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Fig. 1 Top face-sheet of a thermal protection system
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Table 1 Properties of thermal protection materials
. density  Young’s modulus  coefficient of thermal thermal conductivity heat capacity
material
p/(kg/m*) E /GPa expansion « /(1/K) kE/(W/(m -K)) c/()/ (kg -K))
87.318 93 + 1.804 21T -
. 0.002 057% + 1. 182 81 x 107673 —
ZrB, -SiC 5100 350 3.98x107°42.33x107°T 15
3.2702 x 107107 +
3.473 71 x 1074773
C/SiC 1 800 60 2x107° 10 600 ~1 600

3 MEEE = 2 R, S L NF E LR 3 2R ZiB,-SiC EAHMEE S 4 2N
C/SiC BEME, mEEWIR, a3 )2 Z:B,-SiC BAMEE , €2 N FEERE 1 JEH C/Sic
EAMEL S 2 FI5E 3 )20 ZiB,-SiC EHMWE RIFER 4 K HEINTELNE 1 ZENH
ZrB,-SiC SAHFGE 26 2 |20 C/SiC BAaMEE B 7 I e 1 1 2 ZiB,-SiC B AR %,
IR R B R 15 2.
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scheme 1 scheme 2 scheme 3
ZrB,-SiC composite ceramic
1 C/SiC composite material
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Fig.2 Different stacking architectures for multilayer structure
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pressure
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Fig.3  Finite element model of multilayer structure
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displacement u, /mm
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Fig.4 Displacement along thickness direction

vs. time at the middle line
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Fig.5 Shear stress along each

material-material interface
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Fig. 6  Shear stress contours of 3 schemes at 10th s
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Table 2 Calculation results for each scheme

mass per unit area y -direction shear stress temperature
scheme .
M /(kg/m?) displacement v, /mm 7, /MPa T/°C
1 12.825 0.201 48.0 760.2
2 12.000 0.258 50.7 763.6
3 10. 350 0.262 34.2 758.0
+ >\
3 4 e
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Numerical Analysis on Thermal Stress of Multilayer
Materials Combined Structures for a Lightweight
Thermal Protection System

WANG Qi', JI Ting-wu', XIAO Man-yu’, XIE Gong-nan'

(1. Engineering Simulation and Aerospace Computing, School of Mechanical
Engineering, Northwestern Polytechnical University, Xi’ an 710072, P. R. China;
2. Department of Applied Mathematics, Northwestern Polytechnical University,
Xi’ an 710072, P. R. China)

Abstract: A design concept of using multilayer structure for the top face-sheet of a lightweight
thermal protection system was proposed. To obtain the different structural performances, three
schemes were considered according to the different stacking orders of two kinds of insulation
materials. With the mechanical and thermal loads during aircraft reentry considered, internal
thermal stress of the multilayer structure was simulated. Details of shear stresses, temperature
of the bottom surface and y-direction displacement were obtained. The results show that the
shear stresses occur at the edge area, and the distributions are anti-symmetrical along the mid-
line. The usage of the materials with high thermal conductivity and heat capacity can reduce the
temperature gradient and then the thermal stresses and deformation. With the uniform tempera-
ture field, the difference of the thermal expansion coefficients of two materials is positively re-
lated with the shear stress between the two materials. It is suggested that, there is a great po-
tential of optimization design for the multilayer structure through different combinations of ma-

terials in different stacking orders.

Key words: thermal protection; multilayer insulation structure; stacking order; material com-

bination; thermal stress
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