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Parallel simulation of 3D lid-driven cubic cavity flows at yaw by finite element method
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(1. State Key Laboratory of Ocean Engineering School of Naval Architecture Ocean and Civil Engineering Shanghai Jiao Tong
University Shanghai 200240 China; 2. Collaborative Innovation Center for Advanced Ship and Deep-Sea Exploration Shanghai
200240 China)

Abstract: The fractional step finite element method and domain decomposition method are applied to simulate in parallel the 3D
lid-driven cubic cavity flows at yaw based on the open source codes PETScFEM. When the lid moves along its diagonal the driven flu—
id impinges in the spatial angle formed by the downstream side walls which leads to formation of the jet flow. A system of vortices is
caused when the jet flow impinges the bottom wall and upstream side walls. Different Reynolds numbers are investigated which show
the significant influence for this flow. Parallel performance analysis reveals that the domain decomposition method can efficiently speed
up the simulation of 3D lid-driven cavity flows.
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Fig. 4 Perspective 3D solution summary at Re =1 000
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Fig. 5 2D planar projections of velocity vector at Re =1 000 on different planes
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Fig. 6 Iso-surfaces for different velocity magnitudes at Re =1 000
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Fig. 7 Pressure iso-surfaces at Re =1 000

Fig. 8 Horizontal component velocity profile at Re =1 000
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Fig. 9 Streamlines for different Reynolds numbers
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Fig. 10 2D planar projections of velocity vector on CP plane for different Reynolds numbers
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Fig. 11 2D planar projections of velocity vector on MP plane for different Reynolds numbers ( our results)
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Fig. 12 2D planar projections of velocity vector on MP plane for different Reynolds numbers ( reference results)
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Tab. 1 Horizontal velocity component along the vertical midline of the CP plane at different Reynolds numbers

w/U
z/7

Re =100 Re =400 Re =1 000 Re =2 000
0.000 00 0.000 00 0.000 00 0.000 00 0.000 00
0.039 96 -0.053 00 -0.184 48 -0.210 98 -0.189 67
0.079 92 —-0.096 29 -0.256 41 -0.218 74 -0.196 74
0.119 88 -0.131 85 -0.237 89 -0.193 74 -0.214 26
0.159 84 -0.160 47 -0.197 10 -0.186 20 -0.241 49
0.199 80 -0.182 46 -0.164 64 -0.185 41 -0.269 82
0.239 76 -0.198 10 -0.142 49 -0.185 48 -0.271 97
0.279 72 -0.207 78 -0.127 31 -0.182 45 -0.207 82
0.319 68 -0.212 11 -0.116 53 -0.172 78 -0.099 84
0.359 64 -0.211 90 -0.108 48 -0.153 63 -0.019 71
0.399 60 -0.208 01 -0.102 03 -0.124 21 0.019 87
0.439 56 -0.201 19 -0.096 34 -0.087 21 0.040 68
0.479 52 -0.191 94 -0.090 72 -0.048 42 0.054 77
0.519 48 —-0.180 42 -0.084 54 -0.013 76 0.066 04
0.559 44 -0.166 43 -0.077 28 0.014 10 0.075 66
0.599 40 —-0.149 35 —-0.068 48 0.035 59 0.084 21
0.639 36 -0.128 13 -0.057 79 0.052 25 0.092 21
0.679 32 -0.101 17 -0.044 94 0.065 57 0.100 01
0.719 28 —-0.066 04 -0.029 66 0.076 57 0.107 60
0.759 24 -0.018 99 -0.011 38 0.085 93 0.114 62
0.799 20 0.046 08 0.011 83 0.094 14 0.120 56
0.839 16 0.138 77 0.046 10 0.102 21 0.125 06
0.879 12 0.272 47 0.109 20 0.115 46 0.128 45
0.919 08 0.460 86 0.244 88 0.163 91 0.138 22
0.959 04 0.707 70 0.528 59 0.378 21 0.258 69
0.999 00 0.992 75 0.987 69 0.982 41 0.977 03
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Fig. 14 Domain decomposition meshes for different domains
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Tab. 2 The effects of the number of domains on the parallel performance

1 2 3 4 5 6 7 8
/s 43 230 20 520 15 660 12 860 10 540 9517 9 128 8171
1 2.106 7 2.760 5 3.3616 4.1015 4.542 4 4.736 0 5.290 7
15
Fig. 15 Analysis of the parallel performance
(100.400.1 000 2 000)
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