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Boyle’s Law 

 

→ It states that, the specific volume is inversely proportional to absolute pressure for a gas 

undergoing a constant temperature process, i.e. 

1 
𝑣 𝖺  

𝑝 

or 𝑝𝑣 = 𝐶 

 

where C is the constant of proportionality. 

 

→ For an ideal gas undergoing a constant temperature process from state 1 to state 2; 

 

𝑝1𝑣1 = 𝑝2𝑣2 

 

→ Boyle's law represents a rectangular hyperbola curve on the p-v diagram. It is also 

referred to as an isotherm. 

→ The process occurring at constant temperature is known as an isothermal process. 

 

Charle’s Law 

 

→ It states that, the change in specific volume is directly proportional to the change in absolute 

temperature of gas undergoing a constant pressure process, i.e. 

𝑣 𝖺 𝑇 

𝑣 

 = 𝐶 

𝑇 

 

 

→ Where, C is the constant of proportionality at constant pressure. 

→ For an ideal gas undergoing a constant pressure process from state 1 to state 2; 

 
𝑣1 = 

𝑣2 

𝑇1 𝑇2 

Charle's law also states that the absolute pressure varies directly with absolute temperature for an 

ideal gas undergoing a constant volume process, i.e 

𝑝 𝖺 𝑇 

 

𝑝 
 = 𝐶 

𝑇 



Similarly, for an ideal gas undergoing a constant volume process, 

 

𝑝1 = 
𝑝2 

𝑇1 𝑇2 

Avogadro’s Law 

 

→ Avogadro's law states that, the molecular mass of all perfect gases occupies the same 

volume at NTP (i.e. 1 atm, 0°C). 

→ The average volume for 1 kg mol of any perfect gas at N.T.P is 22.413 m3. 

→ For a certain gas of mass m in kg and molecular weight 𝜇, the number of ‘kg mol’ of the 

gas n, is given by, 

 

𝑛 = 

𝑚 

 kg mol 
𝜇 

 

→ The molar volume, 𝑣 ̅, is given 

by, 

 

 
𝑉 

𝑣 =  m3/kgmol 
𝑛 

 

→ Where, V is the total volume of the gas in 

m3. 

 

Equation of State 

 

→ It is the functional relationship among 

the thermodynamic properties such as, 

pressure p, molar or specific volume v, and 

absolute temperature T. 

→ It is expressed in the form, 

 

𝑓(𝑝, 𝑣, 𝑇) = 0 

 

→ If any of the two properties are specified, the 

third property can be determined by a functional 

relation, i.e. 

𝑝 = 𝑓(𝑣, 𝑇) 

 

𝑣 = 𝑔(𝑝, 𝑇) 

 

𝑇 = ℎ(𝑝, 𝑣) 

 

General Gas Equation 

 
→ As for any thermodynamic system the 

properties vary simultaneously, the 

equation obtained by combining 

Boyle's and Charle's law is given by, 

 

 

 

𝑣 𝖺 

 
𝑣 = 



 

𝑝𝑣 = 𝑅𝑇 

 
→ Where, R is the characteristic gas constant or specific gas constant. 

→ Hence the above relation is called the characteristic gas equation for an ideal gas or 

ideal gas equation of state. 

Ideal Gas 

 
Universal Gas Constant 

 

→ From Avogadro’s law, when 𝒑 = 𝟕𝟔𝟎𝐦𝐦𝐇𝐠 = 𝟏. 𝟎𝟏𝟑 × 𝟏𝟎𝟓𝐍/𝐦𝟐, 𝑻 = 𝟐𝟕𝟑. 𝟏𝟓 𝐊, 
and ̅𝒗= 

𝟐𝟐. 𝟒 𝐦𝟑/𝐤𝐠𝐦𝐨𝐥 

 

�̅�= 
1.013 × 105 × 22.4 
  

273.15 

= 8314.3 Nm/kgmolK 

= 𝟖. 𝟑𝟏𝟒𝟑 𝐤𝐉/𝐤𝐠𝐦𝐨𝐥𝐊 

 
→ Also, 

 
�̅� 

𝑅 = 𝜇 

or �̅�=𝜇 

Characteristic Gas Constant 

 

It is given by 𝑅 = 
�̅�

, where 𝜇 is the molecular weight. 

