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ABSTRACT

This paper presents a study on the effects of artificial damping in water wave problems. The design of linear artificial
damping with constant coefficients is described, and 3 wave problems are considered to observe its effects on linear waves. In
general, the artificial damping induces slower phase velocity and longer wavelength. Without changing the velocity potential,
wave elevation is dependent on the selected damping mechanism.

INTRODUCTION

Artificial damping in water wave problems is useful for 2 rea-
sons: to include realistic viscous damping and to apply the radi-
ation condition at the far field. In the ideal fluid assumption of
potential theory, a proper mechanism is sometimes needed to con-
sider energy dissipation by viscosity or other damping mecha-
nisms. To this end, an equivalent linear damping has been used
for water wave problems. Such studies have been introduced by
Keulegan (1958) and Case and Parkinson (1958). For example,
the linear damping term, the so-called Rayleigh damping, can be
included to consider friction force acting on fluid particles. Artifi-
cial damping has also been adopted for the numerical treatment of
the radiation condition (e.g. Havelock, 1932). Today, this concept
is being applied to the radiation condition of out-going waves by
absorbing wave energy in a certain area near a truncated bound-
ary, sometimes called a damping zone or an artificial damping
beach.

Despite many applications of artificial damping to water wave
problems, the study of its theoretical background is not mature.
This paper introduces the fundamental concept of designing a
linear damping mechanism and its application to a few wave
problems. In particular, a few different formulations of the lin-
ear damping are shown, and the fact that the resultant waves are
dependent on selected formulation as well as damping strength.
The problems considered in this study are free and forced slosh-
ing waves in rectangular tanks, and 3-dimensional wave patterns
around a pressure patch with forward speed. There are some
experimental observations on the equivalent damping for sloshing
flow in rectangular tanks, e.g. by Keulegan and by Isaacson and
Premasiri (2000). This paper introduces a new solution of slosh-
ing flow, including 2 damping terms, and the results are compared
with existing experimental data. For the moving pressure-patch
problem, the linear wave patterns are compared for different
damping coefficients. This study for constant damping strength
is extended to the varying-strength case in Artificial Damping
in Water Wave Problems II: Application to Wave Absorption,
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which especially targets the application to the radiation
condition.

DESIGN OF LINEAR DAMPING

Let’s consider the linearized free-surface boundary condition
with an additional linear operator L:
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where the vertical axis z is defined positive when it points up. The
operator can be a combination of linear differentials and constants.
When the velocity potential is written as �=� exp��t+kz
, the
complex operator should satisfy:
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where the subscripts R and I indicate the real and imaginary num-
bers. The real number �R should be negative to damp waves.

When �2
I = gk, the linear dispersion relation can be retained.

Designing an operator L for such a case is straightforward if L
consists of differentials only with respect to time, i.e.:
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Then, the operator of the lowest differential order becomes:
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and the corresponding free-surface boundary condition is written
as:
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The kinematic and dynamic free-surface conditions can be modi-
fied so that their combination becomes Eq. 5, and such examples
are:
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