




 Automobiles- Engine modifications required - Performance, Combustion 

and Emission Characteristics of SI and CI engines with these alternate 

fuels, Use of 

◦ Natural Gas 

◦ Liquefied Petroleum Gas

◦ Bio-diesel

◦ Bio-ethanol

◦ Gasohol &

◦ Hydrogen 

 Electric Vehicles

 Hybrid Vehicles 

 Fuel Cell



Internal combustion engines run on different types of fuel, 

including liquid, gaseous and solid fuels. 

Thus fuel should posses the following properties.

(i) Good fire safety

(ii) Good combustion quality

(iii) High thermal stability

(iv) High energy density

(v) Low pollution

(vi) Low toxicity

(vii) Low deposit forming tendency

(viii) Easy transportation

(ix) Easy mixing with air

(x) Economically

(xi) No chemical reaction with

engine components.





The natural gas is found in various 

localities in oil and gas bearing sand located 

at various depths below the earth surface.

The gas is usually under considerable 

pressure, and flows out naturally from the 

oil well. 

The entrant sand particles must be 

separated before its use.



Main components

1. Gas cylinder

2. Vapour bag

3. High pressure pipe

4. Refuelling valve

5. Pressure regulator

6. Gas Air mixture

7. Petrol - solenoid valve

8. Selector switch





•LPG is one of the most common and 

an alternative fuels used in the world

Today.

•Liquified petroleum gas is also called 

as LPG, GPL, LP Gas (or) Auto gas.





Characteristics of LPG

1. It mixes readily with air.

2. It gives better manifold distribution.

3. Residue and oil contamination is small as it burns clearly.

4. Crankcase oil dilution is minimum, resulting in engine life increase.

Advantages of LPG

1. High octane number compared to that of petrol. Hence it possible smooth combustion and 

knocking is eliminated.

2. It blends with gas combustion mixture, thus resulting in better combustion.

3. There is absence of acid and carbon deposits, this ensures longer life.

4. LPG gas is superior in anti-knock characteristics compared to petrol and does not preignite easily.

5. Extremely economical when large distance are covered.

6. It does not pollute underground water source.

7. Less corrosion.

8. Less engine wear.

9. Low emission.

Disadvantages of LPG

1. LPG is generally higher in price than other alternative fuel such as CNG and gasoline.

2. Special safety precautions are necessary as LPG is pressurized.

3. Lower cruising ranges.

4. Increased fuel volumetric consumption.

5. Pressurized gas cylinders require a lot of space.



Ever since the industrial revolution, humans have been 

dependent on using energy in order to fuel their 

economics and make their lives easier. Unfortunately, in 

doing so, there have been several unexpected side effects. 

Economically, we need to utilize new and renewable 

types of energy, as our supplies of conventional sources 

of energy are very limited. The bio-fuel can be a good 

alternative for diesel for most of the developing 

countries.

Two types of vegetable oils are following.

1. Edible oils

2. Non-Edible oils





Advantages of Bio-Diesel

1. They are non-exhaustible type.

2. It can be cropped in a cyclic order.

Disadvantages of Bio-Diesel

1. High viscosity gives difficulties with fuel injection and 

with cold low pumping.

2. As the unsaturated oils are less chemically stable, they 

affect storage and promotes deposits on injector 

components and piston.

3. Leakage is not easily detected.

4. It can be used only on high compression ratio type 

engines.



The most promising substitutes for petroleum fuels are 

the alcohols, methanol and ethanol. 

These alcohols can be readily made from a number of 

non-petroleum sources. 

Ethanol or ethyl alcohol (C2H5OH) can produced by 

fermentation of carbohydrates which occur naturally and 

abundantly is some plants like sugarcane and from starchy 

materials like potatoes and corn. 

Hence these fuels can be produced from highly reliable 

and long lasting raw material sources. 

It has been known since the invention of the I.C engine 

that alcohol could be used as a motor fuel.







