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Abstract—New regulations and standards for noise emission 

increasingly compel the automotive firms to make some 
improvements about decreasing the engine noise. Nowadays, the 
perforated reactive mufflers which have an effective damping 
capability are specifically used for this purpose. New designs should 
be analyzed with respect to both acoustics and back pressure. In this 
study, a reactive perforated muffler is investigated numerically and 
experimentally. For an acoustical analysis, the transmission loss 
which is independent of sound source of the present cross flow, the 
perforated muffler was analyzed by COMSOL. To be able to validate 
the numerical results, transmission loss was measured 
experimentally. Back pressure was obtained based on the flow field 
analysis and was also compared with experimental results. Numerical 
results have an approximate error of 20% compared to experimental 
results. 
 

Keywords—Back Pressure, Perforated Muffler, Transmission 
Loss. 

I. INTRODUCTION 
UFFLER design is an important research area for 
automotive companies because of new regulations and 

standards for noise emission. To examine the performance of 
any muffler, certain parameters are used. These parameters are 
transmission loss and back pressure. The transmission loss 
gives a value in decibel (dB) that corresponds to the ability of 
the muffler to dampen the noise. Transmission loss is 
independent from the noise source, thus this property of 
muffler does not vary with respect to noise source. New 
designs to improve the acoustical properties of a muffler cause 
a resistance against the flow of exhaust gases and this 
resistance stems the flow. This is called back pressure and it 
causes an extra pressure inside the engine. Because of the back 
pressure, volumetric efficiency decreases and specific fuel 
consumption increases. Therefore, there must be specific 
limitations for the back pressure [1]. 

Numerical analysis programs make the acoustic 
investigation of the muffler easier. In 2005, Daniel explained 
the general design principles of a muffler and advantages of 
different types of mufflers [2]. Mo and Huh calculated the 
acoustic transmission loss of muffler with basic and complex 
geometry using NASTRAN and the analytical results were 
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compared with the experimental results [3]. Munjal calculated 
the back pressure of a perforated, cross-flow and reactive 
muffler with CFD method and examined the effects of 
different parameters such as diameter and, area expansion 
ratio [4]. In a study published in 2007, Fairbrother and Varhos 
investigated the transmission loss and back pressure of a 
muffler with perforated pipe and baffle numerically [5]. Jiet et 
al. analyzed and compared acoustic results of a perforated, 
three pass muffler in 1D and 3D with or without an outlet 
resonator [6]. Fang et al. carried out research on pressure loss 
of a muffler using CFD method. Through using CFD 
technique, at a certain engine velocity, the flow field of a 
muffler was simulated and the total pressure distribution 
inside the muffler was analyzed [7]. In 2009, transmission loss 
of a three pass muffler was calculated analytically and 
compared with 3D analysis method [8]. 

In 2010, an exhaust system which is composed of a front 
and back muffler was examined to obtain flow field 
characteristic [9]. The flow inside the muffler was modeled 
with Fluent and the influences of the internal flow on the 
performance of the muffler were studied [10]. Kore et al. 
simulated a reactive muffler in Fluent. Not only the flow field 
but also the transmission loss was analyzed [11]. Vasileve 
Gillich calculated the transmission loss and propagation of 
harmonic pressure waves of a muffler of an internal 
combustion engine with COMSOL [12]. 

In this study, acoustic and flow characteristic of a 
perforated, cross-flow, three pass muffler were analyzed. First 
of all, for acoustical analysis, present muffler was simulated in 
COMSOL and sound pressure contours were obtained. 
Besides, transmission loss data were calculated numerically. 
For flow analysis of the present muffler, 3D model of the 
muffler was created with a CAD program and this model was 
meshed with ANSYS. Back pressure of the present muffler 
was obtained using CFD analysis. 

II.  MODEL BUILDING 
CAD model of the present muffler which will be examined 

in this paper is shown in Fig. 1. As shown in Fig. 1, the 
muffler consists of perforated inlet and outlet pipes and two 
perforated baffles. The perforate rates of inlet and outlet pipes 
are approximately 30% and 12%, respectively. Furthermore, 
the muffler has three expansion chambers. Perforated parts of 
inlet and outlet pipes create a cross flow inside the muffler. 

