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CHAPTFERE NO. 01
THERMODYNAMIC CONCEPT AND TERMINOLOGY

1.} Fhermochnammis Systemn ftlored apon, solmied)
2 Thermodynamic propertiaz of @ system (pramurs, volume, lemperdiurs, entrogy,
esthalpy, Jidernal ererey and unis f meaniranerd).
1.3 Intersive and extensive propertiss
14 Dafine thermodimaric procazzas, path, ovels, siais, path functior, pois fimcTion
L7 Fhermodramrie Equilibrinem.
1.6 Oueri-stntic Frocess
1.7 Conceptual axplanation of srergy oo Is zourcés
{8 Work, heet and conparizon Seiwest the bz
1.9 MEcpamicql Equivalert of Heai
L 10Werk rrorofer, Ditpiacemer work

Introducrion:

Thenmodrmmins & the scwnce of snesy beufs od b offet on the physicil popets of
sabetance Thermal enemesrme = the fald of zpphad soencs winieh dogls wafh enarey by heafed gaze= amd
the bawe wiich =ivs the soomsraon of this snersv o sreckenics] serrv nd s tess

1.1 Thermodveamic System:
A themmodymeme srsfom = dsfmed 35 3 quomtsty of woftsr or 3 ISEHN N IPacs npon wineh sterhon
i eoncentrat=d m ths shves of 5 problen
surrounding: Eversthing extenal 1o the sysiem 1 calied suncimdieg
Bomdary: The separston bebeesn the svstein and soreoundies 5 called system hoondary

EL ol L]

R B
b g

Cloged svstem: !t 5 = system of foxed mmss There 1= 0o moss wazaly sooss the system boundary,
Frample: &4 catam gmntiy of flud bommdad br 2 piston and cvhnder

Open svsiem: A ssiem mwheh malfer ooices the sysiom bourdary buf sneres may or may 5ot tansfer
Ezampls: Anm comgmesar

Izolated svetem: o the sysion i swhoch thers = 5 oveaton between the sysfam and smendme It
1= of fixed mass and snerey, So, there oo mEss and steree transfer taks placs across the srstem boondary
Examsple: Unreemes, 100% o perBetly menlet=d thevme flash

C SINe | Sysmem | Mam | _Eu_:g__ L
01 | Closed | |

02 | Opsm Yy | ¥
B3 | b=bld | x ] = i

il
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Alacrozcopic and microscopic approach:
%a;ﬁmﬁﬁw=u&mhmdﬂmm
Maerossopie spprosch The t=m rosressopee s usad o resard to lozer s whick s vizdle 10
fhe makad eve In macrosoome sprecach certam ooty of mator £ considared withont tainne i
cormiderationy the senty occurmine = molecubsr vl Inoothe words, mecrescope approach =
comcamed with ormsll behawor of mater Thn type of sy = zho known == elassacal
themadynarmes
o Alidroreonic spproach Tn micmscope Fprroach matier B conidersd fo be compoisd of tew
partizs called molecuies snd study of sach perhcle mine = cerfam position, velooiy and ensrey &
2 zren mmtant & considerad ok 3 stody gl called 20 Sistetes] thermadymomee

1.2 Thermodvnamic Properties
Every syptem hse covtam charsrterntes by witch its phyvarcs] cordstse may be deeribad

Fxample: Precoire (7). Velume (V). Tomperaturs [T Extrepy (51 Exthalpy [H), Int=nsl =erss17).
Preszur= (FI- 'ﬂaemtmﬂ:whepfemepermntmﬂth&hd} = called praczmmre.

Umit- N’ {Pa), AMPa. CPa

“1bar=10F N'm" or 10F P=.

Nobume (V) The space cocuped by = body & called wolume
Umit: i, enn’; sy’

Temparature (T): Tempesiur= = the therms] = of 3 h:dyw&thdetm tre hevtness op cokinese of 3
body.
Umit: “C. K.

1.3 Tvpes of thermodynamic properties:
i Imtensmos properhes

.= . .
Intensive properties: The propestiss of the system which e independstt of mizss i called mtemsros
proparties
Extensive properties: The propartsss of fhe svstem whch e depenims upon moss mre zallad extonses
mopeties

Exampls ohmis enthsles. demmiy, enepy

1.4 Define thermodvnamic processes, path, cvcle, state, path funciion, point
function

Thermodynsmic tate G themedimame state = the somditen of the system 3s charedtermed by estam
thermedymarme propertiss lie presnire {emparatars EI?E-E’-I:EI’. volmms st

Thermodynamis process The trameformition of 3 tharmodynemie syetem from ona tharmodmanme ssote to
anothet & ralisd = thermadynamie pocsss.

Paih: 1£3l] the chanze of states of 2 s7stem = plotted and 2! the sowt= 72 jomed then the hns ;ommz tha
cl=nz= oistades of Es#mnuﬂuhhep:d‘h




. Thermedynamic cyrle wi=n 5 procsss :_w:lmmr& mazh:nm*tﬂ?i&ﬁu:l:lﬁ‘-lz perte sl n:in.ih.t
tmihizt stbe. 212 thea knnwe o= thermadvmamie syl aroyelie moces
CR

Tharmadsramie processes vth danticat =ed shofes graimanim 33 thamedimomis ecle

[

Hers -2, 2-3, 34 4-1 represenis 4 processss ot 1-2-3-4-1 -'E;EEEEI'- thermodyrmme crzls:
F_gﬁﬂ.&;nhnm &:ﬁ@ﬁmwi@eﬁﬁmﬁ_pﬂhwh tha
thermedyvmamie procas: Trespactnes of the mtisl and GEal sizftes of the procges:

“Wark and Hazt both are path fmetiom.

Foint function. A pont fonchon = 2 fimeten whisss vaine depends on the ima] and itis] lensth of the
thermodynamue precass wrespective of the path followed by the mocess.

Example afl the moperties of the sysiem w= pomd Srwhon, e pressme: wolums tompasinre. dapty,

1.5 Thermodvnamic equilibrium: 4 ssten n o6d 10 be st m 3 gata of themmadyname
ek whan there 5 o dunse I any mEToscome property. i e svEtem B modated . from s
sErTeimimE

*A syatem Fsaid 1o be m tharmad vaemie squibiteiom ifthe frvilewms three condmines mre sstnfied.

mmmmiaﬁumusmdmhmmgthmmlﬂquﬂlMHﬂﬂm = o unbalances Eros
m:hrs;,anf.‘:‘esrs‘pm.
pilibrinm- & systerm = 3w to be m chanucal squiddbrpem f there = o chemucal jeaction orno

trazafer of matter from ome part of the sr=fem to 2oty

Thermal eguilibrmm: & zi:=fem B zaud o be m therms! sgmlibrmm when there =00 temipersturs
i&mhtmmpzmafﬂmamarbqagthsgmﬂmﬂﬁ

1.6 Quazi-static process

The word goasd mesns zlmest I 5 pioce: {akss places mimuenmally and dxasch and ==y sials passec
thronsh an squilibrmom condibnn, than this nrocess &= imown 3= quasistabe procsss. It = 3 reversinls process

annes
F
SETHL HIAFE
ﬂ . e 1' i i [ TATE S
—EiHAL HTE o
AT ‘\.-" /| OUABETATIC
— % piniaERd

—— \.\(" [
e TEATRRS e VA, AT h-{..,_
[Fee T BT L
o’ o !" FYETEM BOLHTART "-n.,_'_'_"'_"'_‘"" pratm
—m—— — .

Let uz copssder 2 zystem of z2: contamed 3 cylinder a3 shoom w fpwe The system = mally an
weizht B Temoved, there will be an unbalancad foree between the system and the smounding. znd the pston
wnll ssove upward il 2 hos the siops the seatem will be 2=am i an sguilibetom stars bt of the me
proces = done by slowms removine very sl mecss of weizht ons by one then the paton wall move

upveErs sivwly ihms tha svstem will be in squihbium

1.7TENERGY:
Tha m‘gt‘:s:i&ﬁn&d.ﬂihemmd: work I ather words. 2 siztem = snd 1o potsess gnergy when &
it capabie o f doms work
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¢ Uni Joule (N}, Kla Joule (KT}
In broad :enze enersy iz cla=ified a2 stored euerzy and tranzisnt snerey
8 The anger thet eegms withm the srst=m boumdan; mtﬂﬂ@r&dm;ﬂtﬂbﬂm
ety sparsy apd mi=Eal ensrgy
. E&mapn‘!nnh.::mmtha-ﬁfmbjmim imevm 2= enarEy I fEEmen OF (rannEnt anerey

iPﬂEﬂhﬂlmﬂ:}' Thl!-ma'Epus:_E.:u{E- ¥ bodr of 3 sv=iem for domme work by Yoiee of 1= possan
abore the sroond level = ey 25 polenis] =peapEy
Mathewatically. P. £ = mgh
“-i:-EiE.l'l m.isaufthebbmmng
'=I:E-EEEIIEI:.1:|J.EB£IE'-'E.:|15'
=haizhim mstar
MEemﬂmwmﬂhyiicérm11mﬁrmmgmkh1m:fnmarmﬁ
velociy of moteon B koown 25 Emete seagey,

Matkemstieslly K.E.= :—mrI
TWhere m=ruas ofthebody mis
yeebagvolthaboadv mmy
3. Imterual enersy. The amerzy posssssad by = body or 3 ostem by voiue of it miermo/eoula smansers=nt
nﬂmﬁmdtﬁ&mﬁ:&b&kﬂnwnanﬂmﬂsu@ The chanse m temperaire cames Toe fhanmss m
mterrstenesy. 1t iy osmally depotad by 7
. Tﬂmﬁﬁ&dﬂzﬂrmmﬁﬁemﬁiammﬂmﬂam
E=PE-KF-U
¢  Bot whes the svstem 5 stabomryand the 2t of vty = neslacted thet PE=0 and K F=0) Thi:
E= Li-&t&ﬂﬂmumﬂhtﬁehﬂlmﬂlmﬁfm

1.8 Heat:

Hest & defmed 23 -the snessy trams ferred withot® transfer of s, 3oroes the bomndary of 3 =o=tem becamss
of temmeraturs differere s beivean the sysiem ad smouwrdme

Tt = repraszated by °Q) and = sxprec=ad n Toule’

Haat can be tamsfared from 3 lnsher temparatore reson to @ low=r temperatire resam:

Heat can be tranefiersd 1 3 mode Conducnon, Conevetion and Bodisnon

Hazt floame mie = system 5 taken 25 postnie §4o=} and heaf fowms oo of the zvslon 5 taken 3=
T =)

»  InMechsnics work = dene by 2 forse 25 # ach upon = body mevins m the drechon of foace.

s  In Thermndyraamie: vnzk & and o be dons be 2 svsizm of the spls affat o thirss sxtemsl to the
syiem<an be recoced foths ranme of 3 oesht

¢ TWork dore by the mv=tem = consdsred to be oosrr= and work done oo the syatem = taken 22
EREEtTE:

*  Dmraf werdc Newron-mezrer (5-m or Jeule (5]

. Thémrwhﬂiml'haim&tqﬂnﬂhyﬂumgmam.

¢ Thaumt ofpowss J/5 or Wott

Comparican of Work and Hest
Similarutes:: _
o  Both e path foretions and pexact difts=ntats
* Both zre boundary phencmens 1o both sre recosnized 2t the boundanes of the syt 2= thavoross
them
o Both wre =soeaiad with 7 process_ pot 7 stat= Unlile propestiss . ook or beat fen mo meanme &3
tate,
¥ Srstems poesers srersy, b vt o or best

Exga 35
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* Inbeat transfer temperaturs diffsrence = requoed

o Ina siable system there cximet be nork tramfie. bowea, thas i ne resinchios, fir the sy of
s :

» The ol offact adernal to the system conld be rednced to nze of 3 wight ot m the csse of2 hen
tramsfisr othier sffacts =& zha dlated.
Work = saud to be heeh erads enegy and baat 3 s2:d to be 0w grage ensyey
The complste comersion of Jow-mats srerev e high srade ensr=v = mpes=ihie

1.9 Mechanical Equivalent of Heat
Accordms to Jimees Provoog Joule”, whenscer hew = oowverted info work or wnork wie heat, the quantity
of snerpy dmappasrme n oS fm & egorral=nt o the goantey of sesrsy sppearme n the other,
o If o ameomt ofF Wark (W) results o fhe produston of an smoumt of Hest (35, then
wWxH
= W=JH
¢ Whers J i a comstant and = called Souls s merhamm| squrealems of kean
e ITH=I =L ' '
# Defimition of S Touls = mechameal egumslest of heat = defimed 3= the shioont of work requrad fo
pradizs 3 amt gty of hegt
¢ Misthemgiwallys f =W/H
s Where, Vaike of =L 201F o ool
=42 Fcal?

L1.10 Work Transfer Forthe oork tramsfarthe system bas 1o be sach salected that #5 boundary st
mo=: Ihee oot be Wk tamfer m 3 chosad syslem withowt movms the svstem bowndaries Ina
q'!iudgp-iﬂmmmga:iﬂ1!:.:hpﬁdi&rgﬁmﬁmm—ﬁgryﬂemhﬂmda}'mﬂthemﬂkhmﬁmaibf
the moement of the paton.

Dizplarement Work: Consid=r 3 piston cvlnd= srrm=ement 34 =sicen m the Fisime 1 4 [ the prasume of
the Husd = sraster than ot of the muroundmes thare nﬂh&muubﬂm:&ﬂ.fxmmth! faoe of the pafon
Hemee the pom will mo= towards rishe.

1

il il *I |
— - r
b A —-|
Fhmim - | LI ETAITERETEE S TR T

Farce ariing on the pivion = piessure X crea
=pxd
- Work dime = Ferra s gitransy
— F .-
— g dv
Wheee dr — chongson tolima
This work &= kmomm a3 diplacsiment work or p dv sk comresponding to the slemental displscamant

ay. 1o obtam the todal work done w3 procsss. thns slsmantal wors mmut be zdded Fom the mits] stais to tha
feal shate

Wosy= J pilw

FEgs |
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= Wy =plem—w)
The shate emiabhon reprecents the tota! duplcement work m s pmees=1-2°

E QUESTIONS WITH AN

1 Defins thermodynamic ryriem {w-2E2I)

Zinz: 2% thermadynamme s3stem = d=fined 35 3 quantity of matter of = fegion I pace upon winrh sHenton
B cancentrated m the anslvsss of 3 problers
1. Define cloced system.
Ans @3 svstem of fimed mmoss. [ here B mo mgss transfer srvecs the systemn boundary. Ersrew may transfsr
it or out of s sysiom
C=mpler & corfam goemisty of fimes boundegd by 2 piston =d vimas,
l.]]tﬁuapn:r_r:tm
Any Aosvstem mowhick satter ryncees the' sisfom boundare bt aersy mzy o mey fot ramefy
Exomplk Agcomres=sor
4. Define fzoiafzd ryrtem
Ang Tt = the svstem m whinh thewe = 20 Inferartion betveen the svitem ond sromdme Tt = of fred mees
md s=rey fp thee 5me mes and stdesy trmefer-takie plare arross ths syitem boondary.
Erzwmels: Unrarze 100% or perfectly manlsiad therme fade
2. Define thermodynamie propertier of 3 syoiem
Ars; Evey syitem has cerlnn chessctsrstus by winch 2= phyascal congenn mey be dascrsbed. Thess
cheractarntey e koo == thenmoadyrorein sropertes of 2 system
Exmmple: Fressare (F), Voiumia V), Tempeziure (T), Entvopy [5), Enfhsley (HE Int=mal energa()
. Define intewrive propeeties. [w-2 U5 we-I00 T
mng The properies oithe 3 ‘?Emjhzharﬁmﬁepaﬂnﬁ'ﬁ::fﬂuﬂmuﬂed !EIIE:’.B:E[H_EPE:IL
7. Define zxtenzive ]Il'ﬂp-E'tE [ EI"'Il'l.l.'—"'ﬂﬂ]
Ane The propertees of the system wineh wre dependme Tpom mss= are called extémp= moperhes
Erompls: volumes sntlaipy, denisty, s==my
8. Define thermodynamic state
ang The thepnndrvmame sais i the oondion of the sveiem = dimartenred by coizm themmadyrmne
propertees ke prassms, tempersturs, specific tohomes sfc
8, Define thermodyaamis procesz
FAne Tha tnaiermghion of 3 thampdsmanue sveies bom ons thermodyname: state o another = 2alled 2
therrreSirames process.
10. Definz tharmodymamie cyele
Ang when 3 procsss 1= performed m =u0h 3 way that the fmal state = 1dentical with the metiel Sate. 7 = than
Enown a3 thamedynamee cyels er cyche process '

OR

i
Hee= 1.2, 13, 34 4-1 represenis 4 processss ot 121341 reprecents 3 thérmod vymame cyele
I1. Befine path functinn. {W-2019]

Ans A ogth Sicton 5 = funchion whose value depends on the path fofiowed by the tharmodvmamic proosss
ma‘p&d:1ﬂf.n= trritiz] and fina state ofthe progessy

Fig_!.':



YWark and Haat hoth are path fechon
11 Befme point fonction
Anx & pamt fimetion i 7 fimetinn whosa s3lue d=ends on the Tzl and mnithl jiasth oftha thamad veamie
process grespectmes of the peth followad br the proces:
Eomnls: i the propertiz of the sysizm == pomt luvehon iz messm= vohmne tempemture. dansty,
13, Define tharmodsnymic sqnifibrinm
Ams & osystem = osad foohe ot m oz stafs of thermadviome eymlitrmom whet thers 13 ne chanes w oy
MRCTOSCoE oty i the svetem m moiated Som o soromndms
14. Defiue guasisztatic proces= [W-20240]
Ane Ths word guss: mesns abmos: Himnkuphmmumﬂrndﬁ&hﬂamzmn
pazsss throush an sqnilibriom condition. thes this frocess B bnown 35° quasstshe process It 53 revermbls
process
1%, Define heat.
Ang ==t defmed ac the snergy amai=red wothont tamsfer of mass, 3oross the boondmr of = system
ber s of femperpinre e betreen the syxtem and symoandinge
¥t = renredanted by Q7 and 1= expressad m Jouls’
16, Defins work
mne o Nerbanies work & dona br 5 foree 23 1 20t upen = body movine mthe direchion of fbree
* In Thermodynamics work = s=1d fo be dome by 2 s5stern of the sole effect on thimes extenmal to the
s'rsema.nb-&ﬂdu:admﬂﬂm_ufcﬂ.ﬂt
v  EPamref mxvk Newson-meter (V-mi or Jouls ).

i7. Defing mechanicsl squivakent of heat [W-2620]
Any Jonle's mashamica] equivzlont of hagt 1n:d=fined 20 tha amoumt of work regmred f0 produce = onf
wqmntity of heat

Aistheamstizalh: J=11H-

Where, Valne of J = £ 22107 gy cal

=& 2 Feal?