𝜇 

= 
8.3143 

= 0.262 kJ/kgK 

For oxygen, 𝑅𝑂2 32 

= 
8.3143 

= 0.287 kJ/kgK 

For air, 
𝑅air 

 

 

 

 

28.96 



 

THERMODYNAMIC CONCEPT AND 

TERMINOLOGY

  

Thermodynamics 

 
Thermodynamics is defined as the branch of science which deals with concept of heat, 

work and their interconversion. 

Origin 

 
Thermodynamics is the result of man‘s constant effort to convert heat into work. 

Developed in the nineteenth century due to joule, Clausius, Kelvin, and Carnot. 

The name thermodynamics comes from the Greek words therme (heat) and dynamics 

(power) which is most descriptive of the early efforts to convert heat into power. 

The term thermodynamics was first used in a publication by Lord Kelvin in 1849. The 

first textbook in thermodynamics was written in 1859 by William Rankine, a professor 

at the University of Glasgow. 

What is Thermodynamics? 

 

 Thermodynamics is a science dealing with energy and its transformation. 

 It deals with equilibrium and feasibility of a process. 

 Deals with relation between heat and work and the 

properties of a system. The principle of thermodynamics are 

summarized in four laws, they are 

1. Zeroth law of thermodynamics deals with thermal equilibrium and 

provides a means of measuring temperature. 

2. The first law of thermodynamics tells about the conservation of energy 

and introduces the concept of internal energy. 

3. The second law of thermodynamics shows the limit of converting 

internal energy into work and introduces the concept of entropy. 

4. The third law of thermodynamics provides a datum for the measurement of 

entropy. 

The laws of thermodynamics cannot be directly proved. They were deduced from 

experimental results through logical reasoning. The validity of the laws of 

thermodynamics rests upon the fact that till date no experimental evidence is available 

to disprove them. 

 

 



Application area of thermodynamics 

 
All activities in nature involve some interaction between energy and matter; thus, it is 

hard to imagine an area that does not relate to thermodynamics in some manner. 

Thermo

dynamic

s system 

System 

It is defined as a definite quantity of matter or region in space considered for 

thermodynamic study. A system may be very simple like a gas contained in a cylinder 

or it may be complex like a thermal power plant. The choice of a system may differ 

from person performing the analysis. 

Surrounding 

The mass or region outside the system is called surrounding. A system can exchange 

energy in the form of work and heat with its surrounding. 

Boundary 

The real and imaginary surface that separates the system from its surrounding is called 

the boundary. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Closed System- 

 
The closed system also known as Control Mass is one, in which the boundaries are 

closed so that no substance may enter or leave the system. In such a system, the mass 

of the substance within the system remain constant. A transfer of energy in the form of 

heat and work may take place at the boundaries and the volume of a closed system 

does not have to be fixed. Ex Sun 

 

 

 



 

Open system- 

The open system or a Control Volume is one where the boundaries are not 

closed so that both mass and energy can cross the boundary of an open system. 

It usually encloses a device that involves mass flow such as a compressor, 

turbine and nozzle. 

Isolated System- It is the system, in which no mass and energy 

interaction takes place. Ex- universe, ice box, thermo flask. 

Adiabatic System 

A thermodynamic system in which mass can cross the boundary, but energy in 

the form of heat can‘t cross the boundary is called as adiabatic system. 

Ex throttle valves, water pumps, water turbines heat exchanger. 

Homogeneous System 

A thermodynamic system consists of single phase is called as homogeneous system. 

Heterogeneous System 

A thermodynamic system consists of two or more than two phases is called as 

heterogeneous system. 

Macroscopic Approach- 

In this approach a certain quantity or matter is considered without considering 

the events occurring at molecular level. In this approach simple mathematical 

formulae are required for analyzing the system. A few properties are needed to 

describe the system. 

Microscopic Approach 

In this approach a certain quantity of matter is considered with taking into 

account the events occurring at molecular level. In this approach advanced 

statistical and mathematical methods are used for analyzing the system. Large 

number of variables required to describe the system. 

Concept of Continuum 

It is the concept which explains about the continuity and homogeneity of matter 

in a thermodynamic system. In a continuous system the matter is present without 

any void in it, and it is homogeneous throughout the system. This concept is not 

applicable when the negligible number of molecules present in matter. 



Thermodynamic Properties 

The characteristic of a system is called as thermodynamic property. The properties like 

pressure, temperature, volume, enthalpy and entropy describes the state of 

thermodynamic system. 

