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Fig. 3 Specified Corner Velocity in Some Primitive
Variable Finite Element Analysis.

(a) 4-node bilinear element

(b) corner treatment by Hughes, et al.i®
(c) 9-node biguadratic element

(d) corner treatment by Heinrich, et al.2®
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Table 1 Comparison of the Reported Solutions by Peak Values of Centerline Velocity Profile, et al.
R,=400
investigators ref. method finite element mesh’ /Ut | H/LY xyc/L l yvc/L | —pvctt
1 | Burggraf 2 | F.D. (¢-w) — 4040 0.30/ 0.30" 0.567 0.61* ‘ 0.089 65
2 | Olson & Tuann 14 | F.E. (& 18-dof triangular 8x8** 0.320 0.292" 0.55 0.60 l 0.116
3 | Hughes, Taylor & Levy | 15 | F.E. (v-p) | 4-node bilinear 10x 14* 0.235 0.330’ ; l
4 | Hughes, Liu & Brooks | 16 | PePalty 20x20 0.20° | 0.34/
5 20x21* 0.35" 0.32 0.593/ 0.617"
6 | Nakazawa, Pittman 17 10x10 0.103 0.394/
7 & Zienkiewicz 20%20 0.206" 0.350" 0.694’ 0.704"
8 | Reddy 18 10x 10 ~0.1045 | ~0.30
9 20%x20 ~0.1996 | ~0.30
10 20x 20" 0.303 0.325
11 | Bercovier & Engelman 19 9-node biquadratic 5x5 0.167* 0.347 0.61 0.62
12 =7 0.206" 0.327 0.59 0.61
13 10x10 0.2357 0.31" 0.58 0.61
14 12x12 0.255 0.297 0.57 0.61 0.047
15 | Heinrich & Marshall 20 4-node bilinear 10x10 0.678 0.662
16 2020 0.591 0.612
17 9-node biquadratic 5x5 0.603 0.634
18 10x 10 0.231 0.303" 0.575 0.606
19 10x12* 0.323’ 0.308"
20 (refined) 5x7* 0.308/ 0.303" 0.560 0.605
21 | Gartling & Becker 21 | F.E. (v-p) | 8-node serendipity 5xT* 0.265" 0.314”
22 | Authors : B.C. (A)* linear triangular 16x16* 0.225 0.301 0.590 0.625
23 B.C. (B)” 16 x 16* 0.318 0.301 0.567 0.605 0.1202
Rg=1000
investigators ref. method l finite element mesh a/Ut \ /LY ! zyclL l yvc/L i ~pyctt
24 l Olson & Tuann 14 | F.E. (¢ ‘ 18-dof triangular 8x 8** 0.44’ 0.1677 0.53 0.56 0.133
25 | Hughes, Taylor & Levy| 15 | F.E. (v-p) | 4-node bilinear 10x 14* 0.255" 0.229
26 | Bercovier & Engelman 19 penalty 9-node biguadratic 5%x5 0.59 0.57
27 7x7 0.56 0.56
28 10x10 0.55 0.56
29 12x12 0.2757 0.1977 0.54 0.56 0.035
30 | Doneas, et al. 22 | F.E. (v-p) | 4-node bilinear 20 x 20* 0.55 0.577 )
31 | Authors : B.C. (B)” linear triangular 16 x 16* 0.3865 0.163 0.532 0.580 0.1279
T see Fig. 1, 1t 5= p/oU?, * non-uniform mesh, ** see Fig. 2, ’ evaluated from the drawings in the literatures, * see Fig. b
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Fig. 4 Reported Locations of the Center of
the Primary Vortex.
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Table 2 Balance and Inbalance of Fluid Fluxes on Midplanes of Square Cavity.

R |BC | @ @ | e | ee | & Q. Q@
400 A 6.1214x 107 3.9801x 107 3.3679x107° 6.121 7x 107% 3.2435%x107° 3.2435x 1073 —1.27x10°1
400 B — 4.5770x 10°° 4.5771x107% —1.97x 10710 4.3832x1078 4.3832x107® 5.53x 1071

1000 B — 1.2571x107* 1.257 2% 107+ —5.50%x 1071 1.237 1x10™* 1.2371x 107 —2.75x 1071
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