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1.INTRODUCTION

This paper addresses the problem of modelling the behaviour of linear
wavelike disturbances -governed in the frequency domain by amodified
Helmholtz equation- as they propagate through a region of local
inhomogeneity. When dealing with a domain of infinite extent. numerical
models such as the wave envelope method or infinite elements [1,2] give
good results. Our purpose is to propose a different method to solve this
problem using the DRBEM (Dual Reciprocity Boundary Element Method)
[see ref.3.4].

2.MATHEMATICAL FORMULATION

Consider a general inner problem in which a boundary surface S
encloses a finite acoustic domain 0 filled with an inhomogeneous

medium. The acoustical pressure p‘(x,t) must satisfy the inhomogeneous
wave equation.

a“V.(c2Vp.)——85—=O (1)

where c is the local adiabatic sound speed. Assuming a perfect gas with
a constant ratio of specific heats. we may assume that the sound speed is

function of temperature only and may be written c2 =yrr. If time harmonic

solutions of the form p‘(x.i)=p(x)ei"ll are then sought. the equation (1) can
be written as

Proceedan of Intemolse 99 529



Peney-Debaln, Gullbauda Serve/s

Ap+k3p= (k3 — rap—gm: (2)

where ko=mlco . co is a relerence value of sound speedand k=¢olc . in

which in is the angular frequency.

By using the direct formulation. via either Green's second identity or the
weighted residual tormulation. equation (2) can be reformulated into a
boundary integral equation as follows

fijflQ) = 2_ 2 _flC(P)pg)+‘[(p(o)an Tn )asm) flare 1: )p T-Vv]Gdfl(Q) (3)
S 0

where G is the tree-space Green's lunction due to a time-harmonic point
source at P i.e.

. —ik .
G=%l-Ig)(ko.r) in 2D. G= "re in 30, r=IP—Q||

41v

and C(P) Is 'a geometric parameter. which depends on the location oi the
source point P with respect to S [3].

The riht-hand side 0! (a) is now dealt with by DRBEM. Following
Partridge. Brebbia and Wrobel [4], we can expand the iunction on the
r.h.s. ot (a) as

N+L

[(ké—k’)p—$.Vv]=2u,-Fj (4)
j=l

where N is the number at collocation points placed on the boundary and
L is the number of internal collocation points placed inside (I. Fj is a

function associated with the point j and the aj are initially unknown

coelticients. It has been shown [4] that the best results are obtained it a
comparatively simple lorm ol Fj is used ,ie.. ‘3' is composed of the power

series of distance functions.
In the bidimenslonei case, we have chosen

Fj=ko.a-r—k%.% (5)

where a is a characteristic length at the domain 0. The particular solution
can be obtained as follows

A$j+k3$j=l=j (6)

and hence 61- has the torm

(7)
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Applying the boundary element technique, the r.h.s. ct (3) may be
reformulated as follows

N+L .

in- ~ ~ ac 3tI[(k%7k1)p4—T—‘Vp]6mz E u,- C(P)¢j(P)+I[¢j:—Fnlc]ds (8)

n i=1 5

After discretizlng the boundary S and applying the standard DRBEM
procedures a linear system at algebraic equations is obtained as

rip-egg=[Hij—c%}“l[x+rl[rxsx+Tyay)r=“]p (9)

where H and G are of the usual meaning. p is an (N+L) vector. the first N

entries of which are the nodal values defined on S , and the next L
entries at which are the nodal values defined on the internal collocation

points. The definitions of other matrices such F‘,K,T‘1,T,,Ty.F‘.F, can

be worked out if the standard DRBEM procedure is followed and are
therefore omitted here.

3.RESULTS AND DISCUSSION

The numerical example presented here deals with the acoustic radiation
in a heated at) cavity (T m. x 0.3 m.) opening in an infinite battle, The
rectangular cavity (see iiguree 18.2) is provided with a driving piston
(trequency 300 Hz) at x-D and the end x=1 (surtace so) tlush with a rigid
plane wall. The lower and upper sides are rigid. The temperature field
has the form T(y)=1m0y+300‘(05y50.3) and the external temperature is

300 K. For that particular case. we have compared the DHBEM with the
FEM [5]. The boundary conditions at so are

-forthe DRBEM : p=-2I5%d5 (10)

5n
This result is given by the Green's theorem on the semi-infinite
space(x>1).

—for the FEM, we have Imposed the radiation impedance [61:

z=mzpo[i-%f0]+j$mm (m
0

Figures 1&2 show good agreement between the two methods.The main
difference is that the radiation impedance imposes a plane wave
propagation at x=1 and doesn't allow us to observe the edge tringlng that
appears with the DRBEM. The advantage of the DRBEM is that the
boundary condition (in) is quite easy to implement. the coeflicients of the
impedance matrix having already been calculated.
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4. CONCLUSIONS

We presented here the first results obtained using the DRBEM to acoustic
problem in an inhomogeneous mediumTho method is easy to use in an
infinite medium and results have beenobtained for a heated cavity
opening in an infinite battle and the sound radiation lrotn an unflanged,
heated pipe through a thermal jet (not presented here by lack of space).
The method seems to be quite promising and is under further
developmnt.

 

Fig. 1 FEM code

      

Fig. 2 DRBEM code
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