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COURSE OBJECTIVES:

After the completion of the course the students will develop ability towards.
1 Comprehending significance of thermodynamics properties in order to
analyze a

Thermodynamic system.
“1 Comprehending & applying first & second law of thermodynamics in closed
& open system.

"1 Comprehending & applying gas laws applicable to perfect gas in order to
determine

Thermodynamic properties.

“1 Comprehending the concept of 1.C engine and gas power cycle & computing
work done & efficiency thereof.

1. Thermodynamic concept & Terminology

1.1 Thermodynamic Systems (closed, open, isolated)

1.2 Thermodynamic properties of a system (pressure, volume, temperature,
entropy,

enthalpy, Internal energy and units of measurement).

1.3 Intensive and extensive properties

1.4 Define thermodynamic processes, path, cycle , state, path function, point
function.

1.5 Thermodynamic Equilibrium.

1.6 Quasi-static Process.

1.7 Conceptual explanation of energy and its sources

1.8 Work , heat and comparison between the two.

1.9 Mechanical Equivalent of Heat.

1.10Work transfer, Displacement work

2. Laws of Thermodynamics

2.1 State & explain Zeroth law of thermodynamics.

2.2 State & explain First law of thermodynamics.

2.3 Limitations of First law of thermodynamics

2.4Application of First law of Thermodynamics (steady flow energy equation
and its application to turbine and compressor)

2.4 Second law of thermodynamics (Claucius & Kelvin Plank statements).
2.5 Application of second law in heat engine, heat pump, refrigerator &
determination of

efficiencies & C.O.P (solve simple numerical)

3. Properties Processes of perfect gas

3.1 Laws of perfect gas:

Boyle’s law, Charle’s law, Avogadro’s law, Dalton’s law of partial pressure,
Guy lussac law, General gas equation, characteristic gas constant, Universal
gas constant.

3.2 Explain specific heat of gas (Cp and Cv)

3.3 Relation between Cp & Cv.

3.4 Enthalpy of a gas.

3.5 Work done during a non- flow process.

3.6 Application of first law of thermodynamics to various non flow process
(Isothermal, Isobaric, Isentropic and polytrophic process)

3.6 Solve simple problems on above.

3.7 Free expansion & throttling process.

4. Internal combustion engine

4.1 Explain & classify 1.C engine.



4.2 Terminology of 1.C Engine such as bore, dead centers, stroke volume,
piston speed &RPM.

4.3 Explain the working principle of 2-stroke & 4- stroke engine C.1 & S.1
engine.

4.4 Differentiate between 2-stroke & 4- stroke engine C.1 & S.1 engine.
5. Gas Power Cycle

5.1 Carnot cycle

5.2 Otto cycle.

5.3 Diesel cycle.

5.4 Dual cycle.

5.5 Solve simple numerical.

6. Fuels and Combustion

6.1 Define Fuel.

6.2 Types of fuel.

6.3 Application of different types of fuel.

6.4 Heating values of fuel.

6.5 Quality of I.C engine fuels Octane number, Cetane number.



CHAPTER1:
CONCEPTSANDTERMINOLOGY

+  Thermodynamics

Itisdefinedasthescienceofheatenergytransferanditseffectonphysicalpropertyofthe
substance.
OR
Itmaybedefinedasthesciencewhichdealswiththeconversionofheatintomechanical work or
energy by using a suitable medium.

¢+ ThermodynamicSystem

System:Asystemisdefinedasanyquantityofmatteroraregioninspacehavingcertain volume
upon which our attention is concerned inanalysis of problem.

Surrounding:Anythingexternaltothesystemconstituteassurrounding.

Boundary:Systemisseparatedfromthesurroundingbysystemboundary.Thisboundary may
be fixed or movable.

surrounding
boundary YOS
systemareclassifiedintothreetypes:-

+  Opensystem

¢+ Closedsystem

+ Isolatedsystem
OpenSystem
Itisalsoknownasflowsystem.Opensystemisoneinwhichbothmassandenergycrosses
theboundary.Opensystemisalsocalledcontrolvolume.Ex-reciprocatingaircompressor,
turbine, pump etc.
ClosedSystem
It isalso knownasnon-flow system. In thissystem themasswithintheboundary remains
constantonlyenergyinteractiontakesplacewithrespecttothesurrounding.Ex—Cylinder piston
arrangement, Tea kettle.
IsolatedSystem
Anisolatedsystemisoneinwhichthereisnointeractionbetweenthesystemand
surrounding.Thereisnomassandenergytransferacrossthesystem.Ex-Universe,
thremoflasketc.



MACROSCOPICANDMICROSCOPICAPPROACH
Studyofthermodynamicsisdonebytwodifferentapproaches.

+  Macroscopicapproach:Thetermmacroscopicisusedinregardtolargerunitswhich is
visibletothenaked eye. In macroscopic approachcertain quantityof matter is
considered without taking into consideration theevents occurring at molecular
level. Inother words macroscopic approach is concerned with overall behaviour of
matter. This type of study is alsoknown as classical thermodynamics.

¢+ Microscopic approach: In microscopic approach matter isconsidered to be
composed of tinyparticles called molecules and study of each particlehaving a
certainposition,velocityandenergyatagiveninstantisconsideredsuchastudyis also
called as Statistical thermodynamics.

CONCEPTOFCONTINUUM
Thesystemis regarded as a continuumi.e. thesystem is assumed to contain

continuous distribution of matter. Thus, from thecontinuum point of view, the
matterisseenasbeingdistributedthroughspaceandtreatsthesubstanceasbeing
continuousdisregardingtheactionofindividualmolecules.Therearenovoidsand
values of action of many molecules and atoms.

THERMODYNAMICPROPERTY
+  PROPERTY-A thermodynamic propertyreferstothecharacteristicsby which

the physical condition or stateof a system can be described such as
pressure, volume, temperature etc. &such characteristics are called
properties of a system.

+  PRESSURE-Pressureisdefined asforceperunitarea.

