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UNIT-I
I.C. engines: classification-comparison of two stroke
and four stroke engines- comparison of S.I. and C.I.
engines-Valve timing and port timing diagrams-
Efficiencies- air standard efficiency, indicated
thermal efficiency, brake thermal efficiency,
mechanical efficiency, volumetric efficiency and
relative efficiency-Testing and performances of I.C.
engines -Basic principles of carburetion and fuel 
injection.
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Working of an
Internal Combustion Engine
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4-Stroke

Petrol 

Engines

Fig: Bugati Chiron engine Model
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Fig: working of a 
4-S Petrol Engine

1.Suction
2.Compression
3.Power
4.Exhaust
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Fig: Petrol Engine cut model



4-STROKE

DIESEL 

ENGINES
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This jaw-dropper is the Wärtsilä RT-flex96C, the world’s largest and
most powerful 1,09,000 horsepower diesel engine.



V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).



V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).



V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).



V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).



V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).

Fig: p-v dig. of practical diesel engine  cycle Fig: p-v diagram of Theoretical Diesel Cycle 
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Fig: Diesel Engine cut model 
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TWO STROKE 
ENGINES
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Fig: Working of Two Stroke Petrol Engine
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Valve Timing & 
Port timing Diagrams 
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Valve Timing & 
Port timing Diagrams 
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What do we expect from an automotive engine?
•High torque
•Low weight and volume
•Good fuel economy
•Low emissions
•Ease of maintenance
•Good transient response
•Ability to adapt to changing driver requirements
•Ability to adapt to environmental conditions
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Fig: Mechanical belt type Dynamometer test rigs 
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FRICTIONAL POWER (FP):
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Actual vol. available(VS) inside a cylinder If only 80% of the vol. is filled means Ƞvol=80%

vol. wasted due to incomplete filling Why super chargers and turbochargers are used
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HEAT BALANCE TEST

A heat balance sheet is an account of heat supplied,
heat utilized and dissipated in different ways in a system. The
performance of the engine is obtained from the heat balance
sheet. Energy supplied to an engine is the heat value of the
fuel consumed. As has been repeatedly pointed out, only a
part of this energy is transformed into useful work. The rest of
it is either wasted or utilized in special application like turbo
compounding. The two main parts of the heat not available
for work are the heat carried away by the exhaust gases and
the cooling medium.



To give sufficient data for the preparation of a
heat balance sheet, a test should include a method of
determining the friction power and the measurement
of speed, load, fuel consumption, air consumption,
exhaust temperature, rate of flow of cooling water
and its temperature rise while flowing through the
water jackets. Besides, the small losses, such as
radiation and incomplete combustion, the above
enumerated data makes it possible to account for the
heat supplied by the fuel and indicates its

distribution.

.









A heat balance account includes the following 
items. 





Engine performance curves 



SI Engine Characteristic Curves
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SI Engine Characteristic Curves

• Lab tests carried out to determine eng performance

• During tests, throttle is kept full (full /rated load, 
max fuel consumption) and speed is varied by 
adjusting the brake load

• IP, BP, FP, bsfc, mechanical & volumetric efficiencies
etc are worked out  

• Same tests can be repeated at half load

• At rated output, max p-V diagram area, hence max
imep; For given torque; power ∞ N

kW
NTx

hp
000,60

2
=



SI Engine Characteristic Curves

• IP increases when imep or speed or both increase

• IP initially increases faster with speed, if inlet 
conditions are kept  constant

• However, after certain limit, rate of increase of IP
reduces with speed due to reduction in vol efficiency
as air/charge velocity increase results in inlet pr drop

• Mech losses increase with
increase in speed(FP∞ N2)
due to which increase in 
IP is off-set by steep 
increase in FP



SI Engine Characteristic Curves
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SI Engine Characteristic Curves

• As FP ∞ N2, mech efficiency reduces due to steep
increase in FP

• At lower speeds, due to lower charge velocity because
of low piston speed, bsfc reduces since volumetric
efficiency increases and mech efficiency also increases

• After certain speed, bsfc
increases  due to 
reduction in volumetric 
efficiency and increase
in mech losses

x
• Point x represents
economical speed of eng
for min fuel consumption



SI Engine Characteristic Curve

Vol
Efficiency

Speed



SI Engine Characteristic Curve

• Volumetric Efficiency reduces with increase in speed
due to increase in intake velocity resulting in drop of 
suction pressure

• Higher the speed, lesser the time available for 
induction of charge

• Suction valve fully opens
only when pressure inside
cylinder slightly below
the surrounding pressure,
thus reducing effective
suction stroke



CI Engine Characteristic Curves
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CI Engine Characteristic Curves

• IP and BP increase with speed but due to steep 
increase in FP, IP and BP start coming down

• For bsfc curve, same reasons as in SI engine 



Engine Characteristic Curves

bsfc

BP
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PROBLEMS ON 

PERFORMANCE CALCULATIONS OF IC ENGINES
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Steps to solve the problem:

