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UNIT 1 

CO1: To recall air standard cycles and compare with 

actual cycles, classification and working 

principles of air standard and actual cycles.  

Actual Cycles and their 
Analysis  
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UNIT – I (SYLLABUS) 

ELEMENTS OF CUTTING PROCESS  

Introduction, Comparison of Air Standard and 

Actual Cycles, Time Loss Factor, Heat Loss 

Factor, Exhaust Blow down-Loss due to Gas 

exchange process, Volumetric Efficiency. Loss 

due to Rubbing Friction, Actual and Fuel-Air 

Cycles of CI Engines. 
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COURSE OUTLINE-UNIT 1 

LECTURE  LECTURE TOPIC KEY ELEMENTS Learning objectives  

1 Metal cutting theory, elements of  cutting 

process, Geometry of single point tool and 

angles 

Cutting in manufacturing 

of cutting, tool points 

and angles 

● understand the imp 

of cutting in 

manufacturing 

● cutting process 

2 Chip formation, types of chips theory of chip formation 

in cutting process 

● understand types of 

chips 

3 Mechanics of orthogonal cutting, Cutting forces 

and speeds 

orthogonal cutting and 

speeds 

● understand 

difference between 

orthogonal & oblique 

cutting 

4 Depth of cut, feed, tool life, coolants and 

machinability 

tool life,coolants ● understand relative 

movement of tool 

● imp of cooling in 

manufacturing 

5 Lathe machine-principle of working Lathe principles ● working of lathe in 

brief and its principle 

6 Types of lathe and its specifications Types of lathe machines ● understanding types 

of lathe like speed, 

centre lathe 

7 Operations of lathe, work holding and tool 

holding devices 

operation of lathe 

machines and tool 

holding devices 

● Understanding basic 

operations of lathe 

and various tool 

holding devices 
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LECTURE 1 

AIR-STANDARD CYCLES AND THEIR 

ANALYSIS 
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INTRODUCTION 
 
 The operating cycle of an internal combustion engine can 

be broken down into a sequence of separate processes 

viz., intake, compression, combustion, expansion and 

exhaust.  

 The internal combustion engine does not operate on a 

thermodynamic cycle as it involves an open system i.e., 

the working fluid enters the system at one set of 

conditions and leaves at another.  

 However, it is often possible to analyze the open cycle as 

though it were a closed one by imagining one or more 

processes that would bring the working fluid at the exit 

conditions back to the condition of the starting point.  

 The accurate analysis of internal combustion engine 

processes is very complicated. 
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FUEL–AIR CYCLES AND THEIR ANALYSIS 
 

• The analysis was based on highly simplifying assumptions. 

Because of this, the estimated engine performance by air-

standard cycle analysis is on the higher side compared to 

the actual performance. 

• For example, the actual indicated thermal efficiency of an 

SI engine, say with a compression ratio of 8:1, is of the 

order of 28% whereas the air-standard efficiency is 56.5%.  

• This large deviation may to some extent be attributed to 

progressive burning of the fuel, incomplete combustion 

and valve operation etc.  

• However, the main reasons for this may be attributed to 

the over simplified assumptions made in the analysis. 
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Variation of Specific Heats 

Source – ICE by GANESHAN 
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Comparison of Air-Standard & Fuel-Air cycles 
 

 Working fluid considered as air in air standard cycle but in 

actual there is always mixture of air and fuel. 

 Because of air is considered as constant there is heat 

capacity value like Cp & Cv are standard for air but it 

changes in actual cycle. 

 Also Cp & Cv change with temperature in actual but taken 

as constant in air standard cycle. 

 In air standard cycle we assume cylinder as insulated but 

in actual there is a heat transfer. 

 There is loss of work because of friction and because of 

leakage in actual but in air standard it's neglected. 
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ACTUAL CYCLES 
 
 The actual cycles for IC engines differ from the fuel-air 

cycles and air-standard cycles in many respects. The 

actual cycle efficiency is much lower than the air-

standard efficiency due to various losses occurring in 

the actual engine operation.  

 The major losses are due to: 

 Variation of specific heats with temperature 

 Dissociation of the combustion products 

 Progressive combustion 

 Incomplete combustion of fuel 

 Heat transfer into the walls of the combustion 

chamber 
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COMPARISON OF AIR-STANDARD AND ACTUAL CYCLES 
 

• The actual cycles for internal combustion engines differ 

from air-standard cycles in many respects. These 

differences are mainly due to: 

• The working substance being a mixture of air and fuel 

vapour or finely atomized liquid fuel in air combined with 

the products of combustion left from the previous cycle. 

• The change in chemical composition of the working 

substance. 

• The variation of specific heats with temperature. 

• The change in the composition, temperature and actual 

amount of fresh charge because of the residual gases. 

• The progressive combustion rather than the instantaneous 

combustion 
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Time Loss Factor 
 

• In Air-standard cycles, the combustion (Heat addition) 

assumed to be instantaneous,  

• But in actual cycles, it will take a definite period of time. 

Approximately the crankshaft will turn about 30° to 40° 

of rotation during the overall combustion process 

(Spark creation to till complete combustion).  

• This is the time loss due to progressive combustion. 

•  Following is the P-V diagram for the Internal 

Combustion engine.  

