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Introduction

The vibration of floating ships is considerably affected by
the surrounding sea water. Today, it is current practice to
include the so-called hydrodynamic masses in a simulation
model by adding them to the structural mass of the vessel
[1]. The hydrodynamic masses represent the effect of the
inertia of the water on the ship’s hull. The compressibility of
the water (i.e. underwater noise radiation) is neglected due to
high computational effort and low availability of appropriate
simulation codes.

A fast multilevel multipole boundary element method
program [3] has been developed to solve the Helmholtz
equation, which allows the computation of the sound
pressure field in the water due to a structural velocity field
on the hull surface. These pressure results are compared with
pressure distributions including only the hydrodynamic mass
effect to estimate the influence of both underwater noise
radiation and inertia of the water on structural vibration.

Subject of Investigation

The fluid pressure induced from a vibrating outer ship shell
(Fig. 1) is computed for a container vessel of 252.5 m length
and 32.2 m breadth having a draft of 10.8 m using two
different calculation procedures:

e computing pressure regarding only hydrodynamic mass
effects by solving the Laplace equation using a ordinary
boundary element technique [2].

e computing pressure regarding the hydrodynamic mass
effects and the compressibility of the water by solving
the corresponding Helmholtz equation using the fast
multilevel multipole method described below.

Both of these procedures do neither take energy radiation
due to free surface waves nor the forward velocity of the
floating ship into account.
Twelve arbitrary chosen dry hull vibration modes in the
frequency range from 2.5 Hz to 30 Hz are used as boundary
conditions for vibrating shell.
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Figure 1: Finite element model of the container vessel
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The Fast Multilevel Multipole Boundary
Element Method

The boundary element method is well suited for acoustic
computations, offering high accuracy and a simple mesh
generation, especially for modeling exterior acoustic
problems. Major limitation of classical BEM formulations is
the numerical complexity of quadratic order in the number
of unknowns for setting up and storing the fully populated
system matrices. Thus, the application of classical BEM
methods is limited to a moderate number of unknowns.
Since modern iterative solvers only require the evaluation of
matrix-vector products, the fully populated system matrices
do not need to be set up. The key idea of the fast multipole
method is the efficient evaluation of the matrix-vector
products by using a series expansion of the fundamental
solution, which combines the effect of sources far away from
a fieldpoint in a farfield representation. By additionally
introducing a hierarchical clustering strategy, the
computational cost of the multipole algorithm is reduced to
quasilinear order. A preconditioned GMRES-solver is used
for the solution of the problem [3].

The deflection of the dry hull vibration modes are converted
to Neumann boundary data. To account for the free water
surface, the water surface is discretized in the surrounding
area of the vessel with an applied zero pressure Dirichlet
boundary condition and is truncated at a defined distance [1].
The influence of the truncation distance onto the results is
investigated. It is found that for the given frequencies a
truncation distance of 20 m is sufficient.

Investigation Procedure

Since the resulting pressure of a given boundary velocity
field defines the dynamic behaviour of the fluid, the two
computed pressure distributions are compared directly.
Moreover, small differences of pressures should lead to
small differences in the resulting global structural velocity
field only. To estimate the effect of compressibility in a
quantitative manner, the radiated energy is compared to the
typically assumed energy loss due to structural damping
effects.

Pressure Results

A relative error norm contribution is introduced to compare
the resulting pressure at surface element i on the wetted
outer shell by
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whereas p* and p™* denoting the maximum occurring
incomp comp

element pressure. The overall error norm is build by area
averaging the individual element errors.
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Figure 2: Deviation of pressures with and without

consideration of compressibility
It can be seen in Fig.2 that the difference of pressure
computed with and without consideration of compressibility
is less than 3% below 15 Hz. Furthermore, the pressure
deviation tends to increase with frequency. This behaviour
can be explained by the increasing influence of the
compressibility of the water: The pressure and the normal
velocity at the outer shell are getting out of their fixed phase
shift of 90° in case of a fluid assumed to be incompressible,
so that the effect of energy radiation into the water is getting
more and more important. The deviations have a spatial
distribution as seen in Fig. 3.

Energy Loss

It is of practical interest to compare the energy dissipation
due to sound radiation E.4 with energy dissipation due to
structural damping Egq;s. Here, the energy loss factor 1 can
be used for describing the damping behaviour of the ship
structure at resonance frequency. This loss factor is typically
between 0.02 and 0.16 in the frequency range from O to
30 Hz as depicted in Fig. 4. By using the total energy E in
the vibrating ship structure, the dissipated energy Eg per
oscillation period is given by

E = 27Z77Etm‘ ° (2)
The radiated energy E.q4 into the water caused from the
compressibility of the fluid is then computed by integrating
the intensity as time averaged product of normal velocity
and pressure over the wetted ship hull. The ratio of E,,4 and
Euis 1s shown in Fig. 5.
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Figure 3: Spatial pressure deviation err' at 10.4Hz in [%)

It is found that the radiated acoustic energy is approximately
ten times less than the assumed modal dissipated energy.
This indicates, that the effect of energy loss by sound
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radiation, and thus by the compressibility of the water, can
be neglected in the considered frequency range.
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Figure 4: Typical loss factor chart for a container vessel
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Figure 5: Ratio of E,,q and Egg;s

Summary

If one wants to compute only the pressure field for this kind
of ship structure, the compressibility of the fluid can be
neglected below 15 Hz and therefore does not need to be
considered for a forced vibration analysis. The substantially
less energy dissipation due to sound radiation compared to
the structural energy dissipation in the entire frequency
range indicates that the compressibility can even be
neglected up to 30 Hz for forced vibration analysis. Future
investigations will have to take into account the full fluid
structure interaction in order to quantify the influence of the
compressibility.
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