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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.

CONFLICT OF INTEREST
None.

AUTHOR CONTRIBUTIONS

Alimohammadi: Designing of the study

Farrokhi: performing the study

Nouraei: Editing the manuscript

Yarahmadi: Consulting

AmirArsalan Khan: Data Gathering and Editing the
manuscript

OPEN ACCESS

©2024 The author(s). This article is licensed under
a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation,
distribution and reproduction in any medium or
format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the

Creative Commons license, and indicate if changes
were made. The images or other third-party material
in this article are included in the article’s Creative
Commons license, unless indicated otherwise in a
credit line to the material. If material is not included
in the article’s Creative Commons license and your
intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view
a copy of this license, visit: http://creativecommons.
org/licenses/by/4.0/

ETHICAL CONSIDERATION
The authors declare that there are no conflicts of
interest regarding the publication of this manuscript.

CODE OF ETHICS

The present research is ratified in Iran University
of Medical Sciences under ethical code of IRIUMS.
REC.1399/931

How to cite this article:

Iraj Alimohammadi, Mozhgan Nouraei, Asoudeh AmirArsalan Khan, Rasoul Yarahmadi, Mahdi Farrokhi.
Modeling the effect of the number and angle of the baffle on the sound transmission loss in reactive muftler. Iran

Occupational Health. 2024 (01 Sep);21:9.

*This work is published under CC BY-NC 4.0 licence

Iran Occupational Health. 2024 (01 Sep);21: 9.



http://dx.doi.org/10.66224/ioh.21.1.366
https://ioh.iums.ac.ir/article-1-3447-en.html

http://ioh.iums.ac.ir o

o

B

LI 7 ==

VAE-Y YY) 600

“'-\

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.366 ]

w19 Polo 40 lwo JEI Céf yo JOb @ gly g Ol 1 (5 3lw I

Ohplealig (ol (Sdj pole olSuiily ccusligs oSl (gl 4y Cubligy wdine 05,5 S Cudligy Gliios 1S pe wliwl 1 gaesmosle & il

Il el sl (S pole olStily cuilagg oaSiiibs (sl 4d > iy (puiins 09,5 IS gy liiod S50 syl LSS 1S (B0

oyl old ol (Kb pole olKutils IS cubligy Slidos 1850 gl 4b e Cubliny wtige oS 1B Vs y] gaol 239a0]

Oyl oyl (K3 pole olRuisly wudligg BaSUEID (gl by Cubligy wdige 09,5 dgn (Sogll lains S ye bl i gdea )l Jom,

Ol el el (K53 pole oSl cadlagy 038l cigl b cudlig (uotis 09,5 I Cudligy Slasind 3 s Adyl LSS (oo ot gi ) 1S3 (500
farokhil.ma@gmail.com

oJ%S\?

Rojlguls Ol adlge b e )3 Sy (539l sl el (il logy3s3 35351 5l (295 shao 18R g i
51, Jale 2 bl I g e ool b b glio Sy sy Sy olyie 4 b Bl 3l lagysss 9351 5l agys shio
sl S Wlgige laylile 515 (linl (s conlin slasd 5 JS5 &) o sl dily ilin Julgs &) Lo e inlS

o Jli sl asgly b 5 oo claailgos yusis s S Sl Atste U8 8l 5 YU shio JUisl il b ol lile slb 4 Lo
Sildso SIB e il s Gkl (o8Ty o Slile 5o lao Jl <8l i Sl 0l e 3 b JBL S 5 (65 )13

ol LB 18wy 3590 gy col

Slopizo 36 ) gz COMSOL 581 p 5 5l odlizal L (6138l o5 (gl o 51 Bl adllas )32 o) 2 (3,
315 45l e uokits (gl iy s do Al yo 3 sl 015 o3litol oo 5 1o JUi] ] (5, 1 adllan 390 suoin
Sglisie slagybo dyd Fe g Fe e (53505 gl b S5 QW5 BBl b S5 0o 5118 5 Ble o Jil (5395 445 5
2005 dulie pite b Sl st Cagn odel s gl g ol Cannty