• Represented with the fuel-air cycle and the Actual cycle 
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Time Loss Factor 
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HEAT LOSS FACTOR 
 

o Heat loss during combustion will naturally have the 

maximum effect on the cycle efficiency while heat loss just 

before the end of the expansion stroke can have very little 

effect because of its contribution to the useful work is very 

little.  

o The heat lost during the combustion does not represent a 

complete loss because, even under ideal conditions 

assumed for air-standard cycle, only a part of this heat 

could be converted into work (equal to Q × ηth) and the rest 

would be rejected during the exhaust stroke.  

o During the combustion process and the subsequent 

expansion stroke the heat flows from the cylinder gases 

through the cylinder walls and cylinder head into the water 

jacket or cooling fins. 
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EXHAUST BLOWDOWN 
 
• The cylinder pressure at the end of exhaust stroke is 

about 7 bar depending on the compression ratio 

employed.  

• If the exhaust valve is opened at the bottom dead 

centre, the piston has to do work against high cylinder 

pressures during the early part of the exhaust stroke.  

• If the exhaust valve is opened too early, a part of the 

expansion stroke is lost.  

• The best compromise is to open the exhaust valve 

40◦ to 70◦ before BDC thereby reducing the cylinder 

pressure to halfway (say 3.5 bar) before the exhaust 

stroke begins.  
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EXHAUST BLOWDOWN (Source – ICE by Ganeshan) 
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Loss due to gas exchange process: 

• The difference of work done in expelling the exhaust gases 

and the work done by the fresh charge during the suction 

stroke is called as Pumping work. 

• In other words loss due to the gas exchange process is 

due to pumping gas from lower inlet pressure Pi to higher 

exhaust pressure Pe.  

• The pumping loss increase by increasing the throttling 

process because of the throttling process reduces the inlet 

pressure in suction. 

• Pumping loss also increases with  speed. The gas 

exchange process largely effects volumetric efficiency of 

the engine. 
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CO1: To recall air standard cycles and compare with 

actual cycles, classification and working 

principles of air standard and actual cycles.  
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LECTURE 2 

INTERNAL COMBUSTION ENGINES  
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INTRODUCTION 
 
• CLASSIFICATION OF INTERNAL COMBUSTION ENGINES 

• According to the type of fuel used 

– Petrol engines, b) Diesel engines, and c) Gas engines. 

• According to the method of igniting the fuel 

– Spark ignition engines, and b) Compression ignition engines. 

• According to the number of strokes per cycle 

– Four stroke cycle engines, and b) Two stroke cycle engines. 

• According to the cycle of operation 

– Otto cycle engines, b) Diesel cycle engines, and c) Dual cycle engines. 

•  According to the speed of the engine 

• a) Slow speed engines, b) Medium speed engines, and c) High 

speed engines. 

• According to the cooling system 

• a) Air-cooled engines, and b) Water-cooled engines. 
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Constructional details of I.C. Engines 
 
 

 Fig 1.2     Source – ICE by GANESHAN 
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Basic components and terminology of IC engines  
 

• − Even though reciprocating internal combustion engines 

look quite simple, they are highly complex machines. 

There are many components which have to perform their 

functions effectively to produce output power.  

• − There are two types of engines, viz., spark-ignition (SI) 

and compression-ignition (Cl) engine.  

• Engine Components  

• − A cross section of a single cylinder spark-ignition 

engine with overhead valves is shown in Fig.1.2. The 

major components of the engine and their functions are 

briefly described below.  
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Basic components and terminology of IC engines  
 

• a) Cylinder block  

• − The cylinder block is the main supporting structure for the 

various components. The cylinder of a multi cylinder engine are 

cast as a single unit, called cylinder block. The cylinder head is 

mounted on the cylinder block. The cylinder head and cylinder 

block are provided with water jackets in the case of water cooling 

or with cooling fins in the case of air cooling.  

• b) Cylinder  

• − As the name implies it is a cylindrical vessel or space in which 

the piston makes a reciprocating motion. The varying volume 

created in the cylinder during the operation of the engine is filled 

with the working fluid and subjected to different thermodynamic 

processes. The cylinder is supported in the cylinder block.  
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Basic components and terminology of IC engines  
 

• c) Piston  

• − It is a cylindrical component fitted into the cylinder forming the 

moving boundary of the combustion system. It fits perfectly 

(snugly) into the cylinder providing a gas-tight space with the 

piston rings and the lubricant. It forms the first link in transmitting 

the gas forces to the output shaft.  

• d) Combustion chamber  

• − The space enclosed in the upper part of the cylinder, by the 

cylinder head and the piston top during the combustion process, 

is called the combustion chamber. The combustion of fuel and 

the consequent release of thermal energy results in the building 

up of pressure in this part of the cylinder.  
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Basic components and terminology of IC engines  
 

• e) Inlet manifold  

• − The pipe which connects the intake system to the inlet valve of 

the engine and through which air or air-fuel mixture is drawn into 

the cylinder is called the inlet manifold.  

• f) Exhaust manifold  

• − The pipe which connects the exhaust system to the exhaust 

valve of the engine and through which the products of 

combustion escape into the atmosphere is called the exhaust 

manifold.  
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Terminologies used in IC engine  
 

• − Cylinder Bore (d): The nominal inner diameter of the working 

cylinder is called the cylinder bore and is designated by the letter 

d and is usually expressed in millimeter (mm).  

• − Piston Area (A): The area of a circle of diameter equal to the 

cylinder bore is called the piston area and is designated by the 

letter A and is usually expressed in square centimeter (cm2).  

