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 Abstract - To carry out the acoustic analysis of dissipative 

silencers with uniform cross-section, the application of the mode 

matching method at the geometrical discontinuities is an 

attractive option from a computational point of view. The 

consideration of this methodology assumes, in general, that the 

modes associated with the transversal geometry of each element 

with uniform cross-section are known for the excitation 

frequencies considered in the analysis.  

The calculation of the transversal modes is not, 

however, a simple   task when the acoustic system involves 

perforated elements and absorbent materials. The aim of this 

project is to study existing silencer and redesign it for avoiding 

the condition of the resonance. 
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I. Introduction 

     One of the objectives while designing a new automobile 

exhaust pipe is to lengthen it's durability period, which can be 

measured in terms of its life span and mileage. The exhaust 

pipe is subjected to several stresses, most of which are due to 

vibration. Particular attention should be given to gas necessary 

forces which will induce vibration. These vibrations will then 

induce a fatigue life to the system. It is therefore to study the 

fatigue behaviour of the exhaust pipe by analysing the 

vibration modes and the response of vibrations by its sources. 

        The purpose of the exhaust system is simple to channel 

the fiercely hot products of fuel combustion away from the 

engine or generator and the car's occupants and out into the 

atmosphere. The exhaust system has a secondary purpose- to 

reduce the amount of noise made. The exhaust gases leave the 

engine at incredibly high speeds. Moreover, with the opening 

and shutting of the exhaust valves with each cycle of 

combustion for each cylinder, the gas pressure alternates from 

high to low causing a vibration- and hence sound. 

 

 
Fig.1.  Automotive silencer 

   Silencer has to muffle the vibrations of the exhaust gases, 

reduce their velocity and thus reduce the amount of noise 

emitted from the engines. The pulsating low from each 

cylinder's exhaust process of an automobile petrol or diesel 

engine sets up pressure waves in the exhaust system-the 

exhaust port and the manifold having average pressure levels 

higher than the atmospheric. This varies with the engine speed 

and load. At higher speeds and loads the exhaust manifold is at 

pressures substantially above atmospheric pressure. These 

pressure waves propagate at speed of the sound relative to the 

moving exhaust gas, which escapes with a high velocity 

producing an objectionable exhaust boom or noise. A suitably 

designed exhaust silencer or muffler accomplishes the 

muffling of this exhaust noise.Engine exhaust noise is 

controlled through the use of silencers and mufflers. Generally 

speaking, there is no technical distinction between a silencer 

and muffler and the terms are frequently used interchangeably.  

           

1.1 Silencer Selection Factors 

      The use of an exhaust silencer is prompted by the need to 

reduce the engine exhaust noise. In most applications the final 

selection of an exhaust silencer is based on a compromise 

between the predicted acoustical, aerodynamic, mechanical 

and structural performance in conjunction with the cost of the 

resulting system. 

1.1.1 Acoustical performance:- 

     The acoustical performance criterion specifies the 

minimum insertion loss (IL) of the silencer, and is usually 

presented in IL values for each octave band as well as an 

overall expected noise reduction value. The insertion loss is 

determined from the free-field sound pressure levels measured 

at the same relative locations with respect to the outlet of the 

unsilenced and silenced systems. The IL of a silencer is 

essentially determined by measuring the noise levels of a 

piping systems before and after the insertion of a silencer in 

the exhaust stream. IL data presented by most manufacturers 

will typically be based upon insertion of the silencer into a 

standard piping system consisting of specified straight runs of 

piping before and after the silencer. Raw exhaust noise levels 

should be obtained from the engine manufacturer to determine 

the necessary noise reduction requirements of the proposed 

silencer. 

 

1.1.2 Aerodynamic performance:-  

      The Aerodynamic performance criterion specifies the 

maximum acceptable pressure drop through the silencer 
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(backpressure of the silencer). The exhaust flow rate and 

temperature from the engine manufacturer are required to 

accurately predict the backpressure of a silencer and piping 

system. Selection of an exhaust silencer based solely on the 

diameter of the connecting piping can often lead to improperly 

selected products that may present installation issues.  

