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1. INTRODUCTION

The study of acoustic propagation by taking in to account the viscosity and
thermal conductivity of a fluid, has received a lot of intarest during the last
twenty years, with the development of miniaturised transducers. When the
size of the cavity Is in the order of the thickness of the acoustic or thermal
boundary layer, the account of these effects becomes necessary {1-4].
This paper presents a variational formulation using integral equations for
the resolution of problem of propagation in a viscothermal fluid. This
approach gives after discretisation by finite boundary element method a
linear symmetrical system of relatively small size. Numerical results
predicted by this formulation are in good agresment with analytic ones.

2. EQUATIONS AND BOUNDARY CONDITIONS

The basic relations which govemn the charmacleristic variables of a
viscothermal fluid (Fig. 1.) such as the particle velocity v, the variable part
of the density p, the pressure variation p and the temperature fluctuation T,
can be established by using fundamental mechanical equations and
thermodynamica! state equations. in the absence of external forces and
rate of heat creation and at initial state, the fluid is at rest {i.e.. density,
pressure, etc..., are uniform in space and time), the set of linear
homogenaous equations govering small amplitude disturbances for
harmonic motion (3= -im), includes the following [3] :

p=pl+ph (1)
(A+x3)p, =0 (@
(a+K2)p, =0 (3)
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T=T,+T,=1,p,+ T P (4)
V=V, 47, (5)
(A+Kk2)¥,=0 ; divy,=0 (6)
‘7a=v:+i’.:=¢.3ﬁdp.+¢hsﬁdph (7)

p, Is the acoustic pressure, p, is the entropic pressure, T, is the acoustic
temperature, T, is the entropic temperature, ¥, is the irrotational velocity
and ¥, is the rotational velocity.

K=k¥(1-ike, ~K£.L,)", k§=£(1+ike;ﬁ)" k’-:_Tk. k=%
-1 . € !
1.‘h=3ﬁ—?-[l+la !h k? ) ¢l.h w[l"'l £ k? ) £h=%
N+l n
b=t +(y-1)e, £,=(y-1(¢,-2) £ =" f ="
a=ttly-De, ==, . =

B is the increase in pressure per unit increase in temperature at constant
density, u is the dynamic viscosity, n is the bulk viscosity, p, is the density,
y is the thermal diffusivity, ¥ is the specific heat ratio, ¢ is the adiabatic
spead of sound.

We consider that the edge of domain Q is composed of two surfaces, S,
whan pressure p is imposed and S, when the velocity V is imposed. Also
it is assumed that the normal component of rotational velocity is negligible
as comparad to that of the irrotational velocity ¥ [5] and the temperature
fluctuation is null on the boundaries . With these assumptions we have :

OverS,: p, - 0P (8)
tl _th
='_1lﬁ_ 9
Pn T,-1, 9
Overs, : ¢_—*—+¢hm+v =V, (nommal component) (10)
T-t_p.+1:,,p,,—0 (1)

3. VARIATIONAL FORMULATION BY INTEGRAL EQUATION

An integral representation of acoustic and entropic pressure is used for
~ solving the pressure calculation problem. It is based on delermining the
two potentials [6), one of simple layer and the other of double layer :

- G, dp
p.(X)-_[(-p.yglm,(x,v)g;:-)dsy XeQ/S (12)
p,(X)= j( pwa—G!-+Gh(X,Y)§nEh-)dSY XeQ/s (19)

where i |s the extemal normal vector of regions containing fluid; G, and G,
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are the elementary solutions of equation (2) and (3) in the free space.

The application of boundary conditions (8} and (9) over S, (10) and (11)
over S,, at integral representations of p, and p, and their normal
derivalives, gives the system of aquations which enables us to determine
the unknowns of the problem : %!;J- and %‘L over S, p, and aﬁ:—owar S,.

Instead of resolving this system by the usual collocation technigue
which presents the difficulties at the level of numerical computation
asscciated with integral singularities of Green functions (G, and G,), we
suggest to associate to it a variational formulation which avoid these
difficulties. The discretisation of this formulation for the problems with
ravolution geometry by finite boundary element, gives a linear symmetrical
algebraic system of relatively small size [7] :

[D] {#}={F.} (14)
4 NUMERICAL RESULTS

In this section we consider a cylindrical cavity filled with air (Fig. 2.} whose
physical properties are: p, = 1.1614 Kg/m?, ¢ = 340 m/s, p = 184.6 107
Ns/m2, n = 110 107 Ns/m2, B = 458 Nfim? °K}, x = 22.5 10 m?¥/s, Y=
1.403. The fluctuation temperatura is assumed 1o ba null at all boundaries.
The pressure is zero at the boundary r = R. For z = L/2, the normal speed

is imposed to VI, (x,, ) whera ¥ =1m /5. Finally, at z = - Li2, the speed

is null.

All results presented in this paper are nondimensionalized by referring .
them to the following parameters : p, (the density), ¢ (the adiabatic speed
of sound), L (the height of the cavity) and T, =293°K {the ambient
temperature).

Fig. 3 shows the non-dimensional modulus of the acoustic pressure at
point A1 (Fig. 2.}, varsus to the non-dimensional frequency. The oblained
peak corresponds to the first radial mode {f = 0.003827). Numerical and
analytical results of viscothermal model are in good agreement and are
clearly diffarent from those of perfect fluid model. One clearly sees the
damping of the first radial mode and the decrease of the first resonance
frequency which is about 15 %.

For the frequancy 0.0037 ( close to the first resonance frequency of the
cavity with perfect fluid modsl }, we have carried the non-dimensional
modulus of acoustic prassure according to radial position (2=0) in Fig. 4.
This later shows the validity of our numerical results and illustrates, clearly
the difference between the results of perfect fluid model and those of
viscothermal model.
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