1 Mechanical Techonology

Thermodynamics

Introduction

Thermodynamics is the branch of science which deals
with energies possessed by gases and vapourstheir conversioninterms
of heat and work and the properties of substance which are connected
with heat and work. It deals with transfer of heat from one medium to
another. The energy transfers are made during the processes which use
certain fluid contained in of flowing trough asystem. Thesystemislim-
ited by aboundary.

A device which converts heat energy in to mechanical
energy isknown asHeat Engine. The energy liberated by combustion of
fuel issupplied to working at higher temperature.

THERMODYNAMICSY STEM:

Thermodynamic system may be defined as any space or
prescribed region which contains quantity of matter or working fluid
whose behavior isto be studied. Everything out side of the boundary of
the system which would effect behavior of the system is caled sur-
rounding.

Fig (a) shows acylinder isfilled with high-pressure gas which pushes
the piston to theright.

Infig (a) showsthe cylinder wallsand piston considered assystem, B is
boundary and C is sorrounding

1.3 Typesof thermodynamic system.

a. Theclosed system

b. Theopensystem

c. lsolated system.
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THE CLOSED SY STEM:

If the boundaries of the system are closed so that no s.
stance may enter or leave the system, then it isknown as closed syste
But transfer of energy of may takesplace as boundaries.

Example. Fig ashows the gas in the cylinder represents closed syste
After heating the gasexpands and pushesthe pistan boundary a so chang

THE OPEN SY STEM:

If the boundaries are not closed but have one or mc
openingsthrough which masstransfer may a so takesplacein addition
energy transfer like closed system isknown as open system.

Eg: Inthe air compressor

ISOLATED SY STM:

If the boundaries of the system doesn’t allow the mat
or the energy to flow in to or out of the system is known as isolat
system.

Eg: Total energy in the universeis constant.

PROPERTIESOF THERMODY NAMIC SY STEM:

A property of asystem is a characteristic of the syste
which defines the state of the system and independent of the proce
The properties of the system may be classified in to two types

1. Intensive properties or Intrinsic properties
2. Extensive properties or Extrinsic properties

INTENSIVE PROPERTIES:

Intensive properties are those properties, which are t
independent of the mass of the system
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Eg: Pressure, Temperature, density, Specific Gravity, Specific
volume, Surface tension, thermal conductivity etc.

EXTENSIVE PROPERTIES:
These properties of the system are dependent on the mass
of thesystem.
Eg: Total energy, total mass, total weight, enthal py, entropy, in-
ternal energy etc.

VOLUME:

Volume is defined as the space occupied by substance.
Itisrepresented by V. It ismeasured in mé,

SPECIFICVOLUME:

It may be defined as the volume occupied by unit mass
of the substance. It ismeasured in m*/kg.

DENSITY:

It may be defined as the mass per unit volume of the
substance. It ismeasured in kg/m?®

PRESSURE:

Pressure may be defined the force exerted by it per unit
area. It ismeasured in kgf/sqg.min M.K.S. system and in N/sg.min Sl
system.

ATMOSPHERIC PRESSURE:

Atmospheric pressure is the pressure exerted by air. Its
value at mean sealevel is 1.0332 kgf/sq.cm or 760 mm of hg.

One physical atmosphere =760 mm of Hg
= 1.0332 Kgf/sg.cm
=1.01325 bar
1 bar= 100000N/sg.m
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=1.0127 kgf/sg.cm
GAUGE PRESSURE:
Itispressure, which isindicated by the difference of t
fluid pressure and the pressure of the air surrounding the gauge.

VACCUM PRESSURE:

If the pressure of asystemislessthan atmospheric pre
sure, the pressure gauge reads the negative side of atmospheric pre
sure, Thisis caled asvaccum pressure.

ABSOLUTE PRESSURE:

Absolute pressure is the pressure exerted by the syste
on its boundaries.

Pabs. = Pat + Pg (when the gauge pressure is positive}
Pabs. = Pat - Pg ( when the gauge pressure is negative)

TEMPERATURE:

Temperature is intensive property which measure h
nessor level of heat intensity of abody.

It ismeasured in celsius scale. The point at which wal
freezes under atmospheric is taken as zero point on the scale and t
point at which water boils is taken as 100. The distance between t
two pointsis divided into hundred equal units called degree centigra
or °C.

ABSOLUTE TEMPERATURE:

The temperature at another points from and above t
absolute zero temperatureis called absol ute temperature. It ismeasur
in Kelvin.

STANDARD TEMPERATUREAND PRESSURE:
It means the temperature is at 15°C and pressure is
760 mm of Hg.
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NORMAL TEMPERATUREAND PRESSURE:

It means the temperature is at 0°C and the pressureis at
760 mm of Hg.

WORK:

Work is done by force when it acts upon a body moving
in the direction of the force. The amount of work done is equal to the
product of force and distance moved in the direction of force. It ismea-
suredinkg fmin MK S system and N/sg.min Sl system.

INTERNAL ENERGY:

The part of the energy which is stored in the gasand is
used for rising its temperature is called internal energy of gas. When a
certain amount of heat energy is supplied to a gas, some of it is con-
verted into mechanical energy and the remaining is stored in the gas
itself.

If T, istheinitia temperature and T, is the fina temperature.
ThenT,-T, istherisein temperature then

The changein Internal energy isdirectly proportional to the change
in the temperature of agas.

AU o T,T,
AU = Congtant. (T,-T))
AU=Cv(T,-T))

AU=m CV(T T

HEAT:

Itisaform of energy whichistransferred from one body
to another body by virtue of temperature difference. Heat isnot aform of
stored energy but occursonly in transaction.

Heat may be transferred in three forms namely A. Con-
duction B. Convection C. Radiation.
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The direction of heat transfer is towards the low tel
perature of the body and is measured in Kilo calories and Kilo Joule

KILOCALORIE:
It is defined as the amount of heat required to raiset
temperature through one degree of unit mass of agas.

Heat energy flowsin to the system from the surroundil
istaken as positive and heat energy flowsfrom system to surrounding
taken as negative.

ENTHALPY:

Enthalpy is defined asthetotal heat energy contained
agas. Itisthesum of itsinternal energy and the externa energy dueto
pressure and volume.

If H= Enthalpy inK Jor Kcal

M= Massof thegasin kg.

AU= Changeininterna energy,

P= Pressure of the gas,

V= \Volume of the gas

H=AU+PV
SPECIFIC HEAT:

Specific heat isdefined asthe amount of heat required

raise the temperature of its unit massthrough oC.

SPECIFIC HEAT AT CONSTANT VOLUME (Cv):

The specific heat at constant volume may be defined
the amount of heat required to raise unit mass of gasthrough one degr
when it is heated at constant volume process.

Tota heat supplied at constant volume process (H) =M Cv (T -
T)
1
Where m= mass of the gas
Cv= Specific heat at constant volume process.
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T =Initia temperature.
T,=Final temperature.

Cv=0.172 Kcal/kg/k in MK S system
= 0. 718 K.JKg/kin Sl system.

SPECIFIC HEAT AT CONSTANT PRESSURE:

It istheamount of hat required to rise the temperature of
unit massthrough one degreewhen it isheated at constant pressure pro-
cess. It is denoted by Cp.

Heat supplied at constant pressure processH =M Cp(T,-T,)

Cp=0.240Kca/Kgin MKS system and
=1.005 Kj/Kg/k in SI system.

WORKED EXAMPLES:
Convert a. the pressure of 1200 mm of of Hg into N/sg.mand in
bar
b. 1000 mmof H ,Oin N/sg. mand in bar.
Solution:
Given data
P=1000 mm of Hg

We know
760 mm of Hg = 1.01325 bar
=101.325 KN/sg-m

O P=1000 X 101.325/760 KN/sg.M
b. P=1000 mm of H20
we know

Density of Hg=13.6 g/c.c

Density of H20= 1g/cc

0  P=1000X1.01325/13.6X760
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3. Find the abs.temperature of temperature of —300C and 41 oF
Given data:
T=-30°C
Tabs. = -30+273 = 243K
T=41°F
° C=5/9 (F-32)=5/9(41-32)=5/9X9 =5
Tabs.= 5+273=278.K.

3.A vaccum of gaugeindicates 200 mm of Hg while barometer presst
isequal o 750mm of Hg. Calculate absolute pressure in bar.
Solution:

Given data

Pvac.= 200 mm of Hg

Pat =750 mm of Hg.

Pabs.=Pat-Pg
=750-200=550 mm of Hg.

We know
760 mm of Hg=1.01325 bar
Pab= 500X 1.01325/760

3. Find the specific volume and density of agas of 2 kg occupies of
volumeis4 cub. m
Solution:
Given data
M=2Kg
V =4 cub.m

Sp.Volume= volume/mass
= 4/2=2 m kg

Density =mass/volume
=2/4 = Y2 kg/m3
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SHORT ANSWER QUESTIONS:
1. Definethermodynamic system?
2. Define Intensive property and give examples?
3. Define extensive property and give example?

4. Define Volume?

5. Distinguish between Intensive property and extensive property?

6. Define pressure?

7. What ismeant by Internal energy?

8. Define temperature?

9. What is meant by specific volume of gas?

10. Define specific heat of gas?

DESCRIPTIVEANSWER QUESTIONS

1.How do you classify thermodynamic system and explain with
example?
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Thermodynamics

Introduction

Thermodynamics is the branch of science which deals
with energies possessed by gases and vapourstheir conversioninterms
of heat and work and the properties of substance which are connected
with heat and work. It deals with transfer of heat from one medium to
another. The energy transfers are made during the processes which use
certain fluid contained in of flowing trough asystem. Thesystemislim-
ited by aboundary.

A device which converts heat energy in to mechanical
energy isknown asHeat Engine. The energy liberated by combustion of
fuel issupplied to working at higher temperature.

THERMODYNAMICSY STEM:

Thermodynamic system may be defined as any space or
prescribed region which contains quantity of matter or working fluid
whose behavior isto be studied. Everything out side of the boundary of
the system which would effect behavior of the system is caled sur-
rounding.

Fig (a) shows acylinder isfilled with high-pressure gas which pushes
the piston to theright.

Infig (a) showsthe cylinder wallsand piston considered assystem, B is
boundary and C is sorrounding

1.3 Typesof thermodynamic system.

a. Theclosed system

b. Theopensystem

c. lsolated system.
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THE CLOSED SY STEM:

If the boundaries of the system are closed so that no s.
stance may enter or leave the system, then it isknown as closed syste
But transfer of energy of may takesplace as boundaries.

Example. Fig ashows the gas in the cylinder represents closed syste
After heating the gasexpands and pushesthe pistan boundary a so chang

THE OPEN SY STEM:

If the boundaries are not closed but have one or mc
openingsthrough which masstransfer may a so takesplacein addition
energy transfer like closed system isknown as open system.

Eg: Inthe air compressor

ISOLATED SY STM:

If the boundaries of the system doesn’t allow the mat
or the energy to flow in to or out of the system is known as isolat
system.

Eg: Total energy in the universeis constant.

PROPERTIESOF THERMODY NAMIC SY STEM:

A property of asystem is a characteristic of the syste
which defines the state of the system and independent of the proce
The properties of the system may be classified in to two types

1. Intensive properties or Intrinsic properties
2. Extensive properties or Extrinsic properties

INTENSIVE PROPERTIES:

Intensive properties are those properties, which are t
independent of the mass of the system
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Eg: Pressure, Temperature, density, Specific Gravity, Specific
volume, Surface tension, thermal conductivity etc.

EXTENSIVE PROPERTIES:
These properties of the system are dependent on the mass
of thesystem.
Eg: Total energy, total mass, total weight, enthal py, entropy, in-
ternal energy etc.

VOLUME:

Volume is defined as the space occupied by substance.
Itisrepresented by V. It ismeasured in mé,

SPECIFICVOLUME:

It may be defined as the volume occupied by unit mass
of the substance. It ismeasured in m*/kg.

DENSITY:

It may be defined as the mass per unit volume of the
substance. It ismeasured in kg/m?®

PRESSURE:

Pressure may be defined the force exerted by it per unit
area. It ismeasured in kgf/sqg.min M.K.S. system and in N/sg.min Sl
system.

ATMOSPHERIC PRESSURE:

Atmospheric pressure is the pressure exerted by air. Its
value at mean sealevel is 1.0332 kgf/sq.cm or 760 mm of hg.

