S

2025 4E 6 A SHUILI XUEBAO ¥ 564% 6

TEHS: 0559-9350(2025)06-0771-09
& TE™ CPU/GPU £ &K N EBE R HITIHE
HEA, B, TAK

(L KREPAEE QLR S, (LR B 2100245 2. WK KILEP 5456 REIIFBE, 15 st 210024,
3. TR KRR AR IR KB H R G A SR, TUIR B 2100245 4. BSUKFIRIZERRSE B, ITIR MA 2100295
5. dbs AL, dbst 100161)

FEE: KRB A YRS SO . TR AL, BT R R, BODER e . B TR 8
FE, [ CUDA B Wi, AT E™ CPU/GPU kR kR “Z WM -2 GPU” Rt 1TitHE
TR RURETETEATFGUR “2WR-2 GPU” KB I AT K s AL, AT i s R
TR TS ROMTR R . W A BIR I TR W HERRPE . AT DL AR R B R B RE ) o 4
RERY], B RMER, JRATIERCR B, TSI, R RERE AL S SN K3 i B, ST XML
S AE UK o AR B AL . A B Dy B LK AR PUE PR A P R R RE R EOR SR, OB RO AL | X TR KA
45 H A R R K Bl g R AL S A IR AT T B AR AL X

KGR B T R s KSR FRATIE s F I B AR B MK

HESES: TVI3L.2 X EkFRIZAG: A doi: 10.13243/j.cnki.slxb.20240326

1 WFRE 5=

K By 3 R 5E H A A IR 254 . A PR oo 8O BR AR FR 7L S5 8008 J7 vk X4 ) J7 B (40 Saint Venant J5
£ . Boussinesq Jy FE55 ) #EAT BIHBORME, MUK I IE 3 9K 3 JPIRAS o ARAC T AL Ge K SCRERL . i
UK Sl i GE Y SR K Bl AR, K Bl g AR LA ) O R R O TE A B AR O AR, B A W L LY
. ORSHE S ATV m SR s A, ST R T R KB K - P KA L E A
FB RN | KSR GHE AR ST P K P A AR AR, X AR AEROR, X R
BTN 5 ZORBR, SR N, GG T FIE AR . BOR T EE R TR R, b
G AT R, KBTIR A A FE AW &, KBRS B S K OE B A 1) B Al . Atk A
A4k, ST AR 1 RN K Bh AR B S R S G T I AR RS L R BER L e AHE . BB
FECUNFREE . EAS . *hsy . Gur ) d g TS B T AR ST BRI R, K Bh BRI S R
) 1 4 58t 2R K 3 AL N AT R, DAL K SR BUE A ), K B ) BB R S R
JRE F) BB AU AT R0 S A5 By b D R DR 3 L B g O ) A, R AR AR A DR R S8 Bk ) E R
GRS AR AR, TR S T . HARRRAE SO0 TR = K SRR U I A B MO S T 1 kT
XU EE  pesh, K IR B BRI, 55U EIRL K BB SERE S, T )
E R,

T HEHR K J7 RE R SR H HTE R 2E T Riemann 35 B Y Godunov A7 BRAKA % o X R 7 15 %) 14 22
FIAS B 7K U A5 40 P O DRIE SR A i v i PE AR 4, B Z 9SS . HAEBUR RE . =

WekE H . 2024-06-01; M43 % H . 2025-01-03

I 4% 1 % Mok« https : //link.cnki.net/urlid/11.1882.TV.20250103.1155.001

HETH . EFE AR T FI5E (42472307) 5 d R @ REEARHINE 55 2951 H (B240201058) 5 D4 5k4: A 25551 H (202202049048 )
EER A MEB(1986-), #fZ, WMHAERIN, ETEMANFHM TR N% . BEBEBHIS . E-mail: tcnan@hhu.edu.cn

— 771 —



Gy PRI R K G AR, TR R L T A R TR H 2 DL N B K ( Courant number )
XA K PR, R T YR USRI AN 1) T T At R U O S N vk B e AR, Xk
T B R T A EOK