UnitsofpressureareasfollowsInS.IPascal(Pa)and1Pa=1N/m? 1
Bar= 10> N/m? = 100 KPa
1ATM=760mmofHgor1.013barorl101.325KPa

+  TEMPERATURE-The temperature is a thermal stateof a bodywhich
determinesthehotnessorcoldnessofabody.Thetemperatureofabodyis
proportional to the stored molecular energy i.e. the average molecular
kinetic energy of the molecules in a system.
UnitsoftemperaturearedegreeCelsiusorKelvin.

IntensiveandExtensiveProperty:

+ Intensiveproperty: Thepropertieswhichareindependent of massofthe
system are known as intensive properties. Its value remains the same
whetheroneconsidersthewholesystemoronlyapartofit.Theintensive
propertyincludes pressure, temperature, specific volume, specific energy,
specific density etc.



+ Extensiveproperty: thepropertywhichdependsuponmass of thesystem
areknownasextensiveproperty.Theextensivepropertiesincludevolume,
energy, enthalpy, entropy etc.

State:Thecondition ofphysicalexistenceofasystematanyinstantoftimeiscalledstate.

ThermodynamicProcesses:

Whenanypropertyofasystemchanges,thereisachangeinstateandthesystemisthensaidto have
undergo a thermodynamic process.

Thecommonlyusedprocessesare:

1. IsochoricProcess—Theprocesswhichtakesplaceatconstantvolumeissaidtobeisochoric
process.

2. IsobaricProcess—Theprocesswhichtakesplaceatconstantpressureissaidtoundergoan
isobaric process.

3. IsothermalProcess-Theprocesswhichtakesplaceatconstanttemperatureissaidto
undergo an isothermal process.

4. AdiabaticProcess-Theprocesswherethereisnoheattransferbetweenthesystemandthe
surrounding. The reversible adiabatic process is knownasisentropic process.

Theotherprocessesarepolytrophicprocess,throttlingprocess,freeexpansionprocessand
hyperbolic process.

ThermodynamicCycle:

Whenaprocessisperformedinsuchawaythatthefinalstateisidenticalwiththeinitialstate, itis then

known as a thermodynamic cycle or cyclic process.

A A

Inthefigabove:
A-1-BandA-2-Brepresentsprocess

WhereasA-1-B-2-Arepresentathermodynamiccycle.



THERMODYNAMICEQULIBRIUM:

Asystemissaidtobeinthermodynamicequilibriumwhennochangeinanymacroscopicpropertyis
registered, if the system is isolated from its surrounding.

Thermodynamicsmainlystudiesthepropertiesofphysicalsystemthatarefoundinequilibrium state.

Asystemwillbesaidtobeinthermodynamicequilibriumifthefollowingthreeconditionsof equilibrium
is satisfied.

a) MechanicalEquilibrium
b) ChemicalEquilibrium
c) ThermalEquilibrium

MechanicalEquilibrium-whenthereisnounbalancedforceonanypartofthesystemorin-between
thesystemandsurroundingthenthesystemissaidtobeinmechanical equilibrium.Forexampleif
thepressureisnotuniformthroughoutthesystem,theninternalchangesinthestateofthesystem will take
place until the mechanical equilibrium is reached.

ChemicalEquilibrium-whenthereisnochemicalreactionortransferofmatterfromonepartofthe
system toanothersuch as diffusion or solution,then thesystemissaid toexistsinastateof chemical
equilibrium.

ThermalEquilibrium-whenthereisnotemperaturedifferencebetweenthepartsofthesystemor
between thesystemand the surrounding, itisthen said tobein thermal equilibrium.

REVERSIBLEPROCESS:

Aprocesswhichcanbereversedindirectionandthesystemretracesthesamecontinuousseriesof
equilibriumstatesitissaidtobereversibleprocess.Areversibleprocessshouldbecarriedoutwith
absoluteslowness, so that thesystemwill bealwaysinequilibrium.Inactual practisea reversible
processcannotbeattained,butitcanbeapproximatedasacloselyasapossible.Forexampleagas
confinedinacylinderwithawelllubricatedpistoncanbemadetoundergoareversibleprocessby pushing
or pulling the piston in slow motion.

!




IRREEVERSIBLEPROCESS

A processinwhichthesystempassesthrougha sequencesnon-equilibriumstatei.e.Theproperty
suchaspressure,volume, temperatureis notuniformthroughoutthesystemitis known as an

irreversibleprocess. Thisprocesswillnot retracethereversepathtorestoretheoriginal state.The
heattransferbyconvection,combustionofairandfueletcarefewexamplesofirreversibleprocess.

P 4

v

Vv

QUASI-STATIC PROCESS

Theword quasi means almost. This process isasuccession of equilibrium states and infinite
slownessisthecharacteristicfeatureofquasi-staticprocess.Aquasi-staticprocessisalsocalledas
reversibleprocess,thebasicdifferenceisthatinaquasistaticprocessnotallthepointbutalmost major
points is in equilibrium condition.

Figl Fig2

Letus consider asystemofgascontainedin a cylinderasshowninfigl. Thesystem isinitiallyan
equilibrium state. Theweight Won thepistonjust balancestheupward forceexertedbythegas.|f
theweight isremoved therewillbean unbalancedforcebetweenthesystemandthesurrounding, and
thepistonwillmoveupward tillithitsthestops .thesystemwill beagainina equilibriumstate
butifthesameprocessasshowniffig2isdonebyslowingremovingverysmallpiecesofweightone by one
then the piston will moveupward slowlythus thesystemwill bein equilibrium.



CHAPTER2:
ENERGYANDWORKTRANSFER

Aclosedsysteminteractswiththesurroundingbyenergytransferandthisenergytransfertakes place in
twoways i.e.Work transfer and Heat transfer.

Heatandworkarethemainmodeofenergytransferandtherearecertainsimilaritiesand differences
between heat and work.

+ Theheatandworkareboundaryphenomena.Theyareobservedattheboundaryofthe
system.

+  When a systemundergoes a changeinstate,heat transferorworkdonemayoccur.

+ Heatandworkarepathfunctionanddependsupontheprocess.Hencetheyarenot
thermodynamic property and are inexact differential.

+  Workissaidtobehighgradeenergyandheatlowgradeenergy.Thecompleteconversionof low
grade energy into high grade energy is impossible.

