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Multipoint injection has one injector for each engine cylinder, where fuel is injected in  more 

than one location. This is somewhat more common and  is  often called  port  injection 

system. 

 

6. What is meant by knocking combustion?(May 2011) 

Knock is the autoignition of the portion of fuel, air and residual gas mixture ahead of the 

advancing flame, that produces a noise. As the flame propagates across combustion chamber, 

end gas is compressed causing pressure, temperature and density to increase. Some of the end 

gas fuel-air mixture may undergo chemical reactions before normal combustion causing 

autoignition - end gases then burn very rapidly releasing energy at a rate 5 to 25 times in 

comparison to normal combustion. This causes high frequency pressure oscillations inside the 

cylinder that produce sharp metallic noise called knock. 

 

7. Define octane number of a fuel and anti knock index. (Nov 2012) 

It is defined as the percentage by volume of iso octane in a mixture of iso octane and 

normal heptane, which exactly matches the knocking intensity of the fuel in a standard engine 

under a set of operating conditions.  

 

 Anti-Knock Index (AKI) is the average of the RON and the MON and often written 

as (R+M)/2). 

8. What is the effect of increasing the temperature and pressure on knocking in a S.I engine? 

(Apr 2015) 

Increasing the temperature and pressure of the mixture makes the compression 

temperature higher thereby increasing the tendency of knocking.  

 

9. List a few antiknock agents commonly added to gasoline. (May 2013) 

 Tetraethyllead  

 MTBE(Methyl Tertiary Butyl Ether) 

 Alcohol. 

 Ferrocene. 

 Iron pentacarbonyl. 

 Toluene. 

 Isooctane. 

 

10. What are the various factors affecting knock in S.I engine? (Apr 2016) 

1. Density factors 

2. Time factors 

3. Composition factors 

4. Temperature factors 
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11. List the different types of combustion chamber in S.I engine? (Apr 2016) 

 T-Head Type 

 L-Head Type 

 I-Head Type or Overhead Valve 

 F-Head Type 

12. Why is there maldistribution in multi cylinder engine?(Nov 2011) 

 

In a multicylinder engine , due to the intake valve open in cylinder 2, the gasoline moves to the 

end of the manifold and accumulates there. This enriches the mixture going to the end cylinders. 

However, the central cylinders, which are very close to the carburetor get the leanest mixture. 

Thus the various cylinders receive the air gasoline mixture in various quantities and richness 

leads to maldistribution. 

 

13. Define delay period with respect to S.I engine combustion? (Nov 2014) 

 

Delay periopd is the time interval in the process of chemical reaction during which  molecules 

get heated up to self ignition temperature , get  ignited and produce a  get  ignited and produce a  

self propagating nucleus of flame. 

14. In what respects the working process in an actual engine differ from theoretical cycle.(Nov 

2015) 

 The working substance being a mixture of air and fuel vapor or finely atomized liquid 

fuel in air combined with the products of combustion left from the previous cycle.  

 The change in chemical composition of the working substance.  

 The variation of specific heats with temperature.  

 The change in the pressure,  temperature and actual amount of fresh charge because of 

the residual gases 

15. Which is better efficient four stroke or two stroke engine? Why? (Nov 2013) 

 

Four stroke is more efficient than 2 stroke in terms of fuel consumption and emission. 

But in terms of power, 2 stroke is more efficient. it produces power in 1 revolutions of crankshaft 

than 4 stroke in which 2 revolutions required.  

 

16. Why compression ratio for petrol engine is low and diesel engine have higher compression 

ratio? (Nov 2013) 

Gasoline autoignition temperature is over 530 degrees. Diesel autoignition temperature is 

just over 280 degrees. It's much easier to compress air to attain a stable temperature for diesel 

ignition than gasoline 

STUCOR APP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



 

STUCOR APP 

P.PURUSHOTHAMAN ASST.PROFESSOR AGNI COLLEGE OF TECHNOLOGY Page 5 

 

17. Mention the flammability limit for gasoline fuel.(May 2013) 

 

iso-Octane 0.79-5.94  in % by volume of air 

 

18. Define mean effective pressure and stoichiometric Air/Fuel ratio.(Nov 2012)  

 

The mean effective pressure is the average pressure inside the cylinders of an internal 

combustion based on the measured power output.  

A stoichiometric air- fuel ratio is the exact air- fuel ratio needed to burn the fuel in the 

mixture completely, leading to the complete combustion of the fuel.  

 

Part B 

1. Discuss Air/fuel ratio requirements of a S.I engine. (Apr 2015)(Nov 2015)  

What are different air fuel mixture as which gasoline engine operated? Explain them?  

(May 2011) 

AUTOMOTIVE ENGINE AIR-FUEL MIXTURE REQUIREMENTS 

  Actual air- fuel mixture requirements in an automotive engine vary considerably from the ideal 

conditions. For successful operation of the engine, the carburetor has to provide mixtures which 

follow the general shape of the curve ABCD (single cylinder) and A'B'C'D' (multicylinder) in 

Figure.
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 which represents a typical automotive engine requirement. The carburetor must be suitably 

designed to meet the various engine requirements.  

As indicated in Fig. there are three general ranges of throttle operation. In each of these, the 

automotive engine requirements differ. As a result, the carburetor must be able to supply the 

required air- fuel ratio to satisfy these demands. These ranges are: 

 Idling (mixture must be enriched) 

 Cruising (mixture must be leaned) 

 High Power (mixture must be enriched) 

Idling Range  

 An idling engine is one which operates at no load and with nearly closed throttle.  

 Under idling conditions, the engine requires a rich mixture, as indicated by point A in above  

Fig. This is due to the existing pressure conditions within the combustion chamber and the 

intake manifold which cause exhaust gas dilution of the fresh charge.  

 The pressures indicated in below Fig. are representative values which exist during idling.  

 
  The exhaust gas pressure at the end of the exhaust stroke does not vary greatly from the 

value indicated in Fig. 

  As regardless of the throttle position. Since, the clearance volume is constant the mass of 

exhaust gas in the cylinder at the end of the exhaust stroke tends to remain fairly constant 

throughout the idling range.  

 The amount of fresh charge brought in. during idling, however is much less than that during 

full throttle operation, due to very small opening of the throttle.  

 This results in a much larger proportion of exhaust gas being mixed with the fresh charge 

under idling conditions. 

  As the throttle is gradually opened from A to B, (Fig.8.3), the pressure differential between 

the inlet manifold and the cylinder becomes smaller and the exhaust gas dilution of the fresh 

charge diminishes. 

  Mixture requirements then proceed along line AB (Fig.8.3) to a leaner AIF ratio required for 

the cruising operation. 

Cruising Range 

STUCOR APP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



 

STUCOR APP 

P.PURUSHOTHAMAN ASST.PROFESSOR AGNI COLLEGE OF TECHNOLOGY Page 7 

 

 In the cruising range from B to C , the exhaust gas dilution problem is relatively 

insignificant. The primary interest lies in obtaining the maximum fuel economy. 

 Consequently, in this range, it is desirable that the carburetor provides the engine with the 

best economy mixture. 

Power Range 

 During peak power operation the engine requires a richer mixture,as indicated by the line 

CD, for the following reasons 

(i) To provide best power: 

 Since high power is desired, it is logical to transfer the economy settings of the cruising 

range to that mixture which will produce the maximum power, or a setting in the vicinity of 

the best power mixture, usually in the range of 12:1. 

(ii) To prevent overheating of exhaust valve and the area near it: 

 At high power, the increased mass of gas at higher temperatures passing through the cylinder 

results in the necessity of transferring greater quantities of heat away from critical areas 

 such as those around the exhaust valve.  

 Enriching  the mixture reduces the flame temperature and the cylinder temperature.  

 This reduces the cooling problem and also reduces the tendency to damage exhaust valves at 

high power.  

 In the cruising range, the mass of charge is smaller and the tendency to burn the exhaust 

valve is not as high. 

 

2.With a neat sketch explain in detail about different types of fuel injection system used in 

S.I engines.(Apr 2016) 

Explain port injection and throttle body injection with neat sketch.(Nov 2015) 

Port Injection 

 

 In this system, the injector is placed on the side of the intake manifold near the intake port. 

The injector sprays gasoline into the air, inside the intake manifold.  

 The gasoline mixes with the air in a reasonably uniform manner.  

 This mixture of gasoline and air then passes through the intake valve and enters into the 

cylinder.Every cylinder is provided with an injector in its intake manifold.  

 If there are six cylinders, there will be six injectors.  
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                      a)  throttle body injection                b)  port  injection 

 

Throttle Body Injection 

 This throttle body is similar to the carburetor throttle body, with the throttle valve 

controlling the amount of air entering the intake manifold. 

 An injector is placed slightly above the throat of the throttle body.  

 The injector sprays gasoline into the air in the intake manifold where the gasoline mixes 

with air. This mixture then passes through the throttle valve and enters into intake manifold. 

 

3.Compare continuous injection and timed injection systems. (May 2014) 

Continuous Injection Systems 

 In continuous injection system, gasoline is  sprayed continuously from the injectors . 

 This system usually has a rotary pump. The pump maintains a fuel line gauge  

 pressure of about 0.75 to 1.5 bar.  

 The system injects fuel through a nozzle located in the manifold immediately downstream of 

the throttle plate.  

 In a supercharged engine, fuel is injected at the entrance of the supercharger.  

 The timing and duration of the fuel injection is determined by Electronic Control Unit 

(ECU) depending upon the load and  speed 

 

Timed Injection Systems 

 In the timed injection system, gasoline is sprayed from the injectors in pulses.  

 This system has a fuel supply pump which sends fuel at a low pressure of about 2 bar when 

the engine is running at  maximum speed.   

 A fuel metering or injection pump and a nozzle are the other parts of the system.  

 The nozzle injects the fuel in the manifold or the cylinder head port at about 6.5 bar or into 

the combustion chamber at pressures that  range from 16 to 35 bar.   

 Timed injection system injects fuel usually during the early part of the suction stroke  
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4.Describe the various stages of combustion in a S.I engine with a P-θ diagram. (Apr 

2015)(Nov 2014)(May 2013)(Nov 2012)(may 2012)(Nov 2011) 
A typical theoretical pressure crank angle diagram during the process of compression (a-b), 

combustion (b-c) and expansion (c-d) in an ideal four stroke spark ignition engine.  

 
In an ideal engine as can be seen from the diagram, the entire pressure rise during combustion 

takes place at constant volume. 
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The detailed process of combustion in an actual SI engine is described below.Sir Ricardo, 

known as the father of engine research, describes the combustion process in a SI engine as 

consisting of three stages: 

i. Ignition lag stage 

ii. Flame propagation stage 

iii. After burning stage 

 

The first stage (A~B) is referred to as the ignition lag or preparation phase in which growth and 

development of a self propagating nucleus of flame takes place.  

 This is a chemical process depending upon both temperature and pressure, the nature of the 

fuel and the proportion of the exhaust residual gas.  

 Further, it also depends upon the relationship between the temperature and the rate of 

reaction.  

The second stage (B~C) is a physical one and it is concerned with the spread of the flame 

throughout the combustion chamber.  

 The starting point of the second stage is where thefirst measurable rise of pressure is see n on 

the indicator diagram i.e., the point wherethe line of combustion departs from the 

compression line (point B). 

 This can be seen from the deviation from the motoring curve.  

 During the second stage the flame propagates practically at a constant velocity.  

 Heat transfer to the cylinder wall is low, becauseonly a small part of the burning mixture 

comes in contact with the cylinder wall during this period.  
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 The rate of heat-release depends largely on the turbulence intensity and also on the reaction 

rate which is dependent on the mixture composition.  

 The rate of pressure rise is proportional to the rate of heat-release because during this 

stage,the combustion chamber volume remains practically constant (since piston is near the 

top dead centre). 

The starting point of the third stage is usually taken as the instant at which the maximum 

pressure is reached on the indicator diagram (point C).  

 The flame velocity decreasesduring this stage.  

 The rate of combustion becomes low due to lower flame velocity and reduced flame front 

surface.  

 Since the expansion stroke starts before this stage of combustion, with the  

 piston moving away from the top dead centre, there can be no pressure rise during this stage.  

 

5.Explain in detail about normal and abnormal combustion in S.I Engines.(Apr 2016)(Nov 

2014)(Nov 2011) 

Normal combustion 

Spark-ignited flame moves steadily across the combustion chamber until the charge is 

fully consumed. A combustion process which is initiated solely by a timed spark and in which 

the flame front moves completely across the combustion chamber in a uniform manner at a 

normal velocity. 
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Abnormal combustion 

Fuel composition, engine design and operating parameters, combustion chamber deposits may 

prevent occurring of the normal combustion process. A combustion process in which a flame 

front may be started by hot combustion-chamber surfaces either prior to or after spark ignition, 

or a process in which some part or all of the charge may be consumed at extremely high rates  

There are two types of abnormal combustion: 

 Knock 

 Surface ignition 

i.Knock 

 Knock is the auto ignition of the portion of fuel, air and residual gas mixture ahead of the 

advancing flame that produces a noise.  

  As the flame propagates across combustion chamber, end gas is compressed causing 

pressure, temperature and density to increase.  

  This causes high frequency pressure oscillations inside the cylinder that produce sharp 

metallic noise called knock.  

 Knock will not occur when the flame front consumes the end gas before these reactions have 

time to cause fuel-air mixture to autoignite.  

 Knock will occur if the precombustion reactions produce auto ignition before the flame front 

arrives. 

 

ii.Surface Ignition 

 Surface ignition is ignition of the fuel-air charge by overheated valves or spark plugs, by 

glowing combustion chamber deposits or by any other hot spot in the engine combustion 

chamber - it is ignition by any source other than the spark plug.  

 It may occur before the spark plug ignites the charge (preignition) or after normal ignition 

(postignition). 

 

6..Discuss the effect of following engine variables on flame propagation. A) Fuel air ratio 

b)compression ratio c) Engine load d) Turbulence e) Engine speed. (May 2014)   

Rate of flame propagation affects the combustion process in SI engines. Higher combustion 

efficiency and fuel economy can be achieved by higher flame propagation velocities. 

Unfortunately flame velocities for most of fuel range between 10 to 30 m/second.  

The factors which affect the flame propagations are  

1. Air fuel ratio  

2. Compression ratio  

3. Load on engine  

4. Turbulence  

5. Engine speed  
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6. Engine size  

 

1. A:F ratio: 

The mixture strength influences the rate of combustion and amount of heat generated. The 

maximum flame speed for all hydrocarbon fuels occurs at nearly 10% richmixture. Flame speed 

is reduced both for lean and as well as for very rich mixture. Lean mixture releases less heat 

resulting lower flame temperature and lower flame speed. Very rich mixture results incomplete 

combustion and also results in production of less heat and flame speed remains low.  

2. Compression ratio: 

The higher compression ratio increases the pressure and temperature of the mixture and also 

decreases the concentration of residual gases. All these factors reduce the ignition lag and help to 

speed up the second phase of combustion. The maximum pressure of the cycle as well as mean 

effective pressure of the cycle with increase in compression ratio. Figure above shows the effect 

of compression ratio on pressure (indirectly on the speed of combustion) with respect to crank 

angle for same A: F ratio and same angle of advance. Higher compression ratio increases the 

surface to volume ratio and thereby increases the part of the mixture which after-burns in the 

third phase.  

3. Load on Engine :  

With increase in load, the cycle pressures increase and the flame speed also increases. In S.I. 

engine, the power developed by an engine is controlled by throttling. At lower load and higher 

throttle, the initial and final pressure of the mixture after compression decrease and mixture is 

also diluted by the more residual gases. This reduces the flame propagation and prolongs the 

ignition lag. This is the reason, the advance mechanism is also provided with change in load on 

the engine. This difficulty can be partly overcome by providing rich mixture at part loads but this 

definitely increases the chances of afterburning. The after burning is prolonged with richer 

mixture. In fact, poor combustion at part loads and necessity of providing richer mixture are the 

main disadvantages of SI engines which causes wastage of fuel and discharge of large amount of 

CO with exhaust gases.  

4.Turbulence: 

Turbulence plays very important role in combustion of fuel as the flame speed is directly 

proportional to the turbulence of the mixture. This is because, the turbulence increases the 

mixing and heat transfer coefficient or heat transfer rate between the burned and unburned 

mixture. The turbulence of the mixture can be increased at the end of compression by suitable 

design of the combustion chamber (geometry of cylinder head and piston crown). Insufficient 

turbulence provides low flame velocity and incomplete combustion and reduces the power 

output. But excessive turbulence is also not desirable as it increases the combustion rapidly a nd 

leads to detonation. Excessive turbulence causes to cool the flame generated and flame 

propagation is reduced. Moderate turbulence is always desirable as it accelerates the chemical 

reaction, reduces ignition lag, increases flame propagation and even allows weak mixture to burn 

efficiently.  
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5.Engine Speed  

The turbulence of the mixture increases with an increase in engine speed. For this reason 

the flame speed almost increases linearly with engine speed. If the engine speed is doubled, 

flame to traverse the combustion chamber is halved. Double the original speed and half the 

original time give the same number of crank degrees for flame propagation. The crank angle 

required for the flame propagation, which is main phase of combustion will remain almost 

constant at all speeds. This is an important characteristic of all petrol engines.  

6.Engine Size  

Engines of similar design generally run at the same piston speed. This is achieved by 

using small engines having larger RPM and larger engines having smaller RPM. Due to same 

piston speed, the inlet velocity, degree of turbulence and flame speed are nearly same in similar 

engines regardless of the size. However, in small engines the flame travel is small and in large 

engines large. Therefore, if the engine size is doubled the time required for propagation of flame 

through combustion space is also doubled. But with lower RPM of large engines the time for 

flame propagation in terms of crank would be nearly same as in small engines. In other words, 

the number of crank degrees required for flame travel will be about the same irrespective of 

engine size provided the engines are similar.  

 

7. Explain various factors that affect knock in S.I engine.(Apr 2015) 

Explain the effect of various engine variables on S.I engine knock.(May 2011). 

