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Numerical Study on Cavitation Characteristics of Water Jet Propulsor
Impeller under Oblique Flow Condition

LAl Hai-bin, CHEN Er-yun, YANG Ai-ling
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai, China, Post Code: 200093 )

Abstract: Aiming at the cavitation problem in the impeller of water jet propulsor under oblique flow con-
dition, SST k-w turbulence model and Zwart cavitation model were used to simulate the flow field charac-
teristics of water jet propulsor under different oblique flow angles. The influence characteristics of the ob-
lique flow angle on the hydraulic performance of water jet propulsor, the cavitation distribution on the blade
surface and the cavitation distribution in the tip clearance area of the water jet propulsor were obtained.
The results show that when the oblique flow angle gradually increases from 0° to 40°, the propulsion pump
mass flow and head increase, while the efficiency decreases by about 3% ; with the increase of the oblique
flow angle, the cavitation distribution on multiple blade surfaces will be gradually affected in turn, the cav-
itation area on the blade surface constantly develops from the inlet edge of the suction surface to the outlet ;
the range of leakage flow cavitation in the tip clearance area, tip leakage vortex cavitation and entrainment
zone cavitation will continue to expand with the increase of oblique flow angle, and there will be mutual in-
terference and mixing, and finally the tip region cavitation tends to be stable; with the increase of oblique
flow angle, the distribution and development law of cavitation and vorticity near tip inlet are similar.

Key words: water jet propulsor, oblique flow, cavitation, tip clearance

WA EEE:2023 -02 -28; {1&iT H#§:2023 -03 -20

BT A EHK A AR (51106099 )

Fund-supported Project: National Natural Science Foundation of China (51106099 )
YEZ B AT I (1997 - ) 3B, BB R 20 LTS

BIEEE G (1975 -) , 5, Rl R RIHER.



5 3 1] TR , 45 R 00 T WK St 4 5 23 AR e A L5 33
AR B RRNA T 00T WK HEBE G -5
51 B S AR R, SR TSR 02050k W R R RH A

M I A S — o Y B 4 BE R, R HE 2R
A4S HE B AT , {6 A DA I S5 1B DA T 3R A5
AR A TAE SRR e, Bk e B A
MLBIAR R HESERCR & P2 (L fe 5 iR sl
IR T AT RSB AT R I 5 1 2 1 TAR
B, M HA D MRS g fth, kg &
RN E S ) BN AR B I RS I K HE 0 2 7 R
TOUF TAE. ERNR TOUT R N & 24y
PRI, 5 P 23 0 AR, £ B RIBE K HE BRSSP BE
FFEr= AL EL AR B WS AT 3 AER ME K HE 14E 25 7Y
7 FH 5 A AR B B e v o DRI, X 43 T 0 T
IKHEDERRVERE OB IE BT BN AN X,

VRERAN A5 N 38 o B A 7 B BE T T BRI
J7 1) % W /K A R RS B PR RE A R, 25 SRR, A
ARZS WK HEUE 28 1) 1A 7 3 B S 25, K A R 1 R
FIHAR, 5 7254k, TAN 2 A7) F) A v s %
Fe AR HEVESE N 25 AT sh P 4 i 7 LR R4 T T T A
Ak, 3 B B T g K 9 E B 2 AR R IR A LA R
WU % N LT A4 AR (PIV)) g 7k 4
PEER IS P i TR0 O o R SR A AT TR 4y
B, 48 5 7 TR i 988 10 ek A M S 1) PR 4 4
R R A, Laborde 25 A0 S fh 37 252 i 5 - T
(i) B DX 3k 2 AU T 5% 43 B 2 B0, ok 0 ] i g J LA
TR - T 1) B 45 Ak A 5 A M, I 1 2 Dk 35
I O 988 2, Pk 2 e T s o 25 4
Huang 25 A1 x5 K i 15 552 14 28 A R s #E AT T %%
R AMHT , $a 7R 1 25 AL R i AR AR TR HLEE, AT
TR, 25N e FB 4 S 55 8 o O P T R 1) 7
A RIS (0 52 = M, 16 25 Ak R i v i 8 AR 07 T 25
LT . Guo e A SRINMGHE Y Zwart 28 AR R %]
M 7K HHE A 2 - A ) T S 0 988 2 A R AT T BIF S
18R T TSRS 16 1 2 A b, 9 & B T3 356 309
254k 2 T B T3 I U 0 £ 0/, Krasilnikov 4§
AR DTMB4679 J I 5E x5 4, b A R AR M T
Byt Fe 7 53 A UL B Fr 8 far A2 AL i AT T WE 9 43
Bro BAPESE A BT E R AR S = T
DTMB4679 3 {7k 3h FivEE , 45 Fe 2 W], 2t b i3k
for Bl 2 R AR 4 R 2 IR M K i

