L40% %41 il
2023 % 8 A

W %o i

Chinese Journal of Computational Mechanics

Vol. 40, No. 4
August 2023

DOI: 10. 7511/js1x20211119002

EFGPUMEN=MBRERERXEE

i 20 i

R A,

wm EAE

EESGIET

KFEE

FEM,
PR TK 0 HSI HE AL 7 0 A K 5 7 5

BAEHERBRKESRAAAR TR L L
ERF AL, R T Lax-Friedrichs B ER D) A EMRTRE, ETH R @R E D F B A4
AUHEILT R GEERBEER R oK E RN B EEE,
AR & FE . — A = Godunov & IR 4K # 4k & 3 4 AL 3 47 304, 4
#y Courant # M b R FRAT ey B Br R Mk A L AE AR % . BB, 5t Courant $ 8y & &

Z= 59

565, VE4E 710048)

A RMB— R
AR XA W R
5IN GPU frs A, Lt AR MK R AW

R KXW, = I ENO # & 7 1%
B s, EEgER

2,8 A = B ENO A IR &

Mo EEHREN R EEREFREGTHEL., M GPU il A, K AEE A& & % WA 4w A W 2w

MEBK A mERRENEEELMEF., AXEATAKEEAAK ARG FELIREARNG

WU B LI b
KER . GPU o it ; 4 R &K

FESES.TVI34;0242. 1 XERFRERD A

1 53 B

B4R B 25 R K bR A R R K TR A ik
B AT R MR A 7K 2R G0 Y K B R G A K T 4 R
(R S I I — Y B AL i e — 2
Y K = 4k K iz sl it B A B Ok 2 —,
Eﬁﬁ,ﬁ:’ﬂk?}’tfﬁFXﬁk’fﬁﬁﬂE@B’Jﬁﬂﬁ%ﬁuﬁg'j.}ﬁit
A5 22 Ok B o B AR SR AR R A D 1B S
() IBE A8 T O R 2 B RO U R AR 2
(MOO"™! B T kAL 45 B 22 43151 I A BR AR
A, FRE R T R O I A P A, 25 R 254
i [] 204K A2 B RRAE 2 09 7 A% 29 R AR KRR B2 1 BR 4l
THFAE 2635 19 3E A e B, Chaudhry %550 R H
MacCormack & = #) & T 3K ff 45 18 /K 4 1) 8 X
R 22 53 4% 3 IR UE T B FR 22 43 4% XA L AR AiE
LRk AT DUBCAS O AR L e A A K
Sweby TVD #& 25 H T W 28 3t 5K i, B ik 1 % =X
HA RAEHUR TG B B PR % S s, T — 57
2 P kg 1Y MacCormack 4% 2 H 3 B 722 i A% 401
A T 125 38 2o PN TF = 20 0 SR Mgk B ) )23, 52

R EEE.2021-11-19; &R Y 2 B # . 2021-12-28.

EETR . HR AR AR (52079107) ; Be P4 H R Fl 2
FERBIFFE - ol -5 1 LB I BBk A 4 (2022]C-
LHJJ-10) % Bh i H .

EEE A 2 ES (1967, 5 1 #i%
(E-mail: gdli2008@xaut. edu. cn).

2V e A

13 R R ENO B R K BB Hr ok
XEHS.1007-4708(2023)04-0559-09

TR 1R ks Y RS R4 SR L AR IR Z R SR
PR 22 534552 Courant B2 0 Ko S % 1 300 57 38 £ 0K
R B REOT AR . SPE MR B R AR
5 BT AR AR Z B AR 224 8 R 9T, Guinot™
KA REBEME T Hri P 3 E ks AT
Tl 2 A T KRR U0 1 A8 Ak ik R BB 4 AR R T LR
S fif AH LU B SO B A BRI TSRS B, SR
TREE A . Zhao YT Godunov FUEAK
7., R MUSCL-Hancock J i #1& T — B Fl — By
A BRAARFR 1 A R SR A A% =X JF 30 E T A XA AR
Courant 20 F B A 84 (i sF M. Waagan'" 48 H
- 1F B MUSCL-Hancock J5 ¥, % 5 B AR IE
s ORG BE A TR st B b AR e M. Zhou 451
N By Godunov A FRAR BRI T 45 38 N RE
TEML.,

AT ZBirA =X, = s XY T SR0KG B2 A Ta] Wy
B E BRI X AR A R i — 4 AR
0] R, A5 8 =B BRI TR AR A5 8 O v 43 B R Y
Ivi) B S 030 R 4 (4 e e ME 5 4548 . Cheng %67 i
ABRTARZ (ENO) #% 30, #E A7 TSR f# 7] R 48 <R
Bl ) 2F 0 — s B H RS 2 A X7 A Ta] A ]

FWA R . Guo i i R B AL AL IR
SRR T T XGRS L3 B0 RBE-ENO %L
{ELA% 2 H 48 B ENO BB A% 0K B 5 & .