1. Read the problem carefully and understand each and every parameter.  

2. Identify whether it is SI/CI engine, 2S/4S, No. of cylinders.  

3. Identify the type of Dynamometer and its corresponding values and hints.

4. Identify what to find out & draw a rough flow chart 

5. Note down the given data and start solving for the unknown data.  

6. Note down all the formulae required to solve the problem 

7. Now identify the missing date and solve it  

8. Substitute all the values and find out what problem needs.   

9. Verify logically all the final results.
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7.During the trial of a single cylinder 4-stroke oil
engine, the following results were obtained. Cylinder
dia. is 20 cm; stroke=40 cm, MEP=6 bar, torque=407 N-
m, speed=250 rpm, Oil consumption is 4 kg/h, Calorific
value is 43 MJ/kg, cooling water flow rate is 45 kg/min,
air used per kg of fuel 30 kg, rise in cooling water
temperature 450C, temperature of exhaust gases
4200C, room temperature 200C, mean specific heat of
exhaust gas is 1 kJ/kg-K. Find the indicated power,
brake power, and draw the heat balance sheet for the
test in kJ/hr.
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Syllabus: Combustion in SI Engines

Normal combustion and abnormal combustion
Importance of flame speed and effect of engine
variables-types of abnormal combustion pre-ignition and
knock, Fuel requirements and fuel rating, anti-knock
additions, Combustion chamber requirements and Types
of combustion chamber, Design principles of combustion
chambers.

@V.Manikanth, Asst. Prof., Dept. of Mechanical, SRKREC(A).
2



What is Combustion?
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Combustion phenomenon in SI engines:
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Combustion can be broadly classified into two types
1. Normal combustion 
2. Abnormal combustion
Stages of combustion in SI Engines:

1. Ignition lag
2. Flame propagation
3. After burning
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FLAME FRONT PROPAGATION:

For efficient combustion the rate of propagation of the flame front within

the cylinder is quite critical. The two important factors which determine the rate of

movement of the flame front across the combustion chamber are the reaction rate

and the transposition rate. The reaction rate is the result of a purely chemical

combination process in which the flame eats its way into the unburned charge. The

transposition rate is due to the physical movement of the flame front relative to

the cylinder wall and is also the result of the pressure differential between the

burning gases and the unburnt gases in the combustion chamber.

@V.Manikanth, Asst. Prof., Dept. of Mechanical, SRKREC(A).
13



@V.Manikanth, Asst. Prof., Dept. of Mechanical, SRKREC(A).
14



@V.Manikanth, Asst. Prof., Dept. of Mechanical, SRKREC(A).
15



Factors influencing normal combustion in S.I Engines:

1. Induction pressure

2. Engine speed

3. Ignition timing

4. Fuel choice

5. Combustion chamber

6. Compression ratio

7. Mixture strength
@V.Manikanth, Asst. Prof., Dept. of Mechanical, SRKREC(A).
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FACTORS INFLUENCING THE FLAME SPEED:

1. Turbulence

2. Fuel-Air Ratio

3. Temperature and Pressure 

4. Compression Ratio 

5. Engine Output 

6. Engine Speed

7. Engine Size 
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The study of factors which affect the velocity of flame propagation is important
since the flame velocity influences the rate of pressure rise in the cylinder
and is related to certain types of abnormal combustion that occur t in spark
ignition engines. There are several factors which affect the flame speed, to a
varying degree, the most important being the turbulence and the fuel-air ratio.
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1. Turbulence: The flame speed is quite low in non-turbulent mixtures and
increases with increasing turbulence. This is mainly due to the additional
physical intermingling of the burning and unburned particles at the flame front
which expedites reaction by increasing the rate of contact.

The turbulence in
the incoming mixture is generated during the admission of fuel-air mixture
through comparatively narrow sections of the intake pipe, valve openings etc.,
in the suction stroke.

Turbulence which is supposed to consist of many minute
swirls appears to increase the rate of reaction and produce a higher flame
speed than that made up of larger and fewer swirls.

A suitable design of the
combustion chamber which involves the geometry of cylinder head and piston
crown increases the turbulence during the compression stroke.

@V.Manikanth, Asst. Prof., Dept. of Mechanical, SRKREC(A).
25



@V.Manikanth, Asst. Prof., Dept. of Mechanical, SRKREC(A).

26



@V.Manikanth, Asst. Prof., Dept. of Mechanical, SRKREC(A).
27



Disadvantages of Turbulence:
1. Generally, turbulence increases the heat flow to the cylinder wall.
2. Excessive turbulence may extinguish the flame resulting in rough and noisy 

operation of the engine. 

It also accelerates the chemical reaction by intimate mixing of fuel and
oxygen so that spark advance may be reduced. This helps in burning lean mixtures
also. The increase of flame speed due to turbulence reduces the combustion
duration and hence minimizes the tendency of abnormal combustion
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2.Fuel-Air Ratio: The fuel-air ratio has a very significant influence on the flame speed. The highest

flame velocities (minimum time for complete combustion) are obtained with somewhat richer

mixture (point A) as shown in Fig. which shows the effect of mixture strength on the rate of

burning as indicated by the time taken for complete burning in a given engine. When

When the mixture is made leaner or richer (see point A in Fig.) the flame speed decreases. 

Less thermal energy is released in the case of lean mixtures resulting in lower flame temperature. 

