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Absor ption of a poroelastic material with lateral air gaps

Nicolas Dauche?

Benoit Nenni§

Institut Supérieur de Mécanique de Paris (Supmeca)
3, rue Fernand Hainaut

93407 Saint-Ouen cedex, France

In order to reduce noise in automotive or aircraft cabins, sound absorbing materials such
as polymer foams or fibrous materials arewidely used. To be efficient, their thickness must
be in relation with the acoustical wavelength, making them not suitable in the low
frequency range. To overcome this limitation while reducing weight, multilayer
architectures and inclusionsinvolving air gap or impervious structures, may be used. Up to
now, most of the proposed models dealing with inclusions are based on rigid frame
modeling. This assumption is not valid in general applications where a coupling with the
frame may be observed. The aim of this paper is to investigate both the effect of air
inclusions on the sound absor ption of a poroelastic material and oblique incidence. The
studied configuration is based on a square based hexahedre foam sample surrounded by
air gaps of constant thickness. Measurements, performed in an impedance tube, are
compared with finite element predictions (Biot-Allard model). The influence of the incident
angle on the absorption coefficient is addressed assuming a periodic architecture. It is
shown that lateral air gaps may increase the absorption by acting on the coupled
air/skeleton resonances of the sample.

1 INTRODUCTION

Sound absorbing materials such as polymer foarfisrous materials are widely used for
noise control. To be efficient, their thickness s in relation with the acoustical wavelength,
making them not suitable in the low frequency rarfigeovercome this limitation while reducing
weight, multilayer architectures including air, iergious or porous screens and porous layers
may be optimizetf>. Another mean is considering a non homogeneousupdayer, made for
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instance of air inclusions in a homogeneous ponsaiix. These materials are commonly called
double porosity materials (DPM). Homogeneisaticchtgqué™ have been first used to derive
analytical models showing the main trends. To arsmore complex shapes, finite element
method"’ coupling air and porous media have to be consitlere

All the aforementioned papers are based on rigiché¢ modeling of the porous matrix. This
assumption is not valid in general applications mehéhe motion of the frame may be
observell®. Another conventional assumption in such contexhé normal incidence excitation.
The effect of oblique incidence have been showGhyby' on rigid circular inclusions and by
Nennig™ with air inclusion assuming periodic medium anddtlet wave decomposition.

The aim of this paper is to investigate both tfilece of air inclusions on the sound
absorption of a poroelastic material and obliqudence.

2 COMPUTATIONAL APPROACH

Consider the time-harmonic (with the conventiexp(-iwt)) scattering problem depicted on
Fig. 1. The configuration consists of an unbounchedlium showing some, and d, periodicity
respectively one and e, direction. The medium is backed by a rigid waldlaurrounded by an

unbounded fluid domain. It is composed of a porstedasurrounded by lateral air gaps. We call
I the interface between the fluid domain and th@glastic medium.
In the surrounding fluid domaias in the air gaps, the pressysemust satisfied the Helmholtz

equation
Ap+k; p=0 1)

where, k,denotes the air wavenumber. In the poroelastic pthsyacoustic waves propagation
are described by Biot's model in tife, p) formulatiort? or by Equivalent Fluid mod#y.

The incident field is a pressure plap&®= &* the scatter in th& direction defined by the
inclination & and azimuthg of the spherical coordinate system. In this cas# kthe incident

and the scattered field are pseudo-periodic ¢(i-periodic with a phase difference). Indeed, each
physical variable (call X ) satisfied the relation

X(x+d, @) = X(x, w)e"?, 2

withd = (d;,0,d,). This property allows substantial simplificatidmscause only one elementary

cell need to be meshed and permit to define prgpghd radiation condition thought a modal
decompositioht*® This approach was preferred here as the useeoPML technique is not
efficient for ‘low-frequency’ applications, i.e. wh the wavelength is large compared to the size
of the computational domain. The highest Floquetienmdex taken in account in each direction
is chosen as the number of cut-on Floquet mode + 1.

The FEM computations are carried out using Lageamgadratic tetrahedral finite elements.
The radiation condition of the scattered field ire tupper air domain, is implemented with
Dirichlet to Newman (DtN) map based on the Flogdetomposition. To apply easily the
Floquet relation recalled in equation (2), coincidmeshes on each opposite lateral boundary of
the periodic cell are us&d™ Unstructured mesh are employed in the remaindethe
computational domain (Fig. 2). The characteriskrent length is fixed in all cases to ensure 1
element in the air gap. This yields approximativelyl00 000 degrees of freedom FEM models.