What actions can be taken with regard to following variables in order to reduce the 

possibility of detonation in S.I engine? Justify your answers by reasons. a)compression 

ratio b)ignition timing c)Mixture inlet temperature d)Distance of flame travel.(May 2012) 

Factors affecting knocking in SI engines 

The various engine variables affecting knocking can be classified as: 

 Temperature factors 

 Density factors 

 Time factors 

 Composition factors 

(A) TEMPERATURE FACTORS 

Increasing the temperature of the unburned mixture increase the possibility of knock in the SI 

engine we shall now discuss the effect of following engine parameters on the temperature of the 

unburned mixture: 

i. Raising the Compression Ratio 

Increasing the compression ratio increases both the temperature and pressure (density of the 

unburned mixture). Increase in temperature reduces the delay period of the end gas which in turn 

increases the tendency to knock. 

ii.Supercharging 

It also increases both temperature and density, which increase the knocking tendency of engine 
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iii.Coolant Temperature 

Delay period decreases with increase of coolant temperature, decreased delay period increase the 

tendency to knock 

iv.Temperature Of The Cylinder And Combustion Chamber Walls : 

The temperature of the end gas depends on the design of combustion chamber. Sparking plug 

and exhaust valve are two hottest parts in the combustion chamber and uneven temperature leads 

to pre- ignition and hence the knocking. 

(B) DENSITY FACTORS 

Increasing the density of unburnt mixture will increase the possibility of knock in the engine. 

The engine parameters which affect the density are as follows: 

Compression ratio: 

 Increase in compression ratio increases the pressure and temperature of the gases at the 

end of compression stroke. This decreases the ignition lag of the end gas and thereby increasing 

the tendency for knocking.  

  

Mass of inducted charge: 

 A reduction in the mass of the inducted charge into the cylinder of an engine by throttling 

or by reducing the amount of supercharging reduces both temperature and density of the charge 

at the time of ignition. 

Inlet temperature of the mixture: 

 Increase in the lnlet temperature of the mixture makes the compression temperature 

higher thereby increasing the tendency of knocking. 

Temperature of the combustion chamber walls: 

 In order to prevent knocking the hot spots in the combustion chamber should be avoided.  

Retarding the Spark timing: 

 By retarding the spark timing from the optimized timing, the peak pressure are reached 

farther down on the power stroke and are thus of lower magnitude. This might reduce the 

knocking. 

Power output of the engine: 

 A decrease in the output of the engine decreases the temperature of the cylinder and the 

combustion chamber walls and also the pressure of the charge thereby lowering mixtures and end 

gas temperatures. This reduces the tendency to knock.  

 

(C) TIME FACTORS 

Increasing the time of exposure of the unburned mixture to auto- ignition conditions increase the 

possibility of knock in SI engines. 

i. Flame travel distance: 

If the distance of flame travel is more, then possibility of knocking is also more. This problem 

can be solved by combustion chamber design, spark plug location and engine size. Compact 

combustion chamber will have better anti-knock characteristics, since the flame travel and 
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combustion time will be shorter. Further, if the combustion chamber is highly turbulent, the 

combustion rate is high and consequently combustion time is further reduced; this further 

reduces the tendency to knock. 

ii.Location of sparkplug: 

A spark plug which is centrally located in the combustion chamber has minimum tendency to 

knock as the flame travel is minimum. The flame travel can be reduced by using two or more 

spark plugs. 

iii.Location of exhaust valve : 

The exhaust valve should be located close to the spark plug so that it is not in the end gas region; 

otherwise there will be a tendency to knock.  

iv.Engine size 

Large engines have a greater knocking tendency because flame requires a longer time to travel 

across the combustion chamber. In SI engine therefore, generally limited to 100mm 

v.Turbulence of mixture 

Decreasing the turbulence of the mixture decreases the flame speed and hence increases the 

tendency to knock. Turbulence depends on the design of combustion chamber and one engine 

speed. 

COMPOSITION FACTORS 

i. Molecular Structure 

The knocking tendency is markedly affected by the type of the fuel used. Petroleum fuels usually 

consist of many hydro-carbons of different molecular structure. The structure of the fuel 

molecule has enormous effect on knocking tendency. Increasing the carbon-chain increases the 

knocking tendency and centralizing the carbon atoms decreases the knocking tendency. 

Unsaturated hydrocarbons have less knocking tendency than saturated hydrocarbons. 

ii.Fuel-air ratio: 

The most important effect of fuel-aft ratio is on the reaction time or ignition delay. When the 

mixture is nearly 10% richer than stoichiometric (fuel-air ratio =0.08) ignition lag of the end gas 

is minimum and the velocity of flame propagation is maximum. By making the mixture leaner or 

richer (than F/A 0.08) the tendency to knocks decreased. A too rich mixture is especially 

effective in decreasing or eliminating the knock due to longer delay and lower temperature of 

compression. 

iii.Humidity of air: 

Increasing atmospheric humidity decreases the tendency to knock by decreasing the reaction 

time of the fuel. 

 

8.Explain briefly the measurement of knock in S.I engine combustion.(Nov 2012).  

For detection and measurement of knock many methods have been employed.  
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 The human ear is a very sensitive knock detector and aural detection of knock is routinely 

used to determine the octane number of fuel required by a car to have knock free 

operation.  

 As the knocking combustion noise is the result of vibrating engine structure, knock 

detectors employing accelerometers that may be mounted on cylinder head bolts are used 

to measure knock. These knock detectors measure amplitude of vibrations in the audible 

frequency range of 5 to 10 kHz that characterizes the knocking intensity.  

 The cylinder pressure time history measured by piezoelectric pressure transducer 

provides data for a detailed study of combustion. The pressure signal is filtered to isolate 

pressure oscillation to characterize knock intensity. As the amplitude of pressure 

oscillations depends on the amount of end gas that auto ignites and hence the energy 

released spontaneously , it is a good measure of knock intensity. The amplitude of 

pressure oscillation may from about 40 kpa for the cycles with trace knock to over 300 

kpa for the cycles with heavy knock.  

9.Discuss the different types of combustion chambers employed in S.I engine. (Nov 

2015)(Apr 2015)(Nov 2014)(May 2013)(may 2012)(Nov 2011).  

DIFFERENT TYPES OF COMBUSTION CHAMBERS IN SI ENGINE 

Variations are enumerated and discussed below: 

 T-head combustion chamber 

 L-head combustion chamber 

 I-head (or overhead valve) combustion chamber 

 F-head combustion chamber 

It may be noted that these chambers are designed to obtain the objectives namely: 

 A high combustion rate at the start.  

 A high surface-to-volume ratio near the end of burning. 

 A rather centrally located spark plug.  

i.T Head Type Combustion chambers  

This was first introduced by Ford Motor Corporation in 1908. This design has 

following disadvantages. 

 Requires two cam shafts (for actuating the in- let valve and exhaust valve separately) by 

two cams mounted on the two cam shafts.  

 Very prone to detonation. There was violent detonation even at a compression ratio of 4. 

This is because the average octane number in 1908 was about 40 -50. 

ii.L Head Type Combustion chambers 

It is a modification of the T-head type of combustion chamber. It provides the two values 

on the same side of the cylinder, and the valves are operated through tappet by a single camshaft. 

This was first introduced by Ford motor in 1910-30 and was quite popular for some time. This 

design has an advantage both from manufacturing and maintenance point of view.  

Advantages: 
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 Valve mechanism is simple and easy to lubricate. 

 Detachable head easy to remove for cleaning and decarburizing without. 

 Disturbing either the valve gear or main pipe work. 

 Valves of larger sizes can be provided. 

 

Disadvantages: 

 Lack of turbulence as the air had to take two right angle turns to enter the 

cylinder and in doing so much initial velocity is lost.  

 Extremely prone to detonation due to large flame length and slow 

combustion due to lack of turbulence.  

 More surface-to-volume ratio and therefore more heat loss.  

 Extremely sensitive to ignition timing due to slow combustion process 

 Valve size restricted. 

 Thermal failure in cylinder block also. In I-head engine the thermal failure is 

confined to cylinder head only. 

 
iii.Overhead valve or I head combustion chamber 
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 The disappearance of the side valve or L-head design was inevitable at high compression 

ratio of 8:1 because of the lack of space in the combustion chamber to accommodate the 

valves.  

 Diesel engines, with high compression ratios, invariably used overhead valve design.  

 Since 1950 or so mostly overhead valve combustion chambers are used.  

 This type of combustion chamber has both the inlet valve and the exhaust valve located in 

the cylinder head. 

 An overhead engine is superior to side valve engine at high compression ratios. The overhead 

valve engine is superior to side valve or L head engine at high compression ratios, for the 

following reasons: 

 Lower pumping losses and higher volumetric efficiency from better breathing of the engine 

from larger valves or valve lifts and more direct passageways. 

 Less distance for the flame to travel and therefore greater freedom from knock, or in other 

words, lower octane requirements.  

 Less force on the head bolts and therefore less possibility of leakage (of compression gases 

or jacket water). The projected area of a side valve combustion chamber is inevitably greater 

than that of an overhead valve chamber.  

 Lower surface-volume ratio and, therefore, less heat loss and less air pollution.  

F- Head combustion chamber 

In such a combustion chamber one valve is in head and other in the block. This design is a 

compromise between L-head and I-head combustion chambers. One of the most F head engines 

(wedge type) is the one used by the Rover Company for several years. Another successful design 

of this type of chamber is that used in Willeys jeeps. 

Advantages 

  High volumetric efficiency 

  Maximum compression ratio for fuel of given octane rating 

  High thermal efficiency 

  It can operate on leaner air- fuel ratios without misfiring. 

The drawback 

  This design is the complex mechanism for operation of valves and expensive  

special shaped piston. 

 

 

 

 

 

 

STUCOR APP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



 

STUCOR APP 

P.PURUSHOTHAMAN ASST.PROFESSOR AGNI COLLEGE OF TECHNOLOGY Page 20 

 

 

Unit II- COMPRESSION IGNITION ENGINES 

PART A 

1. What are the various stages of combustion in a C.I engine? (May 2013) 

 Ignition Delay  

 Uncontrolled combustion 

 Controlled combustion 

 After burning 

2. Define physical delay and chemical delay. (Apr 2015) 

 

physical delay - atomisation, vaporization and mixing of air fuel occur  

chemical delay - pre-combustion reactions 

3. Define delay period with respect to C.I engine. (Nov 2011) (May 2014) 

The ignition delay in a diesel engine is defined as the time interval between the start of injection 

and the start of combustion. 

4. What are factors that affect delay period in C.I engine. (Nov 2015) 

 Compression ratio 

 Inlet air temperature 

 Coolant temperature 

 Jacket water temperature 

 Fuel temperature 

 Intake pressure 

 Air-fuel ratio and 

 Engine size 

5. What do you understand by spark knock and diesel knock? (May 2012) 

Abnormal combustion involving auto ignition in end gas region is called spark knock. It 

is controllable by the spark advance; advancing the spark increases the knock intensity and 

retarding the spark reduces the intensity.  

If the ignition delay is quite long, so much fuel can accumulate that the rate of pressure 

rise is almost instantaneous, such a situation produces the extreme pressure differentials and 

violent gas distributions such as diesel knock.  

 

6. List out the advantages of Direct Injection chambers over IDI chambers in C.I engines. 

(Nov 2011) 

Direct injection is much more efficient than indirect injection due to the level of 

atomization that is achieved. 
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Direct injection diesels are favored due to their efficiency, performance potential, and 

cleaner exhaust emissions to compare IDI diesel engines.  

   

7. What is an Indirect Injection engine? (Nov 2012) 

 

An indirect injection diesel engine delivers fuel into a chamber off the combustion 

chamber, called a prechamber, where combustion begins and then spreads into the main 

combustion chamber. The prechamber is carefully designed to ensure adequa te mixing of the 

atomized fuel with the compression-heated air. 

8. What is the function of combustion chamber? (Nov 2013) 

High power output 

Smooth engine operation 

Reduced exhaust pollutants.   

 

9. What are the advantages of Indirect Injection combustion chambers? (May 2011) 

 The injection pressure required is low, so the injector is cheaper to produce.  

 The injection direction is of less importance.  

 Indirect injection is much simpler to design and manufacture; less injector development is 

required and the injection   

 

10. State briefly about air motion in C.I engines. (Apr 2016) 

The air motion inside the cylinder greatly influences the  performance of diesel 

engines.The air motion inside the cylinder mainly depends on manifold design, inlet and exhaust 

valve profile and combustion chamber configuration 

Three different elements of the air motion present during intake to expansion strokes in a diesel 

engine cylinder have been classified as  

1) Swirl   

2) Squish  

3)  Turbulence 

 

11. Enumerate the effects of air motion in C.I engine. (Nov 2015) 

1. Atomizes the injected fuel into droplets of different sizes.  

2. Distributes the fuel droplets uniformly in the air charge.  

3. Mixes injected fuel droplets with the air mass.  

4. Assists combustion of fuel droplets.  

 

12. Define tumble motion of air? (May 2013) 
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Tumble is the vortex motion with its axis of rotation perpendicular to the cylinder axis. It 

is generated by flow through intake valves.  

 

13. List the methods of generating air swirl in the C.I engines. (Nov 2012) 

Development of CI engine involves  various methods to produce swirl. Some of the 

common methods used are induction swirl, divided chamber etc.  

14. Define Turbocharging. (Apr 2016) 

A turbocharging is a method of supercharging  It increases the amount of air entering the engine 

to create more power. A turbocharger has the compressor powered by a turbine. The turbine is 

driven by the exhaust gas from the engine 

15. Define turbolag phenomena in tubocharging. (May 2011) 

When a turbo is spinning at low speed, little or no boost is produced. The time required to 

bring the turbo up to a speed where it can function effectively is called turbo lag—hesitation in 

throttle response when coming off idle.  

16. Define equivalence ratio. (Nov 2014) 

The fuel–air equivalence ratio, ϕ, of a system is defined as the ratio of the fuel- to-air ratio 

to the stoichiometric fuel-to-air ratio. 

17. What is meant by surface volume ratio in an diesel engine? (Nov 2014) 

Ratio between the surface area of the combustion chamber and the volume of the 

combustion chamber when the piston is at TDC. 

 

PART B 

1. Bring out clearly the process of combustion in C.I engines. (Nov 2014) 

Discuss in detail about various stages of combustion in a C.I engine. (Apr 2016)(Nov 

2015)(Apr 2015)(May 2012) (May 2014) 

Stages of combustion in CI engine. 

The combustion in a CI engine is considered to be taking place in four stages. It is divided in to 

the ignition delay period, the period of rapid combustion, the period of controlled combustion 

and the period of after burning.  

Ignition delay period:  

 1. The period between the start of fuel injection into the combustion chamber and the start of 

combustion is termed as ignition delay period.  

 The start of combustion is determined from the change in slope on p-θ diagram or from heat 

release analysis of the p-θ data, or from luminosity detector in experimental conditions.  

 Start of injection can be determined by a needle- lift indicator to record the time when 

injector needle lifts off its seat.  
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 Start of combustion is more difficult to determine precisely. It is best identified from the 

change in slope of heat release rate, determined from cylinder pressure data.  

 In DI engines ignition is well defined, in IDI engines ignition point is harder to identify  

 Both physical and chemical processes must take place before a significant fraction of the 

chemical energy of the injected liquid is released.  

 Physical processes are fuel spray atomization, evaporation and mixing of fuel vapour with 

cylinder air. 
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 Good atomization requires high fuel- injection pressure, small injector hole, optimum fuel 

viscosity, high cylinder pressure (large divergence angle).  

 Rate of vaporization of the fuel droplets depends on droplet diameter, velocity, fuel 

volatility, pressure and temperature of the air.  

 Chemical processes similar to that described for auto ignition phenomenon in premixed fuel-

air, only more complex since heterogeneous reactions (reactions occurring on the liquid 

fuel drop surface) also occur.  

 Chemical delay is more effective for the duration of the ignition delay period.  

 Ignition delay period is in the range of  

 0.6 to 3 ms for low-compression ratio DI diesel engines,  

 0.4 to 1 ms for high-compression ratio, turbocharged DI diesel engines,  

 0.6 to 1.5 ms for IDI diesel engines  

B) Rapid or uncontrolled or pre-mixed combustion phase:  

 The period of rapid combustion also called the uncontrolled combustion, is that phase in 

which the pressure rise is rapid.  

 During the delay period, a considerable amount of fuel is accumulated in combustion 

chamber, these accumulated fuel droplets burns very rapidly causing a steep rise in pressure.  

 The period of rapid combustion is counted from end of delay period or the beginning of the 

combustion to the point of maximum pressure on the indicator diagram.  

 The rate of heat-release is maximum during this period. This is also known as uncontrolled 

combustion phase, because it is difficult to control the amount of burning / injection during 

the process of burning. 

 It may be noted that the pressure reached during the period of rapid combustion will depend 

on the duration of the delay period (the longer the delay the more rapid and higher is the 

pressure rise since more fuel would have been present in the cylinder before the rate of 

burning comes under control). 

C) Controlled or diffusion combustion phase:  

 The rapid combustion period is followed by the third stage, the controlled combustion.  

  The temperature and pressure in the second stage are so high that fuel droplets injected burn 

almost as they enter and find the necessary oxygen and any further pressure rise can be 

controlled by injection rate.  

 The period of controlled combustion is assumed to end at maximum cycle temperature.  

D) After burning or late combustion phase:  

 Combustion does not stop with the completion of the injection process.  

 The unburnt and partially burnt fuel particles left in the combustion chamber start burning as 

soon as they come into contact with the oxygen.  

  This process continues for a certain duration called the after-burning period. 

  This burning may continue in expansion stroke up to 70 to 80% of crank travel from TDC.  
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2. Describe in detail the various factors affecting the delay period in C.I engine combustion. 

(Nov 2012)(Nov 2011)(May 2011) (May 2014). 

Increase in C.R reduces the delay period. Explain the concept and what is the outcome 

result about it?(Nov 2014) 

Many design and operating factors affect the delay period. The important ones are: 

 

 Compression ratio 

 Engine Speed 

 Engine output 

 Injection timing 

 Quality of the fuel 

 Intake temperature 

 Intake pressure 

Compression Ratio.  

 
 The increase in the compressiontemperature of the air with increase in compression 

 ratio evaluated at the end of the compression stroke is shown in Fig.  

 It is also seen from the same figure that the minimum auto ignition temperature of a fuel 

decreases due to increased density of the compressed air.  

 This results in a closer contact between the molecules of fuel and oxygen reducing the time 

of reaction.  

