1.1 INTRODUCTION

       The project titled “Design and fabrication of two stroke engine powered by compressed gas” 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 provide that necessary force 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 project.

We have shown a positive way of implementing this technology and as always with any system; this has tremendous potential for improvement and perfection.

1.2 NEED FOR ALTERNATIVE FUELS

 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".

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 lead 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. 

1.3 FOSSIL FUEL AVAILABILITY AND CONSUMPTION
        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.      
[image: image37.jpg]



Figure 1.1 Consumption of fossil fuels

The graph shows that in the mere future the demand is going to exceed production. So we are in need of finding an alternative renewable energy especially for automobiles.

2. OBJECTIVE OF THE PROJECT

      The main objectives are

· To find an effective alternative fuel for the future

· To develop a zero pollution vehicle and hence contribute to the act of reducing global warming.

· To make automobile common for a common man.

· To formulate economic way of transportation.

· To minimize the usage of fast depleting non-renewable resources especially gasoline and diesel.  

It has been the constant endeavor 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. 

For Example in Japan it has been successfully utilized in electricity generation of private homes. The fuel cells produce the necessary electricity and the output of hot water is utilized for domestic purposes. 

3.1 INTRODUCTION TO I.C. ENGINES:
Any machine that derives heat energy from the combustion of the fuel and converts part of this energy into mechanical work is known as heat engine. Heat engine are mainly classified into two types, internal combustion engine and External combustion engine.
In case of external combustion engine, the combustion of fuel takes place outside the cylinder as in case of steam engines. The other examples of external combustion engines are hot air engines, steam turbine and closed cycle gas turbines.
The internal combustion engine is an engine in which the combustion of fuel and an oxidizer (typically air) occurs in a confined space called a combustion chamber. This exothermic reaction creates gases at high temperature and pressure, which are permitted to expand. The defining feature of an internal combustion engine is that useful work is performed by the expanding hot gases acting directly to cause movement of solid parts of the engine, by acting on pistons, rotors, or even by pressing on and moving the entire engine itself.
The term Internal Combustion Engine (ICE) is almost always used to refer specifically to reciprocating piston engines; however, continuous combustion engines, such as jet engines, most rockets and many gas turbines are also internal combustion engines. All internal combustion engines depend on the exothermic chemical process of combustion: the reaction of a fuel, typically with the oxygen from the air, although other oxidizers such as nitrous oxide may be employed. 
The most common modern fuels are made up of hydrocarbons and are derived mostly from petroleum. These include the fuels known as diesel fuel, gasoline and petroleum gas, and the rarer use of propane gas. Most internal combustion engines designed for gasoline can run on natural gas or liquefied petroleum gases without major modifications except for the fuel delivery components. 
Liquid and gaseous biofuels, such as ethanol and biodiesel (a form of diesel fuel that is produced from crops that yield triglycerides such as soybean oil) can also be used. Some can also run on hydrogen gas.
All internal combustion engines must achieve ignition in their cylinders to create combustion. Typically engines use either a spark ignition (SI) method or a compression ignition (CI) system. In the past, other methods using hot tubes or flames have been used.
Internal combustion engines are most commonly used for mobile propulsion in automobiles, equipment, and other portable machinery. In mobile equipment, internal combustion is advantageous, since it can provide high power-to-weight ratios together with excellent fuel energy-density. These engines have appeared in transport in almost all automobiles, trucks, motorcycles, boats, and in a wide variety of aircraft and locomotives, generally using petroleum (called All-Petroleum Internal Combustion Engine Vehicles or APICEVs). Where very high power is required, such as jet aircraft, helicopters and large ships, they appear mostly in the form of turbines. They are also used for electric generator

 3.2CLASSIFICATION OF I.C. ENGINE:
· Based on Number of strokes

· Two-stroke engine

· Four-stroke engine

· Based on Cycle of Operation

· Otto cycle

· Diesel cycle

· Dual cycle

· Based on Number of Cylinders
· Single cylinder engine 

· Multi cylinder engine

· Based on Fuel Supply System
· Carburettor engines

· Solid injection engines

· Air injection engines

· Based on Lubrication System
· Wet sump lubrication

· Dry sump lubrication

· pressure lubrication
· Based on Fuel Used
· Petrol engine

· Diesel engine

· Gas engine

· Bi-fuel engine

· Based on Method of Ignition
· Spark ignition engines (SI engines)

