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» The word "thermodynamics” derives from two Greek words:
"therme"” meaning . and “dynamikos” means s

2 Thus fhermodvnomics is the sfudy of heat related to matterin
motion. Much of the study of engineering or applied
thermodynamics is concerned with work producing or work

utilizing machines such as engines, turbines and compressors

Toge’rher with the working subs‘rances used in such machines.
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» Thermodynamics ploys a crucial role in both englnee)rlng
and smence

1. Energy Conversmn Thermodynamics helps engineers
understand and optimize processes that involve the
conversion of energy, such as engines, power plants, and
refrigeration systems. T

————— e
e .

» 2. Heat Tgl_r!_s_tg_r_ IT—s:é‘Esen’rlc:I In designing systems for heat
’rrcnsfer like HVAC sys’rems s, and in understanding how
materials conduct heat.




Fundamental of
mechanical engineerin

» Thermodynamics plays a crucial role in both engineering
and science:

» 1. Energy Conversion: Thermodynamics helps engineers
understand and optimize processes that involve the
conversion of energy, such as engines, power plants, and
refrigeration systems.

» 2. Heat Transfer: I's essential in designing systems for heat

transfer, like HVAC systems, and in understanding how
materials conduct heat.




» 3. Chemical Reactions: Thermodynamics provides insights
infto chemical reactions, helping chemists and chemical
engineers predict whether reactions will occur and how to
control them.

» 4. Material Properﬁ%s: It's used fo stfudv and manipulate
the properties of mdterials, such as phase changes,
melting points, and superconductivity.

» 5. Environmental Engineering: Thermodynamics principles
are used 1o analyze ana mitigate environmeniai issues,
such as pollution confrol and sustainable energy
production.

» 6. Aerospace Engineering: Thermodynamics is vital in
designing and optimizing propulsion systems for aircraft
and spacecraft.

» In essence, thermodynamics provides a fundamental
framework for understanding and solving problems in various
fields of engineering and science related to energy, heat,
and matter.
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THERMODYNAMICS EQUILIBRIUM

A system is said to be in aMWC
equilibrium if the value of the property is same at all points

in the system.

g/ A system will be in a state of thermodynamic equilibrium if
the (@%ﬂ for the following three types of equilibrium : '/3
are satisfied. == .J'/AA e
—

— @/ﬂ\%ax@/
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THERMODYNAMICS EQUILIBRIUM

* Mechanical equilibrium

= A system is said to be in a state of mechanical equilibrium if there exist
no unbalance force either in ‘@' of the system or between the
system and the surrounding A

THERMODYNAMICS EQUILIBRIUM .,
el A

= Chemical equilibrium /’/; 0("“ L

= A system is said to be in a state of chemical equilibrium if there exist no chemical

reaction for transfer of matter from one part of the system to another such as
diffusion or solution

ATR—— AR Equilibriun

Reactant
Productsy "y

Reactant

Reaction




THERMODYNAMICS EQUILIBRIUM

= Thermal equilibrium

= A system is said to be in a thermal equilibrium if there exist and uniformity of
temperature throughout the system or between system ancﬂq_uilgings
-— — — S

Thermal Equilibrium
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PROPERTY OF A SYSTEM

= The physical condition of a system may be described by certain
observable quantities such as volume, temperature, pregsure etc.

= All the quantities which identify the condition of the system are
called properties e RSy

= The thermodynamic properties of a system can be generally
hr e
classified into two types = =

= 1. Intensive property

«2. Extensive property _/

PROPERTY OF A SYSTEM

= Intensive property

» These properties arelindependent of masg orisize of the system.

f_:\f — Pressure, temperature ,viscosity , conductivity etc [ m )

» Extensive property

* These properties are{D-epends on the mass }or(size of the system >

©x_ Mass ,volume , Entropy , magnetic field ?E% @7\‘%
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PROPERTY OF A SYSTEM

= The physical condition of a system may be described by certain
observable quantities such as volume, temperature, pressure etc.

= All the quantities which identify the condition of the system are
called properties

» The themmic properties of a system can be generally

classified into two types
=]1. Intensive property

=2. Extensive property

PROPERTY OF A SYSTEM

» Intensive property
» These properties are independent of mass or size of the system.
B i —\_‘\/\_-_4

£« Pressure, temperature ,viscosity , condugtéiv}ty etc

B %057 )

= Extensive property i ngz
——
* These properties are Depends on the mass orfsize of tﬁg system .

&)
2,

Mass ,volume [Entropy\ , magnetic field etc
j & e

+ PROPERTY OF A SYSTEM .

. ’ — &
ALY i /\JD\W‘"
e
* Note :-
='Ratio of\two extensive properties are always intensive
» Specific extensive properties are alwaysdntensive propertle__s>
Specific volume, specific energy and specific mass etc

= To decide whether the prope_r_ﬁés is intensive or extensive the system is to be }\
divided into parts without any external interaction if property changed with |
respect to size then it is extensive property and if’ propenﬂ—zycﬁge with
respect size then it is intensive property. - =




INTENSIVE PROPERTIES —

EXTENSIVE PROPERTY |/

L7
A

+ Energy N

« Entropy -~

« Gibbs energy «—

« Length ./

+ Mass — /

* particle numbe_/:

« number of mole_/

*+ Volume -

» electrical charge

« Weight
N

¥

—_—

» Chemical potential ~——

gravity)

boilin

Pressure '\/

maxima (in solution)
Bl Al
Tem

Concentratig_n —
Den5|'g/ (or specific

Ductility ~*~

Elasticity ://
Hardness

Melting ( point and

energy ‘/

Spectral absorption

Viscosity ./~

Comparison

Intensive properties

Extensive properties

Dependence

M eAD
Afmount independent

ST

Amount dependent

—

Observance

Observed easily

Not observed easily

Identification

Identifiable

Non-identifiable

For samples

Helpful for the
identification of samples

Helpful for describing
the samples

point, density, etc

Nature Change physical behaviors Change the nature of substances
— R S e — —
Color, temperature, density,
Mass, volume, energy, enthalpy,
Examples pressure, melting and boiling

entropy, length, etc
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FUNDAMENTAL OF MECHANICAL ENGINEERING

By Ashutosh Ranjan
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ZEROTH LAW OF THERMODYNAMICS

/ When a body A in thermal equilibrium with a body B
and also separately with a body C then B and C will
be in thermal equilibrium with each other.

OR

« = If two bodies are in thermal equilibrium with third
body then they are thermal equilibrium with each
other,

= This is known as the zeroth law of thermodynamics. it
is the basis of temperature measurement.