TR HERE AR S AR AT T BE AL, BH5E T
ARHI AR X I AACHE 2R 4R K 3 PEBE | A R I =S 00 A
DA B et T[] B3 X 2 A A 5507 T )82 MRS

| HETERRSHERX

L1 #ERAREmRMEHESR
BEF RANS J5 e XK 4% N R0 2 4T 4L
(RS, U Bl 42 il Oy 0 458 3 5 1k 5 e R B

VR
u,
Zi_p 1
ax, (1)
ou; ou, o*u.
i+u.i _Li’_,_v L?"’fi (2)
ot ! 0x; p 0x; dx;

X p— AR, kg/m’ so—IB R B, m™/s 5w,
w— A > B, m/s sp— IR OT LR T, Pa;
t—INFTA], s 500, , 0 —H R OR AR BR A B, m fi— 1A
m/s’ .

] SST k - o fi WAL, XL B T k- o
Mk — & BRI PLBME , Hoim i shAE & Flim AR o
7:77?5%%7:

%(pk) +aixj(pku,~> = i[(M + “‘)ik]+

ij g, axj

aui #
Ty o B pkw (3)

0x;
M )th] +

9 0 _ 0
a(P) + o (po) = [(u )

0x;
%(aﬂj 2: —Bpkw) .\ Zp(i)a-wFl) (;chg;:
KXoy, o, — IR SIEE b Al TR o B9 BIEF
B p,w— 2RI BE R B o, 8,8 — LB
FHGF —IRG R T, — R 70
73 ARSI AT L SR A 2 P AT =2 ) A A L5
e, SCERL 14 ] W AR D7 B R AN e X =S 1k i e
H R Bl T R BEA T A RCH 1 s Ty RS R
FHAH Az 75 R A v A DL AR AR A Z TR A AR
R, AR SCE L T Rayleigh-Plesset J5 #2 /Y Zwart
AR AR )2 R K D ML
BB MER Mt 1R R AR AR P iz shid A, B
HEEIE TS B b 2 AR f RO 2

(4)



- 34 - g

s o TR

2024 4

HLBEASH RNz AR IR 75008 -

3 -
r, =F67avpv(£p Ps

1
B
P > Dy
Ry 3 Pl)

1

30,,.(1 —a)p, _
Fﬂ%“v”(gl)s p)z’p<ps
Ry 3 p

(5)

P F F—BESS RN ZER BB o, — TR
OB 0 — SRR R py o, — BRI SA
W kg/m’ Ry—23 0242 myp, p,—Y bR J) AN
HIAIZEIRIE ), Pa,
1.2 BUk#EHRRJERSITEE

B PR U M 7K HHE 3 45 S I X 42, L LA A
TR 1 Frzn o WORHEDESS T2 gk IE (4
ST I ZH A K R RS A4 K T A
LG HE IR K 1 2E S DLW S% L K 1) 3h
A , R B RE R AV T, Bl N AU A S ] 3, 7K
Tt AN I A Sy, MRS EAER D = 180
mm, M5 78O 5, S R0k 9, T E] B A
[\ PEE d =1 mm, 85453 n =2 700 r/min,

