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COURSE OUTCOMES 
 

CO1: Comprehending the Law of Thermodynamics 
CO2: Being aware of how crucial thermodynamics is to IC engines, power plants, refrigerators, and Heat 
Pump 
CO3: Being aware of fluid mechanics and heat transfer concepts 
CO4: Recognizing the functions of Engineering materials 
CO5: Have a fundamental understanding of welding, Casting, Forming and other manufacturing techniques. 
CO6: Recognizing fundamental power transfer mechanisms and aware of the fundamental robotics system. 

 
BASIC MECHANICAL ENGINEERING 2-0-0 

 
 
MODULE-I (11 classes) 
Thermodynamics: Systems, Properties, Process, State, Cycle, Internal energy, Enthalpy, Zeroth Law, First law 
and Second Law of Thermodynamics, Basic Concept Entropy, Properties of ideal gas, Properties of pure 
substances, Enthalpy, Specific volume, Internal energy and dryness fraction of steam, use of Steam tables. 
Related numerical. 
 
MODULE-2 (8 classes) 
 
Application of Thermodynamics: Single stage air compressor, Steam Power Plant, I.C. Engines (Brief 
Description on working principles with Schematic diagrams only) 
 
Elements of Fluid Mechanics and Heat Transfer 
Properties used in Fluid Mechanics, Fluid Statics, Kinematics and Dynamics (Concepts only), Heat transfer 
and Classifications (Concepts only) 
 
MODULE-3 (7 Classes) 
 
Introduction to Manufacturing: Classification of engineering materials,  Material Properties, Manufacturing 
processes: Welding, Casting, Forming (Basics only) 
 
MODULE-4 (4 Classes) 
 
Basic Power transmission devices: Belt, Gear drives, clutch, brakes. (Working principle only) 
Introduction to Robotics: Robot anatomy, Joints and links and common robot configurations. 
 
Essential Reading 
 
i. Basic Mechanical Engineering by Pravin Kumar, Pearson 
ii. Basic Mechanical Engineering by A R Israni, P K Shah, BS Publications 
iii. Text book of Elements of Mechanical Engineering, S T Murthy, Universities press 
iv. Basic and applied Thermodynamics by P. K. Nag, Tata McGraw Hill 
 
Supplementary reading 
 
i. Basic Mechanical Engineering by.D. Mishra, P. KParida, S.S.Sahoo, India Tech Publishing company 
ii. Elements of Mechanical Engineering by J K Kittur and G D Gokak,Willey 
iii. Basic Mechanical Engineering by BasantAgrawal, C M Agrawal,Willey 
iv. Engineering Thermodynamics by P. Chattopadhaya, Oxford University Press 

 
 
 



                           BASIC MECHANICAL ENGINEERING 

 

                                         THERMODYNAMICS 

INTRODUCTION: 

Thermo means heat 

Dynamics means motion 

Thermodynamics deals with the relation between heat and work. 

Defination- It is the science of energy transfer and its effect on the 

physical properties of the substances. 

Application 

• In steam and nuclear power plants. 

• Internal combustion engines 

• Gas turbines 

• Air conditioning 

• Gas dynamics 

• Jet propulsion 

• Compressor 

• Chemical process plants etc. 

THERMODYNAMIC  SYSTEM 

It is defined as the quantity of matter bounded by some closed region 

upon which focus is concentrated. 

 



Surroundings: Everything external to the system is called surroundings . 

Universe: A system and its surroundings together comprise a universe. 

TYPES OF SYSTEM: 

1. CLOSED SYSTEM: There is no transfer of mass across the system 

boundary but there  may be energy transfer into or out of the 

system..Example- Piston and cylinder without valves , boiling of 

water in a closed container. 

 

 

2. OPEN SYSTEM: There is exchange of both energy and mass 

between the system and the surroundings. Example-Air 

compressor, Internal Combustion Engines, Turbines, Boilers, 

Centrifugal Pumps, Nozzles , boiling of water in an open container 

etc. 

 



3. ISOLATED SYSTEM: In isolated system neither energy nor mass 

transfer occurs between the system and the surroundings. 

Practically no system is perfectly isolated. 

 
 MACROSCOPIC VERSUS MICROSCOPIC VIEW POINT 

MACROSCOPIC    APPROACH MICROSCOPIC   APPROACH 
1.This is known as classical 

thermodynamics. 

1.This is known as stastical 

thermodynamics. 

2.In this approach a certain 

quantity of matter is considered 

without taking into account the 

events occurring at the molecular 

level. 

2.This approach considers that the 

system is made up of a very large 

number of discrete particles known 

as molecules. 

3.The analysis of macroscopic 

system requires simple 

mathematical formulae. 

3.The behaviour of the system is 

found by using statistical methods 

as the number of molecules is very 

large. 

4.In order to describe a system 

only a few properties are needed. 

4.Large number of variables are 

needed to describe a system. So the 

approach is complicated. 

5.Ex. Pressure, Temperature 

P≠P1+P2+P3+…… 

T≠T1+T2+T3+….. 

5.Ex.Velocity ,Momentum, 

Impulse, Kinetic Energy,Enthalpy 

,Entropy ,Weight 

W=W1+W2+W3+…. 



H=H1+H2+H3+….. 

S=S1+S2+S3+….. 

 

THERMODYNAMIC PROPERTIES: Each system has certain 

characters which determine its physical condition e.g. volume, 

temperature, pressure, enthalpy, entropy etc. Such charecteristics are 

called properties of the system . 

