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Numerical Simulation of N-S Equations for Supersonic Flow Fields Based
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Abstract: To thoroughly analyze the characteristics of supersonic flow fields and enhance the effi-
ciency of numerical computations, an efficient acceleration algorithm was designed. The algorithm herein
fully leveraged the CPU-GPU heterogeneous parallel architecture and achieved data transmission and pro-
cessing through asynchronous streaming, significantly accelerating the computational processes of super-
sonic flow field numerical simulations. The results demonstrate that the computational speed of GPU paral-
lel processing is markedly faster than that of CPU serial processing, and the speedup ratio exhibits a pro-
nounced increasing trend as the scale of the flow field grid expands. GPU parallel computing may effectively
improve the computational speed of supersonic flow field simulations, providing a robust parallel computing
method for the design, optimization, performance evaluation, and development of supersonic aircrafts.
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Tab.3 Deviation of pressure calculation results of
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Fig.16 Pressure contour distribution at different

Mach numbers
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Fig.17 Calculation results of surface pressure on the

flat plate at different Mach numbers

P A5 IS B SRR 3G R S AR WY s T
Bt TR ) B9 L AR 23 32 T 0 K

5 i

DTEGPUN-& ESr#l it A4 15 CPU —
B, A UE T GPU T 25 5 iy fE A L [ B 3R
W] GPU - & A R 47 i Fe e M aT Sk,

2)2k M GPU I 47 1+ 5 A AL BE 9% 58 43 A1) ] Al
PERIEATIT L RE ) . I R4S T 25 I 3 ok
A4 IR R B AR o BRI, 7 A 3R RS T AT 55 B
HEFA B GPU IR AT ISR AR AR AL TR0

3) Wi S R AR I 1 K IR 2 B R B O

B o 3 D O 7 e T 3 2l v MR B e A
SRR 35 L 5 BOMODE A8 1AL 1) ) R R TS T
s 7 6 52 7 A5 T S o DT 396 RSP B 3 1l 1 A

2B Uk -

1] Ak, B2, X1 . 2080 2 S Rl

AREUE S S RE AT S T]. I L4z, 2019, 40
(10):2151-2160.
LU Zhiwei, ZHANG Jun’an, LIU Bo. Numerical
Calculation and Performance Study of Aerostatic
Bearing with Multi-hole Integrated Restrictor [J].
Acta Armamentarii, 2019, 40(10):2151-2160.

[2] X, B, dEE, % BT ST L

AT 2B I R MR L], b s s i R K22
2, 2023, 49(11):3010-3021.
LIU Shenshen, LUO Lei, HAN Qinghua, et al.
Study on Lateral-directional Stability of a Practical
High Lift-to-drag Ratio Hypersonic Vehicle with
Momentum Lift Augmentation[J]. Journal of Bei-
jing University of Aeronautics and Astronautics,
2023, 49(11):3010-3021.

(3] UFH. SkZAE, M, 55 RGBS 1 BUE

B SR AT LT]. B PLAR T . 2023, 34
(17):2115-2123.
XU Xiang, ZHANG Yilun, MEI Zheng, et al. Nu-
merical Simulation and Experimental Investigation of
Flow Fields in Vehicle Climatic Chambers[ J]. Chi-
na Mechanical Engineering, 2023, 34 (17) : 2115-
2123.

(4] kg, B2, PREC, %5 T @ 55 04 Rl & A0 31 2% Y

PERE 7T L AL S Z38 [T ], Bk 274k . 2020,
31(8):2603-2624.
ZHANG Feng, ZHAI Jidong, CHEN Zheng, et al.
Survey on Performance Analysis. Optimization. and
Applications of Heterogeneous Fusion Processors
[J7]. Journal of Software, 2020, 31(8):2603-2624.

[5] LIU Xu, SUN Mingbo, WANG Hongbo, et al. A
Heterogeneous Parallel  Algorithm  for Euler-
Lagrange Simulations of Liquid in Supersonic Flow
[J]. Applied Sciences. 2023, 13(20):11202.

(6] SFBK, skmikfh . skmk, 4 . i R 2 0 A

TE b A B A BLLT ). [ B A ROR E SR 4 2022,
44(5):35-44.
WENG Yue, ZHANG Xianwei, ZHANG Xi, et al.
Graphics Processing Unit Resource Management for
Computational Fluid Dynamics [J]. Journal of Na-
tional University of Defense Technology. 2022, 44
(5):35-44.

[7] PISCAGLIA F, GHIOLDI F. GPU Acceleration
of CFD Simulations in OpenFOAM[J]. Aerospace.,

1949



hE LM T AR 28 36 B 2 9 ) 2025 4F 9 H

L8]

9]

[10]

[11]

[12]

[13]

2023, 10(9):792.

