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Abstract— In these review paper, we discuss about the 

absorptive muffler. There are various types of engines 

exhaust noise pollutes harmful in environment. The main 

principle of this paper is on reducing the noise and emission 

of engine. Any type of engine exhaust noise is controlled by 

using silencers/mufflers. By attaching of muffler in the 

exhaust pipe is the most effective means of reducing the 

noise, but muffler requires specific design and construction 

by considering various noise parameters which produced by 

the engine. The analysis and design work for the absorptive 

muffler has been going on since the early 1920s. Here we are 

taking different design parameters and improving the 

efficiency of the absorptive muffler. The formulated muffler 

traditional design problem will be solved by new design and 

optimization. 
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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 machinery. Noise pollution created by engines 

becomes a vital concern when used in residential areas or 

areas where noise creates hazard. Generally, noise level of 

more than 80 dB is injurious for human being. 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 kinds of mufflers are usually used. The level of 

exhaust noise reduction depends upon the construction and 

the working procedure of mufflers. 

 The exhaust is passed through a series of chambers 

in reactive type mufflers or straight through a perforated pipe 

wrapped with sound deadening material in an absorptive type 

muffler. Both types have strengths and weaknesses. The 

reactive type muffler is usually restrictive and prevents even 

the good engine sounds from coming through, but does a 

good job of reducing noise. On the other hand, most 

absorptive type mufflers are less restrictive, but allow too 

much engine noise to come through. Regardless of the 

packing material, absorptive type mufflers tend to get noisier 

with age. 

 An Absorptive Muffler is used to control the noise 

and emission in IC engines. The reason why we go for 

Absorptive Muffler is, in today life the air pollution causes 

physical ill effects to the human beings and also the 

environment. The main contribution of the air pollution is 

automobiles releasing the gases like carbon dioxide, 

unburned hydrocarbons etc. In order to avoid this type of 

gases by introducing this Absorptive Muffler. It is fitted to 

the exhaust pipe of the engine; Sound produced under water 

is less hearable than it produced in atmosphere. 

A. Typical Muffler Designs 

There are two typical muffler designs are shown in Fig.1.1 

and Fig.1.2. The first design, shown in Fig.1.1, is frequently 

chosen because of its low cost and because it causes a lower 

back pressure. The second design shown in Fig.1.2 which 

provides more attenuation and is typical of the design 

recommended by muffler manufacturers. However there is no 

direct connection between the inlet and the outlet so back 

pressure is generated that can effect engine performance. This 

is sometimes referred to as a baffled muffler design. 

 
Fig. 1.1: Sketch of Typical Muffler with Two Cavities & No 

Flow Restriction 

 
Fig. 1.2: Sketch of Typical Muffler in Which There Is No 

Direct Passage between the Inlet and Exit 

II. LITERATURE REVIEW 

The literature review focuses on the literature study done on 

the review of related journal papers, articles available as open 

literature. 

A. B. Patel et al [2013] [13] 

Automotive engineers have been experimenting with 

electronic noise suppression muffler. A sound pressure wave, 

180 degree 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 180 degree phase 

sound is created within the engine muffler by reflecting the 
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out-going 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. 

B. Galphade et al [2015] [4] 

Automobiles are the one of the major sources of noise 

pollution in modern times. Mufflers are used to reduce the 

noise from engine. However, due to the path provided, there 

is increase in the backpressure in the muffler which in turn 

increases the load on the engine. This paper explores the idea 

of perforation in the pipe and chamber plate and analyses the 

result of this introduced perforation. The aim of this project 

to study the existing muffler for the three cylinder petrol 

engine, then design the new muffler, installing it in the 

existing vehicle and then comparing and verifying the results 

with the existing and new values respectively. 

C. Kalita et al [2015] [6] 

This paper is a bibliographical review of the muffler used in 

automobile industry the use of sound absorption material in 

an exhaust system dissipates the energy of the acoustic waves 

into heat and also store heat energy from the exhaust stream. 

