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ABSTRACT 

Spark ignition (S.I.) engines are widely used in transportation sector and for 

various miscellaneous applications. These engines use petroleum fuels and are invariably 

the prime movers for light vehicles. Their numbers are rapidly growing and there is no 

replacement for them in the foreseeable future. 

The modem world is thus faced with the twin problem of growing scarcity of 

petroleum fuels needed for operating the ever-growing number of automobiles, as also 

the rapid degradation of the environment due to vehicular exhaust pollution. The 

development of effective procedures for operating S.I. engines on some alternative 

gaseous fuels under optimized operating conditions represents an effective contribution 

towards reducing further engine-out emissions. 

CNG is one such fuel. From an environmental standpoint, CNG can be considered 

an exceptionally "clean" fuel. Natural gas engines emit relatively low CO and HC but 

emissions of NOx are high. The problem of NOx emissions could be alleviated by lean 

burn operation. An important difficulty in the operation of natural gas engines on lean 

mixtures of methane and air is the associated low flame propagation velocity (0.38 m/s at 

0 =1). One effective method to solve the problem of slow burning and to enhance the 

combustion process is to mix the natural gas with the fuel that possesses fast burning 

velocity. Hydrogen is regarded as the best gaseous candidate for natural gas due to very 

fast burning velocity (1.90 m/s at 0 = 1), and this combination is expected to improve the 

lean-burn characteristics, improve thermal efficiency, decrease brake specific energy 

consumption and decrease engine emissions. 

u'1 



However, use of gaseous fuels (specifically when hydrogen is being used) as an 

S.I. engine fuel poses a number of problems such as backfiring during suction, pre-

ignition during compression and knocking due to rapid rate of pressure rise during 

combustion. The technique of fuel-air mixture formation plays a major role on engine 

performance. After trying various fuel induction techniques, a need was felt to develop an 

injection system for the timed injection of gaseous fuel. Various actuating mechanisms 

were studied in detail and finally EFIS (Electronic Fuel Injection System) was designed 

and developed for testing. 

In the present investigation, efforts have been made to generate extensive 

experimental data on performance, emission and combustion characteristics of engine 

operated on neat CNG/hydrogen and several blends of CNG and hydrogen. Experiments 

were carried out in details over wide range of engine speed and load. 

It was found that the thermal efficiency increased with the increasing percentage 

of hydrogen. With 10% hydrogen substitution peak power output increased. The 

emissions of HC and CO decreased though the emissions of NOx increased slightly. The 

emissions of NOx were found to be very low in the lean limits. With 10% hydrogen 

substitution, engine was able to run at a low equivalence ratio of 0.524. The combustion 

parameters also showed that 10% hydrogen can be added to CNG which has been 

optimized to run on CNG without any modification in engine. 

On the strength of the present work, it can be concluded that 10% hydrogen 

substituted in CNG can be conveniently utilized as a fuel in the spark ignition engine. An 

appropriately designed EFIS can eliminate undesirable combustion phenomena in engine. 

IYA 



CONTENTS 

Page No. 

Certificate i 

Acknowledgments ii 

Abstract iv 

Contents vi 

List of Figures xiv 

List of Tables xxi 

List of Plates xxii 

Nomenclature xxiii 

Chapter 1 INTRODUCTION 1-22 

1.1 	General background 1 

1.2 	Energy crisis and I.C. engines 2 

1.3 	Alternative fuels 4 

1.3.1 	Alcohols as S.I. engine fuel 5 

1.3.2 	LPG as an S.I. engine fuel 5 

1.3.3 	CNG as an S.I. engine fuel 6 

1.3.4 	Hydrogen as an S.I. engine fuel 7 

1.3.5 	Mixture of CNG and hydrogen as an S.I. engine fuel 9 

1.4 	CNG: Properties and combustion characteristics 10 

1.4.1 	Methane number 10 

1.4.2 	Density 11 

1.4.3 	Flame speed 12 

1.4.4 	Ignition Energy 12 



Page No. 