WorkTransfer

Theactionofaforceonamovingbodyisidentifiedaswork.Fortheworktransferthesystemhasto
besuchselected that itsboundaryjustmove. Therecannotbework transferinaclosed system, without
movingthesystemboundaries. Inacylinder piston arrangementthetop ofthesystemis moving
systemboundaryand thework istransferred by the movement of the piston.

Workdonebythesystemisconsideredtobepositiveandworkdoneonthesystemistakenas
negative.

Workdone=forceXdisplacement
Unitofwork:Newton-meter(N-m)orJoule(J)
Therateatwhichworkisdoneuponorbythesystemisknownaspower.Theunitofpoweris)/sor watt.

PdVworkorDisplacementWork

Gas (y[g;gfler

P2
P1

vz
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Letusconsideragasinthecylinderasshowninthefigabove.Letthesysteminitiallybeatpressure
PlandvolumeV1.Thesystemisinthermodynamicequilibrium,thepistonisthesystemboundary
whichmovesduetogas pressure. Let thepistonmove outtoanewfinalposition2whichisalsoin
thermodynamic equilibriumspecifiedbypressureP2and volumeV2.When thepiston moves an
infinitesimal distance dI if a be the area of the piston.

TheforceFactingonthepistonwillbe F=p

Xa

Theamountofworkdonebythegasonthepistonwilloe dW = F.

dl=p XaXdl=pdV

wheredV=aXd|
whenthepistonmovesoutfromposition1ltoposition2thentheamountofworkdonebthe system will be
W1-2=IV2v1pdv

The above equation represents the displacement work.

Displacementwork appliedtodifferent thermodynamicprocess
1. Isobaricprocess

W1-2=Ivzv1pdv

=p(vz-v1)

PA

v
N

v

2. Isochoricprocess

W1.2=j"2p/;iv
=0 4
____________ 1
p
____________ 2

v
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3. Isothermalprocess

Inthisprocesspv=constant pV
=P,V1=C

P=P.V:1/V

Wio=["2pgv

Wio=p:Vi1[2dy/V
=piVilnpi/p:

4. Polytrophicprocess

TheprocessinwhichexpansionandcontractiontakeslaceaccordingtothelawpV"=C pV" =
p1vi" = paVy"=C

Wio=["2pgv

=["(@V"/N").dV

=p:V1" V"™ /-n+1].

=[p2Va"* Vo " —p1 V1 "* V11" /(1-n)

=(p1V1—p2V2)/(n-1)

HEATTRANSFER

Heatisdefinedastheformofenergythatistransferredacrossaboundarybyvirtueof temperature
difference between the system and the surroundings.

IttheheatflowsintothesystemorthesystemreceivesheatthenheattransferQistakenas
positiveandifheatisrejectedfromthesystemthenQistakenasnegative.

Theheattransfertakesplacebythreedifferent modes

1. Conduction:thetransferofheatbetweentwobodiesindirectcontactiscalledconduction.
Itisaprocessofheattransferfromoneparticleofabodytoanotherinthedirectionoffall
temperature. For example heat transfer through solidsis by conduction.

2. Convection : The process of heat transfer fromoneparticle to another by convection
currentsi.e.transferofheatbetweenthewallandfluidsysteminmotion.Inthiscase,the
particles of the body move relative to each other.

3. Radiation:Heattransferbetweentwobodiesseparatedbyemptyspaceorgasesthrough
electromagnetic waves is radiation.

Page|8
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Sensibleheat:Theheatrequiredforchangefromliquidstatetovapourisation/boilingpointiscalled
sensibleheat. It istheamount of heatabsorbed byonekgof water, when heated at a constant
pressure, from the freezing point (0°C) tothetemperatureof formation of steam.

Latentheat:Itistheamountofheatabsorbedtoevaporateonekgofwateratitsboilingpoint without
change of temperature.

SpecificHeat:Theamountofheatrequiredtoraisethetemperatureofunitmassofasubstance through
one degree is known as specific heat.

TheunitofspecificheatiskJ/kg K
Mathematicallyheatrequiredtoraisethetemperatureofabodyis Q =
m C(T»-T1) in kJ

Where,m=massofthesubstanceinkg

C=specificheatinkKJ/KgK
Ti=initialtemperatureindegreeCelsiusorKelvin
T,=final temperaturein degreeCelsius orKelvin

Specificheatatconstantvolume(Cv):Itisdefinedasamountofheatrequiredtoraisethe temperature of
a unitmass of a gas by one degree at constant volume.

Specificheatatconstantpressure(Cp):ltisdefinedasamountofheatrequiredtoraisethe temperature
of a unitmass of a gas by one degree at constant pressure

ENERGY:

Theenergyisdefinedasthecapacitytodowork.Inbroadsenseenergyisclassifiedasstoredenergy
andtransientenergy.

Theenergythatremainswithinthesystemboundaryiscalledstoredenergye.g.potentialenergy, kinetic
energy and internal energy.

Theenergywhichcrossesthesystemboundaryisknownasenergyintransitione.g.heat,work,
electricityetc.

DIFFERENTFORMOFSTOREDENERGY

1. POTENTIALENERGY-Theenergyposedbyabodybyavirtueofitspositionorstateofrestis known
as potential energy
P.E=WXh=mgh
W=weight of the body in N
M=mass of the body in kg
g=accelerationduetogravity
h=height in meter
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2. KINETICENERGY-Theenergyposed bya bodybyvirtueofitsmotion.
Mathematicallykineticenergy, K.E=1/2
mv?

V=velocityofthe body

3. INTERNAL ENERGY—-The energyposed bya body or a systembyvirtueof itsintermolecular
arrangementandmotionsofmolecules.Thechangeintemperaturecausesthechangeininternal
energy. It is usually denoted by U.

Thesumoftheabovethreeenergiesisthetotalenergyofthesystem E=P.E+ K.E+
U
ButwhenthesystemisstationaryandtheeffectofgravityisneglectedthenP.E=0andK.E=0.Thus E = U

I.Ethetotalenergyisequaltothetotalenergyofsystem.
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CHAPTERS3.0
THERMALENGINEERING
FIRSTLAWOFTHERMODYNAMIC

Introduction

Heatandworkaredifferentformsofthesameentitycalledenergy.Energyisalways conserved. Energy may
enter a system as heat and leave as work and vice-versa.