MR R A T AR, CPU 2 7 (1 1 55 1)



560 it &5 4 % ¥ WM E10%
T K 5 4 5 22 7 o L B %, — 2 0

/, Sz H paraN N ALY > — h fr— v ( /g f— )\| ‘
BE LW T RO B st e R u=] ] [a=] Y v]sgm&_ﬁfo

ZIF 1551 A GPU (Graphic Processing Unit) 3§47
I EA VAR I T GPU ST H AR & T
TR IKIZ By i OB I ¥ R ] Se 0 04 B 4 35 4 1 1)
it B RS &S L E AN E AR . Meng
U GPU AR 5 — e IR KR AE LR L S & . &
B GPU $ AR TE M 4% K8 22 i n] R iR 42 T i 5558
R, BRI TR T GPU LN EE
T T2 26 W A0, L I SR O R B —
SE TR A Y AR B ] g 2 R B S 2 W 0 S
A 1K

B =B ENO A BR A& FRAs X 0 3] — 4k 4 8
EEEWAL, I @I T GPU sl 8 oK 19 45 18
KRR SR AR X T4 A A I R AR E
Uit o R A A At T LA R S IR R O B AR
W 22 G0 1 R R AR A R O 2 A Y PR
PEHEROR

h R TE TR T3 7K ks o 4 I Wm0, A=
Sgn®(4/ D), N TEUTAEBH 1 R, n WAER, D
HEEER, o NITE R, OB NP,

3 (3) 2K Riemann [n] 8 3R A 5350 35 B

5%
afCw
dx

Ju
dt

st f(u).,:xu,xz[: “Zg]wﬁmﬁ@é.@
IS X A 01 149 5 i B, T B 0= 05 AR SCR H Toro™!
RHEBEARELYBE, BN 0= (o 4+ v1)/2, BB
FEFE A PERIE AR A = 04 ¢,

B AR R 1 s R A BR AR AR 3k
ITEHCRME: f o, Fi—1/2 Fms{E. U, hi
ILH wi . S FIC ] K= (DO «
e AEE R e R i—1/2 B R i4-1/2 B4R

4

=s(w

. g [it1/e2 ti+1/2
2 *?E%UH*E a_tjil/ZuderfiH/z_fi 1/2:J_ s sdx 3
A A U 1 R R Sy R 28(5) B Sk 43 i BT & 7 3 By R e b O
(’)h (7“[) (7“0 A . = Pty T A A 1 i+1/2 Y. NI
- — — _— — — NN H 1z o i— 5 . jj
g ax+ P + vax+ 2Dv| v|—gsind =0 (1) FspEIEL, 2 U e wda, J5 M (A
dh , b v (3 FREL A sUGHTTE
It dxr ' & dx U U +7ALJHﬂ” d At )
8 AN Y — ivn — Ui A S N i+1/27 Ji—1/
301, 2) ] MR R . NS VAR e A TE R
Qu/dt+AQu/Ix) — s (3) (6)
iR X I, TR
C o T o [ - , ¥ T T |
e Ee ]l u v e - [ u ] ESESEEr 1
TR o0 ! i it N1 A IR
ﬁl/Z f;/z f3/2 i’lﬁ@% f;—l/Z f;mz f;-zxz fN—}/Z fv-l/z .’:’\101/2
&1 4 3E A% R 2y
Fig. 1 Pipeline meshing
3 BEHEARE 3.2 ZHENORBRXBEEN

HEBENMHE
i ] Lax-Friedrichs™* i & 2150 6=, 5K fif BT
A A,

fz‘”{ﬁ}’Z

3.1

(UD — (U + £ U =%(f”(U,-)+aU,)+

%(f”(U,-vl)*anﬂ) "

