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Modified Galerkin Analysis
for the Unsteady Three-Dimensional Natural Convection Problems
(Approach by the Error Analysis Technique)

Yasuhiro MATSUDA™*, Changcheng SHAO,
Itaru YAMAZAKI and Ken’ichiro MATSUMOTO

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

In our previous research, the modified Galerkin method was proposed as one of the most efficient
methods for convection-diffusion analysis and viscous fluid flow analysis. In the modified Galerkin
method, the inertia term is considered explicitly, so only the symmetrical matrixes appear. Then an
artificial viscosity is introduced through an error analysis approach to improve its accuracy and
stability. In this paper, this modified Galerkin method is applied to the thermal fluid analysis using
the Semi-Implicit Method for Pressure-Linked Equations Revised formulation and the natural
convection problems in a three-dimensional cavity are simulated up to the Rayleigh number of 108,
Authors confirmed that out proposed method gives reasonable results for these problems comparing
with other research works.
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Fig. 1 Computational procedure for the MSR method
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Fig.2 Non-uniform hexahedral linear elements
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Table 1 Computed results (Ra=710~10")

Ra Method Meshes At Loop | U max. Vmax. | Numin, Numx, Nu,y,
10 Present L0X10X10 1X10%2X10%)| 198 | 2.660 | 2.714 | 07984 | 1.274 1.036
Kakuda et al.©) 0.2/710 2,000 | 2742 | 2.755 | 0.7933 1.295 1.042
100 Present 20X20X20 |1X10%2X107%)| 406 | 13.66 | 14.91 | 0.5856 | 3.157 1.852
Kakuda et al.® | 10X10X10 2.0/7100 3,000 | 15.82 | 15.57 | 0.5460 | 3.315 1.843
Present 0K 20X20 4X107°(5X107)| 233 | 4214 | 6326 | 0.8192 | 8.177 4.828
10° Kakuda et al.*’ 5/10° 5000 | 3896 | 6536 | 0.6742 | 8.196 4.398
Ramaswamy et al. ') - - = | 3940 | 7132 | 0.8856 | 7.4681 | 4.672
Present 30X30X30 X 103X 10 1,262 | 7131 | 2200 | 0.940 18.18 9.228
L6 | Kakudaet al® | 20X20X20 10,000 71.70 | 2159 | 0879 | 1890 | 8.833
Le Peutrec et al.'” | 30X 30X 30 - - - - - - 8.665
Ramaswamy et al.'? - - - 1062 | 2103 | 1.043 17.67 8.386
" Present 40X 4040 125 10°(2X10%) | 5,598 | 157.4 | 696.7 | 1233 | 41.00 | 17.30
Le Peutrec et al.('” — - - — - - 16.40
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(a) Present (b) Kakuda et al ©

Fig.5 Velocity distributions and temperature distributions ( Ra=10°, 3030 30)
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(a) Present (b) Kakuda et al @

Fig.6 Distribution of velocity “u” at z=0.5 ( Ra=10%)

Fig.8 Temperature distribution Fig.7 Velocity distributions and temperature distributions

(x-y plane combined with x-y plane rotated 180° ) (Ra=107, 40X40X40)
(Ra=10", 40X40X%40)
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Table 2 Computed results (Ra=10%)

Ra Method

Meshes At Loop

u max, V max. Numin_ Numax. Nuav_ x=0 Nuav. x=1

10 | Present | 40X40X40

1X10°(1X10°y| 30,000

387.7 | 2207.8] 1.477 | 68.6 28.05 26.92

Fig.9  Velocity distributions and temperature distributions
(Ra=10%, 40X40X40, Loop=30,000)

Fig.10 Temperature distribution
(x-y plane combined with x-y plane rotated 180° )
(Ra=10%, 40X 40X40)
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Fig.11 History of Nuyy.
(Ra=10%, 40X 40X40)
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Fig.12 Convergence histories of " 6" (Ra=710)

100000 100000

10000 10000

1000 1000

100 100

5 10} § 10

1 1

0.1 0.1

0.01 0.01

0.001 0.001 o
0 100 200 300 400 500 0 2000 4000 6000 8000
Number of Iterations Number of Iterations
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Fig.15 Convergence histories of " 0 " (Ra:lOg)
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