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This project is an attempt to highlight the various possibilities of acquiring an environmentally friendly 

and efficient power source. The use of high pressure, expanding gas, to power the engine piston is the 

fundamental process in the function of all engines with reciprocating pistons. In this project we have used 

highly pressurized gas to   cause reciprocation of the piston and thereby produce power. This gas is 

introduced into the engine cylinder at the Top Dead Center position of the piston through a timing valve, 

thereby giving the gas the maximum capacity to impart its force on the piston.  The emission from this process 

is nil and 100% environmentally friendly. We have shown that with the smallest of changes in our existing 

engine design we can incorporate this technology in our present modes of transportation. The simple yet 

dramatic change brought by this system is according to us the most significant aspect of our invention. We 

have shown a positive way of implementing this technology and as always with any system; this has 

tremendous potential for improvement and perfection. 
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I. INTRODUCTION 

Global warming or climate change is undoubtedly 

one of the most important challenges for our future 

generation, and quite possibly any generation in 

history. The worldwide scientific community is 

unanimous in its agreement that global warming is 

happening, that is our fault, and that the 

opportunity to stop it is slipping away. If we let it 

get out of our control, the consequences - which 

are already evident in most of our lifetimes - will be 

catastrophic.  

 
Fig 1. Global Warming 

For example some of the consequences that can be 

reasonably expected are rising sea levels, frequent 

and severe natural disasters, large-scale food and 

water shortages, plagues, massive species 

extinctions, unprecedented numbers of refugees, 

intensified ethnic and political tensions, and a 

global economic depression the likes of which no 

one has ever seen. The situation is still within our 

grip, but we must act now, we must act strongly, 

and we must act together. Individuals, companies, 

and governments across the globe must each do 

what they can to reverse climate change. We will 

never get a second chance.  

The earth is surrounded by a blanket of gases. This 

blanket traps energy in the atmosphere, much the 

same as glass traps heat inside a greenhouse. This 

results in a build-up of energy, and the overall 
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warming of the atmosphere. The greenhouse effect 

is a natural process which made life on Earth 

possible.   

 
Fig 2. Example of Natural occurring of Green 

House Effect 
 

Without naturally occurring greenhouse gases 

such as water vapour, carbon dioxide, methane 

and nitrous oxide, the earth‟s surface temperature 

would be 33oc cooler, a chilly ~18oc rather than the 

tolerable 15oc.  

When we talk about the greenhouse effect, we 

mean the enhanced effect which we caused, by the 

increase of greenhouse gases from human sources. 

Since the beginning of industrial.200 years ago, 

concentrations of these gases have increased. It is 

estimated that the earth‟s average temperature has 

risen by 0.6oc since 1880 because of emissions of 

greenhouse gases from human activity.  

The main sources of these emissions, 

particularly carbon dioxide, methane and nitrous 

oxide, are:  

The combustion of large amounts of fossil fuels 

(producing CO2).Deforestation (less trees mean 

that less CO2 is being mopped up). An increase in 

global temperatures may seem great, we might 

even think of „Costa del Blackpool‟. Unfortunately 

global warming will probably result in big swings in 

weather patterns across the world. Summers will 

become drier and hotter; winters will be wetter and 

colder. Other things will start to happen such as  

Thermal expansion of the water and melting of 

continental glaciers would cause sea levels to rise, 

possibly as much as two feet, by the end of next 

century.  

Rising temperature would lead to changes in 

regional wind systems which would influence 

global rainfall distribution and lead to 

redistribution and frequency of floods, drought and 

forest fire.  

Increased sea temperature would cause the 

destruction of coral reef across the world.  

Climate change would create nice conditions for 

the growth in insect population. This would lightly 

have a bad effect on agriculture and human health 

and result in a spread of malaria and other tropical 

disease.  

Water supplies would become disrupted and 

droughts would be more common.  