Zeynep Parlar, Şengül Ari, Rıfat Yilmaz, Erdem Özdemir, and Arda Kahraman 

Acoustic and Flow Field Analysis of a 
Perforated Muffler Design 

M



International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN: 2517-9950

Vol:7, No:3, 2013

446

 

m
co

ca
nu
m
th
th
an
pe
ba
ho
ce
ch
au

ac
th
m

H

w
flu
w
th
do

w

w
of
ca

Fig

I
In this study

muffler were 
ompared with 

A. Acoustic A
As mentione

an be determi
umerical simu

muffler were p
he mean flow 
he muffler wa
nd perforated 
erforate rates 
affle, holes w
oles were dra
enter of gravi
hosen on t
utomatically w

Minimum w
coustic exami
he wavelength

modeled muffle
In this prog

Helmholtz equa
 
.׏ ቀ ଵ

ఘబ
݌׏ െ ݍ

 
where, k=2πf/c

uid and c0 is
which means a
his study. Wi
omain can be 

Transmission
with (2) as belo

 
ܮܶ ൌ 10 log
 

where, Pin and 
f the muffle
alculated with

g. 1 CAD mode

III.  NUMERI

, acoustic and
analyzed an
experimental 

Analysis Acous
ed earlier, aco
ined with tran
ulations of the
performed wit

of the muffl
as drawn with

parts of the 
were entered

were not draw
awn as they w
ity. Inlet and 
the program
with tetrahedra
wavelength of 

nation, mesh 
h. Thus, a me
er. 
gram, sound p
ation in (1). 

ቁݍ ൅ ௞మ௣ 
ఘబ

ൌ 0 

c0  is the wav
s the sound s
acceleration pe
ith this expr
found using a
n loss express
ow: 

g ቀ ௉೔೙
௉೚ೠ೟

ቁ     

Pout denote a
er, respective
 (3) and (4) as

el of the present

ICAL CALCULA

d flow charact
nd the simu
results. 

stic Measurem
oustic charact
nsmission los
e transmission
th COMSOL.
er was ignore

h the same pr
pipes were d

d into the prog
wn separately
will have appr

outlet parts 
m. The muf
al elements. 

f a muffler is 
size must be

esh size of 0

pressure, p, w

        

velength, ρ0 i
speed. q is tw
er unit volum
ession, a sol

a parametric so
sion of the mu

     

coustic effect
ely. These a
s below: 

t muffler 

ATION 

teristic of the 
ulation results

ments 
teristics of a 
ss. For this p
n loss of the 
. In this calcu
ed. The geom
rogram. The 

drawn separate
gram. For per
y, instead, on
roximately th
of the muffle
ffler was m

0.327 m and
e smaller than
0.019 m used

was calculate

    

is the density
wo pole sourc

me and equals 
lution on fre
olver. 
uffler was cal

    

ts on inlet and
acoustic effec

 

 

present 
s were 

muffler 
purpose, 

present 
ulation, 

metry of 
straight 
ely and 
rforated 

nly four 
he same 
er were 
meshed 

d in an 
n 1/6 of 
d in the 

ed with 

    (1) 

y of the 
ce term 
to 0 in 

equency 

lculated 

    (2) 

d outlet 
cts are 

inl

the

sho

via
usi
mu
esp
me
ad
ou

௜ܲ௡ ൌ ׬ ௣
ଶఘఆ

௢ܲ௨௧ ൌ ׬ |
ଶఆ

 
(2), (3) and (
let pressure va
The model u
e solid bounda
 

ቀെ ௣׏
ఘ

ቁ . ࢔
 
3-D drawing 
own in Fig. 2 
 

F
 

B. Flow Field
For flow anal
a a 3D CAD 
ing Ansys W
uffler has a sm
pecially the p
esh generatio

ddition to thi
utside liner of 

௣బ
మ

ఘ௖బ
      ܣ݀

|௣೎|మ

ଶఘ௖బ
   ܣ݀

(4) were given
alue, p0, was s
uses sound ha
aries as shown

ൌ 0      

of the geome
and Fig. 3 res

Fig. 2 3-D draw

Fig. 3 Me

d Analysis 
lysis of the mu
program. Thi

Workbench wit
mall wall thic
art of perfora

on, thus, hex
is, boundary 
the muffler [1

     

     

n to the prog
set to 1 bar. 
ard (wall) bou
n in (5): 

     

etry and the m
spectively. 

wing of the geom

eshed geometry 

uffler, present
is 3D muffler 
th tetrahedral 
ckness and sm
ated holes cau
xagonal mesh

layers were 
13]. 