15 ble (el sl cdl gy 5 glite 5 oodin (sl puitio ) Sy b 55 yueis 45 3> i aallln ] gl 1o Bl
Ol a8l ausly g ol al38l b o JUisl il Sl Sali8l 392 b oS gpsbo 4 )8 o glite (i8S (slaojl
WYIEINY ik fo)b Gl g Jsb (il carge b JL (395 (s gly Sl g Moo S b pasidie (uilS)E (sl ojl )3 g8
o Bl 5395 (s gl Linl58lecnl r oslle 395 o 10+ JI WY+ LoadlS 5 0l 5o ,bila (gliuo Jlis) ] lges glis)

o B VYo JNFr eln LlS b 55 o Jlisl ] il g lblo Lo JUis! cdl Jloges g6, 5 Jgbo Linljél & yoxia

Cawl o 3y YV o 51 5UL anilS )8 (6 05l 5o Jlale lao sl cdl ials cogo s ol (yuiorad Dgd

ol sle LlS 5 5o anlllas o 90 Giliee slo o (glio JU ol byl ol sla 4idly 4 azgily 1

VEYEIVY el fu

Sl (o8 sl ojl 43 (2STy bl e 39d (oo 0l o Bl (B I L 5 WAL (o0 o5
15 J 2l e malS Lo g aims oo ol 055 3 VU sle uilS )3 40 o3ugr |y SatausST Ll o iy
andls Lgrye gy 3590 Dgo il B L e Guiligs; el B (o9 Sglite 4 Bl (oo 1) o SR (S
5 4l (Rl Bl G955 Jlow atdls 9 695315 Olime JB (F90925 L argly I3 b cgsige (al pogdle
9 oo 33 JUl 2l )T g 4y 5 (tal33l (SessST Conglio

cor ol @l 5l s COMSOL 38l 5 5l plsion bo Jlle (SmssST o ,Shos (s (i Stz 25085 4l
58 e JUisil <8l il ez b Bl (b 5 gy s 5 Olol Sgete & G35 0l 05 oLl Sk S5t
ey STy sl lilo bloosl aliizeo 51 5 S525e (clo 3l dul; 5 0las paizmad S o Sl S5 L
colio aygly g ol b s aysly sl J8L 5 lgs oo b Ul >l sl by 00 5 e T Jlasl cdl a8l
5 osliial Gan el 3 5o Hile oo JUil 2l ilidl cgr

w/aww)/)fylw ‘)O')LU

Dl 2l Sy los Auko

:llio oyl s slciw! o gl
Iraj Alimohammadi, Mozhgan Nouraei, Asoudeh AmirArsalan Khan, Rasoul Yarahmadi, Mahdi Farrokhi.

Modeling the effect of the number and angle of the baffle on the sound transmission loss in reactive muftler. Iran
Occupational Health. 2024 (01 Sep);21:9.

ol 438 55 5920 CC BY-NC 4.0 b sl ST aw s 33900 4 alliio ¢yl plibassl™

5 Iran Occupational Health. 2024 (01 Sep);21: 9.



http://ioh.iums.ac.ir
http://dx.doi.org/10.66224/ioh.21.1.366
https://ioh.iums.ac.ir/article-1-3447-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.366 ]

alaly &y (SwsST Guiloal 035 5 (Fgo 500 sl
388 (o0 Jos e Job y0 gate mhaw yo Sl s
BT (i) 31 (sl Lol o Shas ol a5 I
Sloslazul b (3l 5 LS 4 ol Lo 5 (Sse 655l
freine 8,95 2 Je oy JodSie (6 b Sl 3L Sl
LaTasl oo L3l 0lge b 518 &l )3

