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Numerical study on the interaction between a free surface and a propeller
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Abstract: The results of a numerical study on the performance of a propeller operating near a free surface are presented in this
paper. The simulations are verified through comparison with experimental data, which was performed in a circulating water
channel. The propeller performance as a function of the submerged depth was investigated. The effect of the propeller advance
ratio on the wave patterns, flow structures around propeller, and thrust and torque of the propeller was also studied. Air ven-
tilation was not observed for low advance coefficients. However, the simulations showed that wave pattern was strongly related
to the tip vortex strength and inflow velocity. When air ventilation does not occur, the deduction of propeller thrust and torque
increase for high advance coefficients.
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Table 1: Principal particulars of KP505 model propeller

Diameter 54 cm
Number of blades 5
P/D (mean) 0.950
Expanded area ratio 0.800
Hub ratio 0.180
Section NACA66
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Figure 2: Computational domain and boundary conditions

Figure 3: Grid system for propeller wake and free surface
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Figure 4: Comparison of wave profile at y/D=0 with ex-
perimental data

Figure 5: Instantancous free surface contours at h/R=1.2
(top) and h/R=1.5 (bottom)
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Figure 6: Instantaneous vertical velocity contours at

h/R=1.2 (top) and h/R=1.5 (bottom)

Figure 7: Instantaneous iso-surfaces of Q-criterion (Q=500)
at h/R=12 (top) and h/R=1.5 (bottom)
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Figure 8: Comparison of wave profile according to sub-

merged depth at y/D=0
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Figure 9: Angular variations of thrust (top) and torque
(bottom) ratios according to submerged depth

Table 2: Thrust and torque ratios according to submerged
depth

h/R K Ky, Ky Ky, /Mo
1.2 0.9393 0.9627 0.9757
1.5 0.9793 0.9919 0.9872
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Figure 14: Angular variations of thrust (top) and torque
(bottom) ratios of h/R=1.2 to h/R= oo

Aggo] Qe Z2A(h/R=co)oll thHlgk h/R=1.20]
Ao F= 7} EOEI_Q] H]—g— Table 3¢ 8 O%}%‘E‘r. we A

LHO]H% FaEe] W= 7H “E} ARk, J=0.
A= FE Bt 244 6.1%, 3.3% s
2 24% AEHA "ok J=09449 F¢
S v S7kske] Z47F 11.0%, 3.4%°]
7.8% FrABIcE = T dato] whAlslA| =
M AN gold s Ao FEAtgo] o3

Zedele] 3¢ gl Eo g9 AR Frbekal, F99
2N
a-

ol
2
Bl
X
TN

@
H
o
=
i
©,

AYelPsrs A A419 A12(2017.1)

Table 3: Thrust and torque ratios of h/R=12 to

h/R= oo

J KT/KT{, KQ/KQ{, n/mo

0.3 0.9955 0.9980 0.9976

0.5 0.9843 0.9880 0.9962

0.72 0.9393 0.9627 0.9757

0.9 0.8909 0.9665 0.9217
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