STATE OF THE SYSTEM: When all the properties of a system have 

definite values , the system is said to exist at a definite state . Hence 

properties are the co-ordinate to describe the particular state of a system. 

P1=10bar , V1= 5m3 , T1=25°C 

P2=5bar , V2= 15m3 , T2=35°C 

 

 

CHANGE OF STATE: Any operation in which one or more of the 

properties of a system changes is called a change of state. 

PATH OF CHANGE OF STATE: The succession of states during the 

change from an initial state to a final state is called path of change of 

state. 



 

CLASSIFICATION OF PROPERTIES OF A SYSTEM 

1. INTENSIVE PROPERTIES: Intensive properties are those whose 

value for the entire system does not equal the sum of their values for 

the part of the system. These properties do not depend on the mass of 

the system. Example-Temperature, Pressure, Density, Surface 

Tension, Specific Gravity. Etc. 

2. EXTENSIVE PROPERTIES: Extensive properties are those whose 

values for the entire system equals the sum of their values for the 

parts of the system. These properties depend extensively on mass of 

the system. Example-Volume, Energy, Weight, Enthalpy, Entropy 

etc.  

Weight= mg 

Kinetic Energy=mv2/2 

Potential Energy=mgh 

Force=ma 

 

NOTE: 

• Specific extensive properties or extensive properties per unit 

mass are called intensive properties. Example-Specific 



Volume, Specific Energy , Specific Enthalpy, Specific 

Entropy, Specific Weight etc. are extensive properties. 

Sp. Kinetic Energy= K.E/m =v2/2 

Sp.Potential Energy=P.E/m=gh 

Specific Weight=W/m=g 

Specific Volume=V/m 

• The ratio of two Extensive properties is also called as 

intensive properties. Example- Density. 

Density= mass/Volume 

PHASE OF A SUBSTANCE: If the chemical composition and physical 

structure throughout the substance are uniform or homogenous then the 

substance is said to exist in a phase. There are three types of phases: 

• Solid 

• Liquid 

• Gas 

HOMOGENOUS SYSTEM: A system consisting of a single phase is 

called homogenous system. 

HETEROGENOUS SYSTEM: A system consisting of more than one 

phase is called heterogenous system. 

THERMODYNAMIC CYCLE OR CYCLIC PROCESS: A cyclic 

process is one in which the end states are identical i.e. the system after 

undergoing a series of changes returns to its original condition. 



 

TYPES OF PROCESSES 

1. ADIABATIC PROCESSES:Adiabatic process is one in which 

there is no flow of heat between the system and the surroundings. 

2. ISOTHERMAL PROCESS: Isothermal process is one in which 

there is an exchange of heat between the system and the 

surroundings. 

 

3. FLOW PROCESS: A flow process is one in which mass is 

entering and leaving through the boundary of an open system. 

4. NON FLOW PROCESS:A non flow process is one in which a 

fixed mass within a defined boundary is undergoing a change of 

state. Example- a substance which is being heated in a closed 

cylinder undergoes a non flow process. Closed system undergoes 

non flow process. 



5. STEADY FLOW PROCESS:In a steady flow process mass is 

crossing the boundary from surroundings at entry and an equal 

mass is crossing the boundary at the exist so that total mass of the 

system remains constant. 

6. ISOBARIC PROCESS: A process in which pressure is constant 

is called isobaric process. 

 

7. ISOCHORIC PROCESS: A process in which volume is constant 

is called isochoric process. 

 

 

8. REVERSIBLE PROCESS: A reversible process is one which can 

be stopped at any stage and reversed so that the system and 

surroundings are restored to their initial states. 

9. IRREVERSIBLE PROCESS:A process in which both system 

and its surroundings cannot be simultaneously returned to their 

initial states after the process has been completed. 

 



 

DIFFERENCE BETWEEN REVERSIBLE AND 

IRREVERSIBLE PROCESS 

 

REVERSIBLE PROCESS IRREVERSIBLE PROCESS 

1.Reversible process is an ideal 

process. 

2.Irreversible process is a natural 

process i.e. all the processes 

occurring in nature are 

irreversible. 

2.Reversible process attains 

equilibrium state at all the 

stages of the operation. 

2.Irreversible process is in 

equilibrium only at the initial 

and final stages of operation. 

3.It is a extremely slow process. 3.It occurs at measurable speed. 

4.It takes infinite time for the 

process to occur. 

4.It takes place in finite time. 

5.This process when undone 

will leave no history of events 

in the surroundings. 

5.This process when undone will 

stop the process. 

6.Example-Expansion and 

compression of the spring, 

Polytropic Expansion and 

Compression., Eiectrolysis. 

6.Example-Combustion, 

Diffusion, Free Expansion, Heat 

Transfer, Plastic Deformation. 

7.A reversible process is 

represented by a continuous line 

7.An irreversible process is 

represented by a dotted line 

joining the end states to indicate 

that the intermediate states are 

indeterminate. 



  

 

THERMODYNAMIC EQUILIBRIUM: A system is said to be in 

thermodynamic equilibrium when there is no change in the macroscopic 

properties if the system is isolated from the surroundings. 

CLASSIFICATION OF EQUILIBRIUM: 

1. Mechanical Equilibrium: A system is said to be in equilibrium if 

there is no unbalanced external force or pressure force within it. 

2. Chemical Eqilibrium: A system is said to be in chemical 

equilibrium if there is no chemical reaction within it. 

3. Thermal Equilibrium: A system is said to be in chemical 

equilibrium if there is no temperature gradient or difference within 

it. 

A system is said to be in thermodynamic  equilibrium if it satisfies all 

these three conditions together otherwise it is said to be in 

thermodynamic non- equilibrium. 

