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Abstract 
Internal combustion engines are fitted with exhaust muffler 

to attenuate the pressure pulsation generated during 

combustion process. Effective prediction of sound pressure 

loss of hot gases as it flows through the muffler greatly 

helps in the design of mufflers. An attempt has been made 

here to predict the transmission loss through modal 

analysis, followed by acoustic analysis using finite element 

analysis for three different configurations of mufflers under 

different fixing conditions. It was found that three chamber 

muffler provides higher attenuation of sound pressure 

compare to one and two chamber mufflers and also fixing 

the muffler at the center provides further helps in sound 

pressure attenuation. 

Introduction 
Sound is the result of pressure variations, or 
oscillations, in an elastic medium (e.g., air, water, 
solids), generated by a vibrating surface, or turbulent 
fluid flow. Exhaust noise (unwanted sound) of internal 
combustion engines is known to be the biggest 
pollutant of the present-day urban environment. 
Hence they are typically equipped with exhaust muffler 

to attenuate the pressure pulsation generated during 

combustion process. Among dissipative type of reflective 

type of mufflers, reflective type muffler is mostly preferred 

in all internal combustion chambers.  A reflective muffler 

consists of a number of tubular elements of different 

transverse dimensions joined together so as to cause 

impedance mismatch at every junction. This results in 

reflection of a substantial part of the incident acoustic 

energy back to the source.  A well designed muffler is one 

which ensures adequate insertion loss, reduces back 

pressure, small in size, durable, maintains effective 

performance for a long period of time, ability to arrest 

spark and produces less flow generated noise within the 

muffler element. Acoustic performance of a muffler may be 

ascertained from parameters such as insertion loss, noise 

reduction and transmission loss.  In this paper, performance 

of a muffler is measured by predicting transmission loss 

obtained through finite element analysis of three different 

muffler configurations is presented. 

Acoustic wave equation 
The muffler is analysis was carried out by treating it as a 

acoustical fluid structure interaction problem. Therefore, 

the structural dynamics equation is considered along with 

Navier-stokes equations of fluid momentum and the flow 

continuity equation. The discretized structural dynamics 

equation can be formulated using the structural elements. 

The fluid momentum (Navier – Stokes) and continuity 

equations are simplified to get the acoustic wave equation: 

 
Where, c = speed of sound,  = sound density, P = acoustic 

pressure, t = time. 

Finite Element Analysis 
Three configuration of the muffler considered are a) single 

expansion chamber muffler b) two chamber muffler and c) 

three chamber muffler, as shown in figures 1, 2 and 3. 

Figure 4 shows the schematic model of the single chamber 

muffler. Sonic velocity and density is given to acoustic 

elements as material property. Young,s modulus, poision’s 

ratio and density are given to structural elements. Unit 

pressure is applied at the entry of the muffler.  Harmonic 

analysis was carried out for the frequency range zero to 

2000 Hz. Transmission loss is computed by taking the 

pressure values at the entry and exit of the muffler and 

using the expression: 
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si and s0 are muffler inlet and outlet tube area and are equal 

in this case. Graph of transmission loss versus frequency is 

plotted for 0 to 2000 Hz. 

 

 

 

 

 

Figure 1 

 
Figure 2 

 
Figure 3 

 
Figure 4 

Modal analysis were carried out on single chamber muffler 

using Block Lancozos method and free-free boundary 
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conditions to find its natural frequencies between 100 Hz to 

2000 Hz. Acoustic analysis was carried out to compute the 

transmission loss.  

Result and discussion 
Table 1 shows natural frequencies obtained from the modal 

analysis for the three muffler configurations. Figure 5a, b 

and c shows the plots of transmission loss versus frequency 

for the three muffler configurations. Plots indicate that 

transmission loss is a function of natural frequency and the 

loss is minimum when natural frequency of the muffler 

matches with the frequency of sound of engine exhaust. 

Further, the transmission loss versus frequency confirm to 

the fact that most of the noise in the engine exhaust is 

limited to the firing frequency and its first few harmonics. 

Transmission loss is about 26 dB, 34 dB and 45 dB for 

single, two and three chambers respectively. The fact that 

higher natural frequencies occur inside the chamber and the 

lower natural frequencies at the free ends strengthen the 

need for proper design of muffler. Number of natural 

frequencies has reduced for two and three chamber 

mufflers. The transmission loss curve appears to be high 

and broad at higher frequencies for two-chamber muffler 

and is broad at multiple frequencies for three-chamber 

muffler. 

Conclusion 
The method adopted to predict the attenuation 

characteristics of the muffler predicts that transmission loss 

is minimum at resonance. Further, the fact that muffler is 

an acoustic filter and its performance varies with frequency 

is well confirmed. And, the transmission loss increases with 

the increase in number of chambers and the loss is uniform 

at all peak frequencies and reasonably wide indicating that 

attenuation take place over a wide range of frequencies 

making the three chamber configuration better among the 

three muffler configuration and the method adopted 

appears to provides an easy and effective means of 

predicting attenuation characteristics of the mufflers. 

Table 1 
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(b) 

 
(c) 

Figure 5a,b and c: Plots of transmission loss versus 

frequency for single, two and three chamber mufflers 

respectively. 
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