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ABSTRACT

Introduction: The acoustic performance of natural fiber adsorbents has been investigated in numerous
studies. A part of these materials show a poor adsorption within the frequency range of less than 1000 Hz.
In the present study, attempts were made to investigate the effect of layout sequence of double-layered
composites consisting of natural and synthetic fibers on improving the acoustic adsorption coefficient of
natural fiber in the low-frequency range (63 to 1000 Hz) using the numerical finite element method.

Material and Methods: In this study, the finite element method and the Johnson-Champoux-Allard model
in COMSOL software version 5.3a were used to investigate the acoustic performance of the double-layered
composites consisting of natural and synthetic adsorbents. The acoustic absorbers under study included
date palm fiber, polyurethane foam and cellular rubber. Each double-layered composite included a date
palm fiber with 10mm in thickness and a synthetic adsorbent (polyurethane foam or cellular rubber) with
10mm in thickness. In sum, four double-layered composite structures with different layouts of adsorbents
in each structure were studied.

Results: The location of natural fiber can play a critical role in the acoustic performance of the double-
layered composite structures such that comparing the studied double-layered composites revealed that
when the natural fiber was the first layer exposed to the normal sound in the double-layered composites
with 20mm in thickness, the trend of acoustic performance was approximately the same as the single-
layered composite of natural fiber with 20mm in thickness; but in the composite structures, when the
synthetic adsorbent was the first layer exposed to the sound, the trend of acoustic absorption was
improved.

Conclusion: On the basis of the results, the double-layered composite structure with a higher-density and
lower-porosity upper layer showed a better acoustic absorption trend than the single-layered composite
including the natural adsorbent.

Keywords: Acoustic Performance, Natural Fiber, Synthetic Adsorbent, Finite Element Method

TUMS

1. INTRODUCTION

Due to the conversion of sound energy to heat
and consequently sound absorption, the acoustic
absorbers have many applications in controlling
the noise and sound. These materials are divided
into two categories in terms of the fibers’ nature:
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natural fibers (plant, animal) and synthetic fibers
(polymer fibers, non-polymeric). High stability,
good acoustic performance, resistance to fungal
and mold growth, flexibility, elasticity, and low
water absorption are from the properties of
synthetic fibers such that, they are resistant to
water, stress, heat, and chemicals. The sound
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absorbers can be used separately or in multilayer
structures. Multilayer structures enable the
improvement of sound adsorption coefficient of
an adsorbent through reducing the composite
density and thickness without any reduction in the
sound absorption. On the other hand, orientation
of sound absorbing panels in a multilayer system
plays a significant role in the acoustic performance
of materials. Compared to the empirical methods,
the numerical methods are seen as an appropriate
scientific alternative for examining the issues.
Some numerical methods, such as Finite Element
Method (FEM) and Boundary Element Method
(BEM), are able to model the acoustic spaces in
more details as well as the complex behaviors such
as interference and deviation, and their functioning
is excellent in the low-frequency range. Therefore,
before conducting the experimental and field
studies, modeling is suggested to save time and
money. In this study, the impact of layout sequence
of double-layered composites consisting of natural
and synthetic fibers on improvement of the sound
adsorption coefficient of date palm fiber at low
frequency (63 to 1000 Hz) was investigated by
FEM. Similarly, the weakness of the reduced sound
performance of this natural fiber is covered at the
low frequencies.

2. MATERIAL AND METHODS

In addition to the empirical method, there are
modeling techniques including mathematical,
analytical, and numerical methods to investigate
the performance of acoustic absorption of porous
adsorbents. In this study, the Johnson-Champoux-
Allard (JCA) model and also FEM was used with

COMSOL Multiphysics software version 5.3a. The
studied sound absorbers in this research included
date the palm fiber, polyurethane foam and cellular
rubber. The results of experimental studies on
the date palm fiber showed that the best acoustic
performance of this material occurs at medium and
high-frequency ranges. Studies have shown that a
sound absorber with multilayer structure offers a
higher adsorption coefficient than a single-layered
structure with the same thickness. For this purpose,
the structure of the double-layered composite consists
of a date palm fiber with a 10mm in thickness where
each of the absorbent materials, including rubber or
polyurethane foam, is 10mm in thickness, too. Since
the present study aimed at investigating the effect
of the layout sequence of adsorbents in the double-
layered composite including date palm fiber and
synthetic adsorbent on the acoustic performance
of date palm fiber at low frequencies by modeling
technique, the layout sequence of the layers in the
studied structures along with their shapes is shown
in Table 1 and Fig. 1, respectively.

