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Analysis of tip flow of ducted propeller based on groove structure

JIN Zhi—hui', WANG Peng’, DONG Hua—chao®, WEN Zhi—wen', DING Yong—le'
(1. Xi"an Precision Machinery Research Institute, Xi’an 710077, China; 2. School of Marine Science and Technology,
Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Inspired by the “casing treatment” in turbomachinery, a rectangular groove structure is applied to
the inner surface of ducted propeller to reduce the strength of the tip vorticity and inhibit the cavitation of tip
vorticity, which is expected to improve the hydrodynamic and cavitation performance. The unsteady numeri-
cal calculation of Ka4-70 propeller operating inside duct 19A, with or without grooves, was carried out by us-
ing computational fluid dynamics (CFD) method. The influence of groove structure on tip pressure, tip vortex
strength, tip vortex structure and hydrodynamic performance of blades was studied. The results show that the
groove structure can significantly change the tip vortex of duct propeller, weaken the strength of vortex, in-
crease the minimum pressure at the tip of blade, and almost have no effect on the propulsion performance.
The results provide a new solution for tip vortex control and vibration and noise reduction of the ducted pro-
peller.

Key words: ducted propeller; groove structure; tip vortex structure; cavitation; casing treatment

0 5|

T

AR, AR I AR — Fh R R E & , 2 SRR A LA LA 5 oD A

Wk HY . 2023-12-21
FEETH . B A AR A T B E (52175251) ; B prEal B 9 B3 B (JCKY2021206B005)
EZ A SEHE(1993-), 5 Wi HwFse 4
T M§(1978-), 5 #d% 1A 0 3 IHAE# , E-mail: wangpeng305@nwpu.edu.cn;
AL (1988-) , Bl 82 .



55 6 3] GRS BT MU A5 R B A IR B R S 5T 867

Rl RG J o FEARRER | o 28y T 00 Bl IR e 22 T 1A% 2 B BR i B, S B e 2 B AR L3 FE v 1
g N IR HER BAROR S HE ) KA RR AR, () I 545 1 R e Jo] i3 ] DA 3 bV it i
AN RHESIIN . e Ah S T ORIEA E ] 1 7K i 2 R A, (S B R AR AR T 2 e MR e 2 1
HOVERE . A IRIER AT FIRMRR YK 3 3 PERE  TEMAA K AT &% 55 D7 B iz Y

FHEATDN AR K B S PERE DT T T IR B AIESE . IS 2P T RANS 19 75 1 I ) A5 B0
SE RIS LR REAT T T WHEPETE T 8RBk s Rk JFRDT T 8 SRR
oK BN I ZH R EARY IRSAPEERTY T R TR AR LA S RIS K B S PERE R R . I
Hb % A8 5 2 ] 1 [B) BRI Bl S A A I I 6 A S A Ak IR B SR A R L. Gaggero 55
XA B RS WA S AR AT TR IR AR AR T B A T SRR AETRE T4 B I AU (Detached
Eddy Simulation, DES) J7 % AR N IR AR R T T BUERL, 5 T 545 5 RS IR TE A
B9 R AE S 5200 ;5K > Y Ding®” S XA [ [R] B R S48 3 0K 3h T3 PR REEAT T WF9E  IR9E T S E R
i Tui it 2% 355 (Tip Leakage Vortex, TLV ) fA A &8 KAk, 38 7~ 1 I T0 (1] BiL 52 vl %) 95 ZE BIL T o

SRR b T TR B A AEAE A A RE 5 2 AR X A2 B R e AT A AR R 8] B Bl
32 B THUME G I 2 AR T I T 120 0 A5 A 108 AR TR G R A o X IS Y I SR A R A )
PR kBl LK M P SRS, SR NGO RIESY T 7 R S A S ) AR RS, D
I PR A SR, X R AT R R A AT TG 5 i AR R AR U O A o I s A R G LA AL
SN, I IR RIS R A, A s EvE PR RE X A S48 5 N R e e 5 TR 20, R
AR S SRR S A S Tl i HLE AR B BT S P RE A IR A5 A, DLk S L TR
AT YA 1) 30 1A, 920 BHLZE R 2K 5 Choi S5 E iy S IR AR HL Y it 7 TOURB i) 487 P BE | >R J- B A1 1
103 25 A FIR Bl 5 I B SO X S M A 0 8% A5 SR 2 R S HL ML b B R, 78 JE Wt 4 i 4% A8
PURE b IF B MRS S5 44 , 23 B e 1A IUURE NG (MRS S 8 HE 1E 45 A RS 109 55 32, W0 2D B0 UE 1 A R 45 4 X v
AT T RCR .