Types of properties 

 
Intensive Properties- 

 
The properties those are independent of the mass of a system are known as intensive 

properties such as temperature, pressure and density. 

Extensive properties- 

 
The properties whose value depend upon the mass of a system are called as 

extensive properties. Such as mass, volume and momentum. 

State 

 
A thermodynamic state is the condition of a system which is characterized by 

thermodynamic properties. 

represents path where the state changes from 1 to 2 

 
Path is the locus of series of states through which a thermodynamic process occurs. 

 

 

 

 

 

 

 

 

  

 

 

 

 



Processes 

 
The transformation of thermodynamic system from one thermodynamic state to 

another is called a process. 

Non Flow Process 

 
A process undergone by a fluid in a closed system is referred as a non- flow process. 

 

Flow Process 

 
A process undergone by a fluid in an open system is referred as flow process. 

 

Quasi-static Process 

 
When a process proceeds in such a manner that the system remains almost 

infinitesimally close to equilibrium such a process is called a quasi-static Process. 

Reversible Process 

 

A reversible process is that, which can be take place between two states once and 

again act in reverse manner to reach the initial state of the system without changing 

the effect on the surrounding. It passes through a series of equilibrium states. Ex- 

frictionless relative motion, expansion and compression of spring. 

Irreversible process 

 
An irreversible process is that which can‘t be reversed in the same path & also 

unidirectional. It passes through a series of non equilibrium states. Ex expansion, free 

expansion. 

Adiabatic process 

 
A process is called adiabatic process if there is no heat exchange between the system 

and surrounding. That is heat transfer (Q) = 0. 

Isothermal Process 

 

A Process is called isothermal process if there is no temperature change during the process. t= 

constant 

Isobaric Process 

 
A process is called isobaric process if there are no pressure changes during the 

process. P = constant 



Isochoric process 

 
A process is called process if there are no volume changes during the process. V = constant 

 
Isentropic Process A process is called an isentropic process if there is no entropy 

changes during the process. i.e s = constant 

Isenthalpic process 

 
A process is called isenthalpic process if there is no enthalpy change during the 

process. i.e h= constant 

Macroscopic Approach- 

 
In this approach a certain quantity or matter is considered without considering the 

events occurring at molecular level. In this approach simple mathematical formulae are 

required for analyzing the system. A few properties are needed to describe the system. 

Microscopic Approach 

 
In this approach a certain quantity of matter is considered with taking into account the 

events occurring at molecular level. In this approach advanced statistical and 

mathematical methods are used for analyzing the system. Large number of variables 

required to describe the system. 

Cycle 

 
A cycle or cyclic process is that, in which the initial and final states of a system are 

identical. The cycle follows a series of process in such a way that the sequence of 

process begins and ends at same state. 

Point Function 

 
There are certain properties which depend on states but don‘t depend on the these 

properties are called as point or state functions. 

Ex Pressure, temperature, volume etc. 

 

Path function 

 
There are certain properties which depend upon the path between two ends state 

but don‘t depend upon the state only. These properties are called as path function. 

Thermodynamic equilibrium 

 
Thermodynamics deals with equilibrium states. The word equilibrium implies a state of 

balance. That is in equilibrium state there is no unbalanced force present in a system, 



and the system experience no change. 

There are different types of equilibrium 

 

Thermal equilibrium 

 
When a body is brought into contact with another body that is at a different temperature 

heat is transferred from a body at higher temperature to lower temperature until both 

bodies attain same temperature. At that point the heat transfer stops, and the two 

bodies are said to have reached thermal equilibrium. The equality of temperature is the 

only requirement for thermal equilibrium. 

Mechanical equilibrium 

 
A system is said to be in mechanical equilibrium in the absence of any unbalance force. 

The force is directly related to pressure. Thus if there is no pressure difference 

throughout the system then the system is said to be in mechanical equilibrium. 

Chemical equilibrium 

 

A system is said to be in chemical equilibrium if its chemical composition does not change with time, 

that is no chemical reaction occur within a system 

Phase equilibrium 

 
If a system involves with two phases and the mass of each phase reaches an 

equilibrium phases and stays there it is said to be in phase equilibrium. 

A system is not in thermodynamic equilibrium unless the condition of all the types of 

equilibrium is satisfied. 