Gasohol is a mixture of petrol/gas and alcohol which 

can be used in automobile cars. 

Various fuels have been considered as substitutes for 

petroleum fuels used in automobile. 

The limited availability of fossil fuels has led to an 

increased effort to develop engines and injection systems 

capable of using alcohols, such as ethanol and methanol 

as alternative fuels. 

Gasohol is a gasoline extender made from a mixture of 

gasoline (90%) and ethanol (10%). 

In agricultural purposes we use the mixture of gasoline 

(97%) and methanol (3%).



Advantages of Gasohol

1. Gasohol has higher octane.

2. It has higher anti knocking properties.

3. High heat of vapourisation.

4. Higher engine efficiency.

5. Uniform and efficient torque development.

6. Lower exhaust emission than gasoline engines.

7. The alcohols can easily be blended with gasoline to form gasohol (80%

gasoline and 20% alcohol).

8. Improves thermal efficiency.

9. Higher compression ratio.

Disadvantages of Gasohol

1. High production cost.

2. Corrosion is high.

3. Low energy density.



As the demand for the present day fuel of I.C 

Engines, petrol and diesel increases, it ultimately 

stresses the scientists to find an alternative fuel to 

run the I.C Engines, which lead to the use of 

Hydrogen as a fuel for I.C Engines.

Hydrogen is an excellent fuel, with very low 

density both as a gas and a liquid. 

It is available everywhere, since it is produced 

mainly from water.





Advantages of Hydrogen

1. Extremely clean burning.

2. High calorific value.

3. Extremely wide ignition limits.

4. It can be produced from an abundant raw material, water.

5. Many of its properties are highly suited to I.C engine.

6. S.I engine can operate on hydrogen with very little throttling.

Disadvantages of Hydrogen

1. Low energy density.

2. Need special safety precautions, because it is a highly reactive 

fuel.

3. NOx emissions are higher for hydrogen peak values.



It is a natural fact that every automobile used for commercial 

purposes run by non-renewable source of energy. 

Moreover emission norms for automobiles are getting

strict day by day.

Thus the search for alternative fuels for automobiles leads to the 

invention of electric car.

 The Battery operated vehicles are popularly called as Electric 

vehicle (EV). 

All the Electric vehicles are non polluting, zero emission 

vehicles.

Electric cars use batteries to store energy needed to run the car. 

The lead-acid battery used in automobiles to start the engine is 

used in most of the electric cars.





Advantages of Electric Vehicle

1. Light in weight.

2. Starting of car is easy.

3. Less maintenance cost.

4. Vibration free operation.

5. Construction is very simple.

6. High speed and high starting acceleration is achieved.

7. There is no engine, carburetor, radiator, exhaust, gear box and clutch.

8. It is zero polluting and noiseless.

9. Very cheap compared with conventional engine automobiles.

Disadvantages of Electric Vehicle

1. Batteries life is short, hence high replacement cost.

2. Need for the distribution of charging points.

3. More energy will be needed in the night to charge the batteries.

4. Inferior performance parameters like acceleration, drivability.

5. Less autonomy than I.C engine driven cars.



The term “Hybrid drive” denotes such vehicle drives with more 

than one drive source.

Hybrid drives can incorporate several similar or dissimilar types 

of energy stores and power convertors.

Many alternative power sources and fuels are being investigated 

all over the world to meet the following requirements.

1. Increased fuel efficiency

2. Increased acceleration capability

3. Reduced HC, CO emissions

4. Reduced noise emission

Low emissions are possible by using a combination of power 

sources is hybrid power pack.



Types of Hybrid Vehicles

Hybrid vehicles can be classified 

as follows,

1. Series Hybrid Vehicle

2. Parallel Hybrid Vehicle







Advantages of Hybrid Vehicles

1. The I.C engine operates only at its optimal regime.

2. Less fuel consumption.

3. Low emission.

4. The cost of the engine is low as compared to that of 

installation of gas turbine and motor etc.

