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UNIT-I 

INTERNAL COMBUSTION ENGINES 

INTRODUCTION 

 The Internal Combustion engine (I.C. engine) is a heat 

engine that converts chemical energy of fuel into mechanical 

energy.  Chemical energy of a fuel is first converted into thermal 

energy by means of combustion or oxidation with air inside the 

engine.  This thermal energy is again converted into useful work 

through mechanical mechanism of the engine.  Most of the I.C. 

engines are reciprocating engines having pistons that reciprocate 

back and forth in cylinders internally within the engine.  This 

chapter mainly concentrates on the study of this type of engine. 

CLASSIFICATION OF IC ENGINES 

 The I.C. engines are classified on the basis of 

(i)  Type of ignition; 

a. Spark Ignition engines (S.I. engines) 

b. Compression Ignition engines (C.I. engines) 

(ii) Cycle of operation (Thermodynamics cycle): 

a. Otto cycle engine b.  Diesel cycle engine 

c. Dual cycle engine 

(iii) Engine cycle per stroke: 

a. Four stroke cycle  b.  Two stroke cycle 

(iv) Types of fuel used: 

a.  Petrol engine   b.  Diesel engine

 c.  Gas engine 

(v) Method   of cooling: 

a. Air-cooled engines  b.  Water-cooled 

engines 

(vi) Number of cylinders: 

a.  Single cylinder engine  b.  Two 

cylinder engine 

c. Three cylinder engine  d.  Four cylinder 

engine 

e. Six cylinder engine  f.  Eight cylinder 

engine 

g. Twelve cylinder engine  h.  Sixteen cylinder 

engine 

          (vii)      Valve location: 

a. L-head engine   b.  I-head engine 

c. F-head engine   d.  T-head engine 

      (viii)   Arrangement of cylinders: 

a. Vertical engine   b.  Horizontal engine 
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c. Radial engine   d.  V-engine engine 

e. Opposed cylinder engine 

     (ix)  Speed of the engine: 

a. Low speed engine    

b. Medium speed engine 

c. High speed engine 

    (x) Types of lubrication system: 

 a. Wet sump lubrication system 

 b. Dry sump lubrication system 

   (xi) Method of governing: 

a.  Quantity governing 

b. Quality governing 

c. Hit and Miss governing 

 (xii) Field of application: 

a.  Automobile, truck, bus 

b. Locomotive engine 

c. Stationary engine 

d. Marine engine 

e. Aircraft engine 

 

ENGINE CONSTRUCTION 

 

 Fig 2.1 shows the construction details of an I.C. engine (Four 

stroke petrol engines).  The main components of a four stroke cycle 

engine are cylinder, piston, connecting rod, piston rings, cam shaft, 

crank shaft, crank case, inlet and outlet valves, spark plug, cylinder 
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head, push rod, gudgeon or piston pin, rocker arm, cam follower, 

valve spring, big end bearing, inlet port etc.  The piston reciprocates 

inside the cylinder; Piston rings are inserted in the circumferential 

grooves of the piston.  The cylinder and cylinder head are bolted 

together. 

 The reciprocating motion of the piston is converted into 

rotary motion of the crankshaft by means of a connecting rod and 

crank.  The small end of the connecting rod is connected to the 

piston by a gudgeon pin or piston pin.  The big end of the 

connecting rod is connected to the crank pin.  Crank pin is a bearing 

surface and it is rigidly fixed to the crankshaft. 

 The crankshaft is mounted on the main bearing.  The main 

bearings are housed in the crankcase.  Camshaft is driven by the 

crankshaft through timing gears.  The camshaft actuates the inlet and 

outlet valves.  The valve springs are provided to bring back the 

valves in the closed position.  

The oil sump containing lubricating oil is provided at the 

bottom of the crankcase.  Lubricating oil is circulated to the various 

parts of the engine from the oil sump.  A spark plug is providing in 

petrol engines to ignite the air-fuel mixture in the engine cylinder.  

An injector is provided in diesel engines to inject the fuel into hot 

compressed air during power stroke.  

DIFFERENT PARTS OF I.C. ENGINE: 

1. Parts common to both petrol and diesel engine 

i)cylinder ii)Cylinder head 

iii)piston iv)Piston rings 

v)Gudgeon pin vi)Connecting rod 

vii)crankshaft viii)Crank 

ix)Engine bearing x)Crank case 

xi)flywheel xii)Governor 

xiii)Valve and valve operating mechanism 

 

2. Parts of petrol engine only: 

i)spark plug ii)carburetor iii)fuel pump 

 

3.parts for diesel engine 

only 

i)fuel 

pump 

ii)injector 
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Name of 

the parts 

Material function Method of 

manufacturin

g 

Cylinder Hard 

grade 

Cast iron 

Contains gas under 

pressure and guides the 

piston 

Casting 

Cylinder 

head 

Cast iron 

or 

aluminum 

Main function is to seal 

the working end of the 

cylinder and not to 

permit entry and exit of 

gases on overhead 

valve engine 

Casting  

Forging 

Piston Cast iron 

or 

aluminum 

alloy 

It acts as a face to 

receive gas pressure 

and transmits the thrust 

to the connecting rod 

Casting  

Forging 

Piston 

rings 

Cast iron Their main function is 

to provide a good 

sealing fit between the 

piston and cylinder 

Casting 

Gudgeon 

 pin 

Hardened 

steel 

It supports and allows 

the connecting rod to 

swivel 

Forging 

Connecti

ng rod 

Alloy steel It transmits the piston 

load to the crank 

causing the latter to turn 

thus converting the 

reciprocating motion of 

the piston into rotary 

motion of the 

crankshaft 

Forging 

Cranksh Special It converts the Forging 

aft cast irons reciprocating motion of 

the piston into the 

rotary motion  

 

Main 

bearings 

Steel or 

bronze 

The function of bearing 

is to reduce. The 

friction and allow the 

parts to move easily 

Casting 

Flywhee

l  

Steel or 

cast iron 

In engine it takes care 

of fluctuations of speed 

during thermodynamic 

cycle 

Casting 

Inlet 

valve 

Silicon 

chrome 

steel with 

about 3% 

carbon 

Admits the air or 

mixture of air and fuel 

into engine cylinder 

Forging 

Exhaust 

valve 

Austenitic 

steel 

Discharges the product 

of combustion 

 

 

WORKING OF FOUR STROKE CYCLE ENGINES: 

 In four-stroke cycle engines, one working cycle is completed 

in four stroke of the piston or two revolution of the crankshaft.  

Hence, it is called as four stroke engine.  In 4-stroke engine, 2 

valves are placed instead of port as that of two stroke engines.  

These are termed as inlet and exhaust values.  The schematic 

diagram of four-stroke cycle engine is shown in fig. 2.12((a) 
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Working of four stroke cycle (petrol) S.I. engine 

It consists of the following four strokes 

1. Suction stroke  

2. Compression stroke 

3. Power or expansion stroke 

4. Exhaust stroke 

 

 

1. Suction Stroke: 

 At the beginning of the stroke, the piston is at the top most 

position (TDC) and is ready to move downward.  As the piston 

moves downwards, vacuum will create inside the cylinder.  Due 

to this vacuum, air fuel mixture from the carburetor is sucked 

into the cylinder through inlet valves till the piston reaches 

bottom most position (BDC).  During the suction stroke, exhaust 

valve remains in closed condition and inlet valve remains open.  

At the end of the suction stroke, the inlet valve will be closed 

Refer fig. 2.12.(a) 

2. Compression stroke: 

 During the compression stroke, both the inlet and exhaust 

valves are in closed condition and the piston moves upward from 

BDC to compress the air fuel mixture.  This process will 

continue till the piston reaches TDC as shown in fig. 2.12(b).  

The compression ratio of engine varies from 6 to 8.  The 

pressure at the end of compression is about 600 to 

1200kN/M2.The temperature at the end of the compression is 

250 to 300oC.  At the end of this stroke, the mixture is ignited by 
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spark plug.It leads to increase in pressure and temperature of the 

mixture instantaneously. 

3. Power or Expansion stroke: 

 Both the pressure and temperature range of the ignited 

mixture are 1800 to 2000oC and 3000 to 4000 KN/m2 

respectively.  During the expansion stroke, both the valves are 

remains closed.  The rise in pressure of the mixture exerts an 

impulse on the piston and pushes it downward.  Therefore, the 

piston moves from TDC to BDC.  This stroke is known as power 

stroke Fig. 2.12. 

4. Exhaust stroke: 

 During the exhaust stroke, the piston moves from DC to 

TDC, the exhaust valve is opened and inlet valve is closed.  The 

burnt gases are released through the exhaust valve when the 

piston moves upward.  As the piston reaches the TDC, again the 

inlet valves will open and the fresh air fuel mixture enters into 

the cylinder for the next cycle of operation. 

 It is obvious from the above operations; only one power 

stroke is produced in each and every four stroke of the piston or 

two revolution of the crankshaft.  Hence, it is termed as four-

stroke engine. 

 VALVE TIMING DIAGRAM FOR A FOUR-STROKE 

CYCLE S.I. ENGINE: 

 The exact moment at which each of the valves open and 

close with reference to the position of piston and crank can be 

shown graphically in a diagram.  This diagram is known as 

“Valve timing diagram”. 

Theoretical valve timing diagram: 

 In theoretical valve timing diagram, inlet and exhaust valves 

open and close at both the dead centers.  Similarly, all the 

processes are sharply completed at the TDC of BDC.  Fig. 2.13. 

Shows theoretical valve timing diagram for four stroke S.I. 

engines. 
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IVO - Inlet Valve Open 

IVC - Inlet Valve Close 

IS  - Ignition starts 

EVO - Exhaust valve Open 

EVC - Exhaust valve Close 

TDC - Top Dead Center 

BDC - Bottom Dead Center 

 

 

Actual valve timing diagram: 

Fig.Shows actual valve timing diagram for four stroke S.I. engine.  

The inlet valve opens 10-30o before the TDC.  The air-fuel mixture 

is sucked into the cylinder till the inlet valve closes.  The inlet valve 

closes 30-40o or even 60o after the BDC.  The charge is compressed 

till the spark occurs.  The spark is produced 20-40o before the TDC.  

It gives sufficient time for the fuel to burn.  The pressure and 

temperature increase.  The burnt gases are expanded till the exhaust 

valve opens. 

 

IVO - Inlet Valve Open 

IVC - Inlet Valve Close 

IS  -Ignition starts 

EVO - Exhaust valve Open 

EVC - Exhaust valve Close 

TDC - Top Dead Center 

BDC -Bottom Dead Center 

 

 

 The exhaust valve opens 30-60o before the BDC.  The 

exhaust gases are forced out from the cylinder till the exhaust valve 

closes.  The exhaust valve closes 8-20o after the TDC.  Before 

closing, again the inlet valve opens 10-30o before the TDC.  The 

period between the IVO and EVC is known as valve overlap period.  

The angle between the inlet valve opening and exhaust valve closing 

is known as angle of valve overlap. 
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FOUR STROKE CYCLE C.I. ENGINE (DIESEL ENGINE): 

The working of four-stroke CI engine is similar to that of SI 

engine except.  Here, fuel injector is placed instead of spark plug 

and only air is sucked into the cylinder during suction strokes.  

The operations are described as follows: 

 

1. Suction stroke: 

During the suction stroke, the piston moves from TDC to 

BDC.  The inlet valve is in open condition whereas exhaust 

valve is closed.  When the piston moves from top to bottom, 

the fresh air is admitted inside the cylinder through inlet 

valve as shown in fig. 2.15. (a). 

2. Compression stroke 

During the compression stroke, both the inlet and exhaust 

valves are closed.  The piston moves from BDC to TDC to 

compress the air.  In case of CI engine, the compression ratio 

varies from 12 to 18.  The pressure at the end of compression 

is about 3500 to 4000kN/M2.  The temperature of the 

compressed air reaches 600 to 700oC. 

3. Power Stroke: 

In this stroke also, both the inlet and exhaust valves are in 

closed position.  The fuel injector opens just before the 

beginning of the third stroke; it injects the fuel in atomized 

form.  Ignition of the fuel takes place automatically by 

means of high pressure and temperature air.  The pressure 

and temperature further will increase due to combustion, it 

pushes the piston towards down.  Thus, it produces power 

stroke 



9 
 

4. Exhaust stroke: 

During this stroke, inlet valve is closed and the exhaust valve 

opens.  The piston moves from BDC to TDC.  Its blows out 

the burnt gases from the cylinder.  Thus, one cycle of 

operation is completed and repeated again and again in the 

same manner. 

 VALVE TIMING DIAGRAM FOR A FOUR STROKE C.I. 

ENGINE: 

Fig.2.16 shows the actual valve-timing diagram for four-stroke 

diesel engine. 

 

IVO - Inlet Valve Open 

IVC - Inlet Valve Close 

IS  - Ignition starts 

EVO - Exhaust valve Open 

EVC -Exhaust valve Close 

TDC -Top Dead Center 

BDC -Bottom Dead Center 

 

 

The inlet valve opens (IVO) 10o to 25o before the TDC.  Fresh air is 

sucked into the engine cylinder till the inlet valve closes. The inlet 

valve closes (IVC) 25o to 50o after the BDC.  The air is compressed 

till the fuel is injected. 

The fuel injection starts (FIS) 5o to 10o before TDC in the 

compression stroke.  The air-fuel mixture burns.  Both the 

temperature and pressure increase.  The burning gases are expanded 

till the exhaust valve opens. 

The exhaust valve opens (EVO) 30o to 50o before the BDC.  The 

exhaust gases are forced out of the cylinder till the exhaust valve 

closes. 