Very rich mixtures lead to incomplete combustion which results again in the release of less 

thermal energy.
3.Temperature and Pressure: Flame speed increases with an increase in intake temperature and

pressure. A higher initial pressure and temperature may help to form a better homogeneous air-

vapour mixture which helps in increasing the flame speed. This is possible because of an overall

increase in the density of the charge.

@V.Manikanth, Asst. Prof., Dept. of Mechanical, SRKREC(A).
29



@V.Manikanth, Asst. Prof., Dept. of Mechanical, SRKREC(A).

30



4.Compression Ratio:

A higher compression ratio increases the pressure and temperature of the working

mixture which reduce the initial preparation phase of combustion and hence less ignition

advance is needed. High pressures and temperatures of the compressed mixture also speed

up the second phase of combustion. Increased compression ratio reduces the clearance

volume and therefore increases the density of the cylinder gases during burning. This

increases the peak pressure and temperature and the total combustion duration is reduced.

Thus engines having higher compression ratios have higher flame speeds.
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5.Engine Output:

The cycle pressure increases when the engine output is increased. With the increased

throttle opening the cylinder gets filled to a higher density. This results in increased flame

speed. When the output is decreased by throttling, the initial and final compression pressures

decrease and the dilution of the working mixture increases. The smooth development of self-

propagating nucleus of flame becomes unsteady and difficult. The main disadvantages of SI

engines are the poor combustion at low loads and the necessity of mixture enrichment (φ

between 1.2 to 1.3) which causes wastage of fuel and discharge of unburnt hydrocarbon and

the products of incomplete combustion like carbon monoxide etc. in the atmosphere.

@V.Manikanth, Asst. Prof., Dept. of Mechanical, SRKREC(A).
32



6.Engine Speed:

The flame speed increases almost linearly with engine speed since the

increase in engine speed increases the turbulence inside the cylinder. The time

required for the flame to traverse the combustion space would be halved, if the

engine speed is doubled. Double the engine speed and hence half the original time

would give the same number of crank degrees for flame propagation. The crank

angle required for the flame propagation during the

entire phase of combustion, will remain nearly constant at all speeds.

@V.Manikanth, Asst. Prof., Dept. of Mechanical, SRKREC(A).
33



7.Engine Size:

The size of the engine does not have much effect on the rate of flame

propagation. In large engines the time required for complete combustion is more

because the flame has to travel a longer distance. This requires increased crank

angle duration during the combustion. This is one of the reasons why large sized

engines are designed to operate at low speeds.
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RATE OF PRESSURE RISE:

The rate of pressure rise in an engine combustion chamber exerts a considerable

influence on the peak pressure developed, the power produced and the smoothness with

which the forces are transmitted to the piston. The rate of pressure rise is mainly dependent

upon the mass rate of combustion of mixture in the cylinder.

it may be noted that higher rate of combustion results in higher rate of pressure rise

producing higher peak pressures at a point closer to TDC. This generally is a desirable feature

because higher peak pressures closer to T DC produce a greater force acting through a large

part of the power stroke and hence, increase the power output of the engine. The higher rate

of pressure rise causes rough running of the engine because of vibrations produced in the

crankshaft rotation. It also tends to promote an undesirable occurrence known as knocking.
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A compromise between these opposing factors is accomplished by designing and operating the

engine in such a manner that approximately one-half of the maximum pressure is reached by the

time the piston reaches TDC. This results in the peak pressure being reasonably close to the

beginning of the power stroke, yet maintaining smooth engine operation.
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In normal combustion, the flame initiated by the spark travels across the combustion chamber in a fairly uniform

manner. Under certain operating conditions the combustion deviates from its normal course leading to loss of

performance and possible damage to the engine. This type of combustion may be termed as an abnormal

combustion or knocking combustion. The consequences of this abnormal combustion process are the loss of

power, recurring pre--ignition and mechanical damage to the engine.

The abnormal combustion deviates from the normal behavior resulting in loss of performance and physical 

damage to the engine.

There are two types of Abnormal combustion.

1. Pre-ignition

2. Knocking (or) Detonation (or) Pinking 

ABNORMAL COMBUSTION IN SI ENGINES:
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High temperature carbon deposits formed inside the combustion chamber

ignite the air-fuel mixture before normal ignition occurs by spark plug. This ignition

due to hot carbon deposits is called pre-ignition. After some time of Pre-ignition,

the normal ignition starts and both the flames get collided.

If Pre-ignition occurs much early in the compression stroke, the work to

compress the charge will be increased. So the net power output will be reduced.

Also this may cause crank failure due to high load to compress charge. Pre-ignition

causes very high pressure and temperature. It causes the detonation. Pre-ignition

is considered as abnormal combustion.

1. Pre-ignition:
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Causes of pre ignition @V.Manikanth, Asst. Prof., Dept. of Mechanical, SRKREC(A).
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Tests for pre-ignition:

The standard test for pre-ignition is to shut off the ignition. If the engine still fires, it is assumed that pre-

ignition was taking place when the ignition was on. Experience shows that this assumption is not always valid.