POSSIBLE LONG TYPE QUESTIONS

l L oorreyrs begt ] wenri

2 A varmmraoordad ntha eonders erod 2 stamm noveer wland'n T4mm of He Fms the shealit=
pressire m the comdenzesr m Pascal The pommestne rezdme = Thlmom of He [W-20157
Explsin the thenmndvrame sysiem [w-1021]

Enplan the ques-sipre process. fw-2077]

Ditmiss in the dataily zhoot pomt Aimction ond path fanction and differdntids heteeen them
(-]

A . fot

Exost E



CHAPTER NO.- 02
LAWS OF THERMODYNAMICS

Leamin-g_ objectives:

2T St & expiain Zereth law oF tReErmody EImics.

22 Sume & axplam Firat law of thermedynamics.

23 Lomitarions of Firat fgw of thermodynamicz

Zddppiication of First law of TRermoedimamics {sieady flow energy equation and Hr
arpiication (o b e and compTesIon) _

1.4 Seeomd low of thermodyvemnics (Clanziuz & Keivin Flant statemaniz)

2 3 Application of second low in At enging heat pronp, refrigerafor & determination
of aficiencies & C.OF Colve zimple mumerical)

2.1 State & explain Zeroth law of thermodvnamics:

Thes (e stabes that, “whan toe svefoms mre earh i thermal sqmlitmm with = trd sraten. then the oo
syst=me are alse m thermal squikirem with o anothe

Explanation- Let A & C zra thres thermo drmame systems
Ti=Tempaahwecfavztam A

Ty Temperatire of s3stem B

T; . Tempegtione sfaystam C

R AR TR
i e Cefrtllihi

C
Egualisrinm
Arcordines o this s
Ta=Te oo @)
TE=T5 T -__|:-111.|'
S froirn agumton (1) & (8]
=T e {m)
From squation (1), (i) & (i) we zet,
Ta=T1e=Tc

2.2 First law of thermodvnamics:

Thi= o mev be stgted = Slloa
{3} The hest snd mechanical work are mutusfly convertibls
*  Apcordms to this oy, when 2 alosed system imderzes: 3 thermedyramie cyole the net heat transfs
il 66 the ristadrk trasafie. T other words tha toche il of hist framer it sl 16 {hs
AT UESETE Of work franste,

Fsge 19



o Afathematically,
E6n =daw

ﬁh&ﬁmifﬂmﬂlh cvply miesrsl srd 50 6W repr=ect mimizamal slement of st
mnd work {ram fer Tespectizely

{'kl]'l'h!ﬂﬂ_‘;‘_run pzither be created nor be deriroved. thouzh it can be ranrformed from one form
to another
# Accordmes to thie biw, whas 3 sv=fem mdergos 2 chanee of safe than both hagd transfer and work
trammfier taless pisre. The n=t enstsy tramddfer = whored withm the ‘wyafem and & known 2= stored
EnsrEY o fofal snergy of the svElem

¢ Afaihematically,

50— Sw=dE
Whers the symbol @ = pead for 5 guantity wheh = mexect deffsrential and symwhol ' = used for =

mﬂ&snmwmmfﬂmsdmw mi:'qrﬂmﬂ:
fotal emarey ofthe systam =t 2 parhenls state

23 gg_itn gions of first law of thermodynamics:

Therz are toe taue limitations of the fint bw of thenmsdvrames:
(1) E==t w doss oot diffeentnte betivween beaf and Wk | zaumss comples sper-comatimly o3
the two. Thoush voork 13 beme high srads srerpey, & oam be flly comerted inip hesl ot hest cormpt
e compistaly camvaried e woTE
M) & does rict pemt v 1o brow the dwection of serey tosfer W comct asrartam whether heatwidl
S from & sher temparture body tor 3 irwe (=mpearstore body ocroice vasa.

Enthalpy{H)}: Entlalyy, 3 property of 2 thermedymamie systam iy the sme of the system’s mbsmal snecey
1) and the peoduct 83 pressars (P) znd volime (V)
Aathemiaticaly,
H=U+8¥
Umin J, Kj
The enthalpy of umil mass system 18 koovm 3 specihic anthaiprand i denpizd br *h*
Umit: Kjks

Alsthemutieslly,
h=m=p

Stexdy flow procesu
*  Gtepdy fow megns thet the e of flow of ma: and snerey =ovess the conmd snics are comtant

*  Abthe desdy datz of 3 sistem, oy {Emodynamic mopety will hive 3 red wlee 5t 3 parteudar
socation, =nd wiall mot iter with times
Steady safe meorw that the sfafs = sfeary or Myarom with fms
Tn @ stmady fiow procass tha followins process: mnst be saimsfisd

# T merote ofnsass flow stmlet snd ¢otls mmpst be zome

» Th= ats ofhest trmster i3 constant

* Tha itz of work bepsbe i cominnd

# The state of workine substanes 3 amy pomt withm the svstom & same at 2l tmes
¥ There =pe chunge nihe chammes! comiresrem of the svstem.

fage | I



1.4 Application of first law of thermodvnamics:
Steady flow enersy eguation (SF.EE}:

i

4 T
i x |
- |
| i | I
I . L-—-—-—-—T—--— _.__!
o [ ]
| |
Pratim ipped

Comsudar an goen system fleoush wisch the worome sphsfance fowz 21 2 stesdy raie Tha workms
mmbstancs antary the sysbem at ssonon- | and lsgres ths cosiem # sechen -3

Let i =Fre=anez afthe workms mbstanrs sed=ee e oystem e Fom®
¥ = Sperificvohme of the workime swhetance snterine the systsmin m' ks
o = Velpeity of the morkine sobstanes snterms the systemm miz
o, = Specific imtersal ensrpy of theworeme mhetance anterms thasmtem in P
= =Hasht of the mist from datum bval o m
v, £, e, 1= Comespanding wzines of the wrorkine subdancs 2 gutle
gu_—..,ﬂﬁﬁpi;ﬂ-:l#:-ﬁ&ﬁazm_m.:kg
=Work dafrresd br the svsfem 1=

Commder lke of masy of i werbme substese fiowns fhousl the sostem e how St total =eray
ettenne the systatm por ke of fhe workine sehotanes,

Em = Wy T Pyt "':E_.;l T T -z

Smulsrly totzl enarsy E_:fﬁ'aem:hq.g subztyrre legong the rystem,

By = Us + Py +£‘;+HI: Wy 2

Arcsrdinein lm:qfﬂmaa".m_bfﬂagezﬁﬂhwnﬁh_wmdjmﬂ

¥ Energy at inket = Fnergy at ourhet

L L T%}"‘.Ell t = TPV T TS T Wes

Flhy+t+gn tqua=h + 2 v g+ Wi

fage | 11



on of ; 3 1002
Turbims
A steam turbms recerves 3 superhested lizh-presuime daam that expaences 23 snilolpy drop 20 the Seam
pazzes over the torbme blade The snthalpy drop v comcested mip the Yoratie Enarry of rotatem of th

Pades mmimred on the turbme- drom. The torbee = well meclyisd nhoek s mee to the: renomom work
Filangica 8

TS AT S

50.9=0
Efz.muaﬁ:l:} 3t the torhins vt = the seom valorty at the outps
N -
SoyEy =3
Appivies STEE forihe controd toimns
= hl —h--.r'r'lil'l_-
=5 “’:.—r—hi_il
E= ﬂﬁﬁﬁﬁd&ﬂ:hﬂﬂﬂﬂﬁﬂﬂ&ﬁﬁﬂﬂﬂfﬁﬂﬂhﬁ

Comprezzor

A soanprassy cntprEDes 2w of 3 =2a by Epmesrins mxteyg! work fad from 2 s saover, Tihe inerere m
the g3z pressme = accompansd by tha tepmperatine ree I the compressor = pefectly manlsted md tha
mﬂ&ﬂ&hﬂﬁhi:ﬂﬂtﬁmmﬁqﬁﬁml&;&mﬂﬂzmﬂ
kast of cormrassion £ expanded o compreseas the £an g0 ne kot = aliowed f0 osdiape

se-g=0

‘rggﬂvdiirzrmlst=‘f£hcifgafm.ﬂui¢he!

e o=y

Tha compressos & posiionad honztmially

{:'E'_Il_—.i!

Applvms STEE & the compl vehnse
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= h] :hE_“TI—I
= wygp—=hsr—hy

Her= epthalpy of the fhnd peerezzes by the amount of work sopat

Perpetunl motion machine of first kind (FANE]

* fﬂhwmmgﬂilmﬂﬁﬁzmafﬂzgu STSTEY CAT nENfET be rregted
ror be destrored, ot can be fremfrrmad from one frm te another

* Thes ran be o machime wheeh woold costnensly supply mecksmnal wosk without some gther
form of sne=sEy diszppemmes smmansomi. Em:hnﬁ:tdmmm::h.muc:ﬂe&:pa‘pel‘mlmmu
machme=of fost band [FARL]) Sa: 3 PAML] = ¥ns raposaihle

Q=0 I.__:I- s | ‘ I_ W

* The coovems of the sbove =isfement 1=-2lso trua 1e there can be Do thechms winch woukd
mhmmﬂ:mzmﬁhzﬁ!m:fﬂjm!mm&

[ s —h
" I-_,..' LM r

..l'-”.-! =
1.5 Second Law of Thermodynamics

Eehin FPlapck ziatemeni The Eehrm ok statemens of zecond faw ztzes. of 1= ampossible $o7 3 et
==me o produte setwork m 3 completz owels if #-exchanres best only with bodees 2t 3 smple finad
fermparatues
Porpetunl motion maching of zecond kind (PA-2):
The effrenrr of haaf snemre 1= zoven b -
'ﬂ
m_ﬂrn.pu
— B
=
=4 = ﬁ
e
10 =0, hen W..=Q
S m, = Lor 1086
The kegt s ] producs netoerk m 3 csmpi=ts rocls br sprnems ok orith anby e reasmir, the
Tiolatins the Sebvm Planck stifsmest Snch 2 hast sneme = called perpetml motion markhm= of second kond
AL E
T |

l=

|;. HE j:l-—l- W

k1
i

4

T

Clamming statement; Clnmms statemani of sacond law statea, # 18 impoésible o comtuct 2 dece ot will
produce no affect gther than the trasfar of heat fom 3 low temperature body to 2 high temperature body

* Hat can't Bow of #=if from s mmu;m:ﬂmzkedrh 3 hizher teperstmrs body, semrs axctemal
work punt be deme £ sohiss this

#sga | i3



1.6 Application of Second Law of Thermodvnamics:

Heat suzine.
-A hest mmEme B -3 dewsce thet can opersis comtemomsly fo produce wink recemrns baxt from = hueh
tempeatre rEervod (somee) and reechns noncomasted heat o 2 low bemporsime recsoir (smik).

[ ]

Here, G, =W+ @
= We=@Qu—Q:

Thermal sffcisney. It is dofimed 2= the reto of werk ot oot to the =n=rzv mpt.
_ufl.m'#ﬂu:l‘
e = e ma

= BN — SO
T L1}
Where Qu= Heat recarcad from the sonroe
Q. = Haat reiactzd to the sink
=n I";-"'I"i
5DI! Ae = “:':
Whs=e Ty = Tempessture of the soqures

T = Temperative ofthe sk

Refrizerator
. AME.MTQMMmaﬁEEm:mﬁmmhﬁmm
femparstre of 1 snToomdmE
s A refnsarator sxtracks heat contmposslhy: from 3 controlled spare znd thus mamiamad st = owes
tampeEare than Y somoumndmE
¢  The posices fimd workms o ihe fefmesraior = called reineacant

[ i L C R TR
la
" i
—_— i |

e =

3

il wiasrw 07,

Hets, Qu=Wa+§,
= W=
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| Coefficient of performance (COPz):

* The perfmanes of 2 riEsaior = mesees oy tems of C0P.
* T = defmed a= the mho of dasrad sorpot (refizsrarms effect) to the sneres mpmt (work mpat)
__ Erfrigaratieg af fect o st xhoerbed by bha fofrigrrant

* 0Py = Boark mpur

=== -

Wy Wy

. S

TR0
» Of COPF; = ?:'_;n

Heat pump:

A hesl pomp = 3 derre which cperaties m = ole mantame = space 2 = heher tamperate Hom
o The beyt pomp supphe: begt comtmometyr o Hwe contrivfled spacs snn thes mamtsmed 28 2 Higher

Coeffirient of performance (COP;)
* COP,=

reri it

Ty
Wy o IWorkimput

L l:ﬂ'f', =

Ny
Wy
g B
0o Froci tapmat

=1+ COPy

Problem-1: A4 hear snging operacer om a cyele hunoeen wures and sink temperenoey of 337°C & 57C
respemively. If the fenr angrne recsiver S00KT of kent from thie spurve, find the efiemay. nee wink done
and hear rayrcred o the ymi

#sga | i3



Solution. Thts sreen T, =337 C=37-2173=610E, T =3 _"'“—"-3""11:2, =400K;

1 Eﬂﬁnrﬁ'e:fﬁsmgmr
W2 know fhot g —“rl__ =04 259 Am
Ner work dome
E"!L'.EE@".‘FEIHL_.'E;E:%

= W@
= Wo= 0459 %400 =186 A

|

3, ‘Hest raieceed oo the 2ink:
We kmowthat, Qo = W=+ G,

= G=0=—Mk
= g, —300-1B36=2164%F Am

Problem-2: 4 oyeli esr engine aporoncy baoween 2 soures temperarure of SMFC and 2 sink tewparerurs
of FFC. Whint i che lesw rur= of heat reyzogon per bow nar o of the meme T

Sclution. Dsta sven T = B0~ 2T 10TF B T, = 30= 273 = 3055, W, = Tk,

Wa know thot, e = E_r‘ == '_;'_I:ﬂ = Q713

We ahke bnowr finet, ne = Z

% QuE—t= 1392 kw

e Bl

Laszs rare 5F Brar repeetion:

Welknow teat Q. = Qp — W
=1392—1

= 0392 ow An

Froblem-3 4 MIMMM:W#—HEEWWEHE
The hear leabvmets the freemrar 1 3iaix uiunthmmmprn‘rrmn o purge fy fear o’
Sohifion Da sren- Te= B = 373=301 KT = 13=173=33EK. Q=1 :ﬂ:;a,

Waksow ik, COF, = L M= .73

ix—1r EE—:E-E-

!ﬁmmﬂmnwmpwﬁeﬁmm
Weknowthzt CGF: ==

[
= mp=== _!_:_D.E.EEJW. Ans:

Problem-d. Almpwdmmn.ﬂutnfhmm z ripom mammried ot 35°C and recenves heot from e
mﬂmd-lﬂ’f_ If the ceral COP o 5P of thar of an ezl hear pump operaning betwzen the 1wy
W{hnwhﬂu&:mﬂpmrqwﬁnhbmﬂthﬂmF

Solotien.

