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Module Aims
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This course elaborates on the fundamentals of internal combustion engines and what affects
their performance, operation, fuel requirements and environmental impact. The course
considers thermodynamics, combustion, heat transfer and friction phenomena, and fuel
properties, relevant to engine power, efficiency and emissions, and examines design features
and operating characteristics of different types of internal combustion engines; including
spark-ignition, diesel, stratified charge, and mixed-cycle engines.

Module Learning
Outcomes
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Upon completion of this course, students will be able to:

1. describe the basic operation of different IC engines including the method of combustion,
engine speed control and all of the major components;

2. conduct performance analysis of IC engines based on engineering parameters such as
mean-effective pressure and volumetric efficiency;

3. conduct complete thermodynamic analyses of IC engines including the effects of residual
mass fraction, finite heat release, valve timing, and heat losses;

4. carry out calculations of combustion reactions for hydrocarbon fuels using simple
stoichiometric analysis, and general chemical equilibrium modeling;

5. characterize properties of fuels in terms of octane number, cetane number and volatility;
6. quantify the impact of air/fuel equivalence ratio, mixing and combustion temperature on
emissions; emission control;

7. characterize engine enhancements in terms of their impact on combustion efficiency,
overall engine performance and emissions;

8. conduct laboratory tests on IC engines.

Indicative Contents
4ol ) el siaal)

Indicative content includes the following.

1-understand the fundamentals which govern internal combustion (IC) engine
design and operation, the methods to improve the efficiency and limitations.

2-evaluate the performance of IC engines such as engine power, torque, fuel
consumption and gas emissions.

3-analyse combustion processes, including the determination of air/fuel ratio and
exhaust gas emissions.

4-perform basic analysis for designing a turbocharge system.

5-identify engine knock and understand the basic protection methods.

6-demonstrate the advancement of using renewable fuels.

7-process and analyses engine experimental data including generating p-V diagram
and calculating indicated engine power.




Learning and Teaching Strategies

sl 5 abeil) lail i

Strategies

Independent learningStudent learning outside the classroom is a key
learning strategy in this subject. Students will do a large part of the learning in
this subject by studying the materials such as the learning guide and sample
questions.

Interactive learning

Interactive class discussion will be organized between students and their peers
to enhance their understanding of the theories by applying the theories to
solving problems. Students will work in groups under supervision and with
assistance provided by the lecturer. This learning activity may incorporate a
guest lecture from industry practitioners to improve students' knowledge of the
recent technological developments and awareness of the real world.
Laboratory

Students, working in groups of 2-5, will undertake practical tasks related to
engine testing. The laboratory work will provide students with the opportunity
to become familiar with the instruments and equipment used for engine
testing, and acquire experience in conducting engine experiments, processing
experimental data and deriving useful results.

Feedback

Feedback, including common problems and detailed marking criteria, will be
provided to the students after each of the assessment items are marked
(except the final examination). Two one-hour consultations will be arranged

weekly to assist students' study outside the class time.

Student Workload (SWL)
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Structured SWL (h/sem) 63 Structured SWL (h/w) 4
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Unstructured SWL (h/sem) 62 Unstructured SWL (h/w) 4
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Total SWL (h/sem) 125
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Module Evaluation
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Time/Nu Relevant Learning
- Weight (Marks) Week Due PPN

Quizzes 2 10% (10) 5,10 LO#1,2,10and 11
Formative Assignments 2 10% (10) 2,12 LO#3,4,6and7
assessment Projects / Lab. 1 10% (10) Continuous | All

Report 1 10% (10) 13 LO#5,8and 10
Summative Midterm Exam 2 hr 10% (10) 7 LO#1-7
assessment Final Exam 2hr 50% (50) 16 All
Total assessment 100% (100 Marks)

Delivery Plan (Weekly Syllabus)
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Material Covered

Introduction

Week 1 Introduction to internal combustion engine. Terminology, TDC & BDC, Stroke &swept
volume, compression ratio.
I.C.E. Classification
Engine components and basic engine nomenclature. I.C. Engines classifications. Four stroke
Week 2 SI Engines. Four stroke Cl Engines. Two stroke Engines. Fundamental differences between
SI Engines and Cl engines. Application of IC Engines. First law analysis of engine cycle-
energy balance.
Air Standard Cycles
Week 3 Introduction. Ideal or air standard cycles. Useful thermodynamic relations. The Carnot
cycle. The Otto cycle. The Diesel cycle. The dual combustion cycle. Comparison of Otto,
Diesel, and dual combustion cycles.
Operating Characteristic (Indicated and Effective values)
Week 4 Engine Parameters. Work. Mean Effective Pressure. Torque and Power. Air-Fuel Ratio and
Fuel-Air Ratio. Specific Fuel Consumption. Engine Efficiencies. Volumetric Efficiency.
Emissions.
Fuels and Combustion
Week 5 Hydrocarbon Fuels-Gasoline. Some Common Hydrocarbon Components. Self-Ignition and
Octane Number. Diesel fuel. Chemical equilibrium. Combustion temperature. Adiabatic
flame temperature. Liquid and gaseous combustion.
Week 6

Fuel Injection




Heat release pattern and fuel injection. Requirements of a diesel injection system. Types
of injection systems. Fuel pump. Types of fuel injectors. Injection nozzles. Quantity of fuel
per cycle, size of nozzle orifice. Spray formation. Spray direction. Injection timing.