There is a lot of controversy surrounding global 

warming, views range from those who believe that 

there is nothing to worry about to these who believe 

that the world is heading for a global catastrophe. 

An edited version of a Greenpeace article on global 

warming, climate change and the greenhouse effect 

can be found. 

Automobiles are responsible for a tremendous 

amount of air pollution and wasted energy. These 

problems impact people all over the world, both 

motorists and non-motorists alike, by affecting 

their health, their economies, and their 

communities.  

One way cars create pollution is by contributing to 

the amount of ground-level ozone (not to be 

confused with the atmospheric ozone layer).   

In the atmosphere, the ozone layer shields the 

planet from harmful ultraviolet radiation rays. But 

on the ground, ozone is another matter, causing 

hazy smog and respiratory problems. Most ozone 

pollution is caused by motor vehicles, which 

account for 72% of nitrogen oxides and 52% of 

reactive hydrocarbons. The seriousness of 

ground-level ozone should not be underestimated.  

Cars also pollute by emitting lead from leaded 

gasoline. Although the use of lead in gasoline is 

banned in the United States, leaded gasoline is 

common in other countries. In fact, of the 

countries for which data is available, 43% use 

nothing but leaded gasoline. Many of the rest use 

at least some leaded gasoline in their energy mix. 

This is a definite cause for concern.  

Perhaps even scarier than the direct damage to our 

bodies from auto pollution is the fact that car 

emissions are contributing to an overall warming of 

the entire planet, which could destroy the world's 

food chain.  

Cars emit carbon dioxide (CO2), a heat-trapping 

gas. In fact, they emit a lot of it: 20 pounds per 

gallon of gas burned. Atmospheric Concentrations 

of CO2 have increased by 30% since preindustrial 

times, and much of that increase is directly related 

to the burning of fossil fuels.   

According to the World watch Institute: "CO2 levels 

are now at their highest point in 160,000 years, 

and global temperatures at their highest since the 

Middle Ages".  
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The effects of this global warming are frightening: 

rising sea levels, dying coral reefs, spreading of 

infectious diseases, and extreme weather 

conditions, including droughts, rare forest fires, 

historic floods, and severe storms.  

These harmful side effects of the fossil fuels in 

general and automobile pollution in particular, 

drive the need for a clean and environmentally 

friendly fuel.  

This leads to inventors looking for a different fuel 

source. Thus the field of alternative fuels was born. 

The important aim of these alternative fuel 

technologies is to produce a power source as 

efficient and powerful as the existing I.C. engine.  

Fossil fuels are hydrocarbons, primarily coal, fuel 

oil or natural gas, formed from the remains of dead 

plants and animals. Today most of the automobiles 

are powered by fossil fuels especially gasoline, 

diesel and natural gas, which comes under the 

non-renewable type.  

According to statistics the estimated reserves of 

the major fossil fuels are, 

Oil: 1,050,691 to 1,277,702 million barrels 

(2003-2005) 

Gas: 6,040,208 - 6,805,830 billion cubic feet 

(2003-2005) 
Coal: 1,081,279 million short tons (2004) 

 With regards to the increasing demand of fossil 

fuels the expected life of the fuel reserves is Oil-32 

years, Gas-72 years, Coal-252 years.       

The main objectives are: 

To find an effective alternative fuel for the future, 

develop a zero pollution vehicle and hence 

contribute to the act of reducing global warming,  

Make automobile common for a common man, 

Formulate economic way of transportation, 

minimize the usage of fast depleting non-renewable 

resources especially gasoline and diesel.  

It has been the constant endeavour of these 

eminent people to develop an alternative 

technology that produces the same or more power 

and delivers the same efficiency as the I.C. engine 

that is also free of harmful pollutants.  

In this quest several interesting and convenient 

alternatives have been devised. 