• − Stroke (L): It is the linear distance traveled by the piston when 

it moves from one end of the cylinder to the other end. It is equal 

to twice the radius of the crank. It is designated by the letter L 

and is expressed usually in millimeter (mm).  
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Terminologies used in IC engine 
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Terminologies used in IC engine 

• Stroke to Bore Ratio (L/d): L / d ratio is an important parameter in 

classifying the size of the engine.  

• − If d < L, it is called under-square engine.  

• − If d = L, it is called square engine.  

• − If d > L, it is called over-square engine.  

• An over-square engine can operate at higher speeds because of 

larger bore and shorter stroke.  

• − Dead Centre:  

• In the vertical engines, top most position of the piston is called Top 

Dead Centre (TDC). When the piston is at bottom most position, it is 

called Bottom Dead Centre (BDC).  

• In horizontal engine, the extreme position of the piston near to cylinder 

head is called Inner Dead Centre (IDC.) and the extreme position of 

the piston near the crank is called Outer Dead Centre (O.D.C.).  
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Working Principle of Four Stroke Spark-Ignition 
Engine  
 
• − In a four-stroke engine, the cycle of operations is completed in 

four strokes of the piston or two revolutions of the crankshaft.  

• − During the four strokes, there are five events to be completed, 

viz., suction, compression, combustion, expansion and exhaust. 

Each stroke consists of 180° of crankshaft rotation and hence a 

four-stroke cycle is completed through 720° of crank rotation.  

• − The cycle of operation for an ideal four-stroke SI engine 

consists of the following four strokes: (i) suction or intake stroke; 

(ii) compression stroke; (iii) expansion or power stroke and             

(iv) exhaust stroke.  

• The details of various processes of a four-stroke spark-ignition 

engine with overhead valves are shown in Fig. 1.4 (a-d). When 

the engine completes all the five events under ideal cycle mode, 

the pressure-volume (p-V) diagram.  
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Working Principle of Four Stroke Spark-Ignition 
Engine 
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Working Principle of Four Stroke Spark-Ignition 
Engine 

• a) Suction or Intake Stroke: Suction stroke 0→1 starts when 

the piston is at the  

• top dead centre and about to move downwards. The inlet valve is 

assumed to open instantaneously and at this time the exhaust 

valve is in the closed position, Fig.1.4 

• − Due to the suction created by the motion of the piston towards 

the bottom dead centre, the charge consisting of fuel-air mixture 

is drawn into the cylinder. When the piston reaches the bottom 

dead centre the suction  stroke ends and the inlet valve closes 

instantaneously.  
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Working Principle of Four Stroke Spark-Ignition 
Engine 

• b) Compression Stroke: The charge taken into the cylinder 

during the suction stroke is compressed by the return stroke of 

the piston 1→2, (Fig.1.4). During this stroke both inlet and 

exhaust valves are in closed position,  

• − The mixture which fills the entire cylinder volume is now 

compressed into the clearance volume. At the end of the 

compression stroke the mixture is ignited with the help of a spark 

plug located on the cylinder head.  

• c) Expansion or Power Stroke: The high pressure of the burnt 

gases forces the piston towards the BDC, (stroke 3→4)  

• Both the valves are in closed position, Of the four-strokes only 

during this stroke power is produced. Both pressure and 

temperature decrease during expansion.  
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Working Principle of Four Stroke Spark-Ignition 
Engine 

• d) Exhaust Stroke: At the end of the expansion stroke the 

exhaust valve opens instantaneously and the inlet valve remains 

closed, Fig. 1.4. The pressure falls to atmospheric level a part of 

the burnt gases escape. The piston starts moving from the 

bottom dead centre to top dead centre (stroke 5→0),  and 

sweeps the burnt gases out from the cylinder almost at 

atmospheric pressure. The exhaust valve closes when the piston 

reaches TDC.  

• − Thus for one complete cycle there is only one power stroke 

while the crankshaft makes two revolutions. For getting higher 

output from the engine the heat addition (process 2→3) should 

be as high as possible and the heat rejection (process 3→4) 

should be as small as possible. Hence, one should be careful in 

drawing the ideal p - V diagram  which should represent the 

processes correctly 
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Working Principle of Four Stroke Compression-
Ignition Engine 
 
• The four-stroke Cl engine is similar to the four-stroke SI engine 

but it operates at a much higher compression ratio. The 

compression ratio of an SI engine is between 6 and 10 while for 

a Cl engine it is from 16 to 20.  

• − In the Cl engine during suction stroke, air, instead of a fuel-air 

mixture, is inducted. Due to higher compression ratios employed, 

the temperature at the end of the compression stroke is 

sufficiently high to self-ignite the fuel which is injected into the 

combustion chamber.  

• − In Cl engines, a high pressure fuel pump and an injector are 

provided to inject the fuel into the combustion chamber. The 

carburetor and ignition system necessary in the SI engine are not 

required in the Cl engine.  
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https://autoelectronicsembedded.blogspot.com/2016/09/diesel-engine.html 
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Working Principle of Four Stroke Compression-
Ignition Engine 

• a) Suction Stroke: In the suction stroke piston moves from TDC 

to BDC. Air alone is inducted during the suction stroke. During 

this stroke inlet valve is open and exhaust valve is closed.  

• b) Compression Stroke: In this stroke piston moves from BDC 

to TDC. Air inducted during the suction stroke is compressed into 

the clearance volume. Both valves remain closed during this 

stroke. 