Sudden loss of power with no evidence of mechanical malfunctioning is fairly good evidence of pre-ignition. The

best proof of pre-ignition is the appearance of an indicator card taken with a high speed indicator of the balanced-

pressure type.
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2. Knocking (or) Detonation (or) Pinking :

In a spark-ignition engine combustion which is initiated between the spark plug electrodes spreads

across the mixture. A definite flame front which separates the fresh mixture from the products of combustion

travels from the spark plug to the other end of the combustion chamber. Heat-release due to combustion

increases the temperature and consequently the pressure, of the burned part of the mixture above those of the

unburned mixture. In order to effect pressure equalization the burned part of the mixture will expand, and

compress the unburned mixture adiabatically thereby increasing its pressure and temperature. This process

continues as the flame front advances through the mixture and the temperature and pressure of the unburned

mixture are increased further.

If the temperature of the unburnt mixture exceeds the self-ignition temperature of the fuel and

remains at or above this temperature during the period of preflame reactions (ignition lag), spontaneous

ignition or auto ignition occurs at various pin-point locations. This phenomenon is called ‘knocking’. The

process of auto ignition leads towards engine knock.
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In fact knocking or detonation is a complex phenomenon and no single 

explanation may be sufficient to explain it fully. 

Effects of detonation :

1. Noise and roughness

2. Mechanical damage

3. Carbon deposits

4. Increase in heat transfer

5. Decrease in power output and efficiency

6. Pre-ignition. 
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Control of detonation :

The detonation can be controlled or even stopped by the following methods :

1. Increasing engine r.p.m.

2. Retarding spark.

3. Reducing pressure in the inlet manifold by throttling.

4. Making the ratio too lean or too rich, preferably latter.

5. Water injection. Water injection increases the delay period as well as reduces the flame 

temperature.

6. Use of high octane fuel can eliminate detonation. High octane fuels are obtained by adding 

additives known as dopes (such as tetra-ethyl of lead, benzol, xylene etc.), to petrol.
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COMBUSTION CHAMBER DESIGN IN S.I. ENGINES

From the point of view of attaining highest resistance to detonation under a given set

of service conditions, and also promote high power output ; high thermal efficiency, and

smooth operation, the following would appear to be desirable characteristics for S.I. engines :

1. Short combustion time.

2. Short ratio of flame path to bore.

3. Absence of hot surfaces in the end gas region.

4. Use of squish areas particularly in the end gas region.

5. High velocity through the inlet valve.

6. Large surface to volume ratio for the end gas (to have adequate cooling in the detonation 

zone).

7. Cooling of hot spots. @V.Manikanth, Asst. Prof., Dept. of Mechanical, SRKREC(A).
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Combustion chambers are usually designed with every possible attempt made to meet the 

following objectives :

1. To regulate the rate of pressure rise such that the greatest force is applied to the piston as

closely after T.D.C. on the ‘power stroke’ as possible, with a gradual decrease in the force on

the piston during the power stroke. The forces must be applied to the piston smoothly,

however, thus placing a limit on the rate of the pressure rise, as well as the position of the

peak pressure with

respect to T.D.C.

2. To prevent the possibility of detonation at all times. To obtain these objectives attempt is 

made to design the combustion chambers with the
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following factors in mind :

(i) To achieve the highest possible flame front velocity through the creation of high turbulence of the

minute “swirl” type.

(ii) To burn the largest mass of charge as soon as possible after ignition (consistent with a smooth

application of force), with progressive reduction in the mass of the charge burnt toward the end of the

combustion.

(iii) To reduce the possibility of detonation by :

— Reducing the temperature of the last portion of the charge to burn, through the application of a high

surface to volume ratio in that part of the combustion chamber where this portion burns. Such a ratio

increases the heat transfer to the combustion chamber walls and thereby tends to reduce the

temperature of the final unburned charge.

— Reducing the distance for the flame to travel by centrally locating the spark plug, or in some engines,

by using dual spark plugs.
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FUEL REQUIREMENTS &

FUEL RATING 
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The study of fuels for IC engines has been carried out ever since these engines came into

existence. The engine converts heat energy which is obtained from the chemical combination of

the fuel with the oxygen, into mechanical energy. Since the heat energy is derived from the fuel,

a fundamental knowledge of fuels and their characteristics is essential in order to understand the

combustion phenomenon. The characteristics of the fuel used have considerable influence on

the design, efficiency, output and particularly, the reliability and durability of the engine. Further,

the fuel characteristics play a vital role in the atmospheric pollution caused by the engines used

in automobiles.
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The above families of hydrocarbons exhibit some general characteristics due to their molecular

structure which are summarized below:

(i) Normal paraffins exhibit the poorest antiknock quality when used in an SI engine. But the

antiknock quality improves with the increasing number of carbon atoms and the compactness of

the molecular structure. The aromatics offer the best resistance to knocking in SI Engines.

(ii) For CI engines, the order is reversed i.e., the normal paraffins are the best fuels and aromatics

are the least desirable.

(iii) As the number of atoms in the molecular structure increases, the boiling temperature

increases. Thus fuels with fewer atoms in the molecule tend to be more volatile.

(iv) The heating value generally increases as the proportion of hydrogen atoms to carbon atoms

in the molecule increases due to the higher heating value of hydrogen than carbon. Thus,

paraffins have the highest heating value and the aromatics the least.
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IMPORTANT QUALITIES OF ENGINE FUELS 

Fuels used in IC engines should possess certain basic qualities which are important for the

smooth running of the engines. In this section, the important qualities of fuels for both SI and

CI engines are reviewed.

