
 
DEPARTMENT OF MECHANICAL ENGINEERING 

ME6016 ADVANCED I.C ENGINES  
 

UNIT I SPARK IGNITION ENGINES 
Part-A (2 Marks) 
1. Explain the stages of combustion in a SI engines. BT2 
2. What are the different air fuel mixtures on which an engine can operate? BT1 
3. What are the various factors that affect the flame speed? BT4 
4. Define normal combustion. BT1 
5. State the consequences of abnormal combustion. BT5 
6. What is equivalence ratio? BT1 
7. Short note on SI engine equivalence ratio requirements. BT6 
8. Explain the type of vibration produced when auto ignition occurs. BT5 
9. What is the major difference between the mono point and multi point fuel injection 

system in SI engines? 
BT4 

10. List out the advantages of direct injection systems.  BT1 
11. What is meant by knocking combustion? BT1 
12. List the factors that are involved in either producing (or) preventing knock. BT4 
13. List the parameters which are affecting knock in SI engine. BT4 
14. List the parameters in time factors that reduce the knocking. BT4 
15. What is the method to detect the phenomenon of knocking? BT1 
16. List out some of the knock limited parameters. BT4 
17. Define performance number. BT1 
18. Reducing the distance of the flame travel by centrally locating the spark plug and 

also by avoiding pockets of stagnant charge. Whether this statement reduces or 
increases the possibility of knocking. 

BT6 

19. Write the different types of combustion chambering SI engine? BT4 
20. What are the objectives to be kept in mind during design of combustion chamber? BT6 
   
 

Part-B (16 Marks) 

1  What are homogeneous and heterogeneous mixtures? In which 
engines these mixtures are used? Explain. (8+8) 

BT1 
 
 

2. 
a. What is meant by normal and abnormal combustion? Explain the 

phenomena of knock in SI engine. 8 
BT1 

 
 

b. Explain the various factors that influence the flame speed. 8 BT2 
 

3.  

What action can be taken with regard to the following variable in 
order to reduce the possibility of detonation in a SI engine? Justify 
your answers by reasons 
(i) Compression ratio (ii) Ignition timing (iii) Mixture inlet 
temperature  (iv) Distance of flame travel 
 

16 BT5 

4.  
Briefly explain the stages of combustion in SI engines elaborating the 
flame front propagation. 
 

16 BT2 

5.  Explain the effect of various engine variables on SI engine knock 
 16 BT2 

6.  
Describe the requirements of an SI engine combustion chamber and 
explain various types of combustion chamber.  
 

16 BT4 
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7.  
Explain the following 1. Rich mixture, 2. Stoichiometric Mixture 3. 
Lean mixture 
 

(5+5+6) BT2 

8.  
How the power and efficiency of the SI engine vary with air-fuel ratio 
for different load and speed conditions? 
 

(8+8) BT5 

9. 

a With a neat sketch explain briefly multi-point port fuel injection 
system.  

8 
 
 

BT2 

b 
With a neat sketch explain briefly Monopoint port fuel injection 
system. 
 

8 BT3 

10. 

a 
Define flame development, rapid burning and overall burning angles 
in SI engine combustion 
 

6 BT1 

b 
Explain the reasons for cycle-to-cycle and cylinder-to-cylinder 
variations in the combustion phenomena of SI engines.  
 

10 BT6 

11. 

a. Explain port injection and throttle body injection system. 
 8 BT2 

b. 
List the factors that affect the process of carburetion and explain 
briefly. 
 

8 BT1 

12.  
Discuss why a modern carburetor is being replaced by an injection 
system in SI engine? 
 

16 BT4 

13.  

Using pressure crank angle diagram (P-Ɵ) explains the different 
stages of normal combustion in a SI engine. Also explain how 
abnormal combustion takes place using the same P-Ɵ diagram. 
 