· Compression ignition engines (CI engines)

· Based on Method of Cooling
· Water cooled 

· Air cooled 

· Based on the Arrangement of Cylinder
· In-line engine

· V-Type engine

· Opposed piston engine

· Opposed cylinder engine

3.3 IC ENGINE COMPONENTS
3.3.1 Cylinder
         The cylinder of IC engine is considered as the main body of the engine in which piston reciprocates to develop power. It has to withstand very high pressure and temperature because there is direct combustion inside the cylinder. Therefore, the material used should be such that it can retain strength at high temperature, should be good conductor of heat and should resist rapid wear and tear due to reciprocating parts. Generally ordinary cast iron is used but in case of heavy duty engines alloy steels are used.

3.3.2 Cylinder Head
         The cylinder head closes the one end of the engine. It houses the inlet and exhaust valve through which the charge is taken inside the cylinder and burnt gases are exhausted to the atmosphere from the cylinder. It is usually cast as one piece and bolted to the top of the cylinder.

3.3.3 Piston and Piston Rings
          The function of piston is to compress the charge during compression stroke and to transmit the gas force to the connecting rod and then to the crank during power stroke. The piston of IC engine is usually made of aluminum alloy because of its high thermal conductivity and lower specific gravity.
          The piston rings are housed in the circumferential grooves provided on the outer surface of the piston. It gives gas tight fittings between the piston and the cylinder and prevents the leakage of high pressure gases.
3.3.4 Piston pin 

         The piston pin provides the bearing for the oscillating small end of the connecting rod. It is made up of hardened steel in the shape of the spindle.

3.3.5 Connecting Rod
         It is usually a steel forging of circular, rectangular, I, T, H sections and is highly polished for increased endurance strength. Its small end forms a hinge and a pin joint with the piston and its big end is connected to the crank shaft. In large engines, it has a passage for the transfer of lubricating oil from the big end bearing to the small end bearing.

3.3.6 Crank and Crank shaft
          Crank is the integral part of the crankshaft. Both the crank and crank shaft are steel forged and are machined to smooth finish. Crankshaft is supported in the main bearing and has a heavy wheel called flywheel fixed at one end, to balance the fluctuations of torque. The power required for any useful purpose is taken from the crankshaft only. Crankshaft is the backbone of the engine.

3.3.7 Inlet valves:

          This valve controls the admission of the charge in to the petrol engine or the air in to the diesel engine during the suction stroke of the engine.

3.3.8 Exhaust Valve
         The combusted products after doing work on the piston are exhausted to atmosphere through this valve.

3.3.9 Valve Springs
          The valves are kept closed by the valve springs.
3.3.10 Inlet Manifold
           It is the passage which carries the charge from the carburetor to the cylinder.

3.3.11 Exhaust Manifold:

            It is the passage which carries the exhaust gases which comes out through the exhaust valve to the atmosphere.

3.3.12 Engine Bearings
            Crankshaft is supported in main bearings which are lubricated. Function of bearing is to facilitate smooth motion to crankshaft and reduce friction between them.

3.3.13 Cam Shaft
           The function of the cam shaft is to operate the inlet and exhaust valve through the cams, cam followers, push rods and rocker arms. The cam shaft is driven positively from the crank shaft which is half the engine speed.

3.3.14 Cam and Cam Follower
            It is made of required profile to give the desired motion to valve through the follower.
3.3.15 Push Rod and Rocker Arm
            The motion of the cam is transmitted to the valve through the push rod and rocker arm. These links are also known as valve gear.

3.3.16 Crank Case
            It is the base which holds the cylinder, piston and crank shaft set up. It also serves as a sump for the lubricating oil.

3.3.17 Flywheel

            It is a wheel mounted on the crank shaft which stores excess energy during the power stroke and returns that energy during the other strokes.
3.3.18 Governor
            It is run by a drive from the crank shaft. The function of the governor is to regulate the charge in case of petrol engine and amount of fuel in case of diesel engine to maintain the speed of the engine constant.