Pressure 

 
It is defined as the normal force exerted by a fluid per unit area. We speak about 

pressure only when we deal with a gas or liquid. The counterpart of pressure in solids 

is normal stress. Unit It has the unit of N/m2 which is called a Pascal 1 Pa = 1N/m2 

Three other pressure units commonly used in practice are bar, standard 

atmosphere and kilogram-force per square centimeter. 

1 bar = 105 Pa = 0.1MPa = 100kPa 1 atm= 101.325kPa, 

1.01325bars 1kgf/cm2 = 9.807 N/cm2 = 9.807 * 104 N/m2 = 

9.807 * 104 Pa = 0.9807bar 1 torr = 1mm of hg column = 

133.33 pa 



Absolute Pressure 

 
It is the actual pressure measured in a system. 

 
Gauge Pressure It is the Positive pressure measured by the pressure gauge, when 

pressure is above 1 atmospheric pressure. 

Vacuum Pressure It is the negative pressure measured by the pressure gauge when 

pressure is 1 atmospheric pressure. 

Relation Pabs = Patm+ Pgauge Pabs = Patm - Vacuum 

 

Conceptual Explanation of energy and its Sources 

 

Definition of Energy - The capacity for doing work. It may exist in potential, kinetic, thermal, 

electrical, chemical, nuclear, or other various forms. There are, moreover, heat and work—i.e. 

energy in the process of transfer from one body to another. After it has been 

transferred, energy is always designated according to its nature. 

Definition of Work and heat 

 
Work,- in physics, measure of energy transfer that occurs when an object is moved 

over a distance by an external force at least part of which is applied in the direction of 

the displacement. 

Mathematically, the above statement is expressed as follows: 

W = F. d 

 

Unit of Work 

The SI unit of work is the joule (J), which is defined as the work done by a force of 1 

Newton in moving an object through a distance of 1 meter in the direction of the force. 

Heat, energy is transferred from one body to another as the result of a difference in 

temperature. If two bodies at different temperatures are brought together, energy is 

transferred—i.e., heat flows—from the hotter body to the colder. 

 

Unit of Heat 
 

Units of Heat 

Calorie 1 cal 4184 J 

Joules 1 J 0.000239006 kcal / 0.000947817Btu 

BTU 1 Btu 1055.06 J 

 

https://www.britannica.com/science/work-physics
https://www.britannica.com/science/potential-energy
https://www.britannica.com/science/kinetic-energy
https://www.britannica.com/science/thermal-energy
https://www.britannica.com/science/chemical-energy
https://www.britannica.com/science/nuclear-energy
https://www.britannica.com/science/heat
https://www.britannica.com/science/physics-science
https://www.britannica.com/science/energy
https://www.britannica.com/science/force-physics
https://www.britannica.com/science/displacement-mechanics
https://www.britannica.com/science/energy
https://www.britannica.com/science/temperature


 
 

Work (W) 

 

Heat (Q) 

 

Interaction 
 

Mechanical 
 

Thermal 

 

Requires 
 

Force and Displacement 
 

Temperature difference 

 

Process 

 

Macroscopic pushes and pulls 

 

Microscopic collisions 

 

Positive value 
 

W > 0 when a gas is compressed. 

Energy is transferred into system. 

 

Q > 0 when the environment is at a higher 

temperature than the system. Energy is 

transferred into system. 

 

Negative 

value 

 

W < 0 when a gas expands. Energy is 

transferred out of system. 

 

Q < 0 when the system is at a higher temperature 

than the environment. Energy is transferred out 

of system. 

 

 

Equilibrium 

 

A system is in mechanical equilibrium 

when there is no net force or torque on 

it. 

 

A system is in thermal equilibrium when it is at 

the same temperature as the environment. 

 

Work transfer and Displacement work (PdV) work 

 Let us consider the following arrangement of cylinder and piston. 

Cylinder contained with gas and displayed here the two equilibrium 

state of the system by state 1 and state 2. At state 1, gas will be at high 

pressure and will have lower volume and state of the system is displayed 

here by the co-ordinate P1V1.

 Let piston moves to its final position which is displayed here as state 2. 

Gas will be at lower pressure and will have higher volume as compared 

to state 1. Condition of the system at state 2 is displayed here by the co-

ordinate P2V2.