Prominent among them are: 

Bio-diesel, Ethanol, Liquefied Petroleum Gas, 

Compressed Natural Gas, Hydrogen 

In all these alternative forms of technology, 

the common process is combustion. This is the 

primary reason for emission of pollutants. To 

ensure nearly zero emissions we have to seek for a 

power generation process without combustion. 

Some of the present technologies producing power 

without combustion are - 

Electrical power, Fuel Cell Technology  

The problems associated with electrical 

power systems is the need for frequent recharge of 

battery and unable to operate at heavy loads along 

with need for specialized maintenance.  

For example the readily available electric 

scooter in the market has a top speed of 40 km/h 

and a battery life of around 9 hrs. which is not 

suitable for reliable transport system. An American 

aerospace company, TESLA, has designed an 

electric car that can accelerate from 0-60 kmph in 

under 4 sec. But this car uses around 64 batteries 

to power it, which requires a large amount of 

electricity. So a higher consumption of electricity is 

required.  

Fuel Cell technology is a developing and most 

promising technology currently used. But its 

bulkiness and its employment of liquid and 

inability to produce high power output make it a 

less viable option for the present. Also its use could 

be more suitable for stationary power generation 

than automobile use.  

II. PRINCIPLE 

The principle of the air engine is derived from 

the steam engine in which the pressure energy of 

steam is converted to kinetic energy. The air engine 

uses compressed air instead of steam. The 

compressed air has pressure which on expansion 

moves the piston (linear motion) which is converted 

to rotary motion through crank and connecting rod 

mechanism.  

PRESSURE ENERGY --> KINETIC ENERGY 

  

III. EXPERIMENTAL PROCEDURE 

In the present project an existing petrol engine is 

designed to operate on a Compressed Air. A 100 CC 

Four Stroke Engine was taken and it was converted 

into a Two Stroke Engine by modifying the Cam 

Shaft and timing gear on the Cam Shaft.  

It was for the purpose of having a power stroke for 

every cycle; otherwise air pressure may not be 

sufficient to overcome the back pressure in the 

dead cycle.  

The uniqueness of this invention is that opening 

and closing of the valves and also the exhaust vent 

was so adjusted that air engine produces power to 

drive the vehicle. By initial trials and some analysis 

the Cam Shaft and timing gear was so designed 
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that the inlet valve for compressed air opens at 15 

degrees after TDC.  

Usually in case of any IC engine combustion starts 

before TDC to minimize the timing losses. But in 

case of the Compressed Air Engine inlet valve 

cannot be opened before TDC otherwise the piston 

will go back towards BDC.  This inlet valve closes 

25 degrees just before BDC to cut off the air supply 

to the engine.   

 During its upward journey of the piston towards 

TDC, pressure will tend develop further due to the 

air left in the cylinder after the piston shuts off the 

exhaust vent.  

To overcome this pressure power will be consumed 

from the output shaft. Since there is no scavenging 

or any other type of fuel loses in compressed air 

engine, a 5 mm diameter exhaust vent is provided 

18 degrees before BDC.  

This crank angle and diameter was selected by 

repeated trials. So when the piston passes through 

the vent, pressure inside the cylinder will become 

atmospheric; 18 degrees after BDC, when the vent 

closes, since already there is some momentum in 

the piston it will tend to move up to 35 degrees after 

BDC.  

At that point of time exhaust valve will open so that 

the pressure inside the engine remains 

atmospheric. Exhaust valve also cannot be opened 

for longer period of time otherwise towards BDC 

piston will have a pulsating behavior. According to 

the Cam Shaft and timing gear designed in the 

investigation, exhaust valve closes 45 degree before 

TDC.  Next 60 degrees of crank rotation piston will 

rotate purely due to inertia.  

            
Fig 3. Valve Timing Diagram 

 

This sequence of events of the valve timing diagram 

is as shown in figure.  