 

1.1.3 Mechanical performance:-  

    The Mechanical performance criterion specifies the material 

properties of the exhaust system to ensure that it is durable and 

requires little maintenance when incorporated into service. 

Material selection is especially important in cases involving 

high temperature or corrosive gases. Traditional carbon steels 

will typically be sufficient for the majority of applications 

using Diesel fueled generators. Natural Gas engines will 

traditionally run at an elevated temperature above their Diesel 

counterpart, and may require a graded carbon or stainless steel 

that can maintain an element of structural performance at 

elevated temperatures. Aluminized steel is available from 

many silencer manufacturers and is often preferred for general 

applications 

1.1.4 Structural performance:- 

     The Structural performance criterion can specify the 

geometric restrictions and/or maximum allowable 

volume/weight of the silencer that can substantially influence 

the silencer design process. Secondary loading outside of the 

weight of the silencer can also affect the design and cost of the 

exhaust system. A standard engine silencer is not traditionally 

designed to absorb substantial loads due seismic activity, wind 

or thermal growth of adjacent piping. Silencers that are 

specifically incorporated as an element of an exhaust “stack” 

should be designed to accommodate the loads that will be 

absorbed due to potentially high wind loads as well as seismic 

activity. A commodity purchased silencer should be isolated 

from substantial piping runs through the use of flexible 

expansion joints to reduce or eliminate the transfer of loads 

and engine vibration. 

 

1.2 Silencer Types 

Despite the terms and myriad of configurations, the 

silencer can be broken into three fundamental types: reactive 

(reflective), absorptive (dissipative), and combination 

reactive/absorptive. In addition to the three main silencer types, 

other functionality such as spark arresting, emission control, 

heat recovery, etc., may also be incorporated into the silencer 

design.  

 

1.2.1 Reactive silencer:- 

      Reactive silencers 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.  

 

1.2.2 Absorptive silencer:- 

Absorptive silencers contain fibrous or porous sound-

absorbing materials and attenuate noise by converting the 

sound energy propagating in the passages in to heat caused by 

friction in the voids between the oscillating gas particles and 

the fibrous or porous sound-absorbing material. Absorptive 

silencers usually have relatively wideband noise reduction 

characteristics at middle and higher frequencies. Absorptive 

silencers are often used to attenuate the engine intake noise or 

supplement the performance of reactive silencers for the 

engine exhaust noise control.  

 

1.2.3 Combination 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.  

 

1.2.4 Spark arresting silencer:- 

Federal, state, local and municipal bylaws often 

dictating exhaust installations have provisions for arresting 

sparks from internal combustion engines. If an engine is to be 

used in an area where there is potentially dry vegetation of 

other combustible materials that are likely to be ignited by any 

hot carbon passing through the exhaust, one must incorporate 

spark-arresting capabilities into the silencer.  

 

1.2.5 Catalytic silencer:- 

     To enhance exhaust gas emission control one may 

incorporate a catalytic converter element into a silencer to 

reduce the Oxides of Nitrogen (NOx), Carbon Monoxide (CO), 

and Non-Methane Hydrocarbons (NMHC) discharged in the 

exhaust stream. A catalytic converter is comprised of a NOx 

catalyst and an oxidation catalyst. The NOx beds reduce the 

NOx into benign N2 and H2O, while the oxidation catalyst 

reacts with CO and HC to form water vapour and carbon 

dioxide. Inclusion of the catalytic element into the body of an 

exhaust silencer can reduce the cost of a combination system 

by eliminating the need for a separate acoustic silencer as well 

as specialized catalyst housing and tracking system. 

 

1.2.6 Heat recovery silencer:- 

      Most of the energy available in the fuel used in 

reciprocating and gas turbine engines is rejected in the form of 

heat. A reciprocating engine running at full load converts 

about one-third of the available energy into useful work, while 

the remaining two thirds of the available energy is lost in the 

form of heat rejection.  

