Sudan University of Science and
Technology

College of Engineering
Mechanical Engineering Department
(power)

Effect of Variable Turbocharger Pressure Ratio on Diesel
Engine Emissions by Using Simulation Software
Aladialy Il o clited) o )il Galdll Ailidal) il quad 80
slslaa aliyy

A project Submitted in Partial Fulfillment for the Requirements of
the Degree of B.Eng. (Honor) In Mechanical Engineering

Prepared By:
1. Ayat Jadallah Mohammed Ahmed
2. Mohamed Salahaldin Abdalmjeed Omer
3. Khider Abdalbage Ahmed Mohamed

Supervised By:
Dr. Eihab Abdelraouf Mustafa

October 2017

IS
15
15
=
=




..‘g\

J

S




DEDICATION

To our parents

Who educated and enabled us to reach this level

To our families

Who supported us

To people who paved our way of science and
Rnowledge

To all colleagues and friends



ACKNOWLEDGEMENT

This research would not have been possible without Allah then the
help of many people. First of all, we would like to deeply thank our
supervisor Dr. Eihab Abdelraouf Mustafa, he improved our experience,
knowledge and skills. We have to say that we have been lucky to work
with him, we wish him all the best. Also, we have to thank Department of
mechanical engineering that supported us in this work. Lastly, Many
thanks are should go to our colleagues in mechanical department.

These were the last words we wrote for our graduation project. We
wish they would also be the best words, to acknowledge all who helped

and supported us during this study.



Table of Contents

Contents Page
iy |
Dedication I
Acknowledgments i
Table of contains v
Abstract W41
Ualiiuall VIl
List of tables IX
List of figures IX
List of abbreviations XI
List of symbols XI1

CHAPTER ONE

INTRODUCTION
1.1 Introduction 2
1.2 Problem Statement 2
1.3 Research Objectives 3
1.4 Significant of Study 3

CHAPTER TWO
LITERATURE REVIEW

2.1 Introduction

2.2 Types of engines

2.3 Internal combustion engines

2.4 Classification of internal combustion engines

2.4.1Types of ignition

2.4.2 Engine Cycle

2.4.3Valve Location

2.4.4Basic design

2.4.5Position and number of cylinder of reciprocating engines

2.4.6Air intake process

2.4.7Method of fuel input for spark ignition engines

2.4.8Method of fuel input for compression ignition engines

2.4.9 Fuel used

2.4.10 Application

2.4.11 Type of cooling

2.5 Diesel Engine

2.6 Exhaust Emissions from the Combustion of Diesel and Biodiesel
Fuel

RlRrRPRPRR R P
SRR R RRSRIK o wo|olo|o|v|ua|o

2.6.1 Oxides of Nitrogen 16
2.6.2 Carbon Monoxide 17
2.6.3 Unburned hydrocarbons 17
2-6-4 Sulfur oxides 18




2.6.5 Particulate matter 19
2.7 The impact of diesel engine emissions 19
2.7.1 Carbon Oxides 19
2.7.2 Hydrocarbons 20
2.7.3 Nitrogen oxides 20
2.8 Technical used to reduce emissions 20
2.8.1 Reducing NOx emission 20
2.8.1.1 Exhaust Gas Re circulation (EGR) 20
2.8.1.2 Water Injection and Water emulsion 21
2.8.1.3High Scavenge Pressure and Compression Ratio 21
2.8.1.4Selective Catalytic Reduction 21
2.8.1.5Two Stage Turbocharger 21
2.8.1.6 Engine Component Modification 22
2.8.2Reducing SOx Emission 22
2.8.2.1Use of Low sulfur fuel oil 22
2.8.2.2 Exhaust Gas Scrubber Technology 22
2.8.2.3Cylinder Lubrication 23
2.9 Engine Performance Parameters 23
2.9.1Brake power of IC Engine 23
2.9.2Brake specific fuel consumption (BSFC) 24
2.9.3brake thermal efficiency 24
2.10 Effects of Variable Geometry Turbochargers in Increasing 25
Efficiency and Reducing Lag

2-10-1The Turbochargers 25
2-10-2The drawbacks to turbochargers 25
2-10-3The Lag 26
2-10-4The Variable Geometry Turbocharger (VGT) 26
2-10-5The benefits of Variable Geometry Turbochargers 27
2-10-6The Disadvantages of Variable Geometry Turbochargers 28
2-11 Previous Simulation Studies 29

CHAPTER THREE
RESEARCH METHODOLOGY

3-1 Introduction 32
3-2The main features of DIESEL-RK 32
3-3History of the project 34
3-4Applications of Diesel-RK 34
3-4-1 Main Applications 35
3-5 General engine parameters 36
3-5-1 Design of engine 37
3-5-2 Material of the piston or piston crown 38
3-5-3 Material of the Cylinder Head and Average thickness of the | 39

\%




cylinder head wall

3-5-4 Type of engine cooling (liquid-cooling) 39
3-5-5 Fuel 41
3-5-5-1 Fuel properties 42
3-6 Specification of the engine used in the study 43
3-7 Properties of fuel used in the study 43
3-8 Steps to work on the Diesel-RK software 44
CHAPTER FOUR
RESULT AND DISCUSSION
4.1 The results 50
4.1.1 without a turbocharger 50
4.1.2 At pressure ratio (PR=1.5) 52
4.1.3 At pressure ratio (PR=2) 55
4.1.4 At pressure ratio (PR=2.5) 57
4.1.5 At pressure ratio (PR=3) 60
4.2 Discussion 62
4.2.1 Particulate Metter (PM)Emissions 62
4.2.2 CO, Emissions 63
4.2.3 NOx Emissions 66
4.2.4 SO, Emission 68
CHAPTER FIVE
CONCLUSIONS & RECOMMENDATION
5.1 Conclusion 71
5.2 Recommendation 72
Reference 73

VI




Abstract:

The phenomenon of global warming is one of the most important
problems facing us at the present time, which has not been treated so far,
and that the root cause of this phenomenon is the greenhouse gases
surrounding the globe, and hence the aim was to reduce the rates of these
gases and know the causes of the occurrence and attempts To reduce or

minimize these causes.

Emissions from motor vehicles and power plants are one of the
main reasons for the presence of greenhouse gases, so there has to be a
solution that reduces these emissions, and here are the emissions from
motor vehicles in general and diesel engine in particular. The engine was
tested to reduce its emissions, and the method used was to use a

turbocharger in the engine.

A comprehensive study of these emissions and their different
types, causes and methods of reduction was done by changing the speed
of the engine rotation without the use of a turbocharger. The same study
was carried out using a turbocharger at different pressure ratios and
speeds until the pressure ratio and the speed required to produce as little

emissions as possible.
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