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Research on the tip clearance flow and hydrodynamic
performance of pump-jet propulsor with large tip clearance

RONG Zhi, TANG Deng—hai, LIU Deng—cheng
(China Ship Scientific Research Center, Wuxi 214082, China)

Abstract: Tip clearance flow is a complex phenomenon that occurs between the rotor blade tip and the inner
surface of the duct of a pump-jet propulsor. The tip clearance size significantly influences both the tip
clearance flow and the performance of the pump-jet propulsor. Previous studies on tip clearance flow
primarily focused on cases with tip clearance sizes less than 4 mm on model scale. Tip clearance flow of
pump-jet propulsors with tip clearance sizes of 1 mm and 16 mm were simulated based on large eddy
simulation in this paper. The study focuses on the characteristics of tip clearance flow in the large tip
clearance pump-jet propulsor and the effects on cavitation inception, hydrodynamic performance, and duct
pressure fluctuation. The results indicate that, compared to smaller tip clearance, the starting position of tip-
separation vortex of pump-jet propulsor with large tip clearance is closer to the leading edge of rotor, while
the intersection position of tip-separation vortex and tip-leakage vortex is closer to the trailing edge of rotor.
Furthermore, the propulsion efficiency of the pump-jet propulsor behind SUBOFF is reduced by approxi-
mately 10%. The vorticity and circulation of tip-leakage vortex are larger, and cavitation inception of tip-
leakage vortex occurs earlier. The amplitude of fluctuating pressure on duct inner surface is significantly

decreased by about 80%. Therefore, the design of the pump-jet propulsor should be made based on compre-
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hensive balance of the above-mentioned performance characteristics to find the optimal tip clearance size

Key words: large eddy simulation; tip clearance flow; pump-jet propulsor; hydrodynamic performance

T

5529 B4 7 1Y)

FEMTHESE R e 7 E TR = A HEASTRR LA, A | 07 AR K T AT 10 R
FUA AR M 1R R T O USRS , et RS 54 e 1 = I AEAE I B, oh T
W s 3 T AN 3 T P A A T ) 2, B80G53, A gt 5l
o FZURAE o BT S R B 3 (47 2R S5 3 Atk 25 S, R IR R A B fe oK 3h Ay L =S4k
FIRFE SELEETERE . I, BIFFEAN IR /I B A R I A A B R -5 K 3l 0 PR REA H 2 2 R T

V222385 2R A0 NS (B ASEAUL P 7 v X0 S WS HE S s A B S F i 1 K Ao T4 . AR
Bl IR B FP A FE RS T I (tip-leakage vortex, TLV) | #5343 5 it (tip-separation vortex, TSV) Fllifs ik
]

SN

(induced vortex, IV)™. ZEiRI&T7 1M, Dreyer 257 SR HI 7 (4K T EUGIIEH A (SPIV) X5 1fi 4 NACA0009
(1) = AE 7K A IS FEA T AT, [R] LA 23 Y A S RS it i mT AL, BFS 1 AS [R) TR B A it 16 1442 35
0, I A5 A, WA UL ) I3 AR iR RS2 B8 R 1T ] B s LS e, i ) R P i/, A s A R 2K

TLRETT . wHEAREES DU B/ NN 1 mm BRTE E T

2N

HEHER G, RAFOR TN T B 51 S

R
¥ um AIC A 1 X e RS BRI 2l & LA ] B AR 2 1 25 A 2 R A AR R T IO 1) 3080 B
TER I 23 9 A X R e SR BT 9 NACA0024 1 = 2 /K 3., T e 1 1Tt 8] B 37 5 s 45 44

BT T4k, FE R — ZR AT AR 23 9 16] T Ui e, T JHG v B 4 i 140 2 A 1 S R A e M3 3 S50 DX
SiR REHRAT BRI

PIV {8 125 010 25 O S B I 5, i BT B DR/ 1) B PR 0 235 R PR TR 8 LA A 08 0 e M S i )

TERAE 3477 T, Decaix 257 J T AT A X RS B/ NN 2% 52KH 10% 3% K 5 NACA0009
TREL RSB IR Sh AT 1T BERL, 152 1T AR R BRI N A B IR S ), A BAT 43 5 i A 2 A it 1)
Ui K %, FE R BT PR IR Z5 4 A —R o FER/INBIBR T 2 S 2 1175 300, AL BIAS T 7 23 i 5
T E B ) B 7 2 v, WL T R T I8 AR 020 B I, R L B3 i . R B2 X R B /Ny