£ a=max(| f'(UDD) =max(|otc|), NHEA L
FERE A=0f/0u By e KFFAEAR . 38 1 35 44 1F 11 38 &
mE FU) . BIATA5 3] 3 ks B ENO % 2E &
SRS

F =X C7) AT B & i OE SRR AR N A L I
W E fU) BEOTEBECY S,
Ii}vslz{li—lvl‘wliu}752:{11”11‘\1’1,’\2}7*%

A= R ES AN

{Ii—z s Li—1 9

SZ
s, H
S, N
(_)\ d . h
Xioa X1 Xi i Xit1 Xita
Xiv12

F 2 ENO &0
Fig. 2 Computational stencils of ENO



F 4 R4R#, % £ T GPU W i = A KR A X A& B 8 i K AR A 561

A A AR X 107 Y 18 R ik A

n 1 .. 7 pn 11 ..
E+l/2.0:§fz’ Z_E i 1+€fi (8

" 1 .. S g 1 ..
F,+1,"2,1:_€f7’72 +€f7’7| +§f7 ©))

n ] 1 5 r ] n
E+1,f’2.2:§fi72+€fi71 7€fz (10

SBRIFSRE T LA b = AR ik B o i i —
AR T 38 S SR A B AR O BE e B AT AL
W

IS = 22Cf, —2f + [+
%Lﬁﬂ—4ﬂg+ﬁﬁﬂz (a1
13 o 1 n 1 2

Islzﬁ(fiflizfi +f;-1) +
O = (12)
13 n n n 2

Iszzﬁ(fi 72fi+1+fi72) +

%@ﬂ¥%ﬁh+ﬁ%y (13)

G A BN W B R K, B AT A I 1) e e A X
H

£, (U =min mod(F", .., F' 0 s

F' sy 1S0,1S,,1S,) (14)

) B0, py s BLID @+ 1/2 X R 4 A AT 45 A f o e
FhRX f, WU RO o+ 1 2] 7
T3 B E £, (UD .
3.3 BEIBE#

Wt A AR HBESR AT n4-1 B 0 0 5 1hi 0
B BT R AR s (w WIME T I8 n+ 1 B Z
U5 JE ek e i A B SR A I ) (R ) R

(1) % i 202 B85

ﬁwlzup+§&fah)—fa%>) (15)

X
(2) SIS [] 45 B
U;,n+l:ﬁ,’n+l+Ats(ﬁi”+l+%ts(ﬁi”+l)> (16)

3.4 BFREHLE
3.4.1 LB REH

SN L k=S TR SUR S AN ENE TS U R 3 O O
T R i R E PR KA A . AR AR AR e,
WeiT C FRIEZ, b3 )y =R,

n g n
vl = "¢ (Ra. —hae) + "Um.m<1 +
gAtsin0  AAt
_jf_fﬁzmwﬁ) an
ha.o = ho (18)

A he 4 B WEAEE KR

3.4.2 T REMN
U B H A A R A e

Fo AR S A B W AR R A E R
{ﬁ?(fﬁ:iﬁﬁ VG NG ﬁ/ﬁi (U<;.N<f>):Q<i.xr<i>)/Ai); I)_I\IJ
HHEARm AR QO HHA

n—1 Ci n—1 Ci
h(i.N(i)): h(i.N<i>71>* U(f.N(i))E + VG NG =1 E +

Atsinf—

)\AI‘U&.N{(;)—M) (19)

2¢gD;

PSSR i) BRI e EE S 12 2 57
FAL T R AE (3K (200) 8 22 7K Sk FE 2 2 [A] Y
KFR

Vi NG = 'Umfjm (20)
X o, KR ATF 0 T S, b A A
PEE ARSI TR K Sk S < TR,

TR LT Rl EE f o 5 fyie B,
7 20 A8 R SR T AR 2 A i R L R S T 4R
e T B Rk R TR I DR UE 25 R B, AR SCR T Zer-
roukat 54 Y HE 0 A% B R AT AR FE . G el 1
Fis o BRI, U, =U =f,,; Fiif
AR B TTAR, Uy o =Un i =fyezo
3.4.3 HXFiHEw AR

