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Preface to the Tenth Edition

Iam glad to present this book entitled ‘Basic Mechanical Engineering’ to the
first & second semester engineering students of Kerala Technological Uniye,
sity. While writing this book, 1 had in mind the need for finding simple methods

_and solutions to make the subject more learner friendly. The explanations given

in the book are direct, clear, simple and easy to understand. I'am quite confideri¢
that the teachers and students would be immensely benefited by this book.

While retaining the framework and style of presentation of the previoys.
- editions, this 10th edition has been'modified and re-arranged according to the

latest syllabus of Kerala Technological University, 2019. The entire topic i
grouped into three modules. All efforts are taken in presenting the subject mat-
ter to make the students to feel as if somebody is teaching the subject when they
go through this textbook. : »

- Itis my fervent aspiration that this book will serve as an added authoritative
and priceless tool for the engineering students of Kerala Technological Unfvcr-
sity. The object of this book is to present the subject in the most compact and A

c:.asy manner. I have gone to great lengths to ensure simplicity to entail an
independent grasp of the subject.

Though much care has been taken to check mistakes and misprints, itis

difficult to claim perfection. Any errors and omissions brought to my notice will
be thax_nkﬁnlly acknowledged and will be rectified in the subsequent edition.
I am really indebted to the publisher M/s. Pentex Book Publishers & Dis-

tributors for publishing this book and the authorities and staffs of Sunil Offset

Press for the care and interes$ shown in the printing and get up of this book. My
special thanks to Mr. Deepak Benjamin for the Graphics and Layout of this book
and designing the cover page. '

J.BENJAMIN
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Module 1

1.1. Introduction to thermodynamics

An excellent definition of thermodynamics is that it s the science of
energy, entropy and equilibrium. Since we have not defined the terms
energy, entropy and equilibrium, we can define thermodynamics as the
science that deals with heat and work. The study of thermodynamics is of
special importance to the engineers since it finds applications i almost all
power producing as well as power absorbing devices. For an efficient
utilization of energy a deep knowledge of the subject is exsential

Macroscopic and microscopic approach

A thermodynamic analysis can be carried out either by considermg the
gross behavior of matter or by considering the behavior of individual mol-
ecules of the matter. The former is called macroscopic approach and the
later is called microscopic approach. Macroscopic approach is concerned
with the effect of many molecules together. These effects can be per-
ceived by human senses and can be measured directly. In microscopic
approach the matter is considered to be composed of molecules and the
analysis is carried out by considering the pasition, velocity and energy of
each molecule at a given instant. i, in microscopic approach we are con-
cerned with the events happening at the molecular level. The microscopic
approach is not essential for solving many of the engineering problems

and we can obtain excellent solutions using the simple macroscopic
approach.
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System .
G system is any prescribed and identifiable collection of Matter,

. beany object, any quantity of matter, any region of space etc, Selecteq R
study. The matter or region outside the o
system is termed as surroundings.The Surroundi“gx
real or imaginary envelope which en-
closes a system and separate it from its Boungyy,
surroundings is called boundary of the Ry 1. ) .
System. A boundary which does not per- B bﬁﬁ:’;ﬂ;?s:i:ymvm'
mit matter to pass through it is called . o
impermeable boundary.A boundary which resists any normal or gpe,. |
fon.:es without changing shape or size is called rigid boundar'y, A bound:ar
?vhlzh dges not Pexmit matter and energy to pass through it is calleq isolarty
:gd S:l:;i, " Fglf 1.1 shows ﬂle usual Tepresentation of system, boundary‘

‘Module - 1 . y : .

Thermodynamic systems are classified into three groups,

1) Closed system (ii) Open system and (iii) Isolated system
- Closed system

theI:thel: 15 no transfer of mass acrogs the boundary of a system and if
‘ oun i
by :lry p;nmts tljansfer of energy acrosg it, then such a system is
o 0sed system. A gas heated in acylinder fitted with a piston, as
: mFig 1.2 isan example of a cloged system
—
/r‘ Cylinder
. &;;-;4‘ Piston
z ;
2-\ Movable boundary
o Fixed boundary
”
Heat Z

Fig. 1.2 Closed System

Module- 1 1.3

In this case energy (heat and work) crosses the boundary of the system
but the mass does not cross the boundary. It should be noted that the
boundary of a closed system may or may not move and change the posi-
tion. g ;

Open system

An open system is one with
transfer of mass and €nergy across
its boundary. Steam turbinies, pumps
etc, are examples of open system.
In the case of a steam turbine,
mass (steam) as well as energy
crosses the boundary of the sys-
tem as shown in Fig 1.3.

Mass in

Fig 1.3 Open System

Isolated system

Itis a system enclosed by an isolating boundary. It is not influenced by
the surroundings. Since the system is bounded by an isolating boundary,
there is no flow of mass or energy across the boundary of the system.
Though such a system has no practical interest, it is a useful concept in the

study of thermodynamics. If the universe itselfis taken as a system then it
will be an isolated system.

State of a system

The condition of physical existence of a system at any instant is called
its state. The state of a system is its condition or configuration described in
sufficient details such that one state may be distinguished from all other
states. The state of a thermodynamic system is described by specifying its
thennoiiynanlic co-ordinates. Pressure, temperature, volume, density etc
are typical examples of thermodynamic co-ordinates. Thus the state of a
thermodynamic system is its condition or configuration which can be well
defined by the above said thermodynamic co-ordinates,

:\\M@
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Module-1 .

Property of a system g

Property can be defined as any quantity that deenqs on the stay, .

the system and is independent of how the system is arrived at that State

The thermodynamic co - ordinates such as temperatu-re, pressure, Voi.l

ume, density etc, which are used to identify or describe the state of 4
system are called properties. Since properties are functions of states only

these are called point functions or state functions. g

Path

If a thermodynamic system passes through a series of states, it js said

to describe a path. If the value of thermody-

namic variable depends upon the path followed

in going from one state to another, then the vari-
able is a path function. :

Consider the change of state of a system
from state 1 defined by pressure p , volume V
and temperature T‘ to state 2 deﬁllled by presi
'+ surep volume V and temperature T . It is
possible to go from state 1 to state 2 alozzlg dif-
ferent paths such as 1-A-2,1-B-2or 1 - C -2 as shown in Fig. 1.4. At
|| state 2 the value of pressure volume and temperature will be fh -
2wl.zetbt:r the state 2 is arrived alongthepath 1-A-2,1-B-2 orel saCm i

. ie. y -
| o ;f ;] :;l,::h o: S:zssu;e , vvolume and temperature at state 2 is indepen- -
, i iiise s ﬁm\ziio ::idep.ends opl')' on the state 2. Hence these -

. » point functions. A state function or point

perty of the system. The change i
ge in the value of a property

during a process de
) pends only o 5 .
path followed ¥ on the end states and js independent of the

Volume —a-

_Fig. 1.4.

/

Module- 1~ 7.1.5

Process : : . - N
When a thermodynamic system changes from one state to another it is
The state of a system can be repre-

said to have undergone a process. i .
sented by a point located on a diagram using two properties as co-ordi- -

nates. When a system changes its state in such a way that at any instant

during the process the state point can be located on the diagram, the

1 o

Pressure —

Volume —

Volume — .
Irreversible process

Reversible process
Fig. 1.5. Representation of reversible and irreversible processes.

process is said to be reversible. Thus a reversible process between two
states can be shown by a continuous line on any diagram of properties. In
areal process the intermediate state points cannot be located on the prop-
erty diagrams. Such a real process is called irreversible process. An irre-
versible process is usually represented by a dotted line joining the end
states to indicate that the intermediate states are indeterminate. Fig. 1.5
shows the usual representation of reversible and irreversible processes.

" . When a system undergoes a revers-
ible process both the system and its sur-
roundings can always be restored to their
original state by reversing the process. .

Pressure —
W

Cycle

When a thermodynamic system.
changes from one state to another, it is L

Volume —a

said to have undergone a process. At the
Fig. 1.6

end of the last process if the system re-
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Module - 1 . ' Le¢

turns to its original state, it is said to have completed one thermodynamic
cycle. When these processes are plotted on a property diagram, they form
a closed contour as shown in Fig. 1.6. The net change in any Property o

the system s zero for a cycle. f dx =0 where x is any property anq the

symbol f ‘represents integration around a cycle.
Heat

The energy transfer across the boundary of a system on account of
the temperature difference between the system and surroundings is calleq
heat. It is denoted by Q. Heat can be identified only when it crosses the
boundary of a system and hence it is a form of energy in transit. A systen,
floes not contain hgat because upon entering a system, heat is converteq
fnt(_) potential or kinetic energy of the molecules. When a system changes
1ts state the amount of heat transferred depends upon the path followed
Hence heat is a path function and therefore it is not a property of the.
systgm. The integral of a differentia] change in lzleat, dQ can be written as

‘!' dQ = Q, or Q,, It should be noted that IdQ #Q,-Q,
1

. Ql_z is the amount of heat transferred dur-
Ing a process 1-2, )

Q-ve
.l-'Ieat transferred to a system js considered
posnt_we and heat transferreq from a system js
consxdt?red negative. The unit of heat i Joule
(9) orkilo Joule (kJ). :
Specific heat, e Fig. 17

5_‘

Module- 1 e 1.7
Specific - heat at constant pressure

Whenever a gas is heated at constant pressure, the temperature and
volume of the gas increases. The amount of heat required to raise the
temperature of unit mass of a gas through unit degree, when it is heated at
constant pressure is the specific heat of that gas at constant pressure and
is denoted by CP.

Let Q be the amount of heat supplied to a gas at constant pressure in J,
m, mass of the gas in kg, Tl and Tz the initial and fmal temperature of the
gas in K, then,
Q

m(T, - T))
Specific heat at constant volume

Specific heat, CP = JkgK

Whenever a gas is heated at constant volume, the temperature and
pressure of the gas increases. The amount of heat required to raise the
temperature of unit mass of a gas through unit degree, when it is heated at

‘constant volume is the specific heat of that gas at constant volume and is

denoted by Cv'

Let Q be the amount of heat supplied to the gas at constant volume in
J, m, mass of a gas in kg, Tl and T2 , the initial and final temperature of the
gasin K, then, ,

Specific heat, C,, = Q J/kgK

m(T, - T))
For air, CP= 1.005 kJ/ kg. K and

‘ CV =0.718 kJ/kg. K
Work

In mechanics work is defined as the product of force and distance
moved in the direction of force. It is denoted by W and the unit of work is
N-m INm=1JIn thermodynamics, the energy transfer across the
bouqdary of a system on account of reasons other than temperature
difference is called work. Work is said to be done by a system if the sole
effect external to the system can be reduced to the lifting of a weight.
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Module - 1 - 18

Consider a storage electric battery asa s

a resistor by means of a switch as shown in Fig. 1.8. When the switgy,

Switch
Switch Resistor
Storage Battery Storage Battery
Fig. 1.8 Fig. 1.9

According to the definition of work in mechanics, no work is done. The
sole effect external to the system, ie., warming of resistor can be reduced

show.n in Fig. 1.9. When the switch is closed, motor shaft rotates and the
. !oad is lifted. Hence when the switch is closed, the system interacts with
its surroundings and the sole effect could be reduced to the lifting of a

:l';lihdt. Therefore the system (battery) does work when the switch is
sed.

Like heat, work is also energy in transit, A System does not contain
a path function and hence it i n

R ‘ 1 2
L tem|dW= W, -W, = i .
= [ =W, _l[dW W, - W, is the amount of work transferred

work, u i .
rk, upon entering the system it js Converted into stored energy. Workis |

ystem, which is COnnected

|
. i |
closed, current flows through the resistor and the resistor beogms Warmg,

to the lifting of weight, if the resistor is replaced by a motor and a loadag |

2 10t a property of the sys- |

-acts on the piston and causes movement

1.9

Module- 1

Consider the expansion of a gas inside a cylinder fitted with a piston.
Refer Fig. 1.10. Let the pressure and

vyolume of the gas at state 1 be P, and {

V respectively. This gas is expanded 'p, .

to state 2. This expansion process is rep- g E

resented in the p - V diagram by the - 2 ;|

curve 1 -2. Now consider a point A on n‘:p B 1: _______

the curve. Let the pressure of gas at < ERA %
state point A be p. This gas pressure J E !