&DTE}‘{‘I‘ 4

- R
HEKFEE
/

B Mk HERR LAY

Fig. 1 Geometric model of water jet propulsor
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Fig. 4 Grid independence verification
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Fig. 13 Cloud maps of vorticity distribution on spanwise section of blade tip at different oblique flow angles

3% it

AR 0 2K HE i S IF 50 5, 3o AN ) RH
BT BT AEE 2T BUE A BT, A5 2 LT
ojior

(1) B AR A 3G R, 5 P4 2 J (AR 22 B
18 e PRAYIE K a3, 75 40° 1 2 0° N 1 18 4%, MK
HEPERRACR A TR 3%

(2) MAe NS A I A B et I
T RITOUE] B AL o il ARHIA A 19 K, R 2 T T
SN 22N R R A 2 A A, 25 A XA I T
JITTBE 216 H AR AN W A FRE A4 16 AN W 1) 5 4
A

(3) FFxbit A 2 fa) Bt X =S A o3 A Ak 20 Bl
R BB AR A B3 O, i T 3 s A o T e e 2
PRI X ZS AR T 2 A B B, R AR A B3
e M a>20° MUK EA L BEE R,

(4) TR 1R Ak 14 2 A R i f 0 A 4 JE
RRAUA IS A UHE B A AR L B R AR B0
R, T 10 BT Ak 2 A 0 5 o i A XS i
T7 AW A B S AUAAE TImm A/ b, i 23 4k
T BCH A R A o

S

-«

(1] FErft. okt L mok et A2 [T]. @ ALK, 2007 (10) :
12 -15.

WANG Li-xiang. Water jet propulsion and water jet propulsion
pumps[ J]. General Machinery,2007(10) ;12 - 15.

HORT I XV SRR 4. T WK A 2t B 18 64 R G 4fe A
REBURBISEL ). MLARREE A 2020 42(6) 39 ~43.

DONG Xin-guo, LIU Jian-guo, DAI Yuan-xing, et al. Research on
the prediction of propulsion performance of pump jet based on the
theory of waterjet[ J ]. Ship Science and Technology,2020,42(6) ;
39 -43.

SHEN Z H, PAN Z Y. Research on axial thrust of the waterjet
pump based on CFD under cavitation conditions[ J]. IOP Confer-
ence Series; Materials Science and Engineering, 2015,72 (2) :
022013.

FEE, B T ARER SOAHLRTEATARHEE U BT B
WE5ELI]. W JIHL,2012(10) 42 - 45.

WANG Guo-yu,ZHAO Yu, YU Zhi-yi. Application and research of
fluid machinery in the field of marine propulsion[ J]. General Ma-
chinery,2012(10) :42 -45.

WARN G P,JIN H J,HO H C,et al. Numerical flow and perform-
ance analysis of waterjet propulsion system[ J]. Ocean Engineer-
ing,2005,32(14/15) :1740 - 1761.

VSRR , AR WK SR SR A T 16 X U P AL 3 5
ERFFELT]. K3 Jr T R ,2018,33(2) : 181 ~ 187.

XU Hui-li,ZOU Zao-jian. Numerical study on the effects of inflow
directions on the flow field in a waterjet duct[ J]. Chinese Journal
of Hydrodynamics,2018,33(2) ;181 —187.

TAN D, LI Y, WILKES T, et al. Experimental investigation of the
role of large scale cavitating vortical structures in performance

breakdown of an axial waterjet pump[ J]. Journal of Fluids Engi-



- 40 - #wowe B h T O’ 2024 4F

neering,2015,137(11) ;111301.1 - 111301. 14. Edition ) ,2019,43(2) :262 -268.

