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Abstract— Two stroke spark ignition engines have high 

exhaust emissions and low brake thermal efficiency due to 

the short circuiting losses and incomplete combustion, 

which occur during idling and at part load operating 

conditions. An effort is been made to improve the engine 

parameters i.e. specific fuel consumption and Thermal 

Efficiency of the engine. This is achieved by using dual 

spark plug in two stroke gasoline also its effect on the 

engine parameter is analyzed.A spark-ignition (SI) engine 

cycle model was used to study the effects of spark plug 

location on a four spark plug SI engine performance. 

Constructed simulation can be used for either single- or 

four-spark plug configuration. For the tetra-spark 

arrangement, spark plugs were considered to be located 

diametrically opposite to each other on cylinder head 

axisymmetrically. According to Dimensionless distance 

from the cylinder centre to spark plug location on cylinder 

head,             rsd = rs/R, five locations (rsd = 0, 0.25, 0.50, 

0.75, and 1.0) were considered. Inevitably rsd = 0 

corresponds to the single spark arrangement that the plug is 

located at the centre. To comparison, single-spark plug 

configurations were also considered for other selected spark 

plug locations. From the result of the study it was found that 

centrally located single-spark plug arrangement gives the 

best engine performance and fuel economy, while for the all 

the other spark-plug locations away from the centre tetra-

spark arrangement favourable to the single-spark plug 

configuration. 

I. INTRODUCTION 

Hydrocarbon (HC) based fossil fuel consumes in motor 

vehicles is one of the major sources of urban air pollution. 

Normal combustion products are CO2, H2O and N2 in a 

complete combustion process of any HC based fuel. These 

products are not viewed as pollutants, since they do not pose 

a direct health hazard, and appear as the final product of 

every complete oxidation of any HC. But, in a real engine 

combustion process, some additional species, such as carbon 

monoxide (CO), unburned HCs, nitrogen oxides (NOx) and 

particulate matters (PM) also appear in the engine exhaust, 

which are detrimental to human health and subject to 

exhaust emission legislation. The quantity of these harmful 

pollutant emissions are about five times greater for a typical 

spark ignition (SI) engine than that of the corresponding 

compression ignition (CI) engine. CO is the dominating 

pollutant component with about 80 percent of all pollutant 

emissions, i.e., CO, NOx, unburned HCs and PM, for an SI 

engine. Due to its strong adherence to haemoglobin, an even 

low concentration therefore is sufficient to cause 

suffocation. This colourless and odourless, poisonous gas is 

mostly generated in an engine when it is operated with a fuel 

rich equivalence ratio. When there is not enough oxygen to 

convert all carbon to CO2, some fuel does not get burned 

and some carbon ends up as CO. Nitrogen oxides 

correspond to about 12 percent of the pollutants and most of 

them are in the form of nitrogen monoxide (NO), with a 

small amount of nitrogen dioxide (NO2). NOx is also an 

undesirable pollutant, which reacts in the atmosphere to 

form ozone that is known as one of the major causes of 

photochemical smog. In a combustion process, NOx is 

created mostly from the nitrogen of the air in different ways. 

The dominant process in the formation of NOx is thermal 

NO formation that occurs behind the flame front in the 

burned gas region due to high combustion temperatures. 

Unburned HCs and PM are the rest of pollutants after CO 

and NOx from the viewpoint of quantity in SI engines. 

Unburned HCs are about 8 % of pollutant emissions, while 

PM concentrations are at the ppm (parts per million) levels. 

A. Basic methods used to control exhaust emissions 

There are three basic methods used to control exhaust 

emissions:  

1) designing the combustion chamber to achieve an 

efficient combustion,    

2) optimizing operating parameters, i.e., equivalence ratio, 

spark timing etc.,                                   to reduce 

pollutant emissions and,        

3) Using after treatment devices in the exhaust system 

(catalytic converters etc.) 

This study is focused on using four spark plugs as a design 

parameter to improve combustion. Quarter sparks are one of 

the important design parameters for SI engines. The primary 

benefits of using Quarter sparks are to achieve a stronger 

and faster combustion. This enables the engine to operate 

with leaner fuel-air mixture, i.e., with more EGR (exhaust 

gas recirculation), for emission control. Although there are 

some experimental studies about performance analysis of 

dual spark SI engines. There is a scarcity in the existing 

literature about theoretical study investigating exhaust 

emissions of dual spark SI engines. For that reason, this 

study was concerned with theoretical investigation of the 

emissions of dual spark SI engines. The emissions of CO2, 

CO and NO were especially considered in the study. In 

order to make comparisons, the computations were 

performed for both single and dual spark configurations at 

the same locations of spark plugs.  

II. REVIEW OF DIFFERENT RESEARCH WORK DONE ON 

PERFORMANCE AND EMISSION ANALYSIS OF TWO AND 

THREE SPARK PLUG SINGLE CYLINDER SI ENGINE WITH 

GASOLINE FUEL 
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A. S.N. Sridhara, Abdul Nassar and N.L.N. Murthy, 

S.R. Shankapal [3]      

they was introduced a dual spark ignition engine in which 

they have conclude that  In the first phase of the 

investigation, the possibility of adopting twin spark plug is 

explored and validated. In the second phase, the parametric 

study was carried out to optimize the location of the spark 

plugs for improved performance in terms of higher specific 

power and reduced emission and knocking. The other 

parameters considered viz., ignition advance; compression 

ratio and swirl ratio were tuned to get the best output. In the 

last phase, the practical implementation of the investigated 

spark plug arrangement has been discussed which include 

the technical and financial aspects.  