—_—V,

Vi :Volume

of the piston. At this instant the force Fig. 110

on the piston is given byp X a, where
‘o’ is the area of cross section of the
piston. Let the piston moves through'a small distance dx, the work done
isp x a x dx. Buta x dx is the change in volume of gas when the piston

moves through the small distance dx. Hence work done is equal to px av,

the shaded area in the p - V diagram. Therefore the area under the curve
R .

1-2, I p dV will give the work done when the gas changes its volume
1

fromV to V2 or when the gas expands from state 1 to state 2. Work done

2
during the process 1 -2, lW2 e J. pdV. Work is taken as positive when it
1

_ is done by the system and negative when it is done on the system. The unit

of work is Joule (Nm).
Internal energy '

Internal energy of a substance may be defined as the algebric sum of
internal kinetic energy and internal potential energy of its molecules and is
denoted by U. It is very difficult to determine the absolute value of internal
energy possessed by a substance. In most of the thermodynamic applica-
tions we are mainly interested only in the changes in the internal energy of
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" & system. The total energY of a system is the: su;n ,Otf P(])tentf'a¥ ené 1
kinetic energy, internal energy and other f:nergles uetoe ethm't}’, nmg: ]1
netism etc. In engineering thermodynamics the CONCEIT 1S With the |
three types of energies and electrical €ncrgy; nmgneflc energy etc, cap be|

’ |

neglected.
~E=PE+KE+U

Change in energy, AE= APE+ AKE+ AU

For a stationary closed system undergoing a process 1 - 2,

APE=0, AKE=0
AE: AU:IQZ—IWZ
lQ2=lw2+ AU

When heat is supplied to a closed system, a portion of it is converteg
into work and the remaining portion is used to increase the internal energy |

of the system, :
Problem 1.1. | |
‘ Skgof gas is contained in a cylinder fitted with a piston. 160 kJ of h;at
is transferred to. the gas and simultaneously the piston is forced to com-
pr.ess the gas w:th an expenditure of work equivalent to 120 kJ. Deter- |
mine the change in specific interna energy of the gas.

Solution: 1

Given: m=5kg,W=-120kJ,Q=I6OkJ "

To find: L
m
Using therelation,
AU=
Q =W
AU:MO‘(‘ 120):2801{]'
L AU 29

m 5=k

_  ;

1.11

Module -1

Problem 1.2
A tank containing a fluid is stirred by a stirrer. The power input to the

stirrer is 3 kW. Heat is transferred from the tank at the rate of 6000 kJ/
hour. Considering the tank and the fluid as a system, determine the change

in internal energy of the system in one hour. ’
W=-3kW=-3Kkls

Given:
=—3x3600 kJ/hr
W=-10800 ki/hr. Q =- 6000 kJ/hr
Tofind: AU
We have,
AU=Q-W .
AU =-6000 - ( - 10800) = 4800
AU=4800kJ

1.2. Thermodynamic processes
When a system changes its state from one equilibrium condition to
another it is said to have undergone a process. When a gas undergoes a
thermodynamic process, the various properties of the gas such as pres-
sure, volume, temperature, energy, entropy , etc. may change. The ther-
modynamic process may be performed in different ways. Some of them

are:
a. Constant volume (isochoric) process

b.  Constant pressure (isobaric) process
c. Constant temperature (isothermal) process
d. Adiabatic process

Using the laws of thermodynamics some useful relations applicable to
the above said processes can be developed.

a) Constant volume (isochoric) process

Consider ‘m’ kg of a gas being heated in a cylinder at constant volun:
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Module - 1 L

from an initial temperature T t0
represented on a p-V diagram, sho
is represented by the vertical line 1
change in volume, no external work is
supplied will be stored in the form of internal energy.

(i) p - V - T relationship

For a perfect gas, l ______________ 2
PV _P2V2 T
T T
; SR & V=c
Since V. =V 8
| 2 -9 J
nok o [T :
T Volume ——=
(i) Work done Fig. 1.11
| Wy =[pdV

Since V is constant, dV =0
W, =0
(iii) Change in internal energy

Since there-is a temperature rise from T to T
1 2

AU=mC, (T,-T))

(iv_) Heat supplied

From first law of thermodynamics,

1Q; = AU +,W,
But W =0

12
“1Qy = AU
ie., le= m Cv (T2 'T.)

final temperature Tz- This Procegg i
wnin Fig. 1.11. Thepath of the Procey,
2inthe p-V diagram. Since there jg,
done by the gas. The entire heg

‘Module-1

* (iv) Heat supplied

1.13

®) Constant pressure (isobaric) process

Consider ‘m’ kg of gas being heated at constant pressure from state L
t02 . The heating of the gas under constant pressure causes an increase

in the volume and temperature. There will be some external work done

due to the increase in the volume. This process, re.pres_ente.d ol.l ap-V
diagram is as shown in Fig. 1.12. The horizontal line 1-? in Flg. 1.12
represents the process in pV diagram. A part of heat S_“PPhe‘? Qunng th.e
process is utilised to increase the internal energy and the remaining part1s

utilised to do external work .

(i) p .V - T relationship

Fora perfecf gas,
| PV1_P2V2
LT
v, V.
1 = __l.=.-—2-
Since P, =Py T, T . -,
. =C 2
(ii) Work done : S A
2 i
W, = [pdV a '
1V { p £ : i
v, %
=p{v}, |
1 : Volume —=
- o Fig. 1.12
’ 1Wz p,(Vz Vl,)

(iii) Change in internal energy _
Since there is a temperature rise from T to T,

AU=mC, (T,-T)

From first law of thermodynamics,
. 1Q; = AU +,W,
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Module
=mCV(T2-T]_)+p V,-V)

l For an jsothermal process, ‘pV = anx =p, Vz = Constant
For a constant pressure process, P, = P, |

T)+(p,V.-p. V) | S p=g|_V,_
IQ2 =_va(T2' "1 2 2 pl I) i v
Fér a perfect gas pv= mRT 1 Substituting this value of ‘p’ in eq. (i)

- Q,=mCy (T,~T)+(@RT, ~mRT) |

Voo v
W, = ___P1v1 av
~mC,(T,T,)+mR (T,T,)

Vi
| =m(T,-T)(C,+R) Va gy
i But,C +R=C i =I5
| sty P : e Vi
o Q,=mC, (T, =T)) - | v
| (c) Constant temperature (isothermal) process ‘ A
‘ A process in which a gas receives or rejects heat in such a way thatits | : =pV, @V, -IV)
| . temperature remains constant is called isothermal process. It can be rep. | V,
; resented on p-V diagram as shown in Fig 1.13. The line 1-2 in the figures ‘ ‘W2= p‘V‘ In 'V"
represent isothermal heat addition process. In this case, the entire heat | '
supplied to the gas is used up in doing external external work. ‘1 Also for an isothermal process
- Lo \ =
(1) p-V-T relatloqshlp k . A prl =p, v,
For a perfect gas, 1 -----
i e e ALY | s
i T, T, % : \ Vi -
. 1 | Substituting this,
Since T =T ! :
3 LI S e e T . 2 | 0
plvl > pz Vz :\_i___ i ‘ |Wz = plvl N {;‘_}
(ii) Work done ’ Volume ——m 1 : \P2)
: Vs Fig. 1.13 1‘ (iii) Change in internal energy
Wy = [pdVi......) . Since T =T,
Vi .

AU =0
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Module - 1
i (iv) Heat supplied
; From the first law, : -
i ‘ le =AU W,
Since AU =0
% . I
i _ lQZ a 1Wz
| V.
=p,V;In {‘\712’}

\%
IQ2 = pr, IIl {’V—lz'}

| (d) Adiabatic process

l: ~  expense of internal energy.

From the first law,
| IQ2= AU +,W,
But for an adiabatic process, Q=0
0 =AU +,W,
or \W, =-AU.............. 0]
i A . V2
. Workdone, W, = I pdv
_ %

| Change in internal energy, AU - mCy (T, -T))
. 2 B
Substituting in eqn (i) |

\

1.15

In an adiabatic process, the gas neither receives nor rejects heat. In
this process, the heat exchange, Q = 0. Work i is done by the gas at the

B
|
|

Module - 1

Va

[pav=-mCy(T,~T))

v
ertmg in differential form

pdV=-mC dT v (ii)
Consider the general gas equation,

pV =mRT
Differentiating,-
pdV+Vdp=deT
dV +Vd
je., mdT = P_—R—E

Substituting this in eqn (ii)

V+Vd
pdV=—Cy {pd_;_r’}

ie, RpdV =-C_(pdV + Vdp)
ButR = CP— Cv

. (CP ~Cy)pdV =-CypdV - Cy Vdp

C,pdV=- C, Vdp

Rearranging,
C dav __d_p
CV v p
or. yﬂ dp =0
\"

1; 17

Scanned with CamScanner



Module-1 .
Integrating
yhV+hp=C
I @V)=C,
where Cl is the constant of integration.

or pv’ szhereCis?noﬂlerconstant

Therefore, for an adiabatic process 1 - 2,

p,VlY = p2V2Y = constant

L1g

An adiabatic process can be represented an a p-V diagram as showy
in Fig. 1.14. The path of the process is represented by curve 1- 2 in the -

V diagram .
@)p-V-T relationship
Relation between p and V
For an adiabatic process,
P v T= P,V .

.-.L{h}*
P> A2

Relation between p and T
prlY = szz'y

1
V_Im|Y
v {pz} ........ [0}

From the general gas equation

plvl = p2V2
T T, )

Module -1

From (i) and (ii)

1=y
P2
. i
o P T_z}l-* ={L}7"
P2 T, T,
) 49

Relation between V and T
We have,

T, | Y-!
Also b {_1_}
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1
v, _ {_Tn.}"‘
v, T,

(ii) Work done,

For an adiabatic process,

plvl'Y:szzY:pVY:C

<
<

Also, for perfect gas

1.21

=9

' YD
A YA

e
1
=<

= —y+1+ )}
=——‘1 {szz( Y-i-l-*-’n*‘plvl(_ Y Y }

1
rum— (szz . P1V1)

l-y
.
i p,V, - DYy
1-v
Vi — P2V
Wy = —J;y—_l—_
pV =mRT
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Module- 1
‘or prl g mRT'
andp)V,= mRT,

Substituting in the equation for ; W,

(I-T)
W -1
(iii) Change in internal energy
AU =mCy (T, - ) _
Also for adiabatic process, the heat exchanged lQ2 =0 ie,, Work j;
done at the expense of internal energy.
) __mR(T, -T,)
.AU=—,W2 ) (Y_l)
AU - PR(T,-T)
o (r-1)
(iv) Heat exchanged
For an adiabatic process, heat exchanged is zero
1Q2 = 0
Process pV,T
relationship | 1" Q, |
|
Const. Volume PPy D e I
V=C T T 0 |
T mC (T, - T L
— | ) i, )
Const. Pres- _W\__ 1 ]|
sure —=-= ' |
p(V. -
4 L. . M me(T2 =-T) !
Const, Temp [ ‘
T\C AmRY L G
. . \ =y
Adiabatic 7 v 1 11 nVl
_ - T — ]

Ly

* the system is said to have undergone

MOdule -1 1. 23
1.3 Air cycles.

When any property of a system
changes, thereisa change of state and

a process. At the end of the last pro-
cess if the system returns to its origi-
nal state, it is said to have completed
one cycle. When these processes are
plotted on a p-V diagram they forma ‘ 1
closed contour as shown in Fig. 1.15.

Many of the power producing de-
vice use gas as the working fluid. The
working fluid in an internal combus-
tion engine does not operate on a cycle. For the sake of simplification, the
analysis of internal combustion engine is carried out in terms of an air
standard cycle. An air standard cycle is an idealized cycle in which airis .
taken as the working fluid. The actual combustion process is replaced by
a heat transfer process. The exhaust process is replaced by a heat rejec-
tion process. All the processes are assumed to be reversible.

