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ABSTRACT 

 

The operation of IC engines results in the emission of hydrocarbons (UBHC), carbon monoxide (CO), nitrogen oxides (NOx), and 

particulate matter (PM). The actual concentration of these pollutants varies from engine to engine, mode of operation, and is strongly 
related to the type of fuel used. Various emission control technologies exist for IC engines which can offer substantial reductions in 

pollutants. However depending on whether the engine is being run rich, lean, or stoichiometric air fuel ratio, and the emission control 

technology used, the targeted emissions vary as do the levels of control. Lean mixture operation is one of the promising methods for 

reducing emissions and improving fuel economy in Spark Ignition Engines. The problems associated with lean combustion in two stroke 

SI engines are increased cyclic variation of combustion, reduced power output, difficulty in starting, erratic combustion and misfire. 
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INTRODUCTION 

 

Lean combustion is one of the most promising 

methods toimprove fuel economy and reduce exhaust 

emissions in a spark ignitionengine. Even though the 

advantages of lean burn combustion 

weredemonstrated in the early part of this century 

only a few researchers,attempted for improvement, 

which is insignificant. The scope and theproblems 

associated with the lean combustion were 

investigated widely in thelast two decades [6]. There 

have been many prototypes andproduction engines 

adapting various methods of achieving lean 

combustion.But the problems associated and the best 

methods of achieving the leancombustion are still 

under investigation. 

The methods available to achieve the lean 

mixture combustion are: 

 Optimizing combustion chamber for 

increased air movement 

 Optimizing the ignition system 

 Optimizing fuel system and charge 

stratification 

 Using fuel blends 

 Catalytic activation of charge and 

 Magnetic activation of charge 

The use of catalytic surface to enhance chemical 

reaction is a well-established and common practice. 

Catalysts are extensively used for exhaust gas 

treatment of automotive engines reported by 

Nedunchezhian el al [14]. However, its use in 

combustion devices for improving combustion rate is 

somewhat less common and limited to aircraft 

combustor applications. One of the methods of 

achieving lean combustion in IC engines is catalytic 

activation of the fuel charge, prior to ignition, to 

accelerate pre-flame reactions so that combustion 

could be faster.  

 

1. Lean Combustion by Optimizing Combustion 

Chamber: 
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Pre-combustion chamber engine is one of the 

earlier models toincrease the air-movement 

developed by Noguchi et al. 1976. Thisengine was 

provided with a pre-chamber in which the fresh air-

fuelmixture flows through an orifice during the 

compression stroke resulting instrong eddies of 

mixture within the pre-chamber.In order to meet the 

emission and fuel economy standards forEuropean 

countries, Brandsetter (1983) developed asimpler, 

but very effective concept, that of lean burn pre-

chamber engine.In 1984, the first generation Toyota 

lean burn system wascommercialized. A lean mixture 

sensor, which detects the lean Air-Fuel ratio(A/F) 

from O2 concentration in the exhaust gas and a 

feedback controlsystem, was used in the first-

generation engines [12]. However, there was a 

problem in the sensor to acquire readings. Hence, 

thethird-generation system was introduced in 1992 to 

overcome the problem bya combustion pressure 

sensor which can directly detect the lean misfire 

limitfrom the cylinder pressure was employed [7]. 

 

2. Lean Combustion by Optimizing Ignition 

System: 

Anderson and Asik [1] conducted experiments 

on a fast burnsingle cylinder engine to investigate the 

ignition variables that affect engineperformance and 

lean limit. Nakamura et al. [13] studied the effects 

ofmultipoint spark ignition on combustion duration, 

fuel consumption and leanmisfire limit.Wyczalek et 

al. [27] had developeda new ignition system called 

plasma jet ignition system and it was fitted to a4-

cylinder, 140 cubic inch engine to evaluate its 

performance. This plasma jetvelocity was greater 

than the initial rate of flame propagation and 

penetratesthe mixture in advance of the initial flame 

front leading to substantialincrease in rate and 

stability of combustion of lean mixture. The test 

resultsshowed that there was decrease in NOx 

emission and increase in HC emission. 

 

3. Lean Combustion by Optimizing Fuel System 

and Charge Stratification: 

Takeda et al., [23] investigated the lean mixture 

operation andtransient response of a central injection 

system along with the effects ofdesign variables on 

its performance. It was observed that both 

chargedistribution and transient engine response 

were affected by the fuel sprayangle. Widening the 

spray angle improved the air-fuel distribution 

butworsened the transient engine response. This 

problem was solved by offsetting the injector away 

from the central axis of the throttle body 

andoptimizing the fuel spray angle. 

