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Abstract: For the unsteady flow in hump region of waterjet propulsor under low flow conditions,
computational fluid dynamics method was used to study the instability characteristics. The results show
that the head and efficiency of propulsion pump significantly decrease with the decrease of the flow
rate, the head curve shows a hump characteristic of positive slope between 0.420,4and 0.8Qy, while the
internal flow field becomes turbulent, accompanied by flow separation and backflow. The magazine
slotting technique was used to controll the unsteady flow, and the hump phenomenon was significantly
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improved. The head and efficiency at the deep stall operating point were increased by about 147.6% and

70.3% respectively compared to those of the original model under the optimal slot structure parameters.

On one hand, the magazine slotting can rectify the inlet flow and play a role in reducing the pre-swirl

and increasing the axial inlet velocity. On the other hand, it can inhibit the formation of vortex in

mainstream area and low-frequency pressure flluctuations at impeller inlet.

Keywords: waterjet propulsor; hydrodynamic performance; stall condition; pressure flluctuation
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Fig.1 Geometric model of waterjet propulsor
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Tab.1 Geometric parameters of waterjet propulsor

SR 55 Bl
W (m®s™) 04 0.1
#3%/(r'min’) n 1350
Fefe ng 450
L D z 5
Ft R A Z, 9
HEEAR/mm D 180
th F B A2 /mm D, 100
TR A N 20
TR F /) a 9
TR /mm l 60
THRERE /mm d 4/6/8

(a) IERLIE]
2 AESERERE
Fig.2 Schematic diagram of groove parameters
3 it B e, 3 RS B A LK R, 5
BB AU RS BE RN ], 4= R R
538Uk 30D, 10D, 8D,

Ry

S

=]
(VSN 1)

\5

8D

- -

100 30D

B3 itEE
Fig.3 Computational domain
1.2 M&XI5 BT K HEEIE
{11 ANSYS TurboGrid 4, X it %% 1 5 -
DXHEAT T 4R A 7S T A R RS Rl 3 AR B o X6 B A A
Bl 25 il AR IXRE AT I, yHE/D T 30, 2

Tt AR TR A SR i R . W L MK A S s i A
T ICEM CFD #4745 49 b 7S T A4 W A% 4] 3. 1ot
IR 25T AR A 4 PR

FH 5 B SB AE (2 2), PIRRTCOG
PEIGE WL 5, Horb H A g o 08 2R (1 3 B S
b A TSN L W O A OE 778 15 S |
LA, PR FUCR BE A A% 9 S B0 B A2 4k
AR, AHRHRZE/NT 0.1%, i /2 PR JE S ki
BRI IR AR BRI E 4 VR EUE T A .

(b) A

(d) BEH

(e) Tt
4 HEERMENS
Fig.4 Meshing of computational domain

R2 FARARTHNEISSH

Tab.2 Meshing parameters under different schemes

LiWES T AL
1 59077
2 64377
3 69677
4 74877
5 80077
1.04 1 1.04

1.03f //_., {1.03
1.02 +
41.02
&= 1.01+
41.01
1.00F &
—— e
41.00

Hl
n/m

Hi

0.99 - —o— R
0.98 : : : : +—10.99
6.0 6.5 7.0 7.5 8.0
5 x 107

5 ML XMERIE

Fig.5 Independence verification of mesh



% 3 1

PRz, 2. ML TFAE P UK A PR RS A R Wi 3 B D5 287

1.3 BREZFGFMHBERZE

TR E R B P WO COR
B O Eh AR OR A A s
AR MR, AR Rk B v R R g
Sy AR R A RE TR, RS AN I Sk 4 X i 1 Y RE
T 5 R 2% Sol R e 1 38 2 i) A 38 R T SR T S A%
BRI T AL FR , IF H A A RE T AR B 1 R G
R RETH 451

AR TR 5T A FH A BR AR B ik A s )b x5 1 O
PEAT B O AL B, IR FH B 4 e ks X0k i
T BEAT RS BAL, TR R e B SST ko FEHY, il
JH SIMPLEC Bk fil B O f2, JF A Tais-11
N-S J5 REXH et 2 P AR S AR R S i B AT 50
B TG B TR 7E Ansys Fluent 504 5%
o R T IMPRAERRA TR ISR B, AR i
i (RS T 0 45 SR AE M AR RS TR P 16
o MHECTEE — A BB R A T=60/1 350 s, B} [A]
AR 24710 " s, BV 45 TR 2087 T 4
], B Ry AR TERE 8 JE TR AT
1.4 BNSEE

R T ERGE VARGV T X A S D9 R A O Bl
MR R, T B N AR ks AT i e, A
M UE ORI, BERE AN LR, VR EIE
GeAe 1 B S E S AW A RI~RS, BN E W
6 frs.

