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ABSTRACT

Introduction: Micro-perforated absorbents are one of the structures that are widely used nowadays. The
sound absorption mechanism is performed by viscous energy losses in the cavities on the plate. In this
study, the acoustic properties of non-flat perforated panels in oblique angle was investigated in numerical
method.

Material and Methods: This paper examined the effect of the surface shape on the micro perforated
absorber performance at low frequencies (less than 500 Hz). The three-dimensional finite element method
was used to predict the absorption coefficient of this group of adsorbents. Also, the results obtained from
the shaped absorbents were compared with the flat micro perforated ones. After validating the numerical
results, six different designs were defined as the surface shape of the micro perforated plates in the
COMSOL Multiphasic, Ver. 5.3a software

Results: The results reflected the fact that the factor of the surface shape can be used as a contributing
factor in lower frequencies. In general, the dented or concave shapes provide better outcomes than other
flat designs and shapes and the convex or outward shapes bring the weakest results.

Conclusion: To explain this function, shaping creates a phase difference and angling the sound wave and
creates a variable depth behind the micro-perforated plate. It also influences the reflection process which
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affect the absorption coefficient.
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1. INTRODUCTION

Noise control can be done in a variety of forms
such as controlling at the source, controlling at the
receiver, and controlling in the sound propagation
path. When the goal is to control the noise in the
path of propagation, the issue of reduction in the
reverberation time comes to the focus of attention.
Reducing the reverberation time includes the
control of noise transferred through the air,
known as the airborne noise. One of the methods
of noise control is the absorption phenomenon.
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A micro-perforated absorbent typically contains
a perforated plate, which is placed with a
distance from a rigid wall. The sound absorption
mechanism is performed by viscous energy losses
in the cavities on the plate. It provides them the
required conditions to become suitable absorbents
with a broad absorption spectrum. This structure
provides better performance than other resonance
structures. The surface shape of these materials is
one of the factors affecting the acoustic behavior of
the absorbent materials. Few studies have looked at
the apparent shape of the adsorbent materials. For
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Fig. 1. Defined shape for the perforated panel and its
dimensions

example, Chens examined the effect of the shape
of porous absorbents behind the micro perforated
plate. He examined the simple, semicircular,
concave, and triangular shapes and concluded that
the form of porous absorbents definitely affects the
absorption coefficient at some frequencies. It seems
that few studies have focused on the appearance
of absorbents, particularly the micro-perforated
absorbents. Therefore, in this study, we evaluated
the effect of the surface shape on the performance

of micro-perforated absorbents using the finite
element method.

2. MATERIAL AND METHODS

To ensure the accuracy of simulation results,
these results need to be compared with the results
obtained from the test or the results presented in a
valid reference or an approved analytical method.
To this end, we compared the FEM simulation
results in this study with the absorption coefficient
results of the impedance tube in the paper. There
were many designs ranging from complex to simple
shapes in order to examine the effect of the surface
shape on the absorbance performance of micro-
perforated absorbents. The factors considered in
this study were the simplicity of designs, both in
terms of drawing in the software and at the stage of
making and use as well as the issues of aesthetics and
decoration. Therefore, the designs provided below
were selected as the surface shape of the micro-
perforated plate. A flat micro-perforated plate
(A) was used as a reference for comparison. The
structural characteristics of the micro-perforated
plates were considered to be the same in all modes.
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Fig. 2. Comparison between the experimental and FEM method*
"A perforated stainless steel sheet with a thickness of 0.7 mm, the diameter of the holes 4.1mm and a porosity percentage of 10%.Second
layer: A polyurethane foam with a thickness of 10 mm and the density of 12kg/m?* Third layer: A polyurethane foam with a thickness
of 10 mm and the density of 25kg/m’ Fourth layer: A simple stainless steel sheet with a thickness of 0.7 mm.
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Fig. 3. Comparison of the results of the absorption coefficient of all shapes
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The height behind the micro-perforated plates
is a factor affecting the acoustic behavior of this
group of absorbents. In this study, we considered
the height or depth of the back compartment of
the perforated plates identical and equal to 100
mm in all the designs. As the plates were shaped,
the depth behind the micro-perforated plate
was defined with the effective height, which was
obtained by integrating the volume of the back
of the micro-perforated plate. In this study, the
oblique coefficient of absorption at the angle of
theta = 45 was calculated with the assumption of
constant Beta = 45, which was then compared with
the flat shape as the reference.

3. RESULTS AND DISCUSSION

As shown in Fig. 2, the results of both methods
are somewhat close in the 1/3 octave frequency
range and the graphs’ trends are in perfect
harmony with each other. The important point in
this Figure is the closeness and similarity of the
finite element method to the laboratory method
at low and intermediate frequencies, while the
difference between the two graphs has increased
as the frequency increases. In sum, we can say
this method is capable of predicting the sound
performance rate of different acoustic structures.
Figure 3. Shows the results of the absorption
coefficient of all designs in the form of a graph.
As can be seen, the best shape in terms of the
coefficient of absorption is the concave shape “B”
The inverse pyramid “G” is in the next rank. To
explain this function, one can say that the shaping
of the micro-perforated plate creates a space behind
it with a variable height. We can see that the shape
B has the highest maximum height at the edges and
the lowest height in the middle part. Although the
shapes are made in such a way that ultimately the
effective height behind the micro-perforated plate
remains constant in all shapes, the presence of space
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with such a height behind the micro-perforated
plate causes resonance at some frequencies and
may help to absorption phenomenon at some
frequencies. The resonance frequency and the
frequency band of the system depend on some
parameters. Also, the waves entering through the
perforated surface move a pressure wave toward
the bottom of the compartment, which will be
also reflected upward after the collision with the
bottom of the compartment, reaching the surface.
These reflected waves have a phase difference with
each other as the paths they have traversed have
not been the same due to the difference in depth.
This causes constructive and potentially destructive
interactions and make changes in the rate of the
absorption coefficient. The reflection mode or, in
other words, the wave propagation in the back and
front of the plate depends entirely on the shape
of the plate. Hence, design or shape leads to the
concentration and directing the sound wave toward
the absorbent surface, and as a result, increases
the performance, while other shapes cause the
dispersion and distortion of the sound wave from
the absorbent surface.

4. CONCLUSIONS

1. Shaping creates a variable depth behind the
micro-perforated plate. In other words, when
a plate is shaped, the height behind it varies
throughout the plate that creates resonance
at some frequencies and may help to the
absorption phenomenon at certain frequencies.

2. Shaping creates a phase difference and

3. Angling the sound wave. It also influences the
reflection process that affects the absorption
coefficient.

4. Having shape increases the absorption area,
which was expected to contribute to the
absorption phenomenon. However, this factor
seems not to be helpful in this study.
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