SI Engine Fuels :

Gasoline which is mostly used in the present day SI engines is usually a blend of

several low boiling paraffins, naphthenes and aromatics in varying proportions. Some of the

important qualities of gasoline are discussed below.
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Important properties of fuel in SI Engine:

The fuel characteristics that are important for the performances of internal combustion 

engines are

❖ Volatility of the fuel.

❖ Detonation characteristics.

❖ Good thermal properties like heat of combustion and heat of evaporation.

❖ Sulphur content.

❖ Aromatic content.

❖ Cleanliness of fuel.
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Important characteristics of SI Engine fuel:

Every engine is designed for a particular fuel according to its desired qualities. For good

performance of SI engine, the fuel used must have the proper characteristics like,

❖ It should readily mix with air to make an uniform mixture at inlet.

❖ It must be knock resistant.

❖ It should not pre-ignite easily.

❖ It should not tend to decrease the volumetric efficiency of the engine.

❖ Its sulphur content should be low.

❖ It must have adequate calorific value.

❖ It must have proper viscosity.
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RATING OF FUELS:

Normally fuels are rated for their antiknock qualities. The rating of fuels is done by defining

two parameters called Octane number and Cetane number for gasoline and diesel oil

respectively.

Rating of SI Engine Fuels: 

Resistance to knocking is an extremely important characteristic of fuel for spark-ignition

engines. These fuels differ widely in their ability to resist knock depending on their chemical

composition. In addition to the chemical characteristics of hydrocarbons in the fuel, other

operating parameters such as fuel-air ratio, ignition timing, dilution, engine speed, shape of the

combustion chamber, ambient conditions, compression ratio etc. affect the tendency to knock

in the engine cylinder. Therefore, in order to determine the knock resistance characteristic of

the fuel, the engine and its operating variables must be fixed at standard values.
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Octane Number (ON) 

Octane Number (gaseous fuel) indicates the anti-knock properties of a fuel, based on the

comparison of mixtures of Iso octane and normal heptane. This is a number to rate the petrol

fuel according to its detonating tendency. If the fuel has the tendency to detonate less, then it

has high octane number and vice versa.

✓ Iso-octane (2,2,4-Trimethylpentane) is a high rating fuel (i.e. detonation is less).

✓ Normal heptane(n-heptane) is a low rating fuel (i.e. detonation is more).
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Iso-octane and normal heptane are mixed together and this sample mixture is used for running a

test engine. The octane number of the fuel is the percentage of octane in this sample mixture

which detonates in similar way as the fuel under the same condition. High octane fuel’s number

is 100. This type of fuel will not have tendency to detonate. We can make given fuel into octane

number 90 to 100 by adding tetra ethyl lead. But this addition will reduce the engine life. Fuels

with a higher octane ratings are used in high performance gasoline engines that require higher

compression ratio. Fuels with lower octane number are ideal for diesel engines, because diesel

engines do not compress the fuel but rather compress only air and then inject the fuel.

Two methods that are employed for measuring octane number are Research Octane

Number (RON) and Motor Octane Number (MON). The octane numbers measured under two

different engine conditions in a standard “Cooperative Fuels Research (CFR)” engine has a

variable compression ratio
@V.Manikanth, Asst. Prof., Dept. of Mechanical, SRKREC(A).
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Research Octane Number (RON)

The most common type of octane rating is Research Octane Number (RON). RON is determined

by using the fuel in a test engine running at 600 rpm with the variable compression ratio under

controlled condition, and comparing the results with the mixture of iso-octane and n-heptane.

Motor Octane Number (MON)

Motor Octane Number is determined at 900 rpm engine speed instead of 600 rpm used in RON.

MON testing uses a similar test engine used in RON testing but with a preheated fuel mixture,

higher engine speed and variable ignition timing.
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Advantages of High-Octane Fuel:

1. We can increase the compression ratio without detonation.

2. Engine efficiency can be increased without detonation.

3. Super charging can be done without detonation. So totally, the unwanted detonation can be

reduced.
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UNIT-III

Combustion in C.I. Engines
Stages of combustion, Delay period and its importance, effect of

engine variables, diesel knock, suction compression and

combustion induced turbulence, open and divided combustion

chambers.

Textbooks:

1. A Treatise on Heat Engineering by Vasandhani and Kumar.

2. Applied Thermodynamics-II by R. Yada

Reference Books:

1. I.C. Engines by V. Ganesan.

2. Thermal Engineering, by R.K.Rajput.

3. I.C. Engines, by Mathur and Nehata.
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1.Ignition Delay Period:

There is a definite period of inactivity between the time when the first droplet of fuel

hits the hot air in the combustion chamber and the time it starts through the actual burning

phase. This period is known as the ignition delay period. In Fig. the delay period is shown on

pressure crank angle (or time) diagram between points a and b. Point a represents the time of

injection and point b represents the time at which the pressure curve (caused by combustion)

first separates from the motoring curve.

The ignition delay period can be divided into two parts,

i. Physical delay

ii. Chemical delay.
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i. Physical Delay:

The physical delay is the time between the beginning of injection and the

attainment of chemical reaction conditions. During this period, the fuel is

atomized, vaporized, mixed with air and raised to its self-ignition temperature.