K R GEAFAE ST LR A 3 B AR
TikTr AT AR

3B
i

AAAAAA ———  N@A-1 N4}

T~
Bigo
B3 43 B TE D AR Ry
Fig. 3 Mesh division of bifurcated pipeline interface
ZIEEE RN AR A OE [ FRE L
KMAETE B MAEIE C i FRAEL, rl 3 F R &R

=X =}
AR T
CaA n—1 n—1
heancan + EU(A,N(M) = hia N —n + VA NA) — 1) X

AN x| Uél,\i%\'m)—l)‘

ZgD/\

(2 +arsing, — ) @b

h 7@ 7]’1”71 . n—1 E_’_A . 0 o
(B.,0) g Yo = ks T Y g tsintp

)\A1|U213,i) |>

22
D (22)
c n— w1 ( Cc .
l’l((‘,o) — EU(C’O) = h((‘,ll) — ‘U((Ul) < E + Atsm@o
- )\AI‘U?(‘T;) ) (23)

ZgD(‘



562 it & 4

* #1404

AR B G &R
Arvia vy = AsVcsn T Acvico 24
3 U4 A8 TE K Sk AR A
hca.ncayy = heg.oy = hee.o (24)

ARG (21~25) BV A] SR AT AH I I 220 73 SUAE I
T A 0L T R K S AL 5 4 o S AR = Be LA Y
AR T R] LS B SO Ab B 5 5K o O 9 R
BT

4 GPU MMESELIM A%

X TR B K R S8 oKLl s L E A B &
AL ey s 7 — 25 g A% A I e U A Y 2 SC TE
B AL R R AR ZOE S S CPU 35 280 2

Courant Y5, [7] i} 72 J ok B4k 2 CPU 16 3731
AL TT BT T B DA A, KA K TR R AR
SN D0 B X DL B R A 5L T 0 A5 I A Y AR kA
., HiL, A S5 A CUDA GPU i 4% A, 7] 52
PRSI TSR0 3R ) MR B T A A TR it SR kG
JE ) [ B A e AR
4.1 CPU 5 GPUHXESH
TR HOR 1) G L R, CPU & GPU W7
BAEEF RS 5 GPU R s A % W
EEES, BEEHM CPU 5 GPU & i S6 48 7
7= i CPU H T2 R 81508 10 4841, GPU &
1536 4~ CUDA #.>», CPU Hl GPU H & X f 2
BIOIANE 1,

* 1 GPU 5 CPU x# % #t

Tab.1 Key parameters of GPU and CPU
GPU 241 TR 4 RRERC WALERRRAL BAFA PR BE VR U BAFH 5L
NVIDIA GeForce GTX 1660Ti Pascal 66 12 1536 6000 MB 4. 85 TFLOPS 288 Gb/s
CPU 21 T 4 F 40 LR = RGAT TR WA
Intel(R) Core(TM) i7-10700 Comet Lake-S 2.90 GHz 8 LR 16 MB 8 GB

4.2 GPUMEHITIHERRE

ARICHERR ) C+ + & CUDA 5 75 4 2 52
. W1 Uh R AE % T CPU 3% 3 %) #h 1k, i i
cudaMemcpy PR DA fc PR 6 550 1% 3 1) GPU
Uig » JF38 5 kernel PREUEH GPU 2 8 ik 47 317 &b
B, OMERARME 4 PR,

|
|

1/

| G | B et SRR
|

| 4

|

I i

L | s R A |

i B EGPUNH SR

I GPUIii: !

Li CUDAFF :

[ . .

Li | GPUIFT | |GHRRBIE| | | mpp
i

|

Kl 4 GPU finjdtin 2
Fig. 4 GPU acceleration flowchart

5 EEWIEREG| S5

Oy 36 AR R T BRORG B R AR AR SO M R T
Ot HEAT R AU HIE , I 8 B MOC #13CHR 9 ] A — B
L =B Godunov # 47 X H 73 #r . i 1 23 A A
[l 4% AE 6] — Courant B % £ #6 HIUE SE 14 23
B Courant RAHE 18 i 38 i R KS £, 0 A &l
AN Ta] A B A5 AL SR L GPU AR (9 i 2808

5.1 Courant R 8 E b3

38 A M AR R Courant 45 18 1) [ 4b &
T3 T 0 (R AR IS D 18] WA B2 1 RE L 20 B A
[F) #5481 7 ¥ X Courant A9 R AU .

BHl1 K 3920 m ERN 1.0 m. W
W 0.5 m/s, BWFIEE KK 10 m, 8 P I
980 m/s, T JI MR FEIN 9. 806 m/s”, & 1H K R I
03 45 T8 K 3 R 1] 58 4K S& AT, 1B 80 s, M A% %X
40, Bt ] K 0. 01 s, Courant {HH 0. 1,

