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ABSTRACT 

This paper investigates on multipoint spark ignition engine operating on lean mixture.The paper concerning the 

influence of spark plugs number and their location in SI engine on the performance of this engine are presented 

in the paper. The paper also describes the numerical modelling of a combustion process performed with KIVA-

3V , which was compared to an experiment. This software allows three-dimensional flows modeling in the 

chamber of any geometry of the IC engines, taking also turbulence and heat transfer into consideration. 
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I. INTRODUCTION 

 

The methods and techniques used to reduce emissions from spark ignition engines have some impact effects on 

engine performance. So, many researches directed their researches to increase spark ignition engine efficiency. 

For spark ignition engine a reasonable solution for reducing emissions is by controlling some combustion 

parameters, in such way engine performance is kept unaltered. Choongsik and Junemo (2001) carried out an 

experimental study to investigate the effect of EGR on combustion characteristics of spark-ignition engine. 

Their results show that decreasing EGR temperature by 180 oC enabled the reduction  of exhaust gases 

temperature by 15 oC in cooled EGR test at 1600 rpm, 370 kPa  BMEP and consequently the reduction of 

thermal load at exhaust. EGR is  widely used to reduce NOX, pumping loss, and to increase thermal efficiency 

in interna combustion engines. However, it does have some disadvantages such as its detrimental effects on 

combustion stability. The coefficient of variation of 

indicated mean effective pressure (COVimep) was shown in order to depict the change of cycle-by-cycle 

variation. Engine speed of 1200 rpm and light load operation resulted in significant rises in CO Vimep up to 

17% at 30% of EGR rate, while under medium and high loads conditions combustion stability was assured 

within 3% of COVimep, although EGR rate was increased up to 30%. Modern catalyst converters are highly 

effective at eliminating the majority of the three regulated pollutants at well defined operating conditions. A 

three-way catalyst is generally used to reduce NOX and oxidize CO and UHC. An intelligent catalyst is one of 

the modern methods for reducing UHC emissions, whereby the catalyst agents and catalyst substrate are 

designed such that the catalyst reacts to the exhaust environment in order to achieve a higher efficiency Hirohisa 

et al. (2001). An alternative approach to oxidizing UHC and CO emissions during cold start is the store UHC 
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and CO on-board and then release them into the catalyst once light off has been achieved, at which point the 

catalyst is capable of converting UHC and CO to CO2 and H2O. This can be accomplished by using UHC 

adsorbed in line with the catalyst converter Kanazawa (2001). Catalyst operating temperature range must be 

carefully controlled. The catalyst is generally not highly active below 300 ºC and begins to age rapidly above 

800-900 ºC. Above 1000 ºC severe aging of the catalyst can occur and at temperatures in the range of 1400 ºC 

the substrate itself can melt. Synchronized secondary air injection (SAI) method has been proposed by Sim et al. 

(2001) to reduce UHC and CO emissions by injecting secondary air intermittently into the exhaust port. Results 

show that UHC and CO reduction rates and exhaust gases temperature are sensitive to the timing of SAI. Two 

optimum SAI timings are observed which are at 100 CA ATDC and 230 CA 

ATDC depending on spark timing. At the cold steady conditions, SAI is found to be more effective on UHC and 

CO reduction and also has much higher exhaust gases temperature than either the continuous SAI or the baseline  

condition. Onorati et al (2003), and Errico and Onorati (2006) have been extended GASDYN code to model the 

injection of air in the exhaust manifold. The code has been extended to simulate the injection of air in the 

exhaust manifold and predict the consequent post oxidation of pollutants in the ducts. The heat released in the 

gases due to the exothermal reactions has been taken into account to evaluate the exhaust gases temperature 

along the ducts with injection of air. The results show that UHC and CO decrease with the increase of air 

injection rate. An experimental study was performed by Mendillo and Heywood (1981) to determine the fraction 

of UHC and CO emissions which oxidizes in the exhaust port of a spark ignition engine. The technique used 

was injection of a CO2 quench gas into the exhaust port at various planes along the port centerline to cool the 

exhaust gases and "freeze" the hydrocarbon oxidation reactions. By quenching the reactions of hydrocarbons at 

the cylinder exit plane, cylinder exit hydrocarbon emissions levels were determined. By differencing the 

concentration of hydrocarbons observed during quenching and non quenching operations, fraction of 

hydrocarbons reacting in each section of the exhaust was determined and UHC and CO exit from exhaust 

manifold found to be decreased. Injection of compressed air into engine has been used to improve the mixing of 

fuel and air during the intake stroke of the engine. This technique was used to inject the air directly into the 

cylinder of spark-ignition engine Gruenefeld et al (1997). The combustion performance of the engine during 

cold start was shown to be equivalent to that of a fully warmed-up engine after only a few cycles. Aaron Hein et 

al. (2000) faced several challenges in dealing with the noise generated by the snowmobile. Noise coming from 

