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Safety and comfort of marine vehicles require, since the design stage, a care-
ful evaluation of the dynamic behavior of the vessel in rough sea. Tradition-
ally, this is routinely accomplished through (expensive) model testing and
numerically by some (extremely) successful simplified quasi-twodimensional
models (the so-called strip theory, [1]). As a matter of fact, both the above
approaches suffer severe limits (practical or theoretical) concerning the pre-
diction of pressure distribution, which is a typical input data relevant for
the structural analysis.

In this presentation, we like to discuss some aspects of a more general
computational algorithm for the prediction of ship motion and loads induced
by the interaction with wave systems. In particular, unlikely the more con-
ventional models in frequency domain [2], we attack the problem by a time
domain formulation. The purpose is twofold. First, within the framework of
a linear analysis, the ship response function to a general wave excitation can
be numerically determined by a transient test (i.e. the interaction with a
wave pulse compact in time). In this way, a substantial saving of computa-
tional time with respect to the existing algorithms is achieved [3]. Second, a
time domain modeling is intrinsically prone to deal with the fully nonlinear
problem or, at least, to recover some nonlinear effects [4].

More specifically, the three-dimensional flow field around a ship advanc-
ing through waves is described by an inviscid flow model. The velocity
potential is governed by the Laplace equation with time-dependent bound-
ary conditions on free surface and moving rigid boundaries. Position and
velocity of the latter are given by the coupled equations of ship motion. The
differential problem is recast in terms of boundary integral equations for the
velocity potential and for its Eulerian time derivative (used to evaluate the
hydrodynamic loads). The integral equations are discretized by piecewise
constant shape function and are numerically solved by a standard colloca-
tion method. Time stepping is achieved by a variable order Runge-Kutta
algorithm.

In spite of its low-order in space, the resulting algorithm allows to handle
easily non-structured grids with local refinement both on the free surface and
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on the body. This feature appeared to be essential for the applicability of
the method to the complex geometries typical of practical ship hull forms.

An extensive validation activity has been performed by comparing the
numerical results with experimental data, and will be summarized to discuss
pros and limits of the current implementation of the code and to draw our
more recent research and development activity.
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