 The increase in the compression temperature as well as the decrease in the minimum auto 

ignition temperature decrease the delay period.  
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 The maximum peak pressure during the combustion process is only marginally affected by 

the compression ratio (because delay period is shorter with higher compression ratio and 

hence the pressure rise is lower).  

 Then why we do not use very high compression ratio in CI? One of the practical 

disadvantages of using a very high compression ratio is that the mechanical efficiency tends 

to decrease due to increase in weight of the reciprocating parts.  

 Therefore, engine designers always try to use a lower compression ratio which helps in easy 

cold starting and light load running at high speeds.  

 

 

2.Engine Speed: 

 
 The delay period could be given either in terms of absolute time (in milliseconds) or in 

 terms of crank angle degrees  

 With increase in engine speed, the loss of heat during compression decreases, resulting in 

the rise of both the temperature and pressure of the compressed air thus reducing the delay 

period in milliseconds. 

  However, in degrees of crank travel the delay period increases as the engine operates at a 

higher rpm. 

  The fuel pump is geared to the engine, and hence the amount of fuel injected during the 

delay period depends on crank degrees and not on absolute time. 

  Hence, at high speeds, there will be more fuel present in the cylinder to take part in the 

second stage of uncontrolled combustion resulting in high rate of pressure rise.  

3.Outputs 

With an increase in engine output the air- fuel ratio decreases, operating temperatures 

increase and hence delay period decreases. The rate of pressure rise is unaffected but the peak 

pressure reached may be high. 
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4.Injection timing: 

 

 
 The effect of injection advance on the pressure variation is shown in Fig. for three injection 

advance timings of 90°, 18°, and 27° before TDC. The injected quantity of fuel per cycle is 

constant.  

 As the pressure and temperature at the beginning of injection are lower for higher ignition 

advance, the delay period increases with increase in injection advance.  

 The optimum angle of injection advance depends on many factors but generally it is about 

20°before TDC. 

5. Quality of Fuel used: 

 The physical and chemical properties of fuel play very important role in delay period.  

 The most important property of fuel which is responsible for chemical delay is its 

selfignition 

 temperature.  

 Lower the self- ignition temperature, lower the delay period.  

 The cetane number (CN) of the fuel is another important parameter which is responsible for 

the delay period.  

 A fuel of higher cetane number gives lower delay period and provides smoother engine 

operation. 

 The other properties of fuel which affects the physical delay period are volatility, latent heat, 

viscosity and surface tension. 

  The viscosity and surface tension are responsible for the better atomization whereas latent 

heat and viscosity are responsible for the rapid evaporation of fuel.  

6. Intake Temperature 

The delay period is reduced either with increased temperature. However, preheating of charge 

for this purpose is not desirable because it reduces the density of charge and volumetric 

efficiency and power output.  

7. Intake pressure 
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Increase in intake pressure or supercharging reduces the auto ignition temperature and hence 

reduces the delay period. The peak pressure will be higher since the compression pressure will 

increase with intake pressure. 

 

3. Differentiate between D.I and I.D.I diesel engines with neat sketches. (May 2012) 

Discuss the characteristics of DI & IDI diesel engine. (Apr 2015) 

Describe with the help of neat sketch explain pre combustion chamber in C.I engine.(N 

2013) 

Explain types of combustion chamber used in DICI engines and bring out their main 

advantages. (Nov 2015) (May 2014) 

Write short notes on a) open combustion chamber for diesel engines.(Nov 2012) 

 

Direct Injection Type: 

 This type of combustion chamber is also called an open combustion chamber.  

  In this type the entire volume of the combustion chamber is located in the main cylinder and 

the fuel is injected in to this volume. 

 An open combustion chamber is defined as one in which the combustion space is essentially 

a single cavity with little restriction from one part of the chamber to the other and hence with 

no large difference in pressure between parts of the chamber during the combustion process.  

Shallow Depth chamber: 

In shallow depth chamber the depth of the cavity provided in the piston is quite small. This 

chamber is usually adopted for large engines running at low speeds. Since the cavity diameter is 

very large, the squish is negligible.  

Hemispherical chamber: 

 This chamber also gives small squish. However, the depth to diameter ratio for a 

cylindrical chamber can be varied to give any desired quish to give better performance.  

Cylindrical chamber. 

 This is a modification of cylindrical chamber in the form of a truncated cone with base 

angle of 30 degree. The swirl was produced by masking the valve for nearly 180 degree of 

circumference. Squish can also varied by varying the depth.  

Toroidal chamber. 

The idea behind this shape is to provide a powerful squish along with the air movement, similar 

to that of the familiar smoke ring, within the toroidal chamber. Due to powerful squish the mask 

needed on inlet valve is small and there is better utilization o f oxygen. The cone angle of spray 

for this type of chamber is 150 degree.  
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Indirect Injection type type: 

 In this type of combustion chambers, the combustion space is divided into two parts, one 

part in the main cylinder and the other part in the cylinder head. The fuel injection is affected 

usually in to that part of the chamber located in the cylinder head.  

Swirl Chamber: 
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 It consists of a spherical shaped chamber separated from the engine cylinder and located in 

the cylinder head.  

 Into this chamber, about 50% of the air is transferred during the compression stroke.  

 A throat connects the chamber to the cylinder which enters the chamber in a tangential 

direction so that the air coming in to this chamber is given a strong rotary movement inside 

the swirl chamber and after combustion, the products rush back in to the cylinder through 

the same throat at much higher velocity.  

 This causes considerable heat loss to the walls of the passage which can be reduced by 

employing a heat insulated chamber.  

  Heat loss is greater than that in an open combustion chamber which employs induction 

swirl. 

Pre combustion chamber: 

 
 A typical precombustion chamber consists of an antichamber connected to the main chamber 

through a number of small holes.  

 The precombustion chamber is located in the cylinder head and its volume accounts for 

about 40% of the total combustion space.  

 During the compression stroke the piston forces the air in to the precombustion chamber. 

The fuel is injected into the prechamber and the combustion is initiated.  

 The resulting pressure rises forces the flaming droplets together with some air and their 

combustion products to rush out in to the main cylinder at high velocity through the small 

holes. Thus it creates both strong secondary turbulence and distributes the flaming fuel 

droplets throughout the air in the main combustion chamber where bulk of combustion takes 

place. About 80% of energy is released in main combustion chamber.  

4. Discuss about normal and abnormal combustion in C.I engine. (may 2012) 

Write short notes on  Diesel knock and its control. (Nov 2012) 

Knocking is violet gas vibration and audible sound produced by extreme pressure 

differentials leading to the very rapid rise during the early part of uncontrolled second phase of 

combustion. 
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 In C.I. engines the injection process takes place over a definite interval of time.  

 Consequently, asthe first few droplets injected are passing through the ignition lag period, 

additionaldroplets are being injected into the chamber.  

  If the ignition delay is longer, the actual burningof the first few droplets is delayed and a 

greater quantity of fuel droplets gets accumulated inthe chamber.  

 When the actual burning commences, the additional fuel can cause too rapid a rate of 

pressure rise, as shown on pressure crank angle diagram above, resulting in Jamming of 

forces against the piston (as if struck by a hammer) and rough engine operation.  

 If the ignition delay is quite long, so much fuel can accumulate that the rate of pressure rise 

is almost instantaneous.  

 Such, a situation produces extreme pressure differentials and violent gas vibration known as 

knocking (diesel knock), and is evidenced by audible knock.  

  The phenomenon is similar to that in the SI engine. However, in SI Engine knocking occurs 

near the end of combustion whereas in CI engine, knocking the occurs near the beginning of 

combustion. 
 

 
 

METHODS OF CONTROLING DIESEL KNOCK  

If the following factors are controlled, then the detonation can be avoided.  

 Using a better fuel. Higher CN fuel has lower delay period and reduces knocking 
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tendency. 

 Controlling the Rate of Fuel Supply. By injecting less fuel in the beginning and 

then more fuel amount in the combustion chamber detonation can be controlled to a certain 

extent. Cam shape of suitable profile can be designed for this purpose. 

 Knock reducing fuel injector : This type of injector avoid the sudden increase in 

pressure inside the combustion chamber because of accumulated fuel. This can be done by 

arranging the injector so that only small amount of fuel is injected first. This can be achieved by 

using two or more injectors arranging in out of phase.  

 By using Ignition accelerators : C N number can be increased by adding chemical 

called dopes. The two chemical dopes are used are ethyl-nitrate and amyle –nitrate in 

concentration of 8.8 gm/Litre and 7.7 gm/Litre. But these two increase the NOx 

emissions 

 Increasing Swirl : Knocking can be greatly reduced by increasing swirl ( or 

reducing turbulence). Swirl helps in knock free combustion.  

 

5. Discuss the effect of spray structure and spray penetration in C.I engine combustion.(Nov 

2013)(Nov 2015) 

What are the various factors that influence spray penetration in CI engine? Explain in 

detail. (Apr 2016) 

Penetration of fuel in to the compressed air charge from the nozzle tip requires proper 

distribution of fuel. The fuel particles are to be prevented from impinging of fuel droplet on the 

hot combustion chamber. Because if impinges on the surface of the combustion chamber, it 

cannot ignite or burn.  

The main factor which determines the penetration of spray are the momentum of the fuel 

droplet(diameter x velocity) and the density of air in the combustion chamber.  

If higher the momentum, greater penetration will be occurred.  

The various factors which are deciding the fuel penetration are as follows: 

 Diameter of the orifice/nozzle 

 Fuel injection pressure 

 Length of diameter ratio of the orifice/nozzle 

 Density of air in the combustion chamber 

 Viscosity of fuel 

 By increasing the injection pressure, penetration get increases.  

 But practically increase in injection pressure lesser the increase of penetration due to 

increased resistance to the spray. 

 Similarly increase in the orifice diameter, increases penetration but decreases the 

atomization. 

 Higher the length to diameter ratio give laminar flow so the greater penetration will occur. If 

combustion chamber pressure increases, the fuel spray penetration rapidly will get decrease.  
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 In some engine designs, where the walls are hot and high air swirl is present, fuel 

impingement on the walls is desired.  

 However, in multispray DI diesel combustion systems, overpenetration gives impingement 

of liquid fuel on cool surfaces which, especially with little or no air swirl, lowers mixing 

rates and increases emissions of unburned and partially burned species.  

 Yet underpenetration results in poor air utilization since the air on the periphery of the 

chamber does not then contact the fuel. Thus, the penetration of liquid fuel sprays under 

conditions typical of those found in diesel engines has been extensively studied. 

6. Explain fuel spray behavior and structure of diesel fuel.(May 2013) 

 Fuel is injected through one or more jets in to this highly compressed air in the combustion 

chamber. Here, the fuel jet disintegrates into a core of fuel surrounded by a spray envelope 

of air and fuel particles.  

 This spray envelope is created both by the atomization and vaporization of the fuel.  

 The turbulence of the air in the combustion chamber passing across the jet tears the fuel 

particles from the core. 

  A mixture of air  and fuel forms at some location in the spray envelope and oxidation starts.  

 The liquid fuel droplets evaporate by absorbing the latent heat of vaporization from the 

surrounding air which reduces the temperature of a thin layer of air surrounding the droplet 

and some time elapses before this temperature can be raised again by absorbing heat from 

the bulk of air. 

 The spray angle depends on the density of the medium in which the fuel is sprayed. If high 

length diameter ratio, (L/D), the outlet velocity from the nozzle is small, then the flow will 

be streamlined. 

Structure of Diesel fuel 
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7. What are the different spray region in fuel spray for D.I engines?. (May 2011)(May 

2012) 

 

 

 The fuel is introduced into the combustion chamber of a diesel engine through one or more 

nozzles or orifices with a large pressure differential between fuel supply line and the 

cylinder. 

  As the liquid jet leaves the nozzle its becomes turbulent and spreads out as it entrains and 

mixes with the surrounding air.  

  The initial jet velocity is greater than 10' m/s. The outer surface of the jet breaks up into 

drops of order 10 µm diameter, close to the nozzle exit.  

 The column leaving the nozzle disintegrates within the cylinder over a finite length called 

the breakup length into drops of different sizes.  

 AS One moves away from the nozzle, the mass of air within the spray increases, the spray 

diverges, width increases, and the velocity decreases.  

  The fuel drops evaporate as this entrainment process proceeds. The tip of the spray 

penetrates further into the chamber as injection proceeds, but at a decreasing rate.  

 

8. Explain how the induction swirl is created. What are the requirements of injector with this 

type of swirl? (May 2014) 

With diagrams, explain the various types of air motion created in C.I engine combustion 

chamber. (May 2013)(Nov 2014) 

 The air motion inside the cylinder greatly influences the performance of diesel engines. It 

is one of the major factors that controls the fuel-air mixing in diesel engines.  
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 Air- fuel mixing influences combustion, performance and emission level in the engine.  

 The air motion inside the cylinder mainly depends on manifold design, inlet and exhaust 

valve profile and combustion chamber configuration.  

 The initial in-cylinder intake flow pattern is set up by the intake process, and then it is 

modified during the compression process.  

  The shape of the bowl in the piston and the intakesystem, control the turbulence level and 

air- fuel mixing of the DI diesel engine.  

  The variation of shape of intake system, shape of piston cavity, etc. lead to a change in the 

flow field inside the engine. 

Three different elements of the air motion present during intake to expansion strokes in a diesel 

engine cylinder have been classified as 

1) Swirl 

2) Squish 

3) Turbulence 

Swirl is usually defined as organized rotation of the charge about the cylinder axis.  

 Swirl is created by bringing the intake flow into the cylinder with an initial angular 

momentum.  

 While some decay in swirl due to friction occurs during engine cycle, intake generated swirl 

usually persists through the compression combustion, and expansion processes.  

  In engine designs with bowl- in-piston combustion chambers, the rotational motion set up 

during intake is substantially modified during compression.  

Swirl Generation during Induction 

Two general approaches are used to create swirl during the induction process.  

 In one, the flow is discharged into the cylinder tangentially toward the cylinder wall, where 

it is deflected sideways and downward in a swirling motion.  

 In the other, the swirl is largely generated within the inlet port: the flow is forced to rotate 

about the valve axis beforeit enters the cylinder.  

 The former type of motion is achieved by forcing the flow distribution around the 

circumference of the inlet valve to be non uniform, so that the inlet flow has a substantial net 

angular momentum about the cylinder axis.  

 The directed port and deflector wall port are two common ways of achieving this result. The 

directed port brings the flow toward the valve opening in the desired tangential direction.  

 Its passage is straight, which due to other cylinder head requirements restricts the flow area 

and results in a relatively low discharge coefficient.  

 The deflector wall port uses Port inner side wall to fom the flow preferentially through the 

outer peripheral of the valve opening, in a tangential direction. Since only one wall is used to 

obtain a directional effect, the port areas are less restrictive.  
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 The second broad approach is to generate swirl within the port, about the valve axis, prior to 

the flow entering the cylinder.  

 Usually, with helical ports, a higher flow discharge coefficient at equivalent levels of swirl is 

obtained, since the whole periphery or the valve open area can be fully utilized. A higher 

volumetric efficiency results.  

  Also, helical ports are less sensitive to position displacements, such as can occur in casting, 

since the swirl generated depends mainly on the port geometry above the valve and not the 

position of the port relative to the cylinder axis.  

 

 

 

 

a) Deflected wall b) directed c) shallow ramp helical d) steep ramp helical  

Squish 

The radial inward gas motion that occurs towards toward the end of compression stroke due to 

combustion bowl geometry when part of the piston top and cylinder head come close to each 

other is called squish. 

 The squish motion of air is brought about by a recess in the piston crown.  

 At the end of the compression stroke, the piston is brought to within a very small distance 

from the cylinder head.  

 This fact causes a flow of air from the periphery of the cylinder to its center and into the 

recess in the piston crown. 
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  This radial inward movement of air is called squish by Ricardo. The combustion recess, into 

which the air mass is squeezed in, is located either in  the piston crown or in the cylinder 

head. 

 

 
Turbulence 

 Turbulence contributes to the dispersion of fuel and the micro mixing of fuel and air 

respectively. As such, they greatly influence the diesel engine performance.  

  The flow processes in the engine cylinder are turbulent. In turbulent flows, the rates of 

transfer and mixing are several times greater than the rates due to molecular diffusion.  

 This turbulent diffusion results from the local fluctuations in the flow field.  

 It leads to increased rates of momentum and heat and mass transfer, and is essential to the 

satisfactory operation of Spark Ignition and Diesel engines.  

 

9. Explain the principle of operation of turbocharger with a neat sketch and indicate the 

objectives of turbocharging.(Nov 2015)(Nov 2014)(May 2012) 

What do you understand by turbo charging? Why SI engines are not usually 

turbocharging? Give the boost pressure range for S.I and C.I engines.(Apr 2015)  

A turbocharger is a special type of supercharger in which a gas turbine is used to raise the 

pressure of air or air- fuel mixture, that is to be supplied to the engine. Turbochargers are 

powered by the kinetic energy of exhaust gases from the engine .The major parts of 

turbocharger are turbine wheel, turbine housing, turbo shaft, compressor wheel, compressor 

housing and waste gate. 

 During engine operation, hot exhaust gases blowout through the exhaust valve opening in to 
the exhaust manifold.  

 The exhaust manifold and the connecting tubing route these gases into the turbine housing. 
  As the gases pass through the turbine housing, they strike on the fins or blades on the 

turbine wheel.  
 When the engine is high enough, there is enough gas flow and this makes the turbine wheel 

to spin rapidly.  
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 The turbine wheel is connected to the compressor wheel by the turboshaft. As such, 
compressor wheel rotates with the turbine which sucks air in to the compressor housing. 

This causes the air to flow out of the turbocharger and into the engine cylinder under 
pressure. 

 In the turbocharger assembly, there is a control unit called waste gate. This unit limits the 
maximum boost pressure to prevent detonation in S.I engine and the maximum pressure and 
engine damage. 

  It is a diaphragm operated valve that can bypass part of the gases around the turbine wheel 
when manifold pressure is high. 

 

Benefits of using a turbocharger: 

1. Turbocharger increases the volumetric efficiency of the engine.  

2. It increases the output power produced.  

3. It reduces the intake of fuel or air-fuel mixture. 

4. It allows the engine to work smoothly in various ambient conditions.  

5. The kinetic energy of exhaust gases is fed back to the engine and used beneficially.  

Why SI engines are not usually turbocharging? 

