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With the continuous development of the shipbuilding industry and shipping business, hydrodynamic optimization of hull
forms has drawn the attention of both academia and industry. This paper reports the details of an efficient, numerical,
design optimization tool for hull form for container ships. This tool is composed of three functional modules: hull form
deformation, hydrodynamic performance prediction, and optimization. The free-form deformation (FFD) and radial basis
function (RBF) methods are employed to modify the ship hull globally and locally, respectively. To reduce the cost of the
numerical optimization, which is always a challenging problem, a new potential theory, the Neumann–Michell (NM) theory,
and the approximation model are adopted. In addition, the analysis of variance (ANOVA) method is used to represent the
influence of each design variable on the objective functions. The high efficiency is illustrated by the optimization for a
container ship. Wave resistance coefficients at three design speeds are minimized, and a Pareto front of solutions is obtained.
The optimal hulls are verified and analyzed by the NM theory and a Reynolds-averaged Navier–Stokes (RANS)-based
computational fluid dynamics (CFD) solver. Numerical results confirm the availability and reliability of the optimization
tool described.

INTRODUCTION

In recent decades, with the continuous development of the
shipbuilding industry and various shipping businesses, hydrody-
namic optimization of hull forms has drawn the attention of
both academia and industry. The economic efficiency of con-
tainer ships, in particular, depends mainly on hydrodynamic per-
formance. To obtain a hull form with the best hydrodynamic per-
formance, design engineers have devised some approaches with
different hydrodynamic analysis methods, geometrical modifica-
tion techniques, and optimization algorithms. However, because
of the complexity of ship hydrodynamics and the great number of
evaluations of objective functions in optimization, ship hull opti-
mization is quite time consuming. To solve this problem, a com-
bination of a new, efficient hydrodynamic analysis method and
an approximation model is adopted as a feasible scheme for ship
hull optimization.

Prediction of hydrodynamic performance for a ship is always a
challenging part of the optimization process. The hydrodynamic
analysis method should be not only efficient for a variety of hull
forms to be evaluated, but also robust, which means that the
distinction among hulls with slight modification can be recog-
nized. In recent years, potential flow theory has been employed
for hydrodynamic analysis. Suzuki et al. (2005) used a potential
flow solver to evaluate the energy of secondary flow for a tanker
hull form optimization based on the Hess–Smith (Hess and Smith,
1967) and Rankine source methods (Dawson, 1977). Baoji (2012)
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obtained an optimized hull form with minimum wave-making
using the Rankine source and optimization methods. Recently, a
new, efficient potential theory, designated the Neumann–Michell
(NM) theory (Noblesse et al., 2013), has been integrated in the
optimization process to evaluate the objective functions. The com-
putation of the steady flow around a moving ship based on the NM
theory is efficient and robust because of the theory’s succinctness.
Kim (2009) adopted a similar potential theory for optimizing a
ship hull form.

Geometric modification is also an important module in the ship
hull optimization process. An appropriate and effective technique
has been sought by several researchers, who tested methods based
on different theories. Kim (2009) modified the Wigley hull form
based on parametric hull representation and the nonuniform ratio-
nal b-spline (NURBS) surface, Peri et al. (2001) utilized Bézier
patches to complete the modification of hull geometry, and Tahara
et al. (2014) employed the free-form deformation (FFD) method
to modify the shape of a Delft catamaran. For the sake of con-
ciseness and flexibility, two ideal approaches including the radial
basis function (RBF) and FFD methods are utilized in the present
study. The FFD method is introduced to modify the ship hull
globally, and the RBF method is adopted to modify the bulbous
bow. Both methods are proven to be flexible and reasonable.

During a reliable global multi-objective optimization process,
a number of individuals should be evaluated by several objective
functions. Since the major drawback with the repeating process is
the large computational costs, an efficient way to overcome this
issue is to establish an approximation model instead of a com-
plete numerical process for each design during the optimization
process. Additionally, the approximation model is created based
on some sample data, the design spaces of which are generated
by the design of experiments (DOE) method, while the objective
functions are evaluated by numerical tools. Based on a comparison
of different methods, Simpson et al. (2004) pointed out that the