• c) Expansion Stroke: Fuel injection starts nearly at the end of 

the compression stroke. The rate of injection is such that 

combustion maintains the pressure constant in spite of the piston 

movement on its expansion stroke increasing the volume. Heat is 

assumed to have been added at constant pressure.  
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Working Principle of Four Stroke Compression-
Ignition Engine 

• d) Exhaust Stroke: The piston travelling from BDC to 

TDC pushes out the products of combustion. The 

exhaust valve is open and the intake valve is closed 

during this stroke. 

• − Due to higher pressures in the cycle of operations the 

Cl engine has to be sturdier than a SI engine for the 

same output. This results in a Cl engine being heavier 

than the SI engine. However, it has a higher thermal 

efficiency on account of the high compression ratio (of 

about 18 as against about 8 in SI engines) used.  
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Two-Stroke Engine  
 

• Two-Stroke Engine  

• − In two-stroke engines the cycle is completed in one revolution 

of the crankshaft. The main difference between two-stroke and 

four-stroke engines is in the method of filling the fresh charge 

and removing the burnt gases from the cylinder.  

• − In the four-stroke engine these operations are performed by 

the engine piston during the suction and exhaust strokes 

respectively.  

• − In a two- stroke engine, the filling process is accomplished by 

the charge compressed in crankcase or by a blower. The 

induction of the compressed charge moves out the product of 

combustion through exhaust ports. Therefore, no separate piston 

strokes are required for these two operations.  
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Two-Stroke Engine 
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Two-Stroke Engine 

• Two strokes are sufficient to complete the cycle, one 

for compressing the fresh charge and the other for 

expansion or power stroke. It is to be noted that the 

effective stroke is reduced.  

• − Figure 1.8 shows one of the simplest two-stroke 

engines, viz., the crankcase scavenged engine.  

• − The air-fuel charge is inducted into the crankcase 

through the spring loaded inlet valve when the 

pressure in the crankcase is reduced due to upward 

motion of the piston during compression stroke. After 

the compression and ignition, expansion takes place 

in the usual way.  
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Two-Stroke Engine 

• − During the expansion stroke the charge in the crankcase is 

compressed. Near the end of the expansion stroke, the piston 

uncovers the exhaust ports and the cylinder pressure drops to 

atmospheric pressure as the combustion products leave the 

cylinder.  

• The piston top usually has a projection to deflect the fresh 

charge towards the top of the cylinder preventing the flow 

through the exhaust ports. This serves the double purpose of 

scavenging the combustion products from the upper part of the 

cylinder and preventing the fresh charge from flowing out directly 

through the exhaust ports.  
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Theoretical and Actual Valve Timing Diagrams 
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2-Stroke Petrol & Diesel Engine 
 

• There is mainly two stroke in 2-stroke engine: 

• 1. Expansion Stroke 

• 2. Compression Stroke 

• First stroke 

• At the beginning of the first stroke piston is at the TDC as shown 

in fig. A. Piston moves from TDC to BDC. 

• The electric spark ignites the compressed charge in petrol 

engine & Diesel spray in diesel engine when compression stroke 

is about complete . The combustion of the charge will release the 

hot gases which increase the temperature and pressure in 

cylinder. The high pressure combustion engine to force piston 

downward  
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2-Stroke Petrol & Diesel Engine 
 

• Second Stroke 

• In this stroke piston moves from BDC to TDC. 

• When it covers the transfer port in fig. C. , the supply of charge is 

stopped and then when it moves further up it covers the exhaust 

port completely in fig. D stop the scavenging. 

• Further upward motion of the piston will compressed the charge 

in the cylinder. 

• After the piston reaches TDC the first stroke repeats again. 
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Source : TE by Mahesh 
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Working  

• The basic carburetor as shown in Fig. 2.7 is built 

around a hollow tube called a throat venturi. 

• The downward motion of the piston creates a partial 

vacuum  inside the cylinder that draws air into the 

carburetor’s throat and past a nozzle that sprays fuel. 

The mixture of air and fuel produced inside the 

carburetor is delivered to the cylinder for combustion. 

• A throttle valve at the base of the carburetor controls 

the amount of charge sucked through the engine by 

the partial vacuum in the cylinder.  

• The driver opens the throttle valve by pressing down 

the accelerator. 
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Working  

• The venturi is a gradually decreasing cross-sectional hollow 

tube. The venturi is the narrowing passage of the carburetor’s 

throat.  

• Air rushing through the narrow part speeds up. 

• The fuel that enters the carburetor is stored in a reservoir called 

a float chamber or float bowl. A float and needle valve system 

maintains a constant level of gasolene in the float chamber. 

• In addition to the main nozzle in the venturi portion of the 

carburetor, two other nozzles, or ports, deliver fuel to the engine. 

• The choke is a device that can partially block air from entering 

into the carburetor.  

• The throttle valve is almost closed and 

• when the choke is applied (closed), the vacuum from 

• the engine is strong enough inside the carburetor 

• to draw more fuel from all the nozzles. 
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Working  

• The throttle valve is almost closed and when the 

choke is applied (closed), the vacuum from the engine 

is strong enough inside the carburetor to draw more 

fuel from all the nozzles. 

• carburetor can be adjusted to mix larger or smaller 

amounts of air with the fuel. 

• A lean mixture produces a cleaner, hotter combustion 

for normal speeds, but not enough fuel for starting the 

engine efficiently or allowing it to produce more 

power. 
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Limitations 

 It can only provide required A/F ratio at one throttle 

position at constant speed. As speed or throttle position 

changes, the mixture is either richer or leaner. 

