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ABSTRACT -- In these review paper different types of mufflers and design of exhaust system belonging engine has
been studied. The object of this study is decide muffler design which one reduces a large amount of noise level and back
pressure of engine. In designing, there is different parameter which has totaken in to the consideration. These
parameters affect the muffler efficiency.

1 Introduction
Internal combustion engines are generating the
acoustic pulse by the combustion process. This
noise is controlled through the use of silencers and
mufflers. A silencer has been the traditional name
for noise attenuation devices, while a muffler is
smaller, mass-produced device designed to reduce
engine exhaust noise. Continuous development has
been made in improving performance of the
silencers used for automotive exhaust systems.
Exhaust mufflers are widely employed to muffle the
noise of an engine body or the noise of other
predominant sources in vehicles. In order to
maintain a desired noise and comfortable ride, the
modes of a muffler need to be analyzed.

1. Basic requirement of muffler design

 General requirements

Simple maintenance

Good performance

Compact design

Light weight

 Specific requirement

Reduce the sound emissions

Replaceable muffler

Decrease backpressure

Easy mounting

Easy manufacturing

2   Muffler Design Parameters
The conventional muffler is an enclosed metal tube
packed with sound deadening material. An exhaust
muffler is an acoustic filter except that waves are
convected downstream by the moving medium.
Inside a muffler, it contains a deceptively simple set
of tubes with some holes in them. These tubes and
chambers are actually designed to reflect the sound
waves Produced by the engine in such a way that
partially cancels them out. Most conventional
mufflers are rounded or oval-shaped with an inlet
and outlet pipe. Some mufflers contain partitions to
help reduce noise. Muffler design is traditionally a
trial and error process. fig 1 shows the muffler inner
structure.

Figure 1

 DESIGN PARAMETERS

Number of chambers

Number of inlets and outlet pipes

Diameter of Inlet and outlet pipe
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Holes on the pipe

Size of muffler

3   Types Of Muffler
1. Absorptive muffler:-

This type of muffler design uses only absorption of
the sound wave to reduce the noise level without
messing with the exhaust gas pressure. Ti is known
as glass pack muffler and it reduces backpressure
but producing higher noise. The sound produced by
this type of muffler is much higher compared to the
other type of mufflers. fig 2 shows Absorptive
muffler.

Figure 2

2.  Reactive muffler:-

In this type of muffler Inlet and outlet tube are
extended in chambers. Reactive mufflers generally
consist of several pipe segments that interconnect
with a number of larger chambers. The noise
reduction mechanism of reactive silencer is that the
area discontinuity provides an impedance mismatch
for the sound wave travelling along the pipe. This
impedance mismatch results in a reflection of part
of the sound wave back toward the source or back
and forth among the chambers. The reflective effect
of the silencer chambers and piping (typically
referred to as resonators) essentially prevents some
sound wave elements from being transmitted past
the silencer. The reactive silencers are more
effective at lower frequencies than at high
frequencies, and are most widely used to attenuate
the exhaust noise of internal combustion engines.
fig 3 shows Reactive muffler.

Figure 3

3. Combination muffler/silencer:-

Some silencers combine both reactive and
absorptive elements to extend the noise attenuation
performance over a broader noise spectrum.
Combination silencers are also widely used to
reduce engine exhaust noise. fig 4 shows
Combination muffler/silencer.

Figure 4

4. Heat recovery muffler/silencer:-

Typical applications of heat recovery silencers for
internal combustion engines include hot water
heating, steam generation, heat transfer fluid
heating. fig 5 shows Heat recovery muffler/silencer.

Figure 5
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5. Active silencer:-

Active silencing or sound cancellation systems,
employs detectors used in sensing the noise in an
exhaust pipe and a loudspeaker that is used to
reintroduce an inverted signal have been developed
to reduce low frequency noise. fig 6 shows Active
silencer.

Figure 6

4    Muffler Selection

 Determine the exhaust flow and acceptable
exhaust system backpressure of engine.

 A free-flowing air intake and exhaust system in
vehicle.

 Muffler must be built tough to handle high
pressure exhaust gasses, absorb impact from
road debris, and resist corrosion.

 Number of inlets, single or dual system.

 Diameter of pipe, Inlet and outlet.

 Size of the muffler.

 Material used, stainless steel muffler offers
superior corrosion resistance, durability, and
life span than the aluminized steel muffler.

