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1. Introduction

One of the techniques to obtain a large absorption coefficient at low frequenciés
is to cover a porous material with a perforated facing. This type of material has been
used for many years and models predicting the surface impedance and the absorption
coefficient at normal incidence have been carried out [1]. This paper describes a model
for the calculation of the surface impedance of layered perous materials with perforated
facings at oblique incidence. Comparisons are made with experimental results obtained in
an anechoic room with a two microphone technique.

2. Theoretical model - facing with cilindrical apartures (2,3].

Consider N, layers of porous material, stuck on a hard surface and covered with a
perforated plate with circular apartures with radius r, and at a distance d of each other
(see figure 1). A plane sound wave is incident in the xz plane with an angle of
incidence @ . If the spatial pericd A/sin® of the sound wave in the ox direction is
equal to an integer multiple of d, the sound field is periodic in this direction with a
period : Nd=Afsin@. The period in the direction perpendicular to ox is d. As a
consequence, a two dimensional development in Fourier series of the acoustic field in the
stratified material an be worked out. The (m,n) mode of the sound pressure in the upper
layer can be written as :

p"(,,,,,km(i:zy”'ﬁ‘(ﬁumg_ﬁ, ety O
where :
INCAL k’(No)-{%)’-(z—;‘})’)"‘ @
and :
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B, ,(N)=B, A, Ny @)

Z, (B, (N)-Z(NJk(N @
= Z, (B, (N)+Z (NN

B

Z(N,) and k(N;) are the characteristic impedance resp. the propagation constant in
layer Ny Z,,(B) is the impedance at B related to the (m,n) mode which can be
calculated in the following way. The impedance at M, related to the {m,n) mode is given

by: ™

. 1
z, (M)=-Z() k"( (i)corg(km(l)ll) )

L

where Z (1) is the characteristic impedance and ], the thickness of layer 1.
If h{1) and h(2) are the porosities of the first and the second layer, the impedance in M,

is related to the impedance in M,’ by :

z"(ul)=%zu(ul) ©

The impedance at M, related to the (m,n) mode can be written as :
LONS, Z@)2
Z(2) "-.-(2)[ JZ, (M eotglk, L)+Z (2) k_#(z)l
, 2
2o (M) -12, Ot OO

-.u)

)

Z, (M)

The impedances at the boundaries of the layers related to each mode can be obtained by
this way up to B in the Nyth layer in contact with the facing.
The pressure field can be written at the contact surface with the facing :
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pxy0=Y ¥ mz_':'ﬁe' M4 N+ (8)

el pu-w

the z component of the velocty field is given by :

bl 2nmx ’%z _ kuaNo) 9
v (%.3.0) go.;-m(_‘r—)e A Np(1-B, ) Z NN )

The velocity amplitude is assumed to be uniform in each aparture. Let U, be the velocity
on the hole at x=0 and let U, be the velocity at x=2dl than :

2 (10)
UpUge

Integrating over each hole area yealds an equation for A, ,(Ng). The impedance at Bis
than given by : '

2« 1‘1(2”"(1:* Nf:’)m)
B} B 11
zB nh(No)Z:o n-—g-:lﬂf Va -‘( (mz-vu—z ( )

The impedance in the free air close to the facing bgcomeé :

2-Z2 jerdpg0 (12)

where s is the perforated area and e is the external added mass that can be calculated
with equation (11) for a semi infinite air space when the (1,0) mode is excluded.
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3. Theoretical model - facings with sits.

Let us now consider the case where the facing has parallel slits of width a,
separated by a distance d. A plane wave is incident on the material with angle € with
the z axes and angle ¢ with the x axes. The sound field is periodic in the presence of
the facing if :

. S o 13
sin@ cosd Nd (13)

The sound field can be developped in a Fourier series like in the case of circular
apartures giving :

P 0= 7 F 4 (No(1+p Je 0 (14)
= ety i E(N)
0)= A (NY(1-B e 8 __ (15)
v (x.0) .n)_:_:_e N(1-B e ZNHNY .
where :
k.(ﬂ=(k’(f)—k’sin’6sin’¢-f;%::)m - (16)

making the same hypotheses for the amplitude of the z component of the velocity as in
the preveous paragraph and integrating over the spacial period leads to an expression for
the coefficient A (Ng). This results in an equation for the impedance at B :
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sin? (212
1 Nd
= —r (an
Z(B) ad,. E_:w' an B)
Nd

the impedance Z in free air close to the facing is :

7. 4B)

s

sjapylerdy (18)

where e can be calculated in the same way as in the previous paragraph.
4. Experimental results and calculations.

Systematic calculations of the influence of the perforated plate on the abscrption
coefficient can be performed. The characteristic impedance and the propagation constant
can be calculated with the model published in reference 3 if the flow resistivity and the
porosity of the material are known.

Measurements have been performed in an anechoic room using a two microphone
technique described in reference 3. The figure 2 shows the measurement and the
prediction of the absorption coefficient of a porous material with a perforated facing
with circular apartures. The parameters are indicated in the figure captions. The figure 3
shows the absorption coefficient of the same porous material, covered with a perforated
plate with slits, The parameters are indicated in the figure caption. A good areement
between the theoretical model and the experiments is observed and the model can be
used for the development of new sound absorbing materials..
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Figure 1. N layers of porous material,covered with a perforated plate.
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Figure 2. Absorption coefficient of a 2 em Figure 3. Absorption coefficient of the

thick foam layer, covered with a plate with same foam material as in figure 2, covered

circular apartures.s=0.06,normal incidence. with a plate with slits. 5 = 0.10, Theta=60,
Phi=0,
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