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ABSTRACT

Noise levels have rapidly increased in recent years, largely due to the proliferation of
modern appliances and critical noise sources like engine exhaust mufflers. Controlling
muffler-radiated noise could reduce its impact on the surrounding communities. Generally,
conventional mufflers utilize expensive sound-absorbing, fibrous, porous materials with
high cost and harmful effects. Thus, eco-friendly materials are being used as alternative
materials for their lower cost and less effects. The objective of this study is to evaluate
natural material fiber's potential as an effective sound absorber in exhaust absorptive
mufflers. Also, evaluate an elliptical muffler's performance by studying several factors,
including liner materials, liner thickness, and how these factors affect sound transmission
loss. The finite element method is used to simulate and analyze the sound transmission
loss of a three-dimensional elliptical muffler model built using COMSOL Multiphysics. This
paper proposed an exhaust muffler model with a waste of (date palm trunk, coconut or
coir, and corn fiber) as an eco-friendly sound-absorbing material. In addition, a parametric
study with a frequency range of up to (6000) Hz was done to evaluate the effect of liner
thickness and inlet/outlet tube diameter on transmission loss. The results indicated that
airflow resistivity (Rf) is the effective factor that governs sound transmission loss; higher
airflow resistivity materials provide better attenuation. Absorbing material with higher
airflow resistivity showed an incremental rise in transmission loss beyond 500 Hz, with
notable peaks appearing at (1.25, 2.5, 3.4 & 5) kHz. Moreover, it is effective to reduce
inlet/outlet diameter and increase liner thickness.

Keywords: Absorptive muffler, Acoustic, Sound absorptive materials, Sound transmission
loss.

1. INTRODUCTION

Urban noise pollution, encompassing industrial and social noise, particularly road traffic,
substantially affects people's productivity and psychological health (Mosa et al., 2024). Reducing
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noise is a top priority for governments and researchers (Li et al., 2024). Engines, such as
vehicles, are the most significant source of road traffic noise and can be quite varied. The
exhaust mufflers could be one of the primary sources of noise in these engines. Monitoring
these noise levels is crucial for creating effective mitigation strategies (Reddy, 2017).
An engine's exhaust system produces two primary types of noise: low-frequency "breathing
noise" and high-frequency "flow noise," the latter occurring between 800 and 1000 Hz.
Traditional passive mufflers are effective at middle and high frequencies but perform poorly
for low-frequency noise (Bordonga et al., 2022; Kashikar et al., 2021; Zhu et al., 2017).
Mufflers have long been utilized in car exhaust systems for their mid-to-high-frequency
broadband capabilities(Amuaku et al., 2019; El Chami et al., 2024). Positioned between
the manifold and the catalytic converter.
Mufflers come in two types: absorptive and reactive, with various designs. Automotive
mulfflers typically combine both qualities (Potente, 2005). An absorptive muffler typically
consists of pipes and chambers lined with sound-absorbing materials. Upon entering the
muffler, sound waves engage with the materials, which absorb a significant amount of sound
energy, converting it into heat and effectively reducing the intensity of the noise that exits
the system (Mosa et al., 2023). The absorptive muffler's disadvantage is its inability to
damp low frequencies due to large wavelengths, though this can be mitigated by adjusting
the thickness of the absorbent material (Vimaladass, 2022).
Two issues that modern society needs to solve are waste management and noise pollution.
The adoption of new alternative materials that absorb sound can significantly mitigate these
issues. Therefore, it is very desirable to have low-cost, easily created, thin, and lightweight
materials that have high rating sound absorption in a broad frequency range. The majority
of sound-absorbing materials are made from synthetic and waste materials such as foams,
recycled rubber, glass wool, and polyester fibers, which can harm the environment,
endanger human health, and disrupt workplace operations. Therefore, utilizing natural
materials would be excellent since their porous cell structure and relatively low density are
becoming increasingly attractive due to their renewable, nonabrasive, low cost, and
availability. Additionally, they perform better in terms of energy saving and pose fewer
health risks during handling and processing (Arenas and Asdrubali, 2018). The acoustic
effectiveness of these materials is verified by their ability to convert incoming sound energy
into heat or vibrations rather than reflecting it into the air. An effective sound-absorbing
material should minimize sound energy reflection and maximize sound energy absorption.
The material's efficacy is measured by how well it can transform incident sound energy into
other forms of heat or vibrations instead of reflecting it into the surrounding air. As
longitudinal sound waves penetrate porous materials, the air within the pores undergoes periodic
compression and decompression (Jang, 2023; Yang et al., 2020). This results in molecular
vibrations that strike the pore walls, creating resonance and leading to energy dissipation.
Reduced sound energy reflection and increased sound energy absorption are desirable
properties of an effective sound-absorbing material. Thus, researchers exhibit significant
interest in natural materials from plants due to their potential as sound absorbers in acoustic
engineering not only in terms of cost-effectiveness but also in sustainability (Cao et al.,
2018; Suhaeri et al., 2024). Given that their capabilities could rival costly synthetic
materials used for noise reduction. Subsequently, several studies focused on improving their
acoustic capabilities for use in absorptive mufflers to reduce emitted noise pollution
including the type of materials, fiber thickness, and liner thickness. Results indicated that a
denser absorptive layer absorbs more energy within the muffler, enhancing sound
transmission loss (Ranjbar and Alinaghi, 2016; Kalita et al., 2015). (Xu et al., 2004)
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studied how enhancements in fiber properties affect the acoustic dissipation performance
of dissipative mufflers. In the low-to-medium-frequency range, a higher area ratio increases
the noise reduction. Moreover, a rise in transmission loss occurs in the mid-to-high-
frequency range.

