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Sudy on tip vortex characteristics of propeller in confined water
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Abstract: In order to research the working characteristics of the propeller when the ship is self-propelled in the restricted
waters. Based on the commercia software STAR-CCM+, the ship navigation in restricted waters is simulated by solving RANS
equation. Firstly, the resistance of the ship-rudder, the open water performance of the propeller and the self-propulsion of the
hull- propeller-rudder are verified, which proves the feasibility of the numerical and mesh generation method. Then, the
hydrodynamic and tip vortex characteristics of ship propeller are calculated and analyzed by considering different water depths
and ship-bank distances. The results show that: with the decrease of the ship-bank distance, the propeller thrust increases gradually,
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but the influence of water depth on the thrust is more complex. In very shallow water, the thrust decreases with the decrease of

ship-bank distance; the separation and merging of tip vortices tend to advance with the decrease of water depth, and the tip vortex

structure tends to contract to the longitudinal section of the ship; the strength of the tip vortex increases gradually with decreasing

of the water depth and the ship-bank distance. The vorticity intensity of theright tip vortex of rudder islarger than that of the left.
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Fig.1 (Color online) Propeller model
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Fig.2 (Color online) Hull model
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Table 1 Geometric parameters of propeller

ZH SEfE T
Ltz 4 4
B2 D/m 9.86 0.212

I AdA 0.431 0.431
28R L P/D(0.7R) 0.721 0.721

#*= 2 fBEILTEH
Table 2 Geometric parameters of hull
S SE A

N} 1 46.426
A Lpp /m 320 6.8927
KEEK Lwi /m 3255 7.0112
A% B/m 58 1.2493
nzsK T /m 20.8 0.4480
HiKE V Iim® 312622 3.1242
HIEFEHU 0.809 8 0.809 8
IBREMR S/m? 27194 12.616 8
MEEM AR/M? 273.3 0.1286
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Fig.3 (Color online) Background domain
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Table 3 Theresults of resistance calculation

AT Imst EFD CFD E%D/%
0.944 22.97 22.89 0.35
0.981 24.70 24.63 0.30
1.019 26.47 26.56 0.33
1.057 28.27 28.52 0.88
1.095 30.15 30.00 -0.53
1.132 32.04 32.13 0.41
1.170 34.04 34.30 0.77
1.208 36.14 36.40 0.73
1.246 38.34 38.94 157
1.283 40.69 40.84 0.35
1.321 43.20 43.02 -0.42
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Fig.4 (Color online) Computational domain and meshing
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Fig.5 (Color online) Open water performance of KP458
propeller
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Fig.6 (Color online) The diagram of vortex structure, J=0.4
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Fig.7 (Color online) Computational grid for self-propulsion
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Table 4 Self-propulsion simulation results

FH J1(FN) HEJI(TIN)
CFD 425 39.4
EFD 422 39.6
R 2 0.71% -0.51%
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Kl 8 (M R El) 2545 1(Q=100)
Fig.8 (Color online) Propeller vortex structure (Q=100)
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Fig.9 (Color online) Velocity vector diagram at x/L,,=-0.5
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Table 5 Calculation conditions
Fr fifrEE/mst  nirps n/B hiT
2.0
2.0 15
12
2.0
0.142 1.1702 9.9 15 15
1.2
2.0
1.3 15
1.2
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Fig.12 (Color online) Comparison of velocity distribution in front of propeller plane
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Fig.13 (Color online) Propeller vortex structure(Left: starboard; Right: port)
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Fig.14 (Color online) Vel ocity vector diagram at X/L,,=-0.5 under
different 77/ B
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Fig.15 (Color online) Propeller vortex structure under different h/T
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K 16 (W ERIE) stk 5 A% e ZEfR)
Fig.16 (Color online) Propeller vortex structure(Left: starboard; Right: port)
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Fig.17 (Color online) The vorticity diagram of plane at Z=0
under different h/T
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Fig.18 (Color online) The vorticity diagram of plane at Z=0
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