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Abstract- An indispensable component of any automobile is its exhaust system comprising of exhaust piping, catalytic 
convertors, muffler and tailpipe. There have been innumerous developments in the exhaust system of a vehicle. A great 
innovation in this field is the Valve technology to control the decibel level. Not only responsible for noise level reduction, 
but also horsepower management, the exhaust system is the backbone of the engine. The crucial sub part of an exhaust 
system is the muffler, which needs to be meticulously designed. Mufflers can be broadly classified into two parts, namely 
absorptive and reactive. The absorptive is further classified into laminar, straight through and offset. On the other hand, the 
reactive type is categorized into turbo type and X-type. The above mentioned mufflers are simulated on Wave Build Ricardo 
software and checked for transmission losses. Accordingly, the transmission loss characteristics of the mufflers are 
compared. This simulation requires modelling of the five types of mufflers and also creating an acoustic map of the engine in 
Wave Build Ricardo. Once these mufflers are inserted in the acoustic map and compiled for errors, the simulation is 
implemented. Keeping in mind the results, a muffler can be chosen for an automobile depending upon the emission norms of 
the country. 
 
Index terms- Muffler, Transmission loss, simulation, acoustic map, absorptive, reactive. 
 
I. INTRODUCTION 
 
The exhaust system of an automobile is the backbone 
of the engine. Its main role is the extraction of the 
gaseous products formed in the fourth stroke namely, 
exhaust stroke. The exhaust system of a vehicle 
basically consists of the following parts: Piping, 
Catalytic converter, Muffler and Tailpipe. 
 
Exhaust piping and header: The function of the 
exhaust piping or also known as header, is to collect 
the gases which have been created during exhaust 
stroke, just below theexhaust valve. The aim of the 
header is to develop a low pressure region around it 
so that the gases can be sucked out of the combustion 
chamber, thus making the engine ready for the next 
discharge. The exhaust headers control important 
factors such as scavenging extent, reversion and 
backpressure. So, the diameter of the header and the 
pipe have to be scrupulously calculated. 
 
Catalytic Converter: The piping is connected to the 
catalytic converter, where the harmful gases like 
oxides of nitrogen are converted into nitrogen and 
oxygen by a series of chemical reactions. Other toxic 
gases emitted are hydrocarbons and carbon 
monoxide. There are two types of catalytic 
convertors- two way and three way. In two way 
catalytic convertors the following reactions take 
place: Oxidation of carbon monoxide to carbon 
dioxide: 2CO + O2 → 2CO2 
 
Oxidation of hydrocarbons to carbon dioxide and 
water: CxH2x+2 + [(3x+1)/2] O2 → xCO2 + (x+1) 
H2O 
In three way catalytic convertors the following 
reactions take place: 

2NOx → xO2 + N2 
2CO + O2 → 2CO2 
CxH2x+2 + [(3x+1)/2]O2 → xCO2 + (x+1)H2O. 
Catalytic convertors are major contributors to 
backpressure. 
 
Muffler: The muffler is the main part of an exhaust 
system which are concerned with increasing the 
transmission loss. Transmission loss is a measure of 
measuring a muffler’s productivity. It is the basic 
difference between incident sound power and 
transmitted sound power. 
 

 
Figure 1: Classification of mufflers 

 
Tailpipe: The tailpipe is the bent portion of pipe 
protruding from the rear end of the muffler. The 
length of this pipe and the angle at which it is bent is 
decided by the interference theory of plane wave, so 
as to augment the scavenging effect. 
 
Here, we will now model the five types of mufflers 
and simulate them to check for transmission loss 
characteristics 
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II. MODELLING OF THE ACOUSTIC MAP 
AND THE FIVE TYPES OF MUFFLERS 
 