One physical atmosphere =760 mm of Hg
= 1.0332 Kgf/sg.cm
=1.01325 bar
1 bar= 100000N/sg.m
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=1.0127 kgf/sg.cm
GAUGE PRESSURE:
Itispressure, which isindicated by the difference of t
fluid pressure and the pressure of the air surrounding the gauge.

VACCUM PRESSURE:

If the pressure of asystemislessthan atmospheric pre
sure, the pressure gauge reads the negative side of atmospheric pre
sure, Thisis caled asvaccum pressure.

ABSOLUTE PRESSURE:

Absolute pressure is the pressure exerted by the syste
on its boundaries.

Pabs. = Pat + Pg (when the gauge pressure is positive}
Pabs. = Pat - Pg ( when the gauge pressure is negative)

TEMPERATURE:

Temperature is intensive property which measure h
nessor level of heat intensity of abody.

It ismeasured in celsius scale. The point at which wal
freezes under atmospheric is taken as zero point on the scale and t
point at which water boils is taken as 100. The distance between t
two pointsis divided into hundred equal units called degree centigra
or °C.

ABSOLUTE TEMPERATURE:

The temperature at another points from and above t
absolute zero temperatureis called absol ute temperature. It ismeasur
in Kelvin.

STANDARD TEMPERATUREAND PRESSURE:
It means the temperature is at 15°C and pressure is
760 mm of Hg.



5 M echanical Techonology

NORMAL TEMPERATUREAND PRESSURE:

It means the temperature is at 0°C and the pressureis at
760 mm of Hg.

WORK:

Work is done by force when it acts upon a body moving
in the direction of the force. The amount of work done is equal to the
product of force and distance moved in the direction of force. It ismea-
suredinkg fmin MK S system and N/sg.min Sl system.

INTERNAL ENERGY:

The part of the energy which is stored in the gasand is
used for rising its temperature is called internal energy of gas. When a
certain amount of heat energy is supplied to a gas, some of it is con-
verted into mechanical energy and the remaining is stored in the gas
itself.

If T, istheinitia temperature and T, is the fina temperature.
ThenT,-T, istherisein temperature then

The changein Internal energy isdirectly proportional to the change
in the temperature of agas.

AU o T,T,
AU = Congtant. (T,-T))
AU=Cv(T,-T))

AU=m CV(T T

HEAT:

Itisaform of energy whichistransferred from one body
to another body by virtue of temperature difference. Heat isnot aform of
stored energy but occursonly in transaction.

Heat may be transferred in three forms namely A. Con-
duction B. Convection C. Radiation.
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The direction of heat transfer is towards the low tel
perature of the body and is measured in Kilo calories and Kilo Joule

KILOCALORIE:
It is defined as the amount of heat required to raiset
temperature through one degree of unit mass of agas.

Heat energy flowsin to the system from the surroundil
istaken as positive and heat energy flowsfrom system to surrounding
taken as negative.

ENTHALPY:

Enthalpy is defined asthetotal heat energy contained
agas. Itisthesum of itsinternal energy and the externa energy dueto
pressure and volume.

If H= Enthalpy inK Jor Kcal

M= Massof thegasin kg.

AU= Changeininterna energy,

P= Pressure of the gas,

V= \Volume of the gas

H=AU+PV
SPECIFIC HEAT:

Specific heat isdefined asthe amount of heat required

raise the temperature of its unit massthrough oC.

SPECIFIC HEAT AT CONSTANT VOLUME (Cv):

The specific heat at constant volume may be defined
the amount of heat required to raise unit mass of gasthrough one degr
when it is heated at constant volume process.

Tota heat supplied at constant volume process (H) =M Cv (T -
T)
1
Where m= mass of the gas
Cv= Specific heat at constant volume process.
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T =Initia temperature.
T,=Final temperature.

Cv=0.172 Kcal/kg/k in MK S system
= 0. 718 K.JKg/kin Sl system.

SPECIFIC HEAT AT CONSTANT PRESSURE:

It istheamount of hat required to rise the temperature of
unit massthrough one degreewhen it isheated at constant pressure pro-
cess. It is denoted by Cp.

Heat supplied at constant pressure processH =M Cp(T,-T,)

Cp=0.240Kca/Kgin MKS system and
=1.005 Kj/Kg/k in SI system.

WORKED EXAMPLES:
Convert a. the pressure of 1200 mm of of Hg into N/sg.mand in
bar
b. 1000 mmof H ,Oin N/sg. mand in bar.
Solution:
Given data
P=1000 mm of Hg

We know
760 mm of Hg = 1.01325 bar
=101.325 KN/sg-m

O P=1000 X 101.325/760 KN/sg.M
b. P=1000 mm of H20
we know

Density of Hg=13.6 g/c.c

Density of H20= 1g/cc

0  P=1000X1.01325/13.6X760
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3. Find the abs.temperature of temperature of —300C and 41 oF
Given data:
T=-30°C
Tabs. = -30+273 = 243K
T=41°F
° C=5/9 (F-32)=5/9(41-32)=5/9X9 =5
Tabs.= 5+273=278.K.

3.A vaccum of gaugeindicates 200 mm of Hg while barometer presst
isequal o 750mm of Hg. Calculate absolute pressure in bar.
Solution:

Given data

Pvac.= 200 mm of Hg

Pat =750 mm of Hg.

Pabs.=Pat-Pg
=750-200=550 mm of Hg.

We know
760 mm of Hg=1.01325 bar
Pab= 500X 1.01325/760

3. Find the specific volume and density of agas of 2 kg occupies of
volumeis4 cub. m
Solution:
Given data
M=2Kg
V =4 cub.m

Sp.Volume= volume/mass
= 4/2=2 m kg

Density =mass/volume
=2/4 = Y2 kg/m3
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SHORT ANSWER QUESTIONS:
1. Definethermodynamic system?
2. Define Intensive property and give examples?
3. Define extensive property and give example?
4. Define Volume?
5. Distinguish between Intensive property and extensive property?
6. Define pressure?
7. What ismeant by Internal energy?
8. Define temperature?
9. What is meant by specific volume of gas?

10. Define specific heat of gas?

DESCRIPTIVEANSWER QUESTIONS

1.How do you classify thermodynamic system and explain with
example?
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CHAPTER-2
Laws of Thermo Dynamics

Introduction:

Thermodynamics is the branch of science, which deals
with energy possessed by afluid, conversion of heat into work and work
into heat and relationship with properties of system. The energy conver-
sion is based on certain thermodynamic process.

ZEROTH LAW OF THERMODY NAMIC:

It states that when two bodies are in thermal equilibrium
seperately with third body, then the two bodies will be in thermal equi-
[ibrium with each other.

Let P and Q are thermal equilibrium with third body R
seperately, i.e, thereisno heat transfer from Pto R or R to Pand from Q
to Ror R to Q then P and Q will bein thermal equilibrium.

FIRST LAW OF THERMODY NAMICS:
It statesthat heat and Mechanical work areintercoverable
i.e., Mechanical work is obtained by expenditure of heat or con-
versely heat is produced by spend o mechanical work.
Let W isamount of work obtained from heat H

Then W aH

W=JH
Where Jis mechanical equivalent of work
1Kcal=427K gf-m
1K.J =1KN-M

or
In aclosed system undergoing cyclic process, the net work delivered to
sorroundingsis proportional to heat taken from the sorrounding .
JAQ o [AW
JAQ = LI [AW
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Where JAQ = The heat aken from sorroundings
| AW=Work delivered
J= Mechanical equivalent work

SECOND LAW THERMODY NAMICS.
It can be stated in two different ways
1. Clausiusstatement
2. Kelvin- Max Plani
statement

CLAUSIUSSTATEMENT:

Itisimpossiblefor the heat to flow from abody at |ow
temperatureto abody at high temperature without aid of external agen
or heat flows from hot body to a cold body unaided.

This statement follows that a body can only absorb he
from asource which at higher temperature than that of a body.

If it isrequired to lower the temperature of the body
below that of its sorroundings mechanical energy have to be spent.

Eg. Heat pump. It takesinwork and deliver heat continuous
KELVIN-MAX PLANKSSTATEMENT:

Itisimpossibleto construct an heat engineworking ol
cyclic process, whose sole purposeisto conver all the heat supplied
it into equivalent amount of work .i.e., No heat entine converts or c
convert, more than small fraction of the heat supplied to it, into wc
and large part of heat is necessarily rejected as heat.
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Theratio of heat converted into work to heat taken in by
the engineis called the thermal efficiency of the engine.

SUMMARY:

Zeroth law of thermodynamics: It states that when two
bodies are in thermal equilibrium with third body, they are in thermal
equilibrium with each other.

First law of thermodynamics It states that heat and work are mutually
inter convertible.

Second law of thermodynamics:

Kelvin-maxplanks statement: It isimpossible to construct an
engine working cyclic process shows sole piurpose isto convert all
the heat supplied to it into equivalent amount of work.

Clausius statement:
Heat can not flow from abody at lower temperature to
another body at higher temperature without the aid of external agency.

WORKED EXAMPLES:

1. The heat transfer inacycle of four processesare1.5Kcal, 17.5
kcal,-4 Kcal,-6 Kcal. Find the net work transfer during the cycle.
Solution:

Given data
Q =15Kacad, Q =17.5Kcd,Q ;=4 Kca, Q =6
Kca

JAQ=Q +Q ,+Q +Q,
=1.5+17.5-4-6=9 Kcal
We know AW= J AQ =427 X 9=3843Kgf-m

2. The work transfer in a cycle of 5 processes are 40 Kj, 50K, -
20Kj, 15Kj and —12K J. Cal culate the amount of heat transfer during the
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cycle.

Solution:
Given data
W =40KJ W ,=50KJ W =-20K0J

W =15KJ W =-12KJ
According to thefirst law of thermodynamics,

Jdw + fdq =0

Jdg= -fdw = -[ 40+50-20+15-12] =
73KJ

3. A Boiler contains steam of kg having heat 600 Kcal. Calculz
the equival ent amount of work
Solution:
Given data
Q=600 Kcal
Work =JQ
=600 X 427 Kgf-m

4, A fluid contained in vessel is stirred by a pedal wheel. T

power input of pedal whel is 1 hp and heat transfer 625 Kcal/hr. calc
latethe changein Internal energy.

Solution:
Given data,
Work done by paddle wheel= 75 kgf-m/sec
=75X60X60/427 = 632.4
Kcal/hr.
Heat transfer =625K cal/Hr.
According to thefirst law of thermodynamics,
Q=U+W
U=0QW =6256324 = -7.4Kcal/
hr.

(Negative indicates decreases
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5. Inacycle, there are four heat transfers, Q ,=15KJ, Q ,= 4K,
Q,=-10KJ, Q,=3 KJand work done at above three stagesare W =

4KJ, W,=0.5KJ, W =2.5KJFind the workdone at the fourth stage
?

Solution:
Given data
Q=15 KJ, Q.,=4KJ, Q=10KJ, Q
,=3KJ,
W =4KJ, W, =0.5KJ W =25KJ, W =?

JAQ =15+4-10+3=12 KJ,

[dw = 4+0.5+2.5+W
According to thefirst law of thermodynamics,

Jdq = Jaw
12 = 7+W
W =5KJ

SHORT ANSWER QUESTIONS:
1. Define zeroth law of thermodynamics?
State thefirst law of thermodynamics?

State the Second law of thermodynamics?
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CHAPTER - 3
LAWS OF PERFECT GASES.
I ntroduction: A gasisthe state of any substance of which the

evaporation from the liquid state is completed. The fluids like oxygen,
air, Nitrogen and Hydrogen, etc., may be regarded as gases with in the
temperature limits of applied thermodynamics. Where asavapouir con-
tains partially evaporated liquid and the contents of the pure gaseous
state together with the particles of liquid in suspension.

Eg: Steam, CO ,, SO ,, etc,,

A vapour becomesdry whenitiscompletely evaporated.
If thedry vapour isfurther heated, thenit iscalled as super heated vapour.
The behavior of super heated vapouirsis similar to perfect gas.

PERFECT GAS:

A Perfect gasis onewhich obeysall gaslawsat all con-
ditions of temperature and pressure. A ctually thereis no gas obeysall
gas laws and all conditions temperatures and pressures.

But certain temperatures limits gases like O ,, H ,, N,
etc. may be regarded as perfect gases.

