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1. INTRODUCTION

The specific consumption decrease by increasing the by-pass ratio and
reducing the nacells, will involve the development of civil turbofan
engines with an important low-frequency content. On account of the bulk,
locally reacting acoustic treatments used in aeronautics will be associated
with non-locally reacting porous matarials more efficient. There has been
much studies of sound transmission in ducts with locally reacting walls
and bulk reacting liners [1] [2] [3). In recent years, a simple physical
modelling of sound propagation in porous media has been developed (4]
[5] [6]. This work deals with an application of this new dascription of sound
propagation in porous materials to the problem of sound transmission in
ducts with bulk reacting liners.

2. THEORETICAL BACKGROUND

Rigid porous materials are two-phases air-solid media, characterized by 6
parameters, which are the porosity § (air volume fraction), the tortuosity
a,, {related to the relative inertia increase for inviscid incompressible flow
through the porous network), the viscous characteristic dimension A (first
defined in a precise manner by Johnson and al.[4], it characterises
viscous losses in a high frequency limit), the thermal characteristic length
A’ (defined in analogy with A [5], it describes thermal losses in a high
frequency limit), the flow resistivity o {which describes viscous losses in
the low frequency limit, o =n/k, where 7 is the air viscosity, and k, the
Darcy permeability), and a last parameter k; defined in analogy with k,
[6], which governs thermal exchanges in a low frequency limit. The
material is assimilated with an equivatent fluid with density p{w) and

compressibility K(ew), taking into account the frequency dependent
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inertial/viscous and thermal effects, As discussed by Johnson and al. [4],
a simple scaling function provides a reasonably accurate description of
the frequency dependent tortuosity &(w) :
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where the reduced pulsation @ is given by: o = na :
Po
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and M is a geometrical form factor: M= ) A’

A description of the frequency dependent K{w) in terms of a scaling
function similar 1o (1) has recently been obtained [5] :
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with y specific heats ratio and Pr Prandtl number.

3. APPLICATION
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Figure 1: The cylindrical duct geometry

The equivalent fluid mode! is applied to an isotropic homogeneous rigid
porous material set on the wall of a semi-infinite cylinder with radius R
and axis 0% (Fig.1). An acoustic field propagates along the duct, being
partially reflected on the treatment and transmitted in a compression wave
in the porous material.

Viscous and thermal losses in the duct being negligiblie, the solutions of

the wave equation Ag+kip =0 with A the cylindrical aplacian and k the
wave number in the duct, are:

o(.6,2)= 3 A1 (k,_ r)elet=" (2)

where ¢ is the velocity potential #=Vg. The wave vector components
k,_andk, verify k* =k} +ki .
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The propagatlon in the porous matenal is descnbed by lhe wave equation:
Arp +k"

where k” is the wave number in the treatment; kP=—=w g{(w)
o <

P

\-.-’

The wave equation’s solutions are:
o"(r,8,2)= Z[B (kn)+ CH (ke o] e (3)
where @ is the velocity potentlal ¥* =V¢*. The wave vector components

- k%, and k?., verify k%, =k, { Snell-Descartes ) and k® = k" +k"
The continuity conditions, in r—R Jare:

« the pressure continuity : p(R,) = p*(R,) (4}
« the flow continuity : v,(R,) = ¢v".(R,) B ()]
On the duct wall, in =R,, the velocity normal component is equal to 0:
vf(Ri) =0 . (6)
The equations {2) to (6) can be rewritten: z {x)
vr. (Rl)

where Z  is a modal impedance:
2.(60)=- joPe) L [1a( R N(ke R,)-N, (k2 R (K, R,)|
el o, K2 e RN (12 R,)- N:.(kE_R.)J:.,(k;’_R,)]
Considering the wave propagation in the treatment, the surface
impedance p./v, depends on radial and azymutal order of the mode
taken into. consideration. The propagation modes' radial components k,

are computed numerically with Runge-Kutta method, by solving the
gigenvalues equation:

k, Ju(k R)+ jziJm(k,_R,) =0

Considering the equal energy distribution and the modal non-coupling, the
total attenuation per unit length is written:

A = :IOIog,D{Zem{k’“‘) / Z 1}

4. RESULTS
4 =73 4] A A’
Parous n%1 1 1 2300 1.0E-03 | 2.1E-03
Parous n°2 0.98 1.1 7000 1.7E-04 | 4.0E-04

Table 1:Porous materials' parameters
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A first vahdatlon can be obtained by comparing two attenuation spectra in
the frequency range covering the third-octave bands from 315Hz to 2.5
KHz, one computed with the above impedance model Z., {(cylindrical

geometry) and the other computed with an impedance model Z__ of the
same porous material treated as a plane layer of depth d=R, -R,:

z. --j@P@) 1 cotg(k" )
Yoo _

For high enough duct radius R,, z‘,, - Zm.. This is checked (Fig.2) for 2

porous materials, which characteristic paramelers are indicated in Tab.1.
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Figure 2: Attenuation Spectra

5. CONCLUSION

The impedance model Z_,. and the computation tool, give correct results.

The attenuation values will be improved by changing the porous material
parameters, and by coupling it to another systems, like a perforated
screen and/or an air-gap. Moreover, the Biot material's impedance model
with cylindrical geometry has 1o be sludied.
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