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                                                                       PART A 
1. Percentage of  iso octane in a mixture of isooctane and normal heptane with ”the ”same anti knock 

characteristics as the fuel 
2. Air fuel ratio 7 to 30 
3. 14-22 
4. Density Of charge increases, hence more power.  
5. A hybrid vehicle uses two or more distinct types of power, such as internal combustion engine to drive a 

n electric generator that powers an electric motor. 
 
 

PART B 
1.     

 Handling and storage: flash point, fire point, viscosity , cloud point, pour point 
 Smooth and efficient burning: volatility, ignition quality, cetane number, diesel index, aniline 

point, API gravity and spécific gravity, Heat of combustion 
 Cleanliness: contamination, sulphur. 

2.  
 It has low energy content. 
 Produces more aldehydes in the exhaust. 
 More corrosive than gasoline. 
 Poor cold weather starting characteristics. 
 Poor ignition characteristics. 
 Danger in handling/ storage. 
 Vapor lock in fuel delivery system 

3. 
 Preignition is the The ignition of charge as it comes in contact with hot surfaces before the 

actual spark occurs. It Increases the tendency of detonation, heat transfer to cylinder walls, and 
Pre ignition in single cylinder will reduce the speed and power output.  
Causes 

 Over heat of sparkplug and exhaust valve, which ignites the charge before spark occurs. 
 Carbon deposits or protruding cylinder head gaskets. 
 Due to persistent detonating pressure shock waves. 

4. 
 Noise and rough ness 
 Mechanical damage 
 Carbon deposites 
 Increase in heat transfer 
 Decrease in power. output and efficiency 
 Pre-ignition 
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5.   
 Diesel cycle and Otto cycle. 
 Diesel has less SIT and less volatile 
 Homogeneous Air fuel mixture in SI 
 Only air enters in to the cylinder in Cl 
 SI engine combustion chamber is small 
 SI knocking due to autoignition, Cl knock due to ignition delay. 
 SI compression ratio 6 - 10, CI- 12 - 20. 

 
6. 

 The overall air fuel ratio vary from about 100:1 at no load and 20:1 at full load. 
 There would be areas where the mixture is yery lean or very rich.  
 There is no definite flame front In Cl engines. 
 Full 1oad air fuel ratio is leaner than stoichiometric. 
 CI engine must always operate with excess air (A:F ratio 20 to 23). 
 The power continuously increases as the A:F ratio is reduced towards stoichiometric. 

7. 
 The power output of a supercharged engine is higher than its naturally aspirated counterpart. 
 Mechanical efficiency of supercharge engines are slightly better than the naturally aspirated 

engines. 
 Inspite of better mixing and combustion due to reduced delay,  a mechanically supercharged 

otto engine almost always have specific fuel consumption higher than a naturally aspirated 
engine. 

 
PART C 

III.a )  
 Lighter than air. 
 Higher ignition temperature. 
 CNG is injected in to the intake manifold.  
 A low pressure common rail supplies NG 
 The gaseous supply of fuel simplifies mixture formation and distribution.  
 CNG will not contaminate or dilute crank case oil. 
 Easy starting; steady idling and smooth acceleration. 
 Lower fuel mass necessary for stoichiometric combustion (17.2:1). 
 Lower volumetric efficiency. 
 Lack the torque, hence can achieve high speed. 
 High compression ratio is possible with CNG (13:1). 
 High anti knock quality. (120) 
 Efficiency can be improved.  
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III.b)  
 Bi-fuel vehicles are vehicles with multi fuel engines capable of running on two fuels. 
 On internal combustion engines one fuel is gasoline or diesel, and the other is an alternate fuel 

such as natural gas (CNG), LPG, or hydrogen. 

 The.two fuels are stored in separate tanks and the engine runs on one fuel at a time.  
 Bi-fuel vehicles have the capability to switch back and forth from gasoline or diesel to thé 

other fuel, manually or automatically. 
 Low and middle speed conversion, High speed conversion. 

 
IV.a)  

 Biodiesel refers to a vegétable oil- or animal fat-based diesel fuel consisting of long-chain 
alkyl (methyl, ethyl, or propyl) esters.  

 Biodigsel is typically made by chemically reacting lipids (e.g., vegetable oil, soybean oil, 
animal fat with an alcohol producing fatty acid esters. 

 Biodiesel can be used in pure form or may be blended with petroleum diesel at any 
concentration in most injection pump diesel engines. 

 Biodiesel has different soIvent properties from petro diesel, and will degrade natural rubber 
gaskets and hoses in vehicles. 

 Biodiesel has been known to break down deposits of residue in the fuel lines where diesel has 
been used. 

 Blends of 20% biodiesel and lower can be used in diesel equipment with no, or only minor 
modifications, although certain manufacturers do not extend warranty coverage if equipment 
is damaged by these blinds. The B6 to B2O blends arc covered by the Biodiesel can also be 
used in its pure form (BIOO), but may require certain engine modifications to avoid 
maintenance and performance problems. Blending B100 with Petroleum diesel may be 
accomplished by: Mixing in tanks at manufacturing point prior to delivery. 

IV.b)  
Advantages 

 Cheaper than gasoline, Highly knock resistant. 
 Better manifold distribution and mixes easily with air. 
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 Crank case oil dilution is small, Residue and oil contaminations is small. 
Disadvantages 

 Advantage in engines of higher compression ratio only.  
 Reduces volumetric efficiency. 
 Handling has to be done under pressure about 18 bar. 
 Faint odor, leakage can’t be easily detected.  
 Low motor octane number. 
 Response to blending is very poor. 