One of the recognized natural materials is Corn Husk Fiber (Sari et al., 2016) which has
been of interest to researchers due to its ability to significantly enhance sound absorption
through a simple method (Sari et al.,, 2017). The results indicate that these materials
perform high sound-absorbing performance and could address environmental issues and
mitigate noise pollution. Natural hemp fiber was also considered alongside corn husk in
composite materials by (khdier et al., 2020), resulting in improved acoustic insulation
properties.

Studies on the sound wave propagation pressure in a lined muffler for an internal
combustion engine were presented, featuring a rectangular resonator chamber (Vasile et
al,, 2011; Antebas et al,, 2013). Their objective was to apply finite element analysis to
demonstrate both inductive and resistive damping in pressure acoustics. The findings of this
research focus on transmission loss, aiding in the sequencing of acoustic analysis and the
implementation of precise boundary conditions. Subsequently, Kosata tried clay granulates
as a muffler-lined welling to improve the acoustic performance. A modified formula is
proposed for better predictive accuracy. The theoretical model has been verified with
experimental tests. Results showed that thicker granulate layers enhance transmission loss
across varying frequencies(Kosala, 2022). Additionally, a study of an exhaust muffler is
presented to improve its acoustic performance by using MPP backed by different depths of
parallel-arranged cavities (Min et al., 2024). Numerical simulations of sound absorption
and transmission are conducted with experiments. Outcomes showed that acoustic
performance improves when modifying the length of the muffler and moving to lower
frequencies with the increase of cavity depth.

Subsequently, multiple research projects are presented on improving the acoustic
performance of mufflers, however, there is still a need to enhance their performance by
using recognized natural materials. Thus, this study evaluates the potential of natural fiber
materials as effective sound absorbers in exhaust mufflers and determines the performance
of elliptical mufflers by assessing factors such as liner materials and thickness, and their
impact on sound transmission loss. In this paper numerical simulation of a muffler based on
FEM is accomplished using COMSOL Multiphysics represent in the methodology part. This
covers the Mesh, boundary conditions, material, and model design structure.

2. METHODOLOGY
2.1 Theory

A sudden change in the particle positions within a medium produces a sound pressure wave.
The tiny variation in the ambient static pressure concerning the total value of the ambient
static pressure itself causes the sound pressure wave to propagate through space. These
sound pressure waves usually move through an exhaust system's pipes as plane waves in
the frequency range that matters for silencer analysis. In the mid-to-high frequency range,
in particular, three-dimensional wave propagation can occur inside the muffler (Roy, 2011).
The acoustic performance of an exhaust muffler is evaluated using various parameters, one
of which is the sound transmission loss, formally denoted as (TL) (Chichvarina and
Smirnov, 2020). The architectural feature of the muffler plays a crucial role in disrupting
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the path of sound waves, thereby enhancing the overall transmission loss. TL is defined as
the ratio of the incident sound energy entering the muffler to the transmitted sound energy
exiting downstream (Venkataraman and Raj, 2014). As sound waves encounter
absorptive liners within the muffler, they undergo reflections and absorptions, which
contribute to a reduction in noise levels emitted from the exhaust system (Ranjbar and
Kermani, 2015).