3.3.19 Spark Plug
            The function of the spark plug is to ignite the mixture at the correct time after completing the compression stroke in petrol engine. It is generally mounted in the cylinder head. This is used in petrol engine only.

3.3.20 Ignition System
           In petrol engines the charge is ignited by an electric spark. The ignition system provides the voltage between the spark plug gaps at the proper timings.

3.3.21 Carburettor

            The function of carburettor is to prepare the mixture of fuel and air and meter it before sending it to induction system of the engine according to operating conditions of the engine in case of spark ignition engines. 

3.3.22 Fuel Injection Pump
           Functions of fuel injection pump are to inject the atomised fuel to the cylinder under very high pressure in case of compression ignition engines.
4.1 INTRODUCTION
       Since this project was carried out in a four stroke petrol engine it is necessary to cite some important features of four stroke engine. As mentioned earlier it comes under the classification of IC engines, reciprocating type. In four stroke engine working cycle is completed in four stroke of piston or two revolutions of the crank. 
In four stroke engine, ports (used for two stroke engine) are replaced by valves located inside the cylinder head which are opened and closed by cam mechanism to exhibit various cycle processes. 
        The cam is mounted on camshaft. In case of four stroke engine, the camshaft rotates at half the speed of the crankshaft with the help of timing gears having a tooth ratio of 1:2.

Four stroke engines are of two types:

· Spark ignition engines

· Compression ignition engines

During the suction stroke the mixture of fuel and air is supplied and the mixture is ignited with the help of spark provided by spark plug before the end of compression stroke. These are called S.I. engines.

 The C.I. engines work on diesel cycle with working fluid as diesel. Here, only air is inducted during suction stroke and the fuel is injected at the end of compression stroke. These employ high compression ratio in the range of 14 to 20. 
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Figure 4.1 Cut Section of four stroke IC engine               
4.2 WORKING
        In four-stroke engine, working cycle is completed in four stroke of the piston or two revolution of the crank. Here, intake and compression process is completed during the first revolution of the crank and correspondingly the expansion and exhaust process are completed during the other revolution of the crank and this cycle is repeated. The various processes are 

4.2.1 Intake:

         During the intake stroke, the piston moves downward, drawing a fresh charge of vaporized fuel/air mixture. The illustrated engine fuels a poppet intake valve which is drawn open by the vacuum produced by the intake stroke. 
Some earlier engines worked this way, however, most modern engines incorporate an extra cam/lifter arrangement as seen on the exhaust valve. The exhaust valve is held shut by a spring.

4.2.2 Compression
          During compression, the piston moves from BDC to TDC compressing the vaporized fuel-air mixture. 
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Figure 4.2 Working cycle of four stroke engine

4.2.3 Power
         At the top of the compression stroke, the spark plug fires, igniting the compressed fuel. As the fuel burns it expands, driving the piston downward

4.2.4 Exhaust
         At the bottom of the power stroke, the exhaust valve is opened by the cam/lifter mechanism. The upward stroke of the piston drives the exhausted fuel out of the cylinder.

4.3 IDEAL OTTO CYCLE
          The petrol engine works under Otto or constant volume cycle which is shown below.
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Figure 4.3 ideal Otto cycle
4.3.1 Process involved
Process (1-2)
   Otto cycle consists of two constant volumes and two reversible adiabatic compression or isentropic compression during which air is compressed from state-1 to state-2. The law of process is p.Vγ=c

Process (2-3)
           Heat is added to air from a heat reservoir at constant volume and state changes from state-2 to state-3.

Heat supplied Q2-3 = mCv (T2-T3)

Process (3-4)
            The air expands from state-3 to state-4 reversible adiabatically according to the law p.Vγ=c

Process (4-1)
              During this process heat is rejected at constant volume and the system returns to its original state. Therefore, a cycle is completed.