(8+8) BT2 

14.  With simple diagrams, explain the main metering system and the 
choke of a modern carbureter. 16 BT3 
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UNIT II COMPRESSION IGNITION ENGINES 
Part-A (2 Marks) 
1. Explain the stages of combustion in CI engine? BT4 
2. What is ignition delay period? BT1 
3. What are two delays occur in ignition delay period? BT1 
4. List the factors affecting the delay period. BT5 
5. Explain the effect of quality of fuel factor on the delay period. BT2 
6. Give a comparative statement various characteristics that reduce knocking in SI and 

CI engine (any four) 
BT4 

7. What you understand by spark knock and diesel knocks? BT2 
8. List out the advantages of direct injection systems in CI engine. BT4 
9. List out various type of indirect injection system in CI engine.  BT1 
10. What is indirect injection type of combustion? BT1 
11. Write the classification of combustion chamber in C.I engine. BT4 
12. What are the types of open combustion chamber? BT3 
13. What are the applications of swirl chamber? BT1 
14. Why specific fuel consumption is high in indirect injection chamber? BT3 
15. List out the various fuel spray characteristics in CI engine. BT1 
16. What are the factors affecting the penetration of the fuel spray in CI engines? BT1 
17. Why there is a large pressure differences across the injector nozzle are required? BT3 
18. What is turbo charging? BT1 
19. What are the major parts of a turbocharger? BT2 
20. Explain the term turbo lag. BT2 
   
Part-B (16 Marks) 

1  
Explain with the help of a p-Ɵ diagram the various stages of 
combustion in a CI engine. 
 

(8+8) 
BT2 

2 

a Discuss about the normal combustion and abnormal combustion in a 
CI engine 
 

8 
BT4 

b Distinguish between DI and IDI diesel engines with neat sketches. 8 BT4 

3.  
Explain the factors affecting the delay period in CI engines and 
summarize them. 
 

16 
BT2 

4.  
With the aid of a schematic diagram, explain the combustion process 
in a C.I engine. 
 

16 
BT2 

5.  
Increase in compression ratio reduces the delay period. Explain the 
concept and what is the outcome result about it? 
 

16 
BT2 

6.  

Explain with figure various types of combustion chamber used in 
direct injection type (DI) CI engines and bring out their main 
advantages. 
 

16 

BT2 

7.  
Explain with figures the various types of combustion chambers used 
in CI  engines. 
 

(8+8) 
BT2 

8.  
Explain how the induction swirl is created? What are the requirements 
of injection with this type of swirl? 
 

(8+8) 
BT1 

9. 

a How the air motion created in the diesel engine? 
 8 BT1 

b What are the main factors affecting the penetration of the fuel spray in 
CI engines? 
 

8 
BT3 
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10. 

a Compare the air swirl in CI engines with turbulence in SI engines. 
 6 BT4 

b Compare induction swirl with compression swirl with respect to their 
advantages and disadvantages. 
 

10 
BT4 

11. 

a Explain about the fuel spray behaviour? 
 8 BT2 

b Explain the fuel spray characterises and penetration connected with CI 
engine. 
 

8 
BT2 

12.  
What are the different spray regions in fuel spray for CI engines? 
Explain briefly the lean flame region with neat sketch. 
 

16 
BT1 

13.  
Explain the principle of operation of a turbocharger with a neat 
sketch; indicate the objectives of turbo-charging. 
 

(8+8) 
BT1 

14.  How turbo charging is incorporated in a single cylinder engine? 
Explain. 16 BT1 
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UNIT III POLLUTANT FORMATION AND CONTROL 
Part-A (2 Marks) 
1. What is a three way catalytic Converter? Give the Catalyst used in it. BT-1 
2. What are emission norms? Give the major pollutants that are to be controlled. BT-1 
3. What is the difference between some and particulate emission? BT-2 
4. How does a three way catalytic converter differ in operation compared with two 

way catalytic converter? BT-2 

5. What are the sources of pollutions? BT-1 
6. Write down the methods of controlling emissions. BT-6 
7. Explain the major exhaust emissions. BT-2 
8. What are soot particles? BT-1 
9. List the materials used as catalyst. BT-4 
10. List out the drawbacks of catalytic converters. BT-4 
11. Discuss the reasons for flame quenching. BT-6 
12. What is photochemical smog? BT-1 
13. Which is the most effective after treatment for reducing engine emissions? BT-3 
14. What is the principle of flame ionisation detector? BT-5 
15. What are the reasons for incomplete combustion in SI engine? BT-2 
16. Define the extended Zeldovich mechanism. BT-1 
17. Determine the causes of hydro carbon from SI engine. BT-5 
18. Which is the most effective after treatment for reducing engine emissions? BT-3 
19. What are the reasons incomplete combustion in SI engine? BT-2 
20. State the significance of stoichiometric air-fuel mixture. BT-5 
   
Part-B (16 Marks) 
1 a Explain the mechanism of formation of CO, UBHC and NOx 

emissions. 
 