The behavious of perfect gasis giverned by certain gas laws, they are,
Boyles law

Charles law,

Avagadros law,

Joules law,

Regnaultslaw,

abrowbdpE
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BOYLESLAW:

It states that the volume of a given mass of gas vari
inverdly proportional to its absolute pressure, when the temperatL
remains constant.

Let

P= Absolute pressure of agas,

V=Volume of agiven mass of agas,

Then, By Boyleslaw,

vV al/P

PV = Constant

In other words, the product of the absolute pressure of agasal
its volume is constant when the temperature remains constant. Let t
initial pressure of agasis P1, volumeisvl, If it isexpanded or ca
tracted at a constant temperature process, then its pressure becom
P2, and volume V2,
According to Boyles law,
PV, =PV,

CHARLESLAW:

It states that, the volume of a given mass of gas vari
directly proportiona to its absolute temperature, when its pressure
kept constant.

L et V=Volume of given massof agas

T=Absolute temperature,
Then, According to the charles law,
VaT
V/T = Constant.
If V1 and T1 are the initial volume and absolve temperatL
then it isheated at constant pressure
Process, its volume becomes v2 and temperature T2, then,
According to the Charles law,
VT =V JT,
pressure kept constant)
The volume of agiven mass of agasisincreased or de-
creased by 1/273 times of its original volume at 0 °C.
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AVOGADROSLAW:

It statesthat equal volumesof all gasesat the sametem-
peratures and pressures contain equal number of molecules, in other
words, If two ideal gases are contained in two vessels of equal vol-
ume and the same temperatures and pressures, each gas have the same
number of ;molecules.

Let M, M , arethe molecular weights andm_ andm , are
mases of two gases then
According to Avogadros law,
m =kM n ,m_=kM n

m/m,=M./M,
JOULESLAW.:

It statesthat the internal energy of a given gas depends
only itstemperatures and independent of of its pressures and volumes.
In other words, the change of internal energy perfect gas is directly
proportional to the change of temperatures.

If the heat is added at constant volume process, all the
heat supplied is stored as internal energy.

REGNAULTSLAW:

It states that the two specific heats of perfect gasdon’'t
change with change in temperatures. However, thislaw is assumed to
hold good with in small range of temperatures. The ratio of specific
heats Cp and Cv of any gasis constant.

Cp/Cv = Constant.

Laws of Thermo Dynamics 18
CHARACTERISTIC GASEQUATION:

Consider one kg of gas beinitially at pressure P1, vc
ume V1, and temperature T1 respectively. This can be represented ¢
P-V diagram at point 1. Suppose the gas expands or contracts at co
stant temperaturetoitsvolumeV , such that, the corresponding value
its new absolute pressureis P .

According to Boyleslaw, PV = P V*,
Vi =, PV,

2
Now the gas expands or contracts further such that the pressu

remains constant and its volume changesfrom V* | to'V , and temper
turefromT toT,, then
According to Charles law,
VET, =V T, V' =)

1

JT,XT,
Then from the above equations
PV, =PV JT,
‘PV/T = Constant..

Since, V ,isthevolumeof unit massof gas, this constant usua
represented by R,itis called asthe characteristic g
constant.

Therefore,
PVIT =R
or PV=RT

If m=massof agas
V=volume of agas,
Therefore,
PV=mRT or R=PV/mT
Unitsof R : N-M/Kg/K
Vaue R=29.27 Kgf-m/Kg/K
= 287JKglk

UNIVERSAL GASCONSTANT:
It isthe product of Molecular weight and gas constant of the
gas. Itisdenoted by Ru.
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Ru=MR WhereM is;molecular
weight.
R is The gas constant.
Itissamefor all gases.  Ru =848 Kgf-m/Kg-Mol/K in MKS
system,
=8314 JKg-Mole/K inSl system.

WORKED EXAMPLES:

1. Cdculatethefinal pressure of agashaving volume of 4 cub.m and
pressure 8 bar. Which is heated at constant temperature when the
final volumeis 8 cub.m.

Solution:
Given data,
V,=2m3 P =6ba, V,=8m3,P, =?
By Boyleslaw, PV, = PV,
O P,=PV/N, = 6X2/8 = 15bhar.

2. A gasof volume of 2 cub.m and temperature is 27 °C receives heat
at constant pressure so that final volumeis4 cub. m Calculatefina
temperature?

Solution:
Given data,
T, =27+273 = 300K,
V  =2cub.m
V ,=4cub.m P=constant
=7
, =

VIT1=VJT, T,=V/V XT,
= 4/2X300 = 600K
T, =600-273 = 3270C

Laws of Thermo Dynamics 20
17 Pumps Laws of
Thermo Dynamics 18 17
Pumps Laws of Thermo Dynamics

3. A gasof volde of 0.2 cub .m is compressed in acylinder to fir
volume 0.02 cub.m and pressure is 60 bar. Intial temperature a
pressure are 270C and 3 bar respectively. Calculate final temper
ture.

Solution:
Given data,
V =0.2cub.m, V ,=0.02cub.m, T = 27+27
=300K, P, =3 bar,
P,=60bar, T, =?

Weknow, PV /T =PV JT, T,=PV,T,
V= 60x0.002x300/3x.2= 600

=600-273=327c
SUMMARY:
A perfect gas obeys al gaslaws at all temperatures and pressures

Boyleslaw PV = Constant,
Charleslaw V/T = Constant,

Characteristic gas equation PV = mRT,
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Joules law states that Internal energy of agasisfunction of itstem-
perature.

Renaults law The specific heat ratio of gasis constant.

SHORT ANSWER QUESTIONS:

1

2.

4.

S.

6.

Define perfect gas?
State Boyles law?
State Charles law?
Define Regnaults law?

Joules law?

ESSAY TYPE QUESTIONS:

Derive the characteristic gas equation of perfect gas?
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CHAPTER 4

THERMODY NAMIC PROCESSESIN GASES:

The different methods of heating or cooling and expanding or contrac-
tion of gases are

1. Constan Volume process(Iso choric process)

2. Constant pressure process(Iso baric process)

w

| sothermal process

4. lsentropic process

ol

Polytropic process
CONSTAN TVOLUME PROCESS:

When a gas is heated at constant volume process, i.e.,
in a closed vessdl, Its pressure and temperature increases. Since there
is no change in volume and no external wokdone on gas. All the heat
suppllied during the process is stored in the gas as internal energy.

Workdone by thegas = 0,
The changeininternal energy =E,-E, =mCv (T ,-T))
Where, m = massof agass, Cv= The specific heat at

constant volume process.
T,=Initia temperature, T,= Final temperature
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Diagram =2 Vi
P
V2
g
V

Heat transferredQ = E + W = mCv (T,-T)
The above processis shown in figurea

CONSTANT PRESSURE PROCESS:

Inthisprocessthegasisheated at constant pressure pr
cess. Its temperature and volume increases. Since there is change
volume, heat supplied is utilized in increasing the internal energy a
doing some external work.

Work done ‘W'=P dv

=P(V,V)
Heat supplied at constant pressure process=m Cp (T,-T))
Thechangeininterna energy E-E, = mCv (T-T))

Q =(EE)+W

PL = P2

V1 V2
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CONSTANT TEMPERATURE PROCESS:

In this process, heat is supplied to a gas such that its
temperature remains constant, such that its temperature remains con-
stant. Such an expansion is Isothermal expansion. In this process the
whole heat supplied to the gas will be used in doing external work.

Changeininternal energy E-E =0
According to thefirst law of thermodynamics
Q=E+W
Q=W (E=0)

The above processis shown in figure a

Work doneW = Pdv
But for Isothermal process PV=PV, and P=P V /V

W= PV, dvV
=PV, LogV2/V,

ADIABATIC PROCESS:

Inthis, theworking substanceisneither receivesnor gives
out heat to its sorrounding during expansion or compression. Inthis, the
working substance isthermally insulated from its sorrounding.

During the adiabatic process,

a. Noheat leaves or entersin to the working substance

b. Thechangeininterna energy isequal to workdone.

Thermodynamic Processin Gases 25

Q=E+W
E=-W

W=10000(P,V-P,V )/1-y ~Kgf-m
Negative sign indicated workdone on a gas for increase the intern
energy.
The above processis shownin figurea

POLY TROPIC PROCESS:

Inthis, gas may be heated in such way that the curve
expansion followslaw of PV" =C

W.D = 10000(P,V ,-P,V )/n-1 Kgf - m

2 17 1

SHORT ANSWER QUESTIONS:

1. Write the difference between constant volume and constant pres-
sure process?

2. Differentiate the Isothermal process and isentropic process?
3.Derive an expression for workdone during the I sentropic process:

WORKED EXAMPLES:

1. Calculatethe heat must be suppliedto 2 Kg of gas:
rise its temperature from 80 C to 180 C at constant pressure proces
Find also externa work done during heat supplied. Cp =0.24, Cv=0.!
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Solution:
Given data,
M=2kg

T1= 80+273=353K
T2=180 +273= 453K
Cp=024, Cv=0.17

We know ,
The heat supplied Q =m Cp(T2-T))
=2X0.24 (453-358) = 34 K cal.

Work done = Q-E =48-34 = 14 kcal
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CHAPTER -5
FUELSAND COMBUSTION

INTRODUCTION:

A fudl is substance which liberated a large amount of
heat when it isburned. The burning of fuel isknown as combustion of
fuel. Theamount of heat liberated during combustion of one kg of fuel
is known as calorific value of fuel.. Fuel mainly consists carbon and
Hydrogen. So they are called as Hydrocarbon. The natural fuels such
as cod, Qil, natural gas were laid down millions of years ago during
the evolution of earth.

CLASSIFICATION OF FUELS:
Fuels are mainly classified in to
1.Natural fuels,
2.Artificial fuels/

Further, they are classified into a. Solid fuel  b. Liquid fuels
c. Gaseous fuels.

1. NATURAL FUELS:
I Solid fuels Eg. Wood, Peat, Lignite,
Anthracite cod

ii.  Liquidfuels Eg. Crude Oil

. Gaseousfuel, Eg. Natural gas
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ARTIFICIAL FUELS:

i. Solid fuels Ex. Coke, wood, charcoal,
briquette coal

ii. Liquid Fuels Ex. Petrol, Gasoline,
Kerosene, Paraffin oil,
Lubricating oil
ilii. Gaseous fuel Ex. Coal gas, Producer geas
water gas, Mond gas.

NATURAL SOLID FUELS:
Wood:

It isused as a domestic fuel .It becomesin to coal when it
burnt in the absence of air. Th calorific value of fuel of wood is198(
Kcal/Kg.

Peat:

Itisthefirst stage of formation of coal. It has highly humic
fied substance. It produces smoke when it is burnt. Its average cal
rific value is 23000 KJKg.

Lignite:
It isthe next stage of peat. It contains 60 % carbon and 40

moisture. It isvery brittle. It isformed into briquettes and can |
stored. Its average calorific value is 25000 Kj/kg.
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Bituminouscoal:

It is next stage of lignitein coal formation. It contains 4 to 6%
of moisture and 75 to 90% of carbon. It burnswith long smokey yellow
flame. Its calorific value is 36000Kkj/kg..

Artificial Solid fuel:
It ismade by burning with limited supply of air at about
28°C. Itisused in metalurgical process.

Coke: It is made by remove its volatile matter in bituminous coal. It
contains 85 to 90 % of carbon. Its calorific value is 32760 Kj/kg.

Briquette coal: It consists of finely grounded coa mixed with a suit-
able binder and pressed together in briquittes

Pulverised coal: It isformed by powdering low grade with high
ash content The coal isdried crushed in to afine powder. Thisis used
in cementsindustry.

LIQUID FUELS:

Natural Petroleum or Crude Qil:

It is available at about 5000 m from the surface of the
earth. It is dark brown thick oil and consists of comlex mixtures of
hydrocarbons.

Petrol or Gasolene:

It is obtained by distillation of crude oil from 65 C to
220 C. Itisthelightest and most volatile liquid fuel. Itisusedin Sl
engines. Its calorific value of fuel is 45000 Kj.
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Kerosene or paraffin oil:

It is obtained by distillation of crude oil from 160 C
250C. Itisheavier and lessvolatile than petrol. It isused lighting a
heating fuel.

Heavy fud oils:

It is obtained by distillation of crude oil at about 20C
to 360C. These are used in diesel engines and marine engines. The
are also used oil fired Boilers.

Tar: It isby product from the manufacture of coa gas.