1.2.7 Tuned silencer:- 

        When the low frequency noise within a narrow band is 

extremely high, a tuned silencer can be designed to combat the 

specific offending frequencies. Tuned silencers consist of pipe 

segments and cavities that are used to produce a low frequency 

resonance at a required frequency. The accurate prediction of 

the tuned (resonance) frequency is extremely important to 

facilitate a match of the peak frequency for reducing the 

narrow band noise to a desirable level.  

 

1.2.8 Active silencer:- 

      Active silencing or sound cancellation systems, employ 

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.  
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1.3 System Evaluation 

1.3.1 System noise:- 

      It is extremely important to evaluate the total system when 

specifying an exhaust silencer for a specific installation. Many 

silencers have been incorrectly specified and installed in 

environments where the measured noise level in the area is 

considerably higher than the level produced by the silenced 

engine. A general knowledge of acoustics and sound will help 

in identifying potential factors that could impact the overall 

noise levels of an installation but a silencer manufacturer or 

acoustic consultant should be engaged when an unknown or 

difficult situation arises. 

 

1.3.2 System backpressure:- 

    It is essential to the performance of a generator set that the 

installed exhaust system does not exceed the engine 

manufacturer's maximum exhaust backpressure limit. Pressure 

drop of exhaust system includes losses due to piping, silencer, 

and termination. High backpressure can cause a decrease in 

engine efficiency or increase in fuel consumption, overheating, 

and may result in a complete shutdown of the generating 

system potentially causing significant damage. Pressure drop is 

measured in a straight length of pipe 3 to 5 diameters from the 

last transition change after the turbocharger outlet. 

Every exhaust system of an industrial or automobile 

system where hot gases discharge from the combustion 

chamber into the surrounding atmosphere at relatively high 

velocities has a silencer as an integral part of the system. The 

Automotive silencer attempts to reduce the audible noise levels 

in the proximity of the system to acceptable limits for human 

comfort. While doing so, it has to withstand stresses induced 

due to heat and other factors such as vibration, fatigue etc. As 

such, any improvement made to the silencer would directly 

enhance the function of silencer with marked improvement in 

its effective life-span. 

 
Fig. 2. Analytical and Experimental method of frequency 

detection. 

The exhaust gases coming out from engine are at very 

high speed and temperature. Silencer has to reduce noise, 

vibrations. While doing so it is subjected to thermal, vibration 

and fatigue failures which cause cracks. So it is necessary to 

analyze the vibrations which would further help to pursue 

future projects to minimize cracks, improving life and 

efficiency of silencer. 

Modal analysis involves process of determining the 

modal parameters of a structure to construct a modal model of 

the response. Theoretical [Finite Element Analysis (FEA)] and 

Experimental Modal Analysis (EMA) have been very separate 

engineering technologies aimed for solving noise and vibration 

problems. The modal parameters may be determined by 

analytical means, such as finite element analysis and one of the 

common reasons for experimental modal analysis is the 

verification/correction of the results of the analytical approach 

(model updating). Experimental modal analysis is used to 

explain a dynamics problem, vibration or acoustic. 

 

II. Problem Definition 

The existing exhaust system of automotive vehicle is 

to be analyzed through modal analysis by using FEM and the 

validation is to be made experimentally with the help of FFT 

analyzer. 

 

III. Need of study and Objective 

             The exhaust gases coming out from engine are at very 

high speed and temperature. Silencer has to reduce noise, 

vibrations. While doing so it is subjected to thermal, vibration 

and fatigue failures which cause cracks. So it is necessary to 

analyze the vibrations which would further help to pursue 

future projects to minimize cracks, improving life and 

efficiency of silencer.  

Accordingly the objectives of the study are to:- 

 Study existing silencer. 

 Geometric modelling of existing silencer. 

 To carry out the modal analysis of the silencer. 

 Compare the result obtained through modal analysis 

with the frequencies obtained though the FFT 

analyzer. 

 Improvement is silencer model and Modal analysis of 

the same. 

 Analysis of correlation between results obtained. 

