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ABSTRACT

In this study, five materials<used for the design and manufacture of acoustic absorbers have been
investigated. The finite element method has been used with the help of COMSOL software to measure the
underwater sound absorption coefficient. The method of creating an axisymmetric simulation to reduce the
volume of calculations has been explained; the application of boundary conditions and the generation of
acoustic waves have also been investigated, and the effect of the mechanical properties of the materials,
including Young's modulus, density, and loss coefficient, on the underwater sound absorption coefficient has
been analyzed. The results show that with the"increase in the Young's modulus of materials such as nitrile
butadiene rubber, which inherently have a low /Young's.modulus; the sound absorption coefficient in the
frequency range of 0.2 to 10 kHz increases significantly’compared.to other materials.Materials with a high loss
coefficient increase the sound absorption coefficient at.frequencies below 1 kHz compared to other materials.
Materials such as styrene butadiene rubber, which has a density closeto that of water, have a good impedance
match with the underwater environment and have excellent sound absorption coefficients in the frequency

range of 2 to 10 kHz, which also depends on other material properties,
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1. Introduction

Sonar is a technology that uses sound emission or
absorption of sound emitted underwater to identify other
ships, vessels, and underwater objects[1, 2].Sound-
absorbing, layers are used to cover a moving vehicle in
an underwater environment to prevent detection by
sonar systems[3-6]. In order to effectively design
sound-absorbinglayers, several important issues must
be considered to) achieve better results, the most
important of which is impedance matching with the
underwater environment, so that the waves radiated to
the absorbing«layer enter the absorbing layer with
minimal reflection [7]. Researchers have used various
materials that have theproperty of impedance matching
with the underwater environment, such as polymeric
materials [8, 9], etc., in designing,underwater sound
absorbers.

In the present studyy the effect” of, mechanical
properties on the underwater< sound “absorption
coefficient of several conventional materialsused to
design and manufacture acoustic absorbers. for
underwater environments[7] has been _investigated.. The
results of this study show that the mechanical properties
of each material can affect the sound=absorption
coefficient at different points in the frequency range.
Therefore, investigating these properties on _the
underwater sound absorption coefficient is of<great
importance in the design and manufacture of acoustic
coatings in underwater environments.

2. Materials and Finite Element Method

In this study, five materials, epoxy, thermoplastic
polyurethane, styrene butadiene rubber, chlorinated
polyethylene rubber, and nitrile butadiene rubber, which
are used in most references as the base material for
designing  acoustic  absorbers  in  underwater
environments, have been investigated, and the effect of
their mechanical properties on the underwater sound
absorption coefficient has been considered.

COMSOL software has been used to calculate the
sound absorption coefficient. A quadrilateral section has
been selected as the cross-section of a cell of the
absorber. This problem is solved in three dimensions
and by considering the physics of sound pressure in the
frequency domain and the mechanics of solids. Above
the water space, a completely uniform layer has been
placed to prevent the interference of radiated sound
waves with the reflected waves of the absorber surface
and to transmit the reflected waves to the outside
environment[28].1t should be noted that a solid-fluid
interface is set up at the interface between the water and
the absorber structure. The occurrence of the sound

wave is achieved by setting a background pressure field
in the water layer. By setting periodic boundary
conditions on the four sides of the periodic cell in
COMSOL, the periodic cell can be considered as an
infinite number and with this condition the lateral
dimension of the absorber is assumed to be infinite and
it is formed from a periodic arrangement of
quadrilateral cells and such periodic cells arranged in
the horizontal direction form an infinite sound
absorbing superstructure[10] .

3. Results and Discussion

The fluctuation in the acoustic absorption coefficient of
underwater samples is due to the natural frequencies of
solids and fluids and their dependence on the
mechanical and non-acoustic properties of the material.
Materials with high Young's modulus deform less due
to their greater stiffness and show a higher sound
absorption coefficient, but a further increase in the
modulus does not have a significant effect on them. In
contrast, materials such as nitrile butadiene rubber with
low Young's modulus, with increasing stiffness, sound
absorption increases significantly at frequencies of 2—-10
kHz. The high loss factor ensures optimal conversion of
the mechanical energy of the sound wave into heat
through internal viscosity and elastic damping and is
especially effective at low frequencies and in water (due
to_high impedance).The impedance matching between
the material and water improves the transmission and
absorption of acoustic energy by exploiting the
viscoelastic property of lossy materials and adjusting
the density close to that of water. Consequently, a
balanced selection of Young's modulus, loss coefficient,
and density is essential to achieve effective underwater
sound‘absorption. These results are evident in Figure 1.
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Figure 1: Figure: Sound absorption coefficient diagram of
the presented materials