Benzene:
It isagood alternative to petrol and less liable to de
nation than standard petrol.

Alcohol:
Itisformed by fermentation of vegetable matter. Itsca
rific valueis 26880 kj/kg. But itscost ishigh.

GASEOUSFUELS:

Natural gas.

Itisavailablefrom oil wells. Natural gasconsistssMar
gasor Methane along with Hydrogen and slight quantities of other H
drocarbons. Its calorific value is 35700 Kj/cub.m.

ARTIFICIAL GASEOUSFUELS:

Coal gasor Towngas.  Itisobtained by carbonizing the coal
retortsat high temperature intheabsense of air. It consistsHydroge
Carbon monoxide, Carbon dioxide, methane and Nitrogen. Itscalori
value 21000 to 25200 Kj/cub.m
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Producer gas:

It is obtained by partial burning of coal, coke in a mixed air
steam blast. It is used in power generation plant and glass melting
furnaces.

Weter gas.

It isobtained by raising the coke to red hotness and passing the
steam over it. It consists hydrogen and carbon monoxide. Itisused as
suplement of town gas. Its calorific valueis 11550 to 21000Kj/kg.
Coke-Oven gas.

Itisaby-product from cokeoven. Itscaorific valueis14700K|/
cub.m to 18900Kkj/cub.m
Blast Furnace gas:

Itis by product from blast furnace. Its caorific value is 3800
KJcub.m. Itisused in metallurgical industries.

Mond gas.

It isobtained by passing air or steam over waste coal at 650C.
Itisused in gasengines. Itscaorific valueis 9800 KJcub.m
Cdlorific Vaue:

The calorific value of fuel is defined as the amount of
heat generated by complete combustion of one Kg of fuel for solid and
liquid fuelsit is measured in K¥Kg or Kcal/Kg where as for gaseous
fuel itisexpressed in K¥m3 or kcal/m? at atemperature of 15° C and
pressure of 760 mm of Hg.

a) Higher calorific value of fuel( H.C.V) or Gross calorific value of
fud :

It isthe amount of heat liberated by complete combus-
tion of unit massor unit volume of fuel including the heat of products of
combustion which is recovered by cooled down to atmospheric tem-
peraturei.e., 15 °C.

b) Lower calorific value of fuel: (L.C.V)

Itistheamount of heat generated by complete combus-

tion of unit massor unit value of fuel wherethe products of combustion
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are cooled to 100 °C without condensation of steam.
Merits of Liquid fuels: compared with solid fuels.
1. Liquidfuelshave higher calorific value then that of solid fuel
It isbetter control of consumption
It is having better cleanliness
Better economy in handling

It requires less storage capacity
. There is no deterioration is storage
Demerits:

1. Itscostishigh

oo s W N

2. Risk of fireis more

3. It requires costly containers

Merits and Demerits of Gaseous fuel
The handling of gaseous fuels is better

The temperature of furnace is easily controlled
They can be used directly in Diesel engines.
They produce no smoke or ash

o~ WD BE

. They are free from impurities like sulfur
Demerits.

1. There are more chances of Fire Hazards as they are readily in flammable
2. They require large storage capacity

Requirements of Good fuel:

It should have higher calorific value

It should have low ignition point

It should burn freely with high efficiency
It should not produce no harmful gas

It should produce least quantity of smokeand gases
It should be economical to storage and transportation.

o0 A~ WD P
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Chapter 6
Air Standard Cycles

I ntroduction:

A thermodynamic cycle is occurred when the working
fluid of asystem under goes a number of operations or processes which
takes place in a certain order and ultimately return the fluid to initial
conditions when these operations of cycles are plotted on P-V diagram,
they from aclosed figure the net work done by working fluid isgiven by
area under curve.

Different engines work on different cycles, while per-
forming the cycle of operations the engine takes certain amount of heat.
A part of this heat taken in by the engine is converted in to useful work
while the remainder is rejected during the completed of the cycle.

Work done on piston equals to area under P-V diagram,
which is equal to difference between the heat supplied and rejected.

Thermal efficiency = Wok done/ heat supplied
= (heat supplied — heat rejected)/ heat
supplied

In actual practice of thermodynamics, an Internal com-
bustion engine does not under go acycle changeastheair and fuel taken
in the beginning of the cycle and can not received at the end of thecycle.
Instead it is changed in to products of combustion all though the engine
completesthe cycle of operationsfor the sake of smplicity and find out
the efficiency working on particular cycle. Air is assumed to be the
work substance inside the engine cylinder which observer and rejects
the certain amount of heat by bringing the hot body and cold body in
contact with air in engine cylinder.

These cycles are known as air standard cycles and effi-
ciency thus obtained is known as air standard efficiency
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Assumptions of Air standard cycles

1. Theworking substance is pure dry air is assumed to be perfect ¢
i.e, It obey the gaslaws.

2. The specify heat remains constant at all temperature

3. Heat issupplied by bringing the hot body is contact with cylinder
appropriate points during the process. Similarly heat isrejected
bringing cold body is contact with cylinder at the points apart frc
intentional changesin heat.

4. All the compression and expansion processes are adiabattically a
they takes place without any internal function.

5. Thecycleisconsidered to close one there is no suction and exha
strokes, same air is used again and again to repeat the cycle.

6. No chemical reaction takes place inside the engine of cylinder.

Carnot cycle:

Carnot cycle was devised by Sadi carnot. It has high
possible efficiency and consists of two isothermal processes and t\
adiabatic processes. Assume air isthe working fluid and enclosed i
cylinder. Inside which dlides a frictionless piston. In this heat is st
plied at temperature T , and is allowed to expand Isothermally thisfor
the piston isthe cylinder, these doing some useful work
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At point ‘2" the source of heat isremoved and the system is allowed to
expand further to get cooled to atemperature T2 is the adiabatic pro-
cess, these doing necessary useful work.

At point 3, acold body of temperature T2 isapplied and heat isrejected
to the sold body. The movement of the piston reverses, thus compress-
ing the system in so thermal process.

At point 4 , the cold body is then removed and the system is com-
pressed a diabolically to the point. Which is shown is fig(a) on P-V
diagram.

During, the entire cycle, the heat is supplied during 1-2
and heat isregjected during 3-4. There is no heat exchange during two
adiabatic processes.

Fig. 1
Let P,V ,and T, aretheinitia pressure volume and temperature re-
spectively at point 1 in P-V diagram.

P, V,and T, are the pressure, volume and temperature re-
spectively at point 3.

Let | sothermal expansionratio=V, /V, =r
during the process 1 —2

And, | sothermal compressionratio=V ,/V , =
during the process3—-4

Let thecylinder contain onekg of air
Heat supplied in process1-2=P,,, logr=RT,  logr
Heat rejected in process 3-4=P,V, logr

=rT,logr

we know,

Workdone = Heat supplied — heat rejected
=RT, logr-RT,logr
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Efficiency of otto cycle = W.D/HS
Efficiency of ottocycle =H.S—-H.R/H.S
= (RT, logr-RT,logr)/ RT, loc
On =T1-T2T,

Ti=Tz ¢ 3

&

— Pressure —e

—=Temperaturg —=

— Vo lumg —=

(=)

—— Enfrapy —e=

E )

OTTOCYCLE:

Otto cycle was devised by Dr AN.OT T O ltisa:
called as constant volume cycle. It consists of Two revers role adi
batic processes and two constant volume prieasses. Heat is suppli
during the process 2- 3 a constant volume processes and heat ISt
jected at const. Volume during the process 4 —1. The processes 3 -
and 1 — 2, thereis no heat is supplied. let the expansion ratio or cor
pression ratioisequal tor i.e.,

V,/IV,=V, IV,

Let onekg of air isin the cylinder
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Heat supplied during the process2-3 = Cv(T.-T))
Heat rejected during the processA-1  =Cv (T,-T )
Air standard efficiency = Work done/Heat supplied
= Heat supplied — Heat rejected/Heat
supplied
=Cv(T,/T,)-Cv(T,-T ) Cv(T,T)
=1-(T,-T )/ (T,T)
since the process 1-2 is adiabatic compression

T,m, =N,N,)y" = ry"

T, T, ryt
Similarly 3-4 Adiabatic expansion processT = T, ry*

Alsor=V IV =V, IV,
Substituting the above values

n=1 (T,=-T)/ (T, ry"_T, ry?

=1-Ury?t

il T
l\'Ill.'l

B

et 3 i - - —

g=] m-r SEsgram o) T ding=am
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Diesdl Cycle:

It was devised by rydholpro diesdl in this cycle heat
supplied at constant pressure process. It consists of the following of
erations

4 -1 heat addition at constant pressure process
1 -2 adiabatic expansion
2- 3 constant volume process

3 —4 Adiabatic compression process

Let P3, V3 and T3 bethe prossure, volume and temperature (
air inthe cylinder initsaly at Point 3. The fistam compressesthe a
adiabafically and the conditions of air at 4 isP4, V4 and T4. A h
body isthen borceght is contact with the cylinder such that heat is sy
plied at constant processure process due to this, the volume is crease
to V1 and then heat is discontinued. It isrepresented by ‘I’. Theair |
now then expands adiabatically to the conditions P2, V2 and T2 at poil

2. Now cold body is brought to the end of the cylinder such that tt
pressure drops at constant volumetill the temperature and pressure T
and P3 are reached. Thustheair finally returnsto intial conditions ¢
air heat cersider one Kg of air

;- Heat supplied=Cp (T1-T4)
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Heat rgjected = Cv (T2 -T3)
Workdone = heat supplied — heat rejected
=Cp(T1-T4) —-Cv (T2-T3)
Efficiency =Workdone

Heat supplied
=CP(T1-T4)-Cv (T2-T3)
Cp(T1-T4)
=1-Cv(T2-T3)
Cp(T1-T4)
=1-1r(T2-T3) Cp=r)
(T1-T4) Cv

For onc Kg mass of air
Air standard efficiency = heat supplied = heat rejected ! heat supphed
=i Ta=Ta) = CyiTa= T}/ Cp{T:—T2)
=1 = ha=T) Al —="1a)
=1l=1s5%* [[Ta=T) s (T3="Tal}
Let ¢ be the compression ratio = Vi/Vs
Expansion ratio r, - %43 Vs
o= Cul=ofT ratio = W' V= V' Vi Wyl Vs
= V3 Vg * V Vs
=T/ K
cul-ofl ratio = compression ratiod expansion ratio
connsidering adiabatic compression(1-2)
Ty =(V V) ™! =r-
Ti=T2r"=1
Comsider constant pressure process{2-3)
T3 Ty =Wy = P
Ti=Tz p= T * r— &)
Consider adizbatic expansion (3-4)

Taf Ty =(Wa! V11 =1 = 17" m(ipy™-!

..I.J= ['['.“ I:I:\- II-IIIIV 1

Substituting the value of T

Ta=Tp"

Substituting the proper value fromm above equations
Air standard efficiency of diesel cvele =

= 11 {[Tye p- TH] [Ty * 7" * p - Ty * ']}

= -V " 1N y(p-1} -
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Diesel -Cycle

Diesiei cycle consists of a Constant pressure, a Constant volume
and two adiabatic processes. Heat is supplied during Constant pressure
process 2-3 and is rejected during the Constant volume process 4-1
During the adiabatic process 3-4 and 1-2, no heat is applied.

T
'P.*r; 50
- @
5 a 11
om a
ih E
Py a0
bf- -

Enfropy—+
Summary

A thermodynamic cycle consists of series of operations, which takes
place in certain order and rerurns to initial conditions.

For the sake of simplicity and to find out the efficiency of the engine
working on

Particular cycle, the cycles are analyzed on the basis of air as work-
ing medium

Efficiency of cycleisgiven by (Heat cupplied - Heat rejected) /
Hear supplied

The efficiency of Carnot cycleisgivenby 1- (T3/T1)
The air standard efficiency of otto cycle

The air standard efficiency of diesel cycle
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Short Answer Questions

1. What isthermodynamic cycle?
2. What is efficiency of air standard cycle?
3. What are the processes contained by the Carnot - cycle?