8 BT-4 

b Why three way catalytic converters are employed in the modern day 
SI engine driven vehicle? Show the plot of pollutants versus air fuel 
ratio and conversion efficiency versus air fuel ratio for all the major 
pollutants from SI engines. 
 

8 BT-4 

2 a With the help of neat sketch describe the principle of operation of 
FID analyser. 
 

8 BT-4 

b Draw the Indian driving Cycles and explain the various stages. 
 8 BT-4 

3 a Discuss briefly the HC, CO and NO pollutant formation mechanism 
in a S.I. Engine. 
 

8 BT-4 

b With simple sketch explain briefly the working principle of 
particulate trap. 
 

8 BT-4 

4 a What are the various types of instruments used for the measurement 
of emission from IC engines? 
 

8 BT-4 

b With a schematic diagram, describe in detail the chemiluminescence 
method of measuring oxides of nitrogen. 
 

8 BT-4 

5 a With the help of a neat sketch explain the principle of operation of 
NDIR analyser. 
 

8 BT-4 

b What is smoke and classify the measurement of smoke? 
 8 BT-4 

6 a Give a brief account of emissions from CI engines. 8 BT-4 
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b Describe in detail the causes of hydrocarbon emissions from SI engines. 

 8 BT-4 

7 a Explain the various sources of formation of pollutions from IC 
engines. 
 

8 BT-4 

b What are the effects of unburnt hydrocarbons on environment and 
human health? 
 

8 BT-4 

8 
 

Explain in detail the methods of controlling Smoke and particulate 
from the IC engines. 
 

16 BT-4 

9  With neat sketch explain EGR. How it reduces NOx emissions? 
 16 BT-4 

10  Explain with neat sketch the non-exhaust emission from the vehicles 
 16 BT-4 

11 a Describe the causes of hydrocarbon emission from CI and SI engines 
 8 BT-4 

b Discuss in detail about particulate emissions. 
 8 BT-4 

12 a What is a thermal converter and how it helps to reduce the emission 
from the engines? 
 

8 BT-4 

b Give a brief account of emission from CI engines. 
 8 BT-4 

13 
 

Explain with neat sketches how non-exhaust emissions are 
controlled? 
 

16 BT-4 

14 
 

Explain the techniques used in the selective catalytic reduction in 
controlling the emission. 
 

16 BT-4 
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UNIT IV ALTERNATIVE FUELS 
 

Part-A (2 Marks) 

1 Compare the octane number and calorific value of alcohol with petrol.  BT6 

2 Comment on the water tolerance of alcohol blends. BT2 

3 What are the advantages of natural gas as a fuel? BT3 

4 Explain the principle of flame ionization detector. BT2 

5 State the methods by which ethanol are produced. BT4 

6 List the commonly used alternate fuels? BT1 

7 Write the advantage and disadvantage of alcohol as a fuel. BT1 

8 What is the problem with gasoline-alcohol mixture as a fuel? BT5 

9 Write the sources for methanol. BT1 

10 Write the sources for ethanol. BT1 

11 What are the techniques of using alcohol in diesel engine fuel? BT3 

12 What are the methods are adopted for induction of alcohol into intake manifold? BT4 

13 What are the advantages and disadvantages of hydrogen as an IC engine? BT5 

14 Discuss the methods for hydrogen can be used in SI engines. BT2 

15 List the advantages and disadvantages of natural gas. BT3 

16 Write the two types of LPG used in automobiles engine? BT1 

17 What are the advantages and disadvantages of LPG? BT3 

18 Write the improvements required for the LPG vehicle in future. BT3 

19 Compare the petrol and LPG. BT6 

20 What are the reasons for looking alternate fuels? BT4 

Part-B (16 Marks) 

1.  Explain the reasons for looking for alternate fuels for IC engines 16 BT2 

2  Illustrate alcohols as alternate fuels for IC engines bringing out their 
merits and demerits 

16 BT5 

3  Explain the possibility of using reformulated gasoline and water 
gasoline mixture as alternate fuel. 

16 BT2 

4  Can alcohol be used for CI engines? Explain. 16 BT6 

5  Explain with a neat sketch the surface-ignition alcohol engine 16 BT5 
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6  Illustrate the advantages and disadvantages of using hydrogen in SI 
engine 

