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HERMITE BICUBIC STREAM FUNCTION METHOD FOR
INCOMPRESSIBLE FLOW COMPUTATIONS IN TWO DIMENSIONS

JW. Kim'

This paper is an extension of previous study[9] on a development of a divergence-free element method using a
hermite interpolated stream function. Divergence-free velocity bases defined on rectangles derived herein produce
pointwise divergence-free flow fields. Hence the explicit imposition of continuity constraint is not necessary and the
Galerkin finite element formulation for velocities does not involve the pressure. The divergence-free element of the
previous study employed hermite serendipity cubic for interpolation of stream function, and it has been noted a
possible discontinuity in variables along element interfaces. This deficiency can be removed by use of a hermite
bicubic interpolated stream function, which requires at each element corners four degrees-of-freedom such as the
unknown variable, its x- and y-derivatives and its cross derivative. Detailed derivations are presented for both
solenoidal and irrotational bases from the hermite bicubic interpolated stream function. Numerical tests are
performed on the lid-driven cavity flow, and results are compared with those from hermite serendipity cubics and a
stabilized finite element method by lllinca et al[7].

Key Words : 722} 8 A(Divergence Free Element), ®E] 3E&14(Vector Potential), £ 7]#] $<(Solenoidal Basis Function),
H) 3] 7)A4] &<(Irrotational Basis Function)
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Table 1 Vorticity along horizontal centerline.

w(0.5,9)
y-eoord [y R D) HSC HBC Ref.[8]
1.0 -17.327 -16.278 -16.346 -14.753
0.96875 -8.7497 -8.9218 -8.8991 -9.4950
0.95313 -5.0738 -5.1937 -5.1966 -4.8575
0.73438 -2.0416 -2.0947 -2.0950 -2.0912
0.5 -2.0190 -2.0723 -2.0711 -2.0672
0.28125 -2.2425 -2.2755 -2.2788 -2.2677
0.10156 1.6611 1.6420 1.6351 1.6344
0.06250 2.1761 2.2801 2.2761 2.3179
Table 2 Vorticity along vertical centerline.
x-coord il 015
MR(Q2) HSC HBC Ref.[8]
0.07031 1.4810 1.5120 1.5153 1.5031
0.09375 0.7711 0.7785 0.7780 0.8240
0.22656 -1.9264 -2.0115 -2.0054 -2.0017
0.5 -2.0190 -2.0723 -2.0711 -2.0672
0.85938 -3.2973 -3.4317 -3.4270 -3.4302
0.94531 6.3904 6.4949 6.4769 6.5087
0.96094 7.8318 8.2261 8.2637 8.2462
Table 3 Pressure along horizontal centerline.
p(.5, y)
yeoond IR ) HSC HBC | Ref[8]
1.0 0.049456 | 0.055153 | 0.055247 | 0.052987
0.96875 0.048342 | 0.053073 | 0.053145 | 0.051514
0.95313 0.047183 | 0.051878 | 0.051943 | 0.050329
0.73438 0.011035 | 0.012622 | 0.012675 | 0.012122
0.5 0.0 0.0 0.0 0.0
0.28125 0.039235 | 0.040511 | 0.040451 | 0.040377
0.10156 0.099639 | 0.104723 0.10441 0.104187
0.06250 0.104017 | 0.109791 0.10943 0.109200
0.00000 0.105290 | 0.111272 0.11093 0.110591
Table 4 Pressure along vertical centerline.
p(x, .5)
x-coord ) HSC HBC Ref.[8]
0.0 0.086195 | 0.090264 | 0.090094 | 0.090477
0.07031 0.083376 | 0.087335 | 0.087140 | 0.087653
0.09375 0.080303 | 0.084068 | 0.083907 | 0.084386
0.22656 0.045141 | 0.046908 | 0.046926 | 0.047260
0.5 0.0 0.0 0.0 0.0
0.85938 0.048823 | 0.049263 | 0.049121 | 0.049029
0.94531 0.073477 | 0.077613 | 0.077373 | 0.077154
0.96094 0.074871 | 0.079336 | 0.079082 | 0.078685
1.0 0.074496 | 0.078061 | 0.077749 | 0.077455
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