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Numerical Study on Effects of Design Parameters of Seven-Bladed
Propeller with Skew on Its Cavitation Performance
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(Wuhan Second Ship Design and Research Institute, Wuhan 430064, China)

Abstract: In order to establish an effective method to predict cavitation characteristics of the seven—bladed
propeller, the CFD method is adopted to predict unsteady cavitation on marine propeller in full wetted flow and
cavitation flow. Then the effects of parameters of the propeller on its cavitation performance is analyzeed. The vali-
dation studies of the DTMB4381 propeller for unsteady cavitation flow are presented, and the calculation results
are in acceptable agreement with the experimental results and observations. Through mesh convergence analysis,
the convergency of the mesh is completed thus guarante the accuracy of calculation. Parameterization of the ma-
rine propeller is performed with the B splines for skew, chord and rake distributions. The effects of some parame-
ters such as skew, chord and rake distributions on the seven—bladed propeller with skew cavitation performance
are studied. The results show that with the skews increasing, the cavity enxtent will decrease and the cavitation
boundary in side will shift to the centerline of the blade and the average thrust increased by 9.0% relative to the
prototype. The cavity extent will increase and the average load per unit area of the propeller will decrease with the

areo ratio increasing and the average thrust increased by 11.8% compared to the original propeller. The calcula-
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tion of the rake distribution curvature to pressure side and suction side indicates that a certain degree of rake is

benefical to improve the cavitation performance of marine propeller.

Key words: Propeller; Cavitation; B spline; Unsteady flow; Parameter optimization
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Fig. 1 Skew distribution fitting
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Fig. 2 Definition of calculate zone and gird

Table 1 Main parameters of propeller DTMB4381

Parameters Value
Diameter D/mm 304.8
Number of blades N 5
Area ratio A/A, 0.725
Shape of profile NACA66 a=0.8
Hub diameter ratio 0.2
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Table 2 Parameters of grid

. Reference Thickness of first Mesh
Mesh Base size .
size of blade  boundary layer number
a 4.0%D 0.4%D 0.1%D 1342271
b 2.0%D 0.2%D 0.05%D 2507679
c 1.0%D 0.1%D 0.025%D 5310447
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Table 3 Comparison of K; and K, with experimental results

Parameter K, 10K,  AK/% A10K,/%

Experimental results ~ 0.2890  0.5560 — —
Mesh a 0.2785 05508  3.63 0.94
Mesh b 0.2803 05513 3.0l 0.85
Mesh c 02813 05520  2.66 0.72

(a) Mesh a (b) Mesh b (¢) Mesh ¢

Fig. 3 Cavitation results of different mesh scale
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Fig. 4 Cavitation results of experiment and numerical
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Table 4 Main parameters of a seven-bladed propeller

Parameters Value

Diameter D/mm 283.65
Number of blades N 7
Area ratio A /A, 0.7
Pitch at r=0.7R 0.5

Hub diameter ratio 0.226
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Fig.5 Definition of propeller parameters
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Fig. 6 Different skew distribution

Table S Cavitation performance with different skew

distributions
. . Maximum
Skew Area of sheet  Volume of lenath of Average
ng
angle/(°)  cavitation/4  cavitation/R? e. i © thrust F/N
cavitation/R
17.0 0.2183 4.89x1073 0.5916 847.4
28.6 0.2063 4.40x1073 0.5799 884.7
40.0 0.1548 3.36x1073 0.5544 964.3

(a) Skew 17.0°

(b) Skew 28.6°

Fig. 7 Results of cavitation shape

(¢) Skew 40.0°
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Fig. 8 Different chord distribution

Table 6 Cavitation performance with different chord

distributions

Area ratio Area of sheet Volume of Maximum length
Ag/A, cavitation/A cavitation/R? of cavitation/R
0.6114 0.1794 3.71x1073 0.5860
0.7000 0.2063 4.40x1073 0.5799
0.8373 0.2222 4.74x1073 0.5585

(a) Chord,
0.273R

(b) Chord
0.327R

Fig. 9 Results of cavitation shape
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Fig. 10 Time history of thrust with different 4,/4,
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Fig. 11 Geometry model of different rake distributions
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Fig. 12 Results of cavitation shape

Table 7 Cavitation performance with different rake

distributions
Rake Area of sheet Volume of ~ Maximum length
distribution cavitation/A cavitation/R®  of cavitation/R
fake to 0.1819 3.93x10° 0.5695
suction side
No rake 0.2063 4.40x1073 0.5799
Rake to 0.1790 3.81x107 0.5674

pressure side

LU, Je e R 2 e W g T i e 2 A
T Js. 7 T 25l R A s 9 T AR L s LR AR S i AR
A JEE B9 HE TE A U6l /), AT Ik X L o R R
B, — T IE BB I T IR e 2K ) 25 YL R e .

