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Abstract

Keywords

Background and aims: The sound coming from the exhaust of cars is the main
cause of noise pollution in the urban environment. Mufflers are used as a passive Reactive Muffler
noise control device to reduce the sound coming from the exhaust of cars. The
effectiveness of mufflers in reducing the volume of sound depends on various
factors. Achieving the right shape and dimensions for the internal components of Sound Transmission Loss
mufflers can help design mufflers with high sound transmission loss and optimal
fluid pressure loss. Therefore, the change in the muffler components and the effect
of the placement angle and the number of baffles in the fluid flow path on the
sound transmission loss in reactive mufflers have been investigated in this research
through software simulation.

Baffle

Modeling

Methods: In the current study, software modeling using COMSOL has been used to
investigate the effect of the studied geometrical variables on the sound transmission
loss in the muffler. By changing the geometric variables of the muffler, such as the
number and opening angle of the muffler baffles, different designs were obtained
and the results were compared to determine the effect of each variable.

Results: The results of this study indicated that the change in each of the geometric .
variables has a different effect on the muffler sound transmission loss in different Received: 2023/09/12
frequency ranges. Despite the increase in the average sound transmission loss with Accepted : 2024/07/13
the increase in the number and angle of the baffles, this factor is greatly reduced in

certain frequency ranges.

Discussion: According to the findings of this research, the sound transmission
loss of the different studied models is low at low frequencies and increases with
increasing frequency. Reactive mufflers show the most acoustic efficiency in narrow
frequency ranges, especially in high frequencies. The reduction in transmission loss
in some frequencies can be related to the fact that the resonance frequency of the
muffler is higher than the frequency of the sound under investigation. Additionally,
by increasing the angle or opening of the baffle, the viscosity and density of the
fluid inside the muffler increase, and the acoustic resistance increases, resulting in
increased transmission loss.

Conclusion: COMSOL software can be used to predict the acoustic performance
of mufflers, and its results can be used to improve the design. This method helps to
improve the design of muftlers more easily and quickly to increase the loss of sound
transmission in them. Also, the number and angle of baffles inside the expansion
chamber of reactive mufflers increase the sound transmission loss. Therefore, in
the design of mufflers, it is possible to use angled baffles with the right number and
angle to increase the sound transmission loss of the muffler at the target frequency.
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EXTENDED ABSTRACT

INTRODUCTION

Since the invention of the internal combustion
engine at the end of the 19th century, the noise created
by it has been a constant problem for the environment.
The internal combustion engine is the heart of a car.
The explosion during combustion creates a strong
sound pressure that must be transferred to the
atmosphere without affecting engine performance.
As a result, this sound pulse is transmitted to people’s
ears through the air. The sound produced by car
engines can far exceed the sound in the surrounding
environment, and evidence shows that chronic
exposure to sound causes hearing and non-hearing
problems and can lead to physical and mental issues
such as hearing loss and stress in people. Therefore,
it is necessary to have control devices to reduce the
sound output from the engine before the sound wave
reaches the environment. One of the most important
passive sound control methods is the use of mufflers
in the fluid flow path. A muffler or sound storage is
a very important element in controlling and reducing
the sound of those sound sources in which the fluid
flow in a channel is the bed of sound wave movement.
In general, a muftler is defined as an element in the
channel that, while allowing the free passage of fluid
through the channel, prevents the transmission of
sound along the channel. Mufflers cover a wide range
of sound reduction devices and generally, mufflers
are divided into reactive and absorption categories.
Mufflers installed on cars are considered a type of
reactive device. Reactive mufflers operate based on
the interference of destructive sound waves and the
change of acoustic impedance due to changes in the
cross-section along the path. In contrast, the basis of
the function of dissipative (absorption) mufflers is
the loss of sound energy and its conversion into heat
and vibration using porous fibrous sound absorbent
materials due to the direct collision of gas particles
with absorbent materials. Baffle mufflers are another
type of mufiler in the form of a cylinder, inside which
several baftles are welded according to the amount of
flow. When the exhaust gas reaches the muffler inlet,
their deviation prevents direct exit and by weakening
the flow, they reduce the sound. Past studies on
the effect of the baffles of bra muftlers show a 50%
improvement in sound transmission loss. At present,
reactive and sound-absorbing types of mufflers are
available for sound control, but their performance
is limited for various reasons. Moreover, one of the
disadvantages of using mufflers is the pressure drop of
the fluid flow while passing through the muffler. The
pressure drop increases the pressure on the engine and
as a result, increases fuel consumption and decreases
acceleration in cars. One of the most important factors
in determining the pressure drop of the fluid flow
while passing through the muffler is the geometrical

components of the muffler. For this reason, today
designers try to minimize the pressure drop by
improving the design of the geometry of mufflers.
The design of mufflers has been receiving attention
for many years, and therefore a lot of understanding
has been gained from it, most of these developments
are related to the last four decades. A suitable muffler
should result in maximum noise reduction as well as
the optimal pressure drop for the car engine. Loss of
sound transmission, loss of application, and reduction
of sound level are the three parameters studied in
mufflers. But to evaluate the performance of mufflers,
the sound transmission loss index is used as the main
parameter. TL or sound transmission loss shows a
value in dB that demonstrates the muffler’s ability to
reduce sound and being independent of the sound
source, it does not change with the change of the
source and the amount of sound input to the muffler.
Today, there is a growing trend in using computer
simulation in the design of various products. This is
due to the demand for reducing the time to supply
products to the market, better performance of
products, and greater complexity of products. Thus,
for the usefulness of using computer simulation in
product design, it is necessary for this simulation to be
as simple as possible and accurate enough at the same
time, so that the results of the simulation are reliable.
For this reason, the influence of the placement angle
and the number of baftles in the fluid flow path on the
amount of sound transmission loss in reactive mufflers
has been investigated through software simulation in
this research.

