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Abstract; To address the issues of mesh distortion, numerical instability, and interface errors
encountered when traditional mesh-based methods are used to simulate the transient closing
process of ball valves, a high-accuracy and stable pressure inlet/outlet boundary model based on
the moving particle semi-implicit (MPS) method is proposed. Transient numerical simulation of
the ball valve closing process was carried out, and the variations of the inlet/outlet pressure
difference, flow coefficient, and flow resistance coefficient with the opening degree during the
process from fully open to fully closed were obtained. By analyzing the velocity and pressure
fields at different opening degrees, unsteady flow mechanisms such as flow separation, vortex
generation, and water hammer phenomenon were revealed. The results show that the inlet/outlet
pressure difference across the valve first increases and then decreases nonlinearly as the opening

decreases. The flow coefficient changes gradually when the opening is greater than 70°, but drops
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sharply when the opening is less than 70°. The flow resistance coefficient changes slowly when
the opening is greater than 45°, but increases significantly when the opening is less than 45°. As
the opening decreases further, vortices form and expand in the outlet and the valve core flow
passage, leading to intensified kinetic energy dissipation. A high-pressure zone in front of the
valve coexists with a low-pressure zone behind the valve, and the fluid in the valve core
approaches stagnation, resulting in static pressure accumulation. The water hammer pressure
during valve closing first increases and then decreases; as the closing time increases, the
maximum water hammer pressure gradually decreases. The results provide theoretical support for
the design and optimization of ball valves and offer reference for improving the safety and stability
of pipeline systems.
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Fig. 1 Pressure inlet and outlet models
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opening degrees during the 0. 1 s closing process
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9 T Bt — 2o M S IR I A R ] PN A 1 ) AR
PEAEBL L LL 0. 1 s SRR I A2 S 491 L o R8s vh e R T 2




5 239

SR A L R R IR 25 06 AT ol R B K TR 4 TG T A 1 (LB 5 215

SEFPS 9 1~10 B TR W00 A, AN 18] 14 o . g i
A B TR S B R R AR R R

>

\ N

14 BRGES RS IS 1~10

Fig. 14 Spool pressure monitoring points 1-—10

K15 JEoR T 5K I ad A v G B O R R i P
W SRR e, AT LA L 25 TT B 9071, iy
ASTLIE P TR ) 2R AL R A A A BAEAA S5 A 7 L 2 B
WA TR S HITEE /N 6070, /S N TR
T HEREE C  332 PR) Ay O IR T U 280 48 5 L b 3
JEJ3 7t ik B e 2 W e AL D TR I fE . >4 T R I
e I B RPN PRSP R 32 A = (S 3 (e I ]
J 37T B A ™ A 114 i 3l B K 2 I IR R ES P O
AR 2% . HIT /N E 107w, B A H
0 T g e T g [ 9 R O 8l 7 e R AN R
e T e AR R A7 — B3, 3 S fh T L P RS P B 4
T L PR ERERL, YR TTIT R 0TI R
L Bl 58 4z 1k, RS N I JI 25 7E 0. 09 MPa FffifE .

—m— JFJEN90° —e— FFIEN60° —A— FFJE H45°
0.092 - —w— F/EN10° —o— FHEHOC

—0—0—0—0—0—0—0—0 ¢
0.090
0.088 v v v v v v v v v v
<
By L
> 0.086 ‘_\Ad\__\\
<
=~
12 0.084
0.082
0.080 |
0078 1 1 L 1 1
0 2 4 6 8 10
S

B15 0 0.1 s iRt R AS A F B2 IRt s ) 22 £k
Fig. 15 Spool pressure change curve under different

openings during the 0. 1 s closing process

3.5 KR E 8 X ok S I 7 B R
Ok B G A B AR A TR e TR T Y R O P 5

zkxb. xjtu. edu. cn

A 1 R I AR AL ™ A A AR G AR E R A
Ll K B G AR 3 K 7 Y AR I [] 5 5 1 I 1)
AR X /N 3L S A K A ] 2 K e o 22 5K R s
L5104 N R & 35 E 0 ST N S 1 ) 3 e o i D
V58 42 S B I 7K R s g A2 O A8 Al B 4 5
AL P T 7K I Y R L, S B AR R K e T ) e (L I
&5 PR B K B 2 ¢ RN ) KT K R AR I
(], T 7K 0 A 1 1) 5% PG 7 vh 5 3 Dy $0K e
W WIS AR AL B L S BOK R T g 0 R IR B A
[ $2 K B o 7RI A I ] 5 7 3 119 15 50

t _ 2L (18)

