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Abstract— a muffler is an important part of an engine system 

used in exhaust system. The purpose of the Muffler is to 

reduce the noise of the exhaust before it is released to the 

atmosphere. The disadvantage is back pressure can be 

created in the exhaust system. The literature review reveals 

that the exhaust gas noise level depends upon various factors 

of muffler. These factors which affects noise from engines. 

So we changed some dimensions and then measured the 

values of different factors through analysis. The objective of 

this study is to reduce exhaust gas noise level and maintained 

low back pressure. The performance of the muffler is 

assessed. Different methods are used to obtain desired 

outputs by inputting sound wave. The modeling of muffler is 

done by using modeling software CATIA V5 and 

performance parameters are estimated using ANSYS 

software tools. This study helps to improve reduce the noise 

level and environmental noise pollution and also minimize 

the back pressure which affects engine performance. The 

results obtained from software are compared with analytical 

method and they are found close agreement with each other. 

Later on fabrication of the muffler is carried out. 

Experimental testing is done for the fabricated model. At the 

end, comparison is done for analytical and experimental 

graphs and suitable conclusion is carried out from the 

comparison, by keeping some future scope. 

Key words: Muffler Concept, Design Methodology, Back 

Pressure, CATIA V5, ANSYS Tools, Experimental Testing, 
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I. INTRODUCTION 

Internal combustion engine is a major source of noise 

pollution. These engines are used for various purposes such 

as, in power plants, automobiles, locomotives, and in 

various manufacturing machineries. The main sources of 

noise in an engine are the exhaust noise and the noise 

produced due to friction of various parts of the engine. The 

exhaust noise is the most dominant. To reduce this noise, 

various kind of mufflers are usually used. The level of 

exhaust noise reduction depends upon the construction and 

the working procedure of mufflers. As the purpose of the 

Muffler is to reduce the noise of the exhaust before it is 

released to the atmosphere. The disadvantage is back 

pressure can be created in the exhaust system. All engines 

have a maximum allowable engine back pressure specified 

by the engine manufacturer. Sometimes it will be high so 

that may cause some effects on the diesel engine. So this 

project is aimed to reduce the noise level and back pressure 

in the exhaust Muffler. To design a muffler of a vehicle, we 

should understand physical factors that affect the noise 

decrease in muffler. Muffler should be designed based on 

these factors. However, the physical factors, such as 

geometric shape of a muffler, flow rate, the temperature 

gradient, and pressure wave resulted from engine 

combustion, are so various and complex that it is very 

difficult to select the most adequate muffler. Muffler 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. For the actual complex muffler, 

the internal flow is three-dimensional and unsteady. Reports 

on the distribution of flow field, velocity, pressure and 

temperature of complex muffler is rare. So is significant to 

have numerical simulation on the internal air flow, pressure 

and temperature distribution of automobile exhaust muffler. 

Most recently, automotive engineers have been 

experimenting with electronic noise suppression muffler. A 

sound pressure wave, 180o out of phase, is generated by an 

electronic device to cancel out a similar sound wave 

generated by the engine. It is an effective way of cancelling 

noise without restricting the flow. Unfortunately, it is too 

costly and currently impractical for most of today’s engines. 

However, out of phase sound wave cancellation is the best 

technology so far to control engine noise. Now-a days, this 

180o phase sound is created within the engine muffler by 

reflecting the outgoing sound waves. This reflected sound is 

used to attenuate the main noise. This procedure is called 

reflective noise cancellation system. Using a resonator 

sometimes does this. Pulses released by the exhaust are the 

cause of engine noise. When the expansion stroke of the 

engine comes near the end, the outlet valve open and the 

remaining pressure in the cylinder discharges exhaust gases 

as a pulse into the exhaust system. These pulses are between 

0.1 and 0.4 atmospheres in amplitude, with pulse duration 

between 2 and 5 milliseconds. The frequency spectrum is 

directly correlated with the pulse duration. The cut-off 

frequency lies between 200 and 500 Hz. Generally, engines 

produce noise of 100 to 130 dB depending on the size and 

the type of the engine. The three dimensional CFD 

simulation technology is successfully applied in the optimal 

design of automotive muffler and is bound to open up new 

ideas and direction to optimize the design of modern exhaust 

system. The CFD has obvious advantages in the simulating 

and optimal design of the muffler and it can be used to 

obtain the dimensions of the acoustic muffler with the 

transmission loss, being maximized in the frequency range 

of interest. To design a muffler of a vehicle, we should 

understand physical factors that affect the noise decrease in 

muffler. Muffler should be designed based on these factors. 
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However, the physical factors, such as geometric shape of a 