Disadvantages of Hybrid vehicles

1. It can be used for short distance only.

2. The batteries cannot serve for withstanding to long 

distances.



A fuel cell is a device that the energy produced 

during the electro chemical reaction between 

hydrogen and oxygen. 

The products are water heat and electricity. 

There is no oxides of nitrogen, HC and CO. 

Thus the use of the fuel cells can provide all the 

benefits of the battery and more along with 

extended range. 

They are also more efficient that the I.C Engine.





Types of Fuel Cells

1. Metal hybride fuel cell

2. Electro galvanic fuel cell

3. Direct formic acid fuel cell

4. Microbial fuel cell

5. Regenerative fuel cell

6. Direct baro hybride fuel cell

7. Alkaline fuel cell

8. Direct methanol fuel cell

9. Direct ethanol fuel cell

10. Phosphoric acid fuel cell

11. Molten carbonates fuel cell

12. Tubular solid oxide fuel cell



Advantages of Fuel Cells

1. Simple fuel requirements need hydrogen fuel only.

2. No recharging is necessary.

3. No time lost through recharging.

4. Fuel cells deliver maximum efficiency at low power levels.

5. More efficient than I.C Engine.

6. Low emission of pollutants.

5.12.5 Disadvantages of Fuel Cells

1. Construction is costlier.

2. Increased load capacity.

3. Lead elaborate storage methods for hydrogen have to be 

used.



Application of Fuel Cells

1. Automobile

2. Aerospace

3. Airplane

4. Educational purpose

5. Hydrogen transportation and Refuelling

6. Land vehicle

7. Boat

8. Submarine



1. List the advantages of hydrogen used in Automobiles.

[May/June 2007], [Nov./Dec. 2007], [Nov./Dec. 2009]

2. What is a hybrid vehicle? [May/June 2007]

3. What is gasohol? Briefly discuss about the emission from gasohol based 

vehicles.[Nov./Dec. 2007], [Apr./May 2010 Trichy]

4. What is hybrid electric vehicle? [Apr./May 2008]

5. Give the advantages of bio diesel. [Nov./Dec. 2008], [May/June 2013 Trichy]

6. Explain the application of fuel cell. [Nov./Dec. 2008]

7. On what principle are fuel cells working? [May/June 2009], [Apr./May 2008]

8. Compare LPG & CNG cars working principles.

[May/June 2009], [May/June 2011, Tirunelveli]

9. What is meant by parallel hybrid configuration? [Nov./Dec. 2009]

10. Name the components of an electric vehicle. [Apr./May 2010 Trichy]



11. What are the composition of CNG and mention some of the properties.

[Apr./May 2010 Tirunelveli]

12. What are characteristics of HEV configurations? [Apr./May 2010 

Tirunelveli]

13. Indicate the various constituents of CNG. [Nov./Dec. 2010 Trichy]

14. List the different method of storing hydrogen [Nov./Dec. 2010 Trichy]

15. Sate any two advantage of alternative fuels used in S.I. engines.

[May/June 2011 Trichy]

16. What is meant by fuel cell? [May/June 2011 Trichy],

[May/June 2011 Tirunelveli], [Apr/May 2015]

17. What do you understand by eDiesel? How it is prepared? [Nov/Dec 2011]

18. What are the limitations of hydrogen as on automobile fuel? [Nov/Dec 2011]

19. How does the energy flow take in electric vehicles? [Nov/Dec 2012 

Trichy]

20. Differentiate parallel and series hybrid vehicles. [Nov/Dec 2012 Trichy]



21. What are the advantages of CNG as a fuel in I.C. engines?

[May/June 2012 Trichy]