4, Conclusion

In this study, the effect of the mechanical
properties of five common water-impedance-
matched polymeric materials on the sound
absorption coefficient has been investigated using
the finite "element method. Parameters such as
Young's modulus, density, and loss factor have
been analyzed for each material. The results show
that these properties have different effects on the
sound"absorptionperformance depending on the
frequency. Inssome materials such as epoxy and
thermoplastic polyurethane, changes in Young's
modulus and density directly affect the absorption,
while in materials such«as‘nitrile butadiene rubber
and chlorinated polyethylene, theiloss factor plays
a more key role. The results of this study are of
great help in the design and _manufacture of
acoustic absorbers
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Table 1: Values of mechanical properties of materials [12, 18, 27].
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Figure 1: Schematic of the separation of a cell sorbent, simulation conditions, and boundary
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Figure 2: Geometric parameters of different parts of the finite element.imodel



Table 2: Values of geometric parameters presented in Figure 2.
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Table 3: Information on the meshes under study.
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Figure 3: Absorption coefficient:Diagram of five mesh samples for epoxy material
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Figure 4: Validation diagram of the results of this study for reference [28].
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Figure 5: Diagram of the effect of Young's modulus on the underwater sound absorption coefficient of
epoxy
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Figure 6: Diagram of the effect of density on the underwater sound absorption coefficient of epoxy
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Figure 7: Diagram of the effect of'the loss.coefficient on the underwater sound absorption coefficient of
epoxy material.
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Figure 8: Diagram of the effect of Young's modulus on the underwater sound absorption coefficient of
thermoplastic polyurethane.
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Figure 9: Diagram of the effect of density on‘the underwater sound absorption coefficient of
thermoplastic polyurethane.
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Figure 10: Diagram of the effect of loss coefficient on the underwater sound absorption coeffigient of
thermoplastic polyurethane.
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Figure 11: Diagram of the effect of Young's modulus on the underwater sound absorption coefficient for
butadiene nitrile material.
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Figure 12: Diagram of the effect of density on the underwater sound absorption coefficient for butadiene
nitrile’material.
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Figure 13: Diagram of the effect of the loss coefficient on the underwater sound absorption coefficient
for butadiene nitrile material.
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Figure 14: Diagram of the effect of Young's modulus on the«inderwater sound absorption coefficient of
styrene butadiene rubber.
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Figure 15: Diagram of the effect.of density on the underwater sound absorption coefficient of styrene
butadiene rubber.
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Figure 16: Diagram of the effect of the loss coefficient on the underwater sound absorption ceefficient
of styrene butadiene rubber.
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Figure 17: Diagram of the effect of Young's modulus on the‘underwater sound absorption coefficient of
chlorinated polyethylene rubber,
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Figure 18: Diagram of the effect.of-density on the underwater sound absorption coefficient of
chlorinated polyethylene rubber.
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Figure 19: Diagram of the effect of the loss coefficient on the underwater sound absorption coefficient
of chlorinated polyethylene rubber
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Figure 20: Sound absorption coefficient diagram.of the materials presented in Table 1.
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Numerical investigation of the effect of mechanical
properties of impedance-matched materials with the
underwater environment on acoustic absorption using
the finite element method.

A.H. Moradi?, A. Hasani Baferani®!,

Department of Mechanical Engineering, Tafresh University, Tafresh, Iran

ABSTRACT
In this study, five materials'used for the design and manufacture of acoustic absorbers have been investigated.

The finite element method has beenusediwith the help of COMSOL software to measure the underwater sound
absorption coefficient. The method of creating an axisymmetric simulation to reduce the volume of calculations
has been explained; the application of beundary conditions and the generation of acoustic waves have also been
investigated, and the effect of the mechanical properties of the materials, including Young's modulus, density,
and loss coefficient, on the underwater,sound absorption coefficient has been analyzed. The results show that
with the increase in the Young's modulus of materials‘such as nitrile butadiene rubber, which inherently have a
low Young's modulus; the sound absorption coefficient in the frequency range of 0.2 to 10 kHz increases
significantly compared to other materials.Materials with-a*high loss coefficient increase the sound absorption
coefficient at frequencies below 1 kHz compared to othermaterials. Materials such as styrene butadiene rubber,
which has a density close to that of water, have a good impedance /match with the underwater environment and
have excellent sound absorption coefficients in the frequency range of 2.to 10 kHz, which also depends on other
material properties
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Underwater sound absorption, Young's modulus, density, loss coefficient, impedancesmatching
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