A part of heat transferred to the air is converted into useful work and
the remainder is rejected . Therefore the work done by the air is equal to
the difference between the heat supplied and heat rejected, if there is no
mechanical loss, then,

Work done during a cycle = Heat supplied - Heat rejected.

Thermal efficiency of a cycle may be defined as the ratio of the work
done to the heat supplied during the cycle. The thermal efficiency ob-
tained with air as the working fluid is known as air standard efficiency.

Work done
Air standard efficiency = H_eim

Pressure —

Volume —=

Fig. 1.15
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_ resented by curve 1-2 in the p

Module - | 124

_ Heat supplied - Heat Iejecteq
B Heatsupplied
Heat rejected
Heatsupplied

1.4. Carnot cycle

It is a thermodynamic air cycle consisting of four processes. Heg 3
supplied and rejected isothermally, expansion and compression of ajy takeg
place adiabatically. Refer Fig. 1.16. Consider a given mass of ajr in thef
cylinder, inside which a frictionless piston slides. Let the pressure,, volum
and temperature of air at state | be p, V, and T, respectively. Heat is
supplied to this air isothermally from an external hot body. The air €Xpands|

at constant temperature Tl till the state 2 is reached. This process s rep.
-V diagram. During this process heat js |

absorbeq from the hot body and an equal amount of work is done by the i

1 |
o Isothermal expansion £

Adiabatic compression
Isothermal compression
2

Adiabatic expansion

Cylinder

Module - 1 : v 1.25

air. At state 2, the source of heat is removed and the air is allowed to

expand adiabatically till state 3. This is represented by curve 2-3 in the p-

V diagram . Let the pressure, volume and temperature of the air at state 3

bep, ,VJ and T, respectively. During the process 2-3 work is done by the

air utilising its internal energy. At state 3, an external cold body is brought

in contact with the cylinder and heat is rejected isothermally to the cold-
body at constant temperature T3 - This isothermal compression is repre-

sented by the curve 3-4 in the p-V diagram. During this process work is

done on the air and an equal amount of heat is rejected to the cold body. At
state 4, the cold body is removed and the air is compressed adiabatically to
the initial state. In the p-V diagram this adiabatic compression process is
representedd by curve 4-1. During this process work is done on the air to
bring it to the original state.

For the adiabatic expansion process 2-3,

Y, _[m)r i
v, = {T:;} ...................... ..(1)4

1 T,)
SinceT =T andT =T
1 2 4 3
' 1
: ﬁ = T_2}7—1 ........................ (ii)
Vi 3
Fro Vi _ Ve
rom (i) and (ii) v, v,
ie., adiabatic expansion ratio = adiabatic compression ratiq and
vp,.%
VvV, V,
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|

il . _ Heatsupplied- Heat rejecteq air. At state 2, the source of heat is removed and the air is allowed to
i - Heatsupplied expand adiabatically till state 3. This is represented by curve 2-3 in the p-
V diagram . Let the pressure, volume and temperature of the air at state 3
bep,,V, and T, respectively. During the process 2-3 work is done by the
: air utilising its internal energy. At state 3, an external cold body is brought
14. Carnot cycle ‘ : in contact with the cylinder and heat is rejected isothermally to the cold-
It is a thermodynamic air cycle consisting of four processes, Heat body at constant tem;j:r‘atu;le T, 'VT;‘S iSOtthOITfPTCSSiOH is I‘BIIJ(N?- :
supplied and rejected isothermally, expansion and compression of ajr takeg sented by the' cur;e 34in lt e p- ; ?ﬁra? : tg ‘;ltus tl}:roce:js bv:gr :;
place adiabatically. Refer Fig. 1.16. Consider a given mass of ajr in the done on the a11:1 agl dan_ equa amzl:ldothe:rxz rez]ec e ocl aedcj:obati aﬁ'. "
cylinder, inside which a frictionless piston slides. Let the pressure + Volun, state ‘f’ fhe 0 Ix(: tl)ll 18 r;m:i\;e s adi;b:titcnz;esseressioz ) :ces); >
| and temperature of air at state 1 be p,V, and T, respectively. Hey is" the 'mmal state. ] el: D &l hi l?'lpd pth .
| supplied to this air isothermally from an external hot body. The air representedd by curve 4-1. During this process work is done on the air to

- “TeXpands Lo iginal state.
at constant temperature T, till the state 2 is reached. This process is rep.| bring it to the original state
resented by curve 1-2 in the p-V diagram. During this process heatj;|  FOr the adiabatic expansion process 2-3,

.} absorbed from the hot body and an equal amount of work is done by the L
_ < | Vs _ {T_Z} L o)

v, Ty

B Heat rejected
" Heatsupplied '

1
N_— Isothermal expansion

For the adiabatic compression process 4-1,

Adiabatic compression :

ISOZthennal compression | 'V4 _ Tl y-1
Adiabatic expansion f - T4

' : 3 . SinceT =T and T =T
:' I: 1 ‘ . l 2 4 . 3
i e ; : | 1
. 5 \% T, | 7-1
v, 4 = {—2} ........................ (i)
[ \Z Ty
4
I A A
. om (i) and (ii) v, v,

‘ e, adiabatic expansion ratio = adiabatic compression ratio and

Fig. 1.16, Camot cycle

o ' , !
i
-m._ _ BT

Vv
vV, vV,
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Module-1  ° ' 1 % 1’ . e
i.e., isothermal expanston ratio = isothermal compression ratio, i Module - 1 )
During the entire cycle heat is supplied during 1-2 and rejected durmg 34 . _(T,-Ty)
Vv - T,
-p V, In {—* { . ) : 3 .
Heat supp i = v, ' j T, , Temperatureof coldbody
' ! orn=1-—==1-
T, Temperature of hot body
v, | - '
= mRT, In { — ’ : .
_ vi | Generally the temperature of hot body is taken as T_1 and that of cold
, V, _ : :
Heat rejected = P, VJ In {—\Z} body is taken as Tz' ,
. | T
' » | Then, n =1- =2
V. ' o T,
--mRT3 In{—=2 ! " . Iy < .
\Z ; Although Carnot cycle gives maximum possible efficiency, yet no engine
o ' can be made to work on this cycle due to the following reasons.
Air standard efficiency, ¢ = Heat supplied — Heat rejected The expansion and compression processes are adiabatic and hence

Heat supplied the two operations should be carried out as quickly as possible sothat

o 3 there is hardly any time for the heat exchange to take place. On the
mRT, In { %} —mRT; In { %} | otherhand, heat supply and heat rejection takes place isothermally which

means the operations must be slow to maintain the constant temperature .

mRT, In {ﬁ} . ] It is obvious that such sudden changes in the speed of an engine in one
v | cycle is not possible i in actual practice..
{ Problem : 1.3
mRT, In { v, } SR { v, } _j‘ Duroing a Carr‘xot cycle the working fluid receives heat at a temperature
- Vl\si_ of 317 C and rejects heat at a temperature of 22°C. Find the theoritical
v efficiency of the cycle. -
mRT, In {Vz} | Solution: . :
U - Given: Tl =317°C=590K, T2= 22°C=295K
| —_—
len{&}(T S 3 ‘ To find: \n .
= \u ‘ : n=1- 2 = l_ﬁ
onfil \ N
‘ \Z 1 . J =05
o n = 50%
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Module- 1 1.28 i
Problem : 1.4. . . 1
A Camot cycle works with adiabatic compression ratio of 5 and j;, |

thermal expansion ratio of 2. The ' e |
isothermal expansion is 0.3 . If the maximum temperature and presgy,, |

is limited to 550 K and 21 bar, determine (i) minimunm temperature in g, |
cycle (i) thermal efficiency of the cycle (iii) pressure at all salient pojpy, !

and (iv) work done per cycle. Take ¥ = 1.4 |
Solution: f
Given: ’\\,;—: =35 %?‘ =2
V=03m’ T=T=550K
y=14 pl=21bar=2lx105N/mz |
To find:

T, M, pyp, P, W

For the adiabatic process 4-1,

-1
T _[w
T |V,

1 1.4-1
= 550 {—}
5

=288.92K

T, =T =28892K
For Camot cycle,

volume of air at the begining of N

Module-1

=47.47% -
For the isothermal process 1-2, -
plvl = pZ v2
_pVi
P2 —Vz

Since, —V-z— =2
1

V=2V =2x03=06 m’

P2 = 0.6
=10.5x 10°N/m’
P, 10.5 bar

For the adiabatic process 2-3,
-
P _ {E}Y"
P2 T,
p, =105 x10° x{

p,= 1.10 bar

For the adiabatic process 4 — 1,
i

P _ {14_}7-‘
P T,
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Module - 1 ' L3, ! :
' Module-1 =~ . Is 3.1
i 1.4 1.5. Otto cycle ' =
288.92 | 1.4-1 i
=21x 105 —‘—5 50 | , . Otto cycle is the theoretical cycle of spark ignition engine. Air standard
’ : Otto cycle consists of four reversxble process. Heat is supplied and re-
p = 2.2 bar , jected at constant volume. Expansion and compression of air takes place
. P, ,
. : ly. Fig. 1.17 shows these rocesses on p-V diagram
Heat supplied during the isothermal process 1-2, adiabatically. Fig- P P &
=pV,In2
1Q =P Vi . ) A.diabatic expansion
=21 x10"x0.3 xIn2=4.37 » 1¢° o |2 Adiabatic compression
Heat supplied =437 kJ -3 4
Heat rejected during the isothermal process 34, E : 1
- A/ ) | - . ‘
3Qq =p;V;In 73 : : Volume —=
: CopV In._vi _ | - Fig.1.17.Ottocycle
) M AR ~ Consider a cylinder contammg m’ kg of air. Letp ,V, and T be the
Since isothermal expansion ratio = isothermal compression ratio pressure, volume and temperature of air inside the cylmder at state 1.
vV, Vv, ' This air is compressed adiabatically to state 2, doing work on the air. Curve
71 B °\}i 1-2 in the p-V diagram represents this process. Now heat is supplied to-
4 f this compressed air at constant volume from an external hot body till state
Yo v 3 is reached.
Vv, Vv, 3 . . : :
iV, 2 This process is represented by a vertical line 2-3 in the p-V diagram.
) s b A At state 3 the hot body is removed and the air is allowed to expand adia-
- 3Qy =2.2x10° « (5x0.3)In { 1 } batically to state 4, doing extémal work. This process is represented by
287 o 2 curve 3-4 in the p-V diagram. Heat is rejected at constant volume to an
Heat rejected = 23 ) - external cold body till state 1 is reached . This process is represented by
- 8.74 kJ ’ vertical line 4-1 in the p-V diagram. Thus the air finally returns to its
one = ,
e = Heat supplied - Hegt . ected original state after completing a cycle. e
=437-208 74 | . Heat supplied during constant volume process, 2- 3 mC (T -T )

‘Work
tk done = 203 26 k] Heat rejected dunng constant volume process, 4-1=mC (T -T )

) i .
: g : | -
‘ E
P
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Module - 1 L3,
Air standard efficiency, Module- ! ' e
Heat rejected The above expression shows that the efficiency of Otto cycle increases
n=1- W with increases of the compression ratio.
H ‘ Problem : 1.5.
{ : mCy (T, - T)
: . N 'm The efficiency of an Otto cycle is 45% and y = 1.5. Find its com-
vie o pressnon ratlo
T, -T, : ' 1 Solution: .
=1- E‘—T s, (1) Given: n= 45% y=15
For the adiabati P Tofind: 1
or the adiabatic process 1-2, - For an Otto cycle, ‘
y—l
L _[Wl nel-
T, V2 : ®
| 045 =1- i P
= 771, where r is the compression ratio, i ‘\ T O R
\/
. y-1 _ r=331
For e it : - T =Ty xr' .. (ii) 1‘ Problem : 1.6.
or the adiabatic -
process 3- 4 ) . 3 ‘ In an Otto cycle, condition of air is 27°C and 1 bar at the start of
! -1 compression. If the clearance colume is 20%.of the swept volume, esti-
L _Jv, A ' ‘\
T = v =L - 1 mate: (i) Temperature at the end of compression and (ii) Air standard
4 3 A& . efficiency of the cycle :
Substituti ST=Toxat i) Elolufice
stituting equations (i) and (iii) in th Given: T= 27°C=300K
tion (i), © expression for efficie -
@ tolency, eque p,= Ibar = 1x 10° N/
T =
- Ayr - T’ T .
1 (T, - T, )ry_l Tofind:
n=1-_L_. B -
-1 V,=020 vV -V)= 02V -02V,

ie.,, 1.2V =02V
2 1
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! ,V1=_l_'2_ =6
| v, 02

1.34g
g |
|

For the adiabatic compression process 1-2,
- {

; 7-1 :
E— =) &-} ‘ s 5 .
T, V2 !

g1 i
: ST, =T, x {i} " =300 x gl4+
| | v,

T,=614.30 K = 341.30°C
For an Otto cycle,

i I
| : n=l-—7
ryl

. 1'
= 1_617—1: 0'5,1 16

’ M =51.16%
Problem : 1.7,

Calculate the idea] air standard therrﬁal effi
cycle for a petrol engine with a cylinder bore
mm and a clearance volume of 21.3 e’

Given: D =50 mm =

ciency based on the Otto
of 50 mm and stroke of 75

Tofind: . : m V2=21_3 om’ L=75mm=75cm
. T] : : ’
L. V, = vV, + Qx L
3 . 4 ‘ ;
= 21.3+Mx75_16 i
4 ~=168.56cm
r:l_168.56
V, 213 =791

Module - 1 1.35
1
ﬂ-—l—F
—1-—L1 __ _os68
T ot T
N = 56.28% -

Problem : 1.8.