TL = 1010g::—; (1)

where w; the incident sound power and w, The transmitted sound power. Since the sound's
power is a function of both the area of the tube and the square of the sound pressure
amplitude, Eq. (1) becomes: (Ranjbar and Kermani, 2015)

TL = 20log (|57|) + 10log (:—) 2)

p; Refer to the incident pressure and p; Refer to transmitted pressure. The variables show
that the cross-sectional areas of the inlet and outlet tubes are A; and A,, Respectively (Kalita
and Singh, 2023).If A; = A, Then, Eq. (2) becomes:

TL = 2010g§—:' (3)

Based on earlier studies done by Delany and Bazley and the work done by Lord et al., the
complex acoustical impedance (Zc) and wave number (kc) of an element could be found as
indicated in Egs. (4) and (5) (Kalita and Singh, 2023; Lord and Gatley, 1987; Delany and
Bazley, 1970).

ke = k. (1 + 0.098. (M)_O'7 —.0.189 (M)_O'S%) (4)

g g

Z, =7, <1 +0.057. (M)O'm —i.0.087 (po)_Om) (5)

g a

where the term Z, is the characteristic impedance, ¢ the airflow resistivity, f the frequency,
and p, The density of the material.

2.2 Simulation

Besides transmission loss, parameters such as frequency response and impedance matching
are crucial in determining the performance of any muffler. An efficient design is crucial to
guarantee that the muffler effectively functions throughout a wide range of frequencies,
especially those that are most common in the engine's exhaust profile. Engineers can
optimize muffler design by fine-tuning parameters to reduce objectionable noise while
ensuring adequate exhaust flow. Furthermore, selecting appropriate materials can also play
a significant role in dampening sound frequencies.

Simulation is implemented using COMSOL Multiphysics software v6 based on the finite
element method (FEM) since the software offers a reliable foundation for modeling the
intricate interactions between sound waves and various material characteristics of the
muffler.

87



A. 0. M. Raoof and A. I. Mosa Journal of Engineering, 2025, 31(7)

The study started by building geometry primitives corresponding to the proposed muffler
model featuring a centered single inlet and outlet at each end. Initially, a proposed model of
a circular muffler was built as depicted in Fig. 1, featuring inlet and outlet tubes with a
diameter and a length of 150 mm. The muffler chamber has a diameter of 203.2 mm and a
length of 457.2 mm.

Absorptive
material liner

Figure 1. Initial circular exhaust muffler model with liner.

The proposed model was validated by comparison against analytical values obtained
through other models from the literature (Kalita et al.,, 2015). The result showed an
accurate outcome for the proposed model compared to the Kalita model for varied liner
thickness, as depicted in Fig. 2.
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Figure 2. Model validation with the Kalita model for varied thicknesses (Kalita et al.,
2015).

2.2.1 Developed Model

Depending on the intended use, automotive mufflers are available in a wide variety of sizes,
shapes, and styles. Typically, oval or round-shaped chambers are the more enormous fits
between an inlet and an output tube in an automotive exhaust muffler, therefore, the initial
design is developed into an oval, followed by the creation of a three-dimensional model, first
without a liner and then with a liner layer. The sound-absorbing material is built as a liner
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layer of the muffler and analyzed using various absorptive materials and thicknesses as
detailed in Table 1 and Fig. 3.

Table 1. Design dimensions of the exhaust absorptive muffler.

Muffler dimensions in (mm)

Inlet/outlet tube diameter 80

Inlet/outlet tube length 150

Muffler chamber height 150

Muffler chamber width 300

Muffler chamber length 600

Liner thickness 15, 25, 35

° _ Outlet
Tube

Absorptive

Inlet

Muffler's
Chamber y\f/x

Figure 3. Exhaust muffler geometry with sound absorption liner.

2.2.2 Boundary Conditions

This study utilizes a specific boundary condition to calculate the muffler's sound
transmission loss. This boundary condition is essential for precisely modeling the acoustic
environment within the muffler model in COMSOL software, allowing for a detailed
assessment of sound wave propagation and reflection.

1- The pressure incident wave is set to 1 Pa at the inlet, and the radiation condition is taken
at the outlet.

2- All the outer muffler boundaries are considered solid hard wall boundaries with zero
velocity.

3- The simulation analysis covered a frequency domain of up to 6000 HZ.

4- All model walls are considered hard sound walls to prevent any vibration.

