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Parallel Numerical Simulation and Efficiency Analysis of the Flow
Field of Supersonic Vehicle

FAN Xiao-qgiang LI Hua LI Xiao-yu JIA Di
College of Aerospace and Material Engincering National Univ. of Defense Technology Changsha 410073  China

Abstract Based on the finite volume method FVM  OC-TVD scheme and Runge-Kutta method parallel numerical simulation of
the flow field around the hypersonic/supersonic vehicle was performed on a super computer. The parallel computation efficiency was test-
ed with the CPU nodes varied form 2 to 64. The program was tested for its parallel efficiency on the super computer and was applied to
the calculation of the flow field around space shuttle. In this way the large-scale parallel calculating capacity of the program was exam-
ined. The results indicate that given that the load is balanced the parallel computation on the super computer reaches super-linear
speedup. The maximum efficiency ratio reaches 126 %  which is far larger than the value on PC cluster parallel platform.
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Tab.1 Wall time of the parallel computation case 1
Zone number/ Grid Wall time of the parallel computation s/100step
CPU number Ix Jx K Test results Average time
2 113 x 101 x 91 1455 .4 1455.5 1455.5
4 113 x 101 x 46 686 .4 686.3 686.9 686.9 686.6
8 113 x 51 x 46 334.8 334.8 335.0 335.4 335.0
16 113 x 51 x24 158.0 157.6 159.0 157.6 158.1
32 57 x 51 x 24 75.9 75.9 75.9 76.0 75.9
64 57 x 26 x 24 39.4 41.3 39.5 42.2 40.6
2 1
Tab.2 Speedup ratio and parallel computing efficiency case 1
CPU number 2 4 8 16 32 64
Speedup ratio 2.0 4.2 8.7 18.4 38.4 71.7
efficiency 100 % 106 % 109 % 115% 120% 112%
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Tab.3  Speedup ratio and paralmel computing efficiency case 2
Zone number/CPU number Grid Ix Jx K Wall time s/100step Speedup ratio Efficiency
2 46 x 35 x 69 138.4 2.0 100 %
4 46 x 35 x 35 59.8 4.6 116%
8 46 x 18 x 35 29.3 9.4 118%
16 46 x 18 x 18 13.7 20.2 126 %
8 Pentium 4 Cluster
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