The exhaust valves close (EVC) 10o to 15o after the TDC.  Before 

closing the exhaust valve, again the inlet valve opens 10o to 25o 

before the TDC.  The period when both the inlet and exhaust valves 

are opened is known as valve overlap period.  The angle between 

these two events is known as angle of valve overlap 

TWO STROKE CYCLE ENGINE: 

In two stroke engines, one working cycle is completed in two 

strokes of the piston (i.e. one up and down movement) or one 
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revolution of the crankshaft.  Hence, it is called as two stroke 

engines. One working cycle consists of the following four processes. 

1.  Suction 

2. Compression 

3. Power or expansion 

4. Exhaust 

The schematic diagram of two-stroke engine is given in fig.  2.17. It 

consists of a cylinder in which all the operations are performed.  The 

piston reciprocates inside the cylinder. 

The piston is connected to the crankshaft through connecting rod 

and the crank.  Inside of the cylinder, valve ports are placed.  

Opening and closing of ports are performed by the position of the 

piston. 

The above diagram describes the spark ignition (SI) engine.  in the 

case of compression ignition (CI) engines, the spark plug is replaced 

by fuel injector.  A two-stroke engine consists of ports instead of 

valves.  In two stroke engines, both the suction and compression 

process are carried out in the first stroke, expansion and exhaust 

processes in the second stroke.  Therefore, it develops power in each 

revolution of the clerk shaft. 

WORKING OF TWO STROKE CYCLE S.I. ENGINE 

(PETROL ENGINE) 

The working principles of two stroke S.I. engine is described as 

follows. 
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First stroke (Suction and Compression): 

The first stroke consists of the suction and compression processes.  

During the first stroke, the piston moves upward from BDC to TDC.  

When the piston is at BDC, the partially compressed air fuel mixture 

from crank case enters into the cylinder through transfer port as 

shown fig. 2.18 (a).  Then the piston moves upward and compresses 

the air contained in it till the piston reaches TDC.  At the end of the 

compression stroke, the spark plug produces spark, it will ignite the 

compressed high pressure fuel air mixture. 

When the piston is at TDC, the inlet port opens and the air fuel 

mixture from the carburetor enters into the crank case as shown in 

fig.  2.18. (b).  Thus, one stroke of the piston is completed. 

Second stroke (expansion or power and exhaust stroke): 

When air fuel mixture is ignited, both the pressure and temperature 

of the products of combustion will suddenly increase.  Therefore, 

the piston receives power impulse from the expanded gas and it 

pushes the piston downward and also produces the power stroke.  

This process is described in fig. 2.18. (c).During the expansion 

stroke, some of the heat energy produced is converted into 

mechanical work. 

During downward stroke of piston, already entered air fuel mixture 

in the crank case is partially compressed by the underside of the 

piston.  This pre compression process is called crank case 

compression.  At the end of power stroke, the exhaust port opens 

and burnt gases are sent out of the engine through this port as shown 

in fig 2.18. (d). 

At the same time, all the burnt gases are not exhausted.  Some 

portion of it will remain in the cylinder.  When the piston moves to 

BDC, the fresh air fuel mixture from crank case enters into the 

cylinder to sweep out the burnt gases.  The process of sweeping out 

the exhaust gases with help of fresh air fuel mixture is known as 

scavenging.  The scavenging helps to remove the burnt gases from 

the cylinder. 

PORT TIMING DIAGRAM FOR TWO-STROKE CYCLE S.I. 

ENGINE: 

Two stroke cycle engines are provided with ports.  The timing 

sequence of events like opening and closing of various ports are 

shown graphically in terms of crank angles from dead center 

positions.  This diagram is known as port timing diagram.  Fig. 2.19 

shows the port timing diagram for two stroke cycle SI engines.  The 
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inlet port is opened by the piston 45o to 55o before TDC.  The inlet 

port is closed by the piston 45o to 55o after TDC position. 

The exhaust port is opened by the piston 40o to 50o before BDC. The 

exhaust port is closed by the piston 40o to 55oafter BDC position. 

 

IOP=inlet port open 

IPC=inlet port closed 

IG= ignition starts  

EPO= exhaust port open 

TPO= transfer port open 

TPC= transfer port closed 

EPC= exhaust port closed 

TDC= top dead center 

BDC= bottom dead center 

The transfer port is opened by the piston 30oto 40o before BDC. The 

transfer port is closed by the piston 30oto 40o after BDC. Ignition 

occurs 15o to 20o before TDC. 

Si 

no 

Port valve timing Events during port timing 

1 IPO-IPC Air fuel mixture is sucked into the crank 

case 

2 IPC-TPO Air fuel mixture is partially compressed in 

the crank case which is known as crank 

case compression. 

3 TPO-TPC Partially compressed air-fuel mixture is 

transferred into the engine cylinder. 

4 TPC-IG Air-fuel mixture is compressed in the 

cylinder. 

5 IG Air-fuel mixture is ignited by the spark 

plug and burns. 

6 IG-EPO The burning gases expand for doing work 

on the piston. 

7 EPO-EPC Burnt gases are pushed out of the engine. 

 

WORKING OF TWO STROKE CYCLE C.I. ENGINE (DIESEL 

ENGINE) 

The working of two stroke C.I. engine slightly differs from the S.I. 

engine instead of sparkplug the fuel injector is placed on the top of 

the cylinder. 
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First stroke: 

In the first stroke, the piston move from BDC to TDC. When the 

piston is at BDC, partially compressed air from the crank case enters 

into the cylinder through transfer port as shown in fig. 2.20.(a). then 

the piston move upward and further compresses the air into high 

pressure and temperature till the piston reaches TDC. At the end of 

the compression stroke the fuel injector injects the fuel in atomized 

from and ignited automatically by the compressed air. During the 

upward movement of the piston, a slight vacuum will be produced at 

the crank cast to suck the air from the atmosphere. 

Second stroke: 

When the fuel and air are ignited, it suddenly increases the pressure 

and temperature of the gas.  Therefore, the gases will expand and it 

pushes the piston downward and producing the power stroke as 

shown in fig. 2.20.(c).  During the expansion, some of the heat 

energy produced is converted in to mechanical work. 

During the downward stroke of the piston, first it uncovers the 

exhaust port and the burnt gases are sent out of the engine, as shown 

in fig. 2.20. (d).  At the same time, all the burnt gases are not 

exhaust.  Therefore, scavenging takes place in the cylinder.  

(Scavenging process already defined in previous section). 

At the time off downward movement of the piston, already entered 

air in the crankcase is partially compressed by the underside of the 

piston.  This process is called crank case compression. 
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PORT TIMING DIAGRAM FOR TWO STROKE C.I. 

ENGINE 

Fig 2.21.  Shows the port timing diagram for two stroke C.I. Engine.  

The port timing diagram for two strokes C.I.  Engine is exactly 

similar to the two-stroke cycle S.I. Engine except the position of 

opening and closing of fuel valve.  Fuel is injected into the cylinder 

10o to 15o before TDC.Fuel injection continues till 15o to 20o after 

TDC.  The other difference between these two is, the charging and 

scavenging period of C.I. engine (90o) is greater than the SI. Engine 

(70o).Since, there is no danger of loss of fuel during scavenging of 

diesel engine as only air is charged. 

 

 

 IPO - Inlet port open 

IPC - Inlet port close 

IG  - Ignition starts 

EPO - Exhaust Port Open 

TPO - Transfer port Open 

TPC - Transfer port Close 

EPC - Exhaust port close 

TDC - Top Dead Center 

BDC-             Bottom Dead Center 

 

 

The various events are given below: 

1. IPO-IPC Air is sucked into the crankcase through 

plate valve 

2. IPC-TPO Air is compressed partially in the 

crankcase.  (Crankcase compression 

3. TPO-TPC Partially compressed air is transferred to 

the engine cylinder through transfer port. 

4. TPC-FIB Air is compressed in the cylinder.  Both 

the pressure and temperature of the air 

increase. 

5. FIB-FIC Fuel is injected into the hot compressed 

air.  Fuel mixes with hot air and burns. 

6. FIC-EPO The burning gases expand and move the 

piston t do work 

7. EPO-EPC Burnt gases escape to the atmosphere 

through exhaust port. 

 

 

COMPARISON OF TWO STROKES AND FOUR STROKE 

ENGINES: 



15 
 

S. 

No 

Two stroke cycle engine Four stroke cycle engine 

1. Cycle is completed in 2 

stroke or one revolution of 

the crankshaft 

One cycle is completed in 4 

strokes or two revolution of 

the crank shaft. 

2. It develops twice the 

number of power strokes 

than the four stroke 

engines. 

It develops half the number of 

power stroke than two stroke 

engine. 

3. For the same power 

developed, the two stroke 

engine is much lighter, less 

bulky and occupies less 

floor area. 

For the same power developed, 

the four stroke engine is bulky, 

heavier and occupies more 

floor area. 

4. Turning moment is more 

uniform and hence lighter 

flywheel is required. 

Turning moment is not 

uniform and hence heavier 

flywheel is required. 

5. It contains ports which are 

operated by the piston 

itself therefore no separate 

mechanisms are required. 

It contains valves which are 

operated by separate 

mechanisms. 

6. Initial cost is low due to 

less complexity in 

mechanism. 

Initial cost is high because of 

heavier and complicated 

mechanisms. 

7. Mechanical efficiency is 

more. 

Mechanical efficiency is low. 

8. Easy to start. It requires separate starting 

motor. 

9. It can be run in either 

direction, which is useful 

in marine engines. 

It can be run in only one 

direction. 

10. Thermal efficiency is low. Thermal efficiency is high. 

11. Volumetric efficiency is 

low. 

Volumetric efficiency is more. 

12. Greater cooling and 

lubrication are required. 

Lesser cooling and lubrication 

are required. 

13. Overall efficiency is less. Overall efficiency is more. 

14. Greater rate of wear and 

tear. 

Lesser rate of wear and tear. 

15. It is used in light vehicles 

only (e.g.) scooters, motor 

cycles, mopeds etc. 

Used in heavy vehicles such as 

cars, buses, trucks etc. 
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16. Sudden release of exhaust 

gases makes the exhaust 

more noisy. 

Release of exhaust gas is more 

uniform and hence noiseless 

operation. 

17. Specific fuel consumption 

is more because of 

escaping of the fresh 

charge with exhaust gases. 

Specific fuel consumption is 

less because of separate 

exhaust stroke. 

18. Less compression ratio. More compression ratio. 

 

COMPARISON OF S.I. AND C.I. ENGINES 

SL. 

No. 

S.I. or Petrol engine C.I. or Diesel engine 

1. During the suction stroke, air 

fuel mixture is drawn from 

carburetor. 

During the suction stroke, 

air is only drawn from the 

atmosphere. 

2. Carburetor is used to mix the 

air and fuel in required 

proportion. 

Fuel injector or atomizer is 

required to inject the fuel 

into cylinder in atomized 

form. 

3. Spark plug is required to Fuel is ignited automatically 

ignite the fuel air mixture. by high pressure & 

temperature air. 

4. Compression ratio varies from 

6 to 8. 

Compression ratio varies 

from 12 to18. 

5. It is operated by Otto cycle or 

constant volume cycle. 

It is operated by Diesel 

cycle or constant pressure 

cycle. 

6. The starting is easy due to 

lower compression ratio. 

The starting is little difficult 

due to higher compression 

7. Running cost is high because 

of high cost of fuel. 

Running cost is less because 

of lower cost of fuel. 

8. For the same power, less 

space is required. 

For the same power, more 

space is required. 

9. Initial cost is low. Initial cost is high. 

10. Maintenance cost is less 

because of fewer parts. 

Maintenance cost is more 

because of more number of 

parts. 

11. Thermal efficiency is low. Thermal efficiency is 

considerably more. 

12. These are used for high speed 

applications. 

These are used for low 

speed operations. 
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SCAVENGING OF I.C. ENGINE:  

The sequence of operations in a cycle of an IC engine. The last 

stroke of an IC engine is the exhaust, which means the removal of 

burnt gases from the engine cylinder. It has been experienced that 

the burnt gases in the engine cylinder are not completely exhausted 

before the suction stroke. But a part of the gases still remain inside 

the cylinder and mix with the fresh charge. As a result of this 

mixing, the fresh charge gets diluted and its strength is reduced. The 

scientists and engineers, all over the world, have concentrated on the 

design of their IC engine so that the burnt gases are completely 

exhausted from the engine cylinder before the suction starts. The 

process of removing burnt gases, from the combustion chamber of 

the engine cylinder, is known as scavenging.  

Now we shall discuss the scavenging in four-stroke and two- stroke 

cycle engine. 

1. Four-stroke cycle engine: 

In a four stroke cycle engine, the scavenging is very effective 

as the piston during the exhaust stroke, pushes out the burnt 

gases from the engine cylinder. It may be noted that a small 

quantity of burnt gases remain in the engine cylinder 

clearance space. 

2. Two -stroke cycle engine: 

In a four stroke cycle engine, the scavenging is less effective 

as the exhaust port is open from a small fraction of the crank 

revolution. Moreover, as the transfer and exhaust port are 

open simultaneously during a part of the crank revolution, 

therefore fresh change also escapes out along with the burnt 

gases. This difficulty is overcome by designing the piston 

crown of a particular shape 

Types of scavenging: 

There are three types of scavenging. 
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1. Cross flow scavenging 

In this method, the transfer port (or inlet port for the engine 

cylinder) and exhaust port are situated on the opposite sides 

of the engine cylinder (as is done in case of two –stroke 

cycle engine). The piston crown is designed in to a particular 

shape, so that the fresh charge moves up words and pushes 

out the burnt gases in the form of cross flow as shown in 

fig.(a) 

 

2. Black flow or loop scavenging  

In this method, the inlet and outlet port are situated on the 

same side of the engine cylinder. The fresh charge, while 

entering into the cylinder, forms a loop and pushes out the 

burnt gases as shown in fig.(b) 

3. Uniflow scavenging  

In this method, the fresh charge, while entering from one 

side (or some time two sides) of the engine cylinder pushes 

out the gases through the exit value situated on the top of the 

cylinder in unfloor scavenging, both the fresh charge and 

burnt gases move in the same upward direction as shown in 

fig.(c) 

COOLING SYSTEM IN I.C. ENGINE: 

Purpose of cooling system  

When the air- fuel mixture is ignited and combustion takes place at 

about 2500oc for producing power inside an engine the temperature 

of the cylinder, cylinder head, piston and valve, continuous to rise 

when the engine runs. 

