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Two-Dimensional Natural Convection Analysis
by the Fourth-Order Finite Difference Method
(2nd Report, In Case of High Rayleigh Numbers)

Changcheng SHAO*?, Yasuhiro MATSUDA and Toshihide WAKABAYASHI

*3 Shinshu University, Dept. of Mechanical Systems Engineering,
4-17-1, Wakasato, Nagano City, Nagano, 380-8553 Japan

The natural convection problems in a square cavity have been analyzed as a benchmark
problem for two dimensional thermal fluid flow analyses. In this paper, the fourth-order weighted
average finite difference method (FWA(C)) is used for the problems of Rayleigh numbers from 10°
to 10", The FWA (C) algorithm is a combination of (a centered-difference) X W and (an upstream-
difference) X (1—W). Here the W is a weighting parameter. Then, the FWA (C) is corrected by an
artificial viscosity using the error analysis approach to improve its accuracy and stability. Non-
uniform meshes are used to obtain a high accurate solution near the boundary. In these analyses,
converged solutions are obtained for Rayleigh numbers from 10° to 10", Thus, the effectiveness of
FWA (C) was confirmed by comparing our results with other research works.
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Table 1 Computational parameters and results

Ra 10° 100 100
Meshes 100 % 100 200 4 200 200 4 200 200 4 200
At 10.0 x 10 40410 2.0 410 2.0 4 10% 1.0 4 10%
(2004109 | (5.0410%) | (5.0410%) | (4.0410% (2.0 <10
Loop 200,733 602.861 1.343.205 497.127 550,000
Y, 102.39 86.93 96.02 148.75 222.02
. 149.94 104.04 130.72 445.18 864.16
(x, (0.962, (0.056, (0.070. (0.073, (0.034
y) 0.266) 0.911) 0.882) 0.914) 0.779)
U, 603.03 450.13 450.56 1931.44 2420.21
) (0.962) (0.904) (0.949) (0.774) (0.983)
Vo 6662.57 69356.49 6939.38 21238.77 61175.54
(x) (0.007) (0.007) (0.007) (0.003) (0.003)
Nu 58.24 55.32 55.18 104.92 209.32
Nu_ 300.30 218.85 217.75 588.38 934.05
(y) (0.000) (0.003) (0.003) (0.002) (0.002)
Nu,, 4.20 2.82 3.32 5.07 8.15
) (1.000) (1.000) (1.000) (1.000) (1.000)
90 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

PARFENEC £ 2 ZROCEH AR OB (5 2 %) 335

¢ ST D

\
8 )
CA o 4

-»__/—_—‘\\\ 00

\\ \W,»-'m,—\ @ D

)0l A
(a) 100X100 meshes, (b) 200 4200 meshes, (¢) 200 <200 meshes,  (d) Inada et al.®, 80 % 80 meshes
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Fig. 4 Contour maps of 3 for Ra=10° (A y =30)
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(a) 100 X100 meshes, At=10.0410%  (b) 2004200 meshes, At=4.0410% (c) 200 £200 meshes, At=2.0 410

Fig. 5 Contour maps of 6 for Ra=10" (A 6=0.1)
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Fig. 6 Velocity distributions for Ra=10°
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Fig. 7 Change of § o for Ra=10° (200x200, At =2.0x107)
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Fig. 8 Change of Nu for Ra=10°
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Fig.9 Computational results for Ra=10'" (Ar=2.0x10", Loop=497127)
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Fig. 12 Computational results for Ra=10" (200x200, Ar=1.0x10", Loop=3550,000))
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