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Numerical research of the tip leakage flow in a ROV ducted propeller
based on the LES method

7ZHOU Bin ZHAO Min WAN Decheng

( State Key Laboratory of Ocean Engineering School of Naval Architecture Ocean and Civil Engineering Shanghai 200240 China)

Abstract: Ducted propeller is a kind of special propeller which is widely used in vehicle like Remotely Operated Vehicle ( ROV) .
Complex flow exits between the blade and the duct. In this study large-eddy simulation ( LES) is used to study the tip leakage flow in
a ducted propeller. Two sets of calculation models based on different grid types are established by studying the convergence of time
steps. The hydrodynamic results are compared with the experimental data. By analysis the differences between the simulation results of
two different types of mesh it is found that the cutting body mesh can capture the details of the vortex better. And based on the
principle of the tip flow field the driving force of the tip vortex is considered as the pressure difference between the suction surface and
the pressure surface. In addition with the increases of advancement coefficient the axial distribution of the vortex around the tip
leakage is reduced and the position of the main vortex is delayed and the length and number of venting vortex are reduced.
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Tab. 1 The main performance indicators of two generations of ROVs
/m 6 000 3 500
TkW 126.77 93.21
:1.646 :1.646
/(mes™)
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( )
:1.028 :0.926
:9.81 16.37
/kN :19.81 :5.49
:7.35 14.02
“ ” ROV
N ROV
1,
1 “ ’)ROV
Fig. 1 ROV shape and thruster arrangement of “Sea Dragon I11”
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Fig. 2 Geometric model of ducted propeller
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Tab. 2 Blade parameters
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Fig. 3 Mesh of the computational domain
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Fig. 4 Mesh of the tip and tip leakage
1.4
Star-CCM +
1) (‘inlet) ( )
2) ( outlet) ; ;
3) ( ): ( no-slip wall)
2
o U=0 m/s r=600 r/min.
ITTC ** R,
R; = &3,/8y (6)
821:82_51 832:53_520 51\52\53 ~
R, 1) 0<R,<1;2) R, <0 |R.|<1;3)
R, > 1; 4) R, <0 [R.,|> 1.
(6) R; 3



90 38

3
Tab. 3 Convergence verification of time step
/s 1(°) /N /(N + m)
0.000 28 1.0 69.912 1.130
0.001 00 3.6 69.634 1.127
0.001 70 6.0 68.964 1.119
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Fig. 5 Hydrodynamic calculation results Fig. 6 Tip leakage vortex by two kinds of meshes in 0.8 s ( Q=5%10% s%)
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Fig. 7 Pressure distribution along the chord length of the blade in 0.8 s
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Fig. 8 Velocity vector of tip gap in 0.8 s
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Fig. 9 Vortex shapes of TLV in different advance ratios in 0.8 s Fig. 10 Shapes of small vortex in different advance ratios
in 0.8 s
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