It these parts are not cooled by some means then they are liked to 

get damaged and even melted. The piston may cease inside the 

cylinder. To prevent this, temperature of the parts around the 

combustion chamber is maintained 200oc to 250oc. Too much of 

cooling will lower the thermal efficiency of the engine. Hence, the 

purpose of cooling is to keep the engine at its most efficient 

operating temperature at all engine speeds and all driving condition. 

The cooling system is so designed that it prevents cooling until the 

engine reaches in to its normal operating temperature. When the 

engine warms up the cooling system will begin to function. It cools 

rapidly when the engine is too hot and it cools slowly or not at all 

when the engine is cold or warming up. Thus, the duty of the 

cooling system is to keep the engine from getting too hot-not to keep 

it cool. 
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Types of cooling system: 

There are two types of cooling system 

1. Air cooling system  

2. Water cooling system 

Air cooling system: 

 

The air cooling system is shown in fig, is used in the engine of 

motor cycle, scooters, aero planes and other stationary installations. 

In countries with cold climate, this system is also used in car 

engines. In this system, the heat is dissipated directly to the 

atmosphere air by conduction thorough the cylinder walls. In order 

to increase the rate of cooling, the Surface area of the cylinder and 

cylinder head is increased by providing radiating fins and flanges in 

bigger units, fans are provided to circulate the air around the 

cylinder walls and cylinder head. 

Advantages  

1. Light in weight since there are no radiators, cooling water 

and pipelines.  

2. No coolant is used and so no leak and no anti-freeze 

required. 

3. Warming up is faster. 

4. Maintenance is easy and hence cheaper. 

Disadvantages 

1. Less efficient since air is poor conductor of heat compared 

with water. 

2. Since it is not possible to maintain even cooling some time 

distortion may take place.  

3. Noisy operation. 

4. It can be used only in small engines. 

5.  
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Water cooling system: 

 

 

The water cooling system as shown in fig. is used in the engine of 

car, bus, trucks etc. in this system; the water is circulated through 

water jackets around each of combustion chamber, cylinder, valve 

seats and valve stems. The water is kept continuously in motion by a 

centrifugal pump which is driven by a V-belt from the pulley on the 

engine crank shaft. After passing through the engine jackets in the 
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cylinder block and heads, the water is passed through the radiator, 

the water is cooled by air drawn through the radiator by a fan. 

Usually, fan and water pump are mounted and driven on a common 

shaft. After passing through the radiator, the water pumps through a 

cylinder inlet passage. The water is again circulated through the 

engine jackets. 

LUBRICATION SYSTEM IN IC ENGINE: 

In an I.C. engine, moving parts rub against each other causing 

frictional force. Due to the frictional force, heat is generated and the 

engine parts wear easily. Power is also lost due to friction. To 

reduce the power loss and also wear and tear of the moving parts, a 

foreign substance called lubricant is introduced in between the 

rubbing surface .the lubricant keeps the mating surface apart. 

Lubricant may be solid (graphite), or semi-solid (grease) or liquid 

lubricant generally used is mineral oil. This is obtained by refining 

petroleum. Grease is also used to lubricant certain parts of the 

engine. 

Purposes of lubrication (or) function of lubrication: 

1. It reduced friction between moving parts.  

2. It reduces wear and tear of the moving parts.  

3. It minimizes power loss due to friction. 

4. It reduces noise 

Types of lubrication 

The various methods adopted for lubrication of I.C. engines are 

(i) Petroil lubrication  

(ii) Wet sump system, and  

a. Gravity lubrication system  

b. Splash lubrication system 

c. Pressure lubrication system 

d. Semi-pressure lubrication system 

(iii) Dry sump system. 

Gravity lubrication system: 
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       In this method, oil is supplied to the parts to be lubricated by 

means of gravity. This system uses a drop feed oiler shown fig. it 

consist of a cup and needle valve arrangement. The needle valve is 

operated by means of screw. The valve is raised to increase the flow 

of oil and lowered to decrease the oil flow. This system is used for 

lubricating external moving parts such as bearing, cross head, crank 

pins of simple steam engine. 

Splash lubrication system: 

 

   In this system, oil is stored in the crank case. A small scoop is 

attached with the big end of connecting rod as shown in fig. 

  When the crank is rotated, the scoop dips in the oil and splashes the 

oil. The oil is splashes on cylinder wall, connecting rod ends and 

valve mechanisms. This method is used in some motorcycle and 

single cylinder stationary engines. Greater care should be taken that 

the oil in the crank case is filled up to the desired mark. There will 

be insufficient lubrication when the oil level is low. 

 Disadvantages: 

 It is not efficient, if the bearing loads are heavy. 

 It is very difficult to introduce oil in the minute gaps between 

the sliding surface. 

Pressure lubrication system:  
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    In this system, lubrication oil is forced under pressure b hole is  a 

pump at a pressure of 2 to 4Mpa. Fig. shows a line diagram of this 

system. It consist of oil sump, oil pump, oil gallery, pressure release 

valve, oil filter, oil pressure gauge and oil dipstick. The lubrication 

oil from the sump or oil pan is sucked by oil pump and lifted to oil 

main gallery though oil filter and strainer. The oil pump is driven by 

the camshaft. Oil pump and filter are always immersed in the oil. 

From the gallery, the oil is described under pressure to various parts 

of the engine to be lubricated by the oil tubes. Oil from gallery 

enters the crank pin bearing through a taper hole in the crank shaft. 

A though provided at the center of the connecting rod. The oil from 

the big end bearing enters the gudgeon pin bearing (small and 

bearing) through the hole in the connecting rod. Separate oil tubes 

carry oil for lubrication timing gears, rocker arm assembly, and cam 

shaft etc. another oil line is connected to the pressure gauge to show 

the pressure of the oil. 

     The excess supplied oil drips back into the oil pump.  A pressure 

relief valve is provided to avoid any damages in case of excess oil 

pressure an oil dipstick is provided to measure the oil level in the 

sump. 

Advantages  

1. All the parts of the engine are efficiently lubricated. 

2. The minute gap between the sliding surfaces can be 

lubricated since the oil is supplied under pressure. 

3. Engine parts lubricated under pressure: crank shaft main 

beginning cam shaft main bearings, big end bearings of the 

connecting rod, timing gears, chain and sprocket, rocker arm, 

springs, valve guides etc. 
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Semi pressure lubrication: 

 

  It is also called as partial pressure lubrication system. This is a 

modification of flash lubrication system. This system is used if the 

Bering loads are heavy and splash lubrication is not sufficient. It is a 

combination of splash and pressure lubrication. 

  This system consists of oil pump, oil gallery, oil filter, oil pressure 

gauge scoops attached to connecting rod big end. The pump pumps 

the oil to the main gallery. From the gallery, oil is forced under 

pressure to the engine parts to be lubricated. Scoops or attached to 

the big end of the connecting rod. 

 The lubricating oil is directed to the scoops through oil jets from 

gallery. The scoops splash this oil in all direction to lubricate the 

engine parts such as piston, cylinder wall etc. 

 Engine parts lubricated by splash piston, cylinder walls, corns, 

piston pin and rings, springs and guides of valve stems,  oil pump 

drive gear etc. 

Dry sump lubrication system: 

 The lubricating oil stored in the oil sump is called wet sump system. 

But the system in which the lubricating oil is not kept in the oil 

sump is known as dry sump system. In this system.in this system, 

oils cares in a separate tank and fed to the engine. 

The oil which falls into the oil sump after lubricating is sent back to 

the oil tank by a separate delivery pump. Thus the system consists of 
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two pumps. One pump is used to feed the oil. The other pump is 

used to deliver the oil the oil tank. This system is used in aircrafts. 

The main advantages of this system are that there is no chance of 

break down in the oil supply during up and down movement of the 

vehicle. 

IGNITION SYSTEM OF I.C. ENGINE: 

In I.C. engines, the ignition of fuel-air mixture should take place at 

the end of compression stroke. It ensures efficient and smooth 

running of an engine. There are mainly two different types of 

ignition used in I.C. engines. 

1. Compression ignition 

2. Spark ignition. 

1. Compression ignition 

This system is used in heavy oil engines working on diesel cycle.in 

these engines, fresh air are drawn into the engine cylinder during 

suction stroke. This air is compressed to a high compression ratio 

(12 to 18) during compression stroke. The air pressure at the end of 

compression is about 3500Kn/m2. The temperature at the end of 

compression is about    600 c. at the end of compression stork; the 

fuel is injected into the engine cylinder in the form of fine spray. 

The temperature of the air is higher than the self-ignition 

temperature of the fuel injected. Hence, the fuel-air mixture is 

ignited simultaneously. In diesel, the engines, the ignition of fuel-air 

mixture takes place due to high pressure and temperature of the air. 

Hence, they are known as compression ignition (C.I.) engines. 

2. Spark ignition: 

Spark ignition is mostly used in gas engines, petrol engines and light 

oil engines working on Otto cycle. In this system the fuel –air 

mixture is ignition by a high-tension electric spare. Hence, they are 

known as spark ignition (S.I.) engines. 

There are different types of spark ignition systems used in Otto 

cycle engines. 

1. Coil ignition system, 

2. Magneto ignition system,  

3. Electronic ignition and, 

4. Transistorized ignition system. 
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Battery coil ignition system: 

It is employed in engines fig. shows the wiring diagram of a simple 

coil ignition system of a cylinder engine. This system is used in 

automobile. 

Construction: 

 

It consists of a battery, ignition coil, condenser, contact breaker, 

distributor and spark plugs. Generally, 6 or 12 volt battery is used. 

The ignition coil consists of two winding primary and secondary. 

The primary winding consists of thinks wire with less number of 

turns. The primary winding is formed of 200-300 turns of thick wire 

of #20-gage to produce a resistance of about 1.5ohms. 

The secondary winding located inside the primary winding consists 

of about 21,000 turns of thin enameled wire of #38-40 gage with 

sufficiently insulted to withstand high voltage. It is wound close to 

the core with one end connected to the secondary terminal and the 

other end grounded either to the metal case or the primary coil. The 

condenser is connected across the contact breaker. It prevents excess 

arcing and pitting of contact breaker points. The contact breaker is 

housed in the distributor itself. It makes and breaks the primary 

ignition circuit. The distributor distributes the high voltage to the 

respective spark plugs having regular interval in the sequence of 

firing order of the engine. 

(The sequence in which the firing or power occurs in a multi 

cylinder engine is known as firing order of a 4-cylinder in-line 

engine is 1-3-4-2 or 1-4-3-2. The firing order of a 6-cylinder in-line 

engine is 1-5-3-6-2-4). 

The spark is fitted on the combustion chamber of the engine. it 

produces spark to ignite the fuel-air mixture. The rotor of the 

distributor and contact breaker cam are driven by the engine. there 

are two circuits in this system. One is the primary circuit. It consists 

of battery, primary coil of the ignition coil, condenser and contact 
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breaker. The other circuit is the secondary circuit. It consists of 

secondary coil, distributor and spark plugs. 

Working: 

The ignition switch is switched on and the engine is cranked. The 

cranking of the engine opens and closes the contact breaker points 

through a cam. 

When the contact breaker points are closed: 

1. The current flows from the battery to the contact breaker 

points through the switch and primary winding and then 

returns to battery through the earth 

2. This current builds up a magnetic field in the primary 

winding of the ignition coil. 

3. When the primary current is at the highest peak, the contact 

breaker points will be opened by the cam. 

When the contact breaker points are closed: 

1. The magnetic field set up in the primary winding is suddenly 

collapsed. 

2. A high voltage (15000 volts) is generated in the secondary 

winding of the ignition coil. 

3. This high voltage is directed to the rotor of the distributor.  

4. The rotor directs this high voltage to the individual spark 

plugs in the sequence of the firing order of the engine. 

5. This high voltage tries to cross the spark plug gap (0.45 to 

0.6mm) and the spark is produced. This spark ignites the 

fuel-air mixture. 

Advantages:    

1. It provides better sparks at low speeds of the engine during 

starting and idling due to availability of maximum current 

throughout the engine speed range. 

2. The initial cost is low as compared with magneto ignition 

system. 

3. The maintenance cost is negligible except battery. 

4. Spark efficiency remains unaffected by various position of 

the timing control mechanism. 

Disadvantages: 

1. Frequent battery down occurs when the engine is not is use 

continuously. This causes starting trouble. 

2. The weight is greater than magneto ignition system. 

3. Wiring mechanism is more complicated. 
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Magneto ignition system: 

In this system, the battery is replaced with a magneto fig shown the 

wiring diagram of a magneto ignition system. It consists of a switch, 

magneto, contact breaker, condenser, distributor and spark plugs. 

This system is used in two wheelers like motor cycles etc. 

Construction: 

The magneto ignition system consists of a rotating magnet assembly 

driven by a engine and a fixed armature. The armature consists of 

primary and secondary windings. The primary circuit consists of a 

primary winding condenser and contact breaker. The secondary 

circuit consists of a secondary windings, distributor and spark plugs. 