muffler, flow rate, the temperature gradient, and pressure 

wave resulted from engine combustion, are so various and 

complex that it is very difficult to select the most adequate 

muffler 

II. PROBLEM STATEMENT 

A. To Reduce the Value of Backpressure 

Exhaust muffler's performance is mainly dependent on value 

of backpressure. If the back pressure increased then there 

are several adverse effects such as pumping work increases, 

intake manifold boost pressure reduces, cylinder scavenging 

and combustion effects and turbocharger problems etc. 

arises in engine. Therefore if the backpressure is reduced 

then engine efficiency will be high.  

This project is mainly for reducing the 

backpressure of the muffler. For the existing exhaust muffler 

the backpressure is more and therefore it creates many 

problems in engine. Therefore for reducing the backpressure 

different types of models are modelled by using CATIA 

software and analysis of these models done by using the 

Computational Fluid Dynamics (ANSYS FLUENT) 

software. From the analysis results, comparison of 

backpressure between existing muffler model and newly 

modelled muffler will takes place. After comparison the 

muffler model with less backpressure will be choose as an 

optimum muffler model. 

B. To Reduce Exhaust Noise Level in the Silencer 

Exhaust noise level in conventional I.C. engine is a major 

problem for environment. To reduce effect of noise on 

environment, noise level should be minimized as possible. 

The reduction of noise is done by installing muffler in 

exhaust system. The automotive vehicle noise norms are 

getting stringent day by day. To meet norms continuous 

improvement is required to meet the environmental norms 

III. METHODOLOGY 

 Literature survey, books, journals and research paper 

for different types of Exhaust  

 P=p-muffler modelling and CFD analysis. 

 To understand the working of Exhaust Muffler.  

 Study of existing design, basic concept of exhaust 

muffler and backpressure problem of the muffler. 

 Select the different types of Exhaust Muffler models 

by studying various research papers. 

 Modelling of all mufflers by using CATIA software. 

 CFD Analysis of each model by using ANSYS 

FLUENT software. 

 Compare the result of all analysis and choose the 

optimum model. 

 Manufacturing of the optimum muffler model. 

 Experimental validation will finally to compare result 

with reference. 

 Concluding the report with future scope. 

IV. DESIGN METHODOLOGY 

Muffler is very important component of exhaust system to 

reduce noise level of exhaust gas. Day by day regulating 

norms of noise becoming stringent due to environmental 

effects, so it is very important to reduce noise level. All 

noise emitted by the automobile does not come from the 

exhaust system. There are so many factors which contributes 

as noise source to vehicle noise emission include intake 

noise, mechanical noise and vibration induced noise from 

the engine body and transmission. The automotive muffler 

has to be able to allow the passage of exhaust gases whilst 

restricting the transmission of sound. The exhaust system 

contributes 32% of the total noise emitted from the vehicle. 

Muffler should be designed by considering requirement of 

engine. 

A. Types of Muffler 

Muffler is one of the major exhaust system components and 

it is broadly classified into two types based upon its 

operating mechanism: 

1) Reactive Muffler 

The reactive or reflective muffler uses the phenomenon of 

destructive interference to reduce the noise. This means that 

they are designed so that the sound Waves produced by an 

engine partially cancel themselves out in the muffler. For 

complete destructive interference to occur, a reflected 

pressure wave of equal amplitude and 180 degree out of 

phase needs to collide with the transmitted pressure wave. 

Reflections occur when there is a change in geometry or an 

area discontinuity. 