Initially, an acoustic map has to be created in the 
Wave Build workbench. In the workbench, initially 
an acoustic piston ambient has to be added. This 
basically is a correspondence to the noise generating 
piston and the blast in the combustion chamber. Here, 
the details entered are ambient pressure 1 atm and 
temperature-300K.  The frequency range in which the 
transmission loss is to be compared is also mentioned 
here. Steady gas velocity is entered as 20m/s and the 
nature of sound wave as sine wave. Next, the ambient 
is connected to an orifice via a duct of diameter 
35mm and length 30mm. The modelled muffler is 
now connected to this orifice and another orifice on 
the other end. The second orifice is connected to an 
anechoic termination ambient via a similar duct. An 
anechoic chamber is one that absorbs all sound or 
electromagnetic waves. This is used to measure the 
transmission loss after the sound wave passes through 
the muffler. The design of an anechoic chamber is 
based upon the principle of reflection and 
interference of sound waves. The waves get trapped 
between the conical projections on the walls of the 
anechoic chamber and suffer multiple reflections, 
thus undergoing destructive interference.  
In this way, an acoustic model is generated in Wave 
Build. 
Next, the mufflers are modelled in Wave Build 
Complex using canisters, ducts and Y-junctions. 
Glass wool of packaging density 80 kg/m3 is wrapped 
around the ducts. The mufflers are meshed in Wave 
Mesher one by one. 
The models of the mufflers are shown alongside. 
Next, the mufflers are to be connected between the 
orifices in the acoustic map and then simulated. 
 

 
Figure 2: Models of the mufflers 

 

 
Figure 3: Acoustic map 

 
Figure 4: Meshed models of mufflers 

 
III. SIMULATION AND CHECKING THE 
TRANSMISSION LOSSES OF THE MUFFLERS 
 
One by one, the mufflers are installed on the acoustic 
map and then simulated. The basic dimensionsofthe 
mufflers like the canister volume, duct diameter are 
kept same so as to get real time comparison when 
simulated. During this simulation, a sound pressure 
wave of the given velocity, i.e. 20m/s is made to flow 
through the muffler. The transmission loss which is 
the difference between incident sound power and 
transmitted sound power, is calculated accordingly. 
The mufflers are one by one simulated and their 
results are stored in Wave Post. In the Wave Post 
section, the transmission loss versus frequency graph 
is obtained. This graph gives the amount of 
transmission loss in dB against frequency in Hertz. 
However, a particular engine emits a sound of 
particular frequency, or frequency multiples to be 
precise. This frequency can be easily calculated as it 
is the firing frequency of the engine. Based upon the 
transmission loss characteristics of the muffler at 
these frequency values, a muffler is chosen. 
The firing frequency can be worked out by the 
following formula: 

݂ = ܯܴܲ × ܰ ÷ 120 
 
,where N is the number of cylinders, and 
 RPM is the revolutions per minute at which                                           
the exhaust is tuned. 
The transmission loss of the mufflers are displayed 
alongside. 
More the transmission loss, more is the sound 
reducing capacity of the muffler. However, this also 
means, more will be the backpressure. In the next 
section, the transmission losses will be compared. 
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Figure 5: Transmission loss characteristics of straight through 

muffler 
 

 
Figure 6: Transmission loss characteristics of offset type 

muffler 
 

 
Figure 7: Transmission loss characteristics of laminar type 

muffler 
 

 
Figure 8: Transmission loss characteristics of turbo type 

muffler 

 
Figure 9: Transmission loss characteristics of X type muffler 

 
IV. RESULTS AND CONCLUSION 

 
The graphs of transmission loss versus frequency 
clearly show that the maximum transmission loss 
occurs in X type muffler, and the minimum in offset 
type. However, these values of transmission losses 
are achieved at very high frequencies around 3000Hz. 
In reality the frequency of sound emitted by 
automobiles does not exceed 2000Hz.At this 
frequency level, the maximum transmission loss is 
shown by X type and minimum by straight through 
type. 
 

 
Figure 10: Simulation in process 

 
Table 1: Net comparison of TL 
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It is clearly observed that the laminar and X type 
mufflers have aggressive increase in transmission loss 
compared to the other types.Based on these 
simulation results, a muffler can be chosen as 
required. A dirt bike is allowed more sound level than 
a passenger bike, so the muffler of a dirt bike may be 
chosen to be an offset muffler or turbo. Using similar 
logic, the mufflers of different automobiles can be 
decided. 
 
 
 
 
 
 

REFERENCES 
 

[1] Gordon.P.Blair “Design and Simulation of Four Stroke 
Engines” 

[2] Charles Fayette Taylor “The Internal Combustion Engine 
in Theory and Practice: Thermodynamics, Fluid Flow, 
Performance” 

[3] John Baechtel “Performance Automotive Engine Math” 
[4] Philip Hubert Smith “The scientific design of exhaust and 

intake systems” 
[5] Mike Mavrigian “Performance Exhaust Systems: How to 

Design, Fabricate & Install” 
[6] Richard Stone “Introduction to Internal Combustion 

Engines, Fourth Edition 2012-09-30” 
 
 
 

 
 
 
 
 
 

 


