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Cavitation characteristics of water—jet pump
based on entropy production analysis
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Abstract: Water—jet pumps are widely used in power fields such as ships, and the internal cavitation flow
characteristics have an important impact on propulsion performance. In order to quantitatively evaluate the
energy loss in cavitation flow field, the cavitation characteristics of an axial water—jet pump were studied
based on entropy production theory. As the tip clearance vortex cavitation is typical in axial-flow propulsion
pumps, the local vortical flow features were considered in the present numerical method. The SST-CC turbu-
lence model with rotation correction and a modified cavitation model based on vortex identification were ad-
opted. The numerical calculation method was verified according to the referenced experiment of a model
pump. The results show that, under different cavitation conditions, with the deterioration of cavitation, the in-
crease of entropy production value reflects the increase of energy loss of water—jet pump, which is corre-
sponding to the decrease of efficiency curve, and the change law of total entropy production in pump is basi-
cally consistent with its power characteristics. Analysis of the energy loss in each geometrical region of the
water—jet pump shows that the entropy production in the impeller section is the highest, especially the turbu-

lent dissipation and wall dissipation, which are closely related to the vortex and cavitation flow field in the tip

Wk B : 2024-04-16

FATH : FR HRBEIE AP H (522760415 523790933 521790915 52209116) ; VT.75& K FIRHL I H
(2022016) 5 MR W TR B BhI H

YEH A 58 5% (1988-), Lo, Ml ; Hoedt(1991-), 93, Bl k7 , il il fE# , E-mail : znhuang@163.com,



1508 MR S 2# 5528 B 104

clearance of the impeller. On the different cavitation conditions, study on the flow characteristics at the tip of
the impeller shows that the tip leakage vortex region causes cavitation, but significant energy dissipation oc-
curs at the outer edge of leakage vortex and on the nearby wall area, while the cavitating vortex attached on
the blade surface is the main source of turbulent dissipation.
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Tab.1 Main parameters of water—jet pump model
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Tab.2 Effect of grid cell number on energy characteristic parameters
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Fig.5 Total entropy output value and pump energy characteristic parameters for different cavitation numbers



1512 AR 712 5528 B 104

FEPIFG B 0% T R A A A DS ORI N T R R T A R 2 R T
W P i 28 7 T 5, XoF g HE I 2R A8 2 AT 3, (RT3 K

R 3 BT i 3 R B 5 AR 18 40 A A DL, K 2R 0 B XS (D 1 7 B DU B ) AR A P B A T e, R
[ 23 4k 24N, 4 B DI B A0 77 (5 T 3 R 7 AS B B AN 22 3 e . e 3 nl I, e ik i de
HRAET RSB, 29 5 i BR 1 40% , i BRI AKORE BE IR AN B 2 . TEAS TR 2SR BT
T LBEE N TIREAS, BRI RS N 1Y 28 AL IX 0B i K (E AR X A e RE R o LUmS A IR, i i
- P B2 AR5 BT Ui T B 22 v K i B i sh N R AR IR B Y RE A AR A B

RI FRAZUHTHHREEXIGWEEMR S

Tab.3 Proportion of energy loss in each section of water—jet pump at different cavitation numbers
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S5 6 (a) T 7R 7= (L ) 45300 40kt 7 EL AT D i S0 F5ORIRE TR ARG 4 0 AR P 9 4 K8 4, L
FEAREHUR P 5 AR B 1% , XAEARN R ZS B T 00 R AR —50, 5 2 LB R AR, Ji D FE M 2 T v
A BERIFE RIS S Pt DAN'=1.19 T80 6, B 6 (b) FE7R T AS[R) 3t 18 B 1 i I #E 10 FBE 1 6
RO =5, TR DL R B A T AR K, K BE R BE AR A . R TR A s
A DK 5 32 A P AR I B, L JRRE HIORE 7 5 T sl RE R T I R AT G, AR B S A S IR TR AR
PERETE T —T BRI 8T

120+ B R 251 BER REHRERL
B e B2 i
1001 204
o 80 —
1 601 ;
% 40 101
20+ 54
0_
1.93 1.46 1.19 1.14 1.08 0-
(a) A2 ARECT B 7= 5 L (b) AR B 057 (8 437 (V'=1.19 T-#)