 
Fig. 1: Typical reactive automotive muffler 

2) Absorptive Muffler 

Absorptive silencers contain either fibrous or porous 

material, and depending upon their absorptive properties 

they reduce the noise levels. Sound energy is reduced as 

their energy is converted into heat in their absorptive 

material. It is based on the use of flow resistive materials, 

again normally in the form of porous acoustic linings. In 

hybrid type, Sound is attenuated by reflection and 

cancellation as well as absorption and in active noise control 

method; they used the noise cancellation method to 

attenuate the sound. 

 
Fig. 2: Typical absorptive automotive muffler 

Muffler geometry contains following parts listed in table: 
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Table 1: Muffler Geometry 

V. 3D MODELING & CFD ANALYSIS 

CAD model is drawn in CATIA R19 with suitable 

dimension. Number of geometries drawn in CATIA is 

selected for finite element analysis to determine the 

transmission loss, backpressure loss, flow pattern. 

Determining expected analysis geometries of muffler are 

changed by varying diameter of perforations, diameter of 

pipes and number of holes. Solid model has perforated 

baffle plate, non-perforated baffle plate, perforated hole 

inside chamber of geometry. CAD model is imported in Star 

CCM + software with file extension XYZ. Details of all 

geometries are shown in following table: 

 
Table 1: Details of all mode 

A. Model Building 

Solid model of muffler is created by using CATIA V5 

software. Total length of geometry of 

Muffler is 450 mm. It has baffle1 with holes on it 

and baffle2, also pipes has perforations on it. 

Specifications used for the model: 

Minor Diameter: 105mm 

Major Diameter: 185 mm 

Total Length: 450 mm 

The muffler model is constructed using these 

parameters and using the Part Environment in CATIA V5. 

 
Fig. 3: 3D CAD Model 01 

B. Computational Meshing 

In this study, the exhaust system was modelled from the tail 

pipe to model the exhaust system as closely as possible. The 

three dimensional wireframe CAD modelling data were 

imported in an STL format. Geometry of muffler is divided 

into some regions for better meshing. Trimmer meshing type 

is used to create the volumes in the exhaust system. The 

fluid domain is meshed with an average size of 5 mm. 

Mufflers are Meshed with fine mesh size using volume 

controls methodology in Star CCM+. 

The 3D meshing model is as shown in fig. 

 
Fig. 4: 3D Meshing Model 

C. 3D Modelling & Analysis Result of Different 

Geometries 3D Model & CFD Analysis Details for Model 

01 

Geometry-01 has three chambers, first chamber has inlet 

pipe. 2 holes pipes in third chamber and having diameter of 

25mm. Perforations are on the pipes having diameter of 2.5 

mm having circular pattern on pipes. 

 
Fig. 5: 3D CAD Model 01 

1) First Geometry studied as shown in figure 

 
Fig. 6: Pressure Distribution for Model 01 

 
Fig. 7: Velocity Contours for Model 01 
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2) 3D Model & CFD Analysis Details for Model 02 

 
Fig. 8: 3D CAD Model 02 

 
Fig. 9: Pressure Distribution for Model 02 

 
Fig.10:-Velocity Contours for Model 02 

3) 3D Model & CFD Analysis Details For Model 03 

 
Fig. 11: 3D CAD Model 03 

 
Fig. 12: Pressure Distribution for Model 03 

 
Fig. 13: Velocity Contours for Model 03 

4) 3D Model & CFD Analysis Details For Model 04 

 
Fig. 14: 3D Model 04 

 
Fig. 15: Pressure Distribution for Model 04 

 
Fig. 16: Velocity Contours for Model 04 

VI. RESULTS AND DISCUSSION 

A. Transmission Loss 

Transmission loss is phenomenon which determines the 

performance of muffler, it gives the difference between 

sound level at inlet and outlet of muffler. Transmission loss 

is calculated by giving sine wave of sound as input to inlet 

and muffler. Sine wave travels through inlet of muffler and 

comes out through outlet. FFT analyser converts the time 

domain into frequency domain of decibel level. Following 

graphs shows frequency verses transmission loss. 



