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Fig. 1. (a) Spatial mesh; (b) sketch of numerical flux across
the adjacent elements.
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Fig. 2. Dimensionless temperature 7/T, along the sym-
metry line z/L = 0.5 for the cases: (a) Different spatial dis-
cretization schemes; (b) different angular discretization

schemes.
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Fig. 5. Semicircle medium with an inner circle hot boundary: (a)

Geometry sketch; (b) spatial discretization.

400 % 400
(a) (b)
\ B oy —&— FluentB!
380 I —a— Fluent3! j 380 F . - - FVM block-off31]
- ¢ - FVM block-off?! 6 By -o- FVM embedded!
-0~ FVM embedded® 2% o” e -a- LBM-FVMM)
o 360f  -A- LBM-FVM[ 7 o 360 F N ~-o-- DFEM
< --e-- DFEM il i~ W
%( P z/’/ J&( NSV ..
E 340t S % 340t o
:‘/./ A .
g o S
320 7 Np1=0.1 320F N, =01 o
300 il N N N 300 N N N
0.05 0.10 0.15 0.20 0.6 0.7 0.8 0.9 1.0
IE y (x=0.5) i# y (r=0.5)
Bl 6 RREMEFESSIR RN TR L LIRES M (a) y = (0.0, 0.2]; (b) y = [0.6, 1.0]

Fig. 6. Temperature distributions along the symmetric line of the semicircle medium obtained by different numerical algorithms:

(a) y = [0.0, 0.2]; (b)

y = [0.6, 1.0].
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Fig. 7. Total flux distributions along the bottom boundary of the semicircle medium under the situations with different Plank num-

bers: (a) N, = 0.1; (b) N, = 1.0.
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Fig. 8. Irregular medium with an inner hot boundary: (a) Geometry sketch; (b) spatial discretization.
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Fig. 9. (a) Temperature distributions along the centerline of the irregular medium with an inner hot boundary; (b) temperature dis-

tribution within the computation domain for the case of N, = 0.1; (c) temperature distribution within the computation domain for

the case of N, = 1.0.
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Fig. 11. (a) Temperature distributions along the centerline of the square medium with two circular hot boundaries; (b) temperature

distribution within the computation domain for the case of N, = 0.1; (c) temperature distribution within the computation domain

for the case of N, = 1.0.
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Abstract

The discontinuous finite element method (DFEM) is used to investigate the coupled radiation-conduction
heat transfer in an irregular medium, and the highly accurate solutions for several typical media are numerically
obtained. Comparing with the traditional continuous finite element method, the computational domain in the
DFEM application is discretized into unstructured meshes that are assumed to be separated from each other.
The shape function construction, field variable approximation, and numerical solutions are obtained for every
single element. The continuity of the computational domain is maintained by modeling a numerical flux with
the up-winding scheme. Thus the DFEM has the salient feature of geometry flexibility and simultaneously
supports locally conservative solutions. The DFEM discretization for the radiative transfer equation and the
energy diffusion equation are first presented, and the accuracies of the DFEM for coupled radiation-conduction
heat transfer problems are verified. Combined radiation-conduction heat transfer problems in several irregular

media are afterward solved, and the highly accurate DFEM solutions are presented.
Keywords: radiation-conduction, coupled heat transfer, numerical simulation, discontinuous finite element
method
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