Energyhastwoforms-transitenergyandstoredenergy.

Theinternalenergyisthestoredenergy.Wheneverheatandworkentersasystem,stored energy
increases and when heat & work leaves the system stored energy decreases.

Firstlawofthermodynamics

Wheneverheat is absorbed by asystemitgoes to increases its internalenergy plus to do
some external work (Pdv work) i.e.

Q=BE+W

Where Q is the energy entering a system, BEincreaseininternalenergy,W—producing
some external work.

6Q=dE+Pdv

Surroundings

Sometimesmorethantwo energytransfers, soit becomes.
Q1+Q2—Q3= E+W1—W2+W3—W4

Signconvention

Itwillbe'+Q’ifheatgoesintothesystemand‘-Q’ifheatgoesoutofthesystem+W whenit is done by
the system and —w is done on the system.

Q, W,
Cyclicprocess

Fora cyclicprocess,theworkdoneisthearea enclosedbythePVcurve.

Clockwise=+W
anticlockwise=-W

[11]



Energyasasystemproperty
Letasystemchangesfromstateltostate2viapathApathBandPathC,whichasfollows

@)

ApplyingfirstlawofthermodynamicstopathA. v

Qp=BE +W

FmpthQB:IEB+VVB
IfprocessA&Bformacompletecycle

$Q=3 W
(Qu+Qg)=PE 4 +Eg+ (W o+ Wg)
>Q=0 EA+EB+ZW

E,=-OEg

Similarly EA=—EB

pRER=0E

Soitisindependentofpathhenceapropertyextensiveorinnature.
Differentformsofstoredenergy
Energycan bestoreina systemby twomodes.
(i)  Macroscopic mode
(i)  Microscopicmode
(i) Macroscopicmode
Inthismode,themodeofstoredenergystoredintwoforms,

10, 2
E e =C v

1
E,.=mgz
(i) Microscopicmode
Thismodeofstoredenergyreferstoenergystoredinmolecularandatomicstructure.Hence it
iscalled molecular internalenergy on simply internalenergy.Then including
1.  TranslationalKE
2 RotationalKE
3.  Vibrationenergy
4, Electronicenergy
5
6

Chemical energy

Nuclearenergy

= + + + + +
I‘translation Lrotational I‘vibrtion Lelectronic Lchemical Lnuclear

Totalenergy

E=Eyg+Epg+V

[12]



Inabsenceofmotion,gravityExg:Epg=0

SoE=U

Q=0 U+iPdv
Firstlawforaclosedsystemundergoingacyclicprocess.
Enthalpyconcept

Enthalpyisastatepropertyofasystem.ltisdenotedby H = U

+ Pv

Itisapointfunctionandanintensiveproperty.

Specificenthalpyisgivenby

1
h=u+"PV=u+Pv
m

Firstlawforasteadyflowprocess

Steady flow process

A flowprocess isthe one inwhich afluid entersthe systemand then leaves if aftera work interaction.
Themassflowrateandenergyflowrateacrossthesystemboundaryareconstant.
Importantterm

Flow work — whenever a certain amount ofmass enters a system, an amount ofwork
isrequired topush the mass intothe systemandout of itto maintain the continuityof flow.

i.e.Flowwork=PV

Control Volume

Forcomputation of mass and energy notesduring a flowprocess, itisconvenient to focus
attention upon acertain fixed region in spacecalled control volume.

Controlsurface

Theboundarylinedefiningthecontrolvolumeiscalledcontrolsurface.
Storedenergyofa systeminaflowprocess

Duringasteadystateflow,thereisneitheranyaccumulationofmassnorenergy.

(Massflowrate); ,=(Massflowrate) ;¢

EEnergyin:Energyout

Now,thetotalenergyofafluidatanysectionofthecontrolvolume.

1 2
E=U+ Z%MV) +mgz

1.2
e=u+ V +gz 2

[13]



STEADYFLOWENERGYEQUATION
Asallenergyisconserved

ZEnergy; , +Heatflux=2Energy; . +Work output

i.e.
U+1mV2+mgz+PV+Q
12 1 1 11
=U+1my2+ng+PV+W
22 2 2 22

i 1 2 il 1 2
@h1+jnvl+mgzl+Qﬂ + ?hL2+2mV2*mgzg+Wz :

Onthebasisof perunitmassflowrate \,2

12
lh+— gzl+QV{

+
V2
2 w
h2+—+2q22+ m /
h 1 V2 -h 2 V2 System
Orhy +5+gz, +Q=hy+Z+gz,+VY Boundry
_____ . g
i' HIRREE
| (*}) —— Outflow
| T
Hy, vy @ | Control |
1
| Volume | )
Inflow X |
+ T | ZZ
| I I
z, I I
(1) ]
| ]
Level
Fig-Steadyflow
NOZZLE
H,
vV Insulation @)
Flow

Nozzle Diffuser @
Fig-ASteadyflowprocessthrough a nozzle.

Anozzleisadeviceusedtothrottleafluidwhereuponitspressureenergyisconvertedinto
kineticenergy.Theenthalpyof fluiddecreasesasthevelocityof thefluidincreasesbecauseof a
higherfluidvelocityatthenozzleoutlet,anozzleisharnessedtogainahighthrustinrocketsand jet
engines and drive impulse type steam and gas turbines.
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Compressor

Acompressorcompressesairoragasbyharnessingexternalworkfedfromaprimemover.  The
increase in the gas pressure is accompanied by the temperature rise. If the compressor is
perfectlyinsulatedand thecompression isadiabaticthen it requiresthe minor work inputto increase
thegaspressure.Allthegeneratedheatofcompressionisexpandedtocompressesthegasasno heat is
allowed to escape.