 

 Let us consider one intermediate point with pressure p and volume v 

during travelling of piston from state 1 to state 2. We must note it here 

that this intermediate point must also be equilibrium state as 

thermodynamic properties such as pressure p and volume v are only 

significant for equilibrium states.

 Let area of the piston is A and piston moves by infinitesimal distance ds 

due to the pressure force of the gas acting over the piston.

 



 What will be the pressure force acting over the piston? Pressure force 

exerted by gas over the piston will be calculated as F= P. A

 

 Let us concentrate the infinitesimal amount of work carried out by gas 

over the piston in order to move the piston by infinitesimal distance i.e. 

dl and it will be calculated as mentioned here
 

dW = F. dS = P. A.dS 

dW= P. (A. dS) =P.dV 

Because (A. dS) will the infinitesimal displacement volume i.e. dV

So the Displacement work done in a closed system is W= P*dV 

LAWS OF THERMODYNAMICS 
ZEROTH LAW OF THERMODYNAMICS 
 

Zeroth law of thermodynamics tells us the concept of temperature. This law states that 

if two bodies are each in thermal equilibrium with a third one, then they are in thermal 

equilibrium with each other. 

 
When a body ‗A‘ is in thermal equilibrium with another body ‗b‘, and also separately 

in thermal equilibrium with a body ‗C‘, then body ‗B‘ and ‗C‘ will also be in thermal 

equilibrium with each other. This statement defines the Zeroth law of thermodynamics. 

The law is based on temperature measurement. 

 

 

First Law of Thermodynamics 
 

The first law of thermodynamics states that the quantity of the heat absorbed, when 

some amount of heat is given to a system that is capable of doing external work, is 

equal to the sum of the increase in internal energy of the system due to a rise in 

temperature and external work done during expansion. 

 

The first law of thermodynamics is generally represented by the equation- 

U=Q-W 

Where U=change in internal energy of the 

thermodynamic system Q=heat given to the system 

W=work done on the system 

Differential form of the first law of thermodynamics equation- 



dU  dQ  dW 

The first law of Thermodynamics is also called ‗Law of Conservation of Energy‘. The 

law of conservation of energy states that ―Energy can neither be destroyed nor be 

created; it can only be transferred from one form to another‖ 

Significance of First Law of Thermodynamics 

Significances that the first law of thermodynamics has are as follows- 

 

 The relation between heat and work is established by the first law of 

thermodynamics. 

 Both Work and Heat are equivalent to each other. 

 The exact equivalent amount of energy of the surrounding will be 

lost or gained, if any system gains or losses energy. 

 Applied heat is always equal to the sum of work done and change in internal 

energy. 

 

Applications of First Law of Thermodynamics 

 The first law of thermodynamics is commonly used in heat engines. 

 

 Refrigerators are another example where the first law of thermodynamics is 

used. 

 Sweating is a great example of the first law of thermodynamics since 

the heat of the body is transferred to sweat. 

 When an ice cube is put in a drink, the ice cubes absorb the heat of 

the drink which makes it cool. 
Limitations of First Law of Thermodynamics 

1. The first law of thermodynamics does not state anything about the heat flow 

direction. 

 

2. The process is not reversible. 

STEADY FLOW ENERGY EQUATION 

A flow is said to be steady flow if the properties like pressure, volume and temperature 

don‘t vary with respect to time. 

Such type of flow can be observed when a mass entering and leaving in a system is same 

 

 

 

 



 

 

 

 

 

 

 

Consider an open system in which the working fluid flow at a steady rate 

 The working substance enters the system at section 1-1 and 

leaves the system at section 2-2 

 Let M= mass flow rate of the working fluid in (kg/sec) 

 P1 and P2 are the absolute pressure of the working substance in (N/m2) 

 C1 and C2 are the velocity of the working substance (m/sec) 

 Z1 and Z2 are elevation above the datum line at entrance and exit respectively. 

 U1 and U2 are the internal energy of the working substance (J/kg) 

 Qcv – Amount of heat added to the system (J) 

W- Work done by the system (J)  

 



 

 

 

 

 

 

 

 

 

 



Second Law of Thermodynamics 
 

Kelvin Planck Statement 

 
It states that “It is impossible to construct a device which operates on a cycle and 

produces no other effect than the transfer of heat from a single body in order to 

produce work.” This means that it is impossible to construct an engine whose sole 

purpose is to convert the heat from a high-temperature source/reservoir into an equal 

amount of work. 
 