QUASI-STATIC PROCESS: A quasi-static process can be viewed 

as a sufficiently slow process that allows the system to adjust itself 

internally so that properties in one part of the system do not change 

any faster than those at other parts. 

Def.: Quasistatic process is one in which system departs from 

equilibrium state only infinitesmall at every instant. 

                              Or 



Quasistatic process is a succession of equilibrium states and infinite 

slowness is its characteristic feature.

 

 

 

 



POINT FUNCTIONS VERSUS PATH FUNCTION: 

POINT FUNCTIONS 

1. When two properties locate a point on the graph(co-

ordinate axes) then those properties are called as point 

function. 

2. Example- Pressure,Temperature,Volume etc.∫ 

3. They are exact differentials 

                    ∫d P=P2  - P1 

                             ∫d V=V2  - V1 

                    ∫d T=T2  - T1 

 

 

PATH  FUNCTIONS 

1. These are certain quantities which cannot be located on a 

graph by a point but are given by the area under the curve. 

2. Examples-Heat, Work 

3. They are inexact differentials 

                    ∫d Q ≠Q2  - Q1 

                             ∫d W ≠W2  - W1 

             1Q2→Q1-2→ Heat transfer in going from 1 to 2 

                 1W2→W1-2→ Work done in going from 1 to 2 



 

               

 

 

 

                       

              

 



PRESSURE AND ITS MEASUREMENT 

• PRESSURE: It is defined as the force per unit area.       

          P = Force/Area =F/A 

  Its unit is N/m2  , Pascal , Bar , Atm. 

       1 N/m2  = 1 Pascal 

       1bar = 105 pascal or 105 N/m2 

       1 atm.= 101.325 KPa 

 

• TYPES OF  PRESSURE: 

 

1.Absolute Pressure:    Absolute pressure of a fluid refers to the actual 

pressure of the fluid .Most pressure measuring devices or gauges read the 

difference between the actual pressure and local atmospheric pressure  . 

Absolute pressure otherwise called actual pressure may be more than 

atmospheric pressure or less than atmospheric pressure. 

 

2.Atmospheric Pressure:It is defined as the pressure exerted by a 

mercury column of  760 mm height. The instrument used for 

measuring this pressure is called barometer. 

 

3.Gauge Pressure : It is defined as the pressure which is measured 

with the help of a pressure measuring instrument , in which the 

atmospheric pressure is taken as datum. The atmospheric pressure 

on the scale is marked as zero. 

 

4.Vacuum Pressure: It is defined as the pressure below the 

atmospheric pressure. 

  

 

 

Relation between different types of Pressures: 



      P abs       =   P atm  + P gauge 

                 P vacuum = P atm    -    P abs        

 

MEASUREMENT OF PRESSURE 

P= ρ g Z 

where Z=height of the fluid element 

            P=Pressure  

            ρ= Density of the fluid. 

 

 







 

HOMEWORK 

 



 



 

 

 

MEASUREMENT OF PRESSURE: 

The pressure of a fluid is measured by the following devices: 

1. Manometers 

2. Mechanical  gauges. 

1.Manometers: Manometers are defined as the devices used for measuring the 

pressure at a point in a fluid by balancing the column of fluid by the same or 

another column of fluid.They are classified as : 

(a) Simple manometer 

(b) Differential manometers. 

(a) Simple Manometers: A simple manometer consist of a glass tube having one of 

its ends connected to a point where pressure is to be measured and other end 

remain open to the atmosphere. Common types of simple manometers are: 

• Piezometer 

• U-tube manometer 

• Single column manometer 

Piezometer: It is the simplest form of manometer used for measuring gauge 

pressures. One end of the manometer is connected to the point where 

pressure is to be measured and other end is open to the atmosphere 

 

 



 

 
U-Tube Manometer: It consists of a glass tube bent in U-shape , one end of 

which is connected to a point at which pressure is to be measured and other 

end remains open to the atmosphere .The tube generally contains mercury or 

any other liquid whose specific gravity is greater than the specific gravity of 



the liquid whose pressure is to be measured.

               

 



 



 



 

 



 

            

 

             

         

                 



             

MECHANICAL GAUGES: Mechanical gauges are defined as the 

devices used for measuring the pressure by balancing fliud column by 

the spring or dead weight. The commonly used mechanical pressure 

gauges are: 

1. Diaphragm pressure gauge 

2. Bourdon Tube pressure gauge 

3. Dead-Weight pressure gauge 

4. Bellows pressure gauge 

BOURDON TUBE PRESSURE GAUGE: 

 

                                  

 

 



WORKING PRINCIPLE: 

• Bourdon gauge measures the difference between the system pressure inside 

the tube and atmospheric pressure. 

• It relies on the deformation of a bent hollow tube of suitable material which 

when subjected to the pressure  to be measured on the inside and 

atmospheric pressure on outside ,tends to unbend. 

• This moves a pointer through a suitable gear and lever mechanism against a 

calibrated scale. 

                            Reading of the Bourdon Tube= Psystem     - Patmosphere 

  Or,                                   Psystem  = Reading of the Bourdon Tube + Patmosphere 

 

 

 

  



WORK AND HEAT TRANSFER 

INTRODUCTION   : A closed system and its surroundings can interact 

in two ways: 1.by work transfer  2. By heat transfer       which is called 

energy interactions. 

WORK TRANSFER: In physics work is defined as the product of 

Force and its perpendicular distance. 

In thermodynamics “Work is defined as the energy in transition which 

flows from a system to its surroundings when the sole effect external to 

the system can be reduced to the raising of weight.”  

