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1.1 PRIME MOVERS :

Prime mover is an engine or device which converts natural source of energy in to mechanical work. In olden
days man was depending on his own physical strength and that of animal mainly horse, bullock, therefore, when
mechanical systems were invented, the unit of power was horse power.

SOURCES OF ENERGY USED BY PRIME MOVERS :
Prime movers use different sources of energy -

1.2

(n)

(b)

(c)

(d)

(e)

Fuels : When combustion of fuel takes place, heat energy is released depending on its calorific value. This
heat energy is converted into mechanical work by & device known as heat engine. It is most widely used
source of enerpy.

River Water : It is another useful fonn of energy. Water stored at high level possesses potential energy.
This polential energy is converted in to Kinetic energy and ultimately into mechanical work by a prime
mover known as hydraulic turbine. River water is nlso used to generate steam in boilers which in tum
used to develop mechanical work using steam turbines and steam engines.

Atoms (Nuclear Energy) : Heat energy is released by fusion and fission reaction of the atoms. This heat
energy is used to produce steam which in tum used to produce mechanical work using steam turbines.

Solar Energy : Solar encrgy is ovailable freely and it is o non polluting source of energy Solar energy
can be used to producc steam to run steam turbine. Using solar photovoltaic cells one can produce electrical
cnergy.

Wind Energy : Kinetic energy of wind is used to produce mechanical work using wind mills. It is nlso
freely available non polluting source of energy.
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1.3 CLASSIFICATION OF PRIME

Primne movers are classified ds

pends on the source of
Sourre of Encrgy used b

VERS :
o energy utillzed by them.

y Prime Movers

1
| Non-thermal
Thermal i
Water Tidel power
~ (Hydraulic turbine) (Tidel power plant) (Wind
Fuels Nuclear Geothermal ~ Biogas  Solar
(Heat (Nuclear (Geothermal  (Biogas  Energy
engines) power plant) power plant)  plant)
Extemal combustion Engine Internal combustion Engines
Steam Steam Closed cycle Reciprocating Open cycle
cngines Turbines gas turbines LC engines gas turbines
(Reciprocating) (Rotary) (Rotary) (Reciprocating) (Rotary)

1.4 UNITS AND DIMENSIONS :

The basic units of SI {System International) system of units are given below.

Table 1.1 Basic units of S] system

Quantity Unit Symbol
Length (L) Metre m
Mass (M) Kilogrumme k
Tiune (1) Second y
Temperature (T) Kelvin "
Amount of Substance Mole .
Electnic current Ampere mal
Luminous intensity Cande)y 2
Planc angle Radian od
Solid angle Steradian e
The dimensions of all other quantip ; e
Ofien it is necessary a wveslcas gL o from the

nd convenient 1o use

basic unjts, Some

" '
Multiples of various unigs. 11, of them arc listed in T
- f,y

are listed in Table 1
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Tuble 1.2 Derived units of SI system
Quantity Unit Symbol | Other/Alternate unig Basic units
Force Newton N kg mvs?
Energy Joule J N kg m'/s’
Power Watt W Ms kg m’s’
I-Tr:ssurc Pascal Pa N/m? kg/(ms’)
IL‘TQUC“CF Hertz Hz !
Electne charpe Coulomb C As
Electric potentjal Vol v WI/A = JIC kg mPis’A)
Capacitance Farad F crv $'Alkg m?)
Electrical resistance Ohmn Q VIA kg m(s'A%)
Magnetic flux Weber Wb Vs kp miis’A)
Magnetic flux density | Testa T Wh/m! kg/(s°A)
Inductance Henry H WH/A kg m’is'A%)
Table 1.3 Standard multiple of S1 system
Prefix Factor Prefix Factor
Milli, m 10’ kilo k 10°
Micro, p 10¢ mega M 10
Nano, n 10° giga, G 10°
Pico, p 10" tera, T 10"
Force : Newton's second law of motion defines the force ecting on a body The unit of force is Newton (N)
When a force of | Newton is applied to | kg of

I'N =1 kg mss?

The weight (W) of a body is the force with which the bodd
of mass of the body and local

pravitational acceleration (g
W =mg

The valuc of ‘g’ al sea level is 9 80663 s’

For all practical
weight of a body varies with clevation but

the mass remains constant.
Pressure (p) : Pressure is defi
surface.

In S1 system of units, the unit of

to force of one Newton acting on an area of 1 m?

Pascal is very small unit and very ofien kilo-p

(MPa) is used

The other unit of pressure, though not belong

being used. They are the “bar’ and the ‘standard atmosphere’,
I bar = 10° Pa = 100 kPa = 0.1 Mpa

and

1 aum = 101.325 kPa = 1.01325 bar,

Standard atmosplicre 15 a pressure of atmos
by a mercury column of 760 mm. By 12k

ecceleration equal to 9.80665 mvs®,

phenc air o1 mean sea level. It js
ing density of mercury equal to
standard atmosphiere will be
13595.09 x 980665 x 0.760

10°

p=pgh =

= 1.01325 bar

mass, 1t produces acceleration of | nyy?

y is attracted to the centre of the earth

ned as the nommal force exerted by a system against unit area of

pressure is Pascal (Pa). One Pascal equals
ascal (kPa) and mega-Pascal

to SI system of units are widely

It is a product

PUrPOses it can be assumed as 9 81 nvs?. The

the bounding

Fig. 1.1 Pressure

defined as the pressure developed
13595.09 kg/m’ and gravitational




Basic Mechanical Engineering

15

heric pressure The pressure relalive to the

Most of the nstru
ments indicate pressure relative to the alinosp : g
P fect vacuumn |8 called “absolute pressure’,

aunosphere is called "gauge pressure’ The pressure relative 10 pe
Absolute pressure = Gauge pressure + Atmosphenc pressure
When the system pressure 15 less than atmospheric pressure, the gauge pressure becomes negative. This negative

gauge pressure is very often called as vacuum. which 13 positive number. 20 cm of vacuum mecans

76 - 20
76

Some of the pressure measuring instruments are Bourdon pressure gauge, open U tube manometer. closed U
tube manometer (closed limb have vacuum so it measure absolute pressure). Baromctet (which incasure atmosphenc

pressure. It is o closed U tube manometer where atmosphere pressure acls on open limb of manometer.)

x 101325 = 0.746 bar.

If H is the difference in the heights of fluid columas in the two 11 bs of U tube manomeler, g 1s gravitahional

acceleration and 11 is the density of manometnc fluid. then from prnciple of hydrostatic, the gauge pressure
is given by
kg m )
= H|l— — m= N/m
L L m' s ]

Specific Volume, Density and Specific Gravity : Space occupied by a substance 1s defined as volume (V)
Its unit is m'. The specific volume (v) of a substance is defined at the volume per unit mass [ts unit s mY
kg.

Density (1) of a substance is defined as mass per unit volume of the substance lts umt 13 kg/m' Thus density
is a reciprocal of specific volume.

Specific gravity is defined as ratio of density of a substance at 20°C 1o density of water at 20°C  Density of
water at 20°C is taken as 1000 kg/m’

Encrgy : Energy is defined as capacity to exert force through a distance. It exits in many forms Engincenng
processes involve the conversion of energy from one form to another.

The unit of energy in SI system of units is Nm or Joule (J) The energy per unit mass is the specific encrgy
Its umit 1s Jkg

Power : Rate of encrgy transfer is known as power [ts umt s Watt (W) It 1s a small unit and very often
kilowatt (kW) and mepgawatt (MW) is used.

1 W=1Js=1Nms

THERMODYNAMIC SYSTEM AND CONTROL VOLUME :

A 1I'|cnnc.;dyn..;umc ‘systein’ 13 dcﬁn_cd as a quantity of matter Fing sary (e
or o region in a spacce upon wluch attention 1s focused I boun >
for the analysis of the problem Everything external to the === I inder
system is called “surrounding” of the enviromuent System - 1| 4 Paston
boundary is a real or nnaginary boundary which scparates ' Air : Maving boundary (Real)
the system from surrounding. It is generally denoted by b e e d
dotted line. System boundary may be fixed or moving

i ings together form a “universe’
A system and its nurroundlr_:gs |
Systems can be classified 1n three categones (1) closed o maginary boundary

system (2) open system (?_s} isolated system Closed system
s one in which there is no mass tansfer across the Fig. 1.2 Types of boundary

boundary of the system thus it 15 a s.)'str.r'm of tucq mass. Energy interaction can be there across the syste®
boundary El'-llllplc. of closed sys.tcm 1s air trapped in piston-cylinder atangement as shown i Fig. 12 '01"‘"*
system js one In whfch both m;:ls.-. und cncr;gy cross “.m boun_-.!.'uy ?’ the system Most of the engincenng 5pph;. anons
arc open systen. Examples of open system are gas turbine, air compressor, pump, nuu.l:: e lr; gas turbis®

; high temperature enters in to the turbine and .
jigh pressure. leaves atl low .
']'hesm :::t :::5 c.[:crgy transfers actoss the system boundary. €7 pressure, lower tempersfi®
1
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_ln tfl_;cnnodynntmc unalysis of an open system such as gas turbine as shown Qasz in
-~ ) ) -
n Fig. II.BIullcnl;ou i5 focused on certain volume surrounding the pas 2= —+'W°”‘
turbine This volume is called * o ' Z
is called ‘control volume'. The bounded surface is l'

= i f
known as “control surface’ Mass and energy both cross the control surface. : ]
I —ti—Heal
T
|
R\

Thus there 15 no difference between open system and a control voluine
An isolated system is one in which ncither mass nor encrgy crosses the !
) I

:-Gonlrol volume

boundary of the system

rol
surfaceo
Oas oul

Fig 13 Open system

PROPERTIES, PROCESS AND CYCLE :

Systems have certain charactenstics by wluch its physical condiion can be described, for example pressure,
coordinates

temperuture, volume etc Such charactenstics are called “properties’ of the system Properties are the

to describe the state There are two types of properties Infensive properlics asc independent of the mass of
the system Examples are pressure, temperature, denuty etc Fxtensive propertics are dependent of mass Examples

are volume, encigy cle. Extensive propertics per unit mass, known as specific exlensive propertics are infensive
properties. Example are specitic volume. specihic energy elc

When all the system properties have definite
valucs, the system is said to be ina definile “state” a
In figure 1.4, "', ‘1", etc are different states of

a-1 change cf stato
a-b path, process

aba cycla

o system.

o
Any operation in which one or more of the system ' 3
properties change is called a ‘change of state’. In )

figure 1.4, 'a to 1", ‘1 1o 2° etc. are change of

V —

slale.
Fig 14 A change of state, a process and a cycle

Sequence of states passed through during a change
of state is called the 'path’ of the change of state
When path 1s completely specified. the change of state is known as a ‘process’.

A series of chunge of state such that the final state is identical with tnital state is called ‘cycle’

1.7 TEMPERATURE :
giee of coldness or hotness of a system Its umt in SI system of unif is

1.8

It is o quantitative measure of the de

Kelvin (K) Other units of temperature are Degree centigrade (°C) and Degree Fahrenheit (°F). The relations

between them are as under
K = °C 4 271.16

“C = -g (°F - 32)
Temperature is properny which distinguishes thermodynamics from other sciences. It helps to distinguish between

hot and cold.
ZEROTH LAW OF THF.RMODYN;\MICS :

Zeroth low of thermodynamics 15 stated us follows.
thermal equilibrium with a body B, and also with a body C, then B and C must be in

“When a body A is in
thermal equilibrium with cach other”.

It provides the basis of temperature measurement.

IS s i o i A N
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1.9 WORK TRANSFER : W (+Ve)
Intcraction between a closed system and its surrounding W (-Ve)

can be by two ways : (i) by work transfer (i1) by heat
transfer. They are also referred as energy interactions.
When these energy interactions take place system under Surrounding

goes achange of state and its properties will change. “Work 1.5 Sign convention for work transfe,
s s2id to be done if a body is moving in the dircction of
the force™. The action of force through a distance or torque throughan ang
of mechani-cal work is a product of the force and distance moved in the d

The symbol W is used for work transfer. The unit of work is Joule of N
It 15 taken positive, while it is done on a system is taken negative.
The rate of doing work by the system or on the system is called the power. The unit of power is J/s or W

Fig.

irection of force.

m. When work is done by 1 fymy

1.10 DIFFERENT TYPES OF WORK TRANSFER :

(1) Displacement Work or pdV Work :

A system of piston and cylinder as shown in Fig. 1.6 contains gas at Tl i _P;_:i i_‘l
a pressure p; and volume V. Now let’s assume that piston moves outward L :E:b
and the system has new pressure p: and volume V; Lel intermediale : v, v, 1
States are denoted by general co—ordinate p and v. If *A' is the area of Loobd-d] | y
the piston and piston moves infinitesimal small distance dl, the work (1) (2)

done by gas on piston due to force F = pA.
6W = F-dl = pAd! = pdV
dV = Adl = infinitesimal displacement volume.

Fig. 1.6 pdV work

Work done by system when piston moves from | to 2, (volume
changes from V, to V;) is given by
2
Wi = | par an X
' P, ' ~ 2
This work will be the arca under the process 1-2 o : v, A s
p-Vd 7 LL) 1L
as shown in Fig. 1.7. agram | |72 v
vy v, V=
(2) Flow Work : Fig. 1.7 pdv work on p-V disg®

The flow work is the enenzy transferred
across the system boundary because of
encrgy imparted to the fluid by -
compiessor, pump or blower, It is
significant in open system only. The
flow work is the energy required 10
make the fluid flow across the boundary

of the open system. N |
If p is the pressure of fluid acting normally 1o imagingry Fig. 1.8 Flow work
of the fuid enters into the system, Flow we,) ury p)

B\Vflmv = pdv

. an .
5 gl\’l:[] h}, € as Shﬁ\’ﬂ] In Fig_ 1.9 ﬂnd dv is smﬂ““
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(3) Shaft Work :
When a shaft is rotated by a motor and shaft is considered as a system, work Motor A —— j
1

is said to be done on the shafl.

jaft and N is RPM of the shaft, the shaft power Fig. 1.9 Shaft work

If T is the torque applied to sl
P can be written as

p 2aNT i

= %0 (1.2)

1.11 HEAT TRANSFER :

Similar 10 work transfer, heat transfer s also a form of energy in transil. a
ferred across the boundary of (-Vo) a
(+Ve)

Heat is a form of energy that is trans
the system by virtuc of the temperalure difference. There are three
11 two bodies in direct contact

mode of heat transfer. Heal transfer betwee
1s called ‘conduction’, heal transfer between wall and fluid system in
Fig. 1.10 Sign convention for heat

motion can be called as ‘convection® and heal transfer belween twa
bodies separated by gases or vacuum can be referred as ‘radintion’. tronsfer

Heat transfer is denoted by Q If heat s added to the system then it is taken as

by system il is taken as negative

SI system is Joule (J) The 1o
a vonserved quontity and t
een system and suroun

Surrounding

positive and if heal is rejected

te of heat transfer is given in W or kW.
Jus it is nol n property of a system A process

The unit of heat in
ding is called ‘adinbatic process’

Heat can’t be stored mecans it 1s nat
in which there in no heat trunsfer belw

1.12 SPECIFIC HEAT :
The amount of heat required to roise the temperature of 1 kg of mass by 1°Cor 1 K is termed as specific heat
d by c. If Q is amouni of heal 1equired in (J). to raise the temperature of m ke

of the substance. It is denote
of mass by At K then specific heat can be wrilten as
Q
= kg K (1.3
in x Al g )
. viz specific heat at

n the process in which heal transfer takes plac

lieats depend o
fic heal al constant volume (cy)

herefore they have single value of specific heal.
s called the heat capacity of the substance. It is denoted by C. Heat

)t volume can be denoted by C, and G, respectively.

Gases have two specific
constant pressure (Cy) and speci

As solid and liquids are incampressible,

The product of mass ond specific heat 1
capacily af constant pressurc and constar

\atter can exist. The amount of heat required
d temperature is dcfined as “latent heat™.

solid is called “latent

1.13 LATENT HEAT :
vapour (or gas) arc
se of 1 kg of subsl

welt 1 kg of solid into

the three phases in which n
ance at conslont pressurc an

liquid or to frecze 1 kg of liquid into

Solid, liquid and
to change the pha

Amount of heat transfer to n
heat of fusion™.
| transfer 1o vapourise 1 kg of liquid i
sation”.
convert 1 kg of solid in to vapour or vice versa i

ito vapour or lo condense | kg of vopour into liquid is

Amount of hea

called “latent heat of vapouri
s called “latent heat of

Amount of heal transfer needed o
sublimation”.

cat of vapourization is highly sensitive

Latent heat of fusion is not much affected by pressure, where as lntent h

to pressure.
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1.14 ENTHALPY :
The enthalpy of a substance is defined as H = U 4 pV. Its unit is KJ. It is an extensive property. Specific enthalpy

1S given by h = u 4 pv and its umt is kJ/kg It is an inensive property of the system.

1.15 FIRST LAW OF THERMODYNAMICS :
For closed system under going a cycle, onc can write first law as follows

tz\\")qtk = lzo)qﬂt
Which can also be expressed as

§ sw = § 5Q

The symbol §' denotes cyclic integral for the closed path.

(14)

(1.35)

and work transfer takes place, the net
¢ amount of heat transferred,
‘internal energy’ of

If system under goes a change of state, during which both heat transfer
energy is stored by the system 1f W is the amount of work transferred and Q 13 th
the net energy (Q-W) 1s stored by the system. This stored encrgy is called ‘energy’ or
the system. One can write 1" law for proéess as

Q- W = AC (1.6)
Where AE is change in energy of the system. Energy (E) is a property of the system.
Equation 1.11 is generlly written in the form
(L.7)

Q= AL + W
Unit of AE must be same as that of Q and W and it is Joule or kJ.

From the sign convention of heat transfer and
work transfer one can derive the sign
convention of AE, that is, if AE is + Ve, intemal

{ system i d if AE is -V ol Q,
cnergy of sysiem increases an if AE is -Ve, Q;

intcrmal energy of the system decreases.
Q W, W,
]

If system involves more than one heat transfers Suroundi Surroundin
and work transfers, first law can be written as u s »

(refer figure 1.11) Fig. 1.11 Closed system under goes a change of state

Qi+ Q- Q)= AE + (W, - W2) un
Thus in any process cnergy is conserved. The I* law is also known as “law of conservation of energy™
When open syslem execules o proccss such %(3
that there is no change in any property of the d e .
system with 1espect 10 time, the process is N | ~ ;
called steady flow process = | 5W
Following quantities arc defined, subscript (1) Steady Flow .;.T ch
and (2) corresponds 10 inlet and outlet section. System -
Ay, Az — Cross scction arca, m? | — mass out

_ Pressure (absolute) N/m? ....___[ my

Pl p2
my, m2
Vi, Y1~

_ Mass flow rate, kg/s Fig. 1.12 An open system under goes a steady flow procest

Specific volume m’/kg

T Specific internal encrgy, J/kg

Cy, C2 - Velocity, m/s

ju, hy — Specific cnthalpy J/kg

/ﬁ ' Z Elevation above the reference dutuin, m
1, £1 7

L]
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5Q
9 - Net rate of heat transfer fiom system J/s
SwW
i Net rate of work transfer by system J/s
First law applicd to steady flow process can be writien as follow which is known as Steady Flow Energy Equation
(SFEE). )
loF; C3
] -2
mr[lh + = + gﬁ} 1+ Q= mz[hl + '_2_ + g’-l] 4+ W (unit of cach term is J/s) (1.9)
, For unit mass flow rate:
| c? cl
’ ht =5 e d Q = hy + -?1 + gzy + W (unit of each term is J/kg) (1.10)
—{ soLVED PROBLEMS |
Prob. 1 : A cycle consists of four processes and heat iansfer during process were + 84 kJ, — 8.4 K, =21 kKJ

and + 4.2 kJ Calculate net work done of the cycle.

Solution : For cycle we can first law
| f8Q = oW
| JoW =4 84-84- 21442
= 58.8 kJ (by the system)

1

is supplicd to 5 kg of working substance. The heat

In a compression process 3kJ of mechanical work
change in specific energy.

Prob. 2 :
rejected to the cooling jacket is 700 J. Calculate the
From the first law we can wrile
Q =W+ AU
- =700 = - 3000 + AU
- AU = 2300)

. Change in specitic internal encrgy

Au = 3350—0 = 460 J/kg

Solution :

of state in such a way that 50 kJ of heat is transterred

A certain quantity of air undergoes a change
kJ. Calculate the change in its internal

to the system. For this change of state, work produced is 40

energy. Assume that the process is non-flow
aw can be written as

Prob, 3 :

For a non flow process, first !

Q- W+ AU

50 = 40 4 AU = AU = 10 kJ
at an initial pressure of 0.5 MPa and flow rate of 0.15 m'/s and leves it at a
d flow rate of 0. 09 m%/s, During the passage through the system, there is increase
e change in enthalpy of the gas.

Solution :

Prob. 4 : A pgas enlers a system
pressurc of 0.95 MPa an
in internal encrgy of 22 kl/scc. Calculatc th

Solution : Given © i = 0.5 MPa Vi =0.15 m/s

pz = 095 MPa Vy =009 m¥s AU =22 Kis

Enthalpy is defined by

H=U+pV
Hy - Hy = (U2 - U+ (p2Vz2 - pV1)
=22 + (0.95 x 107 x 009 - 0.5 X 10" x 0.15)

= 22 + (85.5 — 75) = 32.5 kJ/s
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e ¢ Moon. Calculate its Kinetic
and 1s mo¥!

a mass of 600 kg o il 15 50 km from fnunching and moving ?;)2500 &
sarth when ! 1 L
= [::t:oni field as 790 cm/s™. 201p)

nwnrds

Prob. 5 :  An ortificinl satellite has
potential encrgics in (MJ) relative
hr. Take acceleration of Earth's gravil

Solution : Given : m= 600 kg z=50km= 50 x 10' m
V = 2500 km/hr
g = 790 cm/s? = 7.9 m/s’

-
&

Kinctic Energy KE = é mV

o [_599__@1'%2]
ol 3600

= 1446759259 J
= 144.68 MJ

Potential Encrgy PE = mgz
=600 x 7.9 x 50 X 10°

= 237 MJ

Prob. 6 : It is required to produce ice fiom 36°C water. The capa
of the water is 4.18 KJ/kgK. Determine the amount of

1| —

city of the ice plant is 6 TR and specific hes
ice produced in 3 hours. (Summer 2019)

Solution : Given : T.. = 36°C capacity of ice plant = 6 TR
Cpw = 4 18 KJ/kgK mq = 7 time = 3 = 3 x 3600 s
Note - Ton of refrigeration (TR) 1s unit of refrigeration. It is defi

1 TR = 3.52 kW
; | first one needs to reduce the temperature of water up (o its freezing poist
ie 0°C, then latent heat is removed at 0°C to have complete conversion of water into icc. In present %
final temperature of ice is not given (which may be less than 0°C) so it is assu

: . . med that final tcmperatu®
of ice is 0°C. Latent heal of ice at 0°C, hy = 335 kl/kg na pe

ne in section 103

To produce the ice from walcr,

[

From cnergy balancc one can wrile
Hent removed by ice plant = My [C',_ (T_ —O’L‘) 4 hsr]

. 6 x 352 x 3 x 3600 = M [4.18 (36) 4+ 335]
s Mee = 470 kg

Calculate the energy consumed in one month for following conditions (S r 2019
: umme

Prob. 7
COP of air-conditioning unit : 5

Capacity of air conditioner : 2 TR
No of air conditioners : 8
All air conditioners run for 4 hours/day.
Given : COP =35 Capacity of air condition = 2 TR
No. of AC = 8 AC usage 4 hriday
Monthly energy consumption = ?

..

Solution

. COP of refrigeration and air conditioning SYStems is define ;
Refrigerating effect cline in section
COP = Work supplied

Note
10.1. 1t is defined 8

L m— Tl ——
” B
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Work supplied for one nir conditioner having capacity of 2 TR and COP = § iy

2 x 3.5

We = 1408 kW

~ Monthly energy consumption for 8 AC used for 4 he/day
= 1408 x B8 x 4 x 30
= 1351.7 kWh

It may be noted that kWh is a unit of clectricity consumption

(EXERCISES ]

1. Define the following terms :
(a) prime¢ movers (b) force (c) mass
(d) pressure (c) work (N power
(g) energy (h) 'Icmp:rmuw (i) specific heat
(j) enthalpy (k) internal cnergy (1) system
(m) boundary (n) surrounding (0) property
{p) control volume (q) control surface (r) heat
(s) latent heat (1) heal capacity (u) flow work
(v) density (w) vacuum (x) potential energy
(y) Kinetic energy (z) steady flow process.

. Dilferentinte :

(a) Open, Close and Isolated system

(b) Intensive ond Extensive property

(¢) Heat and Work

(d) Abu;lutc pressure and Gouge pressure
. State Zeroth law of thermodynamics ?

. Why gases have two specific heats ?

. How prime movers are classified 7 What are different sources of energy used by them ?

Write steady flow cnergy equation 7 Explain each of its terms

( rrROBLEMS )

In a system 45 kg/s of working fluid enters with 10 m/s velocity and leaves with 19 m/s velocity The system

receive 46 kJ/s of heat and docs 15 kW of work The outlet is 30 m above the inlet. Calculate change in specific
[Ans. hy - hy = 0.254 kl/kg]

enthalpy of working fuid.

The density of mercury is 13600 kg/m’. Calculate the ipressura’due to 600 mm of Hg in kPa and bar.
[Ans. 80.05 kPa, 0.8005 bar)
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1.12 cring
- X it ry 1s transfe
. that S0 of its €nergy 1s med
A c-oppcr ball moving with S50 wvs is brought to rest suddenly. Assuning Yl s 0,394 \kg K.
' § ; 3 . . = g copper .
into heat, tind nse in temperature of copper ball Spealic heat of cop] [Ans. ll]:-'(-]
[ ' ce] having 25 kg of water at 20°C,
4. A piece of iton ball of mass 10 kg is heated 1o 105°C and dropped o vesse f

7 2°C when waler and iron ball attain same

What is specific heat of iron, if the rise in water lemperature s [Ans. 0.969 KJ/kg K]

lempenature?

Assume the system ol water 1o be

5. Determine 1e { i ' : it rom o height of 150 m.
mperature rise of water when at falls fre | [Ans. 0.351°C)

adiabatic. Take ¢, of water = 4,187 Kikg K

- ) . C 20°C. Tak
6. Calculate amount of heat required to raise the temperature of § kg of water from 30°C to : ::‘:f Cp of
water = 4.187 KJ/kg K. [Ans. 1256.1 KJ)

7. A storage battery of 24 V drows current of 10A for an hour. The decrease in stored energy is 200 kJ. Calculate
rate of heat transfer from the batlery. [Ans. 10W]

8. Atank contain 50 kg of fluid (¢; = 3.7 k)/kg K) a1 46°C. The fluid is stirred by a paddle whieel which consumes
200 KJ work while the tank has 650 kJ of heat interaction with ambient which is at 30°C. Calculat?® final
temperature of the fluid. |Ans. 43.57°C)

9. A non flow system has work input of 30 kJ and heat rejection of 45 kJ. Calculate change in internal energy
of the eystem. [Ans. =15 W]

OBJECTIVES TYI'E QUESTIONS
1. Choose correct statement for close system
(a) mass does not cross the boundary but energy trunsfer can takes place
(b) both mass and energy can cross the boundary of system
(c) mass can cross the boundary of system but no energy trunsfer ncross the system boundary
(d) neither mass nor energy can cross the boundary of a system
2. Choose correct statement for open system.
(a) mass does not cross the boundary but energy trunsfer can takes place
(b) both mass and energy can cross the boundary of system
(c) mass can cross the boundary of system but no Chergy transfer acrosg the system boundary

(d) ncither mass nor encrgy can cross the boundary of u syster

3. For isolated system can cross the boundary of

system.
(n) only mass (b) only energy
(c) both mass and encrgy (d) neither mass yop energy

4. Which one of the following is an extensive propeny 7

(n) pressurc (b) temperature

(¢) density (d) energy
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5. Which one of the following is an intensive property ?
(a) energy (b) enthalpy
(c) density (d) entropy
6. Well insulated rigid vessel contains air and an electric resistor. If air is heated by supplying current through
resistor, for the system.
(a) both heat and work transfer is zero
(b) both heat and work transfer is positive
(c) heat transfer is positive and work transfer is zero
(d) heat transfes is zero and work transfer is negative
7. Temperature measurement by mercury in glass thermomeler is based on
(n) zeroth law (b) first law
(c) zeroth and first laws both (d) None of above
8. First law for a close system which exccute o process can be written as
(o) 6Q = &W (b)) Q=AU+ W
€ Q+ =W+ h (d) W=h = I
9, When 'path’' is completely specified it is called
(n) change of state (b) process
(c) cycle (d) None of above
10. Pick up odd one
(a) heat (b) work (c) internal energy (d) pressurc
11. In o compression process if wotk done on the 2 kg of gas equals to 10 kJ and 2 KJ of heat is rejected, change
in specific intemal energy of gas equals {0
(o) 8 KJ (b) -BXJ (c) 4 kJ (d 2K
12. Unit of mechanical power is (January 2011)
(a) Joule (b) Watt (c) Pascal (d) Newton
13. | bar = N/m?. (January 2011)
(2) 10° (b) 10° (c) 107 (d) 107
14. Barometer is used to measure _______- (January 2013)
(a) Pressure (b) Temperature (c) Electrical Energy  (d) Force
15. The sum of internal energy (U) and the product of pressure and volume (p.v) is known as (Winter 2016)

(a) workdone  (b) entropy (c) enthalpy (d) heal
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16. In an isolated system, what transfer? (Summer y;
(a) mass () energy () both mass and dnergy (d) neither mass nor encrgy

17. Which of the following is a path function? (Summer 20y,
(2) heat (b) temperature (c) pressure () volume

18. In a compressor, the work done is 200kJ and heat rejected to the surrounding is S0kJ. The change in Mtey
cnergy is (Winter 2y
(a) 150 (b) 250k () 4KJ (d) 10000k]

19. Which law gives the definition of temperature? (Summer 20)
(2) Planck Law (b) Charle's law (c) Avogadro law (d) Zeroth law of thermodynamics

20. Which of the following is high grade energy? (Winter 2017
(a) work (b) heat (c) chemical energy (d) none of above

: ANSWERS :
1. (a) 2. (b) 3. (d) 4. (d) 5. (c) 6. (d) 7. (a) 8. (b) 9. (b) 10. ()

11. (c) 12. (b) 13. (b) 14. (a) 15. (c) 16. (d) 17. (a) 18. (n) 19. (d)  20.(

« oo
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INTRODUCTION

Energy is the ability or capacity to do work. Energy may be available in stored form (potential energy)
or working form (kinetic energy). The energy in food, water stored in reservoir of a dam or in battery
is potential energy. The energy in flowing wind or river is kinetic energy. Chemical energy, heat (thermal)
energy are low grade energy, while mechanical energy (work) and electrical energy are high grade energy.
The high grade energy can be fully converted to low grade energy but the reverse is no true.

Before industrial revolution (Around 1700 AD when steam engine was invented), energy needs of human

being were small. They were mainly fulfilled usingenergy from plants and animals. Solar energy was

used for some basic drying and heating needs at home and in farms. Wind mills were used in different

parts of world for grinding and running water-wheels. The fossil fuel era started with invention of

IC engine (1870 AD) along with expansion of mining activity for coal as well as drilling and refining

technology for oil.Fossil fuels like coal and petroleum products are concentrated forms of energy andcan
be easily transported. They became very convenient form of energy for mankind. Building of central
power stations using fossil fuels or hydro energy and development of infrastructure for supply and
transmission of electrical energy made electrical energy available at our doorsteps. This was a giant
leap forward in convenience of use and abundance of energy for mankind. Nuclear energy came on
the scene after the Second World War. Nuclear energy provides small but significant amount of cncfg',y
requirements of many countries of the world.

Extensive use of various forms of energy has helped to improve quality of life of humankind to a great
extent. In fact, per capita energy consumption is many times used as a measure of development of
a country. Fig. 2.1 shows comparison of per capita energy consumption of various countries of the world
in terms of kg of oil. Itris seen that this number is,.one of the lowest for India. Per capita energy
s:onsumption of China is more than three times that of India and it is more than eleven times in case
of USA. This data indicate two things' one, many people in ldia still do not have proper availability
of electricity and two, our standard of living is still much lower than developed coun ries iu“the ‘world.
India in fact needs add large generation capacity in order to continue its e growth,
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Energy Use per Caplta

: " (4 i foud = . db '
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ivalent for Various Countries of the World;

Fig. 2.1 : Per Capita Energy Consumption kg of oil equ
¥ b g MJ or 11.63 kWh

1 kg of oil equivalent = 41.87
butlavish use of energy has created concerns

Higher energy consumption is considered sign of development,
‘ ; As availability of given source of fuel reduces,

related to depletion of fossil fuels and environmental pollution. ) nhouse effect
its prices start increasing rapidly; which can adversely affect the economy. Pollution and greenho

has started degrading the environment, which is the foundation of life. This situation has forced us to look
at energy usage and energy resources with fresh perspective. We need explore sources of energy that are
renewable and environment friendly. We also need to rationalize the use of energy and reduce wastage of
energy. Under this scenario, study of energy and its sources has become very important.

VARIOUS ENERGY SOURCES AND ENERGY SCENARIO

Energy sources may be divided into two groups: renewable and non-renewable. If recreation of given amount
of energy takes much longer period as compared to its consumption period; the source is considered to be
non-renewable. Fossil fuels like coal and oil fall under this category as their creation has taken millions
of years, while we are using them at a very high rate. The annual cycle of evaporation of seawater, cloud
formation and rain-fall is responsible for availability of potential energy in form of water stored at a height
at a dam site. So, hydro-power can also be called renewable source, though it is a conventional or well-
established technology for power productionnow. Solar energy and wind energy are considered as renewable
sources of energy as their use does not deplete them. Biomass energy can be re-created in short period of
timeby plantation or may be available from waste. So, biomass energy is also a renewable energy source.
Electrical energy and hydrogen gas as fuel are secondary forms of energy, which are derived from primary
sources of energy.

Fig. 2.2 shows contribution of various sources of energy in total primary energy consumption in the world
for year 1973 and year 2015 in Milliions of Tonnes of Oil Equivalent, Mfoe (1 tonne = 1000 kg). The
world primary energy consumption has increased from 3740 Mtoe to 5269 Mtoe, which is a rise of ;1rou d
41% in above period. The rise is due to growing population of the world and expanding economi n
developing countries. As seen from the chart for 2015 AD; oil, coal and natural gas are the mf‘ nomies of
with 36.1,26.0 and 18.0% contribution. They are followed by nuclear energy, bio-fuels and jor contributors
energy in that order. Though the contribution of other sources (mainly rcne;vablc cncrg; S:\,:'z: all'lic(l h)’fh'z
ike win

energy, solar energy and geothermal energy) is still very small (aro 9 :
rapidly in future. (around 2.1%). It is expected to rise very



1973 2015

Biofuels and
waste 5.8%

Biofuels

Nuclear and waste

13% <l 2.3% il

22%

Natural gas
1 26,0%

3 740 Mtoe 5 269 Mtoe

Fig. 2.2 World Total Primary Energy Consumption Division in Million Ton Oil Equivalent (Mtoe)(Source: [EA)

Fig. 2.3 shows contribution of various energy sources of energy for electrical power generation for year 1973
and 2014. Electrical power generation has increased by almost 300% from 6131 TWh to 23816 TWh (TWh
is terawatthour, i.e. 10° kWh). As per 2014 scenario, coal, natural gas and hydroelectric energy contribute
40.8%, 21.6% and 16.4% to the total electrical power generation. Nuclear power comes fourth with significant
contribution of 10.6%. Other sources, mainly renewables, contributed just 0.6% in 1973 but contributed 6.3%

in total electrical power generation in 2014 AD. Thus, renewable energy has started showing its presence
and importance now.

1973 2014

Natural gas
12.1%

6131 TWh 23 816 TWh

Fig. 2.3 Contribution of Energy Sources for Electrical Power (Source: 1EA)

Fig. 2.4 shows contribution of various energy sources to total primary energy consumption in India. Coal/

Peat contribute highest at 40.8%, but the Contribution from combustible biomass and waste is also very

significant at 27.2%. Oil which is mainly used in transportation contributes 23.7%. Other i
A%. renewab

only 0.2% out of the total energy consumption. t ables contribute
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Combuslible
ronowables and;
wasto 27.2%

X »%g}; b

0l 23.7% % Natural Gas 5.6%

Hydro 1 8%
Nuclear 0.7%

Other
renewables
0.2%

Fig. 2.4 Total Primary Energy Consumption by Sources in India

The total installed capacity of power plants in India is around 310 GW. Fig. 2.5 shows contribution of various
energy sources for electrical power generation capacity. Thermal power plants which mainly use coal, contribute
around 190 GW (61%) capacity. Renewableenergy sources contribute 45.9 GW (15%) capacity. Among
renewable energy sources, wind energy contributes highest 28.1 GW (61.2%) capacity, while solar and biomass
are second and third respectively at 18.5% and 10.6% contribution. Small hydro power plants are considered
to be renewable sources here, while large hydro power plants are not considered to be renewable source.
Small hydro power plants contribute around 4.3 GW (9.4%) capacity. There are plans to increase renewable

energy power production to 175 GW by 2022.

Breakup of India's Total Installed
Capacity :
Total 310 Gigawatt (GW)

Nuclear :
5.7 GW
Gas : 25.2 (2%)
GW (8%
Hydro ; 43.1
GW (14%)

Renewable ;
45.9 GW
(15%)

Breakup of India's Renewable
Installed Capacity : Total 45.9
Gigawatt (GW)

48GW Waste to Energy : Small Hydro :
0.11 GW 4.3 GW
(9.4%)
Solar: 8.5
GW (18.5%)

Fig. 2.5 :

Now, we will discuss various sources
fuels, hydropower and nuclear
energy, wind energyand bio-

. \
Installed Capacity of Power Plants in Indig (Total

of energy one by
power. After that, the oy,

mass energy will be discussed, i
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2.3 FOSSIL FUELS

Coal, oils and natural gas have been formed from organic remains of pre-historic plant and animals laid down

below earth’s crust. So they are called fossil fuels.

2.3.1 Solid fuels
(1) Wood : Wood has been used as a fuel from ancient times. It is still used extensively in countries where
forests exist and other sources are not readily and cheaply available. It has low calorific value. Ease

of ignition, free burning quality and absense of ash disposal problems are the points of advantage for

wood.

(2) Charcoal : It is the solid product of the carbonisation of wood.
burning of wood. Wood charcoal is a source of fairly pure car
rates. It is extensively used as a fuel in blacksmiths’ and metalworkers’ forge
cottage industries.

(3) Peat : It is a naturally occuring solid fuel consisting of partly decom

It is not recognized as coal but represents the first stage in the conve
s and gas producers. The low temperature carbonisation

by-products. Peat—coke is a valuable fuel for some

Charcoal also results from the incomplete
bon. It easily ignites and burns at low
s and for numerous other

posed plant material below ground.
rsion of vegetable matter into coal.

Peat is largely used in steam boilers, power station
of peat is practised for getting peat coke and
metallurgical processes.

(4) Coal : Coal is fossil fuel la
temperature within the surface of eart

id down from moist vegetable matter and compacted under pressure and
h. It is most widely used of all commerical fuels for heat and
electricity generation. Approximately 41% of the world electricity production uses coal. Coal constitutes
18% primary energy consumption in world. Coal is very widely used in steel production, cement, paper,
chemical and pharmaceutical industries. There are environmental issues related to coal mining and burning
of coal like emission of sulfur dioxide and fly ash. So use of coal is being discouraged, but it is still
one of the most important fuels. Coal is generally classified into following categories:
(i) Lignite is inferior coal because of high ash content, high moisture content, low calorific value, small
size and bad weathering properties. Lignite can be used in generation of electricity in thermal power
stations, producing carbonised briquettes (lumps) which are used as smokeless fuel, making producer

gas and in metallurgical furnaces.

Bituminous coal is denser and harder than lignite. Owing to the good heating qualities and ease
of handling, it is major fuel in most countries for industrial furnaces, boilers and thermal power
plants. Other important uses are carbonisation and gasification whereby coal is converted into solid
fuels like coke, liquid fuels like coal tar or gaseous fuels like producer gas, water gas, coal gas

(ii)

elc.

(iii) Anth
carbon content and high calorific valu

racite is the most mature and hard form of solid fossil fuel. It has low volatile matter, high
e. It is chief industrial fuel used in boilers and metallurgical

furnaces.

2.3.2 Liquid fuels

Petroleum (crude) oil is generally considered to be formed from animal and vegetable debris accumulating

in sea basins and buried there by sand and silt. The chemical structure of petroleum is composed of hydrocarbon
chains of different lengths. Becausc of this, petroleum may be taken to oil refineries and the hydrocarbon
chemicals separated by distillation and treated by other chemical processes, to be used for a variety of purposes.
According to crude oil composition and demand, refineries can produce different shares of petroleum products.
Largest share of oil products is used as energy carriers : various grades of fuel oil and gasoline. Refineries
also produce other chemicals, some of which are used in chemical processes to produce plastics and other
useful materials. Since petroleum often contains a couple of precent sulfur, large quantities of sulfur are also
often produced as a petroleum product. Hydrogen and carbon in the form of petroleum coke may also be
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in transportation Sector, industry ‘"?C_' el ““f"y
y source in tra ~<ential part of our daily” life (plastics,
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f petroleum is also responsible for pollution
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produced as petroleum products. The hydrogen is often usi ”
processes such as hydrogen catalytic cracking (hydrocrac ]

The petroleum products are very widely used as energ ecorr
. - c
generation. There are many other byproducts which ha\{c "
fibres, colours, lubricants, so on and so forth). The excessive use
and global warming. )
o . . : : ir utilization :
Liquid fuels may be divided into two main classes based on thei

Light Oils or Spirits : ‘ They include
They are suitable for use with internal combustion engines and jet engines. y

(a) The lighter, more volatile fractions obtained by distilling or cracking natural petroleum oiJs or shale
oils. )

(b) The light fractions obtained by the hydrogenation of coal, coal tar or heavy oils.

(¢c) The light fractions obtained by the synthesis of hydrocarbons.

(d) Alcohols

(e) Benzole,
Gasoline or Petrol is the lightest fraction derived from petroleum oils and is distilled in lowest temperature

range. The temperature ranges of other products, Naphtha, Kerosine and Gas oil can also be seen from the

A.S.TM. distillation curves.

Shale oils are derived from oil shales (soft, slate like rocks). Benzole is obtained by distillation of coal tar
gas. Methayl alcohol is produced by synthesis (2H, + CO = CH;0H) while Ethyle alcohol is produced by

fermentation of sugars followed by fractional distillation of the product.
Of the above, the most volatile and cleanest products : gasoline (petrol), benzole and alcohol are suitable

for spark ignition engine. The next higher fractions of petroleum oil, shale oil and synthetic oil generally
included in the class of oils known as paraffin, kerosine or naptha are suitable for jet engines. The remainder

-of the lighter fractions of distillation of petroleum oil, shale oil and synthetic oil are suitable for diese] engines

combustion in small furnaces or combustion appliances,

Furnace Oils :

These include the heaviest grades of natural petroleum oils, or cracked ojlg from which the more 1
engine oil and lubricating oil fractions and bitumen have been removed. They also include less val " ual?le
products of distillation or hydrogenation of coal or synthetic ojls. @luable, heavier

Advantages of Liquid Fuels Over Coal :

(I) Oil can be handled more readily than coa] Pumps, pj
. ) ' » PIpes and ¢o :
cumbersome equipment required for handling coa. ftrols are-easier and cheaper than

(2)  Oils have higher calorific value and cap be burnt at
igher dor 1 '
furnace outputs. gler combustion rate, This ena

(3) The combustion of oil fuel can be regulated ang varied more easil
(4) OQOils contain extremely small Proportions of ash, Y
Advantages of Coals Over Oils :

(1) No special provision need to be made fo

(2)  Coal may be converted on site to the cony
and controlled.

(3) Coal is more economical than oil in Indja,

ble much greater

I storage. Any harq flat surfaee will be

enie : suffic;
Dt pulveriseq form, whic, can be eas;) e
as1

Y and rapidly burnt
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2.3.3 Gaseous fuels :

They may be classified into Natural Gas, Compressed Natural Gas (CNG), Liquefied Petroleum Gas (LPG)
and Manufactured gases,

2.3.1.1 Natural Gas :

Natural gas is a combustib]e mixture of hydrocarbon gases. Natural gas mainly contains methane, but it can

also include ethane, propane, butane and pentane. Natural gas may be described as the fossil fuel of the 21*
century.,

Found in reservoirs undemeath the earth, natural gas is commonly associated with oil deposits. Production

companies search for evidence of these reservoirs by using sophisticated technology that helps to find the

location of the natural gas and drill wells in the earth where it is likely to be found. Once brought from

underground, the natural gas is refined to remove impurities like water, other gases, sand and other compounds.

After refining, the clean natural gas is transmitted through a network of pipelines.

¢ Natural gas is considered ‘dry’ when it is almost pure methane, having had most of the other commonly
associated hydrocarbons removed. When other hydrocarbons are present, the natural gas is ‘wet’. Some
hydrocarbons are removed and sold separately, including propane and butane.

* Natural gas is colourless and odourless in its pure form.

* Unlike other fossil fuels, natural gas is clean burning and emits lower levels of potenitally harmful byproducts
into the air,

Use of Natural Gas :

(1) For cooking, air heating and water heating in residences.

(2) It is used for air conditioning in absorption and desiccant technology based air conditioning plants,

(3) It is used as fuel in internal combustion engines (L.C. engines), microturbines and fuel cells for small-
scale power generation. The exhaust can be utilized for space heating and cooling. Such systems are
cogeneration or combined heat and power (CHP) systems Such system are known as cogeneration.

(4) It is also used as fuel in central and captive power plants for electricity generation.

(5) Natural gas is consumed in the pulp and paper, metals, chemicals, petroleum refining, stone, clay and
glass, plastics and food processing industries.

2.3.1.2 Compressed Natural Gas (CNG) :

Compressed Natural Gas (CNG) is made by compressing natural gas (which is mainly composed of methane
(CH,), 10 less than 1% of its volume at standard atmospheric pressure. It is stored and distributed in hard
containers, at a normal pressure of 200-220 bar (20-22 MPa), usually in eylindrical or spherical shapes. In
response to high fuel prices and environmental concems, compressed natural gas is now being used in auto-
rickshows, cars and buses as a substitute for gasoline (petrol) or diesel.

* CNG cylinders can be made of steel, aluminium or plastic. Light weight composite (fibre-wrapped plastic)
cylinders are especially beneficial for vehicular use because they offer significant weight reductions and
consequent lower fuel consumptions, when compared with earlier generation steel and aluminium cylinders.

* Compressed natural gas vehicles require a greater amount of space for fuel storage than conventional gasoline
power vehicles.

¢ Natural gas is very safe. Being lighter than air, in the event of an accident natural gas simply dissipates
into the air, instead of forming a dangerous flammable pool on the ground like other liquid fuels. This
also prevents the pollution of ground water in the event of a spill. While CNG-powered vehicles are
considered to be safer than gasoline-powered vehicles, there are concerns about how best to fight fires
involving CNG vehicles.

* Some natural gas vehicles that exist today are bi-fuel vehicles, meaning they can use gasoline or natural
gas, allowing for more flexibility in fuel choice. Many of these vehicles, which were originally gasoline
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2313 Liquefied Petroleum Gas (LPG) :
Liquefied Petroleum Gases are mixtures of hydrocarbons, \\'hiclf are gaseous at 1
and atmosphenc pressure, but can be liquefied at normal ambient temperature
pressure.
LRy 8 . . s s s 1 t
Varieties of LPG bought and sold include mixes that are primarily propane, mixes that are primarily butane

and the common, mixes including both propane (60%) and butane (40%), depending on the season—in winter
MOre propane, in sununer more butane.

d vehicles due t© the chemicy
oline and diesel fuels contajy

yormal ambient temperature
by application of moderate

e LPG is manufactured during the refining of crude oil or extracted from oil or gas streams as they
emerge from the ground.

e It s a clean buming, non-poisonous, dependable, high calorific value fuel.

* At normal temperature and pressures, LPG will evaporate. Because of this, LPG is supplied in pressurised
steel bottles. In order to allow for thermal expansion of the contained liquid, these bottles are not filled
completely; typically, they are filled to between 80% and 85% of their capacity.

¢ LP gases are drawn out in form of gas. They will bumn only when mixed with
The mummum and maximum concentrations of a fuel £as in a gas/air mixture
can be ignited are termed as the over and upper limit of inflammabj
for LPG 1s 2% and the higher limit is 8.5%.

air in certain proportions.
between which the mixture
lity. The lower flammability limit

e LPG mn gaseous state is nearly twice as heavy as air. An

y leakage of L )
at floor level. Pure LPG is colourless and odourless. The " PG therefore, tends to settle down

leakage of liquid LPG js theref
refore very d .
caks can be detected casily. A

and is especially free of the particulates frop, the latter

e Y it has 3 lower .
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2.34 Manufactured Gases -

They b produccq by doing different chemical and physical processes on primary fuels. The following table
shows different primary fuels, processes, product gaseous fuel and its application.

Raw material Process Product Application
Wood distillation or Wood gas Not of much commercial interest
carbonization
Peat " Peat gas Heating the ovens
Coal/Coke Carbonization Coal gas For street and domestic lighting in towns,
(town gas) for cooking and in ga engines,
Gasification Producer gas In steel industries for firing open-hearth
(in air) furnace
Gasification Water gas Used in furnaces and for welding gas
(in air and steam)
by-product of Blast furnace For metallurgical processes
the reduction gas
of ores
Natural gas / liquification Liquified Excellent fuel for combustion appliances in
Refinery of propane petroleum industries, Spark Ignition Engines.
gases and butane Gases Domestic appliances
Natural gas Steam reforming Fuel cells, IC engine etc.