' C

i as

Kb ¢, KR B AR ] 5 LA 88 B K RE 5 ¢ Sy Kk
W Ko A AR R U i

BRI R W R, HAE TR h R R E
[ K 5 o TR S A K AR 5 O o s ] k1] 422 7K e Hs
JIBYSE N, 3 Gk U RS R 150, 75,50 1/ min,
152 S I B[] A 0. 1,0.2.,0. 3 s,

& 16 g BRIBIAE AN ] 5C BRI B[] 1 F 11 9 38 1% )
WM A R ST 4 7K R Fe g BE I ] A AR AR 2. AT
VL, 7 BR IR G 2 e v, K B ) R R B
RGN AR, OSBRI Y 0.1 s B,
Wit 5 A 80/ 5 T R T TR T L FE 0. 062 s(FF
FE Ry 34, 2°) B 3k B B KR J7 0. 124 MPa, Ji 44 X 14
BB vl s 2O I [E] 2 0. 2 s B, B R
JK R JE 10/ 2 0. 113 MPa, {H 2% T.0% F I /i &
JIH B L AN WA L 7E 0. 105~0. 135 s(JF A 29. 3°
~42. 8 0 Bl S PR HF B B KR ) 5 22 QI B[] 42 K
2 0.3 s I, KHE i &8 1 i 4, il 24

—— KA 0.3 s —— SRR IR] 450.2 s —— JEIASIR] 40.1
0.13 - (0A062$\0A124) O:AIO 0A2|0 0.30

(04:05‘,0113) i
! / (0.135,0.112)
{ | /(0‘208, 0.107)

