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I. INTRODUCTION 
 

Improved fuel efficiency at constant or even further 

improved exhaust gas emissions is one of the major 

challenges that engineers and scientists in the 

automotive industry and its partners are currently 

facing. Also in recent years there has been great 

concern that, the internal combustion engine is 

predominantly responsible for atmospheric pollution, 

which is detrimental to human health and 

environmental damage. The classical relationship 

between emissions, power and fuel consumption as a 

function of air-fuel ratio. The spark-ignition (SI) 

engine has normally been operated close to 

stoichiometric, or slightly fuel-rich, to ensure smooth 

and reliable operation. Fuel consumption decreases 

as the air-fuel ratio increases from stoichiometric and 

then increases as incomplete combustion and misfire 

start to occur. Leaner mixtures give lower emissions 

until the combustion quality becomes poor, 

particularly when HC emission raise sharply and 

engine operation becomes erratic. 

 

In a conventional Spark Ignition (SI) engine, the 

Compression Ratio (CR) is equal to the Expansion 

Ratio (ER). Further, the load controls in for poor part  

 

 

 

 

 

 

 

 

load efficiency. In these engines, to increase the cycle 

efficiency, one has to increase either the 

compression ratio or expansion ratio or both. In SI 

engines, the compression ratio is restricted by the 

combustion process, but the expansion ratio can be 

extended. The engine with higher expansion ratio 

than compression ratio is referred to as Extended 

Expansion Engine (EEE). 

 

  
Fig 1 Atkinson Cycle. 

Abstract- The major pollutants emitted from the exhaust due to incomplete combustion are, unburnt 

hydrocarbons (UBHC), oxides of nitrogen (NOX) and highly poisonous carbon monoxide (CO). If however 

combustion is 100% complete the only products being expelled from the exhaust would be water 

vapour, which is harmless, and carbon dioxide, which is inert gas and, as such, it is not directly harmful to 

humans. However, such ideal situation is not possible and researchers are constantly trying to optimize 

combustion condition to the extent possible. Factors limiting the efficiency of a conventional engine are 

pumping losses and the expansion ratio is identical to the compression ratio. In a conventional spark 

ignition engine, the compression ratio is equal to the expansion ratio. Further, the load controls in these 

engines are performed through throttling, which is mainly responsible for poor part load efficiency. In SI 

engines, the compression ratio is restricted by the combustion process, but the expansion ratio can be 

extended. 
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Fig 2 Modified Otto-Atkinson Cycle. 

 

To achieve lean combustion the following 

modification were done and combustion chamber 

was modified to enhance swirl and squish and 

copper as a catalyst was coated on the cylinder head 

and piston crown, and high energy Transistorized 

Coil Ignition (TCI) system was used to ignite the lean 

mixture. 

 

II. LITERATURE REVIEW 
 

A thermodynamic analysis of spark-ignition engine. 

A theoretical model of Otto cycle, with a working 

fluid consisting of various gas mixtures, was studied. 

It is compared to those which use air as working fluid 

with variable temperature specific heats. A wide 

range of engine parameters were studied, such as 

equivalence ratio, engine speed, maximum and 

outlet temperatures, brake mean effective pressure, 

gas pressure, and cycle thermal efficiency. For 

example, for the air model, the maximum 

temperature, brake mean effective pressure (BMEP), 

and efficiency were about 3000 K, 15 bar, and 32%, 

respectively, at 5000 rpm and 1.2 equivalence ratio. 

 

The lean misfire limit and the combustion    velocity 

depends on configuration of the TGP and also on the 

spark location. The jet flame from the TGP creates a 

strong turbulence in the main combustion chamber 

resulting in a high velocity propagation of the flame. 

NOX emission is reduced to a minimal level due to 

strong turbulence generated by the TGP. 

 

The auxiliary chamber is lined with a coil of platinum 

wire, which is electrically heated from outside. 

Catalysts that were investigated are Platinum, 

Copper, Aluminum and Brass. The catalyst, placed in 

the combustion chamber in the form of a coil wire is 

heated externally to about 450oC and 500oC. Which 

resulted in an improvement in relative fuel air ratio 

from 1.03 to 1.09 which is 5.5% leaner. 

 

James H. Tuttle controlled the load of a 

homogeneous – charge, spark-ignition engine by 

Early Intake Valve Closing (EIVC). The engine was 

operated unthrottled, with load controlled by closing 

the intake valve during the intake stroke of the 

engine after required amount of charge had been 

inducted into cylinder. Modified camshaft advance 

intake valve closing from 80°a BDC to 10°bBDC and 

40°b BDC, corresponding valve lift reduced from 9.4 

mm to 5.3 and 3.2 respectively and a load control of 

23% and 62% was achieved. 

 

Table 1 Engines work on Otto-Atkinson principle. 

  
 

                Table 2 Variable Valve Timing (VVT). 
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III. ANALYSIS 
 

1. Gas Exchange Process 

 

The gas exchange process is modeled as per the 

procedure given in Ganesan and Ashely S. Campbell. 

The variation in pressure during exhaust and intake 

process is included using following equation. The 

flow rates determined from the following 

relationship. The flow must be considered in two 

regimes: subsonic or supersonic. The critical pressure 

ratio that defines the two regimes is called PRcrit and 

depends only on the value of k of the gas. 

  

 

 
  

Fig 3 Flow Chart for Integration of Equations. 