 
V.a)  

 Knocking is due to auto ignition of end portion of unburned charge in combustion chamber. 
 As the normal flame proceeds across the chamber, pressure and temperature of unburned 

charge increase due to combustion by burned portion of charge. 
 Then auto ignite and release the energy at rapid rate, Thus high pressure wave is generated. 
 Which causes vibration of engine parts and ringing noises.  
 Pressure frequency: 5000 cyctes per second. 
 Detonation affects engines performance and life. 
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V.b)  

 Rate of flame propagation affects the combustion process in SI engines. 
 High flame propagation: high combustion economy and fuel efficiency. 
 Air fuel ratio: flame speed is reduced for both lean and rich mixture. 
 Compression ratio: higher CR speed up the second phase of combustion 
 Load on engine: with Increase in load, flame speed also increases. 
 Turbulence and engine speed: turbulence directly proportional to flame speed. Turbulence 

of mixture increases with engine speed  
 Engine size: regardless of size, similar engines have same flame speed 
 Other factors: supercharging, spark timing, residual gases left. 

 
VI.a)  

 Ignition lag stage:  interval between instant of spark and start of combustion. 
 Flame propagation stage: self-sustained and must be able to propagate through the mixture. 
 After burning: combustion will not stop after attaining peak pressure 

 
VI.b)  

 Increase in compression ratio - Increases temperature and pressure of unburned charge 
 Mass of charge inducted - Increases pressure  
 Inlet temperature - Increases temperature  
 Chamber wall temperature - Increases temperature 
 Spark advance  - Increases temperature and pressure 
 Air fuel ratio - Increases temperature and pressure 
 Turbulence - Deceases time factor 
 Engine speed - Deceases time factor  
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 Distance of flame travel - Increases time factor 
 

VII.a)  
Delay period /Pre-flame combustion 

 The time interval between start of injection and start of combustion is known as delay period. 
 It is represented by A-B.  
 Point “A” represents the time of injection and point “B” represents the start of combustion. 

 

 
Delay period 

 The delay period is the time between the start of injection and start of combustion.  
 The delay period extends for about 13 deg movement of crank.  
 If there is no delay, the fuel would burn at injector and there would be oxygen deficiency around 

the injector, which results in incomplete combustion.  
 If the delay period is too long, amount of fuel availability for simultaneous explosion , is too great 

, which results in rapid pressure rise.  
 The delay period should be as short as possible since long delay period gives more rapid rise in 

pressure and thus causes knocking. 
Component of Delay period or Ignition Lag 

 Ignition delay can be divided into two parts: Physical Delay period and chemical delay period. 
 Physical Delay: It is the time for atomization, vaporization and mixing of the fuel with air.  
 During this period charge attains self ignition temperature. 
 This physical delay depends on the type of fuel, i.e., for light fuel the physical delay is small 

while for heavy viscous fuels the physical delay is high.  
 The physical delay is greatly reduced by using high injection pressures and high turbulence to 

facilitate breakup of the jet and improving evaporation.  
 Chemical Delay: It is the time interval between end of physical delay period and start of 
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combustion.Now the charge is ready for burning. 
Total delay period = Physical delay period + Chemical delay period  
tt =t p + tc , 
In CI engine t p >> tc ,  
In SI engine t p =0 (In SI engine mixing takes place inside the carburettor) 
 

VII.b)  
 Add 1% of ethyl nitrate or any nitrate to accelerate the combustion of fuel 

 Raising the compression ratio. 
 Increasing the turbulence of compressed air injected. 
 Increase injection pressure, which encourages the atomization of 

            fuel and prevent knock. 
 By raising the temperature. 
 By supercharging. 
 By better fuel, higher CN, Knock reducing fuel injector, increasing 
 

VIII.a)  
 

 Period of rapid combustion: During delay period a considerable amount of 
            fuel is accumulated in combustion chamber. 

 These fuel droplets burns very rapidly. The rate of release is maximum 
during this period. 

 Period of controlled combustion: pressure rise controlled by injection rate. 
 Assumed to erid at maximum cycle temperature. 
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VIII.b)  
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IX.a) 

 
 Air fuel mixture is compressed after the carburetor. 
 Compressor provides denser charge to the engine 

 
IX.b)  

 Constant pressure turbocharging- various cylinders discharge their exhaust in to a common 
manifold at pressure higher than the atmospheric. 

 Pulse turbo charging- as the exhaust valve opens; a considerable part of the blow down energy is 
converted in to exhaust pipes. 

 Pulse converter- advantages of both the above.  
Two stage turbocharger- series type. 

 Miller turbocharging: based on the idea of increasing the expansion ratio relative to compression 
ratio by means of early closure of inlet valve as the boost pressure is increased. 

 Hyper bar turbocharging-by pass control, auxiliary combustion chamber. 
  
X.a) 

 Electric motor, motor controller, batteries. 
 The electric vehicle power source is the battery which supplies the electric motor with the 

energy necessary to move the vehicle. 
 The controller acts as a regulator, and controls the arrlount of power received from the 

batteries so the motor does not burn out. 
 Everything else in the e(ectric car is basically the same as its gas-powered equivalent! 
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transmission, brakes, air conditioning,” and airbags. 
 Since electric vehicles use an electric motor, the driver can take advantage of the motor's 

momentum when pressure is applied on the brakes. 
 An electric car uses the forward momentum of the motor to recharge the battery. 

 
X.b)  

 Two electrodes sandwiched around an electrolyte. 
 Oxygen passes over one electrode, hydrogen over the other. Hydrogen fuel is fed in to the 

anode of the fuel cell. 
 Oxygen enters the fuel through the cathode. 
 By a catalyst, hydrogen splits in to proton and electron, which take different paths to the 

cathode 
 Proton passes through the electrolyte. 
 The electron create separate current that can be utilized before they return 

 
 


