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ABSTRACT 

This paper reports the computer simulation based theoretical and the test rig based experimental 

investigations for improving the performance and emission characteristics of a two stroke cycle 

spark ignition engine. 

Computer simulation was carried out using a standard software. Models were prepared 

for the carburetor and gasoline direct injection modes. Using the design and operating data of a 

standard commercial two stroke cycle spark ignition engine results were generated in the 

carburetor and gasoline direct injection modes. 

  Different parameters like brake power, BSFC, CO and HC emissions, exhaust and spark 

plug temperatures, peak cylinder gas pressure and its cyclic variations were studied in the 

carburetor and GDI modes. 

 There was improvement in engine power and reduction in BSFC in the GDI mode as 

compared to carburetor mode. The CO and HC emissions were reduced in the GDI mode due to 

better atomization and reduced scavenging loses. 
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INTRODUCTION 

It is seen from the literature [1,2,3,4,5,6,7,8,9] that gasoline direct injection (GDI) in two 

stroke engines promises to reduce the scavenging losses. This associated with better mixture 

preparation characteristics with GDI helps to improve the power ,BSFC and also reduce the 

emissions in two stroke engines. 

Keeping the above fact in mind computational and experimental investigations were made to 

improve the performance and emission characteristics of a two stroke cycle engine which is 

described below. 

 

COMPUTER SIMULATION MODEL 

Computer simulation was done using a well established, standard software. It simulates a wide 

variety of engines, 4 stroke or 2 stroke, spark or auto-ignited. Applications range from small 

capacity engines for motorcycles or industrial purposes up to large engines for marine 

propulsion.  

 

It consists of an interactive pre-processor which assists with the preparation of the input data for 

the main calculation program. Results analysis is supported by an interactive post-processor. 

The pre-processing tool of the workspace Graphical user interface features a model editor and a 

guided input of the required data. The calculation model of the engine is designed by selecting 

the required elements from a displayed element tree by mouse-click and connecting them by pipe 

elements. In this manner very complex engine configurations can be modeled easily, as a large 

variety of elements is available.  

The main program provides optimized simulation algorithms for all available elements.  

The post-processing tools analyze the multitude of data resulting from a simulation. The results 

obtained from the model could be validated with the experimental data or data obtained from 

previous calculations. Furthermore, an animated presentation of selected calculation results is 

available. This also contributes to the development of the optimum solution to the user’s 

problem.  

 

THEORETICAL BASIS. 
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The theoretical background including the basic equations for all elements used in the present 

model is given in [10] 

 

DESIGN METHODOLOGY FOR DEVELOPMENT OF ELECTRONIC FUEL 

INJECTION SYSTEM 

The following steps were employed in the design and development of the gasoline fuel injection 

system. 

1. Engine Mapping with conventional carburetor 

2. Arrive at the optimum engine fuel requirement for the design of fuel injection system 

3. Selecting the basic configuration of fuel injection system namely fuel injection pressure and fuel 

injection nozzle. 

4. Carrying out the Bench test to determine optimum injection pressure, spray angle and its nature. 

5. Design, Development and fabrication of an optical crank angle encoder with the necessary 

electronic circuits to generate signals at each degree of crank shaft rotation and   reference 

signals for start and control of injection. 

6. Design, Development and fabrication of an electronic control unit (ECU) for controlling the 

timing and duration of injection. 

7. Actuating the injector with the above designed systems at different speeds of the engine to 

determine the quantity of the fuel to be injected at different injection durations. 

8. Installation of the injection systems on the engine and removing the carburetor. 

9. Performance and emission characteristics tests of the engine with the developed injection 

systems. 

 

Basic Configuration of Fuel Injection System 

 

Selecting the basic configuration of fuel injection system namely fuel injection pressure, and fuel 

injection nozzle have been performed outside the engine to see if the injection pump is capable 

of developing the suitable pressure for injecting the fuel and the injector should be capable of 

injecting the required quantity of the fuel. The fuel injection pump of Bosch make from Germany 

was selected which was capable of developing a pressure up to 10.0 bar. A direct in cylinder 

injector of Mitsubishi was used. 
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Bench Testing  

 

To determine the optimum injection pressure and spray pattern, bench testing has been carried 

out. Different injection pressures have been tested for obtaining a best spray of the fuel. A 

pressure range of 4.0 to 6.0 bar was observed to inject the fuel with a very fine spray and 

adequate penetration. After installation of the injection system on the engine extensive tests on 

optimization of injection pressure, duration and timing were undertaken when the engine was 

operating on a fuel injection system.  