The integration of the acoustic intensity relatmrer the unit cell using orthogonality the
Floguet modes leads to the power balance. We d#fempower reflection coefficieriRas the

A, {/(0) to the incident

ratio of the scattered power in tleg direction P, = z De{ﬁm’n}
m, iz

2 2
power P =k,d/(p,w) with the vertical wavenumbg, | :\/ko2 —(k1+ mi—ﬂj —{ k + nz—ﬂJ
1

and A, the modal amplitude. Thanks to the conservatiothefenergy, the absorbed power is
given byP, = P— P. In this way, we can define the absorption cogffic
P

s =1 R, 3
= ©)

a =

3 RESULTS

In this part, we consider the sound absorptioa gbrous sample with lateral air gaps of
thicknessh (Fig.1). The sample geometry is a square basedheelxe of lateral sizg = 90 mm
and thicknest = 100 mm. The material is an open cell polymenfdaroperties in Tab. 1).

3.1 Influence of eastic frame at nor mal incidence

Experimental data are given at normal incidéhc@he absorption is measured in an
impedance tube using a two microphones technighe.tibe has a square cross section of 100
mm side ¢; = d3 = 100 mm). The lateral air gaps thickneshk s 5 mm. This thickness may be
modified by reducing the cross section of the ddg¢tandds) by bonding non porous material
(rubber) along the tube.

Figure 3 presents the absorption coefficient é&wesal thicknessesi=5 mm, 1.8 mm or O
mm. In the last case, the porous sample is in comteh the tube wall and can be considered as
clamped (no vertical motion of the skeleton at koarng). Without air gap, the absorption
coefficient increases slightly with frequency angdeak is observed around 300 Hz. It is related
to a skeleton resonance of the porous sample. Witlair gap, the absorption coefficient is
globally better except in the lower and upper boohdhe considered frequency range. Two
peaks are observed this time. The first one is iyaglated to a skeleton resonance while the
second one to a fluid resonance. When decreasmgitlgap from 5 mm to 1.8 mm, both peaks
are shifted towards lower frequencies. The absampgs then better in the low frequency range
with the 1.8 mm air gap.

Fig. 4 compares rigid and elastic frame modelsaférmm and 1.8 mm thick air gap. The same
trends are confirmed. Since the first peak is dueframe resonance, it cannot be observed with the
rigid frame model. Moreover, in the region of teeand peak, the difference between both models
increases when the air gap thickness decreas#sslIregion, not considering the frame as elastic
may cause significant error in the location and laage of the maximum absorption coefficient.

3.2 Effect of obliqgueincidence

Let consider now the sound absorption at obliquadence 8 (¢ is set to 0). Only

theoretical results will be presented. In orderatxount for oblique incidence, a periodic
arrangement has to be considered.



Fig. 5 shows the absorption coefficient at norara oblique incidence of the same sample
with 5 mm lateral air gap. The same trends arergbdefor both elastic and rigid frame models.
The maximum decreases with the angle and is shifiwdrds high frequencies. The absorption
becomes better in the low frequency range. Thegdh@accelerating at higher incidence angle
(i.e. between 60 and 80 degrees). Moreover, anpiegk arises at low frequency (around 76 Hz)
near grazing incidence: it is related to the Bluea wave. Note that the frequency of these two
first peaks is not function of the angle. They botntribute to a significant increase of the
absorption coefficient in the low frequency rangeomparison with the rigid frame model.

4 CONCLUSION

The effect of lateral air gaps around a porodatasiaterial sample has been investigated for
several angles of incidence. Both experiments aodefs show that air gaps may increase the
absorption in the low frequency range. When then&as considered as elastic, it is shown that
additional absorption peaks are observed, linkebbrigitudinal or shear motion of the porous
sample. Moreover, the location and the amplitudthefmaximal absorption coefficient may not
be accurately predicted with the rigid frame model.

Further works will deal with the influence of franmotion on the efficiency of light
membrane inclusions that may amplify the phenomenon
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Table 1 — Poroelastic material properties.

Porosity 0.97
Resistivity [Nmi‘s] 165 500
Tortuosity 1.8
Viscous lengthim] 60
Thermal lengthim] 180
Young’'s Modulus [Pa] 206 000
Poisson’s Ratio 0.45
Loss Factor 0.11

Skeleton density [kg.i|  39.5
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Fig. 1 — Model of the porous sample with lateral gaps.
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Fig. 2 — Mesh of the periodic cell.
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. 3— Measured absorption coefficient at normmaidence for several air gap thicknesses:
(continuous line) h=0 mm, (dotted line) h=1.8 mdaghed line) h=5 mm.
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4 — Simulated absorption coefficient at nohmnaidence for a 5 mm (left) and a 1.8 mm
(right) lateral air gap: (continuous line) elastfcame, (dashed line) rigid frame.
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. 5— Simulated absorption coefficient at nokiifa ¢ =0) and oblique incidence (20-80,
¢ =0) of a sample with 5 mm lateral air gap: (leftyid frame, (right) elastic frame.