@olans Jols 5 (S e (caaSly slo L3l
il o Sglize olayl b ablize ¢ dg) glo bl
Gl poe (bl o o lodds ate ;530K 4 45
S5 @z S e Sl carge uilagl
ojg el & glo Jlle el .05 Ko (5355 (SeiwsS
3525 )18 eoliinl 3550 (s Gl 5> sl yg5 90 10
Ao sla g 1 IVl oo (£25T5 sl LiLe 53 5]
Sl Ll 5l 60y el 4 gl oo £23STy
LIV joe 5 ol la (W58 Bl e L
23,5

alginl JS3 4y o lile 51 6 S0 g5 L sla il
Gz bz e a4zl Llag] )0 45wl oo
@ 790 ey b el oad osls B L
395 50 ek 5 3 o Lo ] Bl sl ,llo (g5 9
D] S o las ol el b Gnas b
oaima s s Jile s J3b 136 g5, 42558 lalllas
LVEN V]l e oo Jlasl cdl oo 10 B+ Sgugo

o Bl o (2o g (oaSTy gl pol> Jl> yo
o, Slas Lol caiiin oyiws jo s S glp o
colre 1 (SoDVOlew! sgame il LYo & Lyl
hogee o Jlw Gl slad S8l e 3L 5l oslinul
sFee Sy 2 ke Gl el jlad cdlcl b
Sl als g S g Bras (e Sl 4
e Jelse 0n 5 e 31 (S D Plogd oo lag 095 5
adlge Lo 5l jone ez Jlw sz jLid 28l i
Ok o350l Jeds (e a - aile Sl g slo
LI N VPN LN P UK T N ER NI AR VEL WO
b e b [V]asile s See Sl a1, ,Lis
6ok S0 9, cnljlgad)S )l B azgs 5 WL‘”J}M’
boyo by g opl i a5 Cosl sl casss o1 5
e b celoe JBle SG sl oo S ans Sl 4
Sl i ,Li8 Sl (izren g o a5 o i &
(/)093 5,055 55550

s o el 2lS 555 I bl s il
i) el D VIl sols il s axlliass o 2y
el lsie 4 o il cdl jasls b il o Shae

Ol 5 (sdesmede z 4l

dodio

058 Aol o s @l jgise gl sl Gl
oils sla pwo s 5l T lawgs sal slou! slaws pa3 53
S Gl jeige [Ncwl oog oy las (6l
sloul cael 3l e jo jlail .l 9,045 SO LB
S8des 25U Hed liaS 058 (oo Gl (Fgo L2S
b 5 Sye oAl ol 9 Jiiie sl 4 55
Slao [Y]0s,5 o Jiie o3l (oS 4 g Lo
oo 5l Wlg oo 9,095 j5ige Lawgs oad ags
o4 4755 b 5 58, 513 o Bl s 13 3575
ssb 4 oo b dgzlge o5 ams oo lis saled o040
08 5 o0 e meg oleid OMSie olou | el (yo 5o
plul Gldlae 3ol wogl ol 81 o ol 5 olerd
o By 5o Bl )0 8 Ogelee Fov Sg0 aid S
Culage Olyg 5l eads piiie Hlel b illae g oisl oo
Frsws AD 1 VL glao b ol pl o 55 eudee ¥
¢ Sl Jed 5l Jelin 51 (6 )by 5o [¥] )10 agzlse
5 Jo> &S @lbio 5l gk 50 25 53,9k 50 :@L.*J}
Py 381055 (0 D y50 5,055 Alns T o S
& adis blog sloe 058 oo )18 adis Jolug sloo
o lesle g llol ylaie 157 ¢ B aig 8 L 5l ol )8
S s 097y nlnle 8555 oo L8 e (B yne
Toe Oty 3l B h5i9e 5l (29,5 sl Gl sl
O ke S S [V -Flawd (65,50 bae 4 s
oo 3 o L8Le 5l oolaul laws Jlad yue ]S sla o,
Tl Jlews o>

JFS 50 e sl s paie (Sgo slo oLl L3
S50 Tse IS o sy JUS S 50 Sl by o]
JUE yo g paie plaie 4 8l S L5 jshy ol oo
@ abli] g o5l aS Jl> e jo 4 Sg g0 iy 25
s 59 S JUa J cams o, JUS S Jlw ol
il | s o3150n o lile. S o 5 5l JUIS
Gl Bl IS el ay g s oo iibg 1)l rals
Sy ol (o9 Wglso i by 9,095 (59, 4
s bl c2aSTg sl JL3le [A] Wg, co ylous 4

1 Reactive muffler
2 Absorptive muffler



http://dx.doi.org/10.66224/ioh.21.1.366
https://ioh.iums.ac.ir/article-1-3447-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.366 ]