2.2.3 Materials

The study utilized three waste materials as muffler liners to evaluate their sound absorption
capabilities. The waste materials selected for this investigation included recycled corn husks,
as well as the waste of date palm and coconut fiber.

It is essential to ascertain the airflow resistance of these materials; the values of these
material attributes were derived from prior research that examined acoustic performance.
(Sari et al., 2016; Taban et al., 2021; Fouladi et al., 2011). Understanding the airflow
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resistance can help better predict how these materials perform in real-world applications.
To further comprehend how changes in material composition might impact sound
absorption, it is necessary to conduct a comprehensive analysis of the correlation between
airflow resistance and acoustic dampening capabilities. The material's characteristics are
shown in Table 2.

Table 2. Sound absorption materials characteristics.

Material Airflow resistivity porosity Fiber diameter Fiber Density
(Pa.s/m?) (um) (kg/m3)
Date palm 2173 0.87 - 125
coconut 1680 - 252 821
Corn husk 1375 0.88 - 344
2.2.4 Mesh

The next step is to create the model mesh after constructing the geometry and assigning the
physics. Mesh generation is a crucial preprocessing step in FEM, which can be time-
consuming for analysts. Meshing is a technique of partitioning an infinite geometric domain
into discrete elements and nodes (Prasad and Thiagarajan, 2015). A well-designed mesh
ensures accuracy in capturing the system's behavior under study. The domain must be
appropriately meshed into elements of certain forms, such as triangles and quadrilaterals.
No overlaps or gaps are permitted. Information, such as element connectivity, must also be
generated during meshing for later simulation (Liu, 2002).

Depending on the level of discretization the user of the FEM desires to perform, a series of
algorithms that might be relatively basic or rather difficult are used for this (Wéordenweber,
1984). By reducing complex structures to a finite set of equations that computers can solve,
discretization makes it possible to approximate physical processes numerically. It links an
academic model and an actual simulation, transforming intangible ideas into measurable
information (Madier, 2023). A mesh was created based on the muffler geometry shown in
Fig. 4. A physics-controlled mesh with fine element size was chosen as the sequence type,
this mesh is structured so that the size of each element does not vary from element to
element. The number of mesh elements per wavelength is chosen as automatic. Finally, the
Complete mesh consists of 268819 domain elements, 19952 boundary elements, and 1100
edge elements.

Figure 4. Meshed geometry of an exhaust muffler.
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3. RESULTS AND DISCUSSION

Numerous variables, including sound transmission loss, noise reduction, and insertion loss,
can be used to assess a muffler's acoustic properties (Arslan et al., 2020).

The study evaluated a muffler's performance by assessing many factors such as liner
materials, liner thickness, and inlet/outlet diameter. The objective is to determine the best
combination of these parameters. Also, evaluate natural material fiber's potential as an
effective sound absorber in exhaust absorptive mufflers.

3.1 Materials and Liner Thickness

A simulation analysis was initially conducted to evaluate the transmission loss of a muffler
without an absorptive liner. Additionally, several absorbent materials were utilized in the
muffler lining simulations. Fig. 5 illustrates the effect of three absorbent materials (date
palm trunk, coconut, and corn) and their thickness on the muffler's transmission loss in
decibels (dB) across a frequency range of up to 6000 Hz. According to these results, a muffler
without a liner was initially studied to investigate the effect of the liner on muffler sound
attenuation. The numerical analysis of a liner thickness of 15 mm revealed that all materials
exhibited diminished peaks up to 500 Hz.
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Figure 5. Exhaust muffler sound transmission loss with liner thickness (A) 15 mm,
(B) 25 mm, (C) 35 mm.

In contrast, the date palm absorbing material, which has a higher airflow resistivity,
demonstrated a gradual increase in transmission loss beyond 500 Hz, with significant peaks
occurring at 1.25, 2.5, 3.4, and 5 kHz, reaching transmission loss levels of 31, 49, 46, and 33
dB, respectively. After this point, the transmission loss steadily decreased until it reached 17
dB. This indicates that the primary determinant of the acoustic materials' ability to transmit
and absorb sound is airflow resistivity.

An investigation into transmission loss has been conducted on three cases of muffler liner
thicknesses: 15 mm, 25 mm, and 35 mm. This study indicates that absorptive mufflers with
thicker liners enhance sound transmission loss for all three materials used.

