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A New Boundary Element Analysis of 3-D Acoustic Fields
Avoiding the Fictitious Eigenfrequency Problem
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This paper is concerned with a new approach for avoiding the fictitious eigenfrequency problem
in boundary element analysis of three-dimensional acoustic problems governed by Helmholtz equa-
tion. It is well known that, in solving without any care an external acoustic problem with internal
sub-domains by means of the boundary integral equation, its numerical solution is violated at so-
called fictitious eigenfrequencies corresponding to the internal sub-domains. The present paper
proposes a new boundary element analysis to circumvent such a fictitious eigenfrequency problem by
using dual boundary integral equation for nodal points on the boundary. One equation is the
combined integral equation proposed by Burton-Miller. The other equation is the normal derivative
boundary integral equation multiplied by the same coupling parameter as in the Burton-Miller
expression. The quadrilateral element is employed in this study, and the Burton-Miller combined
boundary integral equation is used at the middle nodes of element, while only the normal derivative
boundary integral equation multiplied by the same coupling parameter is applied to the vertex nodes
of element, and vice versa. The proposed approach is implemented, and its validity and effectiveness
are demonstrated through numerical computation of the typical problems.

Key Words: Computational Mechanics, Boundary Element Method, Acoustics, Sound, Helmholtz
Equation, Integral Equation, Fictitious Eigenfrequency
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Fig. 1 External problem
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Fig. 3 Analysis model 1 and its boundary element discretization
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Fig. 4 Numerical results obtained by applying OBIE,
Burton - Miller and Hybrid method

BUERITR R L Y, OBIE Zi#H L (/s Bl
ERM ka=38BIV0ka =6 fMAICBVTR2ITDOE
EIRGBEIEOVE CROBEMET L TWB I L
H D553, Burton - Miller D FEE X U8 Hybrid method
22 DEEREEEL DB NTVE I LB 5,
MERROBZ A, Z ORRER ka = nn(n = 1,2,--+)
CEND L bhoTwEY, 22 Tha =1 BEU
ka = 2m EEAHE TR EOZ A 2 Mh U CHIER
WixiFo7. BAFEIIC 849 [Hz] ~ 851 [Hz] (E# ka =
3.1378 ~ 3.1453) ¥ & 18 1699.2 [Hz] ~ 1700.8 [kHz]
(B8 ka = 6.2802 ~ 6.2862) D Z NZ N D FHEEIR

— 116 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

R0 OEEREIIE % B#E T 2 3 RILEFHOH L\ BEM fik 1389
X3
@ : Measuring points X3
O : Nodal points y
[ D N - £- W9 .
a
N ;; b
& 5 X
0 -
x i X

Fig. 7 Analysis model 2 and its boundary element discretization
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Fig. 10 Analysis model 3 and its boundary element discretization
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Fig. 8 Numerical results obtained by applying OBIE,
Burton - Miller and Hybrid method
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Fig. 11  Numerical results obtained by applying OBIE,
Burton - Miller and Hybrid method
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Table 1 Comparison of CPU TIME (sec)
Hybrid method | Burton - Miller | Elements
Model 1 6.027 6.385 18
Model 2 9.192 9.968 36
Model 3 16.140 17.438 66
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