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ABSTRACT: In Today’s world development of automobile technology is boom to the world, in that increasing the 
engine performance lead a major role in it. Therefore in order to improve the efficiency of an engine different types of 
material and techniques are used to improve the performance. In this paper a new design of an IC engine is presented 
which has better characteristic features than its predecessors and can add up to technological advancements in the field. 
Technically, the concept is to add one more stroke in a classical four stroke cycle in order to extract more work. .The 
four stroke engine exhaust gases at high temperatures having energy which could be used further to extract more work. 
With this concept of extracting more work, a new design is made with the ultimate target of increased efficiency and 
decreased structural weight. It is found that, addition of one more stroke in a four-stroke IC engine results in increase of 
expansion ratio and thermal efficiency. It is made possible with the help of an extended expansion stroke which is 
carried out in a low pressure cylinder which has larger volume compared to the two high pressure cylinders. The 
extended stroke helps in producing more power output and torque, consuming less amount of fuel-mixture and hence 
making it more efficient. The 5 stroke engine which has an additional exhaust gas energy recovery is very interesting 
from a research point of view. 
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I. INTRODUCTION 
 
The four stroke cycle has expansion and compression ratios which are almost identical and in order to make an engine 
more efficient we require higher expansion ratios² and lower compression ratios so as to limit the stresses due to 
mechanical and thermal factors. In order to make a better and efficient IC engine these limitations should be overcome 
and this was made possible with the help of introduction of a new cycle or a fifth stroke, also called as the recycle³ 
stroke in the existing four stroke cycle. The higher expansion ratios² help in extracting more and more thermal energy 
to convert into mechanical energy and lower compression ratios provides a mammoth range of load pressures.The 
creative and innovative concept of having dual expansion cycles has made possible to develop an engine with high 
efficiency and large power range extenders which gives lower heat emissions and harmful gases. The engine generates 
the power output by the help of five strokes which are injection, compression, power, extended expansion (recycle 
stroke), exhaust³. The engine has two high pressure⁴ (HP) cylinders and one low pressure⁴ (LP) cylinder, the volume of 
the low pressure cylinder is almost double¹ of that of the high pressure cylinder. The two high pressure compact 
cylinders help in maintaining lower compression ratios and works on the principle of four stroke cycle. While the low 
pressure cylinder helps in extracting more work by an additional expansion stroke by taking the burnt fuel mixture from 
the high pressure cylinders which results in higher expansion ratios and lower temperature of the exhaust emissions. 
The construction details, working concept and principle and the technical advancements are then discussed in the paper 
which is followed by the applications and conclusions. 
 
 

http://www.ijirset.com


 

                          

                           ISSN(Online) : 2319-8753 
                                                                                                                                                                         ISSN (Print)  :  2347-6710 

International Journal of Innovative Research in Science, 
Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Website: www.ijirset.com 

Vol. 6, Issue 1, January 2017 
 

Copyright to IJIRSET                                                                  DOI:10.15680/IJIRSET.2017.0601089                                           490 

     

II. CONSTRUCTION DETAILS OF THE NEW CONCEPT ENGINE 
 
The engine consists of three cylinders which are mounted on a single crankshaft which rotates with a predetermined 
configuration required for the movement of the cylinders during the different strokes at different instants of time. Due 
to the no real possibilities to build from the ground a prototype the five-stroke engine bythe research team in the 
project's budget, it was decided to introduce far-reaching modifications to fit four-cylinder four-stroke engine so that it 
can realize the cycle with additional expansion of charge. A throughout modern four-stroke, four-cylinder turbocharged 
Audi SI engine with suffix BPG was selected as the object of undertaken task. The engine was donated for research 
purposes for Chair of Combustion Engines Institute of Automobiles and Internal Combustion Engines at Cracow 
University of technology by Volkswagen AG. The engine made in the four-valve technology has a displacement of 
1.984 dm3 and holds a maximum power of 147 kW drop-down in the rotational speed range of 5500 to 6000 rpm.  
 