1 1 1
005 010 015 020 025 030
IS /s

16 AN [F) 5% B s 1] R K i 7 1Y) 22 1k it 46
Fig. 16 Water hammer pressure curves for different valve

closing times




216 [ B N SR S 560 %
WA, 5 RO/K AR i ) 3 — 258/ 2 0. 107 MPa, X R S% 30K,
KB E] SR 0. 208 s(TF N 27. 67, (1] BhESC, B2t I)ITHIT AT SHE (M. dbat: #l
25 L i w] R 5 RN ] 88, B 7 IR ] P 4 T BT AR, 2009,
4 0 B A A S e L p R R g 7 L 4N 2T A, [2] HAN Yong, ZHOU Ling, BAI Ling, et al. Transient
VA Ak B A, Y B B4 R B K B TR A B B ke simulation and experiment validation on the opening
WIS TF 7 R 35 47 K R S o 7 A0 7 A B K and closing process of a ball valve [J]. Nuclear Engi-
FE U (2 o5 e 2 256 0 2 A O neering and Technology. 2022, 54(5) . 1674f‘1685.
Sl \ U] R M BRAEEE, % SOk I L
25 5% IR ) 9 S S 7 R e 7 B 30 11 25 SEWETE [J]. MR Tl K224 4. 2003, 35(11):
/N LK B s g i 4 6 i 2 A a3 2 PR Ay AL 1311-1313.
1] PA 5K P 3 A 4 3k 32 728 A AR /D o e I I 7K 5 D WU Yuebin. QU Shilin. ZHANG Weijia. et al. Local
1 KRR I 7E K 1Y G B 2ok R v AN Wy kA HIRTE LS, head loss caused by valves in water distribution net-
PRBL T (R He KR AR T AR R 2 2 . YOG IR work [J]. Journal of Harbin Institute of Technology,
[F1) 2 8% IR T 7K B 5 AR 97 7K R 5 58 0 1R 5 G IR 2003, 35(11): 1311-1313.
38 PR K ER R W R R R ST, (4] FBgE, XK. WL S BRIR R A R PSS T 5T (T, 1@
[T, 2005(1): 17-19.
4 z:I:tlt _i/t\» ZHENG Jianguang, LIU Changhai. Experimental in-
AT MPS 53 35 T —Fhass JE ) o/ il vestigation of discharge characteristic of electrical ball
13 LA T 52 T T BRI A4 FF (90°) 78 4 3 (0°) 52 valve [J]. \./alv.e Magazine, 2005(1): 17-19. |
N . e . o [5] ZHANG Xiaoxi, CHENG Yongguang, YANG Jian-
A P 01 W S RO 8 1 BRI S A i 7 dong, et al. Simulation of the load rejection transient
I 20 TR A WL LA B S R IR TR 7K T 19 5 1 process of a Francis turbine by using a 1-D-3-D cou-
B, A SC R A 1T 5% BRI Bl R L 0 K R P 4 4R pling approach [J]. Journal of Hydrodynamics, 2014,
T BRI TS E RGBS TR TR 4 26(5): 715-724,
HEEELA TREX., AXFEEE BT, [6] CHERN M J. WANG C C. Control of volumetric
(DY CmmEE A 0.1 s B, g8/ 4 O & 2= B I flow-rate of ball valve using V-port [J]. Journal of
BN e RS /DN AR e, B IFE R Fluids Engineering, 2004, 126(3): 471-481.
S1L T TR 2B Ry 005~ 70, L7) SR BRIBERE RS AR (D). 0% K%K
Vit RS I RN T T0°05 9 B AR eoomm o D
W AR TR, AP 90" —astut g el B RS S DRI ETCR P
HOMMOT S JFRE AN 455 0 ML 5 30 40 e I e S e e
5{]% Oﬁ%ﬁ&bHEUW% Wl BT %%%/J\%E‘F 1] éé': XU Kepeng, CAI Hu, CUI Yonggiang, et al. Experi-
ngd‘{ﬁﬁ: 9 BHL A 1 P 4o 35 S e mental and numerical investigation into high-pressure-
(2) B TFBE /) 5 1 0N 0 3 Y T R e combined valve for large steam turbines [ J]. Power
IR, S EUE TE N S REFERUINE . ST Engineering. 2003, 23(6); 2785-2789.
S ASTHE R Y U B R e R N 5 m/s. 06 (90 WIER, SOEAT, AR ALk IO I 0 = 4k
L, B E N R B e 4. B E/NT AR RS mr oy (], TREHRY 2=, 2003, 24
30T #E 1 i 38 It A T v K I 3 a1 TR B R (1): 63-65.
X, H T I e 5 X B B s B R XL 1 TAO Zhengliang, CAI Dingshuo, YAN Chunlei.
SN T RS 1 SR T HE R, TR T Three dimensional numerical simulation and experi-
e vt vt 2 . . , mental study on fluid field of control valve in power
()RR KRR 2RI ih Fe e station [ J]. Journal of Engineering Thermophysics,
N AR AR M e BE A G IR I ) B SE K B 2003, 24(1): 63-G5.
FOKERIETIE R/ th 0. 124 MPa BN 0107 1407 yupggi, 2t 3035, %. YR BLIN N4 T8 =

MPa, 5K & IR 5] 8, 7K T g i 26 30 3l B R A2 4k
WL, BEFTET R R, & BLUAE < 5C [y i ) m] LA
(R 5 VAN /B A = 1= S W= T G 7o

zkxb. xjtu. edu. cn

A Fe P R B M 5T [T V4 %8 3838 K2 % 4t
2006, 40(3): 289-293.
XIANG Xiaowei, MAO Jingru, SUN Bi, et al. Nu-




5 239

SR A L R R IR 25 06 AT ol R B K TR 4 TG T A 1 (LB 5

217

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

merical investigation of flow characteristic of control
valve of steam turbine in the entire range of operating
mode [J]. Journal of Xi’an Jiaotong University, 2006,
40(3): 289-293.

ZHANG S C, ZHANG Y L., FANG Z M. Numerical
simulation and analysis of ball valve three-dimensional
flow based on CFD [ C]//IOP Conference Series:
Bristol, United
Kingdom: 10P Publishing, 2012. 052024,

XIAREE, WRIE, Thil. B T3 M A% 5 UDF HAR A1 17
T BCE AL [T WA HLE AR, 2008, 50(2):
106-108.