Quader, [18] developed a method to achieve lean 

mixtureoperation by stratification of air-fuel mixture 

along the cylinder axis. Axialcharge stratification 

with the richest mixture near the top of the 

combustionchamber and the leanest mixture near the 

piston top was obtained byimparting swirl to the 

intake air and by injecting the fuel into the inlet port 

justbefore the end of intake stroke. Test results 

showed increased combustionstability, tolerance to 

lean mixture, decreased fuel consumption and lower 

NOxemissions. 

 

4. Lean Combustion by Using Fuel Blends: 

Koeing et al [8] investigated the lean 

combustion of methanolgasolineblends in a single 

cylinder SI engine. The lean misfire limit 

wasextended by using a blend containing 40% 

methanol compared to the base fuel.Torque and 

thermal efficiency increased significantly. CO, CO2 

and HCconcentrations did not change although 

oxides of nitrogen decreased. Gambino [4] conducted 

experimental investigations on a commercialengine 

with modified combustion chamber using alcohol-

gasoline blends. Itwas observed that stable operation 

could be obtained with leaner mixturesbecause of 

improved combustion and flame propagation. 

Lucas et al., [10] studied the performance and 

emissionsfrom a spark ignited engine using a dual-

fuel mixture of gasoline and a lowflow rate of 

hydrogen. Such an engine was run at all speeds with 

wide-openthrottle. The results indicated greater part 

load efficiency compared to athrottled engine. 

 

5. Lean Combustion Using Catalytic Activation of 

Charge: 

Another interesting method of achieving lean 

combustion inIC engines is the catalytic activation of 

the fuel charge prior to ignitionto accelerate pre-

flame reactions so that combustion could be faster. 

Rychter et al., [21] at the Warsaw Technical 

University of Poland used platinum and copper wire 

mesh in a combustion bomb and in a sub divided 

combustion chamber of a single compression 

machine and studied the combustion parameters. It 

was observed that the chemical activation of a charge 

prior to ignition due to the presence of catalyst 

facilitated ignition, reduced ignition delay and 

strengthened the flame kernel in its initial 

combustion phase. The presence of catalyst resulted 

in the extension of misfire limit and significant 

reduction in cycle-to-cycle variation of pressure 

development. It was claimed that lean misfire limit 

was extended from 1.03 to 1.09 relative fuel air 

ratios.  

Thring [24] had developed a new engine concept 

called the catalytic engine, in which the fuel is 

injected into the pre-combustion chamber just before 

the end of compression. A Ricordo Comet diesel 

engine was modified to have a pre-combustion 

chamber and the compression ratio was reduced from 

20:1 to 12:1. The swirl ratio was increased from 6 to 

30. The normal piston was replace by bowl-in piston 

create high swirl rate and low compression ratio. The 

fuel-air mixture in the cylinder is passed through the 

catalyst placed between main combustion chamber 

and pre-combustion chamber. Since the mixture was 
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passed through the catalysts, oxidation occurs even 

for very lean mixtures and at low temperatures. 

Platinum was used as a catalyst and Thring [24] tried 

this concept in pre-combustion chamber and direct 

injection diesel engines. The start of combustion was 

controlled by the catalyst instead of by the heat of 

compression and therefore, it could be operated with 

fuels like gasoline or alcohol. The results indicate 

that the engine emitted lower NOx and HC emissions 

compared to the conventional diesel and gasoline 

engines. 

Rameshbabu et al., [20] have studied the effect 

of different catalytic coatings on the exhaust 

emissions of a two-stroke engine. The results 

indicated that copper as a catalyst was very effective 

at higher compression ratios for lean mixture 

operation. Significant reduction in HC and CO 

emissions were achieved with copper catalyst. 

Nedunchezhian [15] investigated the effect of 

different coatingson two stroke S.I. engine and 

suggested copper over zirconia have higherIndicated 

Mean Effective Pressure (IMEP), faster heat release 

rate and lesseremission characteristics. 

Sztenderowicz and Heywood [22] have done 

experimental study on platinum catalyst that was 

coated on the piston crown. The result showed that 

the catalyst was able to reduce unburned 

hydrocarbon emissions by inducing oxidation of the 

crevices charge. Further theoretical study was 

conducted to investigate the mechanism of catalytic 

activation of charge and hydrocarbon oxidation. 