• Unit of Work is Nm or Joule. 

• The rate at which work is done by or upon the system is known as 

Power. The unit of Power is J/sec or Watt. 

• SIGN CONVENTION; 

1. When work is done by the system ,it is taken as positive. 

2. When work is done on the system , it is taken as negative. 

 

 
 

 



 

 

PATH FUNCTION: Work is called Path Function because the amount 

of work evolved is not a function of end states of the process , and it 

depends on the path the system follows in going from one state to 

another. 

 



DISPLACEMENT WORK









 

 

 

 



 

 

 

 

 

 

 

 

 

 



 



 



 



 





 

 

                               HEAT TRANSFER 

HEAT:- Heat is defined as the form of energy that is transferred across 

a system boundary by virtue of temperature difference. 

 

• SIGN CONVENTION; 

1.When heat is added to the system ,it is taken as positive. 

2.When heat is rejected by the system , it is taken as negative. 



 

 

 

PATH FUNCTION: Heat is called Path Function because the amount 

of heat evolved is not a function of end states of the process , and it 

depends on the path the system follows in going from one state to 

another.  

 



 

 

TERMS RELATED TO HEAT TRANSFER (MODES OF HEAT 

TRANSFER) 

CONDUCTION: The transfer of heat between two bodies in direct 

contact is called Conduction. 

Example- 

1. Heat will transfer from a hot burner on the stove into a pot or 

pan. 

2. The heat from a hot liquid makes the cup itself hot. 

3. Chocolate candy in your hand will eventually melt as heat is 

conducted from your hand to the chocolate. 

4. When ironing a dress ,the heat is transferred from the iron to the 

dress. 

RADIATION: Heat may be transferred between two bodies separated 

by empty space or gases by the mechanism of radiation through 

electromagnetic waves etc. 

Examples- 

1. Microwaves 

2. A campfire’s heat 

3. Light from the sun. 

4. Remote controls 

5. Cordless phones. 

6. Sterilization of medical tools etc. 

CONVECTION :Convection refers to the transfer of heat between a 

wall and a fluid system in motion. 



Example- 

1. Boiling Water 

2. Air Conditioners 

3. Refrigerator 

4. Convection Ovens 

5. Rainfall and Thunderstorms etc. 

ADIABATIC PROCESS: A process in which no heat crosses the 

boundary of the system is called adiabatic process. 

ADIABATIC WALL: A wall which do not allow heat to flow through 

it is called adiabatic wall. 

DIATHERMIC WALL:A wall which permits the heat to flow through 

it is called diathermic wall. 

SPECIFIC HEAT: The specific heat of a substance is defined as the 

amount of heat required to raise a unit mass of a substance through 1°C. 

It is denoted by a sybmbol c. Its unit is J/kgK 

                c=       Q/ m∆t            

            Where Q= amount of heat transferred 

                         m = mass of the substance 

                         ∆t = rise in temperature. 

HEAT CAPACITY (C): The product of mass and specific heat is 

called the heat capacity.   C=mc 

LATENT HEAT: The latent heat is the amount of heat transfer required 

to cause a phase change in unit mass of a substance at a constant 

pressure and temperature. 



LATENT HEAT OF FUSION(Lfu):It is the amount of heat transferred 

to melt unit mass of solid into liquid or to freeze unit mass of liquid to 

solid. 

LATENT HEAT OF VAPOURIZATION(Lvap) :It is the quantity of 

heat required to vapourize unit mass of liquid into vapour or condense 

unit mass of vapour into liquid. 

LATENT HEAT OF SUBLIMATION(Lsub): It is the amount of heat 

transferred to convert unit mass of solid to vapour or vice-versa. 



 



 



 



 



FIRST LAW OF THERMODYNAMICS 

INTERNAL ENERGY: It is the heat energy stored inside a gas. If certain amount 

of heat is supplied to a gas , the result is that the temperature of gas may increase 

or volume of the gas may increase thereby doing some external work or both 

temperature and volume may increase. 

JOULE’S LAW OF INTERNAL ENERGY: It states that internal energy of a 

gas is dependent on the temperature change only and is not affected by the change 

in pressure and volume. Internal energy is represented by E or U.Change of 

internal energy is represented by ∆U or ∆E. 

LAW OF CONSERVATION OF ENERGY: According to the law of 

conservation of energy , energy can neither be created nor be destroyed but it 

changes from one form to another. 

FIRST LAW OF THERMODYNAMICS: It is based on the law of conservation 

of energy. According to it , “ When a system undergoes a thermodynamic cycle 

then the heat applied to the system from the surroundings is equal to net work done 

by the system on its surroundings. 

§dQ =§ dW 

Where §represents the sum for complete cycle. 

 



 

APPLICATION OF FIRST LAW TO A PROCESS : 

When a process is executed by a system , the change in stored energy of 

the system is numerically equal to the net heat interaction minus the net 

work interaction during the process. 

Numerically, 

   ∆E=Q – W 

 Where Q=amount of heat transferred to the system 

             W= amount of work transferred from the system during the 

process 

   ∆E= change of internal energy. 

Or , Q=    ∆E + W 



 



 





 









 



DIFFERENT FORMS OF STORED ENERGY : In thermodynamics 

energy can be in two forms: 

1.Energy in Transit: Work and heat interactions are the forms of 

energy in transit , observed at the boundaries of a system. They are path 

functions. 

2.Energy in Storage: Energy in storage called internal energy is a point 

function or state function.It is denoted by E or U 

ENTHALPY: It is defined as the sum of internal energy(E or U) and 

pressure volume product(PV). It is represented by H. It is a point 

function. 