3.2 Inlet/ Outlet Diameter

For this study, three diameters were selected for the inlet and outlet tubes: the first diameter
is 50 mm, while the others are 80 mm and 100 mm. The results for muffler transmission loss,
both with and without a liner, indicate that a decrease in inlet/outlet diameter results in an
increased transmission loss of the absorptive muffler, as illustrated in Fig. 6. This
phenomenon occurs because an increase in tube diameter leads to a decrease in sound wave
pressure. According to the sound transmission loss equation discussed in the theory section,
if the logarithmic value of the incident to transmitted sound pressure ratio increases, the
sound transmission loss also increases. Initially, mufflers without liners show increasing
transmission loss in all frequencies over the frequency range (0 to 6000 Hz) when the
inlet/outlet tube diameter decreases. Then the muffler with absorptive liner across the
frequency up to 1000 Hz shows a small increase in the transmission loss value. At the
frequency range of 4000 Hz and above, we also notice a noticeable increase in sound
transmission loss value until it gradually decreases until the frequency of 6000 Hz.
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Figure 6. Exhaust muffler transmission loss with liner thickness of 15mm and inlet/outlet
tube diameter of A) 50 mm, B) 80 mm, C)100 mm, respectively.

4. CONCLUSIONS

Pressure acoustic frequency domain analysis was employed to calculate the transmission
loss and determine the optimal sound-absorbing material for use in mufflers. Initially, the
transmission loss of a muffler without a liner was studied. The date palm, coconut, and corn
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fibers were utilized as absorptive muffler liners. The liner materials were analyzed at three
thicknesses (15, 25, and 35 mm) and three inlet/outlet diameters (50, 80, and 100 mm). A
deeper comprehension of how geometry influences noise transmission loss in an absorptive
muffler can be achieved by investigating various inlet/outlet diameters and liner
thicknesses. Based on the materials' airflow resistivity (Rf), the results indicated that
materials with higher Rf values exhibit better sound attenuation characteristics. The analysis
also suggests that a reduction in the inlet/outlet diameters increases the transmission loss
of the absorptive muffler. Additionally, the two upper peaks of the curves for liner thickness
shift to lower frequencies, with different materials displaying distinct tendencies in this
regard.

NOMENCLATURE
Symbol Description Symbol | Description
A; Area of the inlet tube w, Transmitted sound power
A, Area of the outlet tube Zc Complex acoustical impedance
Di incident pressure Zo Characteristic impedance.
Do Transmitted pressure Do Density of material (kg/m?).
TL Tra_nsmlsswn Loss. o Airflow resistivity (Pa.s/m?).
w; Incident sound power

Credit Authorship Contribution Statement

Asmaa 0. M. Raoof: Writing - review & editing, Writing - original draft, Validation, Software,
Methodology. Ali I. Mosa: Supervising and following up the research.

Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

REFERENCES

Amuaku, R.,, Amoah Asante, E., Edward, A. and Bright Gyamfi, G.,, 2019. Effects of chamber
perforations, inlet and outlet pipe diameter variations on transmission loss characteristics of a
muffler using comsol multiphysics. Advances in Applied Sciences, 4(6), P. 104.
https://doi.org/10.11648/j.aas.20190406.11.

Antebas, A.G., Denia, F.D., Pedrosa, A.M. and Fuenmayor, F.J., 2013. A finite element approach for the
acoustic modeling of perforated dissipative mufflers with non-homogeneous properties.
Mathematical and Computer Modelling, 57(7-8), pp. 1970-1978.
https://doi.org/10.1016/j.mcm.2012.01.021.

Arenas, J.P. and Asdrubali, F., 2018. Handbook of Ecomaterials. Handbook of Ecomaterials.
https://doi.org/10.1007/978-3-319-48281-1.

Arslan, H., Ranjbar, M,, Secgin, E. and Celik, V., 2020. Theoretical and experimental investigation of
acoustic performance of multi-chamber reactive silencers. Applied Acoustics, 157, P. 106987.
https://doi.org/10.1016/j.apacoust.2019.07.035.

Ashok Reddy, K., 2017. A critical review on acoustic methods & materials of a muffler. Materials
Today: Proceedings, 4(8), pp. 7313-7334. https://doi.org/10.1016/j.matpr.2017.07.061.
94


https://doi.org/10.11648/j.aas.20190406.11
https://doi.org/10.1016/j.mcm.2012.01.021
https://doi.org/10.1007/978-3-319-48281-1
https://doi.org/10.1016/j.apacoust.2019.07.035
https://doi.org/10.1016/j.matpr.2017.07.061

A. 0. M. Raoof and A. I. Mosa Journal of Engineering, 2025, 31(7)

Bordonga, J., Fromm, E. and Ernst, EW., 2022. Design and implementation of active noise cancellation
for car cabin on sulaimania roads using arduino embedded system. Journal of Engineering Education,
28(4), pp- 243-244. https://doi.org/10.1002/j.2168-9830.1993.tb01083 x.