EPERETH LR A MU OFAT IO . M P R R A A S BOR T B, DRk, mtnk &, W
YV EWITERE 1. HET F W4T AR LL Open Multi—Processing ( OpenMP ) #1 Message Passing Interface
(MPT) A3 . OpenMP i& ] T b Jeab i 5 (CPU) Z LR LK £ CPU N A= i g 5t Kb
RIS 6 2 1 sk A A 3 5 1 8 38 5 O A R 25 Rl R, R 240 AR AR RS MPT ¥ £ 4> CPU
ok EE AL B AS (GPU) 4 o S B B, 2 — Fh BN BB B KB AT B e Bl 2. R &
VLA R MPL SRR T CPU M TSN RE, oK Oy R EAT T R AT B 58, B0 1 3%
T MPI+CPU JHAT R WY AT P R RIFATPE . SR, BEE CPU A= L 2KV EiE Y 3w iR, H4 CPU
1 PE BE B Tl BE R R, R A R BERE WL AE AR BT AR o IR, AR CPU RT3 HA, PRRBIR B
g, Wogs KATHr4n. SutE e, GPU il i £ R &% 22 N f it R r s 1. 5oeamn
CPU AfH], GPUARNE AR MEHEZHE, HERE T RERAMBERZE (MERIES), HizHHT
Bog el £ CPU, X T KRBV R AR IZH RS EAUL S W PATRCRIER o T4k, RWIFT
AR ARBE D, XFEARLS T CPU 5 GPU, A4S (FPGA) S5 b FEER L35, LT
B IEATIE S . R T R TIHF BRI R R, TS E SR 15-16]

TE 4K 7 BROR AR 7 T, AR R E GPU T3 I “ By si -2 GPU” JRAT RIS T 1 3 i e .
VERRAEDT SRH A BR AR B B K S E i A, I AU GPU RT3 S BL T GPU B MIXT T CPU
B 2 5 b o TEIR S M T ST ARG WA 1 R oK O R, O = A A
R R (DEM) AT 300 43 LUSE A LU M0 4 5, 78 GPU b AT T35, Xia %17 45
Gh S BRI T — PR T ARG B R ) TR ROK R RS R -% GPUT BRI, SR E &R ik
SHLT CHATE -2 GPUT IRATIFEL; B R R AE 8 GPU V& b AT iR R AR
MYIFEATIES, WU T8 577 MM . S EA R CPU Z 147 fLE GPU I A7 s B 400 07 1 40 1
27 B0 ROREE P K 3 i 2ok A 3l g 2 L B T B ARCR B y, ABATS SRS D S I R S ) K A

RUEHEET S -2 GPUY B TR ARAER R FEAATHY, (H3CRe GPU Sk w A R, ik
RedE ™ EAK A T GPU il i B R F- M Se it GPU 84K M, SR, Hurdeit ik GPU (an 3 & %A
ik v 7] NVIDIA A100, H100 57 ) B & 5 4k 7 gk b 2B W . th TAMER IR A8 4k, 3 26> 5 H Hij 78
B P CMELARAS, T L3 o R AE FT BB 23 78 RO AH Y B () N RF 2 AR AR, B DA R 2 L™ b 1) A ol e 1T
e ™ 02 T 3R XU 5 2T, 36 A A A Rl AR 1R CUDA B A 28 48 = 5 i . X 28 0
R ES S LM TIRE W HA-2 GPU” AT E M ARE . Wk, RSt m s e K& GPU
R TI R, ARERIE 2N -2 GPUT JHTIFRL . fE N2 AUOHTINAE 5 £ GPU If 1Tt
B AHARBENRG, “Z2WA-2 GPU” IR BT LA 2 7 AL Z 8 #E AT K £504i 1% i F AT 55
PR, AT AR AT P B P RE IR O . R IE A G N B LL 2 e . Morales—Hernandez 45 3% F MPI+
CUDA P 5E7E 3 [E AR B 08 [F 8 52 55 %5 SUMMIT Bt 5501 Bl 7 Z4e ok A “ 295 i -2 GPU”
ST, H 64 DTS B AU 6 54, IFATARCEAN A,

R T R K Bl R A AT I SRR, e TR E K B IR UL B ERE ) . BT K
P HE K, A5 EE T E A (CPU/GPU) R “ 2758 -2 GPU” KRIAIK 3l 7 85 AU 43 Aii =X
SRR EEOR XA R BE A oK Jr R AT R JRATOR M, S B R R A R vk K
TR A3 P AL, DU A By b ol i ) T4k U CAE SR AR B L AR HOR A, [E O i SR A
DXl by T KR AR 4 At K Bl Ty BRI IR AT TR AR A