 
 
 

 

Clausius Statement 

 
It is impossible to design a device which works on 

a cycle and produce no other effect other than heat 

transfer from a cold body to a hot body. 

 
 

 

 

 

APPLICATION OF SECOND LAW OF THERMODYNAMICS 

HEAT ENGINE 

 
A heat engine is a device which operates on a cycle. 

It receives heat energy from a high temperature reservoir convert some of heat energy 
into work and reject the remaining heat to a low temperature reservoir. 

A steam power plant best fits into the definition of heat engine 

It receives heat from the high temperature reservoir 

(Source) at TH It converts part of heat supplied into 

useful work as Wnet 

It rejects the remaining heat QL to a low temperature reservoir 

(sink) at TL The net work output of a heat engine 

Wnet=Wout-Win or Wnet=QH-QL 

 



Thermal Efficiency 

 

 

 

 

 



REFRIGERATOR 

A refrigerator is a device operating in a cycle that 

maintains a body at lower temperature than its 

surroundings 

A refrigerator extract heat continuously from a controlled space thus it maintained at lower 

temperature than surroundings. 

The most frequently refrigeration cycle is the vapor 

compression cycle. Co efficient of performance (cop) 

The performance of a refrigerator is measured in term of co-efficient of 

performance. It is defined as the ratio of refrigerating effect to the energy 

input. 

 



 

 

 



 

 



 

 



 

 

The thermodynamic process in which there is no exchange of heat from the 

system to its surrounding neither during expansion nor during compression. 

Reversible Adiabatic Process 

Reversible adiabatic  process  is  also  called  an  Isentropic Process.  It  is  

an idealized thermodynamic process that is adiabatic and in which the work transfers 

of the system are frictionless; there is no transfer of heat or of matter and the process 

is reversible. Such an idealized process is useful in engineering as a model of and 

basis of comparison for real processes. 

 

What is Adiabatic Expansion 

Adiabatic expansion is defined as an ideal behaviour for a closed system, in which the 

pressure is constant and the temperature is decreasing. 

What is Adiabatic Compression 

Adiabatic compression of the air is defined as the compression in which no heat is 

added or subtracted from the air and the internal energy of the air is increased which 

is equal to the external work done on the air. The pressure of the air is more than the 

https://byjus.com/physics/various-processes-in-a-thermodynamic-system/


volume as the temperature increases during compression. 

Derive an expression for work done in adiabatic expansion 

 

 



 

 

 

 



Formation of steam 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 



 

 



 



 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Steam Boiler 

 



 

 



 

 

 



 













 







 











 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Unit-2 

 

 



 
Carnot Cycle 

 

 

















 

 

 

 

 

 

 



THERMAL ENGINEERING, I 

 

 

 

 
 
 

 
INTERNAL COMBUSTION ENGINES 

 
Explain and Classify IC Engines 

 
An internal combustion engines is a machine that converts chemical energy in a fuel into mechanical 

energy. 

Classification 

 
According to piston strokes in the working cycle 

 
1. Four stroke engine 

2. Two stroke engine 

 
According to the fuel used in the cycle 

 
1. Petrol engine 

2. Diesel engine 

3. Gas engine 

4. Multi fuel engine 

 
According to method of ignition 

 

1. Spark ignition 

2. Compression ignition 

 
According to fuel feeding system 

 

1. Carbureted engine 

2. Engine with fuel injection 

 
According to charge feeding system 

 
1. Naturally aspirated engine 

2. Supercharged engine 

 
According to cooling engine 

 
1. Air cooled engine 

2. Water cooled engine 

 
According to the number of cylinders 

 
1. Single cylinder engine 

2. Multi cylinder engine 
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According to speed of the engine 

 
1. Low speed engine 

2. Medium speed engine 

3. High speed engine 

 
According to the position of engine 

 
1. Horizontal engine 

2. Vertical engine 

3. V engine 

 

Terminologies 

 
Cylinder 

 

→ The engine cylinder is made from cast iron which provides with a cylinder liner on the inner side 

and a cooling arrangement on the outer side. 

→ For two stroke engines, it houses exhaust and transfer port. 

 
Cylinder Head 

 

→ The top cover of the cylinder, towards TDC, is called cylinder head. 

→ It houses the spark plug in petrol engines and fuel injector in diesel engines. 

→ For four stroke cycle engines, the cylinder head has the housing of inlet and exhaust valves. 