 At a wider open throttle, the air flow rate increases at 

the venturi throat, the air density and the pressure of air 

decrease, while the fuel density remains constant.  

 Thus, a simple carburetor provides a progressively rich 

mixture with increasing throttle opening or speed of 

engine. 
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Fuel Injection Pump 

• The basic principle of a fuel-injection system can be understood 

with the help of Fig. 2.25.  

• It consists of a spring loaded, plunger-type pump.  

• The plunger is activated through a push rod from the cam shaft. 

• When the follower on the push rod is at the minimum lift position 

of the cam, the spring forces the plunger for its lowest position.  

• Thus a suction is created in the barrel and the fuel from the main 

tank flows into the barrel through the fuel filter.  

• When the cam rotates and reaches its maximum lift, the plunger 

is lifted upwards, the inlet valve closes and the fuel is forced 

through the delivery valve. 
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Source : TE by Mahesh 
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Fuel Injector 

• The fuel pump in its effective stroke supplies the fuel 

to the fuel injector.  

• The fuel injector delivers the fuel under pressure into 

the combustion chamber.  

• The fuel injector serves to fulfil the following tasks: 

• It atomizes the fuel into fine droplets. 

• It distributes the fuel uniformly by proper spray 

pattern. 

• It prevents the injection of fuel on the cylinder walls 

and piston top. 

• It controls the start and stop of fuel instantaneously. 
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Fuel Injector 

• The compression spring exerts the force on the 

nozzle valve through the spindle to close it. 

• When the fuel is supplied under high pressure by a 

fuel pump, as it overcomes the spring force, the 

nozzle valve lifts and the fuel is sprayed into the 

combustion chamber in finely atomized particles. 

• As the fuel pressure falls, the nozzle valve is pushed 

on its seat by a spring force. 

• The amount of fuel injected is regulated by the 

duration of open period of the nozzle valve. 
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https://learnmechanical.com/battery-ignition-system/ 
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https://learnmechanical.com/magneto-ignition-system/ 
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http://www.ignou.ac.in/upload/unit-5.pdf 
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UNIT – II (SYLLABUS) 

Combustion in SI Engines 

• Normal Combustion and abnormal 
combustion – Importance of flame speed and 
effect of engine variables – Type of Abnormal 
combustion, pre-ignition and knocking 
(explanation of ) – Fuel requirements and fuel 
rating, anti knock additives – combustion 
chamber – requirements, types. 
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Introduction  
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Homogeneous Mixture 
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Heterogeneous Mixture 
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Combustion – SI Engines 
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Stages of Combustion – SI Engines 
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First Stage – Ignition Lag or Preparation Phase 
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Propagation of Flame(B-C) 

Heat transfer to the cylinder wall is low  

Rate of heat release depends upon the 

turbulence    intensity and reaction rate 
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After Burning (C-D): 

 No pressure rise during this 

period 
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Effect of Engine Variables on Ignition Lag 

• Ignition lag in terms of crank angle is 10ᵒ to 20ᵒ and in terms of 

seconds, 0.0015 second or so. Duration depends on the 

following factors: 

Initial temperature and pressure:  

    Rate of reaction depends on increasing the intake temperature 

and pressure, increasing the compression ratio, chemical 

reaction rate and retarding the spark all reduce the ignition lag.  
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Electrode gap:  

     

    Lower the compression ratio and higher the 

electrode gap is desirable -voltage required at 

the spark plug electrode to produce spark is 

found to increase with decrease in fuel-air ratio 

and with increase in compression ratio and 

engine load. 
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Turbulence: 

•  Turbulence is directly proportional to engine 

speed – 

• engine speed does not affect much ignition lag 

measured in milliseconds but ignition lag 

increases linearly with engine speed when 

measured in degree crank angle  

• -spark advance is desirable in higher engine 

speed  

• -Excessive turbulence of the mixture in the area 

of spark plug is harmful 
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ICE by Ganeshan 
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Effect of Engine Variables on Flame Propagation 
 

• Rate of flame propagation affects the 

combustion process in SI engines.  

• Higher combustion efficiency and fuel 

economy can be achieved by higher flame 

propagation velocities.  

• Unfortunately flame velocities for most of fuel 

range between 10 to 30 m/second. 
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• The factors which affect the flame 

propagations are 

   Air – Fuel ratio  

  Compression ratio 

  Intake temp. and press. 

  Load on engine  

  Turbulence and engine speed  

  Engine Size 
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Air – Fuel Ratio  

• The mixture strength influences the rate of combustion and 

amount of heat generated. 

• The maximum flame speed for all hydrocarbon fuels 

occurs at nearly 10% rich mixture.  

• Flame speed is reduced both for lean and as well as for 

very rich mixture. 

• Lean mixture releases less heat resulting lower flame 

temperature and lower flame speed. 

• Very rich mixture results incomplete combustion and also 

results in production of less heat and flame speed remains 

low. 
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Compression ratio:  

 

• The higher compression ratio increases the 

pressure and temperature of the mixture and 

also decreases the concentration of residual 

gases.  

• All these factors reduce the ignition lag and help 

to speed up the second phase of combustion. 

• The maximum pressure of the cycle as well as 

mean effective pressure of the cycle with 

increase in compression ratio.  
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Load on Engine:  

 

• With increase in load, the cycle pressures increase and 

the flame speed also increases.  

• -In S.I. engine, the power developed by an engine is 

controlled by throttling.  

