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ABSTRACT

In this paper, the wave system generated by a submerged circular cylinder
advancing with constant velocity in the absence and in the presence of a free surface is evaluated using
a boundary element method (BEM). Two numerical approaches were used: 1) the potential being distributed
according a parabolic spline; 2) the potential being distributed uniformly along each element. Numerical

resulis were compared to analytical evaluations.

INTRODUCTION

The potential flow around a ship hull
with constant forward velocity is usually studied
from the viewpoint of a moving frame with the
same velocity as the hull, such that a uniform
stream is observed at infinity.

Basically two linearization techniques

are employed for the free surface condition:
(1) “free-stream linearization”, which leads to
the Neumann-Kelvin free-surface condition:

- the free-surface flow is supposed to
be a “small” perturbation of the
uniform stream at infinity;

(2) “double-body linearization”:

- the free-surface flow is supposed to
be a “small” perturbation of the flow
around the hull duplicated in respect
to the undisturbed free surface plane.

Sclavounos and Nakos (1989) derived
a scheme for resolution of the problem using a
quadratic spline approximation of the velocity
potential both in the longitudinal and in the
transverse directions. The radiation condition is
imposed requiring that the wave elevation and
slope vanish at the upstream boundary of the
free-surface grid.

In the present paper, a 2D circular
cylinder moving forward with constant velocity is
considered, both in the absence and in the
presence of a free surface. For the flow without
free surface, a comparison is made between a
uniform and a quadratic spline approximation for
the velocity potential, and between rectilinear and

curvilinear elements. For the flow with free
surface, a comparison is made between
numerical results using quadratic spline
approximation under the free stream linearization
and analytical results (from Lamb - 1879).

FORMULATION OF THE PROBLEM

The flow is admitted to be irrotational
and steady. The governing equations are: Laplace
equation, expressing conservation of mass, and
Bernoulli equation, expressing conservation of
momentum.

The boundary conditions to be satisfied
for the potential distribution are:

- the normal component of the fluid velocity
must be null at the hull surface (hull surface
boundary condition);

= the normal component of the fluid velocity
must be equal to the normal velocity of the
free surface (cinematic free surface
boundary condition);

- the pressure at the free surface must be
equal to the atmospheric pressure
(dynamic free surface boundary condition);

c the perturbations due to the presence of
the hull must vanish far away;

= the generated waves do not propagate
upstream.

The total steady flow potential is admitted
to be composed of two terms: the double-body
potential, which comprises the free stream potential
and the double body perturbation potential, and
the free surface perturbation potential:
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provided that V2¢1 = () everywhere in some
planar surface surrounded by a contour C, and
that V¢, =0 everywhere in S except for
some point P where ¢2 has a logarithmic
singularity ( ¢, =clnr+c'+¢''r+...) around
P, with P on the contour C.

NUMERICAL APPROACHES

The boundary contour C is divided into "n"
panels with length "h".

Two numerical approaches are considered:
a) distributing the potential uniformly along
each panel;

CIRCULAR CYLINDER ADVANCING WITH
CONSTANT VELOCITY IN THE ABSENCE
OF A FREE SURFACE

In this case there is no free surface and
thus no free surface condition.

The total potential is:
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The hull surface boundary condition reads:
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