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The statistical second-order two-scale analysis method for conduction — radiation

coupled heat transfer of porous materials
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Abstract: A new statistical second - order two - scale (SSOTS) method was presented for predicting the
performances of conduction-radiation coupled heat transfer of porous materials with random distribution of pores.
The statistical second-order two-scale formulation for the Rosseland problem of porous materials was discussed, and
a statistical prediction algorithm for maximum heat flux density was brought forward. Besides, the validity of the
proposed method by comparison with theoretical methods with simple numerical models was verified. Finally,
macroscopic thermal properties for the porous ceramic materials with varying probability distribution models
including volume fraction and spatial distribution model of pores were shown. The results show that the effective
thermal conductivity parameters decrease and maximum heat flux density increases with the pores volume fraction
increasing. What is more, the radiation is an important factor for heat transfer at a high temperature. It is also
shown that the SSOTS method is valid to predict the performances of conduction — radiation coupled heat transfer of
porous materials with random distribution of pores.

Keywords: the statistical second-order two-scale (SSOTS) method; conduction - radiation coupled heat transfer;
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Table 2 Thermal conductivity of porous ceramic materials

W(m+ K)!
Effective radiative thermal
Ceramic Gas
conductivity of ceramic
4. 41 0. 0557375 1.356x10 !
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Table 3 Effective thermal conductivity of porous ceramic

materials with different volume fractions at 30 K and

1000 K with uniform distribution of the spherical pores

Volume HS-upper HS- lower
Temperature/ SSOTS/
fraction/ bound/ bound/
K (W(im - K)™1)
% (Wm+K)H (Wm+ KD
8.8 3.9057129 4.0154 0.2162
30 18.8 3.3881790 3.5374 0.2154
28.6 2.8955281 3.0353 0.2144
36.0 2.5299048 2.6318 0.2135
8.8 3.9078538 4.0154 0.2162
1 18. 8 3.3903183 3.5374 0.2154
000
28.6 2.9041928 3.0353 0.2144
36.0 2.5350241 2.6318 0.2135
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®4 LAMBESSHEEES 1000 K HEE
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Table 4 Effective thermal conductivity of porous ceramic
materials with different volume fractions at 1000 K with

normal distribution of the spherical pores

Volume SSOTS/ HS-upper bound/ HS-lower bound/
fraction/% (W(m+K)™1) (W(m+K)~1) (W(m -+ K) D
8.8 3.9312157 4.0154 0.2162

18.8 3.4272720 3.5374 0.2154

28.6 2.9795456 3.0353 0.2144
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Fig. 6 Effective thermal conductivity and effective
radiative conductivity of porous ceramic

materials with temperature
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