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Abstract— Opposed piston engines are a revolutionary approach in order to increase efficiency and to reduce 
pollution. Unlike the conventional 4-stroke engines opposed piston engines are smaller in size. The operation is 
completed within two strokes yet with the same effect. The opposed piston cylinder engines consists of two opposing pistons 
reciprocating within a single cylinder . The number of moving parts are extremely less causing a drastic reduction in the 
production of heat , thereby reducing emissions and also increasing efficiency. They have higher expansion ratios and 
proven longevity. Super charging is easily achieved. Since they have half the number of cylinders there is a 32% reduction in 
weight. This paper discusses the general working of an OPE along with the methods by which opposed piston engines along 
with their present merits can be used to reduce pollutant emission. Emulsified fuel in which diesel and fuel is mixed together 
can be used to drastically reduce NOx emission because the water decreases the peak temperature of combustion . The use of 
emulsified fuel also decreases particulate emission, but the overall effect on the power development is less . Opposed piston 
engines can also be powered by a mixture of diesel, biodiesel and nanoparticle additives like cerium oxide. The flash point 
and fire point is improved by the additive . The additive reduces the specific fuel consumption and also NOx emission is 
reduced by the improved atomisation caused by the additive . 
 
Index Terms— Opposed Piston Engines , Bio Diesel , Emulsified Fuel, Nano Particle Additives. 
 
I. INTRODUCTION 
 
An opposed piston engine is a revolutionary engine 
very different in construction from the conventional 
4- stroke engine. It has two opposing pistons 
reciprocating within a single cylinder. It is 
comparatively low in weight when compared to 
conventional IC engines due to the absence of parts 
like cylinder heads. There is also a considerable 
decrease in the production of heat due to friction due 
to the lower number of moving parts [1]. They can be 
manufactured with ease and are less complex in 
design. They are characterized by compactness and 
ease of servicing. They are capable of producing 
alarge value of torque. Opposed piston engines have a 
large number of advantages when compared to 
traditional engines, especially they are characterized 
by lower noise and vibration and also have a low 
utilisation of frictional power. These lead to the high 
attention towards opposed piston engines in recent 
years [2] . 
 
II. NEED FOR OPPOSED PISTON ENGINES 
 
The amount of pollutants released from vehicles 
running on four stroke engines is drastically 
increasing day after day. The conventional engines 
that are in present use are making us devoid of non – 
renewable sources of energy. Non-renewable sources 
of energy will become highly scarce within a few 
years. This will lead to a serious power crisis and 
there will b a drastic rise in petroleum fuels and 
conventional diesel. There is an alarming need for the 
reduction in the emission of pollutants into the 
atmosphere .There is pressing need for the reduction 

in the use of fossil fuels which are on the verge of 
exhaustion Though there are alternative options like 
electric engines and hybrid engines , they do not pave 
the way for a viable solution for the present crisis . 
Electrically powered vehicles are difficult to recharge 
while hybrid vehicles also contain IC engines. So 
these methods do not form an immediate solution. 
This is when mankind has to turn towards the novel 
concept of opposed piston engines which along with 
their existing merits can be efficiently used to 
decrease the pollutant emission and the need for fossil 
fuel can be drastically reduced. 
 
III. THE WORKING OF AN OPPOSED PISTON 
ENGINE 
 
The opposed piston engine consists of two pistons in 
one cylinder. These cylinders do not have the 
necessity of cylinder heads which are major 
contributors to the production of heat .The friction 
creating valve trains are eliminated in opposed piston 
engines. They also do not require poppet valves 
which are complex in design. Valves are used in the 
place of these components. The use of valves enable 
efficient scavenging. 

 
Figure 1: Combustion process in an OPE 
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 Initially the air is drawn into the combustion 
chamber through the inlet valve. 

 The pistons move towards the centre of the 
cylinder thereby compressing the air . 

 At this instant the fuel is injected and the 
mixture is ignited. 

 During the expansion stroke the pistons 
move away from the centre of the cylinder 

 The exhaust gases escape through the 
exhaust valve 

 Following this scavenging and 
supercharging take place. 

