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Abstract— An exhaust system is usually a piping used to 

guide reaction exhaust gases away from the controlled 

combustion inside an engine. Pressure drop across the 

exhaust manifold requires to be dealt with by engine and extra 

power of engine will be used in forcing the exhaust gases 

from exhaust valve to exit of the exhaust pipes. In this paper 

the focus is on finding remedies to reduce the pressure drop 

across the system of the exhaust. A geometry of the exhaust 

system for 100 CC four stroke SI engine for two wheeler 

vehicles is created using SOLIDWORKS 2015 software and 

flow analysis is ran on the module using ANSYS fluent 16.2. 

Different changes in the geometry of the exhaust assembly 

are done and effect of those changes on the pressure drop 

across the exhaust is measured. In final iteration it is 

successfully identified the area of improvement to reduce 

pressure drop and have achieved maximum pressure drop 

reduction up to 70 % is achieved. 
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I. INTRODUCTION 

“Exhaust systems are developed to control emissions and to 

attenuate noise vibration and harshness to meet the regulatory 

requirements. The exhaust system components are manifold, 

close coupled and underbody catalytic converters, flexible 

bellow, muffler, resonator, connecting pipes, flanges, and 

tailpipe.” 

 The majority of the global motorcycle population 

uses small displacement engines, generally 50 to 150 cc, 

which complicates emission control issues due to the low 

cost, space limitations, and simple design characteristics of 

small engine technology.  Like other motor vehicles, the 

majority of existing motorcycles use internal combustion 

engine (ICE) designs that utilize the energy released by 

burning fuel to turn a crankshaft. Almost all large 

motorcycles (>100cc) are of a four-stroke design, while 

smaller motorcycles have historically been two-stroke engine 

designs because of their generally high power-to-weight 

ratio, lower production and maintenance issues, and lower 

purchase and maintenance costs.  Existing emission standards 

have had a major impact on engine design and four-stroke 

technology now dominates new motorcycle production for 

displacements as low as 100 cc. 

A. Aim of the Project 

To design and Analysis of the exhaust system for the small 

capacity two wheeler vehicle exhaust system and 

optimization using FEA and CFD to find new design which 

is compliant with the new norms of BS VI 

II. PROBLEM STATEMENT & OBJECTIVE 

From year 2020 government of India has announced that two 

wheelers exhaust should be design compliant with the new 

upcoming BS VI norms. This will require changes in the 

design of exhaust system piping and shape. Before 2020 

automobile industry of India must find the alternative design 

solutions for the current exhaust systems which is suitable for 

the new norms. This project work is intended towards 

achieving the same goal for the low range capacity two 

wheeler exhaust system design and modification using CFD 

and FEA tools. Objectives of the project as follows: 

1) To analyse the silencer of automobile. 

2) To suggest and make changes in the design of the 

silencer so as to befit the BS VI emission norms. 

III. METHODOLOGY 

 To make a 3d model of current automobile silencer. 

 To perform performance analysis on the current silencer 

of automobile. 

 To perform parametric design study with Taguchi matrix 

method on the current silencer of two wheeler 

 To make changes in the design of the current two wheeler 

silencer to befit the BS VI emission norms 

 To perform performance analysis on the proposed 

optimized BS VI silencer design for two wheeler. 

 Making modifications in the silencer as per analysis and 

physical testing of the silencer. 

IV. LITERATURE REVIEW 

Hui Zhao & Steve Pierson (2007) [1] has studied “Simulation 

of Automotive Exhaust Noise Using Fluid Structure 

Interaction” stated Modelling the exhaust impingement noise 

is not trivial exercise. It requires a FSI (Fluid Structure 

Interaction) simulation. Furthermore, sufficient resolution of 

the local turbulence, complicated by the varying gas 

temperature and often complex geometry is necessary. The 

feasibility of modelling this phenomenon using Radioss CFD, 

a commercial code with both FSI and CAA (Computational 

Acoustic Analysis) capability has been investigated in this 

paper. A single skin manifold was modelled with flow 

boundary conditions obtained from a 1D engine simulation 

code. Engine test bed measurement in a semi-anechoic cell 

was compared with the prediction, and good correlation 

achieved. The method adopted provides support at an early 

stage in the development process. Radioss CFD has been used 

to model the exhaust gas impingement phenomenon. Details 

of the flow field and the interaction between fluid and 

structure were captured. 