STy 8L o las Jlal <l jo J3L asgly g slaws 31 (g5le Jow

Jae i ole glao JUl 28l i b JBL
IS Lo slo J8L (s gl o Jowe () yo aS oy >l b
LSS Ll olaas gas 08+ g FO X+ > aw 0 S5
P Lags (S des oy 5l e g 0D 00ls 15 J8L e
w28 ,F 18 asllas 5,50 FEM g, 4 COMSOL |33l
Lils) 5 i Lalpd da e oo 5l jolaie (o
S3be e gl Cules )3 Wad sl aslllae oS>
G339 Al 390 g 00 gl Sl 138l o 5 5|

RESCR e

allas 5,50 sl Jto T
8 ey g asdllae 090, 2l g%y cpl 5o
o dlgd Ll g alaises a (glls o &S wizh 5
T 9 809y sl Al 5 JS W sle 3L al,
) S, ead 55 (gls Llile CAD e il
el oals ool lis

S e T
anls S5 gly gl laie 4 o e
L 0,5 gl ylodl 5l (goga0me dlaws )0 sgumel pwin
ol e Ll 5l Bedod (nl )0 098 oo iy

a3 1Ye b 4w gls Jas LF L1l CAD Ju.

adlls 350 cla3le CAD Juo .Y JS

6 e Lo Jizs) 1L TL [V Al o ooliial Lo
Moo LUlss oo i o5 amo e i |, dB o
& i b godg o gie jl Jitns g lao 1alS >
LF10S o ot Lo s (6395 o (50 5

3k e Sl eslanal (6l sl eanlis g 035,
ol osls vezg alike WY gz b o gl wll,
SYgarms s 4l ploy (Rals gl p Lol Jdo 4
P Sz g Vsame Je oSkee L @
5heolaial og auie lp [NAail o SYgamae
b sl ¥ SV gz b 4o (gl bl (gl acs
oslailay Jlo yue yo g ool )l o b (g5l a0
B 5l a5l o> ol b ozl gudo IS
NEY RPN EUONEY

b L slaws 5 (555 )18 asly 23U Jds (e )
Ao yo lao Jlassl <l ol Jlow Gl e 5
ol R ey b 4t Gk 5l saSTy sl
el 48,5513 () 2 3590 B9

SIX V9

ode gilw 4 5 b )
agly g olows 750 cw)p jekaie 4 adllas (pl o

A0 P SO W Ja LA LLBL CAD Joe

300

a0 U 4w s Ja LE L3k CAD Jue

Iran Occupational Health. 2024 (01 Sep);21: 9.


http://dx.doi.org/10.66224/ioh.21.1.366
https://ioh.iums.ac.ir/article-1-3447-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.366 ]

Ol 5 (sdesmede z 4l

Sound hard boundary (¢j,e blys LB Jlile Jls cous (cla olg T JS0d

v(-2)-%r=0 ¥ b,

P “5._3.‘:..»551 Hlad saso las poakal,y ol o
Dgo C& (5 odidd slis ¢ ‘o_!lfo- oains lis
bl (o0 09290 (S0 58 Lyl o

i bls 0

797 9 8099 sb wlas gl Port 65 50 Lyl 13
wals 4 (Sge gae gos 3 9909 e Ol 4 Ll
Lyl b e ol ool adllas 0550 sl Ll
=1 sl o)lsss (gl sound hard boundary ¢ ..
sl Bl azen 5 Lal) slo g glo o lox g 8l
bladl slo abhame cuiSTos slo o)les 5 99>
O a8 )5 b o 5ol del 090 ol a5 ol ool
ach s plosl o jeSde o o)lg0 3l ls jaue
A (65l

b aisly

oot b oo loLe o sl il anlllas oyl 4o
8,5 8 e 2590 SO e 5l Wy%ﬁ L
il o ¥ S llas ] b oS