BH 2 K 39200 m, SR K 800 s,
Courant 24 0. 01 HAR &2 BB 1,

Courant H 0. 1 B B 1) 457 38 o i 1 1] S I
i 1000 m ALY T3 P shRp I 5 Bros . W LLE
H MRS Courant B 0. 1 B, 45 1E £k 7 B — By Go-
dunov % =t 30 b ™ A HOELFE 0, HL7E R R
705 Kb i LA AR TR 1) O, A XA A 10 s O DR B S
SPREIR 2 K. B Godunov # 2 U {H #E HLRE
FEZL/INFRRE 2 1k L — By Godunov #% =X, [A] B 4%
FOR 0 T B 4 2 BE 0 5 T MOC K2 — Bt Go-
dunov #§= . ATE [ifF 1000 m 4L, 10 s J& % =X
IR RIAE R KREZE., MILZ T, =/ ENO #%
22 A5 A0 B8 FE I % (] sl G ] 4 412 BB ) o 2
T HAb Ak . IE 5 Ca) AT LUE L, Z B Go-
dunov I — IR REL T2 4 s, =Fr ENO



F 4l RE4R#, % £ T GPU W o9 = A KR A XA 2 B 8 K AR A 563

AR 2 s BRI — e B R LT, Cou-
rant B2 0. 01, MM KK 40 B 2) BF 9 FE 77 % 8045
PR 6 s, AILAE . BE%E Courant (Y FEAR, FF
fEZ 1 K — By Godunov #& =X i (5 A8 TR B A & T
ZU, [] g A% 20T T g 0 W {53 5% 22t gk — 2P 4
Ko ZBr Godunov 4% =% 8] K 4 $2 A8 ) 258 T —
B Godunov #& X M FEAE e i, (HAB 2 55 T =B
ENO ##%30, ENO #2525 R BB FE Btk IR
M6 UAE AE A7 48 T KGR (] I 5 oK Hh B B
¥R . I 6T LLE . Courant A 0. 1 5]

80r — MOC —— ZFyGodunov
—— —frGodunov  —— =FYENO
60 h=60 m
40
£ 20
-~
0 -
ARy RYRv
40 h=-40 m

0 10 20 30 40 50 60 70 80
t/s

() Cr=0.1 RRURIRT I A FEIHE U 1t Zext L

0. 01 Ff FL A% FhAS A8 i), A =050 (B #E B0RE ) &5
KGANEHET 150 s 475 B8 HUAS 35 hy B AR A9 1 45 45
AT JIAHES T 1% G R AR 4R 1 & Godunov 48 X, X F
i Courant 45 18 /K 4R 37 1) B AR i B2 BOE AL, = By
ENO #% 2B T 45 933 ah 3. seah, b 70
INBUE S5 A RE B 2 Courant ANT5/NF 0. 01,
5.2 KREIHKEG

T SRR SR E & GPU AR JE i
SO KT 7 s BRARE TR R A
B U A AR IR B KA s BRI C o =

80 —MOC
—— —fr Godunov

—— K Godunov
— =KrENO
60

40t

t/s

(b) Cr=0.1 i} 1000 m AR ZE F735 #h 2%t Hr

B 5 EEERECR 0. 1 iR Rl #E 204 SR A e

Fig. 5 Comparison of results of different schemes when Cr=0. 1

80 — MOC
—— —J¥y Godunov

60 (

40+
E 20t
~

0_
20t }
-40 \
0 10 20 30 40 50 60 70 80

tls
(a) Cr=0.1 AR AR RIS XU 73k th 26T b

—— - Godunov
— =KrENO

—
o
=
—

80 — MOC
—— — Godunov

—— —_Fr Godunov
— =KENO

(b) Cr=0.1H1F 1000 m ZAN [l HE 1 h 263 Le

6 JRBAERECH 0. 01 B S R4S 2 25 SR % 1

Fig. 6 Comparison of results of different schemes when Cr=0. 01

K7 KEESE &K EE
Fig. 7 Long distance water pipeline



564 it & 4

F40%

ME5 3. KRR Zo R 85 m, T i AK AL
SR Za o 5 o, B TE R il R I I e 4 M AR A R G
1, OCHIE[E] Ry 60 s, I FRIE ik . B A BRAK
. Godunov # 207 X} b 56 WE AR UK B, TR A
AP0, 01 s H I B 9. 806 m/s”, A7
HEBEMLSHEIIAEL 2,

k2 HHEEAMXSHK

Tab. 2 Parameters related to pipeline model
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Tab. 4 Effect analysis table of GPU acceleration
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Fig. 10 Accelerated effect diagram of GPU with different
threads and grids

