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Time-Domain Analysis of Steady Ship-Wave Problem Using Higher-Order BEM
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A 3-D time-domain numerical wave tank using a higher-order BEM (Boundary Element Method) is newly developed in
the framework of linear potential theory, and ship waves generated by the standard Wigley model advancing at constant
forward speed in otherwise calm water and the resultant steady wave resistance are computed as verification of the computer
code developed. 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 the downstream side to satisfy the
radiation condition. The velocity potential on the ship hull 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. For numerical stability and
accuracy, an iterative time-marching scheme is employed for updating both kinematic and dynamic free surface boundary
conditions. Thus, the boundary integral equation is solved at each time step. After convergence studies, the problem for
computing the steady waves generated by the Wigley hull is considered as an initial-value problem, increasing the ship’s
speed from a state of rest up to a specified constant value. Computed results of the wave pattern, wave profile along the
hull, pressure distribution on the hull, and wave resistance are illustrated and compared with experimental measurements,
showing satisfactory agreement.

INTRODUCTION

The prediction of wave resistance and ship motions is one of
the classic research topics in ship hydrodynamics. Nowadays, the
work based on CFD techniques has become popular, benefiting
from rapid evolution of computer capability. Many invaluable ref-
erences have been reported in the proceedings of CFD Workshop,
Tokyo, International Conference on Numerical Ship Hydrodynam-
ics, ITTC, and so forth. Contrary to the CFD, the present study
focuses on the traditional potential theory.

The strip theory was developed earlier and has been modified
for the prediction of ship hydrodynamics. Even now, the strip the-
ory methods in various forms are still widely used for predicting
wave loads and ship motions by industry because of their advan-
tage of being fast, reliable, and easy to implement. However, it
has been pointed out by many researchers that the strip theory
has drawbacks in predicting local pressures and global wave loads
for high-speed vessels and flared hull forms at lower frequencies.
To remedy the drawbacks of strip theory methods, the develop-
ment of advanced 3-D methods is expected by both engineers and
scholars. Thanks to rapid evolution in computing capability and
technology in the last two decades, 3-D computation codes are
becoming popular in seakeeping research. So far, the 3-D meth-
ods developed for seakeeping analyses can be categorized into
two major groups: the free-surface Green-function method and the
Rankine panel method. These two methods have been used both
in the frequency and time domains. In the time-domain analysis,
especially for body-nonlinear problems, the free-surface temporal
Green-function method is extremely time-consuming in long-term
computations due to the convoluted nature of the integral (Datta
and Sen, 2006). Much work has also been done for the free-
surface Green-function method in the frequency domain. These
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will not be referred to in detail, since the present work focuses
on the Rankine panel method.

The Rankine panel method, originally developed for the com-
putation of steady wave resistance, is widely applied to seakeep-
ing problems nowadays. A computer code named SWAN (Ship
Wave ANalysis) has been developed for the steady wave resis-
tance and unsteady seakeeping problems by the continual efforts
of Nakos (1990), Kring (1994), and Huang (1997). The develop-
ment of that computer code started from linear frequency-domain
problems and then culminated with more complicated nonlinear
time-domain problems. Kara et al. (2007) calculated the wave
pattern and wave resistance as a full nonlinear 3-D problem in
the time domain using the Rankine source method. Zhang and
Beck (2008) and Zhang et al. (2010) studied the steady and
unsteady ship-wave problems by means of the so-called desin-
gularized source method. Kim et al. (2011) developed a com-
puter code named WISH (Wave-Induced loads and SHip motion)
for the time-domain seakeeping analyses using the Rankine panel
method. They computed linear and nonlinear ship motions and
structural loads in waves. An advantage of the Rankine panel
method is the flexibility in treatment of the free surface, allowing
more complicated free-surface conditions. Conversely, a disadvan-
tage of the Rankine panel method is the necessity of discretiza-
tion of the free surface surrounding the body, which increases the
number of unknowns and also introduces the numerical disper-
sion, dissipation, and instability.

The B-spline scheme is widely used in the Rankine panel
method and a variety of B-spline methods have been developed,
such as Nakos (1990), Kring (1994), Huang (1997), Datta and Sen
(2006), Kim et al. (2011), and so forth. The B-spline based panel
method has advantages, including (1) higher degree of continu-
ity in the global geometry and potential, (2) analytical evaluation
of derivatives of the potential on the body and free surfaces, and
(3) CPU time-saving compared to lower-order methods for the
same level of numerical accuracy. The B-spline scheme is efficient
for simple geometries with a few spline patches, while it becomes
inefficient and formidable for complicated geometries and multi-
bodies. The Higher-Order Boundary Element Method (HOBEM),
however, is flexible and suitable even for complicated geometries