In an ideal Otto cycle engine the expansion and compression are adia-
batic. The pressure and temperature at the beginning of compression are
1 bar and 35°C respectively. The pressure at the end of compression is 8
bar and at the end of combustion is 20 bar. If the volume at the beginning
of compression is 0.03 m’, find the efficiency of Otto cycle.

Solution: . ) .2
Given: v, =0.03 m’ p,=8 bar=8x 10’ N/m
T =35°C=308K p,= 20 bar =20x 10°N/m’
p,=1bar=1x10°N/m’
Tofind:

For the adiabatic compression process 1-2,

4.42
r=4.42
ne=l= 1 1
o~ (4.42)"41
n = 44.81%
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Module- 1 : 1-3e|
Problem : 1.9. o ,1 }
ine relative to th |

Find the efficiency of an Otto cycle engin® d temper ature (famot KL
pressure 21 bar an p € 165000

[ - using the same maximum .
H the same minimum pressure 1.05 bar and temperature 38°C , 4 &

working fluid to be air. : }
Solution: : ' ‘
.l |
[
!
4 |
2 f |
5 g

g L |
. I |
Volume —m “

Given: Fig. 1.18.

Tl =1650°C=1923 K

Pi=21bar=21)(10’N/m2 |
T,=38°C=311K |

P,= 105 bar = 1.05 x 105 N/m?

To find: Otto)
_ n(Carnot)
For Otto cycle,
n=1-—1_
!
r= & = V3
v, V.

W

1.37
Module-1 \
. We haver

pVy PV,
TI TJ
7 )t 21x10°x311  _ 594
UV, pyT, 1.05x10°x1923
ie., r=3.23
: 1
= 1l-——— = 03744
n G2
n = 37.44%
Carnof) =1-2
n (Carnot) = T,
-1 _ 08383
n =83.83%
n(Otto)x100 _  0.3744x100
n(Carnot) 0.8383
=44.66%

Problem : 1.10.

An engine working on the Otto cycle has an air standard efficiency of
56 %. It rejects heat at the rate of 544 kJ per kg of air. The pressure and
temperature of air at the beginning of compression are 0.1 MPa and 60°C
respectively. Compute,

‘ (i) The compression ratio of the engine

(ii) The work done per kg of air

(i) The pressure and temperature at the end of compression and
(iv) The maximum pressure in the cycle.

Assume suitable values for C,andC .
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l
Solution: .
Given: - n=56% Qr=544kj/kg’
p -0l MPa:O_] x 10° N/m’
T'___600C=60+273 =333K
: 1
Tofind: . r,w’pszpg 1 1
| = 1——‘1.1_1 =1- Tﬁ
056 = 1 - —71
04
4 = 227
=176
&
'. o, Qs
056 = 1-4
Q,

Qs =1236.36 kl/kg
Work done = Qs — Qr
=1236.36 - 544
=692.36 kl/kg

For the adiabatic process 1-2,

P2

-

P

|

P2 = 17.61xp, =17.61x, 115

5

-

T

={

\/
v,

\/

—_—

v,

Y
} =1’ =7.76!14 =17.61

=17.61x10° N/m?

}'Y-l

=¥l L el 4 g1

Module- 1- 1.39
' T,=227T =227 x333=75591K
=482.91°C
Qs=C,(T,-T)
1236.36 = 0.718 (T, — 755.91)
T,=247786K

For the constant volume process 2-3,

P2 _Ps3

T, T

2477.86
75591

P3=D, ><Il—=l7.61><10S X
T

: : =57.73% 10°N/m’
Problem : 1.11.

In an air standard Otto cycle the compression ratio is 7 and compres-
sion begins at 35°C, 0.1 MPa. The maximum temperature of the cycle is
1100°C . Find,

(i) Heat supplied per kg of air

(ii) Work done per kg of air-

(iii) The cycle efficiency and

Take C = 1.005 kJ/kg K. and C_ = 0718 Kl’kgK

Solution:
Given: r=7,Tl=35°C=35 +273=308 K
p,=0.1 MPa=0.1x 10°N/m’,
T = 1100°C=1100+273=1373K
To find: Qs,W, n

Qs=mC, (T -T)

For adiabatic process 1-2,
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L4 E
T, =T, x et }
- 308 x 7" = 670.8K a‘
Qs =0.718 (1373 - 670.8)
=504.18 kJ/kg |
\1-1 ‘
_’&{&) =+ =218 ‘
Lo \v, {
=B BB a9k '»'
218 2.18 |
W=Qs-Qr |
Qr=mC, (T4~ T;) = 1x0.718 (629.82 - 308) |
=231.07 ki/kg |
W=0Qs-Qr . |
=504.18 - 231.07
=273.11 kl/kg -
W 273.11
"= o~ soas =47 |
=54.17% |

Problem : 1.12.

'The peak prc?s§ure in an Otto cycle is 210 N/cm®, with a compressidn |
ra'mo of 5 and minimum pressure of 10 N/cm?, determine the thermal effi- |
ciency. Assume the vworking substance as air with Yy=14 |

Solution:’ l
Given: P, =210 Nfem®= 210, 10* N/y? |
. r=35, ‘]
P, = 10 Nfem®= 10 , 10N/ j
Y =14 i
To find: n o e 2

Module_l ' ’ : 1.41
1 1
‘n = 1—— =1———
' R ST
='1-0.525=0.475
n=47.5%

1.6. Diesel cycle

Diesel cycle is the cycle on which the diesel engine works. Diesel
cycle consists of four reversible processes. Heat is supplied at constant
pressure and rejected at constant volume. Expansion and compression of
air takes place adiabatically. Fig. 1.19 shows these processes on p-V dia-
gram.

Adiabatic compression

Adiabatic expansion

4

Pressure —

Volume —=

Fig. 1.19. Diesel cycle.

Consider a cylinder containing fm’ kg of air. Let P, Vl and T be the
pressure, volume and temperature of air inside the cylinder at state 1. This
air is compressed adiabatically to state 2, doing work on the air. Curve 1-
2 in the p-V diagram represents this process. Now heat is supplied to the
air at constant pressure from an external hot body till state 3 is reached.
This process is represented by a horizontal line 2-3 in the p-V diagram. At,

_state 3, the hot body is removed and the air is allowed to expand adiabati-

cally to state 4, doing external work. This process is represented by curve
3-4 in the p-V diagram. Heat is rejected at constant volume to an external
cold body till state 1 is reached. This process is represented by a vertical
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|.42
returns to its origing " Module - 1
; For the adiabatic process 1-2,

.43
Module - 1 1.4

line 4-1 in the p-V diagram. Thus the air finally
after completing a cycle.

§ e ‘Y"l
cess 2-3 = T . T v,
Heat supplicd during constant velc process 23=mC, (T, Tz)- Tz - [ _\;L )
3 ss4-1=mC_(T. | ! 2
Heat rejected during constant volume process 4-1=mC, (T4 T|). J .
Air Standard efYiciency, i e v, ]
ject 2 1
‘ Heat rejected v,
=t Heat supplied e
: LT’ OF L))
=]~ M : For the constant pressure process 2-3,
mC, (T, -T,) | : T v
G @-T) TV
Cp (TJ_Tz) ¥ T3 —Tz x p

| | er-L =) ) EF?TJH R (iﬂ
f : Y ,(T3 -T,)

V. V. : ' \Y . ¥-1
Let 5 be the cutoff ratio P, —* be the expansion ratio r and —- be LNl = r,"-l
VZ \]3 1 V2 T4 V3 .
- the compression ratio . The relation between these three ratios is ob- '
tained as follows. M L
vV, v == ==
T [P] p'
v, v,y
‘ . pt™
=0 Vo T=Tyx—y
Vv, v, . S
1 Substituting for T3 from equation (iii)
h=rx—-=_21 )
. -1
P p i
. -1__P
' T,=Tyr' "px =y
L= L Tr
p
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| 1.45
i tion (i), ] Module - 1
| Substituting the expresswns for T, T,and T, in equation (i) A I
I Y_T For the adiabatic process 1-2,
i 1 Tie ! i y-1
. - n=! Y(FTT’*_‘) | T_z{l)
; ; . . Tl v2
- i ' L XI[PY-l} .3
i . . N=l-—3*" 17 _ V,
By oy e-L T, =T1{{’l_l
. 2

t The above expression shows that the air standard efficiency of Diésﬂ
. cycle is a function of compression ratio, cutoff ratio and the ratio of Spe. = 288 x (15)1+"! = 8508K

cific heats. For the constant pressure process 2-3,
' - Problem : 1.13. . '1 _ Q=mC (T -T)
| 1 kg of air at temperature of 15°C and pressure of 100 kPa is takep | 1850 = 1x 1.005x (T}- 850.8)
E through a Diesel cycle. The compression ratio is 15 and the heat addeqd ; is | | X T, =2691.6K
: 1850 kJ. Calculate the ideal cyclc efficiency. ‘ v, _V,
! Solution: ¢ ~‘ T, T,
| Given: m=1kg T=15°C= 288K k| T

3
=100kPa. Qadded=1850kJ, r=15 ! V; =V, "f
To find: ul '
| 2691.6 3
~ We have: : = 0.055 x 0.8 =0.174m
' P, =R, v, 0174
E . mRT, | Cut off ratio p=—=2=—-=13.16
: l Air standard efficiency, ”
. V, -1
Given, . V—] =15 =1- 1 ) L )
e -V, . - ) O (-1
_Vioo. 827 14 _4
I Vz_15 =0.055m : 1= 1 = (3.16 )
| ‘ | 1.4(15)™ 316 -1)
=5515%

Scanned with CamScanner



Module - 1 Lgg
. H ) : 1
Find the percentage loss in the ideal efficiency cg a dlgsel engi% " |
" compression ratio 15, by delaying tb‘? fuel cut off from 5 to 10 o Of
stroke. ' -
Solution:
Given:

Problem : 1.14.

r=15 -
Cut off is at 0.05 (V, - V) and 0.10 (V V)

To find : % loss inn when the cut off is delayed from 5 to 10% Of stroy,
volume.

~ When cut off is at 5 % of stroke volume,
: VJ=V2+0.05(Vl-V2)
Vl =15 V2 (given)

|
|

LV =V, 4005015V, - V)

=17V,
V.
V:=1.7ie.,p=1-7
N 'Y_
a2 15_1 (p"-1)
1 (p-1)
R (1.7 =)
— = @77 -))
Laasl4-1 a7 -y
: 1 = 61.949, ’
When cut off js at 10% of stroke Volume; 0 |

V35‘V2+0.1(V’_V2)‘
=V +

. ) 0.1(15\/2—\’2)‘—?2.4V2
3

_V\2= 2.4 i.e.,p = 2'4

. Problem : 1.15.