Mathematically , H=U+PV 

SPECIFIC HEAT AT CONSTANT VOLUME(CV): It is defined as 

the rate of change of specific internal energy with respect to temperature 

when the volume is kept constant. 

CV =(
𝑑𝑢

𝑑𝑇
)
𝑣
 

or, du=CVdT 

or,  dU= mCVdT 

SPECIFIC HEAT AT CONSTANT PRESSURE: (Cp) It is defined as 

the rate of change of specific enthalpy with respect to temperature when 

the pressure is kept constant. 

Cp =(
𝑑ℎ

𝑑𝑇
)
𝑝

 

or, dh=CpdT 

or,  dH= mCPdT 



 

ENERGY OF AN ISOLATED SYSTEM: An isolated system is one in 

which there is no interaction of the system with  the surroundings. 

For an isolated system dQ = 0,dW= 0. 

According to 1st  law of thermodynamics  

Q= ∆E+W 

Or,∆E=0                                               

 Or E=Constant 

So, the energy of an isolated system is always constant 



 



 



 





 

 



PMM1-(PERPETUAL MOTION MACHINE OF THE FIRST 

KIND) 

A perpetual motion machine  of first kind is a device which will produce 

a continuous supply of work without absorbing energy from the 

surroundings. OR it is a device which consumes continuously work 

without discharging any form of energy to the surrounding. 

 

Such type of machine is fictious one. This clearly violates the first law 

of thermodynamics or in other words it is impossible to construct 

PMM1. 



SECOND LAW OF THERMODYNAMICS 

INTRODUCTION: According to the first law of 

thermodynamics all forms of energy are interchangeable i.e., 

one form of energy can be changed into another form. Heat can 

be changed into work or vice-versa. 

But in actual practice all forms of energy in a process cannot be 

converted into another form. Spontaneous process in nature 

occur only in one direction. Heat always flow from a body at a 

lower temperature, water always flows downward, time always 

flows in the forward direction. The reverse of these never 

happens spontaneously. This directional law puts a limitation on 

energy transformation imposed by the first law. 

So, there must be some natural principle which governs the 

direction of process. This governs the direction of process. This 

process is known as second law of thermodynamics. 

QUALITATIVE DIFFERENCE BETWEEN HEAT AND 

WORK : Work is said to be a high grade energy(HGE) and heat 

is a low grade energy(LGE). The complete conversion of low 

grade energy into high grade energy in a cycle is impossible. 

Work=20 KJ-→ Heat=20KJ Total conversion of work into heat 

is possible. 

Heat=20KJ--→ Work=18KJ. Total conversion of heat into work 

is not possible. Only a part of heat will be converted into work 

and the remaining will be lost to the surroundings.  



CYCLIC HEAT ENGINE : A heat engine cycle is a 

thermodynamic  cycle in which there is a net heat transfer to the 

system  and net work transfer from the system .The system 

which executes a heat engine cycle is called a heat engine. 

 

   ἠthermal=work output/heat input=(Q1-Q2)/Q1 

   ἠcarnot=(T1-T2)/T1 

 

 

THERMAL ENERGY RESERVOIR(TER): Thermal energy 

reservoir is defined as a large body of infinite heat capacity 

which is capable of absorbing or rejecting an unlimited quantity 

of heat without an appreciable changes of its thermodynamical 

properties. But the changes that takes place is very slow and 

small. It is of two types: 

1.TERH: .TERH is the Thermal Energy Reservoir at high 

temperature from which heat is transferred to the system in a 

heat engine cycle. It is also called as source. 



2.TERL: .TERL is the Thermal Energy Reservoir at low 

temperature  which receives the heat that is being transferred 

from the system in a heat engine cycle. It is also called as sink. 

 

MECHANICAL ENERGY RESERVOIR(MER): 

Mechanical energy reservoir is a large body enclosed by an 

adiabatic impermeable wall capable of storing work in the form 

of either potential energy or kinetic energy. 

Ex.1. Flywheel(Capable of storing Kinetic Energy) 

      2.Spring (Capable of storing Potential Energy) 

An  MER receives and delivers mechanical energy 

quasistatically. 

 

 

 



DEFINATION OF SECOND LAW: 

1.KELVIN -PLANCK  STATEMENT: It states that it is 

impossible to construct a heat engine operating in a cycle 

which will produce work if it exchanges heat only with a 

single reservoir of fixed temperature. 

 

2.CLAUSIUS  STATEMENT :It states that it is impossible 

to construct a device operating in a cycle which transfers heat 

from a cooler body to hotter  body without being work done 

on it. 

 



PERPETUAL MOTION MACHINE OF SECOND KIND 

(PMM2): 

A heat engine which produces net work in a cycle by 

exchanging heat with a single reservoir is called PMM2. This 

heat engine violates Kelvin – Plancks statement. Because we 

know that  

   ἠthermal=(Q1-Q2)/Q1=(Q1-0)/Q1=1=100% 

If it exchanges heat with a single reservoir then Q2 = 0 and 

hence   ἠthermal=100%. In actual practice no machine can have 

100% efficiency because of the losses. This is purely a 

theoretical machine. 

 

REFRIGERATOR:Refrigerator is a reversed heat engine 

whose sole effect is to maintain a body at a temperature lower 

than the temperature of the surroundings. 

 

 



 

 



 



 



 



 



 

The working fluid used in the refrigeration cycle is called a 

refrigerant. 

The object of refrigerator is how much heat be extracted from 

the sink which is called as refrigerating effect. 