Ignition
Week 7 Ignition system requirements. Battery ignition system. Magneto ignition system. Ignition
Timing. Spark plugs. Disadvantage of conventional system. Electronic ignition system.
Factors affecting spark plug operation.
Combustion in Spark Ignition Engines
Week 8 Stages of combustion in S.I.LE. Abnormal combustion. Ricardo’s theory of combustion
chamber. Basic types of combustion chamber in S. I. Engines.
Combustion in Compression Ignition Engines
Week 9 Combustion stages in C.l engines. Factors effecting on ignition delay.Type of combustion
chamber in C.I engines.
Lubrication System in I.C Engines
Week 10 Lubrication principles. Function of lubrication. Properties of lubricating oil. Classification
of lubricating oils. Qil Filters. Lubrication systems. Engine performance and lubrication.
Cooling System in IC Engines
Week 11 Necessity of Engine cooling. Air Cooling. Water-cooling. Comparison of air and water-
cooling systems. Radiators.
Supercharging
Objects of supercharging. Thermodynamic cycle with supercharging. Supercharging of
Week 12 spark ignition engine. Supercharging of C.I engine. Supercharging limits. Methods of
supercharging. Turbo charging. Methods of Turbo charging. Limitations of Turbo
charging.
Week 13 Supercharging of C.l engine. Supercharging limits. Methods of supercharging. Turbo
charging. Methods of Turbo charging. Limitations of Turbo charging.
Rotary Engines
Week 14 The working principle. Features of the rotary engines. Engine geometry.
Combustion in rotary engines. Applications of rotary engines.
Air Pollution
Week 15 | Pollutants from gasoline engines. Emission control for Gasoline engine. Diesel emission. Diesel
smoke and control. Comparison of diesel and gasoline emissions. Air pollution from gas turbine.
Week 16 | Preparatory week before the final Exam
Delivery Plan (Weekly Lab. Syllabus)
Material Covered
Week 1 Lab 1: Introduction to I.C. Engine essential parts and operating strokes.
Week 2 Lab 2: measuring devices ,tachometer ,dynamometer .orifice and manometer .
Week 3 Lab 3: speed ,torque and brake power measurement .




Week 4 Lab 4: Air consumption ,Fuel consumption ,air-fuel ratio measurement.
Week 5 Lab 5: brake thermal efficiency measurement.

Week 6 Lab 6: brake specific fuel consumption measurement .

Week 7 Lab 7: Engine performance parameters .
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Learning and Teaching Resources

Available in the
Text
Library?
Required Texts [1] Engineer'ing func;lamentals' of the internal Yes
combustion engines by Willard P.
Recommended Texts Internal combustion engines, by Mathur and Sharma No

Websites https://www.technicalbookspdf.com internal Combustion Engine by R K Rajput
Grading Scheme
Group Grade paal) Marks (%) | Definition
A - Excellent Dbl 90 - 100 Outstanding Performance
B - Very Good [RENRTEN 80-89 Above average with some errors
(Ssu(;:fe:;oc)iroup C - Good 2 70-79 Sound work with notable errors
D - Satisfactory Lo gl 60 - 69 Fair but with major shortcomings
E - Sufficient J e 50-59 Work meets minimum criteria
Fail Group FX - Fail (Aaddll 28) i) ) | (45-49) More work required but credit awarded
(0-49) F - Fail Gl (0-44) Considerable amount of work required

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a mark
of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT to
condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the automatic
rounding outlined above.



https://www.technicalbookspdf.com/
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i WQ nalitons NECessSary For Oamh\kblk'ioﬂ ar
W) the presence of o combustible irurg ;
() Some Mecins oF niticdion combustion, and

3) stabilizedion and propogedion of Hang i te combustion
Chombker,

n L ergnds the combuskible witdwre is %ﬁﬂe{dkﬂ
Supplied by the. carburetior and B combustion is ini Baed
Wy o electnic spark gver by o gpark. pug .

/‘T Qlﬂ(’JMj CM e_c[wffom Por CﬂmhMTOVL PVOCQBS OF Cmrﬁ

}l\jo{mccu‘oon con be m‘aly written - For C%\'\\%(150~0(Jt&\&‘l)
the equation i+

<« H S = \2,1:) Q-—‘—-?'% C,CDA—\— 9 \-\QO— - ——(9..))

el Yoo Hhk Jhe combush '
= slvv\P\Q\cJ:r:\:\S \gﬂ&ﬂ_ Oggm\siv&cff’\‘\hé\f\(bg OAUJ@ gfg ﬁ?ﬁ@?ﬁ{
by e Chemiced eguokion.
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