Specifications Of The Engine Brought:  

Engine: Hero Honda CD 100 

Stroke Length: 50 mm 

Bore: 50 mm 

Displacement: 100 cc 

Engine cycle: Four stroke 

Engine output power: 5.5BHP 

(Before modifications) 

Torque: 10.2Nm@7500rpm 

Cooling System: Air cooled 

Modifications: 

Since the existing four stroke engines cannot 

be used as such to work as an air engine, certain 

modifications has to be carried out to serve the 

purpose. As for our purpose the four stroke engine 

is converted to a two stroke engine. It can be done 

by any one of the following methods  

Using the idle gear in cam shaft rod which has 

equal teeth of that of the gear connected to the 

crank shaft, so that it becomes a 2 stroke as the 

number of rotations of crank shaft and cam shaft 

becomes equal.  

Reducing the timing chain so that there is not 

much slag.  

The spark plug was eliminated as no spark is 

required because of the absence of combustion.  

An exhaust vent of diameter 5 mm is drilled on the 

surface of cylinder as per the timing diagram.  

The timing is controlled exactly as per required by 

means of the timing gear and chain.  

Fabrication of the Timing Gear: 

The existing four stroke engine is converted to a 

two stroke engine in order to use it as a 

compressed air engine. This process is carried out 

with the help of a new gear which we have designed 

for our purpose. We have fabricated a gear with 14 

teeth and radius half to that of a normal four 

stroke engine‟s timing gear so that the timing 

would be doubled and is fixed to the camshaft 

according to our dimensions.   

In order to fix this gear to the cam shaft, we have 

made a small key like shaft which can fit into the 

hole, present on the cam shaft. To the other end of 

this key there is a  

cylindrical surface whose outer diameter is equal to 

the internal diameter of the fabricated gear. In 

order to fix this gear to the key shaft, we have made 

splines on the external surface of the key and also 

on the internal surface of the gear so that even 

timing can be adjusted as per the timing diagram. 

This key is fitted to the cam shaft by means of press 

fit and also a small hole is drilled so that another 

small key is attached so that there will be no slip 

between the cam shaft and the key. 

Exhaust Vent Design: 

As per our calculations stated below, an 

exhaust vent is bored at a distance of 2.5mm 

from BDC to partially release the air to the 

atmosphere during return stroke of the piston. 

Two fins are removed to bore the exhaust vent 

on the surface of cylinder.  
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In two-stroke engine, for 180o of crank 

rotation the piston covers the distance equal to 

the stroke length which in our case is 50 mm.  

As per our valve-timing diagram,   

            Exhaust vent dia = 1 −
(180−162)

180
∗ 100 

                                           =0.1×50 

                            = 5 mm  

The connections from the air tank which stores 

compressed air to the engine is as shown in the 

figure:  

 

 
Fig 4. Connections of Air Tank 

 

As a matter of fact, the compressed air is made to 

enter the cylinder of an engine which pushes its 

piston downward in the same way as of a 

reciprocating steam engine. Now the work is done 

by movement of the piston. Now consider an air 

engine working with the help of compressed air. Let 

p1 = Pressure of the compressed air      v1 = volume 

of the compressed air The theoretical indicator 

diagram of a reciprocating air engine without 

clearance, compression and pressure drop at 

release is shown in the figure  

 
Fig 5. P-V Diagram 

 

The compressed air from the compressor is 

admitted into an air engine at A with pressure p1. It 

drives the piston forward. But after a part stroke is 

performed, the air supply is cut-off at B and the 

expansion occurs from B to C. after the stroke is 

completed, the air which had done same work is 

exhausted into the atmosphere at a constant 

pressure p2.  