Module - 1

147
1 {2.4'-‘—1}. '
LG R
N =58.44% T
61.94 —58.44 )
% oflossin N = {—TM__}“OO =5.65

% of loss inn =5.65

An ideal diesel cycle operates on 1 kg of air with an initial pressure of
1 bar and a temperature of 35°C. The pressure at the end of compression
is 33 bar and cut off is 6 % of the stroke. Determine (i) the compression

ratio (ii) the heat supplied (iii) the heat rejected and (iv) the thermal effi-
ciency.

Solution:
Given: m=1kg ‘
= 1bar=1 %10’ N/m® .
T =35°C=308K
P,= 33 bar = 33x 10° N/m’
Cut off = 6 % stroke volume
_Tofind®

L, Qs,m, Qr

For the adiabatic prqceés 1-2,

. 1= 1 :
M {p—z}y ={§}ﬁ =12.15
V. b j Ul

r=12.15
1l
£={P_z} Y
T, P ,
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P2l
T =T{—‘}
e P

Tz = 836-4 K
v3=V2+0.06 v,-v)
v=V,+ 0.06 (12.15V - V2)

’ 14
S
=308x {?} 14

< &

" p =2 = 1669

=

For the constant pressure process 2-3

Lw_v

TZ T3

T, V ’

2 =232 =1.669 1
T, v, ‘

T,=1.669x T, =1.669x836.4 = 139595k
Heat supplied = mC (T.-T)
P 3 2

=1x1.005 (1395.95 - 836.4)
Heat supplied = 562,35 k)

1 =1-L(py‘i) |

_—

"y p-1)

e 1 (1669t 1)
(12.15/ 11 4(1.669-1)
1 =58770,

n=1- Qcjected
Qsupplieq

Module - 1

0.5877 =1 Qrefected
_ 562.35
Q rejected = (1 — 0.5877)x 562.35
- =231.86K
Problem : 1.16. :
The following data pertains to a Diesel cycle:
Pressure at the suction stroke = 1 bar
Temperature ét suction stroke = 300 K
Heat.added = 2500 kJ/kg
Compressionratio= 16
Calculate: ,
(i) Pressure and temperature at each point of the cycle.
(ii) Thermal efficiency -
(iii) Power output for air flow rate of 0.6 kg/s
Assume C =1k/kgK  C =0.714 K/kgK

Solution:
Given: .
p,=1bar=1x 10° N/m*
T‘=300 K, r=16
Qs=2500kJ/kg m= 0.6 kgs.
C=1kkgK C_=07141kI/keK
To find:

st Tzs p3’ TS, p4, T4, n, Power.
1Y
P2, 2 {ﬂ} S
P, v, )

P, =p, ' =1x10° x 16" = 48.5 x 10° N/m?
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by
T,

22 =71
T

}
|
S !
T, = T,r' =300 x 1647 = 90943y
Qs=mC, (T,T)
2500 =1 (T, - 909.43)
T =3409.43 K

p; =p, =.48.5x10° N/m? -

RT, _ 287x300

V, =V, =0 287x300
T T awaes - 0861y

v, = RT; _ 287x3409.43 ;
Py 485x10° - 0-20m’y

_vi1" [020)4
V4 I =0129

0.861
P4 =P;3 x0.129 = 48.5 x 10° x 0.129
=6.26x 10° N/m?

V3}H 0 \l4-1

=430 - 2

. = — = U. 58
{V4 ,(0.861) =l
= T3

x 0.558 = 3409.43 x- 0,558
= 190246 k

):
Ps

T
T,

T,

1-_1

o7 T

Module- 1 1.51

1

- __(16)1'4'1 = 0.670

=1
. =67 %"
Workdone. = n x Q,
=0.67x2500=1675kJ/kg -
Power = work done x mass flow rate
=1675%x0.6
.= 1005 kW
Problem : 1.17.

In an air standard diesel cycle, the compression ratio is 16 and at the
beginning of compression the temperature is 15°C and the pressure is 0.1
MPa. Heat is added until the temperature at the end of the constant pres-
sure process is 1480°C . Calculate
(i) The cut off ratio
(ii) The heat supplied per kg of air
(iii) The cycle efficiency
Assume C_=1.005 kl/kgKand C = 0.718 kJ/kgK

Solution:
Given: r=16, T =15°C=15+273=288K
p,=0.1 MPa=0.1 x 10° N/m’
T,=1480° C=1480+273=1753K
C,=1.005 ki/kg K
C,=0.718 kikgK
To find: P,Qs, M
L {l}y L (16) 41 =3.03
Tl VZ .

T, = 3.03 x T, = 3.03 x 288-= 872.64 K’
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. A
Cutoff ratio p = {,‘:’

L
TR

<] =
B3
gw
"
N

.

p=2

Q,=C,(T, T)
= 1.005 (1753 - 872.64)
= 884.76 K/kg

1 k)

7 (p-y

n=l

1.4
] 277 ~]

n = 61.38%

1.7, Comparison of Otto and Diesel cycles for the same co

slon ratlo and heat rejection.

Fig.1.20 shows the Otto and Diesel cycles for the same compmui

ratio and heat rejection. Here, 1-2-3 i
. : y 1-2-34-] cle
ity 15 Otto cycle

Air standard cycle efficiency - | - M
' For the same heat Tejection, effi- e
cxf:nc.y will be more when heat sup- :
plied is more. Since work done is r'I
to' the difference between hca!ogtlxm
plied and heat rejected, for the sy .
heat rejection work done wil} bc‘ o
wM heat supplied is more. mem:c
1.20 !l is clear that, for the same colg.
::::non ratio and heat Tejection, wo:;
and hence heay supplied is more

N\,

Pressure  ———em

Volume — o

Fig 1.20

u
‘ Module - 1

YT SN il PP
1691 2-1y14 618

and 1-2-3'4)

b] RSN 5
\ J
E ~— 1

1.53

for Otto cycle.

Therefore, n Otto > n Diesel
| Inpractice, the compression ratio of diesel engine ranges from 16 t0 20
{ whereas that of Otto engine ranges from 6 to 10. Because of the higher
compression ratio the diesel engines generally have higher efficiency than

Otto engines.
problems for practice

Problem 1.

An engine working on ideal Otto cycle has temperature and pressure
| a beginning of adiabatic compression as25°C and 15 bar respectively. If
y= 1.4 and thermal cfficiency of the engine is 50%, find its compression
ratio. Also find the temperature and pressure at the end of compression.
(5.66, 323.55°C, 17.03 bar).

Problem 2.

|
- A certain quantity of air at a pressure of 1 bar and temperature of

70°C is compressed adiabatically until the pressure is 7 bar in an Otto

cycle. 320 kJ of heat per kg of air is now added at constant volume.

Determine (i) the compression ratio of the engine (i) the temperature at
the end of compression and (iii) the temperature at the end of heat addi-
tion. Forair C =1 005 kJ/kg. K.and C = 0.718 kJ/kg.K (4.01, 324.79°C
,770.47°C).

|
!
|
! Problem 3.
i

AnIC engine working on Otto cycle takes the air in at 0.97 bar a 35°C.
The compression ratio is 7. The heat supplied during the cycle is 1.5 MJ/
kg. of the working fluid. Determine:

(1) the air standard cfficiency
(ii) the maximum temperature attained and

(iii) the work done per kg of working fluid.
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] Problem 4. i
The initial conditions of air in an Otto cycle are 30°C.and 1.1 bar, 1.
air is compressed to a pressure of 12.5 bar. Then heat is added til] thy
. pressure becomes 35 bar. Determine: |
(i) Compression ratio.
(ii) Air standard efficiency.
Problem 5.
An ideal Diesel cycle operates on 1 kg. of standard air with an inity

- pressure of 0.§1 N/mm’ and a temperature of 35°C. The pressure at the
end of compression is 3.5 N/mm’ and cut-off is 6% of the stroke. Deter.

mine
* (i) the compression ratio -
(ii) the percentage clearance
(iii the heat supplied
(iv) the heat rejected
1.8. IC Engines

A device which transforms one form of energy into another form is
called an engine. Anengine which converts thermal energy into mechani-
cal energy is called heat engine. Heat engine transforms the chemical

] energy of a fuel into thermal energy and this thermal energy is converted
into mechanical energy to perform useful work. Heat engines can be broadly

classified into two categories.
(i) External combustion engines (EC engines)

(ii) Internal combustion engines (IC engines)

In an external combustion engine, a working fluid 'vis used for transfer-

- ring the heat of combustion to the engine where the heat of combustion is
converted into mechanical energy. Steam engines and steam turbines are

_ common examples of this category. As these engineé require Big boilers
and bulky heat exchangers, this type of engines are not generally desirable

Module -1 ' 1.55
for mobile power plants. In an internal combustion engine air 1s taken ﬁ't.)m
he atmosphere and the combustion of fuel and air occurs in th? engine
which converts thermal energy into mechanical energy. This eliminates '
the need for heavy and bulky devices such as boilers and heat exchat.lg-

5. Also high thermal efficiencies can be achieved in internal combustl_on
il -ines. These factors give rise to the wide use of internal combust{on
Zﬁéines for mobile power plants such as those used in automobiles, ships
and slow speed aircrafts.

1.9. Parts of IC engines

The following are the major parts of internal combustion engine. Refer
Fig. 1.21.

1. Cylindér 2. Cylinder head 3.Piston 4.Inlet valve 5.Exhaust valve
6.Connectingroad 7. Stroke length 8. Crank
Fig. 1.21. Engine parts

1. Cylinder . .
Itis a cylindrically shaped container within which the piston recipro-

cates. The cylinder is closed by the cylinder head at one end and the ott_ler

end is covered by the moving piston. Combustion of fuel takes place inside

the cylinder and power is developed.

2. Cylinder head

It is a cast iron piece bolted to one end of the cylinder. It acts as a
Cover to close the cylinder. It contains. provisions for placing inlet and
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exhaust valves. In petrol engines, it houses a spark plug f‘?l' fgnifing fuel,.
mixture. In diesel engines, it houses a fuel injector for injecting g, fug
into the cylinder.

3. Piston

Itis a close fitting member which reciprocates inside the e.ngine cyliy,
der. The gas tight compartment which serves as the combus.tlon cha
is formed between the cylindér head and the piston. The main functiop of
the piston is to transmit the force exerted by the high pressure 835 to th,!

connecting rod. It is shaped like an inverted cup and is generally made of
aluminiumalloy.

mber

i
|
4. Inlet and exhaust valves ‘
These are valves provided in the cylinder head for the admission of
fresh air into the engine cylinder and for the rejection of burnt gases fro
the engine cylinder. These valves are usually kept closed by valve Springs,
Openings of these valves are made mechanically by means of a device
called cam. The cam is keyed to a shaft called camshaft which is geareq
to the engine shaft.

5. Inlet manifold

The metal tube which connects the intake system to the inlet valve of
the engine and through which air or air fuel mixture is drawn into the
cylinder is called inlet manifold,

6. Exhaust manifold

The metal tube which connects the exhaust system to the exhaust
valve of the engine and through which the

product of combustion escape
is called exhaust manifold.

7. Connecting rod

- 1.57
Module - 1

g. Crank _ - .
. Itis arotating member which receives power from the connecting ro
and transmits to the crank shaft.
9. Flywheel : ‘ .
It is a heavy wheel mounted on the crank shaft. Its main function is to
maintain the angular velocity of crank shaft fairly constant.
Additional parts for petrol engines
1. Carburetor

Carburetor is used to discharge into the air stream the desired quantity
of liquid fuel to produce a homogeneous air - fuel mixture. A good carbu-
retor must produce automatically the desired air-fuel ratio at all s'peeds
and loads of the engine. The basic principle used in carburetor is that

when a volatile fuel is placed in the passage of high velocity air, the fuel
gets vapourised at a faster rate.

2. Low pressure fuel pump

As high pressure is not required to pump the fuel in petrol engines, a -

low pressure fuel pump is used to pump fuel from the fuel storage tank to
the carburetor.

3. Spark Plug

The spark plug provides the required air gap between two electrodes
to generate a spark to ignite the fuel-air mixture in the cylinder.
Additional parts for diesel engines

1. Fuel injector

It is used to inject fuel into the cylinder in the form of fine spray.