3. RESULTS AND DISCUSSION

Results of the FEM validation with experimental
results for date palm fiber with a thickness of
20 mm are presented in Fig. 2. Fig. 3 shows the
results of the adsorption coeflicient of the studied
structures within the frequency range of 63 Hz to
1000 Hz. In this figure, structure A is compared
to the structures B, C, D, and E. As seen in Fig. 3
(Diagram A), as the frequency increases, the sound
absorption property of the date palm fiber with
20 mm in thickness and the density of 100 Kg/m3
and the porosity of 0.8976% increase significantly
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Table 1. Layout sequence of layers in the studied structures

Structure Description ‘

Date palm fiber with 20mm in thickness and density of 100 Kg/m?, and other properties (air flow

A resistivity: 1785, porosity: 0.8976, tortuosity: 2.8, viscous and thermal characteristic lengths: 189-
414)
Date palm fiber with 10mm in thickness (bottom layer) and cellular rubber with 10mm in thickness
B and density of 64 Kg/m?, and other properties (air flow resistivity: 123501, porosity: 0.83, tortuosity:

2.64, viscous and thermal characteristic lengths: 23-23)

Date palm fiber with 10mm in thickness (top layer) and cellular rubber with 10mm in thickness
(bottom layer)

Date palm fiber with 10mm thickness (bottom layer) and polyurethane foam with 10mm in thickness
D and density of 25 Kg/m?, and other properties (air flow resistivity: 12901, porosity: 0.98, tortuosity:
1.41, viscous and thermal characteristic lengths: 21-23)

Date palm with 10mm in thickness (top layer) and polyurethane foam with 10mm in thickness
(bottom layer)
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Fig. 2. Comparison between the results of sound absorption performance of experimental method and FEM

and the adsorption coefficient varies up to 0.16.
According to diagram B, it was found that as the
frequency increases, the sound absorption property
of date palm fiber and rubber increases up to 0.6. In
structure C, the adsorption rate is 0.14 at 800 Hz,
but in reverse, i.e., in structure B, the adsorption
rate reaches 0.5 at 800 Hz. As one can see in
diagram D, the adsorption coeflicient has increased
with a relatively lower slope than the diagram B,
such that the adsorption coefficient has decreased
to 0.3 and less than 0.1 at 800 Hz and 400 Hz,
respectively. In structure E, where the layout of its
layers is the opposite of structure D, the maximum
adsorption coefficient of this structure was 0.18.
Therefore, compared to the adsorption coeflicient
of different double-layered structures, as can be
seen in the diagrams, in all cases, as the frequency

[ DOW!

increases, the adsorption coefficient has taken an
ascending trend. Structure B shows the highest
adsorption coefficient at the studied frequencies.
An effective acoustic property in improvement of
the acoustic performance of structure B compared
to structure C is the resistance to airflow. Another
factor influencing the sound absorption rate is
porosity. In the double-layered structure studied
here, when the layer with less porosity, as the
first layer, was exposed to the sound with low
frequency, the acoustic adsorption performance of
double-layered composite enhanced. So, one can
conclude that reduced porosity has increased the
sound absorption coeflicient of the double-layered
composite structure. This result was reported in the
study by Fouladi et al. on the acoustic performance
of natural fibers such as fibers of coconut, corn,
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Fig. 3. Sound performance diagrams of the studied structures

sugarcane, and marijuana (8). In this study,
when the polyurethane foam in a double-layered
composite with natural fiber had higher density
than the rubber while exposing to the incident
sound wave, better acoustic performance was
achieved.

4. CONCLUSIONS

Using the modeling techniques makes it possible
to predict the adsorption rate of adsorbing
materials with a lower cost and higher speed before
manufacturing them. Results showed that by
using the multilayer sound-absorbing structures,
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better performance can be achieved than single-
layer materials. Compared to other structures
with different layouts, the application of the
double-layered composites of date palm fiber and
rubber - rubber, as the first layer exposing to the
sound, plays a more effective role in increasing the
adsorption coeflicient of double-layer structures at
low frequencies.
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