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Abstract - Earth is suffering a lot due to Air pollution and
degradation, we are in a position to save the earth from this. For
that an invention should be made to prevent the earth. Even
though a lot of pollution are happening in and around the earth,
Air pollution seems to be a dangerous one. The main sources of
air pollution are exhaust gases that is coming out of Automobiles
and Industries. Taking thisin mind, an invention has been found
to overcome and reduce the exhaust gas that is coming out from
engines. A typical silencer (Eco friendly Silencer) has been made
to filter the pollutants that are coming from automobiles. After
installing this silencer, the gases like NOx, CO, sulphur are
analysed. This analysis is made using five gas analyser, and
reduction of pollutants are measured periodically. After analysis,
it isfound that the noise and smoke level arereduced a lot. So this
silencer will definitely been a tremendous invention to reduce
pollutants. When compared to other silencer, thissilencer ismuch
cheaper, easy to install and no need of any Catalytic convertor.
After making someimprovisation, thissilencer can also beusedin
Industrial Engines.

Keywords: Pollution, Exhaust gases, | nvention, Gas Analyser,
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I. INTRODUCTION

Now a day’s automobiles are very essential needs of human
beings. Our world without automobiles is unimaginable
today. The use and dependent of automobiles is increasing
day by day, but with the exhaust gases coming out from the
automobiles become major constituent to air pollution. It is
found that every human being isinhaling about 17 to 24kg of
air every day. Inhaling the polluted air may affect the health
and causesillness to the humans and animals also. Henceitis
necessary to control the emission coming out of the engine
exhaust instead, of reducing the usage of automobiles which
is undesirable and not appreciated. Another magjor threat is
Global warming which poses serious threat to quality of
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ozone layer that is degrading at a faster rate. Gases
responsible for global warming are CO, CO2, Oxides of
nitrogen, oxides of sulphur and unburnt hydrocarbons.
Activated carbon, ceramic rings, activated alumina are
greatly absorb the carbon particles and smoke particles and
trapped in these materials. Limestone is used to absorb the
sulphur particles and Soda lime is used to prevent NOx
particles from letting it out to atmosphere. Perforated tube
and Glass wool are used to reduce the noise level of the
silencer because, these ae very good noise
dispensers.Composition of the norma engine exhaust are
Nitrogen (71% of vol.), Hydrocarbons (<0.25% of vol.),
Oxides of sulphur (<0.03% of vol.), Carbon dioxide (14% of
vol.), Water vapour (12% of vol.), Oxides of nitrogen
(<0.25% of vol.), Carbon monoxide (1-2% of vol.)

B. Thingsto be taken care of before starting to fabricate:
Sources of Air pollution

1. Automobiles

2. Thermal power plants

3. Industries

4. Refuse burning

5. Industrial processing

6. Natural disasters

Sources of air pollution

1. Carbon monoxide (CO)

2. Carbon dioxide (CO2)

3. Unburnt hydrocarbons (UBHC)
4. Oxides of nitrogen (NOX)

5. Oxides of sulphur (SOx)

II. CONSTRUCTION DETAILS
A. Construction

The silencer used for fabrication is purchased from outside
and cut open as shown in figure 2. The Internal components
in the muffler part is removed and it is made to have hollow
cavity. The steel pipe channels are made and each of them are
14dinches in length, four in number and has about 25 dotsin
to allow the exhaust gas to freely pass through these
channels(1). These channels are welded using gas welding in
the form of radia arrangement. Then the chemical
components are filled inside these channels in their
respective dots. Perforated tube is then welded to the nozzle
and the nozzleis again welded with the muffler part, such that
the radial arrangement and the perforated tube appears at the
centre when looked from the other side.
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Now, the glass fibre wool is then stocked in between the  mesopores. This activated charcoal is filled in the radia
gaps of perforated tube and the channelsasshown infigure3.  channels.
Now the read end which hasthe non-return valve iswelded to
the rear end of muffler. Then the whole setup is then welded
and clamped to the two-wheeler as shown in figure 1.

Figure 4. Activated carbon pellets

By de-hydroxylation of Aluminium hydroxide we get
activated Aluminawhich isahighly porous material whichis
showninfigure5. ItisaSolid form aluminium oxide. It hasa
very great surface area. Activated Aluminatendsto clean the
environment. One of the important features is that it is very
much stable. In many industries for water purification this
type of activated Aluminais used.