Nedunchezhian and Dhandapani [14] conducted 

an experiment on two stroke SI engine and evaluated 

their performances for different catalytic coatings 

like copper, nickel, chromium, zirconia and copper 

with zirconia. The results indicate that the catalytic 

coated engine showed higher thermal efficiencies 

and reduced emission compared to the base engine.  

Ekrem et al., [3] conducted a test on six cylinder, 

direct injection turbocharged diesel engine whose 

piston was coated with a 350 µm thickness of 

MgZrO3 over 150 µm thickness of NiCrAl bond coat. 

The result showed that 1-8% reduction in brake 

specific fuel consumption could be achieved by the 

combined effect of the thermal barrier coating and 

injection timing. On the other hand NOx emissions 

were obtained below those of the engine by 11% for 

18° BTDC injection timing. 

Govindasamyand Dhandapani [6] conducted an 

experiment with zirconia and copper activated spark 

ignition engine and concluded that there is a 

significant increase in brake thermal efficiency and 

peak pressure whereas a decrease in CO, HC and 

cyclic variation in case of copper and zirconia coated 

engines as compared to base engine. The variation of 

peak pressures for continuous cycles of coated 

engine (9000 gauss) is less than that of the base 

engine. 

WenZeng and Maozhao [26] investigated 

unburned hydrocarbon emissions from a 

homogeneous charge compression ignition (HCCI) 

engine by using in-cylinder catalysts. Numerical 

simulations have been conducted to investigate the 

effects on the combustion and emission 

characteristics of the platinum coating on the piston 

crown. It was concluded that unburned HC emissions 

are persistently reduced by about 15% with the 

platinum catalyst coated on the piston crown. In the 

case of the partial coating configuration, unburned 

HC emissions are reduced even by about 20%. The 

exhaust CO emissions are reduced by 13%, but the 

exhaust NOx emissions are increased by 10% as a 

result of the full coating of platinum catalyst on the 

piston crown. In the case of the partial coating 

configuration, the exhaust CO emissions are reduced 

by 7%, while the exhaust NOx emissions do not 

change appreciably. 

Murali Krishnaand Kishor (2008) conducted 

experiments with four-stroke, spark ignition (SI) 

engine with methanol blended gasoline (20% 

methanol, 80% gasoline, by volume) having copper 

(thickness, 300 µm) on  piston crown and inner side 

of cylinder head. Also there was catalytic converter 

with sponge iron as catalyst and compared its 

performance with conventional SI engine for 

gasoline operation. He reported that the thermal 

efficiency increased (4%) relatively with methanol 

blended gasoline in comparison with pure gasoline 

operation with conventional and copper-coated 

engine. The copper coated engine increased thermal 

efficiency by 8% when compared with conventional 

engine operated with pure gasoline and methanol 

blended gasoline respectively. CO and UBHC in 

exhaust decreased by 53% and 60% respectively in 

conventional engine with methanol blended gasoline 

when compared to pure gasoline operation. These 

pollutants decreased by 20% with catalytic coated 

engine when compared to conventional engine. 

Rahman et al., [19] conducted an experiment 

with single cylinder hydrogen fuelled port injection 

internal combustion engine. Air-fuel ratio varied 

from stoichiometric limit to a lean limit and the 

rotational speed varied from 2500 to 4500 rpm. 

Result showed that the brake thermal efficiency 

decreases with increase of the engine speed and air-

fuel ratio this is due to less time available at high 

speed and the lean mixture operation. The cylinder 

temperature increases with increase of engine speed 

and decreases with increase of air-fuel ratio. 

Mesut et al., evaluated the temperature gradients 

in the standard and two different partially stabilized 

ceramic coated pistons by using Abaqus finite 

element (FE) software. It is concluded that the 

annulus Y-PSZ coating may contribute better, as 

compared to Mg-PSZ, to decrease the cold start and 

steady state HC emissions without auto ignition. 

However, in the case of Mg-PSZ and Y-PSZ, there 

are sharp increases in surface temperature at the 

coated regions of the piston compared to standard 

piston. The results of simulations show that, in SI 
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engines, the use of Y-PSZ instead of Mg-PSZ as a 

coating material makes knocking free engines 

possible. However, further investigation may be 

required to examine the coating materials with 

respect to optimum performance, knocking free 

operation and lower unburned emissions. 

