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Effects of Forward Speed of a Ship on Added Resistance in Waves
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Despite a large amount of work so far, it is said that the prediction accuracy in the area of added resistance is not
enough, particularly in a range of short waves. For engineering purposes, application of the enhanced unified theory (EUT)
seems promising for evaluating the wave-amplitude function, which is the most important term in Maruo’s formula for
the added resistance. To confirm the applicability of the EUT, measurements of the wave-induced ship motions and added
resistance are carried out using a modified Wigley model at several Froude numbers, and obtained results are compared
with computed ones. Discrepancy in the added resistance is observed at short wavelengths when forward speed is present,
and the amount of this discrepancy tends to increase and then become constant as forward speed increases. This discrepancy
may be attributed to hydrodynamic nonlinear effects in the wave diffraction at the bow, which may be intensified in the
presence of forward speed. A practical factor for correcting this discrepancy, which is to be applied only to the component
due to diffraction of an incident wave, is proposed in a form of mathematical function in the Froude number and the ratio
of wavelength to ship length.

INTRODUCTION

When a ship navigates in waves, the ship’s forward speed
decreases compared to that in a calm sea because the resistance
increases in waves. This increase in resistance is called the added
resistance, which is due mainly to unsteady wave making, specifi-
cally the wave radiation by ship oscillations and the diffraction of
an incident wave on the ship hull. The added resistance caused by
the unsteady wave-making phenomenon can be exactly estimated
by Maruo’s formula (1960) which is based on the principle of
momentum and energy conservation. The wave-amplitude func-
tion (which is referred to as the Kochin function) included in this
formula influences greatly the prediction accuracy of the added
resistance. The Kochin function consists of 2 wave components:
the radiation wave and the scattering wave.

According to various studies so far, the strip-theory method
seems to provide sufficient engineering accuracy in a frequency
range where the effect of the radiation wave is dominant. On
the other hand, the scattering wave generated mainly near the
ship bow cannot be evaluated by the strip theory. Accordingly,
some practical formulae have been proposed (Fujii and Takahashi,
1975; Faltinsen, 1980) for the component of the added resis-
tance due to bow wave diffraction in short waves. In contrast, the
enhanced unified theory (EUT) developed by Kashiwagi (1995a)
takes account of the effect of wave reflection at the bow through
the body boundary condition in the diffraction problem in the
framework of linearized slender-ship theories. In addition, 3D and
forward-speed effects ignored in the strip theory are incorporated
in the EUT through matching between the inner and outer solu-
tions. Thus we can expect that the EUT can predict the added
resistance at least with engineering accuracy over the whole range
of wavelengths including short waves. In fact, for the case of zero
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forward speed, it was confirmed (Kashiwagi, 1995a) that com-
puted results for the wave drift force by the EUT and a 3D panel
method agree very well, not only for the diffraction problem but
also for the case of all modes of ship motion being free.

However, when the forward speed of a ship exists, the wave
diffraction near the ship bow becomes intensified, and hydrody-
namic nonlinear effects which are not taken into account in the
EUT and Maruo’s formula may become prominent, resulting in a
relatively large difference between the results of EUT and mea-
surement, especially in short waves.

In order to confirm the degree of agreement in the predic-
tion by EUT and the amount of discrepancy due to the effect of
forward speed, we conducted measurements of the added resis-
tance and ship motions using a modified Wigley model at sev-
eral Froude numbers, including zero speed. Numerical computa-
tions are implemented with EUT and NSM (New Strip Method),
and also with a 3D HOBEM (Higher-Order Boundary Element
Method) for the zero-speed case. Their results are compared with
measured ones, from which forward-speed effects on the added
resistance are investigated. It is found that the agreement at zero
speed between the EUT and the experiment is very good, but
when the forward speed of a ship exists, the discrepancy at shorter
wavelengths is observed, which tends to increase and then become
constant in quantity as the forward speed increases. In order to
correct this discrepancy from a practical viewpoint, a correction
factor to be applied only to the added-resistance component due
to wave diffraction is newly proposed as a function of the Froude
number and the ratio of wavelength to ship length.

CALCULATION METHOD

Formulation

Let us consider a ship advancing with constant speed U and
oscillating with circular frequency � in deep water. As shown
in Fig. 1, a Cartesian coordinate system moving with the ship is
taken, where the x-axis is directed to the ship’s bow and the z-axis
is directed downward.

With the assumption of linearized potential flow, the velocity
potential is introduced and expressed as:
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