2: High pressure fuel pump

It is used to supply measured quantity of fuel at high pressure to the
injector,

L 23
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Nomenclature

|
The following are the various nomenclatures used in internal combus. |
tion engines g '

1. Cylindrical Bore
The inside diameter of cylinder is called cylinder bore.

2. Top Dead Centre (TDC) or Inner Dead Centre (IDC)

]
|

The extretne position of the piston at the top of the cylinder is the top |
dead centre (TDC). In the case of horizontal engines it is known as inner |

dead centre (IDC)
3. Bottom Dead Centre (BDC) or Outer Dead Centre (ODC)

The position of the piston when it is farthest from the top of the cylin-
der is the bottom dead centre (BDC). In horizontal engines, it is known as
outer dead centre (ODC)

4, Stroke

The travel of the piston from one dead centre to the other is called
stroke. The distance between the two dead centres is called the stroke

length.
5. Swept volume

The volume of the cylinder in between the two dead centres is the
swept volume. It is denoted by Vs.

6. Clearance volume

The volume of the cylinder in between the top dead centre and the
cylinder head is the clearance volume. It is denoted by V.

7. Compression ratio

‘The ratio of the volume of the cylinder between the bottom dead cen-
tre and the cylinder head to the clearance volume is the compression ratio
of the engine. It is denoted by ‘r’

{

Mot 1.59
1.10. Classification of IC engines

IC engines may be classified in many ways based on the criterion
Selected for classification. :

A. Basedon the ignition system

According to the ignition system employed for igniting the charge in
the engine cylinder, IC engines are classified as,

i) Spark Ignition (SI) engines : in which an electric spark is used for
igniting the fuel air mixture. Most of the engines using petrol or gaseous
fuel belong to this category.

ii) Compression Ignition (CI) engines : in which air is compressed to a
very high temperature and pressure and fuel is injected to it in the form of

a spray. The fuel gets ignited due to the high temperature of the com-
pressed air. Most of the engines using diesel as fuel belong to this cat-

egory.
B. Based on the type of fuel used

i) Gas engines : in which gaseous fuel such as methane is used as the
main fuel.

ii) Petrol engines : in which highly volatile liquid fuel such as petrol is
used . '

iii) Diesel engines: in which less volatile liquid fuel such as diesel oil is
used.

iv) Dual - fuel engines: in which a gaseous fuel or a highly volatile liquid

fuel is supplied along with air during the suction stroke and a viscous liquid .

fuel is injected into the combustion space near the end of the compression
stroke.

C. Based on the working cycle.
i) Otto engine : in which the engine works based on the Otto cycle

~ (constant volume cycle). Most of the petrol and gas engines work on this

cycle.

’
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ii) Diesel engine: In W work on this cycle. el %yaly i) Multi cylinder engines: in which there are more than one ylinderin
Most of the low speed oil engines ' . ‘ il

on engine: in which the engine works op el an eng

i) Dual combust i il engi <d on the cylinder arrangement
£ the high speed oil engines work on thjg cyllal 1. Bas

combustion cycle. Most ©

D. Based on the number of strokes per cycle | U i) Vc“if’al e“?"“"’.i“ ‘t’f‘id‘ ‘.he axis Of'lhe C)’“ﬂde’f 1: V‘T“;ca“ .

i) Four stroke engines : in which one cycle of. operatilon 1:; compleledi ii) Horizonta engme .'m WhTCh the axis of.the cylinder is onzox.l
four strokes of the piston. ie., one power stroke is obtained in foyr str(lk:| jii) In - line engine n which all the cylinders are arranged linearly
of the piston ie., in two revolutions of the crank shaft. : \ransmitting power to a single crankshaft.

ii) Two stroke engines : in which one cycle of opération is completeg; iv) V-engine : in which two cylinders are kept at an angle forming the
two strokes of the piston, giving one power stroke per two strokeg of‘“t shape of the letter >V’ and utilise the same crankshaft.

piston ie., in each revolution of the crank shaft. v) Radial engine: in which the cylinders are placed radially and equally

E. Based on the application of the engine _ ‘ spaced around a common crankshaft.

i) Stationary engines: which are used in power' plants. -3 ' vi) Opposed cylinder engine: in which two cylinders are placed on op-
posite sides of a common crank

ii) Mobile engines: which are used in automobiles, aircrafts, etc,

1.11. Working prinéiple of diesel engines (Compression Ignition
F. Based on the cooling system » : engines) ‘ .
i) Air cooled engines : in which heat is directly dissipated into the it Diesel engine is based on the work of Rudolph Diesel. It operates
around the cylinder. ;

based on the theoretical air cycle known as Diesel cycle. These engines
(ii) Water cooled engines : in which excess heat is removed from the operate on four stroke or two stroke cycle.
engine cylinder and cylinder head by circulating water through the jackes

o ] ; Diesel cycle (Constant pressure
provided in the engine cylinder and cylinder head

cycle)
G : '
Based on the speed of the engine Atmospheric air is drawn into the en- : 2 .
i) Low speed engines (up to 350 tpm) ‘ gine cylinder during the suction stroke and t
i) Medium speed engines ) = compressed by the piston d__uring the. o
i 1 . gines (350 - 1000 rpm) compression stroke to high pressure and % 4
}u) igh speed engines ( above 1000 1pm) temperature. The temperature of com- ~ &

H. Based on the number of eylinders pressed air will be above the ignition tem- 5

i) Single cylinder engines; iy " : perature of fuel. Just before the end of
engine. - In which there is only one cylinder in®  the compression stroke a metered quan-

Volume —=—

Fig. 1.22. Diesel cycle
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_ L . the form of fine spray by~ |
. ressure 1 injected in oy
tity of fuel under p pressure and temperature of gy, e; ,

shioot _Ductover}’hi . 2
a fuel injector. nd displacing the piston. After doip, It thy

fuel ignites and the gases expa ’ . o
on the piston the bumt gases €5¢2P¢ from the engine cylinder thyg,, 't
exhaust valve. As the ignition takes place due to heat of compregg,, q

is called compression ignition engine (C1 engine).

. e
ﬂlr, ll

.12. Working of four stroke diesel engine
In four stroke cycle engine one cycle of operation is completeq iﬂbfo
strokes of the piston (ie., tW0 revolutions of crank shaft) . The variom*
strokes of a four stroke diesel engine are detailed below. Refer Fig, 1‘2“;3

Alg

1 3 2

jLg

v
l

! coy T R
. . m v
L. Suction stroke 1I. Compression stroke I[I. Working stroke -1V, Exhaust stroke.

1. Inlet valve 2. Exha.ustvalve 3. Fuel Injector 4. Piston 5. Connecting rod 6. Crank |
Fig. 1.23. Working of four stroke diesel engine ‘
1. Suction stroke

Duri i ; ;
bottour:gfa:]fejtmk;the piston moves from top dead centre (TDC) ¥
1e (BDC). The inlet valye opens and air at atmospheri

pressure is drawn into the engipg
. ity gine cylinder, T s
closed. This operation is representeg by the Iin:es elx%]agét V;lIZ‘,; o
‘ ‘ -11in Fig. 1.22.

' .63
Module - 1 163,

2. Compression stroke

In this stroke the piston moves towards TDC and compresses the en-
d air to high temperature and pressure. This operation is represented.

close
.2 in Fig. 1.22. Both the inlet and exhaust valves remains closed

py line 1
guring this stroke.
3. Expahsion or working stroke.

Towards the end of compression stroke a metered quantity of fuel is
injected into the hot compressed air in the form of fine spray by means of
a fuel injector. The fuel starts burning, theoretically, at constant pressure
and pushes the piston from TDC. This is shown by line 2-3 in Fig. 1.22. At

~ point 3, fuel supply is cut off . The high pressure gas in the cylinder expand
upto point4, doing work on the piston. The inlet and exhaust valves remain
closed during this stroke. At the end of this stroke the exhaust valve opens.

4. Exhaust stroke
The piston moves from BDC to TDC and the burnt gases escape
« through the exhaust valve. During this stroke the inlet valve remains closed.
This stroke is represented by the line 1-5 in Fig. 1.22. During this stroke
the exhaust valve remains opened and the inlet valve remains closed. By
this one cycle is completed. .

- Q[in Working of two stroke diesel engine.

In two stroke diesel engine, one cycle of operation is completed in two
strokes of the piston, (in one revolution of the crankshaft) by eliminating
separate suction and exhaust strokes. Here ports are provided in place of
valves.’ ' '

Fig. 1.24. shows the working of a two stroke diesel engine. The cylin-
der is connected to a closed crankcase. During the upWard stroke of the
piston, the air in the cylinder is compressed. At the same time fresh air
enters the crank case through the air inlet port. Fig. 1.24 (i) . Towards the
end of this stroke fuel is introduced in the form of fine spray by the fuel
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A carburetor provides a mixture of petrol and air in the required propor-
tion. The fuel air mixture (charge) gets compressed during the. compres- .
sion stroke. At the end of this stroke, fuel is ignited and combustion occurs
at constant volume. thus heat is supplied at constant volume.»The gas
expands and moves the piston downwards, doing work. The product of
combustion is exhausted at constant volume.

1.15. Working of four stroke petrol engine

| The various strokes of a four stroke petrol engine are detailed below.
| Refer Fig. 1.26

{ 1 3 2

(i) : _ (iii)

" 1. Cylinder 2. Crank case 3. Piston 4. Air inlet port 5. Transfer port 6, Exhaugt
i port 7. Fuel Injector
Fig. 1.24. Working of two stroke diesel engine .

|

injector and due to the high pressure and temperature of the air, the fijg|

;  starts burning. The piston, then travels downwards due to the expansion

-of the gases (Fig. 1.24 (ii)) and near the end of this stroke the piston |

uncovers the exhaust port and the bumnt gases escape th

b The transfer port is then uncovered (Fig. 1.24 (iii)) and the compressed air |

£ from the crankcase flows into the cylinder. The incbming fresh air helps to |
remove the burnt gases from the engine cylinder,

‘ 1.14. Working principl i iti ines) |
i Pctrol i (g)pl;rate ol::hzl;:::):dztgt:)nes. (Spark Ignition engines)§ L. Suction stroke II. Compression stroke III. Working stroke IV. Exhaust stroke
cycle. These engines work based on ei-
ther four stroke or two stroke cycle.

Otto cycle (Constant volume cycle)

rough this port. |

s un Ll v

1. Inlet valve 2.Exhaustvalve 3. Spark plug 4. Piston 5. Connectingrod 6. Crank
' Fig. 1.26. Working of four stroke petrol engine

(i) Suction stroke
2 ;

o

In this cycle, heat is supplied and re.
Jected at constant volume. A homogeneoys
mixture of air and petrol is supplied to the

Pressure ——a

| .

j During this stroke the piston moves from top dead centre (TDC) to

{ | bottom dead centre (BDC). The inlet valve opens and the fuel air mixture
' . Is sucked into the engine cylinder. The exhaust valve remains closed

\_d_l”- . . .
engine cylinder during the suetjop stroke. jhime=— throughout this stroke . This is represented by the line 5-1 in Fig. 1.25.
Fig. 1.25. Otto cycle

5
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(ii) Compression stroke

The air fuel mixture is compressed as the piston mov?:s‘ i:rom BDC N
TDC. Just before the end of this stroke, the spark plug initiates 5 Spay
which ignites the mixture and combustion takes place at constant volyy,
(line 2-3 in Fig. 1.25). Both the inlet and exhaust valves remaing clos;q.
throughout this stroke. &

(iii) Expansion or working s_tréke.