AN ‘]3
1 mm (4 9 g 1, 7 M 7 ISR 004 T 1T BB AL, 5 R AL S AR RN Ry B | 60 2R ) A5 N
B ST HL, SR DR RS A OK ORI AR R . RERESE" T T RS IR/ R 1 mm, Y

N PR, R BRI 7 B TR B R S/ NS R o 5 7 X A BR K/ 0.8 mm 11
TR

2 mm, 3 mm A9 = PRI B 00 R 0 5 K B T b A, BRI R TR, RBRIR A k
SR AU AT . Yu 207 00 T MRS I/ M 1 mm, 2 mm., 4 mm (9 = R HERS
S B RO R ST T KO, 12 TARSHE LT S M B T T — RS, 55 A Bt

TR R 1, WFEAIIE] B AR S T ) R R bk 3l ) S50 AT R, 100 g 9P fok sl i 2 B
BB R RN 2SN ST T RSEIBR /N 0.5 mm, 1 mm, 1.5 mm () =R AR 1

RT3 73 S A8 ksl I g 3%, BB R T 52 1) A JRR e i o5y, AV 8 T 2 80 Dk sl sy 34 g

Joka s g, AERS IR B R e S A B S R R AN 25 VLR AR MR RESF AU A o ARSI L TR AR AL
BT IR

IR

5
£ LR, OGRS 1] B SR e E A B R R Bt 3 oK s D PERERY 2 I, I AN EJT R TR
W5, AR RO R ARSI S RN T 4 mm( 2908 2% (956 T EAR) , A BROE T 3K a] B R <
) WA HEAS RS BT 3l K S PERE RIS T A o ORI 25 i A L Bit, AT A Dsl/NE  4f 145 1
FTRAEAEAL, A T Bt

7, RHAREFE REE (A BRI/ A 1 mm AT 16 mm(Z9°4 0.05%D Fl 8%D, D FE e B A% ) (%8 Wit ik 2§ F

EBESAS BRI SN RE, B HR 25 LR R PERE | K Sl T PERE L S =45 ik



557 1 o B RN B MR S A B sl KoK 3l - 1015

1 BUEERTT X

ARSI I AU 7 T BB T3 . RIS U 77 32k 2o o 90 0 i O DR RUBE 190388 5 /N RUBE £ 7
IYETE, X RRUEE s B3 EAT B AU, % /N FRUJBE 100 e 2o A 2 R AT F7 AL AL B XA ] TR 48 T A 1)
N-S J5 ReibA 723 IR, A 2 TR AU 4 i 05 A

Ou;
a_x,- =0 (1)
d(ou;) d(puu;) 3 dp 0 ou;\ Ot
o o) e ?
o, 7 AT, I TR N IR FE S s, k=T

7i; = p(uu; — u;u;) (3)
A AE FH A% 1o [ 0 D st e A /N R R Sl JR i~ g™, U T8 2 T A I T B R
T = _2#15‘/ + %Tkkéij 4)

— 1 (du; Ou;
Sij:§(6_xj+a_xi) ®)

2, p IAREEE, S R AR SRR AR, 7 TS I ) 4% 1] R PE 8 43

1T Wale MEAR I AR A5 0 28 K0 i) SR BEORE TEARR, ELANTR ZEAERE PRI = rh B B I BE T FHLE b
B, 25 B RE TR A SR ARSI 14 L B A, AR SO Wale ARIEUAS BIRNFEE o, XK BEALL 1 42 iy
PEATE . AERREIY, Rh I 2R F

3
Si54)?
He =pL;2n — _( gj J) 5 (©)
(5,5,) +(sgs¢)*

V({0 (du\*) 1. (ou\
s = [ TN |~ 2 [CHe 7
! 2((63‘/) +(8xi)] 3 lj(axk) @
L, = min(kd,C,V?) (8)

o, L, K JEREE, doR 5 REm Al B, VR BT AR, k4 von Karman # %, BUHE K 0.417,
C, i Wale #%%, BUE M 0.324,

2 PARARERIE ST

AR B0 21 DX 35PN 94 A 09 3R R R B sl AR A LIOR 2 7= AR S, T SR P I A 2 B3 D0k Al
FERSB IR RS AR S A TR A A o R 1TSS Lo A 23 R AR B S RS ERBEUL S SR A R i), A S ke
FIH 19A T4 5 Kad-70 BREE" H UM S48 2, FFIRA BRI ol DX I8 0 R A0St 1 0BT, S0 UE Ry ik
A 20, (RIS S A LI B 30 T 8 A AR B X Sl R A R