2 BfEAER

2.1 EHITE KSR P 5 AR O R R ) HEROR T R, R RIE AR

— 772 —



10 0F.(Q) OF,(0)

=8,(U)-S,(U) (1)
at 0x Ay
AP U A Q 4350 0y It 28 B AN A (AR i, BT
h h
U=|u|, O=|hu (2)
v hv
F (Q) J F,(Q) 735 g A b Al 75 [ 14 i i g &
hu hu
, 1 huv
F.(Q)=|hu tgh , F(Q)= 0 (3)
huv ho +?gh
So(U) S (U) 7350 g 3L V5351 EE 5 100
iy 0
So(U)= |ghS,. |, S(U)=|Clullu (4)
ghS,, Cllullo

A AR, s; x5y MEHREBRR, m; A AKIE, my uw fl o AR W BT E, m/s; i
NN, m/s; g WIS, m/s’; S, =-0b/ox & S, =—ab/ay 43 B A WA~ A AR Gl 1 0 B R R
Ti; b HEE R, m; Co=gn’h P HMIEEHEREG o NE2T R, s w=(u, v)" Ny
el = /40" i i AR/, mis, 2(1)—(4) A 1] fry B 0 A 28 P Ml B 0 5 R, %
R Bl M E S w1 IR 25 e o, W] SEONESLE, SRR E IR s HE,
22 HEFZE AW SHCHR22] KA Godunov A7 FRAAR TP 5 il 7 B b A7 B, SR Z5 WL A%
DI FEATFE P 24T XA A o X3RS XA T B s, SRR T R e T LR AR

Jd

ELQd() + Ln(Fn)dan :Lsodn - [ s (5)

A QP ATT; 00 AR AITHA T F=(F., F)" Ryt mdh; n=(n, n)" R
LR n, B n, AT ALBREN TS 1) Ak 1] By dE . X T AERLI RIAS oo oc il B TR i R s
e

fﬂ(m)dan = Y F(Q . Q)nd, (6)

A Th bk HRITTH R TS5 TAR “+7 F° =7 I35 2R %0 9 A AR il 1 ) — O A A —
F(Q., Q)N k B2 Q M Q.70 i A Wi S i~y a2 & n, WIZARE &S [
NZHRIE . BE—WFEAE L, R — B i R A OO0 A2 47 50T

. . At 4 . . . .
Q=0 - F S F(QY, 0 md, + AuS) - S (7)
k=1

W PRIV 51 B2 sSPRAV, Wy B2 = ML= ST s N TETI 2 o a0 B = M (113 2 @ 7 = N 1 11 P2 2 S P B e
wH, =% LeVequem] B 5T B B 80 0.5, 3% [ Harten — Lax —van Leer ( HLL) i {0 28 & 3R fi#
U i E R T R R AT

F(Q ), s.=0
F(Q , Q)={F'(Q, Q,), s<0 (8)
F(Q,), 5, <0

AP EXGE F(Q., Q)HHAXWT:

) s, F(Q.)~s F(Q,)+5.5,(0,-Q.)
F'(Q., 0.)= (9)

S, TS_

— 773 —



e s s, T ST 20 0 0 9 O R RO
s =min(u’~,/gh_, u-c,)
{s+ =max(u:+@, u,te,)
A ul A THREOC I P R B w, = () 24 (gho = Jghl )5 e = (ul—ul) A+
(Jgh_+/gh.) /2. X T T HITHEEL, Wt nl LUA Tt
so=u'~/gh_

s,=ul+2 ,/gh_

(10)

B AE [ — 2 T T {

(11)
s.=u"-2,/gh,
S+ :u’:+/\/ gh+
23 HITEMEHETE T GPU MK NIFTIHFECSERZ IR, R KL i
T E YA Al CUDA FE473H 8 F G 528 . Morales—Hernandez 25 22 75 25 [{ SUMMIT i 4% i1 &
BLESEHR “Z 14 -2 GPU” JE4TiHH Bt 23 T CUDA LB, CUDA K5 3 fiik & GPU fif
247, B RS = GPU B 132 17 CUDA © #1335 45 ik 4% 1k . % 08 31 Y §i |1
CPU il GPU H{k%r Sy PERERS S . HoE:{li ] CUDA [y S2PriG i, ABFT4RH —FPiE A T 7= CPU
I GPU, BT “ZWH -2 GPU” By (F 1) i KRB R ST R AR, DIk R