 

When the contact breaker points are closed: 

1. There current flows in the primary circuit. 

2. This produces a magnetic field in the primary winding. 

3. When the primary current is at the highest peak, the contact 

breaker points will be opened by the cam. 

When the contact breaker points are opened: 

1. There is a break in the primary circuit. 

2. The magnetic field in the primary winding is suddenly 

collapsed. 

3. A high voltage (15000 volts) is generated in the secondary 

winding. 

4. This high voltage is distributed to the respective spark plugs 

through the rotor of the distributor. 

5. The high voltages tries to cross the spark plug gap and a 

spark is produced in the gap. This spark ignites the fuel-air 

mixture in the engine cylinder. 

Advantages: 

1. It has no maintenance problem like coil ignition (i.e. for 

battery).so, it is more reliable. 
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2. When the speed increases, it provides better intensity of 

spark and thus provides better combustion as compared to 

batter coil ignition system. 

3. Less space is required as compared to battery ignition 

system. 

4. It is very light in weight and compact in size. 

Disadvantages: 

1. Initial cost is very high as compared to coil ignition system.  

2. Minimum 75 rpm is necessary to start the engine. 

3. For higher power engine, some other devices are necessary 

to start ignition. 

ELECTRONIC IGNITION SYSTEM: 

Construction 

 

A schematic diagram of an electronic ignition system is shown in fig 

.it consists of a battery, ignition switch, electronic control unit, 

magnetic pick-up, reluctor or armature, ignition coil, distributor and 

spark plug. The construction of battery, ignition switch, ignition 

coil, distributor and spark plug is same as previous methods. In this 

system, a magnetic pick-up is used of contact breaker points in 

conventional system. Also cam is replaced by a reluctor or armature. 

The magnetic pick-up is shown in fig .it consists of a sensor coil 

through which passes the magnetic flus is generated by a permanent 

magnet. A star shaped rotor called reluctor or armature is mounted 

on the distributor shaft which modulates the flux density in the coil 

and due to the consequent changes in the flux voltage induced in the 

coil. This voltage serves as a trigger signal for the high voltage 

generator circuit. Since there is one spark plug per cylinder,the 

number of teeth of armature is equal to the number of engine 

cylinders. 

Working: 

When the ignition switch is closed (i.e. Switch is ‘ON’.), the reluctor 

rotates which makes the teeth of the reluctor cone closed to the 
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permanent magnet. It reduces the air gap between the reluctor tooth 

and the sensor coil. 

Thus, the reluctor provides a path for the magnetic lines from the 

magnet. The magnetic field is passed onto the pick up every time 

when the reluctor teeth pass the pick up coil in which an electric 

pulse is generated. This small current then triggers the electronic 

control unit which stops the flow of battery current to the ignition 

coil. 

The magnetic field in the primary winding collapses and the high 

voltage is generated in the secondary. it leads to the spark in spark 

plug via distributor. Meanwhile, the reluctor teeth pass the pickup 

coil. Therefore, the pulse unit is ended. It causes the electronic 

control unit to close the primary circuit. 

Advantages: 

1. The parts such as reluctor, magnetic pickup and electronic 

control unit are not subjected to wear as incase of 

mechanical contact breaker. 

2. Periodic adjusted of engine timing is not necessary. 

3. It gives very accurate control of timing. 

GOVERING OF I.C.ENGINES: 

As a matter of fact, all the I.C. engines like other engines are always 

designed to run at a particular speed. But in actual practice, load on 

the engine keeps on fluctuating from time to time. A little 

considertation will show ,that change of load ,on an I.C.engine is 

sure to change it has been observed that if load on an I.C. engine is 

decreased without changing the quantity of fuel,the engine will run 

at a higher speed . similarly, if load on the engine is increased 

without changing the quantity of fuel, the engine will run at a lower 

speed. 

Now, in order to have a high efficiency of an I.C. engine, at different 

load conditions, its speed must be kept constant as far as possible. 

The process of providing any arrangement, which will keep the 

speed constant (according to the changing load conditions) is known 

as governing of I.C. engines. 

Methods of Governing I.C. Engines 

 Through there are many methods for the governing of I.C. 

engines, yet the following are important from the subject point of 

view: 
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1. Hit and miss governing:  This method of governing is 

widely used for I.C. engines of smaller capacity or gas engines.  

This method is most suitable for engines, which are frequently 

subjected to reduced loads and as a result of this, the engines tend to 

run at higher speeds.  In this system of governing, whenever the 

engine starts running at higher speed (due to decreased load), some 

explosion are omitted or missed.  This is done with help of 

centrifugal governor (Art.24.11) in which the inlet valve of fuel is 

closed and the explosions are omitted till the engine speed reaches 

its normal value.  The only disadvantage of this method is that there 

is uneven turning moment due to missing of explosions.  As a result 

of this, it requires a heavy fly wheel. 

2. Qualitative governing:  In this system of governing, a 

control valve is fitted in the fuel delivery pipe, which controls the 

quantity of fuel to be mixed in the charge.  The movement of control 

valve is regulated by the centrifugal governor through rack and 

pinion arrangement.  It may be noted that in this system, the amount 

of air used in each cycle remains the same.  But with the changed in 

the quantity of fuel (with quantity of air remaining constant), the 

quality of charge (i.e. air-fuel ratio of mixture) changes.  Whenever 

the engine starts running at higher speed (due to decreased load), the 

quantity of fuel is reduced till the engine speed reaches its normal 

value.  Similarly, whenever the engine starts running at lower speed 

(due to increased load), the quantity of fuel is increased.  In 

automobile engines, the rack and pinion arrangement is connected 

with the accelerator. 

3. Quantitative governing.  In this system of governing, the 

quality of charge (i.e. air-fuel ratio of the mixture) is kept constant.  

But quantity of mixture supplied to the engine cylinder is varied by 

means of a throttle valve which is regulated by the centrifugal 

governor through rack and pinion arrangement.  Whenever the 

engine starts running at higher speed (due to decreased load), the 

quantity of charge is increased.  This method is used for governing 

large engines. 

4. Combination system of governing.  In this system of 

governing, the above mentioned two methods of governing (i.e. 

qualitative and quantitative) are combined together, so that quality 

as well as quantity of the charge is varied according to the changing 

conditions.  This system is complicated, and has not proved to be 

successful. 

CARBURETOR: 
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The carburetor is a device for *atomizing and ** vaporizing the fuel 

and mixing it with the air in the varying proportions to suit the 

changing operating conditions of the engine.  The process of 

breaking up and mixing the fuel with the air is called carburation. 

 

There are many types off the carburetors in use, but the simplest 

form off the carburetor is shown in Fig. It consists of a fuel jet 

located in the center of the choke tube.  A float chamber is provided 

for maintaining the level of the fuel in the jet and is controlled by a 

float and lever which operates its needle valve.  The fuel is pumped 

into the float chamber and when the correct level of the fuel is 

reached, the float closes the needle valve, and shuts off the petrol 

supply. 

The suction produced by the engine draws air through the choke 

tube.  The reduced diameter of the choke tube increases the velocity 

of air and reduces the pressure.  The high velocity and low pressure 

in the tube facilities the breaking up of fuel and its admixture with 

the air.  A throttle valve controls the flow of the mixture delivered to 

the engine cylinder. 

SPARK PLUG: 

It is always screwed into the cylinder head for igniting the charge of 

petrol engines.  It is, usually, designed to withstand a pressure up to 

35 bar and operate under a current of 10000 to 30000 volts. 
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A park plug consists of central porcelain insulator, containing an 

axial electrode length wise and ground electrode welded to it.  The 

central electrode has an external contact at the top, which is 

connected to the terminal and communicates with the distributor.  A 

metal tongue is welded to the ground electrode, which bends over to 

lie across the end of the central electrode.  There is a small gap 

known as spark gap between the end of the central electrode and the 

metal tongue, as shown in Fig. The high tension electric spark jumps 

over the gap to ignite the charge in the engine cylinder. 

The electrode material should be such which can withstand 

corrosiveness, high temperature having good thermal conductivity.  

The electrodes are generally made from the alloys of platinum, 

nickel, chromium, barium etc. 

Note:  The spark plug gap is kept from 0.3 mm to 0.7 mm.  The 

experiments have shown that efficiency of the ignition system is 

greatly reduced if the gap is too large or too small.  Sometimes, 

foreign materials (such as carbon) get deposited in the spark gap.  It 

is a source of nuisance, as it permits some of the high voltage 

current to bypass the gap and reduce the intensity of spark as well as 

engine efficiency 

FUEL PUMP 

The main object of a fuel pump in a diesel engine is to deliver a fuel 

to the injector which sprays the finely divided particles of the fuel 

suitable for rapid combustion. 

 

The simplified sketch of a fuel pump is shown in Fig. (a).  It consists 

of a plunger which moves up and down in the barrel by the cam and 

spring arrangement provided for pushing and lowering the plunger 

respectively.  The fuel oil is highly filtered by means of felt-pack 

filter before entering the barrel of the pump. 
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The upper end part of the plunger is cut away in a helix shaped piece 

forming a groove between the plunger and barrel, which is the most 

important one.  Therefore, the amount of fuel delivered and injected 

into the engine cylinder depends upon the rotary position of the 

plunger in the barrel, Fig.  (b) And (c) shows how the top part of the 

plunger is designed so that the correct amount of fuel is delivered to 

the injector. 

When the plunger is at the bottom of its stroke as shown in Fig. (b), 

the fuel enters the barrel through the inlet port.  As the plunger rises, 

it forces this fuel up into the injector, until the upper part cut away 

comes opposite the sill port.  Then the fuel escapes down the groove 

and out through the sill port so that injection ceases, as shown in 

Fig.(c).  The plunger can be made to rotate in the barrel and 

therefore more fuel is injected.  When the plunger is rotated so that 

the groove is opposite to the sill port, no fuel at all is injected and 

thus the engine stops.  

INJECTOR OR ATOMISER 

The injector or atomizer is also an important part of the diesel 

engine which breaks up the fuel and sprays into the cylinder into a 

very fine divided particle 

Fig. shows the type of an injector in which fuel is delivered from the 

pump along the horizontal pipe connected at A.  The vertical spindle 

of the injector is spring loaded at the top which holds the spindle 

down with a pressure of 140 bars so that the fuel pressure must 

reach this value before the nozzle will lift to allow fuel to be injected 

into the engine cylinder.  The fuel which leaks past the vertical 

spindle is taken off by means of an outlet pipe fitted at B above the 

fuel inlet pipe. 
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Performance Calculation: 
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UNIT-II 

FUEL: 

 Fuel may be chemical or nuclear. Here we shall consider briefly chemical fuels only. 

A chemical fuel is a substance which releases heat energy on combustion. The principal 

combustible elements of each fuel are carbon and hydrogen. Though sulphur is a combustible 

element too but its presence in the fuel is considered to be undesirable. 

CLASSIFICATION OF FUELS:  

fuels can be classified according to whether  

 They occur in nature called primary fuels or are prepared called secondary fuels. 

 They are in solid, liquid or gaseous state. 

The detailed classification of fuels can be given in a summary from as follows: 

Type of fuel Natural(primary) Prepared(secondary) 

Solid Wood 

Peat 

Lignite coal 

Coke 

Charcoal 

Briquettes 

Liquid Petroleum Gasoline 

Kerosene 

Fuel oil 

Alcohol 

Benzol 

Shale oil 

Gaseous Natural gas Petroleum gas 

Producer gas 

Coal gas 

Coke-oven gas 

Blast furnace gas 

Carbureted gas 

Sewer gas 

 

SOLID FUELS: 

Coal:  

 Its main constituents are carbon, hydrogen, oxygen, nitrogen, sulphur, moisture and ash. 

Coal passes through different stages during its formation form vegetation. These stages are 

enumerated and discussed below: Plant debris-peat-lignite-brown coal-sub-bituminous coal-

bituminous coal-semi bituminous coal-semi-anthracite coal-anthracite coal-graphite. 
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Peat:  

 It is the first stage in the formation of coal from wood. It contains huge amount of moisture 

and therefore it is dried for about 1 to 2 months before it is put to use. It is used as a 

domestic fuel in Europe and for power generation in Russia. In India it does not come in the 

categories of good fuels. 

Lignite and brown coals:  

 These are intermediate stages between peat and coal. They have a woody or often clay like 

appearance associated with high moisture, high as and low heat contents. Lignite is usually 

amorphous in character and impose transport difficulties as they beak easily. They burn with 

a smoky flame. Some of this type is suitable for local use only. 

Wood charcoal: 

 It is obtained by destructive distillation of wood. During the process the volatile matter and 

water are expelled. The physical properties of the residue however depend upon the rate of 

heating and temperature. Briquettes: these are prepared from fine coal or coke by 

compressing the material under high pressure. 

LIQUID FUELS: 

 The chief source of liquid fuels is petroleum which is obtained from wells under the earth’s 

crust. These fuels have proved more advantageous in comparison to solid fuels in the 

following respects. 

Advantages: 

 1. Require less space for storage. 

 2. Higher calorific value 

 3. Easy control of consumption. 

 4. Staff economy 

 5. Absence of danger from spontaneous combustion 

 6. Easy handling and transportation 

 7. Cleanliness 

 8. No ash problem 

 9. Non-deterioration of the oil in storage 

Petroleum: 

 There are different opinions regarding the origin of petroleum. However, now it is accepted 

that petroleum has originated probably from organic matter like fish and plant life etc., by 

bacterial action or by their distillation under pressure and heat. It consists of a mixture of 
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gases, liquids and solid hydrocarbons with small amounts of nitrogen and sulphur 

compounds. In India, the main sources of Petroleum are Assam and Gujarat. 

