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(7)) 124.2 . ( (8)) 62.9 .
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LBM GPU
LBM-GPU .
1 NSE N
Table 1  Elapsed time performance and speed-up of CPU & GPU on simulating 2D flow around a cylinder by NSE
CPU GPU
1024 x512 elapsed time performance elapsed time performance pecd-up
t /ms P GFlops t /ms P GFlops s
overall 282.12 1.24 20.65 16.89 13.7
advection—diffusion 102.43(36%) 1.15 1.83(8.8%) 64.23 56.0
divergence U 3.97 0.79 0.18 17.14 21.7
Poisson 160.41(57%) 1.32 16.94(82%) 12.49 9.5
gradient p 6.48 0.65 0.26 16.03 24.8
2 LBE N

Table 2 Elapsed time performance and speed-up of CPU & GPU on simulating 2D flow around a cylinder by LBE

CPU GPU
1024 x512 elapsed time performance elapsed time performance pecd-up
t /s P GFlops t /s P GFlops >
overall 1345.7 0.57 15.40 50. 34 87.4
collision ( including BC) 763.6 0.88 6.15(4.28 +1.87) 109.10 124.2
streaming( including macro
value computation) 582.1 0.18 9.25 11.30 62.9
3
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Fig.3  Profile of average velocity with time at the central plane

Fig.2 Calculation model for flow between plates
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Direct Numerical Simulation of the Wall-Bounded
Turbulent Flow by Lattice Boltzmann
Method Based on Multi-GPU

XU Ding CHEN Gang  WANG Xian LI Yue-ming
( State Key Laboratory for Strength and Vibration of Mechanical Structures
School of Aerospace Xi’an Jiaotong University Xi’an 710049 P.R. China)

Abstract: The wall-bounded turbulent flow was simulated directly ( DNS) by lattice Boltzmann
method ( LBM) through multi-GPU parallel computing. The Data-parallel SIMT ( single-instruc—
tion multiple-thread) characteristic of GPU matched the parallelism of LBM well which led to
high efficiency of GPU on the LBM solver. At the same time it brought possibility for large—
scale DNS on the desk-top supercomputer. In this DNS work 8 GPUs were adopted. The num-
ber of meshes of 6.7 x10” which resulted in a non-dimensional mesh size of A* =1.41 for the
whole solution domain. It took only 24 hours for the GPULBM solver to simulate 3 x 10° LBM
steps. As a result both the mean velocity and turbulent variables such as Reynolds stress and
velocity fluctuations agree well with the results of Moser et al. The capacity and validity of

LBM in simulating turbulent flow are verified.

Key words: lattice Boltzmann method; multi-GPU parallel computing; wall-bounded turbulent

flow; DNS
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