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Numerical Simulation on Drag and Lift Coefficient around Ship Rudder using
Computational Fluid Dynamics
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Abstract Numerical simulations have been performed to investigate the hydrodynamic characteristics of the rudder since they play an
important role in naval architecture fields. Although some values such as hydrodynamics forces can be measured easily in the towing
tanks, it is difficult to obtain the detailed information of the flow fields such as pressure distribution, velocity distribution, vortex
generation from experiments. In the present study, the effects of hydrodynamic coefficients and Reynolds number acting on the rudder
were studied by using Computational Fluid Dynamics(CFD). Ansys fluent, one of commercial CFD solvers, solves the Navier-Stokes
equations and the k-epsilon turbulence model is selected for the viscous model to solve RANS equations. At first, drag coefficients and
lift coefficient for different angle of attack are obtained by using a CFD commercial code for KCS rudder. Secondly, the 2-D lift
coefficients and drag coefficients are compared with 3-D coefficients at the same conditions. Thirdly, the effects of Reynolds number on

the hydrodynamic forces are investigated.
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Fig. 1. Geometry of rudder; (a) spade rudder; (b)
rudder cross section.

Table 1. Rudder specifications

Parameter Value(mm)
Chord at top section ct 26
Chord at mid section cm 24
Chord at bottom section cb 22
Rudder height h 43
Rudder area s 0.001054 mm?
Aspect ratio AR 1.79
Table 2. Rudder cross sections parameters
Section Chord Value .Max. Value
length (mm) | thickness| (mm)
Top ct 26 it 4.7
Mid cm 24 tm 4.31
Bottom cb 22 tb 3.91
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Table 3. Simulation conditions

Model Velocity(m/s) Re AOA(°)
0.5 12253
0.814 19948
3D 1.5 36758 0~35
2 49011
Top
2D Mid 2 49011 0~20
Bottom
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Fig. 2. Computational domain and boundary conditions:
(@)3D, (b)2D
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Fig. 3. Grid system around rudder: (a)3D, (b)2D,
(c)close up view.
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Fig. 4. Hydrodynamic coefficients with various angle of
attack at 2m/s: (@)Cd, (b)Cl, (c)CI/Cd.
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Fig. 5. Hydrodynamic coefficients with different inlet
velocities: (a)Cd, (b) Cl.
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Fig. 6. Contours at AOA 15° and 2m/s: (a)pressure,
(b)velocity, (c)velocity vector, (d)streamline.
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