Datx siven-

Qu=1k=

Tu=B-I=I1K

T =-10+273=263 K

1@}1! .H._=|.':£!_E!ZIF_‘=. ik

Weknow that (0P )s e = o = ———— = 5.514
Ex—3; 25—




So (COP) e srun = D5 X BS14 — 4357

Aotual poveer requurad to rum fes heat pawg:
W know that (6P ) s potier = 10

ur

= Wp=— Y

Eﬂ.F‘,. i

= Wemgo=O04Tks Am

POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER

1. Stnfe zarath lovw of thermedynamice [ -2000 w-2020]
s This by stetes that, “when twe systers are asch m (hermal sguiliteyioes withs 3 thord svstem then the
tmram:n*:humlhsmlaqnﬂhmwﬂhnmmﬂ:ﬁ

1. State first lsw of tharmodymamics
Ang Thee fzw mav be stzted 23 fnllowss
{a) The hesi and mechanical work are mmivallv convertible
" Apcordms o this w, whett 5 cosed syvetem mderens: 3 thermodyreEme cyois the net beat tranefer
n-@nftﬁthm-axmh_hﬁhamﬂiﬂﬂ cvehic mizoral =f oot tramior & el to the
miche =] of work trancfie.

*  Alsthematicnlly,
§50=gaw

Whets the srmbal § imda for cyebe mfeoral and Q) W repreced Infmpsnims] slemest of hast

(b} The snerey can neithsr be cresied por be destroyed, though if can be tranrformed from one form
io another
#® Accordme o the e, wheh s svefem indsrenes 3 change of ==ic then bothk heat transfer and work
transfer takes place Tha net emerzy tamsfer & ctored wehin the syztem and 1 kmown = stosed
EE=rEy oy Tofal snsrzv pithe sveiam

¢ Muthematicslly,

g — oW = dE
Where the symbol & = nwed for 3 grorhity wheeh & meact dfferemrsal and symbol d &= nzed for 3
quenfy whieh & #n s=act diferentis! The quumbiy £ & an ssteare property md repecenis e
totz] emerzv of the =vstem 2 a2 portwcale ziste

3: State zecond bew of thermodymemics [IW-2019]

~ne Kebrin Plapck ststement The Sebon Planck ctaiomesd of second @ states d = anpessitle forz heat
sEme 0 poduce metvork 1 3 compiste oyl of i swhenre ke only with bodes 3t 5 amgle -fxad
iempaE TS

Clawsins statemant: Clapsms statement of second law states Jr &5 mmpessshie to constoct 3 devics that will
produce ne =feet other thar the tramefer of heat fom 3 low tenpestus bodyv o 2 Eieh tempersine body
whout goms any sxdaral work, whils opergtme= 10 = ovela

fsze | IT



* Haaf can't Bow of talf from 3 lover temperarmre bods to 3 highe temparsioe body, some exismal
woTE mittet be deme fo sehiera thi=

4. Defins enthalpy
1T ipr, 3 property of a thermodimames systes & fhe s pfithe svsfon’s int=rnal epetey (1) and the
proceet s preesrs () arid vl (V)
H=U+pgv
Umitt L Kj
The enth=ipy of oot moss sy=tem s Enown os specific antmshoy and 15 denoted & h'
Unitt KjKe
Afathematicath,

h=u=pu,

£ Dafine PAIRL-I

Ang: There z=n be po mashms which ool comrmmno:ly SOpEHY mEchamea) Wwors withoot smme other foam
of sn=wy diczpresms gmbaneomly, Soh 2 ficffion sochine & saflad 2 pepeiml sotion mehins of
frrst Janag (PAIN-1). So & PADM-T &= tho: ompossible

U=0 T miny | L w

6. What are the Emtiation: of first law of thermodyuamies" [W-2019]

Amne There sretwo basr mmtaters of the it e ol themedsmammes:
* Tzt ow dees oot diffeventsis batween bazt znd work [ 3zsomss complel=s mer-cometinlsy of
the top. Thongk vk (s vem= hiph srds-snmpsy, # can be flhr conrerted mio hest bt et earmot
e completsly comarted méo vtk
» It doot vt pevemt vt brew the dwection of saray trarsder W commet ssrertym whether hegtwill
fiow fom & hieter temparstnre body to = lowe femperature body of Vics vEEa.
7. Define PAIN-I {T-Z019]
Ame The hest ensm= will prodors o=t work m a complete cycls by exchangine hast wifh cnlv one ressmvoir
thess vsolating the Kabom Planck stavement Such 2 beat sneme woalled perpetial metion machine of zecond
kind (TRM-2)

8. Defins (COP)a [W-2024]

* Aw = defmed s the mto of deared oufpot (refmearaime offect) o the anerey mpot [work mout)
. Erfrigeratiegaffect e et whcorbed by b fofrigerent
¢ COFz= Wark mpur
:iz-q—:z—q'
Wy Wy Ry
. D:EE.F;:-T—‘ET:

fage | 12



POSSIBLE LONG TYPE QUESTIONS
L Wit 5 geady fow” Daive the deady fow anm=r aqueton TW-2020]
2 Stat=amd sxpiain the fret bw of thermed ymamas fw-2000)
3 Stz the general ensves equotion of 2 s2= for 3 sfeads flow prosess foe-2000) foe-200T)
4 Derree the ralaticn betwean COF of 2 refnparator znd COF of heat pump fu- 2211
b Ar flosr Seady 2 the rate of Th= = throush o a0 comgressor 3t Tmes selocty, 100pa pressors and
!,r-ﬂfr-“&lmﬁfﬂ?“ﬂ EIE:H.E_.I.E_ # Imis FUlmeand O 19m' = T!:.!tﬂ'am_ i izl smewy
betaeen ontist znd. et = #igrs Coolivg water abeneb hagt from the ar stthe vate of 60

L. Este of work outped
2 Rsho of imlet and cutiet pips diametar

Problem-1- 4 cpelic hear emgues opsrarey beowsen ﬂmwﬂmpﬂau:raqflﬁ#ﬁ‘fﬂdqmi
prseperaturs of $FC What o the leasr rave of kear rpertan per b net cupur o the engme? [W-2819]

Problem-2 4 hear pump defieery Jow of kest to 2 rogn mammmmed o 25°C and recereey hear from a
raververr of -IPC If the ectual COP & 50% of thar of an ideal keor pump speveting beoveen e samz
temperanics iomin, whar ir e actual poswsy reguired i kw to run the hear pumm?

Problem-3 4 domereie food freezer mantsiny & temparenae of -15C The esibient semperenas iz 30°C
Thy hear Loaky tugo the freczer ar § 75k’ whar 1y the msimme powess neesssary o pumip thiy hear g

Proklem-3'In o koot ez ghe tomperanioe of the sowrve and nink are 630 C and 6P C respoemely, The
bear supplied v £ A i Fad ﬂa_;min‘d@aih the smgrne fw- 011

2 Dhsoims abonrt the hnmiatzn of forst: b of thermnd e [o=-2007]
3 Prove 'E_un—f:-,'=R.'.'[w=JEj.".-.I

4 Staf= the equvalancs of twe statement of 2 brw of themas dymamie {w-2012)
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CHAPTER NO-- 03
PROPERTIES PROCESSES OF PERFECT GAS

Learning Obiectives:
o 2llowsof porfoctgor
s Boyie'sigw, Chorle's faw, Avegadre 'z law, Dalton's fow of partial prezours, Guy
LSS
o igw, General gaz sguidion choraciorizlic goo conciar, Lnbverzal o considon.
o 37 Eeplain specific Aeat of gar (Cp and Cyv)
o 33 Felation between Cp & Cv
o 4 Ephainyofagn:
o 3.3 Work dows curing a non-fiow process.

o 3.8 Application of firzt law of thermodoamics 1o varicw ron flow procsss
{Isgihermal

o irpharic, hemropic ot polytrophic proczss)

o 26 Sofve zimple probiemz on above.
o 7 Freesypamsion & tiroiling process.

INTRODUCTION:

A pérfect =25 or an idez! 235 sy be dafmed 2= 3 state of = mibvstance. whose svaporstan fom o lguid state
& complete and shectly cheys 2ll the =23 laws under 2ll condstions of pressure znd tepperature

3.1 Laws of Perfect Gas:
Bovle's Law:

Th hw was formmisted by Robert Sorie in 1662 It stwes, “The aboluse presiurs af £ grvem mawy of 4
Pavfect pav verter inverssly g oy volumes, sl i (eaperanise rEmonT oonstant
Asthomsticafly p ﬂii or prv=—constond

G ghy = Pt = D — = = goriioil
Charles"s Law:

Tho: lzw was formnbted by 2 Frenchman Jzoques A€ Chorlss oy zhewt 1757 1 states “The volume of 2
pﬂﬂﬂdtpﬂfﬁliﬁﬁ%ﬂtdﬂlﬁ@ﬂﬂfﬂﬂﬂifﬂ&ﬂiﬂp@:rﬂm

w_B_ =
o E L T == ognmen
Gav-Luostac Law:

Tz bw. stzter. “The abrolure preszure of ¢ given mezs of 2 perfeer gpos veres doeedy av wr 2bsolus
ErmrpeTAnre nivem g volvme remamy gonvemnr”
Msthomatcsily p=T ar E—mnﬂmu

pr iz T _T

e £1

= —— {origtont

Fage | 1



Avogadro’s Law,
The wsigi=s “Egusl! volumer of gll peves, of fre BS e EMPSTHIENE nﬂdp.ruﬂnl' conrein szual ne of
mﬂfﬂﬂiﬂ
. F,m mam.&n&emﬂ—ﬁhmﬁn'ﬂﬂhafmmﬁﬂtﬁtﬂﬂﬁ
m Il'ﬂ::ﬂﬂ:i:l:ﬁﬂpﬂiﬂtp&:ﬂ'ﬁd 01335 b)) and MO TP eonddion

Gas tion
The Bovies oy and Charles"s B ve combined toesthar whak sra1m = sensmal g38 sgaation.
Accordme 1o Boyie's w
= pl:l:— ors 1::%
Accordme to Chorles"s o
= g iacy
It = thos olryogs that

= o

b EL |

3
it #

r T
=£T

=

Whers €5 = consiant, whossvalna dspends upon ' the mass and properiies ofthes g8

= f-T"—:‘:'—E‘— - = porzrant
! T

Characteristic Eﬂlﬁﬂ.ﬂﬁfﬁﬂi
RE:deEaéanrmqa;gEmmr_._aqummchE'ﬂhIme {v] nthe Eenersl === eguatoon 1= taken 3z that of
= of == (oonn 3 #s gecific oime od desot=d brov,), then the sooctant Etmﬂ:ég:mlz;s
equzton} i3 repesased by mother conztant-R (m the characterstc ageation of gas)
Thers_the Eemeeryl 53z gt iy be rewrsten =

pvy = BT
Where, R 3= imowm 2= chrgonenmns gar conmmar or smply ge copuinmd

rﬁmﬂ:ﬂ.mb‘fiﬂitﬁaﬂ!ﬂxtﬂrﬁtﬂﬂh:@aﬁﬁﬂh&mmﬁ_

& odkde

o TH

ey = ma
er pr=mRT o o (MU, =)

¢ InBl omh fhevahes of R for emozpherie zwr i taiken ad (287 kg K or 287 Jig K

U niversal Gas Constant
Thes unriesal em comiond ot moler sorstnt of 2 = B e prodict of the =3s consiant and 'th molamular
masz of the gan It zeverally dencted by R

Aathematicaliv
H =UuR

Where M= LinErier moss of the T3¢ svpressed m ks -mnis
=13 constant

Ik value of R = sama for 3]l semee
o In5i umite thevaloe of By o toben 2= 3314 Jig-mol Kor 8304 Bl mel K

Dalton"s Law of Partial Pressure:
When two or more zasss whoch dom 't react chermazlly with one snother == snclesed .3 vzl than the
total pres=or= exiested by ths miwtire of zases will he equal to the smn of ths parhal pressores whickr sach =2=
1.\'euﬂmu+afjr=_-.aﬂa.b:ema‘hﬂsp1:n
Asthemnticaliy,

PSP P P e e

Whess p=1olzl pressime of tha mchire of z3z2=
Fa &5, pe=Purinl pracowes of each max -
Faga | I



. M:el;;p:mlgﬁﬂqw!.umqﬂ“Hd‘lmnﬂyﬂﬂnmgf'ﬂhxrmd 1
ke fimal remimerasure of the g2y, i it iy comprzazed oo g prevsure of 75 bir and oveupisy 2 iluwie of 004

e

Solurion: Data prven vy =80, i =0 C=20= 277 =280 K. pr =15 bar =15 = 16 Nowr®,
o= S hor =" 5w 10 N, vy =004 wé, T-=7

Walmaw tigt %:%
7, T

= . —F%h

PEl;,

ca, o FEn xAbEXE
SR isxitt mel
= T:=S5S86X or3i3°C Ang

M%'Jmﬁﬂfwju‘ﬂmmutmfﬁﬂh nﬁ:me#’ii’ﬂ
el air oy oW prmped ke BLE SUIIE umﬂ'..liu_p'mm rirex fo J0 mr and TR0 0y o
Eﬂ"ﬂﬂaﬂﬂnr:hrmn:qf:ﬂphmdtﬁ:ﬂmﬂrg{uuﬂ a1 g volusiee ar & pressure of 102 bar
oud & feeperengy of ’ﬂ'ﬂf_frh“ﬂdnuﬂmitumalmhkzmnmli’f salrulate
the presyure in e vyl

Solution: Dafts sy se=d mf i = L3 bar=135 = JFNaw', Tr =27 C=25= 171 =208 E.
Po=30 bar=30 = 1F Nm®, To= 60 €= 60> 33 =343 K, py = 102 Bar = 1.02 = 1P Niwt’,
L= C=20+13F=93K

Mo of g prmes m
Welkmnw st pooy =M AT
< my=BR=1F toshek; o (T R v s = 257 iz )
2y, Py = 1. 8T, ¥
= =5 —EmiEd i -y =g
T = = oo —?'Li:ri'i —F I: v il

A ofmpumpesd o m =y — e =TI =580l Am

Volume of mir pusped o e pracure of 102 bor aud mmperanpe 2 JF ©
L=t vp=vohime of an pomped .

We know that gt = mRT:

= _ D — EEmu IR cEE: =
o 5 = imaie 7329 m° ATh
FPrezmors i i@ Vasmal gitar cooiing

Lot pr=presser= m the y2asal after conims
Welmaw that the temperature afler coplne, T. == C= 188 E

Smrathe coolng = 22 comatam voinmes therefore.
B_&

=

‘-l

= g,= = —TRxIRAC - SEE % 105 N/m?
" 2z

= g, =263 bor Ars
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3.2 Specific Heats of a Gas:

%@aﬁbﬂuf:m@um’mhﬂtd&ﬁnﬂ&sﬁemﬂﬂ&tﬂmhmeﬁm
temperaturs of irs vt meses thronzh ons degres.