 

Design and Development of Signal Generating Unit 

 

The signal generating unit forms an essential part of the electronic fuel injection system control 

for specifying the injection timing and duration at the right time. Design, Development and 

fabrication of an optical crank angle encoder with the necessary electronic circuits were adapted 

to generate signals at an interval of two degree of crank shaft rotation.                                                                                                 

After satisfactory results were obtained from the set-up, the system was transferred to the 

engine. The cylinder head was modified. Fins were cut on the other side of spark plug. A hole 

was drilled and injector fitted in an adapter in head. Comprehensive tests were conducted over a 

wide range of engine operating conditions upto 80% throttle opening. 

The signals for controlling the fuel injection are provided by an electronic control unit 

(ECU). The primary purpose of the electronic control unit is to pre-select the crank angle at 

which the injection should start and end. This is having accesses to control the duration of 

injection over a wide engine operating range. In the electronic control unit, pre-selection of any 

crank angle could be carried out with a resolution of one degree crank angle. Signals were 

generated at an interval of two degrees of crank angle, which was accomplished by an optical 

crank angle encoder. 

 

Design and Development of Optical Crank Angle Encoder  

The optical encoder consists of a graduated disc, 2 pairs of photo diodes and sensors, DC power 

supply, and signal processing unit. Photo diodes and sensors are placed in a properly designed 

holder. The encoder generates a rectangular shape signal for every two degree crank angle 
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rotation and another rectangular shape signal corresponding to the Top Dead Centre position of 

the piston for every crank shaft rotation.  

 

EXPERIMENTAL SET UP AND PROCEDURE 

 

The engine used for the present experiments is an air cooled two stroke spark ignition engine. 

The major specifications of the engine are given in Appendix 1. The experimental set up is 

shown in plate No.1. The fuel metering system consists of a 5 litre tank for gasoline and 2T oil 

supply for carburetor. Fuel flow is measured with the help of calibrated burette and stop watch.  

A separate tank of 5 litre capacity is used for fuel injection system. In this mode the fuel 

consumption rate is measured with the help of a weighing machine and stop watch. 

 

The air flow rate is measured with the help of an inclined tube manometer and a drum 

fitted with orifice. The clutch of the engine is directly coupled with crankshaft and it is modified 

to take drive directly from crankshaft for dynamometer at high speeds instead of the 

conventional gear system which operates at a low speed. 

 

 

Plate No.1:- Experimental set-up 
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The test engine is coupled through the modified clutch with a Froude hydraulic 

dynamometer  mounted on a cast iron test bed 

 

TEST PROCEDURE  

 

The basic quantities that were measured during the experimental investigations were, fuel 

consumption, air consumption, engine speed, torque output, exhaust gas temperature, spark plug 

temperature, injection timing, injection pressure, injection duration, throttle position, CO and HC 

emission concentrations and pressure crank angle diagrams of cylinder for evaluation  of 

cylinder peak pressure data and cycle by cycle variation. Comprehensive experiments were 

carried out for both electronic injection systems and carburetion system over a wide range of 

operating parameters encompassing broad changes in engine speed, throttle position, injection 

timing, injection duration, start of injection and injection pressure.  

 

Gasoline Direct Injection  

 

The cylinder head of the engine was modified. The fins were cut on the other side of the 

spark plug fitted in the cylinder head. A hole was drilled and threading similar to the spark plug 

was done in the bush fitted in the hole. This was done to hold the injector in the adapter for 

supplying the fuel under the GDI mode directly into the cylinder. Experiments were conducted 

under the GDI mode and the start of injection and duration of injection were optimized for 

various speeds corresponding to different throttle positions by undertaking comprehensive 

experimental investigations. The engine was started directly in the GDI mode by selecting the 

start of injection and keeping the duration of injection as small as possible. Then the throttle was 

opened slowly and the load was applied as per requirements. The duration of injection was 

varied and optimized. The rough reference of duration of injection was taken from the bench test 

in the carburetor mode for that particular throttle and speed. The start of injection was optimized 

so that fuel gets sufficient time to atomize for combustion and simultaneously it was kept in 

mind to supply the fuel as close as possible towards the exhaust port closing point to minimize 

the scavenging losses. The optimum fuel injection pressure was found to be 6 bar. Injection 

pressure was kept constant by providing a fuel by pass line. The engine performance and 
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emission characteristics were studied at different operating conditions. The detailed results are 

given in the next chapter. 

 

Control of the Fuel Injection System  

The fuel injection system was controlled by a manually controlled digital electronic control unit. 

Injection duration at different operating conditions was controlled manually by pre-selection of 

the crank angle for start and end of injection. Maximum power was adopted as criteria for 

optimization of the injection parameter. 

 

RESULTS AND DISCUSSION 

 

Validation of Computed Results With Experimental Results  

Figures 1 to 6 give the comparison of the results got from computer  simulation and the 

measured results from experimentation. It is clear from the graphs that the results are 

comparable. The computed results satisfactorily follow the measured values. 