4 & it

ARICHE T CFD J5 ik 57 1 - ) 2 MR e 2 = 3
R PR T SRR A B R 4598

(1) T BHE SR M 2405 J7 16 L5 - o MRt AR e
VTS, 8 o W R BT S RO R AR B o A
AT LA B B2 TS O 2 i Ve BE Y R R T 2 R0
e e MR 4 25 3 1 AE A R T A R 3

(2) £ — 5 i [l P4 38 R0 e mT LA 238 i 2 =5

U TR AR, 23 00 23 9 1Y B i 300 S e B rh 2k 07 1] i A% 5
e I 33 A 0 k2 fo AR 2 7™ A 1 - P4 o g O 4
e 1 IR B A A R AR

(3) 75— 7 0 [l A, 384 8 10 LG 0 2 9 1T R 1
PR DU R INTTR AR V) NI E SN E A R AT TR RPN
4 790 73 i A3t A H g AR, DR O T A R R i - X 4R
T3 R AR — 25 B T 5 3R W R A A6 A S
Y0 42 B 5 DR O e 8% TR LGRS A T s s 3 L B
A T HEEMERE AR T

(4) A SCH 1) 2 WY 2 k- 1) s g 1o 257 by ¢ 1 1
TET 25 AT 2 B R T O/ s B D o — o R
JEE 4 G\ ABTAT 1 T 8 R I i) s P i L A Sk
BT 2R W P 5 38 77 TR V8 T A r) ) ) B
B 3 A S RE IR N B R BIE T SR i TR T H BE
EWH.

[ 1 ] Tulin M P. Supercavitation Flows—Small Pertubation The-
ory[J]. Journal of Ship Research, 1964, (4): 16-36.

[2] FHityg. —ool=ifE M A mRgis(c]. L.
L A 2 AR 2, 1964,

[ 3] GeurseJ A. Linearized Theory of Two—Dimensional Cavi-
ty Flows[ D 1. Delfi: Delft University of Technology, 1961.

[ 4 ] Lee. Prediction of the Transient Cavitation on Marine Pro-
pellers by Numerical Lifting Surface Theory [ C]. Tokyo:
13th Symposium on Naval Hydrodynamics, 1980.

[ 5] Kerwin]JE, Lee C S. Prediction of Steady and Unsteady
Marine Propeller Performance by Numerical Lifting—Sur-
face Theory[ C]. Jersey: Annual Meeting of Society of Na-
val Architects and Marine Engineers, 1978.

[ 6 ] Hess]J L, Smith A M O. Calculation of Non-Lifting Po-
tential Flow about Arbitrary Three Dimensional Bodies
[J]. Journal of Ship Research, 1964, 8(2): 22-44.

7] 8 8. AR¥5 0 b R 3 2 U K2 ik 3 R 0 i B A A0
WEAFFED ] B BT R, 2002,

[8 ] W1 fd. WRUE A 25 i PE Al R AR IR P R 2 1 e T 5
[D]. Wa/REE IR /R TR RS2, 2006.

[ 9 ] Gaggero S, Brizzolara S. A Potential Panel Method for
the Prediction of Midchord Face and Back Cavitation[J].
Juounal of Fluids Engineering, 2001, 123(6): 311-319.

[10] Morgut Mitja, Nobile Enrico. Influence of the Mass
Transfer Model on the Numerical Prediction of the Cavita-
tion Flow Around a Marine Propeller[ C]. Hamburg: Sec-
ond International Symposium on Marine Propulsors, 2011.

[11] Dengcheng Liu. The CFD Analysis of Propeller Sheet
Cavitation[ C]. Nantes France: Proceedings of the 8th In-

ternational Conference on Hydrodynamics, 2008.

[12] RSE%, B8, FAIE, % BRI SHT K



2372 ot

2019 4

[13]

[14]

[15]

MRS LR RE RO S R 2 A (0] VAR O 2, 2016, 20
(11): 1361-1368.

IR, WO, £ OB, F BREAS SN E
WHERER R 2 BT (1], WA, 2013, 40(12), 24~
33.

EoOE, BE O, T W, AR R A TR RO R
HETRE S O A o3 A Ak P R R T ]L BT A R A o
i, 2012, 46(3): 398-103.

U, KLIR, BE O TE IR e 3K 8 ) v RE AL
Bt 0] BBV LR i (Gl B2 5 TARRRD
2015, (4): 773-777.

B, HRE . LI RHR e Sk 3 ) 1 Re 1k
[J]. AR . 2016, 57(4): 1-13.

Brennen C E. Cavitation and Bubble Dynamics[M] Ox-
Jford : Oxford University Press, 1995.

Mishima S, Kinnas S A. Application of a Numerical Opti-

mization Technique to the Desige of Cavitation Peopellers

[19]

[20]

[21]

[22]

in Non-Uniform Flow [J].
1997, 41(2): 93-107.
Bertetta D, Brizzolara S, Gaggero S, et al. CPP Propel-

Journal of Ship Research,

ler Cavitation and Noise Optimization at Different Pitches
with Panel Code and Validation by Cavitation Tunnel
Measurements [ J]. Ocean Engineering, 2012, 53(53) :
177-195.

Boswell R J. Design, Cavitation Performance and Open
Water Performance of a Series of Research Skewed Pro-
pellers [R]. Bthesda: Department of the Naval Ship Re-
search and Development Center, Report 3639, 1965.
AR, SRk, RN, SF . M CFD N8 8 B 4
B K ITTC WG F REAR 9 0 28 i LD ). 7K 8 i 5 5 ok
J&, 2007, 22(3): 363-370.

Kim S E. Multiphase CFD Simulation of Turbulent Cavi-
tation Flows in and Around Marine Propuslors[ R]. Card-

erock : David Taylor Model Basin, 1982.

(% . )