1.4.5 	Wobble number 14 

1.4.6 	Quenching distance 15 

1.5 CNG engine emissions 15 

1.5.1 	Carbon monoxide 15 

1.5.2 	Hydrocarbons 15 

1.5.3 	Oxides of nitrogen 16 

1.5.4 	SOx and particulates 16 

1.5.5 	Green house effect 17 

1.6 Hydrogen: Properties and combustion characteristics 17 

1.6.1 	Wide range of flammability 17 

1.6.2 	Low ignition energy 18 

1.6.3 	Small quenching distance 19 

1.6.4 	High auto-ignition temperature 20 

1.6.5 	High flame speed 20 

1.6.6 	High diffusivity 20 

1.6.7 	Heat of combustion 21 

1.7 Hydrogen engine emissions 21 

1.8 Present Status 22 

Chapter 2 LITERATURE REVIEW 	 23-61 

2.1 	Literature survey related to CNG 
	

23 

2.1.1 Undesirable combustion phenomena in CNG fueled Engines 	30 

2.1.1.1 	Backfire 	 30 

vii 



Page No. 

2.1.1.2 	Preignition and knocking 30 

2.2 Literature survey related to hydrogen gas 32 

2.2.1 	Historical review 32 

2.2.2 	Current status of hydrogen 35 

2.2.2.1 	NOx emissions in hydrogen fueled engine 43 

2.2.3 	Undesirable combustion phenomena in hydrogen fueled engines 44 

2.2.3.1 	Backfire 44 

2.2.3.2 	Pre-ignition 47 

2.2.3.3 	High rate of pressure rise 48 

2.2.3.4 	Knocking 48 

2.3 Literature survey related to CNG and hydrogen gas blends 50 

2.4 Conclusions from literature survey 57 

2.5 Need for present work 58 

2.6 Statement of the problem 59 

2.7 Present research methodology 60 

Chapter 3 SYSTEM DEVELOPMENT AND HARDWARE 62-87 
IMPLEMENTATION 

	

3.1 	Introduction 	 62 

	

3.2 	Different Fuel Induction Systems 	 62 

3.2.1 Carburetion system 	 63 

3.2.2 Injection system 	 63 

3.2.2.1 Inlet Manifold/Port Injection 	 64 

viii 



Page No. 

65 

67 

67 

3.2.2.2 In-cylinder Injection (Direct Injection) 

	

3.3 	Selection of fuel induction system 

	

3.4 	Selection of Engine & Methodology adopted for conversion of gasoline 

S.I. engine to hydrogen/CNG operation 

	

3.5 	Design and Development of Electronic circuit for Electronic Fuel 

Fuel Injection System (EFIS) 

3.5.1 Solenoid Actuated Gaseous Fuel Injector 

3.5.2 Design & Development of Electronic Control Unit (ECU) 

3.5.2.1 Input section 

3.5.2.2 CPU (Central Processing Unit) 

3.5.2.2.1 8051 Microcontroller 

	

3.5.2.2.1.1 	Features of 8051 Microcontroller 

	

3.5.2.2.1.2 	Programming of microcontroller 

	

3.5.2.2.1.3 	8051 Microcontroller Memory 
Organization 

	

3.5.2.2.1.4 	Data Memory 

	

3.5.2.2.1.5 	Counters and Timers 

3.5.2.3 Output Section 

3.5.2.4 Power Supply Section 

69 

70 

72 

75 

76 

77 

78 

79 

79 

80 

85 

85 

Chapter 4 EXPERIMENTAL TEST RIG DEVELOPMENT 88-114 
& METHODOLOGY 

	

4.1 	Introduction 

	

4.2 	Experimental Test Rig Design & Development 

ix 



Page No. 