4. In otto-cycle what are the processes performed to complete the
cycle.

5. Whatt isdiesel cycle?

Essay Type Questions

1. What are the assumptions of air standard cycle?

2. Derive the air standard cycle effeciency of carnot cycle?
3. Derivethe air standard cycle effeciency of otto cycle?

4. Derivethe air standard cycle effeciency of Auto Cycle?
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CHAPTER-7
|.C. Engines

Introduction to I.C. Engines

Engineisadevice, which convertsthe heat energy into me-
chanical energy. Heat energy is obtained form the combustion of fuel.
Engineis classified on the basis of combustion as

1. externa combustion engine
2. internal combustion engine

1. External combustion engine

The combustion of fuel takes place outside the engine cylinder.

Eg: steam engine
2. Internal combustion engine

The combustion of fuel takes place inside the engine cylinder.
Classification of 1.C Engines

Theinternal combustion engines may be classified as accord-
ingto

1. Fuel used

(a) Diesal engines or Heavier fuel engines.
(b) Petrol engines

(c) Gasengines

[.C. Engines

|.C. Engines
(C) Bl-fuel engines
2. Working cycle
(a) Otto cycleengines
(b) Diesdl cycle engines
(c) Dua combustion cycleengines.

3. Number of strokes per cycle

(@) Two stroke engines
(b) Four stroke engines

4. Method of ignition

(a) Sparkignitionengine
(b) Compressionignition engines

5. Cooling system

(a) Air cooling system
(b) Water cooling system

6. Number of cylinders

(@) Singel cylinder engine
(b) Multi cylinder engine

7. Cylinder arrangement

(@) Horizotd

(b) Verticad

(c) V-type

(d) Radial

(e) Opposed piston
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@ Indine
8. Speed

(&) Low speed engines
(b) Medium speed engines
(c) High speed engines.

11.3 Application of 1C Engines

Stationary
Automotive

Aircraft

Marine

Locomotive engines-

abkrowbdpE

Engine Nomenclature
Bore

Theinside diameter of an engine cylinder is known as bore.
Stroke

It is the distance traveled by a piston from of its dead center
positions to the other dead positions.

Dead center

These are corresponding positions occupied by the piston at
the end of the stroke.
For vertical engines these positions are known as top dead centers and
bottom dead center.
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Top dead center

Thetop most position of the piston towards the cover end of t
engine cylinder of vertical engine.

Bottom dead center

Thelowest position of the piston towards crank end of the cyli
der of vertical engine.

Crank radius

The distance between the center of main shaft and center of
crank pin.

Stroke volume

Thevolume swept by the piston when It moves betwe
two extreme positionsis known as stroke volume or swept volume a
is denoted by:
V.S. = piston area* stroke length

= (11 /4) D*D*L

wher “D” = diaof the piston i.e. bore
“L” =strokelength

Clearance volume

The volume occupied by the working substances between t
piston and cylinder head is clearance volume and is denoted by. V¢



46 M echanical Technology
Total cylinder volume

Thevolume occupied by theworking substancewhen the pistonis
in the lowest position of engine cylinder B.D.C.or O.D.C. isknown as
total cylinder volume.

Tota cylinder volume = Swept volume +clearance
Volume

Compression ratio
Itistheratio of total cylinder volume to the clearance volume
Engine Basic Operations.

The following sequence of operation is required to take place
inaway | C engine to complete the cycle.

1. Suction stroke

Inthe suction stroketheinlet valveisopen, the exhaust valueis
closed. When the piston moves from T.D.C TO B.D.C in vertica en-
gine or the piston moves from inward dead center to outer dead center
in horizontal, a partial vacuum is developed inside the cylinder. Then
the higher pressure of the outsid4e atmosphere forcesthe mixture of the
fuel vapour or gasand air in correct proportion in case of gas or petrol
engines, pure air isin case of diesel engines must be supply to engine
cylinder engine.

2. Compression stroke

In this stroke both inlet d exhaust valves are closed. The piston
movesfrom B.D.C. TOT.D.C themixture of gasfuel vapour and air in
case of petrol engine or pure air in case of diesel engineis compressed
inthe engine cylinder during the stroke.
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The compression heat vaporizes mixture of fuel and, is burn
by an electric spark initiated by spark plug. In case of diesel enginet
diesal is pumped at high pressure into highly compressed hot air at t
end of compression stroke, which follow the combustion of diesel tak
place.

3. Power stroke

In this stroke both valves remains closed. Theresulting presst
riseisdueto combustion of fuel and the expansion combustion produc
drivesthe piston and rotates the crankshaft.

4. Exhaust Stroke

In this stroke exhaust valve is opened, and inlet valve is clos
Piston movesfrom B.D.C. TO T.D.C When the expansion of combusti
products is complete, the burnt out gases must be cleared or remov
from the engine cylinder to give scopeto for fresh mixture of fuel in ce
of petrol engineand in case of petrol engineand in case of diesel engit

Four Stroke Diesel Engine

Four — stroke cycle diesel engine completes by the four strok
of the piston or two revolutions of crankshaft (flywheel)

Suction stroke

a) Piston moves from B.D.C to T.D.C. inlet valve opens, partial
vaccum be created inside the cylinder.

b) Freshfiltered air is admitted through inlet valve. Exhaust valve
mains closed
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Compression stroke

a) Piston moves from B.D.C to T.D.C. both inlet and exhaust valves
are closed.

b) Air islightly compressed in the combustion chamber its pressure
and temp increases.

c) Attheendof compressionfue isinjected into the combustion cham-
ber by fuel injector system.

Power stroke

a) theinjected fuel comesin contact with compressed hot air, it catches
fire. These gases expand rapidly and provide power impulse to the
position.

b) Piston movesfrom TDPto B.D.C, bothinlet and exhaust valvesare
closed.

(Eventsgoing on in afour stroke diesel engine)
Exhaust stroke

(@) Pistonmovesfrom B.D.Cto T.D.C, inlet valve closes and exhaust
valve opens.

(b) Exhaust gases are expelled out of thecylinder. neach strokethe

crankshaft completes 180 degrees and so 180* 4strokes =720degrees
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Four- Stroke Petrol Engine

Infour- stroke cycle petrol engine completes by four strokesof the pist
(Suction, compression and power stroke, exhaust stroke) or intwo rev
lutions of crankshaft (flywheel).

Suction stroke

(@) Piston movesfrom T.D.C to B.D.C inlet valve opens partial vacut
Is created inside the cylinder.
(b) Fresh change (fuel + air ) isadmitted into the engine cylinder.

Compression stroke

(@) Piston moves from T.D.C to B.D.C, both inlet and exhaust val
closed.

(b) Chargeiscompressed inside the cylinder its pressure and tempel
ture increases.

(c) At the end of compression a spark is initiated by the spark plt
whichignitesin the charge
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Power stroke

(@) Both valvesremains closed

(b) The burning gases expand and push the piston —B.D.Cas
the power isdevel oped. Heat energy in the burning gasesto conerted
into mechanical energy

Exhaust stroke
(@) Piston movesfrom B.D.Cto T.D.C. exhaust ..... closed.
(b) Burnt gases are expelled out of the cylinder. in

((\\ Carh ctralra Aranl chaft ~nmnlatace 1QNAanrance Ca 1 QNAAnron x

=1
EXHAUST

Two —stroke Diesel Engine

The two-stroke diesel engine differs dightly from that of two-
stroke petrol engine. Two-stroke diesel engine requires a supply of air
to blow out exhaust gases and to fill the cylinder with clean air. Air is
usually supplied by a blower or air compressor, which is driven by the
engine.

Upward stroke

(@) Piston movesupward fromB.D.Cto T.D.C covering both theintake
and exhaust ports. A partial vaccum is created in created in crank-
case, theinlet port isuncovered by piston and thefresh air is sucked

I.C. Engines 51

into crankcase.

(b) Theupward stroke of piston causes compression of previously ave
able air inside the engine cylinder takes place simultaneoudly. F
is injected into the combustion chamber by means of fuel injecti
system.

(c) The descending piston uncovers the transfer port soon after the ¢
haust port. Air under pressure from crankcase enters into the cyl
der and helpsin expelling out the burnt gases, the shape of the pist
head helps in scavenging (complete removing of burnt gases fre
engine cylinder) the burnt gases from the engine cylinder. Cranl
shaft completes 180degrees (1/2 cycle) 180 +180 =360 (one co

plete cycle).

is) (k) el (4]
Twn-atrokes epcle dissal eogina.

Two —stroke Petrol Engine

The two-stroke petrol engine working consists of upward stroke:

(@) Piston movesupward from B.D.Cto T.D.C covering both the tral
fer and exhaust ports. A partial vaccum is crated in crankcase, |
inlet port isuncovered by piston and the mixtureof air and fuel vapc
from the carburettor is sucked into the crankcase

(b) Theupward stroke of piston causes compression of previously ave
ablecharge (air +fuel vapour ) inside the engine cylinder takesple
simultaneoudly. Thusduring upward stroke suction and compress
of charge (air +fuel) take place. At the end of compression strol
the chargeisignited by high—voltage el ectric spark initiated by sp:
plug.
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Downward stroke

(a) Afterignitionof charge, combustion of chargetakesplace. Theburn-
ing gases expand rapidly and force's the piston downward on its
power stroke. Inlet port is closed by piston and compresses the
charge drawn in the crankcase.

(b) Piston moves downward towards the end of power stroke. The
exhaust port isuncovered and the used gases pass out of the cylin-
der.

INTAKE ¢ EXHAUST g
PORT j RORT

IGENT IR EXHaL ST I TAME COMPRESSION

(c) Thedescending piston uncoversthetransfer port soon after the ex-
haust port. Air under pressure from crankcase entersinto the cylin-
der and helpsin expelling out the burnt gases, the shape of the pis-
ton head helps in scavenging (complete removing of burnt gases
from enginecylinder) the burnt gasesfrom the enginecylinder. Crank
—shaft completes 180degrees (1/2 cycle) 180+180 =360 (one com-
plete cycle.

After completing the power stroke, the piston moves upwards and the
cycle is repeated.

11.9 Cylinder Arrangementsin Multi Cylinder Engines
1. In-line engine

Engine cylinders are arranged in line in same plane
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2.V-type

In this arrangement on the common crank case cylinder blocks are
ranged fixed at any angle to each other, mostly in the shape of “V”.
this casetwo connecting rod big ends arefixed to one big end journal
crank sheet. The main advantage of such an arrangement is that su
engines require less space area.(In length size)

3.0pposed-type

Inthisarrangement 2 cylindersarefixed in same plane oppositeto ea
other

4. Horizontal —type
Horizontal engines arefixed in horizontal position.
5. Radial engines

Inthistypethecylindersare arranged around the crank —shaft. Thecra
—shaft has only one throw and one position is connected to master rc
The connecting rods of other piston fastened to master rod. For pow
to flow to master rod and then to crank shaft. Thisisused in air-craf

Difference Between 2-Stroke and 4-Stroke and Petrol and
Diesel Engines

Two stroke

1 Crank-shaft compl etes one revolution for one power stroke.
2. Contains ports

3. Usually air cooled engines

4, More torque due to more even power impulse.
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11.

12.
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More power isproduced for the sameenginesize.
Initial cost isless.

Useful gases escape out with exhaust gases.
Lightinweight.

Mostly single cylinders.

Rate of wear and tear is more.

Volumetric efficiency isless due lesser time for induction.

Lighter flywheel is used.

Four Stroke Engine

1.

2.

Crank-shaft compl etes two revolutions of one power stroke.
Contains valves and valve operating mechanisms.

Mostly water-cooled engines.

Turning moment isnot so uniform.

Comparatively less power is produced.

Initial cost is more.

Loss of useful gasesisvery less.

Heavier in weight.

Mostly multi-cylinder engines.
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10. Wear and tear rateisless; dueto fuel fledged lubrication systen

11. Volumetric efficiency is more due more for induction.

12. Heavier flywheel isneeded to keep the engine running uniform sp

Petrol Engine

o

8.

0.

S.I engineignition isby means of spark produced by the spark plt

It works on otto cycle or Constant volume cycle.

Mixture of petrol and air isinduced during suction stroke.
Carburattor are used to supply the charge.

Quality of mixtureis controlled.

Petrol is as fuel.

Compression ratio varies from 6:1 to 9:1.

Temperature of compressed fuel mixture is 60 to 80 degrees.

Lighting in construction.

10. Occupies less space.

1. High speed engine.

2. Produced less torque.
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Diesel Engine

1.

8.

0.

In C.I engine ignition takes place due to heat produced high com-
pression of air.

It works on diesel or Constant pressure cycle.

Only air isdrawn Inn during suction stroke.

