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Effect of stator pre-whirl angles on open-water fluctuation characteristics
of pump-jet propulsor
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Abstract: To reduce the low-frequency fluctuation and radiated noise of pump-jet propulsor ( PJP), by adjusting
the pre-whirl angles including inlet angle, outlet angle, and stagger angle of a given PJP, this paper numerically
analyzes the hydrodynamic performances of the PJP with limited range of stator pre-whirl angles. Results showed
that the thrust, torque, and peak efficiency all increased with increasing pre-whirl angle, and the stagger angle had
the greatest effect, followed by the outlet angle, and the inlet angle was the least. Through analysis of the rotor
force fluctuation in frequency domain, it was found that the force fluctuation of single rotor was affected by stator,
and the corresponding frequency was stator blade passing frequency ( BPF,), with the maximum amplitude at
1BPF , while the frequency corresponding to the total thrust was jointly affected by rotor and stator, with the
maximum at 4BPF,. The standard deviation of surface pressure on blades was analyzed, and the region with the
highest fluctuation was near the leading edge and tip of rotor, while that for stator located around trailing edge.
Further analysis on pressure fluctuation characteristics of probes around rotor and stator was carried out. The
obtained major frequency was 1BPF,, and the most intense pressure fluctuation was observable at medium and high
radius of PJP’ s wake. Overall, the low-frequency pressure fluctuation of PJP was increasing with the increase in
pre-whirl angle, yet the influence law of three methods of adjusting pre-whirl angles was different under positive and
negative angles. In addition, the phases of probes at same axial position but different radial positions near the
leading edge of rotor were studied. Results showed that the effect of outlet angle and stagger angle was more
significant, and the phase difference was obviously different according to the sign of pre-whirl angles.

Keywords: pump-jet propulsor ( PJP); pre-whirl angle; stagger angle; inlet angle; outlet angle; pressure
fluctuation ; phase
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Fig.1  Pre-whirl PJP model
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Tab. 1 Pitch ratio of rotor at different radii

/R 0.30 0.37 0.44 0.51 0.58 0.65

P/D 1.03 1.07 1.09 1.10 1.10 1.10

/R 0.72 0.79 0.86 0.93 1.00

P/D 1.09 1.07 1.01 0.94 0.86
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Fig.2 Geometry parameters of PJP model
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Tab.2 Parameters of stator and duct

54/ mm SEF/mm
Dy Dy L, Dy Dy, H
210.4 146.0 177.8 101.8 91.6 33.6
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Fig.3 Geometric diagram of cross-section airfoil of stator
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Fig.4 Computational domain and boundary condition
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Fig.5 Structure mesh of internal domain
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Tab.3  Grid number of different meshes
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Fig. 6 Hydrodynamic coefficient curves of PJP
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Fig.8 Open-water coefficient curves with different pre-whirl angles
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T F [ 728 AR AS 2 R0 JR B, HL AR 2
MG /MG 2 BV SR 2 i k. e 1M R 7E
B AR A B R G X AR TR R 5 2 R R T
b2, IF HOBGEE T I 2%, FLRK Sl iR BB (AR
T e ok 2 XS /N T DT, A IR AT ek it R
W T B AT B, S BUE TR G E
J T 0 , T S B T Bk sl K .

AR, Y o, B B 1 E 3G K, W% ) TR 2%
7R 1 SR B S B R ZUEE I, B AN [R) )
P o, A o, I o, B2, TUH Y o, = 8°HF, T
I3 T v R 3 i S PR DB R MR gk ) — £
FETR,3 FhoA R R A&y SO0 I3 ik 3 0 BE ) 5 i) KL
A B R, e, S o, AT, 5 B4R




5 12 3

ZEARIE, 55« AT TRUGE AR XoF A M % ORI SR PR ) 53

FRIK 2 9 BE R« > e > g, 2 a, N IERT,
0, < @y <o, ; TTRITHVEAE o, WS IEARER R
3.4 REINEBR G SR ESBKS)