Burcu et al., employed Sol–gel technique to 

prepare Pd/SZ catalysts and investigated in a novel 

multi-functional catalytic strategy for simultaneous 

elimination of NOx, carbon monoxide and unburned 

hydrocarbons in lean-burn natural gas reciprocating 

engine exhaust. The best performing Pd/SZ samples 

was tested as the reducing catalyst component in the 

integrated dual-catalyst scheme. Addition of water 

vapor to the feed stream caused significant decrease 

in the activity of Pd/SZ. However, when NOx 

reduction is carried out over the dual-catalyst mixed 

bed, the presence of the oxidation catalyst 

component acted to offset the effect of water vapor. 

 

6. Lean Combustion Using Magnetic Activation of 

Charge: 

The idea that magnetizing hydrocarbon fuel can 

improvecombustion and engine efficiency has been 

around since at least the 1930s.In 1936, Chinese 

fishermen are said to have been applying magnets to 

enginefuel lines in fishing boats in order to improve 

fuel economy. And duringWorld War II, powerful 

magnets were placed adjacent to fuel lines for 

Merlinengines in Mustang fighters. The result is said 

to have been an increase inuseful range by 15%, 

saving the lives of many crew members in the 

bombers,the fighters were assigned to escort. 

At the time, the idea was classified as a military 

secret, andsubsequently forgotten. It required the use 

of large and heavy magnets, inorder to generate the 

required field strengths, and is only now being 

revivedwith the advent of new, high strength 

magnetic materials (Paul). First, it is essential to use 

the strongest magnets available, 

preferablyNeodymium Iron Boron (NdFeB). 

In a low pressure fuel injected system, petrol or 

diesel, the magnetsare best placed as close as 

possible to the injectors. If the system is in 

highpressure, the magnets have little effect if applied 

at the injectors, and shouldinstead be applied to the 

filter [9]. If magnets can successfullybe applied near 

the injectors, improvements are found in both engine 

poweroutput and fuel efficiency, but if the magnets 

can only be applied to the fuelfilter, improvements 

are only obtained in fuel economy. The magnets 

appearto work well through thin, mild steel fuel pipes 

or filter shells, but do notwork through braided hose, 

particularly if the braiding is stainless steel. 

Masaru et al., [11] have done a study of 

magnetic fieldeffect on fuel oil for which kinematic 

viscosities of fuel oils were measured.From the 

results of measurement, the analysis of variance was 

carried out toclarify whether magnetic effect on fuel 

oils exists or not. Magnetic effects onfuel oils were 

significant level over 95% and especially significant 

when themagnetic field of 1500 - 8000 gauss was 

used. 

 

7.1 Functions of magnetic fuel conditioner: 

Magnetic fuel conditioner has a dual function, 

magnetic andcatalytic. Magnetic fuel conditioner is a 

combination of metals uniquely„processec‟ to 

produce a catalyst, formed into domes and shaped to 

assist fuelflow. Tin, known since 1930s to have a 

catalytic effect is the predominantingredient. 

Magnetic fuel conditioner unit consists of tin alloy 

dome pelletsand carbon magnets [17]. 

The magnetic function treats the fuel passing 

through first alteringthe spin orientation of the 

electrons and protons of the hydrogen atoms in 

thegiven hydrocarbon making it more volatile. 

Therefore magnetic fuelconditioner stabilizes the 

fuel, making it more amenable to more completeand 

even combustion, thus contributing to greater 

efficiency. It is known tothe scientific world that tin 

is an ideal lubricant in high combustiontemperatures 

and is also a smoke suppressor. The tin is released 

into the fuel,in molecular form and therefore enables 

the excellent benefits. 

International Tin Research Institute has 

conducted several tests onthis technology and has 

found several interesting interactions between 

tincatalysts and hydrocarbon which will eventually 

lead to manufacture of moreenvironmentally friendly 

vehicles. Therefore all serious research has 

beenaimed at bringing about fuel reactivity with 

oxygen (oxygenated fuels), sinceincreased oxidation 

means increased combustion and the following hadto 

be taken into consideration: 

When hydrocarbon fuel is combusted, the firstto 

be oxidised are the hydrogen atoms. Only then the 

carbon atoms are subsequently burned. Since it takes 

less time to oxidise hydrogen atoms in a highspeed 

internal combustion process, in normal conditions 

some of the carbonwill be only partially oxidised, 

which is responsible for theincomplete combustion. 

Oxygen combines with hydrogen however 

thecarbon-oxygen reaction is far less energetic and 

oxygen always has a valenceof minus two. 