W5 i — M G {

| L |
21 (2|2 |2 22|22 22|22
==} ==} A =] ==} A =] =] A =] ==} ==}
o ©] ©] @] ©] (©] &) @] &) @] &) &)
A AT I

1 ASBURHE GPU AT "2 -2 GPU” Rt RF a4t

BCOTUHE AR DL JF U5 MPT I 47 7 3L, 0075 15 40 2 1 B B M
Z AT %, I £E JF SR 7 HIP SE @ F Mg GPU B2 1152 BLAG
WK B 7 2 KA B E 72 GPU By 47 18 S HF, MO 2 886 | = ellelle)le)
CPU/GPU SEHIFAT 15 4 38 0. MPT 2 — i 3 F 04 1% 3 10 9
oAy 2D, H R CUERT, A IERRERR — AN AT 55 A
5% . MPT R VEE 2 AN HF 34 02 AT 3003 B Sc e, W] %
BB BESOR AL RN, B MR I R A R, 0[0[0[0
SR SRR, BRI 7 MR T RS AR RORE L Wb TR A
TE A AR o BEVE SR e K 7 R I MPL I 47 55 2k 0 4% 1
PIASSCHERIE (1) SRR M0 B AE MG A4S X0 Q AR A B2 MPLI B R R (2
FRBOIE A AR (2) P4 A MRS 4, B R ATl R T IR S i 3 G
MR A S B A o FEAT LML RIS |-, AT Godunov 47 B AR 3% M AR
WEAR LSS E . T 2 AW AIARZE (. A SR FII 4 Mg AL R X X R 0 S AT R
R4, I MPLE R AR T, Sk e 2 s

AR T AT E 7 X86 RS -6, HLE A B 1T TR0l R SRR L BT e
R R AT A, B BB . R AR T IR IR 4 1 Bk AV U A
fE ., AR SRR AR . CPU JyE = AL LSS 7185 (32 B, 64 Zif, 4 2.5 GHz), GPU Y
RS A, A 128 GB, 45458 200 Gb/s, CPU T %8 6 5 1A W) I Ak . AT 46 40 6 5 08 k32
— 774 —

0000
[o){e)[e][e]




B, MAFHEALS R d CPU e, BIF I CHEFMS, SiiFmd 20 KK 4 7% GPU Yy HIP #£1
AR A MPT AR, 3159 4T 55 $2 2 R 1 SLURM AV 30 B R 55 o

3 BHlabr

30 BEEKBGRBEERIE BESRF 0 IEF MR BOR R . A TR BRI FRIE KA oK
D5 B CIEFAT ) AURS ™ SR a0 T IEATIIEE TR, B 2 E-2 GPUT RMIEATIIEEHSY (MPT+
GPU) o A1y E 2 H RTE T i i P> 22 S35 1 3 1 0F MPT+GPU S tly 347 D REFEAT Ik, A0 45 7 [ ™
CPU/GPU -5 = MPI LU 75 RE % 1 3t 4k BH 5 A B 584 . GPU BEHLIR 5 RE 05 1 0 52 L K 7
RS A R ARRE ME = AT T, TR PR AR L A m AT 1k L T SRR A — B

31 — NI AN K Iy ST N I — e S UK R S e T T
HHAME, KB 2000 m, B S, =0, FEERH S, =0, #iF 1000 m A4 —KIM, EHKEN 10m, T
B KG9 3 m, BEHT L PR OREK, TR AR OGRS 4 mo AERIISIRBER, L. R
FIA 0 | I S NG AR N A28 N S 1 S VA8 3w QO A9 R 7 N9 754 T A N R LU B
T AL R SR TN AR AT S R R TR A A 0 1) b G A o B SO s IR IR T A TR £ R S R
FRCAEL AR AN 1&T 3 Jor7s o AT AR Yy, FAT RIAR AT RO M o B — B, HLK R RN -5 Ak T 6 284 A 1 0
ARG R, R LB IR B, A6 18] W8T 982 Y 3 77 7 e ol 0 £ 7 i T o 482 g {8 R 8 0 A 2 it A7
M), RSB FEIA T REATIER . R ER .

