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(ICE) 

 

COURSE PLAN 

 

1. Principles of SI and CI engine operation, 2-stroke engines, 4-stroke engines  

2. Ideal standard cycles, thermal efficiencies, comparison, deviations  

3. Classification of engine fuels  

4. Characteristics of engine fuels, knock resistance, ignition tendency, combustion 

chemistry (air excess ratio, calorific value, adiabatic flame temperature, 

dissociation)  

5. Real engine strokes, induction stroke, volumetric efficiency  

6. Compression stroke, combustion in SI engines and influencing parameters  

7. Abnormal combustion, parameters influencing knock and early ignition  

8. Combustion in CI engines, parameters influencing ignition delay  

9. Expansion and exhaust strokes, exhaust emissions  

10. Mixture preparation in SI engines  

11. Carburetor fundamentals, fuel injection, control of A/F ratio  

12. Mixture preparation in CI engines, injection pumps, injectors  

13. Fuel injection systems in Diesel engines, Atomization, combustion chamber types 

in Diesel engines  

14. Engine characteristics and performance.  
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PRINCIPLES OF IC ENGINE OPERATION  

 

• INTRODUCTION  

• OPERATION PRINCIPLES  

• CLASSIFICATION OF ENGINES  

• FOUR-STROKE AND TWO-STROKE ENGINES  

• SI ENGINES, CI ENGINES  

 

 

INTRODUCTION 

 

Engine 

 

An engine is a device which transforms one form of energy into another form. Normally, 

most of the engines convert thermal energy into mechanical work and therefore they are 

called “heat engines”. 

 

Heat engine 

 

Heat engine is a device which transforms the chemical energy of a fuel into thermal 

energy and utilizes this thermal energy to perform useful work. 

 

Heat engines can be broadly classified into two categories: 

 

1- Internal Combustion Engines (ICE) 

2- External Combustion Engines (ECE) 
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External combustion engines are those in which combustion takes place outside the 

engine whereas in internal combustion engines combustion takes place within the engine. 

For example, in a steam engine or a steam turbine, the heat generated due to the 

combustion of the fuel is employed to generate high pressure steam which is used as the 

working fluid in a reciprocating engine or a turbine. In case of gasoline or diesel engines, 

the products of combustion generated by the combustion of fuel and air within the 

cylinder form the working fluid. 

 

Engines whether internal combustion or external combustion are of two types: 

1- Rotary engines 

2- Reciprocating engines 

 

 

 

Advantages of ICE engines over ECE 

 

1- Absence of heat exchangers in the passage of the working fluid (boilers and 

condensers in steam turbine plant). 

2- All its components work at an average temperature which is much below the 

maximum temperature of the working fluid in the cycle. 
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3- Higher thermal efficiency can be obtained with moderate maximum working pressure 

of the fluid in the cycle, and therefore the weight to power ratio is less than that of the 

fluid in the turbine plant. 

4- It has been possible to develop reciprocating internal combustion engines of very 

small power output (even fraction of a kilowatt) with reasonable thermal efficiency 

and cost. 

 

Disadvantages of reciprocating engines 

 

1- The problem of vibration caused by the reciprocating components. 

2- It is not possible to use a variety of fuels in this engines, only liquid or gaseous fuels 

of given specification can be efficiently used. 

   

Internal Combustion Engines 

 

Internal Combustion Engines (IC-engines) produce mechanical power from the chemical 

energy contained in the fuel, as a result of the combustion process occurring inside the 

engine. 

 

IC engine converts chemical energy of the fuel into mechanical energy, usually made 

available on a rotating output shaft. Chemical energy of the fuel is first converted to 

thermal energy by means of combustion or oxidation with air inside the engine, raising 

the T and p of the gases within the combustion chamber.  

 

The high-pressure gas then expands and by mechanical mechanisms rotates the 

crankshaft, which is the output of the engine. Crankshaft is connected to a 

transmission/power-train to transmit the rotating mechanical energy to drive a vehicle.  
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There are two types of engines Spark Ignition (SI) engines – Otto or gasoline engines and 

Compression Ignition (CI) engines – Diesel engines. 

 

 

EARLY HISTORY 
 

Atmospheric engines 

 

Earliest IC engines of the 17th and 18th centuries are classified as atmospheric engines.  