 Heavy fuel oil or crude oil is imported and then refined at different refineries. The refining if 

crude oil supplies the most important product called petrol. Petrol can also be made by 

polymerization of refinery gases.  

 Other liquid fuels are kerosene, fuels oils, colloidal fuels and alcohol. 

 

GASEOUS FUELS: 

 Natural gas: the main constituents of natural gas are methane (CH4) and ethane (C2H6). It has 

calorific value nearly 21000 KJ/m3. Natural gas is used alternately or simultaneously with oil 

for internal combustion engines. 

Coal gas: 

 Mainly consists of hydrogen, carbon monoxide and hydrocarbons. It is prepared by 

carbonization of coal. It finds its use in boilers and sometimes used for commercial purposes. 

Coke-oven gas:  

 It is obtained during the production of coke by heating the bituminous coal. The volatile content 

of coal is driven off by heating and major portion of this gas is utilized in heating the ovens. 

This gas must be thoroughly filtered before using in gas engines. 

Blast furnace gas:  

 It is obtained from smelting operation in which air is forced through layer of coke and iron ore, 

the example being that of pig iron manufacture where this gas is produced as by product and 

contains about 20% carbon monoxide(CO). After filtering it may be blended with richer gas or 

used in gas engines directly. The heating value of this gas is very low. 

Advantages: 

 Better control of combustion 

 Much less excess air is needed for complete combustion 

 Economy in fuel and more efficiency of furnace operation 

 Easy maintenance of oxidizing or reducing atmosphere 

 Cleanliness 

 No problem of storage of the supply is available from public supply line 

 The distribution of gaseous fuels even over a wide area is easy through the pipelines and as such 

handling of the fuel is altogether eliminated 

 Gaseous fuels give economy of heat and produce higher temperatures (as they can be preheated 

in regenerative furnaces and thus heat from hot fuel gases can be recovered) 

 COMBUSTION OF FUEL AND REACTION: 
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 We know that all fuels contain carbon, hydrogen and sulphur. These constituents will readily 

combine with oxygen and release heat while combusting.  

 Therefore, the sufficient air is required to make complete combustion of fuels. If the supplied 

air is insufficient, still some amount of heat will be present in the burnt fuel which is indicated 

by presence of CO. if any fuel gas contains only CO2 after combustion, it will refer the process 

is complete combustion. Otherwise the same combustion process is said to be incomplete 

combustion which is identified by the presence of both CO2 and CO. 

 Combustion means burning. The combustion of fuels can be represented by chemical equations. 

 C+O2= CO2  -------------------(1) ----- complete combustion equation 

 2C+O2=2CO ------------------(2)-----incomplete combustion equation  

 4C+3O2=2CO2+2CO---------(3)----- incomplete combustion equation  

 

 

Substances Symbol Atomic weight Molecular weight 

Carbon C 12 12 

Hydrogen H2 1(1.008) 2 

Nitrogen N2  14 28 

Oxygen O2 16 32 

Sulphur S 32 32 

Carbon dioxide Co - 12+32=44 

Water vapour H20 - 2+16=28 

Sulphur dioxide So2 - 32+32=64 

Methane Ch4 - 12+4=16 

 

Combustion of carbon: 

When carbon combines with oxygen, carbon dioxide is formed and a large amount of heat is 

released. This process is represented by the chemical equation as. 

C+O2=CO2 

Carbon + oxygen=carbon dioxide 

Substituting the values of molecular weight 

C+O2=CO2 

12+2x16=12+(2x16) 

12+32=44 

Divide by 12 1+32/12=44/12 

1kg+8/3kg=11/3k 
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This means 1Kg of carbon requires 8/3Kg of oxygen for its completes 

Combustion and produces 11/3 Kg of carbon dioxide. 

 

Carbon Monoxide: 

2C+O2=2CO 

Carbon +oxygen =carbon monoxide 

2c+02=2co 

2x12+2x16=(2x12)+(2x16) 

24+32=56 

Divide by 24 1kg+4/3kg=7/3kg 

1Kg of carbon needs 4/3Kg of oxygen to form carbon monoxide. 

Carbon monoxide is highly poisonous. It has no smell and hence it should not be allowed to escape. 

 

Combustion of carbon monoxide: 

Carbon monoxide combine with oxygen to form carbon dioxide and this represented as, 

2CO + O2 =2CO2 

Carbon monoxide + oxygen = carbon dioxide 

Molecular weight 

2x28 + 2x16=2(12+32) 

56+32=88 

Divide by 56  1kg+4/7kg=11/7 kg 

1 kg of carbon monoxide requires 4/7 kg of oxygen to form 11/7 kg of carbon dioxide 

 

Combustion of hydrogen: 

Hydrogen burns with oxygen and produce water vapor. It is represented by the following 

chemical equation. 

2H2+O2=2H2) 

Hydrogen + oxygen =water vapour 

(2x1x2)+ (2x16) =2(2+16) 

4kg + 32kg=36kg 

Divide by 4 1kg+32/4kg=36/4kg 

1kg+8kg=9kg 

1kg of hydrogen burns with 8kg of oxygen and produces 9kg of water vapour. 

 

Combustion of Sulphur: 
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 Sulphur burns with oxygen and produce sulphur dioxide. This is represented by the 

following chemical equation 

S+O2=SO2 

Sulphur+Oxygen=Sulphur dioxide 

32+ (16x2) =32+ (16x2) 

32+32=64 

Divide by 32 1kg+1kg=2kg 

1kg of sulphur burns with 1kg of oxygen and forms 2kg of sulphur dioxide. 

PROPERTIES OF FUEL USED IN IC ENGINES 

Flash point: 

 It is defined as the lowest temperature at which the lubricating oil will flash when a 

small flame is passed across its surface. 

 The flash point of the oil should be sufficiently high so as to avoid flashing of oil 

vapours at the temperature occurring in common use. 

 High flash point oils are needed in air compressors. 

Fire point: 

 It is the lowest temperature at which the oil burns continuously. The fire point also 

must be high in lubricating oil, so that oil does not burn in service. 

Calorific valve: 

 The calorific value or heating value of the fuel is defined as the energy liberated by 

the complete oxidation of a unit mass or volume of a fuel. 

 It is expressed in KJ/Kg for solid and liquid fuels and KJ/m3 for gases. 

 If a fuel contains hydrogen water will be formed as one of the products of 

combustion. If this water is condensed a large amount of heat will be released. Than 

if the water exists in the vapour phase. For this reason two heating values are defined 

the higher or gross heating value and the lower or net heating value. 

Gross or higher calorific value: 

 Gross calorific value takes into account the heat recovered from the hot fuel gases due to 

burning of fuel. 

 It is defined as the amount of heat obtained by the complete combustion of 1kg of a fuel. 

When the products of combustion are cooled down to the temperature of the air supplied 

(15oc) it briefly written as H.C.V or H.H.V 

 If the chemical analysis of a fuel is known the higher calorific valve of the fuel can be 

determined by the following formula known as Dulong’s formula 

H.C.V=33800c+144000H2+9270s KJ/Kg 
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H.C.V=33800c+144000[H2-O2/8]+9270s KJ/Kg 

Net or Lower Calorific Value: 

 Lower calorific value comes into picture (this is in actual practice) when the heat absorbed 

by the products of combustion is not recovered. 

 The higher calorific value is known then the lower calorific value may be obtained by 

subtracting the amount of heat carried away by the combustion products (steam) from 

H.C.V 

 L.C.V=H.C.V-heat of steam formed during combustion 

L.V.C =H.C.V-amount of steam x heat liberated 

In solid fuels: 

L.C.V=H.C.V-(9H2 x2466) KJ/kg where H2-amount of hydrogen present in % 

In gaseous fuels: 

L.C.V=H.C.V-(Mc/Vsx2466)KJ/m3 

Mc-amount of steam condensed (Kg) 

Vs-volume of gas used at S.T.P (m3) 

Water equivalent 

 We=mb x sb gm 

We-water equivalent of the substance 

Mb-mass of the substance 

Sb-specific heat of the substance 

Solid and liquid fuels: 

 The heat released by the fuel on combustion is absorbed by the surrounding water and the 

calorimeter. 

Heat released by the fuel sample=Wf x C 

Wf-weight of fuel sample (Kg) 

C-calorific value (higher) of the fuel (KJ/Kg) 

Heat received by water and calorimeter 

 = (wm+we) xC x [(t2-t1)+tc] 

Wm-weight of water (Kg) 

We-water equivalent of calorimeter (kg) 

t2- final temperature of water and c.m 

t1- Initial temperature of water and c.m 

c- Specific heat of water 

tc- radiation corrections 

Heat lost =heat gained 
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wf x c=(ww +we) x c x[(t2-t1)+tc] 

       (ww +we) xc x[(t2-t1)+tc] 

 C= ______________________ 

                      wf 

SOLID AND LIQUED FUEL: 

SOLID FUEL 

Bomb calorimeter: 

 The calorific value of solid and liquid fuels is determined in the laboratory by Bomb calorimeter. 

 It is so named because its shape resembles that of a bomb fig shown the schematic sketch of a bomb 

calorimeter. 

 The calorimeter is made of austenitic steel which provides considerable resistance to corrosion and 

enables it to withstand high pressure. 

 In the calorimeter is a strong cylindrical bomb in which combustion occurs. 

 The bomb has two values at the top. One supplies oxygen to the bomb and other releases the 

exhaust gases. 

 A crucible in which a weighted quantity of fuel sample is burnt is arranged between the two 

electrodes as shown in figure. The calorimeter is fitted with water jacket which surrounds the bomb. 

 To reduce the losses due to radiation Calorimeter is further provided with a jacket of water and air. 

A stirrer for keeping the temperature of water uniform and a thermometer to measure the temperature up 

to accuracy of 0.001oc is fitted through the lid of the calorimeter. 
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Procedure: 

 To start with about 1gm of fuel sample is accurately weight into the crucible and a fuse wire (whose 

weight is known) is stretched between the electrodes. 

 It should be ensured that wire is in close contact with the fuel. 

 To absorb the combustion products of sulphur and nitrogen 2ml of water is poured in the bomb. 

 Bomb is then supplied with pure oxygen through the value to an amount of 25 atmospheres. 

 Bomb is then placed in the weighted quantity of water in the calorimeter. 

 The stirring is started after making necessary electrical connections and when the thermometer 

indicates a steady temperature fuel is fired and temperature fuel is fired and temperature readings 

are recorded after ½ minute intervals until maximum temperature is attained. 

 The bomb is then removed the pressure slowly released through the exhaust valve and the contents 

of the bomb are carefully weight for further analysis. 

GASEOUS FUELS: 

Junker’s gas calorimeter: 

 The calorific value of gaseous fuels can be determined by Junker’s gas calorimeter. 

 Junkers gas calorimeter is shown in figure its principle is somewhat similar to bomb calorimeter in 

respect that heat evolved by burning the gas is taken away by the water   

 In its simplest construction it consists of a combustion chamber in which the gas is burnt (in a gas 

burner). A water jacket through which a set of tubes called flues pass surrounds this chamber. 

 Thermometers are incorporated at different places (as shown in figure) to measure the temperatures. 
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Procedure: 

 A metered quantity of gas whose calorific value is to be determined is supplied to the gas burner via 

a gas meter which records its volume and pressure regulator which measures the pressure of the gas 

by means of a manometer. 

 When the gas burns the hot products of combustion travel upwards in the chamber and then 

downwards through the flues and finally a space to the atmosphere through the outlet. 

 The temperature of the escaping gas is recorded by the thermometer fitted at the exist and this 

temperature should be as close to room temperature as possible so that entire heat of combustion is 

absorbed by water. The cold water enters the calorimeter near the bottom and leaves near the top. 

Water which is formed by condensation of steam is collected in a pot. 

 The quantity of gas used during the experiment is accurately measured by the meter and 

temperature of ingoing and outgoing water is indicated by the thermometers. From the above data 

the calorific value of the gas can be calculated. 

A/F RATIO OR STOCHIOMETRIC RATIO 

• The mixture that contains just enough air for the complete combustion of all the  fuel is 

called as the air fuel ratio or stoichiometric fuel ratio. 

RICH MIXTURE 

• A mixture having more fuel than a chemically correct mixture is known as rich mixture. 

LEAN MIXTURE 

• A mixture having less fuel than a chemically correct mixture is known as lean mixture. 

COMBUSTION PROCESS IN IC ENGINES 

• Combustion in SI engine  

• Combustion in CI engine 

COMBUSTION PHENOMENONIN S.I. ENGINES: 

Normal combustion:   

Fuel is completely vaporized and homogeneously premixed with air and residual gas, when 

combustion occurs means is called by normal combustion. 

 The combustion is normal when 2 conditions are respected:  

1) The ignition of combustible mixture is controlled by the spark plug, with a present timing . 

2)  After the ignition, the flame propagates regularly to the whole mixture, without any sudden 

increase of velocity.  

• The combustion process in SI engine can be divided into three broad categories. 

    1. Ignition delay or ignition lag. 

    2. Flame propagation. 

    3. After burning. 
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1. Ignition delay(A-B) 

• Point A refers the ignition of spark.  

• But burning of air fuel mixture commences only at point B.  

• interval between A and B is known as ignition delay or lag. 

2. Flame propagation (B-C) 

• The turbulent flame rapidly spreads over the main part of the combustion chamber, whose 

volume remains almost constant, since in this phase the piston moves slowly around TDC.  

• This is the main phase characterized by a rapid burning. It begins when 4-8% of the mixture 

volume has been ignited and it ends when the flame front comes near the walls and the max 

pressure in the cylinder is reached.  

3. After burning(C-D) 

• During which the mixture completes its oxidation processes behind the flame front, when 

the expansion stroke is occurring. 

• The burning of fuel after the maximum pressure is known as after burning. 