Cao, L., Fu, Q. Si, Y, Ding, B. and Yu, J., 2018. Porous materials for sound absorption. Composites
Communications, 10, pp.25-35. https://doi.org/10.1016/j.coc0.2018.05.001.

El Chami, Y., Pezeshki, Z., Sidi Mohamed, S.M. and Safaei, B., 2024. Enhanced acoustic attenuation
performance of a novel absorptive muffler: A Helmholtz equation-based simulation study. Journal of
Engineering Management and Systems Engineering, 3(1), pp. 53-64.
https://doi.org/10.56578/jemse030105.

Chichvarina, K. and Smirnov, S., 2020. Study of the combined muffler effectiveness. MATEC Web of
Conferences, 320, p. 00023. https://doi.org/10.1051/matecconf/202032000023.

Delany, M.E. and Bazley, E.N., 1970. Acoustical properties of fibrous absorbent materials. Applied
Acoustics, 3(2), pp.105-116. https://doi.org/10.1016/0003-682X(70)90031-9.

Harold W. Lord, William S. Gatley, H.A.E., 1987. Noise Control for Engineers. R.E. Krieger Publishing
Company.

Hosseini Fouladi, M., Ayub, M. and Jailani Mohd Nor, M., 2011. Analysis of coir fiber acoustical
characteristics. Applied Acoustics, 72(1), pp. 35-42.
https://doi.org/10.1016/j.apacoust.2010.09.007.

Jang, E.S., 2023. Sound absorbing properties of selected green material —A review. Forests, 14(7).
https://doi.org/10.3390/f14071366.

Kalita, U., Pratap, A. and Kumar, S., 2015. Behavior of transmission loss in muffler with the variation
in absorption layer thickness. International Journal of Scientific Research and Management (IJSRM),
3(4), pp- 2321-3418.

Kalita, U. and Singh, M., 2023. Acoustic performance analysis of muffler by varying sound absorption
materials. Materials Today: Proceedings. https://doi.org/10.1016/j.matpr.2023.02.272.

Kashikar, A., Suryawanshi, R., Sonone, N.,, Thorat, R. and Savant, S., 2021. Development of muffler
design and its validation. Applied Acoustics, 180, P. 108132.
https://doi.org/10.1016/j.apacoust.2021.108132.

khdier, H., Hussein, A. and Salih, W., 2020. Manufacturing of thermal and acoustic insulation from
(Polymer blend/recycled natural fibers). Engineering and Technology Journal, 38(12), pp. 1801-
1807. https://doi.org/10.30684/etj.v38i12A.1509.

Kosata, K., 2022. Transmission loss of absorptive mufflers lined with expanded clay granulates.
Vibrations in Physical Systems, 33(2), pp. 2-9. https://doi.org/10.21008/j.0860-6897.2022.2.16.

Li, Y, Dai, Y, Yao, G., Luo, W,, Zhi, C. and Xing, Y., 2024. Design of an improved impedance tube to
measure sound absorption coefficients of flexible textile materials. Engineering Research Express,
6(1), P. 15413. https://doi.org/10.1088/2631-8695/ad3404.

Liu, G.R,, 2002. Mesh Free Methods Moving Beyond the Finite Element Method. CRC Press.
Madier, D., 2023. An Introduction to the Fundamentals of Mesh Generation in Finite Element.

http://www.fea-academy.com.

95


https://doi.org/10.1002/j.2168-9830.1993.tb01083.x
https://doi.org/10.1016/j.coco.2018.05.001
https://doi.org/10.56578/jemse030105
https://doi.org/10.1051/matecconf/202032000023
https://doi.org/10.1016/0003-682X(70)90031-9
https://doi.org/10.1016/j.apacoust.2010.09.007
https://doi.org/10.3390/f14071366
https://doi.org/10.1016/j.matpr.2023.02.272
https://doi.org/10.1016/j.apacoust.2021.108132
https://doi.org/10.30684/etj.v38i12A.1509
https://doi.org/10.21008/j.0860-6897.2022.2.16
https://doi.org/10.1088/2631-8695/ad3404
http://www.fea-academy.com/

A. 0. M. Raoof and A. I. Mosa Journal of Engineering, 2025, 31(7)

Min, H., Lou, H. and Zhao, Y., 2024. Acoustic properties of a micro-perforated muffler with parallel-
arranged cavities of different depths. Building and Environment, 261(December 2023), P. 111728.
https://doi.org/10.1016/j.buildenv.2024.111728.