 

IV. Literature Review 

Yunshi Yao et al [1] studied the 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. Based 

on results of simulation and optimization, the reactive muffler 

used in vibratory rollers with weight of 13t was fabricated and 

its field test was carried on. The simulate results showed that 

velocity field coincided with the pressure field basically, 

which indicates that the optimized muffler has excellent 

aerodynamic characteristics and rational design of damping 

units. The results of field tests showed that 2 muffler had better 

acoustic insertion loss with little pressure loss. Acoustic 

insertion loss was 17~18.4 dB (A) at engine speed of 2450 

rpm, which meets the designing goal. 
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Lian-yun LIU et al [2] studied the multi-dimensional 

computational fluid dynamics (CFD) approach was proposed 

in this study aiming to calculate the transfer matrix of an 

engine exhaust muffler in the conditions with and without 

mean flow. The CFD model of the muffler with absorptive 

material defined as porous zone was calibrated with the 

measured noise reduction without mean flow, and was further 

employed to study the effect of the mean flow on the acoustic 

performance of the muffler. Furthermore, the exhaust 

acoustical source was derived from the calculated transfer 

matrices of six different additional acoustic loads obtained by 

the proposed CFD approach as well as the measured tail noise 

based on a multiload least squares method. Finally, the exhaust 

noise was predicted based on Thevenin’s theorem. The 

proposed CFD approach was suggested to be able to predict 

the acoustic performance of a complex muffler considering 

mean flow (without and with mean flow) and heat transfer, and 

provide reasonable results of the exhaust noise. 

 

H.-D. Kim et al. [3] addresses a computational work of the 

weak shock wave propagating inside a silencer system of 

automobile exhaust pipe. The second order total variation 

diminishing (TVD) scheme is employed to solve the two-

dimensional, compressible, unsteady, Euler equations. Eight 

different models of the silencer systems are explored to 

investigate the effects of the silencer configuration that has on 

the weak shock wave propagation phenomena. The incident 

plane shock wave is assumed at the inlet of the silencer and its 

Mach number is changed between 1.01 and 1.30. The present 

computational analysis clearly reveals the detailed shock wave 

reflections/diffractions and vertical flows inside the silencer 

models. These results are detailed by the pressure time 

histories at several locations inside the silencer model.  

 

Takashi Yasuda, Chaoqun Wu, Noritoshi Nakagawa, 

Kazuteru Nagamura [4] studied automotive muffler 

experimentally and numerically under the condition of wide 

open throttle acceleration in this paper. The transient acoustic 

characteristics of its exhaust muffler were predicted using one 

dimensional computational fluid dynamic. Validations of the 

results obtain by the simulation, of the muffler for transient 

acoustic characteristics were measured in an anechoic chamber. 

Experimental results are in good agreement with simulation 

results at the 2nd order of engine rotational frequency.  

 

M. R. Asif, M. S. Hossain and K. A. Hossain [5] has been 

found more concentrated near the heated baffles and the cold 

fluid becomes completely heated after passing the second 

baffle inside the enclosure. A numerical study was carried out 

to investigate the mixed convective two dimensional flows in a 

vertical enclosure with heated baffles on side walls. The 

numerical solution indicates that increasing the value of Re 

and Ri leads to higher intensity of recirculation and complex 

fluid flow characteristics. All walls are assumed to be adiabatic, 

but baffles are considered as isothermally heated. Maximum 

heating efficiency has been occur with higher value of Re and 

Ri and it increases gradually with both the increase of Re and 

Ri. 

 

Aminudin Abu [6] presents the study of the dynamic 

characteristics using the theoretical approach to the 

mathematical model of the whole exhaust pipe. This would 

give enough information to designers to develop a new exhaust 

pipe. The fatigue behavior of the exhaust pipe is analyzed 

theoretically with its vibration modes. The result obtained by 

FEM is also compared with Transfer matrix method. In this 

paper the location of hanger position are detected for 

increasing the natural frequency of silencer.. 

5. Conclusion 

    Still we are working over the project, As per the problem 

identified , case study of problem, and also with help of 

research papers, international journals; we conclude that 

optimization using FEA is effective than other method so we 

go for Optimization of Silencer Design Based On Dimensional 

Parameter, Inner Tube Of Silencer Design. 
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