• At lower load and higher throttle, the initial and final 

pressure of the mixture after compression decrease and 

mixture is also diluted by the more residual gases.  

• This reduces the flame propagation and prolongs the 

ignition lag. This is the reason, the advance mechanism 

is also provided with change in load on the engine.  
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Load on Engine:  

 

 

• This difficulty can be partly overcome by providing rich 

mixture at part loads but this definitely increases the 

chances of afterburning.  

• The after burning is prolonged with richer mixture.  

• In fact, poor combustion at part loads and necessity of 

providing richer mixture are the main disadvantages of 

SI engines which causes wastage of fuel and discharge 

of large amount of CO with exhaust gases. 
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Engine Speed  

• The turbulence of the mixture increases with an increase in engine 

speed.  

• For this reason the flame speed almost increases linearly with 

engine speed.  

• If the engine speed is doubled, flame to traverse the combustion 

chamber is halved (in milliseconds).  

• Double the original speed and half the original time give the same 

number of crank degrees for flame propagation.  
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• The crank angle required for the flame propagation, which is main 

phase of combustion will remain almost constant at all speeds.  

• This is an important characteristic of all petrol engines.  

• If speed is doubled, first stage will be doubled in terms of crank 

angle but constant in terms of milliseconds 
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Engine Size 
 

 

• Engines of similar design generally run at the same piston speed.  

• This is achieved by using small engines having larger RPM and larger 

engines having smaller RPM.  

• Due to same piston speed, the inlet velocity, degree of turbulence and 

flame speed are nearly same in similar engines regardless of the size.  

• However, in small engines the flame travel is small and in large engines 

large. 

• Therefore, if the engine size is doubled the time required for propagation 

of flame through combustion space is also doubled. But with lower RPM 

of large engines the time for flame propagation in terms of crank would 

be nearly same as in small engines. In other words, the number of crank 

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

engine size provided the engines are similar. 
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UNIT – II (SYLLABUS) 

Combustion in C.I. Engines 

Four stages of combustion – Delay period and 

its importance – Effect of engine variables – 

Diesel Knock– Need for air movement, suction, 

compression and combustion induced 

turbulence – open and divided combustion 

chambers and nozzles used – fuel 

requirements and fuel rating. 
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Combustion in C.I. Engines  
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4 Stages of combustion in CI engine 
 

 Combustion is a process of the rapid chemical 

reaction between fuel and the air.  

 This process results in the generation of heat and 

light. In IC Engine, there are different stages of 

combustion for different engines.  

 In this post, we are going to focus on stages of 

combustion in CI engine. Stages of combustion in SI 

engine are completely different than the CI engines. 

 In CI or compression ignition engine, in the 

compression stroke, only air is compressed at very 

high pressure and temperature. The compression 

ratio used is in the range of 12 to 120. 
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• The temperature of the air becomes higher than the temperature 

of the fuel which is diesel in the CI engine.  

• Then diesel fuel is injected in the combustion chamber under 

very high pressure about 120 to 210 bar.  

• The temperature of this fuel is around 20° to 35° before TDC 

(Top Dead Center). 
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https://www.enggstudy.com/stages-of-combustion-in-ci-

engine/ 
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Stages of Combustion in CI engine: 
 

• There are four different stages of combustion in CI engine where 

proper combustion of air and fuel takes place as follows: 

 Ignition Delay Period 

 Period of Uncontrolled Combustion 

 Period of Controlled Combustion 

 After Burning 

1. Ignition Delay Period 

• At this first stage of combustion in the CI engine, the fuel from 

the injection system sprayed in the combustion chamber in the 

form of a jet. Due to atomization and vaporization, this fuel 

disintegrates at the core which is surrounded by a spray of air 

and fuel particles. 
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Stages of Combustion in CI engine: 

• After completion of the vaporization process, the preflame 

reaction of the mixture in the combustion chamber starts. During 

the preflame reaction, pressure into the cylinder starts increasing 

with the release of energy at a slow rate. 

• This time interval between the starting of the fuel injection and 

the beginning of the combustion is called the delay period.  

• Preflame reaction we discussed above is taking place during the 

chemical delay.  

• Due to the complex process of combustion is a CI engine, it’s 

difficult to separate these two delay periods. 
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2. Period of Uncontrolled Combustion 
 

• This is the second stage of combustion in the CI engine. 

After the above-mentioned delay period is over, the air 

and fuel mixture will auto-ignite as they have achieved 

their self-ignition temperature. 

• The mixture of air and fuel in CI engines is 

heterogeneous unlike homogeneous in the SI engines. 

Due to this heterogeneous mixture, flames appear at 

more than one location where the concentration of the 

mixture is high. 

• When the flame formed the mixture in the other low 

concentration starts burning by the propagation of flames 

or due to auto-ignition, because of the process of heat 

transfer. 
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3. Period of Controlled Combustion 
 

• When the accumulated fuel during the delay period 

completely burned in the period uncontrolled 

combustion, the temperature and pressure of the 

mixture in the cylinder are so high that new injected 

fuel from the nozzle will burn rapidly due to the 

presence of sufficient oxygen in the combustion 

chamber. 

• That’s the reason we can control the rise of pressure 

into the cylinder by controlling the fuel injection rate.  

• Therefore, this period of combustion is called a period 

of controlled combustion. 
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4. After Burning 
 

• This is the last stage out of the four stages of 

combustion in CI engine. 