The performance rating is to be measured instead of 

efficiency like engine.This is called as co-efficient of 

performance. 

COPREF=Refrigerating effect/Net work transfer 

             =Q2/W 

 COPREF =Q2/(Q1-Q2)  

COP CARNOT REF =T2/(T1-T2) 

 

 

 

HEAT PUMP:Heat pump is a device whose sole effect is to 

maintain a body at a temperature higher than the temperature  

of the surroundings.  



 



 

In a heat pump the attention is focused on the high 

temperature body. 

The object of the heat pump is how much heat be pumped to 

the source maintained at a high temperature. 

Like refrigerator ,performance rating of the heat pump is to be 

measured. 

 

COPHEAT PUMP=Q1/W 



 COPHEAT PUMP =Q1/(Q1-Q2)  

COP CARNOT HEAT PUMP =T1/(T1-T2) 

 

 

RELATION BETWEEN COPREF  & COPHEAT PUMP 

 

 









































HEAT TRANSFER 

 

Thermal energy is transferred from a hotter body to a colder body. The basic 

driving force of heat is the temperature difference or temperature gradient. Heat 

transfer is possible in three ways. These are as follows:  

• Conduction 

 • Convection 

• Radiation 

In fluids, heat is often transferred by convection. The motion of the fluid itself 

carries heat from one place to another. Another way by which heat can be 

transferred is the conduction which does not involve any motion of a substance 

but rather, is a transfer of energy within a substance (or between substances in 

contact). The third way to transfer energy is the radiation which involves 

absorbing or giving off thermal waves. 

 

HEAT TRANSFER BY CONDUCTION 

Heat energy can be transferred from one substance to another when they are in 

direct contact. This type of heat transfer takes place in solid objects. Heat transfer 

in this method is linearly related to the temperature difference. This method of 

heat transfer is called as conduction.  

Conduction method of heat transfer is mainly seen in solid objects. It happens 

when any hot material comes in contact with a cold material. When heat is 

transferred through conduction, the substance itself does not move; rather, heat 

is transferred internally by vibrations of atoms and molecules. Electrons can also 

carry heat. Metals have many free electrons which move around randomly. They 

can transfer heat from one part of the metal to another. So, metals are generally 

good conductor of heat. 



 Some solid materials are better conductor of heat than the others. For example, 

metals are good conductors of heat while a material like wood is not. When a 

metal is heated at one end, the other end also becomes hot while that does not 

happen with a piece of wood. Good conductors of electricity are often good 

conductors of heat.  

Since the atoms are closer together, solids conduct heat better than the liquids or 

gases. This means that two solid materials in contact would transfer heat from 

one to the other better than a solid in contact with a gas or a gas with a liquid. 

 

Fourier’s Law of Conduction 

The main condition of heat transfer by conduction is the temperature difference. 

Heat always flows from a hotter body to a colder body.  

Fourier’s law states that the rate of heat transfer is the product of area normal to 

the heat flow path, temperature gradient and thermal conductivity of the 

material.  

                                            

 

 



Mathematically, this can be written as  

                                                          

 

where 

q = rate of heat transfer 

K = thermal conductivity of the conducting material  

A = area normal to the heat flow path  

dt/dx  =   temperature gradient or the rate of change of temperature with   

                 reference to the distance in the direction of heat flow.  

 

As the heat always flows in the direction of decreasing temperature, so 

temperature gradient dt/dx is negative. 

Thermal Conductivity  

Thermal conductivity is the physical property of a substance which is responsible 

for the heat transfer by conduction.  

The unit of thermal conductivity is watt per metre Kelvin (W/m K).  

Thermal conductivity is different for different materials. It is highest for solids, 

lowest for gases and lies in between in case of liquids.  

As the thermal conductivities of gases and liquids are less, so the heat transfer in 

these mediums is negligible by conduction. 

 

 



HEAT TRANSFER BY CONVECTION  

Molecules of a liquid and gas are not confined to a certain point. They change 

their position. In this case, heat energy is transported from one point to another 

by the movement of these molecules. This phenomenon of heat transfer is called 

as convection. 

 Heat transfer in fluids is generally done through convection. Hotter part of the 

fluid is not as dense as the cooler part, so there is an upward buoyant force on 

the hotter fluid, making it rise while the cooler and denser fluid sinks. Convection 

current is set up in the fluid.  

Convection may take place naturally through the creation of convection current 

or by applying some external force.  

Newton’s Law of Cooling  

The rate of heat transfer by convection is the product of heat transfer area, 

difference of temperature between surface and that of fluid and a constant called 

as convective heat transfer coefficient. 

The equation can be written as 

                     q = h A ∆T  

         where 

 q = average rate of heat transfer by convection in watts or joule per second  

A = heat transfer area in square metre . 

∆T = difference of temperature between surface and that of the fluid in degree 

Celsius 

 h = convective heat transfer coefficient in watt per square metre degree Kelvin 

 

 



HEAT TRANSFER BY RADIATION  

 Thermal energy is radiated in the form of electromagnetic waves. When a body 

absorbs these electromagnetic waves then heat transfer takes place. This type of 

heat transfer is called as radiation.  

We feel the hotness of sun through radiation. As discussed in earlier two methods 

of heat transfer, some medium is required for heat transfer. But in case of 

radiation, no material medium is required to transfer heat from one point to 

another. Heat transfer by radiation can take place in vacuum also. 

 

Absorption, Reflection and Transmission of Radiation  

When electromagnetic waves fall on the surface of a body, then some part of the 

energy is reflected or scattered, some part is absorbed and some part is 

transmitted. 