5   Research Reviews
In 2017 ,Y.Zhang Presents Experimental Study On
Acoustic And Fluid Characteristics Of Exhaust
Muffler. The Main Objective Of This Study Was
With Exhaust Noise By Using Finite Element
Model. The Objective Of This Study Was To Find
The Relationship Between Silencing Effect And
Noise. He Concludes That Silencing Effect Is Near
On 2000Hz To 1600Hz But Not In 320Hz. Also
That Muffler Is Better In Low Frequency Sound
Deadening Performance Of muffler [1]. In 2017,
vidya sagar, m.l. Munjal have study analysis and
design guidelines for Fork Muffler With H-
Connection. In This Study Chang In Fork Muffler
Design With And Without H-Connection And

Design Convert In Transfer Matrix Relations. He
Was Found That With H-Connection Transmission
Loss (Db) Is Reduce Then Without H-Connection
[2]. In 2016, OvidiuVasile And Gilbert-Rainer
Gillich Presents Finite Element Analysis Of
Acoustic Pressure Levels And Transmission Loss
Of  Muffler. The Main Objective Of This Study
Was Dissipative Muffler Base On  Helmholtz
Resonator Design. Have Study On The Model
Analysis Of An Automobile Exhaust Muffler Based
Helmholtz Resonator Design On COMSOL. Also
Study Change In Inlet And Outlet Position It
Change Flow Losses And Sound Pressure
Attenuation [3]. In 2016, truptip.wani, dr raja r, and
dr. M s ganesha prasad presents design and analysis
of muffler for reducing the vibration. Objective is
change in chamber design muffler anf analysis in
solid work and change in muffler material and
effect on noise. Study was change in material is
effect on the pressure drop and noise reduce [4]. In
2016, Ch.IndiraPriyadarsini, Madhav Modali,
Sangepu Vamshi Krishna and N Dinesh Reddy
presents design and analysis of muffler to reduce
the back pressure. The main objective of this study
change in design and effect on CFD flow analysis in
SolidWork. He concludes that Pressre drop was
reduces it was good for the muffler [5]. In 2015,
Xiang Yu, Yuhui Tong, Jie Pan and Li
Chengapresents Sub-chamber optimization for
silencer design. The main objective of this study
was Three typical sub-chamber configurations
representing varying geometry, internal partitions
and internal impedance effect on noise for using
MATLAB Code. the study was Sub chamber
optimization and Combined all chamber with
improve the transmission loss in new design. then
Conclusion was By varying the geometry of an
empty sub-chamber, the peaks and dips of the
chamber’s TL due to impedance mismatch can be
designed at targeted frequencies. The TL
characteristics of the three types of sub-chambers
were summarized to provide design guidelines for
the overall TL of a silencer constructed by
cascading the sub-chambers. For the optimization of
the sub-chamber TL, the patch transfer function
(PTF) approach, which provides better calculation
efficiency, was adopted, together with two objective
functions selected to maximize the averaged TL or
minimize the total transmitted power [6]. In 2015,
Puneetha C.G, Manjunath.H and Shashidhar M.R
presents Backpressure Study in Exhaust Muffler of
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Single Cylinder Diesel Engine using CFD Analysis.
The main objective of this study was CFD Analysis
for Backpressure of Muffler. In this study those take
3 chamber design mid chamber was not connected
with pipe and 2 chamber design pipe combine each
other. He concludes that Low Pressure drop is good
for muffler and selection for good muffler was
design short chamber muffler [7]. In 2015,
SaifeeAliakbar. A, Harshad Keskar and B.
Venkatesham presents optimum design
methodology for extended inlet and extended outlet
(eieo) muffler. the main objective of this study was
to change in muffler design for base on the length
and diameter ratio. He concludes that low Length
and Diameter ratio was Low Acoustic. also that
Flow analysis have been conducted using CFD
tools. Regression studies are performed to establish
a relation between characteristic parameters. These
relations are used to estimate maximum core jet
length dimensions. A condition was established to
satisfy both acoustical and flow requirement in
terms of gap length[8]. In 2015, Amit Kumar Gupta
and Dr. Ashesh Tiwari presents Transfer Matrix
Method for Noise Attenuation on Single Expansion
Chamber Muffler having Central Inlet and Central
Outlet with Experimental Techniques and FEA
Validation. the main objective of this study was to
use of Transfer Matrix Method and Experimental
Techniques on the muffler design Central Inlet and
Central Outlet. He concludes that experimental (two
load method) and FEA tools like Ricardo wave 1-D
& COMSOL multiphysics the transmission loss are
equally are comparable and Comparison of
additional FEA tools like wave 1-D and COMSOL
results shows the good agreement between existing
TMM and analytical method. It also describes the
experimental two load method which is used for
result comparison. Now any shape of muffler can be
modeled to predict the TL measurement. In recent
scenario so many complicated geometry where the
practical analysis proves too expensive &
complicated. Therefore the FEA Tool can be the
best approach to achieve the expected outcomes
regarding the transmission loss of Muffler [9]. In
2015, Jianmin Xu, Shuiting Zhou and Kunsheng Li
presents analysis of flow field and pressure loss for
fork truck muffler based on the finite volume
method. the objective of this study was to use Finite
Volume Method the effect on muffler design. He
concludes was Pressure distribution and airflow
characteristics of the muffler are determined. The