Heat rejected Q4-1 = mCv (T4-T1)

4.4 VALVE TIMING DIAGRAM
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	TDC- Top dead centre
	BDC-Bottom dead centre

	IVO-Inlet valve open
	IVC- Inlet valve close

	EVO- Exhaust valve open
	EVC- Exhaust valve close


Figure 4.4 Valve timing diagram of four stroke engine

5.1 INTRODUCTION:
 As the main part of the COMPRESSED GAS ENGINE is air, it is mandatory to have a brief study about air. Air is the substance which is essential for the existence of living beings. Air is the most common and only natural breathing gas.
 Air is a mixture of 21% oxygen,78% nitrogen, and approximately 1% other trace gases; to simplify calculations this last 1% is usually treated as if it were nitrogen. Being cheap and simple to use, it is the most common diving gas. As its nitrogen component causes nitrogen narcosis it is considered to have a safe depth limit of about 40 metres (130feet) for most divers.
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Figure 5.1 Composition of air

         Pure oxygen is mainly used to speed the shallow decompression stops at the end of a technical dive. It was much used in frogmen’s rebreathers. Nitrox is a mixture of oxygen and air, and generally refers to mixtures which are more than 21% oxygen. It is mainly used instead of air to accelerate decompression or to decrease the risk of decompression sickness. Trimix is a mixture of oxygen, nitrogen and helium and is often used at depth in technical diving and commercial diving instead of air to reduce nitrogen narcosis. Heliox is a mixture of oxygen and helium and ids often used in the deep phase of a commercial deep dive to eliminate nitrogen narcosis. 

Heliair is a form of Trimix that is easily blended from helium and air without using pure oxygen. It is always has a 21:79 ratio of oxygen to nitrogen; the balance of the mix is helium. Hydreliox is a mixture of oxygen, helium, and hydrogen and is used for dives below 130 meters in commercial diving. 

TABLE 5.1 COMPOSITION OF AIR
	Component
	Symbol
	Volume

	Nitrogen
	N2
	78.084%
	         99.998%

	Oxygen
	O2
	20.947%
	

	Argon
	Ar
	0.934%
	

	Carbon Dioxide
	CO2
	0.033%
	

	Neon
	Ne
	18.2 parts per million

	Helium
	He
	5.2 parts per million

	Krypton
	Kr
	1.1 parts per million

	Sulphur dioxide
	SO2
	1.0 parts per million

	Methane
	CH4
	2.0 parts per million

	Hydrogen
	H2
	0.5 parts per million

	Nitrous Oxide
	N2O
	0.5 parts per million

	Xenon
	Xe
	0.09 parts per million

	Ozone
	O3
	0.07 parts per million

	Nitrogen dioxide
	NO2
	0.02 parts per million

	Iodine
	I2
	0.01 parts per million

	Carbon monoxide
	CO
	trace


5.2 EARTH’S ATMOSPHERE
      The atmosphere is a thin layer of gas which surrounds the earth. This picture shows the two most important layers known as the troposphere and the stratosphere. The air gets thinner and thinner the higher you go, 90% of all the molecules in the atmosphere are in the troposphere. Air is a mixture of various gases, information on the uses of some of these gases can be found.
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Figure 5.2 Layers of earth’s atmosphere

The atmosphere has changed a lot compared to earth’s early atmosphere, but for the last billion years it has remained pretty constant. We now need to look at 3 very different atmospheric problems:

5.4 GREENHOUSE EFFECT
       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 warming of the atmosphere. The greenhouse effect is a natural process which made life on Earth possible. 
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 industrialisation, 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 favourable 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. 

5.5 DAMAGE TO THE OZONE LAYER
        Ozone is oxygen that contains molecules that have 3 oxygen atoms (O3). The molecule is triatomic instead of the usual O2 molecule which is diatomic. There is a layer of ozone high up in the atmosphere which shields the earth from the sun’s harmful UV rays; these rays can lead to an increase in skin cancer. The ozone is present in very small quantities but it is enough to absorb the UV rays preventing them reaching the surface. The map below shows the concentrations of ozone over the northern hemisphere during 1980-1991
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Figure 5.3 Concentrations of ozone over the northern hemisphere

          In 1985 over 60 countries pledged to phase out a group of chemicals called CFC’s. These very stable chemicals were once widely used in aerosols and refrigerators. It was thought that their release into atmosphere produced chlorine radicals which reacted with O3 to produce O2. The emission of CFC’s into the environment is now greatly reduced, unfortunately the damage has already been done and the CFC molecules, thanks to their stability, are still causing ozone depletion.