 

           Apart from increasing in volumetric effiency of engine, turbocharging results in an 

increase in intake temperature of the engine. This results the ignition delay and increases the 

flame speed. Both these affects results is greater tendency to knock. That‘s why mostly 

turbocharger is not used in S.I engines.  
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Unit III-POLLUTANT FORMATION AND CONTROL 

PART A 

1. What are the various pollutants present in combustion products? (Apr 2016)  

 Give the major pollutants that to be controlled. (Apr 2015) 

 

Carbon monoxide, Carbon dioxide, oxide of Nitrogen, unburnt hydrocarbon, smoke, particulates. 

 

2. Name any two sources of CO emission in petrol engine? (May 2013) 

Poor mixing, rich mixture, incomplete combustion 

 

3. What is the reason for smoke formation in C.I engine? (Nov 2013) 

The main cause of smoke formation is known to be inadequate mixing of fuel and air. Smoke is 

formed when the local temperature is high enough to decompose fuel in a region where there is 

insufficient oxygen to burn the carbon that is formed.  

 

4. What is the mechanism of smoke formation? (May 2014) 

The main cause of smoke formation is known to be inadequate mixing of fuel and air. 

Smoke is formed when the local temperature is high enough to decompose fuel in a region where 

there is insufficient oxygen to burn the carbon that is formed.  

5. Define extended Zeldovich mechanis m. (Nov 2012)(Nov 2011) (May 2011) 

O2 2 O ------------- (1) 
O + N2 NO + N ------ (2) 
N + O2 NO + O ------ (3) 

The chain reactions are initiated by the equation (2) by the atomic oxygen, formed in equation 

(1) from the dissociation of oxygen molecules at the high temperatures reached in the 

combustion process. Oxygen atoms react with nitrogen molecules and produces NO and nitrogen 

atoms. In the equation (3) the nitrogen atoms react with oxygen molecule to form nitric oxide 

and atomic oxygen. 

 

6. Indicate any four sources of Unburnt Hydrocarbon emissions. (May 2012) 

 Incomplete combustion 

 Crevice volume and flow in crevices 

 Leakage past the flow 

 Valve overlap 

 Deposit on walls  

7. What constitutes particulate emission from C.I engine? (Nov 2015) 
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It has two main components ; one is dry soot or solid carbon material and the other is soluble 

organic fraction. 

8. How does control the pollution occur in S.I engine? (Nov 2013) 

The most effective after treatment for reducing engine emissions is the catalytic converter. CO 

and HC can be oxidized in to CO2 and H2O in exhaust system.  

 

9. What are the noble metals used in catalytic converter? (May 2013) 

a. platinum b. palladium c. rhodium. 

 

10. What are the function of catalytic converter? (Nov 2012) 

Catalytic converters are used in exhaust systems to provide a site for the oxidation and 

reduction of toxic by-products (like nitrogen oxides, carbon monoxide, and hydrocarbons) of fuel 

into less hazardous substances such as carbon dioxide, water vapor, and nitrogen gas.  

 

11. Briefly discuss about the working of catalytic converter. (Apr 2016) 

Catalytic converters are chambers mounted in the flow system through which the exhaust gases 

pass through. These chambers contain catalytic material which promotes the oxidation of the 

emissions contained in the exhaust flow. 

 

12. What is the three way catalytic converter? Give the catalysts used in it. (Apr 2015)  

It is a catalytic converter used to reduce the concentration of CO, HC, and NOx in the exhaust. 

Catalysts used in the catalytic converter are a. platinum b. palladium c. rhodium. 

 

13. What are the international accepted methods for measuring NOX, CO, HC & aldehydes? 

(Nov 2011) (May 2011).  

List out the exhaust emission and measurement techniques used for performance study of 

an engine. (Nov 2015) 

Oxides of nitrogen = chemiluminescence analyzer 

carbon monoxide = non dispersive infrared analyzer 

Unburned hydrocarbons = flame ionization detector (FID) 

                         Smoke = Hartridge smoke meter 

 

14. What is the principle of Flame ionization detector? (May 2012) 

The operation of the FID is based on the detection of ions formed during combustion of 

organic compounds in a hydrogen flame. The generation of these ions is proportional to the 

concentration of organic species in the sample gas stream. Hydrocarbons generally have molar 

response factors that are equal to number of carbon atoms in their molecule.  

 

15. What is meant by SHED test? (Nov 2014) 
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Sealed Housing for Evaporative Determination (SHED) is used to measure evaporative 

emission from the S.I engine vehicle. 

 

16. What is emission standards/ emission norms? Why are they formed? (Nov 2014) (Apr 

2015) 

Emission standards are the legal requirements governing air pollutants released into the 

atmosphere. Emission standards set quantitative limits on the permissible amount of specific air 

pollutants that may be released from specific sources over specific timeframes. They are formed 

to reduce the vehicle emissions. 

 

17. What do you understand by Zero emission vehicle? (May 2013) 

A zero-emissions vehicle, or ZEV, is a vehicle that emits no tailpipe pollutants such 

NOx, CO, HC etc from the onboard source of power. Ex. Battery electric vehicle.  

 

18. What do you understand by term EGR? (Nov 2015) 

Exhaust gas recirculation (EGR) is a nitrogen oxide (NOx) emissions reduction technique used 

in petrol and diesel engines. EGR works by recirculating a portion of an engine's exhaust gas 

back to the engine cylinders. 

 

 

PART B 

1. What are various sources of automotive pollution.(Nov 2015).  

The major pollutants emitted by an internal combustion engine CO, HC, NOx, PM are 

commonly referred as vehicle emission.  

 The amount of pollutants emitted depends on engine design, operating conditions, ambient 

conditions, fuel type and exhaust after treatment employed.  

 Depending upon the operating conditions , a gasoline fuelled four stroke SI engine  without 

exhaust aftertreatment, typically emits 0.2 to 5 % CO, 300 to 6000ppm HC and up to 2000- 

3000 ppm NOx on volume basis.  

 Under engine idle, CO and HC emissions are high due to fuel rich engine operation. Under 

engine transient operation like acceleration and deceleration also the HC emissions are high.  

 The evaporative and crankcase emissions from uncontrolled gasoline fuelled vehicles 

contribute about 40% of total HC emissions.  

  Nitric oxide and carbon monoxide are formed in the bulk of burned gases during 

combustion and post combustion reactions.  

 Nitric oxide is formed in the high temperature combustion gases inside the cylinder 

primarily through oxidation of nitrogen present in the inducted air.  

 Carbon monoxide results practically due to deficiency of oxygen in the fuel air mixture 

leading to incomplete oxidation of the fuel.  
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  With decrease in air fuel ratio below the stoichiometric value, formation of CO increases 

sharply. During expansion stroke, the downward piston motion rapidly cools the burned 

gases by expansion freezing the reactions that involve NO and CO formation.  

 Adsorption of fuel vopours in the lubricating oil film on the cylinder walls and in 

combustion chamber deposits is another source of unburned fuel emissions. 

  Presence of liquid fuel in the combustion chamber during cold start too, contributes to 

unburned hydrocarbon emissions. 

 
C.I Engine: 

 Formation of pollutants is strongly influenced by the air-fuel ratio, which varies with time 

during combustion.  

 NO is formed in the high temperature flame regions.  

 Hydrocarbons are contributed mainly by two sources 

  i) by the over lean fuel region due to flame quenching and  

 ii) by the fuel that enters the combustion chamber late towards end of combus tion period 

when conditions are not suitable for its mixing with air and burning.  

 Soot formation takes place in fuel over rich core of injection spray, which is subjected to 

high temperature and pressure during the cycle.  

 Carbon monoxide comes from partial oxidation of over lean fuel mixtures and at high engine 

loads also from the fuel over rich regions.  
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2. Write short notes on formation of particulate and smoke emission in I.C engines. (Apr 

2016) 

What are Particulates? Describe in detail how the particulate  emissions are caused.(May 

2011) 

 

 Carbonaceouss particulate matter or soot is produced during premixed or diffusion 

combustion of the fuel rich mixtures. High concentration of soot in the exhaust is manifested 

as black smoke emissions.  

 The particulate matter is measured as any substance other than water collected by filtration 

of the diluted exhaust gases at or below 325 K. It has two main components, one is dry soot 

or solid carbon material and the other is soluble organic fraction.  

 In addition sulphates originating from fuel sulphur, nitrogen dioxide and water are also 

absorbed on the particle core formed by soot. The soluble organic fraction adsorbed on the 

solid soot core consisting of hydrocarbons originating from fuel and lubricating oil, partial 

oxidation products and poly aromatic hydrocarbons.  

 Dry soot is a carbonaceous matter, which results from several processes like pyrolysis, 

dehydrogenation and condensation of fuel molecules.  

Formation of smoke in Diesel engines: 

 The main cause of smoke formation is known to be inadequate mixing of fuel and air. 

Smoke is formed when the local temperature is high enough to decompose fuel in a 

region where there is insufficient oxygen to burn the carbon that is formed.  

 The formation of over-rich fuel air mixtures either generally or in localized regions will 

result in smoke.  
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 Large amounts of carbons will be formed during the early stage of combustion. This 

carbon appears as smoke if there is insufficient air, if there is insufficient mixing or if 

local temperatures fall below the carbon reaction temperatures (approximately 10000C) 

before the mixing occurs. 

 Acceptable performance of diesel engine is critically influenced by exhaust some 

emissions.  

 Failure of engine to meet smoke legislation requirement prevents sale and particularly for 

military use, possible visibility by smoke is useful to enemy force.  

  Diesel emissions gives information on effectiveness of combustion, general performance 

and condition of engine 

3. Explain the mechanism of formation of CO,UBHC & NOX emission. (Apr 2015)!May 

2012)(Nov 2012) 

Formation of Carbon monoxide: 

 Carbon monoxide emissions result due to deficiency of oxygen when fuel rich mixture burn.  

  A two step process may be used to approximate complete combustion of hydrocarbon fuels 

to form carbondioxide as the final product.  

  First step is conversion of hydrocarbons to CO, during which several oxidation reactions 

occur involving formation of intermediate species like smaller hydrocarbon molecules, 

aldehydes, ketones etc.  

Oxidation of a hydrocarbon, RH where R stands for the hydrocarbon radical may be represented 

by, 

RH R R+O2 RCHO RCO CO 

The second step is conversion of CO to CO2 provide sufficient oxygen is available. One of the 

principle reactions for conversion of CO to CO2 is  

 CO + OH  CO2 +H 

The reaction is quite fast and at high temperature is continuously under equilibrium. 

Mechanism of NO formation: 

The chemical mechanism of NOx (NO and NO2) formation during combustion obeys 

hundreds of elementary chemical reactions. Depending on the temperature range, stoichiometric 

ratio and type of nitrous species present in the combustion zone, it is possible to distinguish 

predominant groups of chemical reactions, which are called the mechanisms of nitrogen oxides 

formation. Usually the type of flame determines the conditions of the predominant mechanism of 

NOx formation.  

MAJOR SOURCES OF NOXFORMATION DURINGCOMBUSTION 

1.Air nitrogen (N2) 

      Thermal NOx 

      Prompt NOx 
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2.Fuel nitrogen (NF) 

         Fuel NOx 

Thermal NOX 

It is the dominant source of nitrogen oxides in IC engines NO is formed in the high temperature 

burned gases behind the flame front. The rate formation of NO increases with burned gas 

temperature. 

b. Zeldovich chain Reaction mechanism: 

O2 2 O --------- (1) 
O + N2 NO + N ------ (2) 
N + O2 NO + O ------ (3) 

The chain reactions are initiated by the equation (2) by the atomic oxygen, formed in equation 

(1) from the dissociation of oxygen molecules at the high temperatures reached in the 

combustion process. Oxygen atoms react with nitrogen molecules and produces NO and nitrogen 

atoms. In the equation (3) the nitrogen atoms react with oxygen molecule to form nitric oxide 

and atomic oxygen. 

 

Fuel NO X 

It is formed by combustion of fuels with chemically bound nitrogen. The formation of 

fuel NO is proposed to be via the reaction of fuel nitrogen to produce at first intermediate 

nitrogen containing compounds (HC ,CN ,NH,etc) 

Prompt NO X 

It is formed in the flame b reaction of intermediate chemicals species of CN group with O 

and OH radicals .(CH,C,C2,etc).The contribution of prompt NO in the  stoichiometric  laminar 

flames has been estimated to be about 5 to 10 percent only.  

There are many hydrocarbon radicals in flame (CH, CH2, CH3, C2H4, C2H5, C3H7, C, C2...), 

which can react with molecular nitrogen (N2). 

CH2+N2→HCN+NH 

CH+N2→HCN +N 

C+N2→CN+N 

general 

CHx+N2→HCNand other radicals (CN, NH, N...) 

As a result: HCN, NHi  CN are easily oxidized to NO in flame.  
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4. What are the factors which control the formation of oxides of nitrogen and how it is 

control? (Nov 2013) 

The concentration of NO in the exhaust gases depends upon the difference between the rate of its  

formation at the highest temperature in the cycle and the rate of its decomposition as the 

temperature decreases during the expansion stroke. A study of the decomposition rate of NO 

indicates that the amount decomposed is negligible because of the short time available during the 

expansion stroke. 

1. EQUIVALENCE RATIO: 

The equivalence ratio affects both the gas temperature and the available oxygen during 

combustion. Theoretically an increase in the equivalence ratio form 1.0 to 1.1 results in an 

increase of maximum cycle temperature by about 550C while oxygen concentration is reduced by 

50%. At equivalence ratio of 1.1, NO in the exhaust is very low. Maximum NO concentration 

occurs at an equivalence ratio of 0.8. The maximum cycle temperature with this lean mixture is 

lower than with a rich mixture but available oxygen concentration is much higher.  

 

2. SPARK TIMING: 

An advance in spark timing increases the maximum cycle temperature and therefore results in 

increased NO concentration. 

3. MANIFOLD PRESSURE: 

An increase in manifold vacuum decreases load and temperature. As a result the ignition delay is  

increased and the flame speed is reduced. Both these factors increase the time of combustion. 

This reduces the maximum cycle temperature and thus reducing NO concentration in the 

exhaust. 

4. ENGINE SPEED: 

An increase in engine speed has little effect on ignition delay. Increase in engine speed results in 

an increase in flame speed due to turbulence and reduces heat losses per cycle which tends to 

raise compression and combustion temperature and pressure.  

 These are two opposing influences – an increase in the rate of NO formation due to reduced heat 

losses opposed by a reduction in the rate of NO formation due to late burning.  

 For rich mixtures where combustion and NO formation are rapid, the former predominates.  

  For lean mixtures where combustionand NO formation are slow, the later effect 

predominates. 

5. COOLANT TEMPERATURE AND DESPOSIT: 

An increase in the coolant temperature results in a reduction of heat losses to the cylinder walls  

and an increase in the maximum gas temperature. This results in an increase in NO 

concentration. An increase in deposit thickness causes an increase in compression ratio, 

reduction in heat losses to the coolant and an increase in NO concentration.  

6. HUMIDITY: 

The reduction in NO formation caused by an increase in mixture humidity is mainly due to the  
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drop in maximum flame temperature. Test on hydrogen-air, and ethylene-air mixture indicates 

that 1% of water vapour reduces the flame temperature by 20C. This reduces the initial rate of 

NO production by about 25%. 

7. EXHAUST GAS RECIRCULATION: 

Recycling of a portion of exhaust gas to inlet charge increases dilution. This reduces peak 

combustion temperature, since the inert exhaust gas re circulated will act as a heat sink. This also 

reduces the oxygen availability. About 15% recycle will reduce NOx emission by about 80%. 

The maximum percentage which can be re circulated is limited by rough engine operation and 

loss of power. 

8. SURFACE TO VOLUME RATIO: 

Engine changes which decrease surface to volume ratio reduce heat loss to the coolant. As a 

result NO concentration may increase.  

NOx is decreased by 

A. Decreasing the combustion chamber temperature 

The combustion chamber temperature can be decreased by 

1. Decreasing compression ratio 

2. Retarding spark timing 

3. Decreasing charge temperature 

4. Decreasing engine speed 

5. Decreasing inlet charge pressure 

6. Exhaust gas recirculation 

7. Increasing humidity 

B. By decreasing oxygen available in the flame front 

The amount of oxygen available in the chamber can be controlled by 

1. Rich mixture 

2. Stratified charge engine 

3. Divided combustion chamber. 

5. Describe in detail the causes of HC emission from S.I engine.(Nov 2015) 

The causes for hydrocarbon emissions from SI engine are:  

(i) Incomplete combustion 

(ii) Crevice volumes and flow in crevices 

(iii) Leakage past the exhaust valve 

(iv) Valve overlap 

(v) Deposits on walls 

(vi) Oil on combustion chamber walls 

Incomplete Combustion 

Even when the fuel and air entering an engine are at the ideal stoichometric condition, perfect 

combustion does not occur and some HC ends up in the exhaust .  

There are several reasons forthis. Commplete and homogeneous mixing of fuel and air is almost 

impossible.The incompletecombustion is due to: .  
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(i) 1mproper mixing: Due to incomplete mixing of the air and fuel some fuel particles do not 

find oxygen to react with. Thus causes HC emissions. 

(ii) Flame quenching: As the flame goes very close to the walls it get quenched at the walls 

leaving a small volume of unreacted air and fuel mixture.  

High exhaust gas contamination causes poor combustion and which in turn causes quenching 

during expansion.  

This is experienced at low load and idle conditions. High levels of EGR will also cause 

quenching of flame and will result in HC emission.  

Crevice Volumes and Flow in Crevices 

The volumes between the piston, piston rings, and cylinder wall are shown schematically 

in the below figure.  

 These crevices consist of a series of volumes (numbered 1 to 5) connected by flow 

restrictions such as the ring side clearance and ring gap.  

  The geometry changes as each ring moves up and down in its ring groove, sealing either at 

the top or bottom ring surface. 

 During the compression stroke and early part of the combustion process, air and fuel are 

compressed into the crevice volume of the combustion chamber at high pressure.  

 As much as 3.5% of the fuel in the chamber can be forced into this crevice volume.  

