2-D LID-DRIVEN SQUARE CAVITY FLOW BENCHMARK

Re =12500

YIANNIS PAPADOPOULOS (www.acenumerics.com)

Table 1. Cavity vortex map

Y @ X y

PV -0.1223648 -1.914118 0.5110734 0.5288040
TL1 0.003006584 2.379568 0.07406093 0.9104117
TL2 -1.71587E-06 -0.229191 0.00708434 0.8305054
BR1 0.003100136 4.392632 0.7598969 0.05416933
BR2 -0.0002558732 -0.401942 0.9273701 0.08114109
BR3 7.75769E-09 0.0033242 0.9952263 0.00479831
BR4 -1.8887E-13 -1.940E-05 0.9997314 0.00026672
BL1 0.001667912 2.347947 0.05553053 0.1675282
BL2 -6.79156E-06 -0.0780454 0.02678742 0.03269263
BL3 1.82826E-10 0.00057287 0.00176997 0.00177106
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Table 2. Vertical velocity across various horizontal planes

X y =0.05 y=0.1 y=0.5 y=0.9 y=0.99
1.0000 | 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
0.9950 | -0.0008181 -0.0022109 -0.0894956 -0.5324065 -0.4617665
0.9900 | -0.0015406 -0.0038563 -0.2334427 -0.6887036 -0.2486070
0.9800 | -0.0026432 -0.0056230 -0.5113274 -0.4405071 -0.1007710
0.9700 | -0.0032364 -0.0056875 -0.5805394 -0.2898390 -0.0469906
0.9688 | -0.0032730 -0.0056023 -0.5766313 -0.2788505 -0.0431181
0.9609 | -0.0033403 -0.0046549 -0.5299540 -0.2292725 -0.0250890
0.9531 | -0.0031456 -0.0032193 -0.4898273 -0.2047529 -0.0153230
0.9453 | -0.0027509 -0.0014768 -0.4696857 -0.1919905 -0.0097988
0.9063 | 0.0002099 0.0088826 -0.4261850 -0.1657440 -0.0027934
0.8594 | 0.0078666  0.0275988 -0.3690882 -0.1335773 -0.0025809
0.8047 | 0.0523595 0.0009488 -0.3056862 -0.1001320 -0.0024247
0.6800 | -0.0873543 -0.2250282 -0.1712477 -0.0446132 -0.0005948
0.5000 | -0.0119943 -0.0162770 0.0079624  0.0252238  0.0045511
0.3500 | 0.1050568 0.1247045 0.1547004 0.1224305 0.0146458
0.2344 | 0.0185920 0.2039645 0.2706856  0.2683817 0.0060568
0.2266 | 0.0131946 0.1943936  0.2786779  0.2731634  0.0044958
0.1563 | -0.0023659  0.0293948 0.3522870 0.1056282 0.0077391
0.0938 | -0.0052837 -0.0032457 0.4217502 0.0224607 0.0171798
0.0781 | -0.0055472 -0.0096538 0.4426213 0.0050329 0.0205197
0.0703 | -0.0053497 -0.0130774  0.4537883 -0.0043043 0.0225834
0.0625 | -0.0048946 -0.0160601 0.4636981 -0.0140446 0.0250181
0.0400 | -0.0024133 -0.0174417 0.4529377 -0.0472891 0.0354154
0.0300 | -0.0011396 -0.0136236  0.4133185 -0.0646967 0.0429804
0.0200 | -0.0001231 -0.0082233  0.3500382 -0.0732964  0.0544977
0.0100 | 0.0003508 -0.0030765 0.2327889 -0.0510559 0.0739517
0.0000 | 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

Table 3. Vorticity across various horizontal planes including the lid (Y=1)

X y=0.05 y=01 y=05 y=0.9 y =0.95 y=1
1.0000 0.17211 0.50172 10.87430 128.2342  223.3649 -
0.9900 0.13615 0.26497 31.72616 -7.47140 40.38845 -341.6349
0.9800 0.09094 0.04567 18.35009 -22.00335 -41.17829 -194.2700
0.9700 0.03934 -0.14306 -3.24839 -9.69603 -20.75964 -130.2768
0.9688 0.03298 -0.16306 -4.61892 -8.75634 -11.55025 -125.3100
0.9609 | -0.00831 -0.27943 -7.09545 -4.43983 -10.84017 -101.3927
0.9531 | -0.04637 -0.36945 -4.43831 -2.33950 -7.41696 -87.77262
0.9453 | -0.07998 -0.43924 -2.31586 -1.38096 -5.42023 -79.75099
0.9063 | -0.19988 -0.71845 -1.91033 -1.26780 -4.15825 -68.05542
0.8594 | -0.83738 -0.63522 -1.91362 -1.83543 -1.56083 -64.89831
0.8047 0.96632 2.61748 -1.91413 -1.94500 -0.81025 -60.75746
0.6800 9.70208 -2.71900 -1.91412 -1.91834 -1.48940 -51.59642
0.5000 | -1.58996 -1.85209 -1.91412 -1.91196 -1.65891 -51.48215
0.3500 474637 -2.23058 -1.91412 -1.95466 -0.68390 -82.48306
0.2344 437867 4.72556 -1.91412 0.09787 6.50755 -133.9712
0.2266 3.37441 6.11449 -1.91412 0.89488 7.10322 -135.2919
0.1563 0.12105 3.86099 -1.91473 6.43565 455147 -141.6168
0.0938 | -0.20101 0.57903 -1.97890 2.34263 2.94406 -174.7363
0.0781 | -0.26042 0.45348 -2.15100 2.44581 2.87925 -190.4614
0.0703 | -0.27996 0.31506 -2.10750 2.45080 2.88845 -200.3994
0.0625 | -0.28881 0.11810 -1.75548 247113 2.92553 -212.3621
0.0400 | -0.23874 -0.56146 2.18667 2.75204 3.24470 -267.2190
0.0300 | -0.18121 -0.71309 4.70399 2.38090 3.51892 -311.9740
0.0200 | -0.10645 -0.67515 7.54573 -0.01346 3.69941 -390.6709
0.0100 | -0.01725 -0.46862 17.22698 -4.16694 0.72065 -583.3125
0.0000 0.08532 -0.15343 27.45656 -5.40912 -16.13478 -