¥ ooyl IS 10" "l byl oy (Billao
5 Job 1ol crge la Job (50925 s a9y (I
il gl JUil el Jlogas pow s al glis| iyl
(nl pogdle.oglh o VO VYo e S 805k yo
Jsb Gl & e o Jil S35 5 gl 2ol
lao JUEtl 28l jloges pniy 5 p)lezr slo ald elis)l
INEee sl Ll s las JUisil el iylssl 5 s
DR i ge s (pl pioren 05l o0 0 VY

olawy @ azgi b olodl Job iSlas w00 )3 solasl
Jolo g 4525 sl 09h (o0 dlne 90 Jsb 9 2o
Jsb 0 gl caie J8las el p3Y dguse sl
Sled ;o Sgo Cas oo Tal jolaie 0y 09l Lk e
Jsb e 9 0b dnle ) adaly 3,k jo Ll 050
Gk 3l ead aule sled [0 9550 zge (25 0bsS

0,8 s ¥ g bl

1

c=(}/RT)2 \ akal,

V Oy Sk (g o0 lis ¢ alal, pl o
$loo T g sl Coli R Jlow 5, 53 (o2 a5 ls S0l
o858 soaims laif g JSeo zae Job (s o

A= ¥ ala,

~la

AR Tees (53 Ggo zge Jsb g mis TOA Joles
P oldl e J8las 0429 cyz 4.0l VO Cem L
2l e sl 2o calllas 3590 90 Jobo (0 5 0bisS

W50,8 e mm QL

w5l Ly, F

shoolatul b oS8 o5l jo (oue (s
Pressure Acoustics , Frequency SiwsS| Jg3le
oals J> COMSOL Multiphysics |33l ¢ 5 Domain
£ 5l oue (6 altns ;0 StgST jLid (23L (gl il
gl oo oolaiwl 3ga (Wl o aolre (g 00l Lol
A



http://dx.doi.org/10.66224/ioh.21.1.366
https://ioh.iums.ac.ir/article-1-3447-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.366 ]

STy 8L o las Jlal <l jo J3L asgly g slaws 31 (g5le Jow

] U

CsB s A ol Jlaml o) al i
[#

Transmission Loss
bAhOOO
ouwowo

T T 1 1 T T L T 1T T 7T T T T T LI T
AN
A\
)
/)
.—/ /
< J
Ry
-~
H\o"\
o
B et el
,—3‘
o
o~
2,
v
h=tad
o
AT )12

o S00 1000

[ T Y T Y N O S S

1500 2000 2500 300
freq (Hz)

FSE 5D csle il Juml cal o

=

| 5

- AN
8 - S A
S | / \
5 !
2 i
£ - 4 ~Nof
2 L N}
© 1B
= | \/

1)
L L L ' L L
o 500 1000 1500 2000 2500 3000
freq (H2)

adlllas 390 (sl ylilo )5 o JUs) cél awlis Y JSUS

oLy Ll oo Jlasl cél il Ccoge s ol
el 00 YYD JIYOO ouilS )8

& : .

A oo i gt cpl glo ail 4 4eSlen
o558 0 adllas 050 alizee gl Jow Jlal cal
e IS5 Gl L g a8l o o8 ol sl
Sldllae 500 s b asl opl a5 545 oo 0L of
aS aee oo plas asl pliojls Slgtren a8 5 & g0
Ot Sk o2 gl ol o (25T sl L
9% 5l ol la uilS B y0 ohg |; (SeitwsST LS
Ll 4 559 6 lulpd ¢ ouaie Shiogas o
015 (Ko il 55,8 Sl s

25 8l o gy Gl 3L Y o)l IS8 3llas
Silge a3 4 s (C g AB Jow slo LliL) 8L
T AN ot B I WP
SNl oo mIBI Fe YV B e WY
ol 3y VYoo (oYb sl S8 0 4 (Y

ﬂ

GV S8 g3l o il las Jlasl el
el 00 YU

Iyl Bl o las Jlsl cil g anslin T S
Saws IRl g sy ey Gillae w0 oo LA
oz 5 o cslo alB £lis, | 5 Job s 4 G 5l i
Jul cél jlogas elas)l blae jo 5 conl a8l jialS
wdly Gl piis g pis g e gloals o o
3o B oo Jlasl cdl isli8l 6 oasms ylis a5 cu]
5L oo abg o sla (WS 8