 

The fraction of incident radiation which is absorbed by the body is called as the 

absorptivity  α. The fraction which is reflected is called as reflectivity ρ and the 

fraction which is transmitted is called as transmissivity τ. 

 For anybody α + ρ + τ = 1  



Different bodies have different absorptivity, reflectivity and transmissivity. 

Accordingly, the body may be classified as black body, white body and 

transparent body.  

Black Body 

 When all the incident radiations are absorbed by the body and there is no 

reflection and transmission, the body is called as black body.  

In this case            α = 1, ρ = 0 and τ = 0  

 

Black body plays a vital role in the study of radiation. But practically, there is no 

black body. Some part of the energy is reflected and transmitted. All the energy 

cannot be absorbed. Theoretically, the heat retransfer equation by radiation is 

based upon black body and then, it is refined according to the situation. The 

Stafen–Boltzmann law is based upon black body. 

White Body  

A body which reflects all the incident radiation and does not absorb or transmit is 

called as a white body.  

In this case , α = 0, ρ = 1 and τ = 0 

Gray and Coloured Body  

If the absorptivity of the body doesn’t vary with the wavelength and temperature 

of the incident radiation, then the  body is called as Gray body. It absorbs some 

fraction of incident light that falls on its surface. 

 If the absorptivity of the body varies with the wavelength of the radiation, the 

body is called as coloured body.  

 

 



 

Transparent and Opaque Body  

When a part of the incident radiation is transmitted, the body is called as the 

transparent body. 

Ex- Gases like Oxygen, hydrogen, Nitrogen etc.  

 When there is no transmitted of radiation takes place, the body is called as 

opaque body. 

Ex- Wood, Plastic , stone , Metals 

Emissive Power 

The amount of radiant heat emitted by a body per unit area unit time at a given 

temperature is called as Emissive power. And its SI unit is W/m2. 

Emissivity  

The emissivity of a substance depends upon its nature and the characteristic of its 

surface.  

The ratio of emissive power of any surface and that of a hypothetical black body is 

called as emissivity of that surface. It is denoted by e. 

 By definition, a black body has a surface emissivity of one.  

Stefan–Boltzmann Law  

In 1879, Stefan proposed that the total emissive power of a radiating surface of a 

black body is proportional to the fourth power of the absolute temperature of the 

surface.  

Mathematically, this law may be written as q = σAT4  

                     where q = rate of heat emission by radiation  

                                  A =area of the emitting body in square metre  



                                  T = absolute temperature in degree Kelvin  

                                  σ= a constant known as Stefan–Boltzmann constant 

 If heat transfer takes place from a black body to another body, then the net 

transfer of heat by radiation is given by  

                                         q = σAF (T1
4 -T2

4) 

            Here, F is a factor which depends upon the geometry of the two surfaces. 

                       T1 = Temperatue of Black body 

                         T2  = Temperatue of another  body 

                        















































































 

MODULE -III 

 

Rope /Belt: It often used as a replacement for gears. , they are less nosy, and absorb 

shocks and vibration.In contrast to other system that friction is no good, here we rely 

on the friction to transmit power.What is belt Drive? 

 

1. A belt is a looped strip of flexible material, used to mechanically link two or 

more rotating shafts.  

2. They may be used as a source of motion, to efficiently transmit power, or to 

track relative movement. Belts are looped over pulleys.  

3. In a two pulley system, the belt can either drive the pulleys in the same 

direction, or the belt may be crossed, so that the direction of the shafts is 

opposite.  

 

Advantage: 

• They are simple. They are economical. 

• Parallel shafts are not required.  

• Overload and jam protection are provided.  

• Noise and vibration are damped out. Machinery life is prolonged because load 

fluctuations are cushioned (shock-absorbed).  

• They are lubrication-free. They require only low maintenance.  

• They are highly efficient (90–98%, usually 95%). Some misalignment is 

tolerable.  

• They are very economical when shafts are separated by large distances.  

Types of Belt: 

• Flat Belt 

• Vee Belt 

• Timming Belt 



• Round Belt 

BELT DRIVE ARRANGEMENT 

OPEN BELT DRIVE 

 

 
 

 

  

CROSS BELT DRIVE 

 
COMPUND BELT DRIVE 



 
 

 

 

 

MATERIAL PROPERTY OF BELT DRIVE 

• High  coefficient of friction 

• High flexibility 

• Durability 

• High Strength 

 

What is Gear Train? 

When two or more gears are made to mesh with each other to transmit power from 

one shaft to another, such a combination is called ‘gear train or train of toothed 

wheels’. 

Types of Gear Train 

1. Simple gear train, 

2. Compound gear train, 

3. Reverted gear train, and 

4. Epicyclic gear train. 



                                        

 

 

 

                                   SIMPLE  GEAR TRAIN 

 

 

Definition: 

When there is only one gear on each shaft as shown in fig., it is known as simple gear 

train. 

▪ When the distance between two shafts is small, the two gears 1 and 2 are made 

to mesh with each other to transmit motion from one shaft to other as shown in 

fig. 

▪ Since the gear 1 drives 2, therefore gear 1 is called the driver and the gear 2 is 

called the driven or follower.  