Using an absorptive material can greatly increase the 

transmission loss of an exhaust system in the mid to high 

frequency ranges. If the sound absorption materials are 

measured experimentally then it is done with the two cavity 

method. As an absorption material is placed inside the 

muffler the effective expansion area reduces and this sound 

absorption material absorbs the pressure waves and reflects 

very little. Some of the absorption materials are fibres, glass 

wool, woven glass fiber etc. 

D. Patel et al [2014] [8] 

Air pollution is most important from the public health of 

view, because every individual person breaths approximately 

22000 time a day, inhaling about 15 to 22 kg of air daily. 

Polluted air causes physical ill effect decides undesirable 

aesthetic and physiological effects. Air pollution can be 

defined as addition to our atmosphere of any material, which 

will have a dexterous effect on life upon our planet. The main 

pollutants contribute by automobile are carbon monoxide 

(CO), unburned hydrocarbon (UBHC), oxides of nitrogen 

(NOx) and Lead. Automobiles are not the only sources of air 

pollution, other sources such as electric power generating 

stations, industrial and domestic fuel consumption, refuse 

burning, industrial processing etc. also contribute heavily to 

contamination of our environment so it is imperative that 

serious attempts should be made to conserve of our 

environment from degradation. 

E. Sudarshan et al [2013] [12] 

This Research work based on implementing aqueous 

ammonia solution as an absorber for the reduction of CO2, 

SO2 and NOX from exhaust gases of IC engines. The 

aqueous ammonia process can simultaneously remove CO2, 

SO2, NOX and also hydrocarbons that may present in the 

exhaust gas. There could be oxidation of SO2and NOX prior 

to contacting the aqueous ammonia absorbent. A concept 

pertaining to the ammonia/carbon dioxide reaction in an 

exhaust system is presented. 

III. METHODOLOGY 

In order to select a suitable muffler type, some basic 

information are necessary regarding how industrial mufflers 

work. Industrial mufflers, (and mufflers in general), attenuate 

noise by two fundamentally different methods. The first 

method, called reactive attenuation - reflects the sound energy 

back towards the noise source. The second method, 

absorptive attenuation – absorbs sound by converting sound 

energy into small amounts of heat. There are three basic 

industrial muffler types that use these methods to attenuate 

facility noise – reactive silencers, absorptive silencers and 

anyone or both of them combined with resonator. The proper 

selection of a muffler is performed by matching the 

attenuation characteristics of the muffler to the noise 

characteristics of the source, while still achieving the 

allowable muffler power consumption caused by muffler 

pressure drop. A muffler have been designed which is of 

super critical grade type and includes all the three attenuation 

principles i.e., reactive, followed by absorptive type muffler, 

and a side branch resonator. The interesting events of the 

design are continuous volume reduction of chambers in the 

reactive part; the flow pipe cross-sectional area is maintained 

constant throughout, a layer of insulation outside the reactive 

part, the placing of side branch resonator compactly, option 

for tuning the resonator using a screw and cylinder. 

A. Design Data 

For the experiment, an existing petrol engine has been used. 

Calculations are done on the basis of data collected from the 

engine; Specifications of the engine available for testing are 

as follows: 

 Specification of Engine 

 Make: Crompton Greaves Model: IK-35 

 Engine is two stroke spark ignition engine with following 

specifications 

 Bore: 35 mm 

 Ignition: Flywheel magneto 

 Stroke: 35 mm 

 Direction of rotation: Clockwise looking from driving 

end 

 Capacity: 34 cc 

 Carburetor: ‟B‟ type 

 Power output: 1.2 BHP at 5500 rpm 

 Cooling: Air Cooled engine 

 Torque: 2.72 N-m @ 5000 rpm 

 Lubrication: Mist –via petrol 

 Dry weigh: 4.3 kg 

1) Sound Characteristics (Without Silencer) 

 Rpm of the engine= 5500 

 Load Sound level without any load 9.2 kg 104.5 dbA 

 50% load 15 kg 106.5dbA 

 100% load 24 kg 107dbA 

2) Sound Analysis with Frequency Analyzer (to obtain the 

dominating frequency) 

Two dominating frequencies, the low level and the high level 

have been obtained. These are Frequency Levels. 