If TA=TB -— thermodynamics

Te=TB _~—
Then according to zeroth law, Zeroth law of thermodynamics

AEROTH LAW OF THERMODYNAMICS

* NOTE:-

» Temperature is defined by zeroth law of thermodynamics

* Thermometer is based on zeroth law of thermodynamics

A
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= HEAT TRANSFER

= Heat is a form of energy in transit due to temperature difference.
Whenever there exists a temperature difference in medium or
within a media, heat transfer must occur.

€

MODES OF HEAT TRANSFER

* Conduction: It is the method in which the transfer of heat takes
place between atoms and molecules in direct contact.
e

= Convection: It is the method in which the transfer of heat
happens by the movement of the heated substance.

=Radiation: It is the method in which the transfer of heat takes
place by electromagnetic waves.

Heat Transfer

Conduction
transfor pf anargy between ad

et maleculos  CONVeCtion
mavernent of a hot fuid




FOURIER'S LAWS OF HEAT CONDUCTION

"The rate of flow of heat through a simple homogeneous solid is
directly proportional to the area of the section at right angles to the
direction of heat flow, and to change of temperature with respect to the
length of the path of the heat flow".

Mathematically, it can be represented by the equation :
Q. & A.dt/dx

. T

where.

\—Q = Heat flow through a body per unit time (in watts),
A = Surface area of heat flow ( m?J g
dt = Temperature difference of the faces of block
(homogeneous solid) of thickness 'dx’' through which
heat flows, °C or K,
dx = Thickness of body in the direction of ﬂow,_l_n_.

o sawa ] |Q ”KAMJ\/

where, l{ = Constant of proportionality and is known as

thermal conductivity of M
i

NOTE:-
The -ve sign of k is to take care of the decreasing temperature along

direction and, therefore, the value of Q becomes +ve.
-

with the direction of increasing thickness @the direction of heat flow.
The temperature f ient 1s always negatlve dx along positive x

= Assumptions :

= The following are the assumptions on which Fourier's law is based :

+~1. Conduction of heat takes place under steady state conditions.

_52.The heat flow is unidirectional. \—a Indebendent o4 fime |
e, o

—= 3. The temperatures gradient is congtant and the temperature profile
is linear.

._~4,There is no internal heat generation, (’bw -(—e-«%;

—
\/-’5 The bounding surfaces are isothermal in character. <

6. The material is homogeneous and isotropic (i.e., ﬂg_@gq_gf J
thermal conductivity is constant in all directions).




=Some essential features of Fourier's law :
» 1. 1ti licable to all matt lid, liquid ]
It is applicable to all matter ( solid, liquid or gas).
= 2.1t is based on experimental evidence and cannot be derived from

= 3. It is a vector expression indicating that heat flow rate is in the
direction of decreasing temperature and is normal to an isotherm.

= 4. It helps to define thermal conductivity 'k’ (transport property) of the
medium through which heat is conducted.
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Four stroke cycle Petrol Engines

Construction :
*A piston reciprocates inside the cylinder_~

*The piston is connected to the crank shafi

by means of a connectipg rod and crank. ? N
* The 1nlet anw

Mounted on the cylinder head.

*A spark is provided on the cylinder
Heag.

* The fuel used is petrol
___—,_——_——

Four Stroke Petrol Engine- Working




Four Stroke Petrol Engine - Working

*  Piston moves down from TDC to BDC

* _Inlet valve is opened and the

exhaust valve is closed.

*  Pressure inside the cylinder is

USTION

reduced below the atmospheric

pressure, C’M%S\
| PIESSUIC, ,
: B
*  The mixture ols
R

sucked into the cylinder through

the inlet valve
—

Four Stroke Petrol Engine - Working

b) Compression Stroke : (Second Stroke of the

piston)

*  Piston moves up from BDC to
TDC
*  Both inlet and exhaust valves

are closed.
——————————
*  The air fuel mixture in the

cylinder is compressed.

4
Q
~
%]
=
]
=
5]
Q

Four Stroke Petrol Engine - Working

or or Expansion Stroke: (Third

Stroke of the Engine)
* The burning gases expand rapidly. They exert

an impulse (thrust or force) on the piston.

The piston is pushed from TDC to BDC
*  This movement of the piston is
converted into rotary motion of the

crankshaft through connecting rod.

* Both inlet and exhaust valves are
A ekl M

closed.

e




Four Stroke Petrol Engine - Working

(d) Exhaust Stroke (Fourth stroke of the piston)
*  Piston moves upward from BDC T T__'_Q__& :

*  Exhaust valve is opened and the inlet valve is closed.
*  The burnt gases are forced out to the atmosphere
through the ethwe (Some of the burnt gases

stay in the clearance volume of the cylinder)

*  The exhaust valve closes shortly after TDC

*  The inlet valve opens slightly before TDC

—

and the cylinder is ready to receive fresh charge to

start a new cycle.
—_——

Four Stroke Petrol Engine - Working

Summary :

PPl engaes

*  Compression ratio varies from/5 to 8

*  The pressure at the end of compression is

Aatk 2.
]
about 6 to 12(bar)-~pyes-
*  The temperature at the end of the
compression reaches _2_4_.\’},/” to 350°4°

bf’reM}m fafin = Lo velune,
L(K) Cleshance Velume|

COMBUSTION

Four Stroke Diesel Engine

Compression/

— ==




Four Stroke Diesel Engine

Construction:

*A piston reciprocates inside the cylinder

*The piston is connected to the crankshaft by
means of a wting rod and crank.

* The inlet and exhaust valves are mounted on the
cylinder head. zzle

- A(fuel injectobis ﬁ@%ﬁthe cylinder head
“The fucd is diesel.

—

Four Stroke Diesel Engine - Working

]

(a) Suction Stroke (First Stroke of the piston)

Piston moves from TDC to BDC

Inlet valve is opened and the exhaust valve is
closed. -

The pressure inside the cylinder is reduced below
the atmospheric pressure.

Fresh air from the atmosphere is sucked into the
engine cylinder through air cleaner and inlet
valve.

Four Stroke Diesel Engine - Working

(b) Compression stroke (Second stroke of the
piston)
Piston moves from BDC to TDC

Both inlet and exhaust valves are closed.
. . . . _-‘-h-h'" .
The air is drawn during suction stroke is

compressed to a high pressure and temperature




Four Stroke Diesel Engine - Working

¢) Working or power or expansion stroke (Third
stroke of the piston)

. The burning gases (products of combustion)

M“&_&P/dﬂﬂly_ﬁ‘zﬁ - —a
The burning gases push the piston move
downward from TDC to BDC

This movement of piston is converted into rotary
motion of the crank shaft through connecting rod.
- _—!——___‘-—\-ﬁ_

Both _in__let and exhaust valves are closed.