 
Piston 

 

→ It is the reciprocating member of the cylinder which is housed in the cylinder. 

→ It’s usually made of cast iron or aluminium alloys. 

→ The top surface is called piston crown and bottom surface is called piston skirt. 

 
Piston Rings 

 

→ The piston rings seal the space between the cylinder liner and piston in order to prevent leakage 

of high pressure gases, from cylinder to crank case. 

Crank 

 

→ It is rotating member of the engine housed in the crank case. 

→ Its one end is connected with the crankshaft and the other end is connected with a connecting 

rod. 

Crank Case: It is the housing of the crank and body of the engine. 

 
Connecting Rod 
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→ The connecting rod transmits power developed on the piston to a crank shaft through crank. 

→ It’s usually made of medium carbon steel. 

 
Crank Shaft 

 

Working Principle of SI and CI Engines 

 
Two Stroke Petrol Engine 

 

→ Here essential operations are carried out in one revolution of the crankshaft or two strokes of the 

piston. Hence the engine is called two stroke or two stroke cycle engine. 

→ Construction 

→ it consists of a cylinder cylinder head piston piston rings connecting rod crank crankcase 

crankshaft et cetera 

→ The carburettor prepares the air fuel mixture outside the cylinder 

→ It consists of inlet and exhaust ports which are regulated by piston displacement. 

→  A suction pot with Reed type valve is used for induction of charge into the crankcase 

→  The transfer port is used for the transfer of charge from the crankcase to the cylinder 

→ the exhaust port discharges the burnt gases from the cylinder 

→ The spark plug is located in the cylinder head 

Cycle of operation 
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The following operation takes place in a two stroke or in one revolution of the engine 

Charge transfer and scavenging 

→ The transfer and exhaust ports are uncovered as the piston gets nearer to the crankcase. 

→ The compressed air fuel mixture from the crankcase enters through the transfer port and drives 

out the burnt gases of the previous cycle through the exhaust port. 

→ The piston top is made deflected so that the incoming charge is directed upwards and helps in 

expelling the burnt gases from the cylinder. This process is called scavenging 

Compression and suction 

→ The transfer and exhaust port are covered by the piston and the charge gets compressed as the 

piston moves upward. 

→ Simultaneously a personal vacuum is created into the crankcase. The suction port opens by the 

crank movement allowing the fresh charge into the crankcase. 

Combustion 

→ At the end of the stroke the piston reaches the top dead centre. 

→ A high intensity spark from the spark plug ignites the air fuel mixture thereby resulting in 

combustion. 

Power and exhaust 

→ The burning gases apply pressure on the top of the piston, and the piston is forced downward as 

a result of pressure generated. 

→ As the piston descends through about 80% of the expansion stroke, the exhaust port E is 

uncovered by the piston, and the combustion gases leave the cylinder by pressure difference. 

→ At the same time, the underside of the piston causes compression of charge taken into crank 

case. 

Charging 

 

→ The slightly compressed charge in the crank case passes through the transfer port and enters the 

cylinder as soon as it is uncovered by the descending piston and when it approaches the bottom 

dead centre, the cycle is completed. 

Four-Stroke Cycle Petrol Engine 
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All operations are carried out in four strokes the piston, i.e., two revolutions of the crank Therefore, the 

engine is called a four stroke engine. 

Constructional Details 

 

→ Similar to a two-stroke engine, it also consists of a cylinder, cylinder head attached with spark 

plug, piston attached with piston ring, connecting rod, crank, crank shaft, etc. 

→ In a four-stroke engine, valves are used instead of ports. Those are suction and exhaust valves. 

→ These valves are operated by cams attached on a separate shaft, called a cam shaft. It is rotated 

at half the speed of a crank shaft. 

Operation 

 

 
The travel of the piston from one dead centre to another is called piston stroke and a four stroke cycle 

consists of four strokes as suction, compression, expansion and exhaust strokes 

Suction Stroke 

 

→ The suction valve opens, exhaust valve remains closed. 

→ The piston moves from the top dead centre to the bottom dead centre, the charge is drawn into 

the cylinder. 
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Compression Stroke 

 

→ When the piston moves from the bottom dead centre to top dead centre, and the suction valve is 

closed, exhaust valve remains closed. 

→ The trapped charge in the cylinder is compressed by the upward moving piston. 

