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Abstract: Taking the advantages of the flexibility to deal with irregular geometry, numerical sta-
bility, and high-order local convergence, the discontinuous spectral element method (DSEM) was
used for thermal analysis of coupled radiation and transient conduction in two-dimensional hetero-
geneous media. In the solving process, the spatial computational domain was discretized into sev-
eral elements separated from each other, and high-order spectral nodes were used to discretize
these elements. For the discrete coordinate form of the radiative transfer equation in a heteroge-
neous medium, the direction of radiant energy in a discrete angle was based to determine the up-
stream and downstream elements. Then, the upwind scheme was imposed to transmit radiation
information in elements. For the transient energy conservation equation, the fully implicit differ-
ence scheme was adopted to discretize the transient term. Several examples of coupled radiation

and transient conduction in the heterogeneous medium were chosen to test the linear convergence
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characteristic with increasing number of elements, and the exponential convergence characteris-

tics with increasing nodes in the element. By comparing the results with those in the literature, it

was found that the maximum relative error was less than 1% in all cases, which confirmed the ac-

curacy and efficiency of the discontinuous spectral element method. With an increase in radiation

and thermal coupling parameters, the proportion of heat conduction in coupled heat transfer in-

creased while the non-uniformity of the temperature field caused by heterogeneous media de-

creased. Consequently, a longer time was required for it to reach steady-state.

Keywords: heterogeneous media; high-temperature thermal radiation; transient conduction; dis-

continuous spectral element method; upwind scheme
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within two-dimensional heterogeneous media
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Table 1 The effects of different spatial elements and angular

directions on dimensionless temperature

yeH'!
N, N, N, N,

0.05 0.35 0.65 0.95

1 1 10 20 0.8840 0.6977 0.6179 0.5359
3 3 10 20 0.8675 0.6978 0.6111 0.5433
5 5 10 20 0.8646 0.6977 0.6110 0.5433
7 7 10 20 0.8648 0.6976 0.6109 0.5441
9 9 10 20 0.8646 0.6975 0.6109 0.5442
7 7 6 12 0.8693 0.7008 0.6090 0.5435
7 7 10 20 0.8648 0.6976 0.6109 0.5441

7 7 14 28 0.8642 0.6968 0.6113 0.5438
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