SRtk — 2 o BT T B SR T Bk sh Y
s, AEAEE TR T B A A Wi e, WA
Bl 13 JiR , fEALHE 8 10 2% 5% 8 =2 0] B w2
AE AL E (A, ~ Ag) 2R 3 22 6 22 [A] i A% n]
LB (S, ~Ss) 43l A B W s o i) Al A
4381k z= —0.09, —=0.06, —0.03,0.03,0.06; {2 ]
BRI E 43 Span =0.1,0.2,0.3,0.4,0.5, W
A DA Bt ) AR ) S A 4, Q0L 13 T PR
A Sy HE Mk i an i 14 i, nlLUE H, &
Jilksh i K E 7 F 1BPF, 4k, 2BPF, ~ 4BPF, X} i/
FIKEIIEEC 2L TR T 95% ~98% . A SO
FES A W S AE 1BPF A A ik A

B13 EHBiESH/E

Fig. 13 Probes arrangements

10

o8 187.20 Pa
76 9.05 Pa

s S 4.03 Pa

& 10 »~ 3.02 Pa

R 10 [ U

B 10
1 AL W N Y Y
103
10.4 1 1 1 1 1 1 1 ]

0o 1 2 3 4 5 6 7 8
R /T 43

B 14 R P(A,S;) BSTIE i £
Fig. 14  Pressure spectrum at probe P(A,S;)

Bl 15 Fros R A A, Bl o, = 0° I 45 Wil s 28
B AR 5 7E 120 Hz (915 R, 18 15 (a) PR
AW AR R W S s L, R LU FEARS ) g I,
J 77 W JE e 238 30 2 B 5t A1 8 O JS Ui/ N I LA 3
B THMAEAL T ) S A m AR Ak ry Tkl &
B i FE R ) O 1], A BRI R
R B H, I Hs R & AR M R, X 2
TR R R G AT EE TS . BT 15(b)
ANTEI A B2 AL 1] S, ~ Sy i s I SR X T S,
AERARD 22 o Eh T 2R R B T g Bk sh S AR e I
Bl EFEAROC T4 JEE ] 48T A 1) i sl e ik =0k

m(r,t) =m(r) +m'[r,wt +¢,(7) ] (6)

Arh m A h R, A RN i U R )
8 Horb m P IME, m R ksl & JF HIEAR R EAR
r Qb LLTR) AR B w , AR EE @, B2 SR KB
PAL b 25 W D e AR SR B A2 R T K 3 Y DG B
Bo MTUBRMERE 0.5 LT WA m AL EAL, %
FUAHBET S AMARA S 4 R SER 5 T RT 0.5 J&m f5
YA 3R wGRA T, JUH e AL AR L FE 0.9
] R AR AR AR BN, 32 T A A 00 BE 255 P T Ui
R Mg it A2 2 B IR T BT 3

Bl 16 sl J =0.8 B, fir A Wil £ 78 120 Hz
MHENRE =B, =K@ XEE FE 15 (a) . kb
AN [R) A8 ¥ B2 Ry X e KA i S o3 e g ik
SR EE RS, W] LR IS 5 AR B S IR ARG 2
FARE RS, £ BE I A T O H S e R : o, >
Qo > 0ty 3 T AR BE A TE IS, 320 A 9 1R 0 VK 30 i B2 52 i)
N r 0, <oty <o

1 kg BE /Pa
0 750
0.9

o 0.7 i 0.7
= =
?05 go.s
9 o3 o

0.1
-0.09 -0.06 -0.03 0 0.03 0.06 -180 -60 0 60 180
1A 445 /m ML=
(2) EAEE = B (b) AL

15 B AE IBPF.AENER
Fig. 15 Pressure fluctuation information of different probes with 1BPF,

RrRT AR

o1
209 006009 006 003 0 003 006009 006 003 0 003 006009 006 003 0 003 006009 006 003 0
ELITEY SFISH/m IS/ IS/

006 003 0
ELITEY

16 50 =7E 1BPF, EAREZE

Fig. 16  Pressure fluctuation amplitude at different probes with 1BPF,

B NG AR AR TR M SR TR Dk sl e
IR 3R 2 —, DRI 5 T 20 T 5 T A O 8
17450 T A AL E A [F A ) 4k 120 Ha 5 AH 7 5
Z,HrP A 2R L 0. 1 R AR AL B S, o B
HEME, T LAE AN FE T A AN 2T R o,
AR AT BN, IF BARRL 5 58— 20, 7% J5 T
LA T B o BIBL o, BOTE 6704 X 6 B