22. What are the advantages of fuel cell vehicle? [May/June 2012 Trichy]

23. Name the major components of a hybrid vehicle. [Nov/Dec 2013 Trichy]

24. Why fuel cells are not preferred for automobiles now? [Nov/Dec 2014]

25. Define energy intensity. [May/June 2014]

26. Why is hydrogen called as secondary energy source? [May/June 2014]

27. Write the advantage and disadvantage of bio-diesel. [Apr/May 2015]

28. What is a bi-fuel vehicle?

29. What is a dedicated vehicle?

30. What are the different alternative fuels suitable for automobiles? [Nov/Dec 

2014]

31. What are the demerits of alcohol?

32. What are the different types of hybrid vehicles? [Nov/Dec 2013 Trichy]

33. State any four types of fuel cell.



1. Discuss the operation and working principle of an LPG propelled automobile 

with neat sketch. [May/June 2007], [Apr/May 2015], [Nov/Dec 2013 Trichy] (16)

2. Explain the construction and working principle of Fuel cells, with simple 

sketches. [May/June 2007], [Nov./Dec. 2007], [Nov./Dec. 2008], [Nov./Dec. 

2009], [May/June 2011 Trichy], [Nov/Dec 2011] (16)

3. Discuss in detail about different alternate fuels for automotive engines with

respect to the following aspects: (i) Emission, (ii) Cost, (iii) Reliability, 

(iv) Availability, (v) Engine modifications needed. [Nov./Dec. 2007] (16)

4. Explain in detail about different types of Hybrid vehicle constructions with neat

sketches.

[Nov./Dec. 2007], [Nov./Dec. 2008], [May/June 2009], [Apr./May 2010 Trichy],

[Nov./Dec. 2010 Trichy], [May/June 2011 Tirunelveli], [Nov/Dec 2011], (16)

5. How bio diesel is produced? Explain its usage in automobile.

[Apr./May 2008], [Nov./Dec. 2008], [May/June 2009], [Nov./Dec. 2009] (16)



6. Explain the operation of hydrogen fueled vehicle with neat sketch.

[Apr./May 2008], [Apr./May 2010 Tirunelveli] (16)

7. Discuss the drive system of Electric vehicles [Nov./Dec. 2008] (6)

8. (a) Briefly explain the methods of using natural gas diesel engine fuel.

[Nov/Dec 2009], [Apr/May 2010 Trichy] (8)

8. (b) List out the different properties of hydrogen relevant to its use of I.C. Engines.

[Nov./Dec. 2009], [Apr./May 2010 Trichy], [May/June 2011 Tirunelveli] (8)

9. (i) Explain the reasons for looking for alternate fuels for IC engines. (6)

8. (ii) Explain alcohols as alternate fuels for IC engine bring out merits and demerits.

[Apr./May 2010 Tirunelveli], [May/June 2014], [May/June 2011 Trichy],

[May/June 2011 Tirunelveli] (10)

10. Explain the advantage and disadvantage of using LPG in SI engines. Compare

LPG and Petrol as fuel for SI Engine. [Nov./Dec. 2008], [Nov./Dec. 2009],

[Apr./May 2010 Tirunelveli], [Nov./Dec. 2010 Trichy] [May/June 2011 Tirunelveli] 

(16)



11. (a) Describe the properties of vegetable oil & explain the problems of using

vegetable oil in diesel engine. [Nov/Dec 2010 Trichy] (8)

8. (b) Explain the methods of using alcohols in petrol engines.

[Nov./Dec. 2010 Trichy] (8)

12. What do you know about emission norms? Discuss. [May/June 2009] (7)

13. Discuss various methods to reduce the level of pollutants in the exhaust gases.

[Apr./May 2010 Trichy] (16)

14. Discuss the production and storage techniques of hydrogen. (10)

15. What modifications are required with the engines if LPG and CNG are used as

fuels? (16)

16. Explain why hydrogen is considered as the most favorable fuel for future.

[May/June 2011 Trichy] (16)

17. Differentiate electric vehicle from hybrid vehicle. [May/June 2011 Trichy] (4)

18. Explain the fuel line modifications required to adopt LPG as fuel is automobiles.

[Nov/Dec 2011] (8)



COMPLETED