PRI, k. R, % BT CPU-GPU &
i 1A 2% 5 40 1 JF AT A5 A AL s e Oy vk (.t
T 5 K R, 2021, 58(3):598-608.

XU Kunhao, NIE Tiezheng, SHEN Derong, et al.
Parallel String Similarity Join Approach Based on
CPU-GPU Heterogeneous Architecture[ J]. Journal
of Computer Research and Development, 2021, 58
(3):598-608.

FR1F, HEK, HER, 5. ATREURENZ
AT F g K ] SRS ELT] RS AL R
2024, 47(2):441-455.

CHEN Yuedan, XIAO Guoqing, YANG Wang-
dong, et al. Exploiting Hierarchical Parallelism for
Sparse Tensor-vector Multiplication on Heteroge-
neous Parallel Systems[J]. Chinese Journal of Com-
puters, 2024, 47(2):441-455.

Wi, B, B, AL SR T GPU M i 55 L
o 31 F AL v 20 22 AR SR i 5 vk L], b B
[LF#, 2024, 35(4):602-613.

YANG Feng, LUO Shijie, YANG Jianghong,
et al. A GPU-accelerated High-efficient Multi-grid
Algorithm for ITO[J]. China Mechanical Engineer-
ing, 2024, 35(4):602-613.

BE W, PRGBSI PE AR K CPU-
GPU St JF 47 M SE SR W S itk e LT ], KA 2 4
2023, 54(6):654-665.

HUANG Guoru, CHEN Zhiwei, ZENG Bowei.
Research Progress of Urban Flood Model and CPU-
GPU Heterogeneous Parallel Computing Technology
[J]. Journal of Hydraulic Engineering, 2023, 54
(6):654-665.

oG, i, ThokeR, 45 BT CUDA HAR i s it
B R IR T LT] e DA,
2021, 42(HE T 2):124-129.

ZHENG Yong, LU Wei, MA Yonggiang, et al.
Study on CUDA-based Heterogeneous Parallel for
Advanced Assembly Neutronics Program[J]. Nucle-
ar Power Engineering, 2021, 42(S2):124-129.
Ak, A g, s, &L WA 2 CPU/MR

1950 -

[14]

[15]

[16]

[17]

GPU 2 M 1y AR 45 4 CFD L2 N A7 IR AT I B R
[I0. fiiss 2 4ft . 2024, 45(7).128888.
ZHANG Jian, LI Ruitian, DENG Liang, et al.
Shared-memory Parallelization Technology of Un-
structured CFD Solver for Multi-core CPU/Many-
core GPU Architecture[ J|. Acta Aeronautica et As-
tronautica Sinica, 2024, 45(7):128888.
YE Chuangchao, ZHANG P J Y, WAN Zhenhua,
et al. Accelerating CFD Simulation with High Order
Finite Difference Method on Curvilinear Coordinates
for Modern GPU Clusters[ J]. Advances in Aerody-
namics, 2022, 4(1).7.
GHIOLDI F, PISCAGLIA F. Acceleration of Su-
personic/Hypersonic Reactive CFD Simulations via
CPU-GPU  Supercomputing [J].
Computers & Fluids, 2023, 266:106041.
TR BN . GPU I E g Bk 22 43 5 178 KU
W R Ry i LT] MR A o i, 2024, 45(8) ¢
128941.
ZHANG Dongfei, GAO Junhui.
GPU-accelerated High-order
Method in Fan Noise[ J]. Acta Aeronautica et Astro-
nautica Sinica, 2024, 45(8):128941.
ANDERSON J D. 355 it # Jy 2% 3k fitlh & F 5z 1
(M S, 8% . 126 . At ALBR Tl i B A
2007.
ANDERSON J D. Computational Fluid Dynamics
[M]. WU Songping. LIU Zhaomiao,trans. Beijing:
Mechanical Industry Press, 2007.

(mE EER)

Heterogeneous

Application of

Spectral Difference

EERA . A AA GEEEE) B 1979 452, Bl #0821+ BF 5
A S0 . B SR 5 R R E W 5 O A7 3T 5 . E-mail: luzhi-

wei@xatu. edu. cn,

ASCH TR A

JEREAR RS X 5E L 4 L BT CPU-GPU i1 8 & 3L & N-S
i ERBUERRILT ], AP E N TR, 2025, 36(9) : 1942-1950.

LU Zhiwei, ZHANG Haoru, LIU Xiyao, et al. Numerical Simula-

tion of N-S Equations for Supersonic Flow Fields Based on CPU-
GPU[J]. China Mechanical Engineering,2025,36(9) : 1942-1950.