Asthe fuel air mixture burns, hot gases are produced which drive the
piston towards BDC and thus work is done . This expansion Process j

shown by the line 3-4 in Fig. 1.25. Both the valves remain closed duiring
this stroke. '

(iv) Exhaust stroke

The removal of the burnt gases is accomplished during this stroke, The
piston moves from BDC to TDC and the exhaust gases are driven out of

-5 in Fig,

1.25. During this stroke. the exhaust valve remain opened and the inlet

valve remains closed. By this one cycle is completed.
1.16. Working of two stroke petrol engine

In two stroke petrol engine, one cycle of operation is'completed in two
strokes of the piston, (in one revolution of the crank
separate suction and exhaust strokes,

Fig. 1.27 shows the workin

der is connected to a closed crankease. During the upward stroke of the
piston, the air fuel mixture in the cylinder g ‘

Compressed. At the same time
fresh air - fuel mixture enters the crank cq
1.27 (i) . Towards the end of this stroke,

using an electric spark from the spark plug,

The piston, then travels downwards due to the expansion of the gases -
(Fig. 1.27 (ii) ) and near the end of thig stroke the piston uncovers the

shaft) by eliminating

g of a two stroke petro] engine. The cylin-

—_— T
SV le s el
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exhaust port and the burnt gases escape through this port: The m?n:‘tl'::
portis then uncovered (Fig. 1.27 (iii) ) and the compresse'd air fuel m‘leu ’
from the crankcase flows into the cylinder. The 'mcox'mng fr'esh air fev
mixture helps to remove the burnt gases from the. engine cylinder. Rehel;
Fig. 1.27. Ina two stroke petrol engine the operations e the ﬁamefu as]t a}r
of atwo stroke diesel engine with some difference. In this engine, el- af
mixture is admitted into the crank case gnd compres.sed. A carbLfretfn.' is
used for mixing the fuel and air in the correct pr01.:)0rt10n. Ff)r the 1gn1tlon
of the fuel air mixture at the end of compressio-n in the engl.ne cylmdir,ta »
spark plug is provided. In this case, combustion process is assumed to
take place at constant volume.

— —
— —

@) . (i) (iii)
1. Cylinder 2. Crank case 3. Piston 4. Air inlet port 5. Transfer port 6. Exhaust
port 7. Spark plug -
Fig. 1.27. Working of two stroke petrol engine
1.17. Comparison of SI and CI engines
1. Working cycle

The SI engine, in general, works based on Otto cycle while the CI engine,
in general, works based on Diesel cycle. :
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2.Fuel

A highly volatile fuel such as petrol is used in SI engines while non- volatig ‘

fuel such as diesel is used in CI engines.
3. Method of fuel introduction

- In most of the SI engines, the fuel and air are introduced into the ¢y,
gme cylinder as a gaseous mixture while in CI engines, the fuel is directly
introduced into the cylinder in the form of fine spray. Mixing of fuel and a3,
takes place inside the cylinder. ]
4. Method of fuel ignition

The SI engine requires a spark to initiate combustion while CI engine -
utilizes the condition of high temperature and pressure, produced by the |
compression of air in the cylinder, to initiate combustion when fuel is in- |

jected.
5. Fuel economy
CI engines have better fuel economy at all operating conditions.

6. Compression ratio

Compression ratio of SI engines range from 6 to 10, whereas that of
CI engines range from 16 to 20. The higher compression ratio of CI en-
gines result in higher thermal efficiency and hence a greater power output
for the same amount of fuel consumed. ' :

7. Weight

Because of the higher compression ratio and higher pres‘sure , Cl
engines require stronger engine parts and hence are heavier.
8. Initial cost

Injtial cost of a SI engihe is less than a comparable CI engine.

9. Maintenance costs }

_ The maintenance costs of the two types of engines are generally about
the same, with CI engine costs slightly higher.

Module - 1 1.69

1.18. Comparison of two stroke and four stroke engines

1. Inatwo stroke engine, there is one working stroke for every revolution
of the crank shaft whereas in a four stroke engine there is only one
power stroke for two revolutions of the crank shaft. Hence, theoreti-
cally, the power developed intwo stroke engine will be double that ofa
four stroke engine of the same dimensions. However in practice, only
about 30 percent extra power is developed. That is, in order to produce
the same amount of power, a two stroke cycle engine will be of less
weight and occupies less space.

9. As there is one working stroke in evefy revolution of the crank shaft,
the turning moment of a two stroke engine will be more uniform.

3. As there is no valves in a two stroke engine the construction will be
simple and hence low initial cost. The maintenance of the engine will
also be easy. The mechanical efficiency will be higher.

4. Asthereisno separéte exhaust stroke in a two stroke engine the scav-
enging will be poor. Due to this, the fresh charge gets diluted with
exhaust gases and the thermal efficiency decreases. Also there is pos-
sibility of the fresh charge escaping with the exhaust. This will in-
crease the fuel consumption.

5. The separate exhaust and intake strokes of the four stroke cycle pro-
vide greater opportunity for the dissipation of heat from critical parts
like piston, and essentially permit the four stroke cycle engine to runat
higher speed than two stroke cycle engine. :

6. In two stroke engine the power needed to operate suction and exhaust

valves is saved.
two stroke en-

The construction of combustion chamber issimpleina
gine compared to four stroke engine.

=
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1.19. Mean effective pressure (mep)

The variations of pressure versus volume inside the cylinder of a regy |
rocating engine is drawn using an engine indicator. The resulting clogey
contour is called indicator diagram. The area enclosed by the contour j a |
measure of the work done per cycle. |

Mean effective pressure (mep) is defined as the constant pressyg,
acting on the piston which will produce the same amount of work as dop _
by the actual varying pressure acting on the piston during a cycle.

The height of rectangle 1-2 -3-4 as shown in Fig. 1.28 will be the mep |
provided the area of the rectangle 1-2-3-4 is equal to the area of the |
indicator diagram. Since the area of indicator diagram gives the work |
done during a cycle,

mep x (Vl-V2 ) = Work done/ cycle

_ Work done / cycle - Work done/cycle

. me
P v, -V,

swept volume

Ndicator diagram
3 . / 4

Pressure ——a

vV, Volume —_— \' .
Fig. 1.28 |

. . . 2 . ' |
Unit of mep is N/m". Mean effective pressure is used as a parameter !
to compare the performance of reciprocating engines of thé same size

1.20. Efficiencies of IC engines.

Power developed inside the cylinder, calcﬁlated using the indicator di&-

Module - 1 L71

gram (actual p-V diagram) is known as indicated power (IP) of the en-
gine. The power available at the crank shaft is less than that developed in
the cylinder due to various frictional losses. This power available at the
crank shaft is called brake power (BP) of the engine. The difference of IP
and BP is called friction power (FP).

FP=1IP - BP
IP = BP +FP

Brake poWer of an engine can be measured by dynamometer in the labo-

. ratory. Indicated power can be calculated as follows:

When, _
p, = mean effecti\;e pressure in kKN/m?
‘A= areaof piston in m?
| L = stroke length in m
N = speed of crank shaft in rpm
n = number of working stroke per minute
=N, for two stroke engine and
N
2

, for four stroke engine.

. n
then, IP = pmn ALXx—kW
en, p 60

- Thermal energy supplied per second can be calculated as follows,

When, m is the mass of fuel burnt per hour and CV is the caloriﬁc value of
fuelin kI/kg. '

Then, Thermal energy = m x CV x kl/hr
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i : - 3600

. The various efficiencies of IC engines are:
1. Mechanical efficiency
2. Indicated thermal efficiency
3. Brake thermal efficiency
4. Relative efficiency
5. Volﬁmétric efficiency
6. Combustion efficiency
1. Mechanical efficiency

& It is the ratio of brake power to indicated power
‘ f o ot = B
2. Indicated thermal efficiency
It is the ratio of indicated power to the en>ergy supplied by the fuel.

i Indicated thermial efficiency, 1=

|
§
|
i
i
}
k

mXCbel
3600

_ IPx3600
- mxCV

3. Brake thermal efficiency ,
Itis the ratio of brake power to the energy supplied by the fuel

Module - 1 ' ‘ . . L7
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. BP
Brake thermal efficiency, n=
i : 1
: mxCVx——
3600
_ BPx3600

mxCV

4. Relative efficiency . _
It is the ratio of indicated thermal thermal efficiency to the theoritical

thermal efficiency. Theoritical thermal efficiency is the thermal efficiency”

when the power developed inside the cylinder is calculated based on
theoritical pV diagram. ‘

Indicated thermal 1| _ Indicated thermal 1
Theoritical thermaln  Air stantard efficiency

1 relative =

5. Volumetric efficiency .
it is the ratio of actual volume of air or air fuel mixture admitted into the
cylinder to the swept volume of cylinder.

Actual volume of air or charge admitted into the cylinder
1 volumetric =

swept volume of cylinder

5

Swept volume of cylinder = = xL , where D is the diameter of cyl-

inder and L is the stroke length.

" 6. Combustion efficiency

Hundred percent of chemical energy of fuel admitted into the cylinder
cannot be converted to thermal energy. This is mainly due to the incom-
plete combustion of fuel inside the cylinder. Combustion efficiency.is the
ratio of actual heat energy liberated to the heat energy in the fuel admitted
into the cylinder.

e e
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 Actual amount of heat energy liberated
e Heat énergy of firel admitted into the cylinder

1.21. Air system for petrol engine

Air system for petrol engine essentially consis.ts of air filter and g,
retor. For burning of fuel, oxygen is required. Ifl mt.ernal Combustjq, p
gine oxygen is obtained from the atmospheric air. Air after cleaning in th‘;
air filter is mixed with fuel in correct ratio using a carburetor. For R 3
plete combustion, the air - fuel ratio must be about 15:1 by Weight. TheTI
is a range of air - fuel ratio within which combustion of fue] cgy, ocey,
This range of air - fuel ratio is approximately 8:1 to 20:1 by Weigh, Out-.‘

side this range the mixture is either
Engine

Air from X .
m&ﬁ" Air filter ,_“[ Carburetor
Silencer

Air fuel

Product of

Product of combustion
to the atmosphere -

Fig. 1.29. Air system for petrol engine.

too rich or too lean. The carburetor provides air fuel mixture in the re.
quired ratio in accordance with the requirements of the engine. At the
time of starting of the engine a rich mixture, about 10: 1 is required. During
normal running a comparatively lean mixture, 15:1, serves the purpose,
During acceleration period a rich mixture is needed. This air fuel mixture ‘

s supplied to the engine cylinder through the inlet valve, Inside the cylin-

Y the' chemical energy of fuel is

converted into thermal energy. The product of combustion, after expand-

ing, is discharged to the atmosphe;
used to reduce the noise,

1.22. Fuel system for Petrol engjne

Euel supply system for a
tank, fuel pump, filter, carburetor,
enters the engine cylinder through

petrol engine consists of a fuel storage

2nd inlet manifold from where the fue
Inlet valye,

re. Generally a silencer or muffleris

el 1.75

* [ Puel Fuel Engine
torage
Fuelmsrlk g pump filter Carburetor cylinder

Fig. 1.30. Fuel supply system for petrol engine.

The fuel can be supplied to the engine either under gravity or using a
pump. In the gravity system, the fuel storage tank is placed at a higher
Jevel than the.carburetor so that the fuel flows to the carburetor under
gravity. When storage tank is kept below the level of carburetor fuel pump
is required to force the fuel to the carburetor.

1.23. Fuél system for diesel engines

Fuel supply system for diesel engine consists of a fuel storage tank, -

filter, low pressure or transfer pump, high pressure fuel pump and fuel
injector. '

Fuel storage ‘ Low High Fuel | Toengine
1 i . . —
Wk [ Fller [ PreSite | Fiker |—| preSute | el o

Fig. 1.31. Fuel supply system for diesel engine

The main parts of this system are fuel pﬁmp and fuel injector. The fuel
is supplied at very high pressure from the fuel pump to the fuel injector
and is injected to the engine cylinder towards the end of compression
stroke. There are two types of injection systems . (i) Air injection (ii) Solid
injection
Airinjection

In this method, fuel is forced into the cylinder by means of compressed
air. This method is obsolute these days as it requires multistage air
compréssor which increases the engine weight and cost. Moreover the
Compressor consumes about 10% of the power developed by the engine
and hence the output of the engine is reduced .
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Solid injection (Mechanical injection)

In this method a fuel pump is used to supply measured quantity op g :
at high pressure to the injector. The injector injects the fuel at a very hig,
velocity into the engine cylinder in the form of fine spray.