• The flame velocity decreases during this stage. 

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

surface. 

Factors affecting normal combustion are S.I engines:  
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The factors which affect normal combustion in S.I engines are brief described below: 

1. Induction pressure: As the pressure falls delay period increases and the ignition must be earlier at 

low pressures. A vacuum control may be incorporated. 

2. Engine speed: As speed increases the constant time delay period needs more crank angle and 

ignition must be earlier. A centrifugal control may be employed. 

3. Ignition timing: if ignition is too early the peak pressure will occur too early and work transfer 

falls. If ignition is too late the peak pressure will be low and work transfer falls. Combustion may 

be complete by the time the exhaust valve opens and the valve may burn. 

4. Mixture strength: although the stoichiometric ratio should give the best results, the effect of 

dissociation is to make a slightly rich mixture necessary for maximum work transfer. 

5. Compression ratio: an increase in compression ratio increases the maximum pressure and the 

work transfer. 

6. Fuel choice: 

 The induction period of the fuel will affect the delay period. 

 The calorific value and the enthalpy of vaporization will affect the temperatures achieved 

Abnormal combustion 

 When the 2 conditions of normal combustion do not occur, the combustion process is 

abnormal, causing engine damages or simply performance worsening and noise.  

There are two forms of abnormal combustion in SI engines: 

• The first of these is pre ignition of the mixture by  carbon particles in the chamber. This will 

have the effect of reducing the work transfer. 

• The second abnormality is generally known as knock and is a complex condition with many 

facets. 

Pre-ignition 

• It is defined as the phenomenon of ignition of the charge before the ignition spark occurs. 

• This ignition is caused when some parts of combustion space like spark plug, exhaust valve, 

carbon particles in the combustion chamber are over heated under certain operating 

conditions. 

Knocking or detonation 

• If the temperature of the air fuel mixture is raised high enough, the mixture will self-ignite 

without the need of spark plug. This phenomenon is called as self-ignition or auto ignition. 

• The temperature above which self-ignition occurs called the self-ignition temperature. 
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• If the temperature of the unburnt mixture exceeds the self-ignition temperature during the 

ignition delay period, auto ignition occurs at various locations in the cylinder. 

• This will generate the pressure pulses. This high pressure pulses can cause damage to the 

engine and quite often are in the audible frequency range .This phenomenon is often called 

knocking or detonation. 

Effects of detonation: 

•  Noise and roughness 

• Mechanical damage 

• Carbon deposits 

• Increase in heat. 

• Decrease in power output and efficiency 

Control of detonation: 

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

• Increase engine r.p.m 

• Uniform spark production. 

• Reducing pressure in the inlet manifold by throttling 

• Making the ratio too lean or too rich. 

Factors affecting knock: 

The likelihood of knock is increased by any reduction in the induction period of combustion 

and any reduction in the progressive explosion flame velocity. Particular factors are listed below 

1. Fuel choice: a low self ignition temperature promotes knock. 

2. Induction pressure: increase of pressure decreases the self ignition temperature and the induction 

period. Knock will tend to occur at full throttle. 

3. Engine speed: low engine speeds will give low turbulence and low flame velocities and knock may 

occur at low speed. 

4. Ignition timing: advanced ignition timing increases peak pressures and promotes knock. 

5. Mixture strength: optimum mixture strength gives high pressures and promotes knock. 

6. Compression ratio: high compression ratios increase the cylinder pressures and promote knock 

7. Combustion chamber design: poor design gives long flame paths, poor turbulence and insufficient 

cooling all of which promote knock. 

8. Cylinder cooling: poor cooling raises the mixture temperature and promotes knock 
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Desirable characteristics of combustion chamber for 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 

7. Cooling of hot spots 

COMBUSTION CHAMBER DESIGN-SI ENGINES: 

 Combustion chambers are usually designed with every possible attempt made to meet the 

following objectives: 

 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 

 To prevent the possibility of detonation at all times  

To obtain these objectives attempt is made to design the combustion chambers with the 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 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 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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 It may be noted that these chambers are designed to obtain the objectives outlined above, 

namely: 

1. A high combustion rate at the start 

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

3. A rather centrally located spark plug. 

TURBULENCE IN S.I ENGINES: 

1. Turbulence plays a very important role in combustion phenomenon in S.I engines. The flame speed 

is very low in non-turbulent mixtures. A turbulent motion of the mixture intensifies the processes of 

heat transfer and mixing of the burned and unburned portions in the flame front. These two factors 

cause the velocity of turbulent flame to increase practically in proportion to the turbulent velocity. 

The turbulence of the mixture is due to admission of fuel-air mixture through comparatively narrow 

sections of the intake pipe, valves etc. in the suction stroke. The turbulence can be increased at the 

end of the compression stroke by suitable design of combustion chamber which involves the 

geometry of cylinder head and piston crown. 

 

2. The degree of turbulence increases directly with the piston speed. 

The effects of turbulence can be summed up as follows: 

i) Turbulence accelerates chemical action by intimate mixing of fuel and oxygen. Thus weak mixtures 

can be burnt. 

ii) The increase of flame speed due to turbulence reduces the combustion time and hence minimizes 

the tendency to detonate. 

iii) Turbulence increase the heat flow to the cylinder wall and in the limit excessive turbulence may 

extinguish the flame. 
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iv) Excessive turbulence results in the more rapid pressure rise and the high pressure rise causes the 

crankshaft to spring and rest of the engine to vibrate with high periodicity, resulting in rough and 

noisy running of the engine. 

The following points are worth noting: 

Swirl:  the main macro mass motion within the cylinder is rotational motion called swirl. It is 

generated by constructing the intake system to give a tangential component to the intake flow as it 

enters the cylinder. This is done by shaping and contouring the intake manifold, valve ports and 

even the piston face. 

Swirl greatly enhances the mixing of air and fuel to give a homogeneous mixture in the very short 

time available for this in modern high speed engines. It is also a main mechanism for very rapid 

spreading of the flame front during the combustion process. 

Squish and Tumble:  

As the piston approaches T.D.C at the end of compression stroke, the volume around the outer 

edges of the combustion chamber is suddenly reduced to a very small value. Many modern 

combustion chamber designs have most of the clearance volume near the centerline of the cylinder. 

As the piston approaches T.D.C the gas mixture occupying the volume at the outer radius of the 

cylinder is forced radially inward as this outer volume is reduced to near zero. This radial inward 

motion of the gas mixture is called squish. It adds to other mass motions within the cylinder to mix 

the air and fuel and to quickly spread the flame front. Maximum squish velocity usually occurs 

about 10o before T.D.C  

As the piston nears T.D.C squish motion generates a secondary rotational flow called tumble. This 

rotation occurs about a circumferential axis near the outer edge of the piston bowl. 

FIAME PROPAGATION: 

 

 Typical flame propagation velocities range from something like 15to 70 m/s. 

 This would relate to the combustion flame velocity increasing from about 15 m/s at an idle speed of         

      About 1000r.p.m to roughly 70 m/s at a maximum speed of 6000 r.p.m. 

 When ignition occurs the nucleus of the flame spreads with the whiling or rotating vortices in the           

      Form of ragged burning crust from the initial spark plug ignition site. 

 The speed of the flame propagation is roughly proportional to the velocity at the periphery of the         

       Vortices. 

Effect of engine variable on flame propagation: 

1. Fuel air ratio: when the mixture is made leaner or is enriched and still more velocity of 

flame diminishes. 

2. Compression ratio: the speed of combustion increase of compression ratio .the increase in 

compression ratio results in increase in temperature which increases the tendency of the 

engine to detonate. 
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3. Intake temperature and pressure: increase in intake temperature and pressure increases 

the flame speed. 

4. Engine load: as the load on the engine increases the cycle pressures increase and hence the 

flame speed increases. 

5. Turbulence: the flame speed is very low in non-turbulent mixture. A turbulent motion of 

the mixture intensifies the processes of heat transfer and mixing of the burned and unburned 

portions in the flame front these two factors cause the velocity of turbulent flame to increase 

practically in proportion to the turbulent velocity. 

6. Engine speed: the flame speed increases almost linearly with engine speed. The crank angle 

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

at all speed. 

7. Engine size: the number of crank degrees required for flame travel be about the same 

irrespective of engine size provided the engine are similar. 

 

COMBUSTION PHENOMENON IN C.I ENGINES: 

Normal combustion 

 The process of combustion in the compression ignition (C.I) engine is fundamentally different from 

that in a spark-ignition engine. C.I engine combustion occurs by the high temperature produced by 

the compression of the air, i.e., it is an auto-ignition. 

 

The third phase is followed by after burning, which may be called the fourth phase of combustion. 

1. Ignition delay period: 

 The delay period is counted from the start of injection to the point where the p-ө combustion curve 

departs from air compression curve. The delay period can be roughly sub-divided into physical delay 

and chemical delay.  
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 The period of physical delay is the time between the beginning of injection and the attainment of 

chemical reaction conditions. In the physical delay period, the fuel is atomized, vaporized, mixed 

with air, and raised in temperature. 

 In the chemical delay period reaction starts slowly and the accelerated until inflammation or ignition 

takes place. 

 The delay period exerts a great influence in the C.I engine combustion phenomenon. It is clear that 

the pressure reached during the second stage will depend upon the duration of the delay period; the 

longer the delay, the more rapid and higher the pressure rise, since more fuel will be present in the 

cylinder before the rate of burning comes under control.  

 This causes rough running and may cause diesel knock. Therefore we must aim to keep the delay 

period as short as possible, both for the sake of smooth running and in order to maintain control over 

the pressure changes. 

 But some delay period is necessary otherwise the droplets would not be dispersed in the air for 

complete combustion. However, the delay period imposed upon is greater than what is needed and 

the designer’s efforts are to shorten it as much as possible. 

2. Period of rapid or uncontrolled combustion: 

 The second stage of combustion C.I engines, after the delay period, is the period of rapid or 

uncontrolled combustion. This period is counted from the end of the delay period to the point of 

maximum pressure on the indicator diagram. 

 In this second stage of combustion, the rise of pressure is rapid because during the delay period the 

droplets of fuel have had time to spread themselves out over a wide area and they have fresh air all 

around them. About one-third of head is evolved during this process. 

 The rate of pressure rise depends on the amount of fuel present at the end of delay period, degree of 

turbulence, fineness of atomization and spray pattern. 

3. Period of controlled combustion: 

 At the end of second stage of combustion, the temperature and pressure are so high that the fuel 

droplets injected in the third stage burn almost as they enter and any further pressure rise can be 

controlled by purely mechanical means, i.e. by the injection rate. 

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

evolved by the end of controlled combustion is about 70 to 80 per cent. 

4. After burning:  

 The combustion continues even after the fuel injection is over, because of poor distribution of fuel 

particles. This burning may continue in the expansion stroke upto 70o to 80o of crank travel from 

T.D.C this continued burning, called the after burning, may be considered as the fourth stage of the 

combustion. The total heat evolved by the end of entire combustion process is 95 to 97%; 3 to 5% of 

heat goes as unburned fuel in exhaust. 

 In the p-V diagram, the stages of combustion are not seen because of little movement of piston with 

crank angle at the end and reversal of stroke. So for studying the combustion stages, therefore, a 

pressure-crank angle or time, p-ө or p-t diagram is invariably used. In the actual diagram, the various 

stages of combustion look merged, yet the individual stage is distinguishable. 

Factors affecting combustion in C.I engines: 

 In compression ignition combustion, the length of the delay period plays a vital role. This period 

serves a useful purpose in that it allows the fuel jet to penetrate well into the combustion space. If 

there were no delay the fuel would burn at the injector resulting in incomplete combustion. If delay is 
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too long the amount of fuel available for simultaneous explosion is too great and the resulting 

pressure rise is too rapid: 

 Delay is reduced by the following: 

1. High charge temperature 

2. High fuel temperature 

3. Good turbulence; 

4. A fuel with a short induction period 

Fuel choice:  

 The choice of fuel has a large effect on combustion since induction period of the fuel 

contributes a major part of the delay period. 

Combustion chamber design:  

 The shape of the chamber is critical so that the fuel is introduced with swirl and the pistons 

are also shaped to produce a squish effect, the whole concept of design being to give 

controlled motion of the air and fuel rather than rely on haphazard turbulence. 

Engine load: 

 In most engines injection starts at a fixed crank angle and continues as long as the rack 

setting allows. At light loads all the fuel will be injected into the delay and simultaneous 

explosion periods, or at very light loads when temperatures are lower and the delay period 

longer injection may be completed in the delay period. 

Engine speed: 

 The effect of speed is allied to the design of the combustion chamber and varies with 

individual designs. Delay may be reduced or increased. 

Abnormal combustion in C.I engines: 

 In C.I engines abnormal combustion is not as great a problem as in S.I engines. The only 

abnormal is diesel knock. This occurs when the delay period is excessively long so that there is a 

large amount of fuel in the cylinder for the simultaneous explosion phase. The rate of pressure rise 

per degree of crank angle is then so great than an audible knocking sound occurs. Turning is rough 

and if allowed to become extreme the increase in mechanical and thermal stresses may damage the 

engine. Knock is thus a function of the fuel chooser and may be avoided choosing a fuel with 

characteristics that do not give too long a delay period.  

Delay period (or ignition lag) in C.I engines: 

 In C.I engine, the fuel which is in atomized form is considerably colder than the hot 

compressed air in the cylinder. Although the actual ignition is almost instantaneous, an appreciable 

time elapses before the combustion is in full progress. This time occupied is called the delay period 

or ignition lag. It is the time immediately following injection of the fuel during which the ignition 

process is being initiated and the pressure does not rise beyond the value it would have due to 
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compression of air: The delay period extends for about 13o, movement of the crank. The time for 

which it occurs decreases with increase in engine speed. 

