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Abstract

A new numerical algorithm using equal order linear finite element and fractional step method
has been developed which is capable of analyzing unsteady fluid flow and heat transfer problems.
Streamline Upwind Petrov-Galerkin (SUPG) method is used for the weighted residual formula-
tion of the Navier-Stokes equations. It is shown that fractional step method, in which pressure
term is splitted from the momentum equation, reduces computer memory and computing time. In
addition, since pressure equation is derived without any approximation procedure unlike in the
previously developed SIMPLE algorithm based FEM codes, the present numerical algorithm gives
more accurate results than them. The present algorithm has been applied preferentially to the
well known bench mark problems associated with steady flow and heat transfer, and proves to

be more efficient and accurate.
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Table 1 Stream function values at the centers of vortices for lid driven cavity flow

Re Ghia et al.® Kim® Present study*®
Primary 400 -0.1139 -0.1128 -0.1135
verex 1000 -0.1179 -0.1169 -0.1207
3200 -0.1204 -0.1181 -0.1251
5000 -0.1190 -0.1173 -0.1255
7500 -0.1200 -0.1157 -0.1257
10000 -0.1197 -0.1150 -0.1257
Vortex 1 400 6.423x107* 6.181x10~* 6.010x107*
1000 1.751x1073 1.659x1073 1.682x10°%
3200 3.139x107? 2674x1073 3.125x107®
5000 3.083x107? 2.778x107® 3.749%x1073
7500 3.284x10-® 2.739x10°3 4.329%x 1073
10000 3.418x10°3 2.752x10°* 4.493%x1073
Vortex 2 400 1.419%x10-5 1.357 %105 1.030x10-°
1000 2.311x10~* 2.195x10~* 2.205x10™*
3200 9.782x10~* 1.046 x 102 1.070x10"®
5000 1.361 %1073 1.267 %1073 1.334x 1073
7500 1.467x 1073 1.359 <103 1.503x10°°
10000 1.518 %1073 1.405% 103 1.579x 10-*
Vortex 3 3200 7.278x10~* 6.444x10™* 6.079%10°*
5000 1.456 %1073 1.304x 103 1.288x 1073
7500 2.046x10°° 1.842x1072 1.913x 102
10000 2.421x1073 2.181x10°3 2.372x1073

8257 x 257 grids for Re=400, 5000, 7500 and 10000 and 129 x 129 grids for Re=1000 and 3200

%65 x 65 grids for all Reynolds numbers
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Table 2 Comparison of the present results with the bench mark solution®®

Ynia Phnax Umax Vmax N Uavg
Present study 1.175 3.644 3.726 1.143
Bench mark
soln. (Ra=10%) 1.174 3.649 3.697 1.118
Present study 5.136 16.418 19.801 2.264
Bench mark
soln. (Ra=10% 5.071 16.179 19.617 2.243
Present study 9.299 9.81 35.97 69.02 4.530
Bench mark
soln. (Ra=10%) 9.111 9.61 34.73 68.59 4519




2676

(a)

(c) (d)

(a) Ra=10° ; contours at-1.174(0.1174) 0
(b) Ra=10* ; contours at-5.071(0.5071) 0
(c) Ra=10° ; contours at-9.507, -8.646 (0.9607) 0
(d) Ra=10° ; contours at-16.27, -15.07(1.675) 0

*Note : The number on the left of a parenthe-
sis is a minimum contour value and on the
right is a maximum value. The number in a
parenthesis is an incremental value.

Fig. 10 Contour plots of stream function*
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(a) Ra=10% (b) Ra=10¢
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Contours at (0.1) 1 in each case

Fig. 11 Contour plots of isotherms
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