 

 
                                        

 

 

   

 

 

 



 

WHAT IS SPEED RATIO : 

 

 

Since the speed ratio of gear train is the ratio of the speed of 

the driver to the speed of the driven or follower and the ratio 

of speeds of any pair of gears in mesh is the inverse of their 

number of teeth, therefore 

 

 

SPEED RATIO:SPEED OF DRIVER(N1)/SPEED OF DRIVEN(N2) 

=NO OF TEETH ON DRIVEN(T2)/NO OF TEETH OF DRIVER(T1) 

 

USE OF MULTIPLE GEARS : 

 

Sometimes, the distance between the two gears is large. The motion from one 

gear to another, in such a case, may be transmitted by either of the following 

two methods : 

 

 

1. By providing the large sized gear. 

2. By providing one or more intermediate gears. 

▪ A little consideration will show that the former method is very inconvenient 

and uneconomical; whereas the latter method is very economical. 

▪ It may be noted that when the number of intermediate gears odd, the motion 

of both gears is like but if the number of intermediate gears even, the motion 

of both gears is unlike. 

WHAT IS COMPUND GEAR  

▪ Whenever the distance between the driver and the driven has to be bridged 

over by intermediate gears and at the same time a great speed ratio is 

required, then the advantage of intermediate gears is intensified by 

providing compound gears on intermediate shafts. 



▪ In this case, each intermediate shaft has two gears rigidly fixed to it so they 

may have the same speed. 

▪ One of these two gears mashes with the driver and the other with the driven  

attached to the next shaft as shown in fig. in Next Page 



 

 

Reverted gear train  

❑ Definition: 

When the axes of the first gear and the last gear are co-

axial, then the gear train is known as reverted gear train as 

shown in figure. 

▪ Here the gear 1 drives the gear  2 in the opposite direction. 

▪ Since the gear 2 and 3 form a compound gear and the gear 

3 will rotate in the same direction as of gear 2. 

▪ the gear 3 will drive the gear 4 in the same direction as of 

gear 1.  

▪ hence the motion of the first gear and the last gear is like. 

 

 



 

 

ABOVE FIGURE SHOWS COMPOUND GEAR 

HEAR FIRST AND LAST GEAR ARE IN SAME AXIS 



                                             

 

 

                                              ROBOTICS 

 

ROBOT : Robot is a humanoid having artificial Intelligence performing 

different hazardous and non-hazardous activities. 

Robot Anatomy :  

Robot consists of following 

 

– Joints  provide relative motion 

– Links are rigid members between joints 

– Various joint types: linear and rotary 

– Each joint provides a “degree-of-freedom” 

– Most robots possess five or six degrees-of-freedom 

– Sensors 

– Motors 

– Actuators 

 

THE BASIC SCHEMATIC DIAGRAM OF ROBOT IS SHOWN IN 

FIGURE IN NEXT PAGE 



 

ROBOT ACCESSORIES 

• Manipulator / Rover : This is the main body of the Robot and 

consists of links, joints and structural elements of the Robot. 

 

 

• End Effector : This is the part that generally handles objects, 

makes connection to other machines, or performs the required 

tasks. It can vary in size and complexity from a endeffector on the 

space shuttle to a small gripper  

 

 



Robot Configurations 

• Cartesian/Rectangular Gantry(3P) : These Robots are made of 3 

Linear joints that orient the end effector, which are usually followed by 

additional revolute joints. 

 

 

• Spherical joint (2RP): They follow a spherical coordinate system, 

which has one  



 

• Spherical joint (2RP): They follow a spherical coordinate system, 

which has one . 

• Articulated/anthropomorphic(3R) :An articulated robot’s joints are 

all revolute, similar to a human’s arm.  

  

 



 

 

JOINTS AND LINKS OF ROBORT 

 

Prismatic/Revolute 

These degrees of freedom, independently or in combination with others, 

define the complete motion of the end-effector. These motions are 

accomplished by movements of individual joints of the robot arm. The joint 

movements are basically the same as relative motion of adjoining links. 

Depending on the nature of this relative motion, the joints are classified as 

prismatic or revolute 



BRAKE 

BRAKE is a mechanism in automobiles which reduces velocity of vehicle 

and used to stop the vehicle as well. 

Principle: Kinetic energy is converted into heat energy and 

subsequently vehicle is stopped. 

 

Types of Brakes 

• VACUM BRAKES. 

• PNEMATIC BRAKES. 

• HYDRAULIC BRAKES. 

• MECHANICAL BRAKES 

• ELECTRCAL BRAKES 

Fig of Brake 



 

Brakes and description 



 

What is Brake Shoes 

• BRAKE SHOE IS A PRESSED STEEL CONSTRUCTIONS OF 

CURVED SHAPE SO THAT THEY ACCURATELY FIT INSIDE 

DRUM GEOMETRY. 

• PORTION OF THE SHOE NEAR THE EXPANDER END IS 

KNOWN AS “SHOE TOE”. 

• PORTION NEAR ANCHOR END REFERED AS “SHOE 

HEEL”. 



Coupling: 

Coupling is a device used to connect two shafts together at their  

ends for the purpose of transmitting power. 

• To provide  connection of shafts of units made separately 

• To allow misalignment of the shafts or to introduce mechanical 

flexibility. 

• To reduce the transmission of shock loads  

• To introduce protection against overloads. 

• To alter the vibration characteristics  

 

 

Different Types Of Coupling 

1. Rigid Coupling 

2.Flexible Coupling 

 

CLUTCH 

A clutch enables two co-axial shafts to be engaged or 

disengaged while at rest or in relative motion. 

 

 



 

  

Multi plate clutches  

In a multi plate clutch, the torque is transmitted by friction 

between several pairs of co-axial annular driving faces 

maintained in contact by an axial thrust. 

Both sides of each plate are lined with friction material, so 

that a single-plate clutch has two pairs of driving faces in 

contact. 



 

 