This physical delay depends on the type of fuel, i.e., for light fuel the physical

delay is small while for heavy viscous fuels the physical delay is high. The physical

delay is greatly reduced by using high injection pressures, higher combustion

chamber temperatures and high turbulence to facilitate breakup of the jet and

improving evaporation.
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ii. Chemical Delay:

During the chemical delay, reactions start slowly and then accelerate until

inflammation or ignition takes place. Generally, the chemical delay is larger than

the physical delay. However, it depends on the temperature of the surroundings

and at high temperatures, the chemical reactions are faster and the physical delay

becomes longer than the chemical delay. It is clear that, the ignition lag in the SI

engine is essentially equivalent to the chemical delay for the CI engine. In most CI

engines the ignition lag is shorter than the duration of injection.
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KNOCKING (OR) DIESEL KNOCK

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

greater quantity of fuel droplets gets accumulated in the chamber. When the actual burning

commences, the additional fuel can cause too rapid a rate of pressure rise as resulting in a

jamming of forces against the piston 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 the extreme pressure differentials and violent gas vibrations known as

knocking and is evidenced by audible knock.

In order to decrease the tendency of knock it is necessary to start the actual burning as

early as possible after the injection begins. In other words, it is necessary to decrease the ignition

delay and thus decrease the amount of fuel present when the actual burning of the first few

droplets start.
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In the SI engine, knocking occurs near the end of combustion whereas in the CI engine,

knocking occurs near the beginning of combustion.
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The methods to prevent knocking

1. By reducing the delay period by doping. Note: Doping is the process of adding 1% ethyl nitrate

to accelerate the combustion and as a result, we can reduce knocking.

2. By raising the compression ratio, we can raise the temperature of air much higher than that

required for auto ignition of the fuel. By doing so, we can reduce knocking.

Note: In petrol engine, detonation occurs if we increase compression ratio. Here in CI engine, we

can prevent knocking by increasing compression ratio.

3. By increasing the turbulence of the compressed air, we can prevent knocking.

4. By adjusting the fuel injector so as to inject only a small quantity of fuel in beginning.
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5. By super charging, we can reduce knocking.

Note: Super charging is the process of increasing the inlet pressure of air. But super charging will increase the tendency of

detonation in SI engine.

6. By increasing the injector pressure, we can atomize the fuel efficiently to avoid knocking.
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COMBUSTION CHAMBERS FOR CI ENGINES

The combustion chamber characteristics must be such as

1. To provide proper mixing of fuel and air in a short time.

2. To avoid maximum cylinder pressure.

3. To avoid excessive pressure rise.

4. It is to be designed so that the fuel should be burnt fully in the expansion stroke.
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CI engine combustion chambers are classified into two categories:

(i) Direct-Injection (DI) Type: This type of combustion chamber is also called an open combustion

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

injected into this volume.

(ii) Indirect-Injection (IDI) 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 into that part of the chamber located in the cylinder head. These chambers are classified

further into:

(a) Swirl chamber in which compression swirl is generated.

(b) Pre combustion chamber in which combustion swirl is induced.

(c) Air cell chamber in which both compression and combustion swirl are induced.
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The main advantages of this type of chambers are:

(i) Minimum heat loss during compression because of lower surface area to volume ratio and 

hence, better efficiency.

(ii) No cold starting problems.

(iii) Fine atomization because of multi hole nozzle.

The drawbacks of these combustion chambers are:

(i) High fuel-injection pressure required and hence complex design of fuel injection pump.

(ii) Necessity of accurate metering of fuel by the injection system, particularly for small engines.
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Indirect–Injection Chambers

A divided combustion chamber is defined as one in which the combustion space is

divided into two or more distinct compartments connected by restricted passages. This creates

considerable pressure differences between them during the combustion process.

These chambers are further classified into

• Turbulent combustion chamber

• Pre combustion chamber

• Energy cell
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Advantages of Indirect-injection combustion chamber

• No complex design is needed for fuel-injection pump since the injection pressure required is 

very low.

• Direction of spraying is not very important.

• Higher engine speeds can be achieved since burning is continuous in pre chamber.

Disadvantages

• Heater plugs are required, because of poor cold starting performance.

• Specific fuel consumption is high as there is a loss of pressure due to air motion through the 

duct and heat loss due to large heat transfer area.

• The increase in temperature and pressure on the part of the piston leads to cracking and 

distortion.
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Diesel Fuel Requirements 

& Ratings

@V.Manikanth, Asst. Prof., Dept. of Mechanical, SRKREC(A).



DIESEL FUEL 
The fuel used in Compression Ignition (CI) engine is diesel, which is a type of

hydrocarbon. The most common type of diesel fuel is a specific fractional distillate of petroleum

fuel oil, but alternatives that are not derived from petroleum, such as biodiesel, biomass to

liquid (BTL) or gas to liquid (GTL) diesel, are increasingly being developed and adopted..

Chemical Composition:

petroleum-derived diesel is composed of about 75%

saturated hydrocarbons (primarily paraffins including n, iso,

and cycloparaffins), and 25% aromatic

hydrocarbons (including naphthalenes and alkylbenzenes).