  Later in the cycle during the expansion stroke, pressure in the cylinder is reduced below 

crevice volume pressure, and-reverse blow-by occurs.  

 Fuel and air flow back into the combustion chamber, where most of the mixture is consumed 

in the flame. However, before the last elements of reverse blow-by occurs flame will be 

quenched and unreacted fuel particles come out in the exhaust.  

 Crevice volume around the piston rings is greatest when the engine is cold, due to the 

differences in thermal expansion of the various materials. Up to 80% of all HC emissionscan 

come from this source. 

Leakage Past the Exhaust Valve 

 As pressure increases during compression and combustion, some amount of air-fuel mixture 

is forced into the crevice volume around the edges of he exhaust valve and between the 

valve and valve seat.  

 A small amount even leaks past the valve into the exhaust manifold.  

  When the exhaust valve opens, the air-fuel mixture which is still in this crevice volume gets 

carried into the exhaust manifold.  

 This causes a momentary increase in HC concentration at the start of blowdown process.  

Valve Overlap 

 Valve overlap is a must to obtain satisfactory performance from the engine.  

 During valve overlap, both the exhaust and intake valves are open, simultaneously creating a 

path where the fresh air- fuel mixture can flow directly into the exhaust.  

  A well-designed engine minimizes this flow, but a small amount of fresh fuel-air mixture 

escape is inevitable. 
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  The worst condition for this is at idle and low speed, when the overlap in terms of time 

(milliseconds) is the largest.  

Deposits on Walls 

 Gas particles, including those of fuel vapor, are absorbed by the deposits on the walls of the 

combustion chamber.  

 The amount of absorption is a function of gas pressure. The maximum absorption occurs 

during compression and combustion. 

  Later in the cycle, when the exhaust valve opens and cylinder pressure gets reduced, 

absorption capacity of the deposit material becomes lower.  

 Gas particles are desorbed back into the cylinder.These particles including some HC, comes 

out from the cylinder during the exhaust stroke.  

 This problem is greater in engines with higher compression ratios due to the higher pressure 

these engines generate.  

 

Oil on Combustion Chamber Walls 

 A very thin layer of oil gets deposited on the cylinder walls to provide lubrication between 

the walls and the moving piston.  

 During the intake and compression strokes, the incoming air and fuel comes in contact with 

this oil film.  

In the same way as wall deposits, this oil film absorbs and desorbs gas particles, depending on 

gas pressure.Often as an engine ages, due to wear, clearance between the pistons and cylinder 

wallsincreases. This increases oil consumption contributes to an increase in HC emissions in 

three ways: 

(i) There is added crevice volume, 

(ii) There is added absorption-desorption of fuel in the thicker oil film on cylinder walls,  

(iii) There is more oil burned in the combustion process.  

 

6. Describe the functioning of a three way catalytic converter with a neat sketch(May 

2013)(may 2012) 

What are catalytic converter? How they are helpful in reducing HC,CO, & NOx 

emission?(Nov 2015)(may 2011) 

Why three way catalytic converter are employed in modern day S.I engine driven vehicles? 

Show the plot of pollutants versus air fuel ratio and conversion efficiency versus A/F ratio 

for all major pollutants from S.I engine. ( Apr 2015) 

 The most effective after treatment system for reducing engine emissions is the catalytic 

converter found on most automobiles and other modern engines of medium or large size.  

 HC and CO can be oxidized to H2O and CO2 in exhaust systems and thermal converters if 

the temperature is held at 600°-700°C.  

 If certain catalysts are present, the temperature needed to sustain these oxidation processes is 

reduced to 250°-300°C, making for a much more attractive system.  
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 A catalyst is a substance that accelerates a chemical reaction by lowering the energy needed 

for it to proceed.  

 The catalyst is not consumed in the reaction and so functions indefinitely unless degraded by 

heat, age, contaminants, or other factors.  

 Catalytic converters are chambers mounted in the flow system through which the exhaust 

gases flow. 

 These chambers contain catalytic material, which promotes the oxidation of the emissions 

contained in the exhaust flow. 

 Generally, catalytic converters are called three-way converters because they promote the 

reduction of CO, HC, and NOx. 

  Most consist of a stainless steel container mounted somewhere along the exhaust pipe of the 

engine.  

 Inside the container is a porous ceramic structure through which the gas flows. In most 

converters, the ceramic is a single honeycomb structure with many flow passages . Some 

converters use loose granular ceramic with the gas passingbetween the packed spheres.  

 Volume of the ceramic structure of a converter is generally about half the displacement 

volume of the engine. This results in a volumetric flow rate of exhaust gas such that there 

are 5 to 30 changeovers of gas each second, through the converter.  

 Catalytic converters for CI engines need larger flow passages because of the solid soot in the 

exhaust gases. 

 The surface of the ceramic passages contains small embedded particles of catalytic material 

that promote the oxidation reactions in the exhaust gas as it passes. Aluminum oxide 

(alumina) is the base ceramic material used for most catalytic converters.  

 Alumina can withstand the high temperatures, it remains chemically neutral, it has very low 

thermal expansion, and it does not thermally degrade with age. The catalyst materials most 

commonly used are platinum, palladium, and rhodium. 

 Palladium and platinum promote the oxidation of CO and HC with platinum especially 

active in the hydrocarbon reaction. Rhodium promotes the reaction of NOx in one or more of 

the following equations. STUCOR APP
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Also often used is cerium oxide, which promotes the so called water gas shift  
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This reduces CO by using water vapor as an oxidant instead of O2 which is very important when 

the engine is running is rich. 

 
It shows that efficiency of a catalytic converter is very much dependent on temperature. When a 

converter is good working order is operating at a fully warmed temperature of 4000 C or above, it 

will remove 98-99% of CO, 95% of NOx and more than 95 % of HC from exhaust flow 

emissions. 

 
It shows that it is also necessary to be operating at the proper equivalence ratio to get high 

converter efficiency. Effective control of HC and CO occurs with stoichiometric or lean mixtures 

while control of NOx requires near stoichiometric conditions.  
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7. Briefly explain about particulate trap.(May 2013) 

Particulate Traps 

 
 Compression ignition engine systems are equipped with particulate traps in their exhaust 

 flow to reduce the amount of particulates released to the atmosphere.  

 Traps are filter- like systems often made of ceramic in the form of a monolith or mat, or else 

made of metal wire mesh. Traps typically remove 60-90% of particulates in the exhaust 

flow.  

 As traps catch the soot particles, they slowly fill up with the particulates. This restricts 

exhaust gas flow and raises the back pressure of the engine.  

  Higher back pressure causes the engine to run hotter, the exhaust temperature to rise, and 

fuel consumption to increase.  

 To reduce this flow restriction, particulate traps are regenerated when they begin to saturate. 

Regeneration consists of combusting the particulates in the excess oxygen contained in the 

exhaust of the lean-operating CI engine.  

 Carbon soot ignites at about 550-650 "C, while CI engine exhaust is 150-350 "C at normal 

operating conditions.  

 As the particulate trap fills with soot and restricts flow, the exhaust temperature rises b ut is 

still not high enough to ignite the soot and regenerate the trap.  

 In some systems, automatic flame igniters are used which start combustion in the carbon 

when the pressure drop across the trap reaches a predetermined value.  

 These igniters can be electric heaters or flame nozzles that use diesel fuel. If catalyst 

material is installed in the traps, the temperature needed to ignite the carbon soot is reduced 

to the 350-450 "C range.  
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 Some such traps can automatically regenerate by self- igniting when the exhaust temperature 

rises from increased back pressure. Other catalyst systems use flame igniters.  

 Another way of lowering the ignition temperature of the carbon soot and promoting self  

 Regeneration in traps is to use catalyst additives in the diesel fuel. 

  These additives generally consist of copper compounds or iron compounds, with about 6 to 

8 grams of additive in 1000 liters of fuel is usually normal. To keep the temperatures high 

enough to self-regenerate in a catalytic system, traps can be mounted as close to the engine 

as possible, even before the turbocharger.  

  On some larger stationary engines and on some construction equipment and large trucks, the 

particulate trap is replaced when it becomes close to filled position.  

 The removed trap is then regenerated externally, with the carbon being burned off in a 

furnace. The regenerated trap can then be used again.  

Various methods are used to determine when soot buildup becomes excessive and regeneration is 

necessary. 

  The most common method is to measure pressure drop in the exhaust flow as it passes 

through the trap.  

 When a predetermined pressure drop Δ p is reached, regeneration is initiated. Pressure drop 

is also a function of exhaust flow rate, and this must be programmed into the regeneration 

controls. economical, and reliable; it would be self-regenerating; and it would impose a 

minimum increase in fuel consumption.

 
8. What are the ways of controlling diesel smoke? (May 2014) 

CONTROL OF DIESEL ENGINE SMOKE: 

Smoke can be reduced by some of the following methods: 

1. Derating: 

Derating is nothing but making the engine to run at lower loads. At lower loads more excess air 

is present in the combustion chamber and hence the smoke developed is less as already 

discussed. However this means a loss of output.  

2. Proper maintenance of the engine: 

Maintaining the engine properly, especially the injection system, will not only result in reducing  

smoke but also keep the performance of the engine at its best.  

3. Proper choice of combustion chamber design and operating conditions: 
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A proper choice of combustion chamber design results in better mixing of fuel and air in the 

chamber and hence reduces the smoke level to a considerable level.  

4. Use of smoke suppression additives: 

Some barium compounds if used in fuel reduce the temperature of combustion, thus avoiding the  

soot formation. Even if formed they break it into fine particles, thus appreciably reducing smoke.  

However, the use of barium salts increases the deposit formation tendencies of engine and 

reduces the fuel filter life.  

5. Adopting fumigation technique: 

This method consists of introducing a small amount of fuel into the intake manifold. This starts  

pre-combustion reactions before and during the compression stroke resulting in reduced 

chemical delay, because the intermediate products such as peroxides and aldehydes react more  

rapidly with oxygen than original hydrocarbons. The shortening of delay period curbs thermal 

cracking which is responsible for soot formation.  

 

 

9. Explain in detail about the different types used for the measurement of exhaust emission in 

petrol engines(Apr 2016) 

With the help of neat sketch, Explain the principle of operation of NDIR analyser.(May 

2012). 

Beer-Lambert's Law is used for operation of NDIR analyzers by measuring the degree of 

absorption of infrared (IR) radiations when they pass through a column of gas. The fraction of 

incident radiations absorbed is given by, 

 
where 

I = Radiation energy absorbed 

I0 = Incident radiation energy 

k = characteristic absorption constant for the gas, m2 /gmol 

c = concentration of the gas, gmol/m 3  

d = length of the gas column, m 
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As the absorption of IR radiations is measured only in a narrow range of wavelengths 

(not the entire range of wavelength of IR radiations) which has specifically a high absorbance for 

theparticular gas, the technique is called as ‗Non-dispersive infra-red'.  

For example carbon monoxide has a strong absorbance in the wavelength band of 4.5-5 μm. The 

analyzer measures differential in absorption of energy from two columns of gas;  

(i) the gas to be analyzed in the ‗sample cell' and  

(ii) a gas of fixed composition like N2 contained in the reference cell which is free of the gas of 

interest and relatively non-absorbing in the infrared region. 

 

 The infrared beam from a single source is usually split into two beams of the same intensity,  

 one each for the sample and reference cells.  

  The detector is divided in two compartments separated by a flexible diaphragm; one section 

receives transmitted IR energy from the sample cell and the other from the reference cell. 

The detector is filled with the gas of interest, so that the energy transmitted to the detector is 

fully absorbed. 

 The flexible diaphragm of the detector senses the differential pressure between the two 

sections of the detector caused by the difference in the amount of transmitted IR energy 

absorbed.  

 The deflection in the diaphragm is used to generate an electrical signal that determines the 

concentration of the gaseous species of interest. A rotating interrupter in the path of IR beam 

is put to generate AC signal output that can be amplified.  

 NDIR analyzers enable accurate measurements of CO and CO2in the exhaust gases. NDIR 

instruments are seldom used for measurement of hydrocarbons except in the garage type 

analyzers as the IR absorbance to different hydrocarbons varies substantially.  

 The unsaturated hydrocarbons are primarily responsible for photochemical smog but they do 

not have an adequate absorption in the IR wavelength range that is specific to the saturated 

hydrocarbons and vice versa.  
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 Sensitivity and response of NDIR to the exhaust HC is typically only half of the probable 

true value. 

  NO absorbs only weekly in the infrared region. Moreover, CO, CO2 and water vapours 

interfere seriously; hence NDIR analyzers are also not used for NO measurement.  

 

 

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

(Apr 2015)(Nov 2012) 

An accurate method of measuring the unburned hydrocarbon emissions is to use the Flame 

Ionisation Detector ( FID ).The working principle of FID is as follows:  

A hydrogen-air flame contains a negligible amount of ions but if few hydrocarbon molecules 

are introduced into the flame a larger number of ions are produced. The ion yield is proportional 

to the amount of hydrocarbon introduced into the flame.  

 Pure hydrogen-air flames are practically ion-free but on introduction of even little amount of 

hydrocarbons the flame causes considerable ionization and becomes electrically conducting.  

 The ionization current is proportional to the number of carbon atoms present in the 

hydrocarbon molecules.  

 Thus, FID is effectively a carbon atom counter e.g., one molecule of propane generates three 

times the response generated by one molecule of methane.  

  The measurement of HC by FID is expressed as parts per million of methane i.e. as ppmC 1 

i.e., ppm of hydrocarbon containing equivalent of one carbon atom. The HC concentration is 

commonly written as ppmC. 

  HC concentration measured as ppm propane (C3 ) is to be multiplied by a factor of 3 to 

convert it to ppmC. All classes of hydrocarbons i.e., paraffin, olefins, aromatics, etc. show 

practically the same response to FID. Oxygenates, e.g. aldehydes and alcohols however, 

have a somewhat lower response. 

 FID essentially consists of a hydrogen-air burner and an ion collector assembly as shown in 

Figure. Sample gas is introduced with hydrogen in the burner assembly and the mixture is 

burned in a diffusion flame. 

  An electric potential is applied between the collector plates that makes the ionization 

current to flow and generate signal proportional to HC concentration in the sample gas. This 

current is amplified and the output signal is measured.  
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 A well-designed burner will generate ionization current that is linearly proportion to 

hydrocarbon content over a dynamic range of almost 1 to 10 6 . 

 The commercial FID analyzers have the most sensitive range set at about 0-50 ppmC and the 

maximum range reaching 0-100,000 ppmC. 

 Hydrogen is mixed with helium in ratio of 40:60 to decrease flame temperature that 

increases flame stability.  

 The FID analyzer is calibrated with propane or methane mixtures in nitrogen. For the 

measurement of hydrocarbons in diesel exhaust, sampling line and FID are heated to a 

temperature of 191± 11°C to minimize condensation of heavy hydrocarbons present in the 

diesel exhaust in the sampling system. 

 

11. Explain procedure of measuring smoke using hatridge smoke meter. (Nov 2015)  

This consists of two optically identical tubes, one containing clean air and other the moving 

sample of the smoke. The clean air tube is taken as reference.  

 A light source and photo-electric cell mounted facing each other on swinging arms.  

 Movement of the change-over knob alters their position from 0-100, indicating the light 

absorbed by the smoke in hartridge units.  

 A small fan blows air into the clean air-tube. The air flow the open ends of the tube across 

the surfaces of the light source and the photo-electric cell, to provide cooling and to protect 

them against sooting by the smoke.  

 The sampling probe is connected either to a tapping on the exhaust pipe. The smoke meter is 

switched on and control lever set to bring the clean air tube between light and cell. The 

smoke meter dial should read zero otherwise the meter is to adjusted to read zero.  

 The control lever valve, the meter gives continuous and direct reading of the smoke density. 
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12. Write a note on emission norms indicating clearly the need and pollutants that are covered 

in norms.(may 2012) 

 

Emission standards are the legal requirements governing air pollutants released into the 

atmosphere. 

 Emission standards set quantitative limits on the permissible amount of specific air 

pollutants that may be released from specific sources over specific timeframes.  

 They are generally designed to achieve air quality standards and to protect human health.  

 Many emissions standards focus on regulating pollutants released by automobiles (motor 

cars) and other powered vehicles.  

 An emission performance standard is a limit that sets thresholds above which a different 

type of emission control technology might be needed.  

  While emission performance standards have been used to dictate limits for conventional 

pollutants such as oxides of nitrogen and oxides of sulfur (NOx and SOx), this regulatory 

technique may be used to regulate greenhouse gasses, particularly carbon dioxide (CO2).  

 Bharat stage emission standards are emission standards instituted by the Government of 

India to regulate the output of air pollutants from internal combustion engine equipment, 
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including motor vehicles. The standards and the timeline for implementation are set by the 

Central Pollution Control Board under the Ministry of Environment & Forests.  

The standards, based on European regulations were first introduced in 2000. Progressively 

stringent norms have been rolled out since then. All new vehicles manufactured after the 

implementation of the norms have to be compliant with the regulations. As of 2014, the country 

is under a combination of Euro 3 and Euro 4-based norms. Euro 6 norms are planned to be 

introduced across the country by the April 1, 2020.  
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13. Discuss in detail any two types of driving cycles used in emission measurement. (Nov 2013) 

Driving cycle is a series of data points representing the speed of a vehicle versus time. Driving 

cycles are produced by different countries and organizations to assess the performance of 

vehicles in various ways, as for example fuel consumption and polluting emissions.Fuel 

consumption and emission tests are performed on chassis dynamometers. Tailpipe emissions are 

collected and measured to indicate the performance of the vehicle. Another use for driving cycles 

is in vehicle simulations. 

 More specifically, they are used in propulsion system simulations to predict performance of 

internal combustion engines, transmissions, electric drive systems, batteries, fuel cell systems, 
and similar components. 

There are two types of driving cycles: 

1. Transient driving cycles involve many changes, representing the constant speed changes 

typical of on-road driving. 

2. Modal driving cycles involve protracted periods at constant speeds.  

The driving cycle of any country is the probable plot of the vehicle speed right from the start of 

the engine through its journey over a prescribed time.  

  This information is acquired by averaging the extensive data when the vehicle is driven 

under actual service conditions on designated urban routes or on highways where the traffic 

density and driving pattern is representative of the prevailing working day pattern of the 

country.  

