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Abstract:  
With the increasing use of fuels such as petrol and diesel for automotive propulsion, there is always been a fear or depletion of fuels 

one day, with this the harmful emissions produced by the combustion of fuels has always been a global concern. Researchers and 

automotive enthusiasts around the world have been constantly developing alternative and greener methods for automotive 

propulsion. One such alternative method for in recent past is the use of compressed air to run an automobile engine. Though 

compressed air technology has been in use since the 20th century for various applications, it has gained much importance in the 

recent past with French companies like Motor Development International (MDI) developing a compressed air engine car. On a 

similar line the objective of this paper is to select a suitable four stroke engine and convert it into a two stroke compressed air 
engine by modifying the camshaft and incorporating the engine onto a chassis and make a compressed air engine bike. 

1. INTRODUCTION 

Compressed air engine is defined as the pneumatic actuator 

which produces useful work by expanding the compressed air 

and thus converting the potential energy into motion. Instead of 

piston displacement in conventional internal combustion 

engines by combustion of air-fuel mixture, compressed air is 

introduced into the engine cylinder which results in expansion 

of compressed air resulting in similar piston displacement [1]. 

This engine runs solely on high pressure compressed air so 
the exhaust is only air, making it a zero pollution engine. 

Compressed air engine is a successful solution to pollution 

problems with its exhaust that is clean. As there is no 

combustion involved in compressed air no cooling system is 

needed and it results in reduced cost, weight, volume and 

vibration. Compressed air technology brings scope for an eco-

friendly vehicle. Though this is the greener and energy efficient 

process, an energy source is required to run the air compressor 

which in turn runs the air engine. 

Compressed air which is used as the fuel in compressed air 

engine is stored in a tank at high pressure. Compressed air 

vehicle is a light utility vehicle. With all the advantages of 
compressed air engine, we will be able to conserve fuels and 

provide a greener environment for the future generation [2][3]. 

 

II. WORK DONE 

1. Comparison between Two Stroke and Four Stroke Engine 

for Using Compressed Air as Working Fluid: 

 

i. Two Stroke Engine: 

 In a two stroke petrol engine, air fuel mixture enters the engine 

through the inlet port into the crankcase. Now as the piston 

move down due the combustion of the air fuel mixture on the 
upper side of the piston in the cylinder, the underside of the 

piston pre compresses the air fuel mixture and forces the same 

through the transfer port into the combustion chamber which is 

further compressed and combusted thus regular working of the 

engine is possible. 

Now trying to use compressed air has the working fluid in a 

two stroke engine, when compressed air is admitted through the 

inlet port into the crankcase. The compressed air starts 

expanding and exerts pressure on the underside of the piston, 

locking the piston in position and making it impossible to move. 

So it is not possible to compressed air on a two stroke engine. 

 

ii. Four Stroke Engine:  

In a four stroke SI engine during the suction stroke, the 

piston is initially at top dead centre and the inlet valve is open. 

The piston descends from the top dead centre to the bottom 

dead centre creating suction force which draws the air fuel 
mixture form the carburettor. During the compression stroke, 

both the inlet and exhaust valves are closed, the piston moves 

form bottom dead centre to top dead centre compressing the air 

fuel mixture in the cylinder.  

 
Fig. 1: Working of four stroke SI engine [6] 
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At the end of the compression stroke a spark is produced 

with a spark plug, which ignites the compressed air fuel mixture. 

During the expansion stroke The energized high pressure 
combustion gases exerts pressure on the piston and forces it 

move down towards the bottom dead centre.  During the 

exhaust stroke, the exhaust valve is open, as the piston moves 

from bottom dead centre to top dead centre; the burnt gases are 

expelled out of the engine. These four strokes repeat for the 

continuous working of the engine. The valve positions, cam 

position and working of a four stroke SI engine is has shown in 

Fig.1. 

Now trying to use compressed air has the working fluid in a 

four stroke engine, by making suitable modification in the cam 

profile of the camshaft , four stroke engine is converted into a 

two stroke ( intake and exhaust) engine by which compressed 
air can be used as working fluid. The working of a compressed 

air engine is as discussed below. 

 

2. Working of Two Stroke Compressed Air Engine: 

Compressed air engine works in two stroke such as intake 

and exhaust stroke with compressed air as working fluid.  

Intake: During this stroke, the piston is initially at top dead 

centre, inlet valve opens and exhaust valve is closed. 

Compressed air enters in the cylinder during this stroke at a 

specified pressure. Compressed air starts expanding exerting 

pressure on the piston, pushing the piston from top dead centre 
to bottom dead centre.  As the piston reaches bottom dead 

centre the pressure of the compressed air reduces. 

 Exhaust: During this stroke, the intake valve closed and 

exhaust valve is opened. The piston moves from bottom dead 

centre to top dead centre pushing the low pressure used 

compressed air out of the cylinder through the exhaust valve. 

These two strokes repeat for the continuous working of the 

engine [7]. The valve positions, cam position and working of a 

compressed air is has shown in Fig. 2. 