 
IV. PERFORMANCE AND EFFICIENCY 
 
When the piston speed increases beyond a certain 
limit there are several factors that retard the 
performance of the engine like friction. It is highly 
recommended to limit the friction in engines to 
achieveoptimum level of performance. This defect is 
overcome in opposed piston engines because the 
piston in a opposed piston engine travels half the 
distance that it travels in a conventional engine. 
Therefore the piston speed also decreases, thereby 
reducing the friction and also preventing the 
production of heat. Thus in opposed piston engines 
the size of the cylinder can be reduced to an optimal 
level, while still achieving the same performance as 
in conventional engines. Thus the performance and 
efficiency of OPE is high. 
 
V. ADVANTAGES OF OPPOSED PISTON 
ENGINES 
 

 One of the main advantages of opposed 
piston engines is that the operation is 
completed within two strokes and yet with 
the same power development. It is possible 
to achieve the the effect of two cylinders 
with just one cylinder. 

 The balancing in OPE’s is excellent even in 
the single cylinder. 

 Crank train optimisation is a major 
advantage .Long strokes are possible within 
limited rotational speeds. 

 There is a low surface area to volume ratio 
and optimal stroke to bore ratio. 
Supercharging can be easily achieved. 

 The assembly time is reduced due to low 
complexity and low part count. It uses half 
the number of fuel injectors. 

 6% of the cost is cut down due to the 
absence of valve trains. 

 7% of the cylinder cost is cut down due to 
the absence of cylinder heads. Thus lower 
heat production prevails. 

 They are very easy to manufacture and are 
highly reliable 

 

IV. EMULSIFIED FUELS 
 
Vehicles powered by diesel will have to have a 95% 
reduction in NOx emission and a 80% reduction in 
the emission of particulate matter. This large 
requirement is difficult to achieve using conventional 
methods. But with the efficient application of 
emulsified fuels to opposed piston engines NOx and 
particulate matter emissions can be largely decreased 
in order to sustain the environment .In urban regions 
where traffic and congestion are high there is a 
alarming need to reduce the pollutant emission for 
environmental concerns. Emulsified fuels are nothing 
but mixtures of diesel and water. They are dispersed 
to form an emulsion. The main advantage of 
emulsified fuels is that they largely reduce the peak 
temperature of combustion, thereby reducing the 
production of heat and also the excessive pollutant 
emission. Other major merits include the increased 
momentum of the jet which leads to better air fuel 
mixing and also the presence of water droplets 
produces micro explosions which produces larger 
value of fuel atomisation[3-7]. For every 1% addition 
of water to the fuel there will be a 1% decrease in the 
emission of NOx gases. But this is also influenced by 
the engine design. When the fuel atomisation level is 
higher the power developed will be higher. The effect 
of the usage of emulsified fuel on the engine 
performance is very low. Techniques like high 
pressure fuel injection, optimizing fuel injection rates 
and retardation of fuel injection timings can be used 
in conjunction with emulsified fuels in opposed 
piston engines to drastically reduce the NOx emission 
and particulate matter emission. The emulsified fuels 
are directly introduced into the combustion chamber. 
A wide range of operation can be established using  
alkali metal salt solutions.Essential Characteristics of 
an Emulsified fuel are 
 

 Secondary pollution should not be caused 
 They must be easy to handle and less toxic. 
 Life time should be high 
 Availability must be simple 
 NOx emission must be reduced 
 Engine performance .should not be effected. 

 
V. PREPERATION OF EMULSIFIED FUEL 
 
Emulsifiers are chemicals that have to be added 
during the preparation of the emulsion in order to 
prevent the tension between the two fluids. These 
chemicals help in the formation of stable 
homogeneous mixtures. There are three main kinds of 
emulsifiers namely cationic, anionic and non ionic 
.Non ionic emulsifiers are mostly preferred due to 
their non corrosive nature. The main modes of 
addition of the emulsifier are agent in oil method, 
agent in water method and nascent soap method. Neat 
diesel fuel is generally selected. Required quantity of 
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water, fuel and the emulsifier are blended in an 
agitator to form the emulsion. 
 