 The data is available as a plot of vehicle speed km/h versus time and is called the urban or 

highway driving cycle of the country. The driving cycle is simulated on a test vehicle in a 

laboratory test called the constant volume sampling (CVS) system.  

 Since the IDC involves too many transients because of haphazard traffic situations in India, 

this is now only followed for two/three wheelers, which are common modes of 

transportation in Indian cities.  

 The emissions include in addition, smoke density (opacity) and particulars as applicable to 

diesel engines under regulation. But the emissions are computed as mass emissions in 

g/kWh and opacity expressed on standard Bosch or Hartrides scale.  

Driving Cycle: 

CVS-1 system: 

The CVS-1 system, sometimes termed variable dilution sampling, is designed to measure the 

true mass of emissions. .  

 A large positive displacement pump draws a constant volume flow of gas through the 

system. The exhaust of the vehicle is mixed with filtered room air and the mixture is then 
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drawn through the pump. Sufficient air is used to dilute the exhaust in order to avoid vapour 

condensation, which could dissolve some pollutants and reduce measured values.  

 
 Excessive dilution on the other hand, results in very low concentration with attendant 

measurement problems. A pump with capacity of 30 - 350 cfm provides sufficient dilution 

for most vehicles. 

 Before the exhaust-air mixture enters the pump, its temperature is controlled to within +or ‖ 

10F by the heat exchanger. 

  Thus constant density is maintained in the sampling system and pump. A fraction of the 

diluted exhaust stream is drawn off by a pump P2 and ejected into an initially evacuated 

plastic bag. Preferably, the bag should be opaque and manufactured of Teflon or Teldar.  

  A single bag is used for the entire test sample in the CVS-1 system. Because of high 

dilution, ambient traces of HC, CO or NOx can significantly increase concentrations in the 

sample bag. A charcoal filter is employed for leveling ambient HC measurement.  

  To correct for ambient contamination a bag of dilution air is taken simultaneously with the 

filling of the exhaust bag. 

 HC, CO and NOx measurements are made on a wet basis using FID, NDIR and 

chemiluminescent detectors respectively.  

  Instruments must be constructed to accurately measure the relatively low concentrations of 

diluted exhaust.  

 Bags should be analyzed as quickly as possible preferably within ten minutes after the test 

because reactions such as those between NO, NO2 and HC can occur within the bag quite 

quickly and change the test results.  

CVS-3 SYSTEM: 
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The CVS-3 system is identical to the CVS-1 system except that three exhaust sample bags are 

used. 4 

 The normal test is run from a cold start just like the CVS-1 test.  

 After deceleration ends at 505 seconds, the diluted exhaust flow is switched from the 

transient bag to the stabilized bag and revolution counter number 1 is switched off and 

number 2 is activated. The transient bag is analyzed immediately.  

 The rest of the test is completed in the normal fashion and the stabilized bag analyzed. 

However in the CVS-3 test ten minutes after the test ends the cycle is begun and again run 

until the end of deceleration at 505 seconds.  

 This second run is termed the hot start run. A fresh bag collects what is termed the hot 

transient sample. 

  It is assumed that the second half of the hot start run is the same as the second half of the 

cold start run and is not repeated. In all, three exhaust sample bags are filled. An ambient air 

sample bag is also filled simultaneously.  

 

 

6.Describe selective catalytic reduction. 

 

THEORY OF OPERATION: 

 The SCR process chemically reduces the NOx molecule into molecular nitrogen and 

water vapor.  

 A nitrogen based reagent such as ammonia or urea is injected into duct work, 

downstream of the combustion unit.  

 The waste gas mixes with the reagent and enters a reactor module containing catalyst. The 

hot flue gas and reagent diffuse through the catalyst.  
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 The reagent reacts selectively with the NOx within a specific temperature range. 

Temperature, the amount of reducing agent, injection grid design and catalyst activity are the 

main factors that determine the actual removal efficiency.  

In this process, at first the hydrolysis of urea is done over a catalyst that produces ammonia and 

carbon dioxide. Then, ammonia reacts on the SCR catalyst with the  NOX  resent in the exhaust to 

convert in to nitrogen 

Urea hydrolysis 

(NH2)2CO +H2O→CO2+ 2NH3 

NOX conversion 

 4NO + 4NH3 + O2 → 4N2 + 6H2O 

6NO2 + 8NH3 → 7N2 + 12H2O 

Urea concentration of 30 to 40 % in water solution are usually employed. The SCR 

catalyst is typically vanadium and titanium oxide mixture coated on a ceramic honeycomb 

substrate of 200- 400 cpsi. 

 Catalyst activity is a function of manyvariables including catalyst composition and structure, 

diffusion rates, mass transfer rates, gas temperature,and gas composition.  

 Catalyst deactivation is caused by:  

 Poisoning of active sites by flue gas constituents,  

 Thermal sintering of active sites due tohigh temperatures within reactor,  

 Blinding/plugging/fouling of active sites by ammonia-sulfur salts and 

particulate matter, and 

 Erosion due to high gas velocities.  

The SCR process requires precise control of the ammonia injection rate. An insufficient 

injection may result in unacceptably low NOx conversions. An injection rate which is too high 

results in release of undesirable ammonia to the atmosphere. These ammonia emissions from 

SCR systems are known as ammonia slip. 
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Advantages: 

 Higher NOx reductions than low-NOx burners and Selective Non-Catalytic Reduction 

(SNCR) 

 Applicable to sources with low NOx concentrations 

 Reactions occur within a lower and broader temperature range than SNCR. 

 High conversion rate upto 90% 

Disadvantages: 

 Significantly higher capital and operating costs than low-NOx burners and SNCR 

 Large size and higher packing space 

 Large volume of reagent and catalyst required. 

 Additional urea distribution network required. 
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Unit IV-ALTERNATIVE FUELS 

PART A 

1. Write about the different types of alternate fuels available? (Apr 2016) 

List various alternate fuels for I.C engine. (Nov 2013) (Nov 2012) 

 Alcohols 

 LPG( Liquified petroleum gas) 

 CNG(compressed Natural gas) 

 Vegetable oil 

 Biodiesel 

 Hydrogen 

 

2. What are the reasons for looking alternate fuels? (May 2011) 

 Emission problems of gasoline and diesel engines 

 High cost of petroleum products 

 Large percentage of crude oil imports 

3. Which are the different types of onboard hydrogen storage methods that can be used? (Apr 

2016) 

  Metal hydrides. 

  Non-metal hydrides. 

  Large cylinders. 

   Synthesized hydrocarbons. 

   Liquid organic hydrogen carriers (LOHC) 

 Ammonia. 

 

4. What are the merits and demerits of using Alcohol as fuel? (Nov 2014) 

The Merits of alcohols a fuel are: 

  It is a high octane fuel with antiknock index number (octane number) of over 100.  

  Alcohols have low sulphur content in the fuel. 

  It produces less overall emissions when compared with gasoline 

Demerits: 

  Alcohols have poor ignition characteristics in general. 

  There is a possibility of vapour lock in fuel delivery system. 

  It has poor cold weather starting characteristics due to low vapor pressure and evaporation. 

 

5. By what methods hydrogen can be used as fuel in diesel engine. (Nov 2015)  

 By introducing hydrogen with air and using a spray of diesel oil to ignite the mixture that 

is by the dual fuel mode. 

 By introducing hydrogen directly into the cylinder at the compression.  
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6. What are the problems of using methanol in an engine? (Apr 2015) 

 Methanol is far more difficult to ignite than gasoline and burns about 60% slower.  

7. List down the four important properties in the selection of an fuel for engine. (Apr 2015)  

 Calorific value 

 Viscosity 

 Density 

 Octane/ cetane rating 

 

8. What are the different methods by which LPG can be used in C.I engine? (Nov 2013) 

 

 Dual fuel technique 

 By reducing its compression ratio and provide it with spark ignition.  

9. What is the chemical composition of LPG? (May 2013) 

The chemical composition of LPG are propane and butane.  

 

10. List any two de merits of hydrogen fuel? (May 2013) 

 Requirement of heavy, bulky fuel storage both in vehicle and at the service station.  

 Difficult to refuel and possibility of detonation 

 Poor engine volumetric efficiency 

 Fuel cost be high at present day technology and availability. 

11. What are the advantages of natural gas as a fuel? (Nov 2012)( (Nov 2015) 

 Octane number is around 120, which makes it a very good SI engines fuel.  

  Low engine emissions 

 Fuel is fairly abundant worldwide.  

12. Compare the octane number and calorific value of alcohol with petrol. (May 2012) 

 

Properties Alcohol Petrol 

Octane number 106 92-98 

Calorific value 27 MJ/kg 44MJ/Kg 

 

13. List out the major constituents of natural gas & LPG. (May 2012) 

Natural gas consisting mainly of methane (60-95%) with small amounts of other 

hydrocarbon fuel components. But usually it contains large amount of methane and small amount 

of ethane. 

Liquefied Petroleum Gas or LPG consists mainly of propane, propylene, butane, and butylene 

in various mixtures. 

14. Mention the advantages of LPG as I.C engine fuel. (Nov 2011) 

 LPG mixes with air at all temperatures.  

 LPG has high antiknock characteristics.  
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 There is no crack case dilution, because the fuel is in the form of vapor. 
 LPG contains less carbon than petrol. So it produces 50% less carbon monoxide. 

15. What is the effect of adding methanol on octane number of gasoline? (Nov 2011) 

Octane number of gasoline increases with the addition of methanol 

16. What are the disadvantages for usage of natural gas? (May 2011) 

 Low energy density resulting in low engine performance. 

 Low engine volumetric efficiency because it is a gaseous fuel.  

 Need for large pressurized fuel storage tank.  

 Inconsistent fuel properties.  

17. What are the advantages of vegetable oils as diesel fuel? (May 2014) 

 It eliminates sulphur emissions 

 It reduces emissions of carbon monoxide 

 It has higher cetane rating 

 It has superior lubricating property.  

 Low fire hazard (flashpoint > 220°C) 

PART  B 

1. Explain any three techniques of using alcohol in diesel engines.(May 2012) 

Techniques of using alcohol in diesel engines are 

 Alcohol/diesel fuel solutions 

 Alcohol diesel emulsions. 

 Alcohol fumigation 

 Dual fuel injection 

 Surface ignition of alcohols.  

 Spark ignition of alcohols 

 Alcohols containing ignition improving additives.  

 Both ethyl and methyl alcohols have high self ignition temperatures. Hence, very high 

compression ratios (25-27) will be required to self ignite them. 

  Since this would make theengine extremely heavy and expensive, the better method is to 

utilize them in dual fuel operation.  

 In the dual fuel engine, alcohol is carbureted or injected into the inducted air. Due to high 

self ignition temperature of alcohols there will be no combustion with the usual diesel 

compression 

 ratios of 16 to 18.  

 A little before the end of compression stroke, a small quantity of diesel oil is injected into 

the combustion chamber through the normal diesel pump and spray nozzle.  

 Thediesel oil readily ignites and this initiates combustion in the alcohol air mixture also.  
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 Several methods are adopted for induction of alcohol into the intake manifold. They are 

microfog unit, pneumatic spray nozzle, vapourizer, carburetor and fuel injector. The degree 

of fineness in mixing of fuel and air are different for the above methods.  

 Another method tried is to inject alcohol into the combustion chamber after the diesel fuel 

injection: This way of alcohol injection avoids the alcohol cooling the charge in the cylinder  

 to a degree which will jeopardies the ignition of the diesel fuel.  

 However, this design calls for two complete and separate fuel systems with tank, fuel pump, 

injection pump and injectors. 

 In the dual fuel engines mentioned above, major portion of the heat release is by the alcohol 

supplied and this alcohol is ignited by a pilot spray of diesel oil injection.  

 The performance of the dual fuel engine is influenced by the following properties of 

alcohols. The calorific value of alcohols is lower than diesel oil and hence a larger quantity 

of alcohol has to be used for producing  same amount of power output.  

 
SURFACE-IGNITION ALCOHOL CI ENGINE 

The surface- ignition plug mounted on an alcohol fueled direct injection diesel engine can be seen 

in the following figure. The basic concept of the system is as follows: STUCOR APP
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 A slab of insulator material, wound with a few strands of heating wire (kanthal heating 

element wire) is fixed on the combustion chamber with the wire running on the face exposed 

to the gases. The fuel injector is located such that a part of the spray impinges head on this 

surface. Ignition is thus initiated. 

 The combustion chamber, which is in the cylinder head, is made relatively narrow so that the 

combustion spreads quickly to the rest of the space.  

 Since a part of the fuel burns on the insulator surface and since the heat losses from the plate 

are low, the surface after some minutes of operation reaches a temperature sufficient to 

initiate ignition without the aid of external electrical supply.  

 The power consumption of the coil is about 50 W at 6 volts. The engine lends itself easily to 

the use of wide variety of fuels, including methanol, ethanol and gasoline.  

 The engine was found to run smoothly on methanol with a performance comparable to diesel 

operation. The engine operates more smoothly at lower speeds than at higher speeds.  

 

2. Why is alcohol not a suitable fuel for diesel engine? Explain with sufficient reasons. (Nov 

2011) 

 Both ethyl and methyl alcohols have high self ignition temperatures. Hence, very high 

compression ratios (25-27) will be required to self ignite them. Since this would make the  

engine extremely heavy and expensive, the better method is to utilize them in dual fuel 

operation. 

 Alcohol is immiscible with diesel. For getting a homogenous mixture, emulsifying agent  

is needed. 

 Cetane rating of alcohol( less than 10) is very low compared to the diesel. If we using 

alcohol in diesel engine cetane improver is added with alcohol such as Di ethyl ether.  
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 Alcohols fuels have low lubricating qualities causing trouble in injection pump and 

nozzles. 

 There are material problems caused by the harsh reaction of alcohol towards various 

plastis and metals. 

 

3. Discuss the salient features of hydrogen as a fuel. (Apr 2015) 

 

 The most attractive features of hydrogen as an IC engine fuel are that it can be produced  

 from a potentially available raw material, water, and the main product of its combustion 

again is water.  

 Hydrogen has very low density both as gas and as liquid. Hence, in spite of its high calorific 

value on mass basis its energy density as a liquid is only one fourth that of gasoline.  

 As a gas it has less than one tenth the density of air and its heating value per unit volume is 

less than one third that of methane. Hydrogen has to be stored as compressed gas, as liquid 

(in cryogenic containers) or in absorbed form (as metal hydrides), none of which is as 

convenient as gasoline storage.  

 Hydrogen has extremely wide ignition limits. This allows a spark ignition engine to operate 

on hydrogen with very little throttling, a decided advantage.  

 Stoichiometric hydrogen air mixture burns seven times as fast as the corresponding gasoline 

air mixture. This too is a great advantage in IC engines, leading to higher engine speeds and 

greater thermal efficiency.  

 Hydrogen has a high self- ignition temperature but requires very little energy to ignite it. 

Hence, it is highly prone to preignition and backflash in SI engines.  

 Adiabatic flame temperature for hydrogen is a little lower than for gasoline but the rapid 

combustion allows very little heat loss to the surroundings and hence, high, instantaneous, 

local temperatures are produced. This leads to high nitric oxide formation.  

 

4. Explain the two methods by which hydrogen can be used in C.I engine. (May 2011) 

 

There are two methods by which hydrogen can be used in diesel engines. 

By introducing hydrogen with air and using a spray of diesel air to ignite the mixture  

that is by the dual fuel mode.  

 The Limiting conditions are when the diesel quantity is too small to produce effective 

ignition, that is failure of ignition and when.  

 The hydrogen air mixture is so rich that the combustion becomes unacceptably violent. In 

between these limits a wide range of diesel to hydrogen proportion can be tolerated. 

Investigations show that beyond a certain range (30 to 50% substitution of diesel fuel by 

hydrogen),' further introduction leads to violent pressure rise. 
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By introducing hydrogen directly into the cylinder at the end of compression.  

 Since the self ignition temperature of hydrogen is very high, the gas spray is made to 

impinge on a hot glow plug in the combustion chamber- that is by surface ignition.  

 It is also possible to feed a very lean hydrogen air mixture during the intake into an engine 

and then inject the bulk of the hydrogen towards the end of the compression stroke.  

 

5. What are the methods by which hydrogen can be used in S.I engine? Explain. (Nov 2012) 

Hydrogen can be used in SI engines by three methods.  

1. By' manifold induction. 

2. By direct introduction of hydrogen into the cylinder.  

3. By supplementing gasoline. 

 

1. In the manifold introduction of hydrogen cold hydrogen is introduced through a valve 

controlled passage into the manifold.  

 This helps to reduce the risk of back flash.  

 The power output of the engine is limited by two factors, preignition and back flash 

 Also the energy content of air hydrogen mixture is lower than that of liquid. 
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2.In the direct introduction of hydrogen into the cylinder, hydrogen is stored in the liquid 

form in a cryogenic cylinder. A pump, pumps this liquid through a small heat exchanger where it 

is converted into cold hydrogen gas. The metering of the hydrogen is also done in this unit. The 

cold hydrogen helps to prevent preignition and also reduces NOx formation. 

 

3.Hydrogen can also be used as a supplementary fuel the gasoline  in SI engines. In this system, 

hydrogen is inducted along with gasoline, compressed and ignited by a spark. The arrangements 

of liquid hydrogen storage and details of hydrogen induction into the SI engine cylinder can be 

seen in respectively. 

 
 

6. What are advantages and disadvantages of using hydrogen? (Nov 2014)(May 2011) 

Discuss advantages and disadvantages of using hydrogen as IC engine fuel.  
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The advantages of hydrogen as an IC engine fuel include: 


 Low emissions. 

 Essentially no CO or HC in the exhaust as there is no carbon in the fuel. Most exhaust would 

be H20 and NOX 

 Fuel availability. 

 There are a number of different ways of making hydrogen, including electrolysis of water.  

 Fuel leakage to environment is not a pollutant.  

 High energy content per volume when stored as a liquid. This would give a large vehicle 

range for a given fuel tank capacity, but see the following.  

The disadvantages of using hydrogen as a fuel include: 

 Requirement of heavy, bulky fuel storage both in vehicle and at the service station. 

Hydrogen can be stored either as a cryogenic liquid or as a compressed gas. If stored as a 

liquid, it would have to be kept under pressure at a very low temperature. This would require 

a thermally super- insulated fuel tank. Storing in a gas phase would require a high pressure 

vessel with limited capacity. 