The valence of carbon on the other hand can be 

plus or minus dueto the configuration of its four 

electrons in the outer shell, which requires atotal of 

eight electrons for completion. The optimum 

combustion efficiency(performance) obtained from 

the magnetic fuel conditioner application on fuelis 

first indicated by the amount of decrease in HC (by 

40%). Furthermore,decrease in pollution is an 

indication of increase in combustion efficiency. 

The application of the magnetic fuel 

conditioner‟s intense andfocused magnetic field 

aided by the tin alloy catalysts converts fuel 

moleculesto a positive charge and sets them in order, 

which increases the attraction ofnegatively charged 

air molecules boosted by the magnetic fuel 
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conditioner,which is placed in automotive vehicles 

on the fuel duct before the fuelinjection pump or the 

carburettor to allow for the optimum combustion 

andfurther reduction of toxic substances. This 

significantly improves the processof oxidation. 

 

Conclusion: 

The basic need of lean combustion is increased 

flame velocity and ignitability of leaner mixtures. 

Increased flame velocity can be achieved by: 

 Optimizing the air movement by modifying 

the combustion chamber geometry, intake manifold 

configuration, having pre-combustion chamber and 

imparting squish motion in open combustion 

chamber. 

 Optimizing the ignition system by having 

high-energy ignition system, multiple spark plugs 

and plasma jet ignition. 

 Optimizing the fuel system by improving 

charge homogeneity, fuel injection and charge 

stratification. 

 Using blends of two or more fuels with 

gasoline. 

 Catalytic activation of charge  

 Magnetic activation of charge. 

 In the above methods, swirl and turbulence 

created by induction manifold modifications resulted 

in loss of volumetric efficiency and hence reduced 

power output from the engine. 

 Increasing swirl or squish motion inside the 

combustion chamber increased heat transfer to the 

combustion chamber walls. 

 Multiple spark plugs, plasma jet ignition 

and fuel injection system add cost and additional 

complexity to the engine. 

 Catalytic activation of charge seems to be a 

novel idea in implementing lean-combustion. But 

this increases the complexity and modifications of 

engine. Also noticed is cyclic variation of 

combustion and loss of power output. Very few 

comprehensive studies, analytical or experimental, 

are found in the literature regarding the performance 

of catalytically activated combustion of lean 

mixtures of air and gasoline. 

 Magnetic activation of fuel is a profound 

idea to meet lean combustion because this has a dual 

function, magnetic and catalytic. 

 The advantages of lean combustion system 

are: better fuel economy, reduced carbon monoxide, 

hydrocarbon and NOx emissions. 

 Most of the works on lean combustion are 

on four-stroke SI engine. 

 

References 

 

1. Anderson, R.W. and J.R. Asik, 1985.  “Lean 

Air-fuel Ignition System Comparison in a Fast 

Burn Engine.” Society of Automotive Engineers, 

Warrendale, USA. 

2. Brandsetter, W., 1980. “The Volkswagen Lean 

Burn PC-Engine Concept.” Society of 

Automotive Engineers Warrendale, USA. 

3. Ekrem, B., E. Tahsin and C. Muhammet, 2006. 

“Effects of thermal barrier coating on gas 

emission and performance of a LHR engine with 

different injection timings and 

adjustments.”Energy Conversion and 

Management, 47: 1298-1310. 

4. Gambino, M and G. Rizzo, 1988. “Lean Burn 

Engine Fuelled with Alcohol Gasoline Blends.” 

Proceedings of the Eighth International 

Symposium on Alcohol Fuels., pp: 45-53. 

5. Germane, G.J., C.G. Wood and C.C. Hess, 1983. 

“Lean Combustion in Spark- Ignited Internal 

Combustion Engines - A Review.”Society of 

Automotive Engineers Warrendale, USA. 

6. Govindasamy, P and S. Dhandapani, 

2007.“Performance and emissions achievements 

by magnetic energizer with a single cylinder two 

stroke catalytic coated spark ignition 

engine.”Journal of Scientific and Industrial 

Research, 66: 457-463. 

7. Inoue, K., S. Matsushita, K  Nakenshi and H. 

Okano, 1993. “Toyota Lean Combustion System 

- the Third Generation System.”Society of 

Automotive Engineers Warrendale, USA. 

8. Koeing, A., W. Lee and W. Bernhardt, 1976. 

“Technical and Economic Aspects of Methanol 

as an Automotive Fuel.” Society of Automotive 

Engineers Warrendale, USA. 

9. Kronenberg, K.J., 1985. “Experimental 

Evidence for Effects of Magnetic Fields on 

Moving Water and Fuels.”IEEE Transaction on 

Magnetics 21.5: 2059-2061. 

