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Abstract: A parallel algorithm of bi-conjugate gradient method was developed based on CUDA for parallel
computation of the incompressible Navier-Stokes equations. The governing equations were discretized using splitting
P2P1 finite element method. Asymmetric stenotic flow problem was solved to validate the proposed algorithm, and
then the parallel performance of the GPU was examined by measuring the elapsed times. Further, the GPU
performance for sparse matrix-vector multiplication was also investigated with a matrix of fluid-structure interaction
problem. A kernel was generated to simultaneously compute the inner product of each row of sparse matrix and a
vector. In addition, the kernel was optimized to improve the performance by using both parallel reduction and memory
coalescing. In the kernel construction, the effect of warp on the parallel performance of the present CUDA was also
examined. The present GPU computation was more than 7 times faster than the single CPU by double precision.
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Fig. 4 Matrix pattern of the eccentric stenosis problem
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Table 1 Matrices in experiment

(a) Stenosis matrix

Row NNZ NNZ/Row
M1 496,555 13,271,952 26.73
M2 654,497 17,679,924 27.01
M3 1,088,031 29,702,596 27.30
M4 1,312,695 35,916,784 27.36
(b) FSI matrix
Row NNZ NNZ/Row
M5 714,555 60,329,688 84.43
M6 1,230,723 104,426,504 84.85
M7 1,766,187 150,173,928 85.03
M8 3,126,555 266,532,344 85.25
ZT M : D I 19D ,
D Offset : 5% X
0 2 4 6 8 10 12 14 16 18 20

Fig. 6 Schematic of the eccentric stenosis problem'”
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