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Numerical Investigation on the Bifurcation of Natural Convection
in a Horizontal Concentric Annulus

J. D. Chung, C. -J. Kim, Hoseon Yoo and J. S. Lee

Key Words : Bifurcation(c}33), Natural Convection(xteiel &), Multi-Cell(z}=41), Flow
Transition (4% o])

Abstract

Steady-state two-dimensional natural convective heat transfer in horizontal cylindrical annuli
was studied by solving the governing equations based on the primitive variables. Emphasis was
put on the occurrence of the multiple solutions at a given set of parameter values, and on the
determination of the bifurcation points at which those multiple solutions begin to branch out. The
multicellular flow pattern from the results of melting process in an isothermally heated horizontal
cylinder for high Rayleigh numbers, was used as initial guesses for the field variables. This was
succeeded in new bifurcation point to tetracellular solutions for an identical set of parameter
variables of previous works. The close examination of flow pattern transition around bifurcation
point was also conducted. It was found that the mechanisms of flow transition are different
depending on the critical Rayleigh number of bifurcation point.
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Fig. 1 Schematic of the problem considered and the
grid system used in the computation.
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Fig. 2 The initial state used for tricellular, tetracellular and pentacellular flow pattern and temperature
distribution from the results of melting process in an isothermally heated horizontal cylinder.
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(a) Ray=4.7x10% &e=0

Table 1 Comparison of the average equivalent
thermal conductivities with the works of
Cheddadi ¢f a/.(1992) and Kim and Ro
(1994).

Unicellular solutions with Pr=0.7, R=1.
6 and Ra, = 3000.

Feq Grid resolution
Cheddadi et al. 1.213 33x33
Kim and Ro 1.180 31X73
1.179 59 %98
This study 1.185 25%X120

Table 2 Numerically determined bifurcation
points for three different radius ratios.
The numbers in the parentheses repre-
sent the results from Kim and Ro (upper)
and Cheddadi et al.(down).

R Ra.[1-2cell]

1.2 1894 (1920/N)
1.6 2336(2355/2800)
2.0 2819(2860/3250)

Ra,[1-3cell] Ra,[2-4cell]
2274(2330/N) 6354 (N/N)

(b) Ra,=4.93x10%, e=--0.623L

Fig. 4 Contour plots corresponding to Fig. 3; Isotherms(right) and stream lines(left).

% ‘N’ means that no previous result has been
reported.
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Fig. 10 Contour plots around the bifurcation point of tricellular to unicellular solution.
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Fig. 11 Contour plots around the bifurcation point of tetracellular to bicellular solution.
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Fig. 12 The local equivalent thermal conductivity
corresponding to the results in Fig. 11.
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corresponding to the results in Fig. 10.
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Fig. 14 Contour plots for tricellular and pentacellular solutions for R=1.2 and (a) Pr=50.0
(b} Pr =5.0 and (¢) Pr=0.7; isotherms(right) and stream lines(left).
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