Aathemasically
e
Whars: C=Bpemfie bawt cfasubstancs

L= Assonmt of heat transfar
mt = Slasa of the subsionce
Af= Fma m tempersture
5.1 ume JEg Kor klkg K
o AJl the Inpewis and zolids hate o= spaesfe hagt only. Bit 3 23 can e Eny sumbet of specific
bess (lyms bameen zoro and mimey} dependmes mocm the condunns ander which ot & hegted
The follotrms two types of specific hash of 3 5= are important from the iyt point of v
*  Specafir heat 5 consiant volime
* Specific heat 3t consEant pressurs

specific Heat at Constant Y olume:

Tt 2= the rmount of Best redimred 1o tse the tespershne of 3 uns mass of 23z throash oze degree whan s
herted 2 3 conetard Tohmme

o It iz gensmlbe demoted b ‘e,
Ec-m'ﬂsiaﬁﬁmHIEdm1:-H!:mﬂ'wﬂhahﬁdhiﬂ,menmibﬁzme Sow, ik g = beated
will fnerasse the tempaato= and pressure of the =2y in ths sonfames Since the hd of the contamey is fxad
metetore {he Tommmes 0F E== vemames mmstnnesd.

r

e =3
& iy l'|
5 "

1= -—"-.IE.:II:IEE

- ictal ezt supohed fo the E=3 51 corsl@s yohums.
7 =Maozsx .!i'penﬂf heat of conctant volumie  Kize in tﬂﬂpﬂ'mre

= Qyp=mey(Ts—Ty)

It 'mazy be moded that wheneve'z 533 n bésted ot constant vohmme ne wiork = dops by the 223 The whais
hE*amgfLmlh-Eimmﬂﬁm_thﬂmmBIhJEEiprmufﬁemhmhﬂm all the amount of
byt supphcd tesrsinG Witk the s - and renrasardts tha inef=gen ih ifermal starey aftha zas

Specific Heat at Constant Pressure

It = the ammmt thzmqnjjgimuﬁelbmupmaafamim5faguﬂ:nughmdagmg wosn it
1t beatad 3t constent preccime
* I zenenaliydemcted by e
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Lermider 3 = comtiiirad = 2 contaires with 3 m’_'lﬁliﬁ'njhﬁmm_ﬁgqu_ Nowif s == hatad
will meraaze the temperstirs and precsure efthe 'sas in contaimer Smre the hd =f the rontamer m moaahls:
theratore i_l'n:ﬂ}_me"-Eonmﬂe m-ordar to miﬂwht@yﬁrm&mﬁﬁ

I
LF ._.---1T|5
g - :

ﬁ A |
P 4 ¥ = £
-y P

e fielng daEonesd
AT PR

I m=Mbesofthegm
11 =Initnl termergie o8 the =24
12 =Fmzl temparaiurs of the =as
s =Imtm) o hwres of the ==
v:=Frat voleme of the 525

~. Totak kestwppli=d to the =2 = constant preszure.
0y > = Mass < Specific heat af constant pressure = Rize in temperarure
= == mr,ﬂ: —Ty!

smposes

1. To ra=z the temperstore of the zas Thu hest remams withn the =22 and represswts the nersaie =

tofem| =

Lothemeteatly, nesze momternzl snerEy,

U = e, (T =Ty

2, To do some gxderra] wiork dunns s¥nanson

Asthenmteally. werk dows by the =2,

Wiz =plry—r =mR(T; =T,

3.3 Relation Between (Cp & Cvi:

Whensvar 2 z2e-5 heated ot 2 comstant presamre, the hese pehed to the 225 = mibed for the Sllowms two

:ﬂnméda'lps&nﬂnﬂdmammmdhanghﬂ;ed,ﬂim::am rom fne mHisd state Liothe
focldgs
Lt e =Y0Ise= of the ga=

I=l=nt smpasur=of e =0

Ir=Fmzal temmprerahiee 0 the g2=

v1 =Inmel volmme of the =22

ve =rmal volme ofths =29

=, = Bpecific heat = consiont presar=
£, = Speciiec-haat & constant Tolwes
2=Consan maseye of the =

e brovr it the hegt=upmbied to the s 2 somtant presmrrs.
Gi—z= mit?[!'; —Ti)

A part of tha kast i uhitired in dome the sxternatwmd snd the rest remame withm e o3= and B gead m
mrrsazines the misrns} snstpr of the gaz

So, Hest oitfeed for extemal work. Wi = sl — o) = mB(T=—T,)
And mevesss momtermal sevey, diY = ma (T -1,
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34 FEn Of a 3

Eothzlpy, = property of & thermodynams svstent. = {0 sam of fhe svztem s pieresi angrey (L) =na
the product 23 pressure (F) and volome (7
Atbematieaily.
H=U=pv
Umin: L &g
The enthslpy of mot mass sv=item = bnipey == pecifir anthahy- and 1= desnded b 547
Unit: &g

T
E=u*pe,

Problem 3 Jdﬂﬂdtﬂﬂ!ﬂthqfwiﬂutﬁmﬁﬂmmfﬂiﬂ C ond preszure 0,7 bar
Heaar v yuppiied fo che vexvel all the guy asquires 3 presmrg of L4 far. Caleulare: | Final trmperanors, 2
Work dorne an or By .:Iu;u,__i'_.ﬂ'm-:iﬁmdqi Chanpe th insynal emsrgy. Take geectfic heur of the
ger ar coretang voluse oy $ 857 Iy K

Sclufion: Deta srent m=1kyg =20 C=20-2B3=291K p; =0 T har =07 & 1’ Nilwe*, p; = 1.4 bar
=141 l'ﬂ"."nm" Cr=08T 5z K

I faEma- o
==-."":rza‘= ‘_:_'_ = SEE K o313 C

o
1 Workdanz on ov by the gaz
Binee thare i nb chanse m tolums. tharsfore work done (3.) on or be this s2s 16 Z=0

3. Hear addad
Wermewrtest @y -—molG—T.]=2 X 0657 \586—223) — 385 &j Anz
4 Chevge v merrmal ewergy

We‘im‘ﬂ.‘thﬂ_. 1:?:.: = IFJ-__': 'i'ﬂ:E.lr

= dlf =@y =385k Arm:
Problem.4: Ons ky of o porfece gas eeeupizz & eolume of 085w o 17 C and o1 8 consmns grevemre of 1
In!lr The gav iy first eared ar conmant velume, and thew ar ¢ cotsmee premure- Find the spectfic haar ot
copxarnt voliws and convmnr prevenrs of the gas Tekep=14,

Solution Dtz srem m=dkg v=8ia!, T=1F C=25 + FF =285 K p=1 bar =1 = I Niwr',

Sprerfee hiue of gas arconstant volums
Weknowe = =mRT
= = _Fr_ 1mipE WES
- Tmr T EmaEs

— 255 [Ikgt = 0.295 kf fGgk



Weshe bnow thet, o, = —— = = = 0.7375 k) (kg E Ars

i La—d

Specrfic heat of guv of conmtans presyure
Welmawithat o =314, =12 & G737 = LDIZEL gk Am

Problemi- The volumes of mir or 3 presvure of § bar and <7 .C 2 0 5 m*_ Celenluts dhe maes of ar, 1if dee
;ﬁ%h@nm;rnnn;ﬂwlwml bﬁf{ﬁﬁ?hﬁ;[@:ﬁd}

Solution Data zremip =3 bar =5 = IF ENow', T=4FC=4 =33 =30K v=05n'. o, =l Biy K
e =0 gy K

Mo of qur
Wekmowtar, o —a =8
= B=1—077=028ki/ksk

Welmow .  pr=m~T
= m:E ::r--n—;n-::rl.:'_g &-ﬂ __’E.

Nog-flow Processes Ths procesies scoumng in slosed sxziaie wvhick do pof permmt the freafer of soss
across ther hommdaries e ncwn @ non-Govw proceszes.
v Troesy be noted thel m 3 em-Tiow proress the speree rypeess fhe svatern bousdary m the: e bost
gnd work bot, thes = mass fow mio of ot of the svsiem.

3.2 Work Done During a Non-Flow Process:
Comider 7 system contamed 3 fortionlesss pErop and crlindst Freneement 55 shanm m the Senre
belswr Asthe s=tem sxpand= fiom #= ] state 1 to fma] stte 2 some sork met be done

L=t =t zrv omsll zection (shonm snaded ! the prezoure (p) ofihe sveten & constam I £ = e oos-tectons!
arza of the pEfon t}mﬁuzemrhgpdﬂnif—yd" e the minion to seove throush 2 Seteecs e

Tho= work: dons b the syt
W =Fds=pddr—par i v B = A HT)

. Weekc danes for son B procees-from sat=1 El:F':HItE
ws= fow= [res
Iiom sbove. wa e that the tﬁﬂ'ki:-&.l_ﬂaibrfhez&i n:ELE'LEEp-: dig=Tar

36 lication of First Law of Thermodvnamics to Various Non-flow
Processes:




Izobaric P C P rocess}

1he prooes: = eoverned oy Chardes = Law Consager m ks of = covtam 522, conmtained m = closed contanes;
= benz hegled S cormbant preswrre Somoan itul st o fal s

L= o5 $m1f=PiEEEﬂimmwifmq§Eiiﬁlm1§E 1
F: v and 7o =Presume wolomie snd temperahos of ths gas 3t the Tnsl siste T

o]

|
S
-

’Ef'._ | =
|

|

| - :
1I'1 Ts
— Volime —

BN i 02 T

How letroz darre the Blloorms ralatons for the reversble mohare mocsss.

1 Presmmrzolume-mmpesamrs (p-o-T) redanonshn

W bmen bt the zeneral z34 aquabion is
| AN
LF

Sinr= the =m s hegtad 28 ponshint meame &EEE!;-'-,':I:-=E_-

& v
= = :E = EZ{E‘."‘_EIE:I".E

T the mnbane procsss = zotsmad b Charles"s Laae.

2. Work done By the gas

2 dor tha ﬁl!r'f' =3 F-iL
ﬁn_'lﬂz_ml:m; froven stata |t shate 2

i 2
J-E'H* = f;‘l r.-'r::;jr."r.'
i 1 1

Or W. .=plv-—u)=mR(l.—T,)

3. Change i mr=rnal snzrgy
We knon-that chimes m mtemsl sosrey, &F = m o dT

O mdesraim= fom sizie ] tosiaie T



4. Hror supplied or hvar sanzfe
We lnew that, o = &1F + o

&Mmmimmi

O Qg =1 -0+ W
=M i) +mEiT-=T.)
=m{—T) (e +R) _
=me iz — L) e me [ By — 8, = &)

2. Chavge iv eriafmy
We kmow that chonze i adbalpry,  dH = d7 + 4 (pr)

mmﬂmmlhm*

3
J d {pv)

O Hy—Hi = (05 =+ {pis — poey)
= (T —T ) +m BT,
—m = -'I_:Ii-[:-:II + /)
=mg =T s sa T Ep—g =R}
W&ﬁﬂﬁ:hﬂgﬂﬂﬂﬂh&’p}jﬁgﬂ:ﬂihﬂhﬁhﬂt:@phﬂimhﬁm

Icothermal Process (Constant Temperature Process): This srocess s govemad by Bovle's Law.
* o oprocsssom whach ihe temparaiore O the wUMERS ssbelance Temams copsthy drme #E expaninin
Wmndﬂmmpﬂmﬂm;wm
o Jti= thus obsious thet = mothermat process:
2] Thave = nb chonse mtemparzhrs
b) Theme & oo chsn=e in imfems] snasy.
o} Th=e = po chanss menthalny,
How consider i ke of 2 fextain zas, bams heated 2 constant temparzture from an mufial sat= 1 to2 fnal
ﬁﬁ&.ﬂ_
Le  po v and Fr=Presmire volues and tewperghes of the g2 3t tha mastal st |
Pz v-and = Presmme, voinms =nn temperahime oiine sxs af tha fma] stade T

1 y# 1{14 j o oa — ]

1] :

lli’i.r GRS B
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We imon- kst the senarm! s squahon =
= _ g
T_ll_ ?'-

Smee the g=5 1= beated 3t constant temperature, therefore T, = T
Falhy =iy o pr= Cowrant
Thes! the mntheimal] procsss & governed by Boyde'a Law
2. Work done by the gas
2 ko that G = p e
mﬂ—'ﬂ-!_ﬁ'm;ﬁ{ﬂlﬂ! 135-'!-35!1."-'.

e
-

fﬁ.‘“’:f{:iu or W= r'r,rd'T. R | |
i

Emﬂlhesﬁ:mmnnflhEE:EEuthm& 1.2 pv= Ctharefore

. Hily
PoSthty Br po—

Sobéimime the « .aquﬂf_p méqmtmw']l we b

.
“‘I—::J-Ft 1 =y j
i

s

=mwleog vl =smwlos, [1'- ]'I
=235 i I-ng{%} =23p,v; loglr)

Wherz, r:;'-’-.:ndﬁrkm-ﬂﬂ Expangion ratio.

Welknow that sy — poo- — mRT
So the equrting (5] sy al=s be wrtien - follona:

- o
Wez =23 mETlox| f} =55 wiiT loelr)
Smce- pyvi =pave. therefore 2= E
-:ﬁ y !
Wir=23mAT log{—
L E 3 ? {GF:J

3. Chamge iy pu=rnol snzrgy
We losews-that change m mterral snsey, &0 = 8 — 0 =meee (T2 —
Since 1t = = Bothermel proces fe T: = T, therefims
dU=U, - =0 o U =U;

4. Hapr vimphed or hezr ranyfer

e (15



We imowr that, @iz =8l + W5 2 = Wiy ey fodtfi=4)

The= shon= that total heat snpphed fothe == = =gusl to tha ok done by the 3=
#. Change e englialoy

Welbewihat chimee mapthaley, @8 =H-—H = meg (=T,

Sinr= it 7 2 Eothermal process 1.e I = I, thaefmrs:
JH:E'_-_H::ﬁ Foclad E:,:H:

;'Hﬂaﬂﬁt Process ﬂ'_!ﬂltrﬂm }: A proesss, m wrhech the woroms subitancs neither receres
oY ST nmhﬂhmmﬂg,hmﬂma.rmm.mnumﬂduﬂnbﬂrm
Thas wall bappen when the workons substance remame themally msulsted =0 that oo heat snters or Jazwes ot
o  Fti= thur alswon: that: 15 an zfiababe of Savfreme frncess:
1) Tio hest gy oy enteifhe =
b) Thatempersture sfthe gas chansss 2= thework iz done 2t the cost of mismal snerey
¢} The change in mtermal snergy 1 2qual to the work dons

MNow conzider mr bz of 3 cortam g2z, bemz heated adubhancally Som zn menl state | o= Onal stste 2
Le piwand Ir mmmwuhmtmmﬂml
Pz v=and = Pressme, volurse and tempeatme oi e s st e fingl ctade 7

How et = dearve the ollowmes relatops for 2 reversihles adabahe mrocess

1L Presvure-velamia:tempearnnire {p-v-T) relononsim
Adizhste sxpanson of the zas follows the b, po¥ =€ ar pov] =pyri=-—=C

 2=6)

- E={8)

o E={E)T
2 Work done during edizbatic sxpansian
s kot the GW = dv

ﬂnmtzu:tmzﬁsm.mlmm"

J’ J'r:nu or We-— Ir:rd'u R |
i
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pr=pl o p=—=

e
“Sipbeitriutg thic vziis of p & sqootion (1), we =
= 3 L
.
L JF" 3 'u:F.lr!j v T do
AR :.T [ =
- x 1 -
i T T
L i L
1—v _
o2l ke Sl et Y T |
= i—y i) (posf =mpel)
v 5
i—y
Fr— s
:Ei—}'_ _f‘. ~ v 1m FO EXpETEIiON
Ty -
:_1::-! > _?—-—-'l- b e FET EGEAraESIOR

The sheme aguahion-for Ywork dome myy al=o Do expreszeg 3a°
= mRE.:I:-:_I'E}

..Fnrﬁ:pirrn_'ﬁ-r:

- - F-'E".II'FIII"I'I:IIII'.'

