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Radiation - Natural Convection Interactions
in Concentric and Eccentric Horizontal Annuli

Cho Young Han and Seung Wook Baek

Natural Convection (AFAt]55), Radiation (¥-A}), Vertical Eccentricity (=2)% 418,
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Abstract

A numerical investigation has been performed to discuss the radiation-affected steady-laminar natural
convection induced by a hot inner cylinder under a large temperature difference in the annuli filled with a
gray gas. To examine the effects of thermal radiation on thermo-fluid dynamic behaviors in the eccentric
geometry, the generalized body-fitted coordinate system is introduced while the finite volume method (FVM)
is used for solving the radiative transport equation. After validating the numerical results for the case without
radiation, the detailed radiation effect has been discussed. Based on the results of this study, when there exists
a large temperature difference between two cylinders, the existence of radiatively participating medium is
found to incur a distinct difference in fluid dynamioc as well as thermal behavior.
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Fig. 1 An eccentric annular cross section.
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Fig. 2 Representation of the spatial control volume and
control angle : (a) staggered grid layout and
example of typical radiation direction, (b) angular
discretization used in study.
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Fig. 6 Isotherms ( upper, A T = 0.1 ) and streamlines
( lower, A'¥ = 0.02 ) in a concentric annulus ( ey /
L = 0 ) for various conduction to radiation
parameter N with Ra=15x10*,8=1,1, =03,

, = 0 and black boundaries : (a) without radiation,

(b)N=0.1, () N=0.05,(d) N=0.03 and (e) N=
0.02.
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Table 2  Average total Nusselt number ( N"J) values
ey/L

N 0.652 0 -0.623
0.1 30.481 30.954 32.197
0.05 30.73 31.094 32.329
0.03 31.06 31.249 32.454
0.02 31.458 31.458 32.508

Fig. 7 Isotherms ( upper, A T = 0.1 ) and streamlines
(lower, A'¥ = 0.01 ) in an eccentric annulus ( e, /
L = 0.652 ) for various conduction to radiation
parameter N with Ra= 1.5 x 104, 8 = 1, 1, = 0.3,
®, = 0 and black boundaries : (a) without
radiation, (b) N = 0.1, (¢) N = 0.05, (d) N = 0.03
and (e) N =0.02.
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