S0Q=0

Massflowrouteof thegas=MandV =V,

Compressor

Z1=72,
ByapplyingSFEE
h,=h,+ (-W)
(-)sign beforeWcrefersto the workdoneon the gas (system)
W= M(h,-h,)
=MC_(T,-T))
Example
Anaircompressorcompressesairfrom0.1MP_ /300Kto1MP_.Thecompressorcasingis ~ well
insulated, yet there is a heat loss to the surrounding to the extent of 5% of the compressor work.
Determineairtempatoutletandpowerinputgiven
V1=4Om/s,V=190m/s,A=100qm2,A=20cm2,§=103JKg'1K'F1,
Solution
P,V,=RT,orT,=P,"2 Vz—;‘s‘pecific volume.

2 R’

Wehavem1=m2

a1v1_apV2
Vi V2

P,v,=RT

V17"

RT1 287x300

VI BT Aauinb
P1  o0.1x10

3
=0.861mkg
av =22 (20 (1000

anav = g

20 U 0 861

2 avi 110040 1

3
=0.4305mkg

T, =PoV,/R
1x10%x0.4305

= T =1500K

[15]



2172,

Q=5%WC

-Qasrejected

—WnW.Donthesystem
1
H+ MV2+(—Q)

1 fi 1
=H+ My2+(W)
2 2 2 C
—0.5WC+WC
=M(h,-h,)+m (vz-\gz) 1
0.95W =0.4646xC | (Tp-Ty)+3(v2-v3)
C Pl 2 2 15
m="1V1
Vi
4 2\ 40m°-1 1
:(100x10 m )x ————=0.46457kg5
0.861
We

_ 13 1( 2 2)E
- 0.4646X1€(1500—300)+ ~\100 -40 !
2 )

=59889/7w
=588.9kw(Ans)

Nozzle
Thereisnoworkoutput:W =O No
heat influx or escape Q =0 For a
horizontal disposition
Z,=Z,

AndsotheSFEEappliedtothenozzleboilsdownto

hi+"(v1)%=h2+ (v
2 2 2

IfV2>>V1,then
Vy= 2(h1-h)

= 42Cp(T1-T2)

[16]



Turbine

SteamTurbine

ﬂ Heatinput

(Wh,2,. T, 4

1
H
1
:
&-—-+-1 SteamTurbine -—
1
H
1

- 1_--_-----_.‘

O
I
o

— Shaftgwork
— output

W astesteamout

Asteamturbinereceivesasuperheated,highpressuresteamthatexperiencesits.Enthalpy
dropasthesteampassesovertheturbineblades. Thisenthalpydropisconvertedintothekinetic
energyof rotationofthebladesmountedontheturbinedrum.Theturbineiswellinsulatedwhich gives
rise to the maximum work output. The turbine is well insulated.

Q=0

Steamvelocityattheturbineinput=thesteamvelocityatthe output

i.e.V =V,
Theturbineispositionedhorizontally
Z,=Z,
ApplyingSFEEtothecontrolvolume H,
=h,+W

W=h-h,

=C,(T,-T,)

W=MC,(T,-T,)

perpetualmotionmachine

PMMIIreferstotheperpetualmotionmachineofthefirstkind.Itisahypotheticalmachinethat will

continuously churn out work but without absorbing

Q=0

I::> PMMI

heat from its surroundings.

="

Butsuchamachineisnotfeasiblefromapracticalpointofview,foritviolateslawof conservation of energy

(first law of thermodynamics).

W=0

|::> PMMI
(reverse)

—>°

The reverse of perpetual machine is alsonottrue. Its a hypothetical machine which isnot
feasible as if violates the first law of thermodynamics.

[17]



Chapter4.0
SECONDLAWOFTHERMODYNAMICS

Limitationoffirstlaw
Therearetwobasiclimitationsofthefirstlawofthermodynamics
(1) Firstlawdoesnotdifferentiatebetweenheatandwork.

Itassumescompleteinter-convertibilityof thetwo. Thoughworkbeingahighgradeenergy can
be fullyconverted into heat butheat cannot be completelyconverted to work.

(2) It does not permit us to know the direction of energy transfer. We cannot ascertain
whether heat willflow froma higher temperature body to a lower temperature body vice versa.

ThermalReservoir

A thermal reservoir is a heat source or heat sink that remains at a constant temperature,
regardless of energy interaction.

Otherwiseathermalenergyreservoir(TER)isa largesystembodyof infiniteheatcapacity which
is capable of absorbing or rejecting a finite amount of heat without any changes in its
thermodynamicco-ordinates.

Thehightemperaturereservoir(T, )thatsuppliesheatisasource. Sink
— Low temperature reservoir to which heat is rejected.
Example

Oceanwaterand atmosphericairaretwo goodexamples.

Hightemperaturereservoir

Q

System

Q

Lowtemperaturereservoir

Conceptofheatengine

Aheatengineisadevicethatcanoperatecontinuouslytoproduceworkreceivingheatfrom a high
temperature T and rejecting non-converted heat to alow temperature sink.

Th
Q
w
Q
Effec t:outputzwi
input Q1 T,
But,W:Ql—QZinacycIe
Son _Q1-Q2_, Q2
thermal Q1 Q1

[18]



HeatPump

A heat pump is a reversed heat engine. It receives heat from a low temperature reservoir
(source) and rejects it to high temperature reservoir (since) for which an external work which is
supplied to the pump.

Hightemperaturesink T, T>Ty
Q
w
T

2

Theefficiencyofaheatpumpcycleisusuallycalledthecoefficientof performance.ltisthe desired
effectupon the external worksupplied for obtaining that desired effect.

Desiredeffect
Workinput

COP=

Q1
COPHp-="+—
HP w

AgainzQ =XW

cycle cycle

mQ1-Q2=W
cor _ Q
HP  Q1-Q2

Refrigerator

A refrigeratorissimilartoa heatpump.ltoperatesasa reversed heatengine. ltsdutyisto extract
heat as much as possible from the cold body and deliver the same to high temperature body.

The desired effect of a refrigerator isto remove Q,heat infiltrating into the cold space. By
using the external work itrejects Q, heat to the high temperature reservoir.Therefore,

Hightemperaturesink

cop =%
ref W
Q
AgainzQ =W wW
cycle cycle
mQ1-Q2=W Q,
Q2
copP =<
ref  Q1-Q2 Hightemperaturesource

Statementofsecondlawofthethermodynamics
Clausiusstatement

Itisimpossibletoconstructadevicethatwillproducenoeffectotherthanthetransferofheat froma
lowtemperature body toa high temperaturebody while operating in a cycle.