Hydrogen gas as fuel is considered as an important secondary fuel. Major advantage with hydrogen as
fuel is that when combined with oxygen, it produces water unlike fossil fuels which produce pollutants.
Its calorific value per unit mass is higher than the petroleum oils, almost three times of gasoline! The
disadvantages are that it burns readily when come in contact with oxygen in air. Its specific volume is very
large in gaseous form. If stored in liquid form, it would need a very low temperature (cryogenic) storage
vessel.

Today almost all of world’s hydrogen is produced by steam reforming of natural gas, which is an
endothermic process. At temperatures between 700 to 1100°C, steam reacts with the methane in natural gas
and yield mixture of carbon monoxide and hydrogen. By this method, energy consumed is more than that
is supplied by hydrogen gas later on. Thus, hydrogen gas may be called energy carrier rather than energy
source. Efforts are in progress to produce hydrogen gas by thermo-chemical, photo-chemical and biological
methods. Hydrogen gas can be used in fuel cells and engine-generator sets to produce electrical energy. It
can also be used in 1.C. engines to run motor vehicles,

2.34.1 Advantages of Gaseous Fuels :
(1) Gas is clean in operation and use. Does not produce dust or ash.
(2) It pollutes the atmosphere less. It has low sulfer content.
(3) Handling is easier and can be automatised.
(4) No storage problems as gas is delivered by underground pipes.

l vantages of Gaseous Fuels :

as is more difficult to transport by pipeline than oil.

are readily inflammable,

ied gases require either of high pressure or low temperature insulated tanks, which are
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2.4 NUCLEAR POWER absorbed
neutron

2.4.1 The Technology :

Nuclear power can be developed by

fission (splitting into two atoms from urani
one atom) or fusion (joining of two
atoms into one) reactions in nuclear
reactors in controlled environment.
Several fusion reactors have been built,
but still remain at experimental stage. ‘
When a large fissile atomic nucleus such J_’ -
as U or Pt*® absorbs a neutron, it jnitial
undergoes nuclear fission. The heavy neutron
nucleus splits into two or lighter nuclei

(the fission products), releasing kinetic
energy, gamma radiation and free Fig. 2.6 : Controlled Chain Reaction in Nuclear Reactor

neutrons. A portion of these neutrons
1ssi i more neutrons, and
may later be absorbed by other fissile atoms and cause further fission events, which release

so on. This phenomenon is known as a nuclear chain reaction. Nuclear chain reaction 1s controlled by neutron
poisons and neutron moderators that can change the portion of neutrons that will go on to c'ausc mo.rc fission
(Figure 2.6). Nuclear reactors generally have automatic and manual systems to shut the fission rcac'tlon down
if monitoring detects unsafe conditions. Commonly-used moderators include regular (light) water (in 75% of
the world’s reactors), solid graphite (20% of reactors) and heavy water (5% of reactors). Heavy water is deuterium
oxide, used as moderator in place of normal water. Though heavy water is very costly, it allows use of natural
uranium, thus doing away with enrichment facility.

x absorbed

neutron

Containment structure .
Steam line

—_—
Turbine and

generator

Control
rods

Condenser
cooling water

Coolant”]

o
circuit Pump

Fig. 2.7 : Nuclear Power Plant: Scheme
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Later on, aw ,

Sovitmde. ;fl::ess about dangers of nuclear hazard and problem of disposal of radioactiv

of nuclear .ow g_l‘OWth rate. of about 24% per year during seventies, reduced to around 8
POWer in total primary cenergy sources of the world was 9.8% in 2015.

As of 2016, India has 22 nuclear reactors in o

Eleven more 1.

€actors are under construction
the Nuclear Non-Prolifi

uranium, India has beep developin

developments, foreign technology and fuel are expected to boost India’s nuclear power plans considerably.

¢ waste reduced its
% in eighties. Share

The operation of the existin
the average load factor was
Suppliers’ Group agreement
and uranium. The average

g nuclear fleet has been constrained in the past by chronic fuel shortages, in 2008
as low as 40%. This constraint was eased after India became a party to the Nuclear

in 2008, allowing access not only to technology and expertise but also reactor parts
plant load factor rose to over 80% in 2013.

Though the current share of nuclear power in the

generation mix is relatively small at 2%, India has ambitious
plans to expand its future role, including a long-te

rm plan to develop more complex reactors that utilize thorium
- a potential alternative source of fuel for nuclear reactors. India has limited low-grade uranium reserves, but

it has the world’s largest reserves of thorium: developing a thorium fuel cycle will though require a range of
tough economic, technical and regulatory challenges to be overcome.

The nuclear industry in India is also subject to the broader challenges that are facing the worldwide nuclear
industry, including project economics, difficulties with financing and the implications of the Fukushima Daiichi
accident in Japan for public acceptance of new projects. India has struggled to attract the necessary investment
and to gain access to reactor technology and expertise, with the Civil Liability Nuclear Damage Act of 2010
widely seen as deterring potential suppliers (especially Japanese and US companies). However, the United States
and India reached an understanding on nuclear liability issues early in 2015 that may facilitate US investment
in Indian nuclear projects.

2.5 HYDRO POWER
2.5.1 The Technology

A dam is built on the route of a river at appropriate place a'nd water is stored in a ‘rcse.rvoir formed bch%nd
it (Figure 2.8). Energy is stored in water as poten.ual CI‘lerg)’, whxch' can be converted to k_mehc energy b)t allowx.ng
it to flow downward through a penstock. Quantity of water flowing _through pc_:nstock 1s cc?ntrolled using sluice
gates. Kinetic energy in water is converted to mechanfcal energy using a turbine. Mcchamcal energy produced
by turbine is converted to electrical energy by coupling a generator with the turbine.

Power transmission cables '
Dam Sluice
Transformer -
Power house
1
Storage
Downstream - .
outlet - servoir

Fig. 2.8 : Scheme of a Hydro-Electric Power Plant
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2.5.2 Hydro-energy scenario ‘Wwh (1 TWh = 10° kWh; . nit
¢ around 21,431 T cent of above elecmci[y
Electricity production in the world and India 1s _ ergy accounts for 16 per ' £ hydro-p
of electrical energy) and 855 TWh respectively. Hydro-Srets -roy. Total installed capacity of Nydro-power
generation and it is the most widely used form of renewable €11¢ gy of electrical energy from hydro-energy
o ' - roduction rate is potential of generatin
lants was 926 GW (1 GW = 10° MW) in 2010. The p ars. There 1s potel e g
ips expected to increase at an average rate of 3.1% each year for the next 25 yet‘:)dt of curr
. N ) our times the
around 14,500 TWl/yr energy from this energy source, almost fou

this potential lies in developing countries.

ent generation. Most of

. eration capacity of
The present installed capacity in India is approximately 42,783 MW, out oi();/Ol]a:adgcf’;Ctorl. Thus, around
302,088 MW. Hydro-power potential is assessed to be about 84,000 MW at 6 0 T
442 TWh/yr (84 GW x 8760 hr/yr x 0.6) electrical energy can be produced usmg‘hy ro . n.d] technology
does not produce greenhouse gases or other kinds of pollution and thus considered environment-ine ); . ’ d
But there are concerns related to local ecosystem due to drying of river stream downstream beetlicidine ap

displacement of people due to submergence of land under the reservoir.

Total electrical power generation in India was 1278907 GWh in the year 2014-15. Out of this, thermal, hydro
and nuclear power were 951504, 129244 and 36102 GWh. Thus, hydro-power contributed around 10% of total
electrical power produced. The installed capacity of hydro power plants was 42 GW in 2014 and is expected
to rise to 100 GW by 2040. Small hydro power plants contribute 2.8 GW inst

would increase to 10 GW by 2040. The development of small h
and north-eastern regions in India.

alled capacity currently but
ydro plants is mainly taking place in north

Our Gujarat’s own Sardar Sarovar Power Plant has employed six rey

capacity each in river-bed power plant. There are 5 turbines of 50 M
plant. Out of the total electricity produced,

ersible Francis type turbines of 200 MW

W capacity employed in canal head power
the state of Gujarat gets 16% share.
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2.5.3 Advantage and disadvantages of hydro-energy
Advantages :

(@) Production of Hydro-energy does not emit greenhouse gases or other kinds of pollutants.
(b) It is produced domestically in the country and thus good for energy security of the nation.
(¢) Tt relies on annual cycle of water evaporation and rain and thus a renewable source of energy.

(d) It can give additional benefits like water supply, tourism development, fishing and flood control.
Disadvantages :

(@) It is totally dependent on nature, i.. annual rainfall; without which no power can be produced.
(b) Local ecosystem is affected due to drying of river stream downstream.

(c) Displacement of local people is necessary due to submergence of land under the reservoir.
(d) Time taken for erection of such plant is very long and costs involved are very high.

2.6 RENEWABLE SOURCES OF ENERGY

We have already talked about one of the renewable sources of energy; i.e. hydro-energy. This energy source
is a conventional source of energy, while small hydro-power plants are considered to be non-conventional sources
of energy. There is more emphasis on their development now as they do not create many environmental and
societal problems. Other renewable sources of energy are solar energy, wind energy, bio-mass energy, geothermal
energy, tidal energy, wave energy and ocean thermal energy. The first three of these are more important for
India and will be discussed further here. The total grid connected electrical power generation capacity by renewable
energy sources in India is around 42.9 GW. Out of these, wind and small hydro contribute 28.1 and 4.3 GW

respectively. Biomass and Bagasse cogeneration contribute 4.8 GW, while solar power contribute 8.5 GW.

2.7 SOLAR ENERGY
2.7.1 Basics of Solar Energy

Solar energy is a very large, inexhaustible source of energy. The power from the sun intercepted by the earth
is approximately 1.8 x 10" MW, which is thousands of times larger than the present consumption rate of all
commercial energy sources on the earth. Thus, in principle, solar energy can supply all the present and future
needs of the world.

Over the period 2000 to 2011, solar PV (photovoltaic) was the fastest growing renewable power technology
worldwide. Cumulative installed capacity of solar PV reached roughly 65 GW at the end of 2011, up from only
1.5 GW in 2000. In 2011, Germany and Italy accounted for over half the global cumulative capacity, followed
by Japan, Spain, the United States and China,

India is gifted with vast solar energy potential. Most parts of India receive 4 to 7 kWh/m? per day. Hence solar
thermal and solar PV, both technologies have big potential of development in India. Theoretically, even a small
fraction of the total incident solar energy can meet the entire country’s power requirements. India targets to
reach 100 GW power generation using solar energy by 2022.

272 Advantages of solar energy

(a) Sun is an inexhaustible source of energy (because the sun will shine till the end of life or life will continue
only if sun shines).

(b) Solar energy is a clean source of energy; i.e. it does not produce any kind of pollution while being produced
or used. This is in contrast to fossil fuels which produce various pollutants where they are burnt for conversion
from chemical to thermal energy.

(¢) Solar energy is available on surface of earth without any cost.
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due to cloud cover. One needs to use some standby energy source 1 such
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2.7.4 Applications

Solar energy can be utilized to produce thermal energy (heat) or electrical energy. Solar radiation a.vallable I
form of electromagnetic waves can be converted to heat and then that heat can be converted to electrical energ;
in a power plant. Solar radiation can be directly converted to electrical energy using solar phovoltaic cells. Th

devices that capture solar radiation and convert it into other usable form of energy are called solar collectors
e.g. solar flat plate collector used for water heatin

g. Some of the applications of solar energy are mentiones
below: :
(@) Lights, pumps, communication network etc. can run with solar PV cells
(b) Solar power plant based on PV cells or thermal collectors
(c) Solar water heater, used for domestic or industrial water hcating
(d) Solar air heater, usefi for. agriculture / industrial product drying or space heating
(e) Solar cooker for residential or community cooking
(f) Solar still for distilled water production
(8) Solar steam generator for industrial Process heating or cooling
2.7.5 Solar Water Heater

photograph of a solar water heater installed on terra ous
like flat plate collector, are labelled in the diagram, .
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Fig. 2.11 Components of the Solar Flat Plate Collector

The details of the flat plate collector are given as an exploded view in Fig. 2.11. The solar radiation passes
through the transparent glass cover or glazing and falls on the absorber plate. The absorber plate absorbs the
radiation and becomes hot. The heat produced in the absorber plate is provided to water in the riser tubes. The
riser tubes are connected with bottom header, which in turn is connected with the bottom of the storage tank.
As the water in the riser tube rise up in the tube, cold water from the storage tank enters into it. Hot water
from top of the riser tube enters into the storage tank in top portion. The required hot water is taken from the
top of the storage tank. The insulation reduces the heat loss by mode of conduction from the absorber plate.
The glass also helps in reducing convective and radiative heat loss from the top of the collector. All components
are assembled into a metal casing to make the flat plate collector box.

2.7.6 Solar PV Techchology

Solar photovoltaic cell is generally made
from semiconductor material like silicon (Si)
as base material. Pure silicon is doped with
trivalent materials like boron to create p-
type material. Pure silicon is doped with
pentavalent material like phosphorous to
create n-type material. The p-type material
has excess holes, while n-type material has
excess electrons. The wafers of these two
materials are joined together to create p-
n junction. Near the junction, excess
electrons from n-type material diffuse to
recombine with the holes in the p-type
material. Similarly excess holes from p-type
material diffuse into n-type material. So a
thin layer in n-type material becomes
positively charged and the p-type material
becomes negatively charged. This creates a
barrier, which stops further flow of electrons
and holes, creating a built-in potential in
the solar cell.

Sunlight

Photons
Electron flow

©

@

“Hole" flow

Details of conmstruction and working

principle of the solar photovoltaic cell are
shown in Figure 2.12. Thin metal conductor  Fig. 2.12 Details and Working of a Solar Photovoltaic Cell
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; .al to collect electrons. Bottom surface of
gnd containing silver s used on top surface of n-type matera lar radiation (sun’s photons) strike (¢ Ce|
P-type material is backed with conducting metal like aluminium. Solar ive their energy to electrons or hole,
on the micro-thin n-type silicon and penetrate to the junction. They g d through éxternal circuit, sucp ¢~
at the junction and make them free to move. When connected to a loa id at top. Then they travel thrg, }
electrons travel through n-type material and are collected by i meotal & the cell through base. The holi
the external circuit and recombine with holes in p-type material, entering b)' e in the p-type materia], Th‘
travel through P-type material towards base. The electrons and hole recom mﬂow An antireflective COalin(
direction of current | is conventionally in opposite direction to that of electron ! .Iatcd v e trunsparcz
is applied at the top of the cell to reduce reflection of radiation. Solar cells are encapsu f

matenal in order (o protect them from the environment.

¢

is i 1 in Fig. 2.13(p
Solar cells are combined to make modules and multiple modules make panels. This lSP éhC;Wsltem th:u y 3?)
(), while Fig. 2.14 shows components and circuit diagram for a stand-alone solar ¥ o
1o run an AC load like fan or pump.

= oy EEESHE

Module

e

230 4

Fig. 2.13 (a) Solar Cell to Panel Fig. 2.13 (b) Solar PV Panel Installed on a Terrace

+ =
I
Charge []
Batt
regulalor ery Inverter AC
= unit Load
Panel

Fig. 2.14 Components of a Stand Alone Solar PV Power System.

2.8 WIND ENERGY

Windmills have been used in various parts of the world since ancient times, They were originally used for milling
(grinding) grain and hence the name windmill was used. The other important application was for water pumping
for farms. Windmills were considered outdated during industrial revolution period. The interest in wing ensrgy

was revived after energy crisis of 1970s. Research and development in this field brought thi ¢
as a commercially viable renewable energy source. ke SEmelogy back

Global wind power capacity was just 18 GW at the end of 2000, which ineg

year 2013. Inspr?ulcd capacity of wind_energy in Infiia has crossed 28 Gw. V\]/(i:ll::la;irtgoy ?:sl 8,1 ey at the ef;fi :df
to produce electrical power by coupling an electrical generator with ge rotor, whicl js e s llzled
wind turbine rather than windxgill. Various d.cSIgns of wind turbines are shown in Fj 2 11;0“’ gex}erally CaF"’
2.17 shows a wind farm in which many horizontal axis Propeller type three bladed iin& ;ua[?'d o 2.'16. 111:‘1‘
for generating electrical power. Frarees
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Fig. 2.15 : A Wind Farm

(R

Fig. 2.16 : Various Horizontal Axis Wind Turbines

Q>

Aerofoil -’f/ ;\‘
'\8/

(a) Savonius type wind turbine  (b) Darrieus type wind turbine

Fig. 2.17 : Various Vertical Axis Wind Turbines
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2.8.1 Parts of a wind turbine

1 Main Bearing
2 Main Shaft

3 Broak Systemn

4 Control (Instrument) Unit
5 Lightning Rod

6 Cooling Syslemn

7 Genaorator

8 Terminal Bush

9 Clutch Unit 7
10 Gear
11 Yaw Conlrol System
12 Yaw Control Motor
13 Tower (top end)
14 Rolor Hub

15 Rotor Blade

Fig. 2.18 : Parts of Wind Turbine (Side View)

Figure 2.18 show parts of propeller type wind turbine as well as principle of operation of three bladed propeller

type horizontal axis wind turbine, which is most common for electricity generation. The blades of wind turbine
ped. Rotor hub is structural attachment that holds rotating

are commonly made from fibre glass and are airfoil sha
per minute (rpm), while the electrical generator needs

blades. The wind turbine rotates at a few revolutions
around 1400 rpm speed. A gear box is used for stepping up the speed. Brake is used to control speed or to
i . The shell enclosing wind turbine assembly is called nacelle. Yaw motor

can rotate the turbine about the poleonw
i l.ld its direction respectively. These measurements are
ciency or safety of the turbine.

2.9 BIO-FUELS

(1) Wood from trees and plants
(2) Agricultural crop residues like straw, stalks, leayes Toots et
’ c.

(3) ;\tcgro-proccssmg residues such as oilseed shells, groundpy; shells husk_ b
' k l agassc' cwonut
shells, saw dust

(4) Trees or plants grown especially as en :
€18y plantation 1;
(9) Animal magnze on like Jetropy,
2.9.1 Biomass Conversion Routes

Biomass like wood can be directly used i the
for cooking or in boiler to heat water. Millions grfo;::):s of ¢co

Ids in yip O : i
N villages ; I 35 in stoyes (chulha’)

akes fi i P
(;‘fl'asd‘l: 11:1‘:;‘;,?;{&1. lot:)pcx:lz:gdgzgn Ot: Z::'::;ditiona] chulhg . b s
use al'ound 15 s Vcl'}’ lncfﬁCicm and W(‘)od, agn-cuhwa‘

* Direct combustio®
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met:od 18 thus very inefficient method of use of
need some processing before they can be used as bi
for using it as biofuel,

biofuel. Some of the biomasses cannot be burnt directly and
ofuels. Figure 2.19 shows various routes for biomass conversion

Biomass
ThermocherIical route Biochemical route Oil extraction
v
Combustion Gasification Pyrolysis Anaerobic Fermentation
digestion

Fig. 2.19 : Biomass Conversion Routes

Direct combustion is one of the thermochemical routes. Sometimes a particular type of plant or tree is planted
and ha.rvestcd over regular intervals in a piece of land to get wood for combustion. This is called energy plantation.
In Indlft, eucalyptus, babool and casuarinas are planted for this purpose. Fuel available from these type of energy
plantation may be even used to run a thermal power plant. In USA and European countries, power plants in
range of 5 to 50 MW have been established, which use wood and agricultural waste as fuel.

2.9.2 Biomass gasification

Biomass gasification is process of partial combustion of solid biomass like pieces of wood or agricultural residue
into combustible gas mixture. In partial combustion, the quantity of air is kept lower than that required for full
combustion of biomass. The products of this process are mixture of gases like carbon monoxide, carbon dioxide,
hydrogen and nitrogen. This mixture is called producer gas. Figure 2.20 shows the scheme for biomass gasification.

Biomass
Drying zone >
upto120°C /
Pyolysis zone >
200-600°C
\ —* Producer
/ ¢ gas
Oxidation zone Hearth
= *C
900 1202ir = - Alr
Reduction zone T > \
900-600°C o e i i it e s e i e L Grale
Ash pit

Fig. 2.20 : Biomass Gasification

; regular i als of time. In drying zone, moisture content in the upper layers
R e o ICSUM;OIIT ?I{;‘:ll;erztmt:rc in this zyoni is around 120°C. The second zone i§ called
from 200 to 600°C, increasing from top to bottom. In this zone,
on, water vapour, methanol, acetic acifl a1_1d hyfirocarbon tar
The remaining solid is called char, which is basically carbon.

Biom
of the biomass is removed by evaporat
pyrolysis zone, where the temperature rangc?s ;
biomass loses its volatile components. Iu' 1is secti
are generated. This process is an exothermic process.
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1 r OX
pustion O

ich is called com
All of above products move to the third zone which 18

occurring in this zone are:
CO, + C - 2C0

C+H20——)CO+H2
C + 2H,0 - CO, + 2H,

’ . . $ ] e pro
These reactions are endothermic and temperature 1n this zone prog

e ane final products are producer gas and ash. The Ejz"l}: o ps:rlscizn efficiency of gasifier is defined as the rag,
Producer gas contains CO, H,, CH,, GO; and N,. The con

A ied. This is around 75%, whig,
of the heat content in the producer gas to the heat content .in lhf: bl?mass Zl;}::r‘,‘;‘id to direct combustion. T
shows that biomass gasification is much better way of u513ng b}or'ndss a; Loy kil GASROUR fuels like naturg
heating value of producer gas is around 4000 to 5000 kJ/m’. Th.ls is much lo o e Dndnsar Sl ool
gas. Producer gas can be used for cooking, drying, water hFallng, steam general ’
used in internal combustion engines as fuel after cleaning it.

2.9.3 Biogas

e char is fully consume,

o reases. Th
ressively dec uct need to be rémaoveq,

late matter in final prod

Valve
— Biogas (CH,+CO,)

r Slurry level

Fig. 2.21

* Biogas Plant: KviC Mode|

Figure 2.21 shows KVIC (Khadi vi

. . llage Industries
two parts: the digester and the dome.

Commission) 0

While the dipesier i« ¢ I of biogg

out of ground. Animal waste slurry is pr:palri,;hg;s::;? fully below ground, Upic glo‘:;“ ) Th; Plant has mainly

The diameter and ; INg water w;y 100 of the g i

partition warllmc:iv?;gslh it0 findtlfctﬁ A In the range of 1210 6 an}; 1; 2 ted digester thrglrln‘;\ P’TOJFC“

digestion process can be divided j canal parts ang Stops slurry f; e?th fanges frop, 36 . PlPZJ

‘ waste are acted upon b 4 ol WO Stages, Ty g Stage, gop . irectly Passing ¢ £2 4 Yot
L bacteria produce I:o tll1 4 ﬂﬂdd oy iy o Produce Ec o plex nic sy, oy e pipe. The
| R0 €thane and carbon djgy; ; elic Nceg - p
kl/m’, " dioxide. The calorific value ofatcyliz' con Contained in the

. Stage; 2
S 15 in the nu? * Methane fermenter

B¢ of 16000 1o 25000
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2.9.4 Bio-ethanol and biodiesel

Some biomasses like sugar cane, sugar beet and sweet sorghum can be fermented to get alcohol like ethanol.
Alcohols can also be produced from many starch crops such as barley. wheat, corn, potato €lc. These alcohols
can be t_)lcnded with petrol, giving an alternative transport fuel. It may be noted that this use is justified only
if there is excess land available after growing these crops for food. The country like Brazil produces large amount

of ethanol as transport fuel as it has large spare land.
sel engines in pure or blended form.

Bio-diesel is methyl or ethyl ester of fatty acid. These can be used in die
Some of the examples of edible oils

Bio-diesels can be produced by esterification of edible or non-edible oil.
are palm, soybean, sunflower, peanut, olive oil etc. Jatropha, karanja, neem elc. are non-edible oils that can
be converted to bio-diesel. Engines running on bio-diesel fuels emit less particulate matter, hydrocarbon and
carbon monoxide. There is simall increase in NO, emission, which needs to be reduced with proper mechanism.

Using edible oils as biodiesel is not a good option as these oils are in short supply. Jetropha, which can grow
in most part of our country, is a promising alternative for production of biodiesel. Jethropha plantation is done
_diesels have been successfully

in waste lands and the plantation activity can also generate jobs in villages. Bio
used to run buses and trains. Many researchers and research organizations are working on different aspects of

biodiesel for its use as a transport fuel.

2.10 GLOBAL WARMING

Earth’s climate is changing due to increased human and industrial a
CFCs, halons and N;O trap heat or reduce radiation going back to space from earth’s atmosphere. They are
thus responsible for increase in average global temperature. The earth’s surface temperature has increased by
about 0.6°C over the last century. It is estimated to rise by 2 to 4°C by the end of this century. Due to this
temperature rise, ice-berg covers will reduce and sea levels will rise by 30 to 60 mm. This can lead to flooding
of rivers, submergence of low sea Jevel areas and decrease in availability of fresh water for irrigation and
other essential uses. Such changes can put survival of entire populations in danger. Energy conservation and
use of energy sources, which produce less air pollution are necessary steps (0 reduce global warming.

ctivities. Some gases like CO,, methane,

ation as it enters into earth’s atmosphere. Some radiation is reflected
by clouds or water Vapour lost into space and does not come back to earth. Some part
is absorbed by ozone layer, water vapour and carbon dioxide. A part of the radiation which reaches earth’s
surface is absorbed by oceans, earth’s surface and man-made objects. All objects on earth’s surface remain
at higher temperature due to this absorption. They are at a temperature higher than sky during night and

( back into space. This outgoing radiation is blocked by greenhouse gases and

they start radiating their hea
clouds in earth’s atmosphere. Excess quantity of these gases keeps earth’s atmosphere warmer leading to global

warming.

Fig. 2.22 shows what happens to solar radi
and dust. This is

Escaping radiation

Absorbed by

absorbed by
greenhouses

gases

Oil and

i, AR e

Fig. 2.22 : Greenhouse Gas Emission and Global Warming
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((EXERCISES )

What is fuel 2
Which are the common solid fue
Which are the different 1y
Classify liquid fuels. Writ
What are furnace oils ?

Is 7 Write about peat and wood in short.
pes of coals. Give their properties and applications.
¢ in short about light oils (spirits).

Where are they used 7
Give advantanges of coals over oils.

Give the advantages angd disadvantages of liquid fuels over coal/solid fuels.

How are following gases produced ?
(1) Coal gas (town gas)

Give advantages and disadvant
Ditferentiate :

Give their applications :
(i1) Producer gas (iii) Water gas (iv) LPG
ages of gaseous fuels,

Renwable and Non-Renewable sources of energy.
List Merits and Demerits of solar energy.

State applications of solar energy.

Enlist various components of wind turbine.

What are the sources of Bio Fuel?

Write short note on

(a) Biomass Gasification (b) KVIC Biogas Plant (¢) Bio Diesel
Explain the concept of Global Warming.

What is ozone depletion? How can (his rate be reduced?

(OBJECTIVES TYPE QUESTIONS )

Fill in the Blanks
Fossil fuels are source of energy.

Electrical energy and hydrogen are sources of energy.

is most inferior quality of coal.

CNG means

Producer gas is produced by of coal in air.
Nuclear power can be produced by or

reactions in nuclear reactor,
BWR means in case of nuclear power plants,

Third largest source of energy in India is

A turbine converts energy to energy.
In case of solar energy, PV means

water can be produced using solar still.

Wind turbine with number of blades are most common now.
__ can rotate turbine about its pole,

Trees planted and harvested to get wood for combustion is called o=
KVIC means e

LPG means
In case of a bi-fuel vehicles, the fuel used other than natural gas is
Biomass gasification is process of

combustion of solid biomass.
The component used to increase the speed of wind turbine shaft is
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' wi bine.
20. Drag and ___ are the forces created on blades ol wind tur alled .
a's tc e
21, The heat energy is stored in solar water heater in componen
22, Solar still 1s used to produce . :
| ‘ : icul energy form it :
2X. Solar energy from PV panels can be stored in chemics into electrical energy using & .
N . \ ‘ 0
24, Mechanical energy produced by the hydro-turbine 1s converted 10
25, Nuclear power can be produced by fission or .
26.  The gaseous fuel which can be used in power plants [ J—
7. oils include the heaviest grades of natural petroleum oils.
: ANSWERS (A) ¢ B
Alt
I.  non-renewable 11.  Distilled 20. Lt
21.  Water storage tank
2. secondary 12, three ) (i) gl
& Liguie 13.  Yow motor 22. Distilled W
4. Compressed Natural Gas 14.  cnergy plantation. 23. battery
8. gasification 15. Khadi Village Industries | 24. Generator
0. fusion or fission Commission. 25. Fusion
7. Boiling Water Reactor 16  Liquefied Petrolum Gas 26. Natural gas
8. wind energy 17.  gasoline / petrol 27. Furnace
9.  potential, kinetic 18.  partial
10. photovoltaic 19.  gear box
(B)  Multiple Choice Questions.
1. Liquid fuels are most widely used in
(a) Transport sector (b) Commercial sector  (¢) Industrial sector (d) None of above
2. Which of the following are renewable source of energy
(n) Hydropower (b) Biomass energy (c) Solar energy (d) All of above
3. Following are forms of biomass energy
(a) Wood (b) Animal manure (¢) Both of above (d) None of above
4, Following are forms of non-edible oils that can be used as bio-diesel
a) Jatropha (b) Neem :
( P ‘ . (¢) Palm (d) (@) and (b)
S. Following gases are responsible for greenhouse effect:
(a) Corbon dioxide (b) Methane (©) CFC _ i
. L ’ (d) All of above
0. Following source of energy is known as renewable source,
(n) Fossil fuel (b) Nuclear (¢) CNG ) N
) , ) = e ) one of above
7. Following source of energy is conventional but still may be considered renewable
(a) Hydro (b) Nuclear (¢) Fossi J
¢) Fossil fuel () All of
8. Which of the following energy 18 converted into electricity in g | d tiof ahove
ydro power planty 1!
() Nuclear (b) Potential energ (June 208
3 , , Y of water
(¢) Thermal energy ) Al of s

In an IC engine, from which of the following source, energy is conve ted |
ok o mechanj
hical energy?

(w) Chert\ical energy of fuel () Potentiy) energy iy e
(¢) Kinetic energy () All of above
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10. Following solid fuel is actually not coal
(a) Lignite (b) Peat (c) Anthrasite (d) Bituminous
11. Following is the lightest fraction derived from petroleum oils
(a) Kerosine (b) Diesel (c) Petrol (d) Naphtha
12. Major component in Natural Gas is ‘
(a) Butane (b) Pentane (c) CO, (d) Methane
13. -Following component is highest in LPG
(a) Butane (b) Ethane (c) Propane (d) Methane
14. Following are secondary sources of energy
(a) Hydrogen (b) LPG (c) CNG (d) All of above
15. The energy which is not delivered from the sun is : (Winter 2016)
(a) Biomass (b) Fossil fuels (c) Nuclear energy (d) Geo-thermal energy
16 The per capita pnimary energy consumption for USA is ____ that of India.
(a) two times (b) eleven times (c) one half of (d) five times
17. is the highest contributor to primary energy consumption in India.
(a) Crude oil (b) Biomass (c) Coal (d) Natural gas
18. is the highest contributor to power produced from renewable energy sources.
(a) Wind (b) Biomass (c) Solar (d) Coal
19. From 1973 to 2014, the electrical power consumption in world has become about
(a) half (b) double (¢) three times (d) four tumes
20. Natral gas is wet when following are present in it
(a) propane (b) butane (c) (a) and (b) (d) water
21. Combustion of natural gas does not emit following pollutant
(a) sulfur dioxide (b) nitrus oxide (c) volatile organic compound (VOC)(d) all of above
22. Following is not one of the components of LPG
(a) ethane (b) butane (c) propane (d) all of above
23. Following is the disadvantage of Hydrogen as a fuel
(a) low calorific value (b) high specific volume (c) lighter than air (d) produces water vapour
after burning
24. Following is not used a moderator in nuclear power plants
(a) solid graphite (b) regular water (c) heavy water (d) carbon dioxide
25. Incident solar insolation in most part of India is in the following range
(a) 1-3 kWh/m? (b) 4-7 kWh/mm? (c) 8-10 kWh/m?2 (d) 10-15 kWh/m?
26. Following is not a component of solar water heater
(a) Silicon cell (b) riser tube (¢) header (d) insulation
27.  Yaw motor in wind turbine is used for
(a) Rotating nacelle about pole axis (b) Rotating blades about their axis
(c) Rotating low speed shaft (d) Rotating high speed shaft
28. Following process is not a thermochemical process for biomass processing

(a) pyrolysis (b) gasification (¢) fermentation (d) combustion
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(d) carbon dioxide

roduct from biomass gasl

29. Following is not a component in final p
(c) tar

(a) Oxygen (b) Hydrogen
] ifi i is i following range
30. Calorific value of biogas is in the fo g oy 10 25000 kJ/m?>

(a) less than 15000 kJ/m? /m?
(c) 30000 to 35000 kJ/m? (d) 40000 to 44000

31. Bio-diesel is not produced from following . () Potato
S {5 Soypest 2 (Summer 2017

32.  Which has the highest calorific value? ;
(a) Petrol (b) Diesel oil (c) Alcohol (d) Benzene

33. Bio fuels can be produced from (Winter 2017
(a) Biomass (b) agricultural waste  (c) municipal garbage  (d) all of above

: ANSWERS (B) :

L@ 2@ 3@ 4@ 5@ 6@ 7@ 8@b 9 (a 10. (b)
11. (c) 12.(d) 13.(c) 14. (a) 15. (c) 16 (b) 17. (¢) 18. (a) 19. (d) 20. (¢)
21. (d) 22. (a) 23. (b) 24. (a) 25. (b) 26. (a) 27. (a) 28. (¢) 29. (a) 30. (b)
3.d) 32.(a) 33.(d)

o
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PROPERTIES OF GASES

1)\ =
HEn —

.1 PERFECT GAS :
V\ perfect gas Is one, which obeys the Boyle's and Charles’ laws and the characteristic equalmn of a gas which

is obtained by above laws. No gas is perfect but many gases behaves nearly as perfect gas in the temperature
and pressure ranges of applied thermodynamics. M1n)' gases like Air, Oxygen, Nitrogen, Hydrogen ctc. can

be regarded as perfect gases They arc known as| real gases.

2 YAPOUR :

Vapour is a gascous state of the fluid, but at a temperature not too away from its boiling point. It may have
liquid particles in suspension. Such vapours are known as|wet \upmlrih’npuurs readily condenses when expanded
or cooled in any process. Whereas pases remain in the gaseous slate except under extreme pressure and lemperatures.
Behaviour of wet vapour can’t be determined by Boyle's and Chailes’ laws Vapours do not obey these laws
but one can use for approximate solution under cerain condition.

-3 BOYLE’S LAW :

It states that "Thc volume of a given mass _of_a_perfect gas varics inversely as the absolute pressure when
the_temperature_js_held constant™. If p is the absolute pressure of the gas and V is the volume occuppmd

by the gas from ]]oylcs law | erep + vohin b G it
V= L T = Constant ¥ s et nor ".~l ar, Yo the olrtrlul
P v thnu € ol
V= % Where C is constant of pmporliunnlitﬂ \ \
| 2
fp\’ c | e (3.1)

Thus Bo le's law shows that the product of nbsolutc _pressure_ond volumn of a gnen rnnss of Bas is is conslam
when lemperature is held conslnlll

If cerain gas s _changes its state from 1 (py, Vy) to 2 (p;, V1) when temperature is kept constant then from
Boyle's lawlplvl = pV; = C. (

i

— il
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CHARLES'S LAW : _ 1y propartional 10 the
It states that “If any gas is heated at constant pressure, the change in volume 15 dircctly P -

lemperature range.™ This change in volume is same for all gases
at 0°C per degree

—I— times of volume
ﬁ73 (L] -
C., volume of gas

Gay-Lussac and Regnault investigated that this change in volume is

centigrate temperature rise. If Ve is the volume of gas at 0°C and t is the temperature il
(V) a1 1°C can be written as

V=YV, {l - L]

273,
273 + 1]
P A, | —
¥ Ve ( 273
Ve V. — . .L W (32)

To TV, T,
Where T is the absolute temperature of gas in K and Ty is the absolute temperaturc equal to 0°C that is 273

K.
Thus Charles® law states that volume of a gas varies dircctly as the absolure temperature when pressure is

—

constant.
V = T when p is constant.

CHARACTERISTIC GAS EQUATION :
In practice pressure, temperature and volume of gas may change simultencously. In such condition any onc
of the above lavss cannot be applied directly By combination of above laws we can derive an equation which

can be used in such cases

From Boyle's law V « _l'-’ if T is kept constant.

From Charles” law V e T 1if p is kept constant
So, if both p and T varies

1
Ve

V= EPI Where C is constant of proportionality

s p¥=CT

The constant C depends on the mass, properties of the gas used and the temperature scale used.

If gas changes its state from 1 to 2 and correoponding change in propertics from P Vi, Ty to py, Vi, T,

we can have L b2
piVi = CT, and p;V; = CT:

pVi _ paVa C

T L (33)
The constant C is found to be mR_rwhcm m i}_ mass of the gas n"fi R is specific or charsetcristic —

so the above equation can be writlen as il ot
T}Tv il f (34)
This cquation is known as “characteristic gas equation™ If we replace total volume by specific volume the
above equation can be written as pv = RT.
Nofe : Absolute value of pressure and temperature must be used in any calculation TR B
The characteristic gas equation is satisfactory for real gases at high temperature. (more than twice the eritical

temperature) or at low pressure
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SPECIFIC GAS CONSTANT (R) :
In-equation 3.4 if pressure in N/m?, temperature in Kelvin (K), volume in m® and mass in kg, the unit of
R will be Jkg K.

PV N, 1 1 Nm )
mT mIX|11xrgx§~-m"m
It is obvious that R represent the work done ngainst external resistance when | kg of mass is heat by one
degree temperature at constant pressure.

Table 3.1 : Specific Gas Constants

Gas Chrmical Molccular Sp. gas consfant
symbaol Mass (kg/kg moal) R (kJ/kg K)
Air ~ 2897 0.287
Carbon dioxide CO, 44.01 0.189
Hydrogen H, 2016 4.124
Helium He 4.003 2.077
Methane CH, 16043 0518
Nitrogen N, 2B8.016 0297
Oxygen 0, 320 0.2598
Water Vapour (stcam) H,0 18016 0462

UNIVERSAL GAS CONSTANT :

It can be observed that product of molecular mass of the gas and its specific gas constant (R) is same for
all the gases. This constant is known as Universal gas constant (Ry).

In SI system, numerical valuc of universal gas constant is 8.3143 kJ/kg mol K. So for Sl system of unit we
have

R

| Ro = MR = 83143 K)ikg mol K |
Whete M is the molecular mass of the gas and R is the specific gas constant.
The equation of statc for kg mole of any gas can be writter as

1];1\" = 83143 U
This equation is known as Clapeyron - Mcndclc;-c‘:_\_-__:gunjinn ol state.
AVOGADRO'S LAY :
It states that “Equal volumes of all gases at the same pressure and temperture contain the same number of
molecules™. —_ %, ’ ——
.I;_c;hcr words this can be written as “Molccular masses of all the gases occupy the same volume a1 NTP
(0°C and 101.325 kPa)

We have pV = MRT

Now MR = 83143 kJ/kg mol K

Normal pressute and temperatuie nic taken os 273 K (0°C) and 101.325 kPa.
On substitution of this values, we can have

i ) - ?
8.3143 x 273 W__oom

101.325 kg mol K kN
= 224012 m’/kg mol
So we can write as “One kg mole of all gases occupy the volume of 224 m® at NTP™.

Molecular volume is the volume occupicd by gas ot NTP, It is same for all the gases at NTP.
Stadard pressure and temperature (STP) are taken as 101.325 kPn and 15°C.
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3.9 JOULE'S LAW OF INTERNAL ENERGY :

) ) ¢ 11 depe
We have scen that inteinal encrgy is a property of the system and hence 2 [!h d
. " X i 5 1\ ': o '
system. Change in internal cnergy docs not depend on the path followed by
anges ”“-“: iy he Chill'lgl: n

nds only on the state of the

When any of the system parameters like, pressure, volume, temperature cte t'll- = o dlreinternal crieray
intemal encrgy because of change of state But Joule's law ol internal CnETRY SIHES ”.J rey (us - W), when
of a perfect gas is a function of temperature only © 1t means that change m internal L"L:H‘tl ". o Lu g
temprature changes from Ty to T; will be same no matter how pressure p and svolume V ¢ 1}-1 L‘I- n;c
Joule's experiments internal encrgy is only function of temperature and not of pressure and YOI

3.10 SPECIFIC HEATS OF A GAS -

. _ ‘ ) —y ¢ 1s hnown as
We have scen that amount of heat required to raise the temperature of 1 kg of mass by _I K | ]
: g . S : amve only a
its specific heat lis unit is Jhg K or K/kg K 1t has also mentioned that liguids and solids have ‘[E‘ }I‘":F
value of specific heat as they are practically imcompressible wiile gases have two values of specific heat.

Let, certain quantity of gas s trapped in a rigid vessel as shown in Tig 31 When R T
heat is supplicd 10 gas, it will be heated at constant volume. The whole of the V. 7
heat energy 15 used to increase the internal encrey of the pas which can be viewed ,{ ,';
as increase m temperature of the gas (Q = Au+ 0, . W = 0) Thus heat required % Gas ;
to increase the temperature of 1 kg of gas by 1 K when volume is hept constant 2 v
1s known as specific heat at constant volume ’ | [2
It is denoted by ¢, f////ul, 77777
Q

As o heal supplied a1 constant volume is utilized 10 increase the internal energy
of a gas we can wrile,

_ [ﬂu
Cy ;}T ’

Now, let certain quantity of gas is trapped in a piston cylinder arrangement as shown in Fig 3.2 and piston
carrying fixed load W

Fig. 3.1 Gas heated at
constant volume

When heat 1s supplied to the gas, it will be heated at constant pressure The
pressure will be net load on piston divided by piston area Here heat supplied
will be utilized to increase the internal encry of the gas and also to lift
the weight under extermal pressure Thus heat supplicd 1s vsed 1o increase
the temperature and volume of the gas Change in volume is associated with
work done by the gas Thus heat required to merease the temperature of
I kg of gas by IK at constant pressure is known as specific heat at constant
pressure. It is denoted by ¢,

[w]

T N RO RS,

SOORNNANNANNY

%

Q
If we apply 1" law to this process Fig. 3.2 Gas heated at
Q= Au+ W constant pressure
Since only pdv work is present
8Q = du 4 pdv
= du + d (pv) (since p is const)
= d(u+ pv)
= dh
Thus heat supplicd ot constant pressure is utilized to increase the cnthalpy of g0s SO one can Write

dh
o = T
P
Since heat supplied at constant pressure is used to increase intermal energy of the gas and nlso to do external
work while that at constant volume is used to increase internal energy, value of ¢, is nlway greater than c..
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3.11 RELATION BETWEEN TWO SPECIFIC HEAT OF A GAS AND SPECIFIC GAS CONSTANT :
and v; are the initial and final

Let T, and T, are the initial and final temperature of the gas respectively, vy
as constant and ¢, and ¢, arc

specific volume of the gas, p is the pressure of the gas, R 1s the specific g
specific heat at constant pressure and volume

Let | kg of gas be heated at constant volume and temperature increases from T, to T; Heat supplicd at constani
volume = ¢, (T; - T))

Since heat supplied at constant volume increases internal encgy of the gas and no external worhk is done,

Change in internal energy du = uy - uy = ¢, (T, = Ty) G34)
Let one kg of gas is heated a1 constant pressure and temperature increases from T; to1;
Heat supplied at constant pressure = ¢, (Tx - Ty) (3.6)
Heat supplicd at constant pressure is utilized for
(1) To mcrease intemal cnergy of the gas

Increase in internal energy of gas = ¢, (T; = T)) (3.7)
(2) Tor overcoming cxternal resistance (for doing work)

Energy 10 oveicome extermal resistance = p (vz - vi) (3.8)
Thus from cquation (3 6), (3.7) and (3.8) we can wiile

G Ta=-T)=c (Ta=TY+ pva-w) (3.9)
From characleristic gas cquation we can wrile

pvi = RT, and pv; = RT:

pvi vi)=R(T:-T) (3.10)
On substituting from equation (3 10) into (3.9)

G (-T)=c (Ta-T)+ R (1~ Ty

cp==¢ + I

cp-6 =R (3.11)

3.12 RATIO OF SPECIFIC HEATS :

C
The ratio r—p is denoted by greek letter 'y’ (Gamma) 1t is alsa known as adiabatic index. According to the

classical kinctic theory of gases valuc of ‘¢* should be 1.67, 1 4 and 1 33 for moncatomic, diatomic and polyatomic
gases. At ordinary temperature for monoatonuc and dintomic gases the actual values of y are very close to 1.67
and 1.4 respectively For polyatomic gases the variation from theorctical value 1.33 is large. For air value of

fisl4d
If both the sides of equation (3.11) is divided by ¢,, we gel

% _,.-.R

e Cy

R
!
R
R ¢ = .r.__l [3.12}

For, nir, value of specific heal at constant pressurc is taken ns 1,005 kJ/kg K and value of specific heat at canstant
volume 15 taken as 0.718 KJ/kg K.
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"RFECT GAS :
| - h A P}_li} F,(T ] 55 'hc boundnr}f Uft
A1 VARIOUS NON FLOW PROCESSES II"UH in which there 1s no mass flow acro he
process is onc in

five importang
' . s. There are hon
AS mentioned carlier a non flow s undergone by closed system
- 10CCs /
S¥stem. Thus non flow processes means procc :

: P hev are

flow processes in the study of thermody namics. They

(1) Constan, volume process of 1sochoric process

(2)  Constan Pressure process of isobanic process

(3)  Constan fCmperature process or isothermal process
(4)  Aduabay;c Process (reversible) of Isentropic process
(5) Polytropic Process L

! di . work done, change in interny]
Now we wi Study praphica) TEpresentation of these processes on p-\ dr:ag::.z:;s;cs_ Soffix 1 and 2 ) -
EPSTRY, heat trans ey and change jp cnthalpy of the system during such p

V, i i
0 7 is known as cxXpansion rafjq
mnitial ang final staqeq of the $Ystem, m be (he mass of the gas. The rano V, I8

: \ , v @ . Ok 15 importany
while the ratio T,'“ 15 known a¢ compression ratip |y 45 denoted by letrer . Since only pdV work = Ehpo

i non-flow Process we wil evaluage J PdV 10 calculare work transfer during these processes
(1) Constang Volume Procesy -1 <, Arp - o F e
(a) Rrprtstnutinn on p-y Diagram, .

1

My =

Fig 33 Constany volume Process

(b) Work Done during Process ;

o
Work done during (he Process W - f pdv
A\

i
AvaVeo [ v e
v,

Thus worg done duriﬂg constant volyme rocess fs 2810 and (his €an be geeq from ;
—.2oN¢ dur —eM€_proce 218 7 P-V dj
the process IS rerg

() Relation between P Vand T,
For change of state from P Vi T, 1o pu V,,

PV LAY

A T
Siﬂt‘t\ﬂ = V;
PP
I T

(3.14)
Thus ar constant volume, Ercs_;l{re_u_{ a pas js din.-clly pmpp[liounl__m_jhihw!me lemperature,
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Properties of Gases e
(d) Change in Infernnal Encrgy :
1
Change in internal encrgy = f mec, dT
u (3.15)
Uy = Uy = me, (T2 = T))
(¢y Heat Translerred @
From the 1" law.
lHeat fransfer = change in infernal encrgy 1+ work transfer
Q=AU+ VW
SinceW = 0
Q= AU =me, (T2 - Th) (3.16)
(H Change in Enthalpy :
By the definition of enthalpy we can wrile
H, = U 4 pVa
Hy, = Uy + pVa
Change in enthalpy H; = H = (Up - Uy 4 (mVa - mVi)
We have  mVYy = mR1,; and mV; = mRT;
and Uy, - Uy = me, (Th - T
Change in enthalpy 11y = Hy = me, (T2 - Ty 4 mR (Ty - Th) . - AL -
=m (T, - T) (e, + R) e® S
= ' (3.17)

me, (13 - ™
This is general equation for change in enthalpy during any process since no property relation pertain to any
specific process is involved in the denvation

(2) Constant Pressure Process {_‘I ol 0L l\; “GC f);‘ﬂ-)

(n) Rcpresentation on p-V Diagram :
A constant pressure process can be represnted as a horizontal linc on
p 'V diagram as shown in Fig. 34 since pressure remain constan 5 b, =h,
1

(b) Work Done 3
A

Work done during the process = I pdV {
Y !
|
v l '
W=p f dV (since p is constant) V, v, V—
¥y
e Fig. 3.4 Constant
Wep(Va-V)) (3.18) pressure process

It is arca under the process on p-V ]fiﬁgr_:in; ns shown in Fig 3.4 by dashed linc.

