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Abstract : Vortex-induced vibration (VIV) occurs owing to the vortex generated from the back side of the appendages of ships and submarines during
operation. Recently, the importance of high-order modes (HOMs) vibration and fatigue failure has become increasingly emphasized by increasing the
speed of ships and the size of structures. In addition, predicting the vibration of HOMs is significantly necessary as the VIV becomes stronger in the fast
flow speed condition than in the low flow speed condition. This study introduces a methodology according to HOMs hybrid Fluid Structure Interaction
(FSI) for predicting the HOMs VIV on the hydrofoils. The HOMs FSI system is verified by comparing the VIV results from the FSI simulation with the
experimental results. Finally, the effectiveness of the HOMs FSI is determined by applying the maximum von-Mises stress obtained from the VIV on the
hydrofoil to the S-N curve released from Det Norske Veritas (DNV). VIV results from the HOMs FSI include the lock-in characteristics as well as a
significant increase of more than 10 times compared with that of low-order modes (LOMs) FSI. In the future works, advanced studies will be required

for improving cantilever boundary conditions and the shape of hydrofoils.
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Fig. 1. Bending and twisting motions of hydrofoil.
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Table 1. CFD Analysis conditions

Analysis Conditions

Solver pimpleFoam
Flow velocity 6~15m/s
Angle of attack 0°
Time step SE-6 sec
Number of mesh =200,000

Far Field Boundary Condition

Boundary Condition

Fig. 3. Boundary condition near NACAO0009 surface
and O-grid type domain for CFD simulation.

(a) Velocity contour of CFD result.
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(b) Lift and drag coefficients of CFD result in time domain.

Fig. 4. Contour plot for velocity magnitude near the NACA(0009
and hydrodynamic coefficient at Re = 1.1 X 108,
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Fig. 5. Strouhal number in a wide range of flow

speed from experiment and CFD results.

Table 2. Lift and drag coefficients from experiment and CFD
results at Re = 1.1 x 10°

experiment CFD error (%)
Lift coefficient 0 -0.0036 0.36
Drag coefficient 0.024 0.0246 0.6
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Table 3. FSI Analysis conditions

Analysis Conditions

Solver pimpleDyFoam
p 8000 kg
s 0.15 m
o 0.025949 m
EA 0.0496 m
2 988.89 Nm’
fbendi,ng 319 Hz
Fuuisting 1131 Hz
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g. 7. Vortex induced vibration in a wide range of flow speeds
with high-order modes (HOMs) FSI results.
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