 Difficult to refuel and the possibility of detonation.  

 Poor engine volumetric efficiency. Any time a gaseous fuel is used in an engine, the fuel 

will displace some of the inlet air and poorer volumetric efficiency will result.  

 Fuel cost would be high at present-day technology and availability. 

 

7. Give the properties of Hydrogen.(May 2011). 

 

 Hydrogen has a wide range of flammability 5 to 75% by volume in comparison with other 

fuels. So, hydrogen can run more effectively on excessively lean mixtures than gasolines.  

 The high self ignition temperature of hydrogen 845 k allows larger compression ratios to be 

used in hydrogen engine without increasing the final combustion temperature beyond the 

self ignition temperature and causing premature ignition.  

 Calorific value of Hydrogen is 120 MJ/kg. 

 Hydrogen has an low specific gravity of about 0.090.  

 Hydrogen octane rating is 106 RON making it more suitable for spark-ignited engines. 

 The laminar flame speed of hydrogen is 3 m/s, about 10 times that of gasoline and methane.  

 Its adiabatic flame temperature is higher by about 2383 K 

 

8. Compare important properties of LPG with petrol.(May 2012)(May 2011) 

 

 Octane number of  is 100-104 which is higher than petrol. Higher octane value produce 

significantly better vehicle performance than lower octane gasoline. 

 The net calorific value of LPG is 46.3 MJ/Kg as against 44 MJ/kg of gasoline.  

 Specific gravity of LPG is 0.51 which is lesser than petrol of about 0.72-0.78 
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 Latent heat of vapourization of LPG is 426 KJ/kg which is higher compared to petrol (305 

kJ/kg). 

 Adiabatic flame temperature  of LPG is 2268K which is comparably to petrol of about 

2266k. 

 Boiling point of LPG is -430 C which is higher than petrol.  

 Flammability limit of LPG ranges 9-9.5 vol % compared to 0.6-8.0 vol %. 

 

 

9. Explain the properties and fuel feed system of LPG as a fuel in automobile. (Nov 2015) 

Explain the modifications required for LPG usage in a petrol car.(May 2013)  

 

 Propane has been tested in fleet vehicles for a number of years. It is a good high octane SI 

engine fuel and produces less emissions than gasoline: about 60% less CO, 30% less HC, 

and 20% less NOx . 

 Propane is stored as a liquid under pressure and delivered through a high pressure line to the 

engine, where it is vaporized. Hence, proper and sufficient precautions are to be taken before 

fitting the vehicle with the fuel feed system. Otherwise, there is every possibility for gas 

leakage causing fire hazards.  

 Being a gaseous fuel, it has the disadvantage of lower engine volumetric efficiency.  

 This fuel feed system has a storage tank which is placed in the rear portion of the vehicle. In 

the front side of the system, there is the vacuum filter fuel lock, the converter-regulator and 

the LPG propane carburetor. 

 In the fuel feed system, liquid LPG is pushed through the fuel pipe line to the converter. The 

liquid is converted into vapour by the converter. A large temperature drop occurs, as LPG 

changes from liquid to vapour. 

 LPG should be prevented from freezing within the converter. For this purpose, the engine 

cooling water is passed close to the converter which prevents the gas from freezing. LPG 

vapours move to the LPG propane carburetor. This carburetor supplies the air- fuel mixture 

to the engine for combustion. 

 At present, LPG auto conversion kits are available for converting petrol run cars into LPG 

gas run cars.  

 These kits contain auxiliaries like the converter or pressure regulator, LPG vapour/air 

mixing unit known as the mixer and other units which are essential for conversion from 

petrol-driven vehicles to LPG-driven vehicles 
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10. What is biodiesel? List out merits of biodiesel as a fuel. (May 2013)(May 2012) 

List down advantages and disadvantages of using biodiesel in C.I engines. (Apr 2015)  

 

Biodiesel refers to vegetable oil or animal fat based diesel engine fuel co nsisting of long chain 

alkyl ( ethyl, methyl or propyl) esters. It is typically produced by chemically reacting lipids (e.g 

vegetable oil, animal fat) with an alcohol.  

Merits: 

 Biodiesel has higher cetane rating than diesel.  

 It reduces the impact of accidental spills substantially.  

 Pure Bio-diesel is essentially free of surplus and aromatics.  

 Bio-diesel is also used as heating fuel in domestic and commercial boilers.  

 Bio-diesel has high boiling point and low vapor pressure.  

 It also eliminates sulfur emissions because biodiesel doesnot have sulphur.  

 Biodiesel reduces the emission of particulates.  

 It has superior lubricating ability.  

 It can be used in C.I engine with little or no modifications.  

 It is biodegradable and non toxic. 

 Bio-diesel itself composed 11 % of O2 in mass and almost surplus free. Thus even low 

concentration added to petroleum diesel makes it burn better and may improve the performance 

of catalytic converter.  

Demerits: 

 At present, Biodiesel fuel is bout one and a half times more expensive than petroleum diesel 

fuel. 

 It increases oxides of nitrogen emission.  

  Another biodiesel fuel disadvantage is that it can harm rubber hoses in some engines.  

  As Biodiesel cleans the dirt from the engine, this dirt can then get collected in the fuel filter, 

thus clogging it. So, filters have to be changed after the first several hours of biodiesel use.  

  Biodiesel fuel distribution infrastructure needs improvement, which is another of the 

biodiesel fuel disadvantages 
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11. Explain modifications required in the engine to use alcohol blended gasoline as fuel with 

proper reasons. (Nov 2011) 

 Alcohols have higher antiknock characteristic compared to gasoline. As such with an alcohol 

fuel, engine compression ratios of between 11:1 and 13:1 are usual.  

 Today's gasoline engines use a compression ratio of around 7:1 or 9:1, much too low for 

pure alcohol. 

 In a properly designed engine and fuel system, alcohol produces fewer harmful exhaust 

emissions.  

 Alcohol contains about half the heat energy of gasoline per litre. The stoichiometric air fuel 

ratio is lesser for alcohol than for gasoline.  

 To provide a proper fuel air mixture, a carburetor or fuel injector fuel passages should be 

doubled in area to allow extra fuel flow.  

 Alcohol does not vapourize as easily as gasoline. Its latent heat of vapourization is much 

greater. This affects cold weather starting.  

 Alcohol liquefies in the engine and will not burn properly. Thus, the engine may be difficult 

or even impossible to start in extremely cold climate. To overcome this, gasoline is 

introduced in the engine until the engine starts and warms up.  

  Once the engine warms, alcohol when introduced will vapourize quickly and completely 

and burn normally. Even during normal operation, additional heat may have to be supplied 

to completely vapourize alcohol.  

 Alcohol burns at about half the speed of gasoline. As such, ignition timing must be changed, 

so that more spark advance is provided. This will give the low buring alcohol more time to 

develop the pressure and power m the cylinder.  

  Moreover, corrosion resistant materials are required for fuel system since alcohols are 

corrosive in nature. 

12. What modifications are required in C.I engine to use gaseous fuels? Explain.(Apr 2015)  

 

In the case of using gaseous fuels such as CNG as a diesel replacement, a difficulty arises as it 

has a low cetane number and thus the auto- ignition temperature is considerably higher than that 

of diesel. To achieve ignition temperature the compression ratio  must be increased to 

impractically high levels. Alternatively using a dual fuel systems in which small quantity of 

diesel is injected in to the cylinder to act as a source of ignition.  

 

Conversion kits for diesel engine to use dual fuel.  

 

1. CNG tank: Cylindrical tanks designed for storage of CNG at a pressure of 200 bar.A typical 

tank capacity is 60 litres. 

2. Refuelling connection: Multi stage pressure regulator in which the gas pressure is reduced 

from CNG filling station to CNG tanks.  
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3. CNG presure regulator: Multistage presssure regulator in which the gas presure is reduced 

from CNG tank pressure to a pressure just below the atmospheric pressure. The natural gas 

flow from this pressure regulator, when the engine is not running has overcome by its 

design. 

4. Over speed limiter: Pneumatically operated safety valve which wil close the gas suply to 

the engine if the engine speed reaches maximum allowable speed.  

5. Load regulator: Gas valve linked to the accelerator pedal which controls the gas flow as 

per engine load. 

6. Diesel fuel limiter: Allows full load diesel flow up to a certain speed and reduces diesel 

flow to the pilot valve beyond the speed called changeover speed.  

7. Venturi: Gas air mixing and metering device located at the downstream of the engine air 

filter. This meters the gas flow proportionate to the engine speed.  

8. Changeover switch: Actuate the electrical circuits in the system to automatically change the 

mode of operation from diesel to pilot injection mode at the changeover speed of the engine.  

 
 

13. What are the modification to be made in C.I engine running on biodiesel?(Apr 2016). 

 

Almost all modern diesel engines will run biodiesel quite happily provided that the biodiesel is 

of high enough quality. Generally speaking biodiesel requires much less engine modification.  

 Rubber seals 

 With some older vehicles rubber seals used in the fuel lines may require replacing with 

non rubber products such as VITONTM.  

 Cold starting 

 Cold starting can sometimes  be a problem when using higher blends. This is due to 

biodiesel thickening more during cold weather than fossil diesel. Arrangements would have to be 

made for this, either by having a fuel heating system or using biodegradable additives which 

reduces the viscosity. This effect is only a problem with higher blends.  

 

 Engine Timing 
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For higher blends engine performance will be improved with a slight change to engine timing, 2 

or 3 degrees for a 100 % blend. The use of advanced injection timing and increased injection 

pressure has been known to reduce NOx emissions. It is worth noting that catalytic converters are 

just as effective on biodiesel emissions as on fossil diesel.  
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Unit V-RECENT TRENDS 

PART A 

1. What is common rail direct injection diesel engine? (Apr 2016) 

What do you understand by CRDI system?  (Apr 2015) 

CRDI is meant for direct injection of the fuel in to the cylinders of a diesel engine via a single 

common line called the common rail which is connected to all the fuel injectors.  

 

2. What do you mean by HCCI engine? (Nov 2013)( (Nov 2015) 

In HCCI mode of combustion, the fuel and air are mixed prior to the start of the combustion and 

the mixture is auto- ignited spontaneously at multiple sites throughout the charge volume due to 

increase in temperature in the compression stroke.  

 

3. What are the disadvantages of Electronic fuel injection system in petrol engine? (May 

2014) 

 High maintenance cost 

 Difficulty in servicing.  

 Possibility of malfunction of some sensors.  

 

4. What is meant by On-Board Diagnostics?  

On-board diagnostics (OBD) is an automotive term referring to a vehicle's self-

diagnostic and reporting capability. OBD systems give the vehicle owner or repair technician 

access to the status of the various vehicle subsystems.  

5. What are the advantages of CRDI system? 

 Improved power, increased fuel efficiency and reduced noise.  

 Less emissions and reduced particulates. 

 Better pulverization of fuel 

 Increased combustion quality due to pilot and post injection.  

 

6. How do you control the HCCI combustion?  

Controlling the HCCI combustion by means of  

 Variable compression ratio 

 Variable induction temperature 

 Variable exhaust gas percentage 

 Variable valve actuation 

 Variable fuel ignition quality.  

7.Write the advantages of homogeneous charge compression ignition engine? 

 It can achieve higher efficiency than conventional S.I engine  
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 NOX emission and soot are almost negligible.  

 It can operate on gasoline and diesel and almost all alternative fuels  

 Peak temperatures are low  

8.Write the disadvantages of HCCI engine? 

 Autoignition is difficult to control 

 There are constraints at low loads due to lean flammability limits.  

 CO emissions are higher compared conventional engines.  

 Pre catalyst hydrocarbon emissions are higher.  

9. Write the concept of NOX adsorber technique? 

The concept of NOx adsorbers has been developed based on acid-base washcoat chemistry. It 

involves storage of NOx on the catalyst washcoat during lean exhaust conditions and release 

during rich operation and/or increased temperatures.  

10. Write short notes on EOBD fault codes. 

Each of the EOBD fault codes consists of five characters: a letter, followed by four numbers. The 

letter refers to the system being interrogated e.g. Pxxxx would refer to the powertrain system. 

The next character would be a 0 if complies to the EOBD standard. So it should look like P0xxx.  

The next character would refer to the sub system.  

 P00xx – Fuel and air metering and auxiliary emission controls.  

 P01xx – Fuel and air metering. 

 P02xx – Fuel and air metering (injector circuit).  

 P03xx – Ignition system or misfire. 

 P04xx – Auxiliary emissions controls.  

 P05xx – Vehicle speed controls and idle control system. 

 P06xx – Computer output circuit.  

 P07xx – Transmission 

11. Write the benefits of variable geometry turbocharger? 

 No throttling loss of the wastegate valve; 

 Higher air–fuel ratio and higher peak torque at low engine speeds; 

 Improved vehicle accelerations without the need to resort to turbines with high pumping 

loss at high engine speeds; 

 Potential for lower engine ΔP (the difference between exhaust manifold and intake  

 A better ability to cover a wider region of low BSFC in the engine speed–load domain; 

 Ability to provide engine braking; 
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 Ability to raise exhaust temperature for after treatment system management. 

12. What is meant by hybrid electric vehicle  (HEV)  

Hybrid electric vehicle  (HEV) is a type of hybrid vehicle and electric vehicle that 

combines a conventional internal combustion engine (ICE) propulsion system with an 

electric propulsion system (hybrid vehicle drivetrain). The presence of the electric powertrain 

is intended to achieve either better fuel economy than a conventional vehicle or better 

performance. 

13. What are the types of hybrid electrical vehicle? 

 Series hybrid 

 Parallel hybrid 

 Combined hybrid 

14. Write a note on Air assisted combustion systems? 

Air-supported direct injection systems enable stable combustion with good stratification that is 

compatible with large amounts of recycled exhaust gas because of the high quality of the mixture 

preparation. The main feature of air-supported direct injection is an arrangement of an 

electromagnetic fuel injector and an electromagnetically actuated air injection valve  that injects 

finely atomized fuel into the combustion chamber.  

 

PART B 

1. Explain the operation of CRDI engine with a neat sketch. (Apr 2015) 

 

 A diesel fuel injection system employing a common pressure accumulator, called the rail, 

which is mounted along the engine block. 
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 The rail is fed by a high pressure fuel pump. The injectors, which are fed from the common 

rail, are activated by solenoid valves.  

 The solenoid valves and the fuel pump are electronically controlled. In the common rail 

injection system the injection pressure is independent from engine speed and load. 

Therefore, the injection parameters can be freely controlled.  

 Usually a pilot injection is introduced, which allows for reductions in engine noise and NOx 

emissions. This system operates at 27,500 psi (1900 BAR).  

 The injectors use a needle-and seat-type valve to control fuel flow and fuel pressure is fed to 

both the top and bottom of the needle valve.  

 By bleeding some of the pressure off the top, the pressure on the bottom will push the needle 

off its seat and fuel will flow through the nozzle holes.  

Advantages of CRDI system 

1. Improved power, increased fuel efficiency and reduced noise.  

2. Less emissions and reduced particulates.  

3. Better pulverization of fuel.  

4. Increased combustion quality due to pilot and post injection.  

5. Increased combustion quality due to pilot and post injection 

 

2. Briefly explain Homogenous charge Compression Ignition. (Nov 2013)(may 2013) (May 

2012) (May 2014) 

Homogeneous charge compression ignition is new combustion concept which is an alternative 

to conventional spark ignition (SI) and compression ignition (CI) engine  combustion concepts. 

HCCI engine incorporates the basic features of SI engines (premixed charge preparation)  and CI 

engines ( auto ignition of the fuel at a certain pressure and temperature).  

HCCI principle  

In HCCI mode of combustion, the fuel and air are mixed prior to the start of the combustion 

and the mixture is auto-ignited spontaneously at multiple sites throughout the charge  

volume due to increase in temperature in the compression stroke.In this mode, the combustion 

process is arranged in such a way that the combustion takes place under very lean and dilute 

mixture conditions, which results in comparatively lower bulk temperature and localized 

combustion temperature, which therefore, considerably reduces the NOx emissions. 
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Working of HCCI Engine  

In an HCCI engine (which is based on the four-stroke Otto cycle), fuel delivery control is of 

paramount importance in controlling the combustion process.  

 On the intake stroke, fuel is injected into each cylinder's combustion chamber via fuel 

injectors mounted directly in the cylinder head.  

 This is achieved independently from air induction which takes place through the intake 

plenum. By the end of the intake stroke, fuel and air have been fully introduced and mixed in 

the cylinder's combustion chamber.  

 As the piston begins to move back up during the compression stroke, heat begins to build in 

the combustion chamber.  

 When the piston reaches the end of this stroke, sufficient heat has accumulated to cause the 

fuel/air mixture to spontaneously combust (no spark is necessary) and force the piston down 

for the power stroke. 

  Unlike conventional spark engines (and even diesels), the combustion process is a lean, low 

temperature and flameless release of energy across the entire combustion chamber. The 

entire fuel and air mixture is burned simultaneously producing equivalent power, but using 

much less fuel and releasing far fewer emissions in the process.  

 At the end of the power stroke, the piston reverses direction again and initiates the exhaust 

stroke, but before all of the exhaust gases can be evacuated, the exhaust valves close early, 

trapping some of the latent combustion heat.  

 This heat is preserved, and a small quantity of fuel is injected into the combustion chamber 

for a pre-charge (to help control combustion temperatures and emissions) before the next 

intake stroke begins. 
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CHALLENGES : 

The control of HCCI combustion is fundamentally more challenging than using a direct control 

mechanism such as a spark plug or fuel injector to dictate ignition timing, as in SI and CI 

engines. Nonetheless, HCCI engines have several inherent benefits as potential replacements for 

SI and CI engines in vehicles with conventional power trains. The main challenges that have kept 

HCCI from being applied to commercial engines can be stated as follows:  

1) Ignition timing control over wide engine speed-load ranges: 

  It is widely recognized that HCCI combustion is driven by chemical kinetics and is 

therefore controlled by fuel physical and chemical properties as well as the temperature 

history of the fuel/air mixture. 

  On the contrary, in-cylinder turbulence and mixing have little influence on combustion 

timing.  