© 54 MoK BTk

I w54 %

WIS Ho o, RILH NI, B o 7@1]5
F AR89 S5 BT 5 2 o, N SRR A A7 4R T T
e IF B A R E R ,\1‘9{44@50‘@&@7(
F TR AR A (S 7 ) M I 5 30 8 4 ik
E 1113 1% X 38R LA v 286 10 A1 2 B 30T A2 2% — Uk I 5
T, A5G 25 HAh M I UM B2 SRR
HELA IR | EH
—a— q =-8°

F -— o= 4°

0.9 0.9
3@ A\
< 0.7 0.7
a% i
z 05 0.5
!
0.3 0.3
0.1 0.1

1 1 1 " " 1 1 1 1 " 1 1 1

-180.-60 0 60 180 -600 60 -180 -60 0 60 l 1,80
AL E
E17 A fuEENSEhE
Fig. 17 Phase difference at probe A,

4 % b

D) BB HT T 3 o+ A B2 I3 5 =00 2 g
PERESZ A , A I CHE LA, HS A 22 2 £ 1 e
KEEWIHE Ty A B e o 3008 (R 2 2 ff e e K
WA, HE Ao

2) 504 J R 0.8 I R E 1 B HE
F AW S ISR . R IR DPRAE M 27
FEGE 7R 1 ASE AL IR B ok, I HAE TR 3
FABE R T IRE X R B S e R R < 2 A >ﬁbmﬁ >
VAR M AN B S TSR T Bk B i R A2
TR R B, TR 4 A5 ﬁ?ﬁ'JFj(,,\
26 T R 7 A R S B A R . %
T % R AT B 3 ok 20 5 B A K i - WU 7 e 2%
ToeiR , - H 2 TR A - B R e, (H AR R A
#J7 PO HLE e R IR AR 23 301 R E B AR I
AW 7 WK 3l 73 A AEAR 1) o S+ 2 R
SN AR e SR A LR b Dyl TR DR
£ B2 R 7 20 HSE e B [R) AR AE £ B2 SRy 1 A A7
AL o ZE ARLASE EEE AN [R] M 000 S A A6 5 2R 7 I
AR 22 AN AL I A R 8 2 A ) I R A
FEF AR IE AR A AT o
%% Xk
I MHSERe. WS R AR R IR Ak A R R[], A

LR AT, 2019(11) ; 49

WU Saite. Research status and future development trend of pump-jet

propulsion technology[ J]. Automation Application, 2019(11) : 49.
DOI: 10.19769/]. zdhy. 2019. 11. 019

[2]F KA. ”ﬁ7k?ﬁgﬁﬂ?m?ﬁﬂ‘ﬁ’ﬂﬂiu M R R XN ()],
FEARARATSE, 2019, 14(5) .

WANG Yongsheng. Concepts of waterjet propulsion and pumpjet
propulsion: Their common characteristics, special characteristics and
differences [ J]. Chinese Journal of Ship Research, 2019, 14(5) :
1. DOI: 10.19693/]. issn. 1673 - 3185. 01605

[3]HUYER S A, DROPKIN A, BEAL D N, et al. Preswirl maneuvering
propulsor[ J . IEEE Journal of Oceanic Engineering, 2011, 37(1) :
122. DOI: 10.1109/JOE. 2011.2175509

[4]PARK W G, JUNG Y R, KIM C K. Numerical flow analysis of
single-stage ducted marine propulsor[ J]. Ocean Engineering, 2005,
32(10) : 1260. DOI: 10. 1016/j. oceaneng. 2004. 10. 022

[5]AHN S J, KWON O J. Numerical investigation of a pump-jet with
ring rotor using an unstructured mesh technique [ J]. Journal of
Mechanical Science and Technology, 2015, 29 (7). 2897. DOI.
10. 1007/512206 - 015 - 0619 -7