1.24. Cooling system

The entire heat generated by the combustion of the fuel insjde the

- cylinder cannot be converted into work. An IC engine at the best ¢,
convert only about 30% of heat into work. About 30% of heat generatg

is absorbed by the piston, cylinderhead and the cylinder wall. If the hey

. absorbed by the engine parts is not removed it will cause excessive rise

temperature of these parts.The temperature of the cylinder wall shoy)g
not exceed 250°C. At high temperature the piston will expand and it wjj
seize with the cylinder wall. Hence the engine parts must be provided wig

some means of cooling so that the temperature of these parts does not .

exceed about 250°C. Therefore a cooling system is required to keep the
engine parts from getting too hot yet permit the engine to run hot enough
o ensure maximum overall efficiency. Thus the purpose of cooling sYs-

tem is to keep the engine parts from getting too hot and not to keep the
engine parts cool. : ' '

The two types of cooling systems normally used in IC engines are, |
. (1) Air cooling and

(2) Liquid éooling (water cooling)
Air cooling

The cooling method in which heat is directly dissipated into the aif
around the cylinder is called air cooling, The basic principle involved in this =
type of cooling system is to have a current of air flowing continuously ovef
the heated surface from where the heat is to bé removed. It is used in
motor cycles, airplane engines and small stationary engin . T this type
heat is dissipated directly to the ajr after being COndiétzz thrmllsgh th\;?

1.77
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cylindef walls. Usually, fins are pro-
vided on the outer ‘surface of the
eylinder and cylinder head to in-  Air
crease the area exposed to the cool-
ing air. In some cases, a blower is
fitted which throws air on these fins
{0 increase the heat transfer rate.
This is shown in Fig. 1.32. In mo-
bile engines, the forward velocity of
the engine helps in increasing. the

air velocity.

P Cooling fms

Cylinder

Crank case

Fig. 1.32. Air cooled engine

The advantages of air cooling includes simplicity, lightness, cheapness
and absence of water and its circulation system. The main disadvantage
of this system is the non uniformity in cooling. Also, it is difficult to control
the cooling rate.

" Liquid cooling (water cooling)

In liquid cooling water is generally used as the cooling medium. It is
circulated through passages around the main components which are get-
ting heated. These passages are called water jackets. The circulation of
water is obtained either by using a
pump or by gravity force.

_ Filler tank
Fig. 1.33 shows water cooling rd

- System used in an automobile en- Fan ! Water jacket
gine. In this, the water after pass-' . <
ing through the engine jackets '
flows to a radiator. In the radiator Eagms
the heated water gets cooled by  E—
anair flow caused by the forward )
motion of the automobile. To in-
Crease the heat transfer area the Lower tank

tadiator tubes are provided with  Fig. 1.33. Water cooled engine

e me e e
T R e S

Scanned with CamScanner



Module - 1 1-7g

fins. In most cases, a fan is provided,to establish forced circulation

over the radiator tubes which increases the heat transfer rate. The ,, {
tor consists essentiaily of an upper filler tank and a lower tank, Radiatila\
elements are provided in between these tanks. The upper tank i mll \
nected to the water outlet from the engine jacket by arubber hoge andthn;

lower tank is connected by a hose to the jacket inlet.

Under extreme cold, to avoid freezing of water in radiator tubes, g,
times anti-freeze solution containing ethylene glycol is added with the COOT
ing water. Water cooling system is classified as natural or gravity circula.
tion system, forced circulation system and open circulation System, ]
natural circulation system the change in density of water due to chaﬂgein
temperature causes it to circulate in the system. This system is alsg know,
as thermo-syphon cooling system. In forced circulation system watey is
circulated through the water jack-

- ets using pump. The power required

to run the pump is taken from the | Engine
engine itself. In this a pump is used Cold
— Lo
to draw water from a cooling pond Pump e

and to circulate it thorough the en-
gine jackets. The water after circu-
lation returns to the cooling pond as
shown in Fig. 1.34.

“Fig: 1.34. Open circulating system

1.25. Lubrication of IC engines

Lubrication of engine parts are necessary in order to reduce friction
between moving parts of the engine. If the moving parts are allowed 0
rub against each other, they will develop considerable friction and heh
resu.ltm-g in excessive wear. This can be reduced by placing a film of
?ubrlcatmg oil between the moving part so that they ride OnIthe il S
instead of against each other. This wi]] decrease the power required 0
overcome friction and will reduce the wear between nfbbing pa(lts

1.79
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The oil in the engine has several functions to perform. It must remove
he heat from the parts it comes in contact with, keep the metal surface.s
apart and prevent friction and wear by maintaining an unbroken film of oil
petween the moving and stationary surface. The oil must also seal the
space between piston rings and cylinder walls to prevent leakags of work-
ing gases. In addition, the oil must clean the metal parts it comes in contact
withand hold in suspension any dirt, metal and carbon particles in the oil.

Main parts to be lubricated in an IC engine are crankshaft, bearings,
crank pin, piston, cylinder walls, cams, valve stems, gears etc.

Types of lubricating systems

Several types of lubricating systems are employed to provide efficient

" ubrication for the internal moving parts of an engine. The various systems

supply ol to the moving parts by splash, by gravity, by pressure feed orby
some combination of these methods.

The splash system is the simplest method of lubrication. Such systems
are usually designed with an oil reservoir in the base of the engine. When
the connecting rod moves up it splashes the oil in the form of a spray. The
internal parts of the engine are lubricated by this oil spray. This type of
lubrication is employed in some types of small single cylinder stationary
engines and on engines employed in scooters.

The splash and circulating system is similar in operation to the splash

system, ;iéégt that an oil pump is employed to keep the reservoir with oil.
BERARNG: temintambhers. So S AR e

In a splash and pressure system, an oil pump supplies oil under pres-

sure to the main and crankshaft bearings. The oil pump also supplies oil to

the reservoir. Other main parts to be lubricated get oil by the splash sys-
tem.

In a forced feed (pressure) system, oil is forced by an oil pump to all
main bearings connecting rod bearings, camshaft bearings and the gears.
The valve mechanism also gets oil under pressure. The cylinder walls,
Piston and the piston pins are lubricated by the oil spray thrown off from
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the connecting rod and crank sha}ﬁ. Most of the present day enging, |
lubricated by this type of lubricating system. o |

Module - 1

S(Desirable properties of lubricants

1. The oil should maintain sufficient viscosity under all ranges op tem‘y
perathres. Oil with high viscosity index is preferred. T_’his will qy.
very high viscosity at cold temperatures and very low VISCOosity g higy
temperatures.

2. The oil must not vaporise in its operating temperature range,

3. The oii should have high specific heat to remove the; heat generatedin‘
the parts. '

4. The oil must be frcc from corrosive acids, moisture etc.

: The oil should have considerable adhesivé quality to permit the oj] par.
ticles to cling to metal surface.

The oil should have good cohesive quality so that a continuous filmis,
formed betwen rubbing surfaces. ’

1.26. CRDI vehicles

Common Rail Direct Injection [CRDI] is a modern variant of dire
injection system for diesel engines. It features a high pressure solenoid or|
piezoelectric valves make possible fine electronic control over the injec- |
fi(?n tifne and amount. In the conventional diese] engines a distributor type|
injection pump regulated by the engine itself supplies bursts of fuel to

injectors through which the diese] is sprayed into the engines combustion
chamber. As the fuel is at relative]

Y low pressure and precise control of

adile=t - _ ‘1.81

contains 2 precision machined nozzle and a plunger driven by a solenoid.
Driven by a computer the valves control the precise moment when the
fuel injection into the cylinder occurs and also allow the pressure at which
the fuel is injected into the cylinders to be increased. The computer also
controls the amount of fuel to the pump. As a result the fuel that is injected
atomises easily and burns cleanly reducing exhaust emissions and increasing
efficiency. Common rail engines require no heating up time and produce
lower engine noise and lower emissions than traditional systems. In order
to lower engine noise the engines electronic control unit can inject a small
amount of diesel just before the main injection event. This reduces the

- explosiveness and vibration. Some advanced common rail fuel systems

perform as many as five injections per stroke which gives a more uniform
and controlled combustion and helps extract maximum energy from the
combustion cycle. In the 90’s all major european passenger vehicle manu-
facturers used this technology to get more refined, powerful and fuel effi-
cient diesel engines into the demanding market. Some Indian companies
have also successfully implemented this technology. Different car makers
refer to thier common rail engines by different names as given below.

BMW - D-engines, Honda - i - CTDi, Hyundai-CRDj, Mitsubishi - DI-D,
Toyota - D-4D, Mahindra - CRDe, Maruti - DDiS '

In CRDI erigine high pressure fuel is supplied by one pump unit to a
manifold [Common Rail] and individual cylinders have solenoid valves
timely inj ection. The advantages of this system are:

1. Higher efficiency due to variable injection timing.
2. Better combustion and low speeds.

3. Better power balance. A

4. Less moving pél_'ts. .

5. More compact engine.

P

Yo
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1.27. MPFI vehicles
Gasoline injection system can be classified as
1. Gasoline direct injection into the cylinder
2. Port injection
3. Manifold injection .

In single point injection system one or two injectors are mounted jpg;
the throttle body assembly of the engine. Multi Point Fuel Injection [p
system has one injector for each engine cylinder. Fuel is injected in oy,
than one location. This system injects fuel into individual cylinders bagéd
on commands from the on board engine management system computg

popularly known as Engine Control Unit [ECU]. The ECU primarily cq
trols the ignition timing and quantity of fuel to be injected.

The ECU is controlled by the data input from a set of sensors locateg |
. all over the engine and its auxillaries. These sensors detect the variou
operating conditions of the engine and the performance required out of it ’
Such sensors constantly monitor, ambient temperature, engine coolant tem-
perature, exhaust gas temperature, oxygen content of exhaust, engine |
speed, vehicle road speed etc. Based on a progrémme interpretation ofall |

~ these input data the ECU gives the various commands to the engines fuel
and a spark ignition timing system.

‘ Flg 1.35 shoyvs the block diagram of an MPFI system. Air enters
into .the intake manifold. The manifold pressure sensor detects the intake
manifold vaccum and sends the information to the ECU. The speed ser-

;‘Z;Za?so sends information about the rpm of the engine to the ECU. Th |

asoli;::a turn lStﬂfl'ds'Cf)mr‘nands‘ to the injector to control the amount of |
ian - ldstl;l?’P y or‘ mjec.tlon. When the injectors spray fuel into the intake

ttold the gasoline mixes with the air anq the mixture ¢ fin- |

der of the engine. Xture enters the cylt |

Ad\}antages of MPFI

odule-1 1.83
' Intake manifold | Air . - " | Gasoline
W N\ ]
— Injector
L e

Speed sensor

Lo

Fig. 1.35. MPFI system

1. The difference in power developed in each cylinder is minimum.
2. Vibration of engine equipped with the system is less.
3. Immediate response to sudden acceleration and deceleration

4. Since the engine is controlled by ECM [Engine Control Module]
more accurate amount of air fuel mixture will be supplied and as a
result complete combustion takes place. This leads to effective uti
lization of fuel supplied and hence low emission level.

5. The mileage of the vehicle is more.
1.28. Concept of hybrid engines

The sharply rising crude oil price has put a technical challenge to the
automotive sector to reduce the fuel consumption of the engine. Automo-
tive business is looking towards electric vehicles to reduce the depen-
dance on oil. Vehicles that make use of two or more distinct power sources
are known as hybrid vehicles. they usually come with a fuelled power
source and an onboard rechargable energy storage system for powering
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the vehicle. Petroleum Elecmc:n}:l}ébrlde\fhlc,
. Uehicles [HEV] generally make Use ™
tric Vehicles [HEV] g o requn-,ed b

and electric batteries to provide

fan interna

Advantages of Hybrid vehicles

i eight.
- 1. Reduced petroleum consumptlon due to less wWel1g

i ing i lectric
2. Since braking 1S controlled by the electt >0 ;
of the kinetic energy of the vehicle is recapttlrﬁ}d and is used to rechargg

" the batteries. This process is called regenerative br‘akmg.

3. Higher efficiency due to regenerative braking.

4. Due to less fuel consumption;i ait pollution can be kept under_ cont_ro] to
a great extent.

5. Less noise due to substantial use of the electric motor.
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