X Chengsm intsrnsd erargy
We lmow that chanse m mivng! enerpy, dif = 15 — U —me 7= — T2}

4 Heor supphed ar bsar ransfer
We knon-that hest supphed or b=t oo frred moaseof sdubane pmoces = zero, thaefine

, Gz =10
£, Changs in snthaloy

E’eiﬂwﬁn:chageﬂ&:_ﬂhlpﬁ af =H. —H, = miiz— iy

Polviropic Process: The pelyropic motas: follows the sensal bow for the sxpansion and comprassion
of =zsec and = grven by the selznon

gt =€ ar ppl=pati=—=¢C
Whers n = 3 polyiome mdex:. whh may ey vahe fom zero o @iy,

‘menﬂ:la:ml=:lf,.tm=ﬁ,bem_]:ﬂ1d pohtroplcally fom m mitol gz to 3Tl stz
Lot po vyznd T, = Presams, Tﬂiﬂih@ﬂ:ﬂﬂ!&fﬂu& stike mial =tats 3
1 %3 ﬂf*=ﬁmmﬁmuﬂhegiﬂrﬁnﬂﬁll
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By

+ 2=(3)

I_I]'E—'..
-

—"F‘i

2. Work dowe during podyoropic expanmon _
The squatson o7 the work done dimne-a polvtrepie proces mqakahaqr&adh‘rthmgmgiﬁ.&

wmde: i $o y o the adwbate procass

&
""'-.'I‘l ) |.I'1

. Work done dormg = polvtopmc process from state § o otate 2,

Ea iy —_,'.'u'—l"'- Hiﬂ":ri = :.T-_r.-l ;
Wi z= 1 gl For srngeoios

_PrTE T EV, 'ﬁﬂ’:-'i'_r:i

ey = —— =i we - O (TR ST O

3, Chestge i snmernnl enargy
Wekmow that chamse 10 mitssmsl oy, dUF = [ — I = mie. 1T: —T4)
4. Hapr vimphed or hexr tranyfer

We kmow that the hes sonbad or hest tromfered,
Q=W =20

mACT; — . -
= r_r-"'l"'ﬂ::".rTi'.:]—T_Ii_.
= 1 1
_"IE(II—EJ_-:—I_T—I]
=1 —is—1)
— i’q__'-
wmRlT: =—T=) l"—ﬂ{f—"
y—n
='mR{T,=T= ]
=T =

y—mr ‘mﬂ{T:_T:j
ry—31 n—1

£, Change in anthalry
Welmow that chanse menthalpy, H =L -H=meaiz—-T:

General Laws for Expanzion and Compression:

The: zenvmal bw of sxponson v compeessany of = perfect z2s = p* = Consiant T grves the
relatsonshin betrresn precsirs 2nd ahm:pf:muqmﬁ?af-g&mﬂhﬂut‘n'mhembm
zero and mimmy:
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L |nl et mHHEY
] GErEian| gruasunm

-

= Pt

Vel ——

3.6 SOLVE SINPLF PROBLFAIS ON ABOVE -

Erampls §.5: Ihulmﬂmﬁthmum:mtmfﬂmm_ﬂrudu{mm
098¢ lpfep K end 6728 iy B Find the veluer of chersotsrione goy consmnt (R) and ratie of specific
kaeer (7 for die gax I one ke of duy ges o heaved or comssane pressurse from 23° C oo MNP €, ssemearte dhe
keze sddsd, ides] work done and chenge in mternal erergy. Al caleulete the presenrs end fnal volume,

if dhe puned volume wae 2w,

;gmnm by = R b K =0 Mg Em=1ks =27 C=5+73=29E

=200 C=100=23=473K ;= 2w

The hestire of 25 &t cor=tant presiurs = shovwsn - fizors below

I
]
= i
& ; E
| : !
L L}

— Wilme —

Wa know that charactersic =as constant,
BE=tp—;
= 0.98: — 0728
=0.058 lujlu‘rkgﬂ"
Rons of speenfic hrary
We bmrw it =iin of spemifie hasts
—F
b2 3
_m@gE:
= 3723 =135
Hrar addzd

"2 kv that hast added during conctint precume dperation,
iz =meplz =T)
= 1 x (9840472 — 2338)
=173k

Werk dome
We knowy that work: done dorme constant pressoTe opsration

#sg4 |
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Changs :n pusrne! exergy

Wz = plon — )
= mﬂl::l": — 1-,.|
=1% 03560472 —298) = 44845

Waksw tha! chor=s I mt=ra| ey,

dF = mie s — Tl
=1x 873473 — 208 = 1774 L5

Pressure and final volume of die gae if the mumal volame. w; =2 m’

Let pr=g;=Presome ol the 23z, and
1z = Final vohopys of the ==

Weknavfhat

Watale knerig e,

5 =
1 Iz Ty 2
T, 2 =473 -
:'_‘.=ﬁ z =343 m=
T: 293
el 1—HJ--E a4
m&E T
L7 F:_Z
L
1 x2Sk = 258
= 5 =38130 W /mE
— 3314 bar

3 7 Free Expansion & Throttling Process:

E Process: The free sxmans=on procsss = an oravseahe pon-fiow proces=. A free sxpancom
mnﬁm;iﬁhﬂﬂlﬂn‘mdh: =pmd suddenly o 2 veoumm chamber througk an orifice of iage

— PrEAh ——
i

Wommna —

L FEE T  ] FRF =i

Conssder o chmbers 4 and B ssparated by 2 partton = shoom mothe Seme (a), Let the camber 4
comiams = pariect ga= havms vohmis v, mesiue py. and {emparstore Ty and the chamber B 1= compistely
mﬂhmnm%mﬂﬂmﬁmmm&t&ﬁﬁm fiom or to 2=
smromdines Mo, of ths partition & removed, the zas will sxpand frealy and orcopy ths whols space 55

ﬁﬂ-w.uin!:’a.!.ﬁgmaﬂu

v Sines the syst=m 15 parfctly menistad, thivefors == heat transfor taices pilare bebween the system avd

mroimame: L& Py =8,

# Cmee thare = no expansaon of the bomdary of the sysiem becgnzs ¥ = nzd, therefore no work =

donz1e Wiz=lf

* Weknowthat, @y =dU + Wiy
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= gl =
= L=

* W Emw tat, g = mo (T —Th)
% femedn-T.)
= ;=1

* TWelknog that dF = meo,(T —j",jl

= &g=0
= Hy=H

=

I=E J%r&‘f’—)

=

The throttims procas & m orevssible saady How spomior proces i which : pefact == b apanied
tirones = slishtlr opsped b= a5 shomm m the TFore shovs Dus to the Gll n presore durme expanEon
the === thould sorm= ous with 3 l=zz =l et dus to kizh frctiows] reusiancs betwam the z2e = tha
wall ofthe spartore. there = no cnmﬁa:hk&mg&mwhﬂn The Emety snerey ofthe £33 5 comented
ity best whieh m uhimed mowarmmns the mmﬂmlmﬁmmhﬂtiwwm
durins the thrertime mrocsss and e no work = done thersfnre

Ji-z=0 and w; ;=0

e

Wakmow that dezdy flow enerey equation foryng mes= flor e
: vz
L +'E1"‘.El.l-'1 + &2 ="I-:.+E_“'EI:.+ Wiz
Smes there = no comsdaratle chanzs m seieesr and the mlst and crlet sre st the same level therafire
V.= ¥ and = =2 Now the sheady fivow enster equahon becothes
h: :’I-z

POSSIBLE SHORT TYPE QUESTION

L State Boyle's L. [TW-2020]
Ane The b was formulared br%bm'ﬂuﬁem 1662 E extes, "The mhu!mmrﬂﬁmm many of

WITH ANSWER

lhlhlm&hﬂ}_ P ; or pv =consianl
& Py = Bty = Pats = — = cotriont

% State Charls"s Law, [M220207

Any Thic brerwza Srmulsted b z Frenchecns facques A C Chorles i abot 1757 [ s@t=_ “The wolume
of & gieem wiery of & perfort varier fivemdy oy Trr abwslurs wperarrs, when he abrohin= prevmre
FENTAINT ORI .

Mathematieally, v =T or = constans

e 'e—m=---'=1::-_-iﬂ.r.tu.h_r
I

3 S'Imﬂq-'—].m:l:l:l.:ﬁ
Ans: This law stales, “The absoluts prevears of & gven mavs &f a perfect gaz vartes drecny av ax ebsolus
femperamry whem dee vl remaine st

Aithemintically p =T eor :-_— CERSLane

IJ_’:
:'
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=

Emzh'a-;udm
Arz b lew e *’E'gmhtﬂmnﬂﬂ_flﬂ;l_m. XT fhee TN S (SIPITALNTE And prevenre. contna spual e
of molerules™
AvesamD e upau&aﬂimrmthdihmﬁﬁmﬂﬂ lRemol el aypeod s s 22410 m" o
standard srmoaphsrie pressyre-{1.01325 bary and 0'C NTP condition
£, Smate Dabion's Law of Partial Presmr=
_fmh“ﬁaaimurmgaﬂwﬁzh&n'tmuﬂ:bmi:ﬂ?ﬁh or= ancther o= enclosed tn 2 w=msel then
the total presers exerted by the meture of sas== will be equal o the =im of the partml pressores winch ssch
sa= would ex=t i precent slore m thet smace
Alathemareslly,

PEPaF P F Pommrem o

:.1 ;'.9

g — = COTRE=TIL
LKA

Where == Tatal pre=ware of the mstore 25 s
Pa pi po= Pt precmres of each pas
§i. Define specific hest of the =as
Ane The specie beat of 3 substiecs may bz brozdly dafidad 33 the soount of ket requrad to mas the

TWhare L =Spenty hear of 2 substance
£ = Areount of beat tramesfar
m=Aia3z o the sabatance
At = Fre w teeymergturs

# ST unet Likp Korklig K

6. What do vou underztand by an idsal saaT[W-1022]

Ans An jdeal zz= = dafined 2= ons for wheeh both the wohime of melecules and frces betwesn the
T.What iz meant by free expamsion”

Ane-it B 3 thermadymeme process Hers thers 3 e g tresde, po nork el 2= w=ll oo charse m

GE=0 du=) GW=]

POSSIBLE LONG TYPE QUESTIONS
1. Darroe the relshonshig between Coand & [W-I015] [W-2020]
2 Derpee the seperal a2 squanos from Bovis's Lawand Charles"s Law

3 Thevalnes ofzpecific hegts ot constynt presame and af comstynd woiome for an =gl s e 0884 D= K
sred 728 kit B Find the ralues of charsterste = comstard (R) and ratey of specific hests {y) fx the
ga: If one ke of this gan s héated sf constant geesstme from 25" C o 200° C, extimmate the hioat sddad, idaal
work dome and chomze m misoml srersy, Abo calrolate the pracsur= and fral volome o the moiai obhme
waalm'

4. 2 sysiem coptuns 3 20 m of 3 g3z 3 3 presmwe of 4.8 bay and 138 C 2= sopanded sdubatcally fill the
preszars £ills fo 1 bar The £ i then hastad 3t 3 comtas pressm= will s erghalps merazee b 70 &
Determme the tofal workdome Tale G, =i iz Xand C. =0 T I ke £

Hinis- Rofe sxzmple 3 1) ['EE’-EL}HE

'ﬂh&ﬂ:ﬂhﬂﬂﬂlﬁmmm1mmhlbmm&m_mﬂﬁﬂmﬂmﬂ—
20301 (ME3021]
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CHAFPTER NO. — 04

Lea Ohiectives:
» 3 Mnternal combustion snging
o 41 Ernigin & clasil [T engine.
o 42 Feminology of IC Ergins ruch oz bore, dead comgars, stroke yvolums, pizton speed
£EREM

o 4.3 Explain the working principle of 2-sroke & 4-stroke ongivg CF £ 5 ongine
o 44 Differemiate denween I-siroke &4- siroks-engins T & 51 engires,

INTRODUCTION:

Heat Engine:
A hast spmme s = deticewhich trams freme the chemies] Brsrey of 2 Seelmto o] ensrsy and teseths
ansr=y in nrodncs mecnogvoca | work. I s claezifad o ton tepes

*  Cximmal comboztion ansire

v Imtarmi sombaston ereme

combuoztion sxeine! The sngme o which the combashon of fas] tkes place cfzds the snams
Exymple: Stsam sname: Sisam hrbins piant st

4.1 Internal Combustion Engine:

The enmne m whuch the comb=isnon of fae! takes place maids the enzme cylnder, then the sneme 5
nows = mit=m| mmbmetion sisms
Frampla: Petrel sp=me, Diesal snoma ffaz snmine @t

Classification of L.C. Ensine: _
According to ths type of fusl uzed - [2) Patrol snsine. () Dhssel sneina (o) Gazsneme,

I Arecrdine to the mathod of moitime the fial - {2) Spark tznitios meine m'&mmmm

and (¢} Hat =spot-asntom srams

Arcrdmy fo the werkm= exvis - {3 Uthrw_bfm'ahmmwﬂa (o) D=l o=

(constmt pressnr= cycle ) epEme, (T Ilmlﬁhm.hn:lmnﬂtle {eemn dies=] ovele) ensme

According fo the mimber of grokes par eyels - (3} Foor stroke cyole enzme (b Tac =.'|:r_|1'h5 oycie snEms

Arrcedms o the method of codling - (37 Wasr cocled anzina (b)) Ax eoold sagme () Evapemine

gopimz Enmme

Atcordmg 1o the number of cilindar - (2 Sinsls crlinder swme (b Mult cyimdars sme

Accoeding to the spaed of the ansima - (3) Slow speed snsma (b) Madinm spsed mm=ime (5} Hish speed

EpEme

3 Aﬁmdmgm'&hefné sappiy and mrsiure preparaton - L5 Carirmetted tpe (fnel sopphad fhronsh the

carbur=ttrr ), (b} [@E:tmt-:pz Eﬂmﬁﬂﬁmmﬂﬁu:mmm Bl mpscied miv the
hﬂu;@tb&hnm:g

.%.:c-zdm;_ o the ovimeds srrapeement - [2) Vatesl soome (b)) Herreendad speme. e Tri- [ mmith

evlinder anzipe (d] Vipe st cylindst enpine (e Radml engme, () Oppost= oylinder enigms-and

(5] Uppost= prston enEmes.

Wl Apcordme o the vabee meckamiom - (3) (hehead aheanmme () Bds ke enpme.

1! According 1o the method of sevemuns - (2} Oit and mes soverned snama, (b)) Umntestrvaly governsd
enzme and (¢) Quabisively sorimnad shems

it
I

B

+ - pia

:-ﬂi
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Main Components of IC Engine:

Crylnder Tt the mam part of the enema maide whseh'mston recoprocates 1o =vd o It shondd b =Eln,=h
strareth e withstand hish pressre shove 3 by ol temparatine shove 2000 "G The ordinery ensme 5
mﬂiﬂ-ﬁfl‘.‘a‘itEdﬂhﬂ“#T—h‘mnEmﬁEﬂfﬂE&iﬂ]}:Efﬂmmﬂmﬂi}i!ﬂﬂhEII]:I:I']tE-Ej'IJIEi:E‘-
=r=ins the crimders are codt m ons Mok Frews s oylindss blosic

C}'ﬁntlEr bead: The top end of the cylmder & coverad by cxlinder head ove which mist zpd exboges b=
spary pli=s or imectore @e mounted 5 soppes or 2sbestos ket 5 providad betwesn the snenes cvlmder
=4 cyimder head to make an 5w tight jont

Prtom Tomammt the foroe exarted by the bomms of chargs to tha connectms vod. Ussally made of
lhmum.m:a.l..h':aim!:hu_.mdiﬂz mmﬂgmwﬂ I:Ehﬂ':a:ps.itm

07 ghunilisd Desieagd

LRI} e
[t L] et
L]

== Ol maniliil
I ekiiliing

"|rrl|l|r| i ki

LT i
Tl -\__gul.'h'.u.ll'l i1
P lal ki dFLEE

Cloarance wabkurme

b liba =

Piston megs The== ar= honsed m the croamfsrentis] srooves provsd hniheﬁzmﬁuﬁ—cftba;uz{nu
and niade of steel alloss winch retam alasty propertes even & hich temporatore. 1 fypes of rmes-
campression #rd oil rng=. Comprasion rme s upps noE 24 £ the peton whack provides air tight seat to
pr=vent balars of the bornt zases mtg the bwer porteon Onl e 1= Inwes nins whaeh pegnidss sfecims saal
o prevent bakses o ftham) tnfo the =nsine rylnder

Conneciinz rod- 1 conwerts recgrocatne, moten of the proon s crruls setion of the rak i f in the
workine shoke The sme=lisr and of the connestmts rod & comscted with the piston by sudson pm and
Lgaeﬂnfﬂ&mﬂﬂmgmdﬁﬁnﬂﬂmlmﬂhﬂ;mwﬂhmpm TE= E_FEZLE-E-].EEE'-'EII'
abrrmrrm zllov: are med forthe nemefsetors of conmachn=tod. '

Cranknhnfrr It cowrerts the' reciprocshine mstion of the p=ton mip the rotary motion with the balp of
oomeartin=Tod [hespecizl steal alioys ave ymed Sor the pomibeionnes of the oraershn . Tt comnsh of
socentne porhon cafiad cronk

Crank ease: Tt hotmes evlinder zd srankahaf of the [T sneme and alun seres 2= aump for the habricgtine
oil

Fhrwheel: I = bz wohzsl moonted on the craplehaft whose finchion = 40 tamam #= speed constent I e
dome b sTonng excest snSTEY dorm= the power Srnks winch 1= retumsd dorme other smies
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4.2 Terminolozy of LC Engine:

L. Bare (). Tha msr dmmster of the woring cylinde = call=d Bore
2 Pisicn ares (4} The ==z of cocle of dmmster squal 3o fhe cvlmdey bore,
3 Sevoks (1) The detenr= thronsh wiseh 3 workems piston mores befnean e snccessirs szl of' il
gnecfion of motion = callad soie
to- 2 =t the moment when the drecton of the peton molion = Teversad (2 efiner end pomnd of the sfroks) =
a]ld_ﬂaiémn
{2} Bottom dead cantre (B Dead cantre when the prton © tegi=st to the comishaft or farthest fiom the
cyimndar haad
{®) Top dasd centre { TDC): Dead cesitr= when the poziion 1z farthiost from the aaplabaft or naorest fothe
cxiindar haad
I Displarsment volume or swept volmme { Vs Thevolume aoroped by ihs wodoes prsfon whan
trzvelline o the one dazd cenire 30 the othar = called swept voliese =08 soven a3,

V, —AxIL= E:FL
&, Clesrsnee volums (Frl: Thewoiums of ths space botwresn the cvlinder head and top dezd contre iz callad
clegrance vomm=
7. Cylinder volume (¥} Totaitolumie of the oylmdsr, ¥ =¥V + ¥
£, Comprez=ion rafio (r): The @t of swepi wolume to the clemence vohws = called compressonmtic.