Fuel injector injects fuel oil spraying into compressed air.
Quantity of injected fuel is controlled.

Diesdl is used as fuel.

Comparativeratio is high and varies from 12:1 to 22:1.
Temperature of compression in air is 500 degrees.

Heavy in construction.

10. Occupies more space.

11. Comparatively low speed.

12. Torque characteristic are better.
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Summary

Theinternal combustion engine, inwhich combustion of fuel takes
place in-side the Engine cylinder.

Internal combustion engines are classified on basis of

1.

2

3.

Fuel used.
.Cycle of operation

Number of working strokes.
Types of cooling

Typeof ignition

Method of fuel injection
Arrangement of cylinders
Speed of the engine.

Applications.
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Short Answer Questions

1. What isan engine?
2. Write the classfication of Engines?

3. What are the cycle of operation?

Eassay Questions

1. Write the classification of I.C. Engines?

2. Write differences between two - stroke and four stroke engines
3. Compare petrol and diesel engines

4. Describe two - stroke petrol engine with a neat sketch

5. Describe two-stroke diesel engine with a neat sketch

6. Write about the four - stroke petrol engine with neat sketch

7. Write about the four-stroke diesel engine with neat sketch?
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CHAPTER - 8
PUM PS

Introduction

In general the machines are classified into TWO types. Theseare
a) power producing machines and b) power using machines. Power pro-
ducing machines convert the energy possessed by theliquidinto mechani-
cal energy and then into electrical energy viz., turbines. Power using ma-
chines usesthe mechanical energy of amachineand convertsthe sameinto
fluid energy viz. Pumps.

As stated above Pumps are, power using machines and
whenever fitted in apipeline, causes an increase in the energy of thefluid
in that pipeline.

Definition

Pump is defined as“amechanical device, which convertsthe me-
chanical energy, supplied to it into the hydraulic energy of thefluid flow-
ing throughit”.

Functions of Pump
Following are the functions of a pump.

1) it convertsthe mechanical energy supplied to it into hydraulic energy of
thefluid flowing throughiit.

i) It increasesthekinetic energy and pressure energy of theflowingliquid
throughit.

iii) It converts the kinetic energy of the fluid into pressure energy before
the fluid entersinto the delivery pipe.

iv) It liftsthe liquid from lower level to higher level.

Classification of Pumps
On the basis of action involved in the working of Pumps, pumps
are classified into 3 categories. These are
) Dynamic pumps.
i) Displacement pumpsand
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i) Specia pumps.

Dynamic Pumps
The pumps in which the energy is continuously added to the pump, to
crease thevelocities of fluid and to discharge the sameto higher levels
called ad dynamic pumps.

Ex: Centrifugal pumps.

The Pumps are again classified into sub groups as shown in th
Flgl.1

Dynam& Pumps
e
Centrifugal  Propeller Screw Regenerative
Pump Pump Fig.Rvmp turbine Pump

) Centrifugal Pumps
In these pumps the pressure head is devel oped by the centrifu
effect intheimpeller of the pumps.

i)  Propeller Pumps
In these pumpsthe pressure head, isdevel oped by the propelling or lifti
action of the vanes of the impeller.

i)  Screw Pumps
In these Pumps the screwsfitted in a casing devel op the pressure head
rotating around themsel ves.

Iv)  Regenerative turbine Pump
In these pumps the pressure head, is developed by the reve
turbine action of the vanes of the impeller.



Displacement pumps

These are the pumpsin which the energy isperiodically added to
one or more movable parts of the pumpsto physically displace the fluid
in contact with these movable parts to higher levels.

Ex: Reciprocating pumps, Rotary pumps.

These pumps are classified into sub groups as shown in the

1) Reciprocating Pumps

In these pumps the movement of piston or plunger in a cylinder
physically displacestheliquid. If the cylinder is provided with a piston
it is called as ‘Piston’ Pumps and is called as ‘Plunger’ pumps if it is
provided with a plunger.

i)  Single acting Pumps
In these pumpstheliquid is sucked and discharged from one side
(face of the piston side) of the piston.

iii)  Double acting Pumps
In these pumpstheliquid is sucked and discharged from both the
sides (face of the piston and rod sides) of the piston.

Displacement Pumps

Reciprocating Pumps Rotary Pumps

Pisson Plunger Gear Vane Cam and piston lobe

Single Double  Differential
Acting Acting Pump
Pump Pump Fig. 1.2

iv)  Rotary Pumps

These Pumps displaces the liquid physically by means of rote
ing action of the components (gears or vanes or cams etc.,) provided
acasing.

v)  Gear Pump

These pumpsare provided with two intermeshing gearsin aclo:
fitting casing. Each gear teeth actslike plunger of areciprocating pumg
During rotation, each pair of teeth intermesh on the suction side ar
providessuction effect. Theliquid under pressureiscarried to the oth
side and gets displaced.

vi)  Vane Pumps

These Pumps consists a circular rotor with slots mounted e
centrically inacircular casing. Eachrotor dot carriesarigid vaneth
forces the liquid to slide in aradial direction

vii) Lobe Pumps

These pumps are provided with a pair of rotors which, rota
with continuous contrary motion within a pumping chamber. A pair «
timing gears is housed in a casing to facilitate the rotation of rotor
Thusthese rotors pump liquid with changing volumes.

Specia Pumps

These are the pumps which, use either centrifugal action or r:
ciprocating action and consists some specia arrangement to dischare
thefluid.

The following are a few varieties of special Pumps and are

showninthe
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Construction of Centrifugal Pump

inthissimplest form it consists the following components as

shown
inthe Fig 2.1.
1) Impeller
1)) Shaft
1)  Casing

IV)  Suction pipe
V) Delivery pipe and
VI)  Primemover

1) Impeller

Therotating part of the pump is called asimpeller. The impeller
is always subjected to wearing force because its function is to force the
liquid into arotating motion.

- a

Fig 2.1 Componentsof Centrifugal Pumps

Theimpeller isfitted with aseries of curved vanesand ismounted
on a hub. At the eye of the impeller a wearing ring is fitted so as to
prevent the exposure of impeller materia at the eye, to thewearing forces.
Theimpellers are selected according to the requirement of pumping and
are of following types.
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a) Shrouded or enclosed impeller
b) Semi enclosed impeller

c) Openimpeller

d) Single suctionimpeller and

e) Double suction impeller.

a) Shrouded impellers

The vanes of these impellers are surrounded with shrouds
shown in the Fig 2.2. These shrouds or plates are called as * crow
plateand ‘base’ plate. Theseimpellersare suitable for pumping pt
liquids against higher heads.

b) Semi enclosed impellers
The vanes of these impellers are provided only with ‘base’ pl:
i.e.only on one side as shown inthe Fig 2.3. These impellerse
used for pumping liquids containing debris up to some extent.

¢) Openimpellers

The vanes of these impellers are neither provided with ‘ba:
plate nor ‘crown’ plate. The vanes are fixed to shaft by means of aw
plate as shown in the Fig 2.4. these are used for pumping liquids havi
large quantify of suspended matter.

d) Singlesuctionimpeller

In these impellers the liquid enters into the impeller eye or
from ‘one’ side. As the impeller experiences unbalanced thrust, a b:
ancing disc isfitted to the opposite side of the shaft.

€) Double suction impeller
In these impellerstheliquid entersfrom either side of theimp
ler . asthereisnatural balance necessity of abalancing discisnot aris
The impellers are made of following materials
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- Low carbon steels coated with stainless stedl
- Stainless sted!

- Aluminum, Bronzeand zinc aloys

- Blades with cast stainless steel sheets.

i) Shaft

This hub or shaft consists akey at its one end and flexible cou-
pling with pin and rubber bushing, at the other end. Theimpeller isfitted
onthekey of the shaft. At the other end the shaft iscoupled with flexible
coupling to another shaft of a prime mover. A portion of the shaft is
extended into the stuffing box to prevent air leakage on the suction side
and leakage of water on the delivery side when the pump is working.
The portion of the shaft which, situates inside the stuffing blx is pro-
tected from corrosion and abrasive action by means of providing re-
movabl e shaft deeves made up of gunmetal. The Glands in the stuffing
box are made of hard bronze. The shaft is also supported on ball bear-
ings at both the ends so asto provide perfect balance during the rotation
of the impeller. Grease cups are provided at the bearings to have good
amount of lubrication. The shaft ismade of high tensile steel.

Iii) Casing

Itisprovided for housing theimpeller and to support the bearing
that carriestheimpeller shaft. The casing iseither avertical split typeor
ahorizontal split type as shown inthe Fig 2.5.

Two openings are provided in the casing for connecting suction
and delivery pipes. It is provided with a stuffing box to prevent leakage
from the gap between the pump casing and shaft. It is provided with a
gasket as its split to prevent the leakage losses. It consists an arrange-
ment for priming and an air cock to allow the escape of entrapped air in
the casing suction pipe. Theentire casing isfixed to abase plate made of
cast iron ore welded steel. Sometimes Dowel locating pins are driven
through the pump and motor into this base plate to ensure correct assem-
bly and alignment.
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Onthebasisof requirement any one of thefollowing varietiesof casir
are provided.

a) Diffusedcasing
b) Volutecasingand
¢) Whirlpool or vortex casing

a) Diffused casing

Inthis, adiffuser ring having guide vanes surroundstheimpel
as shown in the liquid enters without shock. These are suitable for |
stallations in deep wells and mines.

b) Volutecasing
In this a spiral casing with gradual increase in area of cro:
section surrounds the impeller as shown inthe Fig 2.7.

Due to the increased area at the outlet of the pump casing t
velocity of the liquid reduces and thus the pressure energy of theliqgt
rises. Inthisthelossof kinetic energy ismore and isdueto the formati
of eddiesin the casing.

¢) Whirlpool casing

It is a combination of vortex or whirlpool chamber and volt
casing. In this awhirlpool chamber is provided in between the voll
casing and the impeller as shown in the Fig2.8. Due to the vorex cha
ber theloss of kinetic energy dueto the formation of eddiesreduces.
the efficiency of the pump increases.

Iv) Suction pipe

It is a pipe whose upper end is connected to the flange of t
casing and lower end is submerged in the sump. The lower end of t
pipe isfitted with afoot valve and a strainer.
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v) Délivery pipe

It is a pipe whose lower end is connected to the flange of the
casing and upper end is extended up to the reservair. It isaso provided
with adelivery valve nearer to the casing to regulate the flow of liquid.

vii) Prime mover

It isused to rotate theimpeller. Its shaft is connected to the shaft
of the impeller by flexible coupling. This prime mover may befitted to
the base plate on which the pump casing isfitted or to another plate. In
general an electric motor is provided for the purpose.

Operation of pump
For starting and operating acentrifugal pump the under mentioned

sequence should be followed to ensure better life to the pump.

1) Initialy, the cooling system and itsreservoirs should be checked.

i) Check for proper coolant flow.

i) Openthesuction valve and close al the drainsin the casing and
in piping.

Iv) Prime the pump and ensure that there is sufficient liquid in the
reservoir to feed the pump if necessary.

V) Start the mother and bring it into proper speed. When the rated
speed is reached, open the discharge valve slowly.

Vi) Check up the leakagein all the piping and in stuffing boxes.

vii)  Check the pump suction, discharge and temperature.

In case the pump shows any sign of trouble such as over heating
of bearings, more vibration or noise then stop the pump at once and find
out the cause and then take the corrective action.
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Priming

The suction pipes, pump casing and some part of thed
charge pipe must be filled with full of liquid al the times. Driving c
air fromthe casing and suction pipeisknown aspriming. Oninitial ste
or after along shut down air which, is trapped in the casing should
expelled from the casing. Thisisto be dome by allowing theliquid flc
into the casing to push the air and allowing the air from the air- cc
situated on the top of casing

The priming of pumps can be done, by using any one
the three methods. These are

a) Manud priming
b) Priming by vacuum
c) Self-priming.

a) Manual priming
In thismethod theliquid is poured into the casing through aft
nel provided on the top of casing. Sometimesthe casing is cc
nected with amain as shown in the Fig so asto use the liquid
themain for priming purpose.

b) Priming by vacuum
In thismethod the air from the suction pipe and pump is, suck
by using rotary compressors. When air is sucked from the pur
and suction pipe then atmospheric pressure in the sump forc
the water into the suction pipe.

c) Self priming
In thismethod the pump is primed automati cally. Each manuf:
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Working of Reciprocating Pump

As shown in the Fig 4.2, the piston is connected to a crank by
means of aconnecting rod. Asthe crank isrotated at uniform speed by a
driving engine or motor, the piston movesto and fro in the cylinder.