• Naturally, the combustion process is completed at the 

point when the maximum pressure is obtained in the 

combustion chamber at point E as shown in the 

figure. 

• Practically, the burning of the fuel in the combustion 

chamber remains to continue during the expansion 

stroke.  

• The main reason behind it is the reassociation of 

dissociated gases and unburnt fuel. 
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Knock in C.I. Engines (Abnormal Combustion) 

• In C.I engine as delay period increases, the amount of fuel 

injected and accumulated in combustion chamber increases.  

• A very high temperature and pressure is generated by 

combustion of this large amount of fuel is known as knocking or 

detonation in C.I engine.  

•  “Accumulation of fuel during large delay period creates very high 

pressure, it is known as knocking in C.I. engine.”  

• This high rate of pressure rise creates pulsating combustion 

which produces heavy noise.  

•  In C.I. engine knocking occurs during initial phase of combustion 

i.e. as delay period is completed and uncontrolled combustion 

starts. 
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Knock in C.I. Engines (Abnormal Combustion 

 

• As ignition delay is longer , the actual burning of 

first few droplets is delayed and accumulation of 

greater quantity of fuel take place.  

• When actual burning take place under such 

conditions the rate of pressure rise increases as 

shown in fig. –  

• If ignition delay is quite large and the actual burning 

is substantially delayed and the accumulation of 

fuel is high when actual burning  

• take place the rate of pressure rise is almost 

instantaneous the knocking begins as shown in fig.  

• - 
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• Knocking is characterized by extreme pressure differentials 

and violent gas vibrations evidenced by audible knock.  

• - In CI engines knocking occurs in the beginning of 

combustion.  

• - In order to decrease knocking the actual burning should 

start as early as possible after the fuel injection begins. 

• Low ignition temp., ignition delay & speed reduce knock as 

also higher CR, Inlet Temp. & press., comb. wall temp. 

cylinder size. 
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Air Motion  

• Fuel - Air Mixing and Combustion :  

• -The air motion so organized inside the combustion  

• chamber and the turbulence of the air passes across the 

fuel jet tears it into fine particles.  

• - A mixture of air and fuel forms at some location in the 

spray envelope and oxidation starts  

• - The liquid fuel droplets initially evaporate and then get 

heated up , and A/F ratio ( local ) within combustible range , 

autoignite.  
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• Air Swirl:  

•  For proper mixing of fuel and air in the combustion chamber the 

various methods of air movement are employed called air swirl. 

Various types of air swirl are being discussed below : 

• Induction Swirl 

•  In this method swirl is provided to incoming air to the cylinder 

during suction, that’s why it is known as induction swirl.  

•  Different methods of giving swirl to incoming air are shown in 

fig 7.22 in which air enters at some angle and gets the swirl. 

•   Fig. 7.22 (b) shows a masking or shrouding one side of the 

inlet valve, so that air enters only around the part of periphery of 

the valve and air swirl is produced. The angle of mask used 

usually varies from 90° to 140°. 
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• Advantages and disadvantages of this type of combustion chambers are as 

follows :  

 

• Advantages:  

1. The thermal efficiency is high because heat transfer losses are less.  

2. Easier starting because heat transfer losses are less.  

3. Simple in construction.  

4. In case of slow speed engines less costly fuels with longer delay can be 

used. 

Disadvantages:  

1. Engine size becomes large for generating same power due to large 

excess air required.  

2. Due to less turbulence, high injection pressure is required with multiple 

hole nozzle.  

3. Maintenance cost is higher. 
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Pre-Combustion Chamber 

• A small additional chamber called as pre-combustion 

chamber is connected with main combustion chamber 

where fuel is injected in this pre-combustion chamber. 

Both these chambers are connected with small holes.  

•  As fuel is injected, combustion starts at pre-

combustion chamber and products of combustion 

rush out through small holes to main combustion 

chamber with very high velocity, thus it generates 

turbulence as well as swirl which produces bulk 

combustion in the main combustion chamber. About 

80% of energy is released in main combustion 

chamber. 
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• Advantages:  

1. Fuel with wide range of Cetane No. can be used.  

2. As injection pressure is low, simple fuel nozzle can be used.  

3. Smoother running of engine.  

4. Engine can be run at high speed.  

5. As delay period in main combustion chamber is very small, 

knocking tendency is very less. Also engine can run with higher 

compression ratio. 

Disadvantages:  

1. Engine design becomes complicated due to pre-combustion 

chamber.  

2. Heat loss from pre-combustion chamber is high. 
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• Turbulent or Indirect Injection (IDI) Combustion Chambers  

 

• These combustion chambers are similar as that of 

pre-combustion chamber. The difference is that in 

pre-combustion chamber only 20 to 25% of total 

air enters while in these type 80 to 90% of total air 

circulates in pre-chamber.  

• As high rate of “swirl” produces in this type, it is 

also known as swirl combustion chamber. During 

compression stroke most of the air from main 

combustion chamber enters to pre-combustion 

chamber, where high rate of swirl is produced.  
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Assignment Questions 

1. State and explain different combustion stages in SI engine?   

2  State and explain different combustion stages in CI engine?   

3  Explain knocking, properties and its effects in CI engine?   

4  Explain different types of combustion chambers in SI and CI 

engines?   