 I. P. Kandylas, A. M. Stamatelos (1998) [4] has 

studied “Engine exhaust system design based on heat transfer 

computation”. In this study they said that, when one faces the 

problem of designing an engineering approach to the design 

of a spark-ignition-engine vehicle exhaust system that aims at 

the attainment of specific exhaust emissions targets, high 

accuracy in heat transfer computations is imperative. 

Furthermore, the compromises related to converter efficiency 

and durability targets (catalyst aging) involve extensive heat 

transfer computations. 
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 Heidary, S. R. Hassan-beygi B. Ghobadian, A. 

Taghizadeh (2013) [5] has studied “Vibration analysis of a 

small diesel engine using diesel-biodiesel fuel blends”, 

investigated the vibration of different diesel-biodiesel fuel 

blends in power tiller engine. Their main goal was to present 

fuels with the minimum vibrations. Their results showed that 

at all engine speeds, the dominant frequency was the piston 

stroke frequency of the engine and the frequency of vibration 

increased by raising the engine speed. The experiments 

indicated that the magnitude of vibration of the power tiller 

engine depends on the axis of measurement, engine speed and 

the fuel blends. Vibration acceleration was significantly 

affected by engine speeds and the increase in forward speed 

due to the increase in vibration acceleration rms. 

 Mr. Jigar H. Chaudhri, Prof. Bharat S. Patel and 

Prof. Satis A. Shah (2014) [6] has studied “Muffler design for 

automotive exhaust noise attenuation - a review”, different 

methods of muffler design studied. After studying these 

methods and procedures for designing a muffler, they 

concluded 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. 

V. THEORETICAL ANALYSIS 

Several Assumptions made to design calculations: 

1) Combustion will be stoichiometric and complete 

2) Compression ratio 

3) The engine is throttled (no variable valve timing) 

4) Normal aspirate engine (no turbocharger) 

5) Volumetric efficiency (the amount of air that makes it 

into cylinder during induction strokes) is 1.00 

Exhaust Pipe Diameter 

D = 30.48 mm or 1.2 inch 

 
Fig. 5.1: Schematic Diagram of Silencer 

A. Silencer / Muffler Design 

Generally an exhaust muffler is requirement to satisfy some 

basic requirements such as adequate insertion loss, low back 

press muffler sizing which could affect the cost and durability 

to withstand rough use and extremely high temperature. 

 In order to select a suitable muffler type, some basic 

information is necessary regarding muffler as per the 

ASHRAE Technical Committee. 

Muffler Grades, 

1) Industrial / Commercial: 

 Insertion Loss (IL) = 15 to 25 dBA 

 Body dia / Pipe dia = 2 to 2.5 

 Length / Pipe = 5 to 6.5 

2) Residential Grade: 

 IL = 20 to 30 dBA 

 Body dia / Pipe = 2 to 2.5 

 Length / Pipe = 6 to 10 

3) Critical Grade: 

 IL = 25 to 35 dBA 

 Body / Pipe = 3 

 Length / Pipe = 8 to 10 

4) Super Critical Grade: 

 IL = 35 to 45 dBA 

 Body / Pipe = 3 

 Length / Pipe = 10 to 16 

IL = Insertion Loss i.e. the level of sound reduction after 

attaching the muffler. 

 The proposed muffler is assumed to the Super 

Critical Grade & the mixed type of absorptive and reactive 

muffler with ‘3’ chambers and tunable resonator. The 

chamber is performed and wrapped with the glass wool for 

absorption. 

5) Design data required: 

 Max engine speed – 8000 rpm 

 No. of cylinder – 1 

 Inlet pipe diameter – 1.2 inch (30.48 mm) 

 Maximum temperature at inlet of muffler 

Considering frequency ranges as below for calculation 

purpose, 

1) f1 = 125 Hz 

2) f2 = 253 Hz 

3) f3 = 381 Hz 

4) f4 = 509 Hz 

Considering lower three frequencies for calculation from 

resonance point of view. 

VI. FINITE ELEMENT ANALYSIS 

The Finite Element method is a numerical method, which can 

be used for accurate solution of complex engineering 

problems. The method was first developed in 1956 for the 

analysis of aircraft structural problems. Thereafter, within a 

decade, the potentialities of the method for the solution of 

different types of applied science and engineering problems 

were recognized. Over the years, the finite element technique 

has been so well established that today it is considered to be 

one of the best methods for solving a wide variety of practical 

problems efficiently. 