FIG.1:-EFFECT OF SPEED ON POWER,CARBURETTOR MODE,THROTTLE=80%
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FIG.2:-EFFECT OF SPEED ON POWER,GDI MODE,THROTTLE=80%
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FIG.3:-EFFECT OF SPEED ON BSFC,CARBURETTOR MODE,THROTTLE=80%
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FIG.4:-EFFECT OF SPEED ON BSFC , GDI MODE ,THROTTLE=80%
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FIG.5:-EFFECT OF SPEED ON EGT.,CARBURETTOR MODE,THROTTLE=80%
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FIG.6:-EFFECT OF SPEED ON EGT.,GDI MODE,THROTTLE=80%
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SIMULATED RESULTS. 

Parametric studies were carried out on the model to examine its potential for predicting the 

engine behaviour .The results obtained from these parametric studies are presented below. 

Figures 7 to 14 show the comparison of the computed engine performance obtained from 

gasoline incylinder injection and carburetion modes. 

In view of better mixture preparation under the incylinder injection mode , the engine 

develops improved power as compared to the carbureted version under different throttle 

positions. This trend is reflected from the computed results shown in figures 7,9,11 and 13. As a 

consequence of the enhanced power output from the GDI engine , the specific fuel consumption 

improves, which is depicted in the graphs shown in Figs.8,10,12 and 14. 

 It is clear from figures 9 and 10 that the power and BSFC vary with respect to start of 

combustion. Power is maximum when the start of combustion is 350 degrees ATDC  and BSFC 

is minimum at the same timing. Hence this may be referred to as the MBT timing. This is due to 

better combustion characteristics at this timing. It is also clear that more power is developed in 

the GDI mode and also the BSFC is lower in the GDI mode. 

Figures 11 and 12 give the variation of power and BSFC with respect to duration of 

combustion. It is clear that maximum power and minimum BSFC are obtained when combustion 
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duration is 50 degrees of crank angle. This is because pressure development with respect to crank 

angle is optimum at this duration and there is maximum work transfer from cylinder gases to 

piston. Also it is clear that power and BSFC are favourable in GDI mode as compared to 

carburetor mode. Further longer duration of combustion results in a slower rate of combustion 

leading to lower cylinder gas pressure, which reduces the engine power output. However shorter 

duration of combustion may lead to higher temperatures, which may increase the heat transfer, 

causing the power to fall. 

Figures 13 and 14 show the variation of power and BSFC with respect to air fuel ratio. It 

is seen that maximum power is produced with slightly rich mixtures when entire oxygen is 

consumed in cylinder and it is also clear that minimum BSFC is obtained  with slightly lean 

mixtures when the entire fuel is consumed. It is also clear that GDI yields better performance as 

compared to carburetor mode. 

 

FIG.7:-EFFECT OF SPEED ON COMPUTED POWER, THROTTLE=80%
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FIG.8:-EFFECT OF SPEED ON COMPUTED BSFC , THROTTLE=80%
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FIG.9:-EFFECT OF START OF COMBUSTION ON POWER , THROTTLE=80%
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FIG.10:-EFFECT OF START OF COMBUSTION ON POWER, THROTTLE=80%
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FIG.11:-EFFECT OF COMBUSTION DURATION ON POWER, THROTTLE=80%
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FIG.12:-EFFECT OF COMBUSTION DURATION ON BSFC , THROTTLE=80%
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FIG.13:-EFFECT OF AIR-FUEL RATIO ON POWER , THROTTLE=80%
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FIG.14:-EFFECT OF AIR-FUEL RATIO ON BSFC , THROTTLE=80%
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CONCLUSIONS 

 

(1.) Gasoline direct injection can be effectively used to minimize fuel losses in a single cylinder 

two stroke cycle spark ignition engine. 

(2). Thebsfc of the engine is reduced by 20% to 30% 

(3.) There is upto 9% improvement in engine power. 

(4.) CO emissions are reduced by 40% 

(5.) There is upto 53% reduction in HC emissions. 

(6.) Potential exists to revive the two stroke engine industry at the expense of some additional 

components 
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APPENDIX 

 

Engine Specifications 

Type : - Two stroke, spark ignition (S.I.) 

engine  

Number of Cylinders  :   one 

Compression ratio : 7. 2: 1 

Ignition timing  : 18 BTDC 

IPO   : 114 BTDC 

IPC   : 100 ATDC 

TPO   : 156 ATDC 

TPC   : 112 BTDC 

EPO   : 116 ATDC 

EPC   : 96 BTDC 

Bole    : 57mm 

Stroke    : 57mm 

Swept volume  : 145.45cm
3
 

Maximum power : 4.63kw (6.29 

BHP) at 5000 rpm 

 

 

 