6 & it
T — B EE Ry B4, RA Lax

Friedrichs 2453 #E 47 3 5 73 ## . 1z JH =Bt ENO #%
AT IE s E AL, b IR 5 R R SR A% AR, i
(IR FH B e PRI i AT B L . T — |
RN R B Y R I 5 i 7K R e /K SR s A

(1) 3o BEAR T 85 HIE T B 7E M /N Courant
Aot L2 B AR A BB AR FOME B AR W B R 3 S50 A

MAR BE., WA GPU R 32 4 1% Bt # fE

IS N)IBL xﬁz%&@’fwrﬁmﬁummiﬁlﬂ%
(3) A SCBIRY K B R i /K A8 0 I 28 A 4 2

BT *%ﬂﬁﬁfr%?aﬁ%%%mﬁﬁmﬁlfﬂ

AL A PR AT e T 00 A R A, B B 1Y SE AL

5 % 3L #k (References)

[1] WuD Z, Yang S, Wu P, et al. MOC-CFD coupled
approach for the analysis of the fluid dynamic interac-
tion between water hammer and pump[ J]. Journal of
Hydraulic Engineering »2015,141(6) ; 06015003,

[2] MXAZ, ROE, TR, B KR 0 AR M



it

F40%

(3]

(4]

(5]

(6]

7]

(8]

[9]

[10]

[11]

[12]

[M]. 4 . # % s #g 4, 2005. (HUAI Wen-xin,
ZHAO Ming-deng, TONG Han-yi. Numerical Simu-
lation of River and Offshore Water Flow[ M. Bei-
jing: Science Press,2005. (in Chinese))

Wylie E B, Streeter V 1., Suo L S. Fluid Transients in
Systems[ M]. Englewood Cliffs, NJ: Prentice Hall,
1993.

Harten A. High resolution schemes for hyperbolic con-
servation laws[ J]. Journal of Computatioal Physics,
1997,135(2) :260-278.

Chaudhry M H, Hussaini M Y. Second-order accurate
explicit finite-difference schemes for waterhammer
analysis [J ]. Journal of Fluids Engineering, 1985,
107(4) :523-529.

A A LBRBR LR L FTVD A X K& HALAE
ok ey A L] K A& 8 3R, 2010, 29 (4):107-
112. (LIU Han-sheng, FAN Shu-gang,ZHANG Dan,
et al. Numerical simulation of water hammer with
TVD scheme [ J]. Journal of Hydroelectric Engi-
neering »2010,29(4) :107-112. (in Chinese))

7 A — WGk, Rk, A F MacCormack # X #9 &
P AS B TR B[] ] KA 4R, 2020,51(11) 2 1315+
1324. (WAN Wu-yi, CHEN Xiao-yi, ZHANG Yong-
jin. Transient flow simulation with variable grid based
on MacCormack scheme[ ]J]. Jowrnal of Hydraulic
Engineering,2020,51(11) :1315-1324. (in Chinese))
Guinot V. Riemann solvers for water hammer simula-
tions by Godunov method[ J]. International Journal
for Numerical Methods in Engineering. 2000, 49
(7):851-870.

Zhao M, Ghidaoui M S. Godunov-type solutions for
water hammer flows[ J]. Journal of Hydraulic En-
gineering »2004,130(4) : 341-348.

Waagan K. A positive MUSCL-Hancock scheme for
ideal magnetohydrodynamics[ J]. Journal of Compu-
tational Physics,2009,228(23) :8609-8626.

Zhou L.,Wang H,Liu D Y,et al. A second-order finite
volume method for pipe flow with water column sepa-
ration[J]. Jouwrnal of Hydro-Environment Research ,
2017,17(dec) :47-55.