A. Modal Analysis 

After iterative study of the pressure drop across the system it 

is important to study the effect of geometric changes on the 

natural frequencies of the system if any. For the purpose of 

finding out if there is any resonance issue developed due to 

changes made. Shell model is created for the structural 

analysis purpose thickness plot for the same is shown below. 

Shell 181 element type is by default used by the workbench 

for meshing. Modal analysis module is used. Thickness is 

provided as a property to the shell surface models extracted 

from solid model. 
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Fig. 6.1: Thickness Plot for Shell Model 

 
Fig. 6.2: Meshing of the Structural Model 

 Fig shows the meshed model of the meshing model 

meshed with size of 1 mm and number of elements used to 

model it are 191769 and node are 191398. Modal analysis is 

performed to find first 6 non-zero frequencies of the free free 

modal analysis. As analysis is performed free free first 6 

modes of the system will be zero frequencies due to 6 degrees 

of freedom the model has. Below are the results of the modal 

analysis performed. 

B. Baseline Modal Analysis Results 

 
Fig. 6.3: First Frequency Mode Shape Plot @ 200.73 Hz 

First non-zero modal frequency of the model in free modal 

analysis is found to be 200.73 Hz in FEA analysis for 

baseline. 

 
Fig. 6.4: Second Frequency Mode Shape Plot @ 207.89 Hz 

 Second none zero modal frequency of the model in 

free modal analysis is found to be 207.89 Hz in FEA analysis 

for baseline. 

 
Fig. 6.5: Third Frequency Mode Shape Plot @ 548.02 Hz 

 Third non-zero modal frequency of the model in free 

modal analysis is found to be 548.02 Hz in FEA analysis for 

baseline. 

 
Fig. 6.6: Fourth Frequency Mode Shape Plot @ 552.98 Hz 

 Fourth non-zero modal frequency of the model in 

free modal analysis is found to be 552.98 Hz in FEA analysis 

for baseline. 

 
Fig. 6.7: Fifth Frequency Mode Shape Plot @ 769.98 Hz 

 Fifth non-zero modal frequency of the model in free 

modal analysis is found to be 769.98 Hz in FEA analysis for 

baseline. 

 
Fig. 6.8: Sixth Frequency Mode Shape Plot @ 842.29 Hz 
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 Sixth natural frequency of the baseline model is 

observed as 842.29 Hz. 

 After performing modal analysis on the system 

baseline model, model changes of the iteration 4 are 

performed on the baseline geometry to simulate modal 

analysis for the final iteration. After performing changes 

same modal analysis is ran for the iteration 4 modal and 

changes in the natural frequencies and mode shapes are 

observed if any. Structural model changes in the final 

iteration model and baseline model are shown in the image 

below. 

 
Fig. 6.9: Internal Structure of the Exhaust in Baseline 

 
Fig. 6.10: Internal Structure of the Exhaust System Iteration 

4 Model 

 As shown in the images above the projected portion 

of the pipe after the perforated pipe is removed from the 

baseline geometry which has shown promising results of the 

pressure drop in CFD analysis performed on this geometry. 

In this analysis we will verify the effect of that change on the 

results of modal analysis of the structure. 

C. Modal Analysis Results for Iteration 4 Model 

 
Fig. 6.11: First Frequency Mode Shape Plot Iteration 4 @ 

200.78 Hz 

First frequency plot is given for the iteration 4 which is 

200.78 Hz. 

 
Fig. 6.12: Second Frequency Mode Shape Plot Iteration 4 @ 

207.94 Hz 

 Second frequency plot for the iteration 4 models is 

shown above with frequency of 207.94 Hz. Similarly all six 

frequencies of the iteration 4 model are checked and are found 

not deviated from the baseline model frequencies and mode 

shapes are also similar. 

VII. EXPERIMENTAL VALIDATION 

A. Manufacturing Steps 

1) Current silencer design in use is purchased from market 

as a baseline product and dimensions are measured by 

tearing down the outer shell of the silencer to measure all 

inner components. 

2) For making changes as per finalized design from the 

pressure drop study we need to remove the certain 

portion of the inner pipe after second flange for that 

purpose power saw is used to cut off the pipe portion as 

shown in the image below after disassembling the 

exhaust system. 

3) For remanufacturing the outer shell taper rolling 

operation is performed on 1mm thick steel sheet. Below 

is the image for the same. 

4) Taper rolled sheet is welded towards its end with MIG 

welding to create continuous run for thin plate. 

5) After modification is made according to design iteration 

by cutting some pipe portion after second flange 

reassembly of the complete inlet and exhaust side of the 

exhaust system is done using arc welding. 

