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Investigation of probabilistic design method for ceramic tile thermal
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Abstract: A probabilistic sizing tool for rigid ceramic tiles thermal protection system (TPS) for hypersonic
flight vehicles was proposed based on finite element and Monte Carlo methods. A two-dimensional
probabilistic finite element model was developed, in which the uncertainties of thermal conductivities,
specific heat capacities, emissivity and the thickness of TPS were considered. The temperature distributions
of TPS were obtained, and the sensitivities of the input random parameters were also investigated. Based on
the statistical results, the thermal reliability of ceramic tile TPS was evaluated. The numerical example
indicates that the thermal reliability can be improved by increasing the thickness of ceramic tile or strictly
controlling its manufacture tolerance. The proposed method could be helpful to design highly reliable TPS
with minimum weight.
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Fig.2 Heat flux applied to TPS surface
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Fig.3 Illustration of ceramic tile TPS FRTEEEREREET L
Fig.4 Finite element model
of ceramic tile TPS
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Table 1 Material properties of ceramic tile TPS
LI-900 fr #bt 7 78 B B (o =194 kg/m*) W25 MO (p=2 770 kg/m®)
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(Wemm '« C™H) (Wemm™' «C™H (Wemm™' «C™H
0.04847
—17.6 628 —17.6 0.030 81 1 306.3 —73.2 163.0 787.0
(0.03168)
0.057 12
121.3 879.2 38.0 0.036 00 — —17.8 — —
(0.038 95)
0.072 70
260.2 1 055.1 93.5 0.041 54 1 339.8 21 — —
(0.047 78)
0.088 28
399.1 1151.4 149.1 0.047 08 — 26.9 177.0 875.0
(0.056 26)
0.109 1
538.0 1205.8 204.6 0.052 44 1402.6 37.8 — —
(0.067 86)
0.143 7
676.9 1239.3 315.7 0.067 50 — 93.3 — —
(0.085 17)
0.188 7
815.7 1 256.0 426.9 0.086 54 — 126.9 186.0 925.0
(0.106 &
0.2423
954.6 1 268.6 615.7 — 1 444.5 148.9 — —
(0.132 8)
0.311 6
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(0.163 D
0.415 4
1 260.2 — — — — 260.0 — —
(0.200 8)
1371.3 . — — — — 315.6 - -
0.240 6
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Fig.5 Variation of maximum temperature of cold

structure with tile thickness
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Table 2 Uncertainties of input parameters
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Fig.6 Sensitivities of maximum temperature of cold structure to input random parameters
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Fig.7 Probabilistic characteristics of maximum temperature of cold structure
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Table 3 Variation of thermal reliability of TPS with thickness of ceramic tile

W 2 U 0.093 0.094 0.095 0.096 0.097
AL/ % 95.683 5 98.883 4 99.863 3 99.989 9 99.999 7
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Table 4 Variation of thermal reliability of TPS with manufacture tolerance of ceramic tile
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