 
Fig. 2: Working of four stroke compressed air engine [6] 

3. Modification to Convert Four Stroke SI Engine to a Two 

Stroke Compressed Air Engine: 

 

i. Selection of Suitable Four Stroke Motorcycle Engine: 

 

Table 1: Comparison chart of different company engines 

Comparison 

Parameter 

Bajaj 

Pulsar 150cc 

TVS Victor 

Glx 

HeroHonda 

CD100 

CamShaft 

Design 

Complex: 

Inlet and 

exhaust cam 

lobes are 

very close, 

making it 

difficult for 

modification  

Complex: 

Inlet and 

exhaust cam 

lobes are very 

close, making 

it difficult for 

modification. 

Simple: 

Inlet and 

exhaust cam 

lobes are 

relatively 

distant, making 

it easy for 

modification. 

Weight  More More  Comparatively 

less 

Cost  More  More Comparatively 

less 

 

Comparing different factors such has simplicity of camshaft, 

weight and cost of various available four stroke petrol engine 

such a Bajaj Pulsar 150cc, TVS Victor Glx and Hero Honda 

CD100. Hero Honda CD100 engine was selected. 

 

Specification of Hero Honda CD100: 

 

Table 2: Specification of Hero Honda CD100 

Type Air-cooled,4-stroke single cylinder 

CamShaft Two lobe OHC(Over Head Camshaft) 

Displacement 97.2 cc 

Max. Power 5.74 kW (7.8 Ps) at 7500 rpm Max 

Torque 0.82 Kgf-m (8.04 N.m) at 4500rpm 

Bore 50.0 mm 

Stroke 49.5 mm 

Compression Ratio 9.0: 1 

 

ii. Cam profile modification: 

A regular camshaft of a four stroke SI engine consists of two 

cams namely inlet cam and exhaust with one lobe each namely 

shown in Fig. 3. The cam lobes are positioned such a way that 

during Intake stroke (crank rotation of 0-180o) only inlet valve 

is opened, during compressed stroke (crank rotation of 180-360o) 

both the inlet and exhaust valves are closed, during expansion 

stroke (crank rotation of 360-540o) again both the inlet and 

exhaust valves are closed and during exhaust stroke (crank 
rotation of 540-720o) only exhaust valve is opened [2].  
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Fig. 3: Original camshaft 

 

In the modified camshaft in order to convert four strokes to 

two strokes, both the inlet cam and exhaust cam on a regular 
camshaft were provided with another lobe right opposite to the 

lobe already present. Now the cam lobes are positioned such a 

way that during intake stroke (crank rotation of 0-180o) only 

inlet valve is opened and during the exhaust stroke (crank 

rotation of 180-360o) only the exhaust valve is opened. The 

modified camshaft is as shown in Fig. 4. 

 

 
Fig. 4: Modified camshaft 

 

iii. Removal of unnecessary components: 

In the compressed air engine under study there is no fuel used 

so there is no need of carburetor and hence carburetor is 

removed. As there is no combustion in the cylinder involved the 

need of spark plug is also eliminated. 

 

iv. Assembly of the compressed air engine and Testing: 

The modified camshaft is assembled in the head of the engine 
and the engine was assembled, the necessary pipeline and 

fittings for the compressed air inlet were prepared and assemble.  

Timing chain was adjusted for the proper valve timing required 

and engine was tested as shown in Fig. 4. 

 
Fig. 4: Compressed air engine testing 

v. Calculations: 

 

Area  

 

= ( π d
2
 /4 )  (m

2
 ) 

         = ( π 502 /4) 

              = 1.9635*10 -3 m2                                                                                                                             

Power 

 

= ( PLAnK /1000 )  (Kw or kJ/sec) 

P = Pressure in bar  or  N/m2  

 L = Stroke length in m 

 A = Area of piston  in m2  
  n = N for 2-stroke engine 

 K= No. of cylinders 

= (8*105*0.0495*0.00196*2089*1) / 1000 

= 2.708     Kw or kJ/sec 

 

vi. Results: 

Table 3: Engine test result  

 

vii. Assembly of the compressed air engine to the chassis and 

test run: 

Compressed air engine was assembled to TVS 50 moped 

chassis as shown in the Fig. 5, and test run were performed. 

 

Sl.no Pressure (Bar) Speed (rpm) Power (Kw) 

1 8 2089 2.708 

2 6 1700 1.653 

3 4 1325 0.859 

4 3 900 0.438 

5 2 700 0.227 

6 1 300 0.049 
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Fig. 4: Compressed air engine bike 

 

III. CONCLUSION 

A regular 100cc four stroke SI engine was converted to a two 

stroke engine working with compressed air as working fluid by 

modification of the camshaft. During the testing of the engine 

with compressed air, it was seen that as the pressure of the 

compressed air at inlet increases the speed of the engine 

increases. Though using simple and cost effective modification 

such compressed air engine vehicles can be made, it may not 

serve the actual purpose of a vehicle, has these modified 

compressed air engine do not provide enough torque required 

for regular running. Generating compressed air and storage is 
again a challenge. Having said that, engines which are designed 

from scratch to run on compressed air has that of MDI can 

definitely be an alternative in near future. 
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