→ As the piston approaches the top dead centre, the compression stroke completes. 

 
Expansion Stroke 

 

→ At the end of the compression stroke, the compressed charge is ignited by a high intensity spark 

created by a spark plug, combustion starts and the high-pressure burning gases force the piston 

downward. 

→ The gas pressure performs work, therefore, it is also called working stroke or power stroke. 

→ When the piston approaches the bottom dead centre in its downward stroke then this stroke is 

completed. In this stroke, both valves remain closed. 

Exhaust Stroke 

 

→ When the piston moves from the bottom dead centre to the top dead centre, only exhaust valve 

opens and burnt gases are expelled to surroundings by upward movement of the piston. 

→ This stroke is completed when the piston approaches the top dead centre. Thus, one cycle of a 

four stroke petrol engine is completed. 

→ The next cycle begins with piston movement from the top dead centre to the bottom dead centre. 

 
DIESEL ENGINES 

 
Two-stroke Diesel Engine 

 

→ The operation of a two-stroke Diesel engine is similar 

to a petrol engine, except it takes air as charge and 

fuel is injected at the end of the compression stroke. 

→ It uses a high compression ratio and hence the 

injected fuel is self ignited. 

Operation 

 
Both inlet and exhaust take place through the cylinder 

ports which are covered and uncovered by the piston. 

Charge Transfer and Scavenging 

 

→ When the piston is nearer to the crank case (bottom dead centre), the transfer port and exhaust 

port are uncovered by the piston. 

→ The slightly compressed air enters into the cylinder through the transfer port and helps to 

scavenge the remaining burnt gases from the cylinder. 
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→ The charge transfer and scavenging continue till the piston completes its downward stroke and 

further, it moves upward and covers the transfer port. 

 

Compression and Suction 

 

→ After covering the transfer port, the exhaust port is also covered by the upward moving piston. 

→ As both ports are covered by the piston, the air trapped in the cylinder is compressed during the 

forward stroke of the piston. 

→ As the piston moves towards the cylinder head, a partial vacuum is created in the crank case, the 

inlet port opens and fresh air enters the crank case. 

Combustion and Power 

 

→ Near the end of the compression stroke, the fuel is injected at a very high pressure with the help 

of the fuel pump and injector. 

→ The injected fuel is self ignited in the presence of hot air and combustion starts. 

→ The piston is forced downward by very high pressure of burnt gases and power is transmitted to 

the crank shaft. 

Exhaust 

 

→ Near the end of the power stroke, the exhaust port is uncovered first by the piston and the 

products of combustion start leaving the cylinder as a result of pressure difference. 

Charging 
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→ The slightly compressed air in the crank case passes through the transfer port and enters the 

cylinder as soon as it is uncovered by the descending piston and when it approaches the bottom 

dead centres, the cycle is completed. 

Four-stroke Diesel Engine 

 

→ A four-stroke Diesel engine contains a fuel injector, fuel 

pump, cylinder, cylinder head, inlet and exhaust valves, 

piston attached with piston rings, connecting rod, crank 

shaft, cams, camshaft, etc. 

→ One cycle of a four-stroke Diesel engine is completed in 

four strokes of the piston or two revolutions of the crank 

shaft 

Suction Stroke 

 

→ The inlet (suction) valve opens, the exhaust valve 

remains closed, only air is drawn into the cylinder as the 

piston moves from the top dead centre to the bottom 

dead centre. 

→ This stroke ends as the piston approaches the bottom dead centre. 

 
Compression Stroke 

 

→ As the piston moves from the bottom dead centre to the top dead centre, the inlet valve closes, 

exhaust valve remains closed. 

→ The air trapped into the cylinder is compressed in the cylinder till the piston approaches the top 

dead centre. 

→ The air temperature reaches about 800°C by compression. 

→ At the end of the compression stroke, the fuel is injected at very high pressure into the 

compressed hot air. 

→ The temperature of hot compressed air is sufficient to ignite the injected fuel. 

→ Thus, ignition takes place inside the cylinder. 

 
Expansion Stroke 

 

→ During this stroke, both valves remain closed. 

→ The piston the top dead centre is pushed by expansion of burning gases. 

→ Actual work is obtained during this stroke due to the force obtained by high pressure burning 

gases. 

→ Therefore, this stroke is called power stroke or working stroke. 

 
Exhaust Stroke 



 





 














