These are large engines with a single cylinder which is open on one end. Combustion is 

initiated at the open cylinder and immediately after combustion; cylinder would be full of 

hot gases at atmospheric pressure. The cylinder end is closed at this time and trapped 

gases are allowed to cool. As the gases are cooled, vacuum is created within the cylinder 

causing pressure differential across the piston (atmospheric pressure on one side and 

vacuum on the other side). So piston moves due to this pressure difference doing work.  
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Huygens (1673) developed piston mechanism 

Hautefeuille (1676) first concept of internal combustion engine 

Papin (1695) first to use steam in piston mechanism 

“Modern” engines using same principles of operation as present 

engines – previously no compression cycle 

Lenoir (1860) driving the piston by the expansion of burning 

products -first practical engine, 0.5 HP later 4.5 

kW engines with mech. efficiency up to 5% 

Rochas (1862) four-stroke concept was proposed 

Otto – Langen (1867) produced various engine 

improved efficiency to 11% 

Otto (1876) Four-stroke engine prototype built, 8 HP and 

patented 

Clark (1878) Two-stroke engine was developed 

Diesel (1892) Single cylinder, compression ignition engine 

Daimler/Maybach 

(1882) 

Incorporated IC engine in automobile 
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BASIC ENGINE COMPONENTS AND NOMENCLATURE 

 

Even though reciprocating internal combustion engines look quite simple, they are highly 

complex machines. There are hundreds of components which have to perform their 

functions satisfactorily to produce output power.  

 

Engine components 

 

A cross section of a single cylinder spark-ignition engine with overhead valves 
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The major components of the engine and their functions are: 

 

1- Cylinder block: The cylinder block is the main supporting structure for the various 

components. The cylinders of a multicylinder engine are cast as a single unit, called 

cylinder block. 

 

2- Cylinder: It is a cylindrical vessel or space in which the piston makes a reciprocating 

motion. The cylinder is supported in the cylinder block. 

 

3- Piston: It is cylindrical component fitted into the cylinder forming the moving 

boundary of the combustion system. It fits perfectly (tightly) 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.  

 

4- 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 the pressure in this part of the cylinder. 

 

5- Inlet manifold: It is 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. 

 

6- Exhaust manifold: It is 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.  

 

7- Inlet and exhaust valves: Valves are commonly mushroom shaped poppet type. They 

provided either on the cylinder head or the side of the cylinder for regulating the 

charge coming into the cylinder (inlet valve) and for discharging the products of 

combustion (exhaust valve) from the cylinder. 

8- Spark plug: It is a component to initiate the combustion process in spark-Ignition (SI) 

engines and usually located on the cylinder head.  

 

9- Connecting rod: It interconnects the piston and the crankshaft and transmits the gas 

forces from the piston to the crankshaft. The two ends of the connecting rod are called 
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as small end and the big end. Small end is connected to the piston by gudgeon pin and 

the big end is connected to the crankshaft by crankpin. 

 

 
 

10- Piston rings: It fitted into the slots around the piston, provide a tight seal between 

the piston and the cylinder wall thus preventing leakage of combustion gases. 

 

11- Gudgeon pin: It forms the link between the small end of the connecting rod and the 

piston. 

 

12- Camshaft: The camshaft and its associated parts control the opening and closing of 

the two valves. This shaft also provides the drive to the ignition system. The 

camshaft is driven by the crankshaft through timing gears. 

 

13- Fly wheel: In order to achieve a uniform torque an inertia mass in the form of a 

wheel is attached to the output shaft. 
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Nomenclature 

 

1. Cylinder bore (d): the nominal inner diameter of the working cylinder and is 

designated by the letter d and is usually expressed in millimeter (mm). 

 

2. Piston area (A): the area of a circle of a diameter equal to the cylinder bore is called 

the piston area and is designated by the letter A. 

 

3. Top Dead Center (TDC): the extreme position of the piston at the top of the cylinder. 

In the case of the horizontal engines this is known as the outer dead center (ODC). 

 

 

 

4. Bottom Dead Center (BDC): the extreme position of the piston at the bottom of the 

cylinder. In horizontal engine this is known as the Inner Dead Center (IDC). 

 

5. Stroke (L): the distance between TDC and BDC is called the stroke length and is 

equal to double the crank radius, is usually expressed in millimeter (mm). 
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6. Stroke to bore ratio: 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. 