Four Stroke Diesel Engine - Working

(d) Exhaust Stroke (Fourth stroke of the piston)
Piston moves from BDC to TDC

Exhaust valve is opened the inlet valve is closed.

The burnt gases are forced out to the atmosphere
through the exhaust valve. (some of the burnt
gases stay in the clearance volume of the
cylinder)

The exhaust valve closes shortly after TDC

The inlet valve opens slightly before TDC and the
cylinder is ready to receive fresh air to start a new
cycle.

Two Stroke cycle Petrol
Engines




Two Stroke cycle Petrol
Engines working

Two Stroke cycle Petrol
Engines

Two Stroke cycle Petrol

Engines working




Two Stroke Cycle Petrol Engine -
Construction

Construction :
*A piston reciprocates inside the cylinder

*[t is connected to the crankshaft by means of connecting
rod and crank

There are no valves in two stroke engines, instead of
valves ports are cut on the cylinder walls
*There are three ports, namely inlet, exhaust and
transfer ports.

*The closing and opening of the ports are obtained by the
movement of piston. The crown of piston is made in to a
shape to perform this.

*A spark plug is also provided.

Two stroke cycle Petrol Engines -
Working

First Stroke : (Compressicn, ignition and inductance) (Upward
stroke of piston)

(a) compression:

*  The piston moves up from Bottom Dead Centre (BDC)
to Top Dead Centre (TDC)
Both transfer and exhaust ports are covered
by the piston.

Air fuel mixture which is transferred

already into the engine cylinder is compressed
by moving piston

The pressure and temperature increases

at the end of compression.

Two stroke cycle Petrol Engines -
Working

First Stroke : (Compression, ignition and inductance)
(Upward stroke of piston)

(b) Ignition and Inductance:

* Piston almost reaches the top dead centre

*The air fuel mixture inside the cylinder is ignited by means of an
electric spark produced by a

spark plug

*At the same time, the inlet port is

uncovered by the pliaz

*Fresh air fuel mixture enters the

crankcase through the inlet port.




Two stroke cycle Petrol Engines -
Working

Second Stroke: (Downward Stroke of the engine) :

(c)Expansion and Crankcase compression
*The burning gases expand in the cylinder

*The burning gases force the piston to move down. Thus
useful work is obtained.

*When the piston moves down. the
air fuel mixture in the crankcase

is partially compressed.

This compression is known as

Crank case compression.

Two stroke cycle Petrol Engines -
Working

Second Stroke: (Downward Stroke of the engine) :
(d) Exhaust and transfer:

*At the end of expansion, exhaust port is uncovered.
*Burnt gases escape to the atmosphere.

*Transfer port is also opened. The partially compressed air fuel
mixture enters the cylinder through the transter port.

*The crown of the piston is made of a
deflected shape. So the fresh charge
entering the cylinder is deflected
upwards in the cylinder.

*Thus the escape of fresh charge

along with the exhaust gases is reduced.

Two stroke cycle Diesel Engines-
Construction

Construction :
* Two stroke cycle diesel engines require air supply

*This air is used to blow out the exhaust gases and to
fill the cylinder with clean air

*This air is supplied by a blower or air compressor
which is driven by engine itself.

*These engines may be valve or port type.

*A platz is provided in the crank case to admit air into
the crank case.

*Transfer and exhaust ports are provided in the
cylinder.

*These ports are covered and uncovered by the moving
piston.




Two stroke cycle Diesel Engines-
Working

First Stroke (Upward Stroke of the piston)
(a) Compressien and inductance:

The piston moves upwards from Bottom Dead
Centre (BDC) to Top Dead Centre (TDC).

Both transfer and exhaust ports are covered.

Air which is transferred already into the engine
cylinder is compressed by moving piston.

The pressure and temperature of the air increases.

At the same time, fresh air is admitted into the
crankcase through the plate valve (reed valve)

Two stroke cycle Diesel Engines-
Working

First Stroke (Upward Stroke of the piston)

(b) Ignition and inductance.

*  Piston almost reaches the top dead centre.

*  The fuel is injected into the hot compressed air

inside the cylinder. The fuel mixed with hot air and
burns.

The admission of fresh air into the crankcase
continues till the piston reaches the top centre.

Two stroke cycle Diesel Engines-
Working

Second Stroke (Downward Stroke of the piston)

(¢) Expansion and crank case compression:

*The burning gases expand in the cylinder.
*Burning gases force the piston to move down. Thus
useful work is obtained.

*At the same time, the air in the crank case is
compressed by the movement of the piston.

*All the ports and the plate valve are in closed position




Two stroke cycle Diesel Engines-
Working

Second Stroke (Downward Stroke of the piston)

(d) Exhaust and Transfer:

* At the end of expansion, the exhaust port is uncovered.

*The burnt escape to the atmosphere through the exhaust port.
*Transfer port is also uncovered shortly after the exhaust port is
opened.

*The partially compressed air from crank case enters the
cylinder the transfer port.

*This air is deflected upwards by the deflected shape of the
piston.

*Thus the entering air helps in forcing out the combustion
products from the cylinder

*The plate valve remains during this period.

Comparison between SI and CI Engines
(General Comparison)

S.No  Spark Ignition Compression Ignition
Engines (SI) Engines (CI)

It draws air fuel mixture It draws only air into the
into the cylinder during cylinder during suction stroke.
suction stroke

Petrol engines operate  Diesel engines operate with
with low pressure and  high pressure and temperature
temperature

Pressure ranges from 6  Pressure ranges from 35 to 40

to 12 bar bar

Temperature ranges Temperature ranges from 600°
from 250°to 300° C to 700° C

Comparison between SI and CI Engines
(General Comparison)

S.N¢  Spark Ignition Compression Ignition
Engines (SI) Engines (CI)

It is fitted with It is fitted with fuel injection
carburettor and spark pump and injectors

plugs

The burning of fuel The burning of fuel takes place
takes place at constant  at constant pressure
volume

Ignition of air fuel Ignition of air fuel takes placed
mixture takes place by by a injection of fuel into the
an electric spark hot compressed air.

produced by spark plug




Comparison between SI and CI Engines
(General Comparison)

S.No. Spark Ignition Compression Ignition
Engines (SI) Engines (CI)

Petrol engines are quality Diesel engines are quantity
governed engines. The  governed engines. The speed of
speed of petrol engines  diesel engines are controlled by
are controlled by varying varying quality of air fuel

the quantity of air fuel mixture. (rich or weak mixture)
mixture.