10
4
gk
£ :
% 6 g-éé 2
. HEf i i
AR AR
- —— - B{HE-IAT 0 - —— - BfEE-IT
2 1 1 1 1 1 1
0 500 1000 1500 2000 0 500 1000 1500 2000
x/m x/m
(a) WEIS0 s K (b) IS0 s BEATFE 3 A7

Pl 3 — ka5t UG 40] FR) A TAR I X L

3.1.2 ZEFHHHMAL AN AW T 4EE ], % T Fennema %7 G SLIG B E .
Gy K L ER K ) 5 SR T T S8 WK sk, TR R W R B K, A I A AT S S B )
MOBCERRAE o o1 TR0 IR A PFAEAE A TE SR, SR B ER A R h TR Bk . I 4(a) JBR T BRI 5 IX
HULAIBAR, 5 KR K AT 200 m, B FERE S 75 mo R AR R R S m i IE g5 E &
Gy, BHATAVEESIIA 40 ASHOTH . BRI 7 s, JE43 Sk 7000 AL, K R 0.001 s, |
Wk BB L KR A 10 m, FUFAKBIBIEE KE N S m, 3 KR S T R50 0 B0, ZF H A 1
FEATHH A AT HEA TR, $RA5 e=7 s BEAOKBE LI 4(b) , 15 30mk[ 34 ] Hr i gh SR IE FE O 94T R 4%
RS, T WIE MPI+GPU RS i E B b, il 3 K30k 4 47, 4 4], 3k 16 A~ FIRXBL, 4
4 16 D HERR, AT 4 A ST 16 e CPU RHEAT M IFAT IR, Fii% =7 s WK IR LI 4(c) .
Fee el 4(b) (o) g S mT LR B, (e H iR 22 T N P s 8, T H S S0k [ 34 1w A,
] MPI+GPU JEATH 55 T B8 81 T IE M AT o AS BF 58 oK th BUSR % 25 3 B, MPI+GPU Bt R BLE T
1t S 1 s

— 775 —



200 T
hs
=
- w— (=170 m)
&
5
X
R x i
\i 100F h(t=0)=10 m h(t=0)=5 m

—-— (»=95 m)
=
=| -

E |2

vy <

aof S

BRE

1
0 100 200
x/m
(a) BEAL L

200

200 0
(b) AEFFATIET LS (c) AT LG R
B4 B Ko o=T s B IR 40 25 SRR IE

3.2 REUKARBIITHEIRSN 4 7k PEUE b SURR B R0 0 A Hoat 3R, A3t i
T JRE T 1 R B OK R HLK P2 ) JIn A A S B AU 4, I UK By Jy BB AE [ 7 CPU/GPU S
AT IR G R R R . ERUKEM T INARE LW SN, 2015 507 T, 2020 F 8 A,
TR AN 746 km®, A HUE L F B Bl 319.77 km® & 7RSSR R BON UK B A S
B, AR R OR300 B (8 058 o S i AR EAT IR B DEM 3Bl 7 m,
[ 4% 5 43 4012 47, 4714 F1(ILIE 5(a) ), WIAARE2E 0.04 s/m™, BUHH 1 h, BEEKA05s, 4
T A P R S0 mm SR o KA AR K IR BOS AR AL HF 20 0 me BEMIPR (1 h J5 ) 1Y
KR AT AR ILIE S(b) o & M R=T,/T,(T, BRI AT gL L 5T, T, 9 BEBUTE &
AN LRI RRRI ), ARG B S I (AL A LE 2SR AN 6 ko NIRRT LLE e AR SR O
AT A R W AT Y Rk, It BN A i B T LA A0 R AR SO 0 5 i G B A A
4 R S i RS B R o AT R, 200 AN AT RARE TN R B A 3 min ZE47 (200 s) , SEBL
JK T8 Ao R 1 23 b AR AL

5 FEAGAR U [ R 9256 %8 Bk T SUMMIT 54L& A5 (9 TRITON  [] A 3R FH 45 44 £ 0 s 1 X387 ik S s
HR AT T 5 AR WA ) MPI+CUDA JRAT T 58, AR 64 T F Y A8 EAUKE] 6 sk bt . 4 R
T A R AY 32 B DSR2 MPT I A5 5 A/ H 3 800 ] I 1RO 6 (BRI R T 14 ming BLSCHEK[ 22 ]
Bl 7)o 5L, AWRFE ST 5o 4 f RE ) B S ) 6 ) CPU/GPU S -, [l i 72 1 I T 5 Ak 1
Blm s, M MPT S5 A i i 1 JF 8 2T 1 omin, A7 AR BIEE] T 6 4%
N LE , RWIAHETE IR AT T BRI A7 & 1A R