4.2.1 	Engine Foundation Technique for Test Rig 88 

4.2.1.1 Engine 91 

4.2.1.2 Dynamometer 92 

4.2.1.3 Instrumentation and their control panel used for Engine 93 
parameters measurement and measuring techniques 

4.2.1.3.1Design development and fabrication of 93 
instrumentation control pane 

4.2.1.3.2 Instrumentation used for measurements and 93 
measuring techniques 

a) Engine Speed Measurement 93 

b) Temperature Measurements 93 

c) Fuel Consumption Measurements 94 

d) Air Consumption Measurements 96 

e) Engine Exhaust System 97 

f) Exhaust Emission Measurements 98 

g) Engine Cooling System 98 

h) Load control Panel and load measurements 99 

i) 	Crank Angle 99 

j) 	Cylinder Pressure Measurements System 100 

1) 	Pressure pickup calibration 100 

2) 	Pressure pickup, its mounting 103 
and measurement 

3) 	Pressure pickup cooling system 105 

4.2.1.4 Flame Trap 105 

4.2.1.5 CNG/Hydrogen Delivery 106 

x 



Page No. 

4.3 	Experimental Procedure 107 

4.4 	Design of Experiments 108 

4.4.1 	Engine Baseline Studies 108 

4.4.2 	Spark Plug Ignition Characteristics 108 

4.4.3 	Mounting of Injectors 109 

4.4.4 	Safe fuel Injection Period 110 

4.4.5 	Fuel Injection Duration 111 

4.4.6 	Methodology for experimentation 111 

Chapter 5 RESULTS AND DISCUSSIONS 	 115-174 

5.1 	Introduction 115 

5.2 	Injected gasoline test results 115 

5.2.1 	Full throttle and variable equivalence ratio test (Fuel: Neat 115 

Gasoline 100%) 

5.3 	Performance characteristics of neat CNG, neat hydrogen, and various blends 121 

of CNG and hydrogen 

5.3.1 	Equivalence Ratio 121 

5.3.2 	Brake Thermal Efficiency 122 

5.3.3 	Brake Mean Effective Pressure 126 

5.3.4 	Brake Specific Energy Consumption 129 

5.3.5 	Volumetric Efficiency 133 

5.3.6 	Exhaust Gas Temperature 137 

5.3.7 	Carbon Monoxide Emissions 140 

xi 



Page No. 

5.3.8 Hydrocarbon Emissions 143 

5.3.9 NOx Emissions 147 

5.3.10 Start of Injection 151 

5.3.11 Spark Timing 157 

5.3.12 Combustion Characteristics 161 

5.3.12.1 	Undesirable Combustion Phenomena 161 

5.3.12.2 	Lean Misfire Limit (LML) 164 

5.3.12.3 	Pressure Crank Angle Diagrams 166 

5.3.12.4 	Combustion Noise 167 

5.3.12.5 	Heat Release Rate 168 

5.3.12.6 	Maximum rate of pressure rise 170 

5.3.12.7 	Combustion Duration 171 

5.4 	Measured data repeatability and accuracy 172 

5.4.1 Cycle by cycle variation 173 

Chapter: 6 CONCLUSIONS AND SCOPE FOR FUTURE 175-179 
WORK 

6.1 	Conclusions 175 
6.2 	Scope for future work 179 

References 180-189 

Appendices 

Appendix I: Engine Technical Specifications 

Appendix II: Specifications of CNG Injector 

xii 



Appendix III: Specifications of Hydrogen Injector 

Appendix IV: Specifications of Hydrogen Mass Flow Meter 

Appendix V: Specifications of CNG Rotameter 

Appendix VI: Technical Data of AVL DiGas Analyzer (Model 4000) 

Appendix VII: Specifications of Load Control Panel Components 

Appendix VIII: Specifications of Pressure Transducer 

Appendix IX: Specifications of Charge Amplifier 

Appendix X: Specifications of Oscilloscope 

Appendix XI: Compressed Natural Gas Analysis 

Appendix XII: Hydrogen Gas Analysis 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16