(¢) Relation between p, Voand T:

For change of state from py, V), Ty, 10 p2, V2, Tz we have

pYi _ P2V

Ty T
Since py = pa for constant pressure process

Vw2

T h (3.19)
Thus ot cgqql@_[ﬁi_su_n:_.‘_l!m Voll_]_m!:_l?_[ n perfect gas is directly proportional to the absolute lemperat

e e e it TTure,
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(d)

(e)

(n

(3)
(a)

)

p
B d‘ﬁ_\;\vo'r{”r'

(¢) Relation b;lween p, Vand T;
For change of state from p,, V,, T, o Py V,

Change in Internal Energy :

lone.
ture @

: . f tempera
Since change in internal energy is a function 0

The change in nternal energy AU = me, (T; - Th)

Heat Transfer .
From 1" |ay Q =AU+ w
= me, (T, - I.]*p(V:“V'}_ .+ oy & iRT]
=me, (T =Ty +mR (T, =T [ P
“=m (T, - T)) (¢, + R)
Q = mey (T;  Ty)
Change ip Enthalpy :
As discussed earlier

AH = me, (T, T,

Constant Temperature Process or Isothermal Proress)
Representation on p-V Diagram :
For isothernal process from Boyle's law
PV diagram represent rectangular hyperbola.
Work Done :

Vs
Work done W = J‘ pdV

Vi

For isothermal process pV = C = pv,

If we substitute as PiVi = C we get

Y v,
W =pV, In T,—i' = mRT, In

For change of state from | 1o 2 We can write

pVi=pV, =C

V: o

Vi pa e
_TF.PI 1

W =pV, ’"E = mRT, m%

et

T2 we cay Write
pVi _ pVa

Ty T;

Since T, = T, for isothermal process

plvl = p2V1

S

e -

Basic Mechanicqy Ens

o

we can write pV = C. It means that relation between p and Ve

v, V, V=
Fig. 35 Isothermal process

1
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(d) Change in Internal Energy :
Since chanuqiq _i_mul:m_ﬂ Cnergy is a function of temperature only and during isothemnal process temperature
remain constant. .
AU =0 (3.26)
(e) Heat Transfer :
From the 1" faw @ = ayu 4 W
Since dU = 0 Q=W
Va Pi
Q = p|V; In T\TI =mpV In };; (327)
; A V
\:i = mRT; in Tfl. = mRT, In "Ei (3.28)
(h Change in Enthalpy : -
Change in enthalpy AH = me, (Ty - T))
Since T, = T,
AH =0 (3.29)
(4) Adiabatic Process :(r\\‘ T e)
A process in which there is no heat transfer 1o or fram ihe system
is known as_adiabatic_process, TR
. |
Let, gas contained in a piston cylinder arrengement as shown in Fig | Gas |
3.6 If wall of piston and cylinder is assumed to be adiabatic wall 17 —ir~ Qq=0
there will be no heat transfer 10 or from the system Gas can be L '_1' -
expanded o1 compressed and depending upon the direction of work
(expansion or compression), intemnal cnergy of the system will increase _ ST
oF déctedsn. Fig. 3.6 Adiabatic process
Law of Adiabatic Process : | rp,‘a dixwols
For non-flow process, first law in the differential form can be writter as
6Q = du + BW
65Q = ¢, dT + pdv (330)
[since only pdv work is significant in non Mow process)
For adiabatic process §Q = 0
0 =c, dT 4 pdv Rfoiv) T .26 W3 % a3
We have characleristic gas equation
pv = RT
on diffentiating we get
pdv + vdp = Rdl (332)

Substitute for dT from equation (3.32) into equation (3.31)

c'.EjL.;_ME+pdv-D

S ey (pdv + vdp) + R % pdv = 0
Yo 6 (pdv + vdp) + (e - &) X pdv = 0
S e ovdp + e pdv = 0.

¢ dv

+ -‘!E = 0 l'.' diVidﬂ efq. h}’ pY x c"ll
cy Vv P
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If we integrate the above equation we gel
Yin v+ inp=inC where C is constant
pvi = C

Y =+ ofpheortt 7 i

This is the equation for unit mass. For total mass W& gel
| PV’ = C |

This is the law of adiabatic process of governing equation

compression)

for adiabatic processes (Adiabatic gx

() Representation on p-V Diagram :

The adumbatic process is represented on p-V
diagram as shown in Fig 3.7

(b) - Work Done during the Process ; 1 " hem
\Law of adiabatic process is pV' = C

For change of state p,. V). T, to py. V5. T, and
gencralised co-ordinate we can write

pV'' =PV =pV = C (3.35) v, v =
C

oy Fig. 3.7 Adiabatic process on pi
diagram

2

LY Vs V.
C . [ dVv
Now workdone = _r pdV = I v dv = ( !‘ e

v, Vi

™=

C * ]
-y 4 1 V2" b - i |]
If we substitute for C from equation (3 35)

I .
S BV Vv

_ paVa - piVa
- S

== |
} Plvl - I'J'.‘V'.' / lisyp Py - Ciroll P
o IW T - T ~ I__ _J V} v ﬁ
For ideal yswc can write p;Vy = mRT; and p,V; = mRr,
} mR (T; - T3)
e ' W = Y _ ! I. u

A

C
g ] o
e substitute for R = ¢, — ¢, and y p
lf we cl‘ af'!!!ﬁ‘di‘,‘ ™ \“_u').é i J'*""j'\-h. f.
- Cy |-
TV m . (cp ) (1) - Ty) iy g t «nf

]

! .
— -#&#1 .t;wc oAl i Yokl e [r'-()

—— e . —— ﬂ

Relation between p. vV nn'd T: |
One has two importan( relations the first one is law of s
pY - ¢

.

gas gll.l.lliﬂ“ T

(¢)
'PW=CwmndfmnM

I . — | e a
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(d)

(¢)

(n

For change of state from py, Vi, T to pa

To establish relation between volume and temperalure we

V,, T, one can write this expressions as
(3.39)

pVi' = pVy
(3.40)

require to substitute for pressure from equation (3.39)

in to equation (3.40).
(341)

P

and from equation 3.40

From equaiton 3.39

(:::)j

P T (3.42)
V,

—_—
=

|
P2 T,

substitute in equaiton (3.42) from equation

GR
v, i
b (4

-l
T V:]’

From cquation (3.41) we can wnilte

1
v _ [.m
Vi P2

(3.41)

(3.43)

)i'

in equation (3.43)

—

Vi
T__l
0}
ol

so for adiabatic process

substitute for

5
T

(3.44)

Ti

Change in Internal Encrgy :
Change in internal energy = me, (T, - Ty)

|

—

2-(2) -

Alternatevely, from the first Jaw we can write
Q=AU+ VW
Since Q = 0 for adiabatic process
AU = - W
—— I (I =
] AU = me, (T2 - 1*,)_J

iLQ = \:ll (o« —)]

Thus, an |mporuml conclusion can be amrived at that for adiabalic process change in internal energy is numericall
equal ‘during the process bul sign_is opposite Y

Heat Transfer :
During adiabatic process heat transfer cqual to zero.

Change in Enthalpy :
As seen carlier
AH = me, (Ty = T))
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(5) Polytropic Process :
(s) Representation on p-V Diagram :

& N . vl —_
Many processes in actual practise lollow the equation P ' scuss
called polytropic processes. All the four processes which h‘“f P';_tn l::‘: polytropic process,
polytropic process. If we replace v of an adiabatic process by 'n’ for .

relations between pressure, volume and temperature for polytropic process

C where ‘n’ is a constant, such processes are

ed carlier are special cases of
we can get the

Thus we can have
=~ (3.45)

(3.46)

Pz _ (_V_:)" (3.47)

Where ‘n’ is a polytropic index for any process.
When n = 0

B e (}_'_I_ )ﬂ -

Pi V;

P = P
1e.  the process is a consrans pressure process.
When n = |

5 XJ-J”..[V ",[}’_l]’_,
Ti V, V; Vi

The process is a constam lemperature process

O —

When n = y
e -G i
Pi Vi Vi 2
The process is adiabatic process.
v—
When n = = Fig 38 Polytropic process
P ( v
P Va

! L]
.!L - (El). - (.ELJ. = ]
v [ pl

The process is constant volume process

Different processes corresponding 1o different value of ‘n' are ploted in Fig 3 8

(b) Work Done during Process :
2
W= [ pdv
[

For polytropic process pV*® = C



Properties of Gases s

V)" = pVyt = pVt = C

pe Elvl.
VI
v “ntl _ Vv, |
w'PlVI'I%'PIVl'[I -|1+II ]
n “n+l n -n+|
e SRR A%
- V2 -piVi o piVi - Vs
-n+ | n~- |
w =R -T) _ pVi-pVa (3.48)
n-1 n-1

(¢) Relation between p, V and T :

\Y V
From the law of polytropic process pV" = C and the relation Eﬁ"‘ - Plz_rl_z , by following the same procedure
that was used for an adiabatic process one can establish the relation between p, V and T as
P [11
o] V)

Al a-l

*- (8] - )

T P Vv,
(d) Change in Internal Energy :

AU = me, (T; - T))
(e) Heat Transfer during Process :

Q =AU+ W

mey (Ta = Ty) + P—————---——'V:':]:;“'v1

R -
Now, c, -'.?__1

mR (T = Ty) . piVi = p2Va
& Q = T-— I + n - l

_m%—m%+mw-m%_PM-mW_PM*mW
Y- 1 n-1 n-| Y- 1

1 ! =i=
=pVi - P:Vl[n— 1=y~ l] = pVi- PV [fjl"l' 1)(';'1‘+11)]

piVi = p2Va ['r— nJ
= n- | Y- 1

(3.49)

Q= (H) x work done during process.

(D Change in Enthalpy :
AH = H; = Hy = me, (T; = T))
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3.14 INDEX OF COMPRESSION OR EXPANSION : jon can be calculated
If system changes its states from | to 2 the index of expansion Of compres? bl
ge of state from pu, Vito py, v,

From law of polytropic process pV*® = C, we can write for chan

V" = p,V.,° E!.:[_—T
PV, P2V S PI \';'

If we take logrithm on both side

o(B)-n () n(e)-en()

P2

(3

Py
Pz
(%)
VI
(SOLVED PROBLEMS |

A tank contains 3m’ of air at 25 bar absolute pressure. This air is cooled until its pressure and temperaty

Prob. 1 :
decrease to 15 bar and 21°C respectively. Determine change in internal energy, change in enthaly
and heat transfer. Take c, =1.005 ki/kg K and ¢, = 0.718 kJ/kg K for air.

Solution : Since air is contained in a tank it is constant volume process.

V = constant = 3Im’
py = 25 bar, p; = 15 bar, T, = 21°C = 294 K

For constant volume process

P T
P2 T
T, = f_g X 294 = 490 K
mass of air in the tank can be caluclated using characteristic gas equation pY = mRT
R=c,-c =1005-0718
= 0287 ki/kg K

2500 =< 3

m = 5287 x 490 ke

Change in enthalpy
H; - H = mc, (T, - T)

= 5333 x 1.005 (294 - 490)

= —10504.9 kJ
i.e. enthalpy of air decreases by 10504.9 kJ during the process.
\ in internal energy
Chmngt Uy - Uy = me, (Ty - T))

= 5333 x 0.718 x (294 _

- ~7505 kI (%4 - 40)

lerna | 7505 kJ duri
. 2 | encrgy of aif decreases by ——
'ann? it is & constant volume process W = Process.
w
law Q = AU +
From first g = AU

since W = 0 05 KJ
- -75
”: Q rej 7505 kJ of heat.

L
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1. According to Boyle’s law

1
@Vap T = constant (b) Vap T = constant

|
(c)pa = V = constanl .
T @paT V= constant
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2. According 1o Charle’s Jaw

| |
(a) Va T P = constant (b) V a p T = constant
' () Vap T = constant
3. Relation berween specific Bas constant (R) and Universal gas constant Ro, (M = molecular mass of a gas)
(a) R = RsM (b) Ry = RM (¢) R = Re’M(d) R = RgM?

4. Numerical value of Universal gas constant in §1 system

(a) 83143 J/kg mol K (b) 83143 ki/kg mol K (c) 83143 kIkg mol K (d) 831.43 k/kg mol K
5. AUNTP one kg mol of all gases occupy

©VaT p=constam

m’ volume

(2) 2.24 (b) 22.4 (c) 224 (d) 0.224
6. Choose correct one

{“)E_sz fb)%=R fc}E—P=? (de-c=R
7. Choose correct one ' *

tu)cp*—"fTi lb)R=T—C_"—I {c)R=Tc_"| (d}mﬂTfl
8. For constant pressure process which one of the following statements is correct ?

(a) W=Q (b) W = AU (c) Q = aH (d) Q = AU
9. For isothermal process, which one of the following statements is correct ?

(a) W=0Q (b) W = -AU (¢) Q = AH (d) Q = AU
10. For constant volume process, choose the wrong stalement

(a) W=0 (b) Q = AU (c) W= -AU (d) AU = me AT
11. For adiabatic process, choose the wrong statement

(a)Q =0 (b) W = AU (c)Q = AU (d) pvr = C
12. Constant pressure process is a special case of polytropic process when value of polytropic index is

(a) 0 (b) 1 (©)y (d) =
13. Isothermal process is a special case of polytropic process when value of polytropic index is

(a) 0 (b) | (c)

Y (d) o
14. Specific heat constant volume (c,) is defined as

ou dh du dh

) ¢, = [ﬁl (b) ¢, = [ﬁ (©) ¢, = (;ﬁ @ e, = [:ﬁ-l

I5. Specific heat at constant pressure (c;) is defined as..
% dh du 9h
() c, = [ﬁl (b) & = ('dT J', (€) ¢ = (ﬁl (d) ¢p = [Eﬁ"

16. Choose the wrong statement for isothermal process

PP
(a) pV) = p2V; (b) piVy = mRT, (€) pVy = mRT, (d) T T



Basic Mechanical Engineering

i

17. Constast Volume Process v also known as {Janunry 10]3)
(a) lsentropec Process (b) lsobaric Process
(<) lsothermal Process (d) Isochoric Process

I8 PV" = C represents constant lemperature process, when the value of n is | (January 2013)
(a) n () 0 (€) ¥ ()

19. Whxh ome » comect? (January 2013)
(a) PV = mRT (b) PV = Ciy1)mT (¢) P/p = RT (d) All above

(Winter 2016)

L

b1 8

1L (©) 1L (w) 13 (b)

An adisbsiic process is one mn which
(a) mo hest emters or leaves the gas (b) the temperaturc of the gas changes

(¢) the cheage in internal encrgy s equal to the mechanical work done
(€) all of the above
The ratio of specific beat st constant pressure (c,) and specific heat at constant volume (c,) is
(Winter 2016)

(a) equal 1o one (b) less than ooe {c) greater than onc (d) none of these

The bohaviow of s perfoct gas, undergoing any change in the variables which gontrol physical properties, is
(Wianter 2016)

poverned by
{s) Boyle's law ib) Charles' law (c) Gay-Lussac law {d) All of these

(Summer 2017)

Choose the mcorrect relationship.

C
() Cyp*+ Cy =R (b) Cp - Cy = R )y = =& (d) Cy =

Cy (y=1)
Akt s sssumed 10 be (Wianter 2017)
(a) ideal gas (b) Real gas {c) Condensed gas (d) Nene of the above
M isothermal process (Summer 2018)
{n) Work tramsfer s equal (o heai transfor (b) Work transfer is zero

(¢) Lmthalpy remams constant (d) Heat transfer is zero

: ANSWERS :

L 2@ A® 4 S® 6@ @ 8@ %@ 10 ()

14 (n) 15 (b) 16 (d) 17, (d) 18. (d) 19.(d) 20. (g9)

() 2i(d (a) 24(s) 25 (a)&(c)
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4.1

4.2

4.3

PROPERTIES OF STEAM

Under normal working conditions, fluids which can exist in a liquid as well as gaseous state are known as
vapours. Examples : Steam (vapour phase of water), ammonia, Freon etc. They do not obey ideal gas equation
and ideal gas law like Boyles’ law, Charles’ law etc. Under certain conditions they are used for approximate
calculations.

VAPOUR :

PURE SUBSTANCE :

A pure substance is one which has homogeneous molecular structure and invariable chemical composition. Pure
substance can exist in any of the three phases viz. solid, liquid and gas or it may exist in more than one phase.
But its molecular structure and chemical composition is always remain same at all conditions. Example : Water.

Air is not a pure substance since at very low temperatures gases present in the air like N,, O, liquefies at their
boiling temperatures and chemical composition and molecular structure of air changes.
STEAM FORMATION :

Consider 1 kg of ice at =15°C and standard atmospheric pressure (101.325 kPa). Heat is now added at constant
pressure. Various states pass through by the system is plotted on T-h diagram.

!

T
120°C

H00°C [Fmmms St et S S e ——NT

Refere'nce state fo
steam table

C
0°C k-oom- B_, hy he | ,—Enthalpy of
By superheat
-15°C
A h—>

Fig. 4.1 Formation of steam
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ting temperature (0°C)
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{emperature (0°C)-
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“Jatent heat O

at its melting

dded to ice and 1t

A=} ¢ Scnsible heat is o
vn as

B-C ¢ Latent heat is added and ice starts mcll{l}g s knov
from and at 0°C. Heal added during this pro=™=® * s up to its saturation tempera
C-D : On further addition of heat, walter temperature \\./l“ mcargls D < said 10 be saturated liquid stagg
KP’a pressure, snturation {emperature of water 15 100°C)-

Lo. at point B W2 g saturated 00 ' heat is added. At point D water starts boiling

D-Ii : During this process temperaturc remain constzmt.z?nd latent /]\mount 1 heat added during this process
and it continues up 10 point E. At point £ boiling ends: ©

isation” :
> ater part icles, such steam is known as wel steam,
) ave any suspended

»d W
3 cam does not h

to steam and so st

is called “latent heat of vapourl
¢ states D and E
complete conversio
1 is known as dry
[ heat, stcam temp
icular pressur

contain suspen
n of water in
saturated stean-
increase. Steam having tem
led superheated steam. Steam

perature higher than

Steam between th
having state beyond

At point I we have
particles, such stean
craturc will

On further addition o ©
e in cal

its saturation temperature at part
point E is superheated steam.

Difterence between temperature of supcrhcalcd stecam and
of superheat. [lere difference between ty

i-F
re is called degree

its saturation temperatu

and (g i8 called degree of superheat

ENTHALPY OF STEAM :
ant pressure is equal to enthalpy change of the substance.

know that heat added at const

4.4
From the 18! law, we
Q=AU+ \\Y

Q =Ux2-U p(V2 = V1)
Q =(U2+ pV2) - (Ui = pV1)

= (H2 - Hi)
(a) Eunthalpy of Saturated Liquid (hp ¢
quired to produce | kg of saturated liquid (point D) from the triple point of water (point
nthalpy of water at point D is called enthalpy
bulated with reference

Amount of heat re

C) at constant pressure

of saturated water (hr). In steam t y values for water is ta

to 0°C (point C) so hr can be ap
hf = Cpw (Tsat — 0)

is called enthalpy of saturated liquid (71p. E
ables (Refer section 4.6) all propert

proximately calculated as
(4.1)

Specific heat of water = 4.187 kl/kg K
ding to steam formation

Saturation temperature correspon

Where Cpw

T

i}

so at higher pressure and temperature, the difference

pressure,°C
o it is recommended to use

th temperature,

at constant pressure changes wi
ated using above equation is higher s

Specific heat
| value of hr and value calcul

between actua
ables.
Enthalpy of Yapourisation (hg) ¢

Amount of heat required to convert | kg of water from s
state (point E) is called enthalpy ) so hg — hp is known

Enthalpy of Dry Saturated Steam (hy) :
d to produce 1 kg of saturated vapour (point E) from triple point of water (point C)

ed steam (hg).

aturated liquid state (point D) to saturated vapour
as enthalpy of vapourisation.

(b)

of vapourisation (hy

(©
Amount of heat require
is called enthalpy of dry saturat

So, hg = he + hig

(d) Euthalpy of Super Heated Steam :
W R i s
};:13" ::Xeat r;, n(:ged to dry s:'ltumted steam, it will become superheated. Amount heat required to produce !
g of superheated steam (point F) from reference state (point C) is called enthalpy of superheated steam



P,operﬁes of Steam

We can write hgyp = hg + Cps (Tsup — T )
= [lgsat

Where cps = Specifi
. pecific heat of superheated steam. For practical calculation this value is assumed to be 2.1 kl/kgK

T —
sup = temperature of superheated steam, °C

hsup can also i
P be directly read from steam tables of superheated steam.

) Heat of Superheat :

Amount of hea i : X
t required for superheating of steam from dry saturated state is called “heat of superheat”.

Heat of superheat = Cps (Tsup — Tsa) kI/kg

() Dryness Fraction :

Ratio of the mass of dry saturated vapour, to the total mass of wet vapour is called dryness fraction. It is

designated by x.
(4.2

mg + my,
Where  ms = mass of dry saturated vapour

x=

my = mass of liquid particles in suspension.
At saturated liquid state dryness fraction is zero and its value at saturated vapour state is 1. So 0 = X <L
(g Quality of Vapour :

When dryness fraction is expressed in percentage it is called quality of vapour

Quality of vapour = 100 - x

(h) Wetness Fraction :
m\\'
(4.3)

Wetness fraction = 1=
Thus it is (1 — X).

(i) Priming :
When wetness fraction is expressed in percentage, it is called priming.

() Enthalpy of Wet Vapour (h) :
One kg of wet vapour having dryness fraction X contains x kg of dry saturated steam at saturation temperature

(Tsa) and (1 = X) kg of liquid particles at the same temperature. So enthalpy of 1 kg of wet vapour is equal
to enthalpy of x kg of dry saturated vapour plus enthalpy of (I — x) kg of saturated liquid. Hence,

h=(1—x)-hr+x-hg
=(I—x)hr+X(hf+hfg) [ hg = hr + heg]
h=hr+x-he (4.4)

So we can say that specific enthalpy of vapourisation of wet vapour is equal to ‘xhgg’.

- 45 SPECIFIC VOLUME :

Specific Volume of Wet Steam (V) :

thalpy speciﬁc volume of wet steam can be written as

- Similar to en

y = (1= %) vehXVe
volume of saturated liquid (vr) is negligible compared to specific volume of

At s the specific ;
t low pressure p enerally the term (1 = x) vr is neglected.

saturated vapour (ve)- hence £
e 4.5)
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. sd using C
n can be Cﬂlbll'ﬂua | lmrlcq,

(b)

4.6

4.7

4.8

4.9

)

‘As-shown in Fig. 4.2 Barrel calorimeter consists of copper ca]
alorime

Specific Volume of Superheated Steam (Vawp) -fqupth""wd steal
¢ volume 06+

For steam generation at constant pressure specill

law,
op . Ve
rwp ']‘m (46)
M ey =V am can be calculat,
Ve = e o [ Vet © Vgl Jted and qupcrhcatcd steam tatey
st ! . ot saturale )
- ) ] : gl + density of wet, §
Since density (Q) is reciprocal of specific volume densit)
1 5
by @ = N (kg/m?).
STEAM TABLES : internal encrgy arc tabulaieg
) volume,
| like enthalpy,

— From experimental study, various properties ol stean
at various pressure and temperature.

It may be pressure base or temperature base.

It is tabulated for specific properties. . o et

Properties are tabulated from triple point of water (= 0°C) 1o eitical ?Ol ans at 0°C enthalpy, interng)
All values are calculated with triple point of water (= 0°C) as reference point, means ¢

energy and entropy is taken as zero.

Steam tables are given in Appendix-l.

1 1 1 ¢

i

INTERNAL ENERGY OF STEAM :
Internal energy of steam can be calculated using definition of enthalpy.

We have h = u + pv
u=h-pv

To calculate internal energy (u) of saturated, wet or superheated steam, appropriate value of enthalpy (h) and

specific volume (v) is to be substituted. Here ‘pv’ is known as work done during evaporation.

THROTTLING OF STEAM :
When fluid passes through restricted opening it is said to be throttled. It is a steady flow process. Steady flow

energy equation (SFEE) is

\2 Y e

h|+c.)l +gZ|+Q=hz+(’§ tgn+ W

-

During throttling no work is developed or consumed hence W = 0.
Change in elevation is neglegible ... z; = 23

Change in K.E is also neglegible ... C} = C,

If we assume the process to be adiabatic, SFEE can be reduced to p, = h
Le. throttling is an isenthalpic process. 2

MEASUREMENT OF DRYNESS FRACTION :
Four types of steam calorimeters are used to measure dryness fracy;

ction of stey
Barrel or Bucket Calorimeter : y:

Construction ;

main steam pipe is taken to the calorimeter through ) ter wi}
am 1 W
controlled by control valve. Pressure gauge indicate the presSul::,m% tube, Uantty 0(;0(11011 cover. Steam from th
° O steam an, Steam tg ¢ . 5
1€ calorimeter

of water in the calorimeter. Mand thermome
re temperd



| | . 4.5
Working

. : . i Pressure C

Fu'.st the calorimeter is Heoe i V%T\tl?l
weighted and wigp Known N [;;l
value of specific heat of Sampling tube — ]

copper, the water €quivalent jg [
calculated. Generally this | : pindh g dng i

value is given by supplier. Wooden cover —
Knowr.) quantity of water s
taken into calorimeter. Frop, Copper calorimeter
main steam pipe cerfaip = B
quantity of steam is takep to Ryt [} exoeny | pu
steam calorimeter through et Water
sampling tube. In calorimeter, et J
steam and water mixes [ | I

together and hence b @) R i
condensation of steam takes
place. Latent and sensible heat

of steam.ls gIVen to water and its temperature will increase. Due to condensation of steam mass of water in
the calorimeter increases.

~— Air gap

Fig. 4.2 Barrel calorimeter

Calculation :
From energy balance we can write
Amount of heat lost by steam = Heat gain by water and calorimeter.
ms (hfl 1 X'hfgl - hfz) = mc Cpc (12 — t1) + mw cpw (t2 — t1)
= (mc¢ cpc + mw Cpw) (12 — t1)

mc Cpc
= +my | cpw (22 = t1)

4.7

Cpw
M Cpe : e ) ¢ calori h
Where is called ‘Water equivalent of calorimeter’.
Cpw + My
Here, |
myw = initial mass of water in calorimeter
mass of steam, it is difference between final mass and initial mass of water in calorimeter
]‘!‘1s ] 4 , ) ' .
t; = initial temperature of water in calorimeter, in °C
t, = final temperature of water in calorimeter, in °C

y of saturated liquid at steam pressure, kJ/kg

= specific enthalp
i S y of saturated liquid at ta, ki/kg

hg, = specific enthalp

h e latent heat of evaporation at steam pressure, ki/kg
fe1 — :
i eter
Cpc = specific heat o? calfr:m
= ific heat of wate€ ‘ |
it i ple steam which is to be determined

dryness fraction of sam

§2 calorimeter is neglected.

: m
In above calculation heat 10sS fro
Hmitationg at losses are higher and calculated value is lower than actual value.

(1) At higher temperature he :
(2) It is an approximate method.
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b e Main steam pip

(2) Separating Calorimcter :

&)

© gauge is used to measure pressure

Control valve

Construction :

Separating calorimeter consists of two

chambers, viz. inner chamber and outer Sampling tube
chamber. At the top of inner chamber '
perforated tray is provided where the
water droplet in the wet steam is U\\ L Perforated tray
separated due to its inertia. Separated

droplet is collected in inner chamber Inner chamber
while steam is condensed in barrel - l = l «— Outer chamber
calorimeter. Steam from the main steam Scale | o T Separated moisture
pipe is taken to the calorimeter through e [

sampling tube. Quantity of stcam to Y
the calorimeter is controlled by control 2
valve. X e

Pressure guage

maam|

Working :

From main steam pipe certain quantity
of steam is taken to the calorimeter
through sampling tube. In calorimeter e
steam strikes against the baffle plates/ X -[~— Barrel calorimeter
perforated tray. Due to inertia of %
droplets and sudden change in
direction, water droplets are separated
from steam which are collected in
inner chamber. Steam is condensed in
barrel calorimeter. Quantity of water .
droplet separated can be read from Fig. 4.3 SePafaling calorimeter
scale and quantity of steam can be calcul

=— Weighing Machine

ated from difference in mass of water of b

Calculation : arrel calorimeter.

Let mw = mass of water collected in inner chamber, kg
’
arrel calorimeter, kg

then dryness fraction x can be calculated from ; T
N its definit;
m, ¢linition,

mg + m,
Limitations :

ms = mass of steam condensed in b

100% scparation of suspended water particles from, wet st
cam by
Mechap;
ic

Throttling Calorimeter :

al : p
= Mean is not possible.

. Pres
truction : Sure
Construct Jauge

Fig. 4.4 shows throttling calorimeter
which essentially consists of throttle
valve, pressure gauge, thermometer
and manometer. Through sampling
tube steam is taken to throttle valve
where steam is throttled from higher
pressure to lower pressure. Pressure

~ Thermometer

\P Scale

hw

«-Manomem

before throttling and manometer js
used to measure pressure after
tbrollling. Thermometer is used (o
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—
measure temperature after throttling

Working :
" ¥ .
With full open steam stop valve, steam is allowed to throttle until steady pressure and temperature IS reached.

At steady sctlate condition pressure before throttling (p1) and after throttling (p2) and temperature after throttling
is measured.

Calculation :
As seen earlier during throttling process, enthalpy of fluid remain constant. This fact is used to measure dryness

fraction of wet steam using this calorimeter. To measure dryness fraction condition of steam after throttling
must be superheated steam.

Enthalpy before throttling = Enthalpy after throttling
sohp +x hfgl = hsz + cps (Tsup — Tsat)
Where hy, = enthalpy of saturated liquid at p1, k/kg
Ny, = latent heat of steam at pi, kl/kg
hg, = enthalpy of saturated vapour at p2, kl/kg
cps = specific heat of steam, generally assumed 2,1 kJ/kg K
Tsup = temperature of superheated steam after throttling, °C
Tsat = saturation temperature at p2, °C
X = dryness fraction of steam which is to be calculated

(4.8)

Limitation :
Condition of steam after throttling must be superheated.
Due to this limitation, dryness fraction of the steam should not be too low (generally dryness fraction before

throttling should be greater than 0.9).

(4) Combined Separating and Throttling Calorimeter :
As it is known that complete separation of water droplets from steam by mechanical means is not possible

but separating calorimeter improve the dryness fraction of steam. Throttling calorimeter requires high quality
steam at its inlet so that after throttling, steam is superheated. So the limitations of both calorimeters can be

overcome if they are used in series and one can have accurate estimation of dryness fraction.

Construction :
This calorimeter has two calorimeters namely separating calorimeter and throttling calorimeter in series.

Pressure gauge

w ) Control valve
__L_%—-—» Pressure gauge Thermometer
(m+my) (% ; r/

[ l

[‘J'J m gf_; anometer
 —— Throttle

M- valve

L*J Steam to barrel calorimeter
Fig. 4.5 Combined separating and throttling calorimeter

ugh separating calorimeter where moisture is separated from wet steam and its dryness

i ‘ Ste : ss€s thro . .
Steam first pa s through throttling calorimeter and at steady state condition various readings

fraction improves. Then steam passe
re taken.
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Calculation :

$ o ” ~ “ - c iealll ] (S t}]e
l(' Wel S IS l ] ¥ 71 SOfS
N i I / e m lb m

X } 4 i I .ater drop'
. . K l
CalO! l'metEI.

/'S ' imeter then
It xy is the dryness fraction of steam measured by separating calorime

m
A m, t
I£x2 is the dryness fraction of Steam entering throttling calorimeter, then x; cap be calculated using equation
by +x, - hfgl = hgz el (Tsup - Ty)

Where g, hg, . hy,. sp and T, has same meanin

gasin case of throttling calorimeter.
Let X’ be the initial dryness fra

ction of steam thep the original water droplet in the sample s (] —X)(m+ mi}kg. Oy
of this (1 =X1) (m + my) js removed by i i -X9) - i e
el (m + my) Y Separating calorimeter and (1 -xy) - Kg is passeq through throttlmg
’ (l—x)(m+m1)=(1 -xl)(m+m1)+(] - X3)
l-%)m
Lex=qg_ sy, U-x
R S
but we have x; < __ I
P ] m + m,
TX= ‘xl'*'Xl*X] - x
X=x1 - x :



(EXERCISES )

Explain steam formation at constant pressure.
Differntiate among wet, dry saturated and superheated steam.

1.

2.

3. Define dryness fraction of steam.

4. quid, enthalpy of evaporation, enthalpy of wet steam, enthalpy of dry satura

Define enthalpy of saturated I

steam and enthalpy of superheated steam.
S. How internal energy of steam in various conditions can be calculated ?
6.  Explain throttling process ?

With neat sketch explain (a) Barrel calorimeter (b) Separatin
separating and throttling calorimeter.

g calorimeter (c) Throttling calorimeter (d) Combind

7.

8. State limitations of above calorimeters.
= x] . XZ'

9.  For combined separating and throttling calorimeter prove x
l PROBLEMS )

1. Determine condition of steam for following cases :
(a) Pressure 10 bar, Specific enthalpy 2640 kl/kg

(b) Pressure 15 bar, Temperature 197.4°C
“(c) Pressure 10 bar, Temperature 200°C

(d) Pressure 7 bar, Specific volume 0.26 m¥/kg

(e) Pressure 10 bar, Enthalpy = 5000 kJ, mass = 2 kg [Ans. wet, wet, superheated, wet, **

i
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2.

U

Bz

or following cases calculate o |
e i s calculate enthalpy, work done during evaporation and internal encrgy of stecam when steam

is at 15 bar pressure. (a) dryness fraction 0.9 (b) dry saturated steam (c) temperature of steam 250°C.
[Ans. (@) h =2597.47 kilkg W = 178.2 ki/kg
u = 2419.27 ki/kg
(b)y h=27922 kikg W = 198 kl/kg
u = 25942 ki/kg
(c) h=129233 kikkg W =228 klkg
u = 26953 kl/kg

Two kg of saturated water at 100°C is converted into dry saturated steam at same temperature. Determine the

pe'rf:emage of energy supplied that goes to increase the internal energy of steam. How is the remaining energy
utilised ? [Ans. 92.5%, Rest is to do external work]

h x = 0.87

il

I

I

A stream of steam at 10 bar and 300°C is mixed with the other stream of steam at 10 bar wit

in the ratio of 1:1.2. Calculate the final condition and specific enthalpy of steam.
[Ans. Wet steam, x = 0.986, h = 2748 kl/kg]

Steam at 15 bar is throttled to 2 bar and 135°C. Determine condition of steam before throttling. Hence calculate
dryness fraction or degree of superheat whichever may be the case. [Ans. Wet steam, x = 0.973]

In a test with combined separating and throttling calorimeter following data was obtained.

Steam discharge from throttling calorimeter 22 kg
Water separated in separating calorimeter 23 kg
13 bar

Initial pressure of steam

Pressure of steam after throttling
Barometer reading 748.8 mm of Hg

Temperature of steam in throttling calorimeter 150°C

Calculate dryness fraction of steam at entry 10 the calorimeter. [Ans. 0.9012]
A combined separating and throttling calorimeter is used to determine the dryness fraction of steam in main.
The pressure of the steam in the main and the separator is 6.9 bar. After throttling to 1.5 bar the temperature
is 127°C. During a ten minute test 0.09 kg of water is collected at the separator and 1.53 kg of condensate

E " . 9
is collected after throttling. Calculate the dryness fraction of steam in the main. [Ans. 0.927]

A spherical shell of 30 cm in radius contains saturated steam and water at 300°C. Calculate the mass of each
if their volumes are equal. [Ans. m,, = m; = 40.242 kg, m; = m, = 2,616 kg]
A tank contains 100 kg of liquid water and 5 kg of water vapour under saturation condition at 20°C. Calculate
the volume of tank and moisture content of the mixture. [Ans. V = 289 m’, x = 0.0476]

Two boilers A and B arc delivering steam in equal propf)nion to common main. Both the boilers operate at
pressure of 14 bar which is also the pressure of steam in the main. The boiler A is fitted with superheater
and supplies st at 300°C. If the temperature of resulting mixture in the steam main is 235°C, estimate

the quality of steam supplied by the bailer B, [Ans. x = 0.973)]
(OBJECTIVES TYPE QUESTIONS )

d if its temperature does not change, the heat added is called

114 mm of Hg

When heat is 2dded to the water an

(a) latent heat (b) isothermal heat (c) sensible heat (d) constant pressure heat
ition of | between saturated liquid and saturated vapour state is called
(@) secrheated (b) szturated (c) wet (d) subcooled
i boili int (boiling point at atmospheric pressure) of water is equal to
“ormazl bojling { :
a) 213%C £ pe (®) 0°C (c) 418.7°C (d) 100°C
Dryness fraction of steam is defined 2 ;
: . . m - mp = 3 X m_.; + mw
m. i BT S A . (@ umi R

my F M
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i team will be . B
5. If dryness fraction of steam equals to 1, condition of s( g e (d) superheated
¢
(a) subcooled (b) wet
6.

ifi ' - ot g is given by
Specific enthalpy of vaporization of wet stcam 1s givel Y

‘d) X PV
c) pv
(a) hy (b) x - hy, (c) PY
7. Throtting is "
; ' eSS
. enthalpic proc
(a) isothermal process (b) 15 P tropy Process
stant €n "
(¢) constant pressure process (d) con
8. Water equivalent of barrel calorimeter is defined by the relation
[nw C;zw
My Cpw ——
M¢ Cpc _ Mg Cpe = SN MpW, (d) 5
(a) S (b) “—““"pr (c) m. pe
\ R . W iy PSP S TR Lo . ness fraction of steam leavip,
9. To have accurate estimation of dryness fraction by scparating calorimeter, the dryne :
the calorimeter must be
(a) 1 (b) > 0.9 (c) > 0.95 (d) <1
10.  To determine dryness fraction of steam using throttling calorimeter, the condition of steam after throttling mus
be
(a) wet

(b) superheated (c) dry saturated (d) x = 0.95
11, For combine separating and throttling calorimeter, dryness fraction of steam can be ¢

alculated using relation

(@) x = x; + x, (b) x = x; " x; (C)Xz% (d) x =x; - x,
12. For steam, an isothermal process is also a constant process in wet region
(a) volume (b) enthalpy (c) internal energy (d) pressure
13.  For steam, which one of the following is the correct statement
(a) v << v, (®) ve>> vy, (c) hy << . - -
14. Dryness fraction of wet steam is ’ (d) he >>
(a) greater than | (b) =1 (©) less than 1 (Jan. 2011
15. Superheated vapour behaves (d) 0
(a) exactly as gas (b) as steam (©) as ording (Winter 2010/
16. Steam coming out of the whistle of pressure cooker g ™Y Vapour (d) approximately as a
(a) Dry and saturated vapour (M' (Summer 2017
(¢) Superheated vapour (d) Ideal Pour
17. Superheating of steam is done at constant &3
(a) pressure (b) volume
18.

- i 2(“'}
When heat is added to the water and if ; (Summer
(a) latent heat

(b) isothermal heat (€) senc: i ot added is e lled M
19. Dryness fraction of fully wet steam is ©) sensibe heay (Summer 201
(a) 0 (b) 1 Ry (d) Constant pressure he!
© 05 (Winter 2017
" ANSWERg , (d) None of the above
L@ 2.() 3 ()

4. (¢) S. (¢)

» 6. (b
i 1. (b)  12.(d) 13, (@) 14, (¢) 15, (g 16 (b; 7 (b) 8, (b)
R T 170 @ 10, ()
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HEAT ENGINE :
¢ from the engine. Thus

5.1
Heat engine is a device in which net heat is added to the engine and net work transfe
for heat engine net heat transfer and net work transfet both are positive in a cycle executed by the engine.
Heat engines can be classified in two catagonies
(1) External combustion engines
(2) Internal combustion engincs
External Combustion Engines :
In this type of engines combustion of fuel take place outside the engine Generally heal liberated by combustion
of fuel is transferred to working fluid of the cngine.
Examples : Steam engines, stcam (urbines, closc cycle gas turbines
In steam cngines and steam wrbines combustion of fuel take place in boiler, which produces high pressure sieam.
This steam is expanded in steam engines or stcam wrbines which produce mechanical work.
Internal Combustion Engines (I. C Engines) :
In 1. C. Engines combustion of of fuel take place n the engines. Combustion of fuel takes place with help of
air. Combustion product itsell are the working fluid of engines.
Examples : Petrol engines, Diesel engines, Open cycle gas turbines
Difference between External Combustion Engines and Internal Combustion Engines :
Internal Combustion Engines External Combustion Cngines
(1) They are compact in size and hence suitable for | (1) They are bulky and hence designed for large
small capacity. capacity
(2) More refined fuel is required which is costly. | (2) Cheaper fuels can be used Generally solid, liqui
; soli
Generally used with liquid and gaseous fuel and gaseous fuels are used. e
(3) Due to less components, comp-lexity is less. (3) More complex.
(4) Lower cfficiency. (4) Higher efficiency.
(5) More pollutent. (5) Less pollutent.
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3.2 WORKING FLUID : |

All thermodynamic Syslems require some working substance in order 1o perform various opc_ralions to %ﬂ
a thermodynamic cycle These working substance are known as working fluids. They can readily be com

Or expanded. They also receive of reject heat Common examples of working fuids are air and sieam, 4y
of all heat engine cycles involve calculation of various properties of these working fluids

53 ESSENTIAL COMPONENTS OF HEAT ENGINES :
A thermodynamic cycle is executed by heat engine to produce net positive work from net positive heat additiog
to the engine This cycle is known as heat engine cycle. Sometime it also refers as power cycle. A heat engjp,
cycle consi;ts of series of processes Each process requires some device or component for process 1o lake place
The essential component of heat engine are as follows

(1) Heat _Sﬂurtc : IU1s a reservoir of heat from which heat is supplied to working fluid. Examples : Fumgg,
of boiler, Combustion chamber of 1.C Engines.

(2) Heat Sink : A heat sink is a low temperature reservoir where heat is rejected by the working fluid

(3)  Working Fluid : Substance which receive and reject heal and undergoces various processes of heat engine
cycle is called working fluid
(4) Expander or Turbine : It 1s a device in which working fluid is expanded and work is available.

(5) Compressor or Pump : It is a device in which pressure of working fluid increases. It may be coupled
to expander or it may be connected to separate power source

54 CARNOT CYCLE :

Camot conccived an ideal cycle in which all processes are reversible Camot cycle is represented on p-V
diagram (Fig 5 1). Processes of Camot cycle are as follow

Process 4-1 : Heat 1s added to the system (of working fluid)
at constant temperature Ty from the source. Working substance
is expanded reversibly at constant temperature. edinkafli o

s g .
Yoéthey ral,
€= PONL | 87,

Pl 4
T.=C

Reversible
adllba!igs
@“{*’J Wb O

Process 1-2 : Working fluid undergoes a reversible adiabatc fnr{.
expansion. Temperature will reduce from Ty to Ty

Process 2-3 : Working fluid rejects heat at constant temperature

T, 1o sink reversibly. Working fluid is said 10 be compressed at @wpvesl e -
constant temperature Ty Fig. 5.1 Camot cycle
Process 3— : Working fluid undergoes a reversible adiabatic compression and its lemperature will increase from

Ty 1o Ty

5. 4.1 Efficiency of Carnot Cycle :
Process 4-1 is reversible isothermal heat addition process
From 1" law Q = AU + W
For idcal gas internal encrgy depends only on temperature hence for this process AU = 0
- 0 = W .
W for constant femperature process (and hence hyperbolic process, pV = ()
V V
L i &
Qs = W = paVy In v, =mR Ty In v,
Where Qs is heat supplied .
Process 2-3 is isothermal heat rejection process so similar 10 process |

Vv \Y
-1 -
Qe=W=pVain gy =mRTlny

-2 We can write

' i ed
Where Qg is heat reject '
[equation is w:in:n is such a way that Qg is +Ve number)



—
=iy - ——
s : VY,
"ﬂllnhl =t
v,
\Y
T, In 2 ‘ w albo |
F _Y\_?L 't. _;f_‘:l__]'- 0wy ,1‘ l'f\.} (ol P |
Ty In ) T gielen
th V‘ | ‘:.I'l; '1‘\0'. ‘fi-lll E{
Now for process 2-3 and 4-1 we can write
-1 =1
T _ [11 - (%)
-!1- = —Yl OR ﬂ = 2;-
i Yy Ve Vs
I %
n=1 Th eb

From the equantion it is evident that efficiency of Carnot cycle does not depend on working subsiance, but

depends only on temperatures of heal addition and heal rejection.

£4.2 Limitation of Carnot Cycle :

(1) To have heat addition and heat rejection at constant temperature piston has to move as slowly as possible.
While during adiabatic expansion and compression piston has to move as quickly as possible. Since isothermal
and adiabatic processes take place during the same stroke piston has to move slowly during part of the
stroke and quickly during remaining stroke. This is practically impossible.

(2) In actual practice friction is always present

(3) Perfectly adiabatic wall is hypothesis.
(4) In actual practice, finite temperature difference is always required for heat transfer This means heat transfer

is not reversible.

$5 CARNOT VAPOUR CYCLE :
Components of Camot vapour cycle is shown in Fig. 52 and same is represented on p-V diagram in Fig 5.3.

Boilar T

4 Qs 1 p Isathermal process

1
AT,
We PP Wy Isentropic process
Condenser Turbine el
Qp y
Fig. 5.2 Components of Camot vapour cycle Fig 5.3 Camot vapour cycle on p-V diagram

As shown, during process 4-1 heat is added in boiler at constant pressure which is also an isothermal process
in wet region, Process 1-2 is expansion of steam in turbine which develops work Wy, During process 2-3 heat
is rejected in condenser 1o cooling medium (generally waler) at constant pressure and temperature. Process
3-4 is pumping/compression of wet steam from condenser pressure 10 boiler pressure which requires work input

of W,,



e

- hy)

54
5.5.1 Efficiency of Carnot Vapour Cycle :

For unit mass of substance
Work developed by turbine Wy = (hy
Work input during pumping/compression Wp =

Network developed Woe = Wy - We
= (hy — hy) — (ha - hs)

(he - 2)

Heat supphcd =h; -y
Net work dcvclgp_cd
Nicamet = ™ Heat supplied
B (h| - h}] = (hy
- (hy = hy)
(hy = hy) - (h,
= (hy = hy)

- hy)

hy)

5Q
Entropy is defined as ds = -——f'ﬂ
=T,

So heat rejected (Qg) can be written as Qp = T2 (5; - 5;) and heat supplied (Qs) can be written as Qs
(s; — S¢). Since processcs 1-2 and 3-4 are isentropic, s, = 52 and s; = Sq

DL - s)
S I
T
T
=1 Ty (2

Thus from the analysis of Carnot vapour cycle also it is evident that efficiency of Carnot cycle does not dqul‘
depends only on temperatures of heat addition and heat rejection.

upon working Sluid but
2 Limitations of Carnot Vapour Cycle :
(1) Steam . parlinally condensed in the condcns;? at point 4. At this point steam is a mixture of wllﬂf'd
ovmeur which is o be pumped at state 1 which is saturated liquid. Practically it is impossible @
hich can pump a mixture of water and steam and delivers it as saturated qur:i)d
urbin®

a pump W
¢ expansion process takes place in wet region which causes errosion and corrosion of ¢

5.5.

(2) Complet
blades.

56 RANKINE CYCLE :
We have seen that it is difficult to pump mixture of vapour and liquid and deliver it as saturated liquid e
as saturale !

is eliminated in Rantine cycle by CO"]P'}‘H' condensation of vapour in .

isentropically 10 the boiler pressure. Simlln{y- in boiler heat is added at c‘:::;dl::,%r and then pumping oS o

temperature. In superheat region, heat addition at constant lemperature rm:;uiru:l:r::,s:ur1= ’ lherrlh;:m" which ¥
pansion of st

eliminated in constant pressurc heat addition.
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Rankine cycle consists of four processes. This processes take place in four components as shown in Fig. 5.4

(1) Boiler (2) Turbine (3) Condenser (4) Feed pump.
Working of Rankine cycle : Various processes of Rankine cycle are represented on p-V diagram in Fig 5.5

4 amb_1
V
Steam turbine
2
v

Fig 5.5 Rankine cycle

Qg Boilar

Pump

Condenser

—

Fig. 54 Components of Rankine cycle

Process 1-2 : Superheated, dry saturated or wet steam expanded isentropically by steam turbine from boiler
pressure to condenser pressure. In practical cycle stale | is always superheated steam.

Process 2-3 : Steam is condensed in condenser at constant pressure. It leaves the condenser as saturated liquid.
Steam is condensed by transferring heal 1o cooling water.
Process 3—4 : Saturated water at condenser pressure is pumped to boiler pressure

Process 4-1 : Heat is supplicd 10 water at constant pressure in boiler During process 4-a, sensible heat is added
to water and its temperature is increased to saturation femperature corresponding to boiler pressure. This is done
1. During process a-b latent heat 1s supplied fo water and saturated water

by feed water heater and economise
in superheater

converts into saturated vapour. During process b-1 steam 1s superheated
Assuming steady flow and neglecting change in K.E. and PE, thermal cfficiency of Rankine cycle can be
obtained by applying the steady flow energy equation (SFEE) to each of the four components of Rankine cycle.

n boiler and no work developed by it we can write

Boiler : Since heat is supplied |
Qs = hy - (5.3)
Turbine : For isentropic (reversible adiabatic) expansion for which Q = 0.
Wy =h - h (5.4)
Condenser : Since heat is rejected 10 cooling water in condenser and no work is developed by it.
Ql = hl h’ (5‘5)
Pump : For reversible adiabatic pumping Q = 0
Net work outpul
Nesstine = Tleat supplied in Boiler
o (he —ha) = (he = h
Net work output = W1 = Wr (hy = hy) = (he = h)
Heat supplied in boiler = Qs = hy = ha
_ - (hs =)
_(_ljl_—-l]l)—'_-____.- -
NRankime = (hy = ha) (5.7)
to work developed by turbine and :
Generally pump work is very mall compared 0 ped by and hence it is neglected.
(5.8)

_hoh

NRaskine — |, - hy

= L — I I e e e
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5.7 AIR STANDARD CYCLES :

3.7.1 Assumptions for Air Standard Cyecle :

In gas power plants like gas turbine or internal combustion engine working fluid is always in

In most gas . : i al combustion engine ajr fiy
. power cycles, the working fluid consists mainly of air. In interm : BINE alr fuy
varies from 10 11024 . dcpcn.dinng upon type of engine. In gas lurfun: plants this ratio varies from
! 10250 : 1. Hence Properties of working fuid is similar to propertics of air. There'fore BAS POWEr Cycle ay
can be done by idealised cycle known as Air standard cycle which uses pure air as working fluig,

(1) The working fluid is air and 1t follows the ideal gas laws and hence follows pV = mRT.
(2) The working fuid is homogeneous throughout at all time and no chemical reaction takes place

(3)  Specific heat of air is constant and do not vary with temperature One may take ¢, = 1.005 kikgk,
¢ = 0.718 K/kg K.