Mosa, A.L, Al-Sadawi, L.A., Attia, O.H. and Adam, N.M., 2024. Predicting and modeling the effects of
turbines noise on operator’s mental task performance in Al-Dora power plant. EUREKA, Physics and
Engineering, 2024-Septe(5), pp- 173-182. https://doi.org/10.21303/2461-4262.2024.003390.

Mosa, A.L, Putra, A. and Mahmood, H.A., 2023. Evaluating the impact of structure parameters on the
acoustic performance of an exhaust muffler with shells. Eastern-European Journal of Enterprise
Technologies, 6(10(126)), pp- 43-49. https://doi.org/10.15587/1729-4061.2023.289250.

Potente, D., 2005. General design principles for an automotive muffler. Annual Conference of the
Australian Acoustical Society 2005, Acoustics 2005: Acoustics in a Changing Environment, (November),
pp. 121-126.

Prasad, A. and Thiagarajan, R.C., 2015. Acoustic performance design of automotive muffler . In:
Proceedings of the COMSOL Conference.
https://www.researchgate.net/publication/350063080_Acoustic_Performance_Design_of Automot
ive_Muffler.

Ranjbar, M. and Alinaghi, M., 2016. Effect of liner layer properties on noise transmission loss in
absorptive mufflers. Mathematical Modelling and Applications, 1(2), pp. 46-54.
https://doi.org/10.11648/j.mma.20160102.13.

Ranjbar, M. and Kermani, M., 2015. Muffler design by noise transmission loss maximization. PhD
thesis, Eastern Mediterranean University (EMU)-Dogu Akdeniz Universitesi (DAU).

Roy, T.W. Le, 2011. Muffler characterization with implementation of the finite element method and
experimental techniques. Michigan Technological University. Michigan Technological University.
https://doi.org/10.37099 /mtu.dc.etds/381.

Sari, N.H., Wardana, .N.G., Irawan, Y.S. and Siswanto, E., 2016. Physical and acoustical properties of
corn husk fiber panels. Advances in Acoustics and Vibration, 2016, pp. 1-8.
https://doi.org/10.1155/2016/5971814.

Sari, N.H., Wardana, [.N.G., Irawan, Y.S. and Siswanto, E., 2017. Corn husk fiber-polyester composites
as sound absorber: Nonacoustical and acoustical properties. Advances in Acoustics and Vibration,
2017, pp. 1-7. https://doi.org/10.1155/2017/4319389.

Suhaeri, S., Fulazzaky, M.A., Husaini, H., Dirhamsyah, M. and Hasanuddin, 1., 2024. Application of
scirpus grossus fiber as a sound absorber. Heliyon, 10(7), P. e28961.
https://doi.org/10.1016/j.heliyon.2024.e28961.

Taban, E., Amininasab, S., Soltani, P., Berardi, U., Abdi, D.D. and Samaei, S.E., 2021. Use of date palm
waste fibers as sound absorption material. Journal of Building Engineering, 41(April).
https://doi.org/10.1016/j.jobe.2021.102752.

Vasile, O., Gillich, N. and Laurentiu, N., 2011. Finite element analysis for reactive and dissipative
rectangular muffler. In: Recent Advances in Signal Processing, Computational Geometry and Systems
Theory - ISCGAV’11, ISTASC’11. pp. 251-255.

Venkataraman, D.B. and Raj, G., 2014. Experimental investigation and performance evaluation of
passive noise control components. International Journal of Innovative Research in Science,
Engineering and Technology, 03(09), pp- 16064-16071.