Ko Wi s figeit
Fig.6 Distribution statistics of entropy production components

I RBFESREEREIHXR

R T 20 3 A i TOUR AT A AL S R AT, DA AR 2 Ty 1) BB 99 9% Ji [y Kb 1y 158 ] Jee I 1o, 11 7 >R
S BTN S e (RN IP N Ny N N gty @SR b et (P LS A WU e - L
(AT B A b i R RS Jy el b R 2 b, FE U ) H 2 T A, e A 2 X (B R P DX 1 g S 16
DA FR o DA 27K 320 B 30 1) 1 90t W 3 v 00 1S S i DX s, o oz ] i i s 70 Y0 L Bt 2= AR KRV Y
REAL, R TP DX 4 o S W g TR %) A v L DX, 6T 7 A I e T P B i P . TR 8 Oy
W FE 7 18] 99% R b B AR B I 2 o w] UL, 5 ARG 7 Dk 2l 1) 103 It 45 4 T2 2 2 I T e
iy e A B BRSO TR 5 i B AR L



55109 IS TR AT B HERE AR S AL - 1513

A, G 8" (Wem?+K™
NG, By 2 G Uy W, W 2 Y B G G S T T S G S B D &
LR SV ) Ll N I M W A U HIRE S M SR8
K S 0 2 % % D % G G % G G % % G %

\‘\ ‘

‘ O\ \ A\ . A\
N=1.93 N=1.46 N=1.46 N=1.19 N=1.46 N=1.19
7 TH BRI A I BRI 1R Pl 8 I TH B A A T A0 77 R K S0 = ]
Fig.7 Eddy identification contours on the section Fig.8 Contours of entropy production fluctuation
near blade tip term on the section near blade tip

AR ] 6 25 AT UL, BETEIFE HICTE M8 BEAY 7 LU 80, B A S 5T 55 B — I 7 S ThT Y BE T 7 4
A RARAEE 9 e i 9Ca) UL FEAR TR AL R R PE R, AR A1 7 i) BE [T A ARG (B 224 e
Fi K LB TR U, B — AP I LE 22 R i S B, S BT T AT i BE AR LY LU R RERG R o AR 4
S A XA UL i T ] it B2 A ) DX R 5 1 S 25 ) B TR R 22 55, 2 A O A S 0 0 X A
—EFRRE PR T S X BE ARSI o 9 (b) R T A B — I R Gy T A0 £ B TR RE AR A
B 25 A0 2 R AR, e R 7K 0 B9 B 22 A DX R, 2 A i ) DIl f 74 B T 6 HICDRE/ ) , BE T
B)5 | L A RE A5G 16] 1 HH K 1 7 ) RS 5 141 9 (b ) A8 FE It B 7 - THU T s s A 52 ML BTN o
Tt A By IR S I T ph g B T ) Sk RS R AT B 1A AE AR K

O 3 sy Dy

THA:N=1.93 T.BB: V=146 THC:N=1.19
(a) AN[F) 23 ALECT M4E S e B BE I ™ 34 2
o

Al L T Y g, S;,V(W-m*'K")

THA:N=1.93 THLB: N=1.46 THC:N=1.19
(b)) AR ZS AR I 1 T B AR 7 341 2 ]
PO 42 BE e = o0 A1 25 ]

Fig.9 Contours of entropy production distribution on impeller wall

4 & B

ARSI A K R AR A TEXT AR SR ATBAE AU T 85 , 2 T Be B 1 HERE R N == i



1514 AR 712 5528 B 104

Ll R S T DR £

(1) FEARRZEEAE T, WK HEBESR B e Rr R il 2850 7 (8 1 A (U AL BAT ARG, B ==
AR B AR , 28 B35 T e, RERE BRI O, 5500 2 i 7 R s A ML R — B

(2) M 2% P 25 B LT DX py 0 77 70 n] DL, i 8 BE A8 2K die K, S i BRI K RGE BER 2, 3
B R T BRI Tt AR ORI EE T AE O R4y, L3 LU BAR Y o B 2 AR B0t ) i i AR H S 22
SRR S BE HRE RIS S 0 VS

(3) Jhi IR A 1 5 P 1) 2 Al DX Ol T 2 rp £ it 48 B, I L T[] B 2 A i 7 2 i o =
g S AEY G AP i e e T ] I B ST 4 9 Sl AR T DL P R 2 T A R A S 1 T R i IR A T2 K
DR T ) Bt s DX 5 | e 1 e s A, (BB R R S B i O 16 ) D B BT B T X B

2 £ X W

[1] FSEAFE . BEARBEKAEZEL]. AR, 1997(3): 45-52.

Wang Lixiang. Water jet propulsion of ships[J]. Ship & Boat, 1997(3): 45-52. (in Chinese)

[2] FakA: . BEKHE SRS M O ME S ok RRbE R X BN b EAARAESE, 2019, 14(5): 1-9+41.