Petrol engines are widely Diesel engines are widely used
used in automobiles and  in heavy vehicles, such as buses,
aeroplanes etc., lorries, trucks etc.,
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HEAT ENGINE

= In a heat engine the heat supplied to the engine is converted into
useful work. if Q2 is the heat supplied to the engine and Q1 is the heat

rejected from the engine.then the net work done by the engine is

High temperature reservoir (T
The performance of a heat engine is
Heat supplied (U expressed by its efficiency we know that
the efficiency of an engine.

[ Heat __ Wb"k-d-&’\‘z_ _
engine —im V] = e'#‘ .SWf}/(JG‘l




= Refrigeration is the process of rgmoval of hegat from the confined
(closed) space so as to reduce its temperature below the
surrounding temperature and maintain it at that temperature.
e e e

| e This is done by extracting the heat (CA ) from
b a cold body and delivering it to a hot body
g - g__):). In doing so, work W_is required to be
® ) K done on the system. According to First Law
‘ ¥ of Thermodynamics.

R —— & JP 4+~ CO WR = Q.-Q:

= The performance of a refrigerator is expressed by the ratio of amount
of heat taken from the cold body (Q1,) to the_ amount of work required
to be done on the system (WR). This ratio is called coefficient of
performance. Mathematically, coefficient of performance of a

reingerator,

COP = Heat extracted in the refrigerator / work done

= 7
Cop = Q@ > COP 154he recprocsd
P @ 4 fhe efficiency <f
: A ne -
Cop = @ _ { hest ergs-

= COP Is always grested
sz, Hay qr{r}a ,7 d

@n
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HEAT PUMP

= It is just gpposite to the refrigerator i.e.. "It is a device operating in a

cycle, maintains a body say B at a temperature higher than the
temperature of the surroundings". =

The performance of a heat pump is expressed by
the ratio of the amount of heat delivered to the
hot body () to the amount of work required to be
done on the system (Wp). This ratio is called
toal ¢ P e— Wf coefficient of erformance or energy:
‘!Q\ performance ratio (E.P.R.) of a heat pump.

Mathematically, coefficient of performance or
energy performance ratio of a heat pump,

heat delivored e het body
Wor kdane On 4t Sy§tem.




= The Carnot cycle is a hypothetical cycle developed by Carnot for
either a heat engine or a reversed heat engine.

= The Carnot cycle is a reversible cycle because it consists of two

. T I T — e —
isothermal and two adiabatic processes..

= All the processes involved in the cycle are reversible, thereby
providing the best possible device that one could construct.

= Results from the cycle analysis can be used to determine the
maximum efficiency of perqrmance possible for either a heat
engine or reversed heat engine. -
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= Process 1-2 lr}b’h\d""“"i P ye( G&’u

Isothermal expansion of the working fluid at the
temperature of the source_T, accompanied by heat
absorption from the source.

= Process 2-3 (th% .‘7’1 < Fﬁ(u&') 1\

Adiabatic expansion with temperature drop of
working fluid from T: to T>, the temperature of the sink.

= Process 3-4 ( IS‘%Q"'\"J F)’“(dd)

Isothermal expansion at the temperature of the
sink T: accompanied by the heat rejected to the sink.

» Process 4-1 a-\d‘\ b‘Jh < ?h(%)

Adiabatic compression with temperature rise of
working fluid from T: to T..The four processes applied
for unit mass of working fluid then become.

1-2 Isothermal heat supplied.

v,
Qu =R 'I’l In v; —_— @

2-3 Adiabatic expansion. \[ e
Lo v r—1 @ /ib{@
T, = [ ] —_—

v
2

3-4 Isothermal heat rejection.

Q:“ = RTz Jn.' ——-‘ % '

4-1 Adiabatic compression.

-1
i = b r —_— @ a
Tz v O

E—éﬁdﬂ‘-z '_-f@..;m‘ caafe

- heatsufplind - out Biecd = |- T~
y] et Sppricd: | laanet T
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Refrigerant is a substance used in
1 and air conditioning
stems to ab ]
enabling cooling or heating prc es. It
circulates through the em, changing
8 ctween gas and liquid, and
transfers heat frium one area to another.

air condit
industrial coolers.

properties.

e main types include:
“s (Chlorofluorocarbons)
Dichlorodifluoromethane)

: Non-toxic and stable
e high ozone depletion potential
(ODP).

Usage: Once comimonly used in

(Hydrochlorofluorocarbons)

Ex: R-22 (Chlorodifluoromethane)




+~Characteristics: Contain chlorine, but
less than CFCs. They still contribute to
ozone depletion, though at a lower rate.

Usage: Previously used in air
conditioning and refrigeration systems.
but their use is being phased out due to
ozone layer concerns.
3. HFCs (Hydrofluorocarbons)

Ex: R-134a (1.1.1.2-Tetrafluoroethane),
R-410A

Characteristic: Do not deplete the ozone
layer but have high global warming
potential (GWP).

Usages: Common in modern
refrigeration and air conditioning

systems, particularly as replacements for
CFCs and HCFCs.

4. HFOs (Hydrofluoro-Olefins)

Ex: R-1234yf, R-1234ze
% Characteristics: Low GWP and zero
ozone depletion potential. They are more
environmentally friendly compared to
HFCs.

Usage: Gaining popularity as
replacements for HFCs, particularly in

(automotive air conditioning and other

cooling applications.

5. Natural Refrigerants

Ex: R-290 (propane), R-600a
(isobutane), R-717 (ammonia), R-744
(carbon dioxide)

+ Characteristics: Environmentally
friendly, with low GWP and zero ozone
depletion potential. Some, like ammonia, |/
are toxic or flammable, but they are used
in certain industrial applications.

Usage: Often used i specific
applications where their properties (such
as flammability or toxicity) can be safely
managed. or in systems designed for low
environmental impact.







AIR CONDITIONING SYSTEM

» An air conditioning (AC) system is a device used to
control the temperature, humidity, and air quality
within an indoor space. It works by removing heat
from the indoor air and transferring it outside, creating
a cooler, more comfortable environment.

()

» Types of air conditioning system

» There are several types of air conditioning sy s, each suited
for different needs and building types. Here.ag thigsmost
common ones: A

» Central Air Conditioning

» This system cools the air in a central location (usually a large air
handler or unit) and distributes it through ductwork to multiple
rooms or areas.

» Large homes, commercial buildings, or offices with multiple
rooms or floors.

» Window Air Conditioner

» A compact unit that fits into a window frame and cools a single
room. It expels hot air outside while cooling indoor air.

> Smaller rooms or apartments, especially in older buildings or
where other systems are impractical.

» Packaged Air Conditioner

» All-in-one systems that contain both the evaporator and
condenser coils, along with a fan and other components, in a
single unit. It is often installed on the roof or outside the
building.