Sass Gl LS e oy ilae (e
az 0 Feoagly gl b 8L a5 aylnl o b J8L
pom lo ald el g Job il (oo SGuSG 4 S
PFlie ool asl pals léle lowo Jlas! cdl loges
o3 yo LBl s Jlsl cél polbl coge ol oyl
el oals e YA JIVY e _ilS )8

5 Job alS oaims (LS 55 "6 (redy e
b Ll Jlassl 2l jlages Loz 9 pom sl ald glis )|
Jusl cél rals 51 Sl a5 allowe 8L slass 2o153]
i ;5 a8l o abgrye oudlS 3 ol 43 i lao
Iran Occupational Health. 2024 (01 Sep);21: 9.


http://dx.doi.org/10.66224/ioh.21.1.366
https://ioh.iums.ac.ir/article-1-3447-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.366 ]

Transmission Loss

Transmission Loss

Transmission Loss

95
90
85
80
75
70
65
60
S5
S0
45
40
35
30
25
20
15
10

95
90
8s
80
75
70
65
60
ss
50
45
40
35
30
25
20
15
10

O 5 (gdesenle C)il

U

rr 1 rrr 1111 11T

% B

Es Bl Hlile Juil ¢l lasal oz o E

I T T Y N T Y Y Y T A |

L 1 L L 2
So0o0 1000 1500 2000 2500

w
oL
[}
o

freq (Hz)

Ds Al il Jan) chdl lagala —6—D [+

T T T T T

x

500 1000 1500 2000 2500 3000

LI U B B B N B S S N S S —

FsClla Ll Jlan) ¢l jlagais

T T T T T

>

L L L L L

=]

500 1000 1500 2000 2500 3000

freq (Hz)

adlla 350 sla 8o )3 lao Jisl il Ug anglio F JSUS

5 (Acoustic Compliance)  SitwsST 3lilasl

(SamasS | Cenglia
5 55T Oliee JBb (Fo555 b ausly Gialiil L wogel
e o 5 sy Gial3El Lo 9,0 o Al
SiwgS T Caaglie saims lis aS -, = GH2 (L 5)

a

e (Acoustic Resistance)

Iran Occupational Health. 2024 (01 Sep);21: 9.

Ogd sad odalive b Jow cpl Jsl cél o (g0l
B L Jlasl cél as s, YFer LS8 > )
o &S shiles (ol oo a5 Baty 4z Y-
208 oo bl S (SeiasST liogas il
J(Acoustic Mass) SewsS |y ol )b A o>

e



http://dx.doi.org/10.66224/ioh.21.1.366
https://ioh.iums.ac.ir/article-1-3447-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.366 ]

STy 8L o las Jlal <l jo J3L asgly g slaws 31 (g5le Jow

oo 45 18l absio alaie o i ] o a8
e e aliione Jyb L g e 50 K (55 ol
ol 8 jo Jlasl cdl Jlas aS 09l oo ovmline .ol
el o 05zg 4 5 bl b Gille o
kL. =nm (n=1,2,3,.)
f p:nc/ZL (n=1,2,3,...)
08 35 ool g0 o JUED] e Sl
S U alal) el jo .0l 135 (alt)min =5 ak,
e abions gl s 43 3,5 Ay ok s
Jusl 28l fals a5 i lg (ool pla - all oo
(T O pas aS el oslidl dl.q.:‘ ‘Sa.Lm uﬂ.,lf)s 5o
(L) Jsb 59, JBL augly g olows s il 0049 ¢/2L
50 Syl 4 038 o il lile aliima (g3l
ol Jsb (il ez ge ol sl 5 Bl aysly (ral33!
53,5 o SeisS p al e  Le

s 2 52551y Lo aiz 5,5 I8 aalllas ol 3
oo 235 I3 (s p 9y5e SIIFN PP sl 4t
Olojganie g dye (o boS SaS ()8l e sl
SasST S o o slo Bl ialesl g
Sger 4 3y ! 0565 )1 dulie g o) 2 3550 L]
2l bl e b il (Sl 5 e s S ol
S o Sl a8 LT o oo ]