10. Lucas, G.G and W.L. Richards, 1982. “The 

Hydrogen / Petrol Engine - The Means to Give 

Good Part Load thermal Efficiency.”Society of 

Automotive Engineers Warrendale, USA. 

11. Masaru, Hasegawa, Seiya, Mukohara, and 

Yoshihara, Achaean, 1988. “Influence of 

Magnetic Field on Kinematic Viscosity of Fuel 

Oil.” Proceedings of the Eighth International 

Symposium on Alcohol Fuels., pp: 77-85. 

12. Matsushita, S., K. lnoue, K. Nakenshi, K. Ato 

and N. Koboyashi, 1985. “Development of the 

Toyota Lean Combustion System.”Society of 

Automotive Engineers Warrendale, USA. 

13. Nakamura, N., T. Baika and S. Yoshiaki, 1982. 

“Multipoint Spark Ignition for Lean 

Combustion.” Society of Automotive Engineers., 

Warrendale, USA. 

14. Nedunchezhian, N and S. Dhandapani, 2000. 

“Heat Release Analysis of Lean Burn Catalytic 

Combustion in a Two-Stroke Spark ignition 

Engine.”,Combustion Science and Technology, 

155: 181-201. 

15. Nedunchezhian, N., 2000. “Experimental and 

Theoretical Investigation of Catalytically 

Activated Lean Burn Combustion in a Two-



92                    P. Sakthivel and N. Nedunchezhian, 2015 /Journal Of Applied Sciences Research 11(14), September, Pages: 87-92 

 

Stroke Spark Ignition Engine.” Ph.D. Thesis, 

Coimbatore Institute of Technology, 

Coimbatore, India. 

16. Noguchi, M., S. Sanda and N. Nakamura, 1976. 

“Development of Toyota Lean Burn 

Engine.”Society of Automotive Engineers, 

Warrendale, USA. 

17. Paul, Cusack, 2001. “Applications of Tin in 

Combustion.”International Tin Research 

Institute Press UK. 

18. Quader, AA., 1974. “Lean Combustion and the 

Misfire Limit in Spark Ignition Engines.” 

Society of Automotive Engineers Warrendale, 

USA. 

19. Rahman, M.M., K.M. Mohammed and A.B. 

Rosli, 2009. “Effects of Air Fuel Ratio and 

Engine Speed on Engine Performance of 

Hydrogen Fueled Port Injection Engine”, 

American Journal of Scientific Research, 1: 23-

33. 

20. Rameshbabu, P., N. Nagalingam and K.V. 

Gopalakrishnen, 1992. “Effect of Certain 

Catalysts in the Combustion Chamber of a Two-

Stroke Engine on Exhaust Emissions.”IMechE 

Paper C448/067: 241-246. 

21. Rychter, J., R. Saraghi, T. Lezanski and S. 

Wojcicki, 1981. “Catalytic Activation of a 

Charge in a Pre-chamber of a SI Lean Burn 

Engine.” Proceedings of the Eighteenth 

Symposium on Combustion, pp: l815-1824. 

22. Sztenderowicz, M.L and J.P. Heywood, 1990. 

„”Cycle-to-Cycle IMEP Fluctuations in 

Stoichiometrically-Fueled SI Engine at Low 

Speed and Load.”Society of Automotive 

Engineers Warrendale, USA. 

23. Takeda, K, K. Shiozana, K. Oishi and T. Inoue, 

1985. “Toyota Central Injection (CI) System for 

Lean Combustion and High Transient 

Response.”Society of Automotive Engineers 

Warrendale, USA. 

24. Thring, R.H, and M.T. Overington, 1982. 

“Gasoline Engine Combustion - The High Ratio 

Compact Chamber.”Society of Automotive 

Engineers Warrendale, USA. 

25. Thring, R.H., 1980. “The Catalytic Engine, 

Platinum improves Economy and Reduces 

Pollutants from a Range of Fuels.” Platinum 

Metals Review, 27.4: 126. 

26. Wen, Zeng and MaozhaoXie, 2008. “A novel 

approach to reduce hydrocarbon emissions from 

the HCCI engine”, Chemical Engineering 

Journal, 39: 380-389. 

27. Wyczalek, F.A., L. Daniel, Frank and G. John, 

1975. Newman. “Plasma Jet Ignition of Lean 

Mixtures.” Society of Automotive Engineers 

Warrendale, USA. 

 