7 REM: It 5 the spesd ef rotaton of crank shaft of an [ C Tneme and & sppressed & reolotion par
et o TOtE M [ et

4.3 Four Stroke Cycle Petrol Engine:

If m abue bmowm 2= Tt oyrle sreme [t rermires $r strobtes of the prdng i complets pme sveis of opeston
m the sngme svinds. The four stiokes afz petrol anzine unhmeﬁﬁarm:mm{peh-ulmduﬂ
pﬁ;ﬂmma’n‘mmm:mumzmﬁrdmﬁm
* Sortion or chareing shroke: Inthis shiole the mist I_Eﬁ-pmi.ndﬂ:a’:l!um::hed mis ths ansins
orimdsy zx the peton moves downnard fom top dead cemre (TD.C) |t comfimnes 6l the pestom
reaches 1y bottom daad centre (8. D .CFaa shown in Fie. (33
v Compression stroke [nths shks both the mist and exhast valves are closed ang the charge =
sorprasad = the moton o= opwads Eem BDC 42 TOL As 3 te=mult of compreiem the
messme =i temperature of the charss incressss comssdessbly (fhe soius! valoes depend opon
conmresson Ehe) oE completes ane soolmion of the crankeraft The compression shoke =
shewn m Fig (b)
ﬁ;.

Dy
.‘:&.r’_

&

Lo ) T 4 Takming
W:::;:" : o} . ’ e g alinilen; i,
Fiz_ Four siroie Cvils Peivol Exgime

. Er.pamn-lar'n'n-:hng strake: Shorth: bafoos Ii::p'_s.t-uﬁ:e.r:h!c TDC (ourme congpeassson
glhiﬂmﬂﬁmn'ﬂh?ﬂ]ﬂﬂufl‘ pi. [t suddenly evages the pressws amd
femeergiure of the repducts of comstion =i thewohmee. practcally, remams conztant Dn=do the
s m pressmre. the piston 3= poshed dopm with 2 gr=at force, The hot bt g3zes sxpand doe to hosh
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wpe=d 3 the potor. Dhoere ths spewen ome of the el aesy moduced b tramsfamad it
meeharies] work It voy Bo noted thet durme sl workies droks 28 shosm in Fis (o), both ths
TarEs gre clesed and migom mees Tom L OOt 3 D C

Exhsusi Strolee: In thiz sirol= e oxhat sal=ia open 2 poston mevvies from BDC o TDC. This
mrEment of the piston poshes owt the produds of combneton. Som the =nzine cyiinds ang ==
exhmrted throush the scdoust vale mis the stmosphers 33 shovm in Fee () Th complstes fhe
mixle, and the sveme ovimider = ready to sook the charss 3z=m.

Fouor stroke Cyvecle Dissel Engine:

Btz zko bwon 2= commesnion 1zmaton sEzms becmns the mmmion takes place doe to the bast prodme=d m
the ==z rvlinder ot the =nd of compreasss shols The Ewr grolsy of 3 disse] en=ine suekws s 39r m=
deicribed below

Sartion or charging woroks: In thi= ke the mis sabe opens and pure o 55 socked mio the
zvinds 2= the piston motes dnmm:‘.sﬁnm.ﬂmmpﬂ&icm TOC). |t eonfmmes tll the phfon
reache: 13 bottom gead centre (DD 3z showm n Fis (2

Compremsion stroks: In this stroks both the valces = chosad and the ¢ & conipresssd 3 tha
miston meves upwards fom BDC o TDC As = meolt of compression, pressare and femparatirs of
the 37 mrTEssas conmderahiy (e atual wins depends wpon the commressom Ehe ). Ths complstes
e revoiphon of the cyank shaft The compressang shoks i shnom m Fie ()

F L] TG e

iniai F ki
S -

{ol] Butrion o b Curerreszsnin (el Enpamsm o i Eakmr.

ehurjj g ke sirake wirking weie rtle
Fiz_Frur stroie Cvels Diessl Fazine

Expansion or workipe sirsdier Shorily pefoge the peton reacass the [DC [Gome fhe compressmin
simke) f=l odl 1= misciad = the foem of vaT fine spr =i the anpms cvimdsr shroneh tha nerels
o a5 foel miecton wahve At thie momant, tempearahire of the comigessad mr suffisently izt
mzrts the fiml Tt suddesdy revescss the présums and temparaturs of the prodet: of combustion The
fizel off & vomtmpemby ysrted fir 2 facton of the revolitn. The fiss! 01 iz 22samad to be Hmt-at
corEant presmme s fo miresced presmre the p=ton = pmbed down wih 2 sr2# force. Tha hat
bt 2925 expand dasio high spead of the mston) Durms the expansion, soms ofthe heat enarey
gansformad mio mechkameal work. If mzy be noted thet dunps thes wortms socks. both the valves
arz closed md the peton e Som TDC 2 BDE

Exhuuost Strefs: In the stroke, the sxhamst vahe 5 opes = the peton moves from BDE o TDC
This meament of the puton poakss out the mrosrts of compaston from the ersme oy bnder throush
fhe exhanst valie into-the stmoarhee This commistes the oyeleand fhe sname orivetar ready to sk
the frezh s zzan

Twostroke Cyele Peirol Engine: A tie—stroks crele patral snsims v devisad by Dushed Clik =
1880 Inthe ovela, the spobpn compression: sopamssen and exanst fale plaes dmrmes teo shokes ofthe
mkmmﬂimﬁmuwkmauﬂ:ezﬂa sy roenten of the o shsl A tno-stmks
engins ko ports msfead of wabves Mﬁemﬂan;:mﬁihﬂkfpmlﬁgmze doseribed balirg:

Sarction otame; In ths sfag= the ppton while sem= down toward: BOC, meone= both the tramaSar
port and the =chapst port. The fed falar mxfors flews min the ensine ovimdsr fom the oomk
raza e sheom m Fiz (2}
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* Compreszion migee: In thn stage. the pmeston whils mevme u, first covesrs tha tomefar pot and than
etharnt port: After thet the fizs] £ 'compress=d 3= tha pistom moves urrads"as sbovn m Fiz (bl m
iz ZE=s the wlst port opens zad Fesh foec-zw misture anters o (G crans cazs

dpom plug
- 3 Exhoues
Tramsier
fat P

iimint
gt

cearh

ZaLe

{2} Sckan {f) Compression {cl-Expangion (ot Eshaust

Fip Two-airube Cyels Petal Engine

o Expansion mage: Shorihy befors the patos reaches the TDC (diring compression stroks). the chargs
1= t=mded tth the help of 3 sk pies. i suddetde mvessss the presgre = tempergings ‘of
e of comtnsten Bt the solnme. prarteally, = comtnt. e to 2 m the pressme,
ins nizton popaskad dowmmard: wEL & sreat foree 35 shoum mTig (2). The bot oot gssec =gpann
dus fo beh speed of the wmten  Dhyrme thin oxpanson  somg of the hast anerey vodoeed =
tramsforreed mio mechanical wole

* Fxhaust Sizge; In this staze the exhanst port = opened =3 the pufon moves dowmw=ds. The
products of combustion from the sneine cylmder ave sxhauctad thronsh the sxlonse port mts the
gimosphere 33 saonm o p Dz (dE Th compistes the oycle and the eppme ovimder = r=ady to =k

Twosiroke Cycle Diesel Engine: 2 two-smoks ooele dissel sneme also has one workms svoke affer
ﬂ'rrrﬁhimnefiheﬂmkaﬂ:::ﬁ_ﬁ;ﬂﬂuﬁm::n! at:tm-sd:uﬂﬂ:‘hs-hﬁalﬂgmemﬁaﬁul
heloar
* Sarction stgee [n ths ===s the peton winle goms dovwn towads BOC meovers the trapsfer pont
gnd tha azhoust port The T=h ar Bows oo the esgme oylindsr om the crank éz2:5 25 thewmn m
E= (2
s Comprersion mizes: In this sta=e the ppson wiils mevine oo st 2ov=rs the rzmfer pogt zed then
enhanzt port. Aftar fhat tha 3z = compress=d 25 the miston moses mprwands 25 shosmn T by, Intims

Fusl injsetion
Valve
Exraurzy 1
! oo -
Tramafe =
poart L . -., Inzat
115 j

Cmnk
‘R

faj Budion i) Compraszian (e Expareian [it] Exfagt

Fef. Two-atiohe Cyitle Dirted Engine
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* Expansian stage: Shorthy before the paton regokes the TOC (dunne compreszon stoke}, the fial
oil &z mjectad wn the Sm of vary fire speay mis the engme eylmder throush the nerzls knewn =:
m&um'?}aaahnnmﬁz ich At thez pomsnt . temparghee of the comeroessad @ 13 snffoumtiy
hish to izmts the fiel Tt soddmnbe meressss the: pressure and tempestms of the produchs of
mm?:ssﬁd::ﬂs:mamMhiﬁﬂﬂﬂfﬁﬂkmmﬁdﬂﬂh
zzsam=d in be oot o constant presaurs Mbm&&imttb&mﬂnﬁpﬂhﬂnﬂigﬂ
hm&ﬁbﬂm&mﬂ:ﬁrh@@ﬂdafﬁepﬁm}}mgthuﬂqz-:mrm—ﬂmeofﬂﬁe
Emt-m;rmuhuﬁdzmmﬁhmﬂ&mmhmﬂlwﬂ
. E:hmtﬁhg&[uﬂ:ﬂzihi&themipﬁﬂﬁnp&d snd the pmton mevs donmwads The
podmﬂafmmhjmﬂﬁmme@m'}indﬁxea:hmmﬁmxuthﬂMMMuﬂu
afmrephare 3= shewn 0 Fiz (d) This compistes the ol and thesnrms evlinde & read to surck
he 2x 2gamn.

4.4 Comparison of Four-stroke and nwo-stroke engine:

s

!..u

Fuﬂ-sh'n-he suzine

- Foor du}zqfthﬁpmnﬁan:ih_-: reohitons - ue !d:mkzn*rh:tp_dmni.ﬂa

of craniciail

Twn—nrﬁh Egi.u

revoltsw of crenisha

Ure pow= simks m s=ryvtue rnishoms of Oine poraver siroi= m esch reohition o

cranksha®

craniabaft

Hezriar fivwhes!l dpe o noronferm  Doashter fygrhes] o= to paose oodnem

trrEns mies ot

tETmE movenen

4 Fower producs s lsss Theoratically power jmodnce 5 traca.
than the for-strokes snems I aome sz
3 Heayy ang bolly Lipht and oompact
&  Lascor coalepand hibricgtion raqorsrmenity Gtestsy  gooline  ad Iobricgten
5. Lesesrmatzolcz=andtsx Hick=rme ot v ared e
£ Conmfames vahee =nd vaie mechomam Comimns ports arrencemant
10, Vobhmmeine =ficierev & mora dusto srealer  Volumstre efficserry loss disto loszar
trme of mdnehion tmme of midreton
11 Thormal effieiency is kick and 35ha port load  Themal=feieney 3 lovwrand part load
Efficsenay = baftar Effiviency = leszes
12 TE veed whas efficeonci 1= importsnt s wmad vere v et sempariea=
and hentweistE e prportas
EMEIM=s, 3570 DlEnes, power seEEbonsfo,  mopeds: gropulian ship sie
Com of ST C1 engine:
Sl znzine CI znptne
1 Werhne crole = Do cycls Werbms cvele = diss=] pvel=

o Petivtor zaschee ormeh oetane el iz

smed

F-Hk - et tetipershns
4, Toel and s miredneed 2= 3 ga=aom
mxhme in the motion droks:

Trrotti= controks the gumiity of medtore
irdrachyoad

& t.'uuf_spﬁ:_pi:g for Erton sysiEm

Diez=l or hick cotane feel i mad

Laovwr self-1zmibom {emnperdtars:

Foel 5 myerted duectlh mic the comimntion
ehamber 3t hish esnmre atthe and af
comprasaoT soke

Intector and hizh preszm=prmp nzed to
suppiy of foel Chamtdy of fzalrescist=d m
g

Salf rermtom brthe compre=sen of 2 which
mrresssd  the {empestore requred fiox
Combusten

Page |
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7oCommsmrn e s S0 103 Commr=ammto = 4 20

- Hizhet mmomnm BPA] dus do lewss Lower maxomom RELE

weg

9 A G sffcensy pwerdne t0 ey Hishermesominm ethoiency dgeto hizker
ooTETeen s ComITEaIan IR

10 Lizhtar doe to-ower premsnre Haginar Sneto hizher ore=nne

POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER

L Define [.C. Enzine, [W-101%3
~ne 1he engme m which-the combmsbon of fusl takes pizcs messe the sncime cvimeder thenthe cngme &
ewrn = mzrem] combostes sneme
Exznmls: Pairo] enzme Thesel snmine Ga= enzme sie
+. Define Swept volmms.
Ame Thevohmee semapied bi-the wiekme piston whan trecslling from the ons dezd contre to the wher i
called sorept oimme and sre=n =
VFi=AxLE= E:‘EEL

3, Define Dizad Cautre.
Ans The posvtwn-of the workres orion sl the monoe parts wheh = meclanics Uy connected €2 & ot the
momsEstwhan the dosction of the mston moted & reverssd (at sther and poust of the strokee) iz valled Diead
CaTTiTE
4. Defins Stroke Lengsh. [IW-2020)
Ang: The getencs throush winch 3 workone prston niooss betwean twe succsssmve r=versals of o= dracnon
c-f::.-nl.i:nua]itadstmh

£, Clazxify IC ensine sccording to the tvpes of fos=l mzed Tw-2022]
Amy-TT stigma elsuarfiod mecordime o tha types of fiml nusd are e ime dieal TBG il THG
6. What &z the genificance of ocians pumber in IC snsine fuelw-1002]
Ars The hyzher the mimber the batter fhe Bl s wathun the enzirs of 3 vehacls
7. What iz meant by compre=zion rafio in an [C Exgime? [w-2021]
Amns- It = the rate heswream the vohmms of the cyhndsr vth the p=ton m the botiom poaon Vv [ Er=es
volms ) and i the fop posadson V., [EmeHsstrohoms)
8. Define a heat EnpineT [w-I0211]
Ann- Tt 53 d=vice thst convert tharmst sperey infe work The themal efiesey ey from 2 temp differenre
st = proaided br = bot 2nd cold resemmn
& Defing Tharmal FficienesT [w-2022)
Ans-Theofficiency ofhaet eipms measmrad by the rzho of the vwork Sosa b it to ths hed supphed to &

POSSIBLE LONG TYPE QUESTIONS
1. Dezrnbe the workine principls of:-
* Four froks peimel spsine
o  Foorciroke dissa] ppeme. [We301G]
*  Twosmoks patro| ensme.