5.6 ACID RAIN
       Rain water is naturally acidic due to carbon dioxide which partially reacts with water to give carbonic acid (H2O + CO2 -- > H2CO3). When we talk about acid rain we mean the ENHANCED effect which is caused by other gases released when fossil fuels are burnt. Two gases are the main culprits:

· Sulphur dioxide – Fossil fuels often contain a lot of sulphur impurities which burn to give sulphur dioxide. The SO2 reacts with water in the atmosphere to form a weak solution of sulphuric acid. 

· Nitrogen oxides – under normal conditions nitrogen and oxygen don’t react together. At very high temperatures (in an engine) a small proportion of oxygen reacts with nitrogen to give nitrogen oxides. These oxides react with water in the atmosphere to form a weak solution of nitric acid.

The dilute acid falls to ground as acid rain which causes the following problems:

· Lakes become acidic and plants and fishes die as a result

· Tree growth is damaged; whole forests can die as a result

· Acid rain attacks metal structures and also buildings made of limestone
TABLE 5.2: PROPERTIES OF AIR
	Temperature
- t -
(oC)
	Density
- ρ -
(kg/m3)
	Specific heat capacity
- cp -
(kJ/kg K)
	Thermal conductivity
- l -
(W/m K)
	Kinematic viscosity
- ν -
(m2/s) x 10-6
	Expansion coefficient
- b -
(1/K) x 10-3
	Prandtl's number
- Pr -

	-150
	2.793
	1.026
	0.0116
	3.08
	8.21
	0.76

	-100
	1.980
	1.009
	0.0160
	5.95
	5.82
	0.74

	-50
	1.534
	1.005
	0.0204
	9.55
	4.51
	0.725

	0
	1.293
	1.005
	0.0243
	13.30
	3.67
	0.715

	20
	1.205
	1.005
	0.0257
	15.11
	3.43
	0.713

	40
	1.127
	1.005
	0.0271
	16.97
	3.20
	0.711

	60
	1.067
	1.009
	0.0285
	18.90
	3.00
	0.709

	80
	1.000
	1.009
	0.0299
	20.94
	2.83
	0.708

	100
	0.946
	1.009
	0.0314
	23.06
	2.68
	0.703

	120
	0.898
	1.013
	0.0328
	25.23
	2.55
	0.70

	140
	0.854
	1.013
	0.0343
	27.55
	2.43
	0.695

	160
	0.815
	1.017
	0.0358
	29.85
	2.32
	0.69

	180
	0.779
	1.022
	0.0372
	32.29
	2.21
	0.69

	200
	0.746
	1.026
	0.0386
	34.63
	2.11
	0.685

	250
	0.675
	1.034
	0.0421
	41.17
	1.91
	0.68

	300
	0.616
	1.047
	0.0454
	47.85
	1.75
	0.68

	350
	0.566
	1.055
	0.0485
	55.05
	1.61
	0.68


6.1 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

6.2 WORKING
           In the compressed air engine, the cycle of operation gets completed with two strokes of the piston or one revolution of the crank. The two strokes are,

· Expansion or Power stroke.

· Exhaust stroke.

6.2.1 Expansion or Power stroke

           During this stroke the piston moves from the TDC to BDC. At the beginning of this stroke the inlet valve is opened and allows the compressed air stored in the tank to expand inside the cylinder. This moves the piston down as pressure energy of air gets converted into kinetic energy thus producing a power stroke.
          Just before reaching BDC the specially designed cam mechanism closes the inlet valve and the piston uncovers an exhaust vent through which the expanded gas escapes to the atmosphere. This reduces the load on the piston by reducing the amount of air present inside the cylinder during return stroke.
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Figure 6.1 power stroke
6.2.2 Exhaust stroke