The delay period depends upon the following: 

i) Temperature and pressure in the cylinder at the time of injection. 

ii) Nature of the fuel mixture strength 

iii) Relative velocity between the fuel injection and air turbulence. 

iv) Presence of residual gases. 

v) Rate of fuel injection. 

vi) To small extent the finess of the fuel spray 

The delay period increase with load but is not much affected by injection pressure 

 The delay period should be as short as possible since a long delay period gives a more rapid 

rise in pressure and thus causes knocking. 

Diesel knocks: 

 If the delay period in C.I engines is long a large amount of fuel will be injected and 

accumulated in the chamber. The auto-ignition of this large amount of fuel may cause high rate of 

pressure rise and high maximum pressure which may cause knocking in diesel engines. A long 

delay period not only increases the amount of fuel injected by the moment of ignition but also 

improves the homogeneity of the fuel-air mixture and its chemical preparedness for explosion type 

self-ignition similar to detonation is S.I engines. 

 The following are the differences in the knocking phenomena of the S.I and C.I engines:  

1. In the S.I engine, the detonation occurs near the end of combustion whereas in the C.I 

engine detonation occurs near the beginning of combustion. 

2. The detonation in the S.I engine is of a homogeneous charge causing very high rate of 

pressure rise and very high maximum pressure. In the C.I engine the fuel and air are 

imperfectly mixed and hence the rate of pressure rise is normally lower than that in the 

detonating part of the charge in the S.I engine. 

3. In the C.I engine the fuel is injected into the cylinder only at the end of the compression 

stroke, there is no question of pre-ignition as in S.I engine. 

4. In the S.I engine it is relatively easy to distinguish between knocking and non-knocking 

operation as the human ear easily finds the distinction. 

BASIC DESIGNS OF C.I ENGINES COMBUSTION CHAMBERS: 

 In C.I engines several types of combustion chambers are used. Each of these has its own 

peculiarities, and desirable, as well as undesirable features. Any one of these combustion chambers 

amy produce good results in one field of application, but less desirable, or even poor results in 

another. No one combustion chamber design has yet been developed which will produce the best 

result is all types of engines. The particular design chose, then, must be that which accomplishes the 

best performance fot the application desired. 

 Four specific designs which find wide use in C.I engines are discussed below: 
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1. The non-turbulent type 

i) Open combustion chamber 

 2.     The turbulent type 

  i) Turbulent chamber 

  ii) Precombustion chamber 

  iii) Energy cell. 

1. Non-turbulent type: 

 Fig illustrates the usual design of open combustion chamber, which is representative of non-turbulent 

type. The fuel is injected directly into the upper portion of the cylinder which acts as the combustion 

chamber. This type depends little on turbulence to perform the mixing. Consequently, the heat loss to 

the chamber walls is relatively low and easier starting results. 

 In order to obtain proper penetration and dispersal of the fuel necessary for mixing with the air, 

however, high injection pressures and multi-orifice nozzles are required. This necessitates small 

nozzle openings and results in more frequent clogging or diversion of the fuel spray by accumulated 

carbon particles, with consequent higher maintenance costs. 

 This type of chamber is ordinarily used on low speed engines, where injection is spread through a 

greater period of time and thus ignition delay is a relatively less important factor. Consequently, less 

costly fuels with longer ignition delay may be used. 

2. Turbulent type: 

 The turbulent chamber, precombustion chamber and energy cell are variations of the turbulent type of 

chamber and are illustrated in fig. 

 
 In the turbulent chamber fig(b) the upward moving piston forces a flow of air into a small 

antechamber, thus imparting a rotary motion to the air passing the pintle type nozzle. As the fuel is 

injected into the rotating air, it is partially mixed with his air, and commences to burn. The pressure 

built up in the antechamber by the expanding burning gases force the burning and unburned fuel and 

air mixtures back into the main chamber, again imparting high turbulence and further assisting 

combustion. 

 In the precombustion chamber fig(c) the upward moving piston forces part of the air into a side 

chamber, called the precombustion chamber. Fuel is injected into the air in the precombustion 
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chamber by a pintle type nozzle. The combustion of the fuel and air produces high pressures in the 

precombustion chamber, thus creating high turbulence and producing good mixing and combustion. 

 The energy cell is more complex than the pre combustion chamber. It is illustrated in fig (d). As the 

piston moves up on the compression stroke, some of the air is forced into the major and minor 

chambers of the energy cell. When the fuel is injected through the pintle type nozzle, part of the fuel 

passes across the main combustion chamber and enters the minor cell, where it is mixed with the 

entering air. Combustion first commences in the main combustion chamber where the temperature is 

higher but the rate of burning is slower in this location, due to insufficient mixing of the fuel and air.  

 Summarily it may be said that a particular combustion chamber design must be chosen to perform a 

given job. No one combustion chamber can produce an ultimate of performance in all tasks. As most 

engineering work, the design of the chamber must be based on a compromise, after full 

considerations of the following factors: i) heat lost to combustion chamber walls ii)injection pressure 

iii) nozzle design iv)maintenance, v)ease of starting, vi) fuel requirement vii)utilization of air viii) 

weight relation of engine to power output ix)capacity for variable speed operation. 

RATING OF FUELS 

 Fuels are rated for their antiknock qualities. 

 Gasoline : Octane number 

 Diesel : Cetane number 

Resistance to knock depends upon the chemical composition. 

 Other operating parameters: 

 F-A ratio 

 Ignition timing 

 Engine speed 

 Shape of combustion chamber 

 Compression ratio etc. 

SI ENGINE FUELS (OCTANE NUMBER) 

    Antiknock property is compared with reference to 

 Iso-octane (C8H18) Þ 100 Octane No. Very good antiknock fuel 

 Heptane (C7H16) Þ Zero Octane No. Very poor antiknock fuel   

 Fuel with Octane Number of 70 indicates 

 70 % octane, and 

 30 % heptane 

 Definition: It indicates the  % by volume of iso-octane  in a mixture of  iso-octane and 

heptane which exhibit  the same characteristics of the fuel in a standard engine under a set 

of operating conditions. 

 Common octane numbers for gasoline fuels used in automobile range from 87 to 95, with 

higher values for special high performance and racing cars. 

Tests for Rating Octane Number (ON) 
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 Two most common methods of rating gasoline and other SI engine fuels are the Motor 

Method and the Research Method. These give the motor octane number (MON) and 

research octane number (RON). 

 Another less common methodis the Aviation Method used  for aircraft fuel, and this gives 

an Aviation Octane Number (AON). 

CI ENGINE FUELS (CETANE NUMBER) 

Rating of CI Engine Fuel 

 Reference Fuels 

 Cetane (C16H34) Þ 100 Cetane No. 

 A-methyl naphthalene (C11H10) Þ Zero Cetane No. 

 Fuel with Cetane Number of 60 indicates 

 60 % C16H34 

 40 % C11H10 

Definition: It indicates the % by volumeof normal Cetane in a mixture of Cetane (C16H34) 

and a-methyl naphthalene (C11H10) which exhibit the same ignition characteristics (ID) as the 

test fuel when combustion is carried out under specified operating conditions. 

 Cetane number is a measure of its ability to auto-ignite quickly when the fuel is injected into 

the combustion chamber. 

 Higher the CN, lesser is the tendency to knock. Further, too high a Cetane number may 

induce pre-ignition. 

 Diesel usually has a Cetane number 

between 40-60, whereas gasoline has a 

Cetane number of 10-20. This is why it is not suitable as diesel fuel due to its poor auto- ignition 

quality. A good diesel engine fuel is a bad gasoline engine fuel. 

Qualities of CI Engine Fuel 

 It should have good antiknock quality.  Must have short ignition delay. 

 Must be sufficiently volatile in the operating range to ensure proper mixing and complete 

combustion. 

 Should not promote smoke in the exhaust. 

 Should not cause corrosion / wear in the engine components. 

 Easy handling / availability. 
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SUPERCHARGING AND TURBOCHARGING: 

The most efficient method of increasing the power of an engine is by supercharging, i.e. 

increasing the flow of air into the engine to enable more fuel to be burnt.  

• A Supercharger is run by the mechanical drive, powered by engine power. 

• A turbocharger uses the otherwise unused energy in the exhaust gases to drive a turbine 

directly connected by a co-axial shaft to a rotary compressor in the air intake system.  

Need of turbocharger and super charger 

• For ground installations, it is used to produce a gain in the power output of the engine. 

• For aircraft installations, in addition to produce a gain in the power output at sea-level, it 

also enables the engine to maintain a higher power output as altitude is increased. 

 

Type of Compressor used in super charger 

Compressors used are of the following three types: 

1. Positive displacement type used with many reciprocating engines in stationary plants, vehicles and 

marine installations. 
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2. Axial flow type seldom used to supercharge reciprocating engines, it is widely used as the 

compressor unit of the gas turbines. 

 

3. Centrifugal type widely used as the supercharger reciprocating engines, as well as compressor for 

gas turbines. It is almost exclusively used as the supercharger with reciprocating power plants for 

aircraft because it is relatively light and compact, and produces continuous flow rather than 

pulsating flow as in some positive displacement types. 

 

Application of supercharging 

• It is used in aircrafts and stationary installations in mountains to maintain the power output 

at higher attitudes. 

• It is used in locomotives and marine engines to reduce the bulk of the engines to fit into a 

limited space. 

• It is used to increase the power of an existing engine when a greater power is needed. 

• It is used in racing car engines and aircrafts because of reduced weight of the engine per 

power output. 

WORKING PRINCIPLE OF A TURBOCHARGER 
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• A turbocharger is a small radial fan pump driven by the energy of the exhaust gases of an 

engine. 

•  A turbocharger consists of a turbine and a compressor on a shared shaft.  

• The turbine converts exhaust to rotational force, which is in turn used to drive the 

compressor.  

• The compressor draws in ambient air and pumps it in to the intake manifold at increased 

pressure, resulting in a greater mass of air entering the cylinders on each intake stroke. 

Components of turbocharger 

 

 

Application of turbo charger 

• Turbo charger is very common in diesel engines, both conventional automobile and also for 

trucks, marine etc. 

• It is most commonly used on petrol engine in high performance automobiles, particularly in 

race cars which has less space for fitting engine. 

• Turbo chargers are suitable for engines running at high attitudes where air is less dense. 
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ENGINE EMISSION 

• IC engine fuels contain hydrogen and carbon in various combinations.  

• During combustion, oxygen combines with hydrogen and carbon to form water (H2O), 

carbon monoxide (CO) and carbon dioxide (CO2). 

• The nitrogen in the fuel combines with oxygen and forms nitrogen oxides (NO2). 

• Remaining fuel goes unburnt resulting in smoke and ash. 

• Exhaust gas constituents consist of partly burned petrol, carbon monoxide, nitrogen oxides 

and if sulphur in petrol, sulphur oxides, pollute the air. 

• There are two types of emissions will be in IC engine. (1) Diesel engine emission. (2) SI 

engine emission. 

Diesel engine emission 

• Well maintained diesel engine will emits negligible amount of carbon monoxide and hydro 

carbons through considerable amount of nitrogen oxides are emitted. 

• Diesel smoke is another pollutant in case of diesel engines. 

• Two types (1) white smoke (2) black smoke. 

• The white smoke normally arises due to, too operating temperature and too long delay 

between the start of fuel injection and beginning of combustion. 

• The white smoke appears during starting and warming up. 

• The black smoke appears after the engine has fully warmed up and accelerating or pulling 

under load. 

• The black smoke results incomplete combustion of fuel. 

• Blue smoke occurs due to excessive lubricating oil consumption. 

• Its emission indicates very poor condition of the engine. 

• The blue smoke is not considered as a serious problem. 

SI engine emission 

There are three main sources of air pollution due to petrol engine. 

 1. Evaporative emission. 

 2. Crankcase blow by. 

 3. Exhaust emission. 

Evaporative emission. 
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• Evaporative emission takes place from the fuel supply system. 

• The main reason is hydrocarbon evaporation at high temperature. 

• About 30% of total hydrocarbon emission occurring from the fuel tank, fuel line and 

carburator. 

Crankcase blow by. 

• Crank case blow by means of the leakage past the piston and piston rings from the cylinder 

to the crankcase. 

 Exhaust emission. 

• During combustion, oxygen combines with hydrogen and carbon to form water (H2O), 

carbon monoxide (CO) and carbon dioxide (CO2). 

• The nitrogen in the fuel combines with oxygen and forms nitrogen oxides (NO2). 

• Remaining fuel goes unburnt resulting in smoke and ash. 

• Exhaust gas constituents consist of partly burned petrol, carbon monoxide, nitrogen oxides 

and if sulphur in petrol, sulphur oxides, pollute the air. 

AIR POLLUTION AND POLLUTION CONTROL 

1. Hydrocarbons.  

• Hydro carbon is produced due to incomplete combustion. 

• Hydrocarbon produces smog. This affects vision. Smog is the mixture of fog and smoke. 

Methods for Control of hydro carbon 

• Reducing the compression ratio. 

• Changing the design of combustion chamber. 

• Changing the design of piston. 

• By supplying lean mixture. 

• By maintenance of piston and piston rings. 

Methods for Destroying hydro carbons 

• By supplying air to the inlet manifold. 

• By using after burner. 

• By using catalytic convertor. 

2. Carbon monoxide 

• it is produced because of insufficient supply of air for  combustion. 
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• CO has more affinity than oxygen for haemoglobin in our blood. 

• It reduces the ability of haemoglobin to carry oxygen to body tissues. 

• Hence it will affects the nervous system, vision and finally affects hearts . 

Methods for reducing CO 

• By using closed loop control. 

• By supplying lean mixture. 