» Commercial buildings or homes where space is limited.




Method of energy saving in refrigeration and air
conditioning system

» Energy saving in refrigeration and air conditioning (A/C)

systems can be achieved through a combrnoingn of
Technolog|es opero’nonol practices, and maintenance
strategies.

# High-Efficiency Compressors: Using energy-efficient

compressors that consume Iess power and deliver better

performance. I uln) S
yHeat Exchangers: Employmg hlgh -efficiency heat exchangers
to improve heat transfer and reduce energy | Iosses

»Energy-Efficient Insulation: Proper msuiohon around piping,

evaporators, and compressors reduces energy loss.
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Metallic Mate

Metallicn

e as follows:
Good malleability and ductility.

(ii) Good electrical and therm:
(iii} form alloys,

) available in solid form at the coemtempe:

freshly cut surface have a glossy ( I‘lmingﬁ appearance.
examples of the me! o tiban,
of these non-metal elemen
hydrogen. nitragen etc

tallic materials can be classified into two clas:
1Ferrous materials

2ZNon-ferrous materials

Ferrous materials
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The materials which possess a large percentage ofironisre
classified as ferrous miter@s Steeland castiron are

examples of the ferrous materials

Non-ferrous metals

which have a metal other than iron as their main
constituent and include aluminium, copper. lead and their
alloys such as brass (ccpper +zinc), bropze (cnpper + |n}
and duralumin (a [alumvmum + ropper]

Non-metallic Materials
The non-metallic materials play an important role in the
manufacturing field due some of their outstanding
operties. Theirimporiant erties are as follows
= Availablein )g d. lléld and ga"‘éuus farm,
« Danotform alloys.

+ Compounds are farmed when combined chemically.
» Poor electrical and thermal conductivity.

Some of the most widely used nan-metallic materials are
wood, ceramics. composites, and electronic materials

clamem Majoss Nagar Paina T4 Mook T314785450. 213563777

Castlron
Castironis an alloy ofiron with more than 2% carbon as the

main alloying element Though it can have any carbon
percentage between 2% and 6.67% the practical limit is
normally between 2.11% and 4.5%. In addmon to carbon, cast
iron also contains 0.5-3% silicon, 0.1-1.2% manganese and

traces of impurit rmes such as sulphuranu phnspho rus.

Bray Castlron

As aresult of the presence of carbon inthe form of graphite
flakes, th TFEYIPER surface of thisalloy looks graylsh and
xlmr:-lure Itis called gray castiron

The grey castiron

Has low tensile strangth but excellent compressive
strengt?4>

Is hard and brittle without any ductlity

Is sasy m:m bla but cannet be forged.

Has high damping capacity

White Cast Iron

When liquid castiron is cooled rapidly. the graphitization
does not ta lace and the carbo resentin the

combined fcrm This type of cast iron is called white cast
iron.

Pavhets a8 o< et ComaF e
. nghl!ahraswe wear resistant, hard and brittle -
rength-
+ non-machinable; regﬂresgr]ndlngln get the required

Ductile CastIron =

In ductile cast iron. gr: E;B;‘\IlE is present as sm;ll rDur‘v‘ﬂe}:I
and well dlsvrlmned particles whichresulisin hl_gher
ﬂuchlvlv Ovnng to the particular shaps of yraphite particles,
known as nodular or spheroidal castiron,

# Malleable castiron
Itis ebtained from hard and brittle white cast iran through a
controlled heat Ireatment process that separates the
combined carbon of white castiron into nodules of free
graphlle

» Highyieldstre ngth and high dampi ng capa |:|| ¥

+ can be easily hammered and rolled into different
shapes

Tathelcal siumes Rajees Magar Faina 24 Wb S14725450; 3 1S55ETTT




» Carbon steel is a type of steel where carbon is the
primary alloying element, typically comprising 0.05% to
2.1% by weight. It may also contain small amounts of
other elements like manganese, silicon, or copper, but it
lacks significant amounts of elements like chromium,
nickel, or molybdenum .

» Low-carbon steel, also called mild steel, has less than
0.30% Carbon. It is generally used for common products
such as bolts, nuts, sheet plates, tubes, and machine
components that do not require high strength.

» Medium-carbon steel has 0.30% to 0.60% C. It is generally
used In applications requiring higher strength than those
using low-carbon steels, such as gear axle , railway tfrack
and structural components.

» High-carbon steel has more than 0.60% C. It is generally
used for parts requireing sfrength, hardness, and wear
resistance; examples are Cutting tools, springs, and high-
strength wires.

» Low alloy steel is a type of steel that contains a small
amount of alloying elements (generally less than 5% by
weight) in addition to iron and carbon. These alloying
elements—such as chromium, nickel, molybdenum,
vanadium, &r manganese—are added to improve the
steel's mechanical properties, corrosion resistance, and
heat resistance compared to plain carbon steel.

» Low alloy steels are commonly used in structural, pressure
vessel, automotive, and pipeline applications due to their
enhanced strength, toughness, and durability.




» Tool steel is a type of carbon and alloy steel specifically
designed for making tools, dies, molds, and machine
parts. It is known for its hardness, toughness, wear
resistance, and ability o retain a sharp edge at high
temperatures. The composition of tool steel includes
varying amounts of carbon, chromium, vanadium,
molybdenum, fungsten, and cobalt to achieve specific
properties.

» Stainless steel is a type of alloy steel known for its corrosion
resistance, which is achieved by adding a minimum of
10.5% chromium fo the steel. Chromium forms a passive
oxide layer on the surface that protects the material from
rust and corrosion. Other elements like nickel,
molybdenum, manganese, or nitrogen may also be added

to enhance specific properties such as strength, toughness,
and resistance to heat

» Aluminium alloys are materials made by mixing aluminium with
other elements such as copper, magnesium, silicon, zinc, ar
manganese to improve its mechanical and physical properties.
Pure aluminium is lightweight and cormrosion-resistant but lacks
strength, which is enhanced through alloying. Aluminium alloys
combine these properties, making them suitable for a wide
range of applicafions.

> Types of Aluminium Alloys

» Aluminium alloys are broadly classified into two categories:

P> Cast Aluminium Alloys:

» Formed by casting (pouring molten aluminium info molds).

» Higher silicon content for better fluidity and castabillity.

» Used in automotive engine blocks and aerospace components.




» Wrought Aluminium Alloys:

» Mechanically worked (rolled, extruded, or forged) into
shapes.

» Stronger and more ductile than cast alloys.
» Used in aircraft frames, transportation, and construction.

