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Radiation Effect of Porous Materials with Cylindrical Cavities

CHEN Fuli
China Light Gas—Turbine Development Center, Beijing 100028, China

Abstract Porous materials possess superior mechanical and thermal performances, and have been widely used in aeronautics,
astronautics, atomic energy, transportation etc industries. The effect of the radiation for the heat transfer property of the porous materials
with the cylindrical cavities is studied. The micromechanics methods, ie dilute, self—consistent and Mori—Tanaka methods, are extended
to predict the effective thermal conductivity of porous materials accounting for the radiation effect at high temperature. The compact
closed form formula of the local effective thermal conductivity is derived, which is very convenient for engineering application. A
comparison with available theoretical predictions is made to demonstrate the accuracy of the present formula. The dilute and self -
consistent methods give unreasonable predictions for the relative high porosity. The Mori —Tanaka predicts reasonable solutions.
Numerical examples reveal a lot of interesting interaction phenomena of pores on heat transfer. It is seen that the local effective thermal
conductivity divides into two parts: one attributes to conduction and the dimensionless conductivity by pure conduction is independent of
temperature and pore size, whereas the other is due to thermal radiation in the pores and strongly depends on temperature and pore size,
which is negligible at low temperature and in the case of small pores.
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Fig. 1 Scheme of the cylindrical cavity cross—section
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Table 1 Aluminum oxide and the air thermal
conductivities with different temperatures
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Fig. 2 Variation curves of the k./k,vs A at RB=0.5mm
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Fig. 3 Radiative conductivity at R=10mm and T=1073K
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