          During this stroke piston moves from BDC to TDC. Initially the piston covers the exhaust vent and the cam mechanism opens the exhaust valve. Most of the air is expelled to the atmosphere through exhaust vent. 
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Fig 6.2: Exhaust stroke through vent
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Figure 6.3: Exhaust stroke

Table 6.1 Valve timing for Compressed air engine

	SI.No
	Stroke
	Event
	Position w.r.to TDC/BDC
	Crank angle 

 (in degrees)

	1
	Expansion  or   power
	IVO
	After TDC
	15

	2
	Exhaust 1
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IVC

EVO
	After TDC

Before BDC
	140

18

	3
	Exhaust 2
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EVO
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EVC

EVC
	After BDC

After BDC

Before TDC
	35

18

45


6.3VALVE TIMING DIAGRAM OF AIR ENGINE
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Figure 6.4 Valve timing diagram of air engine

	TDC- Top dead centre
	                   BDC-Bottom dead centre

	IVO-Inlet valve open
	                    IVC- Inlet valve close

	EVeO-Exhaust vent open
	                    EVeC-Exhaust vent close

	EVO- Exhaust valve open
	                     EVC- Exhaust valve close


            During the first stroke, just 15 degree after TDC, the inlet valve opens to allow air from the cylinder to expand inside the cylinder. This causes the piston to move downward (pressure energy converted to kinetic energy). This timing avoids reversing of the engine. Then after 140 degree of crank revolution, inlet valve closes and cuts off the air supply. 

      Then after 7 degree of crank revolution, the exhaust vent opens to allow major part of the expanded air to escape to the atmosphere. Both these timings are given in such a way that the former prevents useful air from escaping out.

     The latter reduces the resistance on the piston during return stroke. The crank rotates another 18 degree to take the piston to BDC, thus completing the first stroke. During the second stroke the piston starts moving from BDC to TDC. After 35 degree of crank revolution from BDC, the exhaust valve opens which facilitates the remaining part of expanded air trapped inside the cylinder to escape to the atmosphere. After 18 degree of crank revolution from BDC, the exhaust vent closes. At the same time the expanded air continues to escape through the exhaust valve. After this just 45 degree before TDC, the exhaust valve closes and the piston reaches TDC after 15 degree of crank revolution, thus completing the second stroke.

7.1 ENGINE SPECIFICATIONS:

	Engine 
	: Hero Honda CD 100

	Stroke Length
	:50 mm

	Bore
	:50 mm

	Displacement
	:100 cc

	Engine cycle
	:Four stroke

	Engine output power

(Before modifications)
	:5.5BHP

	Torque
	:10.2 Nm@7500rpm

	Cooling System
	:Air cooled


7.2 MODIFICATIONS DONE ON THE ENGINE: 
           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

There are three methods which convert an existing four stroke engine into two stroke engine:
· Using the idle gear in cam shaft rod instead of a gear reducer. 
· Designing the cam shaft (two opposite lobes) to our required design which produces two strokes.

· The sensors are used to control the timing of actuation and with the help of solenoid Valve the inlet and outlet valve is operated accordingly.

The following are the various modifications done on the existing engine to convert it into a compressed air engine.

· 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.

· A dual lobe camshaft is designed for converting a four stroke engine to two stroke engine.

7.3 CAM SHAFT DESIGN:                  
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 dual lobe cam shaft which we have designed for our purpose. We welded a lobe to the existing camshaft according to our dimensions and quenched it immediately. The surface is then grinded with the help of grinding machine. The welding process used here is TIG welding.
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Figure 7.1: Design of cam shaft
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Figure 7.2 Design of cam
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Figure 7.3 Displacement Diagram
7.3.1 Follower Movement:
1. 75° outward stroke for the smooth contact between cam and follower.

2. 25 ° dwell period.

3. 50 ° return stroke.
4. 30 ° Dwell period.

5. 75 ° Outward stroke.

6. 25 ° dwell period.

7. 50 ° Return stroke.

8. 30 ° Dwell period.