Design, Optimization and Analysis of Exhaust Muffler to Reduce Exhaust Noise Level and for Prediction of Backpressure 

 (IJSRD/Vol. 4/Issue 07/2016/218) 

 

 All rights reserved by www.ijsrd.com 910 

1) Transmission loss (TL) for Model 01 

 

Fig. 17: Transmission loss (TL) for Model 01 

Fig. 17 shows that maximum transmission loss is between 

300 and 1750 Hz. Transmission loss between 500 to 750 Hz 

is 15 to 23 db. Lowest points show zero transmission loss at 

that particular frequency. 

2) Transmission loss (TL) for Model 02 

Fig. 18 shows that maximum transmission loss is between 

1300 and 1750 Hz Transmission loss between 500 to 750 Hz 

is 15 to 20 db. Lowest points show zero transmission loss at 

that particular frequency. 

 
Fig. 18: Transmission Loss (TL) for Model 02 

3) Transmission Loss (TL) for Model 03 

 
Fig. 19: Transmission Loss (TL) for Model 03 

Fig. 19 shows that maximum transmission loss is between 

300 and 1750 Hz. Transmission loss between 500 to 750 Hz 

is 20 to 28 db. Lowest points show zero transmission loss at 

that particular frequency. 

4) Transmission Loss (TL) For Model 04 

 
Fig. 20: Transmission Loss (TL) For Model 04 Mass Flow 

Rate 

Fig. 20 shows that maximum transmission loss is between 

300 and 1750 Hz. Transmission loss between 500 to 750 Hz 

is 28 to 30 db. Lowest points show zero transmission loss at 

that particular frequency. 

Mass flow rate shows the mass of air passed 

through muffler with respect to time. Backpressure is relates 

with Maximum mass flow rate shows minimum 

backpressure mass flow rate of exhaust gas through 

automotive muffler um and vice versa. 

5) Mass Flow Rate of Model 01 

 
Fig. 21: Mass Flow Rate Model 01 

6) Mass Flow Rate of Model 02 

 
Fig. 22: Mass Flow Rate Model 02 

7) Mass Flow Rate of Model 03 

 
Fig. 23: Mass Flow Rate Model 02 

8) Mass Flow Rate of Model 04 

 
Fig. 24: Mass Flow Rate Model 04 
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9) Selection of Final Geometry 

 
Table 1: Mass Flow Fate for Different Geometries 

From the table it is clearly seen that Model No.2 has 

maximum mass flow rate of exhaust gas so this geometry 

has low backpressure. Selected model amongst the four 

model is model no. 2 and the Fig. for transmission loss of 

the same is as follows. After the analysis fabrication is done 

as per the dimensions and the analytical and experimental 

Fig.s are compared. 

 
Fig. 28: Fig. of Transmission Loss of Model no.2 finally 

Selected from the results of analysis 

VII. CONCLUSION 

The purpose of this experiment was to conduct design and 

free analysis of muffler system in order to determine the 

frequencies of the system and suggest changes in the system 

design. For this analysis, Star CCM+ software was used. 

From the data, side baffles were selected as weak parts of 

the muffler. In this study, a reactive perforated muffler is 

investigated. The present muffler was analysed 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 analysis have shown a good agreement with 

experimental results. Analysis of the process has led to 

conclusions that variant 1 was selected as an optimized 

model and also the back pressure optimization can be 

achieved by increasing the number of perforations. Lastly, it 

should mentioned that the effect of various material 

combinations for muffler are not examined here. 

VIII. FUTURE SCOPE 

The methodology developed in this paper can be applied to 

predict the typical exhaust tail pipe flow noise in design 

stages. The current study can be taken forward for the 

optimization of exhaust tail pipe flow noise in the early 

vehicle development stages. This work deals with the flow 

analysis of an automobile muffler which has a specific 

Length. Further experimentation can be done by reducing 

the length of the muffler and checked for similar 

performance or even an enhanced behaviour. Along with the 

changes in the shape of the shell and the length of the 

muffler, the experimentation can be further implemented 

with changes in the following: 

1) Boundary condition 

2) Implemented solver 

3) Can get in porosity (catalytic converter) 
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