Frequency (Hz): Low 270 and High 40000 
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3) Diameter of exhaust pipe of engine/inlet pipe of Muffler  

The Exhaust Pipe diameter: 1.0 inch (25.4 mm)-this is in 

accordance to the standard mounting flange on the engine 

exhaust. 

4) The Theoretical Exhaust Noise Frequency Range 

From various experiments is has been found that the 

theoretical exhaust noise frequency is 200-500Hz. 

B. Muffler Part Design 

 S1 = Exhaust pipe diameter = 1.0 inch 

 The dimensions to determine are that of the chamber 

length 

 L and the body diameter S2. 

 To determine L, three methods have been used. 

They are as follows: 

1) First Method Used to Determine L 

Maximum attenuation occurs when L = nλ/4 

Where, λ = wavelength of sound (m or ft), n = 1, 3, 5 

Since λ is related to frequency by the speed of sound, one can 

one can say that the peak say that the peak attenuation occurs 

at frequencies which correspond to a chamber length. 

 
Fig. 3.1: Schematic of Muffler 

Frequency 
λ=c/f 

(m) 

λ 

(Inch) 

N=odd 

integer 

L=Nλ/4 

(inch) 

N(Min) 0.5 19.6 1 4.9 

200HZ (Max) (Max) - 14.7 

N(Max) 0.6 
23.6 

 
1 5.9 

500 (Min) (Min) 3 17.7 

Table 1: Calculated Wavelength from Frequency 

 From table above we can determine the length for 

the engine exhaust specifications length is within the range of 

minimum 4.9 inches to maximum of 17.7 inches as maximum 

conditions as never achieved because engine is always 

operated under load…hence length of the muffler smaller 

section is considered to be 5 inches and length of the overall 

section can be considered to be 17.7 inches or 450 mm. 

2) Range of Chamber Length Considering the Temperature 

of Exhaust Gas 

Another factor which must be considered in expansion 

chamber design is the effect of high temperature of exhaust 

gases. This factor can easily be included in the design by 

using the following equation: 

0.5(49.03√°R)/2πf≤L≤2.6 (49.03√°R)/2πf………(1) 

Where, √°R=absolute temperature of the exhaust gas f = 

frequency of sound (Hz) Let the temperature of exhaust is 

assumed to be 300º F or 759.7º R 

Putting this value in equation (1), one obtains, 

0.5(49.03√759.7)/2π270≤L≤2.6(49.03√759.7)/2π270 (Here, 

f =270Hz for low frequency absorptive muffler) 0.4 ft ≤ L ≤ 

2.04 ft 

From the 1st method, L = 17.7 inch = 1.47 ft. So the condition 

of 0.4 ft ≤ 1.47 ≤2.04 ft is satisfied. 

C. Other Parts of Absorptive Muffler Design 

It has always been considered that the flow path diameter 

does not reduce at any point. Otherwise, there would be a 

possibility of back pressure. That is why; the following 

equation has been used to determine the diameter of the 

smaller pipes, which are at the outlet of the first two 

chambers. 

πS1²/4 = πd1²/4 + πd2²/4 

Where, d1 and d2 are smaller pipe diameters. 

As both pipes are of the same diameter, one gets, d1 = d2 = 

1.06 inch ≈ 1 inch. 

 Now, the total length L has been divided into three 

small chamber lengths L1, L2, and L3. As the pressure is 

dropping from the first chamber to the next, we reduced the 

length slightly from the first to the third. 

D. Tailpipe Design 

According to equation (1), resonance occurs when L = nλ/2. 

So, for an economical construction, the value of n may be 

taken as 1. Then the tailpipe must be less than λ/2 i.e. 3”. 