III. WORKING – CONCEPT AND OPERATING PRINCIPLE 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Five Stroke Engine Concept: HP;  LP-low pressure cylinder; 1, 2- intake channel; 3, 4-inlet valves for the 
two HP cylinders; 5, 6-exhaust valves into LP cylinder; 7-exhaust valve; 8-exhaust channel 

 
As shown in figure 4 the five stroke engine works with the concept of two high pressure cylinders working in 

a four stroke cycle and a low pressure cylinder in an alternate cycle to give the power output. The reduction in many 
components due to limiting the number of cylinders to three on the single shaft, the weight of the engine is reduced 
significantly and leads to a more compact yet efficient engine .The first stroke comprises of the direct injection of the 
air-fuel mixture into one of the high pressure cylinder [HP-1] through the inlet channel [1] when the piston is initially at 
the TDC and the inlet valve [3] is opened, the injection causes longitudinal piston movement and it further moves to the 
BDC and intake the fuel mixture and further expansion takes place. The piston is then again moved to the TDC to a 
predetermined distance³ in order to complete the compression stroke which helps in compressing the fuel mixture at the 
high pressure which is required for the effective burning of the fuel, both valves [3],[5] being closed. After completing 
the compression stroke, the spark plug ignites the gasoline mixture which is already at a very high pressure and this 
result into an explosion due to which the piston moves to the BDC and this stroke of burning of the fuel mixture is 
called as the power stroke. When the mixture is burned, the piston movement takes place and it moves to TDC and the 
exhaust valve [5] is opened in order to exhaust the burnt mixture. This burnt mixture is taken into a low pressure 
cylinder [LP] which extracts more heat from the vapors exhausted at very high temperatures from the high pressure 
cylinder [HP-1] by the help of another stroke which is called as an extended expansion stroke during which the exhaust 
valve [7] is closed and after completing one cycle the gases are exhausted to the atmosphere through the exhaust 
channel [8]. Another high pressure cylinder [HP-2] works in the similar manner but alternatively and the burnt mixture 
is exhausted to the low pressure cylinder [LP] in an alternative cycle. During the intake of the air-fuel mixture in the 
high pressure cylinder [HP-1], the process of power generation takes place in the second twin cylinder [HP-2] and the 
process continues vice versa. The low pressure cylinder [LP] consists of only two cycles which are extended expansion 
and then ultimate exhaust to the atmosphere .This effective process helps in generating a power output of 40kW¹ as the 
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upper limit in the working range between 3500-4000 rpm¹ of the engine which is made possible by the high expansion 
ratio. The peak torque of 160Nm and a horsepower of over 185 per liter can be achieved by a 700cc three cylinder five 
stroke engine. It can deliver a brake power output of 32.5kW¹ at the working range of 4000rpm with a very low BSFC⁶ 
of 226g/kW-hr¹ with an overall efficiency of 36.1%¹. The engine delivers a high power density and can deliver the 
same power output with the volume of 750cc as a 1200cc classical four stroke internal combustion engine could deliver 
which makes high power density⁵ generation in more compact size and hence it results in the reduction of the overall 
weight of the engine which can be up to 20% lighter.   
 

IV. CONCLUSION 
 
Engines .It has higher ratings and is 20% lighter has higher expansion ratios and is thermally efficient too. The overall 
fuel consumption is also decreased and the overall efficiency is increased by 36.1%. This new design can lead to 
difficulty in designing mass equilibrium due to the cylinders having different masses and needs a carefully designed 
cooling system because of increased heat loss density in the HP cylinders. The maintenance cost might be high because 
of requirement of skilled labor to operate the engine. Ultimately, it could be stated that this new concept of five stroke 
internal combustion engine can be adopted in the automobile industry .A further phase of the study concerned the 
analysis of operation under partial load and obtaining optimal settings of regulatory parameters .Due to the 
minimization of fuel consumption, another issue was to determine the emission of exhaust gas components such as 
carbon dioxide,carbon monoxide, unburned hydrocarbons and nitrogen oxide. The further stages of work on the five-
stroke engine will be presented in subsequent publications finally it concluded that tech can be implemented in 
automobile technology and so that the utilization of unused burnt gases all reduced 
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