calculation of cork temperature, the cork density model, heat of ablation and pyrolysis
gas enthalpy model were applied. The calculation for the two-layer model of cork and metal was performed by the
tool and compared with the experimental data. The results for the two aerodynamic heating conditions were 17 %
and -12 % different from the experimental data, respectively. The effect of mechanical ablation not included in the
calculation can be expected as the cause of the difference. The temperature-density curve of cork which adjusted
by experimental data was also presented.
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ZNegdy p,; : original density of the i" resin component
p,; : residual density of the i resin component
I": resin volume fraction ¥, : density exponent factor
B, : pre-exponential factor for the i resin component . .
o o s : recession rate
E, : activation energy for the i" resin component .
) @), : hot wall heat flux
R : universal gas constant .
() : heat of ablation
. . L . C, : specific heat
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Fig. 1. Flow chart of thermal analysis tool for cork
insulation
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Fig. 2. Schematic diagram of heat transfer model
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Table 1. Decomposition kinetics constants for P-45
cork®

it Poi Pri B; v E
comp. | (Ib/ft%) | (Ib/ft3)

(1/s) ' (R%)
A | 6204 | 0 | 60635| 174 | 15577

B 6.269 0 1.127e3 1.30 13235

C 27.528 8 8.851el2 | 2.80 42634
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Table 2. Three varieties of thermal protection systems
—their sizes and properties(by permission of
Amorim Cork Composites ACC)'®!

P45 P50 P60
Cork particle size (mm) 1-2 0.5-1 0.5-1

Density @ 20C* (gem’) | 032 | 048 | 045

"ASTM F1315

Table 3. Decomposition kinetics constants for test cork

ith Poi Pri Bf 'E;
v, '
comp. | (Ib/ft®) | (Ib/ft%)

(1/s) l (R°)
C2 | 38539 8 | 7.966e12| 252 | 68214
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Fig. 3. Cork density model
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