Reciprocating Pumips

Delivery pipc
Crank shafu
Llivery valwve

Cylinder
| .E pshon i

| - |
| | :
Connecting rod

[ Suction valve
v
—Suction pipe

Strainer

Initially the piston is at its extreme left position as shown in the
Fig 4.6a. When the crank rotatesfrom g = 0 to g = 180, the piston moves
from its |eft position to towards its extreme right position. During this
backward movement of the piston apartial vacuum iscreated inthe cyl-
inder. The atmospheric pressure acting on the liquid surface in the well
or sump forces the liquid to fill up the suction pipe and the cylinder by
by opening the suction valve. Thusthe air in the suction pipe and cylin-
der isfirst replaced with liquid. Thisisknown as‘priming’ of the pump
sinceduring thisoperation theliquid issucked from sump, itisknown as
suction stroke. At the end of suction stroke the crank is at its extreme
right position i.e.
At g =180 and the cylinder isfull of liquid as shown in the Fig 4.6b.

When the crank rotates from q = 180 to g = 360 the piston moves
from its extreme right position to its left position. Due to this forward
movement of the piston the pressure of theliquid rises above atmospheric
and the suction valve is get closed as it is a one —way valve. Since the
liquid isat high pressure it opens the delivery valve and moves through
the delivery pipeinto the reservoir. This operation of the pumpiscalled
as 'delivery’ stroke as the liquid is delivered into the reservair.
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At theend of thisdelivery strokethe pistonisat itsextremele
position and the crank isat g =0 or g =360 as shown in the Fig 4.€

After the crank completes one full revolution, both the suctic
and delivery valves arein closed position. The same cycle is repeat
asthe crank rotates.

Single acting pump

Inasingle acting pump theliquid isin contact with only side
the piston. Thus a single acting pump has one suction pipe and oned
livery pipe as shownintheFig 4.7.

In this pump for one complete revolution of crank there exis
only two strokes. These are suction and delivery strokes. The pun
deliverstheliquid only during the delivery stroke.

Double acting pump
In a double acting pump the lipuid is in contact with both tl
sides of the piston. Thus a double acting pump has two suction pip
and two delivery pipes with appropriate valves as shown in the

In this pump for one complete revolution of crank there exists fo
strokes. These are two suction and two delivery strokes. The pun
delivers the liquid during each stroke. I.e. during each stroke sucti
takes place on one side of the piston and the delivery of the fluid tak
place on the other side.

Discharge calculations
The discharge calculation for single acting and double acting
reciprocating pumpsis as follows.

a) Singleacting pump
Asexplained in 4.4 asingle acting pump hasonly on
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suction stroke and one delivery stroke for one complete
revolution of the crank.

Let
A = Cross-sectional area of the piston in sg.meters
L = Length of the piston strokein meters
N = Speed of the crank inr.p.m
R = radius of the crank
Then

Number of delivery strokes = (N/60) per second
Theoretical volume of liquid pumped per stroke
Qth per stroke = (Cross- sectional area of the piston* length of the

stroke)
Qth per stroke=(A*L)

Qth =(A*L*N)/ (60) m3/ sec ...eq (4.0
SinceL=2r
Qth = (2* A*r*N) /(60) m3/sec ...eq (4.2

If the Qthisrequired in litres per second then the discharge quantity
should be multiplied with 1000 because 1m3 = 1000 liters.

b) Double acting pump
Asexplained in art 4.5a double acting pump has two delivery
strokes for one complete revolution of the crank.

Let

A = Cross — sectional area of the piston in sg. meters
A = Cross — sectional area of the piston in sg. meters
L = Length of the piston strokein meters

N = Speed of the crank inr.p.m

R = radius of the crank

Reciprocating Pumps 74

Theoretical volume of liquid pumped per stroke
Qth Per stroke = discharge from cover side

+ discharge from crank side
Qth per stroke= ((A*L) + (A-a)*L)

Qth = (A*L) + ((A-a)*L)/ (60)

Qth = ((2A-a)*L) /60 m3/ sec ...eq (4.3)
SincelL =2r

Qth=(2A-a)*2r*N) /(60) m3/sec  ...eq (4.4)

If the Qth is required in liters per second then the discharge quant
should be multiplied with 1000 because 1m3 + 1000 liters.

1. Coefficient of discharge (C)

Itistheratio of actual volume of liquid discharged to the volul
swept by the piston.

Actual discharge
Coefficient of discharge =
Theoretical discharge
Cd= Qact/Qth ...€q (4.6)
2. Slip (S)

it isthe difference between the theoretical discharge and actt
discharge.

S=Qact/Qth ... €9 (4.7)
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Ex: 1

In asingle acting reciprocating pump the cylinder is 15cm and stroke
length is 23cm. Calculate the theoretical dischargeif the pumpis
running at 40.p.m.

Solution
Givendatar 1. Cylinder dia=15cm
2. stroke length = 23cm
3. pump speed = 40r.p.m
Required date: Qth
From egn (4.1)Qth = (A*L*N) / (60) m3/sec
Qth (O*0.15*0.23*40) /(60)
Qth =0.003m3/sec Ans
Qth= 0.163m3/ min Ans
Qth=1631pmAns.
Ex: 2

In a Double acting reciprocating pump the cylinder diameter is
30cm and piston rod diameter is5 cm. The stroke length is 36¢cm.
Calculate the theoretical dischargeif the pump isrunning at 50r.p.m.

Solution

Given data : 1. Cylinfrt fis=30cm
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2. piston rod dia=5cm

3. strokelength =36 cm
4. pump speed =50 r.p.m
Required data Qth
From egn (4.3) Qth = ((2A-a)*L)60m3/sec
A =11* 0.30*0.30: a=11* 0.05*0.05
A =0.07069 sgm: a= 1.9635* 10-3 sgm
Qth = (2*0.0706’ 9 — 1.9635* 10-3) 0.36* 50/(60)
Qth =0.0418 m3/sec Ans
Qth=41.8lpsAns
Ex:3

In asingle acting reciprocating pump the cylinder diameter is 15cm a
stroke length is 30cm. Calculate the theoretical discharge if the pumg
running at 40r.p.m. also calculate the actual discharge and dlip if the
efficient of discharge is 0.94.

Solution
Given data: 1. Cylinder dia= 15cm
2. strokelength =30cm
3. pump speed = 40r.p.m
Required data : Qth

From egn (4.1) Qth = (A*L*N) / (60)m3/ sec
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Qth = (11 .150.15*0.30*40) / (60)

Qth =0.004 m3/sec Ans
Qth0.212 m3/min.

Qth=2121pm Ans.

From the egn 4.6 Cd = Qact / Qth
Qact=Cd* Qth

Qact =0.94*212

Qact =0.94*212

Qact =199.28 I[pm Ans
from the egn 4.7s = Qact — Qth

S=199.28 -212

S 12.72Ipm Ans
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Jet pump Applications
The Jet pump is used for the following applications.
i) For lifting more fluid from greater depths
ii) For water supply to nurseries, foresteries and to domestic pur-
pOSes.
iii) For water supply to small irrigation works, gardening.

As compressor it is used for
i) For removal of rubber deposits from aircraft runways.
ii) For removal of scales from steel structures.
iii) For testing pressurized pipe - lines
iv) For concrete fillings in under water works.
V) For cleaning heat exchangers, boilers, boiler tubes and evapora-
tors.
vi) For cleaning ferrous and non-ferrous castings.
vii) For cleaning vessels in food precessing plants.
viii) for kiln cleaning and removal of blockage.
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Working of jet pumps

The pumping of fluid in the jet pumps consist three stages. These are
i) priming
i) pressure regul ating and
i)  pumping

1) Priming

When the pump isstarted for thevery first time. Itisto beprim
using water. i.e. the water is to be poured through the ‘T’ joint keepi
the air cock in open condition until there isfree flow of water from t
air cock. Then the air cock is gradually closed while pouring the wat
if there is any fall in water level in the ‘T’ fitting after closing the :
cock then the piping system should be checked for leakage.

i)  Pressureregulation

In jet pumps the maximum flow occursonly at particular oper:
ing pressure. So to get the maximum flow, the pressure valve is to
adjusted by loosening it, until maximum flow is maintained. Too mu
loosening of the screw will sometimes lower the pressure of the jet.

i)  Pumping

Asand when the motor of the pump is started, initialy the wa
is entered into the suction pipe because of the centrifugal action of t
pump. When the water entersinto the delivery pipe. Then a part of it
allowed into the pressure pipe through the hose. Then by adjusting t
pressure valve, the pressure of the water in the pressure pipeis raised
the required extent. This water which id under pressure is allowed
passthrough the nozzle of the jet assembly. The high velocity jet fromt
nozzle createsalow pressureat it tip and causes pull of more water frc
the suction pipe. The water then passes through the venturi tube at hit
velocity along with thejet stream. When it passesupward intheenlarg
part of the venturi the velocity of the stream decreases and the press
increases. Thisraised pressure forces the water up to the suction limit
the pump.
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Applications

These pumps can be used

NoggkrowodE

For Drinking water supply installations in citiesand in rural areas.

For Service water supply installations in industries.

To supply more water for irrigation works from deep wells.
To lower the ground water level in building sites.

To use in deep well operations.

To lower the ground water level in mines.

To use at places where the surface install ations can expose to
floods, fire and to harmful chemicals.

To use at places where there exists frequent changesin ground
water level.

To usein booster pump installations. i.e. at placeswhereit is
needed to draw water from amain at alow pressure and deliver
the sameto an elevated tank or to another main where ahigher
pressure is desired.
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Working of the pump

The pumping of the water inn submersible pumpsis same as|
centrifugal pumps. The only differenceis, in submersible pumps ther
IS no suction pipe and hence the need of priming for every pumping i
not necessary.
The pumping in submersible pumps consist the following operations

1) Priming before installation

The motor must be filled with clean non-acid water (not di
tilled water) and free of sand for the purpose of priming before a su
mersible pump is installed.

i) Pumping

The pump must be started by dightly opening the gate-val\
Then the discharged water must be checked for the sand content, as
cessive sand in the water is harmful to the pump. If there is an appt
ciable amount of sand found to be present, then the pump must run wi
partly opened gate-valve, until the sand contents are reduced to acce
able quantity. Then the valve can be opened gradually to pump the wa
as per the capacity of the pump.
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CHPATER -9
Sprinkler irrigation
Itisamethod of ‘ Surfaceirrigation’ system. Inthismethod wa-

teris ,H,f

Fig 3.6 Sprinkler irri ation System

pipes and sprinklers. In this method water is forced under pressure
through a small circular hole or nozzle. The water came out from the
nozzlebreaks up into small dropsasit travelsthrough the air and fallsto
the land in the form of a spray, somewhat resembling the rain fall. In
general therate of spray iskept less than the infiltration rate of the soil.
The sprinkler systems used in this method can be either permanent in-
stallations or semi portable or purely portable systems.

Components of sprinkler system
Main components of this system areisfollows.
1) Head assembly comprising
a) sand filter
b) screen filter
i) Main and Sub main pipes
iii) Riser pipes
iv) Sprinkler heads
V) Values and fittingsand
vi) Pump set.
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Installation, Working of Sprinkler irrigation System
Theinstallation and working of the system can be discussed L
der two separate headings as mentioned bel ow.

Installation of Sprinkler system
Theinstallation of this system involveslaying of head assemb
Mains, Sub mains, Sub mains and sprinkler heads on the ground in 't
following sequence.

1) The Délivery pipe of the pump set isfirst connected to a Stors
tank, from where the water is to be distributed.

i) The head assembly isthen connected to the storage tank

1)  Themainsare connected to this‘Head assembly’ and are buri
intheground at equal distancesinthe areawheretheirrigatior
to be practiced.

1v) The sub mains are joined to the mainsin a lateral direction a
are laid parallel to the rows of plants.

V) The riser pipes, which are usually 80cm high, are joined to t
submains. In general the height of the riser pipesisfixed asy
the height of the crop inthefarm.
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Vi) Finally the revolving sprinkler heads are mounted on the risers.
Sometimes the sub mains are provided with perforation and are
directly fitted with jets, through which the water jets out and
fallson the ground.

vii)  Thusthe laying of sprinkler system consists joining the mains,
sub mains, risers and sprinklers.