cause of generating pressure loss inside the muffler
was identified. The variation curve of muffler
pressure loss as the length of the inner tube was
determined and large pressure loss was generated
inside the muffler due to vortex. At the same time,
the vortex was the main cause of noise production,
so the muffler structure that does not produce
vortexes should be adopted also Concludes was The
inlet velocity of the muffler has a great influence on
the pressure loss of the muffler. The pressure loss of
the muffler increases with the increase of the inlet
flow rate and The pressure loss of the improved
muffler is decreased, and the muffler structure with
better aerodynamic performance was obtained [10].
In 2014, Shubham Pal, Tejpreet Singh Golan, Vinod
Kumar, Virag Jain, Nilesh Ramdas and O. P.
Sharma presents Design of a Muffler & Effect of
Resonator length for 3 Cylinder SI Engine.
objective of this study was change in muffler
Resonator Chamber and also change in muffler
length. He concludes was this resonator was that it
was fitted along the line of muffler and directly
after the inlet pipe so that it can cancel the noise of
higher altitude as they enter the muffler. But the
cost of this type of resonator was more due to piston
and cylinder arrangement, so the tunable resonator
is not economical for general purpose. The insertion
loss was maximum 16.5 dBA. The maximum sound
level after muffler installation was 90.1 dBA as the
position of resonator piston is extreme inside. The
designed muffler was capable to attenuate high as
well as low frequency noise. The resonator
attenuate low frequency noise which lies between
250 Hz to 500 Hz. The noise reduction was more at
the resonator piston was at extreme inside position.
The small size resonator attenuates more sound,
smaller resonator was economical [11]. In 2014, X.
Liu, Y.D. Deng, S. Chen, W.S. Wang, Y. Xu and
C.Q. Su presents A case study on compatibility of
automotive exhaust thermoelectric generation
system, catalytic converter and muffler. objective of
this study was The power generation of an exhaust
TEG (thermoelectric generator) depends on heat
energy and thermoelectric conversion efficiency.
However, there are compatibility problems among
TEG, CC (catalytic converter) and muffler. The
present work tried to vary the installation position
of TEG and propose three different cases. Case 1:
TEG is located at the end of the exhaust system;
case 2: TEG is located between CC and muffler;
case 3: TEG is located upstream of CC and muffler.
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Simulation and experiment were developed to
compare thermal uniformity and pressure drop
characteristics over the three operating cases. He
concludes was In case 2, the heat exchanger
obtained a relatively high surface temperature and
an ideal temperature uniformity to improve the
efficiency of the TEG. The pressure drop of CC,
muffler and heat exchangerwas relatively low,
which met the requirement of the exhaust gas
system. At the same time, the CC and muffler in
case 2 can keep normal working. In future study,
the method of simulation modeling with infrared
experimental verification introduced herein needs to
be combined with heat transfer theory and
materialogy to serve for further structural design
and optimization of thermoelectric modules and
TEG, so as to improve the overall exhaust heat
utilization and enhance the power generation [12].
In 2014, Mr. SumitSurve, Mr. Suraj Kumbhar and
Dr. S. S. Goilkar presents Acoustics and Flow Field
Analysis of Perforated Muffler Design. The
objective of this study was new design of muffler
analyzed with respect to acoustics and back
pressure. He concludes was The present muffler
was analyzed to obtain acoustic characteristic. The
back pressure affects the engine performance
directly an acoustic and flow analysis of the present
muffler was examined and compared with
experimental results. Transmission loss values
obtained from numerical analysis have shown a
good agreement with the experimental results. Back
pressure values from numerical analysis were
calculated with a 20% margin of error. The results
of this study will be used as a reference to be able to
design new mufflers [13]. In 2013, Yunshi Yao,
Shaodong Wei, Jinpeng Zhao, Shibin Chen,
Zhongxu Feng and Jinxi Yue presents Experiment
and CFD Analysis of Reactive Muffler. The
objective of this study was A conventional muffler
used in vibratory rollers is usually designed based
on experience and its performance could be
enhanced in a large degree through structure
optimization. In order to evaluate performance of
reactive muffler and its effect on power loss of
engine, flow field of muffler was discussed by CFD
comparing with experimental test and the structure
of reactive muffler was optimized. He concludes
was The results of the real vehicle test indicate that
the muffler optimized has more insertion loss and
less pressure loss and the insertion loss is up to
17~18.4 dB which fits the goal of the design when

the rotational speed of the diesel engine is 2450
r/min [14]. In 2011, A. Mimani and M.L. Munjal
presents Transverse plane wave analysis of short
elliptical chamber mufflers An analytical approach.
The objective of this study was The acoustic
analysis of such short chamber mufflers is
facilitated by considering a transverse plane wave
propagation model along the major axis up to the
low frequency limit. The one dimensional
differential equation governing the transverse plane
wave propagation in such short chambers was
solved using the segmentation approaches which are
inherently numerical schemes, wherein the transfer
matrix relating the upstream state variables to the
downstream variables was obtained.  He concludes
was It is indeed observed that this analytical
approach was much faster than the Matrizant
approach as the present method obtains solution in
the form of a truncated polynomial series, which are
very quick to evaluate. In fact, this method was
particularly suited for the analysis of a short
elliptical chamber with more than two ports, for a
multi-port system [15].

6   CONCLUSION
Different types of muffler and designing methods
are studied. After studying this methods and
procedures for designing a muffler, we conclude
that combination type of muffler is more efficient
than reactive and absorptive mufflers. New theory
for designing muffler by counter-phase counteracts
split gas rushing and methods of designing Active
silencer are also preferable for new research work.
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