     

     

ram as variab

undary conditi

     

meshed geome

metry 

t muffler was 
model was m
elements. Sin

mall dimensio
ses problems 

h was not us
generated f

   (3) 

   (4) 

ble and 

ions at 

   (5) 

etry are 

 

 

drawn 
meshed 
nce the 
ons and 

during 
sed. In 
for the 



International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN: 2517-9950

Vol:7, No:3, 2013

447

 

 

 
Fig. 4 3D mesh of the muffler geometry 

 

 
Fig. 5 3D tetrahedral mesh of the muffler (sectional view) 

 
TABLE I 

MESH STATISTICS 
Element number 5498964 

Node number 
Maximum skewness 

1510889 
0.88 

 
After the muffler was meshed, flow field analysis was 

performed with Fluent. The flow inside the muffler is assumed 
to be turbulence, so k-Ԫ turbulence model was used in this 
study. Since the density is expected to change with 
temperature, energy equation was also solved in the program. 
Velocity and temperature were defined as inlet boundary 
conditions. Pressure and temperature were defined as outlet 
boundary conditions; the physical properties of air were 
defined for flow analysis. Boundary conditions are given in 
Table II. The simulations were performed for five different 
inlet velocities, namely, 23, 46, 70, 93, and 116  m/s. 

 
TABLE II 

BOUNDARY CONDITIONS 

Parameter  Values 
Inlet Temperature  
Gas Density 
 
Inlet Turbulence Density  
Inlet  Hydraulic Diameter 
Outlet Pressure 
Outlet Temperature 
Outlet Turbulence Density 
Outlet  Hydraulic Diameter 
 

473 K 
(Air defined as incompressible ideal 
gas) 
10% 
0.0434 m 
101325 Pa (Atmospheric pressure) 
343 K 
10% 
0.0434 m 

IV. EXPERIMENTAL DATA 

A.  Acoustic Measurements 
Transmission loss is the rate of sound pressure level 

incoming and outgoing from the muffler. It was expressed on 
frequency domain. Transmission loss is independent from the 
source and depends on the structure of the muffler. 
Equipments used for measuring transmission loss are: 

o 4-Channel FFT Analyzer 
o Pressure type microphone 
o Power amplifier 
o Adapter and connection pipes 
o Sound source 

Experimental setup and equipment are shown in Fig. 6. In 
the experimental set up, white noise signal produced by 
analyzer is transmitted to the source of the sound in order to 
generate the needed sound by amplifier. White noise which is 
generated by source is sent to the muffler. With four 
microphones that are placed in inlet and outlet of the muffler, 
sound pressure signals are collected during a period of time  
and these signals are converted to frequency domain with FFT 
after being amplified, and as a result auto-spectrum and cross-
spectrum values are obtained. These data taken from the 
analyzer is processed by the computer and the transmission 
loss curves are obtained. 
 

 
Fig. 6 Experimental setup 

B. Flow Measurement 
By measuring pressure at inlet and outlet of the muffler, 

pressure loss can be obtained   at specific air flow rate. For 
this purpose, pressures sensors were placed at the 
experimental setup as shown in Fig. 6. While the transmitted 
signal was processed, it was delivered to the digital screen. 

A blower connected to a motor was used to provide air and 
this blower was controlled with an AC frequency converter. 
The muffler was attached to the blower and pressure values 
were recorded. 

V.  RESULTS AND DISCUSSION 
The comparison of experimental and numerical 

transmission loss results of the present muffler are shown in 
Fig. 7. It is commonly known that reactive mufflers are more 
effective in low frequency bandwidth. The cut-off frequency 
of the present muffler is approximately calculated as 1040 Hz 
with the equation of fc=1.84c/(πd), where  fc is the cut of 
frequency, c is sound speed and d is the diameter of muffler.  
Therefore, the frequency axis of the attained graphs was cut at 
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