The average chemical formula for common diesel fuel is

C12H23, ranging approximately from C10H20 to C15H28.
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Some of the desired characteristics of Diesel:
1. Knocking characteristics

2. Volatility of the fuel

3. Starting characteristics of the fuel

4. Smoke produced by fuel and its odour

5. Viscosity of fuel

6. Corrosion and wear

7. Easy to handle
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Cetane Number (CN)

Cetane number (or CN) is an inverse function of

a fuel's ignition delay, the time period between the start

of ignition and the first identifiable pressure increase

during combustion of the fuel. In a particular diesel

engine, higher cetane fuels will have shorter ignition

delay periods than lower Cetane fuels. Cetane numbers

are only used for the relatively light distillate diesel oils.

Diesel Index

The Diesel index indicates the ignition quality of the fuel. It is found to correlate, approximately to the

cetane number of commercial fuels. Diesel index and cetane number are usually about 50. Lower value

will result in smoky exhaust.
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The cetane number is a number to rate diesel fuel’s ability to auto ignite quickly when it is

injected into the high pressure, high temperature air in the cylinder. Higher the cetane number, lesser is

the ‘Diesel knocking’ tendency.

Procedure for finding Cetane Number

Alkyl nitrates (2-ethylhexyl nitrate) and  di-tert-butyl peroxide are used as additives to raise the cetane 

number.

Additives
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The cetane number of the diesel is the percentage of cetane in this sample mixture

which knocks in a similar way as the diesel under the same condition.

• Lower cetane number, higher are the hydrocarbon emission in the exhaust gases.

• Lower cetane number, higher are the noise level.

• Lower cetane number, increases the ignition delay.
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FIG: Fuel supply system in Automobiles
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The process of mixture preparation is extremely important for spark-ignition engines. The

purpose of carburetion is to provide a combustible mixture of fuel and air in the required

quantity and quality for efficient operation of the engine under all conditions

DEFINITION OF CARBURETION:

“The process of formation of a combustible fuel-air mixture by mixing the proper

amount of fuel with air before admission to engine cylinder is called carburetion and the device

which does this job is called a carburetor.”

A good carburetor must produce the desired air-fuel mixture ratio and supply the

mixture to the engine at all speeds and loads and must do the same automatically
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The important requirements of an automobile carburetors.

(i) Ease of starting the engine, particularly under low ambient conditions.

(ii) Ability to give full power quickly after starting the engine.

(iii) Equally good and smooth engine operation at various loads.

(iv) Good and quick acceleration of the engine.

(v) Developing sufficient power at high engine speeds.

(vi) Simple and compact in construction.

(vii) Good fuel economy.

(viii) Absence of racing of the engine under idling conditions.

(ix) Ensuring full torque at low speeds.
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FACTORS AFFECTING CARBURETION

Of the various factors, the process of carburetion is influenced by

(i) the engine speed

(ii) the vaporization characteristics of the fuel

(iii) the temperature of the incoming air and

(iv) the design of the carburetor
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Since modern engines are of high speed type, the time available for mixture formation is

very limited. For example, an engine running at 3000 rpm has only about 10 milliseconds (ms) for

mixture induction during intake stroke. When the speed becomes 6000 rpm the time available is

only 5 ms. Therefore, in order to have high quality carburetion (that is mixture with high vapour

content) the velocity of the air stream at the point where the fuel is injected has to be increased.

Suitable evaporation characteristics of the fuel, indicated by its distillation curve, are 

necessary for efficient carburetion especially at high engine speeds. An increase in atmospheric 

temperature, however, leads to a decrease in power output of the engine when the air-fuel ratio 

is constant due to reduced mass flow into the cylinder or, in other words, reduced volumetric 

efficiency. 
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AIR–FUEL MIXTURES:

An engine is generally operated at different loads and speeds. For this, proper air-fuel

mixture should be supplied to the engine cylinder. Fuel and air are mixed to form three different

types of mixtures.

(i) chemically correct mixture (A/F ratio for C8H18 is 15.12:1; usually approximated to 15:1) 

(ii) rich mixture (A/F ratio of 12:1, 10:1 etc.)

(iii) lean mixture (A/F ratio of 17:1, 20:1 etc. )

V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).
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AUTOMOTIVE ENGINE AIR–FUEL MIXTURE REQUIREMENTS:

The carburetor must be able to supply the required air-fuel ratio to satisfy these demands. 

These ranges are:

(i) Idling (mixture must be enriched)

(ii) Cruising (mixture must be leaned)

(iii) High Power (mixture must be enricheda)
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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 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.

with nearly closed throttle the pressure in the intake manifold is considerably below

atmospheric due to restriction to the air flow. When the intake valve opens, the pressure

differential between the combustion chamber and the intake manifold results in initial

backward flow of exhaust gases into the intake manifold.

V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).



Cruising Range:

In the cruising range from B to C (see Fig.), 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 

(see Fig.), for the following reasons

(i) To provide best power

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

V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).



THE SIMPLE CARBURETOR

ESSENTIAL PARTS OF A CARBURETOR

A carburetor consists essentially of the following parts, viz.

(i) fuel strainer

(ii) float chamber

(iii) main fuel metering and idling nozzles

(iv) choke and throttle

V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).
Fig: Simple Carburetor
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Advantages of Carburetor Feeding Engine

• It’s a simple and low cost fuel feeding system both for two stroke & four stroke motorcycle

engine.