 As the ignition timing has been shown to be very sensitive to factors such as octane number, 

intake charge temperature, fuel/air equivalence ratio, mixture composition or EGR rate, and 

fuel composition, the most pressing task for HCCI implementation is to ensure that ignition 

occurs near TDC under variable working conditions.  

2) Combustion rate control from high- to full-load engine operation: 

  HCCI combustion has been demonstrated to operate well at low to medium loads but 

difficulties have been encountered at high loads.  

  Combustion can become very rapid and intense, causing unacceptable noise, potential 

engine damage, and eventually, unacceptable levels of NOx emissions.  

  Additional work is needed to develop methods that reduce the heat release rate under high-

load operation conditions to prevent excessive noise or engine damage.  

3) Cold start capacity: 

 HCCI ignition is very sensitive to intake charge temperature, and minor variations alter 

combustion phasing significantly. Furthermore, the initial temperature required to achieve 

self- ignition varies with fuel properties and operation conditions.  

  Under cold start and idle operating conditions, the compressed gas temperature will be 

reduced because the charge receives no preheating from the intake manifold and is rapidly 

cooled by heat transferred to the cold combustion chamber walls.  

 Without some compensatory mechanism, low compressed charge temperatures could 

prevent an HCCI engine from firing.  

4) Higher levels of HC and CO: 

 HCCI combustion produces inherently low emissions of NOx and PM at lower engine loads 

but relatively high emissions of HC and CO at low to medium loads as well as high 

emissions of NOx under large loads.  

  Thus, it is necessary to develop emission control systems and control strategies to overcome 

the challenge of excessive HC and CO emissions, particularly at low loads.  

5) Mixture preparation: 

 This is particularly important for poor volatility diesel- fueled HCCI combustion.  
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 The main goals here are to avoid wall impingement, to promote fuel vaporization and air 

mixing so as to limit PM and HC emissions, and to prevent oil dilution.  

6) Relatively higher pressure-rise rate and severe combustion noise: 

Because the HCCI combustion rate is so high, ignition occurs simultaneously throughout the 

combustion chamber, producing a high pressure-rise rate and high-frequency noise or intensive 

ringing when compared to the behaviour of a conventional DICI or SI engine, especially under a 

large equivalence ratio.  

7) Engine control strategies and systems:  

Additional work is needed with regards to the development of a new methodology for feedback 

and closed- loop control of fuel and air systems, advanced control theory and control arithmetic, 

next-generation combustion sensors, and next-generation software and hardware specialized for 

HCCI combustion in order to optimize combustion over wide load-speed ranges.  

 

Important Questions and Answers. 

1. Explain the NOx Adsorber technique to control the oxides of nitrogen emission?  

NOx Adsorber Concept 

The concept of NOx adsorbers has been developed based on acid-base washcoat chemistry. It 

involves storage of NOx on the catalyst washcoat during lean exhaust conditions and release 

during rich operation and/or increased temperatures. Depending on the NOx release strategy, 

NOx adsorber systems can be classified as: 

 

1. Active NOx adsorbers,  

2. Passive NOx adsorbers. 

In active NOx adsorbers, stored NOx is periodically released—with a typical frequency of about 

once per minute—during a short period of rich air-to-fuel ratio operation, called NOx adsorber 

regeneration.  
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 The released NOx is catalytically converted to nitrogen, in a process similar to that occurring 

over three-way catalysts (TWC) widely used in stoichiometric gasoline engines.  

 Normally, three-way catalysts are inactive in converting NOx under lean exhaust conditions, 

when oxygen is present in the exhaust gas. By alternating the lean storage and rich release-

and-conversion phases, the applicability of the three-way catalyst has been extended to lean 

burn engines.  

 Due to their declining NOx reduction performance at higher exhaust temperatures, active 

NOx adsorbers found only very limited application on heavy-duty truck engines 

 Considering the trends in light-duty emission regulations, the use of active NOx adsorbers 

can be also expected to decline in future light-duty vehicles. Increasing focus on in-use 

emissions and the expected introduction of real driving emissions (RDE) testing 

requirements in the EU will pose a challenge for the NOx adsorber technology—high NOx 

conversions may be required at operating conditions outside of the regulatory test cycle, 

including high engine load operation. 

Passive NOx adsorbers (PNA) 

 A more recent and simpler variant of the technology adsorb NOx during vehicle cold start 

and release it when the exhaust temperature increases without a rich regeneration—to be 

converted over a downstream NOx reduction catalyst.  

 Hence, passive NOx adsorbers (or traps) are not a stand-alone NOx control technology 

rather, they can be used with urea-SCR aftertreatment to improve the low temperature 

performance of the system. It should be noted that ―part-time‖, active NOx adsorbers have 

been also used to control cold start/low temperature NOx emissions in some light-duty 

diesels with urea-SCR systems.  

 A close-coupled, actively regenerated NOx adsorber is used during cold start. Once exhaust 

temperatures increase, NOx is reduced over the SCR catalyst using urea.  

 

2. Briefly explain the concept of On board diagnostics. 

On-board diagnostics (OBD) is an automotive term referring to a vehicle's self-diagnostic and 

reporting capability.  

 OBD systems give the vehicle owner or repair technician access to the status of the various 

vehicle subsystems.  

 Early versions of OBD would simply illuminate a malfunction indicator light  if a problem 

was detected but would not provide any information as to the nature of the problem.  
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 Modern OBD implementations use a standardized digital communications port to provide 

real-time data in addition to a standardized series of diagnostic trouble codes, or DTCs, 

which allow one to rapidly identify and remedy malfunctions within the vehicle.  

 

EOBD 

The EOBD (European on board diagnostics)  

EOBD fault codes 

Each of the EOBD fault codes consists of five characters: a letter, fo llowed by four numbers. The 

letter refers to the system being interrogated e.g. Pxxxx would refer to the powertrain system. 

The next character would be a 0 if complies to the EOBD standard. So it should look like P0xxx.  

The next character would refer to the sub system. 

 P00xx – Fuel and air metering and auxiliary emission controls.  

 P01xx – Fuel and air metering. 

 P02xx – Fuel and air metering (injector circuit).  

 P03xx – Ignition system or misfire. 

 P04xx – Auxiliary emissions controls.  

 P05xx – Vehicle speed controls and idle control system. 

 P06xx – Computer output circuit.  

 P07xx – Transmission. 

 OBD-II provides access to data from the engine control unit (ECU) and offers a valuable 

source of information when troubleshooting problems inside a vehicle.  
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  The SAE J1979 standard defines a method for requesting various diagnostic data and a list 

of standard parameters that might be available from the ECU.  

 The various parameters that are available are addressed by "parameter identification 

numbers" or PIDs which are defined in J1979. For a list of basic PIDs, their definitions, and 

the formula to convert raw OBD-II output to meaningful diagnostic units.  

 Manufacturers are not required to implement all PIDs listed in J1979 and they are allowed to 

include proprietary PIDs that are not listed. 

  The PID request and data retrieval system gives access to real time performance data as 

well as flagged DTCs.  

3.Explain the working of variable geometry turbocharger? 

Variable-geometry turbochargers  

 To improve throttle response in passenger car petrol engines, another feature of Japanese 

practice has been the introduction of the variable-geometry turbocharger.  

  This incorporates a set of individually pivoted guide vanes around the periphery of the 

turbine wheel which move together to vary the gas flow area into the turbocharger turbine.  

 By closing down the guide vanes at low engine speeds the expansion ratio across the turbine 

is increased giving better response and a higher air flow enabling more low speed torque to 

be developed . 

 More recently variable-geometry turbochargers have also been introduced for heavy vehicle 

diesel engines. 

 Their construction differs from that described above by the substitution of the pivoting guide 

vanes for sliding ones encircling the turbine wheel.  

 A nozzle ring with fixed vanes is positioned in the exhaust gas flow leading into the turbine 

wheel. The nozzle guide vanes pass through slots in a register plate mounted in the turbine 

housing, this plate and the guide vane carrier define the axial width of the gas passage 

through the nozzle. 

  By moving the nozzle ring axially, the passage width can be varied from a narrow gap to the 

maximum width, thus controlling the flow area.  

  The nozzle ring movement is provided by a pneumatic actuator, which is supplied with high 

pressure air from the brake air supply on the vehicle.  

  This air supply is modulated by an electronically controlled valve in order to actuate the 

nozzle ring movement as required.  
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 In order to behave in the most effective way the control of the VGT has to be integrated into 
the engine electronic controller.  

 The effect of the variable geometry at small nozzle openings is to allow generation of higher 
levels of boost pressure at lower engine speeds than would be possible with a fixed geometry 

turbocharger, and thus the ability to extend the torque curve over a wider speed range.  

  Not only that, but the efficiency of the turbocharger is maintained at large nozzle openings 
corresponding to higher engine speeds which enables good specific fuel consumption to be 
achieved over a wide range. 

 Transient engine performance is also greatly enhanced by controlling the VGT to close 
during a sudden load demand. This provides additional boost air and enables a higher 

fuelling rate and torque response without excess smoke. 

  A further use of VGT is to enhance engine decompression braking systems. Use of these 
systems is becoming widespread in heavy duty diesel engines to supplement the vehicle 
service brakes .  
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 Using the VGT in its closed position to produce a high exhaust manifold pressure and at  the 
same time a high air flow through the engine results in  braking powers which can exceed 

the rated power of the engine.  

 Again, control of the VGT under these conditions has to be through the engine ECU.  

 

 

 

4.with a neat layout, explain the hybrid electric vehicle.  

 A hybrid electric vehicle (HEV) has two types of energy storage units, electricity and 

fuel. Electricity means that a battery (sometimes assisted by ultracaps) is used to store the 

energy, and that an electromotor (from now on called motor) will be used as traction motor.  

Fuel means that a tank is required, and that an Internal Combustion Engine (ICE, from now 

on called engine) is used to generate mechanical power, or that a fuel cell will be used to 

convert fuel to electrical energy. In the latter case, traction will be performed by the 

electromotor only. In the first case, the vehicle will have both an engine and a motor.  

 

Depending on the drive train structure (how motor and engine are connected), we can distinguish 

between parallel, series or combined HEVs.  

 

Series hybrid  

In a series hybrid system, the combustion engine drives an electric generator (usually a three-

phase alternator plus rectifier) instead of directly driving the wheels.  

 The electric motor is the only means of providing power to the wheels. The generator both 

charges a battery and powers an electric motor that  moves the vehicle.  
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  When large amounts of power are required, the motor draws electricity from both the 

batteries and the generator. 

Series hybrid configurations already exist a long time: diesel-electric locomotives, hydraulic 

earth moving machines, diesel-electric power groups, loaders.  

 

 

Weaknesses of series hybrid vehicles:  

1. The ICE, the generator and the electric motor are dimensioned to handle the full power of 

the vehicle. Therefore, the total weight, cost and size of the powertrain can be excessive.  

2. The power from the combustion engine has to run through both the generator and electric 

motor.  

3. During long-distance highway driving, the total efficiency is inferior to a conventional 

transmission, due to the several energy conversions.  

 

Advantages of series hybrid vehicles:  

4. There is no mechanical link between the combustion engine and the wheels. The engine-

generator group can be located everywhere.  

5. There are no conventional mechanical transmission elements (gearbox, transmission shafts). 

Separate electric wheel motors can be implemented easily.  

6. The combustion engine can operate in a narrow rpm range (its most efficient range), even as 

the car changes speed.  
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7. Series hybrids are relatively the most efficient during stop-and-go city driving  

 

 

Parallel hybrid  

Parallel hybrid systems have both an internal combustion engine (ICE) and an electric motor 

in parallel connected to a mechanical transmission.  

 Most designs combine a large electrical generator and a motor into one unit, often located 

between the combustion engine and the transmission, replacing both the conventional starter 

motor and the alternator (see figures above).  

 The battery can be recharged during regenerative breaking, and during cruising (when the 

ICE power is higher than the required power for propulsion).  

  As there is a fixed mechanical link between the wheels and the motor (no clutch), the 

battery cannot be charged when the car isn‘t moving.  

 When the vehicle is using electrical traction power only, or during brake while regenerating 

energy,  the ICE is not running (it is disconnected by a clutch) or is not powered (it rotates in 

an idling manner). 

 

 

Weaknesses of parallel hybrid vehicles:  

 Rather complicated system.  

 The ICE doesn‘t operate in a narrow or constant RPM range, thus efficiency drops at low 

rotation speed.  
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 As the ICE is not decoupled from the wheels, the battery cannot be charged at standstill.  

Advantages of parallel hybrid vehicles:  

 Total efficiency is higher during cruising and long-distance highway driving.  

 Large flexibility to switch between electric and ICE power  

 Compared to series hybrids, the electromotor can be designed less powerful than the ICE, as 

it is assisting traction. Only one electrical motor/generator is required.  

Combined hybrid  

Combined hybrid systems have features of both series and parallel hybrids.  

 There is a double connection between the engine and the drive axle: mechanical and 

electrical. This split power path allows interconnecting mechanical and electrical power, at 

some cost in complexity. 

  Power-split devices are incorporated in the powertrain.  

 The power to the wheels can be either mechanical or electrical or both. This is also the case 

in parallel hybrids.  

 But the main principle behind the combined system is the decoupling of the power supplied 

by the engine from the power demanded by the driver.  

Weaknesses of combined hybrid vehicles:  

1. Very complicated system, more expensive than parallel hybrid.  

2. The efficiency of the power train transmission is dependent on the amount of power being 

transmitted over the electrical path, as multiple conversions, each with their own efficiency, 

lead to a lower efficiency of that path (~70%) compared with the purely mechanical path 

(98%).  

Advantages of combined hybrid vehicles:  

3. Maximum flexibility to switch between electric and ICE power  

4. Decoupling of the power supplied by the engine from the power demanded by the driver 

allows for a smaller, lighter, and more efficient ICE design.  
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5.Write a short notes about air assisted combustion? 

Air- assisted combustion 

   In addition to liquid high-pressure direct injection systems,there are air-supported direct 

injection systems such as OCP—"orbital combustions system" Air-supported direct injection 

systems enable stable combustion with good stratification that is compatible with large 

amounts of recycled exhaust gas because of the high quality of the mixture preparation.  

 The main feature of air-supported direct injection is an arrangement of an electromagnetic 

fuel injector and an electromagnetically actuated air injection valve  that injects finely 

atomized fuel into the combustion chamber.  

  The injection system is divided into two subsystems, the compressed air path and the fuel 

path. A compressor driven by gears or a belt generates the required compressed air.  

 The pressure level is set by a mechanical pressure regulator to a set point, and the fuel is 

conveyed by an electrical fuel pump. 

  The fuel pressure is regulated to be at a constant differential pressure from the compressed 

air (approximately 0.7–1.5 bar). 

  The fuel is metered with a conventional fuel injector for intake manifold injection.  

  The fuel is injected into a venturi in the air injection valve.  

  By means of the air injector, a finely atomized mixture cloud is introduced into the 

combustion chamber that can be directly ignited.  

  In stratified-charge operation, jet-directed combustion is, therefore, possible with low 

untreated emissions. 

  By synchronizing the phase angle of injection (the actuation of the air injector) and ignition, 

an optimum air- fuel ratio in the mixture can be maintained at the spark plug for stable 

combustion under all operating conditions.  

  As Fig. shows, the system consists of an air filter, an air mass meter with an integrated air 

temperature sensor, an electrical throttle valve actuator, and the intake manifold.  

  The externally recycled exhaust can be introduced into the individual intake tubes via the 

manifold or via a line in the cylinder head. 

  In any case, a position-controlled EGR valve is necessary to provide precise metering. 

Optionally, internal exhaust recycling can be provided by adjusting the phase angle of the 

intake and exhaust camshaft, allowing the torque characteristic and output of the engine to 

be improved. The exhaust after treatment subsystem consists of a three-way catalytic 

converter close to the engine and an underfloor  NOx storage reduction catalytic converter.  

 A broadband oxygen sensor allows the air- fuel ratio to be controlled in lean operation, 

including the regeneration phase and the stoichiometric operation.  

  The exhaust temperature sensor optimally controls the NOx storage catalytic converter and 

trigger measures to protect it.  

  A binary lambda sensor downstream from the NOx storage catalytic converter is required 

for the control of the regeneration phase to work properly.  
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  Alternately, a NOx sensor can be used. The compressor in the system offers a new and 

interesting solution for scavenging the carbon canister.  

  The air inducted by the compressor is guided through the carbon canister. This allows 

stratified-charge operation to also be used to attain a sufficient scavenging rate without the 

disadvantages of untreated emissions.  

  The process of fuel preparation in the OCPTM injector differs from that in a high-pressure 

direct fuel injector: With a high-pressure injector, the jet decomposes primarily from 

turbulence and inertia in the liquid jet itself.  

  Up to the end of the decomposition process, a distance of approximately 10–50 times that of 

the orifice diameter is necessary. 

  In the case of an air-supported injector, the jet dissipates when the aerodynamic forces 

exceed the surface tension in the liquid.  

  The pressure level in the air injector is such that the critical pressure ratio at the valve 

orifice is exceeded during injection.  

  The resulting sound velocity of the airflow causes strong aerodynamic forces to be exerted 

on the fuel jet. 

  The essential part of the atomization process is over directly at the valve outlet. Other 

thermodynamic effects such as evaporation play a special role particularly when injecting 

fuel into a high temperature medium. 

  This interaction of the fuel spray with the cylinder charge represents the interface between 

the fuel system and the combustion system. 

   The average Sauter mean diameter (SMD) is 10.3 μm; only an insignificant number of 

droplets have a diameter over 40 μm. The required air mass flow for the OCPTM air injector 

in reference to the entire amount of air inducted by the engine varies from 15% in 

homogeneous idling to 1.5% in full- load operation.  

 As an absolute quantity, this results in approximately 5–9 mg air per injected fuel per pulse 

for a 1.5- liter four-cylinder engine.  

 The absolute pressure in the air rail is preferably set at 6.5 bar. Compressed air is generated 

by means of a water-cooled piston compressor that is driven by the engine via gears or a 

belt. Because of the high turbulence and stratification in the air-supported OCPTM direct-

injection system, normally no additional measures are required to move the charge such as 

swirl valves. Because of the low sensitivity to internal cylinder flow, this injection system is 

particularly suitable for engines with different valve configurations without active or passive 

measures to move the charge. 
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