5  Explain the need for air motion and types?   
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UNIT 3 

Testing and Performance 
of IC Engines  

CO3: Evaluate the performance parameters of IC 

engines by conducting the performance tests.  
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UNIT – III (SYLLABUS) 

Testing and Performance of IC Engines  

 

Lathe Machine  

Parameters of performance - measurement of 

cylinder pressure, fuel consumption, air intake, 

exhaust gas composition, Brake power – 

Determination of frictional losses and indicated power 

– Performance test – Heat balance sheet and chart. 
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COURSE OBJECTIVES 
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Introduction 
 

• The basic task in the design and development of 

I.C.Engines is to reduce the cost of production and 

improve the efficiency and power output.  

• In order to achieve the above task, the engineer has 

to compare the engine developed by him with other 

engines in terms of its output and efficiency. 

• Hence he has to test the engine and make 

measurements of relevant parameters that reflect the 

performance of the engine.  

• In general the nature and number of tests to be 

carried out depend on a large number of factors. In 

this chapter only certain basic as well as important 

measurements and tests are described. 
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Important performance parameters of ic engine 
 

• Important performance parameters of ic engine are as 

follow: 

• i. Friction power 

• ii. Indicated power 

• iii. Brake power 

• iv. Fuel consumption 

• v. Air flow 

• vi. Speed 

• vii. Exhaust and coolant temperature 

• viii. Emissions 
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Indicated Power (I.P.)  
 

• The indicated power of an engine is the power 

developed within the cylinder.  

• Knowing the speed and type of engine the rate of 

work developed can be evaluated.  

• The apparatus used for drawing actual (p-V) diagram 

is called engine indicator. 

• In order to estimate the indicated power of an engine 

the following methods are usually followed.  

1. Using the indicator diagram  

2. By adding two measured quantities viz. brake power 

and friction power  

3. From morse test  
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 The gas tap connects through passages both to the 

cylinder of indicator and to the combustion chamber of the 

engine cylinder.   

 The piston slides in the cylinder and the piston rod is 

connected to straight line linkage through a spring of 

proper stiffness.  

  The straight line linkage is mounted on a swinging collar 

which can rotate on the top of the indicator cylinder.  

  The spring controls the movement of the piston according 

to the pressure of engine cylinder.  

 A stylus (pencil) is attached at the end of straight line 

linkage so that it moves in a vertical line in proportion to 

the movement of piston by magnifying its movement. 



DEPARTMENT OF MECHANICAL ENGINEERING 

 A drum, to which a paper or indicator card can be 

fixed, is mounted on a vertical spring and shaft.  

 It is rotated by a cord wound round it, the other end 

of which is attached to a point on the engine whose 

motion is same as that the piston of the engine 

cylinder.  

 The vertical movement of the stylus and the 

horizontal movement of the cord combines to 

produce a closed figure known as indicator 

diagram.  

 The area enclosed on the indicator diagram 

measures the work developed during a stroke to a 

definite scale. 
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Exhaust Gas Composition 

• Internal combustion engines, converts chemical energy 

contained in the fuel into mechanical power.  

• IC Engine fuel is a mixture of hydrocarbons which—during an 

ideal combustion process—would produce only carbon dioxide 

(CO2) and water vapor (H2O). Indeed, exhaust gases are 

primarily composed of CO2, H2O and the unused portion of 

engine charge air.  

• The volumetric concentrations of these gases in diesel exhaust 

are typically in the following ranges: 

• CO2 - ... 12% 

• H2O -  ... 12% 

• O2 - ... 17% 

• N2 - balance. 
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Exhaust Gas Composition 

• The concentrations depend on the engine load, with the content 

of CO2 and H2O increasing and that of O2 decreasing with 

increasing engine load. None of these principal diesel emissions 

(with the exception of CO2 for its greenhouse gas properties) 

have adverse health or environmental effects. 

• Diesel emissions include also pollutants that can have adverse 

health and/or environmental effects.  

• Most of these pollutants originate from various non-ideal 

processes during combustion, such as incomplete combustion of 

fuel, reactions between mixture components under high 

temperature and pressure, combustion of engine lubricating oil 

and oil additives as well as combustion of non-hydrocarbon 

components of diesel fuel, such as sulfur compounds and fuel 

additives. 
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Exhaust Gas Composition 

• Common pollutants include unburned hydrocarbons (HC), 

carbon monoxide (CO), nitrogen oxides (NOx) or particulate 

matter (PM).  

• Total concentration of pollutants in diesel exhaust gases typically 

amounts to some tenths of one. 

• Much lower, “near-zero” levels of pollutants are emitted from 

modern diesel engines equipped with emission after treatment 

devices such as NOx reduction catalysts and particulate filters. 

• There are other sources that can contribute to pollutant 

emissions from internal combustion engines—usually in small 

concentrations, but in some cases containing material of high 

toxicity. 
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Exhaust Gas Composition 

• These additional emissions can include metals and other 

compounds from engine wear or compounds emitted from 

emission control catalysts (via catalyst attrition or volatilization of 

solid compounds at high exhaust temperatures).  

• Formation of new species—normally not present in engine 

exhaust—can also be facilitated by catalysts.  

• This seems to be especially the case when catalysts are 

introduced into the combustion chamber.  

• For example, some fuel additives—so-called “fuel-borne 

catalysts”—used to support the regeneration of diesel particulate 

filters have been linked to emissions of highly toxic dioxins. 
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Assignment Questions 

1. Explain the Morse test ?   

2  What is willan’s line .how do you measure frictional power using 

this.   

3  Discuss different types of dynamometers.   

4  Write short notes on Exhaust gas analysis   

5  Describe briefly about Heat Balance Sheet 

 