• Providing suitable overlap of valves. 

Methods for destroying CO 

• By using reactor in exhaust manifold. 

• By using after burner. 

• By using catalytic convertor. 

3. Oxides of nitrogen 

• In high temperature, nitrogen react with the oxygen and produces nitric oxide and nitrogen 

oxide. 

• They affect living organisms. They affect blood purification system. 

• It may be mixed with moisture and produces dilute nitric acid in the heart and affects hearts. 

Control of oxides of nitrogen. 

• By supplying exhaust again to the inlet manifold. 

• By spraying water in the inlet manifold to add moisture to the mixture. 

• By using catalytic convertor in the exhaust, the oxides of nitrogen can be destroyed. 

4. Photo chemical smog 

• Some hydro carbons and oxides of nitrogen in the exhaust react with the atmospheric air in 

the presence of sun light and produces photochemical smog. 

• It damages the plant’s life. It reduces visibility. 

• It produces irritation and affects the respiratory system of human beings. 

5. Smoke  

• Smoke is produced because of insufficient mixing of fuel and air.it contains CO and CO2 

• When cold starting, blue white smoke is produced when more carbon particles are mixed 

with exhaust. 
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• Smog is produced by means of smoke. 

• it causes irritation of eyes,coughing,headache and vomiting. 

Control of smoke and smog 

• Running the engine with limited load. 

• Maintaining the engine well. 

• By adding barium salt in the fuel. 

• By using catalytic muffler. 

6. Lead 

• Lead is poisonous. It is a toxic air pollutant. 

• It is produced from the combustion of gasoline.it affects liver and kidneys. It causes mental 

effects to children. 

7. Particulate 

• Particulates are minute separate particles found in the air. They may solid or liquid particles. 

• The dust soot and  fly ash are included in it. 

• It cause respiratory diseases like bronchitis and lung cancer and allergic diseases. 

8. Sulphur oxide 

• Sulphur oxide is produced if the fuel has sulphur. It may damage the plants. 

• It causes irritation to eye and throat and gives respiratory troubles to children. It corrodes 

materials. 

EXHAUST GAS ANALYSIS 

1. Exhaust gas recirculation system.(EGR) 

2. Treating the exhaust gas. 

   1. Air Injection System. 

   2. Catalytic Convertor. 
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UNIT-V 

INTRODUCTION: 

     The principle of jet propulsion is obtained from the 

application Newton’s third law. For every action there is an 

equal and opposite reaction. 

We know that when a fluid is to be accelerated, a force is 

required to produce this acceleration in the fluid.at the same 

time, there is an Equal and opposite reaction force acting on 

this fluid. This opposite Reaction force of the fluid on the 

engine is known as thrust. Hence it may state that the principle 

of jet propulsion is based on the reaction Principle. 

Any fluid can be used to achieve the jet propulsion principle. 

Thus water, steam, and combustion gases are used to propel a 

body in a fluid. But there are limitations imposed upon the 

choice of the suitable fluid when is applied to the propulsion 

bodies. 

 CLASSIFICATION OF JET PROPULSION 

  Jet propulsion engines may be classified broadly into two 

groups. 

(a) Air breathing engines – combustion takes place by 

using atmospheric air 

(b) Rocket engines -  combustion takes place by using its 

own oxygen supply 

 CLASSIFICATION OF AIR BREATHING ENGINES  

Air breathing engines can be further classified as follows; 

1. Ramjet engine                                                                       

2.pulise jet engine 

3. Turbojet engine                                                                    

4.turbo prop engine 

5. Turbo fan engine 

 RAMJET ENGINE 

Construction  

 The construction of ramjet engine is shown in fig.5.1 

which is Simplest types of air-breathing engine. 

 It consists of; 

   1. Supersonic diffuser (1-2) 

2. Subsonic diffuser (2-3) 

3. Combustion chamber (3-4) 

4. Discharge nozzle section (4-5) 

 



 The functions of supersonic and subsonic diffusers are 

to convert the kinetic energy of the entering air into 

pressure energy. This energy transformation is called 

ram effect and the pressure rise.is called the ram 

pressure. 

 The function of nozzle is to convert pressure energy of 

gas into kinetic energy. 

Working 

 Air from the atmosphere enters the engine at a very 

high speed and its velocity gets reduced and its and its 

static pressure is increased by supersonic diffuser. 

 Then the air passes through the subsonic diffuser and its 

Velocity further reduces to subsonic value. Due to this, 

the Pressure of air increases to ignition pressure. 

 Then the high pressure air flows into the combustion 

chamber. In the combustion chamber, the fuel is 

injected by suitable injectors and the air fuel mixture is 

burnt. 

 The highly heated products of combustion gases are 

then allowed to expand in the exhaust nozzle section. 

 In the nozzle pressure energy of the gas is converted 

into Kinetic energy.so the gases coming out from the 

unit with very high velocity. 

 Due to high velocity of gases coming out from the unit, 

a Reaction or thrust is produced in the opposite 

direction. This Thrust propels he air craft. 

 Ramjet produces very high thrust with high efficiency 

at Supersonic speeds. So, it is best suitable for high 

speed aircrafts. 

 The air enters the engine with a supersonic speed must 

be reduced to subsonic speed. This is necessary to 

prevent the blow out of the flame in the combustion 

chamber. The velocity must be small enough to make it 

possible to add the required quantity of fuel for stable 

combustion. 

 Both theory and experiment indicate that the speed of 

the air entering the combustion chamber should not be 

higher than that corresponding to a local match number 

of 0.2 approximately 

Advantages 

 Ramjet engine is very simple and does not have any 

moving part. 

 cost is low 

 Less maintenance. 

 The specific fuel consumption is better than other gas 

turbine power plants at high speed. 

 There is no upper limit to flight speed. 

 Light weight when compared with turbojet engine. 

Disadvantages 

 Since the take-off thrust is zero, it is not possible to 

start a ramjet engine without an external launching 

device. 



 The combustion chamber required flame holder to 

stabilize the combustion due to high speed of air. 

 It is very difficult to design a diffuser which will give 

good pressure recovery  over a wide range of air. 

 It has low thermal efficiency. 

Applications 

 It is widely used in high speed aircrafts and missiles 

due to its high thrust and high operational speed. 

 Subsonic ramjets are used in target weapons. 

PULSE JET ENGINE (OR) FLYING BOMB: 

The constructions of pulse jet engine is shown  in fig.5.4 which  

is similar to ramjet engine. 

It consists of; 

(1) A diffuser 

(2) A valve grid which contains springs that close on their 

own spring pressure. 

(3) Combustion chamber. 

(4) Spark plug. 

(5) A tail pipe (or discharge nozzle) 

 
 

 The function of diffuse is to convert the kinetic 

energy of the entering air into air into pressure 

energy. 

 

 The function of nozzle is to convert pressure 

energy of gas into kinetic energy. 

 

Working 

 Air from the atmosphere enters into pulse jet engine. 

The air velocity gets reduced and its static pressure is 

increased by diffuser. 

 When a certain pressure difference exists across the 

valve grid, the valve will open and allow the air to enter 

into the combustion chamber. 

 In the combustion chamber, fuel is mixed with air and 

combustion starts by the use of spark plug. 



 Once the combustion starts it proceeds at constant 

volume.so there is a rapid increase in pressure, which 

causes the valve to close rapidly. 

 The highly heated products of combustion gases are 

then allowed to expand in the exhaust nozzle(tail 

pipe)section  

 In the nozzle pressure energy of the gas is converted 

into kinetic energy. So the gases coming out from the 

unit with very high velocity. 

 Due to high velocity of gases coming out from the unit, 

a reaction (or) thrust is produced in the opposite 

direction. This thrust propels the air craft. 

 Since the combustion causes the pressure to increase, 

the engine can operate even at static condition once it 

gets started. 

 When the combustion products accelerate from the 

chamber, they leave a slight vacuum in the combustion 

chamber. This, in turn, produces sufficient pressure 

drop across the valve, grid allowing the valves to open 

again and new charge of air enters the combustion 

chamber.  

Advantages 

 Pulse jet engine is very simple device next to ramjet 

engine. 

 Less maintenance. 

 Cost is low. 

 Light weight when compared with turbojet engine. 

 Unlike the ramjet engine, the pulse jet engine develops 

thrust at zero speed. 

Disadvantages 

 High rates of fuel consumption. 

 The maximum flight speed of the pulse jet engine is 

limited to 750 km/h. 

 Low propulsive efficiency than turbojet engines. 

 High degree of vibration leads to noise pollution. 

Application 

 It is used in subsonic flights, German v-1 missiles, 

target aircraft missiles, pilotless air craft,etc. 

 A factor practically restricting the use of the pulse jet 

engine to pilotless air craft is its severe vibrations and 

high intensity of noise. 

TURBOJET ENGINE: 

 The two air-breathing engines described so far are 

simple in construction and they have not been used very 

extensively. 

 The most common type of air- breathing engines is the 

turbojet engine. 

Construction 

 The construction of turbojet engine is shown in fig 

 It consists of  

1. Diffuser 

2. Rotary compressors 

3. Combustion chamber  

4. Turbine and 



5. Exhaust nozzle 

 
 

 

 

 The function of the diffuser is to convert the kinetic 

energy of the entering air into pressure energy 

 The function of the nozzle is to convert the pressure 

energy of the combustion gases into kinetic energy. 

Working 

 Air from the atmosphere enters into turbojet engine. 

The air velocity gets reduced and its static pressure is 

increased by diffuser. 

 Then the air passes through the rotary compressor in 

which the air is further compressed. 

 Then the high pressure air flows into the combustion 

chamber, in the combustion chamber, the fuel is 

injected by suitable injectors and the air –fuel mixture 

is burnt. Heat is supplied at constant pressure. 

 The highly heated product of combustion gases are then 

enters the turbine and partially expanded. 

 The power produced by the turbine is just sufficient to 

drive the compressor, fuel pump and other auxiliaries. 

 The hot gases from the turbine are then allowed to 

expand in the exhaust nozzle section. 

 In the nozzle, pressure energy of the gas is converted 

into kinetic energy .so the gases coming out from the 

unit with very high velocity. 

 Due to high velocity of gases coming out from the unit, 

a reaction or thrust produced in the opposite direction 

.this thrust propels the air craft. 

 Like ramjet engine, the turbojet engine is a continuous 

flow engine. 

 Because of turbine material limitations, only a limited 

amount of fuel can be burnt in the combustion chamber. 

Advantages 

 Construction is simple 

 Less wear and tear 

 Less maintenance cost 

 It runs smoothly because continuous thrust is produced 

by continuous combustion of fuel. 

 The speed of a turbojet is not limited by the propeller 

and it can attain higher flight speed than turbo propeller 

air crafts. 

 Low grade fuels like kerosene, paraffin, ect., can be 

used. This reduced the fuel cost. 

 

 



Disadvantages 

 It has low take-off thrust and hence poor stating 

characteristics. 

 Fuel consumption is high. 

 Costly materials are used. 

 The fuel economy at low operational speed is extremely 

poor. 

 Sudden decrease of speed is difficult. 

 

Applications 

It is best suited for piloted air-crafts, military aircrafts,etc. 

 

TURBO-PROP ENGINE: 

It is very similar to turbojet engine. In this type, the turbine 

drives the compressor and propeller. 

Construction 

 The construction of turbo-prop engine is shown in fig 

It consists of: 

(i)Diffuser                                                   (ii) Compressor 

(iii) combustion chamber                            (iv) Turbine 

(v) Exhaust nozzle                                       (vi) Reduction gear 

and 

(vii) Propeller 

 

 
 

 

 The function of diffuser is to convert the kinetic energy 

of the entering air into pressure energy. 

 The function of nozzle is to convert the pressure energy 

of the combustion gases into kinetic energy. 

 The angular velocity of the shaft is very high. But the 

propeller cannot run at higher angular velocity. So a 

reduction gear box is provided before the power is 

transmitted to the propeller. 

WORKING 

 Air from the atmosphere enters into turbo prop engine. 

The air velocity gets reduced and its static pressure is 

increased by diffuser. 

 Then the air passes through the rotary in which the air 

is further compressed. So, the static pressure of the air 

is further increased. 

 Then the high pressure air flows into the combustion 

chamber. In the combustion chamber, the fuel is 



injected by suitable injectors and the air-fuel mixture is 

burnt. Heat is supplied at constant pressure. 

 The highly heated products of combustion gases are 

then enters the turbine and partially (about 80 to 90%) 

expanded. 

 The power produced by the turbine is used to drive the 

compressor and propeller. 

 Propeller is used to increase the flow rate of air which 

result in better fuel economy. 

 The hot gases from the turbine are then allowed to 

expand in the exhaust nozzle section. 

 In the nozzle, pressure energy of the gas is converted 

into kinetic energy. So the gases coming out from the 

unit with very high velocity. 

 Due to high velocity of gases coming out from the unit, 

a reaction or thrust is produced in the opposite direction 

 The total thrust produced in this engine is the sum of 

the thrust produced by the propeller and the thrust 

produced by the nozzle. This total thrust propels the air 

craft. 

Advantages 

 High take-off thrust 

 Good propeller efficiency at a speed below 800km/hr. 

 Reduced vibration and noise 

 Better fuel economy 

 Easy maintenance 

 The power output is not limited 

 Sudden decrease of speed is possible by thrust reversal. 

Disadvantages 

 The main disadvantage is, the propeller efficiency is 

rapidly decreases at high speeds due to shocks and flow 

separation. 

 It requires a reduction gear which increases the cost of 

the engine. 

 More space needed than turbojet engine. 

 Engine construction is more complicated. 

Application 

 The turbo prop engine is best suited for commercial and 

military air-craft operation due to its high flexibility of 

operation and good fuel economy. 
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