(4) The mass of air in cycle remains fixed. The cycle is execuated by closed system and there is no
or exhaust process

(5) Combusion process is replaced by equivalent heat transfer process (Heat addition to cycle).
(6) Since exhaust process is not there it 1s replaced by equivalent heat rejection.
(7) All processes of the cycle are reversible

Thermal efficiency of air standard cycle is also known as air standard efficiency which can be given iy

_ g Workdone  _ Heat supplied — Heat rejected Qs — Qg
M = Me = Heat supplied Heat supplied - Qs

Relative efficiency or cfficiency ratio is defined as

Actual thermal efficiency }
M Air standard efliciency
OTTO CYCLE (CONSTANT VOLUME CYCLE) : |
An air standard Otto cycle which is also known as constant volume P
cycle consists of four processes Two of them are reversible adiabatic
(isentropic) and the other two arc constant volume processes An Qs |
air standard Otto cycle on p-V diogram is shown in Fig. 5.6. P‘JT"C
Various processcs arc . ' i
1-2 : Reversible adiabatic (isentropic) compression of air. !
Pressurc and temperature of air will increase :
2.3 : Heat is added at constant volume. Further rise is pressure Qs
and temperature of air. |
_4 - Reversible adiabatic (isentropic) expansion of air. Pressure 1 3
’ and temperature of air will decrease. Work is developed —
during the process. Fig. 5.6 Oto cycle

41 : Constant Vol I-I“I RIS B Pressure and temperature will restore to its initisl **
For Otto cycle heat supplied and heat rejection arc constant volume processes, '
. Q=AuT& AT
Heat supplied = Qs = ¢, (T) - Ty)
mejoc'tod'Qn-c.fﬂ-'I]'i {
Work done in cycle = Heal added — Heat rejected
-e (=T -c (T,- T,
: . Workdone
Air standard efficiency M = {2 o0m rrry
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—
(M -T)-c¢ (T - T)
Cy (11 - Th)
- Ty =T
"Thi-T,

Now we need to substitute for T,, T, and T, in terms of T.
For process -2 : (reversible adiabatic compression)

v
Where 1 = ;j:'!“ = Compression ratio
For process 2-3 : (constant volume heat addition)

% = -g—: [ 2-3 is constant volume process]

3
T;=‘E}-T.-t" =T,

]

P2

For process 3—4 : (reversible adiabatic expansion)
T_ [1';)‘”
T3 V4

since vy = vg and ¥; = V3

1 I
Ta=T, 'l",,

Where 1, =

Substitute for Ty, Ty and Ty in terms of T, in equation for air standard efficiency
O
=l i T =
el
(p -1 "
: (5.9)

no= -
From above equation it is clear that efficiency of Otto cycle is a function of compression ratio only. In actual
¢, the compression ratio varies from 5 to 8,

engine working on Otto cyel
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5.9 DIESEL CYCLE (CONSTANT PRESSURE HEAT ADDIT

Diesel cycle is ideal cycle for compression ignition internal combushm; | o

engines or the engines working on diesel oil. The cycle consists @ R ’

four reversible processes. Two processes are reversible adiabatic. on¢ 2

is constant pressure and one is constant volume. Fig 5.7 shows Diesel

cycle on p-V diagram.

The processes of Diesel cycle are

1-2 :  Reversible adiabatic (isentropic) compression of aur. Press
and temperature of air will increase.

2-3 ©  Heat addition at constant pressure. During this process pre pabn 1
of air remain constant and volume and temperalure will
increase.

-

ure

——

[
Fig. 5.7 Diesel cycle

.. ¥ _
Volume ratio . 1S called cut-off ratio
: r Pressure and temperature of air will decrease

3-4 - Reversible adiabatic (isentropic) expansion of ai
decrease.

4-1 . Heat rejection at constant volume, Pressure and temperature of air will
As Qs = Ah = ¢, AT and Qg = Au = ¢yAT

Heat supplied Qs = ¢, (T;  T))

Heat rejected Qg = ¢, (Ta - T))

Work done per cycle = Qs = Qg

Workdone
Air standard efficiency M. = Tyeaisupplied

cp(Th - Ta) - e (Ta = Th)
- cp(Ti—Tz)

-1 (Ty - Th)
Ty -Th)

Similar to Otto cycle, here also we will substitute for T;, T and Ty in terms of T).

For process 1-2 : (reversible adiabatic compression)

36T
T V2
-1
T,=Th ('E;') =T, "'

}'I » .
Where 1 = -;1— = Compression ralio

For process 2-3 : (constant pressure heat addition)

T oB.og
T; V2

Where @ = cut off ratio
T’ -Q'T]
-Q'r"'"Tu

For process 3-4 : (reversible adiabatic expansion)
or

L =(ﬁ)’“'

Ts Va
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T,

Il
o
—
- |wo

5

T4=97'T|

Substitute for T3, T; and T, in equation of 1,

59
=7 [m Y
Tq‘T;(‘;i—) =T3[..b.2‘__vz_
V2 V4
[V v =)
y-1
Q- l'.'h| : (%) . T1
Q- T, - T
Mn=1- . ] l -
P
1 QY — ] (5.10)

Mn=1- ! [7(9 - l)]

Since y = 1.4 for air and @ is always greater than 1, the quantity in the bracket is always greater than one.

Qo for same compression ratio efficiency of Ono cycle is greater than that of Diesel cycle.



Heat Engines

531

10.

11.

12

( PROBLEMS )

The following data j : .
end of campfcsgion]?qa;gllgblc for ‘“: engine working on ideal Otto cycle. Temperature at the beginning and
of Otto cycle, s and 373°C respectively. Calculate compression ratio and air suleards zgic;eo;:?]r
An engine worki : ns. J2.00, JU%
\-olumf o u‘:':’\::lg on air smndnr;:l Otto cycle has bore of 140 mm and stroke length of 160 mm. Clearance
An engine Workis gine 1s 370 em’. Calculate air standard cfficiency of the engine. [Ans. 557%)
I bar respectivel 113:{1 Otto cycle hab‘ temperature and pressure at the beginning of compression are 25°C and
he end Y. Air standard efficiency 1s 48% Calculate compression ratio, pressure and temperature al
the end of compression. [Ans. 5.13, 9.87 bar, 300°C]
':‘"ba?l:’ :y_f_}f having compression ratio 8 has pressure and temperature at the beginning of compression are
n nd 27°C respectively If heat transfer pet cycle 15 1900 kl/kg calculate (a) pressure and temperature
at the end of each process (b) air standard efficiency.
[Ans. p, = 18.38 bar, T, = 416 2°C, p, = 88.95 bar, T; = 3062.45°C, ps = 4.84 bar, T, = 1179°C, 56.47%)]
An engine working on Otto cycle has a volume of 0.5 m’, pressurc | bar and temperature 27°C at the beginning
of compression stroke. The pressure at the end of compression is 10 bar The heat added is 200 kJ Calculate

(a) Pﬂftcnlngc clearance (b) Air standard efTiciency [Ans. 23.46%, 47.2%]
In a Diesel cycle 1 kg air at a pressure of 1 bar and temperature of 15°C is compressed through a ratio of
15. Heat added is 1850 kJ Calculate air standard efficiency. [Ans. 55 1%]

In a Diesel cycle pressure and temperature at the beginning of compression are | bar and 27°C. The compression
ratio is 16 and heat added per kg of air is 2500 kJ/kg. Calculate (a) maximum pressure and temperature
(b) air standard efficiency (c) power output for 0.25 kg/s of air flow rate
|Ans. 48 5 bar, 3397 K, 54 08%, 338 kW]
A C.1 engine working on Diescl cycle has bore of 150 mm and stroke of 250 mm. Clearance volume 1s 400
cm’. The fuel injection takes place at constant pressure for 5% of the stroke Find air standard efficiency If
the fuel cut off is delayed from 5 to 8% of the stroke, calculate loss in efficiency if compression ratio is same.
[Ans. 59.4%, 2%
In air standard Otto cycle the maximum and minimum temperalures are 1400°C and 15°C. Heat supplied per
kg of air is 800 kJ Calculated air standard efficiency and ratio of maximum pressure to minimum pressure.
[Ans. 48 5%, 30.5)
In an ideal Diesel cycle the compression ratio is 15 and expansion ratio is 7.5. The pressure and temperature
at the beginning of compression is | bar and 47°C The pressure at the end of expansion process is 2 6 bar.
Determine cut ofl ratio, maximum temperature and thermal efficiency of the cycle
[Ans. 2, 1589.2°C, 60 37%)
In an engine working on Orto cycle, air- has a pressure and temperature of 1 bar and 67°C at the beginning
of compression. The compression ratio is 6 and heat is nddc!;l at constant volume until temperature rises to
1400°C. Calculate (a) Air standard efficiency (b) Heat supplied (c) Pressure and temperature at the end of
. eclive pressure.
compression (d) Mean cfT pul,u.,u (#) 5116% (b) 7013 ki/kg (c) 12.29 bar, 6962 K (d) 441 bar]
dard efficiency of Otto cycle with compression ratio of 4, 6 and 9 Comment on the result.
%, with increase in compression ratio efficiency of Otto cycle increases. It can
tage increase in compression ratio, increase in efficiency decreases with increase

Calculate air stan
[Ans. 42.57%, 51.16%, 58.48
be shown that for same percen
in compression ratio. i
% increase in m when r changes 4 to 6 = 20.2%
% increase in 1 when r changes 6 10 9 = 1413%]

(OBJECTIVES TYPE QUESTIONS

For heat engines

(a) net heat transfe
(b) net heat transfer and .
(¢) net heat transfer is posith
(d) net heat transfer is negative

r and nel work transfer are positive
net work transfer are negative
jve but net work transfer is nogative
but net work transfer is positive
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14.

15.

. (a) 2. (c) 3. (d) 4. (a) 5. (b) 6. (b) 2. @)

mbustion engine 7
cle gas rurbines (d) open cycle gag

Which one of the following is not an example of internal €0
(a) Petrol engine (b) Diesel engine (c) close €Y
Camot cycle consists of

(a) two constant volume and two constant temperature process
(b) two constant volume and two constan! pressure processes
(c) two constant temperature and two constant pressure processes

(d) two constant temperature and two adiabatic processes

€5

Efficiency of Camot cycle is given by T,
. H
T T Ty (d) = -1
a) | - =& _ 2n - T,
Rankine cycle consists of processes . .
(b) two constanl pressurc and two adiabatic

(a) two isothermal and two adiabatic
(c) two isothermal and two constant pressure (d) two isothermal and two constant volume
Thermal efficiency of air standard cycle is known as
(a) relative efficiency

(c) brake thermal efficiency

Aur standard Otto cycle is also called cycle
(a) constant volume (b) constant pressure (c) dual pressure

(b) air standard efficiency

(d) mechanical efficiency
(Summer 2017, Winter 2017)

(d) isothermal

Efficiency of Otto cycle is function of _ only.

(a) compression ratio (b) ratio of ¢, and c,

(c) difference between ¢; and ¢, (d) pressure ration only
Diesel cycle is also called cycle
(a) constant volume (b) constant pressure (c) dual pressure (d) isothermal
For same compression ratio, efficiency of Otto cycle is always __ Diesel cycle. (Summer 2018
(a) less than (b) equal to (c) greater than (d) less than or equal 10
Compression ratio is defined as
V| V2 V
o b) 7 -3 \V
(@ v, ®) v, © v, ) v
. t 1
Where V,, V, and V; carry usual meaning.
Cut off ratio is defined as
v A41 vV
A ®'v, © v, @
Where V,, V; and V; carry usual meaning . \Z
For Otto cycle compression ration varies between
(a) 5 and 8 (b) 10 and 15 (€) 16 and 22
For Diesel cycle compression ratio varies between (d) 25 and 30
(a) 5 and 8 (b) 10 and 15 (€) 16 and 22
(d) 25 and 30

The efficiency of Diesel cycle increases with
(a) decrease in cut-off (b) increase in cut-off () constan ik gty

: ANSWERS ;

(Winter 2016
(d) none of these

(@ 12.(b) 13.(@ M) IS () 8. (a) 9. (b)  10. (¢)
LI



STEAM BOILERS

zed for power gencranon. for
atilized for healing

1is stcam 15 utili

61 INTRODUCT ION :
is produced 1n 8 boiler and

A boiler is o device used for generuting st
process heating of for space heating. Sometimes only b

PUrposes.
According
2275 litres used for &
remain wholly or part
boiler use

rement of high
and generale siedim al o

eam from walcl Tl
ol warer

ulations (1BR) 2 boiler is a closed pressurc vessel with capacity exceeding

enernting steam under pressure. It includes all the mountings fitted to such vessels which

ly under pressure when sleam 15 shut—off

d for power generation is considerably large The steam is also produced at gh
boilers used for process heating are generally smaller n

efficiency. The
much lower pressure.

(o Indian Boiler Reg

The capacity of the
pressure due (o requi
size, simpler in design

ALITIES OF A GO
he following
1 steam with minimum fue
desired quantity of steam quickly afier starting

ons. (It should be able (o vary sleamn production rate as per

62 ESSENTIAL QU OD BOILER :
qualitics -

A good boiler should have !
(1) It should produce maximun

(2) It should be able 1o deliver
meel large Joad fluctuall

(3) It should be able 10
a wide runge)

the requirement. in
be light and simple in construclion.

1 consumption, i.¢. il should have higher efficiency

(4) It should
(5) It should occupy Jess space:
and inspect

(6) Tt should be casy (o maintain
be accessi
nd thal of

ple for jnspection and should not face the impact of flame directly:

fluc gases ghould be minimum
ly strong {0 resist wear and cOTOsion.

4 not collect o0 heated plates
y competent authority. (LB.R. in India)

(7) The joints should
(8) The velocity of witer
(9) Tubes should be sufficient
(10) Mud and other deposits shoul

/ jlations laid b

(1) It should comply W!

L —— .
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6.3 CLASSIFICATION OF BOILERS :
The boilers may be classified in different ways as follows :

6.3.1 According to Relative Position of Water and Hot Gases :

(1) Fire Tube Boilers : In this type of boilers, hot gases pass throu
tubes) which are surrounded with water. The Cochran, Locomotive
boilers.

(2)  Water Tube Boilers : Here the water circulates through the tubes and hot g2 them, o
15 generated inside the tubes and collected in cylindncal vessel known as boiler drum. e g BM]
Wilcox boiler, Stirling boiler.

Table 6.1 Comparison between Fire Tube and Water Tube Boilers

gh tubes, (2 linglc ‘"t.'“’“h-t
and Lancashire bmkrm:&:

Parameters Fire tube boilers Water tube boilers
1. Capacity low high, used in wide range of pressugy
(Rate of stcamn generation) and sicam ralcs

2. Operating steam pressure limited to 25 bar can well exceed 125 bar

3 Cost and construction effort less more

4. Floor space requirement more less

5. Skill required for efficient operation | less more

6. Water ucatment Not very necessary as minor Required as scaling will lead
scaling do not lead 10 tube bursting
overhealing or explosion

7. Chances of explosion less duc o0 low pressure more doe o lugher pressure

8. Damage duc o cxplosion much more much less

9 Use Paper. sugar and chemical industries| For process steam as well as power
for producing process steam gencration

10. Accessibility of various parts Vanous parts are not easily various parts arc easy 10 3CCCSS
accessible for inspection,
cleaning and repair

6.3.2 According to Geometric Orientation of Bollers :

(1) Horizontal Boiler : They have their principal axis (axis of boiler shell) soontal o shghty. 3
e.g Locomotive boiler. Lancashire boiler. o
(2) Vertical Boilers : They have their principal axis (axis of boiler shell) vertical e.g. Cochran boiles

6.3.3 According (o Location of Furnace :
(1) Externally Fired Boilers : The fumace is placed outside the boiler she]]. This 955 of badiiix e N
advantage that the fire place is simple and may be enlarged easily Watertube bmlci:pcm ﬂbﬂlﬂ‘“ﬁ
fired c g Babcock and Wilcox boiler

2) Internally Fired Boilers : The l'urt_nce is placed inside the boiler she]|
; are of this type. c.g. Lancashire boiles, Cochran boiler I Most of the fire-tube b

6.3.4 According to Method of Water Circulation :
6.1) : The water convectj )

(1) Natural Circulation Boilers (Fig. . vection ' o =
shown) are set up due to the temperature difference. The water f:“""“ (md?:md:‘Tm of the &7
header where ils lemperalure nses and density reduces. So it travels upward :In s und; gravit)

(2) Forced Circulation Bnllzrs. (Fig. 6:2) 3 Walm: is circulated through boiler ¢ . bymam Uumm £
boilers use natural circulation, while only high pressure-higl . ity bm‘"f—'“kﬁ <y l;ump : ]

4
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Superheated h
sleam

Steam

drum A, Superheater -t _

o/
;E

|

Economizer

w
oed wale! Header ised walar
Feed pump Feed pump

Fig. 6.1 Nawral Circulation Fig 6.2 Forced Circulation
15 According to Magnitude of Working Pressure :
(1) High Pressure Steam Boiler : The working pressure for this boiler is more than
and Wilcox boiler.
(2) Medium Pressure Steam Boiler : The working pressure range is 10 bar 1o 25 bar. g Lancashire boiler
and Locomotive boiler.

(3) Low Pressure Steam Boiler : The range of working pressure is between 3.5 o 10 bur. e.g.
and Comish boiler.

25 bar. c.g. Babcock

Cochran

636 According to Mobility of Doiler :
(1) Stationary Boiler : Most industrial boilers and boilers used for power gencration are stationary boilers.

e.g. Lancashire boiler, Babcock and Wilcox boiler
(2) Mobile Boiler : They arc used to run locomotives and ships ¢ g LLocomotive boiler.

64 FACTORS AFFECTING THE SELECTION OF A BOILER :

Following factors are considered while sclecting a boiler
(1) Type (quality) of steam [0 be produced, i.e. wet stcam, dry steam or supcrheated steam.

(2) Steam generation rate and steam pressure required. This pressurc becomes the operating pressure of boiler
(3) Quality and quantity of fuel and water available.

(4) Cost of installation and erection (Initial cost)

(5) Cost of operation and maintenance

(6) Availability of floor space.

() Probable load factor.

b5 PARTS OF A BOILER :
Here we will describe the parts of a boiler in short so that you can understand them in context of a complete

boiler later on.
(1) Cylindrical Shell : It is the shell in which different parts of the boiler are enclosed and on which the

mountings are fitted
) Grate : It is the platform ©
(3) Fire Hole : It is the hole through which coal is added to the furmnace, when needed.

chamber contains hot gases produced by combustion of fuel. This chamber i
of fire box are at very high temperature due to radiative heat ber is surrounded
th hot gases. These walls conduct heat to water sy lin.“um“ from flames

n which the fuel is bumt

) Fire Box : This
by water. The walls
and due to contact Wi
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/ T m—
collected

6.6

(5)
(6)

(7)

(8)

(9
(10)

(1

(12)

. ; mt coal B
Ash Pan (Ash Pit) : It 1s the arca n which the ash of bu - R

} ath th thay
Smoke Box (Smoke Chamber) : After 182 the bed nmllablc:h:; enter 8 chamber called smoke by,
produced duc to combustion in furnace/fircbox) (o raise steami.

They arc then released to atmophere through clamncy: . |

ler shell so thal & workman can g0 inside the boiler fo
bo::.:muy oval 1n shape and a door 15 provided to close j
¢ of cleaning the water tubes or sog
cakage of steam, gaskets ap

laced in their positions.

Man Hole : It is a hole provided n the
inspection, cleaning and maintenance It is g
casy access for the purpose OF o
also fitted with covers. To preven

holes before the covers arc p
y are blown off from ume (o lime

Hand Holes : They are made 1o give
other internal parnts of boiler They are
used around the man holes as well as hand
Mud Box : Sediments in water settle down in this box and the
. o W arti it is in contact wj
Steam Collecting Pipe : Steam always contain soine amount of watet particles WI:\:L:“ wa;? ct m
the surface of water. Water particles have higher specific gravity. S0, as the stean m P: F -

rend 1o fall back.
Dry sleam

I |

oy il

Fig. 6.3 Steam collecting pipe

Again, if a deflection is provided in the path of steam, water particles with more weight and higher inerti
cannot follow the stcam path and fall back. This principle is used in stcam collecting pipe of G pri
pipe. It is a horizontal perforated pipe placed on the top of the steam space of the boiler. The wet sica®
enters into the pipe through rectangular holes in downward direction as shown in figure. Now the stcas
sgain has to change direction and move up. But waler particles fall back and settle at the bottom of

pipe. Water can be drained out from a hole provided al the bottom of the pipe

Boller Stays : The boilers are generally provided with stays (o prevent bulgi
inci | ng of the plates due to press®®
of the stean The principal kinds of stays in use are : (1) direct stays (gz)gdingouur ::r gussel stays and

(3) gurder stays.

Flue and Fire Tube : Generally when the diameter of a tube th 1 . 6

inches, it is called a fire tube. For diameler or passage larger "::::gtl;li:"llil'c].l ho:l !Ednscs rll'lc::»w is upt®
' 15 Ci a flue.

BOILER MOUNTINGS :

Different types of valves, gauges and other conneclions or devices ] _ . .

are necessary for operation and safety of a boiler They are called 3“::":::1::“‘{1"““)’ to the boiler. The)
ngs.

Water
check

level indicator (walter gauge), different types of safety valv

R cs, /

valve, blow—off cock and fusible plug are some of the illlP;HI[::;fs;z:ﬂiugc. iy fonAs
mountings.

ferd
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ot pourden Pressure Gauge :

Function :
it indicates the pressure of steam inside
the boiler

Construction :

A Bourden gauge wath s interior
mechanism 1s shiown in Fig. 6.4, The bent
bourden tube of oval-cross section is
closed at one end and connected at e
other end 1o boilers pressure. Closed end
of tube is attached by links and pins to
2 toothed quadrant. This quadrant meshes
with a sinall pinion on the central spindle

Working :

When pressure 1s applied to intenor of oval
tube, 1t tends 1o assume a circular cross-
section. But before the tube can do so, 1t
must straighten out. This tendency 1o
strmighten moves the free end, turming the
spindle by the links and gearing This

Inspector's (37}
lest gaugo I—
connaclion ‘

UMUbO ——e

T- Tube

S - Hair spnng
P - Pinion

Q - Quadranl
N - Needlo

Tube in
cross section

L ever handle
cutoul cock

Fig. 6.4 Bourden guage

causes the needle 1o move and register the pressure on graduated dial. A U-tube or some other type of siphon
15 used to prevent steam from entenng pressure gauge

Function :

It indicates water level inside the
boiler 10 the observer Two waler
level indicators are fitted in front
of the boiler The water level
indicators show the level of waler
n the boiler drum and warms the
Operator if by chance the water
level goes below a fixed mark, 0
thal corrective action may be taken
I time to avoid any accident.

Construction : -

A water level indicator used in low
Pressure boilers is shown i Fig.
65 It consists of three cocks and

“onnects or disconnets the glass
ube with the steam space in boiler
The water cock connects or
IsConnects the glass (ube f[rom
“aler in the boiler. The water in

the, glass tube is drained out al intervals

Ve clear i operation. The glass tube is

Bolar lront plate

Boder waler lovel

—— L L L L L

86.2 Water Level Indicator (Water Gauge) @

Stoam spaco

Waler cock

Steam cock

- q-‘

: _.-_:“' Mnllltwo/

; J:_: _-_- 0

¥ glass (ube. The steam cock -

Ball valve

Ball valve

Drain cock

Fis. 6.5 Water guoge

opening the druin cock. This ensures (hay st
generully protected with shield.

Stuffing box

L——Waler lovel

= 0ass tube

= Wailer space

cam and water cocks
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Working : ) K
To observe the water level in the boiler. the stearn and water cocks are Upcncc}lm:fc:’m;;s:ﬁbc]s;:ft -
The steam enters the glass tube through upper fube and waler enters fthmugll 0 g . Ie\reju
water in the glass tube will be the same as the level of water in boiler

The rectangular passage at the ends of the gl tin two balls. In case th
glass tube conta
balls are carried along the passage to the ends of glass tube and then close the reduced passage. Thus fl

of water or steam out of boiler js prevented

e glass tube is brokep, the

6.6.3 Steam Stop Valve :

Function : rrT] / Hand wheel
It is used to control the passage of steam from the boiler D )
to the steam pipe or from one steam pipe to the other. When Nut

it is placed directly over the boiler, it is called ‘junction
valve’, otherwise it is called the stop valve

IANNARRGNY

Construction :

It is the largest valve on the steam boiler and usually firted

to the highest part of the boiler shell A commonly used
stcam stop valve is shown in Fig 66 The main body is

made of cast steel The valve, valve seat and the nut through

which the valve spindle works are made of brass for smooth
working The spindle is passed through a gland to prevent Baody
the leakage of steam

Working : H Q{}\\\\\\\\\
The spindle is rotated by means of a hand wheel. The rotation Valve Y \
of spindle causes the valve 1o move up and down. When Val s

¢ _ : ve seal
the valve sils over the valve seat, the passage of steam is

complelely closed. The passage may be partially or fully
opened for the flow of steam by moving the valve up, rotating Steam in
the handwheel Fig. 6.6 Stcam stop valve

In locomotive boilers, the flow of steam is controlled by means of a tegulator which is placed inside bols
shell and operated by a handle from dnver's cabin

6.6.4 Feed Check Valve : Hand wheel
ha A

Function : — .
Feed check valve controls the water from Z Spindio
pump to the boiler. It does not allow the T

back flow from the boiler (0 pump when
the pump pressure 1s less than boiler
pressure or the pump has slopped

Rk

Gland

W

Construction : I
Feed check valve is fitted on the delivery 5 o : g
pipe from feed pump, as ncar 10 boiler as nnnary : !

possible. The main parts of the valve are of !
- non return valve. water inlet pipe (from _ h
feed pump), water outlet pipe (to boiler), :O:’ \ ¢ r; y o il

spindle, gland and hand wheel. (Refer Fig : /
67) ot 4 \
Dalivery pipe 1
Waler In

Fig 67 Feed check valve

R

Non-retun vel

N
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Hﬂm Bﬁ”fﬁ 67
-
WorkIng *
pump pressure acts from below the non-return valve and boiler pressure acts from above i unﬁ;n;ﬂ
working conditions, the pump delivery pressure is higher than the boiler pressurc. So the stulvc is e o
1 seat and allows the water to flow to boiler. The lift of the valve is controlied by MOVIE the spindle up
and down with the help of the handwheel. Thus, the flow of water can be o rolled.
the upward force on pon-return valve
boiler is not allowed to flow backward

If boiler pressure is higher than pump pressure or the pump 1s stopped.
is higher. So 1t sits on its scal and closes the passage. Thus water from
ie towards the pump

465 Blow=ofT Cock : e
Function :
(1) The water fed 1o boiler always contain some sediments and dissolved [

salts. The waler is evapourated but these get accumulated near the
bottom of the boiler. The blow-off cock is used 1o penodically discharge
a portion of water from the bottom of boiler which has higher density
of sediments and salts, (1) It is necessary to empty the boiler
periodically, for cleaning and inspection The boiler is empticd opening
the blow-off cock. The blow-off cock is fitted in lowest part of boiler.

Construction :

A common type of blow-off cock is shown in Fig 68 A conical
plug is fitted accurately into a similar casing. The plug has a rectangulas
opeally. Fig 6.8 Blow-off valve

Working :

In the position shown in figure, the plug slot is perpendicular to the flow passage When the plug slot s brought
in line with the flow passage of body by rotating the plug. the water from boiler comes out with a greal force
If sendiments are to be removed, the blow—off cock is operaled when the boiler 1s on. This forces the sediments

quickly out of boiler.

666 Fusible Plug :
Function :
To put off the fire in the furnace of boiler when water level in the
botler falls below an unsafe level If this is not done, the tubes and
the shells may get overheated resulting in an explosion

This plug is generally fitted over the crown of the fumace or over
the combustion chamber.

Construction :
A common type of fusible plug is shown in Fig 6.9 "A'is a hollow
Bun metal body screwed into the crown of the boiler grate ‘B’ is
another hollow gun metal plug screwed into the plug ‘A", A third
Plug *C" is Jocked with plug ‘B’ by pouring a low melting point Fis. 69 Fusi
metal (lead or tin) into the grooves provided for the same. B Fusible plug
wortll]l :
Under the normal water level conditions in boiler. upper surface of fusible plug is cove rod b
e other eng of plug is exposed fo fire of hot gases. The low melting metal does not melt 1ip) lhc}l waler
of plug i submerged in water upper s
When the level of water in boiler falls low enough to uncover plug, its tem

“een ‘B’ and fc quickly melts and plug ‘C" drops out. This allows the ,,:,:':’: n’:h“: The fusible mety)
“Xlinguish the fire. This provenls further overhealing. o the fumace ang

while
urface
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6.6.7 Safety Valves : When the pressure of steam inside the ke

Safety valves are used (o maintain safc pressure inside the boiler e . Al boilers <hould have &
iler. Dead weight safety valve, lever safety valw

increases beyond the safe value, the valve Opens and blow
two sufety valves and they are mounted directly over the bo : .

alv fferent types of safet
spring loaded safety valve and high steam-low waler safety valve are the di yp Y valvey

1) Dea { ! s i
(1) d Weight Safety Valve : Pin Valve
Construction : | Valve seal
The valve has a flange at the end of a long pipe. This flange ﬁ 1NN
is fixed at the top of a boiler. A valve sits on the valve seal —— | o
at the top of the pipe A weight carrier carries dead weights l T Weight
These weights act upon the valve through pmn in downward — < _
direction. Pipo
", ’ S
Working : t
When the pressure in the boiler exceeds the normal limit, the 777 777
upward force on valve exceeds the downward force on it due / _ |e— Weight carmet
1o the weights. So the valve is lified from its scal and excess /]
steam escaps through the pipe to the outside —— t 74
cC ~J=— Flange

Merits and Demerits : Fig 6.10 Dead weight safety valve

The construction of the valve is sumple and gives satisfactory operation for low pressurc and stationary boiles
This valve is not suitable for moving boilers as the force of the weights should always work vertically dow
It is also not suitable for lugh pressure boilers as the weight becomes 100 laree. This disadvantage is overcose

in lever safety valve.
1

(2) Lever Safety Valve :
C P Ls ]
onstruction :
The valve 1§ placct‘i over a valve  guierum stru
scat which 1s fixed over a I
mounting block. The mounting P
block is fitted over the boiler Valvo
shell with the help of studs. One
end of the lever is hinged to a . |
rod of (the mounting block ot the 7 NP
fulcrum. The weight hangs at the . . 3 Lever W Wel®
other end. A short strul of lever A \ Guide
is placed over the valve. A guide
limits the maximum angular Mounting block
|
|

movement of the lever
Working : _

£ Fig. .
When pressure of steam exceeds the safe limit, the “P“‘ﬂldgfor-:: 'OI:J:I\:“ safety valve
force on it applicd through strut. The valve is lifted from its seat angd c anw? become greater than dowd
falls back to safe value. id steam is allowed to escape b prﬁ’

If we apply moment balance at the fulcrum.
F - 1-1 =W Lrl
Where F = downward force on valve through strut
W = Weight suspended at the end of the lever

As, L, 1s much larger than L,. F is much larger than W. T}, . P
Uus, using (h ave? |
be pmduccd ¢ Icvcrugc‘ a large force on ¥ |

L

ey

S

LN
SRR,
\\ -

~
N
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Use and Limitations :
alve. Bul this valve

(nis type of valve can be used ol a pressures higher thar
, can be used only tor stationary boilers

) that of dead welght safety v

plw
sl,rmg-lnmlﬂl Salety Valve :

pifferent types of spring loaded safety valves are used on
different boilers Here we will describe Ramsbottom safety
calve used on locomotive boilers,

Construction :

This valve consists of a cast iron body having Iwo branch
pipes. Two valves sit on corresponding valve seats af the end
of the pipes. The lever is placed over the valves by means
of two pivots. The lever is held ught at its position by means
of a compression spring. One end of this spring is connecled
with the lever while the other end with the body of the valve

Working :
Under normal conditions, the spring pulls the lever down This
applies downward force on valves which is greater than the
upword force applied by steam When steam pressure exceeds .

F 12 Ramsbottom safety valve
normal value, upward force becomes larger than the downward g 0 et ot
force on the valve due to spring Thus the valves are lifted from their scals,
1o release out. The valve closes duc (o spring force when the pressure in the boile

opening the passage for steam
r become nonnal

Merits and Use :
Spring loaded safiety valve operation is not affected by jerks and vibration So it can be used on portable boilers

such as locomotive and marine boilers

High Steam and Low Waler Safety Valve :

Function :
It allows the stcam fo escape oul of boiler when - L
steam pressure exceeds pormal value or water level

in the boiler falls below the pormal level

Construction and Working : e = U v
There are two valves in this equipmenl. Vand U
y high steam v

Valve V (high steam valve, actuated b :
pressure) resis on valve seat. Valve Uis
weight W, through o long rod. It rests on valve \ /

When steam pressure exceeds the normal lunit, the _ '
N U rises up agunsi m 22 @r

valve V alongwith valve
downward force applied by strut of the lever. The ~ ”

excess steam 19 released (0 atmosphere

Inside the boiler. u lever L is hinged at the point F
One end of the lever carries a weigh! W, on one side W,
and float E on the other side The Jever is balanced
when the weight E is under water But when the
water level falls such that the float is oul of waler,
the lever gels unbalanced. moving weight K
downward. Due to this the knife-edge K pushes the
collar C upward. Collar C is mounted on & rod
connecting the weight Wy and valve U. So wheo

loaded by
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collar moves up, valve U is also lifted. This causcs th
causing a loud noise. This alerts the operator 10 start L

Use : This valve is generally used m the €

BOILERS :

We will describe here different types of boilers like,

bailer

omish

6.7.1 Vertical Multitubular Boller (Cochran Boiler) :

Cochran boiler is a vertical,
multifire-tube boiler used for low
rate steam generation It i1s made
in different sizes with steam
evaporation capacity ranging from
150 1o 3000 kg per hour and
working pressure upto 20 bar

Construction and Working :

The boiler consists of a cylindncal
shell with hemuspherical shaped
crown. The fire-box is also
hemispherical in shape. The
hemispherical crown of boiler
gives good strength o withstand
pressure of steam inside the boiler.
The hemispherical shape of
furnace can withstand intense heat
and is also advantageous for
absorption of radiant heat from the
furnace The grate is ploced al the
bottom of fummace and ash-pit 15
Jocated below the grate. The coal
is fed to the grate through the fire
door and ash formed 15 collected
in ash-pit. The fumace and the
combustion chamber  are
connected by short flue pipe. The
back of the combustion chamber
is lined with fire bricks

The hot gases enter coil

Pressure gauge “

e steam
he feed waler

or Lnncushilc bo

Cochran

Bﬂ.ﬂf MIULTasarens

inside the boi]cr_i |
pump to increasc [

iler

boiler, [ancashire bo1

Stpam slop valve

—

e - "-v;;..'

—

o escape through a narrow
se level of water in bojje,

ler, and Babcock and Wilcoy

Manhole
Foed check
valvo [
Walor inlet =={_) e
= -
m:;'h!:vel ‘m-— P S - e ] /J
AP Was - . — A 4
rustio g A L ey A
Combuli e e =]
Firo brick 5- I*t | T
lining 'l ok .r:-_'::i,'-': 0 Smoke box ~
Flue pipe——4 ' :'.:: _:-:_r_ x L
= / = ————
Blow-off s / L \ <= Boiler shell
cock v Firo box "
.{g( Z\\\X Fredoo
Mud and waler I Grale
off durn
blow-ot Ash-pit !// \ \
Alr-in W\
] water [T Steam [ —= | Fire and
== _| Hol gases

Fig. 6.14 Cochran boiler

bustion chamber through flue pipe with considerable velocity. The hot gases in -

combustion chamber flow through the nest of honizontal fire—tubes. (generally 62.5 mm external diameter
- 1

165 - 170 in number) The gascs
mode of heal trans

by convection

discharged (o atmosphere through a chimney.

A man-hole is provided ncar the top of the crown of shell for cleaning A X
around the outer shell for cleaning purposes (not shown in figure) s'l‘hc ';‘:::;r ;!; :u:ud hol;:lc a:jrc also ﬂﬁ
§ provi with doo

cleaning

The air flow throu
inside the chimney to con

used in some boiler as fuel in place

of the interior of the fire tubes.

gh the grute is caulsod by means of the draught produced b
trol the discharge of hol gases and thus the flow of

of coal.

passing through the fire tubes transfer q |
- arge porti
fer. The flue gases coming out of fire tubes cmci:(: m::]f I:"“ I'“ tho ihon

¥ the chimney. A damper i F"‘d
air through grate. Oil 1

-
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boiler contain the standard mounti
ount o

\dyantages : ings as shown in figure.

(N Compactness and portability

(2 Low first cost

(3) Litle floor space required per unit

. : wer prod

) Quick and casy installation power produced

pisadvantages :

(1 The nucrior.is pol easily accessible for cleamng, 1

@ Water capacity 15 small, making it difficult 10 keep 2 steady s

3) Wﬂlc_f “]0n$Wllh stcam may enter the steam pipe under heavy

(4) Efficiency 1S low in smaller sizes.

ispection and repair.
cam pressurc.

loads due (O small steam space.

6.7.2 Lancashire Boiler :

ruction and Working :
ye most commonly used stationary

m inside of boiler. second from below an
uality as it is heated from three sides. 1t can burm

f 2 m diameter and length of 8 m 10 10 m.
brick work also forms one botto
hannel for flow of gases).

ler is internally fired and flue
s of boiler shell.
uality coal also

boilers. The boi
d third from the side

inferior q

Const
Lancashire boiler is one of U
gases have three passes—one fro
The boiler has good sicaming q
The boilers have a cylindrical shell o

shell is placed over the
SF) as shown in figure 61

m flue (BF) and

brick structurc. The

The cylindrical
5. (A flue isac

two side flues (
: gatuyoted
T . ‘_‘ A I S¥ED rey
=3 [0
T e H . T - . Brickwork
" & . = I
= i it
1 . I‘I . — : _.
. o (a) Ei-vntlon (:-'-"! view) (b) Side viow
e
e — — — S :"" D i
FT T+ ' 5
3 L
e —— — —_— — CFH
1 | e B — I ol
(c) Plan G G Five
M - Man hole " Brick bridge ralo FT - Fumace lubo
BF - Bottom flue BF - Skda, 8 cF -ch‘ g fue P - Steam collecting pipe
L. Low waler safety val Safoty vale . oock D - Dampeor
Fig 6.15 Lancashire boiler
he (WO main flue bes (FT) inside the boil ; )
The vided at the t end of ¢ ; ik iler A fire brick bridge
graies @ o P d of the grate w ptcucm coal and ash particles entenng into the interior of the l’umn':c
v ek cad of the ubes and en in the dowvard dielon
boiler where they are divided into [wo streams

B is provided at the en © 8 rale P
tubes. The hot gases Jeaving e
(see Elevation) "Thcy m the bottom flue 10 the front of the
i pll (sce side view)- They move along WO
Josphere from chimney.
ue tubes. The water in the shell is also heated

and pass into the side
Plan). Ultimately they ar¢ diy:h.rgtd o atn
hell 15 always abo ‘
When provided, the superheater is al the end

The water-level |
from bottom by the

side flues and enter the chimney flue (see

ve the main fl

from sides by side flue.




Lruary oo g
—_— ———
¢ the end of the side flues, before
placed al the end of the side
ell as steamn generation rae
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cconomises is @
ing door arc
as w

While an
he form of shd
e fuel combustion rate @
pulley outside the boiler

of the main flue tubes in the passage of flue gases
cxhausting the gases to chimney Dampers D in
flues to control the flow of gases. This regulates th

These dampers are operated by chans passing over @
safety valve L and manhole M are

Mounlings :
: _ - Cw high steain
The sicean collecting pipe P, safery valvs S, L% “ﬂ":: :::.Ij '.:.icr level indicator and Feed check valve are
g { the bottom of shell on front

provided on the top of boiler shell The pressure gau f cock C is @
provided at front of the boiler (not shown in figure). The blow olf ¢ : hown i
side. The fusible plugs are mounted on the top of the main flucs just over the grales (not in figure)

Advanlages :
(1) The heating surface arca per unit volume of the boiler is considerably large.
(2) Iis maintenance is easy.

(3) Load fluctuation can be casily met by (s boiler
(4) By incorporating economiser or and superheales, the effi
Limitations :

(1) It occupies large floor space due to brick work.

(2) Tt takes more time to deliver stcam at required pressure and rate

(3) The grates are inside the flue tubes So their area 1s restncted.
(4) The maximum pressure is limited (o around 15 bar due to shell construction.

6.7.3 Babcock and Wilcox Boiler :
This is a water tube boiler i.e. water flows inside the fubes and hot gases flow over the tubes.

due to large reserve capacity for waler.
ciency of the boiler can be increased.

Salety valve
g-?‘;n:;lm & walet sw:m led_Stop vaive Supporing
:'.:;.""' arums f/ beams
. iy ’
ml:ul J Manhole
Feed waler
ntel |
Up take header
Vo)
)
i <A
= ] /][ =
Waler tubes 11 ' L l)l) Water lubos
umace 77 Mod
INZZ : __\EUHM
peaNCis=i(l g oo
Grate D I—Lf ol 2
Cloanoct oo ) N
L Ashpil © Goos Damper
et |

Fig. 6.16 Badcock and Wilcox boiler
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Construction and Working :

The steam and water drum (boiler shell) run from front 1o rear of boiler It is made of high quality steel The
inclined stecl tubes of around 4 inch diameter are connected with pressed steel headers on cither side. A short
pipe (nser) connect the front header while 4 longer pipe (down comer) connect the back header with the drum.
The headers are provided with hand holes which are covered with caps The hand holes are useful to clean

the tubes. The mud box collects sediments which are blown away frequently through blowoft valve
The furmmace 15 kept below the front

onented such that the hot gases

header Coal 1s fed 10 grate through fire hole The fire brick baffles are

from furnace are first forced to move up, then down and again upward over
the water tubes The damper control the flow of air mto the fumace

Water n the drum comes down through downcomer and enter the tubes. They get heat from the gases The
water of decreased density and part of water converted 1o steam enter the drum through niser. Thus a continuous
circulation of water from drum to water tubes und water tubes to drum is maintained. Saturated steam from
the upper part of drum passes downward 1o the superheater. The supetheater is a set of U-tubes and is situated
below the drum The superheated steam is taken from mam stop valve through superheater header

The access to the mtenor of boiler is provided by the cleanout doors. The water tubes are cleaned by removing
soot from their surface The boiler contains the standard mounning like steam gauge. water level indicator, feed
check valve, safety valve etc

The advantages or outstanding features of the boiler are as follows

(1) The steam generation capacity of the boiler 1s very ligh (20000 1o 40000 kg/hr) as compared to other
boilers

(2) The defective tubes can be casily replaced

(3) The boiler rests over an iron structure, independant of brickwork. So it can expand or contract freely
(4) The draught loss (pressure drop ol gases) is much less

Bubcock and Wilcox boiler can gencrate high quality steam in Jarge amount. So if is used in power stalions
Il occupies less space per umil power gencration and offers greater operational safety.

68 STEAM GENERATOR OF A POWER PLANT

Fig 6.17 shows steam generator (boiler) ol drum

a steam power plant. The steam cma, ]
located al the top of a tall tower, which 1s
lined with water tubes. Water comes down
fiom the steam drum to bottom of the tower
by downcomer. It is distributed into muluple
lubes lining the furnnce through bouon:
headers. The pulverized coal (coal 1 d.“'
form) is burnt inside the Iun_mcc using
ambient air which is heated in air pn.h“ml'
first Some hot air 1s used (o Carmy cI::l:h
which is called primary air and the mr“i Is
I introduced into the furnace dlm":n!:nir
called secondary air. A fan takes mmmh:m“m=
and supplies it (o the furmace e pImn,gcr
tuough to overcome all heat €X€

fesistances.

Suparhealed
r— i Rohealed

hot

The water in the waterwall 1% Iw:;cib:m:l

combustion products (f1u€ f:: od‘“:' steanm

:tjn;lic?u of water lg;tio;"z:'w“ 4rum. Cold Fig. 617 . Steam Generator of a Modem Power Plagg
rises up into (O

. in waterw
water from drum fakes its place I ¥
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and the cycle continues Steam collected at top of steam drum is passed through a sup‘:rh_cnler ¥ p; Sllpeu.."
sleam used I steam turbine 1o produce power. There may be two stages nf tllf!)lm‘.". hlg'l pressupe and
pressure. Steam coming out from high pressure turbine is reheated using heat available in fluc gases after sy

The reheater and economiser are located inside the flue gas ducting The water pumped info steam is
hust heated 1 cconomuser using hot flue gases. The flue gases coming out of econamiser are sull hoy Chough

1o heat the air taking part in combustion in air preheater. The ash generaled due 10 combustion of coal is ‘e
at the bottom of the lumace and taken out from there

BOILER ACCESSORIES :

Boiler accessories are auxiliary parts required for the smooth operation of the boiler and 1o increase its efficj

Water feeding equipments (injector and feed pump). Feed water heater. Econonuser. Superheater. Air prehegtey
Steam scparator and Steam trap are some of essensial accessories of the boaler

6.9.1 Water Feeding Equipments :

(m

Principal devices 10 feed water mo steam boi
Injector :

The injector is a very sumple device used to supply water in
a boiler The water 1s forced into the boiles by the pressure
of the steam. The steam is taken from baoiler The injector
15 used in small stationary boilers and locomotive boilers
The injector consists of a spindle P having a collar L. a steam
cone S, a combimng cone K. a delivery cone D and a handle
H having a pointer T. The upper end of the spindle s fitted
with a handle wlile the lower end serves to act as a valve.
The spindle can oaly rotate, the axial motion being prevented
by collar L. The lower pan of the spindle has a screw which
moves in a nut which 15 1n one piece with the steam cope
S The rotation of steam conc is prevented by the key E Any
rotation of the handle will cause an upward or downward
movement of the steam cone This makes the value V to contro]
the flow of stecam through the stcam cone The steam is
supplied through the sicam pipe A, while the water through
another pipe B and the supply of waler is also controlled by
the movement of steam cone. The water is mixed up with
the sicam a the combuning cone K and it is condensed |y
is then forced into the boiler through a divergent cone D The
excess waler is allowed to flow by an overflow pipe C.

Advantages :

(1) It is small and very compact

(2) Its first cost as well as upkeep and repair costs are low

(3) There are very less chances of ils fuilure, because of simple construction.

(4) It has lugh thermal efficiency. practically,

Disadvantages :

(1) With varying load on boiler, the injector must be stmm lnd stopped frequenty, So tere is danger 19
water Jevel may drop below the safe level when injector is not jp Operation.

(2) It does nol operale cfficiently on superheated steam and hot feed waler.

(3) It has low mechanical (pumping) efficiency as compared to feed pump.

L e 2

lers are injectors and pumps

-

Fig. 618 Injector

all heat contained by sicam is wiilized 1o heat feed watef
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o Feed Pump :
sdyantages Over an Injector :

(1) 1 can be adjusted (o feed conti
_ nuously at stead aryi ¢ o start and stop at
frequent intervals. y ady os varying rate and does not have lo

(2) It uses much less steam.

(1) It can handle hotter water
t 1 i

4) It permits the economical use of exhaust steam or bled steam for feed-water heating

Because of these advantages. feed pumps are installed n all large steam boiler plants as well as small plants

Injectors are confined to a very small stationary plants and portable and locomotive boiler

Classification :

The pumps can be classified as :

(1) Reciprocating Pumps : Power driven (simplex, duplex or tnplex), D
and duplex) The simplex pump has one steam and waler cylinders each The duplex ai
two and three steam and water cylinders each respectively
Reciprocating pumps are capable of producing very high pressures but arc 100 bulky
volumes of walel

(2) Centrifugal Pumps : (Steam turbine, electric molor or belt driven) - Single stage or multistage Multistaging
is used to produce higher pressurcs.

(3) Rotary Pumps : (Turbine, mofor or belt driven) The impellers are 1

Reciprocating and rotary pumps aic used 10 some extent in smalles power plants and heating plants. Centrifugal

pumps are used in small as well as large planis

irect acting, steam dnven (sumplex
id tmiplex have

for moving large

1 the form of gears. lobes or vancs

We will describe here Duplex steam driven reciprocating pump which is used for medium pressure bolers.

69.2 Feed Water Heater : v U - Swam pipes.
P Q Waler pipes,
Function : § - Shel,
Feed water heater and cconomiscr INcrease the - ;'gi::’p‘:a"'-

lemperature of water fed 1o the boiler A 55)“(‘
lemperature increase saves about 5 percent of fuel Feed IS

water heater are of two types . Open feed-water heater
and closed feed water healcr.

(1) Open Feed-Water Henler : .
heater, the sicam and water | @ 7’

In this type of feed walcr a0
are mixed intimately in 0 chamber As the sllc'::m;.;?rrhﬂ

"= y as :
more heat, the outcoming feed water h £ r . _ .

lemperature.

2) Closed Feed-Water Healer :
hell and a senies of ben! P |

It consists of a cylindrical ijags
.o The exhaust AP

U. : laced inside the shell
Silios whicd IO nber A and passcs through U :
the chamber B. The |' B =0

-
N\

steamn enters into the chat

lubes and finally discharged from
feedwater enter into the shell through the pipe P. comes

into contact with U-tubes and €15 l“'“:" ]:: I":’L‘::’;’
is supplied to boiler through plpClQ- sa i!::d i
15 fitted over the shell AnY impuntics depos

the shell is discharged through the PP D Q=||
Fig. 619 Exhaust steam feed water heater

-
-
-
e
—
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=
-
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r
o
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6.93 Economiser :

Basic Medmm‘mw
Ad\'nntages . !

t in boiler,
(1) As feedwater is Preheated, there is less consumption of fuel 10 sup?ilj;_ h:~‘='lr
(2)  As water needs less heat ' vaporation rate is fasler.
Per umit mass, in boiler evapo ) .
(3) The dissolved guases such as air, CO, are liberated and salts are decomposed as the iccdwmmh

(4) There is g smaller (e
in boiler.

