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Introduction

Numerical simulation is essential for acoustic optimiza-
tion of products in early development phases. In auto-
motive industry, challenging targets very often require to
simulate acoustics on a system level. For example, sound
radiation from engine block and oil pan including high
frequency excitation by the fuel system. The classical
boundary element method (BEM) is not applicable to
such large models due to its fully populated matrices.
The fast multipole boundary element method reduces
the cost of the BEM to quasi-linear in the number of
degrees of freedom, allowing simulations with more than
100k boundary elements on standard desktop computers.
In the presented paper, efficiency of the fast multipole
boundary element method in combination with a precon-
ditioned iterative solver is ilustrated on the simulation of
sound radiation from an engine structure. The bound-
ary element model of the engine is provided by LMS as a
real-world benchmark example. The simulations demon-
strate the straigt-forward usability of the fast multipole
boundary elment method to engineering applications.

Fast Multipole BEM

For an introduction to classical BEM, it is referred to the
text book by Gaul et al. [1]. A more detailed presenta-
tion of the fast multipole BEM can be found in [2]. The
reduction of the numerical cost in the multipole BEM
is based on the series expansion of the fundamental so-
lution and a multilevel scheme. The multipole method
was originally developed by Greengard and Rokhlin for
the fast simulation of large particle fields in physics. The
theory of the multipole expansion for acoustics and its
diagonal translation operators was developed as well by
Rokhlin. For the Helmholtz equation in 3D the diagonal
form of the multipole expansion reads
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where Pl(·) denotes Legendre polynomials and hl(·) Han-
kel functions. The distance between load and field point
is rewritten in local distance d and global distance D that
is the distance between cluster centres. The summation
over l in Eq. (1) must be truncated, since the Hankel
function diverges for large l. For the truncated series,
summation and integration can be interchanged and one
defines the translation operators
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Figure 1: Multipole algorithm: exchange of information in

cluster tree.

which solely depend on the distance vector D and allow
the implementation of an efficient multilevel scheme.

The boundary elements of the triangulation are assigned
to a cluster tree. Two clusters on the same level are in
each others nearfield when the distance D between their
centres fulfills the condition

D < c
d̄

2
, (3)

where d̄ is the diameter of the clusters and c is a suit-
able constant. Clusters, whose father clusters fulfill the
nearfield condition, but themselves are not in each others
nearfield, form the interaction list.

Using these definitions, the multipole algortihm is formu-
lated for the BEM matrix-vector products. The nearfield
part is evaluated directly, wheras for the farfield part,
the multipole method is applied. The multipole algo-
rithm consists of the following steps which are visualized
in Fig. 1

• Compute the farfield signature F on the lowest level
of the tree for all clusters.

• Translate F to the interaction list using the transla-
tion operators ML of Eq. (2).

• Shift F to the centre of the father cluster.

• Repeat last two steps upwards until interaction list
is empty.

• In the downward pass, shift nearfield signature N in
interaction lists to the child clusters.

• On the lowest level, recover solution in integration
points.

Finally, the BEM matrix-vector products are evaluated
by summing up the element contributions and adding the
nearfield contribution which is calculated directly using
the standard BEM.
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The expansion length L plays a crucial role for the accu-
racy and the efficiency of the multipole method, typically

L(kd̄) = kd̄ + p ln(kd̄ + π) , (4)

is used where the expansion length depends on the wave
number k and the cluster diameter d̄. The parameter
p translates approximately to the number of accurate
digits. A consequence of the choice Eq. (4) is that the
expansion length changes from level to level and, thus,
efficient algorithms based on fast Fourier transforms for
interpolation and filtering are required when shifting the
expansion to the father and child cluster.

For the complete algorithm the computational cost is es-
timated as O(N log2 N) for computations at kh = const
what corresponds to the engineering practice of a con-
stant number of elements per wavelength. The predicted
numerical cost is verified by simulation of sound radia-
tion from an L-shaped domain at frequencies from 300 Hz
to 3600 Hz. The mesh is refined to yield nine elements
per wavelength with the finest discretization consisting
of 101376 boundary elements. The computing times and
memory requirements are plotted in Fig. 2 in comparison
to standard BEM. For models with more than a few thou-
sand unknowns, one obtains a significant advantage using
the fast multipole BEM. The simulations are performed
faster and at a much reduced memory requirement.
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Figure 2: Computing time and memory requirements as

function of degrees of freedom N for computation of sound

radiation from L-shaped domain with nine elements per wave-

length.

Application Example

The use of the fast multipole BEM for the simulation
of real-world problems is straight forward. As an exam-
ple the sound radiation from an engine block as shown
in Fig. 3 is computed. The boundary element model is
provided by LMS and contains 74439 degrees of freedom.
Structural vibrations are applied as Neumann boundary
conditions.

The computing time for the engine model on a desktop
PC Intel (CoreDuo 6300, 1.86 GHz, Linux) using the
fast multipole BEM is documented in Tab. 1. Increas-
ing frequencies frequencies are computed on the same
discretization. The computing time for the nearfield is
constant for all frequencies. The computing time for
the solution—using GMRES with approximate inverse

Figure 3: Real part of acoustic surface pressure on engine

structure at 4000 Hz.

preconditioning—increases with frequency. This is due
to the larger expansion length at higher frequencies. Fur-
thermore, the number of required iterations and thus
the number of multipole evaluations increases with fre-
quency. For best efficiency, meshes that follow the 6–10
elements per wave length rule should be employed.

freq. [Hz] nearf. [min] iterations GMRES [min]
400 118 72 27
1000 118 102 40
4000 118 108 122

Table 1: Computing time for engine model at different fre-

quency. Computing time for setting up nearfield and solu-

tion using GMRES with multipole evaluation of matrix-vector

products.

Conclusions

The fast multipole BEM greatly improves the efficiency
of acoustic BEM simulations. Since few parameters de-
termine the accuracy of the solution, the application of
the multipole BEM is only slightly more involved than
classical BEM. Industrial applications as for example the
sound radiation of vibrating structures can be simulated
easily. For further increasing the efficiency of the fast
multipole BEM, research on solver and preconditioning
techniques to reduce the number of required iterations is
essential.
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