16 BT3 

7  Analyze the two methods by which hydrogen can be used in CI engine. 16 BT4 

8  What is natural gas? List the advantages and disadvantages of using 
natural gas as alternate fuels? 

16 BT1 

9 a Give a brief account of LPG being used as an alternate fuel in SI 
engine 

8 BT1 

 b Compare LPG and petrol as fuel for SI engines. 8 BT1 

10  Point out the advantages and disadvantages of using LPG in SI 
engines? 

16 BT4 

11 a Can one use solid fuels for IC engines? Is so how? 8 BT3 

 b Compare LPG and petrol as fuel for SI engines? 8 BT3 

12  With a sketch explain LPG (propane) fuel feed system 16 BT5 

13  Explain two methods by which hydrogen can be used in CI engines 16 BT4 

14  What all other possible fuels for engines? Explain 16 BT6 
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UNIT V RECENT TRENDS 
Part-A (2 Marks) 
1. What is a multivalve Engine? Indicate its advantage.  BT-1 
2. What do you understand by CRDI System? Give its salient features. BT-1 
3. What is the working principle of pre-chamber stratified charge engine? BT-2 
4. Mention the advantages of Plasma ignition system. BT-2 
5. What are the significance of air assisted combustion? BT-1 
6. What is HCCI Engine?  BT-6 
7. Write down the importance of HCCI engines. BT-2 
8. What are the effects of turbochargers in IC engines? BT-1 
9. What are the advantages of hybrid electric vehicles? BT-4 
10. Distinguish the fuels used in HCCI engines. BT-4 
11. Write the advantages and disadvantages of homogeneous charge compression 

ignition engine. BT-6 

12. How VGTs are employed in IC engines and its effect on performance of the 
engines? BT-1 

13. Explain the effective aspect ratio of the turbo used in IC engines. BT-3 
14. Distinguish fixed geometry turbo and variable turbo geometry. BT-5 
15. What are the types of CI engine Injection System? BT-2 
16. Explain Unit Injector system and Unit Pump System. BT-1 
17. What are the advantages of CRDI Engines over conventional engines? BT-5 
18. Explain the Chemical mechanisms of NOx adsorption. BT-3 
19. Write down the functions of NOx adsorbers. BT-2 
20. What are the chemicals used in NOx adsorbers BT-5 
   
Part-B (16 Marks) 
1 a Explain the air assisted combustion with neat sketches. 

 8 BT-2 

b What are the advantages and disadvantages id air assisted 
combustion? 
 

8 BT-1 

2 a Discuss in detail about the HCCI engine and its performance. 
 8 BT-5 

b What are the advantages and disadvantages of HCCI engines? 
 8 BT-1 

3 a Discuss functions of Electronic Control Unit in CRDI engine. 
 8 BT-4 

b Discuss functions of Microcomputers in CRDI engine. 
 8 BT-4 

4 a List out the advantages of CRDI engines. 
 8 BT-4 

b What are the functions of Turbochargers? How it helps in improving 
the performance of the engines? 
 

8 BT-1 

5 a What are the advantages and disadvantages of VNT or VGT? 
 8 BT-4 

b Discuss the cooling mechanism of the VGT. 
 8 BT-4 

6 a What are the sensors used in the Variable Geometry Turbochargers? 
 8 BT-2 

b What are the advantages of NOx adsorption? 
 8 BT-2 

7 a How exhaust thermal management helps in controlling NOx? 
 8 BT-3 

b How After Treatment system helps in controlling NOx? 
 8 BT-3 
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8  Explain the methods of controlling combustion the HCCI engines. 
 16 BT-4 

9  With neat sketch explain the working principle of CRDI engine. 
 16 BT-6 

10 
 

With neat sketch explain the working principle of Variable Geometry 
Turbocharger. 
 

16 BT-5 

11 a Discuss in detail about parallel hybrid and series hybrid vehicle. 
 8 BT-4 

b What are the benefits of hybrid Electrical Vehicles? 
 8 BT-1 

12 a Explain the differences between OBD I and OBD II. 
 8 BT-4 

b Explain OBD II diagnostic testing. 
 8 BT-2 

13 
 

Explain with neat sketches how NOx can be trapped by chemical 
adsorption method? 
 

16 BT-6 

14  Explain active NOx adsorbers and Passive NOx adsorbers. 
 16 BT-2 
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