OO e oaims (LaS sdel Sty @l (S (o 2
bladl abhaxoe J21s 10 09250 sla J3L asgly g olaws
Sy s 5l o oo JUiil el y o2iSTs clolils
5 lao JUEsl cdl  0nds 53 glo ol jeeis b
UYLzl ol (3] 4 sl rglicie ciliea (gl il )3
b ilS 3510 2 23Sy 0525 5 (S glael Coale |
Jile bl alsiomo J515 18 glao s sl 4 g
Foly o b Bl b o ols lis bl .all o
ol S ceslio aggly g Slani bl 4l sla L
5, ooliianl o uilS 3 o Jale lao Jlasl

&Sl ol
3979 (o2, g &8lie olaT eSS (pl 5o

RPIRY

S colos
Olpl (o pole olBiils Jbo colos b ioghs o1l

SiwsST Coaglie -ail o lrwgie slalile o
55 (gm ol JUa S8l o] s a5 ol

a3l oo iyl 553, 4 file Jae il
Gk T arooly (go 6351 (RalS o e il
2yl ol Jol elel 2 g (G9o glosl (S o2 2
Ol dals gals ol o joamdl o 5lasl zlgal
o (F o ¥ JKa) b uils )8 5l Sy jo Jlisl cdl
(Acoustic quality SoiwsST cuaS o5l & olgs
SiwgST oS Sl oS o,lul lsle Factor)
Sl G e Sl plans )3 (@l e S Jolre
Olie GBIl (28l 0555 a5 pogie (nl 4 2Bl (o0
ot (SeiwsS| CheS S a Sl o o
QA:% (SeiwgS| CoaisS S alal, S1.0 ko
) (SwosST ilagal 5 ot 5056 o bLS )
odnlice S i o \zA\=(Re2+1§,)%=R{1+Q§[€-%ﬂ2
RN UREETe S FRPIE R SN
(SeisS T ilaal Gline il (oo 2l (StwsST
(£) go (uils 3 5 (£)) Guilinsy (iS58 Comd
o Jusl cdl flie els s ol S
sl Jow ol jo 5 a Ve S5 ,8M) b Luils 8
Ao uiligsy (il 8 o9 iiew 4 Olg5 oo, (C o B
Olee ST-aunils bgpe (o) 2 8590 g0 uil5 3
Ole ik D9 W58 5l ST il S 2
Ao (SeosST Caaglin o & @ 5 o il
oI5 3 ) ity el S T gl (om al 8
Jasl cél by g (StwsST Cawglin e aiil Sgo
b (oo pRals e

blol alados g5 5] 5adon )0 anlllas 050 3L
aS asl oo (reactive) _ziS1g (Expansion Chamber)

i Bl Sl 5o Bl g0 5l aliie slas ol o
Ol 5ok (oo Rl oo e Coon 0 (S50 (655 5]
Sl i 55,5 S5 Sy (55 LG i 5
Jes so7i 4 55iliss) Olgie 4 Jlole aldine 05l (o0
0 (SetwsS T 33 0355 w2 4 e 45 WS oo
55 o5 5Silem 29 oo rg oims izl Lol alg)
Ol JBL gl g olaw i bows oo L dalllas oy
PR pln e Uy el mlaw b I3l 4 (5099 4ly)
Ol JEsl oo e (b 1, ¥ JSK0) Sl o0
13,550 Cewdy iy akaly sl les ol (@) Ll Sgo
1 1 N
7:1+Z(m—%n) sin” (kL)

a


http://dx.doi.org/10.66224/ioh.21.1.366
https://ioh.iums.ac.ir/article-1-3447-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.366 ]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Parlar Z, Ari S, Yilmaz R, Ozdemir E, Kahraman
A. Acoustic and flow field analysis of a perforated
muffler design. International Journal of Mechanical,
Aerospace, Industrial, Mechatronic and Manufacturing
Engineering. 2013;7(3):447-51.

Prasad A, Thiagarajan RC. Acoustic performance design
of automotive muffler. Technologies, Atoa. 2019.

Shah S, Kuppili S, Hatti K, Thombare D. A practical
approach towards muffler design, development and
prototype validation. SAE Technical Paper; 2010. Report
No.: 0148-7191.

Tao Y, Chai Y, Kou L, Kwan M-P. Understanding noise
exposure, noise annoyance, and psychological stress:
Incorporating individual mobility and the temporality
of the exposure-effect relationship. Applied Geography.
2020;125:102283.

