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About the Topic:

When sailing in a seaway, the calm water resistance and powering of a ship is increased and this is accounted
for in traditional ship design by some rough proportional increase of calm water resistance by about 20-40%.
However, the accurate prediction of ship’s resistance in waves is nowadays of increased importance, both for
the designer and the shipowner/operator, since it greatly affects the selection of ship’s engine/propulsion
system and ship’s performance in terms of sustainable service speed and fuel consumption in realistic sea
conditions. Also, accurate and efficient predictions of the added resistance in natural seaways are necessary
for the implementation of modern onboard ship routing systems.

The added resistance is a steady force of second-order with respect to the incident wave’s amplitude and
acting opposite to ship’s forward speed in longitudinal direction. There are several alternative approaches to
the added resistance problem; they can be generally classified into two main categories, namely far-field and
near-field methods. The far-field methods are based on considerations of the diffracted and radiated wave
energy and momentum flux at infinity, leading to the steady added resistance force by the total rate of
momentum change. The near field method, on the other side, leads to the added resistance as the steady
second-order force obtained by direct integration of the hydrodynamic, steady second-order pressure acting
on the wetted ship surface. The latter can be calculated exactly from first order potential functions, and their
derivatives.

With the continuous increase of ship sizes (in view of the economy of scale) the range of relative wave length
to ship length A/L of practical interest is being shifted to lower values. This makes the prediction of added
resistance of ships in such ranges, which may be satisfactorily covered by simple, short wave, semi-empirical
approximation formulas, more and more important. For instance, if we set the upper limit for a short wave
approximation at A/L =0.5 (for head seas conditions) and assume ships of length larger than about 100m, it
means that we can satisfactorily calculate the added resistance for these ships in waves up to about 50m in
length, or corresponding period of close to 6 sec. The latter is a typical peak period of waves in many coastal
and even pelagic open seas. When considering ships of length over about 250m, the limiting wave period for
short waves rises to about 9 sec, which practically means that we can satisfactorily cover by the short wave
approximation not only all coastal areas, but even a significant portion of open seas.

In the present lecture, we will first briefly outline advanced methods for calculating the added resistance in
waves, like Maruo’s far-field method in connection with the Kochin functions approach, as well as the near-
field, direct pressure integration method, as implemented by self developed numerical codes of the Ship
Design Laboratory of NTUA (Papanikolaou et al, 1987, Liu et al 2010). For the short waves range, we
recommend simpler, semi-empirical methods, which are further developments (Liu-Papanikolaou, 2015) of
the original methods of Faltinsen et al. (1980), Kuroda et al. (2008) and Tsujimoto et al. (2008). A wide range
of case studies of different hull forms (slender and bulky) was used to validate the applicability and the
accuracy of the developed and implemented methods in practice.
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