METHODOLOGY
1. Numerical design and simulation

In this study, to investigate the effect of the number
and angle of baftles on the sound transmission loss of
the muffler, six models were designed and studied
using the FEM method after 3D drawing with
COMSOL software. For this purpose, after drawing
the mufilers, the boundary conditions and relations
governing the study were determined. Finally, the
simulation results were extracted from the software
and carefully compared and checked.

2. 'The studied models

In this research, six mufflers were studied and
examined, each of which has three expansion
chambers, connecting pipes, delta-shaped baffles, and
inlet and outlet pipes.

3. Meshing

Meshing is defined as a process for dividing an
unlimited geometric domain into a limited number of
elements and nodes. In this research, a quadrilateral
mesh element was used. The maximum length of
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the element is calculated according to the wave
number and wavelength. For finite element analysis,
it is necessary to retain at least eight elements per
wavelength. For this purpose, first the speed of sound
at the desired temperature and then the length of
the shortest wave at the calculated temperature were
determined.

4. Mathematical equation

Numerical problems in the frequency range have
been solved using the Pressure Acoustics, Frequency
Domain module of the COMSOL Multiphysics
software. To find the acoustic pressure in the numerical
problem, the modified form of the Helmholtz equation
is used.

5. Boundary conditions

Port boundary conditions for the entrance and
exit openings of the muffler were used as the entrance
and exit of the sound wave to the range of the studied
elements. Additionally, the sound hard boundary
conditions were used for the inner walls of the muffler,
the walls of the connecting pipes, the existing baffles,
and the separating walls of the expansion chambers,
which caused the sound passing through the said
walls to be considered insignificant in the simulation
process.

RESULTS

In this study, the sound transmission loss of
the designed mufflers was investigated by software
simulation. According to the results, increasing the
opening angle of the baffles causes a decrease in the
length and an increase in the height of the third peak
of the muffler sound transmission loss graph in the
frequency range of 1200 to 1500 Hz. In addition,
increasing the opening angle of the baffles leads to
an increase in the length and height of the fourth
and fifth peaks of the muffler’s sound transmission
loss graph and an increase in the sound transmission
loss at frequencies of 1600 to 2200 Hz. However, this
change has reduced the sound transmission loss of the
muffler in the frequency range of 2200 Hz and above.

Pairwise comparison of sound transmission loss in
mufflers indicates that with the increase in the number
of baffles from one to three, the length and height
of the third and fourth peaks have decreased, while
the height of the sound transmission loss graph has
increased in the fifth, seventh, and eighth peaks. This
shows an increase in the sound transmission loss of
the muffler in the relevant frequencies.

Additionally, the increase in the number of baffles,
with the baffles having an angle of 60 degrees to each
other, has decreased the length and height of the third
peaks of the muffler’s sound transmission loss. On the
other hand, this has caused an increase in the sound
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transmission loss of the muffler in the frequency
range of 2200 to 2800 Hz. Moreover, the decrease in
the length and height of the third and fourth peaks
of the muffler sound transmission loss graph with the
increase in the number of baftles indicates a decrease
in the muffler sound transmission loss in the relevant
frequency range. Conversely, this change has caused
an increase in the transmission loss of the muffler in
the frequency range of 2550 to 2750 Hz.

DISCUSSION

As the findings of this research show, the
transmission loss of the different studied models is
low at low frequencies and increases with increasing
frequency, which is consistent with the results of other
studies. The results illustrate that reactive mufflers
show the most acoustic efficiency in narrow frequency
ranges, especially in high frequencies. The selectivity
of the acoustic performance of the muffler depends on
the geometrical characteristics, boundary conditions,
and the environmental conditions of the fluid inside
the muffler.

The muffler studied in the research is a reactive
expansion chamber type, in which the sound
transmitted from inside the muffler is reduced due
to the reflection of part of the sound energy towards
the sound source. In this type of muffler, little sound
energy is often consumed inside the muffler. The
muffler chamber acts as a resonator in a way that leads
to the disturbance of the acoustic balance in the main
tube of sound transmission. As the results of this study
show, the amount of transmission loss changes by
changing the number and angle of the baffle.

CONCLUSION

In this study, the performance of multiple reactive
mufflers was investigated by software simulation.
Software modeling helped to examine and compare
the acoustic performance of designed mufflers
without spending time and money. This method helps
to improve the design of mufflers more easily and
quickly to increase the loss of sound transmission in
them.

A general review of the obtained results shows the
effectiveness of the number and angle of the baffles
inside the expansion chamber of the reactive mufflers
on the loss of sound transmission. The type and extent
of the effect of changing the mentioned parameters
on the loss of sound transmission at different
frequencies is different, which is probably due to the
nature of sound waves and the way each of the sound
frequencies reacts to the change of the cross-section
inside the muffler expansion chamber. The results
showed that in the design of mufilers, it is possible to
use angled baffles with the right number and angle to
increase the sound transmission loss of the muftler at
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the target frequency.
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