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Introduction

Radiation boundary conditions need to be taken into
account in many engineering problems in order to
obtain realistic resulis. These conditions can be
modelted using the fundamental solution as sources on
the boundaries. This approach, however, presents
difficulties for cases such as the two-dimensicnal
Helmholtz equation where the fundamental selution is
expressed in terms of a Hankel function. In addition,
the source formulation produces interaction coefficients
such that every boundary node is related to all the
others, which destroys the banded character of the
solution (usually finite elements) inside the domain.

This note describes a simple way of forming
approximate boundary elements. These simplified
elements are easy to combine with finite elements and
do not give full matrices. The elements are used for
solving the Helmholtz equation, but the basic idea can
be applied to a wide range of problems. They are
simple to implement in existing finite element packages
and economic to use. The method is described for the
two-dimmensional domain but it is egually applicable to
three-dimensional problems.

Formulation

Consider the problem depicted in Figure / for which
the following Helmholtz equation applies in region Q,
away from sources and solid bodies:

Viu+xlu=0 (0

where u is the potential and x the wave number. It is
assumed that the domain comprises two regions;
region £}, which has been decomposed into finite
elements and region Q, which extends to infinity. They
join at the interface I'. The fundamental solution for
equation (1) u* is given by:
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Wt = H 6 (k) (2)

where r is the distance from the source point (usually
on the boundary) to the point of observation.
Weighting equation (1) with (2) we obtain®:

f{vzu + k2t dQ = 0 3)
9]

Integrating this equation by parts twice gives:

*
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Depending on the position of the observation peint, so
far we have®:
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For the fundamental solution of the Helmholtz
equation, the left hand side of equation (3) is:
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We could now work with these functions, this has
been done by Mei' and by more recent workers®3%.
This approach has the disadvantage that the boundary
values are all interrelated, resulting in fully populated
matrices.

In the conventional boundary element approach the
observation point is taken to be on the boundary.
Each observation point gives one equation that
connects the unknowns 2u/dn and u, which are
evaluated on the boundary. If, however, we take the
observation points to be in the region ,, far from our
problem region, we may make the following important
simplification, using the asymptotic forms for the
Hankel function, hence:
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(note that n ~ r).
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- TRReNon (5) for Q, we
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We have obtained the radiation or Sommerfeld
condition:

Su

elements can bpe
formulated as indicateq elsewheres. €se elements can
be easily implemented in xisting finite element
Somputer Programs.

A Pplicationg

To determine how the application of the aboye
radiation boundary condition affects the accuracy of
case of 34 single, vertical column

results were found for differen; Wave Iengths, with the
condition glven jn €Quation (9} applied on the €xternal
boundary.

To test the adequacy of the radiagion condition for
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Figure § Maximum surface elevations.

for frequency w = 3.1321. Results of the exact solution,
the finite element solution due to Mei and the solution
obtained by the present authors are compared in
Figure 3. The authors’ solution compares favourably,
taking into consideration the coarseness of the mesh
around the cylinder. Mef’s solution, for instance, uses
18 elements round the cylinder and better represents
the geometry of the obstruction.

Research Note

Conclusions

A simple method of formulating boundary elements for
problems with radiation has been presented. It is
simple to combine elements obtained in this way with
finite elements and they have the advantage that they
do not give full matrices. The basic idea can be applied
to a wide range of problems, not only in hydraulics,
but also in soil mechanics and general solid dynamics.

The technique has been applied to the two-
dimensional Helmholtz equation but is even more
advantageous when applied 10 three-dimensional
problems.
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If your seer
leaves something
to be desired..

Write for descriptive information on publications of
the Society for Computer Simulation and for your
complimentary issue of SIMULATION and ot our tu-
toriuf series, SIMULATION TODAY. Give usdn iden of
your interests, and we'fl send you an isswe to match!
Write:
THE SOCIETY FOR COMPUTER SIMULATION
(Simulation Councils, Inc.)
P.O. Box 2228 -A
La Joila, California 92038

We have a better source. ..

SIMULATION!

... the leading journal devoted to the methods
and applications of dynamic modeling and
simulation using alt types of computers.

SIMULATION, the monthly publication of the Society
for Computer Simulation is the only internationally
recognized technical journal devoted to all aspects of
simulation and modeling. The journal includes techni-
ques for discrete and continuous simulation of dyna-
mic systems, mathematical methods for formulating
models and for verifying and validating them, simu-
lation languages, and practical applications of modei-
ing and simulation in a great varicty of ficlds - from
the “hard" sciences and engingering to management;
from biology, ccology, and medicine to urban plan-
ning; from economics and sociology to process con-
trol; etc.

SIMULATION TODAY is « tutorial series ol papers
begun in 1971. They appear in most issues of SIMU-
LATION and in separately bound annual volumes.
They cover the fundamental “do’s and don’is' of
simulation and applications in the numberless new
fields in which simulation is proving its power and
usciulness,

SCS PROCEEDINGS are semiannual cloth-bound
bouks deveted to particular arcas of sitnulation and
modeling, Subjects explored in past issues included:
Mathematical Models of Public Systems, Systems and
Simulation in the Service of Society. The Mathematics
of Large Scale Simulation— and more are soon to come!
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