The water passing through the closed heater is under a pressure higher than the boiler pressure. Its (eMmperagy,
can be raised much higher than that in an open lieater

Most plants use ap open h

mperature difference belween feedwat-: and boiler. This reduces lemperature Streyy

cater as well as a closed heater (or several closed healers in senes)

. CG
The economiser consists of 4 large number = i S¥

of vertical cast iron or stee] pipes P, which v T T A ) |
are connecled with two horizonial pipes i
(header), A and B, one ai top and the other - |
at bottom. The feed wates is pumped into the ?«‘ I |
economuser through the bottom pipe B. From :

the bottom pipe, the water comes into the top

pipe A through the vertical pipes and finally -
gocs 1o boiler The exhaust gas flow is shown

by horizontal arrows Indifect heat transfer

occure from these gases 10 feedwaler r"

Al the rear end of the vertical pipes, o blow =  —
off valve (not shown in figure) is firted i \

. . way
through which any mud or sediment deposited LI Feed

in the bottom boxes may be discharged. The [ S I ;—ﬁ
/ Z
%

soot of the flue gases deposits on the outer 2 c
surface of the vertical pipes and this reduces e —
cfficiency of the cconomiser. A system of A B Hesders o Scraper
scrapers S is, therefore, adopled to clean the SV - Salety valve V- S10 valve CG - Chain and Gear arrangement
outer surface of the vertical pipes Each Fig. 6.20 Economiser

vertical pipe is fitted with a scraper which moves up and dowp

' dutomatically and continuously by means o
a chain and gear arrangement. A safety valve SV is also provided at the end of the pipe A for the safety o
pipes

P Pipes C - Soot Chambe!

Advaniage and Disadvantage :

Economisers offer considerable resistance to the passage of flue B3 and therefore some form of mﬁ:lﬂ“
drought (c.g. induced draught fan) must bc installed when they are used. They take up space, add to the snicial
cost of installauon and in\'t?l\'l: extra maintenance cost for cleaning and repair. On the other hand they may
effect quite a large saving in fuel consumplion. Higher feedwaer lemperature tend 1o reduce boiler

and increase cvapouralive capacily of boiler,

6.9.4 Superheater :

The steam leaves the water surface and pass into ‘steam space’ in boiler dryy, Steam formed above the surf¥®”
of water is always wel, iL.e. Il cuTics some ninule droplels of

Waler, If weq g i ; ui
stcamn is piped directly from the steam space 1o stean main Steam is all that is req

But if superheated stcam 15 required, the \;«c:u::un :'» l] ved from the seqyp $pace and piped into a ‘Supﬁw;:i
. . be or senes o § Which are gyg nded from

This consists of a long u Pended across (he th of the hot guses

fu _ As the wet steam progresses through the tube or tubes, i1 js gradually dntd‘::n and evcnlmnlfy supcﬂ"""l

i
e
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Following arc the advantages of

superheated steam

(1) Superhcated steam is g high
temperature. So j iNcreases
overall efficiency of steq plant

(2) Itreduces steam consumption for
same power produced.

(3) It reduces condensation losses in

15e
pipes and engine cylinder of l ,Water level ' l
steam engine Steam space / Handle
(4) When superheated steam s f T,

6.17

A, B, C - Stop valves

S - Sicel lubes (Superhealer)
CF - Chimnay flue

O - Damper

Headers

supplied 10 turbine, the steam js —wwo - - et SNNNNNNRNY e B A SO NN
drier at later stages. Drier the \‘ s 2 N7 LD
steam, lesser the water particles Hol gases ZN" 7
‘ ) — . N 1.
and turbine blade erosion. J % / 3 '
A superheater commonly used in ~ - - e ; A /
Lancashire boiler is shown in Fig 622 =~~~ - - Af] CF |
- e A1 ]
This superheater consists of 1wo Bottom flue = A /]
headers and a set of superheater tubes P Al ey o 1
r ) . r rar v, R T ry AL, ”
made of high quality steel in form of W 2277777772777
U-tubes. Superheater is located in the Fig 621 Superheater
path of furnace gases where the
lemperature of the gases is not less than S50°C The superheater 1s located just before the entry of hot gases
to bottom {lue

The amount of hot gases passed over the superheater tubes should be in proportion 1o the steam passing through
tubes and degree of superheat required To avoid overheating, some amount of hot gases may be diverted with
the help of the damper. The superheater mnay be bypassed by bringing the damper in vertical position and thus
passing flue gases directly to bottom flue. The damper may be partially closed to control the degree of superheat
imespective of steam flow rate.

The figure shows valves A, B and C al top. The valve, A and B control the passage of steam entenng and

coming out of superhcater respectively. When valve A and B are open and C is closed, wet steam pass through
superheater and enter the steam main. When valve A and B are closed and valve C s open, wel s

leaun dircclly
enter the steam man

69.5 Steam Separator : Ble— Y < a
Function : : . ' l
A steam separalor is an apparafus for scparating oul moishirs Ih.al Im?y be
carried 55 psion by steam flowing in pipe lines. It prevents this moisture
from rt:::hin’gp:nd proba'bl)' damaging engines, turbines or any other machinery 1

L
that may be driven by steam. ’ a \ /
located near the engine o remove waler particles from the - 4

Steam separator is :
steam as completely as possible.

Yorking : 1
:I“"s"'“l‘"ﬂ“ - : A and moves down. It strikes the baffle at bottom and “HH
Ic steam enfers &

dd recli . deflected, but
e di of motion. The dry sleam gcl? )
:}l:c cnly Chmlgc;nl:: ;':’ s::l;“gn the balfles because of ils weight and inertia.
heavy water parti

1 separator from bafiles. The dry steam moves G - Gauge glasa
It falls 1o the bottom ﬂ[':;:: ;:::: . %Twum collected at the bottom of the
up and is taken out

Fig. 622 Steam scparator
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vom time 0 00w A gauge

soparator is ducharged through a cock C 1
the sepatalod

6.9.6 Steam Traps @

Function

he steam trap automatically drains away the condel
pipes. steam jackets and steamn separators without allowing any &
escape

There are vanous types of steam traps of wh
Construction and Working :

Steam traps consists of a bucket which is fitted with
centre. The upper end of spindle act as valve A pipe "
the chamber wiuch has an outlet at ils top

At normal condition, the bucket B floats over the waler and the outlel 13
closed by the valve When water level increase in chamber, 1 enters the
bucket 1o fill it This causes the bucket to come down, opening the valve

sod steam from steam
team 10

1 bucket type is described here

a tpunllf S al s
is fines nsde

is discharged through the outlet till the buckel is nearly empty Then the valve comes

oullet

6.9.7 Alr Preheater :

Air for combustion purposes may be preheated before it enters the boiler furnace by passing if through banks
of tbes placed in fluc leading from boiler to the chunney It thus uses some heat of leaving flue gases, that

would otherwise pass o waste

Advantages of Air Preheating :

(1) Due to higher combustion air temperature, combustion
improves and fuel is used efficiently

(2) Stcam generation capacity of boiler increases

(3) Boiler efficiency increases by 1% for every 20°C nise of
preheated air temnperature

(4) Low grade, high ash coal can be unlized

Disadvantages of Air Preheating :

(1) I there is clogging in air preheater, entire steam generation
may be cntically hampered

(2) An forced draft fan for air circulation and an Induced draft
fan for flue gas curculation are required to overcome (he
resistance offcred by air preheater.

(1) Low temperature flue gases cause corrosion on heat
exchanger fubes.

(4) Mumnienance and power costs are involved in their
operation.

There are mainly two types of air preheaters. Recuperat

——

exhibits the level of waler y

Fig 621 Steam tmp
Due to prossure of stoam, the waler
down and closes the

. IVe air heate
describe here the first one ounly ers and Regenerative air heaters. We will
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rative Air Heaters :
flue gases 10 air. AIr

They are mostly tubular heat exchangers in which heat is continuously transferred from
h ends to fube plales.

is passed through shell Sifjc and flue gases through tube side. The tubes are welded al bot
The tubes arc arranged in a staggered configuration, as seen in plan in figure.
A number of baffles are placed in air path. This increases the total path length of air

ransfer A forced draft fan pushes the air through air preheater. The soot hopper provi
used to remove sool after cleaning operation of the tubes

and thus increase heat
ded at the bottom 15

( EXERCISES]

What is boiler ?

Mention at least six essential requirement of a good boiler.

Draw neat sketch of water level indicotol state its function and location

Wnite shortnotes .

(i) Fusible plug (i) Lever loaded safety valve. (iii) Pressure gauge. (1v) Blow-off cock.
Compare fire-tube boilers and water-tube boilers.

Explain with neat sketches . Natural circulation and forced circulation.

Explain the method and describe the device used for scparating water particles from wet slcam.
Describe with neat sketches :

(1) Steam stop valve (ii) Feedcheck valve.

(1i1) Dead weight safety valve. (iv) High steam law water safety valve.
Which safety valve can be used on locomotive and marine boilers 7 Why ? Describe the valve with ncat sketch.

Draw neat skeich of cochran boiler
Describe the working of a Lancashire boile
advantages.

Explain with neat sketch the working of
cochran boiler. State its linmtations also

of using an economiser in a boiler 7 What are disadvantages?

¢ Draw only simple (line sketch). Where it is used ? State its

Babcock and Wilcox boiler

With a neat simple sketch of
What is economiser ? What arc the advantnges

What is air preheaters ? Where 15 it placed in a boiler ?
Explain difference between mountings and accessories. Also mention function of Blow off cock, Safety valve,

Fusible plug, Superhcater and Economiser.

Give advantages and disadvantages of an injector as a water feeding equipment.

Give advantages of o feedwaler heater.

Explain construction of superheater with a neal

Explain following with a ncal sketch in short :

(i) Steam trap (ii) Steam separalor (iii) Recuperative air heaters
(OBJECTIVES TYPE QUESTIONS

lowing is not requirement of good boiler?

(b) It should be able to meet large load fluctuations
(d) It should be light and simple in construction .

sketch and give advantages of superheated steam.

Which one of the fol
(a) It should have high efficiency

(¢) It should occupy more Space:

Which one of the following 1% vertical boiler?
(a) Lancashire (b) Cochran (¢) Babcock and Wilcox
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3. Which one of the following is Externally fired boiler? @ All of above
(a) Babcock and Wilcox  (b) Lancashire (¢) Cochran
4. The plateform on which the fuel is bum is called
(a) Fire box (b) Grute (c) Fire hole (d) Ash pan
5. The hole through which coal is added fo the fumace is called
(a) Man hole (b) Hand hole (¢) Fire hole (d) Ash pan
6. A siphon is used with pressure gauge

10.

1L

12.

13.

14.

15.

16.

17.

(a) to facilitate mounting of pressure gauge (b) to prevent stcam from entenng a pressure gauge

(c) 1o prevent steam escaping from pressure gauge

(d) so that uniform steam pressure will act on bourden tube

Function of two balls in Water level indicator is

(a) To safeguard the glass tube against breakage

(b) To prevent water and steam flow in case of breakage of glass tube
(¢) To drain water from the indicator

(d) To avoid mixing of steam and water

The function of Steam stop valve is

(a) 1o control flow of water from pump to bailer (b) 1o empty boiler peniodically

(¢) to control flow of steam from boiler (d) All of above

The function of Feed check valve is

(a) to control flow of water from pump to boiler (b) to empty boiler penodically

(c) to control flow of steam from boiler (d) All of above

The function of Blow-off cock is

(a) to control flow of water from pump to boiler (b) 10 empty boiler periodically

(c) to control flow of steam from boiler (d) All of above

The function of Fusible plug is

(a) to put off the fire in boiler (b) to maintain safe pressure inside the boiler
(c) 1o maintain constant water level in the boiler (d) All of above

The Fusible plug uses ___ which melts when water level falls below safe level.

(a) mild stecl (b) copper (€) aluminium (d) lead or tin

The function of Safety valves is

(a) to put off the fire in boiler (b) 10 maintain safe Pressure inside the boiler

(c) to maintain constant water level in the boiler (d) All of above
safety valves are used with locomotive and marine boiler,
(a) dead weight (b) lever loaded (€) spring loaded

veE
Steam cvaporation capacily of Cochran Boiler ranges from (<) any one of the abo

(@) 150 10 3000 kg (b) 100 10 2000 ke/Mr () 20000 1o 4
0000 k
Lancashire boiler is a boiler. &M (d) 10,000 1o 20,000 kg

(a) single pass (b) two pass (€) three pass
Which one of the following is not true for Cocluan bojler” (@) four pass
(a) Compaciness (b) Low imtial cost (€) Less floos _—

(d) case of cleaning
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s which is the correct sequence

of flue gas path in Lancashire boiler?

FT—=BF—SF-CF
(a) (b)BF - FT— SF— CF (c)FT—SF—+BF—CF  (d)BF—»SF—FT-CF

5. Which one of the following is false for Lancashire boiler?
tler?

(a) Large heating surface area per unit volume
(b) ease of maintenance

(c) Less floor space
(d) Meet load fluctuation casily

In Babcock and Wilcox boiler, the superheater is a set of

(a) straight tubes (b) U-tubes (c) L-tubes (d) C-tubes
2. 15 used as water feeding equipment in modem power plants.

(a) Injectors (b) Reciprocating pumps  (c) Centrifugal pumps (d) rotary pumps

Uk

C————

- The purpose of providing baffles in

Function of feed water heater is to

(a) To increase temperature of steam above saturation lemperature
(b) To increase the feed water temperture

(c) To separate water droplets from wet steam

(d) To drain condensed steam automatically

Function of superheater is

{a) To increase temperature of steam above saturation temperafure
(b) To increase the feed water lemperature

(c) To separate wates droplets from wel steam

(d) To preheat air before it enters the boiler for combustion
Function of awr preheater 1s

(a) To increase lemperafure of stcam
(b) To increase the feed water temperature

() To separate water droplets from wel stcam

(d) To preheat air before it enters the boiler for combustion
between water tubes in Babcock - Wiloox boiler is

above saturation lemperaturc

(a) 1o regulate water flow

(b) 1o regulate steam flow

(¢) 1o have better contact of flue gases with
(d) 1o prevent bucking of water tubes

waler tubes

: . :c g boiler accessory?
:‘-’:nrh of I:]h.a following 15 ﬂ(b) feed waler pump (c) fusible plug (d) blow off cock
8) stop valve :
y . iler mounting?
:ﬁ'hlch of the following 15 l{b";"' e (c) feed check valve (d) air preheater
1) superheater : the boiler efficiency?
Which of the following i A9 b‘-‘[‘r':; o (c) economiser (d) blow down cock
team
() safety valve ®) ¢ (Jan. 2013)
iler?
Which one is the accessory ©f ;:he r:‘;:]':lug (¢) Pressure Gauge (d) Blow of cock
i
(@) Steam Injector (b) FU% (Jan. 2013)
!
SO I e mbtcb:’ollz:t:ashim Boilet (c) Babcock Wilcox boiler (d) None of these
(2) Cochran Boiler , (June 2015)
The correct location of economizer 13 (b) between irpreheater and chimncy
(a) Between fumace and P"hﬂm (d) near the superheater

mace
(c) between forced drafl fan and [
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32. Water after being pumped into a boiler cannot come out because of P ﬂ_(""“ Ay,
w
(a) Steam stop valve (b) Feed check valve (c) Safety valve (d) Blow off valye
33. Which of the following statement is correct? (Winter ﬁlﬁ
for a given power.

(a) A fire tube boiler occupies less space than a water fube boiler. . _ )
(b) Steam at a high pressure and in large quantities can be produced with a simple vertical boiler.
(c) A simple vertical boiler has one fire tube.

(d) All of the above

34. Which one of the following is vertical boiler? (Summer 201y,
(a) Lancashire (b) Cochran (c) Cornish (d) Locomotive

35. Which of the following is boiler mounting (Winter 201

(c) Economizer (d) Blow off cock

(a) Super heater (b) Air prehealter
36. Which of the following are boiler mountings? (Summer 201§
(a) Super heater (b) Air preheater (c) Fusible Plug (d) Economiser

37. Which of the following is not comect for water tube boiler when compared (o fire tube boiler
(b) The skill required to opcrate is less

(a) They are externally fired boilers
(d) Various paris are casily accessible for maintenasce

(c) It can withstand higher pressures

38. Following mounting 1s not connected with steam side of a boiler
(b) Bourden pressure gauge

(d) Safety valve

(a) Feed check valve

(c) Fusible plug
39. The following is not true about Lancashire boiler
(b) It occupies less floor space

(d) The grate area has restriction

(a) It can use inferior quality coal
(c) Load fluctuations can be casily met
40. An uptake header is available in following boiler

(a) Babcock and Wilcox (b) Lancashire (¢) Cochran (d) All of above
41. The following accessory will nol be scen in boilers now as it operates manually

(a) Feed water heater (b) Economiser (c) Feed pump (d) Injector
42. The primary function of the following component is not saving of fuel

(a) Feed walter heater {b) Economiser (c) Superheater (d) None of above

43. The following is not an accessory for boiler

(a) Steam trops (b) Air preheater (c) Feed pump (d) Water level indicald®
The following component comes first in boiler if air circuit s considered
(a) Air prehealer (b) Economiscr (c) Feed water heater (d) Superheater

: ANSWERS :

1. (©) 2. (b) 3. (a) 4. (b) 5. (c) 6. (b) 7. (b) 8 (o) 9. (a) 10. (b)
2. B.O® M@ 1S@ 160 170 18w 19 200

11. (a)
31. (d) 32. (b) 33. (c) M. (b) 35. d) 36. () 37. (b) 38. (a) 39. (b) 40. (0)

41. (d) 42. (¢) 43. (d) 44. (o)
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As we have seen u :

lassified in t 1 chapter 5, heal engine converts heat energy in to mechanical work. Heat engines are

classified in two cal . .
catogories 1. Internal combustion engines (1 C engines) 2 External combustion engines Steam

bi { i )
turbine, steam engine fall under catagory of external combustion engines 1n which combustion of

fuel take

place _C'UISIdc the engine. In 1.C. engines combustion of fuel takes place inside the engine cylinder. They are
used in scoolers, motorcycles, cars, trucks, buses, ship locomotives, powel genetution and many industnal

applications.

CLASSIFICATION OF 1.C. ENGINES :

1.C. Engines are classified as follows.
(1) According to Type of Fuel Used : Oue this basis, they are classified as Petol engine, Diesel engine

(2)

(3)

(4)

(5)

(6)

and Gas engine,

According to Number of St
as two stroke engines and four stroke eng
two stroke i.e. during cach revolution of th
e. during two revolutions
cycle or four stroke cycle

According to the Cycle of Operation : On (his basis, they are classificd mainly as Oro cycle and Diesel
cycle engines. In Otto cycle. combustion of fuel takes place at constant volume. Petrol and gas engines
are mostly operated on Otto cycle. In Diesel cycle, combustion of fuel takes place at constant pressure

Diesel engines arc mostly operaled on Diesel cyl?.]e.
According 10 Method of Ignition : On this basis, they are classified as Spark Ignition (S 1) engines

: i ' ; , the air fuel mixture is igniled by an electri
or Compression lgmtion (C.1.) engines In S.1 engine fuel m gni y ¢ spark.
If*::in::ull ol:lgincs wcfrt on this system. In C.I. engines the fuel is ignited by hot air m the cylinder due to

high compression ratio. Diesel engines work on this system.
. basis, they are classified as air cooled or water cooled engi

Cooling Method : On this " _ ed engines.

g:fﬂo;‘(: :;ic!i':y engines are air cooled (Ex. scooler. motorcycle). Large capacity engines are water cooled.

(Ex. cars, buscs, truc
: is basis, ied as quantity governi '

of Governing : On this basis they are classifi q y governing and quality

Acforqlng 1o Mell:i‘:;' goveming method, the quantity of air fuel mixture changes with load maintaining

governing. !n Qunnmn petrol engines are governed by this method. In quality governing method, the

air-fuel ratio cons load kecping mass of air constant. Hence air fuel ratio (quality

: : es with
quantity of fuel supphqfh C:o“:':f Diesel cngines are govemed by this method.

of mixture) changes Wi

L ——— I R Ty A W

rokes required to Complete the Cycle : On this basis, they are classified
ines. In two stroke engine there 1s one power stroke in every
e crank shaft. In four stroke engine, there is one power stroke
in every four stroke i of the crank shaft Petrol, Diesel or Gas engine may be

operated on two stroke

ks elc)
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ed as oW, medium und.high speed cugine
hile Diesel engines are low or medium speed engina,

this basis, they ar¢ classified as single cylinder o

multi cylinder engine.
are classified as inline, V-type opposi

155 e oy S i this basis, PHE) ical or inclined engines. Multicylinde

horizontal, verts :
ne engines were ol radial type. They req

less space.
e or Both Side of Piston : They are classified

ift, marine or locomotive

.2
(7)  According to Speed of Engine : On this basis, they ¢ classifi
Petrol engines arc generally high speed engines W
(8) According to Number of Working Cylinder : On
9)
Pm?“ and radial engines. Scooters and motorcycles use
engines are generally inline. Ex. car, bus, truck. Earlier aeropla
(10) According to Combustion of Fuel takes place on On . s
as single octing or double acting engines. Almost all 1.C. Engines are single acting.
(11) According to Application : They are classified as stationa

7.2

(12) According to Location of Valve : They are classificd

ry. automobile, air €I

engines.
as overhead valve engines and side valve engines.

Following are some engines which falls in special category
(1) Gas Turbine (2) Stirling engines (3) Frec piston engine (4) Wankel engine

ENGINE PARTS AND THEIR FUNCTIONS :

Figure 7.1 shows sectional view of 1C. Engine.

(1) Frame : It consists of bed plate, Rocker arm
crank case and it also supports ; 5
the different moving parts. The T 1] M
bed plates are rigidly fixed with Spring o o Spring
foundations. Lower part of — - .
crank case containes oil for E ] = \ Cylinder head
lubricating purpose | - e 2 it

(2) Cylinder and Cylinder Block P\: B0 N Sush Foad
: Single cylinder engine has o Exhaust Valve 1/ T ik vaive
single cylinder while mult - E'-?;:? ;\ Water jackel
cylinder enginc has cylinder ;;—-:I N7 78\ N _f}_l-:
block. It contains cylindrical Cam lollower S 1 A 1] dh-l— cam toliower
bores, and passage foi cooling Cam A" \I; \ q @ § cam
water known as walcr jackets - NEid N _
Cylinder liner are provided in Water jackel — S_tffg/@ 2 B Xasonoo
the cylindrical bore. A separale Piston pin %2 —————Piston ring
cylinder head 15 fitted over the ‘;H“j/ \ o
cylinder block with studs and Pislon Smg \
nuts. Cylinder block is made :
from cast iron _. \

(3) Cylinder Head : The top of the : \ Connecting rod
engine cylinder is closed by A P \
means of a cover known as - O ;
cylinder head. It contains inlet Crank f = g
and exhaust valves. The two shalt : Crank
valves arc kept closed by ; Lubricaling o v
springs and opened by m;mu of Frame—H oo s

am. 7 R K e R T Cors ey

rocker arm, push rod and ¢ (ras "”;‘-’.’:’f’:'3}-'?;‘;'-33}.},"};?}?,%,,,,,

Fig. 7.1 1. C. Engine
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(4)

(5)

(6)

(7

(8)

9

(10)

(1)

(12)

(13)

7.3

Piston : 1t is a gas tight moyap)e lindri
which cause rotation of crank shaft ?h;:udnc.' part which reciprocates in cylinder. Hot gases acts O it
to prevent leakage of hot high pressur gh connecting rod. Piston rings are provided around the piston
Connecting Rod : It connects sl © gases. It is generally made from aluminium alloys. -
by piston .piu or gudgeon pin. The mzc:ﬂd crank. Small end of the connecting rod is fited with piston
reciprocating motion of piston in roty end is connected to crank s!lnﬂ by crank pin. It helps to convert
Crank Shaft : 1t is principal rotatin ry m‘“lﬂﬂ. of crank shaft. It is made from forged steel. .
work is available at the crank shafy ofg li;:im of engine. The shaft is supported on main bearings. Mechanical
oil pump, cooling water pump, fuel pum. “:Fm’ It drives various accessories of 1.C. enginc '1"‘.]"}’"‘"'::3
on crank shaft. It is made from mrsedp-m:mﬂtor. Pl s, splrk ciitickion i e 8 555

T . . )
;ii‘;:"g:g ;KE:;:T:‘"?""“ of parts which control the admission of fresh charge into cylinder and
push rods, rocker arms, s ifom cylinder is termed as valve gear. It consists of cam shafl, cams, followers,
valve controls di . springs and valves Inlet valve controls the admission of fresh charge and exhaust

1scharge of exhaust gases. Valves are made from nickel steel or chrome sieel.

Cam Shaft : It operates the valve gear mechanism. It is driven by crank shaft through tuning gear It
rotates at half of the crank shaft speed. This is because each valve needs fo be operated once in Mo
revolution of crank shafi. It also carries a cam which operates distributor or fuel pump. It is made from
forged steel.

Fly Wheel : It is a heavy wheel which is fitted on crank shaft. It minimizes the fluctuation of cyclic
vanation in speed by storing the energy during expansion stroke (also known as power stroke), and the
same is used during other strokes.

Carburettor : It is provided in petrol engine for proper mixing of air and petrol.

Spark Plug : It is provided in petrol engine fo provide spark to ignite air—fuel mixture. It 1s firted in
cylinder head.

Fuel Injector : It is provided in diescl engines. It is used to inject diesel in form of finc atomized spray
under pressure.

Fuel Pump : In diesel engine it
engine it is used to pump the petrol
level.

pumps the fuel from storage tank to injector at high pressure. In petrol
from storage tank to carburettor if storage tank is below the carburettor

73 IMPORTANT TERMS :

M)

m -
"}
)
($)
(6)

A

9
v

ns occupied by piston at the end of stroke It may also be defined

Dead Centre : It is defined as positio L -
hen the direction of the piston motion is reversed at cither

as position of the piston. at the moment W
end of the stroke.

Top Dead Centre (T.
Bottom Dead Centre (B.D.C.
Inner Dead Centre (LD.C.) : I is

Outer Dead Centre (0.D.C.) : It

D.C.) : It is top mos! position of piston on cylinder head side in vertical engines.
) : It is bottom most position of piston on crank shafl side in vertical engines
inner most position of piston on cylinder head side in horizontal engines.
is outer most position of piston on crank shaft side in horizontal engine.
Stroke : Travel of piston {rom one dead centre 10 other dead centre is .lcn?md as stroke.

: i vojume swept away by piston in one stroke. 1f ‘D" is diameter of cylinder or bore
Swept Volume : 1018 vo volume ‘V,’ can be written as

e ke length ! 'w’ﬂc—’
and ‘L’ 1s ’t-ru—lﬂlgﬁ Ve = AR
\ V, =3 between piston and cylinder head when piston is at TD.C. or 1.D.C

Clearance Volume ¢ volume ‘"mpcddcnowd by Ve

It is
is known as clearance volume. il TP L
cance travelled by P! 1t is equal
Stroke Length : It is dist

k throw.
1o twice the crank radius of -
Stroke length (L) = 2x
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(10) Piston Speed : It is average piston speed Since during on¢ hm.ﬂ:i::lll‘::"“' piston :ipccd is written pg
length and in one revolution of crank shaft piston completes
Piston speed = 2LN
Where N is speed of engine | . ession stroke 1 volume at the
(1) Compression Ratio : It is a ratio of volume at the hcsi"""'b'd“‘l ‘I':l:"f“d 'ﬂ will be V. s0 compressio
end of the stroke. Volume at the beginning will be V_i t Veand @ . / vebrng
V, + V. \ A §
ratio r = v ' :
: : 77
~ . » .| S ]6 10 <&
For petrol engine its value varies from 6 to 12 while for diesel engine 1L 1S
4 WORKING OF FOUR STROKE PETROL ENGINE : _ .
74 WO * air fuel mixture so they are S1 engines, The

Petrol engines works on Otto cycle It uses spark to ignite the
four strokes are (1) Suction stroke (2) Compression stroke (3) Expan

sion or power or working stroke (4) Exhaust

stroke.

;?.l‘gfllgl: Extluausl (exhauslt gases)
Air + Petrol valve alve
31 0 L— L0l — ~L—hie

Spark plug Combustion produd

= I —

- * r ‘\
F \ ’ Al /
\ ( ) ‘ ) ! E\
\ I l\ ‘.r \ ,' /
\\.._.—’, \‘---" \‘v', \\_ s
(b) Compression stroke (c) Expansion stroke (d) Exhaust stroke

(a) Suction stroke

(1

(2)

L)

)

Fig. 72 Working of four stroke Petrol engine

Suction Stroke : As shown in Fig. 7.2(a) during this stroke inlet valve remains open and exhaust valve
remains closed. Piston moves from TDC fo BDC. Since pressure inside the cylinder reduces below
atmospheric pressure during downward motion of piston and inlet valve opens, air- fuel mixture (charge)
sucks in during this stroke. When piston reaches at BDC, inlet valve is closed.

Compression Stroke : As shown in Fig. 7.2(b) both valves remain closed during this stroke. Piston moves
from BDC to TDC Since both the valves are closed during upward motion of piston, air fuel mixturé
is compressed. Pressure m:n:l femperature of 1t will increase. When piston reaches 1o TDC, spark is prod uoed
by spark plug and it will ignite air- fuel mixture. This combustion is almos instantaneous, So it is refl

as constant volume combustion. Pressure and temperature rapidly increases due to the combustion.

: As shown in Fig. 7.2(c) both inl _ . .
Expansion or Power Stroke : As g 7. inlet and exhaust valves remain closed. Pistof
moves from TDC to BDC. High pressurc combustion product acts on piston and piston moves downw
This is working stroke because during this stroke work is done by the engine,

: As shown in Fig. 7.2(d) inlet valv i :
Exhaust Stroke : As shown in Fig © remains closed and exhaust valve remains ope®
ing this stroke. Piston moves from BDC to TDC During upward motj ¢ - ust
dg.::::s{combuslion product) out of the cylinder. ton of piston, it pushes the exha

At the end of exhaust stroke exhaust valve is closed and inlet valve s opened and thus cycle is .-.,p.mtad-

S P
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‘ “'DRKING OF FOUR STROKE DIESEL ENGIN
E:

-

piesel engine works on diesel cycle
enginie- The four strokes are (1) Syuclio:::::c : compressed air to ignite fuel so it is Compression Ingnition (C.1)
stroke: oke (2) Compression stroke (3) Expansion or power sroke (4 Bxhas

;lﬂgtlj or Injector

uclio )

valve Exhaust Combustion product
(exhaus! gases)

Valve

(a) Suction stroke (b) Compression stroke (c) Expansion slioke (d) Exhaus! stroke
Fig. 7.3 Working of four stroke Dicsel engine

ves from TDC 1o BDC. Inlet valve remains open and exhaust

ure inside the cylinder decreases below

reaches (0 BDC. inlet valve 1§ closed

(2) Compression Stroke : During this stroke both inlet and cxhaust valves remain closed. Piston moves from
BDC to TDC. since both valves are closed during upward motion of the piston, aur 15 compressed. Pressure
and temperature of the air increase. When piston reaches 10 TDC. diesel is injected 1n 10 the cylinder
by fuel injector. Compression ratio of diesel engines is higher than petrol engine (around 16 to 22), s0
(emperature of air at the end of compression is very hugh. This high temperature air causes (he combustion

of injected fuel. This combustion 1s near
this stroke both valve remain closed. Piston moves from TDC to BDC

bustion gases are high. Thus high pressure high
This is the working stroke because during this

(1) Suction Stroke : During this stroke piston mo
valve 1s closed. Due to downward motion of the piston, press
atmospheric and air is sucked in to the cylinder. When piston

ly ot constant pressure.

(3) Expansion or Power Stroke : Dunng
Due to combustion of fuel, pressure and temperature of com

temperatuie gases act on push it downward.

stroke work is done by the engine.
(4) Exhaust Stroke : During this stroke inlet valve remains closed and exhaust valve is opened. Piston moves

from BDC 1o TDC. During upward motion of the piston. it pushes the exhaust gases oul of the cylinder.

stroke. exhaust valve 1s closed und inlet va

(he piston and

Al the end of exhaust Ive is opened and thus the cycle is repeated

76 WORKING OF TWO STROKE pETROL ENGINE : |
The IwWo ilmkc c"sinc mqu- O 5|roktj of the Piilo" or one revolution of the C'I"ll.llkShnﬂ 10 mmplﬁiﬁ the

. | two stroke engines. The exhaust gases are expelled out from the
cycle. Ports are used o, the fuel entering the cylinder. This is known as scavenging. Fig. 7.4 shows

engine cylinder by fresh charBe of
the v-mifins Pﬁngiplc of two stroke petrol enginc: . e D
oo ke assume that piston is at During this stroke, the piston
(1) First Stroke : At the bcgmn;l:d ?1; ‘t:':wurd S pision covers the rarter pms b po: o
foves l'mm.BDC N )I which is (here in the cylinder is compressed Pressure and temperature
au"F"-’“"-"' ““’“f““ (cl_mrsﬂ es During upwmﬂ movement, piston uncover the inlet port. Also partial vacuum
Pf nir-pclrol mixture lﬂcwc ;md fresh mixture of m[\-Pcﬂ‘Dl is sucked into the crank case through inlet
is created in the ¢ o piston reaches 10 TDC.

port, Stroke completes wi



W T—

from TDC 1© BDC

(2) Secon . .
d Stroke : During this stroke piston moves

of fuel prcssu:c
combustion product ac

:fo;gz:kiu];::;;dcd bj_f spark plug. Due 10 combustion

It pushes the o rapidly. Due to this high pres

inlet port and |;|sion downwurd and produces useful W

the exh resh charge is compressed in the crank €
aust port and then the transfer port.

ork. During d
ase. Further dow

Spark plug

——= Exhausl port

Transfer port — |Inlel pont

Crank case

(c)
A - ’ (d)
Fig. 7.4 Working of two stroke Petrol engi
ngine

—

The compressed charge jy
and temperature of W“
s on h

sure and femperatire, ;
ownward mouon, Piston covey
award motion of piston ug

The exhaust gases start escaping through the exhaust port. At the
: same time fresh
charge compressed I o

case is forced into cylinder through transfer
port. The charge
st

to the top of the cylinder and pushes out the exha
filled with fresh ¢ and U : 14081 gases. When pi
harge ws the cycle is completed. T}u;l E;:I"" reaches BDC, the cylinder is
¢ of events { .
s then repeated.

rike
es the deflector on the piston

e
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1 WORKING OF WO STROKE DIESEL ENGINE :
Fig. 75 shows working principle of two stroke diesel ;:ngmc

N First stroke : At the beginning of this
Injector

stroke assume that piston is at
at BDC. D/ I | —

pDuring upward movement of the
piston, first it cover the transfer port
and then the exhaust port. Now air is

compressed in cylinder, increases its E Exhaus! port

pressure and temperature. At the same
time piston uncover the inlet port
Partial vacuum is created in the crank
case and fresh air is sucked into the
crank casc.

Translar port —— Inlet port

) Second Stroke : During this stroke,
piston moves from TDC to BDC A1
the end of first stroke air is present

Crank casé

in the cylinder with high pressure and

temperature. Just before end of first (a) M

siroke diesel is injected by injector 0
0

into the cylinder. At this moment, the
temperature of the compressed air is
high enough (o ignite the fuel The
rate of fuel injection is such as 1o
maintain constant pressurc during the
combustion. Combustion product acts

on the piston pushing it downward
producing uscful work. Later on the
stroke piston covers the inlet port and
fresh air is compressed in crank case
Further downward motion of piston
uncovers the exhaust port and then
transfer post. The exhaust gases start
escaping through exhaust port At the
same time fresh air compressed 10

crank case 15 forced into cylinder

(c)
Fig. 7.5 Working of two stroke Diesel engine

The air strikes
through transfer port r rises up into cylinder and pushes exhaust gases out When

i . von. Due to this ai
the deflecter provided of piston. LU
piston reaches BDC, the cylinder 15 complete

78 ADVANTAGES OF TWO STROKE ENGINES OVER FOUR STROKE:

ly filled with fresh air and thus the cycle is completed.

troke for cach revolution Four stroke engine has one power stroke

m‘ 'Il'C( 5
po : power developed by two stroke engine is twice

(1) The two stroke engine has I
for every Iwo revolution of crank du?m Sr-z‘tt::"c“ﬂt; ;J:e
of that is developed by four stroke €ng ok cogines

1.7 ]ﬂﬁmﬁmpowcrdcve by four strC gl _
S er flywheel 15 required.

speed and cylinder volume. Actually it develops

(2) Due to even lorque {1 is more compact, light and require less space than four stroke engine.

(3) For same power, IWO stroke engl o
mechanism, WO stroke eng
(4) Due to absence of val¥® . .

Ports arc used in WO stroke engines which are

cheaper also. e
(5) High mechanical efficiency .
(6) Starting of WO stroke engine

1o less moving parts. |
casier than four stroke engine.

ines are simpler in construction and mechanism.
opened and closed by piston movement. This makes them
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7.9 DISADVANTAGE OF TWO STROKE ENGINE OV

NGINE :

ER FOUR STROKE E .
stroke engine is less than four stroke engine because compression ra

(1) Thermodynamic efficiency of two .
of the two stroke engine is less than that of four stroke engine _ ,
i - ture in !
(2) The overall efficiency of two stroke engine is less as portion of fresh a?r PCLTQJITIL’; case of ¢
engine always escapes through exhaust port. So specific fuel gonsumrf'“l‘“ .- | l"ﬂn in case of
(3) More effective cooling system 1is required as there is one power stroke in cachirevoins N
stroke engine.
(4) Consumption of lubricating oil is more as it is subjected 0 higher temperature:
(5) The exhaust is more noisy duc to sudden release of the burnt gases.
(6) The fresh charge 1s polluted by burnt gases due to incomplete scavenging.
(7) There is a greater wear and tear of moving parts
7.10 COMPARISON BETWEEN PETROL AND DIESEL ENGINES :
Petrol Engines Diesel Englnes ™
(1) During suction stroke air petrol mixture is sucked | (1) During suction stroke only air is sucked into
cylinder

into cylinder.

(2) They work on Otto cycle.

(3) Air petrol mixture is ignited by spark provided
by spark plug. So they are S.I. engines.

(4) Petrol engines have carburettor for proper mixing (4)
of air and petrol before they sucked into cylinder.

(5) Compression ratio 6 to 12.

(6) Due to lower compression ratio cngines are lighter
in weight.

(7) Thermal efficiency 1s lower due to lower

compression ratio.
Initial cost is less but running cost is higher (8) Initial cost is higher but running cost is

(8)

because cost of petrol is more than diesel
(9) Starting torque is lower.

(2) They work on Diesel cycle.

(3) Fuel is ignited by high temperature compressed

air So they are C 1. engines.

Diesel engine have injecter to inject fuel a the

end of compression stroke.

(5) Compression ratio : 16 to 22.

(6) Due to high compression ratio they are heavier and
stroger than petrol engines.

(7) Higher !hcrmal efficiency due to higher
compression ratio

lower
(9) Starting torque is higher.

(10) Examples : cars, scoolers, motorcycles engines. (10) Examples . trucks, buses and locomotive engines.

7.11 PERFORMANCE PARAMETERS :
Engine performance parameiers like power, efficiency and specific fuel consumption are describod in +h

section.
2.11.1 Indicated Power (IP) : It is power developed by engine. It is given by

Where,

P = Pm AlLn
60 (7.0

IP = indicated power, W
P ™ indicated mean eflective pressure, N/m
A = cross section arca of piston, m’

L= SU‘Oke Icngﬂh m
n = number of working stroke per minutes

2

N .
For four stroke engine n = 5 where N is speed of engine in pm.

pm ALN

IP= 602 (72
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For (wo stroke engine n = N

ip « PmALN
00 (7.3)

1112 Brake Power (BP) 1 1t i pow . : o | 2118
1 Htion of various moving cn‘:i)n:' available at (he engine shafl. It is less than indicated power because of

bk pawen parts. Generally brake arrengements are used 1o measure it hence named

BP = 2INT Pub ALn
0 60

O (74)

Where, N = speed of engine in rpm

T = resisting torque or lorque available at engine shaft N.m
Pmy = brake mean effective pressure

1113 Friction Power : It is power lost due 1o friction FP = IP - BP.

7104 Mechanical Efficiency : It is ratio of power available a1 crank shaft (BP) to the power developed by engine
cylinder (IP). 1t is denoted by 1.

B3P
Mo T (7.5

TILS Thermal Efficiency : It is ratio of work output of the engine to heat supplied by fuel.

Indicated Thermal Efficiency : It is ratio of indicated power to heat supplied by fuel per second. It is denoted
by M.
Indicated power, KW '
= Tuel supplied, kg/sec x C.V. kJ/kg (7.6)

Brake Thermal Efficiency ¢ It is ratio of brake power to heat supplied by fuel per second It is denoted
by M

Brake power, kKW

Mo = "Fuel supplied, kg/see x C.V, kl/kg a7
From equation 7.6 and 7.7 we can write
o Dbt 1
Mo Ntk (7.8)

1116 Relative Efficiency : It is ratio of actual thermal efficiency to its corresponding air standard efficiency. It
is denoted by m,

Actual thermal efficiency
" = “Air standard efficiency -

s 1t is generally expressed as fuel consumption in kg per KWh of brake

1, tion
7 Brake specific fuel consump gine performance s

Power. It indicates how good the en

Fuel consumption per unit time
BSFC = brake power (7.10)




6.

With neat sketch explain working of .

(a) Four stroke petrol engine (b) Four stroke diesel an_"“’
(¢) Two stroke petrol engine (d) Two stroke diesel engine.
Differentiate between :

(a) Two stroke engine and Four stroke engine

(b) Petrol engine and diesel engine

Define - Friction power
(a) Indicated power (b) Brake power o mli thermal efficiency
(d) Mechanical efficiency (¢) Indicated thermal cfTiciency (f) Brake
(g) Relative efficiency
Justify :
{o two stroke engine.

(a) Heavier flywheel is required for four stroke engine compared
(b) For same power output two stroke engines are compact/smaller
(¢) Two stroke engine has higher pickup

(d) Two stroke engines are cheaper than four stroke engines.

(¢) Cam shaft rotates at a speed of half of that of crank shaft.
(N Fins are provided on surface of the cylinder

(g) Piston head of two stroke engine is provided with deflecter
(h) Two stroke engine has higher specific fucl consumption

State function of following components : _
(a) piston (b) cylinder (c) piston rings (d) gudgeon pin

(e) connecling rod (0N crank shaft (g) cam shaft (h) spark plug
(1) njector (j) carburettor

in size compared 10 four stroke engines.

(PROBLEMS |

A four stroke four cylinder petrol engine has bore of 65 mm and stioke of 95 mm. It develop torque of ¢4
N.m while running at 3000 rpm. If clearance volume in cach cylinder is 63 ecm’, relative efficiency based on

brake thermal efficiency is 0.5 and calorific value of petrol is 42,000 kJ/kg, calculate fuel consumption in
[Ans. 6726 kg/hr, 6.279 bar]

hr and pm

der two stroke cycle petrol engine develops 30 kW at 2500 rpm. The indicated mean effective
cylinder is 8 bar and mechanical efTiciency is 80%., Storke 1o bore ratio 1s 1.5, brake th

and C.V. of fuel is 44,000 kJ/kg. Calculate (a) bore and stroke of each cylinder (b) brake
[Ans. D = 62 mm, L = 93 mm, BSFC = 0.2922 kg/kWh

A four cyhin
pressure in each
efficiency is 28%
specific fuel consumption.
The following data available for two stroke diesel engine : bore = 10 cm, stroke = 15 cm, piston speed =
300 m/min, torque developed = 58 Nm, mechanical cIﬁannc)' = 80%, indicated thermal efficiency = 40%
calorific value of fuel used = 44000 kJ/kg. Calculate (a) indicated power (b) h (c) BSFC.

[Ans. 7.59 kW, 3.87 bar, 0.2557 k&l

The following data available for four stroke petrol enginc bore = 20 ¢m stroke to bo =15,
= 350 rpm, pm = 2.73 bar, net brake load = 610 N, effective diameter of brake drum = | n:e,:t:); consum];l;":

- 425 kg/r, C.V. of pertiol = 44 MJ/kg Determine : (a) IP (b) BP (¢) Nemech (4) Ny (5) Mees
[Ans. 152 kW, 11.2 kW, 73.93%, 29.1%, 21.5%]
A four stroke six cylinder engine with st.rokc volume of 1.75 htres develops 26.25 kW effective
pressure is 6 bar. Find speed of the engine. ) Thcl;“::nsm
p 13 ! ine i y 100 kW [P at § - .
A six cylinder four stroke 1.C. engine is to diveop al 800 rpm. The s io is 139
Assuming mechanical efliciency of 80% and brake mean elTective pressure of § b;r?i‘:;{ l:uf?hri ;:;:ﬂ’ and
stroke of the engine. [Ans. D = |6 ¢m, L = 20 cm]
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4 six cylinder ffun'mukcpurolm

The mean effective pressure on cach
| efficiency is 30%. Caley

perrol equals to 41900 Wikg

o is 1.25
¢ develops 300 kW (BF) at 2500 rpm The stroke to bore 7300 B "2
mh!huﬂmhlcﬂtht)’ﬂfthcm&“"’mi‘cv_d
e (a) siroke and bore of the engine. (b) fuel consumption 1502 5/ oy
[Ans. L = 189 mm, D = 151 mm, my = 107
IC engine, the following observations were taken mfmt
apap . power = 7.5 kW, L/D ratio of pistion = 1.5, If mechasical mm}]
speed = 1800 RPM. Brake specific fuel consumption = 0.35 kg/kWh, C V. of fuel = 44,000 ki'hg
Cakculste ~ (1) Na (2) Na (3) Ng (Ams. 86.67%., 26 97%. 23.37%]

An cagine is used on a job requiring 110 kW BP The mechanical efficiency of the engine is mmdwmm
musmniSO_kgfh:ofﬁlel A design improvement is made which reduces the engine friction by 5 kW 1f h
thermal efficiency remains the same, how many kg of fuel per hour will be saved 7 (Ams. 18 kgh]
The following data refer 10 single cylinder four stroke Diesel engine

BP = 100 kW, N = 400 rpm, bmep = 850 kPa, C V. of fuel = 43000 kikg L/D = 125, na = 50%.
BSFC = 0335 kg/kWh. Calculate bore and stroke of the engine, indicated mean effective pressure, brake thermal
efficiency and indicated thermal efficiency.

[Ans. D = 330 mm, L = 4125 mm. IP = 125 kW, Pe = 10625 kPa, Nyy = 25%. Ne = 3125%)
A petrol engme is working on four stroke cycle It has bore and stroke equal 1o 150 mm and 175 mm respectively
and clearance volume of 5 x 10° mm’ The indicated thermal efficiency is 28% Find the relative efficiency
of the engine. If the mean effective pressure is 4.6 bar and engine speed is 1900 rpm find indicated power
of the engine. [Ams. 513%, IP = 2258 kW]

OBJECTIVE TYPE QUESTIONS |

Fou stroke engine has one power stroke for of crank shaft

(2) each revolution (b) every two revolutions (c) every half revoluton  (d) every four revohutions
Petrol engines work on sysiem

(2) spark ignition (b) compression ignition  (c) cither spark or compression ignition
Diesel engines are governed

(a) quality (b) quantity (c) cither of the two

Cars have generally cngine

(2) V-type (b) radial (c) borizontal (d) mline
Pision is generally made from

(2) mild steel (b) aluminium alloys (c) bronze (d) brass
Crankshaft rotates at of the camshaft speed

(2) same (b) half (€) twice (d) four times
Swept volume equals to

(3) =D7L (b) 3DL (c) aDL? @ Tou:
Piston speed equals 10

(a) 2LN (b) LN (c) DN (d) 2DN
Compression ratio equals 0 V. 2

(a) V. Y.V ® v, ;‘V; () “L—""v‘ () Vl?i?
In four stroke petrol engine spark is product at the end of stroke «* Ve
() suction (b) compression (¢) expansion @) exd
Which one of the following is not a standard component of Diesel engine 2

(@) spark plug (b) feel imjector () fuel pump

(d) air fiker
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12. In four stroke Diesel engine is sucked during suction s"""f. ( fuel  (d) fuel and 50% of 4
(a) only air (b) air-fuel mixture (c) air and 50% ©

13. During expansion stroke in four stroke engine

14.

16.

17.

18.

19.

20.

21.

22.

24.

25.

26.

1.
11.
21.

