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Numerical simulations of ship motion in focusing wave based on
HOS method

XIAO Qian, ZHU Ren-chuan

(State Key Laboratory of Ocean Engineering, Collaborative Innovation Center for Advanced Ship and Deep-Sea
Exploration, School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiao Tong University, Shanghai
200240, China)

Abstract: To analyze the influence of nonlinearities in incident wave field on ship motion
response, a new hybrid method is proposed based on 3D weakly nonlinear indirect time-domain
method and High-Order Spectral (HOS) method. In the proposed method, HOS method is
employed to simulate the nonlinear incident wave field, nonlinear F-K (Froude-krylov) and
restoring forces are evaluated over the instantaneous wetted surface while linear scattering forces
are obtained through inverse Fourier transform based on the IRF (Impulse Response Function)
method and weakly nonlinear assumption. The equations of time-domain ship motions in
nonlinear waves are established and numerical simulations of motion responses of Wigleylll in
focusing wave with pre-determined frequency band are conducted. The feasibility of the hybrid
model are validated in regular linear waves through comparison of RAO (Response Amplitude
Operator) between obtained results and experimental data. The incident wave model to catch the
strong nonlinearity in focusing wave is validated through results comparisons with the related
experiment and the effects of nonlinearity of wave-wave interaction in incident field on ship
bearing forces and ship motions are further investigated. It is shown that nonlinear wave-wave
interaction causes a significant impact on focusing event and subsequently a remarkable
influence on F-K force and heave motion.

Key words: High-order spectral method; weakly nonlinear; indirect time-domain method;
nonlinear focusing wave.
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