‘Twe stols daisl eme

= hfferentinis Between: -
Four groke and two shoks aneme [W-2020]

» C1 and 51 enzme TW-2019]
3. Expluin the workine of a four siroks Enpine. [w-2011)
4.An enzine nzes Okr of fuel per bour of calomfic valoe 41000 &y ks ITIP of the engine 1221 ow and
mechanical efficiensy i 81%. Calrnlsie
L Indirsted thermal effiriancy.
III. Brake thermal eficiency.
2. Expluin the workine principle of two atroke:s and four stroke 5.1 Engme with near dketch.
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CHAPTER NO. -
AIR STANDARD CYCLE OR GAS POWER CYCLE

Learnin fectives:

o FI Camor Gele

s 3200 Cyecle

» 53 Dissel Cacie

o 5.4 Dunl Cyels o Limited Prasziirs Cvele

5.1 Carnot Cyele:

o Ot owdla b an wd=al ovrle 20 adopted Fe an idoal bt sine It toenish of tire mothermal
mrosssss (Erneson #d comprmeainn) and oo adishete procetites (epamsion and compression)
ﬂﬂcﬁmdsiﬁim#thm:&:ﬂ&duﬁapﬁﬂmﬁmhﬁh:ﬂmdﬂ
cover Bead =3 eood condoctor of hast The bat bedy &t 5 higher teirmerstore & -wousht in contact
with the bottom B afths evimder. The evimder = fitted with 3 weshiless and 3 Sictwnies peton.

. mﬁmﬁw}fﬁam&EﬂﬂxﬂlmﬂufﬁlﬂﬁﬂmﬂjhEHupﬁhhmﬂ
the effceney of bed ancme =nd mmented the Comer oole: The presmeawlome (pv) and
Wq;ﬁﬂﬂqﬁrﬁmmﬁuﬁi

LEINIRe EEL ]
il a1 A
LT e R

From the sbew= twe pv 3l T-5 ooph, the hormronta] o repwseds tohne Y ol avtropy 'S aned the
veical X refwessnts preszme poand temperstmrs T Lt enzmme oyimder comtzms m ks ofar #
orEmal confthon repreasantad by pomt | on the paand -5 desame At thes pomt lst g, v ad T) be the
pressurs fEmperEurs and volome '

First Stage (lsothermsl Expansion)

Hot l:'m'-.n'

EtmE ] —— -

f | =
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-:rd Bty
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piton and the pre<zurs {tempearshos; —éjlmsuftheﬂﬂ—lup:mﬂlup_T:udl respactrosly. The bottom
B of the cyimdar cam be covered by an meplsims c3p Dorns the movemest of the pisten the heat ) =
suppled o the pefect =20 and the 38 oponds lothemally kespms tempersture T constant unril tha
voliwe v 2nd pressure o Tha hezt supobed by the hot bodv = fully absorbed by the ar and = ahileed by
dunE:':IEuiI?mu'_En kagt n sppled durins thiv process & sgqual to the work dons dornz s proesca

The sethenmal expansion & tepeented by thecure L2 anp s and T-5 disgamn

+ Heut supplisd = Work dons by ths sir hﬁng.]mﬁl_unllimn
'l.
-z =p:mlog, f :\]
= 2.3mRT, logr {r = &xponsion ratic = v, /v, ]

= ey = mET; )

Sinrs. theys m me clips of popagtars o pomt 121 as (7i=T:} 3xd = per st bo of themadinamics
mtern=] enereyv-ie alsg mees (F={)
Second Staee (Isantropic Expanvion)

Hot Barly
Beagw (3 A ——
|rred=iine
Lmd B A A
Al Expanian
Cioli Body

Asthe pizten mores oufward, the z3s sqpode adiabaivwall vl the mwessore p. volome o, 2 tempersturs
Tﬂﬂﬂ%ﬂmﬁmﬁbmﬁﬁmﬁm&ﬁm{@Ehmﬂ
contet In e process thers = oo mterchanes of keat of the mremding zazes () = §) 5o the mechanica]
work hes been done by the myefom only o the sxpesss: of s ol stergy. The-revendhle zdubati

axpamipn & reprssanted by the oures -3 onpy d=zram

S, decresss b internal ensrpy = work done by the sir dorine adisbatiz expamion

prt; — vy mET; — mAT;

Wi =_r— i - ry—1i
mR{I,—T;) mBET,—T:)
= —1 = e (=T =Tz}
Theckanze of imternsl enerer F = - W (from 1" Eaw)
Third Stsee eérmal C -}
Hok Hondy
— Tl | LA 1
—=
i el 1 11
C i H H I"..-
SHEE Y
‘f IzaltimiskCisripiessiin
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Tiow the meton mores mﬂﬂnﬂﬂmﬂm_n.plf = ko removed from the bottom of the evlinder snd
brm= the sold body m s :uﬂﬂ.&maﬂ@m&dmtﬁﬂmﬂ} k= in= temparginr= romstant Ty from

nky l:rmaan-az nomt 4 temperatore T, = &qual T- 'Elm=nﬂrh£n‘ﬁlzjﬂm=_rltnﬂ1h:~ﬂd5n&\ = eqml
hlhzwn:::dﬂﬁeanﬂiam The mothermal compresuon morve B tepresantzd by 32 on pv curve:
= Heat Bajzcted = Work doue by the air danns Listhermal Comprezzion
Q-2 =:|=:1'-JI=-H1=..1E
1:5 _
= mAT; log, | =] (= pavs = MATY)

Ly o2
= :’_Emm'slﬂgr L = compreivion rafio = Tyl W)

Hmﬂ.mg.‘-_!uﬁntln.ﬂmurg'E=ﬂ

Fourth Sip=e (I=ntropic Compres=ion!
Haol-Bodty

1\ =  Eigme (8-1)

-
BT =
| |8 IF-:\ F A
—i

_.P' Adinbeth: Compitesskar
Caildd Body

Mi&pﬂ:w&am,i&gﬁmﬁuﬁﬁjﬁﬂﬁmﬁﬁﬁﬁﬂzﬂyuﬂ&ﬂpmmy*
tolome v, and tempershore T sach thet the === retom to is ozl condison te complste-the Conet oyels
mnd mmsnisted cap [T 3n brooehr i contect with the bothom of the cylmder 3 The tempersturs of =
m&ﬁm;;&Tzﬂmﬂu:&mﬁdmr&eﬂdh&EE{%:,Themﬂcﬁntdt

COINITEERI0N: = Tepresantsd by the curve 2! onp—and T-3 daEzram
S0, Increzss in-internal energy =work done oo the ziv durnng sdiabatc compression

th¥y — v, mRT, —miT,

Wiy s= =
Tﬂ!'r—l _T‘_l r.n.ﬂ'l[fi—'.l'li . r’:r
r—4 r—1 3

Work deoe and Thermal Efficiency
From the shove discsann, o 1 s=an thot the totsl mi=m| ssemry- decraps in remrmhls atakabir-=rpenoon
shown o curve 2-3 = 2qual to the moresse 10 anternal snersv durme reversible sdisbete compresson 4-1
Ea, ﬂ:enﬂ'z&a!ﬂuwhnhfmﬂ:ﬂ:ham
Work done,
W= He::rrnpphr_d Heat rejected
=2.3mRAT; logr — 2. 3mRT; logr
=L ImKRlogr{T; — T3}

And Carnot efficiency,

B M —
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From ths Camat cvels effirsmey eqmatiom T B mrewe than T For the wmlls vatie of T, the thermsd
affimiery wall be maxmamn Thats whs Camst ecrle ks hisheotH tharmal offietotey of all ket ansinpgs:
Notes:

o Froim thi ghovs spuntion we 2 thet the sFoimey of Cormot 'z spole imoreates a2 Tl mersses
ar T3 @1 deevessed In other words the heat-chould Be mizn & ar ax Ideh o ompoanrs ax peiribls
e rgerted ot & ol & rempEranoe o porsibiy Jf ey Bronotdg that JOUSS gficimey cam pe
mekizead only, if T; reaeke: obsplute save) thouph irit iporsitle fo ackisis T prmerrice.

* Iﬂm:&mm we. hme miew i =epeaney of zotnc 1 D ’4!.‘.!-1.::]' =TI
ard T, fespectively 1 order 20 Eeep rimibarin berisow Conpe ovels and other eyeles. Sor zome
muthors take T (For poire: 1 aud 2} ond L2 ifov pointz 3 amd 4) In thor s chay obmin e
FRlaTToH fOF Sifcianey o

= _rz = 1 T:
L T
W ' cam't be i motum] B

e Ir eam be wored thot i & Sifficult to meiE the wigme working on Carsiot ' cpele The raasons for e
o & phut the irotkeomed epancion - sl e 1 be carried out vy How 1o ewure thar e 2o
Eahtqnﬂw _ Sriferfy. ﬁEM:MHﬂ}mhﬁffﬂﬁﬁdm
&y sinw Be reverzible .:.th]!mﬂc apaewion - and vevarnible adiabanic eongerestion 4.1 sheuld
B crried o 2 quickly & ponzibly mndﬂ'ﬂmﬁﬂﬂm’mﬁ.ﬂ:rﬂuﬁm fr.s]mnumm'
rudden changs: s the moesd of on expine ore mot pecrible in acteal practics

® dniqpmmb&hmka{udﬁmﬂﬂaﬁu&nvh&um:ﬁ:nﬁwmﬂugmqﬂhﬂym dne
elio kant Tozrer dus o coniduction rodiarion e

o Th fr o ifffewir oy raniice Coenor & smzine in ocnml procnics

o Foismver, mmch gh imagingry ensme t wwed o tie iy randsd of compariion of all Bea:
smEmes

Froblem — 01- 4 Camar mugine working boovesn 650 K and 316 K, produces 150 &J of work Find
thermel efficizncy and hest odded during the process.
solmor T-=63 K T:=31{1K, W=13kE

We koo that thermal =ffcishey,
B e PO || (R
A=T5 = gm =0513 =333%
Hew added curing the procssi
_ T'Irc:r-.:u:;aa' W
s Hem=:.1m:u-:au ¥ P
| o
¢ Qa=—=I T —zasak

Eroblem — 02: Ao cdeal angine i3 magined: mhwwhumﬂmﬂqd:. The worfang flad recerves
hess ar ¢ eeminerorure of 790 K end rejeces at & remperarurs of 295 K Find the theorenieal officiensy of the
cjets, if the augine working ow thiy eyele shsorbs 35 %7 of bear pir zecond from the hor body Calrulose
iz rat work donztecond
Soltion T, =3 E T:=203K.Q, :=33kl5
"2 know teat effieney.
Tg—iz  35%0— 1‘!':-

S

3 ?gﬂ

=85 = 50%%
Net vuork doss per zecond.
‘e oy thas
Weork done W
0= o
. Heorsuppiigs @y
5 Wo=nxQ, .=85x35 = 175K/
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. Problem — 03: [a 2 Cormee ngine, the mmperatws of the source aad wnkare 790F € and 50 Ths e |
srmply EE#ELiFninhrpmdrﬁi'npidh.ﬁ:dﬂ,gmn_ﬂ':ﬁfnug}erl.mrquﬂmu?nHﬁ"f.ﬂli:ﬁ!

kaar wpply and work done are 420 Hﬂﬂﬂﬂm@ find e sk somperamre.
Solition T) = 700" C=T00=T3 =93 L T:=50' C=50 =273 = IBE Q=Y

Pomear developed by the sngms:
We k- it effiencr,
=T 973—=31 :
= ——= 573 = LEEE = EEE5S
iy i3
‘2 slap kmove that =fficisnes,
.'.-"nrh:f.ﬂr':e.' _H"
R= Hanﬂ.'.pphe —
= W=nKg= 11553}:3-1 SE112k]/z
= W=5L56113xW¥
Zmk JengpergnE s
Hue T, =30 C=50=13=T13 . Q=40 - W=M0 kF
We krow that efficiancy,
W 260
We abio Inow that =fieency,
T:—l'_:, Ti
= == =1 —==
£y _ 1
— — iy
== T.:.-'E.I-E—- =
= ==1-047%
= T_;:ELSE'-'E X FFI=S0E0EZ KN = 405 H or 1337

52 Oito Cycle:

» Otio Crele 5 the ides] eyels dor the spark-rendion smes wheh & nared 7 honee of the Germom
pnminssy prrsad Nilolzus Otto whe mads =y biz confrintion to tha =ohtisn of the wremsl
Emhmhﬂﬂ!ﬂ_ﬂ'ﬂiﬁﬂr_ﬂl

o  This it the iaal e %= for Spark Emibnn eneme §t 5 3ko inown 2= comstent volome cyele 23 kast it
recerTed 25 = corstend v

* Dﬂﬂﬂﬁb#:l—pﬂgﬂ&ﬁh&ﬁhiﬁ@tﬁﬁ!gﬂﬂﬁ:ﬂﬂ{ﬂiﬂmm
moeesa) and 2 Eentyoper procsesss | constant ewtmny proeesa )| Thess 4 penessses e 2= olows

I e e &
3 B ceatidn e DRl
M Ty et

V ai sowwber smes m) jiesms

LR L e [T S A T

Frocem: 1 —2: Ieentropic Compreszion _
o A @ ropepresad inthis procss revernibly and adiatatacally
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PL'!_:I!EEI Ehmﬂmdﬂul
* Hﬂﬁﬁﬂﬁhmrm&l;‘ﬂmﬂtml@am!ﬁum
Froces; 2 —4) Isentropic Expanzion
* Work i done by 2x in sxpendine resarably = adioharesth 1 this mrocess
Procesz ¥ — 1: Isamefric Rejection of Hest
* Haat = than rejertad by am reserchly ot constant volume m this arocss: and fhe system somee hack
& itsimiti=] sate.

Efficiency of Qtio orcle:

L= "m’ be the foced moss of s ond=rgoms he oitis 0f operabon 3= gesoribed zhonw
* Hot=ppled § = G s=me(G -7
¢ Hostrmjarted O =@ = me (T — Ty

* fmml.!lquu:—-_tmaaeﬂnl,

Fr

4 f_X
now

= T_q=Ti"4
1. i

= S5 _Ih
o h

=N T..—:;zr._[r_:'T_"
s T B

* Substiitms the waine of ;tu== ‘1; meqmﬂnll'lnnh.n%
i 'E
o

n_l_{rJ

— —gnt ot

T Hathe = Tt

Whee ry — compreszion rafio — :,_‘
— 0% fm o '&nqﬁﬁem"ﬂﬂumuﬂﬂﬂqﬁﬂm“ somprerEon i 216
K zmif 596 K respecovsdy Desermoes the air smadord afficesney and cowmeorezsion s, Takey=1.4"
Sobtion T, =16 B T: =59 K y=14

Congession Fraio
We kmow tief for mentropy cormereszpn retn,
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ﬁ il l: ::l} =S
e
=) {.,..{;}L'-i.—l ;i;_::
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A zrmdevd gfiicienny: '

We lmaw the s standard aficsency,
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=i GEme
={AT7or £T%

Problem — 02- The effictensy of an Ome eyele v 30% and 3 =15 Find die compremmen rane
) I:I:u:m: IT_="'|:|":=E_ ¥= L3
[ &

e nomy hnﬁmﬂ;nfﬂﬂnmﬂ&,
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I
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I
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i

Froblem — Mﬂmmﬂmn;mﬂlmmim_ﬂ‘fnmﬂ
mmlbum]ﬁ:pmnu “har im an O eyele smgine A6 IT of hent por by of air iv mow added
ummmmmwmfﬁrm@mﬂﬂumﬂﬁ
f@mfﬂmﬂ;&lmﬁﬁkﬂrnﬁnM_wafﬁwm, C==1 by kand Cr= 0707 lyks
Soltion P,=lbaw, T/ =70 C=0-3T3=3K P =Thr. Q =0 =460k}, =1 B kand G, =
LT hkEk

Coneewezrien rorio of the ar=jne
Wa ksow that, v —E:W =141
Fer mentrops comprassion proe=ss (1-1),
* _ (P Sy
o _:1}
= =17
== =357
I EPRpETRTUrS 3T IR NG ﬂ':w
= peniyome mmmgrm 2
T1 'l'j 1 -
—=f— ={n =t
Tt [1&) rt}
= {—1 = (ag7)ret
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| i ey it et it

5 -E-E# l:-ﬂ'i'-'ﬂ-'a'"f!' -E‘l}"l,i
= -604=rn

= G=o—+a0d

= 5= 1256 R or 9RE°C

5.3 Diesel Cyele:

. ]himhamdatﬂdﬁﬁdbgﬁuﬂn];ﬂiﬂtmlmlﬁ withy an ez 10 Stam 3 highe
thermai effimency, with = K=l comoressom rshc:

* Tins 3= the msal mycle for compresmon Erton snems it 25 also dmowm 3= comitant pressrs cyoie 3=
bt s reparad 3t 3 constont prassare - ' '

. M%E:#Mﬂﬂﬂf&&ﬂﬂLﬁEﬂﬁﬂﬁf-EmHnnﬁE&mﬁmm
procasa ) llEhEI_prm-E.gEﬂEhEImm&;ﬂﬂlMMgmmm
mroesss)| Thase 4 poesssss =ra =25 Snflowy

= = - I . -y

\'—!‘—-———-\. '.i-_‘

F & it T 0 Qimgr i e ol S [0

Procem: 1 — I: Isentropic Compressinn
v Ar e compreczad igehfrorecali o tiis process.