AR, B AL IS dLF AR ZH TVD RH %
HRe 2 AT[J]. L FA MR K F FR,2017,43(4)
800-805. (ZHAO Ya-tian, YAN Chao,SUN Di,et al.
Performance analysis of a new-type third-order TVD

limiter[ J]. Jowrnal of Beijing University of Aero-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(22]

nautics and Astronauticss 2017, 43 (4) : 800-805. (in
Chinese) )

Cheng J Y,Shu C W. A high order ENO conservative
Lagrangian type scheme for the compressible Euler
equations[ ] ]. Jowrnal of Computational Physics,
2007,227(2) :1567-1596.

Guo J Y, Jung J H. Radial basis function ENO and
WENO finite difference methods based on the optimi-
zation of shape parameters[ J]. Journal of Scientific
Computing»2017,70(2) ;551-575.

# M.tk WL Payet D.F. AT GPU 47 o)
HoOR L iE S HAABEM T I F 4R 2016.33
(1):114-121. (XU Dong, XU Bing, Payet D, et al.
Numerical simulation of shallow water motion based
on parallel computation using GPU[J]. Chinese ] our-
nal of Computational Mechanics,2016,33(1).114-
121. (in Chinese))

Meng W W,Cheng Y G,Wu ] Y,et al. GPU parallel
acceleration of transient simulations of open channel
and pipe combined flows [J]. IOP Conference Series:
Earth and Environmental Science,2019,240.052025.
R E,FHE,.I m. KT CUDA 9 A TR T4 B
Fargm g R )]. 5 A% F,2020,37(3)
368-376. (HU Bin-xing. LI Xin-guo. SUN Peng. Re-
search on parallel assembly algorithms of finite ele-
ment matrices based on CUDA[J]. Chinese Journal
of Computational Mechanics,2020,37(3) :368-376.
(in Chinese))

Toro E F. Approximate—State Riemann Solvers
[M]. Berlin, Heidelberg: Springer Berlin Heidelberg,
20009.

Toro E F. Shock-Capturing Methods for Free-
Surface Shallow Flows[ M. Chichester: John Wiley
&. Sons, 2001,

Castro M, Costa B, Don W S, High order weighted
essentially non-oscillatory WENO-Z schemes for hy-
perbolic conservation laws[J]. Journal of Computa-
tional Physics,2011,230(5) :1766-1792.

Vukovic S, Sopta .. ENO and WENO schemes with
the exact conservation property for one-dimensional
shallow water equations[J]. Jowrnal of Computa-
tional Physics,2002,179(2) :593-621.

Zerroukat M, Chatwin C R. A finite-difference algo-
rithm for multiple moving boundary problems using
real and virtual grid networks [ J]. Jowrnal of Com-

putational Physicss1994,112(2) :298-307.



F 4 R4R#, % £ T GPU W i = A KR A X A& B 8 i K AR A 567

GPU-accelerated third-order finite-volume scheme pipe
transient flow solver model

MO Tie-xiang, LI Guo-dong”, LI Hai-chao
(State Key Laboratory of Eco-Hydraulics in North Arid Region,Xi’an University of Technology,Xi’an 710048, China)

Abstract:In order to efficiently and accurately solve the transient flow change process of a long-distance
water conveyance system,the third-order ENO finite volume scheme is used to solve the one-dimensional
pipeline unsteady flow equations. The interface flux is reconstructed based on the lax-Friedrichs flux
splitting method. A set of efficient and numerical models for solving transient water hammer wave in the
pipeline with high accuracy are established. GPU acceleration technology is introduced to realize the
efficient calculation of large-scale water conveyance systems. The model is verified by the Method of
Characteristics and the first-order and second-order Godunov finite volume schemes. The results show
that the third-order ENO scheme can also maintain good performance of discontinuous capture at very
low Courant without non-physical oscillation. At the same time, it is highly insensitive to Courant,
making the model highly flexible in meshing and significantly improving the computing speed. The
application of GPU acceleration technology shows that the model has an obvious acceleration effect when
the number of grids is large,and the acceleration effect is significant with the increase in the number of
grids. The model can provide theoretical support for efficient, accurate, and rapid simulation and

prediction of the unsteady transient process of a long-distance water conveyance system.

Key words: GPU acceleration;finite volume method;the transient flow; ENO scheme;long-distance water

delivery
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