— 776 —



20000 20000

E E
= =
10000 10000
0 10000 20000 30000 0 10000 20000 30000
X/m X/m
(a) ZIHERNT mid FE UK 2 S DEM AL s (b) HEFLLHAZE SRR KPR B n () 19 2 18] 43 A
5 JEHUKEE DEM B0 B 0 25 o e K VR 19 25 18] 43 A
1600 8 25000 200
—0— HEIH —0— IR 4
o It ’ 20000 & Ikl / 160
S XMk o 23
1200 e 6 - - SEERIELL
$1000' 5 ~ £ 15000 120
%%k 800 4 %ﬂ) ﬁ i:*;l
= = = 10000 80 T
600} 3
400 2
5000 40
200 1
0 0
0 2 4 6 8 0 50 100 150 200
R Rite
B 6 JEEIKIE T m o PER BB R A AT RORR R 5 m b BT EE KR 2 m o B S 4 A7 3 RE I 5 ok L

Y Bk A IR e e AR R A AT RRE ), FEE UK T m y HERBIR R AL b, ol A
KB HER LT 2 2 m, (fAEAS A 14 042 17, 16 499 31, W& MEGH L 2.2 12, BT MAE BB T
R AL BERE Ty, AT I N 4 1 AT AR, A D i L i 4 o O 5 R L O 4, A
RANE T Fron o SRR, Tl 2.2 2% SRRSO, B CPU/GPU R EER MPT 15 a5 A /Ay it i} (1]
JRES SRTA S, 78 200 ST AL, 800 A GPU SO RSBl 1773 Bk (546 ) i R — 42 PR B4 114 s A3
B, JFATINE L T 160, KB T A AR o PR B K o Bl GBI S, R I
PEAR T B AN [ 1 648 5 i S I AEADL A I 36 ) 2 52 B i RE 408 B DR | B A e R AR L I Bt A T
fRE, FETHBTBER I K P S PH BB AR K, AT R AR A A I R K

4 ZipgHEY

ARFFEHE T CPU/GPU G343 XM IF 47357 &, 857 T T Godunov A7 FRA R R 45 14 1L
Do A% 1 R IR — 4B /K 2 BB A B, JFJdE ik MPT, HIP 85 F2 1y 4 F2 52 B XS [ 7 CPU/GPU Ry Bc . J#
i SRR BRI AR R B, RIS TR AL R HE P L IR AT 08 B RO AL R DL B R A AR 4L R
1o HPRFRW], ZMBIRET DAERG AT R R & e I SR A5 A T K B A A, (R A R R
FHE 2. UEBUKE RG], B 29 8-2 GPU” R IFATIHE, SEI T X A2 9 M A% k7K 8 3E
A AR A3 Bl AL, BT R R AE R R 4 A 5 S A DR AT T By TV

SR AT A R S OIG A T A T R RS AL s A L A W A U A A A R TRV RE T, TE R BRI
R AR PO A% ASE AP T 22 B L AR P RE DG A o i R 2 Tk /K 1 o 0 A 400 3 R 5 7 By it 981 52 B v B 8

— 777 —



P BTN AR A R A B R, R K R S A B v B B S, Gl AR
PSR T B N [ R = S /o 7 N /T /SN 07 3 3 o K AN 0/ R o 058 | I =S N DS N
KAV, AR K T B AR A R R R AR R S, (RIS Ay O B R AR AR K Xl T K A8
A K Bl ) KSR AT 10 R R AR LA % . ABF5E 7 & T ™ CPU/GPU ¥ &, BEHEZ) K E it
IKBEE AR B 08 . BEARX AN AR, 4R T E A K S IR U B /e . LA A A
SRERME S . ARWTFEEE T CPU/GPU -5 & e i e A JRATHESR , A ALIE AT kK o 7 iy v K O
KA, VN TFAKRCRG . VIR, MK - TR BEEGIM R %3 R, TR
AR R R S BRI AR AR ST R i — 2P IR AR e M

T O HEShE BN TR 5k R, AU sE A RS RS S, S R —1E# (WE4E: tenan@hhu.
edu.cn) }2 55 = {E# (ME 4 : csyu@ multisimtech. com ) % B, =% I M 3 T 28 ( hitps : //www. researchgate. net/publication/
387140150_GPUCPU) ,

2 % x #:

[ 1 ] BEAR J. Dynamics of Fluids in Porous Materials[ M]. New York: American Elsevier Publishing Company, 1972.