L)

(a) mlet valve remains open and exhaust valve remains closed
(b) inlet valve remains closed and exhaust valve remains open
(c) both valves remain closed

(d) both valves remain open

In two stroke engines ports are operated by _ movement

(¢c) connecting rod (d) piston pin

(a) crank (b) piston ‘
Mechanical cfficiency of two stroke engine is four stroke engine

(a) higher than (b) lower than (¢) comparable to ‘
Specific fuel consumption of two stroke engine 1S four stroke engine
(a) higher than (b) lower than (¢) comparable 0

Choose the false statement .
(a) Thermal efficiency of Petrol engines is lower than that of Diesel engine

(b) Starting torque of Petrol engines is lower than that of Diesel engine
(¢) Petrol engines are lighter than Diescl engines

(d) Petrol engines arc Cl engines

Mechanical efficiency of 1C engines is defined by the equation

’ P
(@) N = _[n_l_lii(‘v (b) Nw = E_I:_ET (¢) Nw = 'l%i,_] (d) N = -E-l.ﬁ
Travel of piston from one dead centre to other dead centre is termed as (Jan: 0n)
(a) stroke length (b) swept volume (c) clearance volume (d) compression ratio
Two stroke Diesel cycle 1s completed in revolution of crank shaft. (Janm. 2013)
(a) One (b) Two (c) Three (d) Four
(Jan. 2013)

Carburetor is used to supply
(a) Diesel and Air Mixture

(c) Diesel only .
The compression ratio for petrol engine is

(b) Petral and Air mixture

(d) Petrol only
(Winter 2016)

(a) 3to 6 (b) 5108 (c) 1510 20 (d) 20 to 30
Petrol engine work on system. (Summer 2017)
(a) either spark or compression ignition (b) spark ignition

(¢) compression ignition (d) all of the above

In a two stroke engine poris arc operated by movement of (Winter 2017)
(a) Crank (b) Piston . (c) Connecting rod (d) Piston pin

The unit of specific fuel consumplion is ____ (Winter 2017)
(a) Kg/sec (b) kg/kWh (©) ke/kW (d) none of the above

In a IC engine which energy is converted info mechanical energy? (Summer 2018)

(a) Heat encrgy (b) Potential encrgy (¢) Kinetic energy (D) Chemical energy of fuel

: ANSWERS :

® 2@ @ 4@ Sb 6 b)) 8@ 9 10 (b)
@ 1@ 1@ MO 1@ 16@ 17 18 19, 20 @
RIS



3 AIR COMPRESSORS

A compressor is a device which take in 84S or vapour, increases its pressure and deliver it at a high pressure.
31 USES OF COMPRESSED AIR :

(1) Operating pneumatic drills, hammers, spanner
(2) Operating hoist, lift gates and pneumatic tools in mines
(3) Operating blast furnaces and sand blasting
(4) Spray painting
(5) Air brakes used in buses and trucks
(6) To drive air motors
- () Filling air in automobile tyres
~ (8) Glass blowing
)

Air compression is a major factor in performance of I.C. engines and gas turbines

82 CLASSIFICATION OF AIR COMPRESSORS :
Air compressors are classified based on various catagories.
(@) According to Principle of Working :

(1) Positive displacement
r (2)  Dynamic
F () According to Number of Stages :
i (1) Single stage — upto pressure ratio 5 to 6
(2)  Multi stage — pressure ratio more than 6
According to Acting of Piston :
(1) Single acting
(2)  Double acting
According to Number of Cylinder :
(1) Single cylinder
) Multi cylinder

(¢)

(d)
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(e) .\cmrding to Pressure Ratio :
(1) Fan - pressure ratio up to 1.1
(2)  Blower - pressure ratio 1.1 to 2.5 ;
(3)  Compressor — pressure ratio more than 2.5
() According to the Arrangement of Cylinder :
(1) Vertical
(2)  Horizontal
(3) V-type
(4)  Radial
(8)  According to Method of Cooling :
(1) Air cooled (2) Water cooled
Compressors
I |
| .
Positive displacement Dynalrruc
|
| | [ ! o1
Reciprocating Rotary Centrifugal Axial Radial
. | |
Single stage Multistage
L I |
) [ 1
Single acting Double acting
[ | I |
Roots Vane Scroll Screw
Blower Compressor Compressor Compressor

gal compressors in general are used for low pressure applications, wh:

As seen from Fig. 8.1 below, centrifu
can produce medium and high pressures.

rotary and reciprocating compressor

200
Multistage
Reciprocating
o
&
o 20
5 \
w
2 .
& :
a s
P ‘_Mj:tistage
Rotary centrifugal -
‘cqmpreSSOfs_ ' Multistage
\ , : Axial
5. Single stage
centrifugal -
m"‘\r\ >
10° 10° 10¢ 10° 10° ]

Flow range (CFM)
Fig. 8.1

g o ]



Compressors

\ir 8.3

_ \IR COMPRESSOR TERMINOLOGY :

(D Single Acting .C“mPl’?SSOr Compressor in which suction, compression and delivery of air takes place
only on one side of piston is called single acting compressor.

2) Double Af:ting (‘IOI.“PI‘GS_sor : Compressor in which suction, compression and delivery of air takes place
on both sides of piston is called double acting compressor.

3 Single Stage Compressor : Compressor in which compression of air from suction pressure to delivery
pressure takes place only in one cylinder is called single stage compressor.

) Multi Stage Compressor : Compressor in which compression of air from suction pressure to delivery
pressure takes place in more than one cylinder is called multi stage compressor.
(8 Compression Ratio : It is defined as ratio of absolute discharge pressure to absolute suction pressure.

(6) Volumetric Efficiency : It is defined as ratio of actual volume of air taken in the compressor to the
swept volume of the compressor.

(7) Compressor Capacity : It is volume of air delivered by the compressor. It is expressed in m?/min or m’/s.

(8) Free Air Delivery : It is actual volume of air delivered by a compressor when reduced to the normal
temperature and pressure condition. The capacity of a compressor is generally given in terms of free air

delivery.
(9) Swept Volume : Swept volume or displacement volume of a single acting air compressor is given by
.,
V.= DL
T4

D = diameter of cylinder
L = stroke length

84 WORKING OF SINGLE STAGE RECIPROCATING AIR COMPRESSOR :

As shown in Fig. 8.2 a single stage reciprocating air D.v.

compressor consists of piston which reciprocates in a -

cylinder, driven through connecting rod and crank. It i

also consists of inlet (suction) valve (I.V.) and delivery Cylinder —— T

valve (D.V.). These valves are pressure differential type. LV.

They operate due to pressure difference across it. Piston —— /

When piston moves downward during suction stroke,
the compressed air left in the cylinder expands. Due
to expansion of air, pressure inside the cylinder falls
below atmospheric pressure. As result of this pressure
difference the inlet valve opens and fresh air is sucked
into the cylinder. During this stroke the delivery valve (a) Suction stroke
remain closed since the compressed air on outside of
the valve (in the reciever) is at a higher pressure.

(b) Delivery stroke
Fig. 8.2 Single stage reciprocating air compressor

At the beginning of the upward stroke, slight increase in pressure will close the inlet valve. Now both inlet
and delivery valves are closed and hence pressure of air increases rapidly. When pressure inside the cylinder
increases slightly above the compressed air pressure on outside of delivery valve, the delivery valve opens and
compressed air is delivered into the reciever. At the end of this stroke piston once again moves downward
and as pressure decreases delivery valve will be closed. When pressure falls below atmospheric once again
inlet valve opens and thus the cycle is repeated.

85 NEED FOR MULTI STAGING :

(1) As shown in Fig. 8.3 if delivery pressure is too high, then only clearance volume will be compressed
and expanded and there will be no delivery of air.
(2)  Also temperature is very high. If high temperature is not required it is loss of energy.

(3} Heavier parts are required due to high pressure. This will lead to balancing problems.
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e Due o high wemperature lubnicating oil looses its lubricating propertices '
and thction INCreases P
(3 The size of cvhinder will be oo large. 5
Due 0 above Problems maximum pressure: compression ratio in single 6
stage s generally himited 10 7 3 9
L]
Advantages of Multistage Compression : _
(Y Due 1o miercooling between two stages work required per kg of air
. reduces. 4 7 ;

(=) Fora given pressure ratio volumetric efficiency increases.

3 V<

Fig. 8.3 Multistage COmpressjo,

It reduces the Icakage loss considerably.
) ltgives more umiform torgque and so a smaller size flywheel is required.
3 Lubncation s more ctiective due 1o lower temperature range.

O It reduces the cost of COMPressor.

CENTRIFUGAL COMPRESSOR :
A centntugal compressor consists of an impeller (rotor) usually rotates at high speed (some time g 20,
10 30.000 rpmi in-an air ught volute casing (Refer Fig. 8.4). The impeller consists of disc to which 5 numb
O curved vanes are fitted symmetrically. The vanes breaks up air into cells. When the impeller is rotated ¢,
cells of air will also rotate. Due to centrifugal force, the air in the cell moves out from the outside edge .
the impeller. This will create partial vacuum at the centre of the impeller (which is also known as eye ¢
impeller)

This cause more air 10 move into centre of the impeller. The air
move away trom the outside edge of impeller passes into a diffuser
which helps to direct the air into volute casing. Also in the diffuser
the air is deceelerated due to which pressure of air will increase.
The volute casing is a collecting device for the compressor. It has
mcreased cross section area round the compressor. This is because
a greater section s required to pass the increasing quantity of air
round the volute. Also increase in cross section area helps to convert

Kinetic energy of air into pressure energy before it leaves the casing. Diffuser
Centritugal compressor is a steady flow device and we can have :

continuous Hlow of a1t deals with large quantity of air with g:slt’r:g Impeler
moderate pressure range. Pressure ratio acheived by such Fig. 8.4 Centrifugal compressor

compressor ranges <4 to 6.

AXIAL FLLOW COMPRESSOR :

In axial flow compressor there are alternate rows of fixed and moving blades. The fixed blades are attach
to nner side of outer casmg. The moving blades are attached to a central drum which is rotated by extCTfIJ
means. The moving blades are seen as a set of fans in series. When mechanical energy is provided to the rola”"f
shaft, the drum will rotate. The air enters the compressor as shown in Fig. 8.5. As the drum rotates. the ¥
flows through the alternately arranged fixed and moving blades. Ag the air flows from one set of fixedf':
moving blade 1o anotherat gets compressed. Thus there s 4 succesive compression of air in all sets of "
and moving blades. The i passes axially along the compressor hence it is named. The high pressur m:i:
removed by suitable ductal """”"' ol the compressor. This type of compressor are high speed and dealssxlif
Large quantity of aie Pressure ratio upto 100is obtained by such compressors. This type of compressor is gene”

used in o cradt o cas tarhines,
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ﬂ Compressed
27 ; air delivery
L y 7 o7 > ,/
,é%:/g%;é%%:/,%/

AR AR R R .

A A 27 7 7 7 Drive shaft
A A R A A A,

277 Z Z 7 Z 7 7 Z Z

/ Moving blades on

rotating drum

Fig. 8.5 Axial flow compressor

jirence between Centrifugal and Axial Flow Compressors :
Dife

Centrifugal Compressor Axial Flow Compressor
e flow of air is perpendicular to the axis of (I) The flow of air is parallel to axis of

;ompressor. compressor.

' Iiequires low starting torque. (2) It requires high starting torque.

jh has low manufacturing and running cost. (3) It has high manufacturing and running cost.
: Ilis not suitable for multi staging. (4) It is suitable for multi staging.

lrequires large frontal area. (5) It requires less frontal area.

JI0TS BLOWER : Outlet P2

inos blower consists of two rotors with _j—L

A s totating in a air tight casing. The casing
3 & inlet ang outlet ports on opposite sides.
Wsblower hag generally two or three lobes = =
.MWn in Fig. 8.6. The lobes are so
ined thy they provide an air tight joint
‘“he Point of their contact.

Receiver

High
ressure
i C

*the rotors i1s rotated by external means.
e i gear driven by the first one. When Rotor-1
: Dr:asrl?::rq fotate, the air at atmospheri:j:
%ﬂ““»‘en :S trapped in the pockets fonr_le
e 1y or and casing. The rotory motion
3 ey S deliver the entrapped air m'to the
N lhé Tt‘eu R apd_more aif ; de}lviif:e of air in the receiver. Finally the air is used at required pressyre
"y, CIVer. This increases the press
\ reCElVer
e, .

N rt, some high pressure air flows back into pocket from receiver.
| g8 10bes uncovers the outlet port. ¢

ke 0Cgg ¢ ss. The back flow of air from receiver to pocket continues untj) the
f““rei S s known ag backflow process. ual. Thus the pressure of entrapped air in the pocket i"Cl‘eases
§ g € pocket and receiver become equal.

Volume by the backflow of air.

Fig. 8.6 Roots blower compressor

§
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8.10  COMPARISON BETWEEN RECIPROCATING AND

VANE BLOWER

N\ vane bBlower consists of a rotor rotating
casme (Retes f1g. 8 7). The casing has inle
swdes: The rotor has 4 o 8 slots
reciprocate i the slots. The vanes are genet
matenal hke fibre. When the rotor rotates. the vanes

the o . ine
he casing due 1o centrifugal force and form

Whe . .
hen the rotor is rotated by external source.
Vi » . . b ‘ '

nes and casing. Rotary motion of th

volume between the vanes and casing. Thus the initial con

rotating vanes uncovers the outlet port high pressure air fr o back 0
¢ is due to back flow. Finally the air is delivered the
e

T"?U and casing. Thus further increase 10 pre ssut
his compressed air is used from the receiver.

cecentrically mnoan air tight
1 and outlet ports on opposite
The slots contain v
ally made from non-—T1
- are pressed againsl
tight pockets.

the air is trapped between
¢ rotor causes reduction of the

anes which can
etallic

[Ilg 87 V«'.lrlL' hl()Wer C‘)I’n
T

ion of air is due to reduction in v,

press |
back in to the sp

[ ' umg
om the receiver flows e

ace },.

ROTARY AIR COMPRESSOR

Reciprocating Compressor

Rotary compressor

(1Y Maximum delivery pressure may be as high as 1000 | (1) Maximum delivery pressure is 10 bar g,
bar. .

(2) Maximum air discharge is around 300 m*/min. (2) Maximum air discharge is round 3000 .

(3) Used for low discharge—high pressure applications. (3) Used for high discharge—low pressure app!j“;

(4) Rotates at low speed. (4) Rotates at high speed.

(5)  Air discharge is intermittent. (5) Air discharge is continuous.

(6) For given discharge. size is larger than rotory | (6) For given discharge, size is smaller than recip,
COMPressor. compressor. --

(7) Balancing is main problem due to reciprocating mass. | (7) No or less balancing problem due to rotory

(8) lubrication system is complicated. (8) Lubrication system is simple. -

(9) As air comes in contact with lubricating oil, it is (9) As air does not come in contact with lubricain
less clean. it is more clean.

(10) For calculation, Isothermal process is taken as ideal (10) For calculation, isentropic process is taken &
process. process.

( EXERCISES )

1. Define air compressor.

2.  What are the uses of compressed air ?

3. Classify air compressor.

4. with neat sketch explain (a) centrifugal compressor (b) axial flow compressor (¢) roots blower (d) vane!

(_ OBJECTIVE TYPE QUESTIONS |

1. Compressor in which compression of air from suction pressure to delivery pressure takes place in mor
one cylinder is called  compressor.
(a) single acting (b) double acting (¢) single stage (d) multi stage

2. Compressor in which compression of air takes place on both sides of piston is called __— con’
(a) single acting (b) double acting (c) single stage (d) multi stage

3. Scroll compressor is a _ compressor.

(a) rcgiprt)zu?ling (b) rotary

(¢) dynamic (d) radial
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mssor it pressure ratio i
‘ “15\“'“ llh_|t (b) between 1.1 and 2.5 () > 1.5 (dy > 2.5
i sol of valves are used in reciprocating air compressor ?
el :\Ixmkd (b) pressure differentia) (¢) crank operated (d) piston operated
am ¢ Ll staging volumetric efficiency of a compressor
e --m" (b) decreases (¢) remain unaffected (d) can’t say
,r_ncm‘ of using multi stage compression is
“':::L jnput Increases (b) small size flywheel is required
;1‘3}&30(’ loss InCreases (d) amount of lubricant required increases
qcredse in pressure ratio volumetric efficiency of a compressor
i ! ases (b) remains constant (¢) decreases (d) can’t say
y I asing has __ cross section area
‘ mr&lbc d (b) decreased (¢) same
e ratio acheived by axial flow compressor is upto
1, (b) 10 (c) 20 (d) 30
' wial flow compressor is a ______ compressor.
mpo:m\e displacement (b) radial flow dynamic
. aial flow dynamic (d) positive displacement rotary
1 jouts blower isa__ compressor.
1 | positive displacement reciprocating (b) radial flow dynamic
. uial flow dynamic (d) positive displacement rotary
wammy compressor, maximum delivery pressure may be around _ | (Jan. 2011)
4 1000 bar (b) 100 bar (c) 2 bar (d) 10 bar
Tie volume of air delivered by compressor is called . (Jan. 2013)
i Swept Volume (b) Free Air Delivery
(i Compressor Capacity (d) Efficiency
Larifugal compressor is suitable for producing? (Winter 2015)
uHigh pressure (b) medium pressure (c) low pressure (d) all of the above
T work done on compressor is least when the compression is ___ . (Summer 2016)
& Isothermal (b) Adiabatic (c) Polytropic (d) None of the above
1 feooling in multi-stage compression is used to . (Summer 2016)
U cool air (b) minimize the work done
1 "duce volume of air (d) none of the above.
1" Maximum delivery pressure in a rotary air compressor is ____ . (Winter 2016)
]]: bar (b) 20 bar (c) 30 bar (d) 50 bar ‘
‘Ompressor is a COMPpressor. (Summer 2017)
reuprncatlng (b) rotary (c) dynamic (d) radial
\‘:l':lpressor used in aircrafts is . ; ('Wlmer 2017)
flow (b) Roots blower (c) Vane blower (d) Reuprocutmg compressor
ANSWERS
i 2 (b, 5 4. (@ 5. (b) 6. (2) 7. (b) 8. (o) 9. (a) 10. (b)

g0

i 12, () 13. () 14. () 15. (¢) 16. (a) 17. (b) 18. (a) 19. (b) 20. (a)

% ode ol
DO <



T T—

Punp

9.1 INTRODUCTION :
Pump has been used to lift water for a long time. Toda .
works and agricultural purpose. The application of pump has now diversifie
It is an indispensable part of power plants, steel an
and paper industries. The pump basically increases the energ
can be used to increase potential energy as in water pumping,
in fire—fighting pumps or supply fluid on high pressure side as in power plants. The pump may be drive,

an electric motor, an I.C. engine, a gas or steam turbine or a wind mill.

9.1.1 Terminology for Pumps :
(1) Head (H) : In case of pumps, different forms of energy are expressed in terms of height (in meter), wy

2)

y also it is used to lift water in our houses, i, ‘
d to different fields and inq,,

d mining industry, fertilizer and chemical industries, P
y level of the fluid which it handles. Thig mq

create a water jet (convert to Kinetic ey,

53

is called ‘Head’. The pump imparts energy to the liquid which is the sum of (1) Energy required 1|
the liquid from sump to pump (Suction Head). (2) Energy required to lift the liquid from pump 10«
of delivery pipe with required delivery pressure (Delivery Head). (3) Kinetic energy carried by the ligy
at the end of delivery pipe (Velocity Head). (4) Energy consumed to overcome friction in pipes and wii

the pump.
Static head is the sum of suction and delivery heads (H, = hy + hy), refer Fig. 9.1.
'U

Manometric Head is the total head developed by the pump.

Hm"—'hs+hd+hfd+hfs+hfp+hv
Here, h, = suction head, hy = derivery head, hyy = friction head loss in delivery pipe, hy = friction 14
2
V_, where V = vl

loss in suction pipe, hg, = friction head loss inside the pump, h, = velocity head = 29

of fluid in pipe.
Efficiency : The efficiency of a pump can be determined if its power output (Power delivered to 114

hydraulic power P, and the power input (Power supplied to pump shaft) P, are known. Thus.
0

1

P« 1009
= 57 X (4
Np P,
The overall efficiency. N, of an installation consisting of a pump, a prime mover (say a motor) &

intermediate drive (say a coupling) can be expressed as

nP X nm()[or X ncoupling
Hydraulic power
y po x 100%

I

No

= Power input to motor



o
’ QgQH,,
: = Power input to motor < 100%
e Q= density of liquid (kg/m?)
g = gravitational acceleration (m/s?)
Q = discharge (m?/s)
H,, = Manometric head (in m)

He

power input to motor is measured in Watts (W)

\SIFICATION OF PUMPS :
'l-- I

¥

J i may be classified as shown in the chart below :
purti™ )

Pl.lll'nps

[
.. . I |
Positive Displacement Rotodynamic pumps Impulse pump

pumps I
T — |
. ] Hydraulic Hand
Reciprocating pumps Rotary pump pump pump

) J — I
plunger Diaphragm Gear Vane Cam Screw
pump pump pump pump pump pump

| | |
Radial Mixed flow Axial flow
(Centrifugal) type (Propeller type)
| : L
Single stage Multi stage

ston
ump

i CENTRIFUGAL PUMPS :

Fig. 9.1 shows typical installation of
a centrifugal pump and other
components in pipe—line. The foot |
valve and non—return valves are used !
toprevent reverse flow when the pump l
is idle and to protect the pump from \
excessive pressure on delivery side |

|

Storage Tank

when the pump is running. A Gate
valve is opened before or after starting
the pump as per requirement or
tharacterstic of pump.

The centrifugal pump has an impeller Delivery
TVolving at high speed in a casing. gauge
Animpeller is a circular metallic disc Suction

Vith passages for the flow of fluid. gauge(P
(Refer Fig. 9.5) 1 —

[thr‘luid enters the impeller axially I

lip(i)ugh [.he ‘eye’ of casing. Itis capght o I

an nethg impeller blades and is whirled l

|iqﬁi2“a”)’ and radially outward. Tihe

Cirey leaves the impeller at its

i us':ferenc‘e and enters into t_he it

bot, "Portof casing. The liquid gains )| sump

miHETESSUFe and velocity while
¢through the impeller. The cross

P : )

Gate valve
Non-return valve

hd

Pump

Foot valve

Fig. 9.1 Installation of centrifugal pump
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9.3
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Secuonal grea o . . . . i .
area of casing iereases along the direction of flow of liquid. This decelarates the f
Ow

NCreases pressure.

Thk‘ CO 4 '
nvers ST . . . S
the T lu.\mn of Kinetic energy imparted by rotating impeller is dynamically converted ¢,
uid passes the - : i
quig Passes through the blade passages in the impeller as well as through the expanding are, &
O pump s also called “rotodynamic pump’.

lhiS ('\‘\\

1 imi 3
Priming of Centrifugal Pumps :
\\h *n : e o
S centrifugal pump stops, there is a

lendencey for L .
WYV for the liquid to run out of the

SUCHON pipe. If th
" PIpe. It this occurs and the pump has

1o rc\-lun under this condition. it has to handle
ic AT pocket in the suction line. The pump
l\ not able to suck and push air out to bring
liquid back in suction line and pump casing.
The entrapped air is vented out through
a valve by filling suction line. casing and
a part of delivery line. This process is called
priming.

A positive displacement pump works on the
principle of trapping certain amount of liquid
and pushing it out by reducing the volume
inside the pump. So. it is able to prime itself
and no external priming process is required.
Centrifugal pumps can also be self-priming.
These pumps have a suction reservoir cast
integrally with the pump casing to retain a
certain volume of liquid even when suction
line is drained by gravity. When the pump
restarts. it recirculates that same liquid through
the priming chamber until all the air has been
passed through and normal pumping is
reestablished (Refer Fig. 9.2). This
arrangement usually locates a foot valve at
the bottom end of suction line to prevent the
liquid draining back into the sump.

Unfortunately. the simple design of these foot

valves is susceptible to sticking in the open
p()silinn and allowing the pipe to empty.

mes a priming tank is put on upstream
When the pump starts and the tank
uum is created, which draws

Someti
of pump-
‘S c,nplicd. vdc

! id in suction line. The suction line
- l M -

ligu cull of liquid before the priming tank
becomes

]'s Clﬂpli‘:d'

“Mgi
e,
anq .
iu”
preSSuI.

Ce
aat Ne
aASing - T

“ng. rhtr‘j

Fig. 9.2 Centrifugal pump with priming chamber

Priming
tank

il

Pump

. s aing IHHL
Fig. 9.3 Centrifugal pump with priming



)}
f octor system can be used to automate
e

o9 Perafi"" (Refer Fig. 9.4). Compressed
' g 0

Pri,nirl:— 4 to create vacuum in the pump 1o
ji jiquid in suction line before the pump
, the

v chus. the pump starts in fully primed
s

qdinom

9.4

Air
Ejector D~

Air

To Sump ((J:

Pump

Fig. 9.4 Air ejector priming system
(assification based on the Type of Casing :

pimary purpose of providing a casing over the impeller is to contain the liquid coming out of the impeller
dwconvert its kinetic energy (energy associated with velocity) into pressure energy. The casing may be volute,
e or diffuser type. (Fig. 9.5)

I Volute Casing : This is used very commonly due to the simplicity in construction. The spiral shaped casing
s called volute chamber. The sectional area of flow of discharged water gradually increases from its throat
o the discharge pipe. This is necessary for effective conversion of kinetic energy of water coming out
of impeller into pressure energy. The main drawback of the pump is that the water coming out of impeller

gt choked and whirls are formed.

Vortex (Whirlpool) Chamber : In this pump, a vortex chamber is provided in form of an annular ring.
The annular ring behaves as a diffuser without guide vanes. This is an improved design of pump which

oy, - . e
s'es higher efficiency.

Turbipe (Diffuser) Pump : Like water—turbines, these pumps are provided with a stationary diffuser ring
ar‘uund the impeller for flow—guidance and conversion of kinetic energy into pressure energy. The liquid,
ifter leaving the impeller, passes through the guide vanes which have gradually enlarging passages. The
*locity f water gets reduced and pressure increases. After passing through the vanes the liquid diffuses

ut | . . .
" the casing and then discharges out.



Basic Mechanicq g
“Ming,
"ﬂ

Volute

Vortex

Vortex
chamber

Volute
casing

Volute casing Impeller

E-Eye

(a) Volute type pump casing

Impeller

Diffuser

Volute

(c) Diffuser type pump casing
Fig. 9.5 Various type of pump casing

9.3.3 Classification based on Type of Blade :

~ o~

(a) Backward curved blades (b) Radial blades (¢) Forward curves blades

Fig. 9.6 Types of impeller blades of centrifugal pump
Fig. 9.6 shows impeller of centrifugal pump with |

- [
. 2 . 16 . . . 3 . t rm‘[.
1 is also shown ades curved in different fashion. The direction ©
of impellers 15 also = .

anack®
: ¢

otation of impeller, they are ca”ed‘ b W

peller, they are called ‘forward curve

If the blaces & curved in dlrect!nn Opposite to the direction of r
curved”. If the blades are Ljurved in the direction of rotation of im
The ‘radial blades’ are without curvature.
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o Curves for Centrifugal Pump ;
an¢

,v rf"m' ] pump: the head developed is maximum Efficiency
’ l‘_cunjf“é‘o flow) and decreases continuously as flow Head BEP
';,ul“t e, (Refer Fig. 9.7). Input shaft power i

b L8

.m"n‘.lll o flow and increases as delivered flow

W ey increases with capacity until the ‘best we'
0 cﬁ“ sint’ (BEP) is reached, then decreases as flow onalt o
-""nc'\-rea‘ied' For optimum power consumption, it is

;\i‘ﬂ‘-m operate as close to BEP as possible.
~ble

Volume flow rate Q

. Fig. 9.7 Performance curves of a centrifugal pump
e and Cavitation : g
wr=te . 1 )

4 occurs predominantly in forward curved blade pumps at low flow rate. The pump ‘hunts’ for proper
,':--[{'ng point which leads to unstable (rough) operation of the pump.

_\"J 1=

e salic pressure of liquid of any point in pump falls below its vapour pressure, it flashes into vapour locally.
«-ﬂﬁw may become unsteady causing the entire flow to oscillate and machine to vibrate. Cavitation not only
¢s pump efficiency but causes damage to the impeller. To avoid cavitation, some Net Positive Suction Head
:;;H, is recommended at pump suction.

N,

ultistage Pumps :

\gli-staging 18 done by adding impellers of identical construction in series on the same shaft. They run at
& ame speed and deals the same quantity of liquid per unit time, The exit of one impeller is fed directly
. the eye of next impeller. The pressure in each stage gets multiplied of its previous value and thus very
i heads can be produced.

MCIPROCATING PUMPS :
koprocating pump is a positive
Uplacement type of pump. In this
pmp, all the amount of liquid sucked -
“fst half of cycle of operation is  Delivery pipe—|-| [
"mpletely displaced to discharge side D=
"l next half of cycle. Reciprocating  Ajr vessel——. : l
Is

mps have to and fro motion
Slingyi : X —
uished from circular motion of -| _~Suction pipe

Delivery tank

180°

Mckward and forward motion) as

Mifugal and rotary pumps. 270°
—-Sump
I
lSmgle Acting Piston Pump : Fig. 9.8 Single acting reciprocating pump
‘{'}?gie acting pump, any one side of piston act upon the fluid. In its simplest form, reciprocating pump consists
- Tollowing pargs
Ston is the component, which reciprocates inside the cylinder.
\u:tlsuction pipe is a connecting passage between the source of fluid and the cylinder. It contains a hinged
1on valye

© Nuid i discharged into the delivery pipe through delivery valve.
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B
_ ff'.e.‘r‘.’L
Wel

: dy
I

Uy

(4) " Air Vessel (Air Chamber) : For a single acting pump, the flow in the d::.lwcry Pipe 4

PIPE IS not continous (Refer Fig. 9.8). For double aclil?g or multi-cylinder pump, th Moy, ; .
but sull velocity vary in suction as well as delivery pipe. ‘ - oy,
I'o obtain continuous supply of flow and uniform velocity in pipes, u'lur[z:l'c U:r VCH&,CI. is fitte
as well as delivery pipe. at a point very close to cylinder (as shuwn ' TIE. )'.8)' This Vessel
has an opening at its base through which, the liquid may f.low lm(? of out. of it. Iy COntaipy L-‘C"“.
AT at top, which will be compressed further when the liquid enters and expands whep, the |;

out.

The air vessels store water from the supply or delivery pipe when the velocity in the pipeg are
an the mean value. Mo,

I,

mean velocity and deliver water when the velocity is less th

Du.n'ng the suction stroke, the piston P moves towards right (Cr.unk mOVCS'frum 0" 1o 180, Refer 1.
This creates vacuum in the cylinder on the left side of piston causing th-SUC“O“ valve o open, T, ﬂu-lg‘ ’
the cylinder and fills it. During the reverse stroke (delivery stroke), the piston moves towards Jefy (Cry g
from 180° 1o 360°). This causes increase of pressure in the cylinder. The delivery valve D Opens andn;" 1
¢

is forced to delivery pipe.
f Delivery

9.4.2 Double Acting Piston Pump :

Here. suction and delivery take place
simultaneously on opposite sides of
Piston. When piston moves towards right
side of cylinder, the liquid is sucked from
sump through suction valve S,. (as shown Da| |Closed OD Dg
in Fig. 9.9) At this moment, the fluid on 7, »
right side of piston is compressed, the
delivery valve Dg opens and liquid is
discharged through this valve. During the
reverse stroke, fluid is sucked from valve / AAII77

Sa tpen Closﬂ Sg

i

Sg. The fluid on left side of piston is
compressed and delivered through valve
D4. The double acting pump give more
uniform discharge than single acting
pump, as fluid is delivered in both strokes

of piston. T Suction

Fig. 9.9 Double acting reciprocating pump

0°  180° 360°
(a) Single acting pump - Flow pattern
e 180° 360°
(b) Double acting pump - Flow pattern
plln‘t

Fig. 9.10 Flow patterns of single and double actin




d jons for Piston Pumps : e
I8 i

9.8

e flow rate (Discharge rate) through pump,
_ Volume displaced in deliver
Q- N
= (LA) X (66 )
= Length of stroke
A = Cross sectional area of piston
N = Speed of pump (in r.p.m.)
ower required to drive the pump (in Watt),
p = discharge rate X pressure to be developed
=Q X QgH,
pere. @ = density of fluid (in kg/m?)
g = gravitational accelaration (in m/s?)
H, Manometric head
H,, is approximately equal to hy + h,, neglecting frictional losses and velocity head.

on account of frictional losses and leakage losses, the power required by pump will be more. If 1, is
the efficiency of pump,

Y stroke x No. of cycles (delivery strokes) per second.
Hgl’t‘.

P

_ _8eQH. .
-, x1000 (P in kW)
power required to drive pump motor
— QgQHn
N X 1000
where M, = overall efficiency

= MNp X Ncoupling X Mmotor
Let us say a pump has to lift water from a sump 4 m below it and lift it to delivery heat of 25 m.
In that case, total (menometric) head would be 29 m (H,, = hy + hy = =4 + 25 = 29 m). If this pump
gives a flow rate of 227 m3/h (0.063 m?/s), the ideal power consumption (hydraulic power) would be
= pgQH,, = 1000 x 9.81 x 0.063 x 29 = 17923 W or 17.923 kW.
If a motor with 25 kW rating is employed and it has 90% efficiency, then the motor provides 0.9 x
35= 225 kW power to pump shaft. So, pump efficiency would be

M= Py/P, = 17.923 / 22.5 = 0.7964 or 79.64%

b Double Acting Pump :

There are two delivery strokes per cycle. So discharge will be double.
e. Q= 2LAN

Further calculations will be similar to single acting pump.

Mip . q, -
LR IWS the measure of return of liquid through valves and leakage.

-i’l‘rﬁfntage slip = Q-Q.
W

x 100

I
e Q = theoritical discharge, Q. = actual discharge

ﬁcwm of Discharge : It is the ratio of actual volume or mass discharged to theoritical value.

o _Q
2
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Electric motor

944 Diaphragm Pump :

A diaphragm pump is a positive displacement pump that
uses a combination of the reciprocating action of a
rubber, thermoplastic or teflon diaphragm and suitable
nqn—return check valves to pump a fluid. Sometimes
this type of pump is also called a membrane pump.

Fig. 9.11 shows the schematic diagram of the diaphragm
type pump. The motor shaft is coupled with an eccentric
rotor. When the rotor rotates, the diaphragm moves up

Diaphragm

I__Ej—J

Pumping chamber
—

apd down. When the volume of a chamber of a —»
dlap!uagm type of pump is increased (the diaphragm N =
moving up), the pressure decreases and fluid is drawn N
: : Inlet valve Outlet valve
into the chamber. When the chamber pressure increases .

Fig. 9.11 A diaphragm pump

from decreased volume (the diaphragm moving down),
the fluid previously drawn in is forced out. Finally, the diaphragm moving up once again draws fluid into the

chamber, completing the cycle. This action is similar to that of the piston moving in a cylinder.

9.4.5 Plunger Pump :

Plunger

Atmospheric I— = F :
pressure Atmospherig”_ N
: ressure | [-

l, P l = Discharge

valve open

(a) Intake stroke (b) Discharge stroke

Fig. 9.12 Two stroke working cycle of a single acting plunger type pump

It consists of an inlet valve, a discharge valve and a plunger. When the plunger moves up, vacuum is created
in the cylinder. So the atmospheric pressure forces water into the cylinder through inlet valve. This is called
intake stroke. During the downward (discharge) stroke, the plunger forces the discharge valve to open. The walc!
flows out of the cylinder. The stuffing box prevent leakage from the pump.

9.4.6 Bucket pump :
A bucket pump consists of an open cylinder and a piston with bucket type valve. (Refer Fig. 9.13) This pumf

is used to lift water. When the piston moves down, the bucket valve opens and when the piston moves Uf

the valve closes.
When the pump is put into operation, and the piston moves down for the first time, the air below piston mo¥¢

above it. The bucket valve is open during this stroke. In the next stroke, the piston moves up, the air ab*

it is pushed out of cylinder and water is sucked from suction pipe. '

In the third stroke, the piston mg:es dag. _Durin.g this stroke (transfer stroke) the bucket valve is open whil

inlet valve is closed. The water below tl.le piston is transferred above it. In the fourth stroke (discharge strok
ves up. The bucket valve is closed and the water above the piston is lifted and delivered out "

the piston mo ) his (i . )
cylinder from the opening. At this time, inlet valve is open and volume below piston is filled with water. Afe



s
210
amed and it s in ope .
" peen primed an peration, the working cvele s completed in two strokes transfer stroke
m"m‘ e stroke
\ nhl ’
| J ]
Outlet
Bucket
valve
(1 Piston (a) Transter (b} intake and
[ | stroke Dwcharge
[ | stroke
. asic construction of a single acting Fig. 9.14 Two stroke working cycle (after priming)
) lift pump for a single acting lift pump

1)\1P~\RISON BETWEEN RECIPROCATING PUMPS AND CENTRIFUGAL PUMPS :
COMP:

Reciprocating Pump Centrifugal Pump
o un at slow speed. They are often run by steam, | (1) They can be directly coupled to high speed diesel
;,U}‘] or diesel engines. engines and electric motors.
ne discharge quantity does not vary with variation | (2) The discharge decreases with increase in delivery
2 delivery head. The delivery head may rise head. They can develop definite maximum head for
wgerously if the delivery pipe is choked. perticular speed.
Losses due to slip or leakage in passages may occure. | (3) No losses due to slip or leakage in passage.
T water flow is pulsating. (4) The flow of liquid is continuous.
Te initial and maintenance cost is high. (5 Low initial and maintenance cost.
Tiey can produce high heads but low flow | (6) They are efficient for heads upto 60 m in single
mles, stage.
Ty are effective in handling viscous fluids. (7) Their efficiency reduces as visco-sity of fluid

handled increases.

WTARY pUMPS -

Rﬂ”{:‘:’) [Tumps consist of a fixed casing with a rotor w.hich may be in tfle t‘grm of gears, vanes, lobes, screws,
D“‘m:c..Bolh rotodynamic and rotary pumps have circular mglmn of t.he“ rotors, 'but the rotary pum;{s are
by rthlhsp!ucement pumps. A rotodynamic pump causes the increase in the v‘elo%w.ty and pressure of liquid
Nhe nuw‘"‘g It out centrifugally where as the rotary pump traps l‘h-e: hqqld and pushes it around a closed casing.
ky i continuous and smooth unlike a reciprocating positive displacement pump.

a,‘\:}l LPumps can handle visuous fluids like vegetable oil, lubricating oil, alcohol etc. Rotary pumps dev elop

--u.,n“ws With increasing delivery pressure. They are much more restricted in practical sizes and flow rates
,nared 1o centrifugal pumps.

C “i“ 0
"W study here some of the rotary pumps.
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9.6.1 Gear Pump :

9.6.2 Vane Pump :

Basic Mechanical Eng;
Reg,.
Fin,

Two gears of the same size and form, mounted on

separate shafts are housed in a closed fitting casing

as shown in Fig. 9.15. One gear shaft is driven in Suction —*
ic direction of arrow as shown. It moves the other

In opposite direction.

Cha,,‘

A negative pressure is created on the suction side due
to rotation of gears. So atmospheric pressure in fluid
fank causes the fluid to run from tank to pump. This Fig. 9.15 Gear pump
15 how suction in this pump takes place.

The fluid fills the gear spaces, forming closed chambers with the h
entrapped fluid is pushed to pressure side and then ultimately out ©

ousing. During further movemenp, |
f gear chambers. '

These pumps have a slotted rotor mounted on drive
shaft. The rotor rotates inside a cam ring in pump
casing. Vanes are fitted to the rotor slots and are radially
movable. (Fig. 9.16)

During the rotation of the rotor, the centrifugal force
pushes vanes towards outside. Thus the external edge
of the vanes is always touching the internal area of cam
ring. Pumping chambers are thus formed between the Fig. 9.16 Vane pump
vanes. At the suction side, negative pressure is created

as the space between the rotor and ring increases. Liquid

entering at inlet is trapped in pumping chambers and

then pushed to the outlet as the space decreases.

9.6.3 Screw Pump : H | -
Screw pump are a special type of rotary positive ﬂ
displacement pump in which flow through the pumping C rE T
element is truely axial. a —E:I
There are two rotors — male and female, as shown in =
Fig. 9.17. The male rotor shown on the right drives SN_ Jj

the female rotor in a stationary housing. At the suction

position of the pump, a void is created into which the

inlet fluid flows. The fluid is trapped in cavity and

moved circumferentially around the housing of the Fig. 9.17 Screw pump

y

pump. Further rotation results in meshing of lobe and the female gully, decreasing volume in the cavit

compressing the fluid. Then the discharge part is uncovered and compressed fluid is discharged.
Low internal velocity and axial flow have number of advantages in many applications where liquid chur®

is ohjectionable. Screw pump is used in chemical industries, oil handling etc.
(EXERCISES

Classify the pumps. based on their principle of working construction and fluid flow direction in puntf

t sketch, the working of C.F. pump. What are various methods of increasing officien!

Explain with nea
?

of C.F. pump -
(Hint : Vortex and Diffuser type casings have more efficiency than the simple volute type C:F

What is the fu
of a volute ty

p[ll”.r

nction of a pump 7 Classify the centrifugal pumps and describe with a neat sketch the wot

pe of centrifugal pump.



v
9.12

q]i}’ﬁm ( of discharge.

1

K

neat sketch the working of single acting piston pump.

pnm‘"g 9 Why is it required for a centrifugal pump ?

o about the construction and working of a double acting piston type reciprocating pump.
dngle acting plunger pump.
s

o short A bucket pump.
N"\tn
| e effect of air vessels on the flow rate of liquid from reciprocating pump ? Show the location
Wi vesStﬂS in the delivery and suction line of the pump.

e

| . the performance of a reciprocating pump and a centrifugal pump.
onp

i Wmmle pbetween rotary positive displacement pump and rotodynamic pumps. Name the different type
!
pumpb

i
2

| Gear pump  (2) Screw pump

s with a neat sketch : Vane pump.

(OBJECTIVE TYPE QUESTIONS |

Jmp can not be driven by __ . (Summer 2017)
;NIMC molor (b) L.C. Engine (b) steam turbine (d) compressor
éwme pmpisa __ of pump.
E “mstive displacement type (b) Rotodynamic type (c) Impulse type (d) Reciprocations type
ﬁ ®ion of foot valve is
i O prevent reverse flow when pump is stopped
‘ 1 progeey pump from excessive pressure
"0 contro] fly rate through pump

I
" rease pregsure of liquid
pm S of filling liquid up to delivery valve in casing of pump is called (Winter 2017)

Jd| o
" (b) pre-starting (c) priming (d) charging

g

”ﬂn " volute casing is to

o " Pressure energy of water in (0 kinetic energy
Kinetic energy of water in to pressure energy
b, " Mechanical work in to kinetic energy of water

Mechanical work in 10 pressure energy of water



10.

11.

1.

o T—— -

—

4
Basegd o the o — Mechamcal E"l{i
(a) Hm\“ '||~‘| l.\h“ O Blage mps can be classihied g neeh""
. R Curv ey Bblade (h) Radial blade
;- I“n\."d “urved blade () all of above
LR ¥
" :‘ﬂ almaox COntimuons supply  from reciprocating pump I8 provided.
A TOOL val.
U vahe (b) pressure gauge
W) an Chambe, (d) fly wheel
Priming i necessary in
(a) ('cmnh,p_” pump ‘Jan_ W

(h) Vapour Compression refrigeration
) 4-S[n\kc Die

“'hlx‘h

SYsten
sel Engine (d) Babcock Wilcox boiler
“'. the following part of centrifugal pump converts kinetic energy of pump into Pressyre
o Chey
(Jung ,,
o 2
(@) Fooy valve (b) Casing (
¢ Suction pipe (d) Impeller j
Bucket PUmp is a type of pump.

(a) rotaty (b) Centrifugal |

|
(d) axial |

(<) reciprocaling

The operation of filling passage-ways with liquid fro
(a) cavitaton

(C) priming

Gear pump and Vane pump are types of

(a) Rotary pump

(¢) Cemarifugal pump

m outside source before staring pumps s know; ‘
(b) cleaning

(d) chocking

(b) Reciprocating pump

(d) None of the above.
The impeller of a centrifugal pump may have

(Winter 20
(a) volute casing (b) volute casing with guide blades

(c) vortex casing (d) any one of these
: ANSWERS :

(d 2@ 3@ 4@ 5® 6 T 8@ 9 b 1

11. (¢) 12. (a) 13. (d)

o 2 2
x4 0.0 0’0



_ AIR CONDITIONING

10.] REFRIGERATION :

erngcmn:on may be defined as producing and naintaining temperature below surrounding temperature. The
system maintained at the lower lemperature 1s known as refrigerated system while equipment used to maintain

this lower temperature is known as refrigerating equipment. To wansfer heat from low temperature body to high
temperature body exiernal work must be supplied.

Amount of heat removed by refrigerating equipment from refrigerated system is know as refngerating effect,
IU's unit is KJ/s.

The effectiveness of refrigerating equipment is given by the term coefficient of performance (COP). It is defined
as ratio of refrigerating effect to external work required by refrigerating equipment.

Refrigerating effect
Work supplied

COP =

Applications :
(1) Comfort air conditioning of auditoriums, hospitals, residences, offices, hotels ele.
(2) Manufacturing and preservation of medicine.
(3)  Storage and transportation of food stuffs such as dairy pmdt_u:ts. fruits, vegetables, meat, fish el
4)  Processing of texnles, printing work and photographic materials.
(5) Manufacturing of ice.
(6)  Cooling of concrete for dam.
(7) Treatment of air for blast fumace. .
(8)  Processing of petroleum and other chemical products.
(9) Production of Rocket fuel.
(10) Computer functioning
102 .
ﬁi%ﬁ:ﬁﬂ@u used in refrigerating equipment is kﬂ‘f"_’-’“ ﬂil _fvfﬂ::trrllrfl_ Reffﬁgfcfunt under goes various
Processes of refrigeration cycles which are used to produce re "'S“f‘om:l m:: ysis Of nl:] ngcﬂ;uon cycles Il'l.\nfolve
calculations of changes of propertics of the refrigerant during various processes of the cycles. Some desiruble

. . below.
Properties of refrigerants are listed ; ific volume.
M 1 should have high latent heat of evaporution and low specific volume

@) 1t should have good thermal conductivity for rapid h::i transfer.
sive,

3) It should be non-toxic, non-flamable and non-corro:

W n should have low saturation pressure.




102 S —

(5) It should have reasonable cost and should be available casily. 3

(6) It should be stable and should not decompose under any condition

(7) It should have high critical pressure

(8) It should have high COP.

Commonly used refrigerants are R12, R22, R134a, NH, and air ~ i

R12 (CCIF,) is chloroflouro carbon (CFC) When it release in atmosphere, thc‘LI atom react with ozone layer
and deplete it In presence of sunlight CFCs under goes following reactions

sunlig
CCLF; L"‘h‘) CCIF, + Cl

0, 4 ClI sunlight

Thus O, is depleted 10 O;. ki cer. The M
The ozone layer is required to absorb ultraviolet rays of the sun. These rays can cnuscF.:T |nhc:nb:: stt: unt.rul
protocol had been signed by most of the countrics and manufacturing and use of CFCs ha n stoped since

2000.

103 UNIT OF REFRIGERATION :
Due 1o the fact that in carly stages refrigeration was produced
in terms of tons of ice required per unit time The umt of re
denoted by TR.
One ton of refrigeration 1s defined as amount of
0°C to produce ice at 0°C in 24 hours The latent
kg therefore 1 ton of refrigeration equals 1o

334.9 x 907.18 _
| TR = =5—aeno— = 3516 kW

10.4 TYPES OF REFRIGERATORS (REFRIGERATION EQUIPMENTS) :
Refrigerators can be classified in two catagories. Natural refrigerators and mechanical refrigerators. In natural
refrigerator, cooling cffect is produced by evaporation, by sublimation of solid etc. While in mechanical refrigerator

cooling effect is produced by expenditure of work

ClO + 0,

by ice, the rate of removal of heal is expressed
frigeration is ton of refrigeration or simply ton

heat required to be removed from one short ton of water al
heat of ice is 334.9 ki/kg and one short ton equals 1o 907.18

Mechanical refrigerator are further classified as gas refrigerator and vapour refrigerator. Air is commonly used
in gas refrigerator. While R134a, R22, NH; etc. are used in vapour refrigerator. Vapour refrigerator can be further
classified as vapour compression refrigerator and vapour absorption refrigerator.

10.5 VAPOUR COMPRESSION REFRIGERATION CYCLE :

A schematic diagram of simple vapour compression refrigeration (VCR) cycle is shown in Fig. 10.1. The cycle
is represented on T-s and p h diagram in Fig. 10.2.

Qc
Condenser
"
Expansion —‘L 2)
device 7
Evaporalor Compressor
4) 1 W
VIV —
p |

Fig. 10.1 Vapour compression refrigeration cycle
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Fig. 102 VCR cycle on p-h and T's diagram
| low pressure, low temperature vapour enters the compressor Compressor compresses the vapour and

high pressure high temperafure
water. Condition

Al point _
high pressure high temperature vapour leaves the compressor at point 2. Thus

yapour condenses in the condenser by rejecting heat to cooling medium which 1s generally air of
of refrgerant at exit 10 condensor (point 3) is generally saturated liquid This saturated liquid is throttled by
expansion device from condenser pressure o evaporntor pressure Tlis process is an isenthalpic process. After
trottling (point 4) condition of refrigerant is wet vapour This wet vapour enters into evaporalot where it absorbs

gtent bt of evaporation from refngerated sysiem. Due to absorption of latent lieat, refngerant 1s cv:lpomlod

ud Jeaves as low pressure, low lemperature saturated or superheated vapour. Thus VCR cycle 1s completed.
COP of simple VCR cycle is around 3.

As shown in figure essential components of VCR cycle are compressor, condenser, expansion device and evaporalof

116 VAPOUR ABSORPTION REFRIGERATION CYCLE :
There are two widely used absorbent — refngerant paurs for vapour absorption sysieimn.
(1) NHy - H,O system = in which NH, is refrigerant and H,0 15 absorbent
(2) H;,0 - LiBr system = in which H,0 1s refngerant and LiBr is absorbent

A schematic diagram of simple NH;-H;O vapour absorption system is shown in Fig. 103
Q.

Iy vvy I
: m' F ""—Q'
Liquid NH; — Condenser d
I @
Solution
Throtle
prarieg we X purp
.L@ @
®1 Evaporaior ®
Vapour

0.
Fig 10.3 Vapour absorption cycle

Al point 1, NH the absarber. In absorber it is absarbed by weak solution :

. NH, vapour enters ) . comung from genera
hrough thrortle valve (Point §). Due 10 absorprior of NHy vapour solution becornes strong (Point 2}.8 Hutt:;'
tion (Q,) is relcased and it is 10 b rejected 10 cooling medium. This strong solution is pumped i
Q) i supplied from extemal source and NH, vapour is generated (m.to

Point

B¢ticrator gt poj heat (
point 3. In generator hrottl
% Weak solution at point 4 is flowing back 10 sbsorber through valve. NH, vapour is condensed in
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(Point 7) is throtled through expansion devie,

condenser by rejecting heat (Q;) 10 cooling medium. Liquid NH» o bsorbing Latent heat of evaparation i
and caters into evaporator (Point 8). In evaporator NH: evaporalcs %Y e vapour absorption cycle is around 0.6
to produce refrigerating effect. Thus cycle is completed. COP of simp

10.7 AIR REFRIGERATION : cle is shown in Fig. 104,
A schematic diagram of air refrigeration system working on Bell-Coleman €¥€%¢ fe
10.5 shows the cycle on p-V diagram

a 7 r! %2
4 3
Expander Compressof
C WT=C
X
s
| Retrigerated 4 e
/ | ——
Qs v
Fig. 104 Air refrigeration cycle Fig 10.5 Bell-Coleman cycle on p-V diagram

As shown in figure, at point 1 air enlers the cOMPressor at pressure py and temperature T;. Compressor compresses
the air and dischange il at pressure p; and temperature T, Idealy this is 2 reversible adiabatic (1sentropic) process.
At point 2 air enters the cooler where it is cooled at constant pressure by rejecting heat to cooling medium.
At point 3 air leaves the cooler at same pressure and lemperature T;. At point 3 air enters the cxpander where
it is expanded reversibly and adiabatically to pressure p, and temperature Ty At point 4 air enters the refrigerated
space. Since temperature T, is less than refrigerated space temperature air absorbs heat from refrigerated system
and its temperature will increase to T, at same pressure. Thus cycle is completed.