 

The cylinder pressure at TDC is greater than the 

intake manifold pressure pm, or at the very least 

equal to pm. If the intake valve begins to open, 

volume increases will cause a reduction in the 

pressure in the working space, and at the same time, 

exhaust gas will flow back into the intake manifold, 

displacing fresh charge. 

 

2. Equilibrium Calculation of Species 

Argon is separated off from the atmospheric 

nitrogen in order to determine the NO 

concentration. The composition was calculated in 

terms of molar fraction of these species denoted by 

Xi. One mole of the total products arise from ‘ae’ 

moles of fuel plus    times the stoichiomteric quantity 

of air, where 

  
 

 
The calculation starts with the preparation of 

equilibrium constants. For one particular state (P,T) 

these are fixed, values of ‘ae’ and ‘b’ are 

selected and all the values of Xi are evaluated. 

 

IV. EXPERIMENTAL IVESTIGATIONS 
 

The main reason for choosing this engine is that, it 

could operate safely at compression ratios, which 

normally SI engine cannot withstand. A provision was 

made to mount a piezoelectric pressure transducer 

flush with the cylinder head surface to measure the 

cylinder pressure. Also piezoelectric pressure sensors 

are mounted in the intake and exhaust to measure 

manifold pressure. 

 

Most of the mechanism either employ complex 

system requires major modification in the engine or 

are expensive. In order minimize the modification, 

simplify the design and lessen cost, a simple 

approach has been made in this work. Since the 

primary objective of the work to investigate the 

effect of extended expansion with constant CR. This 

work is devoted towards this objective rather than to 

design and develop a continuously variable valve 
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timing (VVT). The requirement with regard to valve 

timing is to delay IVCT and this was achieved by 

simple approach. 

 

        Table 3 Specification of the Engine. 

 
 

 
Fig 4 Variation of Clearance Volume with ER/CR 

Ratio. 

 

V. RESULTS AND DISCUSSION 
 

Test engine selected limits effective compression 

ratio to the maximum of 9. When engine operates 

with CR of 9, in low loads (i.e. when air-fuel ratio < 

20) slight knock was observed, because of this 

reasons test was stopped at air-fuel ratio 18 and 

there is no significant improvement in lean limit 

compared to CR of 8.5. For CR 9, like CR 8.5 the 

brake power drops steeply after an air-fuel ratio 24. 

Simulation results are in good agreement with 

experimental results. The percentage variation 

between the simulation and experimental values are 

between 3 to 12%. This deviation is due to 

theoretical assumptions made in the simulation 

procedure.  simulated values of pressure variation of 

conventional lean burn engine (ER/CR ratio 1) with 

respect to crank angle. Simulated results are in very 

close agreement with experimental values. The 

variations between simulated and experimental 

values are in the range of 2 to 13%. The simulated 

value of peak pressure of is 34.24 bar. 

 

 
Fig 5 Variation of Brake Power with ER/CR Ratio. 

 

VI. CONCLUSIONS 
 

• ER/CR ratio of 1.5 is found to be optimum for the 

extended engine considered to give maximum 

brake thermal efficiency and minimum BSFC. 

• When CR increased from 7.5 to 8.5 lean limit extend 

form an air-fuel ratio of 21 to 24. There is no 

significant improvement lean limit when CR rises to 

9. 

• The maximum brake thermal efficiency and 

volumetric efficiency was observed at 1400 rpm. 

Also BSFC was found minimum at this speed. 

• EEE, with a combination of variable intake valve 

closing and variable compression has a greater 

advantage to improve the brake thermal efficiency 

at part loads. 

 

REFERENCES 
 

[1] Fredrik Soderberg and Bengt Johansson (2001), 

‘Load Control using Late Intake Valve Closing in 



 D Damodara Reddy. International Journal of Science, Engineering and Technology, 2020, 8:3  

Page 5 of 5 

 

International Journal of Science, 
Engineering and Technology 

An Open Access Journal 

a Cross-Flow Cylinder Head’, SAE Paper No.2001-

01-3554. 

[2] Georege R. Eakin, Donald F. Fenton and Mark D. 

Sehrock (1988), ‘The More Complete-Expansion 

Cycle Applied to Irrigation Engine’, SAE Paper 

No.881328. 

[3] Ganesan V. (1999), ‘Computer Simulation of 

Spark- Ignition Engine process’, Universities 

Press. 

[4] Lyle Cummins (1989), Internal Fire, Revised 

Edition, SAE Publication. 

[5] Michael T. Nelson and Alvon C. Elrod (1987), 

Continuous-Cam lobe Phasing; An Advanced 

Valve-Timing Approach, SAE Paper No.870612. 

[6] Heinz-Jakob NeuBer and Jose Geiger (1996), 

‘Continuous Variable Tumble-A New Concept for 

future Lean Burn Engines’, SAE Paper No.960607. 

[7] B.Srinivasulu, Friction Stir Spot Weldments 

Characteristic Analysis By Using Different Tools 

Materials By Taper Thread Profile En 31 And En 

19 On Dissimilar Metals, International Journal of 

Mechanical Engineering and Technology (IJMET), 

Volume 10, Issue 02, February 2019, pp. 725–730, 

Article ID: IJMET_10_02_075, ISSN Print: 0976-

6340 and ISSN Online: 0976-6359 

[8] James H. Tuttle (1980), ‘Controlling Engine Load 

by Means of Late Intake Valve Closing’, SAE 

Paper No.800794.  

 