the exhaust, intake, and from the engine through the hood vents had to be reduced to an acceptable level based 

on the criteria stated in the rules for the competition. Russell et al. (2000) studied torque, emissions and noise 

generated from internal combustion engine. They found that the control of the pressure rise and rate of fuel 

burning are essential to control noise generates from combustion especially in heavy traffic. A minor 

contribution to the noise exciting propensity of the cylinder pressure development comes from the compression 

ratio. The engines of high compression ratio have slightly more energy in their high frequency harmonics than 

the low compression ratio. Hans Bodén and Albertson (1998) studied sound pressure level (SPL) generated from 

inlet and exhaust systems of internal combustion engine. They found that, SPL generated from inlet and exhaust 

systems are high typically between 130 and 170 dB. The comparison between measured source data for different 

speeds and load shows that both the source strength and the source impedance depend more on the speed than 
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on the engine load. The source impedance is determined more by exhaust or inlet manifold geometry than by 

engine operating conditions. 

 

II. EXPERIMENTAL SETUP 

 

The present study is conducted on the engine at the research lab of Higher Institute of Technology, Benha 

University. The experimental setup is shown in Fig.(1). The engine is four stroke, four cylinder naturally 

aspirated spark ignition engine with compression ratio of 9, bore diameter of 80 mm and stroke of 90 mm. The 

present system provides a facility to conduct engine performance tests at different engine loads and speeds. The 

engine fuel system is modified by adding a custom tank and a flow metering system which used for fuel 

consumption measurement. A two glass burette of known volume and one 3 ways hand operated control valve 

which allowed rapid switching between the base fuel and the test fuel with stop watch to measure the time for 

complete evacuation of the glass burette from the fuel sample feeding the engine. A large air box fitted with an 

orifice plate is used for measuring air consumption rate using differential pressure transducer model Setra 239 

having differential pressure range of 0-12.7 cm water column with accuracy of 1%. The exhaust gases 

temperature is measured using calibrated K type thermocouple with accuracy of ± 0.5%. Ambient air 

temperature, intake air temperature inside the intake air manifold is measured using calibrated K type 

thermocouple probes. The cylinder pressure is measured using piezoelectric pressure transducer model Kistler 

6123, 0-200 bar as pressure rang with sensitivity of 16.5 pc/bar and accuracy of 1.118 %. A slotted disk is fitted 

to the end of the crankshaft and an optical sensor for measuring engine speed and crankshaft angle position. The 

signals from the pressure transducers, optical sensors, and thermocouples are digitised and recorded in IBM 

compatible PC with the help of Lab View software for later analysis using a data acquisition card model 

CIODAS1602/ 12, 12 bit, 32 channel single ended 16 differentials. The signal of cylinder pressure is acquired 

for every 0.10 CA and the acquisition process covered 50 completed cycles, the average value of these 50 cycles 

being outputted the pressure data used for calculation of combustion parameters. The brake mean effect pressure 

(BMEP) is calculated from engine power, speed and engine geometry specification. Sample of combustion 

gases are analyzed by gas analyzer model HORIBA to measure UHC, CO, CO2, and O2. A stainless steel water 

cooled sample probe of 10-mm o.d is used to draw the gas sample. The concentrations are measured on dry base 

and UHC is measured as propane (C3H8). The outgoing signals of the cells are manipulated and digitized by a 

built in A/D converter. Digital readouts of UHC, CO, CO2 and O2 are available through the analyzer screen. 

Part of the exhaust gas is recirculated (EGR) to engine inlet manifold. EGR is accomplished by direct link 

between the exhaust and the intake surge tank. Therefore, the exhaust back pressure is maintained slightly above 

the intake manifold pressure such that EGR could occur. The quantity of this EGR is to be measured and 

controlled accurately; hence a by-pass for the exhaust gases is provided along with the manually controlled EGR 

valve in the circulation line between the exhaust gases manifold and the intake surge tank. The exhaust gases 

come out of the engine during the exhaust stroke at high pressure. It is pulsating in nature. It is desirable to 

remove these pulses in order to make the volumetric flow rate measurements of the recirculating gases possible. 

For this purpose, EGR is directed to air box line before entering engine cylinder to improve mixing process with 

fresh air. An orifice plate is used for measuring EGR flow rate using differential pressure transducer model 

Setra 239 having differential pressure range of 0-12.7 cm water column with accuracy of 1%. The detailed 
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schematic line drawing of the experimental EGR system is shown in Fig.(1). Thermocouples are provided at the 

intake manifold, exhaust manifold and along the EGR route. This work studies the interaction resulting from the 

application and control of EGR rate and its effectiveness on emissions as well as engine performance 

parameters. 