Frequencies of the iteration 4 models are compared from FFT 

analysis and it is found that frequencies observed and modes 

seen are similar in nature and not changing in value much 

from the FEA results. 

B. Experimental Set Up For Vibration Analysis Using FFT 

Analyzer 

After calculating the natural frequency of the silencer using 

FEA, the same is validated by using FFT analyzer. The 

silencer is placed on the foam to simulate the free-free 

boundary condition of the vehicle. 

C. Procedure for Determination of Natural Frequencies Is 

As Follows 

1) Select a peak value of vibration. 

2) Check phase difference for that peak value, it is expected 

to be 180°. If this condition is satisfied then go for 3rd 

step and if not then select next pick and follow steps 1 

and 2. 

3) Check coherence for that corresponding pick, it is 

expected to be one ideally (0.75 to 1 can also be chosen). 
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If this condition is satisfied then corresponding peak will 

give first natural frequency and if not then select next 

peak and follow steps 1, 2 and 3 again. In this way we 

can get First natural frequencies by using FFT analyzer. 

The image of the FFT Testing is as shown below. 

 
Fig. 7.1: Screen Shot of FFT Analysis 

D. Back Pressure Testing 

The optimized silencer was assembled to 4 stroke, 98 cc bike 

i.e. Hero splendor. One pressure gauge of capacity 0-35 psi 

was attached to modified silencer for measuring the back 

pressure. 

 
Fig. 7.2: Silencer Original with Cut Outer Shell 

 Bike started and back pressure reading taken. On 

maximum throttle of engine the back pressure was recorded 

of 6.89 kPa 

VIII. RESULTS & DISCUSSION 

Mode No. Iteration 4 Baseline Change % Change 

1 200.78 200.73 0.05 0.02% 

2 207.94 207.89 0.05 0.02% 

3 548.95 548.02 0.93 0.17% 

4 554.18 552.98 1.2 0.22% 

5 772.55 769.98 2.57 0.33% 

6 845.26 842.29 2.97 0.35% 

Table 1: Frequencies of the Modal Analysis 

 
Fig. 8.1: Graph of Pressure Drop across the Silencer vs 

Design Iteration 

 Graph plotted above in fig 8.1 shows that results for 

iterations which says baseline design has pressure drop across 

the system 17.3 Kpa. Iteration 1st- Length of chamber C 

increased by 10 mm gives pressure drop of 18.1 KPa. 

Iteration 2nd- Length of chamber C reduced by 15 mm gives 

pressure drop of 17.8 KPa. Iteration 3rd- Length of chamber 

C reduced by 40 mm pressure drop to shift to 17.5 KPa. 

Iteration 4th length of exhaust pipe at starting reduced by 50 

mm and removing the obstruction to flow in chamber D 

pressure drop is changed to 5 KPa across the system. 

 
Fig. 8.2: Graph of frequency 

 First natural frequency of the exhaust system is 

200.78 Hz in baseline model and which is not changed at all 

in iteration4 models which are observed as 200.73 Hz in FEA 

modal analysis. 

 Bike started and back pressure reading taken. On 

maximum throttle of engine the back pressure was recorded 

of 6.89 kPa 

IX. CONCLUSION 

1) Pressure drop across the system is reduced by 12.3 KPa 

due to the changes in the iteration 4 design according to 

CFD analysis. 

2) Total reduction of the pressure drop is around 70 % when 

compared with the pressured drop of baseline model of 

exhaust system of two-wheeler. 

3) First natural frequency of the exhaust system is 200.78 

Hz in baseline model and which is not changed at all in 

iteration4 models which are observed as 200.73 Hz in 

FEA modal analysis. 

4) Successfully pressure drop reduction is achieved without 

harming the vibration properties of the exhaust system. 

5) No need to run pressure pulsation transient analysis as 

frequencies are not changed by much and pressure s in 

the system are reduced. 

6) Expected life cycles of the component will increase 

hugely as pressure in the system is reduced which fatigue 

is loading on the system, and resonance will not occur as 

frequencies of the system are unchanged. 

X. FUTURE SCOPE 

1) Completely new design for the silencer can be created 

with the aim of efficiency improvement if sufficient 

funds for manufacturing are made available. 

2) Petrol particulate filter can be implemented to the 

module for making exhaust compliant with upcoming 

norms of pollution for vehicles like BS VI. 
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3) Fatigue life of the welds and joints can be estimated from 

FEA by performing random vibration analysis on the 

exhaust system joints and parent body. 
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