 

7. Swept volume or displaced volume (Vs): the volume swept by the working piston 

when travelling from one dead center to the other. It is expressed in terms of cubic 

centimeter (cc) and given by 

 

LLAs  2d
4

π
V  

 

8. Cubic capacity or engine capacity (CC): the displacement volume or Swept volume 

of a cylinder multiplied by number of cylinders in an engine will give the cubic 

capacity or the engine capacity (CC). For example, if there are K cylinders in an 

engine, then 

  

Cubic capacity (CC) = Vs X K 

 

9. Clearance volume (Vc): the nominal volume of the combustion chamber above the 

piston when it is at the top dead center. It is designated as Vc and expressed in cubic 

centimeter (cc). 
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 Compression ratio (r): it is the ratio of the total volume V of the cylinder to the 

clearance volume Vc, and is denoted by (r),
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where V = Vc + Vs 

 

THE WORKING PRINCIPLE OF ENGINES 

 

If an engine is to work successfully then it has to follow a cycle of operations in a 

sequential manner. The sequence is quit rigid and cannot be changed.  

 

In the following sections the working principle of both SI and CI engines is described. 

Even though both engines have much in common there are certain fundamental 

differences. 

 

The credit of inventing the spark-ignition engine goes to Nicolaus A. Otto (1876) whereas 

compression-ignition engine was invented by Rudolf Diesel (1892). Therefore, they are 

often referred to as Otto engine and Diesel engine. 
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Four-stroke spark-ignition engine 

 

In a four-stroke engine, the cycle of operation 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 180o of crankshaft rotation and hence a four-stroke cycle is completed through 

720o 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. 

iv. Exhaust stroke. 

 

The details of various processes of a four-stroke spark ignition engine with overhead 

valves are shown in the figure below 
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When the engine completes all the five events under ideal cycle mode, the p-V diagram 

will be as shown below 

 

 

p-V diagram  

 

1. Suction or intake stroke  

 

0→1 (p-V diagram), the inlet valve is open and the exhaust valve is closed. 
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Starts with the movement of the piston from TDC to BDC, while drawing fresh charge 

(air + fuel mixture) into the cylinder through the open inlet valve.  

To increase the mass inducted, inlet valve opens for a period of 220 – 260
O

CA. 

 

 

2. Compression  stroke  

 

The charge taken into the cylinder during the suction stroke is compressed by the return 

stroke of the piston 1→2 (p-V diagram), during this stroke both valves are closed. The 

mixture which fills the entire cylinder volume is compressed into 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.  

In ideal gas it is assumed that burning gas takes place instantaneously when the piston is 

at the top dead center and hence the burning process can be approximated as heat 

addition at constant volume. During the burning process the chemical energy of the fuel 
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is converted into heat energy producing a temperature rise of about 2000 oC 2→3 (p-V 

diagram). The pressure at the end of the combustion process is considerably increased 

due to the heat release from the fuel. 

 

 

 

 

 

3. Expansion or power stroke 

 

The high pressure of the burnt gases forces the piston towards the BDC 3→4 (p-V 

diagram). 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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4. Exhaust  stroke  

 

At the end of the expansion stroke the exhaust valve opens and the inlet valve remains 

closed. The pressure falls to atmospheric level a part of the burnt gases escape 4→1 (p-V 

diagram). 

The burned gases exit the cylinder through the open exhaust valve, due to the pressure 

difference at first and then swept by the piston movement from BDC to TDC 5→0 (p-V 

diagram).  

Exhaust valve closes when the piston reaches TDC at the end of the exhaust stroke and 

some residual gases trapped in the clearance volume remain in the cylinder. 
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These residual gases mix with the fresh charge coming in during the following cycle, 

forming its working fluid.  

 

Each cylinder of a four stroke engine completes the above four operation in two engine 

revolutions, one revolution of the crankshaft occurs during the suction and compression 

strokes and the second revolution during the power and exhaust strokes. Thus, for one 

complete cycle there is only one power stroke while the crankshaft turns by two 

revolutions. For getting higher output from the engine the heat release (process 2→3 in p-

V diagram) should be as high as possible and the heat rejection (process 3→4 in p-V 

diagram) should be as small as possible. So, one should be careful in drawing the ideal p-

V diagram. 