Nickel alloys

Nickel alloys are materials composed primarily of nickel
mixed with qther elements such as chromium, iron,

mo xbdenum cobalt, copper, and_m;a_mm These aIons are
designed to enhance specificproperties, such as corrosion
resistance, heat resistance, and mechanical strength, making
them suitable for demanding environments like chemical

processing, aerospace, and marine industries.
b kit

Copper alloys

Copper alloys are materials made by combining copper with
other metals or elements to enhance its mechanical,
thermal, and corrosion resistance properties. Copper.is a
highly versatile and conductive metal, and alloying improves
its strength, wear resistance, and other specific
characteristics while maintaining its excellent electrical and
thermal conductivity. Common alloying elements include

zinc, tin, aluminum, nickel, and silicon.
a— — —

—




Titanium alloys

Titanium alloys are materials made by alloying titanium with
other metals such as aluminum, vanadium, molybdenum,
iron, or chromium to enhance its properties. Titanium is
naturally lightweight, strong, and corrosion-resistant, but
alloying further improves its strength, ductility, and_ability to
~ Withstand high temperatures. Titanium alloys are widely
used in aerospace, medical, automotive, and industrial
applications due to their unique combination of properties.

Magnetic Materials

Magnetic materials are substances that exhibit a response to
a magnetic field due to the aligr alignment of their atomic

magnetic moments. The degree of magnetism depends on
the material's structure and atomic arrangement. -

Types of Magnetic Materials:

* Diamagnetic Materials:- Weakly repel magnetic fields.ExamBLe:
Copper, Gold.Applications: Magnetic levitation systems.

¥ Paramagnetic Materials:Weakly attracted to magnetic fields.Magnetic
alignment is lost when the external field is removed.Example:
Aluminum, Platinum.Applications: Magnetic resonance imaging
(MRI). S

¥ Ferromagnetic Materials:Strongly attracted to magnetic fields and
retain magnetism when the field is removed.Example: Iran, Nickel,
Cobalt.Applications: Transformers, motors, magnetic storage.
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Dielectric Materials

Dielectric Materials:Dielectric materials are electrical
insulators that can an subjected to an
electric field. These materials store and release electrical
energy, making them essential for capacitor and insulation
applications. Se————

—

Nickel alloys

Nickel alloys are materials composed primarily of nickel
mixed with other elements such as chromium, iron,
molybdenum, cobalt, copper, and titanium. These alloys are
designed to enhance specific properties, such as corrosion
resistance, heat resistance, and mechanical strength, making
them suitable for demanding environments like chemical
processing, aerospace, and marine industries.



Copper alloys

Copper alloys are materials made by combining copper with
other metals or elements to enhance its mechanical,
thermal, and corrosion resistance properties. Copper is a
highly versatile and conductive metal, and alloying improves
its strength, wear resistance, and other specific
characteristics while maintaining its excellent electrical and
thermal conductivity. Common alloying elements include
zinc, tin, aluminum, nickel, and silicon.

Titanium alloys

Titanium alloys are materials made by alloying titanium with
other metals such as aluminum, vanadium, molybdenum,
iron, or chromium to enhance its properties. Titanium is
naturally lightweight, strong,-and corrosion-resistant, but
alloying further improves its strength, ductility, and ability to
withstand high temperatures. Titanium alloys are widely
used in aerospace, medical, automotive, and industrial
applications due to.their unique combination of properties.

Magnetic Materials

Magnetic materials are substances that exhibit a response to
a magnetic field due to the alignment of their atomic
magnetic moments. The degree of magnetism depends on
the material's structure and atomic arrangement.




Types of Magnetic Materials:

Diamagnetic Materials:- Weakly repel magnetic fields. Example: Copper,
Gold. Applications: Magnetic levitation systems.

Paramagnetic Materials: Weakly attracted to magnetic fields. Magnetic
alignment is lost when the external field is removed. Example: Aluminum,
Platinum.

Applications: Magnetic resonance imaging (MRI).

Ferromagnetic Materials: Strongly attracted to magnetic fields and retain
magnetism when the field is removed. Example: Iron, Nickel, Cobalt.

Applications: Transformers, motors, magnetic storage.

Dielectric Materials

Dielectric Materials Dielectric materials are electrical
insulators that can be polarized when subjected to an
electric field. These materials store and release electrical
energy, making them essential for capacitor and insulation
applications.

Typés of Dielectric Materials

Polar Dielectrics: Molecules have permanent dipole
moments. Example: Water, PVDF.

Non-Polar Dielectrics Molecules lack permanent dipoles.
Example: Benzene, Teflon.

Applications of Dielectric Materials:- Capacitors (to store
energy).Electrical insulation (cables, transformers).RF and
microwave applications.



Superconducting Material

Superconducting materials are those that exhibit zero
electrical resistance and expel magnetic fields when cooled
below a certain critical temperature (TcT c).

This phenomenon is known as superconductivity.

Types of Superconductors:

Type | Superconductors: Completely expel magnetic fields.
Example: Pure metals like Lead, Mercury

Applications: Low-temperature magnetic shielding .

Type Il Superconductors:- Allow partial penetration of magnetic
fields (vortex state).Example:Niobium alloys, YBCO. Applications:
High-performance magnets.

Applications of Superconducting Materials: Magnetic Resonance
Imaging (MRI): Produces strong magnetic fields for imaging.

Ceramics

Ceramics are inorganic, non-metallic materials made from
natural or synthetic compounds that are subjected to high
heat during manufacturing. They exhibit excellent
properties like high hardness, brittleness, thermal
resistance, and electrical insulation. Ceramics are used
across various industries due to their versatile nature.




Types of Ceramics

Ceramics are broadly classified into two main categories:

1. Traditional Ceramics: Derived from natural raw materials
such as clay, quartz, and feldspar. Examples: Bricks, tiles,
earthenware, porcelain. Applications: Construction,
pottery, and household items.

2. Advanced Ceramics:- Engineered with high-performance
synthetic materials. Examples: Zirconia, silicon carbide,
aluminum oxide. Applications: Aerospace, electronics,
medical devices.

Applications of Ceramics

Aerospace and Defence:- Heat shields, missile nose cones, armor
plates.

Construction: Bricks, tiles, sanitary ware.

Medical: Dental crowns, joint replacements, bone implants.
Electronics:- Capacitors, insulators, semiconductors.
Automotive: Spark plugs, catalytic converters, brake pads.
Industrial:- Cutting tools, wear-resistant coatings, furnace linings.

Consumer Products:- Cookware, decorative items, watches.

Fundamental of mechanical engineering




» Polymers are large molecules formed by the
repeated linking of smaller units called monomers.
They can be natural (e.g., rubber, cellulose) or
synthetic (e.g., plastics, nylon). Polymers have diverse
applications due to their flexibility, durability, and
lightweight properties

Types of Polymers
Polymers are broadly classified into the following categories:

» 1. Thermoplastic Polymers

» Thermoplastic polymers are materials that can be melted
and reshaped multiple fimes upon heating without significant
degradation.