• Simplicity and being mechanical its maintenance and repair is possible and quite easy.

• It can be tweaked easily according to user need and environment condition.

• Being mechanical device it responds uniquely every possible position & action of throttle.

• Frequent respond against revving and over raving is very common character and advantage of

a carburetor feeding system. That’s why it very widely suitable for off road and dirt bikes.

• Fuel contamination issue can be over looked in carbureted engine though it hampers the

performance.

• Very much suitable fuel feeding system for low cost & low capacity motorcycle engines.

V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).



Disadvantages of Carburetor Feeding Engine

• Its fuel feeding quantity is not précised as it allows feeding flow according to the suction speed 

& quantity of the air by the combustion chamber.

• Fuel economy is considerably very low in carbureted engine.

• In carburetor fuel feeding system the engine cold start is a big issue.

• Lean & rich mixture often becomes hassle in carbureted engine.

• Due to inefficient combustion the emission is significantly high in carbureted engine.

• In some case engine gets vibration and spark plug fouling issue is very common.

V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).
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Fuel Injection in CI engines
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Fuel injector
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The performance of diesel engines is heavily influenced by their injection system design. In fact,

the most notable advances achieved in diesel engines resulted directly from superior fuel injection system

designs. While the main purpose of the system is to deliver fuel to the cylinders of a diesel engine, it is

how that fuel is delivered that makes the difference in engine performance, emissions, and noise

characteristics.

Unlike its spark-ignited engine counterpart, the diesel fuel injection system delivers fuel under

extremely high injection pressures. This implies that the system component designs and materials should

be selected to withstand higher stresses in order to perform for extended durations that match the

engine’s durability targets.

V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).



The main purpose of the fuel injection system is to deliver fuel into the cylinders of an engine. In order for 

the engine to effectively make use of this fuel:

• Fuel must be injected at the proper time, that is, the injection timing must be controlled and

• The correct amount of fuel must be delivered to meet power requirement, that is, injection metering 

must be controlled.

V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).



The fuel supply system of a diesel engine (CI Engine) consists of 1. fuel tank, 2. fuel filter, 3.

injection pump, 4. injector, 5. fuel lines for necessary connections, and 6. fuel gauge. In petrol engines,

carburetor and spark plug are used. In Diesel engine, fuel injector is used. Remaining elements are same

for both types of engines. The fuel from the fuel tank flows to pump. It then passes out to the inlet side of

the main fuel filter. Then filtered fuel proceeds to the inlet side of the fuel injection pump. From the

injection pump it flows under pressure in the feed pipes leading to the fuel injectors.

Principle of Working:

It consists of a needle valve fitted on its seat in the nozzle body by a spindle. The spring controls

the pressure on the spindle by which the needle valve opens. The nozzle is attached to the body by means

of a cap nut. The fuel enters the nozzle through holes in the injector body. When the needle valve is

raised from its seat by the pressure of the fuel, the injection of the fuel into the combustion chamber

takes place. When the injection pressure falls below the spring pressure, the valve closes.

V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).



V.
M

an
ik

an
th

, A
ss

t.
 P

ro
f.,

 D
ep

t.
 o

f 
M

ec
h

.,
 S

R
K

R
EC

(A
).



Advantages and Disadvantages of Fuel Injection System

Below are the benefits of fuel injection system:

• Precise fuel mixture of fuel and air ensures maximum possible fuel efficiency and power production.

• Combustion process is significantly much more efficient in fuel injected engine.

• Fuel injection engines are more economical and it maximize and minimize the emission level.

• Cold starting is eliminated in fuel injected engine, making no need for manual chocking.

• It’s also used on modern performance motorcycles.

• Fuel injection system automatically balance the air-fuel mixture considering environment situation.

• Engine vibration is reduced and spark plug fouling issue is minimized.



Disadvantages:

Despite all the benefits of injection system some limitation still occurs. Below are the disadvantages of the

system:

• It is a complex electronic controlled device that work with few electronic sensors.

• Maintenance and repairing of the system is very limited. That is, not all workshop can do its working.

• Fuel injection system is quite expensive.

• Good quality material and fuel is highly recommended.

• There is no solution for low cost and low capacity.

V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).



Carburetor Vs. Fuel Injection Engine in Bike: Which is Better

You might be wondering which is better when it comes to comparing carburetor vs. fuel injection

in bikes. Below are some of the differences between the two:

Versatility: Carburetors are phased out since they are comparatively more pollutant compared to FI

systems.

Performance: The ECU is constantly working on complex calculations to offer the best performance of the

engine. The carburetors struggle when it comes to ever-changing fuel temperature and air pressure.

Mileage: FI system provides an accurate measurement of fuel and air resulting in higher performance of

the engine which leads to better fuel management and mileage. The ECU can be mapped for a higher

power ratio if you require.

Maintenance: This is the only category where the carburetor is better compared to the fuel injection

system. Carburetors can easily be repaired or replaced while FI systems require professional help which

can lead to higher costs. V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).
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Fig: Working of electronic fuel injector V.Manikanth, Asst. Prof., Dept. of Mech., SRKREC(A).