-

Finge 5. Activated alumina balls

Ceramic Rings:. Ceramic Rings are Very Porous, Although
They Look Solid, There Are Zillions of Tiny Holesin It, And
That Makes It an Ideal capturing the smoke particlesthat you
want in the filter(2). Ceramic Rings Are Extremely Porous as
shown in figure 6, Which Provides A Lot of Surface Areafor
small particles to entrap in it. Ceramic products are much
cheaper than others.

Figure 6. Highly porous ceramic Rings

Calcium hydroxide is commonly caled as Limestone. It is
dissolved in the water to form lime water. Normally the lime
water is colourless which is shown in figure 7. The dissolved

| N

AFiau;e S’IJR end welded after stokig water should be pure water and it should be filtered after
' dissolving limestone into it. Lime milk is obtained when
1. COMPONENTS excess of calcium hydroxide is added. Nitrogen getting

absorbed from exhaust gases by Limestone.(3)
Activated charcoal: After heating charcoal for several hours,
itssurface areawill get increased. This charcoal isnow called
asactivated charcoal. Thisisshownin figure 4. Thischarcoal
is highly porous. So, the charcoal is a good absorbing
medium. Hence the gases may purify. Many different types
of charcoal are available. But activated carbon charcoal is
commonly used as an effective filter medium is silence.
Charcoa may be activated to increase its effectiveness as a
filter. Activated charcoal readily adsorbs a wide range of
organic compounds dissolved or suspended in gases and even
liquids. It has the pore diameter of about 2 to 40nm which is
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Soda lime: The most common absorber is Soda Lime. The
Soda Lime can be formed using a mixture of chemicalsin
granular form kept in a closed environment as shown in
figure 8. The environments can be compression chamber,
rebreathers, submarines, etc. This kind of Soda Lime mainly
absorbs oxides of Nitrogen.(4)

Figure 8. Sodalime

Glasswool: It is made of glass fibre. These fibres are bonded
together using some binder which may be in the form of wool
as shown in figure 9. This can be mainly used for insulation
purpose. In this the Glass wool place amagjor role.(5,6)

— ’-'f;:_;'__'lf.' . Pyt

Figure 9. Glassfibre wool

Stainless steel pipe: Stainless stedl pipe is cut and made into
small channels, each of 14 inch in length and are made four in
number and has 25 dlots to allow the exhaust gas to pass
through these channels for effective absorption as shown in
figure 10.

Figure 10. Slots madein stainless steel pipé

IV. CHEMICAL REACTION
Limestone pellets:

1. When CO, is filled inside the muffler area, the following
reaction takes place:

Ca(OH)z + CO, CaCO; + 2H,0 g|VeS CaCC)g(S) + H,O +
CO;, (g) Ca(COs),
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2. Calcium carbonate decomposes above 400 degree celcius
to form calcium oxide and carbon dioxide. Calcium oxide
reacts with Sox resulting in formation of calcium sulphite(8).

CaCO5(s)Cal + CO2 gives Ca0 + SO, +CaS0;
Soda lime:

1. The following reaction takes place when Nitric oxide
absorbed with nitrogen dioxide.

2NO + N,O,+ 4NaOH gives 4NaNO, + 2H,0

2. The following reaction takes place when sulphur is
released in exhaust gas. Resulting in formation of calcium
sulphite which is harmless compound that is precipitated and
naturally degrading property(1) .

Ca(OH2)+802 giV%C3503+H20

3. The water by product will be in the form of steam due to
high temperature in the silencer. This helps in absorbing the
Nox effectively(12).