7.3.2 Design specifications:
· Diameter of the cam shaft                      =  20mm

·  Diameter of the base circle of cam       = 20mm

·  Total Displacement produced

          By the Cam profile on either sides        =10mm

                 (5mm on each side)

· Displacement of the follower               =  5mm 

· Type of follower                                  = Flat faced follower

· Offset                                                   = 0 mm             

7.4 FABRICATION OF THE FRAME:
      A frame in triangular shape is designed in this case and the frame chosen is a square frame. The frame of the project is constructed using ASTM Low Alloy Steel A710C. The basic dimensions of the square pipe are 0.045 X 0.045 m.
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Figure 7.4 Fabrication of the frame
7.5 EXHAUSTS 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.
         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 = 
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7.6 AIR TANK DESIGN:
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Figure 7.5 Air tank

Specification:

       Material - Mild steel

       Outer Diameter, D - 40 cm

       Length - 120 cm

       Thickness of cylindrical portion - 5 mm

       Inner diameter, d - 39 cm

       Volume  
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7.6.1 Hoop Stress Calculation:
MATERIAL: Mild steel
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Figure 7.6 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 = 150 psi=10.34 bar

Hoop stress developed in cylindrical portion
                                
[image: image19.wmf]1

1

2

t

d

P

c

´

=

s

   
[image: image20.wmf]005

.

0

2

39

.

0

10

34

.

10

5

´

´

´

=


                                                           =40.1 MN/m2
Hoop stress developed in hemispherical portion
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8.1. MEASUREMENT OF BRAKE HORSE POWER
        Measurement of BP involves determination of the torque and angular speed of the engine output shaft. This torque-measuring device is called a dynamometer.

8.1.2 BRAKE DYNAMOMETER: 
            It consists of a number of turns of rope wound around the rotating drum attached to the output shaft. One side of the rope is connected to a spring balance and the other to a loading device. The power is absorbed in friction between the rope and the drum. The drum therefore requires cooling.

Brake power = πDN (W-S)/60,000 in kW

Where 

D is the brake drum diameter, W is the weight and S is the spring scale reading.

 8.1.2 HYDRAULIC DYNAMOMETER:
           Hydraulic dynamometer works on the principal of dissipating the power in fluid friction. It consists of an inner rotating member or impeller coupled to output shaft of the engine. This impeller rotates in a casing, due to the centrifugal force developed, tends to revolve with impeller, but is resisted by torque arm supporting the balance weight. The frictional forces between the impeller and the fluid are measured by the spring-balance fitted on the casing. Heat developed due to dissipation of power is carried away by a continuous supply of the working fluid usually water. The output (power absorbed) can be controlled by varying the quantity of water circulating in the vortex of the rotor and stator elements. This is achieved by a moving sluice gate in the dynamometer casing.
TABLE 8.1: BHP TEST AT 80 PSI
At pressure = 80psi, indicative power = 3.92 Kw

	Sl. No
	Load (kg)
	Speed (Rpm)
	Brake power (Kw)
	Mechanical Efficiency

	1
	0
	4344
	_
	_

	2
	5
	4278
	2.24
	57.1

	3
	6
	4237
	2.66
	67.8

	4
	7
	4210
	3.08
	78.9


TABLE 8.2: BHP TEST AT 100 PSI
At pressure = 100psi, indicative power = 5.18 Kw

	Sl. No
	Load (kg)
	Speed (Rpm)
	Brake power (Kw)
	Mechanical Efficiency

	1
	0
	4592
	_
	_

	2
	5
	4457
	2.33
	44.9

	3
	6
	4414
	2.77
	53.4

	4
	7
	4381
	3.20
	61.9


TABLE 8.3: BHP TEST AT 120 PSI
At pressure = 120psi, indicative power = 6.5 Kw

	Sl. No
	Load (kg)
	Speed (Rpm)
	Brake power (Kw)
	Mechanical Efficiency

	1
	0
	4800
	_
	_

	2
	5
	4788
	2.52
	40.9

	3
	6
	4749
	2.98
	45.8

	4
	7
	4702
	3.44
	52.9


8.2 Indicative Power calculation:

Stroke, L = 50 mm Bore dia, d = 50 mm

No. of cycles performed per minute, n = 900 strokes/min

Pressure, p = 100

Indicated Power,  
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                                     = 5.18 KW
8.3 Brake horse power calculation: 
1. Torque   = L * R