LIU Huaping, CHEN Fu, MA Bo. Numerical simula-

Earth and Environmental Science.

tion of flow field in the valve based on the moving mesh
and the UDF [J]. Turbine Technology, 2008, 50(2):
106-108.

HAN Yong, SHI Weidong, XU Hong, et al. Effects
of closing times and Laws on water hammer in a ball
valve pipeline [J]. Water, 2022, 14(9): 1497.

LIN Zhe, MA Chuanjing, XU Hongguang, et al. Nu-
merical and experimental studies on hydrodynamic
characteristics of sleeve regulating valves [J]. Flow
Measurement and Instrumentation, 2017, 53, Part B:
279-285.

FERN. BRI R PR 3l 25 A 1 R (B AR AL AN S B A 5 (D,
U . WiV TR 2, 2015.

CUI Baoling, LIN Zhe, ZHU Zuchao, et al. Influence
of opening and closing process of ball valve on external
performance and internal flow characteristics [J]. Ex-
perimental Thermal and Fluid Science, 2017, 80: 193-
202.

FERET, LW, WERA, F. SRR/ AR T
P A% 1 B E AN [T ], AR, 2019, 31(2): 42-47.
WANG Yuanding, GUO Manli, TAN Junjie, et al.
Numerical simulation of jet valve opening/closing
process based on meshless algorithm [J]. Journal of
Ballistics, 2019, 31(2). 42-47.

DURANGO M, GARCIA-BRAVO J. Smooth particle
hydrodynamic as a computational model for the design
and analysis of hydraulic components [ CJ//Proceed-
ings of the ASME/BATH 2023 Symposium on Fluid
Power and Motion Control. New York, NY, USA.
ASME, 2023: 20235115229730.

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

zkxb. xjtu. edu. cn

LIU J, WANG J J, GONG S, et al. Numerical simu-
lation study of hydraulic performance of the ball valve
implied in ultra-high head Pelton turbine [J]. Journal of
Physics: Conference Series, 2024, 2752(1);: 012016.
KOSHIZUKA S, OKA Y. Moving-particle semi-
implicit method for fragmentation of incompressible
fluid [J]. Nuclear Science and Engineering, 1996,
123(3): 421-434.

LEE B H, PARK J C, KIM M H, et al. Step-by-step
improvement of MPS method in simulating violent
free-surface motions and impact-loads [J]. Computer
Methods in Applied Mechanics and Engineering, 2011,
200(9/10/11/12) : 1113-1125.

KHAYYER A, GOTOH H. Enhancement of stability
and accuracy of the moving particle semi-implicit meth-
od [J]. Journal of Computational Physics, 2011, 230
(8): 3093-3118.

XIE Heng, KOSHIZUKA S, OKA Y. Modelling of a
single drop impact onto liquid film using particle meth-
od [J]. International Journal for Numerical Methods in
Fluids, 2004, 45(9): 1009-1023.

R, XUE B, R, S URRE T A b
LAY TC A% B F ¥k Dirichlet $1 4 0F [J]. P94
33K, 2022, 56(8): 141-148.

HAN Peidong, LIU Qixin, ZHOU Ziqi, et al. Dirichlet
boundary conditions in meshless particle methods for
free-surface flow simulation under negative pressure
gradient [J]. Journal of Xi”an Jiaotong University,
2022, 56(8): 141-148.

UK. TR0 HE. BRI OC IR S AR 0T K R R 1Y 5 R 43
Br 10, 12058, 2021, 10(4) . 230-236.

LIANG Xiao, ZHANG Hongyan. Analysis of influ-
ence of closing process of ball valve on water hammer
effect [J].
search, 2021, 10(4): 230-236.

FEYLES, Fh—t, PP, SF. —FhilE TR T
T IR R A Tk [T, VYA KA
2023, 57(7): 160-168.

KANG Jiangnan, SUN Yijie, SUN Zhongguo, et al.

International Journal of Mechanics Re-

A modeling method of 2D complex geometry for parti-
cle method [J]. Journal of Xi’an Jiaotong University,
2023, 57(7): 160-168.

(Imf M)