B 6 ENMSENSHERSE
Fig.6 Schematic diagram of the monitoring points of pressure
fluctuation

2 HRERESH

2.1 AR5 G E S

U i S A G A A R W B A A A
PERE, T HARNSEAREN, 5—BE
AL, SR T R R A A B A
FEARK A 2250, DLt Tol h e, B 7 iz et
I K A AT Y T R S P DR T
LA, ZEWRILAZ MR, Wi N T
T A A, I HL b T A0 R Sh Rk 3h i 25 5
M, S B A N B R EE A o R R

AT 1Y 22 R 3 BE 22 23 0l 3K B T 5 kPa A1 7 my/s LA
b AR AR RRE T4 B L SRS
e AR RS O R, TR AE H B
R OMRFE ), S EOE I TR Y B — IR AR I
RIS, T 5 A U A L o 3K B il A ot R
W, STEREE ROV MPER T B AEmTE, 5 EJr R
FEX AR BIR A, H B AR, F—5
WALHE OIS
2.2 KAMFHESIR

Mt 7K A 1E 2 0 ANER P T Hh 3 R NSRRI T A
SRR, HAE AR .

H= (Pi—P,)/pg (1)
_ pgQH
==p (2)
Ps=Mw (3)

K. H RS RETHE, PR B
Py R p AAKIEE; n MIEHEESOR
O MR piE; PoONBIYIR, M ymAR/E e
LR o HAME,

SRR FE WK HE R M R AT A S H R ok
2, XSRSk 20, MK =60 mm, RE d 5
A4, 6, 8 mm AYMTAKIEGERIAT 7B, &8
Sk R TR R R T 1R W K A 2 5 45 R K 0% il
2, OM(original model) /R R AL, SM(slotted
model ) &7~ FF ALY

M BCR A 22 18] 8(b) AT LA 1, HEpE R AR %t
TR A B R, B AR/ XA AL
R REMRR ., HBEMLE ) W, MiETE
04204~ 0.80,Z [ B}, ML BB Wiy “ ek
X7 OREME, XN R SCR2R T E, iB
17 3 2 v T R 2 Kk A I R AR I Bl AN A IR
%o BRAGFRMAIET R, FROAIG R T00 A,
CHERIE R TH s . ARIEHCE MR, 7
RESRI ) S W B LB, R R ROR A
0.650, BTN EL T BERE, SR FFET 39.3%, &%
TRET 28.3%. TEMLIE NEESATFRE S, HEEZEMY
Spie AR 8] T ks, R RCR A N W R R
Mt m . fE/NE TOLF, FRAERES7F — @ f
AR AR A RCR, B L TR K T
BLIROCRE AR K . SR 3] 6 mm T,
0.65Qq ML 147 TR BE P B0 G2 FE AR O, Mo hsf 4
R C TR TR R & T 2 147.6% Fi
70.3%,. MEERUE—L BN E 8 mm B, BARTEMRIR



288 FoW T Ok % R 2024 1F 2 46 &
Jt711/Pa HE/(m-s™)

3000 7.0

2 500 65

2000 6.0

1500 55

1 000 50

300 N is P
~300 - 35 0F =
4%0\v€,;q‘ 30 gy A
~3000 & 30 &’
-2 500 1.5

-3000 1.0

-3 500 0.5

-2 000 0

(a) K

(b)

7 B IATHKRESBHEENZEREERE

Fig.7 Pressure and velocity contours for each corss-section of the inlet channel under the design condition
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Fig.10 Vortex and velocity distribution at impeller inlet under the deep stall condition
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Fig.12 Velocity streamline at different spans of impeller
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Fig.14 Frequency spectrum of pressure fluctuations at impeller inlet under the stall condition
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