[19]



KelvinPlanckstatement
Noheatengine,operatingincycle,canconvertentireheatintowork.ltisimpossibletobuild a heat
engine that can register 100% efficiency.

Note—T_K-Pstatementisof relevancetoaheatengine.TheC-statementrelatesmoredirectly to a
reversed heat engine.

Perpetualmotionmachinell

Itisahypotheticalmachinethatwillcontinuouslypumpoutheatfromalowtemperature

reservoir(T,)and deliversthe sameto ahigh temperaturereservoirat(T  )without takingup any input
work from surroundings.

Hightemperaturereservoir

)

leO

PMEIl |—» W=0

Q250

Lowtemperaturereservoir

Carnotcycle

The cannot cycle is a hypothetical cycle developed Nicholas Sadi Carnot (1796-7832) a
French militaryengineer.ltismeant fora heat engine ora reversedheat engine.Allthe process
involved in this cycle are reversible, thereby ensuring the best possible device that once could
construct. This cycle comprises 4 reversible processes.

Processi1-2reversibleisothermalheataddition

Heat(Q_, )flowsfromahightemperaturereservoirtotheworkingfluidwhichisataconstant
temperature but only infinitesimally below that of the source.

Qagdg=BUWy BU=0
Qadd=W1_2(asisothermalprocess) . QIadd ,
1 Quu T, T l >
L 2 Y
P W, g e B
WC
‘ I
b
T <
Qre' 3 2 4 y 3
] * Qrej
\Y, S
(a) PVvdiagram (b) TSdiagram

Process2-3(adiabaticexpansion)

Theworkingfluidexpandsthroughaturbineorexpanderadiabaticallyproducinganetpositive
workoutput.

hereQ=0

mO=aU +W

2-3 "' 2-3

[20]



Process3-4(Isothermalheatrejected)
Heat(Qrej)isrejectedbythefluidtothesink-bothoneataconstanttemperature,butdiffer only by
an infinitesimal amount.

EU=0,isothermalproces

m-Qye="W3 4

— Qimpliesheathasbeenrejectedbythesystem.
— Wimplies workhasbeendone onthesystem.

Process4-1(Reversibleadiabaticcompression)

Thetemperatureoftheworkingfluidisraisedbacktothetemperaturelevelofhightemperature
through adiabatic compression, i.e. Q =0

O=1U,_+-W,_ 4

w

milUy 1= Wy

Asthetwoisothermalandtwoadiabaticcompletethecycle.

SOZQpot=ZW ot

cycle cycle
Or,Qadd+(-Qrej)=W1-2+W2-3-(W3-4+W4-1)
Qadd—Qrej=We-W¢
So, the efficiency

_Networkoutput We-W¢

Netheatinput Qadd
_Qadd—Qrej 1 Qre;j
Qadd Qadd
Aliter
Refertothe TSdiagram

Neworkdone,Wnetzareal—2—3—4

=Sidel-4xSidel-2

=T1— T2x 82— S1
Quqa=T1(S2-51)

Soefficiencyn= Wnet _ﬂ_‘]—Tzl_TZ o
Qadd T1BS 1

[21]



Application of second law is heat engine, heat pump, refrigerator and
of cop and efficiencies.

Clausiusstatement

According to second lawwithout workinput heat cannot flowfromlowtemperatureto high temperature.

Caseofheatendine

Tl Tl
Ql Ql
w w HP
Q2 I Q2
T, T,

Kelvinplankstatement

Noheatengineoperatinginacyclecanconvertentireheatintowork. in the

above engine.

Q,=Q,tW

thatmeans,Q,isrejectedalong withWoutput
leW

Inaheatpump

W+Q,=Q,

W=0.Q,7Q,

whichisimpossible, #WsO0

Inarefrigerator

aslikeheatpump.

[22]
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(copP) _DE _ Q@ _ T
P Workinput ~ Q1-Q2  T1-T2
aSQi:QL (accordingtocarnot'stheory)
L T2
D.E T
(COP)ref = = Q2 = 2

 Workref  Q1-Q2  T1-T2

1+COPref =1412-T1=T2+T2
T1-T2 T1-T2

1+(COP)ref=COPHP

Ifinstalledbackward,yourhouseholdairconditionerwillfunctionasaheatpumpcoolingthe surrounding but
heating the room.

[23]


http://www.foxitsoftware.com/shopping
http://www.foxitsoftware.com/shopping
http://www.foxitsoftware.com/shopping
http://www.foxitsoftware.com/shopping
http://www.foxitsoftware.com/shopping

CHAPTERS.0

PureSubstance

e | EditedwiththetrialversionofFo
S==S xitAdvancedPDFEditor

§| Toremovethisnotice,visit:www.fo
)1 xitsoftware.com/shopping

—d

THERMALENGINEERING
WORKINGSUBSTANCES

Substance whose chemical composition isuniform throughout its mass.
It should have the following properties.

() Homogeneousincomposition

(i) Homogenousinchemicalaggregation

(i) InvariableinChemicalaggregation

(i) Homogeneousin composition

Compositionofeach partofthe systemissame.

(i) Homogenousinchemicalaggregation

Chemicalelementsmustbecombinedchemicallyinthesamewayinallpartsofthe system.

(i) InvariableinChemicalaggregation

Thestateofch
Ph han f

emicalcombinationofthesystemdoesn’tchange withtime.
[ 0

Letthecylinder&pistonmachinecontainsaunitmassoficeat—10°cunderapressure‘P’ exerted
by a weight W placed on the free frictionless piston.

P P P
P P W W WO
/W—\ w T rrrrrrrrrrrrrd
N R A R
N e (T
— - vt s rr e rirrrrn
W LT
— - - i [T
(HSolidonly (i) Liquidonly (iii) Saturated (iv)Saturated (V)Superheated
liguid&vapur vapuronly vapour

Lettheicebeheatedslowlysothatitstempisalwaysuniform.Thechangeswhichoccurin the mass
of water is as follows :

200

100

Temp®c

Isobar __ E

.