Working of sprinkler system

The pump, which isin general a Centrifugal Pump, liftsthe wa
ter from the well and supplies the same to Mains. Then this water is
allowed to pass through the Sand filter and Screen filtersin an ‘Head
assembly’ to remove the suspended particles from the water, otherwise
these particles clog the nozzles. The water from the ‘head assembly’
starts flowing through the mains, sub mains, risers and then entersinto
the sprinklers with high velocity.

The spray pattern of the sprinklers (full, center, left or right) can
be adjusted using aknob fitted at he bottom of sprinklers. Asand when
the water jet enters into the sprinkler it strikes the sprinkler arm at one
side and causesthe movement of the sprinkler to that side. Then the next
phase of water jet strikes the other end of the sprinkler arm and again
causes the movement of the sprinkler to that side. Thus the sprinkler
rotates in a horizontal direction by using the high velocity of water jet
and produces a circular wetting pattern.

In some installations nozzles are fitted directly to the perfora-
tions on the sub mains instead of fitting the rotating sprinklers headsto
theriserson these sub mains. Thewater isallowed to jet out from these
nozzlesand is sprayed on the land like an umbrella on the ground.

Troubles in Sprinkler system components

i) The abrasive action of silt in the water causes excessive wear
on pump impellers, sprinkler nozzles and in bearings.

i) The debris entered into the nozzle chokes the nozzle and causes
the reduced efficiency of the system.
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Drip Irrigation:

It isamost important method in the sub irrigation system. It
also called as Trickle irrigation system.

TheDrip Irrigation systemisanet work of pipesand tubeswhi
forms adelivery system to feed exact amount of water to each plant
rectly toitsroot zone, drop by drop. Thewater dripsfrom the nozzles
avery slow rate and keeps the soil moist in abulb shape under the plar

This method ensures optimization of crop yield without subje
ing the plant to stressand strain. Timesand intervalsfor watering diff
according to thetype of plant. The most important factor to remember
the depth of theroot zone and soil composition. The deeper therootsar
the finer the soil the longer the watering time must be, but frequency
watering will bereduced. A finer soil such as clay cannot absorb wat
very quickly but will hold the moisturefor alonger period of lime. She
low root zones and sandy soil types will require frequent watering of
shorter duration. The Plant and soil moisture conditions are to be o
served to adjust watering times and intervals to maximize plant grow
and minimize water use. In asystem with mixed plantings, some cor
promises may have to be made between plants that require occasior
deep watering and those that prefer frequent shallow watering. Thisc:
be partly accomplished by using emitters of higher output on the dee
rooted plants. If thisisnot practical because of other factors, acompr
mise can be reached by doing shallow watering on a frequent basis
well as occasional deep watering. Thefirst irrigation cycle should be
much longer one than normal. Because we have to completely establi:
thewet zone in each plant’sroot zone. Thiscycle should befrom 1 ho
up to possible 6 hours, depending on the plant material that isto be dol
watering and the types of soil systems. To do thiswe haveto inspect tl
emitters, flush the lines by opening the end cap, and clean the filt
Depending on water quality, the frequency of filter cleaning may var
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The development of drip irrigation products has led to successful and
trouble-free systems for both the commercial grower and the home-
owner. The design of the system using filtration and quality emission
components will make maintenance a smple yearly task. Visual in-
spection of the system is the best way to observe performance and can
be done in minutes while gardening. It should be noted that plants re-
quiring different irrigation frequencies should be placed on separate
control values.

Components of Drip irrigation system
Main components of this system are asfollows.
i) Head assembly comprising

a) Back flow prevention device
b) Fertilizer dispenser
c) Y filter
d) Ventury meter
e) Ventury by-passassmbly
i) Main and Sub main pipes
i) Lateral pipes
iv) Drip nozzles
v) Valvesand fittings and
vi) Pump set.

1) Head or Valve Assembly

The components that are to be installed into all drip irrigation
systemsare

a) A back flow prevention device such as a pressure vacuum breaker,

b)

d)

€)
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an anti-siphon, or an atmospheric vacuum breaker is recommends
for all watering systemsthat are connected to adrinking water su
ply. Thiseliminatesthe possibility of irrigation water backing —1
into the drinking or potable water system.

A fertilizer dispenser which, allows for the application of liquid
any dry, totally water soluble fertilizer.

A filter to screen out small particles matter from the water and pr
tects the small openings or orifices of emitters, micro-sprays, &
from clogging. It contains afine mesh screen or Cartridge that ¢
be rinsed and reused.

A pressure regulator which reduces the higher pressures found

home plumbing systems, usually 45—100 PSI, downto 10to 25 N
depending on the drip irrigation system being installed. The low
pressure greatly reduces the possibility of leaks and blowouts. Tl
pressure regulator is placed on last so that the pressure going out
thelinesis at the desired level.

A venturi meter to measure the flow rate.

i) Main pipes, Lateral pipes

The poly tubing is connected to the pressure regulator. For tl

parts we have to provide in future adopters should be installed in tl
piping.

iii) Drip Emitters

Selection, spacing, and coverage of drippersare very importa

asthe drippers are heart of the system. The various available drippe
in the market are as follows.
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a) Pressure compensating drippers

These are the most advanced drippers and are available in flow
ratesof 1, 2 and 4 gph. They allow long runs with equal flow from each
dripper at any pressure between 10 and 55 psi. They are self-cleaning
and utilize a silicone diaphragm which moves up and down as pressure
fluctuates to control the flow. They are designed for long life under the
harshest conditions and are ideal to usein any design.

b) Button drippers

These drippers alow water to move rapidly in irregular random
motions. These drippers regulate water flow by dissipating energy in
friction against thewalls of thewater passage. Button drippersare avail-
ablein flow rattes of 5, 1 and 2 gph and working at 25 psi and also have
extralarge water passages to prevent clogging.

c) Flag drippers

These drippers use the same concepr as button drippers, but may
be opened to clean. They areavailablein flow ratesof 1 and 2 gph at 25
psi. and they have barb inlet and outlet for easy installation

a) Adjustable drippers on spike

These alow the option of changing the flow for each individual
plant. Twisting thedia on the dripper towardsthe or away the signswill
allow to adjust the flow between 1 gph and 10 gph. These are available
with ¥ barb or 5 spike.

3.3 Ingtallation, Working of Drip irrigation System
Theinstallation and working of the system can be discussed un-
der two separate headings as mentioned below.
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Installation of Drip system

Theinstallation of thissystem involveslaying of head assemb
Mains, Sub mains, Lateralsand drip nozzlesontheground. If the syste
needs more supply then the system is to be divided into as many inc
vidual systems as necessary. In doing this we have to consider certe
plants with differing watering requirements. For the future extensio
provisions should be made in the system.

The installation should be started from the water source to t
laterals in the following sequence.

) The Delivery pipe of the should be started from the water sour
to the lateralsin the following sequence.

i) The head assembly isthen connected to the storage tank.

iif)  Themainsare connected to this‘Head assembly’ and are buri
intheground at equal distancesintheareawheretheirrigation
to be practiced.

iv) The sub mains are joined to the mainsin alateral direction a
are laid parallel to the rows of plants.

V) Thelateral pipes, which are usually 50cm long, arejoined to t
sub mains. In general one latera is provided for one plant.

Vi) The drip nozzles with regulators are fitted to the lateral s exac
at the location of the plant. The end of the lateral is provid
with a‘stop’ to prevent the wastage of water.

vii)  Thus the laying of drip system consists joining the mains, s
mains and laterals.

Precautions during alignment

The precautionsto be taken during the alignment of the drip sy
tem are as follows:
) For pipe thread connections the male threads should be wrapp
with two to three wraps of Teflon tape before making the co
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nection.

i) The correct direction of flow on valves and other components
should be checked before making the final connections. Usu-
ally al pipe Threaded componentswill have an arrow’ on them
that pointsin the direction of the water flow.

iif)  Over tightening of the plastic fittings by using awrench or pli-
ersshould't bedoneasit causes stripping of threads. Ingeneral
hand tightening will be enough if Teflon tapeis used.

iv) The dirt out of the lines shouldn’t be alowed into the system
duringinstalling the system.

V) The tubing should be allowed to “relax” or sitinthe sun. This
will make it easier to work with and assemble. If it's cold out-
sidewhenwe reinstalling the system, then the end of thetubing
should be dipped into a container of warm water.

Vi) The pipe shouldn’t be stretched or pulled. The hose should be
allowed to “snake” aong the ground. This will alow for ex-
pansion and contraction due to weather conditions.

vii)  When punching a hole for an emitter, spry, or connector, the
punch should be made perpendicular to the tubing while sup-
porting the backside of the tubing with the other hand.

viii)  All the tubing lines should be flushed before closing so as to
remove any debristhat may have gotten into the system during
istallation.

Working of Drip system

The pump which isin general a Centrifugal Pump, liftsthewa-
ter from the well and stores it in an elevated storage tank. The tank
level from the ground is dependent on the area of the land to be irri-
gated. The water from the storage tank is released as and when re-
quired and passed through a fertilizer tank, so as to mix the fertilizer
directly to the water. Then this water is alowed to pass through the
Sand filter and Screen filtersin an ‘Head assembly’ to remove the sus-
pended particles form the water, otherwise these particles clog the drip
nozzles. Thewater fromthe‘ head assembly’ startsflowing through the
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mains, sub mains, lateral and drip adjusting the regulators fitted to t
nozzles. The process of dripping is allowed to continue for a period
7 to 8 hours every day.

The excesswater flowing through the mainsisagain collected
the other end of the farm and disposed off in a suitable way.

34 Troublesin drip system components.

The components, which need frequent observation inthissyste
arefilters, emitters, threads at connections and poly tubes.

1) Filters

The filters are frequently get clogged as these are used to pr
vent the entry of silt particlesand un dissolved particles of fertilizer.
clean these filters the lines are flushed, by opening the end cap of t
tubing. Thefrequency of cleaning by flushing depends on the quality
water and on the quality of fertilizer.

i) Emitters

The emitters are get clogged due to the presence of the silt ps
ticles of the water. The efficiency of the emittersreduced to alarge €
tent due to this clogging. So the clogged emitters are to be preferak
replaced with new one. If we want to remove completely the emitte
then we havefix goof plugsinthe place of emitters, so asto avoid leal

Iii) Threads at connections

Forcing a hose thread fitting into a pipe thread fitting results
stripped threads and these threads causes leaks. These leaks can
avoided by wrapping the male threads for 2-3 times with a Teflon tay
If the damage is of serious nature then that damaged part of the pi
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should be removed and anew piece isto beinstalled at that place.

iv) Poly tubes

The efficiency of the system decreases drastically if there exists
any break inthelines. If there exist any break in theline, then the dam-
aged section should be removed and anew pieceisto beinstalled using
couplings. Before making connection to the system, thisnewly installed
pipe should be flushed to remove any particles that may existsinit.

Summary

1. Thedripirrigationisaveriety of subirrigation system. It consista
net work of pipesand drippers and is used to feed exact amount of
water to each plant directly to its root zone.

2. The main components of drip system are a) head assembly, b)
polypipes and c) drippers.

3. Themain disadvantage of this drip system is‘blocking of drippers
due to the presence of silt’. So it is not preferable if the water
consists soil particles.

4. Thesprinkler irrigation is avariety of surfaceirrigation system. It
consist a net work of pipes and sprinklers and is used to feed the
crop by applying the water in the from of anatural rain.

5. The main components of sprinkler system are @) head assembly, b)
poly pipes and c) sprinklers.

6. Themain disadvantage of thissprinkler systemis, itisnot useful for
cropswhich requirelarge quantity of stagnated water such as paddy
crop. Itisnot preferable if the water consists soil particles.
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Short Answer Question

Mention the components of drip irrigation system

Mention any three types of drippers.

Mention the reason for fitting of * Y’ filter in the head assembly
Mention the troublesin drip system.

Mention any threetypes of sprinklers

Mention the troublesin sprinkler system
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Descriptive Answer Questions

1. Explainindetail about the components of drip system.

2. Explainin detail about the installation of drip system.

3. Explainindetall about the working of drip system

4. Explainindetail about the precautionsto betaken during theinste

lation of drip system.

Explainin detail about the components of sprinkler system

6. Explainindetail about theinstallation and working of sprikler sy
tem.
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