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Abstract: The elastic and geometrical properties
of low density polyethylene (LDPE) foam are
used in this paper to improve the attenuation
properties of periodic arrangements of acoustic
scatterers known as Sonic Crystals (SCs). A
specific recycled profile of LDPE foam is used
as elastic-acoustic scatterer. The acoustic
spectrum of the single scatterer shows two
attenuation peaks in the low frequency range. If
the elastic scatterers are arranged as a SC, the
attenuation spectrum shows the attenuation
peaks of the single scatterers at the same
position, as well as the attenuation peaks related
to the periodicity of the structure.

COMSOL Multiphysics is used to reproduce
numerically the frequency response measured
experimentally for both the single scatterers and
the periodic arrangement. The results provided
by COMSOL are in good agreement with the
experimental data.
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1. Introduction

Studying periodic distributions of scatterers
in a host media has been of increasing interest in
recent years [1-12]. The results have been widely
adopted in many engineering developments such
as photonic crystals [13], phononic crystals [1,
2], sonic crystals [4], wave guides [19] and
acoustic filters [11]. Emphasis in these periodic
systems has been on achieving large acoustic
Band Gaps (BGs), i.e. ranges of frequencies
where the wave propagation is forbidden [7-11].
One of the strategies for improving the BGs is to
design scatterers with resonant [7] or absorbent
behaviours [9].

In the case of the acoustic audible range of
frequencies, these periodic distributions of
scatterers are called Sonic Crystals (SCs) [4]. In
the past few years an increasing interest in the
improvement of the attenuation and focusing
properties of SC has been studied in the
literature. Many developments are based on the
modification of the scatterers by adding
acoustical properties and the application of
optimization algorithms over structures of rigid
scatterers.

Genetic Algorithms are widely used to
improve the attenuation or focusing properties of
the SC made of rigid cylinders. The design of the
Quasi-Ordered Structures (QOS) [11] produces
new attenuation peaks, and the optimization of
the focusing properties of SC can produce new
focal points [20].

Introducing the scatterers with added
acoustical properties can have different effect on
SCs performance. On the one hand, absorbent
scatterers [9] can be used to improve the BGs
produced by the SCs. On the other hand,
resonant scatterers can also be used to introduce
new attenuation bands in the SC frequency
response [7] that are independent of the
periodicity of the array.

In this paper we have analysed
experimentally and numerically the acoustical
response of recycled scatterers of Low Density
Polyethylene (LDPE) Foam. Profiles of this
material are used for packing applications, but its
geometrical shape and its elastic properties could
be exploited as scatterers with added acoustical
properties. The experimental data corresponding
to the frequency response of the LDPE foam
profiles shows two attenuation peaks in the low
frequency range. These attenuation properties of
the LDPE scatterer may be used for improving
the perfomance of SCs. In particular, the



frequency response of the periodic arrangement
of the LDPE scatterers includes these two new
attenuation peaks in the range of low frequencies
in addition to the attenuation peaks related with
the periodicity of the array.

In this work we have used a numerical model
based on COMSOL for modelling the acoustical
behaviour of the LDPE scatterers. The geometry
shown in figure 1 is used in COMSOL for
analysing propagation of sound in the frequency
domain. The frequency response is studied for a
single scatterer and for a SC with triangular unit
cell. The LDPE scatterers are embedded in air
and incident plane wave is perpendicular to the
axis of the scatterers from the left side. At the
boundary of the scatterer the elastic waves are
excited by waves of the acoustical field and,
reciprocally, vibration of the elastic scatterer
contributes to the acoustical field. In this
problem the finite element method is a promising
alternative to analytical methods because of
complex geometry of the LDPE profile.
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Figure 1. Geometry of the problem. Low density
polyethylene foam scatterer (elastic domain)
embedded in air (acoustical domain).

The structure of the paper is as follows. In
section 2, we show the experimental data
obtained for single the LDPE scatterer and for
the periodic array of the LDPE scatterers. In
Section 3 we show the governing equation of the
wave scattering problem, i.e. the elastic-acoustic
interaction. The numerical results are shown and
discussed in section 4. Finally, we present the
conclusions of the work.

2. Experimental results

The experimental data have been measured
in an anechoic chamber of size 8x6x3 m’. We
analyzed the well known Insertion Loss: the
difference between the sound level measured in a
point with and without the sample. The IL
provides us the attenuation behavior of the
sample.