S = solid; L = liquid; V = vapour P=1latm > /...

Saturated /.. ..
Boilling Y, Vapour /. .....! Supcrheatgd
point . opoint Al . vapour regi
Vapourization  E/.......cooqoeoiees

Saturated —=
Ice liquid = ":'-__
¢ =
point poin - —
s [FEERFTY +V" P
& --—-r-,--—'-B Fusion __ Gy = - ..".:-\... - l— o i 13
b0 o s, iy i gt ke -,_‘* e b s ¢ e e+ 4‘...
._.S-_. e I. _; -,_' U= ._. i-J.__ T .:_.._ — — — — . — —1 .............
L0 R ems — e e e
W a '-r,-.'_ﬂ—,_S'fL*' J_' '_ L — L Y L WV L YL T "'F; ............. II ........
e A AT P TSI T -| — —'rm.mmwmrn—' ............... prosereons
8 S r—__ - P_. o —— L TR T LT LT T T LT s | DU
e, e, e et S, G it o T R R oo RO P ST TR s ssses
“Sensible _=— Latent heat——""SenSIble"“—— Latent heat of ——~—Superheating—
heatofsolid of fusion heating vapourization
Heat
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ProcessA-B(Sensibleheatingofice)
Onheatingthetempoficeincreasesfrom-10°cto100°. Thevolumeoficealsoincreases.

Thepoint'B’iscalledasicepointorfreezingpointofwater(0°c)

ProcessB-C(Fusion)

Onheatingtheicemeltsintowaterataconstanttemp0°. Theheataddedduringtheprocess iscalled
as latent heat of fusion or latent heat of ice.

Thevolumeofthewaterdecreasesincomparisonwithice0%.Thisisapeculiarcharacteristic of
water. But all other pure substances increase their volume during this process.

Theprocessinoppositedirection(C-B)iscalledsolidification.

ProcessC-D(Sensibleheatingofwater)

On heating the temp of water increase from 0°c to 100°. The volume of water increases
due to thermal expansion.

ProcessD-E(Vapourisation)

On heating the water starts boiling to vapour at constant temperature of 100°. The heat
addedduringtheprocessiscalledlatentheatofvapourisation. Thevolumeofthemixtureofwater
&vapourincreases.Thevapouratstate5isdrysaturated. Thecprocessinoppositedirection(E- D) is
called condensation.

ProcessE-F(Superheating)

On heating the saturated vapourat E getssuperheated &tempof the vapourincreases to
say 200°%. The volume of the vapour also increases to height extent. The rise in temperature
duringtheprocessiscalledasdegreeofsuperheat. Theheataddedduringthisprocessiscalled as heat
of superheat.

P-Vdiagram
() Forwater ‘6\\09
\)
SN
A (@\0 90\\
6’0\'\) \86

+—— Saturated vapour line

Triplepointline

S f"‘J S+V \

[25]



(i) Forallpuresubstances

@
/ g&\\) e Criticalpoint

<+«—— Saturated vapour line

Triplepointline

StV \

>

Solid-liquid mixtureregion(S+L)

Thespacebetweensaturatedsolidline&saturatedliquidlinewithrespecttothesolidification is
called solid-liquid mixture region.

Solidregion(S)
Thespacelefttothesaturatedsolidlineiscalledsolidregion.
Liguidregion(L)
Thespacebetween2saturatedliquidlineiscalledliquidregion.
Liguid-vapourmixture region(L+V)

Thespacebetweensaturatedliquidlinew.r.tvapourisation&saturatedvapourlineiscalled liquid-
vapour mixture region.

Triplepointline
ItisalineonP-vdiagram,wherealltherephasesexistinequilibrium.
Solid vapourmixtureregion(S+V)
Thespacebelowthetriplepointlineiscalledsolidvapourmixtureregion.
Criticalpoint

Thepointatwhichthesaturatedliquidline&saturatedvapourlinemeeteachotherisknown as
critical point.

Abovethecriticalpoint,theliquidonheatingsuddenlyconvertedintovapourorthevapouron colling
suddenly converted into liquid.

Thepressure,temperature&volumew.r.tcriticalpointareknownascriticalpressure,critical temp
& critical volume respectively.

Forwater
P.=221.2barT_=374.150¢,V.=0.00317m? kg
Saturatedtemperature

Thetemperatureatwhichapureliquid(atagivenpressure)changesintovapour.

[26]



Saturatedpressure

Atagivetemperatureapureliquidchangesintopressure. Thatparticularpressureiscalled
saturatedpressure. A

P-Tdiagram

. Criticalpoint
(i) For water riicaipoin

T,=273.16K

P.=4.58mmHg

(t =triplepoint)

T=273.16K,P =4.58mmHg,(t=triple point)
(i) Forpuresubstances

A

Criticalpoint

Specifiedheat:

(i) ltis defined asthe amount of heat required to raise the temperatureof a unit massof
substance through unit degree.

(i) C=

unit(J/kg-kK
Mx [t (J/kg=k)

M=massofsubstance
At=riseorfalloftemperature.

(iif) Specific heatatconstant pressureiscallede. Specificheatatconstantvolume is called
Cv.

(iv) ltdoesn’tdependuponpath.

[27]



Qualityordrynessfraction:

Itisdefinedastheratioofmassofdrysteamactuallypresenttothetotalmassofthevapour which
contains it.

drysteammass
totalmassof vapour
x=_ Mo M,

M+M, M

Drynessfraction=

Mg=massof dryvapour,Mf=massof quuidparticle,M=totalmass=(Mg+Mf) 1-z) =

wetness fraction

massofliquidparticlepresent
totalmassofsteam

wetnessfraction=

Fordrysaturatedvapour,quality=100%i.e.Z=1
0) V=VHV,
V=volumeofliquidparticlepresent Vg

= volume of vapour present.

V=VHzV Vie= Vg Ve
S=S+2S S,=S,S;
u=u+zu -y -

f fg hfg ug hf

Heatofsuperheat(hs)=Cp(T -T

sup sat)
Tsup- T,,~= degree of superheat
SteamTable

The properties of water are arranged in the steam table as the function of temperature
&pressure. If given tempysteam table temperature.