Wang Yongsheng. Concepts of waterjet propulsion and pumpjet propulsion: Their common characteristics,special character-
istics and differences[J]. Chinese Journal of Ship Research, 2019, 14(5): 1-9+41. (in Chinese)

[3] H B, FokA, Wrie s . iU HE ALK B AP RR R IR ). P /RIE LA K244, 2011, 32(10): 1278-1282+
1289.

Chang Shuping, Wang Yongsheng, Jin Shuanbao. Hydraulic design and performance investigation of a waterjet axial-flow
pump|J]. Journal of Harbin Engineering University, 2011, 32(10): 1278-1282+1289. (in Chinese)

[4] Bing H, Cao S L, He C L, et al. Experimental study of the effect of blade tip clearance and blade angle error on the perfor-
mance of mixed—flow pump|[J]. Science China Technological Sciences, 2013, 56(2): 293-298.

[5] BXFRE, B, BT PH . o TR0 B A A SRR B 23 AR PERE S M BT D], 22 N B TR 2740, 2022, 48(3): 56-64.
Zhao Weiguo, Cheng Chao, Xue Ziyang. Study on influence of tip clearance on external characteristics and cavitation perfor-
mance of axial flow pump[J]. Journal of Lanzhou University of Technology, 2022, 48(3): 56—64. (in Chinese)

[6] 8 i, £ T, EIEA, AF . BUKHEEAR S0 A i A BB S )], MEAA 272, 2022, 26(1): 30-37.

Guo Qiang, Wang Yu, Huang Xianbei, et al. Numerical analysis of the cavitating vortical flow in a water—jet pump impeller
[J]. Journal of Ship Mechanics, 2022, 26(1): 30-37. (in Chinese)

[7] Guo Q, Huang X, Qiu B. Numerical investigation of the blade tip leakage vortex cavitation in a waterjet pump[J]. Ocean En-
gineering, 2019, 187: 106170.

[8] Zhou L, Hang J, Bai L, et al. Application of entropy production theory for energy losses and other investigation in pumps and
turbines: A review[J]. Applied Energy, 2022, 318: 119211.

[9] Kan K, Zhang Q, Xu Z, et al. Energy loss mechanism due to tip leakage flow of axial flow pump as turbine under various op-
erating conditions[J]. Energy, 2022, 255: 124532.

[10] Ji L, Li W, Shi W, et al. Energy characteristics of mixed—flow pump under different tip clearances based on entropy produc-
tion analysis|J]. Energy, 2020, 199: 117447.

(115K A, WEPON, TANG, &7 . S FH 7= BE i SO BURASR S A AL, AR A K LRI, 2022, 42(2): 6-12.
Zhang Rui, Tan Shuyi, Ding Xujie, et al. Flow loss characteristics of a shaft tubular pump based on entropy production theo-

ry[J]. Advances in Science and Technology of Water Resources, 2022, 42(2): 6—12. (in Chinese)

[12] Yang F, Li Z, Hu W, et al. Analysis of flow loss characteristics of slanted axial-flow pump device based on entropy produc-
tion theory[J]. Royal Society Open Science, 2022, 9(1): 211208.

[13] Fei Z, Zhang R, Xu H, et al. Energy performance and flow characteristics of a slanted axial-flow pump under cavitation con-
ditions[J]. Physics of Fluids, 2022, 34(3): 035121.

[14] Chesnakas C J, Donnelly M J, Pfitsch D W, et al. Performance evaluation of the ONR axial waterjet 2 (AxW]-2)[R]. West
Bethesda: Hydromechanics Department Report No.NSWCCD-50-TR-2009/089, ONR, 2009.



55104 IS TR AT B HERE AR S AL - 1515

[15] Celik I B, Ghia U, Roache P ], et al. Procedure for estimation and reporting of uncertainty due to discretization in CFD ap-
plications|J]. Journal of Fluids Engineering, 2008, 130(7): 1-13.

[16] Yu A, Tang Q, Zhou D. Entropy production analysis in thermodynamic cavitating flow with the consideration of local com-
pressibility[J]. International Journal of Heat and Mass Transfer, 2020, 153: 119604.

[17] Kock F, Herwig H. Local entropy production in turbulent shear flows: A high—Reynolds number model with wall functions
[J]. International Journal of Heat and Mass Transfer, 2004, 47(10-11): 2205-2215.

[18] Kock F, Herwig H. Entropy production calculation for turbulent shear flows and their implementation in CFD codes|J]. Inter-
national Journal of Heat and Fluid Flow, 2005, 26(4): 672-680.



