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FRE CNRS 2012, CS 60319 Compiègne cedex, France
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ABSTRACT

Sound attenuation performances of a duct silencer made
of a metamaterial composed of a set of poroelastic lamel-
las, are investigated numerically and experimentally. The
lamella arrangement is designed so that skeleton elastic
resonances appear at low frequency. In addition, the air
gap between the lamellas induces pressure diffusion effects
commonly encountered in highly contrasted double poros-
ity media. The configuration of the silencer also exhibits
strong anisotropy. A 3D finite element model of the si-
lencer has been developed in order to identify the different
mechanisms taking place in the silencer. Numerical results
are shown to match well with experimental data for differ-
ent lamella orientations. By exploiting the geometrical pe-
riodicity of the silencer, a Bloch waves analysis is realized
and a parametric study is conducted. This reveals strong
model dispersion and interaction due to lamella elastic res-
onances. It is shown that certain design parameters can be
tuned in order to achieve large attenuation and absorption
at low frequency.

1. INTRODUCTION

The low frequency noise in the automotive, aircraft and
building industries is still a challenging problem. In many
case, the noise is produced by various airflow systems and
transmitted through ducts. The traditional passive treat-
ments, including acoustic liners and dissipative silencers
[1–3] usually made of porous material are not always suf-
ficiently light, compact or effective at low frequencies.

In the past twenty years, acoustic metasurfaces and
metamaterial have been through a robust development and
caught much attention from scientists because they present
novel dynamical property like mass density and bulk mod-
ulus with negative value [4–6]. Metaporous, composed of
sub-wavelength acoustic resonators such as Helmholtz res-
onator inserted into porous medium [7–10], have been also
proposed. They combine the wideband viscothermal losses
of porous materials and the sound absorption achieved by
the resonators at low frequency.

Dauchez et al. [11] studied sound absorption of a large
scale poroelastic lamella network under oblique incidence

in free field. Results show that this type of structured ma-
terial, which bears similarity with Christensen et al. [12],
permits to gain extra absorption in the low frequency range
by taking advantage of the resonance of the elastic frame
of the foam.

The aim of this work is to investigate experimentally
and numerically the role of frame elasticity for passive
sound control in ducts.

2. EXPERIMENT

Melamine foam

Figure 1. Experimental setup for transmission loss mea-
surement and lamellas orientations (a-b).

The poroelastic lamellar metamaterial is made up of
several melamine foam strips. Each lamella has a nominal
thickness h1 = 25 mm along the y-axis, a width w1 = 15
mm and a length of 200 mm. The air gap between two
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lamellas is 5 mm. There are ten parallel strips glued on a
20 cm × 20 cm stiff plate. Four samples are fabricated and
two configurations named parallel and perpendicular, as
shown in Fig. 1, are tested for the different orientations of
lamellas.

3. FEM MODEL

A Finite Element Model (FEM) corresponding to the ex-
perimental configurations has been established to under-
stand and interpret the experimental results. The role of
viscous, thermal and structural dissipation can be observed
more clearly. The wave propagation in porous Ωp and air
Ωa domain are governed by Helmholtz and Biot equation
respectively.
The comparison in Fig. 2 between experimental and FEM
numerical results for parallel and perpendicular cases indi-
cates that a good agreement is achieved.

For the parallel case, a peak, related to the cutoff fre-
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Figure 2. Comparison of experimental (solid line) and
FEM (dashed line) results for parallel (in blue) perpendic-
ular (in red) configurations.

quency of Lamb-like waves is visible in Fig. 2 around 850
Hz. A similar peak around 440 Hz is also observed for
perpendicular configuration due to the excitation of first
bending mode of the lamellas [11].

4. CONCLUSION

The sound attenuation of a silencer consisting of a lamella
network is investigated numerically and experimentally.
Two arrangements, parallel and perpendicular to the duct
axis, are considered. Results indicate that the perpendic-
ular configuration yields strong sound attenuation peaks
at low frequency due to the excitation of the lamella first
bending mode whereas, in the parallel configuration, at-
tenuation peaks are found to result from shear waves reso-
nances across the width of the lamella. Though acoustic at-
tenuation is mainly due to viscous dissipation as expected,
the relative contribution from structural dissipation plays a
noticeable role near the resonance.
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