(61X, XL, 20, 5. e 70 R 8 1 2 i a2k e
PRI ], G, 2018, 59(2) : 24
ZHAO Wei, LIU Min, PENG Xu, et al. Influence of skewed angle
of pre-swirl stator blades on unsteady characteristics of ducted
propeller[ J]. Shipbuilding of China, 2018, 59(2) . 24. DOI. 10.
3969/j. issn. 1000 —4882.2018. 02. 003

[7]WANG Chao, WENG Kaiqiang, GUO Chunyu, et al. Prediction of
hydrodynamic performance of pump propeller considering the effect of
tip vortex [ J ]. Ocean Engineering, 2019, 171 259. DOI; 10.
1016/j. oceaneng. 2018. 10. 039

(8], Tk, XKL, 5. Hi'E 55 EE FA Mkt K
FHIIPEREXT L[ T]. MR TREAEAH, 2019, 40(1) : 132
PENG Yunlong, WANG Yongsheng, LIU Chengjiang, et al.
Comparative analysis of the hydrodynamic performance of front-stator
and rear-stator pump-jets [ J ]. Journal of Harbin Engineering
University, 2019, 40(1) : 132. DOI.10. 11990/ jheu. 201707018

[9]QIN Denghui, HUANG Qiaogao, SHI Yuejun, et al. Comparison of
hydrodynamic performance and wake vortices of two typical types of
pumpjet propulsor [ J]. Ocean Engineering, 2021, 224. 108700.
DOI:; 10.1016/j. oceaneng. 2021. 108700

[10]YU Haiting, ZHANG Zhenguo, HUA Hongxing.

investigation of tip clearance effects on propulsion performance and

Numerical

pressure fluctuation of a pump-jet propulsor[ J]. Ocean Engineering,
2019, 192 106500. DOI: 10.1016/]. oceaneng. 2019. 106500

[11]VEIKONHEIMO T, MIETTINEN P, HUISMAN J. On the
advanced extrapolation method for a new type of podded propulsor
via CFD simulations and model measurements[ C ]//Proceedings of
the 5th International Symposium on Marine Propulsors. Espoo,
Finland: [s.n. ], 2017

[12] L?E?E\ﬁ, ZH, BRR. B TSECRAIHE E T e R

B[ J]. L SE KRR, 2013, 47(2) : 269

RAO Zhigiang, LI Wei, YANG Chenjun. The effect of stator
parameters on performance of ducted propeller withpre-swirl stators
[J]. Journal of Shanghai Jiao Tong University, 2013, 47 (2) .
269. DOI: 10.16183/j. cnki. jsjtu. 2013.02. 019

[13]YU Haiting, DUAN Ningyuan, HUA Hongxing, et al. Propulsion
performance and unsteady forces of a pump-jet propulsor with
different pre-swirl stator parameters[ J ]. Applied Ocean Research,
2020, 100 102184. DOI. 10.1016/j. apor. 2020. 102184

[14]GUO Jun, ZHANG Yan, CHEN Zuogang, et al. CFD-based multi-
objective optimization of a waterjet-propelled trimaran[ J]. Ocean
Engineering, 2020, 195; 106755. DOI: 10. 1016/j. oceaneng.
2019. 106755

[15]Beanm. ZRMHREES K3 M REBERLI[ D]
il K, 2012
RAO  Zhiqgiang.
performance of pump jet propulsor[ D]. Shanghai; Shanghai Jiao
Tong University, 2012

(16 ] %A, ERB. S IRHERA R i A kg2 3 434 [T ]
MR T e 24z, 2014, 46(7) @ 1
ZHOU Junwei, WANG Dazheng. Analysis of tip leakage vortex of
different blade in ducted propeller[ J]. Journal of Harbin Institute
of Technology, 2014, 46(7) : 14. DOI: 10.11918/]. issn. 0367 —
6234.2014.07.003

i BB

Numerical ~ simulation  of  hydrodynamical

(Wi &K <)



