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Abstract: Random uncertainty is the inherent attribute of natural and engineering materials; the heat conduction
behavior is one of the most important problems in servicing process of thermal protection system, and the re-
search on the heat conduction problem of random composite materials can provide theoretical basis for integra-
tive design of material and structure in thermal protection system. A novel statistical multiscale analysis method
based on two-scale asymptotic expansions is proposed to predict heat conduction performances of random porous
materials. The statistical multiscale formulations and statistical multiscale boundary element algorithm are
brought forward. Besides, the validity of the proposed method by comparison with theoretical results is veri-
fied. Finally, the effect of microstructures on the macroscopic thermal properties for the porous ceramic materi-
als is investigated. Numerical results prove the accuracy and efficiency of our method for multiscale simulation
of heat conduction problem in random porous matetials.
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Fig. 1 Microstructure of random composite materials
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Fig. 2 Three random distributions of porosities
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Table 1 The effective thermal conductivity with different
volume fractions and the spherical cavities are

uniform distribution

L34 ZEREM HSER HS FH
0. 055 4.0821 4.1631 0.016 0
0. 144 3.602 3 3.743 6 0.016 0
0. 207 3.247 9 3.430 4 0.016 0
0. 243 3.058 9 3.245 1 0.016 0
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Table 2 The effective thermal conductivity with different
volume fractions and the spherical cavities are

normal distribution

&5 EREMR HS 3 HS 5
0. 055 4,095 0 4,163 1 0.016 0
0.144 3.624 9 3.743 6 0.016 0
0. 207 3.2711 3.430 4 0.016 0
0.243 3.099 5 3.245 1 0.016 0
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Table 3 The effective thermal conductivity with different
volume fractions and the orientations of spherical

cavities are normal distribution

4y z x z3 HSER HSTHR
0.054 4 4.1363649 4.1482571 40695464 4.1659 0.016 0
0.1340 3.7280855 3.7217693 3.5879181 3.7920 0.0160
0.196 0 3.4150749 3.4229267 3.2460099 3.4861 0.016 0
0.222 0 3.427 6674 3.4010338 3.1010820 3.3538 0.0160

M 1~k 3 TLLE W 3T A R AR 4 H0R
aTRENSILENS TE S, HERERE
f#gE HS iy, AN THR S ARE N E S8
G54, LR LR 53 4k 2 BORE FL R A4 R 2 BB 3 K T
RAEBRAAY , R UL KRR 8 RS
EamREXNE M NENER 2 HMERSE
HEEMW,

ZREFRITMEHESSRELR T
BRI BN 4 B, LR AR TTMAER
BHELTHRITAENEE, IRASRELT
JUH A A R OL T B AT A A SRR R L
HEAERBRGETTES R R ABR TR EHT
HREWARTEERM SN,

#4 BRTMHE SR TREH LR
Table 4 Number comparison of finite element mesh and

boundary element mesh

B PR TR BT
A FRTT P % 6 292 31 652

o1 HRITTM 843 930
R IT W A 11 967 60 431

o3 HRTEW 1 865 3036

EP AR (SR N R T PR S S )
21.16 W/mKHt, BB — K, 23 31 5k A R OG5
AR ICE T E IR EWNE 5 Bra (W
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Table 5 Effective thermal conductivity with uniform

distribution for two different volume fractions

A/ % HEFE En Rz s
AR 20.081 20. 080 20. 080
AR 20. 079 20. 081 20.078
AR 15. 308 15. 306 15. 302
% AR 15. 309 15. 305 15. 301
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