Crocker MJ. Handbook of noise and vibration control:
John Wiley & Sons; 2007.

Tutunea D, Calbureanu M, Lungu M. The computational
fluid dynamics (CFD) study of fluid dynamics
performances of a resistance muffler. international
journal of mechanics. 2013(4).

George TC, Raj HV, editors. Energy Efficient Design
and Modification of an Automotive Exhaust Muffler
for Optimum Noise, Transmission loss, Insertion loss
and Back pressure: A Review. IOP Conference Series:
Materials Science and Engineering; 2018: IOP Publishing.
Done V, Balide V, Tamma B, Soni K, Dey S, Angadi S, et
al. Mulffler design for a refrigerator compressor. 2014.
Gupta A. Observation for transmission loss by applying
multiple baffle plates on single expansion chamber: a
simulation approach. International Journal of Engineering
Research and Modern Education. 2016;1:153-9.

Le Roy TW. Muffler characterization with
implementation of the finite element method and
experimental techniques. 2011.

Elsayed A, Bastien C, Jones S, Christensen J, Medina H,
Kassem H. Investigation of baffle configuration effect
on the performance of exhaust mufflers. Case Studies in
Thermal Engineering. 2017;10:86-94.

Das S, Das S, Das KM, Ahmad A, Ali SS, Faizan M, et al.
A novel design for muffler chambers by incorporating
baffle plate. Applied Acoustics. 2022;197:108888.

Chen J, Shi X, editors. CFD numerical simulation of
exhaust muffler. 2011 Seventh International conference
on computational intelligence and security; 2011: IEEE.
Vimaladass A. Investigation of vehicle muffler acoustic
transmission loss: Kauno technologijos universitetas; 2022.
Xiang L, Zuo S, Wu X, Liu J. Study of multi-chamber
micro-perforated muffler with adjustable transmission
loss. Applied Acoustics. 2017;122:35-40.

Barron RE Industrial noise control and acoustics: CRC
Press; 2002.

Ol 5 (sdesmede z 4l

sl 00y ) 45 AV YVABNY 2 b oS Ly

N ol
G5 zd a5 Wyl oo bl Alae pl GBacns
Syl 0g>g Allie Gl o)l jo a8lie slas

O oS
OIS L g oyl (SKip pole olRisls jo Jimgss o)
] 00y Cu gl 4 IR.IUMS.REC.1399/931

RSP B
allan o1y sama e 5
b sl SR s
e G Gilps 0 Sy OB
0y9lie tsexl L Js*“{
P ol Oyl el 004wl
e e Glalns g

SRR e

31 o yiwd
cos dlie opl 120240 (L)osiwss oy oS
Creative Commons Attribution 4.0 I\ j95xe
5555 5 @55 b8l g, I8 Sl coslivl 85l
o oS 389 8575 7,0 p by i JBL Als se 0o
Sy » Fleml Dlpss S8 4 boe LC eme
oS 12 7,0 0ol jemme sl 4 I Lails o allie
Slcdlas plo b olels )l g mbe cpglas jo &l s
odiluS jemme cpl yo Wb dlie cpl o aJb ol
G0 JBol 4 allas jleel glawly jo aSl Ko w0l
595 S lae (10,55 730 O g0 40 bl ool asuin
il & prle odimgs MU gma 513 sl L

Sl GIB ezl 5l (6,10 pastus 3> jeme
Creative  JloJloys jome damlice  jslaiea
ax>lpo p; Slis 4 Commons Attribution 4.0

YW

REFRENCES

1. Cheremisinoff NP. Noise control in industry: A practical
guide: Elsevier; 1996.

2. Munjal ML. Acoustics of ducts and mufflers with
application to exhaust and ventilation system design:
John Wiley & Sons; 1987.

3. Golmohamadi R. Noise control and determination
of economic indicators in an edible oil industry. Iran
Occupational Health. 2020;17(1):964-77.

\Y



http://dx.doi.org/10.66224/ioh.21.1.366
https://ioh.iums.ac.ir/article-1-3447-en.html
http://www.tcpdf.org