[8] WU H,MIORINI R L, KATZ J. Measurements of the tip leakage [14] COUTIER-DELGOSHA O,FORTES-PATELLA R,REBOUD J L.
vortex structures and turbulence in the meridional plane of an axial Evaluation of the turbulence model influence on the numerical
water-jet pump[ J]. Experiments in Fluids,2011,50:989 —1003. simulations of unsteady cavitation[ J]. Journal of Fluids Engineer-

[9] LABORDE R, CHANTREL P, MORY M. Tip clearance and tip ing,2003,125(1) :38 - 45.
vortex cavitation in an axial flow pump[ J]. Journal of Fluids Engi- [15] ZWART P J,GERBER A G,BELAMRIT. A two-phase flow mod-
neering, 1997,119(3) :680 - 685. el for predicting cavitation dynamics| C]//5th International Con-

[10] HUANG R,JI B,LUO X, et al. Numerical investigation of cavita- ference on Multiphase Flow ( ICMF 2004 ), Yokohama,

tion-vortex interaction in a mixed-flow waterjet pump[ J]. Journal Japan ,2004.
of Mechanical Science and Technology, 2015, 29 (9 ): [16]  XVRIT, Tk , s ok e, WoA ik b SRR R 7 25 5 3 s )
3707 -3716.

PRESBIFETELT] . K3 J1 2058 5 0k J 2008 ,23(5) :592 - 595.

[11] GUO Q,HUANG X, QIU B. Numerical investigation of the blade LIU Cheng-jiang, WANG Yong-sheng, ZHANG Zhi-hong. Study

tip leakage vortex cavitation in a waterjet pum; . Ocean Engi- . . . . .
p 8¢ vortex cavi waterjet pump[ J]. Oc & on flow control volume in numerical simulation of waterjet propul-

neering,2019,187:106170. sor [ J]. Chinese Journal of Hydrodynamics, 2008, 23 (5):

[12] KRASILNIKOV V, ZHANG Z, HONG F. Analysis of unsteady 502 — 595,
(177 SREEME, T, 0 AR, 55 AN A 25 AL BT il e 22 ok Tt ] B
DS AR T ] AU 41,2014 ,45(2) 115 121,

ZHANG De-sheng, WANG Hai-yu, SHI Wei-dong, et al. Tip

propeller blade forces by RANS[ C]//First International Sympo-
sium on Marine Propulsors, Trondheim , Norway ,2009.

(131 A ¥, 80 g, XM, RH rf B e 5 1 7K 2l 7 1t RE AF 5%
()] PO TR 22 (3Tl Rl 5 TR M) ,2019,43(2) :
262 - 268.

clearance cavitation characteristics in axial flow pump under dif-

ferent cavitation numbers[ J]. Transactions of the Chinese Society
HU Yang,HU Jian,LIU Ya-bin. Research on hydrodynamic per-

for Agricultural Machinery,2014,45(2) .115 - 121.
formance of propeller in oblique flow[ J]. Journal of Wuhan Uni-

(2] ] %)

versity of Technology ( Transportation Science and Engineering

Jl
v I Iﬂ Y
T T

(EREEREEX BN B N NS

GE Vernova B I A R LS F B $F Sabiya B B9 4 &SN
B I, AR AF A S KA e T B A AR R TT E A, GE Vernova R FH A K& T iZ B HE T2
GW #9 Sabiya BAPEIRA ) P94 & OF. 03 JURLIAHER . ARG B FRAR G S H A7, 3 it
X\ 2 A5 B B0 218 0 5 Sk B A A SRR LR RO AR B AR A L FUR 0 AL B HEA
#2155 Alghanim International R4 HiX4E% T ,GE Vernova € % Sabiya &) % 2 #23 | X8 4 4 9F.03
BIRAIEA B R R AIEE (AGP) #AT R, SF R A I T F oy PLLi e Fo A5 IR 55, ARV B IR AR R F
(IEA) 89 3038 , # B 2 AR BB M R A B, JEAR TR B K TRt 5) 2030 458 5] B4 49 3 45,

(FhE 12 4%# 8 https://www. powerengineeringint. com )