   Where L = load in Newton (N)

               R = radius of brake drum in M

               T = 5*10*0.1

                  = 5 Nm

2. Brake horse power BHP 
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                                            = 2.24 Kw
3. Mechanical efficiency η = B.P / I.P * 100
                                            =2.24/3.92 * 100

                                            = 57.1%

8.4 Graphical Representation:
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Figure 8.1 Pressure Vs Power
Figure 8.2 Pressure Vs Speed
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Figure 8.3 Load Vs BHP
9.1 COST OF ENGINE COMPONENTS:
TABLE 9.1: TOTAL COST OF ENGINE COMPONENTS
	Sl.NO
	Components
	Material
	Quantity
	Total Price

	1.
	Engine – Hero Honda CD100
	-
	1
	-

	2.
	Air Tank
	MS
	1
	Rs.3500

	3.
	Pressure Regulator (0.5-10) bar) 
	-
	1
	Rs.900

	4. 
	Pressure Gauge (0-150 psi)
	-
	1
	Rs.200

	5.
	Air Tank Inlet valve
	Steel EN8
	1
	Rs.150

	6.
	Air Hose
	-
	1
	Rs.50

	7.
	 Back Wheel
	-
	2
	Rs.800

	8.
	Front Wheel with steering shaft
	-
	1
	Rs.700

	9.
	Handle Bar
	Steel
	1
	Rs.200

	10. 
	Front Brake 
	Alloy Steel
	1
	Rs.300

	11. 
	Seat
	Plastic
	1
	Rs.150

	12.
	Chain
	Steel
	1
	Rs.80

	13.
	Chain Sprocket
	Hardened MS
	1
	Rs.90

	14.
	Back Axle
	MS
	3 kg
	Rs.300

	15.
	Wheel Bearings
	Steel
	2
	Rs.400

	16.
	Bolt & Nuts 
	Steel
	
	Rs.450

	17.
	Paint
	-
	600 ml
	Rs.170

	18.
	Engine Oil
	-
	500 ml
	Rs.150

	20.
	Crank shaft chain
	-
	1
	Rs.37

	                                                                                     Total Cost
	Rs.8642


9.2 COST OF FABRICATION
Table 9.2: Total cost of fabrication

	Sl.NO
	Item
	Price

	1.
	Square Frame 1.5 X 1.5 ’’
	Rs.1500

	2.
	MS Rod
	Rs.600

	3.
	Cam Lobe
	Rs.120

	4.
	‘C’ Frame
	Rs.100

	                                              Total Cost
	Rs.2320


9.3LABOUR CHARGES:
Table 9.3: Total cost of Labour charge

	Sl.NO
	Operation 
	Cost

	1.
	Engine Work
	Rs.1000

	2.
	Drilling/Grinding/Boring
	Rs.650

	3.
	Welding 
	Rs.1500

	4.
	Fabrication Work
	Rs.1100

	                                            Total Cost
	Rs.4250


9.4 TOTAL COST
Table 9.4: Total cost of Project

	Sl.NO
	Contents
	Total Price

	1.
	Material Cost
	Rs.8590

	2.
	Fabrication Material Cost
	Rs.2320

	3.
	Labour Charges
	Rs.4250


 ____________________________________________________

                              Total Cost of the Project: Rs.15212.00
                                   _____________________________________________________

10. FUTURE DEVELOPMENTS:
· The weight of the engine could be reduced further using materials like Illum. This does not offer friction between moving parts. Thus it is a good option to use it as a material to fabricate the Piston Head. 

· Varying speeds can be made to actuate different areas of opening in the shaft of the specified valve system. A governor or other speed controlling devices that can be made to control the area of opening in the shaft. 

· [image: image36.jpg]


A possible design of a cylinder to negate the loss of pressure and subsequent loss of flow is suggested. 

Figure 10.1 Cylinder Design
· An electronic system that can more accurately allow volumes of air into the cylinder. The amount of air can also be varied according to the speed of the engine. 


Figure 10.2 Layout of ECU
11. CONCLUSION

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 the same amount of power and torque in an environmentally friendly way.
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