AL Kad—T70+19A A WRHEI N AT TENS G, 70 A8 N BE J] 1) 50— R 91 VIR 4548 , 55 T DES £
BUHAT IR G BB AREAL, , DA 3 53 A R T AR 1 25 T 53 B A2 TR RS 10 D 3l AR AT 109 5 32 S5 e e, ATV
FERIE | IR 9 32 Ry 728t , R R AN (] IR 45 ) Xof 5 A8 R T I P BB 8 S i, T g 5 A8 MR T A b 2 o O
E i

1 itHEER
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868 B 2% F28 & 6

P2 A REMTRESE A 1Y) A IR e

Fig.2 Ducted propeller with grooves K3 MIREEE R SME S
on the inner surface of duct Fig.3 Shape and size of the groove
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Tab.1 Grid independence verification

AR OT) K AK, 10K, AK

i 15 JiE e sk ' ' ‘ ¢
120 100 0.1862 -10.65% 0.3326 -4.31%
230 160 0.1904 -8.65% 0.3395 -2.31%
420 200 0.2040 -2.1% 0.3443 -0.91%
660 320 0.2082 -0.06% 0.3471 -0.10%

900 400 0.2084 — 0.3475 —
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Fig.6 Comparison of numerical and experi-
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Fig.7 Comparison of minimum pressures at the propeller tip
&®3 HHENENGTHEX L

Tab.3 Comparison of statistical values of minimum pressures at propeller tip

Wi W/ME/Pa SFXEPa PEEIIEE/Pa | AR M/ME/Pa SEXI(E/Pa I BNIR{E/Pa

TEMAl  -5943.18  —5855.62 186.49 G3 -5623.99  -5489.76 274.54

Gl -5533.03  -5378.49 322.88 G4 -5606.69  -5462.5 334.94

G2 -5533.97  —5425.32 214.45 G5 -5568.48  —-5391.86 385.11
3.3 /kBh S1tERER NI

TEXT A IR R 1A E WA, IR S5 — e SR 300 1) (B Ay de 2K 3 ) 280 T
FARRI K B S HERE SN R 4 TR . B A0, MR S5 AL (i A5 A4 ) 2 HE Ty 2L L R
ARG TR o 4 TR 0 TR A BE B, A8 B A T BE 0, DR MRS ) 0 R, 34 B
FRIBHE T B 2 S0, MR A g R R B TR 5 234 I 20 v s/ o i 25 MRS R B2 R AL, E o G2
AU A MRS TR B2 3 mm , FUAE TS FIHHAE HE G TCOMTRER 2 mm) A1 G3 (NS 4 mm) A FrfEAIK. (H)2 G2
IR G3 i, FE G . G2 AH B T LR AL 4 10/ 17 1.5% , SR AR 1 0.5% , AR ARAR N
X F ] G2 M2 F 0 S A MR E SR K Bl T PERERZ MAAR DN

R4 AESERKENNERERTLL
Tab.4 Comparison of hydrodynamic performance of different ducted propellers
Al Ky Ky, 10K, n il Ky K, 10K, n
JCIMIFE  0.0313  0.1678  0.1991  0.5721 G3 0.0307 0.1653 0.1960 0.5683
Gl 0.0309 0.1657 0.1966 0.5692 G4 0.0312 0.1656 0.1969 0.5702
G2 0.0310 0.1650 0.1959 0.5691 G5 0.0304 0.1649 0.1954 0.5671
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Fig.8 Transient vortex structure of the ducted propeller (=500 s7%)
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Fig.9 Section view in x—z plane of instant vortex (=500 s7)
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Fig.10 Comparison of the ¥ components of vorticity (with/without grooves)
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Fig.11 Comparison of the contours of the vorticity magnitude in the y—z plane (x/D=-0.3)
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Fig.12 Contour maps of pressure at x/D=-0.3 with/without grooves
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Fig.13 Contour maps of vortex intensity at different locations along the chord length
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