 

We know that the work done by the air per cycle,  

  W = Area ABCD  

      = Area ABFG + Area BCEF – Area CEGD  

      = p1v1 + (p1v1-p2v2)/ (n-1) -   p2v2  

  = (p1v1-p2v2) n-1/n  

  = × p1v1 

  = × mRT1 

 

Design of Storage Tank : 

 

    
Fig 6. Storage Tank 

Specifications:  

 

   Material - Mild steel  

       Outer Diameter, D - 40 cm  

       Length - 120 cm  

       Thickness of cylindrical portion - 5 mm  

       Inner diameter, d - 39 cm  

V =
π×𝑑2×𝐿

4
 

       Volume   

V= ( π × 392 × 120)/4  

= 143278 cc  

IV. RESULTS AND DISCUSSION 

Hoop Stress Calculation: 

Material: Mild steel  

 
Fig 7. Hoop Stress 
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Air tank with hemispherical end  

Internal dia of the cylinder d=39 cm  

Wall thickness of cylindrical portion t1= 5 mm  

Wall thickness of hemispherical portion t2 =2 mm  

Maximum pressure =15 bar  

Hoop stress developed in cylindrical portion 

P×d 

σc1=2t1=10×21×00

5.0×005.39 

=40.1 MN/m2 

Hoop stress developed in hemispherical portion  

=50.4 MN/m2 

 

Torque calculations: 

Diameter of cylinder=50mm  

Length of stroke =50mm  

Mass of car (approx) = 150kg  

R.P.M = 5000  

Frictional coefficient of cement road and rubber 

tyre (µ) = 0.8  

Force required to move the car (F) = µ*m*g  

    =0.8*150*9.8  

    =1176 Kg-f  

Area of contact of tyre and road (A) = π*d*t  

    =π*0.08*0.05  

    =0.01256m2  

Therefore pressure required to run the car  

(P) = F/A  

   =1176/0.01256  

  =93630.5 Kg/m2  

  =9.18bar=9.36Kg/cm2 

Approx=10bar=101971.6213 

kilogram-force/square meter  

Area of the cylinder (A) = π*d2/4  

   = π*0.052/4  

   =0.0019625 m2  

Force acting on the piston = P*A  

   = 101971.621*0.0019625  

   =200.119 Kg-f  

Table1. Pressure Vs Speed 

Sl. No 
Pressure 

(psi) 
Speed (rpm) 

1 10 819 

2 20 1260 

3 30 2562 

4 40 3258 

5 60 3892 

6 80 4346 

7 100 4592 

8 120 4800 

 

 
 

           Fig 8. Pressure Vs Speed 

V. ADVANTAGES&LIMITATIONS 

 Advantages: 

• Compressed air engines reduce the cost of 

vehicle production, because there is no need to 

build a cooling system, spark plugs, starter 

motor, or mufflers  

• The rate of self-discharge is very low opposed to 

batteries that deplete their charge slowly over 

time. Therefore, the vehicle may be left unused 

for longer periods of time  

• Expansion of the compressed air lowers its 

temperature; this may be exploited for use as 

air conditioning.  

• Reduction or elimination of hazardous 

chemicals such as gasoline or battery acids/ 

metals  

• Some mechanical configurations may allow 

energy recovery during braking by compressing 

and storing air.  

• There will be no huge sound due to detonations 

in the engine.  

• No cooling system is required since there will be 

no large heat productions due to combustion  

• No harmful pollutants are released into the 

atmosphere due to combustion as the fuel used 

is purely atmospheric air.  

• The “green house effect” can be minimized.  

Limitations: 

• The main problem of this engine is the indirect 

use of energy. Energy is used to compress air, 

which in turn provides the energy to run the 

engine. Any conversion of energy between 

forms, results in loss.  

http://en.wikipedia.org/wiki/Self-discharge
http://en.wikipedia.org/wiki/Air_conditioning
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• Due to the conversion of pressure energy to the 

kinetic energy, the piston is subjected to 

various forces which make the engine to vibrate 

heavily when compared to the normal SI 

engine.  

• According to Charles‟s law, when air expands 

in the engine it cools dramatically which makes 

the engine less efficient during cold climates.  

• Conversely, when air is compressed to fill the 

tank it heats up. If the stored air is not cooled 

as the tank is filled, then when the air cools off 

later, its pressure decreases and available 

energy decreases.  