 

Fig. (1) Experimental Setup 

 

III. RESULTS AND DISCUSSIONS 

 

Brake power, brake specific fuel consumption (BSFC) and brake thermal efficiency versus engine speed for 

different engine loads are shown in Fig.(1). For different engine loads, brake power increases with the increase 

of engine speed up to 3000 rpm. After that, brake power decreases with the increase of engine speed due to 

increase of engine friction. For difference engine load, the difference in brake power increases with the increase 

of engine speed. Maximum brake power is 24 kW at 3000 rpm at engine full load and equivalence ratio =1.2 , at 

AFR= 12.3 where the theoretical AFR is equal 14.8). For different engine speeds, BSFC increases with the 

increase of engine load due to increase mass of fuel entering engine. At engine speed of 2400 rpm, BSFC has 

minimum values and increase before and after this speed for different engine loads. Where maximum 

combustion rate and the shortest combustion duration occur at a mixture slightly richer than the stoichiometric 

(1.15) and the maximum heat input is at a mixture 20% richer than stoichiometric mixture i.e. at _ =1.2. So, at 

20 % load the minimum BSFC is occurred at _ =1.16 while at 100% load minimum BSFC is occurred at _ =1.2. 

The mixture with _ =1.16 to 1.2 for all engine loads range is the mixture at which the mean effective pressure 

and maximum effective power are obtained, and these values decrease as the mixture becomes leaner. 

According to the dilution theory, the effect of EGR is caused by increasing amount of inert gases in the mixture, 

which reduces the adiabatic flame temperature. At high loads, it is difficult to employ EGR due to deterioration 

in combustion. At low loads, UHC contained in the EGR would possibly re-burn in the mixture, leading to 

lower unburnt fuel in the exhaust and thus improved brake thermal efficiency. Apart from this, hot EGR would 

raise the intake charge temperature, thereby influencing combustion and exhaust emissions. At mid load and low 

engine speed, as EGR rate increases the peak pressure, as well as the integrated area of the high pressure loop 

decreases significantly. In contrast, at high engine speed and mid load, as EGR rate increases the boost pressure 
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and the peak pressure increase. Consequently, negative side effects of increased EGR on indicated efficiency 

appear closely related to the overall AFR. In other words when the engine operates with overall low AFR, 

relative changes of mixture composition due to EGR have impact. Combustion deterioration is the predominant 

reason for efficiency losses under low speed mid load conditions where relatively low boost pressure levels 

might lead to low AFR. The third case is the measuring UHC and CO concentrations versus engine torque for 

different engine speeds using three ways catalyst converter as shown in the Fig.(1). The concentrations 

measured at the same time after and before catalyst converter for 1500 and 2000 rpm. CO and UHC 

concentrations before the catalyst are higher than after catalyst due to CO and UHC oxidized by converter to 

CO2 and H2O. The effectiveness of the catalyst agents used for these conflicting tasks requires operation of the 

engine very close to stoichiometric conditions. 

 

Fig.2 Engine operating conditions 

Sound pressure level (SPL) generated from cylinder pressure, inlet and exhaust pressure measurements for 

different engine speeds are shown in Fig. (2 ). SPL generated from cylinder pressure, inlet and exhaust 

manifolds pressure increase with the increase of engine speed due to increase pressure, heat release rates and 

turbulence intensity in engine cylinder. SPL generated from inlet and exhaust manifolds also increase with the 

increase of engine speed due 

to increase flow velocity and pressure difference in inlet and exhaust manifolds. SPL generated in inlet and 

exhaust manifolds is mainly due to pressure waves generated by opening and closing valves. 

 

IV. CONCLUSTIONS 

 

1. The use of EGR in spark ignition engine is promising method for improving part load operation conditions. 

BSFC, UHC, CO concentrations and Texhaust increase with the increase of EGR. On contrast brake power, 

break thermal efficiency and AFR decrease with the increase of EGR. EGR improves combustion qualities by 

increasing the inlet charge temperature and UHC and CO re-burned with using EGR. Decreasing AFR, 

combustion deterioration and efficiency losses are largely attributed to increase pumping work with the increase 

of EGR. 
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2. Catalyst converter installed in exhaust manifold provides significant reduction in UHC and CO concentrations 

on contrast Texhaust increases after catalyst than before catalyst due to some of heat release with oxidation of 

UHC and CO species into CO2 and H2O. 

3. Air injection in exhaust manifold is the simplest method for reducing UHC and CO concentrations due to 

increase oxygen concentration after exhaust valve opening which is used to oxidize UHC and CO to CO2 and 

H2O at high exhaust temperature. Texhaust decreases with the increase of mass of air injection due to increase 

AFR to very lean conditions which over come heat release effects with air injection. 

4. Sound pressures level (SPL) increases with the increase of engine speed and load. Sound pressures level 

generated from combustion process is higher than SPL generated from flow process where SPL calculated from 

cylinder pressure higher than that calculated from inlet manifold or exhaust manifold. 

5. Engine cycle to cycle variation (CCV) is found to increase with the increase of engine speed due to increase 

the variation of AFR, fuel burning rate, heat release rate, turbulence intensity, mean effective pressure, 

volumetric efficiency, and engine cylinder pressure. 
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