Thenitisacaseofsuperheat.

V:V+V2_V1xgivenT
LT

2 1

h:h+h2_h1xgivenT
R

S=5+°2 SlxgivenT
L
2 1
Similarlyifgivenvolume>steamtablevolume.ltisacaseof superheat
T:T+T2_T1xgivenv
L vV

2 1
h:h+h2_h1xgivenv
S

2 1

_ S2_81 .
S-S+l _xglvenv

2 1
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Mollierdiagram

Isobars Isotherms

P<P<P<P, // L%=¢

RIRIRIRI AN 7/ L

. 1, mic
Saturation l
line , l

Critical
point

Specific enthalpy, 4 (kJ kg™)

Specific entropy, s (kJkg' K™

Constantpressure line= P, P,,...etc.

Constant temperature line = t,, t,.. etc.
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CHAPTERG.0
IDEALGASES&REALGASES
6.1.Boyle’sLaw
The volume of a given mass of gas is inversely proportional to its absolutely pressure at
constanttemperature.

i.e.Val(J'=constant)
P

PV=constant

Charles’sLaw

The volume of a given mass of a gas directlyproportional to its absolute temp at constant
pressure.

i.e.VaT(P=constant)

X=Constant
T

IdealgasLaw

Fromboyle’slawPV=C

, \Y
Charle’slaw =C
T

Combiningboththelaw

PVee T

i.e.|PVaT

PV=RT | ... (i)
Thisequationiscalledcharacteristicgasequationoridealgasequation. R=

characteristic gas consant

=0.287KJ/Kg-k(foratm.air)
Universalgasconstant(Ru).

Ingeneral PV=mRT (m=mass ofgas)

Butm=nM

n=noofkg moles

M=Molecularmassofthe gas

..PV=nMRT

=n(MR)T=nR T....
R =universalgasconstant=M.R

M.R=constantofallthegases.

R, =8.3143KJ/ Kgk
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Avogadro’slaw:

Itstatesthattheequalvolumesofdifferentidealgasesatthesametemperature&pressure

contains equal number of molecules.

n=m1_mM2_m3

M1 M2 M3
butM=pv
_P1_P2_P3
M1 M2 M3

n

.1
p=Massdensity="__

V=Specificvolume

1
= .1 1

MiVi M2Vz  Mavs ™~

M1V1:M2V2:M3V3 =Constant

SPvolumemolecularweight=Molarvolume

V.M=V

Dalton’slaw:

(i) The pressure of a mixture of gasses is equalto the sum of the partialpressure of the

constituents.

(i) Thepartialpressureof eachconstituentisthatpressurewhichthegaswouldexactifit
occupied alone at that given volume occupied by the mixture at the same temperature.

P=P,+P,

(iii) Tisfoundthe dalton’slawismoreaccuratelybygasmixturesat lowpressure. P = P,

P.=Partialpressureoftheconstituent.

Workdonein movingtheboundariesofaclosed system

Consideragasofcontainedinapiston-cylinder arrangeme

pressure exerted by the gas is P on the cross
sectional area of piston A.

Let the piston moves a distance

diWorkdone =Forcexdisplacement
=(P.A)xdL (P:E;
=P.dv (A.dL=dV)

Suppose,gasexpandsfroml1to2

VZ
thew.D= | P.dv

[31]
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W.Dby the system is +ve
W.Donthe system is—ve
Constantvolumeprocess

W.D=P.dv=0 p
dw=0 T +

1
dQ=MC,= dT P |
(heatsupplied)Accordingtolstlawofther :

modynamics dQ-dw=du
MC,.dT-0=du
| BU=MC(T,-T,)(Isochoricprocess) |

Constantpressureprocess(lsobaricprocess)
2

dw=p?]Pdv
1
=P(V,-V,)
=PV-PV=MR(T-T)
22 11 2
1P,=P,=P

2

|

dQ=p|mC.dT V—>
1
=mCy(T,-T,)
dU=mC.(T,-T,)-mR(T,-T,)
=mC(T,~-T,)
ICp-Cy=R

Constanttempretaureprocess(lsothermalprocess)
PVv=C

P=C/
V2

dw=] Pdv
Vi

p

Va2
=; C_dv

W
=C[Inv]V2_
A
=C(InvZ—Inv1) Vi v
=CIn* %2 =PVIn" ? =PVIn( 2
: Wyt — 2 —
14l 11l (R

i
=mRTIn(;/2

4l
dU=mC(T2-T1)=0
T,=T,
Q-W=BU=U»-U;
Q=W
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Isentropicprocess

Noheattransferbetweenthesystem&thesurrounding.

Cons tan tpressure process(lsobaric process) PV

Y-C
2 V2dv
dw=i P.dv=Ci vy
1 V1
{ Vi _y+1Y2
T 22 112 11 1 )
C pwylv_pw yly
1-y
_P1V1-PoVp (Czpl\,zy:szZYJ
y-1
Q=0
1U=W

Venderwallsequation

(i)

(ii)

(i)

(P+av—b)=RT
a

T
-
v
<—‘
1l
(@]

a,b=Specificconstant&dependuponthetypeofthefluid. V =

volume per unit mass, R = gas constant.

Ifvolumeoflmoleisconsidered
H(P+av—b)=RT

0
I I

P,\7,T,R,a,bunitsareasfollows
M2 _ _ 8314NM
Kg_k T=KR

a’szM4 ,bzl\/l?’
/(kgmol)2 Ag

kgmol-k

DifferencebetweenRealgas&ldealgas

Realgas

No gas flows all conditions of gas law
under certain conditions of pressure
&temperaturebutitapproachestheidealgas
behavior. Hence it is called real gas.

The relationsderived fromidealgasmay
be applied to real gases under certain
condition.

In certain condition real gas no more
remainingaseousphasebutchangesits
state.So realgasesunder certain
condition behaves like ideal gas.

[33]

(i)

(ii)

(iii)

Idealgas

A gaswhichobeys allthelawsofgasunder
allconditionsof temperature&pressure.

Ideal gas law is simple & hence simple
relations are derived from it.

02, N2, H2 may be treated as ideal gas
because ordinarily these are difficult to
liquefy.
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