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Radiation-Problem Solutions Using a Time-Domain Iterative HOBEM
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A higher-order boundary element method (HOBEM) for seakeeping problems in the framework of linear potential theory is
newly developed and applied to predict hydrodynamic forces of a submerged prolate spheroid and a modified Wigley hull with
forward speed. A rectangular computational domain moving with the same forward speed as the body is introduced, and only
a half-domain is used for computation due to the geometric symmetry of a ship. The velocity potential on the body surface and
the normal velocity on the free surface are obtained directly by solving the boundary integral equation, with the Rankine source
used as the kernel function. An iterative time-marching scheme is employed in updating the kinematic and dynamic free-surface
boundary conditions for numerical accuracy and stability. Extensive results, including the added-mass and damping coefficients,
wave patterns, and pressure distribution for a submerged prolate spheroid and a modified Wigley hull, are presented. The
corresponding radiation tests for the modified Wigley hull in heave and pitch motions in a towing tank are also conducted.
Computed numerical results show good agreement with the corresponding experimental data and other numerical solutions.

INTRODUCTION

Accurate prediction of hydrodynamic forces and ship motions
has significant importance in the ship-design stage. Compared with
the CFD (Computational Fluid Dynamics) method, the potential-
flow-based method is considered to be more practical and efficient.
That is also the case in the present study. So far, the strip theory
has been the most successful theory in predicting wave load and
ship motion by the industry, because of its advantage of being fast,
reliable, and easy to implement. However, due to its drawbacks in
predicting local pressures and global wave loads on high-speed
vessels and flared hull forms at lower frequencies, the development
of advanced 3-D methods is expected by both engineers and
scholars. In the time-domain 3-D methods for seakeeping analyses,
the Rankine panel method is considered to be more promising than
the free-surface Green-function method, especially when taking the
nonlinear effects into account. The later method has a drawback
of being time-consuming in long-term computations due to the
convoluted nature of the integral, especially for body-nonlinear
problems. More details can be found in Bingham et al. (1994) and
Datta and Sen (2006), for example.

The Rankine panel method, originally developed for the compu-
tation of steady wave resistance, is widely applied to seakeeping
problems nowadays (e.g., see Nakos, 1990; Kring, 1994; Huang,
1997; Kim et al., 2011). Nakos (1990) and Nakos et al. (1994)
calculated the hydrodynamic coefficients of a Wigley hull with
both frequency-domain and time-domain methods. Kashiwagi and
Ohkusu (1991) investigated the side-wall effects on forward-speed
radiation and diffraction forces with a frequency-domain method.
Hong and Choi (1994) studied steady and unsteady ship waves
using a higher-order boundary element method in the frequency
domain. Yasukawa (2000) computed hydrodynamic forces of a
Wigley hull moving in still water with forced heave/pitch motion
with a 3-D constant panel method. Gao and Zou (2008) solved the
radiation problem of a sphere by using a NURBS-based higher-
order panel method in the frequency domain. Zhang et al. (2010)
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studied the hydrodynamic coefficients due to forced-oscillation
motions for a modified Wigley. Recently, Shao and Faltinsen (2012)
calculated a linear seakeeping problem by means of the body-fixed
coordinate system. One advantage of the Rankine panel method
is the flexibility in treatment of the free surface, allowing more
complicated free-surface conditions. Conversely, a disadvantage of
the Rankine panel method is the necessity of discretization of the
free surface surrounding the body, which increases the number of
unknowns and also introduces numerical dispersion, dissipation,
and instability.

In this study, a 3-D linear time-domain Rankine panel method
using HOBEM is newly developed. The HOBEM is flexible and
suitable even for complicated geometries and multi-bodies, without
increasing difficulty in the computer code. It has been widely used
in ocean engineering and ship engineering with/without forward
speed of the body (e.g., see Hong and Choi, 1994; Liu et al.,
1995; Kim and Kim, 1997; Bai and Eatock Taylor, 2006; He
and Kashiwagi, 2010, 2012; Shao and Faltinsen, 2012). A direct-
boundary integral-equation method used in He and Kashiwagi
(2010, 2012) is extended and applied to the present study. Free-
surface boundary conditions are applied on the calm water surface,
while the body boundary condition is applied on the mean wetted
hull surface. A rectangular computational domain moving with
the same forward speed as the ship is introduced, in which an
artificial damping beach is installed at an outer portion of the
free surface, except for the downstream side, for satisfying the
radiation condition. An iterative time-marching scheme is employed
for updating the kinematic and dynamic free-surface boundary
conditions for numerical stability and accuracy. To validate this
seakeeping code based on an iterative HOBEM, a steady wave-
resistance problem is simulated, and the computed results are in
good agreement with experimental data (see He and Kashiwagi,
2013).

In the present study, we have continued to develop a robust
numerical analysis tool of submerged or surface-piercing three-
dimensional bodies advancing in calm water or in waves with a
forward speed. The advantage of the present time-domain method
lies in its flexibility and easy incorporation of nonlinear effects.
Although the present study is based on the linear theory, the present
method is promising to extend to the weakly-nonlinear method and
weak-scatterer approach. This numerical model is applied to the
unsteady problem of forced oscillations in heave and pitch motions