» Characteristics:

» Soften when heated and harden upon cooling.

» Recyclable.

» Exhibit plastic deformation.

» Molecular structure: Linear or slightly branched chains.

» 2. Thermosetting Polymers

» Thermosetting polymers are materials that, once cured
or hardened by heat or a chemical reaction, cannot be
remelted or reshaped.

» Characteristics:

» Irreversible hardening.
» High thermal and chemical resistance.
» Cross-linked molecular structure.




» 3. Elastomers

» Elastomers are polymers that exhibit high elasticity and
can stretch significantly before returning to their
original shape.

» Characteristics:
» Highly elastic.

» Cross-linked molecular structure (light cross-linking
compared to thermosetting polymers).

» Soft and flexible at room temperature.

» Metallic glasses, also known as amorphous metals, are
materials that combine metallic properties with a non-
crystalline, amorphous structure. Unlike conventional metals,
which have an ordered crystalline structure, metallic glasses
are formed by rapidly cooling molten metal alloys, preventing
the atoms from arranging into a crystalline lattice.

Types of Metallic Glasses
Metallic glasses are classified based on their composition and
properties:

» 1. Iron-Based Metallic Glasses:
I e ——

» Contain iron as a primary component, often combined with
boron, silicon, or carbon.

» Properties:

» Soft magnetic properties.
» High corrosion resistance.




» 2. Cobalt-Based Metallic Glasses:
» Alloyed with elements like boron or silicon.

» Properties:
» Excellent magnetic performance.. ~
» High strength and thermal stability.

> 3. Nickel-Based Metdllic Glasses:

> Nickel as the base element, often alloyed with zirconium or
fitanium.

» Properties:
» Good corrosion resistance.
» High wear resistance.

» 4. Precious Metal-Based Metallic Glasses:

» Made with gold, silver, or platinum as base elements.
» Properties:

» High malleability.

» Attractive aesthetic properties.

» Strength
e

» The ability of a material fo resist deformation or failure
under an applied force.

» Hardness

» The ability of a material to resist surface deformation, such
as scratching or indentation.

» Elasticity

» The ability of a material to return to its original shape after
deformation when the load is removed.




» Strength

» The ability of a material to resist deformation or failure
under an applied force.

» Hardness

» The ability of a material to resist surface deformation, such
as scratching or indentation.

» Elasticity

» The ability of a material to return to its original shape after
deformation when the load is removed.

» Plasticity
» The ability of a material fo undergo permanent deformation
without breaking.

» Ductili

» The ability of a material fo be stretched into a wire without
QFSOL'”Q- Mo S+ DuoﬁLn*a Maferid— Ga)d Sived ¢,

> Malleability g ) CRppes

» The ability of a material fo deform under compressive forces,
often rolled or hammered into thin sheets.

» Toughness S Grid el Pl cappe |

» The ability of a material fo absorb energy and deform plastically

» Brittleness

» The tendency of a material to fracture or break without
significant deformation.

—

» Poisson's Ratio "
————————— .fm{ S

. . 2 LES: . . .
» The ratio of lateral strain to‘axial strain when a material is
stretched or compressed. p; <, puke

» Fatigue Strength

» The ability of a material to withstand repeated or cyclic
loading without failure. <EAl

pic s o3y

> Creeg
» The slow, permanent deformation of a material under a
constant load over time, especially at high temperatures.
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» The intensity of magnetization (M) is a measure of the magneﬂc
moment per unit volume of a material. It quantifies how strongly
a material is magnetized when exposed to an external
magnetic field or due to the inherent magnetic properties of the
material itself.
The intensity of magnetization is defined as:

M=m/V

where:
m is the net magnetic moment of the material,
Vis the volume of the material.




>

» The magnetic field strength (h) the ability of a magnetic field
to induce magnetization in a material. It describes the
intensity of the magnetic field generated by currents or
magnetic materials, independent of fhew.

» Magnetic intensity is measured in amperes per meter (A/m).

3

» Magnetic susceptfibility is defined as the ratio of the intensity
of magnetization (M) to the magnetic field strength (H):

.

where:

3 M is the intensity of magnetization (magnetic
moment per unit volume),

> H is the applied magnetic field strength.

>

» Retentivity is the magnitude of the residual magnetization (Mr)
in.a material when the external magnetizing field (H) is
reduced to zero after being magnetized to saturation.

» Retentivity is measured in tesla (T) or magnetization ( A/m.)




>

» Coercivity (Hc) is the value of the magnetic field
strength (H) required to completely demaanetize a

material.

3 $ Bensity-is the mass of a material per unit volume.
"« Specific Gravity-is the ratio of the mass or weight
of a solid or a liquid to the mass or weight of an
equal volume of water.
Refractive index-is the ratio of the velocity of light
invacuum toits velocity in another material
Thermal Conductivity-is the rate of heat flow ina
homogeneous material under steady-state
conditions, per unit area, perunit temperature
gradientin a direction perpengdicular to area
Thermal Expansion-isthe rate at which a material
elongates when heated The rate is expressed as a
ease in length per unitrise in temperature

within a specified lemperature range.
Poisson's Ratio-is the absolute value of the ratio
of the laleral or transverse strain to the
longitedinat strain.
Colour-is the property of light by which an
observer may distinguish between two structure
froe patches of light of the same size and shape
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FUNDAMENTAL OF MECHANICAL ENGINEERING

Ashutosh Ranjan

Introduction to Lathe Machine

* A lathe machine is a versatile and fundamental machine tool used to
perform various operations like cutting, turning, threading, drilling,
facing, and knurling on workpieces. S

* It works by rotating the workpiece about its axis while a stationary
cutting tool is applied to shape it into the desired form.




Components of a Lathe Machine
Bed:
* The base of the lathe, which supports all other components.
* Provides alignment and stability.
Headstock:
* Contains the spindle, gears, and motor for driving the workpiece.

* Holds the chuck or faceplate.
. Tailstock: ~ 7/

* Located opposite the headstock. nhs
* Supports the workpiece during operations like @ or turning. ef.
Carriage:

s—/
* Moves the cutting tool along the workpiece.
. : »Jfa wnd \dé
Includes the tool post, cross slide, and saddle.} (oPe ﬂ{__/{f___
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* Used to hold and rotate the workplece — UV o] CAud<
* Lead Screw: ov 5&{{ (edw TRk

* Facilitates precise movement of the carriage for thread cutting
operations.
Tool Post:
Holds the cutting tool in place.