In this section we show the experimental
results for a LDPE scatterer and for periodic
array of LDPE scatterers. In figure 2, we can
observe a transversal view of the scatterer. This
frame is 2 m long and its main material
properties are given in the Table 1. Along with
the low-density material the frame is
characterised by its geometrical shape which
could introduce the so-called resonance cavity.
We also observe in figure 2 the periodic
arrangement, or SC [6], which is based on
triangular unit cell whose lattice constant is 12.7
cm.

It must be noted that in this work we are
interested in analyzing the specific range of low
frequencies. The upper bound of this range
corresponds to the first Bragg’s frequency
corresponding to the lattice constant of 12.7 cm,
which is 1545 Hz [6].

Foams are mainly divided in two groups
open- and closed-cell. The former can be
analysed theoretically as a poroelastic material.
However, as Aygun and Attenborough [14]
showed, the closed-cell foams cannot be
considered as a poroelastic material. The
differences in acoustic properties between open-
and closed-cell, appear to result from the
different cell structures rather than from
differences in other physical parameters. On the
other hand, Grenestedt [15] has shown
analytically and numerically that the mechanical
behaviour of the closed-cell polymer foams can
be analysed as an effective elastic medium.

Table 1: Physical properties of the low density
Polyethylene foam.

LDPE Foam

Density (kg/m’) 50

Young’s modulus
(10° Pa) 0.095
Poisson’s ratio 0.32




When foam is compressed it exhibits an
initial elastic regime which is followed by a
plateau regime in which the load required to
compress the foam remains nearly constant [16].
We suppose that the LDPE foam belongs to the
elastic regime in the range of the acoustic
frequencies we are working with. Thus, LDPE
foam can be considered as elastic low-density
material.
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Figure 2. Transversal view of a LDPE foam
scatterer. Triangular array of scatterers of lattice
constant 12.7 cm.

In Figure 3 is the representation
corresponding to the experimental data of the IL
for a single LDPE scatterer. In the inset of the
figure we can observe the incidence direction
and the measurement point. Two attenuation
peaks appear before the upper bound of
frequencies defined above. The firs peak appears
around 700 Hz and the second one around 1100
Hz.
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Figure 3. Experimental Insertion Loss of a single
scatterer. The incidence direction and the measuring
point are shown in the inset.

We have measured the dependence of these
attenuation peaks on several parameters, such as
the length of the LDPE scatterer and the
incidence direction. For these dependences we
have observed always the same peaks at the
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same position. This is experimental evidence that
both peaks could be result of a resonant
behavior. In fact, the cavity that the LDPE
scatterer presents as well as the elastic properties
of the material could produce some resonance
effect.

In Figure 4 we show the IL corresponding to
a periodic arrangement of LDPE scatterers
situated in triangular arrangement with lattice
constant 12.7 cm in both main directions of
symmetry. The receiver positioned on the axis of
symmetry is 1 m distant from the last column of
SC. Periodic arrangement of 60 LDPE scatterers
is arranged in 6 rows of 10 LDPE scatterers.
Blue continuous line represents the IL for the 0°
of incidence (I'J) and red dashed line represents
the IL for the case of 30° of incidence (I'X).
Green dot line corresponds to the IL of a single
LDPE scatterer.
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Figure 4. Experimental IL. Blue continuous line
represents the IL for the 0° of incidence (I'J) and red
dashed line represents the IL for the case of 30° of
incidence (I'X). Green dot line corresponds to the IL
of a single scatterer.

In Figure 4 we observe the attenuation peaks
related to the single LDPE scatterer as well as
the attenuation peaks related to the periodicity of
the array considered. We can observe that the
attenuation peaks related to the single LDPE
scatterer are independent of the incident wave
directions, however, the attenuation peak
corresponding to the periodicity depends
strongly on the angle of the incident wave. This
is perfectly reasonable with the hypothesis that
the attenuation peaks of the single LDPE
scatterer corresponds to resonance phenomena.



Although the behavior of the attenuation
peaks should be explained, this is out of the
scope of this paper. In this work we are
interested in how COMSOL models the
acoustical behavior of a LDPE scatterer with
complex geometry. The physics behind each
attenuation peak of the spectrum shown in figure
4 will be explained in the reference [18].