The modified Bell-Coleman cycle 1s used in Air crafi refrigeration.
Disadvantages of simple Bell-Coleman cycle are low COP. Bulky system, and high volume flow rate.

10.8 DOMESTIC REFRIGERATOR :

B 7

Table top

Freezer door

Chiller tray
Thermostate knob
ADjustable shelf
Crisper glass
Crisper (vegetable and fruil lry)
Front ventilation gril
Leg

Door gaskot
Bollle/Can sholl
Delrost button

Lock

B‘-ﬂlﬁf cheaso soll

W OND A WN =

0bddd

—
=

299 9999

—
—

-
mn

-
[S]

-

®

Fig. 10.6 Different part of 165 litre Refrigerator




Wian and Alr Conditioning
= frigerator is an eng)
pomestic 1€ enclosed
jow days. 1t 18 used in stores, mﬂ'l::bdt:t used for preserving perishable food stuffs in small quantities for
o 0t 1950 ONEEE When Keph ot tempergg o0 hoels, institutions and residences. Vegetables
of the food, _rcduce the mulliplicmion of the J:K lbtwg fmlil.]gl The lower temperature slowdown oxidation
(removal fluid of the food). Fresp foods may eria in the living cell and fibers and reduce the aspiration

10.5

Refrigerator cabinet be kept from 3 ©© 7 days at 2 10 4°C.
Air out
) ' )
(G
)
—
_ ..__..2.. Condenser
) Q¢
C
)
(
- )
Alr in
W

Compressor
Fig 10.7 Schematic Diagram of a Domestic Refrigerator

The exterior of the cabinet is constructed from aluminum or pressed steel 'Ih:-rnr of the cabinet is equipped
the condenser painted with black colour. The condenser 15 the part of the cooling system. The dust should be

must have plenty of air movement over the condenser as the condenser is air cooled. The interior of the refrigerator
15 made up of two parts (a) main compartments (b) douf siorago arca The compartment liner. the door liner,
vegetable tray and baffle tray are made of rust proof high impact polystyrene.

Muin components of domestic refrigerator are described below.

. ally sealed compressor is used in the domestic refngerator. Compressor and
i) Comprm;'m. ;m y paft and housed in saled unit Because of sealed unit the leakage problem
motor are p ey
is minimum. .
enser is used. It is bolied on the back side of the cabinet. It is finned

()  Condenser : An aif mlednd-enlcf- The tubes and fins are usually made of copper or steel or aluminum

tube - natural convection €0

Chest: 1t -,,P;.cedlllhdlwﬁf“!c“hirm_mﬂcmsm frozen food stuff in

(i)  Evaporator/ Fuﬂ-ﬂ‘m (recer chest door can be closed automatically by means of tow springs. The
additon 10 ice trays. The BSCFL "o e freezerchest. Now a days freezer bon iuelf is having internal
evaporator is solder on the efrigerant and it acts as an evaporulor. Fin and coil type of evaporator is
passages for mﬂ:;‘:ﬁm The evaporator coils and the fins are made of copper or Aluminium.

used in frost free h small diameter tube. Due to small diameter it offers resistance 1o

(lv)  Capillary Tube: It is @ long lﬁﬂ:‘ the refrigerant as it passes through the capillary tube.
flow and thus reduces Pressic®
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i "'o--u-:um'
e — —

(v)

(vi)

(vii)

(viii)

(ix)
(x)

(xi)

(xii)

(xiii)

(xiv)

ots condensale when refrigerator is b

. It colle . -
w the freczer ches! ecting dnpping water to Pasg

Baffle Tray: It is located just belo L freotte e coll
defrosted. A deflector is provided in a baffle tray which 15 helpful 1 €
to the tray. In frost free refrigerator it is not provided.

oduce cubes of ice fron
e They arc made from steel wire and painted o

waler.
Ice Tray: It has plastic divider so as (0 pr l
Cabinet Shelves: They are provided for storage Spic

powder coated so that they can be cleancd easily w1
bottom of the refrigerator The co

th moist cloth
ntainer is made of polystyrene

Vegetable compartment: It is provided at the
and covered with glass in order (o keep vegetable moist.
am. butter milk, eggs and bottles

Door storage area: This arca provides the storage for daily food-cre
rovided below the baffle tray. It has marking line 1,2.3 etc and

nce of the refngerator.
e. It is located below baffle tray

Temperature control knob: This is p
OFF It is used to control the temperature of freezer and he

Interior Lamp: The lamp is provided to illuminate the mnterior Spac

A plastic cover is provided 1o protect the lamp (bulb)
ed side. When the door is closed, the bulb will

Door Switch : This is located in the cabinet at the hing
be OFF and when the door is opened the bulb will be ON.

Door Gasket: It is provided all along the inner edge of the
closed. It must be kept in good condition o prevent air leakage int

will increase heat load
Insulation: The insulation is provided fo reduce heat gain from the atmosphere. Generally polyurethane

door for proper seal when the door is
o the refrigerated space which is tum

foam (PUF) is used as insulator.

Domestic refrigerator works on VCR cycle so the cycle description is same as discussed in section 10.5.

10.9 WINDOW AIR CONDITIONER :

Air conditioning means control of (a) temperature (b) humidity (c) air movement (d) purity of air and (¢) noist-
A window air conditioner is shown in Fig. 10.6. It is having a compressor, a condenser, a filter cum drier, 3
capillary tube and an cvaporalor. An clectric motor drives the fan to circulate air through condenser coil. The
motor also drives a blower which sucks the air from room through evaporator coil and throws it back into the
room. A thermostat is provided o maintain the desired temperature by means of an on—off control of the compressor
Filter is fitted near the c\'npornlor.cuil. The evaporator side is insulated from the cond ide. Dampers
are used for the appropiate air distribution. An exhaust air damper is also used to regulat cg‘scr side. . "
A tray is provided to collect moisture which condenses from recirculated air, Window n'g . :1 ‘c fresh & ilable
in size up to 2 lon capacity. Window air conditioner works on Vapour Compressio Ir cc?n ml?n:rs are aval
description is same as discussed in section 10.5 " Refrigeratipn‘cycle. 5 75
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Conlrol I_I: :
Pa Motlor -
H / /‘4 -
./I : Ar
Gonditioned |/ —
Aﬂf —— i y—
S .I‘{_ —
VY, Filter Driar
Recirculaled }—
Alr il B J
— Compressor
T
F et

Fig. 108 Sectional view of window air conditioner

IL10 SPLIT AIR CONDITIONER :

A typical split air conditioner is shown in Fig. 10.9 It consists of an indoor unit and an outdoor unit Indoor
unil consists of evaporator coil (cooling coil) with blower driven by an electric motor and capillary tube The
cooling coil 1s mounted in a cabinet and is fixed inside the room. Hence it is named as indoor unit. The cooling
cail may be wall mounted at certain convenient height or a floor mounted with suitable base frame or cerling
mounted, where cooling coil is hung from the false ceiling

SSezn]|  Insulated sunction line
oY
S Discharge
: " = Ill'lB mense'
— :
Evaporator —_—
—_— -
Alrlromromn: H \%:: : R —.
Conditioned +— -
air 1o room
Capiliary tube / RS 1 7 —
K Motor Fan /
Compressor 22l | jquid fine Ground

Fig. 109 Split air conditioning system

¢ with separate fan driven by an electric motor T

: . co
Oulﬂoor unit consists of compressor and The indoor and outdoor units are connected

‘ ey are kept
"ide the casing and mounted outside the roof

by liquid lipe

- e
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10.8

1.

4.

outdoor umt should not be more thap 101
should not be more than 5 m.

joner as both work on vapour con :
bifurcation of window air conditig b

and well insulated suction line. The distance between indoor nnd'
12 m. Also elevation difference between indoor and outdoor umit

Working of split air conditioner 1s similar to that of window air condit
refrigeration (VCR) cycle. Split air conditioner can be considered as
to two unit i.e. the indoor unit and the outdoor umt | N

oner over window air conditioner

Following are the sdvantages and disadvantages of sph air conditi

Advantages :
convenient location in the room

(1) The evaporator coilfindoor unit can be mounted af any

(2) Since compressor and condenser are ounted outside the roon the noise coming out from these components
is eluminated The only source of noise inside the room is the blower of evaporator.

(3) This type of air conditioner can be installed for interior rooms where wall expose to ambient is not available
to reject heat from condenser.

Disadvantages :
(1) Power consumption is higher since condenser and cvaporalor arc located at far distances.

(2) Suction line needs better insulation duc to its higher length.
Additional fan motor. length of copper tube and insulation are required. This increases cost of air conditioner

(3)
(4) There is no provision for ventilation air.
(EXERCISES |
Define *
(a) Refrigeration (b) Refrigerating effect (c) Ton of refrigeration (TR)
«nl) COP (e) Refrigerunt

State applications of refrigeration.

With neat sketches explain the following refrigeration cycles.
(a) Vapour compression refrigeration cycle (b) Vapour absorption refrigeration cycle (¢) Air refrigeration cycle

Enlist desirable properties of refrigerant.
With neat sketch explain construction and working of window air conditioner.

With necat sketch explain construction and working of split air conditioner

((OBJECTIVE TYPE QUESTIONS )

Performance parameter for refrigeration system is known as (Summee 2017
um
(a) efficiency (b) COP (c) effectivencss @ '
Refrigerant should have _____ latent heat of evaporation. ) energy ralio
(a) high (b) low (¢) moderate
Refrigerant should have ________ critical pressure
(a) high (b) low (c) moderate
1 TR equals 10
(a) 5.25 kW (b) 100 kJ/min (€) 200 K/min
Which one of the following is not a standard componen of VCR cycle ? (d) 3.52 kW
cle 7
(a) compressor e — (©) expander d)
evaporater
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10.

1L

12

13.

4

15.

17,

I8,

19,

]. (b]
I1. g)

figeration_and Air Conditionjng
—

10.9

Function of condenser iy VCR cycle is

(a) to suck refrigerant froy, €vaporator

() to throttle refrigeran

in VCR cycle, refrigerating effecy is produced b
Y

(a) cOmpressor (b
) condenser (c) evaporator

(b) compressor (c) condenser

Which one of the following is not & stapdard component of air refrigeration cycle ?

(a) compressor (b) cooler (c) throtte valve

is used as expansion device in window air conditioner
(a) throttle valve

(b) to produce refngerating effect

(d) to reject heat to the ambient

(Summer 2017)
(d) expander

(d) expander

(b) thermostatic expansion valve

(c) automatic expansion valve (d) capillary tube

Number of electric motor(s) used for air circulation in window ar conditioner i%/are

(a) one (b) two (c) not used

Number of electnic motor(s) used for aur circulation in split air conditioning is/are

(a) one (b) two (c) nol used

is used 1o maintain temperature of the room.

(a) throttle valve (b) exhaust air damper  (c) thermostat

In window and split air conditioners which line is insulated ?

(a) liqud line (b) suction line (c) discharge line

During refrigeration cycle, heat is absorbed by refrigerant in
(a) compressor (b) evaporator (c) condenser

Which is not a part of Vapour compression refrigeration syslmp?
(2) compressor (b) throttle valve (c) receiver

During a refrigeration cycle,
(3) compressor (b) condenser

. . . ly

| i tic refrigerators is general

:;:;ﬁ;g'c;:m g (b) carbon dioxide (c) oxygen
“ ANSWERS

5, {c] 6. {d)
15. (b) 16. (b)

(c) evaporalor

T. (c)
17. (d)

4. (d)
14, (©)

3 (w)
13. (b)

2. (a)
12. (a)

e

heat is rejected by the refrigerant ina .

8. (n)
18. (b)

(d) three

(d) three

(d) expansion valve

(d) vapour line

(Jan. 2013)
(d) expansion valve

(Jan. 2013)
(d) absorber

(Winter 2016)
(d) expansion valve

(Winter 2017)
(d) ammonia

9. (b)
19. ()

10. (¢)




COUPLINGS, CLUTCHES
AND BRAKES

and load. Disengagement of two shafis
weed 1o engage or disengage,

Couplings and clutches are used to couple in-line shalis of prime mover

connected with couphing is possible only when the shafts do net rotale. 1 shul’l‘s I
even while they rotate, a clutch 1s used Clutches cannot be used for transnission of very heavy load as they

basically remain engaged due to friction. Brukes are used to control speed of a machine or slop a machine.

11.1 COUPLINGS :
A coupling connects shafts of machines that are manufactured scparately, such as a motor and a generator.

A long line-shafl is composed of a number of small shaft pieces put together end fo end by couplings.
Couplings can be classified into Iwo calegories

(1) Rligid Couplings :
This 1ype of couplings have no flexibility. So the shafts 1o be coupled should be in good alignment

c.g. Muff coupling, Split muff coupling and Flange coupling.

(2) Flexible Couplings :
Tius type of coupling allows for imperfect alignment of two joining shafts (c.g. Bushed pin type flange
coupling), two parallel shaft with small offset (e.c Oldham coupling) ar two intersecting shaft (c g

Universal coupling).

11.1.1 Muff (Sleeve) Coupling :
This coupling is simply a hollow cast iron cylinder (muff) which is fitted over the ends of two shafts 1o be

connected. A long sunk taper key is driven through both the shafts and the | :
nuff,
is communicated to the sleeve and then 1o the otlier shaft. The motion of one shafl

This type of coupling is simph:- fo design and manufacture. It has no Projecting parts as | id d by its
perfect smooth exterior. The disadvantage is that it is difficull 10 disassemble ul:;:i tl Is evidence yrfcl
alignment between shafs. tere 1s need of peric
Shalt (1)
Mull

TG

e ———

Shatt {I) \

Fig. 11.1 Box or muff coupling

Ko




¢S, Clutches and Brakes

—_— 11.2

qnis form of coupling s y
wo shalts. The fuces of (he
sbout the shaft. The circulyy
proper alignment of shafgs.

nPﬁ"

(¢

(12 flange Coupling :
‘ ==

cry CXlensively
Nanges are bray
Projection of on

ed. It consists of qwe cast-iton flanges, keyed to the ends of
Ight and eld logether by a series of bolis arranged concentrically
¢ flange fits inyo comesponding recess of other flange. This ensures

Flange 1

Slud
—\NZ ut
Hub —

Ke

NN\ 77

@ ***** :

- e — —
' e —— e

Fig. 11.2 Flange coupling

Sometimes, a flange is provided with a shroud (see Fig. 11.3) wiluch shelters the bolr
prevents them catching clothes of workmen. Such coupling is called protected type fla
couplings ensure the most accurate nigid and strong connection of shafts. 1t is adapte

heads and nuts. This
nge—coupling. Flange
d 1o heavy loads also

Flango1 —\ /— Flango2

=7 N = ‘\Shmyd
— NN
NN &\\\\ﬁ\\\\\\

i B_I;.

Fig. 11.3 Protected flange coupling



11.3

Basic Mechanical Eﬂgl'lm"rl'ng
e,

11.1.3 Pin Type Flexible Coupling :

Tis type of coupling also has one flange cach mounted on @ shaft.

Rubber vashors

Wi Pi

— ¥

Nut

o PR
Fy A e

Key 7 _f/ _\\‘“ TN \\\\;

Driving shatt 7/A///// i lmnnim
e _;(\. 7 //, 7 \\1\“\ AR

( | @ [P ———————

A =i [ J e

0 I

Flange 1 Flage 2

//- Drivon shafl

1 _ J

=1

Fig 114 Pin type flexible coupling
The pins are rigidly fastencd by nuls to one of the Manges while they are covered with leather or rubber
washers (bushes) and kept loose 1n the other flange. This coupling makes up for the small parallel misalignment,
angular misalignment and axial displacement It con ulso absorb shocks and vibration during its operation
This type of coupling is conunonly used for directly connecing an clectric motor to a machine.

11.1.4 Unlversal Coupling (Hook’s Joint) :

] ’"T .
-~ I k.
| s i
\
3 :
’ l .
1 £
| - i
1
1
1 Pin & collar(2 no))
/-“

2. Fork (2 no.)
(a)

Fig. 11.5 Universal coupling e

In cases where the angular or offset misulignment of the shap

applied. It does not allow parallel misaligment 1 shaft musy

ihe ends of two shafts The holes in each fork coincide wirh
fasten the forks with cach other by the centre piece.

_is more, universal flexible coupling can ¥
intersect. Two similar forks are keyed on ¥
hole in the centre picce. Two perpendicular pirs



25, Clutches and Brakes

[in
(eF . y
!II‘ Uldllﬂﬂl*h f.ﬂupllng .
TOWJUQ .
Fiango . - /- lange (2)
?"7/%2 || il
Z
e ¥~ Dsc
(a
! (L)

Fig. 11.6 Oldham's coupling
When the axes of the shaft ure parallel but not in alignment
Two flanges, cach having o rectangular reces .
has rectangular projections (longue) on either
corresponding recesses in the flanges.
the intermediate piece which rotates o

12 CLUTCHES :

Oldham'’s coupling can be used 1o couple them
s are keyed one on each shaft The intermediate circular disc
side, al night angles 1o eachother These prujections fit into the

‘The power is transmitted from dnving shaft 1o dnven shuft through
s well a3 slides i the slots

The basic function of the cluich is 1o conuol the flow of mechanical power within a machine. The dnven
shaft can be started or stopped witliout stopping the prime moves

Clu‘rhl::

l I I I

Mechanical Electromagnetic Pneumatic Hydraulc

Positive contact clutches
A c.g.  Jaw clutch
Toothed clutch

Friction clutches

cp. Disc clutch
Cone clutch
Centrifugal cluich

L5

21 Friction Clutches : eti
The operation of friction clutches is based on the friction force developed berween surfaces of two clurcy

Members. When engaged. the cluich members tend (0 10131te 83 3 Fipglc unit but can ship under certain conditions
This type of cluiches can be engaged a1 high speeds willy mime-Aaock

Dise Clugcly -

This type of clutch has two flanges. On¢
*ith o material having high co-cfficient
Manze on driven shaft can move along | '
f1om the driving flange to dnven flange through
tlutches are used in automobiles.

each on driving shaft and driven shaft Onc of the flanges is Jined
of friction. The flange on daving shaft is keyed npdly while gy

he axis of shaft using a splined shaft. The torgue can be ransmitied

friction liming when they press vpen cach other. Sinz). disc

are used. They have more than ope drivine
=]

¢ idisc clutches
Whep large torque is to be transmitted. multidisc and

Ctiven plates and contact surfaces.
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Friction disc
4 Oparating |
Drivin Friclion disc poerng evor {Fodl Pacsy,

Operaling laver (Feot padde)

Spring
Spring

]

Q l _\
SD::::“E / J:ro ooaoo Driving
Driving Sphnﬂs Sha"
— Splines shatl
Driven flange SRR
(a) Engaged position (b) Disengaged position
Fig 117 Disc cluich
(2) Centrifugal Clutch :
Lining
Crrrr "//.////////’.v’p'//?
1Z
Spring —_ 7, o
A= | Spidor
/ = | ”
| ’///f>7‘//7‘]
, Lf////;zf/'-//'////‘cf L
T== -
Driving = : 7
ehall == 12 Z
— 7’
= )7
(i i r i F 7 P v o
| B
Rim of pulloy (driven maembar)
Fig. 11.8 Centrifugal Clutel,
Thus type of clutch is us -
e ):}cmmﬁo” A s;i:: ’t"Dm]r.'l;t tWo parts of a transmission afier q)e driving p; : ite
by rotation of dnv h: :m- o kd_".'“':lrd by the SPrngs und foreed A e uacey dcr"?h
m::d become gre: [:,,gls 1aft When the driving shaft attain cengp speed, 1} eutward due to centrifugal sctic!
which is lhc-‘dn“l\-::, than sbcm'ng force. The shoes are cngaged with 1}1;: i’rl::nc‘mm[“giII loree ki 8 =
member. ©r surface of the cylindrical drurt
(3) Cone Cluich :

I;: ioncdclulch. tr]:urq1: IS transmitted using friction be
shalt and extermal surface of anot . rfa "
by suifthle mechaniim, Cong Ihcr cone mounted on driven s)u The ¢ c¢ of one cone mounted on drivin
. 5 C * 4 - -
lo disengage utch can couple two shafrs Without exe One on driven shafi can move axially
' essive nx' - . It
il pressure but it is difficV

tween interny) su
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Driving shaft

Driving llango (A)

Spring

=— Driven flange (B)

Fig. 11.9 Cone Clutch

The brake is o frictional device whose primary function is to control the motion of a machine member. In
doing so, it is called upon to bring to rest, a bedy which is in motion or to slow it down or to hold it, in
state of rest. 1t is required to absorb kinetic energy of moving parts ot the potential energy of objects being
lowered by hoists, elevators etc. The classification of brakes is given below :

DBrakes
| I
Mechanical Electrical Hydraulic
Block brake
Bund bruke
Shoe brake (Internal o1 extemal)
N Block Brake :
Oporating lever

In this type of brake, blocks press against oulside
surfaces of a brake drum The brake drum is keyed onto
the shaft. A double shoe brake is shown in Fig. 11.10.
The spring pushes the upper cnds of brake anns together,
and thus the brake is applied. The lforce P at thlc end
of the lever is applied using a solenoid or mechanically.
This force overcomes spring force and drum starts
'olaling. When P becomes zcto, the Prukcs.\\'lll gel
engaged due fo spring force and brake 1S applied. S"EIT
brake 1 frequently used in hoisting muclun.cr}' ann)
brake dynamometer also uses wooden blocks for braking.

[ e
M
" \@?’ [ ok

I Bmka ﬂmm

Fulerum

Fig. 11.10 Block brake
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(2)

Shoe Brake :

Intemmal shoc brake is shown in Fig. 11.11. Each shoc is pivoted
at one end about a fixed fulecrum The other end rests againsl
the face of a cam. The outer surfaces of the shoes are lined
with friction material. To apply brake. the cam is operated by
some means, expanding the shoes This will press the shoes
agamst the inner rim of the bruke drum, braking the lorsional
moment of the drum. When the cam is not operated, the shoes
come 1o ongional “off” position by the spring force.

It is compact and its working elemems me enclosed and
prolected from dirt etc. by the drum This type of brake is
universally adopted for automobiles. External shoe brake 1s
similar to block bruke.

Band Brake :

Fig. 11.11 Shoe brake

In a band brake. a flexible steel band lined with fricuon material embraces a portion of C""C‘-““f':“““r"f
brake drum. When actuating force P is applied on the lever, the band tightens around the brake dn!m applying
frictional force. This type of bruke is widely used in construction equipment as well as in sutomobiles as hand

brake.
Operaling lever
Fulerum

Band I

K- Koy, S - Shaft

Ful'cru'n Opﬂfﬂ“ng

/ laver

[ » II)

(i) Simple band brake () Differential band brake

Fig. 11.12 Band broke

11.4 DIFFERENCE BETWEEN A CLUTCH AND A BRAKE :

p——

Clutch Broke

(1) It 15 used (o transmil .lhc motion and power of one | (1) Itis used to slow dm'-’lmrstc::p the motion of umcl_li_r;
machine member or pritne mover to another member. member ionof a

(2) Most energy is lmlmmticz! l'ro.m.onc member 0 | (2) The energy of the machipe member is dissipated in
another, but o linle s lost in fnction friction due 1o braking action mber is dissipa

(3) In an automoebile, the clutch normally remains in | (3) In an automobile, the brake po 1l ins in
engaged condition. disengaged condition rmally remal

(4) In machine tools, presses cic., the clutch normally | (4) In hoists, e brake nonmall ins i ed
rematns in disengaged condition. condition Y remoins in cngag

B
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what are the uses of coupling ¢

what is the difference between gy and split mufy coupling ?
What is function of coupling ? Nume onl i ; go i -
o connect two shafts, WY Vanious types of couplings. Explain uny one type of coupling used

How couplings are clossified 7 Wiy i split muff coupling 7
What is difference between rigid coy

pling and flexible coupling - i i ible couplin
S0 FE e 8 Aible coupling 7 Describe bushed pin type flexible coupling
Explain Oldman’s coupling with a peq sketcly.

Which (‘(‘ll..ll‘ll'lllg can be used 10 couple two shafls whose uxis intersect ? Give names of different parts of
this coupling.

What is the function of a cluteh in an

automobile vehicle 7 What are various types of clutches 7 Name the
clutch used i scooters und cars.

Differentinte between a coupling and o cluteh,

Classify the clutches and state the function of clutch used in
automobiles.

Wil a neat sketch, describe the working of o cone clutch
With a simple sketch explan the working of o disc cluich.
What is clutch ? Mention broad classification of clutches.
Explain the working of a centrifugal clutch with a neat shetch,

What is function of brukes ? What are different types ? Explain with neat sketch the wotking ol Inteomal
expanding shoe brake.

Explain with nemt diagram the working of internal expanding shoe brake.

What is function of brakes ? How are they classified ? Explain with neat diagram working of any one type
of brake.

What 15 brake ¢

What js clutch ? How it differs from brake ? When multiplate cluiches are used?
Explain with neat sketeh the working of a band brake.

Draw neat diugmmi of :

) Block brake (it) External shoc brake '
(OBJECTIVE TYPE QUESTIONS

Function of coupling is o , roth
() trangnry power [rom one rotating shafl to m

:_CJ control speed of u machine

Unctioy o ch is ta

fa) |l‘:msmi: ::}1;::::* :rum one rotating shaft 0 anotl
h.:J €onlrol speed of a machine

Uiction of brake is to

W) tranguiy power from one rofating shaft (0
) contyol speed of n machine _
Vhicy, one of (he following is not @ i
' Muff coupling (b) Flunge €21

er (b) control flow of mechanical power
(d) All of the above

wer (b) control flow of mechanical power
(d) nll of the above

another (b) contral Mow of mechanicnl power
(d) all of the nbove

i upling? ‘
BI:“:; I (c) Oldham coupling (d) Split murr coupling
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h

() Muft coupling
(c) Oldham coupling

—

-~ Which one of the following is not a flexible coupling?

(b) Bushed pin rype coupling
(d) Universal coupling

: ) # : ollowing coupling is preferred,
6. To connect on electric motor to 2 mechine directly. which one of the following P 4

{(a) Universal coupling
(¢) Oldham coupling

(b) Pin type flexible coupling
(d) Splir muft coupling

7. When two shafts are intersecting, which one of the following coupling 1s used?
{2) Universal coupling (b) Pin rype flexible coupling
(c) Oldham coupling (d) Spht muff coupling
8 Which one of the following is not a friction clutch?
(2) Disc clutch (b) Cone elutch {¢) Centnfural cluich
9. For high speed engagement between two shatts with minimum shock clutch is used.
(2) positive contact (b) frction (¢) (a) or (b) (d) none of above
10. Which type of clutch is used. when 1t is intended to engage the shafts after drving shafl attains certain speed?

(a) cone clutch (b) disc clurch (c) mulu disc clutch (d) centrifugal clutch
1. Nommally which type of brake is used for automobile®

(a) Internal expanding shoe brake (b) external shoe brake (c) block brake (d) band bruke
12. The clutch ordinanily remains in disengaged condition when it is used for power tnnsmission in
(June 2015)

(d) Jaw clutch

(a) Automobile (b) Machine tools (¢) Crane
13. The enerpy absorbed by brakes is released in surroundings in form of
(2) heatl energy

(d) Elevator

(b) kinetic energy (¢) polential encrgy
14. Which of the following clements is used to connect two shafts

(a) cluteh (b) brakes (¢) couplings
15. Plate type. Cone type and Centnfugal type are the types of
(a) Couplings (b) Brukes (¢) Clutches
16. A hydraulic coupling belongs to the category of
(2) power absarbing machines
(c) encrgy trunsfer machines
17. Following type of coupling has a centre block
(a) Flanged coupling (b) Protected fanged coupling
(¢) Umversal coupling (d) Mufi coupling
18. The fnction coupling does not contain following part.

(d) pressure enerpy

(d) none of above

(d) Gear drives

(Winter 2016)
(b) power developing machines

(d) enerpy gencrating machines

(a) Jaw (b) Flange (c) Fnction dise (d) Spring

ANSWERS
I. (3] z_. lh) 3- (c) 4- ‘C] 5- {C’) 6- ‘b, 7- (u) B_ (d) g (b} ID (d)
11. (@) 12 () 13 (2) () 15 @ 16 (¢ 17. (¢) 18. (a)

¢ b
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TRANSMISSION oF
B MOTION AND POWER

.TRODUCTION :

called ‘drives’. The drives are used
over to machine due to following reasons

| The prime movers (generally electric motors) have high speeds while the machines require a smaller
speed with larger torque.

The speed of driven member may have to be fre

quently changed whereas the speed of prime mover should
be kept constant for its use to the full advan

tage.

Sometimes, several machines are operated from only one prime mover e.g. group drive.
- Sometimes the machines are not coupled direct]

y to the prime mover shaft due to considerations of safety.
convenience and maintenance.

'PES OF MECHANICAL POWER TRANSMISSION ELEMENTS (MECHANICAL DRIVES) :

Mechanical Drives |

C | 1
( Transmission by Transmission by
meshing friction |
| 1 F—ﬁl—ﬁ"—‘i__ .
With direct With flexible With direct With ﬂex.iblﬂ
- ‘Ontant e.g. toothed connections contant e..g. friction connectpn
L and worm gears eg. chain drives drives - eg. belt dﬂn\_:_es\

Selecﬁon of drives is based upon following considerations :
nitude of power to be transmitted

Peeds of driving and driven shafts

Stance between the shafts

veral| dimensions
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glnee .
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12.3 SHAFT AND AXLE : )
hhaﬁs are. machine members mostly with circular cross- Pullg
section which support revolving parts of machine such as j y
pulleys, gears and flywheels. They are subjected to bending —
as well as torsional loads. An axle may or may not rotate
and supports revolving parts. It is subjected to bending only.
The part of shaft within the bearing is known as journal. [ m

Bearing

A Spil_ldle is a machine shaft that drives or supports either ||
a cutting tool or the workpiece on which machining is Gear
performed. The power transmitted by the shaft P (in Watts)
IS given by
2nN :
P O where, N = speed in RPM, T = torque in N.m.

1000 x 60
12.4 FRICTION DRIVE :

Friction drive is used for light load transmission between parallel shafts or between shafts with inIerschm
axes. The driving and driven wheel are in contact with sufficient pressure between them. The dn'ving Wheé
drive the driven wheel by virtue of friction between them. The friction wheels do not give a positive drive
and slip may occur for large power transmission.

Shaft

Fig. 12.1 Shafting

Driving
wheel

et =
|

]
bl
]

| Driven wheel

Driven
] wheel Shaft-2
Shaft-2 | Shaft-1
(a) Drive with parallel axes (b) Drive with intersecting axes

Fig. 12.2 Friction drive

If the friction wheels are assumed to operate without slip, the surface speed of both wheels will be equil

So, T[D|N| = T[D)Nz
N, D, (12.1

Thus velocity ratio is inversely proportional to the ratio of diameters.

There will be slip between friction wheels for transmission of large power. Instead teeth may be cut on the

: S i -
cylindrical or conical surface of the wheels to create positive action. The teeth of the wheels mesh and trans™
power. Such wheels are nothing but gears.

12.5 BELT DRIVE :
A belt is a thin inextensible band wrapped tighty over two pulleys which are mounted on shafts.
is one of the most common and effe.ctive means for transmission of motion from one shaft to anot
extensively used in mills and factories when the distance between the shafts is not very big.

Be][_dﬂ\f
her. It

The belt transmits power from the driving pulley to the driven pulley by frictional resistance be[“eeﬂ“ o

and surface of pulley. There is always possibility of some slipping between the belt and faces of PQ“.?-‘ v
the belt moves over pulleys. Thus the character of motion transmitted is not positive. Where positiv®
is required, gears Of chains should be used.
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Motion and Power

‘f of Belt

e O of the belt helps in arranging the shafts of
! ﬂ,1eiibiiymany pulleys. Flat belt drives can be djy;

12.3

the driving and driven pulleys in different manners
ded into the following.
in Slack side (1) Open Belt Drive :

In this type of drive, the shafts are arranged in parallel and
they rotate in the same direction.

Tight side

1]

=
# ]73 Open be]t dfive
g 12

| ! (2) Crossed Belt or Twist Belt Drive :

When the shafts are parallel but need to be rotated in opposite
| %Zﬁ directions, this drive is used. As the belts cross eachother, there

will be too much wear and tear. So this type of drive should
! ~— / be used for larger distance between the shafts and lower speeds
| }\{ only.
@

4 Crossed belt or twist belt drive

(3) Quarter Twist Drive :
. The shafts are at right angles and rotate in the same definite

'Q\ direction (Clockwise or anticlockwise). The face of the pulley
Sy

should be wide enough, not allowing the belt to leave the pulleys.

_._‘:i_

' fig 125 Quarter twist drive

% (4) Right Angle Drive :
It is used with shafts with axis making 90° with eachother and
where the type of arrangement shown in Fig. 12.5 is not possible.
It may also be used when reversible motion is required, i.e.
Guide pulley direction of rotation of shaft can be reversed.

.
124 Right angle drive

~ @, ,Driven shaft (5) Stepped Pulley Drive :
T This is used for stepped change (increase or decrease) in speed

of driven shaft for constant speed of driving shaft.

\ﬁ w, , Driving shaft
L

d 12.7 N L]
’ ®Pped pulley drive
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12.4
O Driven shaft (6) Fast and Loose Pulley Drive :
# This type of drive is used when the driving shaf rot
\ continuously but the driven is to be rotated ang Smpates
Working Idler pulley too often. There are two pulleys mounted 0r‘1 the driven
pulley shaft, a fast and a loose. The fast pulley is keyeg
the shaft while the loose pulley (idler) can rotate fl'ee:o
o, Driving pulley on the shaft. When the driven shaft is to be Sloppedy
the belt is pushed to the loose pulley with the help .
a lever. %
Fig. 12.8 Fast and loose pulley drive
I (7) Compound Drive :
This type of drive is used when several shafts are drivey
e # from one central shaft, as shown in Fig. 12,9 (g (b)
and (c).
(a) Multi pulley compound drive
> I
1 4
(b) Series drive l
(c) Multiple drive
Fig. 12.9 Compound drives
12.5.2 Types of Belts :
St I 0707 o/ _Tension element

........

There are basically four types of belts used. l_‘.;g._' ..... ot %%
Flat belt, V-belt, Ribbed belt and toothed s 4 X
(timing) belt. Flat belt and V-belt are the most (a) Flat belt (b) V - belt
widely used out of above types. The choice (Sectional view) (Sectional view)

among belt drives depends upon the factors
such as speed. reduction ratio, positive drive %
requirements, centre distance. load capacity etc. \—/—\_/—

(1) Flat Belts :
The main materials used for flat-belts are (c) Timing belt (Side view)
leather. rubber. cotton and balata. The flat Fig. 12.10 Types of belt

belts can give a greater speed reduction |
. ané

n of driven’
die

ratio and operate at greater speeds. They can also be crossed to provide opposite rotatio
driving pulley. These belts are available in form of long strap which can be joined to make it en
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2) V - Belts : . _ Its .
. : ts. The wedging
The V-belts are able to transmit higher torque at less widths and tensions thand'f}fltnlsz e flat belts
action of the belt in its groove enables the belts to be used on short centre dista
would have insufficient contact arc.

V-belts are available in endless form with standard lengths and cross—section. The belts are made from
fabric and vulcanised rubber with a cotton or nylon cord tension elements.

(3) Timing Belt : . - ‘ o
They are molded endless flat belts with regularly spaced teeth formed on one side. Drives using tl;nnl]lg
belts incorporate the positive action of a chain and sprocket drive with most of the advantages the
other types of belt drives. There is positive tooth and groove engagement of tl_]e belt without slip, CI;E‘I?P
and speed variations. So there is precise synchronization between driving and driven .elements. These el t;
can also be used for power transmission with high efficiency. They are available in endless form wit
wide variety of standard lengths, widths and pitches to choose from.

2.5.3 Velocity Ratio of Pulleys :

Let D, and D, be the diameters of the driver and follower pulleys respectively. Let Ny and Nz denote their
speeds in revolutions per minute (or second).

Surface speed of driver = DN,
Surface speed of follower = nD,;N,
Assuming that there is no slip,
Surface speed of driver = speed of belt = surface speed of follower.
or, TDN, = nD,;N,
N, _ Dy

N, - D, (12.2)
Above equation is true for open as well as crossed belts but sense (direction) of rotation is the same for open
belt drive pulleys while opposite for crossed belt drive pulleys.
If we take into consideration the thickness of belt ‘t’,

N2 _ Dl +t

N] - D2+t (12.3)

For the compound drive shown in Fig. 12.9,
N, Dy Ny _ Ds

N, - D, ™ N, =D,

Ny N» D3 Dy
Ny N, ~ D, “ D

But N, = N; as both pulleys are mounted on same shaft

Na _ Dy Ds
N, X

= By D, (12.4)

12.5.4 Slip and Creep in Belt Drive :

Motion of belt is achieved by virtue of friction between the surface of the pulley and belt.
amount of slip between them when power is being transmitted. Slip of about 1.5 (o 2
hormal conditions.

But there is some
percent is present under

Creep is a phenomenon caused by thF elasticity of the belt material. The belt is stretched more on the tigh
side than on the slack side. Due to this, the length being received and being delivered by a pulley is diff, ]‘a‘ !
This phenomenon is called creep. ; crent.

In practice, the combined effect of slip and creep is called slip. The value of slip should not exceed 3 p
: 3 percent.
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I ———eering

The equation fo the ¢

Conside

- . T CcOmes
atio of speed of followers to speed of driver beco

N: - D100 ‘
N, 7 D, x 100 (s = percentage slip)

A | N> _ Dy+t 100-5s
rng thickness of belt as well as slip, 'l = Ds 4t X100 ”2.5J

12.5.5 Pulleys -

The pullevs for tr
have the tollowi

(1)
(2)
(3)
(4)
(5

The material of construction for pulleys are :
(1) Cast iron (2) Fabricated steel (3) Wood
(4) Wood rim and cast iron centre and (5) Paper
rm and cast iron or steel centre.

Fig. 12.11 shows a pulley for flat belt drive.
The main parts of pulley are hub or boss, arms

ansmission of power should
ng qualities :

Ability to absorb shock

Strength combined with low weight
Ability to conduct heat

Minimum ajr resistance

Smooth surface for low belt wear

Crowning

Fig. 12.11 Construction of pulley

or b and rim.

(1)

(2)

(3)

Hub :

It is the central, hollow cylindrical portion of pulley. The bore on the hub corresponds to the diameter

of the shaft on which it is mounted. A keyway is provided to fasten the pulley to the shaft with the
help of a key.

Arms :

They join the hub and the rim of pulley. The
circular or elliptical. Pulleys with smaller dia
joining hub and rim.

Rim :

It is the periphery of the pulley on which the belt runs.
which is called crowning. The crowning keeps belts from

y may be straight or curved and the cross section may be
meter are provided with a rib which is like a circular disc

The outer face of the rim is made slightly convex
running off (come out) when pulley is misaligned

12.6 CHAIN DRIVE :

A chain drive consists of an endless chain running over
two sprockets — driver and driven,‘ It Pr().\’ldt.?.s positive
drive but can not be used where precise timing is required.
The alignment of the shalh must be more accurate than
belt drives. Chain drive is gepcrull_y usgd for I(.w./ .und
medium ,s.peed service. Chain drl\:'Cﬁ find wide applications
in agricultural machinery, hlcjyclcs. motor cycles,
conveyers and transport mechanisms.

Advantages of Chain Drive :

(1)

loyed both for relatively long or shorn
-~ Ee terl":{‘)cﬁ The centre distance may be as large
centre distances.

as 8 metres. Fig. 12.12

Chain link
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() It is small and compacy g compared to flat belt drive.

ney of 98 14 99 perce
) It is possible to transmi pow

(3) It can have efficie nt under ideal conditions.

er to more than one shafts with the help of one pulley only.
pisadvantages of Chain Driye .

(1 Due o wear of chain joings, the ch

am gets [ T . . i -

)y The production cost is re|

(31 The operation is noisy

atively high

41 It requires more amount of servicing, maintenance and repairs as compared to belt drives.
(5) Its design is more complicated than belt drive.
Roller chains. bush chains and silent chain or

. . : ' i for
O inverted tooth chains are the main types of chains used
: smission.

po\\er trans

d for low and medium speed service whereas the silent chain
th and quiet action.

Previous two types are use
is used for high speed ratios due 1o its smoo

27 GEAR DRIVE :

Use of the gear drive is advisable in following conditions :
(1) Shaft centre distances are short

(2) Constant speed ratio of shafts must be maintained

(3) Shaft speed is too slow for belt drive
(4) High torque must be transmitted

Toothed gears make it possible to drive shafts which are
intersecting. Positive, no—slip drive is the most im
and. to some extent, chain drives.

parallel, intersecting or which are non—parallel non-
portant single characteristic of gear drives compared to belt

Many different forms of gears are used. Some of them, most commonly used are :

(1) Spur gear (2) Helical gear
(3) Bevel gear (4) Spiral gear
(5) Worm and worm wheel (6) Rack and pinion

27.1 Spur Gear :

Spur gears have teeth parallel to the axes of the gears. They operate on parallel shafts. The teeth are cut
in involute shape. The material of construction may be cast iron, cast steel, bronze, fiber or synthetic plastic

Material. Spur gears are used in a wide range of articles — watches, machine tools, gear boxes in automobiles
etc.

Spur gears are the most common type of gears and their advantages are simplicity in design, economy of
Mmanufacture and low maintenance. Only radial load acts on bearings, thrust load is absent. Spur gears are
generally known as slow speed gears as noise is a problem at higher speeds. Internal gearing may be ysed
10 reduce centre distance between driving and driven shafts related to gears (Refer Fig. 12.13).

Det'mitions :

1) Pitch Circle Diameter (Dy) : It is the diameter of a cylinder which by pure rolling action would produce
the same motion as that produced by the toothed gear under reference. lp case of spur gear, this represents
the diameter of the cylinder which the gear has replaced.' (The‘ meshllng gears may be thought as two
friction wheels in contact whose diameters are equal to pitch circle diameters of gears with addendum
added to them and dedendum deducted. The definations may be interpreted with reference to this.)

(2) Pitch Surface : It is the surface of the disc which the toothed gear under reference has replaced.

(3)

Pitch Point . [t is the point of contact of pitch circles of two gears in mesh,
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. -, i nee ul“" lhl‘
(4) Circular Pitch (p,) : It represents e lh‘g'ulicccnl tooth.
pomt of a tooth 1w a corresponding point off T . siven by
of pitch circle diameter d, having no. of tooth Z1s ¢ )
nh,
P
7
(5) Diametral Pitch (p,) : It is defined as pumber of tooth pe
A
I\d =
D,
(6) Module (m) : It is the length of pitch diameter per tooth.
D,
ms= —
() Addendum : The height of a tooth above the pitch circle is termed as addendum.
(6) Dedendum : The depth of a tooth below the pitch circle is referred to as dedendum.
(7' Clearance :

Difference between dedendum and addendum of a tooth is termed clearance.

Basic Mechanical E"Bine

| I /N
—— { the pitch circle, frop, 2

[ erence O
circumference |

Thus. circular pitch p. for 4 Spur

g

¢ unit pitch diameter. Thus,

Addendum circle

Pitch circle
Dedendum or
root circle

Center distance

Geometry Relations :

Module, m = PZE where, 7 =

_ _ Z
Diametral pitch, py =
D,
) nD
Circular pitchp. = ==

Z

om

So, popg =1

eatre distance hetween pair of gears

D, + D, mZ; + mZ,
2 2

m

- (7 + /)

Fig. 12,13

number of teeth on gegr

:_‘.“F
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.2 Helical Gear :

Helical gears are gears in which the teeth are inclined to the axis
in the form of a helix. They are used for
non-parallel, non-intersecting shafts.

of the shaft and are
parallel as well as

The main advant
wo mating gears is gradual, not sudden
climinates noise but more lubrication is
action between the teeth. The sliding actio
along the shaft upon which the gear is mount
must be provided to accomodate it.

Double Helical Gears (Herrin
counteract the thrust set up b
in speed reducers.

age of helical gear is that the contact between
as in spur gear. This :
required due to sliding L
n also produces a thrust
ed. So a thrust bearing

— =t

_E':

3 S A 3—

(a) Single
helical gear

(b) Double
helical gear

Fig. 12.14 Helical gear

gbone Gears) have two sets of spiral teeth cut in the gears. Each‘set of tooth
y the other and thus no thrust is produced. This type of gear is particulary used

The motion in helical gear is smoother and quieter than spur gears. So they can be used at higher speeds.

7.3 Bevel Gears :

Bevel gears are used to connect two intersecting
shafts. Bevel gear is essentially a truncated cone
upon the sloping face of which teeth are cut to
give positive action. The teeth are tapered in
thickness as well as in height. Bevel gears are
not interchangeable and must be made in pairs.

When the angle between the intersecting shafts
is 90", the two gears have same numbers of teeth.
These bevel gears are known as miter gears.
For the angle other than 90° of the shafts, they
are called angular bevel gears.

.74 Worm Gears :

Worm gears are actually a special case of spiral
or helical gears where in the shafts do not
intersect and make 90° angle between them. This
tvpe of gear can give very large speed reduction
N a compact space. So it is widely used in
machine tools like lathe drill, milling etc. to get
large velocity ratio.

The teeth of the worm are similar to threads on
4 screw. The velocity ratio in worm gearing
depend upon the ratio of number of teeth on
the worm gear to number of threads on wormi.
Generally the helix angle of the worm is so small
that the gear can not turn the worm. This self—
locking feature of this mechanism is used to

advantage in case of worm-gear drives for
hoisting mechanisms.

—

1. Outside diameter 2. Pitch diameter 3. Dedendum (large end) 4. Addendum
end) 5. Root ange or Cutting angle 6. Pitch angle 7. Tip angle or Face
8. Face width 9. Back angle

(large
angle

Fig. 12.15 Bevel gear

=— Shaft-1
L \\ Worm
¢ \
’: Worm
] % wheel
1 1
| I
\\ i
\ [l
\
\ ’
~ /, Shaﬁ-?
~ -

Key b

Fig. 12.16 Worm gear
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l““h‘-‘ mechanism, the smaller gear is known as pinion and the
l"kk__l\as 4 senes of teeth on a straight line. The rack can be
:;;:;ti:ﬂrf:’l:c -‘Pl" gear o_l' inﬁ‘ni.ic. radius. Thl\ mcchz.mism‘

] * e circular motion of pinion to rectilinear motion of
rack and vice-versy Machine tools like lathe, drill, planner etc.

hllcﬂ With rack and pinion mechanism to convert rotary motion
1 rectlinear motion,

12.7.6 Power Transmitted by Gearing :
If losses due o
driven shaft is
let. F= driving (tangential) force at pitch line (in Newton)

Dr_» diameter of pitch circle (in meters)
V = velocity at pitch line (in mvs)
N = speed of gear (rp.m.)

The power transmitted (in Watt)

effort applied to the driver x velocity

FxVv

F X nD,N
60

F x rD,N
P= —c0000  (in kW)

friction are neglected, the power output at the
equal to power input at driving shaft.

[}

]

12.8 COMPARISON BETWEEN BELT, CHAIN AND GEAR DRIVE :

Basic Mechanical [-_',,m.""r.
—

Fig. 12.17 Rack and piniop

(127

Belt Drive Chain Drive

Gear Drive

=

1. Power transmission takes place Power transmission take place by | 1.
by means of frictional resistance, progressive engagement of chain
so slip is always present. The link and sprocket teeth. The
efficiency of drive is low. efficiency of drive is 98 to 99%

- ¢« under ideal conditions.

2. Alignment of driving and driven | 2. Alignment of driving and driven 2
shaft is not very critical. | shaft is very much necessary, but |

not as critical as gear drive.

.

3. It allows considerable flexibility | 3.
to designer in location of driving |
and driven member. 1

4. It can be used for large centre |4. The centre distance can be as large ‘ 4.
distances in location of driving as 8 m. “
and driven member. ‘

|
It is simple in construction and | 5.
cost is somewhere between belt |
and gear drive.

Its design is more complicated than | 3.
belt drive.

5. It is simple in construction and | 5.
cost is less.

6. ration is quieter. It can absorb 6.
glp:ck loads and damp out
vibration on account of longer
lengths and elastic properties. |

7. It can be used for lighter loads | 7.
only.

Its operation is noisy:. more so | 6.
when the chain joints wear out |
with time.

It is used for intermediate loads. 7.

Power transmission is by means
of progressive engagement of
teeth. So, velocity ratio is almost
perfectly maintained.

Driving and driven members
should be aligned preciselv.

It allows very less flexibility for
the same.

It is used for shorter cenir¢
distances only.

Its cost is high because man
facturing of gears is comple’

Due to error in manufactunts
drive may become nont
accompanied by vibration &l high
speeds.