VI. WORKING OF AN EMULSIFIED FUEL 
 
When the emulsified fuel is introduced into the 
combustion chamber the water droplets absorb heat 
and explode .This is followed by the rapid 
evaporation of water which produces smaller fuel 
droplets. Thus the diesel droplet density and surface 
area is largely increased. These explosions in the 
combustion chamber of the opposed piston cylinder 
causes the combustion to take place at a much lower 
temperature thereby reducing the production of heat 
and NOx emission . 
 

 
Figure 2 : Working of emulsified fuel 

 
VII. BIODIESEL FUEL WITH 
NANOPARTICLE ADDITIVES 
 
Biodiesels are characterized by a number of 
advantages, the are highly environmentally friendly 
and they are available in abundance [8].A biodiesel is 
a kind of animal or vegetable fat .They consist of 
long chain alkyl esters .Biodiesels are generally 
characterized by a high value of oxygen content [9]. 
The can be used individually or in conjunction with 
conventional diesel fuels .Due to the widespread 
availability of biomass resources biodiesels are 
becoming cost effective [10]. It has been proved that 
biodiesel has the potential to reduce the emission of 
green house gases in the atmosphere. When the blend 
of biodiesel and diesel is used in conjunction with 
nanoparticle additives in opposed piston engines, the 
emission of NOx gases can be drastically reduced. 
Bio diesel is of vital importance because it is 
renewable. It is also eco-friendly compared to 
conventional fuels .Bio diesels are characterized by a 
very high value of viscosity, flash point and cetane 
number which make them very important. They are 
oxygen rich fuels and are devoid of any sulphur. 
Biodiesel when used alone has a lower calorific 

value, but when combined with diesel fuel can be 
used efficiently. Biodiesel can be a vital option for 
reducing the reliance of the world on fossil fuels 
thereby reducing pollution .Biodiesels can be directly 
applied to opposed piston engines. No modifications 
in the design are necessary. Biodiesels ensure long 
life of the OPE’s. 
 
VII.EFFECT OF NANO PARTICLE 
ADDITIVES ON BIODIESEL 
 
When nano particle additives are used along with 
biodiesel it is seen that the combustion characteristics 
are improved. Enhanced performance is enabled 
along with the reduction in pollutant emission. The 
main additives include cerium oxide, aluminium 
oxide and titanium oxide, magnalium and cobalt 
oxide. Ball mill process is one of the most preferred 
processes for the preparation of nanoparticles. The 
particle size is determined using scanning electron 
microscope. The sonicator is the device used for the 
dispersion of the additive in the fuel . 
 

 When nano cobalt oxide is added to the fuel 
it reduces the specific fuel consumption at 
various load conditions . Emission is largely 
reduced while quality of combustion is 
improved. 

 The addition of nano additives to biodiesel 
reduces the emission by 45 % . There is a 
steady decrease in the production of unburnt 
hydrocarbons and also the emission of CO is 
drastically decreased . 

 The addition of magnalium improves the 
atomisation of the fuel .Magnalium particles 
are characterized by high energy thereby 
reducing the consumption of energy during 
combustion and the thermal efficiency is 
also improved .This is due to the release of 
energy by the additives in addition to that 
released by the combustion of the fuel. 

 Magnalium particles promote atomisation by 
micro explosions . This results in the lower 
emission of NOx gases and also there is a 
fall in the emission of hydrocarbons. 

 Cerium oxide and alumina oxide when 
added in different dosing levels improves the 
performance and efficiency of the engine. 

 
CONCLUSIONS 
 
From the above discussion it is evident that opposed 
piston engines are vital in order to achieve better 
performance efficiency and decrease pollutant 
emission . It is also concluded that the application of 
emulsified fuel to opposed piston engines can 
improve the emission characteristics without 
compromising the power development. Bio diesel 
combined with additives can be applied to OPE’s in 
order to reduce NOx emission. 
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