Table 4. Horizontal velocity across various vertical planes

y x = 0.05 x=0.1 x=0.5 x=10.9 x=0.95
1.0000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000
0.9900 | -0.0873977 -0.0302297  0.5705772 0.5488040 0.5107405
0.9800 | -0.1485700 -0.1825055 0.4951889 0.3429920 0.2870108
0.9766 | -0.1414974 -0.1805358 0.4987893 0.3025660 0.2399351
0.9688 | -0.1132088 -0.1466874 0.5064499 0.2428931 0.1648600
0.9609 | -0.0839954 -0.1069310 0.5055278 0.2110598 0.1190514
0.9531 | -0.0610611 -0.0764416  0.4980469 0.1942639 0.0913862
0.8516 | 0.0349278  0.0441554  0.3484439 0.1182656  0.0406566
0.7344 | 0.0485742 0.1932634  0.2080197 0.0534863 0.0176538
0.6172 0.0865044  0.1011555 0.0864309 0.0003989  -0.0096526
0.5000 0.0137407  0.0081303 -0.0260732 -0.0660377 -0.0607631
0.4531 | -0.0164081 -0.0284535 -0.0698757 -0.1004814 -0.0995843
0.2813 | -0.1077527 -0.2001656 -0.2283351 -0.2640256 -0.0065770
0.1719 0.0012099 -0.0753290 -0.3285197 0.0117511 0.0116255
0.1016 | 0.0172717  0.0132682 -0.3925083 0.0131568 0.0015205
0.0703 0.0076611 0.0155860 -0.4273239 0.0010725 -0.0025851
0.0625 0.0058458  0.0143273 -0.4415334 -0.0010027 -0.0030707
0.0547 | 0.0043254  0.0127502 -0.4553459 -0.0026451 -0.0033594
0.0400 0.0021389 0.0094786 -0.4521561 -0.0045379 -0.0034233
0.0300 0.0010666  0.0072719 -0.4045948 -0.0048697 -0.0031224
0.0200 0.0002997  0.0050774 -0.3205906 -0.0043192 -0.0025083
0.0100 | -0.0001110 0.0027275 -0.2096708 -0.0027444 -0.0015036
0.0000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

Table 5. Vorticity across various vertical planes including the right wall (X=1)

y x =0.05 x=0.1 x=0.5 x=0.9 x=0.95 x=1
1.0000 | -237.7880 -169.6806 -51.48215 -67.52092 -84.07823 -
0.9900 | -21.00577 -38.35306 -22.85560 -29.48396 -31.99158 630.6566
0.9800 1.00736 -1.75245 0.43881 -13.62116 -17.02148 442.9353
0.9766 2.87271 2.26166 1.19687 -10.37938 -14.06804 402.9980
0.9688 4.21028 5.21813 0.27603 -5.52173 -9.54409 330.4951
0.9609 3.86959 4.59275 -0.81360 -2.94108 -6.90369 276.2919
0.9531 3.26004 3.40064 -1.48882 -1.66511 -5.31548 236.3407
0.8516 -0.27509 2.42960 -1.91422 -1.84345 -1.20069 106.3207
0.7344 9.11922 0.92909 -1.91412 -1.93442 -1.21443 84.00647
0.6172 2.96085 -2.07147 -1.91412 -1.92631 -1.49930 55.64137
0.5000 -0.10836 -1.93193 -1.91412 -1.92450 -3.40704 10.87430
0.4531 -0.16332 -1.93256 -1.91412 -1.89010 -5.88228 -1.41992
0.2813 7.32104 -1.58792 -1.91412 4.62348 3.09073 -1.77531
0.1719 2.51801 6.13470 -1.91411 1.33293 -0.37443  -0.16749
0.1016 -0.23930 0.63912 -1.85325 -0.78125 -0.41058 0.50867
0.0703 -0.40730 0.00559 -2.62992 -0.46520 -0.18010 0.31116
0.0625 -0.35994 -0.08830 -2.86208 -0.37042 -0.12947 0.25580
0.0547 -0.30718 -0.15035 -2.42229 -0.27946 -0.08460 0.20262
0.0400 -0.21073 -0.20034 1.77521 -0.11889 -0.01428 0.11190
0.0300 -0.15035 -0.20904 6.10928 -0.01308 0.02775 0.05971
0.0200 -0.09137 -0.22064 9.15322 0.09603 0.07122 0.01930
0.0100 -0.02832 -0.24976  13.65465 0.21260 0.12102 -0.00186
0.0000 0.04682 -0.29753  29.18610 0.33644 0.17938 -




Table 6. Extrema of the velocity through the centerlines of the cavity

Umin Vmin Vmax Xmax Viin Xmin

-0.4613944 0.0474459 0.4694463 0.0530106 -0.5829037 0.9717701

Figure 1. Streamlines, manual levels. Figure 2. Vorticity contours, levels from -5 to 5 with step 1.