96


https://doi.org/10.1016/j.buildenv.2024.111728
https://doi.org/10.21303/2461-4262.2024.003390
https://doi.org/10.15587/1729-4061.2023.289250
https://www.researchgate.net/publication/350063080_Acoustic_Performance_Design_of_Automotive_Muffler
https://www.researchgate.net/publication/350063080_Acoustic_Performance_Design_of_Automotive_Muffler
https://doi.org/10.11648/j.mma.20160102.13
https://doi.org/10.37099/mtu.dc.etds/381
https://doi.org/10.1155/2016/5971814
https://doi.org/10.1155/2017/4319389
https://doi.org/10.1016/j.heliyon.2024.e28961
https://doi.org/10.1016/j.jobe.2021.102752

A. 0. M. Raoof and A. I. Mosa Journal of Engineering, 2025, 31(7)

https://doi.org/10.15680/ijirset.2014.0309041.

Vimaladass, A., 2022. Investigation of vehicle muffler acoustic transmission loss. PhD thesis in
Kaunas University of Technology.

Wordenweber, B., 1984. Finite element mesh generation. Computer-Aided Design, 16(5), pp. 285-
291. https://doi.org/10.1016/0010-4485(84)90087-3.

Xu, M.B.,, Selamet, A, Lee, L.J. and Huff, N.T., 2004. Sound attenuation in dissipative expansion
chambers.  Journal of  Sound and Vibration, 272(3-5), Pp. 1125-1133.
https://doi.org/10.1016/j.jsv.2003.07.025.

Yang, T., Hu, L., Xiong, X., Petr(i, M., Noman, M.T., Mishra, R. and Militky, ]., 2020. Sound absorption
properties of natural fibers: A review. Sustainability (Switzerland), 12(20), pp.1-25.
https://doi.org/10.3390/su12208477.

Zhu, Y. wei, Zhu, F. wang, Zhang, Y. shan and Wei, Q. guo, 2017. The research on semi-active muffler
device of controlling the exhaust pipe’s low-frequency noise. Applied Acoustics, 116, pp.9-13.
https://doi.org/10.1016/j.apacoust.2016.09.011.

97


https://doi.org/10.15680/ijirset.2014.0309041
https://doi.org/10.1016/0010-4485(84)90087-3
https://doi.org/10.1016/j.jsv.2003.07.025
https://doi.org/10.3390/su12208477
https://doi.org/10.1016/j.apacoust.2016.09.011

A. 0. M. Raoof and A. I. Mosa Journal of Engineering, 2025, 31(7)

Fpall o) Ao AAtaal aslal) Cigaal) A51S Ailay d)ga Aulladl (gasal) andil)

Zrusa paln) Ao, Tliggy deaa g2 slaud

@hall e2laiy e 2lany daals cdenigh A0S ¢ fball Aavia i !
el «2ai ¢ 2lais daals cdonigh AS (Aol duarig aud

Ll

lans Lanl) 53] Ll ) ety IS @l 3gmg 68,81 sl 8 L Lo li)) elingeall ilisine cargd
oo i o) gl GlalS e aliall eliagaall b oSaill (Karg -l adlse GlalS Jin ddapall clingeal)
(Cageall (aiah o pal] ALaals dnaleoe Lkl 2ge Ll Cygeall LalS aadid Lo Saley  Adasall Ciladinal e Ll
Coagd Aol Lgahyilty LRl (mlaady e Al 3peS Akall ddia dlge padied I gl iy e AaS Saaw
o () Gaag LS L aslall Galaial lailS 3 Cigeall Jlad aiasS Zpmplal) Sgall Gl SIS s ) Al 038
Jalgal) o3a il LaSy cleSams (Ailladl alge @lld b La cdaloe B2e duhy PlA e JSA (gliay Cigea IS ol
Cigea wlS Fisai A Cgaall JU) oo Julasy S8l 5aganall jualiall diijla aadid guall JU) )it e
pale Cigun IS B39 48)4l) 028 s il 85 .COMSOL Multiphysics galin alaaials e calay) D (goliay
ALRYL Cigeall Galiaial 2l At AsaS (53 Gillly cxighl Jon sl xigl) g el s ¢ 3a) bl plasiuly
gl dand) Cpsl s dlladl clale 550 il Jin (6000) () dams 235 Gty Ll cual dlls Y
A5 Cus tCigual) a5 ol oS (1 S35l Jalall o (RE) elsell 385 daglia of ) ibal) colal L Jal ola e
Gt Bl oY) logll (385 Laglia il dalall dlgall capglal . Jumil Uhaias LY clsgll 3055 daslia <l afgal
iy e sdle . 5jagl€ (55 3.4 2.5 ¢1.25) il vie dagale el jsela pa ¢ Jip 500 2 Jull olasé

Al elads 53y oz Aall/daaal Sl Sl 8 Alled g

98