IV. DESIGN & CONSTRUCTION 

Basically an Absorptive muffler consists of a perforated tube 

which is installed at the end of the exhaust pipe. The 

perforated tube may have holes of different diameters. The 

very purpose of providing different diameter hole is to break 

up gas mass to form smaller gas bubbles the perforated tube 

of different diameter .Generally 4 sets of holes are drilled on 

the perforated tube. The other end of the perforated tube is 

closed by plug. Around the circumference of the perforated 

tube a layer of activated charcoal is provided and further a 

metallic mesh covers it. The whole unit is then placed in a 

water container. A small opening is provided at the Top of the 

container to remove the exhaust gases and a drain plug is 

provided at the bottom of the container for periodically 

cleaning of the container. Also a filler plug is mounted at the 

top of the container. At the inlet of the exhaust pipe a non-

return valve is provided which prevents the back flow of 

gases and water as well. 

 
Fig. 4.1: Basic Designs of Absorptive Muffler 
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1) Design of Casing Pipe 

 
Fig. 4.2: Geometry of Casing Pipe 

 
Fig. 4.3: Meshing of Casing Pipe 

 
Fig. 4.4: Static Structure with Pressure of Casing Pipe 

 
Fig. 4.5: Static Structure with Equivalent Stress (Von-

Mises) of Casing Pipe 

 Hoope’s stress due to exhaust gas pressure 

Maximum pressure induced in system due to exhaust gases=3 

bar= 0.3 Mpa 

fch = 

fcact = (0.3 x 81) / (2 x1.5) 

fcact = 8.1 N/mm2 

As fch < fcall; casing pipe is safe. 

Longitudinal stress due to exhaust gas pressure 

Maximum pressure induced in system due to exhaust gases = 

3 bar= 0.3 Mpa 

fch = 

fcact = (0.3 x 81) / (4 x1.5) 

fcact = 4.05 N/mm2 

As fcl < fcall; casing pipe is safe 

2) Design of Charcoal Pipe – 1 

 

 
Fig. 4.7: Meshing of Charcoal Pipe – 1 

 
Fig. 4.8: Static Structure with Charcoal Pipe – 1 
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Fig. 4.9: Structure with Equivalent Stress (von-mises) of 

Charcoal Pipe – 1 

 Hoope’s stress due to exhaust gas pressure 

Maximum pressure induced in system due to exhaust 

gases=1.5 bar= 0.15 Mpa 

Longitudinal stress due to exhaust gas pressure 

Maximum pressure induced in system due to exhaust gases = 

3 bar= 0.3 Mpa 

3) Design of Charcoal Pipe – 2 

 

 
Fig. 4.11: Meshing of Charcoal Pipe – 2 

 
Fig. 4.12: Static Structure with Charcoal Pipe – 2

 
Fig. 4.13: Structure with Equivalent Stress (Von-Mises) of 

Charcoal Pipe – 2 

 Hoope’s stress due to exhaust gas pressure 

Maximum pressure induced in system due to exhaust 

gases=1.5 bar= 0.15 Mpa 

Longitudinal stress due to exhaust gas pressure 

Maximum pressure induced in system due to exhaust gases = 

1.5 bar= 0.15 Mpa 

Part 

name 

Maximum 

theoretical 

stress 

N/mm2 

Von-mises 

stress 

N/mm2 

Maximum 

deformati

on mm 

Result 

Casing 

Pipe 
81 * 10⁵  296.6*10³ 2.21E-3 SAFE 

Charcoal 

pipe-1 
25 * 10⁵  156.48 *10³ 1.12E-3 SAFE 

Charcoal 

pipe-12 
25 * 10⁵  144.98 *10³ 1.088E-3 SAFE 

Table 2: 

V. CONCLUSION 

In these review paper we outcomes about the various 

component of design absorptive muffler. We are finding the 

maximum theoretical stress result of casing pipe and charcoal 

pipes (i.e. 1 & 2). These results comparing with von-mises 

stress, maximum stress by theoretical method and von-mises 

are well below the allowable limits, means the design of 

casing pipe and charcoal pipes (i.e. 1 & 2) is safe design. 
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Casing and charcoal pipe shows negligible deformation under 

the action of system of forces. 
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