• Refuelling the compressed air tank using a 

home or conventional air compressor may take 

as long as 4 hours.  

• During crashes, there is a high probability that 

the air tank filled with compressed air may 

burst out with high intensity unless taken 

necessary measures.  

• The car running with an air compressed car 

cannot carry heavy loads.  

VI. SOLUTIONS TO OVERCOME LIMITATIONS: 

Minimizing of the losses due to energy conversions 

and making the maximum use of available energy 

also by recirculation of exhaust air if possible. 

Completely dehydrating the compressed air. 

Installing a heat exchanger in order to control the 

temperatures of both tank and the engine when 

compression and expansion take place.  

Specialized equipment at service stations may fill 

the tanks in only 3 minutes.  

Using a carbon fibre tank so that it prevents from 

bursting of air tank during crashes.  

Minimize the weight of car by making it with a 

lighter and stronger metal-alloy and also by 

providing hollow structures to the chassis which 

can be filled with tubes of lighter gases.  

 

VII. MODIFICATIONS TO IMPROVE EFFICIENCY 

The following are some ideas to make the air car 

perform better,  

Instead of letting the normal compressed Air into 

the Inlet valve of the Engine, we can provide a Air 

Pre-Heater mechanism which can be used to heat 

the compressed Air just before it enters into the 

Inlet valve. Since the density of the hot air is less 

compared to the normal/cold air, the hot air tends 

to expand quicker than the normal/cold air. By 

doing this we can make sure that the engine can be 

operated for a longer time with the same quantity of 

air and increase its range to a lager extent.  

The present Compressed Air Tank which is made of 

Mild Steel which holds a maximum pressure of 15 

bar can be replaced by a composite material made 

of carbon-Fiber and thermo-setting plastic, which 

mainly reduces the weight by 65 percent and 

increases the strength of the tank. The main 

advantages using this kind of a tank (Blend of 

Carbon-fiber and thermosetting plastic) are as 

follows: Reduces the weight of the tank by 65 

percent when compared to the usual Mild steel 

tank. The maximum pressure that can be stored 

can be increased to 300 Bar where as the 

maximum pressure that is stored in the Mild Steel 

tank is just 15 Bar. The tank made from the 

Carbon-fiber and Thermo-setting plastics will not 

Burst/Explode in an event of a collision; instead it 

will just crack and let the air out without causing 

any hazards to the driver/passenger. The space 

occupied by this tank can be reduced drastically 

and more amount of Compressed Air can be stored.  

By mounting an on-board compressed on the car 

which works on DC current we can be sure that the 

on-board compressor will provide continues supply 

of Compressed Air to the tank provided so that we 

do not have to stop to keep refilling the tank and 

the range will be increased to a large extent.   

We can attach a de-humidifying filter before the 

inlet valve of the engine so as to make sure that the 

moisture doesn‟t enter into the engine. So that the 

efficiency of the engine will improve as there will be 

no accumulation of water inside the cylinder. To 

improve the efficiency of the engine we can 

substitute Compressed air with Compressed 

Nitrogen since the molecular weight of Nitrogen is 

less than the molecular weight of the Natural Air 

and the compression ratio of Nitrogen can be 

increased. 

VIII. CONCLUSIONS 

The engine was successfully operated at different 

pressures that were changed using the ball valve. 

The engine was found to have a strong and firm 

motion. It was found to produce enough torque 

that can be said enough to pull loads. The rotation 

of the engine was very high at high pressure. For 

example at a pressure of 150 psi the rotation 

obtained was above 5000 rpm. In a normal 4 stroke 

petrol engine the pressure developed inside the 

combustion chamber is around 20 bar during 

power stroke. Thus by reproducing that pressure 

we have shown that it could be possible to obtain 
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the same amount of power and torque in an 

environmentally friendly way. 
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