B. Narasimha Bailkeri, Krishna Prasad, Shrinivasa 

Rao B. [4]  

after some experimental work they conclude made from the 

Comprehensive investigation on the performance and 

emission characteristics of a twin spark plug S.I engine, 

made to run under different ignition timings and load 

conditions. The results have shown considerable 

performance improvement in power output and thermal 

efficiency, as well as reduction in BSFC, HC, and CO 

emission in dual plug mode of operation.  

C. Narasimha Bailkeri, Krishna Prasad, Shrinivasa 

Rao B.R [5]  

In this Paper they have done experiments on dual spark 

ignition engine at different locations and different load 

conditions and at three different compression ratios. The 

results are compared with that of a single plug operation. 

The results have shown that performance of dual plug 

engine is comparatively better than the conventional single 

plug ignition engine under all three compression ratios. and 

Following conclusions are made based on the experimental 

results 

1) Brake Thermal Efficiency under dual plug 

operation is around 2% more than that at single 

plug mode, at the optimum compression ratio of 

8.5.  

2) CO emissions by 17% under dual plug mode at full 

load. 

D. Imran G. Qureshi [6]  

has been analyzed after Number of research papers and 

studies that the torque reduction can be recovered and 

performance of single spark CNG engine can be enhanced 

by modifying twin spark ignition system, also use of CNG 

and effect of Engine emission and Performance in DTS-I 

engine. And the effects of parameters like fuel consumption, 

emission, torque, load capacity etc. The Performance of an 

existing single spark engine has been improved by DTS-I 

CNG engine. They found that brake specific fuel 

consumption for single spark plug petrol and single spark 

plug CNG is higher than Twin spark petrol and CNG with 

increase in load. Also they found that brake thermal 

efficiency is increase with increasing load on engine. 

Exhaust temperature is higher in dual spark plug engine. In 

twin spark arrangement the volumetric efficiency is higher 

Because complete combustion takes place  

E. Ismail Altın & Atilla Bilgin [9]  

Investigated from the result of the study it was found that 

the centrally located single-spark configuration gives the 

best performance and fuel economy in comparison to all 

other configurations. If central location of spark plug is not 

possible because of the some design constraints, twin-spark 

plug configurations can be preferred.  It was obtained that 

the twin-spark configurations give better performances and 

fuel economy than single-spark configurations for all spark 

plug locations, except centrally located single-spark 

configuration. This is a result of faster burning and lower 

heat losses achieved by twin-spark engines in comparison to 

single-spark engines.  

F. Ajay K.Singh, A.Rehman [10]  

Present that Two stroke spark ignition engines have high 

exhaust emissions and low brake thermal efficiency due to 

the short circuiting losses and incomplete combustion. An 

effort is been made to improve the engine parameters i.e. 

specific fuel consumption and Thermal Efficiency of the 

engine. This is achieved by using dual spark plug in two 

stroke gasoline also its effect on the engine parameter is 

analyzed. On applying the dual spark plug in two stoke 

gasoline engine the combustion could be made proper and 

the specific fuel consumption could be made to decrease  

G. Atill Bilgin , Ismail Altin and Ismet Sezer [11]   

were Investigated the effect of using dual spark plug and 

variation of spark plug location on the exhaust emission of 

an SI engine . The centrally located single spark and mid 

radius located dual plug configuration gives almost similar 

and the best combustion with the lowest exhaust emission in 

comparison with all other configuration. And also the found 

Increase in CO and NO emissions under various conditions 

can be diminished by using dual spark ignition in SI 

engines.  

III. SUMMARY 

The performance of an SI engine having twin-spark ignition 

system with disc-shaped combustion chamber has been 

investigated. For this purpose, a quasi-dimensional SI 

engine cycle model has been used. The effects of variations 

of spark plug locations on engine performance have been 

investigated at different engine speeds. Comparisons were 

also made to the single-spark engine configurations for the 

same conditions. The following conclusions can be drawn in 

the light of results obtained: 

1) The presented model has ability for computing the SI 

engine cycles for both the cases of operating with single- 

and twin spark plugs. 

2) The centrally located single-spark configuration gives 

the best performance and fuel economy in comparison to 

all other configurations. 

3) If central location of spark plug is not possible because 

of the some design constraints, twin-spark plug 

configurations can be preferred. It was obtained that the 

twin-spark configurations give better performances and 

fuel economy than single-spark configurations for all 

spark plug locations, except centrally located single-

spark configuration. This is a result of faster burning and 
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lower heat losses achieved by twin-spark engines in 

comparison to single-spark engines. 

IV. FIGURES 

 
Fig. 1: Twin spark ignition engine 

 
Fig. 2: Tri spark ignition engine 
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