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Numerical Analysis of Natural Convection-Radiation Heat Transfer
in an Enclosure Containing Absorbing, Emitting and
Linear Anisotropic Scattering Medium

Sang Myung Cha, Jong Yeol Kim and Hi Yong Pak
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Abstract

The interaction of natural convection and radiation heat transfer in a two dimensional square
enclosure containing absorbing, emitting and linear anisotropically scattering gray medium is
numerically analyzed. P-1 and P-3 approximation is introduced to calculate radiation heat
transfer. The effects of scattering albedo, wall emissivity, scattering anisotropy, and optical
thickness on the characteristics of the flow and temperature field and heat transfer are investigat-
ed. Temperature and velocity profiles depend a great deal on the scattering albedo, and the
importance of this effect increases with decrease in albedo. Planck number is another important
parameter in radiation heat transfer. The increase in scattering albedo increases convection heat
transfer and decreases radiation heat transfer at hot wall. However, the increase in scattering
albedo decreases both convection and radiation heat transfer at cold wall. The increase in optical
thickness decreases radiation heat transfer. The scattering anisotropy has important effects on
the radiation heat transfer only. The highly forward scattering leads to an increase of radiation
heat transfer whereas the highly backward scattering leads to an decrease of radiation heat
transfer. The effect of scattering anisotropy decreases when reducing the wall emissivity.
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Table 1 Effects of scattering albedo, optical thickness, and wall emissvity on the heat transfer (P/=
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T Ew wh Mc ]—Vz_tt m—c Mr Ml—t
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0.1 0.5 14.28 3.57 17.85 16.74 1.11 17.85

1.0 15.27 1.56 16.83 15.93 0.90 16.83
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Table 2 Effects of scattering albedo, optical thickness, and wall emissvity on the heat transfer (P/=0,2)

Hot wall Cold wall
T Ew N Nu. Nue, Nus Nuc Nu, Nu:
0.0 13.42 4.00 17.42 15.35 2.07 17.42
1.0 0.5 13.61 3.78 17.39 15.24 2.15 17.39
1.0 14.00 3.40 17.40 14.39 2.31 17.40
0.0 14.16 1.99 16.15 15.29 0.86 16.15
1.0 0.5 0.5 14.36 1.88 16.24 15.26 0.98 16.24
1.0 14.89 1.51 16.40 15.07 1.13 16.40
0.0 14.17 2.00 16.17 15.26 0.91 16.17
1.0 0.5 14.36 1.86 16.23 15.26 0.97 16.23
1.0 14.87 1.46 16.33 15.09 1.24 16.33
0.0 13.56 3.52 17.08 15.96 1.12 17.08
1.0 0.5 13.71 3.14 16.85 15.79 1.16 16.85
1.0 14.55 1.64 16.19 14.97 1.22 16.19
0.0 14.37 1.84 16.21 15.65 0.56 16.21
5.0 0.5 0.5 14.39 1.73 16.12 15.54 0.58 16.12
1.0 14.96 1.02 15.98 15.24 0.74 15.98
0.0 15.07 0.37 15.44 15.33 0.11 15.44
0.1 0.5 15.10 0.33 15.43 15.28 0.15 15.43
1.0 15.38 0.29 15.17 14.97 0.20 15.17

Table 3 RudEffects of scattering anisotropy on the heat transfer with ¢=1.0 and r=1.0

Hot wall Cold wall

Ew A mc Ni:r MC ]_V—;r m-t
-1.0 9.71 24 .82 34.53 14.37 20.16 34.53

1.0 0.0 9.72 27.77 37.49 14.32 23.17 37.49
1.0 9.75 32.12 41.87 14.30 27.57 41.87

—-1.0 12.54 13.03 25.57 14.30 11.27 25.57

0.5 0.0 12.40 13.43 25.83 14.23 11.60 25.83
1.0 11.97 15.80 26.77 14.35 12.42 26.77
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