WCE ARy 8D By BAEARAE g b H I, b Ui ik 10 5 2R ST B 2 Oy SD, TR i R 1 5 R A T R R
V1D, S5 S e e Sl R b, QAT 1 iz, JHG P fal B BERGESR 11 BR A DX Sl oAy e e s, e 5 i 1
SR 1 ] 1) 52 5 S AR ORI A A RE 2 i, AR O ke SR TR RS X5 ki AT
G, F LIRS SR 392 07 o RSB SN X EAT 7RI, i XAnTE 2 B SO i X pAk
FSF AR T DU ROA%, 252 WA B I RS S IR RO ER 10 TSR, Ll D 45 e 2 2R
B v, AR AR BRI @A e ORGSRl LS g Hh T 5 8 € 2% 101k 0; BIEE (RS
P B0 TR Ry 0 P 5 R R L S SR AT A4 B e D O v T A B T A% 1 e 1L SR e e del ] i
S AT R AL i, 0L T RS A B AR AR PR e e . AT X b 2 % J=0.3, 0.4, 0.5 i) T-0LiEAT



1016 B S2 5529 55 7

TRUETHS, R HES AL E n L 20 ofs, I E] 25 K URBES RS 20Xt LA R] o S 7 RIS S0 B2,
JeATRE WO, HOTRARE W15

IR
ya

bid Jis
i3 Vi
| ;
m) b

ekt .

Bl SR Pl 2 SRR RS I X
Fig.1 Computational domain of ducted propeller Fig.2 Mesh refinement region of ducted propeller

&1 MR R ML

Tab.1 Size and number of different grid sets

W E H /T
Rk Z X A R S /mm ul .
- 11451 i PEE
Grid 1 0.6 196 588
Grid 2 0.5 351 743
392
Grid 3 0.4 604 996
Grid 4 0.3 962 1354

e 3 M 0 MR S ) 2R KK, R 2R K Bt it £, R BRTHERE 3 Tl T A R T, IR
4 BT LE R T AL 3R, ARIBUSR R ) REUK, « FUHE ZRBUK B A5 ) R B K o, TRV IRCT 1
B2 A PP AT A A Tt e 16900 TR T B, TR R MO 0.4 TOU R B4 Rk 2 ok, SR
IKBITIMERER LT Kr . Ko\ Koo LI C, RS A AT

1%

J=— ©)
T

K; = [W (10)
Y

K, = p—n2D5 (11)
— TD

Krp = o’ D (12)
P

C,= 13

7 0.507 (13)

KA, povin DT, Q. Tp. pir Bl HTRIRERE . A LR | MBI, FAe, D, HIE . SE#EN
AT . R 2 PIUA-S B T AL E RIS Z A28 fh i .t i3 2SSl AT, RSB X 3T
A A RS A HE T e /0N, 3 S B RN 7E A BE TR A 1 T A 0 SR T RS 5 A Bt X k5 1)
Fs RUST R MR A 7 2850, FHE ZR BRI U F A B S 5, B RS B DX 3 R A RS sk, 1153485 R
B TFE, Grid 3 Fl Grid 4 W MRS ()T Z5 A 25 7E 1% LA

FEPIRE J7%E Grid 3 o, MEASEZ A rh Rk AT AR IS N 294 12 A A%, AT A RSB b B2 SRS B I
SRR EE R, WK 3 Fis o KIS 72 Grid 3 THEAS 2 B IR HESHE ) R 8. LR R BN S5 &R
B IRI E R AT T XS b, a0 4 s RIS, BUE TS R S E R A, SR T EUE
PR . 25675 JETHRORE FE AR AR R 3R, S HRNAE 7 %8 Grid 3 R AT HE3 R A& RS B AT 488
Ly MBS HUAS BRI 1) S K Bl e



5571 B B KIA PRI SRS B sl Sk sl - 1017

R2 BEMEBHITESER

Tab.2 Calculation results with each grid set

T X, 10K, Krp Cp
Grid 1 0.2462 — 0.3726 - 0.0941 . o o
Grid 2 02221 ~9.79% 0.3653 ~2.00% 0.0939 ~0.22% ~12.70 10.05%
Grid 3 02191 -135% 03602  —139% 00937  —021%  -13.89 9.37%
Grid 4 0.2207 0.73% 0.3615 0.36% 0.0937 0.00% —14.00 0.79%
05 exp
o 10K,
oa S A Kn)
P e
0.3 .
0'2 I -
01t b A
) . .
0.25 030  0.35 040 045 0.50  0.55
J
3 R B 4 SRR AL TS AR,
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