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Numerical Scheme for Energy Conservation of Explicit Values Using Helmholtz Decomposite Element
in Incompressible Fluid
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The numerical model, in which primitive variable is used, satisfy the continuity condition as week solution. On the
other hand, the model using Helmholtz decomposite element does as strong solution. The latter model is more
accurate than the former one in term of the acceleration in the element, because Navier-Stokes equation using spatial
differentials of the Helmholtz element takes advantage of its calculation. In this study, we applied C1-continuity
Helmholtz element to the model and constructed a scheme for energy conservation of explicit values using the

acceleration.
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profile of U; on geometrical center line
0o O Ghiaetd.O
Fig. 1 distributions of result values of Re(] 1x 10*
00 by laminar analysis (t=900., A t=1/1000)
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profile of U; on geometrical center line
(o :Ghiaetal.)
Fig. 2 overlay of profiles of both Re number
0 Re1x 10*and 5% 10%)

. —

(a) top side
(c) contour of P
Fig. 4 distributions of result values of Re(] 5x 10*
(meanvalue, t=45000470, A t=1/2000)
OFg200000000000 Table 1040000000
000000000000 Fg20O00ODOD0OOO0OOOOOO
0d
C'xl | ] 00 Table.1 node values on geometric center
= od (along vertical line, from top)
(b) left side O (c)rightside X Y g oyYlay
0.50 | 1.0000 [ 0.0000 0.0000
050 |[0.9934 | —0.4511x 102 0.4919
S 050 | 0.9868 | —0.7501x 1072 0.4476
0.50 | 0.9803 | —1.0499x 102 0.4649
0.50 | 0.9737 | -1.3606x 1072 0.4786
050 | 0.9671 | -1.6781x 107? 0.4857
0.50 | 0.9605 | —1.9986x 1072 0.4876
0.50 | 0.9539 | —2.3186x 1072 0.4846
Pl 050 [ 0.9474 | —2.6353x 1072 0.4779
A

(d) bottom side
Fig.3 details of the profilesin Fig.2
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oo Table.2 node values on geometric center

oo (along horizontal line, from left)
X y ) 0 /o x

0.0000 | 0.50 0.0000 0.0000
0.0066 | 0.50 | —0.1005x 102 | —0.2606
0.0132 | 050 | -0.2984x 102 | -0.3272
0.0197 0.50 -0.5246x 102 | —0.3592
0.0263 0.50 -0.7701x 102 | —0.3862
0.0329 0.50 —1.0315x 102 | —0.4076
0.0395 | 050 | -1.3049x 102 | -0.4223
0.0461 | 050 | -1.5859x 102 | -0.4310
0.0526 | 0.50 | —-1.8709x 102 | -0.4348

oo Table.3 node values on geometric center
oo (along horizontal line, to right)

X y ) 0 /o x

0.9474 0.50 —2.5160x 1072 0.4639
0.9539 0.50 —2.2102x 10?2 0.4652
0.9605 0.50 —1.9045x 1072 0.4644
0.9671 0.50 -1.5967x 107? 0.4746
09737 | 050 | -1.2732x 10?2 0.5140
0.9803 | 050 | -0.9189x 1072 0.5637
0.9868 | 050 | -0.5415x 102 0.5747
0.9934 0.50 -0.1895x 10?2 0.4798
1.0000 0.50 0.0000 0.0000

ood Table.4 node values on geometric center
oo (along vertical line, to bottom)

X y U] dY/oy

050 | 0.0526 | —2.0668x 102 | -0.4315
050 | 0.0461 | —1.7811x 102 | -0.4370
050 | 0.0395 | —1.4902x 102 | -0.4414
050 | 0.0329 | -1.2013x 102 | -0.4413
050 | 0.0263 | —0.9128x 102 | —0.4349
050 | 0.0197 | —0.6304x 102 | -0.4224
050 | 0.0132 | -0.3591x 102 | -0.3994
050 | 0.0066 | -0.1179x 102 | -0.3133
0.50 | 0.0000 | 0.0000 0.0000
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