NO, + H,0 gives 2HNOs(dil...)
These dilute acids reacts with Calcium hydroxide

Ca(OH), + 2HNO; Ca(NO5), + 2H,0

V. WORKING

The Engine setup is shown in the figure 11. Here a 3 stage
electric air pump is provided to inject air into the exhaust
manifold. Thisisdone during its cold start so asto provide
excess air during starting. Maximum flow rate is 620
litre/min. Lot of test is conducted by varying injection rate.
The injection rate of 350 litres/minutes seems to be good for
better performance(7). Air is distributed through air rail
which is of diameter 2.55 cm.
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. Figure 11. Engine setup

Table.4. Engine details
General detail: Single cylinder,water cooled compression
ignition engine

Make Kirloskar
Cubic capacity 661 cc
Bore 87.5mm
Stroke 110mm
Compression ratio 1751
Speed 1500 rpm
Rated power 4.4kW
Dynamometer Eddy current
Cooling system Air cooling
Nozzle opening Pressure 200 bar
Injection timing 23 [CA]

During the exhaust stroke the exhaust gases are forced to
move out of combustion chamber into the silencer pipe in
form of large air molecules. When the large molecule passes
through the nozzle of the muffler through perforated tube
which breaks down the large molecules of gas into medium
gas molecul es thus reducing the noise primarily(8). There we
have kept a gasket metal filter to break down the molecules
even smaller. Now the exhaust gas gets completely filled in
the muffler and it passes into the channels through the dots
provided in those channels. The respective gases are
absorbed by the respective chemical components in the four
channels provided. The glass wool provide in between the
gaps of perforated tube and channels, is used to filter the
smoke particles and it is a great noise silencer. In order to
reduce the noise of the silencer to great extent secondary
gasket filter is used at the rear end of the muffler. Now the
filtered exhaust gas pass through the pipe at the rear end of
muffler and out to the atmosphere(9-10).

By using the perforated tube throughout the length of muffler
and sufficient space for the exhaust gas to flow freely in the
muffler part we were able to maintain the backpressure
constant so, that vehicle does not get turned off while running
inidle condition(11) . We also placed the muffler with slight
inclination towards the sky so, gases could come out to
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atmosphere much easier. This vehicle is good to go in real
time conditions al so.
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Figure 12. Percentage of CO present in Exhaust
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Figure 16. Percentage of CO,in exhaust

» It is found that the carbon monoxide gets reduced from
0.08% to 0.01% in newly designed catalytic converter.
Shown in Figure 12.

» The presence of HC in our device is higher than the
existing device. But when supplying additional air into
the device which reduces the HC level comparatively.
Shown in Figure 13.

» Itisfound that the NOx has reduced from 1448 to 1167
ppm in full load condition. Shown in Figure 14.

» The percentage of oxygen has increased from our newly
designed device’s exhaust, by injecting constant pressure
air into the device.

» By injecting air into the device, the presence of CO2 gets
reduced. Without injecting air in to the deviceit is almost
as same as the normal exhaust. Shown in Figure 16.

» The smoke percentage of our deviceislittle more than the
existing device. But the difference is very negligible.
Shown in Figure 15.

Still further design modifications are required since, our
fabricated model is welded at the back end it is difficult for
replacement of the Particles and components kept inside the
muffler. By modifying the design it becomes easy for
replacement of the particulars inside the muffler. The whole
radial arrangement can be made like a single setup so, it can
be replaced similar to replacing the filter in RO water
purifiers.

A.Advantages:

e The emission of Carbon Dioxide has been reduced
drastically.

e Maximum Control emission.
e Vibration free during engine running.
e Reduce Noise pollution getting reduced.
e No need catalytic convertor
e Verylightinweight.
e Easy to manufacture.
e Cost wiselow.
B.DISADVANTAGES:

The Limestone pellets, activated alumina, activated carbon,
ceramic rings require replacement for a period of every 6-8
months.
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VI. FUTURE SCOPE

We look forward that this project have lot of wide scope in
every aspect because, in todays world each and every house
atleast one person is observed to use motorcycle or cars ,
propably two in some houses. We also know that global
warming is taking place at very fast rate, which causes
depletion of ozone layer and reduces the purity of the air that
we all breathe, aswe could feel the drastic risein temperature
of surface and melting of very large Glaciers in Antartic
regions is posing a serious threat to wild life in there. Large
parts of world has already started to feel the scarcity of water,
hence it is necessary that it is our responsibilty to reduce and
control the emission. So we thought that, any project based
on emission Control will be appreciated with open arms.

VIl. CONCLUSION

When compared to other silencer this eco friendly silencer is
more effective. The emission of gasesis getting controlled at
agreater level. Thisismainly possible since we used some of
the components like Soda lime, activated charcoal, etc. The
emission control test are conducted successfully and results
has been shown clearly in the graph. Finaly it is observed
that the carbon dioxide emission is controlled in a greater
level.
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