[ 2] BEEBF, WHLA. W TFARMEBERIM]. dbat. A2l s, 2007.

[ 3] K&, XMIZ, W, % WEKSHTFRME/ERURERIT]. TEFEER 2, 2017, 37(8):
3002-3010.

[ 4] VISWANATHAN H'S, AJO-FRANKLIN J, BIRKHOLZER J T, et al. From fluid flow to coupled processes in
fractured rock: recent advances and new frontiers[ J]. Reviews of Geophysics, 2022, 60(1): e2021RG000744.

[ 5] LINN, EMANUEL K, OPPENHEIMER M, et al. Physically based assessment of hurricane surge threat under
climate change[ J]. Nature Climate Change, 2012, 2(6): 462-467.

[ 6] KM, sk, BRE, % ET GPU B E A 0S5 #  Um BEACE AR R [ T]. KRk e, 2021,
32(4) . 567-576.

[ 7] HE, &H%4£, WEK, % ROBEPSOERFIESLERERI]. K%M, 2022, 53(5): 505-514.

[ 08 1 Apkkil, BREEM:, k27, %5 KUCrPUEE I Y LMI06 208 K o Smes M. dbge. R, 2021,

[09 ] sy, RS, WOl RW sl Fm, B 5RET]. KRR, 2021, 52(4): 381-392.

[ 10]  #E, BRCA, M. Ttk SOK s IR A B @ S PRAE (], AKREIEE, 2021, 32(3): 334-344.

[ 11 ] [aosk, FEp%, ABE. R Ibes 9 F b 2w SUst Ol S L a 3 - A A 4 i [T ], K Bh2E ik g, 2023,

34(3): 409-416.

[12] RERE. BBk FBAMIFTEEMEID]. BEal: WK, 2007.

[ 13] VLM, @B, RIKH. 48K imsh A RO T HUERIT]. KF 24k, 2002(5): 65-68.

[ 14 ] VLR, BRorgk, sk, WoKma It it 1], RS2 (B ARB2ER) , 2002(11) ; 1548-1551.

[15] BRyC¢, #Rmeid, mEsl. PR HATHBERBLZARII]. EAK, 2021, 38(4): 1-11.

[16] #EM, BREE, %, St sim & CPU-GPU M 353+ B s RISt B [T]. K FI2E 4, 2023,
54(6): 654-664.

[17] ¥, R, PAYET D, % HF GPU H AT 5 Mk ki ia sh B B[], 3155 1 2 % ). 2016,
33(1): 114-121.

[ 18] M, BHEW, kIR, 55, FETARSS A AR koK il ik i F2 vh GPU IR B A B 5T [T ], 7K 3 7 2= F
LG HEE (A BR), 2021, 36(4). 557-566.

[ 19] XIA X, LIANG Q, MING X. A full-scale fluvial flood modelling framework based on a high—performance inte-
grated hydrodynamic modelling system ( HiPIMS) [J]. Advances in Water Resources, 2019, 132 103392.

[ 20 ] Zhgks, SRF, kKM, % —Fh3LTIESHM MAE I Z4E 8K 2 GPU B4l Jr % . CN202211368197.5
[P]. 2023-06-13.

[21] ®Hgreg, KM, REBW, % T2 GPU BUEMEZL M B R 2 BB E BB LT]. KL 5K F)
B (), 2024, 22(1) . 48-55.

[22] MORALES-HERNANDEZ M, SHARIF M B, KALYANAPU A, et al. TRITON: A multi-gpu open source 2D
hydrodynamic flood model[ J]. Environmental Modelling & Software, 2021, 141 105034.

— 778 —



[ 23] LEVEQUE R J. Finite Volume Methods For Hyperbolic Problems[ M]. New York: Cambridge University Press,
2002.