3. Elasto-acoustic interaction

In this section we describe the governing
equation of the wave scattering problem. We
consider the time harmonic case. Suppose we
have an elastic medium B embedded in a fluid
material A. Then the equation for elastic waves
in the medium B is
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where u; is the i th component of the
displacement vector u(r), o is the angular
frequency and o; is the stress-strain relation
given by
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Ap and up are the so-called Lamé coefficients and
pp 1s the density of the elastic material. The
longitudinal and transverse velocities of the
material B are given by
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where the Lamé coefficients can be related with
the Young’s modulus and the Poisson’s ratio as
usual.

The equation for acoustic waves in the fluid
medium A, is
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where p is the pressure, p, is the density and ¢ is
the velocity of sound in the medium A.

The solutions of equations (3) and (5) must
satisfy the continuity conditions, yielding
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where OB is the boundary of the medium B.

4. Results

A multiphysics model of COMSOL is used
to solve the previous elastic-acoustic coupling. A
2D acoustic and plain strain model have been
used to solve the frequency response of the
system with the appropriated boundary
conditions. In the exterior boundaries of the
numerical domain the Radiation condition is
imposed.

4.1. Single Scatterer

The frequency response of a single LDPE
scatterer is shown in Figure 5. The red dashed
line represents the experimental data of the IL,
and the blue continuous line represents the
numerical IL calculated using COMSOL. We
can observe both experimentally and numerically
two attenuation peaks in the low frequency
range. The numerical results show good
agreement with the experimental data. The small
difference in the attenuation peaks may be result
of differences in the geometrical shape
implemented in the numerical model.
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Figure 5. Experimental and Numerical Insertion Loss
of a single scatterer of LDPE Foam. Red dashed line
represents the experimental IL. Blue continuous line

represents the numerical IL.

4.2. Finite periodic arrangement of scatterers

The same finite periodic arrangement used in
the experimental set up is reproduced in



COMSOL. We have performed a triangular
arrangement of 6 rows of 10 scatters with lattice
constant a=12.7 cm. In Figure 6 we can observe
the positions of the LDPE scatterers in the
interior of the periodic arrangement. Figure 6
and 7 represent two pressure maps corresponding
to the frequencies of both attenuation peaks
shown in figure 5. Figure 6 corresponds to the
map for the frequency of the first attenuation
peak, =600 Hz, whereas figure 7 is the map for
the frequency of the second attenuation peak,
f=1080Hz. As we have mentioned above the
small difference in the attenuation peak at 600
Hz may be result of differences in the
geometrical shape implemented in the numerical
model. In both figures the incident direction is
along the I'J direction (0° degrees). In a previous
section we have discussed from the experimental
spectra that both attenuation peaks observed in
the IL spectrum of the single LDPE scatterers,
figure 5, may be explained by some resonance
phenomena [17]. In Figure 6 as well as in figure
7 we can observe that the maximum values of the
acoustic pressure are distributed around the
LDPE scatterers, which is a characteristic
behavior of resonance effects.
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Figure 6. Pressure map in the interior of the finite
periodic structure for a plane incident wave of
frequency =600 Hz.

Figure 7. Pressure map in the interior of the finite
periodic structure for a plane incident wave of
frequency f=1080 Hz.

We have evaluated the IL in a point situated
at 1 m from the last row of cylinders and in the
axis of symmetry for an incidence of 0° degrees
(I'J direction). Figure 6 shows the numerical
results for such a periodic arrangement.
Continuous blue line represents the numerical IL
for the triangular arrangement and dashed red
line corresponds to the numerical IL for a single
LDPE scatterer. The inset zooms the range
where the attenuation peaks of the single LDPE
scatterer are produced.
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Figure 8. Numerical Insertion Loss. Red line
represents the IL of a single scatterer. Blue continuous
line represents the IL for a triangular arrangement of
LDPE Foam Scatterers with lattice constant a=12.7
cm for the 0° of incidence (I'J). Zoom shows the

numerical results for a single LDPE scatterer.
5. Conclusion

Scatterers with added acoustical properties
are analyzed numerically and experimentally in
this work using COMSOL Multiphysics. The
results obtained are in good agreement with the
experimental ones. Soft scatterers made with
LDPE foam with a cavity shows new properties
which can improve the acoustical attenuation
capability of SC at low frequencies. The LDPE
scatterer analyzed in this paper shows two
attenuation peaks at low frequencies. These
results open new perspective in the design of SC.
Several combinations of the LDPE scatterers
with different cavities and shapes could be used
to attenuate a wide range of frequencies. This
can be used in several engineering problems,
such as constructing effective acoustic barriers.
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