- . ge 0l
It can be used for wide rangt ;
transmitted power. from one €
of a kW to tens of thousand*
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. Service life is short. 8

Service life is short, Requires more | 8. If lubricated and operated
maintenance, repairs and service. properly, they have very long
f belt d service life.
Failure of belt does not cause ) ' '
further damage to machine. 9. Failure of chain does not cause | 9. Failure of gear may lf_ausc severe
d as first drive j further damage to machine. breakdown of machine.
1s usea as S rive in . .
xl:-.m.ﬂnissi““- 10. U.sed in agricultural machinery, | 10. Used in machine tools, gear
bicycles, motor cycles, conveyers boxes etc.
| et
' EXERCISES '

Differentiate between individual drive and group drive

What are the factors affecting the selection of drives. What are the different types of mechanical drives ?
What are main elements of power transmission ? Mention them.

Write a short note on : Types of belt drive

With a neat sketch describe open belt and cross belt drive,
Draw neat figures of any four types of belt drives.

Explain with a neat sketch the working of fast and loose pulley.

Stte the different types of pulleys used in power transmission and define velocity ratio of pulleys.
What is rider pully ? How does it work ?

Explain different parts of a pulley with a neat sketch.
Write advantage of chain drive over belt drive. Draw neat sketches of simple and compound gear train.

State the (i) applications (ii) advantages and (iii) disadvantages of
(a) Rope drive (b) Chain drive (c) Gear drive.

Explain with neat sketch : simple and compound gear trains.
Describe any three types of gears in short.

Define following for gears :

(1) Clearance (ii) Pitch circle diameter (iii) Module

State the application of following gears :

(1) Helical gear (ii) Worm and Worm gear (jii) Rack and pinion.

((OBJECTIVE TYPE QUESTIONS )

Drives are used instead of coupling.
(a) due to different speeds of prime mover and machine (b) to facilitate group drive

(c) due to safety, convenience and maintenance (d) all of the above

Shaft is subject to

(a) bending load only (b) torsional loading only

(¢) both bending and torsional loading (d) neither bending nor torsional loading

Axle is subject to . ‘

(@) bending load only (b) tor-smnal loafimg only

(¢) both bending and torsional loading (d) neither bending nor torsional loading

When two shafts are to be rotated in opposite direction drive is used.

(a) open belt (b) crossed belt . (c) stepped pulley (d) Fast and loose pulley
When shafts are at right angle drive is used. _

(@) open belt (b) twist belt ‘ (c) quaner_twnst ' (d) stepped pulley

When driving shaft rotate continuously but driven shaft operates intermittently drive is used.

(@) open belt (b) quarter twist (c) Stcppeld pt'mcy (d) fast and loose pulley
When several shafts are driven from one central shaft drive is used. |

(@) stepped pulley (b) fast and loose pulley (_c) compound drive (d) twist belt

O transmit power through long distances belt is used.

(@) flat (b) V (c) timing (d) b or ¢
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* I ran; . . -di apacity
N u“‘d\”m POWer from electric motor 1o reciprocating compressor of small and medium capacity be,
@) g , ( . )
10, Whiep, typ (h) V () timing @ none of the g,
: Coof h[.“ h' I . '| . . T |” weancy?
G flag as highest transmission ethiciency” ot .
1. Speeq of ' (b V (c) timing (d) (a) and (b) by
) Machine ¢p; . s varied in ctapme i .
(a) sal; pindle can be varied in stepped using - .
i3 '1 ‘ solid pulley (b split pulley (c) speed cones (d) guide pulley
;“:k'c'\ Pulley iy used 1o \
A Increage o i
(c) (“:I::’N; AIC of contact (b) produce more tension in belt
13. Chain dtri\( . (~h) both (d) none of above
(1) low Coused for speed services. ‘
14. Friction gri (b) low and medium (¢) medium (d) high
(a) light fves are used for load transmission. _ hes
IS. Spur b\. a (b) light and medium (c) medium (d) cavy
@) i b_;f‘r have teeth to the axes of the gears. (Dec. 2015, Summer 2015,
16. Helj ?LI thed (b) perpendicular (c) parallel (d) any of the abgy,
fas ph 8¢ar have teeth 1o the axes of the gears.
17 inclined (b) perpendicular (c) parallel (d) any of the above
’ se\'e] 8¢ars are used to connect shafts.
18 (“” Paralle] (b) inclined (c) intersecting (d) any of the abgy,.
. hich one of the following gear has self-locking feature?
19 (@) bevel gear (b) spur gear (c) Helical gear (d) Worm gear
) can be used to convert rectilinear motion in circular motion.
(a) RQCR and Pinion (b) Worm gear (c) bevel gear (d) helical gear
20. Function of idler gear is to obtain direction of rotation for driver and follower.
21 ;a) same (b) opposite (c) any of (a) or (b) (d) none of above
- Idler ____ velocity ratio.
(a) increase (b) decreases (c) does not affect (d) (a) or (b)
22. To obtain ______ velocity ratio, compound gear train is used.
(a) lower (b) higher (c) same (d) none of the above
! g
23. Belt drive provide flexibility compared to gear drive.
(a) more (b) less (c) same (d) can’t say
24. When driving and driven shaft are at comparatively larger distance apart, the type of drive suitable is
(June 2015
(a) Gear drive (b) Belt drive (c) Friction drive (d) Chain drive
25. In a simple gear train having two gears , if driving gear rotates in clockwise direction then driven gear rotes
in (June 20151
(a) Clockwise direction (b) Anti clockwise direction
(c) Depend on size of gear (d) depend on no. of teeth
26. Belt drive provides flexibility compared to gear drive.
(a) more (b) less (c) same (d) can't say
27. An open belt drive is used when (Winter 2010
-hafts are arranged parallel and rotate in the opposite directi
(a) shafts are arranged parallel and rotat he opposite directions
(b) shafts are arranged parallel and rotate in the same directions
(c) shafts are arranged at right angles and rotate in one definite direction _
(d) driven shaft is to be th:jrtc;d or stopped whenever desired without interfering with the driving Sh'-;'l; >
. - ar is speci inter -
size of gear is specilied by _ _ (Win
28. ;]:;en:mhcr of teeth (b) pitch circle diameter  (c) pressure angle (d) none of above
. ars 4 also known as gears
le helical gears arc d - . . ‘
2% ([)‘)’U}:’:Vd pears (b) Worm gears (¢) Harringbone gears (d) None of above
d o
: ANSWERS :
2. (¢) 3. (a) 4. (b) 5. (¢) 6. (d) 7. (¢) 8. (a) 9. (b) 10. :»1
L= (€) 12. () 13 M@ 150 160 @) 170 18, () 19, 0 20"
11. (¢) 22 (h) 23 24.(d) 25 (,'3,’ X 26. () 27..(b) 28 (b  29. (©
e® % %

21. (<)

’




) ENGINEERING MATERIALS

To cater various needs of engineering, for different assignments, often processes are done on the materials.
Such materials are calleq engineering materials, Success

of engineering projects greatly depend on proper
erials for various components/equipments.

1 CLASSIFICATION OF ENGINEERING MATERIALS :
Engineering Materials are classifi

selection of engineering mat

ed in two categories (a) Metals and (b) Non

—metals.
(a) Metals : A meta] 1s defined as

- are non-ferrous metals.

(b) Non-metals : Materials such as timber, plastic, glass, are considered as non-

metals.
Sometimes, available pure metals

Is obtained by mixing or
has properties of metal.

do not possess all the required properties for certain

application. Then “alloy”
melting together two or more metals. Thus alloy is a combi

nation of elements which

2 PROPERTIES OF METALS AND ALLOYS :

of the important physical, mechanical. chemical, electrical and other Properties of metals apg allovs
%€ 10w described.
b Physica) Properties

Pfopenies of the material which describes it in absence of external forces are calleq
3

physical properties Caoloyr.
(Sensity, melting point, lustre etc. are physical properties.

;.;COlour * Metals have specific colours which differentiate them frnlm nne-z'in()[her. Gold uqd brass are vellow
in colour. Copper is reddish-brown. Alumil?ium. Mercury. Tin, Nickel, Silver are white in coloyr, Alln_\ing
elemenyg Mmay change colour of base material.

A e SN R N 2
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. Basic Mechanical p;p i
———— N R n'.ﬂnk
(e metals which have highe, My
sy
r than ulumim.,:"
t

Density N
wndt " * Mass per unn volume s called density of the matenals
Y N . ) o | s
= alIme are generally referred as heavier metals Since density of copper s highe
vOmpparrg - s . i
paratively copper v sand o be heavier than alumnium

\.\‘[ i ¥ . . : .
\ “l\':; Point @ Melung point is an important property when metals are subject to high temperatures, “‘Ptnd
on . N y ‘ : . L . . ) |
I[ \ | requirements metal with suitable melting point is to be used. For example in boiler for fusible pln
OW me > A i ol |
tng point metal like lead is used. While fire tubes or water tubes are made from metals Which 0
Cﬂn

b
Vithstand high temperatures like steel.
Lustre : ;
Ity ability of metallic surface 1o reflect light.
Y M
13.2.2 Mechanical Properties :
Properue > ‘ | I
Th perties ot the material which describes it under action of external forces are called mechanical Propery,
! ‘“h properties are related to the strength of the metals, Strength, Elasticity, Ductility, Plasticity, Malleabiln\
W " Nl . ‘ . !
oughness. Stiffness. Brittleness, Hardness, Fatigue ete. are some of the important mechanical properie, )
metals. w
The knowledge of mechanical properties of material is essential for manufacturing any product, as every Materiy
undc"S_t\t'\ external forces during the process of manufacturing. They also determine service life of the prody
when it 1s subjected 10 the work. |
he mechanical properties can be determined experimentally in the laboratory. Before starting with varig,,
mechanical properties we will shortly recall the concepts of stress and strain.
Stress : It is the internal resistance set up in a material against deformation due to application of extemy

force.

Load (_P;)

Area (A)
Strain : It is the change in unit length of the material due to application of external force.

Stress (o) =

Change in length (A/)

Original length (/)
Ability of a metal to withstand external forces is measured as strength.

Strain (£) =

Strength :
Elasticity : It is a property by virtue of which metal regains its original size and shape after removal of extern:
load. It is measure of resistance to permanent deformation. Material possessing this property is known as elasti
material. According to Hooke's law within elastic limit, stress are proportional to strain.

oocE; o= KEe
Here. E is constant of proportionality, known as Young’s modulus or modulus of elasticity.

Ductility : It is a property by virtue of which metal can ungergo considerable plastic deformation before fractur
The property is very important for the metals which are used for drawing metals in to wires. Iron, CUPP‘:
Aluminium. Nickel, Zinc, Tin and Lead are ductile metals. Ductility can be measured by fixing a n1ef~h§'ll"_
specimen in tensile testing machine, applying load till it breaks and measuring the length/area after failur
Plasticity : It 1s d property by virtue of which metal can be deformed in to desired shape. If lht_‘ “p?l.“
load is beyond the elastic limit. metal can not regain its original shape and size and permanent dehf““f“f‘{
’ The state of the metal is called plastic state. The property allows to shape metals in solid st

will occur.
the

Malleability : 1t is a property by \ll.‘luc of '\A.'Ihich nlclu! can hc. hammered or rolled in to thin sheets %!

rupturc. Gold. Silver. Alummium, Copper, Tin, Lead, Zinc, Nickel, and lron are malleable metals.
el

‘ cred

Toughness :
If a metal ha
with increases 11
freight car couplings, €t

It is a property by virtue of which metal is able to withstand torsion or bending without 11
pood ductihty and high elastic imit, the metal will be tough. Toughness of a material de
in temperature. 10 1S an important property in materials used for gears, chains. crane

vibrating parts of machine.

hpt‘
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13.3
iffness = U is resistance offor. |
S(lm‘ Sirve: bElow ral. L ul'tqul by the material 1o deformation below the elastic limit
strain cu ‘ clastic limp Eves aindication of the stiffness of the metal
Brittleness : It is 4 Property of the meal which makes |
metal possesses h.:hscr toughness ang lacks ductiliry, Brittley
is an example of briule metal. :

Hardness : It is a measure of i

The slope of stress

o crack and break under sudden load, A brittle
tess and ductility are opposite properties. Cast iron

| sistance offered by a metal 1o surface penetration by other metals/materials.
: cIUas a resistance atlure o

Fat:g“e I CSISTANCE 10 failure offered hy (he material under repeated application and removal of the

load.

:Itis gradual plastic f - | b

Creep It is gradual plastic flow (permanent clongation) of 4 metal induced by combination of steady stress

and high temperature.

Impact strength : It i capacity of m

: ' _ aterial 1o resist or absorh
1o brittle matenial, ductile

material posse
Reflll(;;'ft : The ILd]':'acny of mate absorb energy when tensile or compressive load is applied upto elastic
pit. On removal o ?h'" qud..thc Mmatenial gives off the stored energy. It is capacity to resist shock and impact
loads. The property is essential for spring materials.

shock energy before it gets fracture. Compared
s higher impact strength.
rials to

2.2 Thermal Properties

e

quired (o raise tem

al constant pressure (c,) or constant volume (¢

perature of unit mass of

a substance by one degree
v) is termed as specific heat. The unit of specific heat is kJ/
ke K. Mathematically specific heat,
. Q
C =
m - dt
where, ¢ = specific heat of the solid,
m = mass of the solid,
Q = heat input
dt =

change in the temperature.

Specific heat is an important property for processes such as casting and heat treatment.
Heat capacity : The amount of heat required to

produce a unit temperature rise is termed as heat capacity of the
Material. The unit of Heat capacity is kJ/K.
Q
C=—
dt

where, QQ is the energy required to produce a temperature change of dt.

Thtrmal expansion : Almost all materials expand on heating and contract on cooling. This phenomenon iy
Called thermal expansion. The rate of change in unit length of material with unit rise o

I temperature js termed
4 coefficient of thermal expansion().
1 dl
T
Where, ¢ _ change in length
dt = change in the temperature, and
[ = length of the material.
Thermalc

. ich heat tlows through the matenal is known as therm
. The case with which heat (1o

onductivity : The case W ime through umit cross sectional
fepresents the umn{ml of heat flowing per unit time through echiona

al conducryy iy,
- celement 1S unity,
“Mperatyre difference between two end surfaces ol the

arca ot the element When

-



13.4 Basic Mechanical E"gip.
8

Thermal L‘Undllk‘!i\'il_\' decreases in following order
Metals — Non metals — Liquids — Gases
Metals > Alloys — Semiconductors — Dielectrics

he heat is conducted both by lattice vibration and transport of free electrons

13.2.3 Electrical Properties

Properties which indicate response of materials to flow of electric current are known a5 electrica Pmpeme\
R.esistivit_\' : The property of the material to opposes the flow of current th.roughbn 1; deﬁneq as I‘esistivi[\
of material. Unit of resistivity is ohm-metre. Resistivity of a material is given by the equation, )

A
) —
Q=R N
where, R = Resistance in ohm
/" = Length, m
A = Area, m?
Q = Resistivity, ohm-m
ctrical appliances, while low electriy

A high electrical resistance are required for heating elements of ele .
aterials like rubber, bakelite, micy ¢

resistance is recommended for long distance transmission lines. The m
process high resistivity.
Conductivity : It may be defined as the flow of electric charge in the material. In other terms it is the reciprogy

of resistivity. The unit of conductivity is ohm™'-m~" or mho/m.

I [

c=— = —
R A

Q

The metals like silver, copper, aluminium etc. have high conductivity.

13.3 METAL :
The development and advancement of societies have been intimately tied with the developments in the field

of materials. Metals have played a key role in transforming the life of human beings. Metals are the most
common material and have largest share in engineering applications. Right from needles to aeroplanes, and
chips to missiles to satellites, everywhere metals have marked their presence.

Metals are grouped into two classes — Ferrous and Nonferrous. Ferrous materials include cast irons and steels
Nonferrous materials have a long list of aluminium. copper. tin, lead, etc. and their alloys. Cast irons and
steels account for about 90% of the world production of metals, which is mainly because of their combination
strength, ductility, hardness and toughness at relatively low cost.

of good
Ferrous alloys are produced in larger quantities than any other metal type. They are especially jmportant &
fabricating and construction materials. The reasons behind their wide usage are :

3 1 - / i . . +he "’]
They are extremely versatile and by giving proper treatment a wide range of physical and mechanicd

(1)

properties can be developed.
(2) Their raw-materials are abundantly available within the earth crust.
(3) Iron and steels can be produced economically.

The main disadvantage of many ferrous alloys is their susceptibility to corrosion.
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14 CLASSIFICATION OF METALS :

\letals can be classified as follows.

Metals

I

Fe rrlou.\'

| ] 1

- ron Wrought iron  Cast irons (C.I.) Steels

Non ferrous

e Cu & its alloys
e Al & its alloys

e 7Zn & its alloys, etc.

I I L
orav - White Nodular or  Malleable
Cl C.I1.  Ductle C.I. C.L
|
Low alloy steels
[ | I ]
Low carbon Medium High
steels carbon steels carbon steels
lain - High strength  Plain Heat
low alloy treatable

|
High alloy steels

—— [ T

Plain Tool steels Tool steels

3.5 PIG IRON :

Heat resisting steels

|
Stainless steels

The metallic products from a blast furnace is known as pig iron or molten metal. It is the basic raw material
for all ferrous products like cast irons, wrought irons, and steels. The raw materials required for production

of pig iron are iron ore, coking coal, and flux.

Pig iron contains carbon, silicon, phosphorous, manganese and sulphur as the main impurities. The total amount

of these impurities could be upto 8% by weight.
Composition :

Carbon 35-42 %
Silicon 05-25 %
Manganese 05-15 %
Phosphorous 004 - 10 %
Sulphur 0.04 - 0.10 %
Iron Remainder

3.6 WROUGHT IRON :

It is the most refined form of iron with very small amount of slag.

Composition :

Carbon 0.02 - 0.03 %
Silicon 0.10 % maximum
Manganese 0.02 % maximum
Sulphur 0.01 = 0.02 %
Phosphorous 0.05 - 0.20 %
Slag 0.05 - 1.50 %

Iron Remainder
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fatigue resistance d.nd COMTOSION resigyy,
g hooks and chains.

which improves strength,

The wrought 1ron has fibrous structure : b
as used for makin

. s . N Ml J
of iron. It is highly malleable and ductile and w

Mechanical properties :

Tensile strength 3400 — 3500 kgfem*
% Elongation 20 - 30 %
% Reduction of area 35 -45 %

At working temperature, it becomes very soft to take desired shape under hammer, press etc. It can Neithe,
be hardened nor tempered like steel. It can be joined by welding.

Applications : Hooks, chains, blast plates, drainage lines, sludge tanks, condenser tubes, heat exchangers, acig
and alkali process lines, railway coupling, exhaust pipes, underground services clc.

13.7 CAST IRON

Cast iron is an alloy of iron and carbon in which carbon content varies between 2.0 to 6.67%. However, Mog,
cast irons contain 2 to 4% carbon and 1 to 3% silicon. Sulphur, phosphorous and manganese are other elemeny,
present in cast iron.

Cast iron is a brittle material. Because of its poor ductility and malleability, it can not be forged, rolled, extrudeq
drawn, or pressed at room temperature. Most of the cast irons are not malleable at any temperature. Becays
of its relatively lower melting point, cast iron can be easily melted and casted into the required final shape
and size. Since casting is the only suitable process applied to these alloys, they are known as cast irops

Cast irons have following advantages over steel and other materials.

(1) They have superior casting properties such as high fluidity, moderate shrinkage, casting soundness, higher
yield and ease of production.

(2) They have very good of strength and hardness.

(3) They possess very high compressive strength, about 3 to 4 times that of their tensile strength.
(4) They are easy to machine.

(5) Proper alloying can develop good wear, abrasion, and corrosion resistance cast irons.

(6) They are least expensive because the raw materials used are relatively cheaper.

But cast iron have relatively poor impact resistance and ductility.

Cast irons are widely used due to their comparatively low cost and versatile engineering properties. Carbon
in the cast iron exists in the form of either cementite or graphite. Cementite imparts a specific light colour
lustre to the cast iron surface while graphite imparts gray colour to the surface.

13.7.1 Gray Cast Iron :

In gray cast iron, carbon is present in the form of graphite flakes. Because of the presence of these graphit
flakes, a fractured surface appears gray and hence it is called gray cast iron. The presence of free graphiles
can be seen while filing or machining of gray cast iron. As it makes hands black or gray.

Gray cast iron is a very important engineering material because of its low cost.
Composition :

Carbon 25-38 %
Silicon 1.5-30 %
Manganese 05-10 %
Sulphur 0.06 — 0.25 %
Phosphorous 0.10 - 0.90 %
Iron Remainder

In addition to carbon, silicon has a great effect on its structure and properties



. 13.7
F,,g;neering Materials

important features of gray cast iron are gg under :

(1) 1t is comparatively weak and brittle in tension because of the presence of graphite.

- . X A , X o is 3to5
() Its strength and hardness are much higher under compressive loads. Its compressive strength
times more than that of tensije strength,

) It has excellent vibration damping capacity.

o

(.
(4) It has high resistance (0 wegr.

(3) It has good corrosion resistance.

(o) It has excellent machinability,

Drawbacks of gray cast iron :

It has low impact resistance and poor ductility.
Mechanical properties :

Ultimate tensile strength 120 — 350 N/mm?

Compressive strength 550 - 750 N/mm?
Hardness 150 - 300 BHN
Elongation less than 1 %

Applications : It has wide range of engineering applications such as machine bases, engine frames, drainage

pipes. man-holes, clutch plates, brake drums, pump housings, cylinders and pistons of I.C. engines, flywheels,
elevator counter weights, industrial furnace counter weights, gear housing etc.

13.7.2 White Cast Iron :

In white cast iron, carbon is present in the form of iron carbides. The appearance of surface is white because
of the absence of graphite and, therefore it is called white cast iron.

Composition :

Carbon 20-35 %
Silicon 05-12 %
Manganese 05-10 %
Sulphur 0.06 - 0.15 %
Phosphorous 0.06 - 0.20 %
Iron Remainder

Important feactures of white cast iron are as under :

(1) It is extremely hard and brittle because of the presence of large amount of cementite (Fe;0).
(2) Tt has excellent resistance to wear and abrasion.

(3) It is raw material for production of malleable cast iron.

(4) It has very poor machinability, very high hardness and brittleness.

Mechanical properties :

Ultimate tensile strength 150 — 500 N/mm- i
Compressive strength 1400 — 1750 N/mm~
Hardness 350 — 550 BHN

Applications :
Applications of while cast iron include rolls in rolling mills, road roller surtace, wearing plates, grinding balls, pump
ners, dies and extrusion nozzles.
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1L7.3 Nodular (or Ductile) Cast Iron : It is roduced by adding 0.03 1 0.06 -,
In nodular cast iron, graphite is present in the form ol lnmlulch-' '”:'c :;ruphiw to prcclpilulc in all d”"-'ﬂlnn
o magnesium 1o the gray cast iron before casting. M“g"w‘,lum c(lll"l;“ this iron is named as nodular cag
as nodules o Nl‘tlu‘rnhls"lurnw solidification of the cast iron. Hence, thi

Compeosition -
Carbon 3.0 3.6 %
Stlicon 2.0 2.5 %
Manganese 0.10 1.0%
Sulphur 0.04 % max.

Phosphorous — 0.04 % max.

Iron Remainder
Mechanical properties :

Tensile strength 400 — 700 N/mm?

Yield strength 270 - 390 N/mm?
Hardness 100 - 300 BHN
Elongation 10 - 20 %

Important characteristics :

(1) It has good fluidity, good castability, excellent machinability and good wear resistance.

(2) It possesses high strength, toughness, ductility, hot workability and hardenability comparable to those of

steel.
Applications :

Typical applications of nodular cast iron include friction blocks, railway couplings, impellers, conveyor rollers,
locomotive wheels, valves, pump and compressor bodies, crankshafts, camshafts, steering knuckles. suspension

parts. gears and other automotive & machine components.

13.7.4 Malleable Cast Iron :

Malleable cast iron is produced from white cast iron. It is produced by prolonged heating of white cast iron

for several days at high temperature (900 — 950°C) in a neutral atmosphere. The ann
the malleable cast iron ductile, shock resistant and machinable.

Composition :

Carbon 25-30%
Silicon 0.7 -15 %
Manganese 03 -10%
Sulphur 0.12 % maximum

Phosphorous  0.18 % maximum
Iron Remainder

The lower carbon content increases ductility because this reduces the

content excludes the precipitation of flaky graphite in the structure upon cooling

Properties :

Through proper control of heat treatment a wide range of physical and mech

ductility, machinability, castability and wear resistance can be produced ip malleable cast iron

Tensile strength 250 — 750 N/mm’
Yield strength 150 ~ 450 N/mm?
Ductility 520 %
Hardness 80 - 280 BHN

ealing treatment makes

amount of graphite, The lower silico

|
|

anical properties such as strend!™
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(by  Pipe fittings, rolls, pumps, nozzles, valves, chains. Manges, farm equipment, rail road, marine and mach ¥
parts.

I > arte  railure e . o 2 f sy sLen
() Switch gear parts, railway clectrification systems and fittings for power transmission & distribution system
1.7.5 Chilled Cast Iron :

The term chilling refers to rapid cooling, Chilled cast
white cast iron on the surface and gr
cast iron shows both white and gray st
the molten metal of suitable compositi
between 3.3 to 3.5 %,

iron is obtained when the casting gets solidified as
ay cast iron at the interior. Therefore, the fractured surface of chilled
ructures. It is also known as mottled cast iron. It is produced by casting
on, against a metal or graphite chiller. Generally, carbon content varies

Chilled cast iron possesses high hardness and wear resistance at the surface and low hardness and strength
at the core.

Applications :
[tis used where high wear resistance

nozzles, grain-mill rolls, jaws
hammers etc.

is main requirement. Typical applications include grinding balls, extrusion
for crushing ores or stones, rolls for crushing ores, rail-road-freight-car wheels,

.8 STEEL :

Steel is an alloy of iron and carbon in which carbon varies from 0.008 to 2 %. Commercial steels always
contain some amount of manganese, silicon, sulphur and phosphorous in addition to carbon. Sulphur and
phosphorous are very harmful and are treated as undesirable elements. To overcome the undesirable effect
of sulphur, manganese is always added in some amount to the steel. Many other elements such as nickel.
chromium, vanadium, tungsten, molybdenum, etc. may be present in certain amount in steel depending upon
the grade of steel.

Steels may be classified as

(@) Plain carbon steels, and

(b) Alloy steels.
8.1 Plain Carbon Steel :

These steels are relatively low in cost. However, they have some limitations as follows

(1) Plain carbon steels have low corrosion and oxidation resistance.

(2) Plain carbon steels have poor impact strength at low temperatures.

(3) Plain carbon maintaining uniform properties throughout the cross section is difficult with large thickness

(4) The strength of plain carbon steels can not be increased beyond 700 MPa without a substantial loss in
ductility and impact strength.

(50 Deep hardenable plain carbon steels can not be produced.

Effect of Impurities on Properties of Carbon Steels :

There are four common impurities in plain carbon steel, namely silicon, manganese, sulphur, and phosphorous.

Their effects on properties of plain carbon steel is given below

Carbon : 1t is responsible for hardness in plain carbon steels. Inincreases tensile strength. yield strength and

hardness but decreases ductility and impact strength. For plain carbon steels havine carbon more than () 25

the hardness is usually developed by heating and rapid cooling in water or oil.

Silicon : It increases strength, hardness and toughness without loss of ductility. 1105 a stong deoxidizer and

f'moves dissolved gases and oxides. Tts content in steel usually varies from 0.05 1 .30,
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y varies from 0.30 to 1.0%. It reduces hu”mm

(a)

Fhe manganese content in plain carbon steels usuall
brittleness at high temperature by forming MnS. It increases the hurdcnahilily of the
and ductility.
absence of manganese, it forms Fe§ which ;

Sulphur content should not exceed 0.05%. In the
ated to high temperature and increases h”"icnc.}.

Manganese :
effect of sulphur i.e.
steel. It increases yield strength, tensile strength, toughness

Sulphur :
a low melting compound and may melt when the steel is he

at high temperature, The problem can be overcome by adding manganese by more than 5 times the Weigh
of sulphur. |
Phosphorous :
impact strength
Classification of Plain Carbon Steels :

On the basis of carbon content plain carbon steels can be classified as

Normally, the phosphorous content in plain carbon steels does not exceed 0.04%. |y redug,
at low temperature and increases strength and hardness but greatly reduces the ductiliyy

(a) Low carbon steels (up to 0.25 % carbon),
(b) Medium carbon steels (0.25 - 0.65 % carbon), and
(c) High carbon steels (0.65 — 1.50 % carbon)

Low Carbon Steels :

+ Low carbon steels are popularly known as mild steels.
+  These steels contain carbon upto 0.25 %.
+  These steels hold about 90 % share of total plain carbon steel consumption.
+  These shows poor response to heat treatment for improving strength and hardness
+  These steels are least expensive to produce.
+  The strength of low carbon steels can be improved by cold working.
+  They possess good formability and can be easily welded.
¢ They are relatively soft and weak but have outstanding ductility and toughness.
+ They have good machinability.
+  Surface hardness and wear resistance can be improved by a surface hardening process called carburizing
Mechanical properties :

Tensile strength 300 - 450 MPa.

Yield strength 200 - 350 MPa.

25 - 40 %

Elongation

Applications :
(1) Because of excellent formability, these steels are suitable for automobile and refrigerator bodies, tin ¢an
corrugated sheets, structural shapes (I-beam, H-beam, Angles, channels etc.) and girders.

(2) Ship plates, boiler plates, pipelines, cams, shafts, wheel hubs, nuts and bolts. brake housings and brak¢

pendal levers.
(3) They are also useful for structural and industrial applications.

Drawbacks :
(1) They are not heat treated as their hardenability is too low.
(2) They have poor corrosion resistance.

.
.

Medium Carbon Steels
Medium carbon steels contain carbon between 0.25 to 0.65 .

+
+ Their response to heat treatment is better than that of low carbon steels.
These steels are heat treated to improve their mechanical properties.
‘ - ' . Sy . he:
. : e v s Uleelo - H-‘l
£ " m, nickel and molybdenum improve the ability of these steels to he
n of chromium,
¢ Additio

(e

|
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Applications :
Railway wheels and tracks, railwa

nand tools, sockets, levers, tubes
and balls for ball-mill.

. - - dors cvli iners, cams,
y couplings, gears, crankshafts, axles, pinions, cylinders, cylinder I{Zirqb arrels
for bicycle and automobiles, spindles of machine tools, bolts, ri .

High Carbon Steels :

+ High carbon steels contain carbop between 0.65 to 1.5 %.

+ These steels are hardest and Strongest but least ductile among plain carbon steels.

+ They are always used in hardened and tempered condition. A hardness of Rockwell 55 to 60 on C-scale
can be obtained.

They possess good wear resistance.

They have poor fabn‘cability, formability, machinability and weldability.

Mechinability and formability of high carbon steels be improved by annealing.
Addition of the alloying elements such as
steels make these steels suitable for m

Applications :

* 4+ 4 o

chromium, vanadium, tungsten and molybdenum in high carbon
aking tools and dies.

Cutting tools, dies, shearing knives, razors, hacksaw blade

S, springs, gauges, piston rings, chiesels and hand-
tools.

13.8.2 Alloy Steels :

la’

When elements other than carbon such as Cr, V, Ni, Ti, Mo, Mn, Si, W etc. are added in sufficient quantities

in steels to improve its properties or to develop some specific properties, the elements so added are called
alloying elements and the steels thus developed are called alloy steels.

Alloy steels are superior to plain carbon steels and possess the following properties :

(i) High strength, hardness, ductility and toughness at both low “and high temperatures
(i) Better resistance to wear and abrasion

(iii) Better corrosion and oxidation resistance

(iv) Better electrical and magnetic properties

(V) More uniform properties throughout the cross section

However, the alloy steels are costly compared to plain carbon steels.

On the basis of the amount of alloying elements, alloy steels are classified as :
(a) Low alloy steels (upto 5 % alloying elements)

(b) Medium alloy steels (5 to 10 % alloying elements)

(c) High alloy steels (more than 10 % alloying elements)

Some important alloy steels are now be discussed.

Stainless Steels :

Stainlesg steels are the most popular and widely used 31_10)/ steel. Tl_ley are high alloy steels and have excellent
€orrosion and oxidation resistance. They do not corrode in usual‘ envnmr.lmen.l and hence they are called stainless
Steels. The high corrosion resistance is due to .th.e presence of chromium in steels. In add
Nicke, molybdenum, copper, aluminium and silicon may ‘be “dfjed to stainless steels to
"eSistance and other properties. They also possess good creep strength.

Applications .

ition to chromium,
Improve corrosion

Power Plants, nuclear plants, chemical and petrochemical 'lndl.lSll‘lt':s, food processing units, dairy industries.
€Al Ueating fumaces pulp and paper manufacturing plants, surgical instruments, household utensils, and general
Ngineer; "

#ineering applications.
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(b) High Speed Steels :

These steels are well suited for manufacturing of cutting tools
tungsten. molybdenum, chromium and vanadium are used for alloyi
resistance and cutting ability. Chromum increases hardenability anc

1S re

which can be operated at high speeds. Genery
ng. Tungsten increases toughnesg, Wey
| vanadium does the grain refinements, C&rbgn

. . . : . kel ie added in order to enhance -
sponsible for high hardness and wear resistance. Sometimes. cobalt is add Clting

ability of the 1oo0l.

They

poor

The

, : i ir sharpness. Materialg .,
' cut at twenty times the speed of a plain carbon tool without loosing their sharp ials iy,

machinability can be cut successfully with such tools.

total alloy contents vary from 20 to 40 % in high speed steels. Carbon generally varies from (7 to

1.5 %.

High speed steels retain their hardness up to 600°C.

App

lications :

High speed cutting tools, heavy-cut tools, milling cutters, deep hole drills, tools for lathe centres, blanking

dies.

(c) Bearing Steels :

hot forming dies and wearing plates.

They are used for the manufacture of balls, rollers and bearing races, which are subjected to wear, corrosjgy

and

fatigue loading. It contains carbon, chromium, silicon and manganese as main alloying elements,

High carbon provides for high hardness and fatigue strength, while chromium increases hardenability and abrasioy
resistance.

Apart from ball and roller bearings, they are also used for spindles, cold forming rolls and hardened machine
parts.

td) Hea

t Resisting Steels :

These steels are also known as high temperature steels. Many heating devices require special materials for conversion
of electrical energy into heat. Since parts made from these steels are exposed to elevated temperature service
conditions, such steels should have good resistance to oxidation/scaling, sufficient strength at high temperature.

and

good dimensional and structural stability.

Plain carbon steel (upto 300°C), low alloy steel (upto 600°C), stainless steel (upto 750°C), Nichromes. a nicke
chromium alloy (upto 1200°C), are some of the steels used for the purpose.

Applications :

(1)
(2)

(3)

Heating coils in ovens and furnaces,

Components of gas turbines and boilers like steam pipelines, superheaters, steam drum etc.

Components of jet engines and rockets like

13.9 NONFERROUS METALS AND ALLOYS :

Aluminium. copper. lead. tin, magnesium, nickel, zinc and titanium and their alloys
metals and alloys. They do not contain iron as a major element. Nonferrous met

favo
non-
are t
be d

. errols
are important nonferrt

e ;lm
) als and alloys possess “'_1‘
urable properties such as good electrical and thermal conductivity, better corrosion resistance, good ductl®™
: . 5 . . = s 4
toxicity, lightness, and high strength-to-weight ratio. The main drawbacks of nonferrous metals and 4™ 4

ative . . . . . W
heir lower hardness and relatively poor strength. Some of the nonferrous metals and their alloys Wil n

escribed.
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9 COPPER AND ITS ALLOYS

Copper :
It is the most important nonferrous metal. Its melting point is 1083°C and
extremely useful alloys with metals such as Zn, Sn. Be and Ni

density is B890 kg/m . It forms

Properties :

1) Highest electncal and thermal conductivity of all metals except silver.
T Good ductlity and malleability.

Y High resistance 1o vanous types of corrosion.

1 Non-magnetic and have reddish-brown colour.

<. The tensile strength of copper varies between 150 - 170 N/mm’.
Good machinability and ease of fabrication.

Ability 1o get alloyed with other metals which improve its properties.
N High scrap value.

\pplications :

Copper is used in electrical applications, heat conductors, structural purposes, telecommunications and automobiles.
railways. current carrying members, components of turbo generators and high speed commutators. plumbing
accessories. automobile radiators, pressure vessels, utensils, water heaters, refrigerators, heat exchangers. condenser
plates. roofing. tubing etc.

Copper Alloys :

Copper has limited engineering applications because of its poor strength. Alloying elements such as zinc. tin.
nickel. aluminium etc. results in increase in strength of copper.

ta) Brass : Brass is an alloy of copper and zinc. Addition of zinc improves colour, strength. machinability.
hardness etc. Brasses have higher strength but are less expensive than copper.

Applications :

Canndge casing. automotive radiators, medals, coins, screws, sockets, propeller shafts, piston rods. costume
jewellery. musical instruments, utensils etc.

(b) Bronze : Bronze is an alloy of copper, tin, aluminium, silicon and nickel. Generally, tin percentage varies
from 5 to 25 % and the balance is copper. The tensile strength of bronze increases with increasing tin
content. Bronze has higher strength, hardness and better corrosion resistance than brass. But it is costlier
than brass. It has good fatigue resistance and g.ood bearing properties.

Applications :

Bronzes can be rolled into wires, rods and sheets because of good ductility and malleability. They are used

for bearings. bushes, springs, valve-fittings, propellers, pump castings, gears, cylinder heads. dies. bell-metals.
utensils, and electrical contacts.

11 ALUMINIUM AND ITS ALLOYS :

Aluminium :

Aluminium is at third place among commercially used engineering materials after iron and copper. It has a
silver-white appearance. Its melting point is 660°C and density is 2700 kg/m .

Properties -

‘1) It i lighter than all other engineering materials except magnesium and beryllium

[

Z) It possesses good electrical and thermal conductivity.

1

It has high strength-to-weight ratio.

( . , e <Al gy
1) It 35 good corrosion resistant due to the formation of a thin film of alumina (A1LO - “”dce_
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(5) It has high ductility and malleability.

(6) It is non-mangetic,

(7 It has very high reflectivity for heat and radiant energy.

(8) It can be easily casted, rolled, extruded, formed and machined.

(9 It is non-toxic and hence, is suitable for food packaging purpose.

(10) It is readily available and less expensive.

The main drawbackof aluminium is its low hardness and poor strength.

Applications :

() Itis widely used in electrical applications such as overhead cables, electric wires. windings for Motor;
generator and power transformers.

(2) Tt is also used for pistons, oil and fuel pumps, fly wheels, connecting rods. frames. roofs. light fiXture,
etc.

(3) It is used as airframes, engines, propellers and body parts in aircraft, missile, spacecraft and transportatig,
industries.

(4) It is used for roofing, ventilators, door and window frames, railings. traffic control towers etc.
(5) It is used as an alloying element in other materials such as steels, copper, magnesium and zine alloys,
(6) It is used as cooking utensils, food containers, and silver foil for packing purpose.

(7) Itis a good substitute for copper due to its low cost, availability, high strength-to-weight ratio and g00d
thermal & electrical conductivity.

(ii) Aluminium Alloys :

Due to higher strength, aluminium alloys are extensively used in commercial applications. Some of the importan
aluminium alloys are as follows :

(a) Duralumin :

It contains 94% Al, 4% Cu, and 0.5% each of Mg, Mn, Si and Fe.

It can be casted, forged and stamped. It has high tensile strength and have high electrical conductivity. Its
melting point, density and specific heat are 650°C, 2800 kg/m? and 214 J/kg K respectively. Its hardness ranges
between 60 and 100 BHN.

Application :

(1) Used for tubes, sheets, forgings, rivets, nuts, bolts and similar parts.
(2) Used for making electrical cables.

(3) Used in aircraft and automobile applications.

(4) Used in surgical and orthopedic instruments.

(b) Hinduminium :

It is an alloy of aluminium and copper with small amount of Ni, Mn, Ti. Co. Zr and Sbh. It contains abott
5% Cu, 1.5% Ni.
It is used in high temperature service applications up to 300°C.

(c) Hindalium :

tt is the trade name of the aluminium alloy produced by .Hindusmn Aluminium Corporation Ltd., Renuk
M‘irzapur (UP). It is an alloy of Al. Mg, Mn. Crand Si etc.

3 . . indalium utensils are ; . - fnish
Wiy used for anodized utensile. The Hi hard and strong. They can be given fine fif

eat capacity. they do not ; : . i S
angd tam B casily cleaned. Due to lower h pacit) 3 not absorb much heat while cooking and he

SAV® el They do mot react with food. They have low cost.
- They
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112 LEAD AND ITS ALLOYS .

Lead :

1 1y the softest and heavies among all the common metals.

|s".|n-rlit‘5 :
It as very soft. ductile and malleable.
1t has melting point of 327°C.
u o dts density s 11340 kg/m?,
1y It has low electrical conductivity and high coefficient of thermal expansion.
si It has high corrosion resistance and good lubricating properties.
o) lis xerays and y-rays absorbing power is high.
) Lead improves the machinability of brasses, bronzes and steels.
\pplications :
(1) Itis used in - batteries. cables. and flexible sheets & pipes.
) 1t 1s used for sheathing electric cables.
' Lead 1s used for roof covering, gutters etc. in a form of sheet.
(41 Sheets and pipes made of lead are used in chemical industries because they offer excellent resistance
to corrosion by chemicals.
(5) Lead alloys are used in the manufacture of solders, printing metal and bearings.
(6) It is also used as weights and counter balances.
(7) It is as container for radiation source.
i Lead Alloys :
Lead-tin alloys (67% Pb, 33% Sn) are widely used for soldering purpose.
Lead-un-antimony alloys (typically 80% Pb, 10% Sn, and 10% Sb popularly known as white metals) are used
for manufacturing of bearings because of good antifriction properties.

13 NICKEL AND ITS ALLOYS :
Nickel is an important alloying element that is being largely consumed in the fields of chemical processing,
space research and nuclear reactor engineering.
Properties :
(1) 1t is ductile and malleable metal.
(2) It has silvery-white appearance.
(3) It has good corrosion and oxidation resistance.
(4) It has good electrical conductivity.
(5) It is a valuable alloying constituent in large number of commercial alloys.
(6) It has very good formability.
Applications :
(1) Used for production of stainless steel.
(2) Used in electroplating industry for plating iron and brass as a protective coating.
(3) Used for producing heat resisting alloys namely inconel, nichrome etc. which are used in electric heaters
and thermocouples.
"4 Pure nickel is used as a catalyst in many reactions.
%) Itis used as alloying element in producing permanent mangnets (Alnico), which are used in microphones,
speakers and motors.
') Nickel alloy is used for making measuring instruments as verniers, scales etc. as it possesses very good
dimensional stability and low coefficient of thermal expansion.
I IUis used as crucibles.
") IUis used in radio and telecommunication as magnetic soft materials.
9 10 is used in chemical processing, space research and nuclear reactor engineering.
Nickel has very good ability to get alloyed with other metals and produces a range of alloys.
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LL14 TITANIUM AND ITS ALLOYS :
Titanium s playing an important role in the present age of special alloys.

Properties :

(h
(2)
(3)
(4)
(5)
(6)
(7)
(8)
9)

Titanium is soft. ductile and strong material.

Itis light weight metal having density 4540 kg/m".

Its melting point is 1675°C.

Its strength-to-weight ratio is very high.

It possesses very high corrosion resistance.

It has Jower coefficient of thermal expansion than steel.
It has lower thermal conductivity.

Its stiffness is between aluminium and steel.

It is a powerful deoxidizer.

(10) Titanium alloys retain their strength even at higher temperature and show less creep.
Applications :

(1)
(2)

(3)

(4)

Titanium is used in the form of sheets, tubes, rods, bars and forgings in chemical industries.
Titanium is widely used as an alloying element in steel industry for deoxidation.

Because of high strength-to-weight ratio, high corrosion resistance and high temperature strength, titaniypy
alloy are widely used in aircraft applications.

Used in high speed rolls, pumpshafts, jet engine components, heat exchangers, steam turbine blades ¢

Some of the important non-metallic material will now be described.

13.15 CERAMIC MATERIALS
Ceramics are inorganic, non-metallic materials. Ceramic materials include glass products, cements and concrete
abrasive, bricks, tiles and drain pipes, electrical insulation materials, refractory linings for furnaces, and sanit
wares.

Properties :

(1)
(2)
(3)
(4)
(5)
(6)

They are hard and brittle

They are strong in compression but weak in tension

They are abrasive resistant, heat resistant, stable and have strength at high temperature
They are poor conductor of heat, and non conductor of electricity

They have good corrosion resistance

Generally they are chemically inert and have poor machinability

13.16 GLASS :
Glass is a ceramic material. It used for building construction, automobiles, aeroplanes, missiles. space¢|-_;;';_
chemical industry, electrical and electronics industry, laboratory apparatus, optical instruments etc.

Properties :

(1)
(2)
(3)
(4)
(5)
(6)

(7)
(8)

It has no specific crystalline structure
It has no specific melting point

Glass can be easily shaped

It has very good optical properties

It has good rigidity. hardness and strength

it has excellent corrosion resistance

It is good clectrical and thermal insulation
It can be cleaned very easily
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| It has resistant to fire.

| akes a strong bond with steel, hence steel rods can be integrated in concrete elements.
‘ ‘Eﬂ il is not affected by the attack of insects and fungi.

.: lis compressive strength is high.

‘Aqi The maintenance cost of concrete structures 1is very less,
|0 Concrete structures have good appearance.

1| The production of concrete require considerably less energy input as compare to other engineering materials.
Disadvantages :

|| Concrete is brittle material having low tensile strength.

0 It allows seepage of water.

) Skilled labour and inspection is required during concrete works.
4 Intial cost of construction of concrete structures is high.

I Itis affected by alkalies and sulphates.

O It shrinks on setting and hardening.

I Concrete construction requires special formworks, till the concrete sets and hardens, hence the construction
akes more time.

ILASTICS .
F'“i; is defined ag organic materials which can be moulded to different shapes by the application of pressure
m

“rately high temperature. Plastics are composed of resin, catalyst, accelerator, inhibitors and pigments.
e
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temperature. It can be produced in different colours. It is nonconductor of e“lc.ctricil_\' and has
N resistance. It has high strength to weight ratio and give excellent surface finish. It has h?gh
ngth. It is chemically inert. It has good mouldability and good durability. It has almost no absorption
It can produced transparent with low brittleness compared to glass.
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13.19 TIMBER : , “haildings. furniture, carts, wheels, inslrumcm\
Timber is obtained from trees. 1t has been used in construction of buildings. '
M CeS. [Lh

decorative articles ete.

Merits :

The
(n

(2)

3
4
(&)
(6)
(7)

9)

merits of using timber is given below :

It is easily available.

It gives high strength to weight ratio. . . ter tools
Timber pieces can easily cut, planked. sawn and joined by ordinary carpente h

It gives good thermal and electrical insulation.

It has attractive appearance.
Timber articles can be easily repaired and reused. )
It ¢an be used to make both loadbearing (e.g. beam, column. floor etc.) and non load bearing (e.g. door

window etc.) members of building.
Timber is suitable to use in hot, cold and earthquake prone areas.

(10) It can be used to manufacture artificial wood which is cheap, durable and attractive in appearance.

(1) It has long life if against rain, moisture and termites.

(12) It can be easily transported.
Demerits :
The demerits of using timber is given below :

(1)
(2)
(3)
4)
(5)
(6)
(7)
(8)

Properties of timber changes with change in moisture content.
Strength of the timber varies along and across the fibers.
Strength of timber reduces due to natural defects.

It is available in limited sizes.

It requires proper drying.

It is prone to attacked by furgns and insects.

It is subjected to risk of fire.

If not locally available, it proves to be costly.

(EXERCISES )

Explain classification of various engineering materials.

Explain various physical properties of metals.

Explain various mechanical properties of metals.

Explain various thermal properties of metals.

Explain various electrical properties of metals.

Give detail classification of metals.

Write applications of

(a) Pig iron
(e) Nodular cast iron (f) Malleable cast iron

(b) Wrought iron (¢) Gray cast iron (d) White cast iron
(2) Chilled cast iron

What is steel? Name various constituents of steel.
Explain the effects of following impurities on properties of carbop steels,

(a) Carbon

(b) Silicon (c) Manganise  (d) Sulphur (e, Phosphoroys




fication of plain carbop Steelg
class

il of low, medium apq hi
\p| jications gh Carbgy Steel,

\_\ 1.‘.]‘,
| |
“’ﬂlf l]Oy g[CEl
" pplications of stainless steels, high SPeed gyeq X
‘ o : » earin S 7
w Opertl‘* of copper. Also state its applicatiOns & steel ang heay Si“ing tee]
. THE Stee|
gl 1 notes on brass and bronze,
¢ sho
e of aluminium. Ajgq .
gl propertics State it pplication

e short motes on

Ceramic materials  (b) Glasg
Ikl

yost malleable material is...

4 tin (b) copper
Most important property of lead Is...

(z) brittleness

(d) silver
(b) malleability

Sieel containity carbon between 0.15 to 0.30% is ¢
@) mild steel

(c) ductility

alled as..

(d) hardnesg

(b) medium carbon stee]

Material commonly used for machine tool bodies is..
[a) copper

(c) hlgh carbon stee] (d) non of the above

(b) mild stee]

(c) cast iron
Crank shafi of motorcar is

(d) wrought iron
made of...
(@) silicon steel

(b) medium carbon steel (c) high speed steel

(d) high carbon steel
ook is...

Materig) used for crane h
W cast iron (b) mild steel

(c) wrought iron (d) aluminium
Materiq) used for automobile radiator is.. _
d (d) nickel

& “Opper (b) aluminium (c) lea
| (Winter 2017)

lilg Stee| Contains % of carbon. @204

D0 14 05 () 0.5 to 1 (c) 1to2 (Summer 2018)
]

Bragg

) Sis tm]damcntally alloy of __ .

v

OPper ang zine
|

(b) Copper and nickel
(d) Copper, zinc and molyblednum
OPper and tip

: ANSWERS :
| ‘ 7. (a)
. 5. (b) 6. (¢)
Ly . (a) 4. (© >

Co 9. (a)
frecy dnswer s upto 0.25%)
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