[ 24 ] HARTEN A. On a class of high—resolution total-variation—stable finite—difference schemes[J]. SIAM Journal on
Numerical Analysis, 1984, 21(1). 1-23.

[ 25] TORO E F. Shock—capturing Methods for Free—surface Shallow Flows[ M ]. Wiley, 2001.

[ 26 ] CAUSON D M, INGRAM D M, MINGHAM C G, et al. Calculation of shallow water flows using a Cartesian cut
cell approach[ J]. Advances in Water Resources, 2000, 23(5). 545-562.

[27 ] skAkie, Bk, BNSE, % JRTIFERIRIM]. dtat: R Ak, 2006.

[ 28] YU C, DUAN J. Two-dimensional hydrodynamic model for surface—flow routing[ J]. Journal of Hydraulic Engi-
neering, 2014, 140(9). 1-13.

[29] YU C, DUAN J. Simulation of surface runoff using hydrodynamic model[ J]. Journal of Hydrologic Engineering,
2017, 22(6): 04017006.

[30] YUC, DUAN J. Two-dimensional depth—averaged finite volume model for unsteady turbulent flow[ J]. Journal of
Hydraulic Research, 2012, 50(6): 599-611.

[31] DUANJG, YU C, DING Y. Numerical simulation of sediment transport in unsteady open channel flow[ J]. Ad-
vances in Water Science, 2004, 15(2). 165-172.

[ 32 ] LIANG D, FALCONER R A, LIN B. Comparison between TVD — MacCormack and ADI-type solvers of the
shallow water equations[ J]. Advances in Water Resources, 2006, 29(12). 1833-1845.

[33] #ocAl, #okig, LRk —dEBUNER M r w8 BEBUE I LT ). T3 224, 2007(3) : 362-364.

[ 34 ] FENNEMA R J, CHAUDHRY M H. Explicit methods for 2 — D transient free surface flows [ J]. Journal of
Hydraulic Engineering, 1990, 116(8): 1013-1034.

[ 35] ALCRUDO F, GARCIA-NAVARRO P. A high-resolution Godunov —type scheme in finite volumes for the 2D
shallow—water equations[ J]. International Journal for Numerical Methods in Fluids, 1993, 16(6) . 489-505.

[36 ] skAkfl, £, @M, . BT Godunov # 3 iy i Sl R A2 W — A BCE B LT]. KA #4R, 2018,
49(7) . 787-794, 802.

Hydrodynamic modeling via heterogeneous parallel computing on domestic CPU/GPU platform

NAN Tongchao"**, SHI Rui"*, YU Chunshui’

(1. National Key Laboratory of Water Disaster Prevention, Nanjing 210024, China;
2. Yangize Institute for Conservation and Development, Hohai University, Nanjing 210024, China;
3. Key Laboratory of Hydrologic—Cycle and Hydrodynamic—System of Ministry of Water Resources, Hohai University, Nanjing 210024, China;
4. Nanjing Hydraulic Research Institute, Nanjing 210029, China; 5. Beijing Yunlu Technology Ltd., Beijing 100161, China)

Abstract: Hydrodynamic models have advantages such as clear physical meaning, high precision and reliability,
but they also have higher computational requirements and more need for computing power. Given the restless inter-
national environment, it is necessary to develop a “multi-node, multi-GPU” heterogeneous parallel computing
scheme based on domestically—produced CPU/GPUs. This study developed a “multi-node, multi—-GPU” large—
scale distributed hydrodynamic model on heterogeneous parallel computing platform based on domestically—produced
devices, for fast solving the two—dimensional shallow water equations at the watershed scale. Through three exam-
ples of increasing complexity, the accuracy, parallel efficiency, and simulation capability of large—scale models
with hundreds of millions of grids were investigated. The results show that the proposed model can accurately simu-
late the hydrodynamic process under conditions such as dam break and large—scale complex terrain; the parallel ac-
celeration effect is significant, achieving minutes—level fast simulation of flood processes on hundreds of millions of
grids. It is expected to provide independent and reliable technical support for China’ s flood forecasting and early
warning, and provide reference for parallel computing of other hydrodynamic models such as large —scale basin
models and regional groundwater models.

Keywords: partial differential equations; hydrodynamic models; parallel computing; heterogeneous computing;

domestic processors; flood simulation
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