Operations Performed on a Lathe V—"_’b

1.Turning: Reducing the diameter of the workpiece.

2.Facing: Producing a flat surface perpendicular to the axis.
3.Thread Cutting: Creating helical grooves (threads) on a workpiece.
4.Drilling: Creating holes in the workpiece.

5.Knurling: Producpg,textured patterns for better grip. Ab\"/?(
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Introduction to Drill Machine

* A drill machine is a versatile tool used to create round holes in various
materials such as metal, wood, plastic, and concrete. =

* It works by rotating a cutting tool (Mc_) against the workpiece with
a specific force, allowing material removal to form a hole.
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Components of a Drill Machine
1.Base:

—

* Provides stability and supports the entire machine.

2.Column: =
* A vertical structure that supports the head and arm assembly.

3.Table:
» Adjustable platform where the werkpiece is clamped for drilling.
4.Spindle:
Rotates the drill bit, powered by the motor or hand-operated mechanisms.
5.Chuck:_~ h

Holds the drill bit firmly in places ;
6.Drill Head: _~ _—

Houses the spindle, motor, and mechanism for controlling the drill’s speed
and feed.

— —




Operations Performed by Drill Machines /\
1.Drilling: < N
* Creating cylindrical holes in a material. \

Reaming: vy
* Enlarging and finishing an emstlng hole for precusmn \&- 48
e — o0
3.Tapping: v h .\%
* Cutting threads inside a hole for serews and bolts y
E‘
4.Countersinking:

* Creating a@ofﬂa& for flathead screws.
5.Spot Facing:
* Machining flat surfaces around a hole. m
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Operations Performed by Drill Machines
1.Drilling:

* Creating cylindrical holes in a material.
2.Reaming:

* Enlarging and finishing an existing hole for precision.
3.Tapping:

* Cutting threads inside a hole for screws and bolts.
4.Countersinking:

* Creating a conical surface at'the top of a hole for flathead screws.
5.Spot Facing:
* Machining flat surfaces around a hole.

Introduction to Milling Machine

* A milling machine is a versatile machine tool used to shape solid materials by
removing excess material through a rotating cutting tool called a milling cutter.

* In a milling machine, the cutting tool rotates while the workpiece is @fﬁ/\
fixed or moves along a specific path.

Mt for Eghtening
draw bar

Dvaw bar
-

Components of a Milling Machine
1.Base:
Provides support and stability to the entire machine.
2.Column;__- T
A vertical structure that supportsthe machine's components.
3.Knee: =
A movable part that supports the worktable and provides vertical
movement.
4. Worktable:
A flat surface where the warkpiece is clamped or secured.
5. Spindle: R W«ﬁr
Holds and drives the milling cutter.
6. Arbor: S —
A shaft used to hold long milling cutters.
7. Overarm:
Supports the arbor and provides rigidity.




Types of Milling Operations

1.Face Milling:
Cutting flat surfaces perpendicular to_the cutter axis.

.End Mllllng
Producing slots, pockets, and contours.
3.Slot Milling:
Creating slots or grooyes in the workplece
4.Drilling and Borlng
Using specuahzed cutters for holes and enlarging existing holes.

S M\Ih

6. Do Mlllﬁfg ,

Introduction to Grinding Machine

e A grlndlng machine is a precision tool that uses an abrasive wheel as the
cuttlng tool to remove material from the surface of a workp|ece

* Itis commonly used in rnanufacturlng and flnlshlng processes to achieve
hlgh accuracy, smooth finishes, and tlght tolerances




Components of a Grinding Machine
1.Base:
Provides stability and support to the entire machine.
2.Worktable: ‘ | -
Holds and moves the workpiece during the grmdmg process.
3. Grlndlng Wheel:
The main cutting tool, made of abrasive materials like aIumnmum oxide
or silicon carblde ’
4, Spindle: '
Rotates the grinding wheel @t high speeds.
5.Wheel Guard:
A safety cover that protects the operator from flying particles.

Grinding Operations

1.Surface Grinding:
Achieving a smooth, flat surface.

2.Cylindrical Grinding:

- Creating cylindrical shapes or finishing round parts.

3.Centerless Grinding: N 7
Removing material without clamping the workpiece.

4.Form Grinding: .
Producing specific shapes oF contours.

5.Polishing and Buffing:

Achieving a fine, shiny finish.
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Types of welding

1. Forge or Pressure Welding [Plestic Welding)

Flash bun

Arc Welding




Gas welding

Types of Flames ;




TELHNICAL CLASSES
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» Brazing is a metal-joining process in which two or more
metal pieces are joined by melting a filler metal (also
called a brazing alloy) and allowing it to flow into the
joint. The filler metal has a melting point lower than that
of the base metals being joined, so only the filler melts
while the base metals remain solid. The process is
typically performed at temperatures above 450°C
(840°F) but below the melting point of the base metals.

» ADVANTAGES
» The brazing is a simple and economical process.
» Dissimilar metals can be joined by brazing process.

» Thin section plates are joined very easily but such
workpieces can not be joined by welding.

» Metals with different thickness can be joined easily.
» Brazing produces leak proof and pressure tight joints.

Disadvantages:
+ Heavy sections can be joined by brazing process.
« Itis suitable for small arficles and thin section plates only.
« A skilled labour is required for brazing.
Brazing results in low strength joints compared to welding.




» Applications of Brazing

» Automotive industry: Joining of heat exchangers, radiators,
and fuel lines.

» Aerospace: For turbine blades and structural components.
» HVAC systems: Joining copper pipes and components.

» Electronics: Manufacturing electrical connectors and
contacts.

» Plumbing: Joining of copper pipes and fittings.

» Soldering is a metal-joining process that involves melting
a filler metal (known as solder) to bond two or more
metal components together. Unlike welding and brazing,
soldering occurs at a relatively low temperature—

typically below 450°C (840°F). The solder has a lower
melting point than the base metals, meaning the base
materials do not melt during the process.

» Advantages
Dissimilar metals can be joined.

» It is simple, low cost, flexible, economical and user friendly.

» The life of solder will be more.

» Low amount of power is required to heat the soldering iron.

» The soldering can be done at low temperature and controlling is
very easy.

Disadvantages:

- Heavy sections can be joined by soldering process. It is suitable

for small article only.

» Solders are costlier and soldering requires proper solder to get

strong bonding.
* A skilled labour is required for soldering.




» Applications of Soldering

» Electronics: Circuit board assembly, connecting wires and
components.

» Plumbing: Joining copper pipes and fittings.

» Jewellery Making: Repairing or assembling metal pieces.

» Metal Artwork: Crafting and repair of metal art objects.
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