Process 2 - )i lsobaric Addiion of Hear
* Heat = zdded to 2y Gom mnexternzl sewrcs reverubly & constand pressure m thas process

Process 3 —4: Izentropic Expanzion
*  Ar = then exrands fsntropiealh m the proeess

Frocesz 4+ — 1t Isamemmic Bejscoon of Hear
# THeat = reactsd h-rm::?ﬂﬁ'?ﬁ- E::Elﬂhnfw_’:uﬂm the process and the crele repesfs dsalf

DHezel
La “m’ bethe fixad mes: of ar undsrgome the cycle ofoperstion @s Geseribed shota
* Heatwmpphad & = Qg =megilz—I:)
* Hetreosl G = Q= me Ty — T
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— 01 £ dirzed emgines hay 2 compraanon rans of 14 and cur off mkey ploee at 6% of the nroks.

Fmﬂﬂtmm&uﬂ'qﬂiﬂm]ﬁhrfnﬂrul{

Solshon v = =‘-{- =14
Em&ﬂn:niaﬂ’hﬁ_phﬂ:lﬁhﬁlﬁshﬂzﬂ&!ﬂ'ﬁ&.

vy — vy = 00808, =)
e —ws = 00804 — )
rg—vlzﬂ.nﬁb-:l.-at—;
vy —wz = 07w
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We bmrw- it =rstandsrd sfmeney of dissal cvela,
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i 13 =1
T = 1— =y =, =
¥ oe—l
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14 "z404° 179 —3
= 0605 or &L55S

Problem — @2- fa an zir sanderd dicsel cycle the comprenson rute & 16, and af the beginning of the
CHERITSmE congrersian, the emperamrs I 15°C and ﬁ!ﬁﬁﬂ?ﬂﬂl.’:ﬂ’l The ket iv aifded mnnl the
semiparature ot the md of the cosstent prevnwy procesy v [480°C. Caleubaee — (a) the eur off ravis (&
Hear mmpplied pav kg of viv (o) The cyele sfficiznsy (d) The mezn &ffecive prevaurs (2 ). _
th:!:lu-n_r.,—'——.ﬁ-:l. =l I3 K =0 AP =100 K T- = B 2T3=1733K
Weknowthgr mproces 1-2

1],':'!

ATt -
={~‘- = 1eF4 =303

iy ‘I-"'_;_l
= T, =388x3.03 =573 %
et The rat off raits:
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L 0O
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¢ The mea: effprmmee pracore fmes -

Wa knavr that ot wiwk doms.
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5.4 Dual Cycle or Limited Pressure Cvcle:

s | p diffienli to achiere comstand volnme hagt sddmon m S0 mpames (s ceclel 2ol semilarty 2 3
far froem reabity to achisve conshant presse ket addition n €1 sw=ine (Thssal cyels’d This 1s dus
0 = certam amoomt oftime regumes to compiste tha combnston =fap

* T@m‘m&s.&im,ﬁﬁﬂlqrhhahmﬂuﬁﬁﬁﬁimEanﬂﬂﬂh
mieke and Dhesal ol - - N

» Inthe mwls 3 part of hazt-zddéon tskes place v 2 constant volume mode snd the et ooyt of hast
aﬂﬂmnnlzplufmicuedzﬂ:prﬁm&muh

Procesz 1 —1i
o The process | — 2 & the mepirope conprausion of tha air in the eylmder whils piston mirves fom
the bottom: dead centre (5D to-tha fop dead confre [TUC]
P:ﬁnml—d&!—r-l
¢  Durinz the procesa, 2 — 3 Fostthe bast £ supnled 3t 2 consdant ~=hume and then the famemms oot
of bozt will be added 3t the constant presoure proce= 3 —4.
Progemd =5 &5—-1
" These two proceszes 4 — & & - — | will reprezent the sentropyr sxpamson (Perton moves ffomthe
Tﬁ:-ﬁd:ﬂﬂ*hﬁ&kﬂﬁﬂﬂﬂ:ﬂ:ﬂﬂiiﬁ.ﬂﬂ:ﬂiwmhtmrﬁﬁmﬁ
Thermal Fificiency:
s Thermadvramiraile the sffieisnry of the Dol evcle m =i by
Wark done liy the system
Jtee stgaplidn to ke s ydbgnn

Alishal =

o Work dona by the system (W) = Hast supphied (Q.) - Haat reactad (Q4)

= mil Te— 1)
gy =ml Ty = ;] '-Ifl'.'HI.J| = Tyl

Mk [T = Tyl = mpGpily = Tl = awkplly = Tj)
= M, = !... T l"l.-rr_.r, = .|IJ :
i g iy = )
Ty 1 |:I'_,_=- T-_-i-lrrlt'.‘- :_1|

* From the processes 1 — I

Wherz r £ the Compressiion Kate
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* :"warmﬂ!prm!—:i canstart Volome process .
Ty
—_— i —

F
Ty = r‘.]‘:;:.'] o Tymr =il

(Sulstiuted the T: m the sbiov= =pmtion)
Whar= r, & the priessws rafic o the constant volumis process whick & sgoal to the PUP:

* Trom the 3 = 4 Compstent prevems procsss
LY
R
/
Ty = [1{1_;] = ir = I"1f..-1'|..|"'“-”'

(Substduted the T & T o the shovs equation?
Whare v, & the OO rats m the corstont pressre prc-tesa.:ﬁ'hh:_h_zqmltn the ViV

* Fromthe botropes process 4— 5

L
W
i i S
Tl..'l,trr'lj
!
VLN L
—_L_—-—I|'HT'-—|I_T "IH:‘.II",';TI"J
L L T L

1= [ F e '-“[%_li-”

¥ = f.l“n"
(Bubaruted the T, & T: & T m the abovs aguston)
o Lad's srhetmmie all thase gheve soghone o the mem afficens samtion

= s . ,
s Ta= T51% pifa= Tl

. , Firs® =1
Wdiniaki =}= E 1 ¥ I - -
[Fmat s =P e T =1 =T ="

1 rrlir - I
Marieil = ¥ =355 (=85 i = 1}

From tha above equzhon we can observe that the sgine of r5] resitls m mereaced zffetssey for the sivan

vahe of Foand y _ . . .
Wh!&_;.=l then # will Zr= the Ofto crele sfficieny and with tha r, = L o il zive the dissal ryels

sfficency



| Problem — 01 An air mmndard dusf eyele s 2 compression ratio of 16 and compresmon bagins ar § e
end 50" C The maxtmum pressure iy 70 bar. The heat oranyfinred o eiv et consinng previre i aqual o
phar ef gomeeant volumes. Fommate —{a) the prevrare eud resperanery af cordmal poprs of the oyele () che

crele efficiency (o} the metn sffective prevoure of the cucle, mbe for ar Cr= 0 715 kiky K. Cp = L5605
gk ]
sumfh_ 216 T.=0+2M=3K p =1k, p =0 bae, C T K C=1.0587 b K

fa) Ihmmm‘s and eemmperature ar cordmal potney of des opele:
= =1
ﬁ-"_ﬂ-huwtht_:,—i — [EIIIl = 15%4

¥y

= Fp=329%16** =970k

Weshelnow i, =& [:—tf = ix it =485 kar

Aﬁ!.?}_:!}ff;}:???lé%:lﬂjx

Heat added 3t constant tolmms: P = C,{':!.';' =Tz} =0 71811413 =379} = 313 & ko

1":!'_"“ q___l. o -'FI.!J—l e E?{Tﬂt- e IE;I
< Tg=x --r--—L 1413 =31723K

'I:;I'.]-'E-—r:]
Gl T =T3) + 0T — T
171.&[&‘[:.—!2:
312+ 312
0718 x 292
eI
= LE&S or 6508

fel Tke mean effermive prevzur= of che ool
Ve by ikt ot ok dome

Wit = @4 % T
= £24 % D.6ES
=41489€ 5 /5p

Weknowthan

T

5-&:':=3- — —D.ﬂaﬂmi;':;

TE
-, Birake mlm.u_ v, — ¥ = 0.527 =0.058 = 0889 'm= lp
‘i'i.lgi:m:m et

=



gt =n*1£'-eu=t‘.un1f A
i P
055 = 7.5 KPa

Ca i Otro, Dissel & Cy
* For:zame compression rafio and hesf rejection

From ths ficw=
1-2-53 5o oele
[-2-7-5. Dhizsal eyele
1-23 L% Dzl cyvele

= represerted oy

Arez under 3 -6 for Otte oyele

Ares under 2 =7 — £ Dhezel vl and

Arssumder 2 -3 -4 —» Sy Dol cyele and Q) i sares Sor 38 this oyl
Mot = Hpet & Mo

*  Far the zame meximom prez=ures and (EMperaiure

¥ A &

i} imi

From the fiem='
1645 Otto cyrle
1525 Diessl evcis
J-2-248 5 Dhalevele

Q: 5 reprecanted bys

Ares ander § - 4 = Otte cvzle

Arez imder 7 -4 — for Biewsl ovele and

Arsgmmder 2 -3 -4 — for Dugl czele and @ s same for 21l the cyeles

Forthe same manmmm prassure and temparaiure,
o] 3"5&;::'. F g
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POSSIBLE SHORT TYPE QUESTIONS WITH ANS

1. “‘h.ﬂuﬁzmd:nﬂ;rﬂtﬁqudﬂttn:}th“
AnE fagey =1 —= -- -

L e
Whare, vy — compreszion rafio =
'if.h.llm.lilwd:lndlrﬂeﬂiﬁmqnfﬂmlqrd:

- .
F - a_-\_

JIH"

AN Plejpey —1—

W | g

" e =1
Whese ry — comipression rofic — E

r- = cut of f ratic :?:

3, What &= the sir standard efficiency of Dual cvcle?
. Y
AL My = 1_..'. :__ e, i:.l_ "':"'. -r _-_:,]

e —-|_|:l

Where, rp = compression rofio =
r- = cut of f ratio =E

f'. = consiant rolums FrELTmrE ratie — B

Eu
b

POSSIBLE LONG TYPE QUESTIONS
1. Explom =iy about Camet cyele i the belp of pv and 7-5 dezram and derres an sxpreston for the
tmﬂ:ﬁ:mvufﬂtrmt el [W-2015] f=-2020]

2 Explam brisfhr sheqs Thte ovele with the lulp of prand T-8 diasram and defie an sxpmevion &1 the 2
saniard efhceenoy of Ute ovie [WeaBd0], [W=2019]

3 Prxpian brefiv abot Dhessl cocle wnth the bely of pov @na TS dE=gram and derrs a0 expresaion fof ths
mﬁnﬁitﬂimvafﬂl&icﬁ_& fw-2023)

4. Explam briefly abour Dual eycle nath the balp of -5 and T-5 diogram and darre an sxpressaon for the ar
smidsd affrwnr of Bml ovels

Probiem —U1 In & Cornot engoee, the tonparature of the soures and sk are 008 C and 30¢ €. The hear

ngply o 84 klis Find the power develaped by the sngne I the teoperemurs of sowee & 500° € and the
hege supph gad woak doss era 400 kF and 200 bF remecrrvedy. find the vink temyperense

Frotiem — 57 {cmqmm-qrmnnmdfh:Ldeﬂ'Enm
meenmecally until der prevsure ov T bar in an Onip evele sngine. 360 bJ of keur mer ky of air ir now added
or eorsnng volume Degermins, (§ comgrresmon mo -of the: mgme (0 esperwnee ar the sand of
coamprenton {irl ponperarure of the eud of hear eddingn Yok for aer. G =T kpfg k and Cr= 070" iy
s

Broblem — 03: In an sty wondord diesel eyele, the comprzenon roio 13 18, snd or the boprmmmyg . of the
LnEmITops mn,lhlﬂgumm:nlt‘f:uﬂthmuﬂl MPs The heat iv cdded uneil the
temperanirs. =f the end of the :ﬂﬁmﬂpmﬂrmaﬁuu-f-fﬂfﬂ Caleulnge — fa) &rrmqffrm:q}fﬁ.l
Hest supplied pav kg of mv (o) The e efficeency (4l Te mezn effecere gresvure (meep)

Pmitioam — ﬂ#.hmnﬂnd&nﬂquﬁm::wmﬂntf!ﬁmﬁmmnlbu
mud 3F C The sy presyare v 0 -bar The kear ransfored o v af commans pressure v egnal m
hat af consant volume Estimate —{z) the preszire and semperatiry at cordinal penn of dhe oyl () the
Eﬁ{tjﬁﬂm fc) the mean effacrive preswure of the cpele mbe for s Co = 0718 kg K C== 1603

sze | 53



CHAPTER NO. — 06

FUELS AND COMBUSTION
o £J Defime Fusl
e .2 Tipes of fual
» §2 dpplication of different tvpez of fuel
» 5.4 Hoating valwer of fusl
e &3 Cuaaiiny af L.C angins fils Oclamse wumser, Cetarns numbsr,

6.1 INTRODUCTION:
» Defmition of inel;
The fiue! v be defined 38 5 mibstines winh on bumms w3th o3e=nm the smosnherie a7
p‘ndmcﬂlhrremﬂm-nfhnzt The amomt of heat zenarated = momp 3¢ calonfic wahee of foal
s s the prinriogl conetiierh of 3 fiel e carbon 3ed hydrosem therefies :lnﬂa-aknﬂwua
vdrocarbon -fuel

6.2 Types of Fuel:
The fuzls may be chsfied mio the foflowms three sensrs] forms-

| Sobid fuel
Lizgwnd fineis
Casecus fusly
Ea:hnfthﬂsefnmm:rhemﬂhﬂsﬂbﬂr:ne&mmm&ﬁﬁ[ﬂmérmng&t
x Xatoral feal
b Prapared fuek
6.2 Application of Different Types of Fuel:
Solid fusls:
*  Song-fie] refers to vaous forms of sobd matenal et can be bt tn releses angrey, prooiine hegt
and b=ht thrmmsh the procsss of combostion
The rxinrsl sobd fsals 7re wood. paat hemtt= or browm ceal, biommam coal and anthracire w6ial
* Tha precared zobvl foels ave woood charcoal coke brigunstted coaland poharmed oozl

had ok st

Wood:

¥t carsme= of ramily carban and hydregen

Ti= nood i corsertsd mio coal vhan burnt in the absenrs of 2

The =wrezs Slnfic s of the wood = 19700 Ioes

Uzea: It can e used for cooioms and hestme. nd oocassonally for falims stegm snEmes and sfesm
tuirbivess that senerate sloctricity. I reay be used ndosrs mz fames sove o Brapbcs o cmdoors
in ferpace cumome, O pouiTe

Fean
* It = asponey b sibctancs foand m bogey land
* ey be rerarded 3s fhe frck staes m the fvrrtion of coal
. hb&ihpmafnﬂs':mﬂthﬂ&uzﬁiiﬂ be dried before ma
* it s = chEnctaretes odoor 2 the times of bormimns - and bes 3 smoke fame.
» Ttz yreass vuloeife vale w BRE Eie
¢ Uzes: Pazt 5 imad for domeste kaotmz parpossd 25 an slisrme to fmeweod and formss 2 foe!

mapie for poder finne m ether aguetied or oohenzed foom Fext & 2izo osed for howsehold
cooking m some plagss and ks besn usad to preduce amizll amimrdy of dlectnetty. [n hormibor
pact = mad 1o ncreaes the mostore-hnidme czpacity of sandv snsls
i
* trepresenfs {Be mext stape of peat i the coal formaton
* It contare naarky 4% of mowiurs and §5y ofcarbon
s s somamr cabaife vilee 5 2500 Bl
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Uzex: It = sm2d m povesr plants mom by for electnordy steam producton Bseamss of #3 zn mostore
content and e heat charactenstics liswrs s nct feeaibls by clappme. and 30 lisue= = boread close
to the plare & = muned . 1t = 3ho wsad o semersle oymthedy nafwal z2: and to produce vampus
Srhilizer procucts

Emﬂﬁﬂﬁenfmﬂﬂmthiﬂmﬂmm Iitie memiora (440 6%
=nd T340 90% of cabon

It 1= wreather resrstand and buams with = vellow Hama

It wraa=s calarifie valne 1 33300 b=

iz of twntepes! {2} Cabm= bimmmon= coz! and (b) MNon-cekme wnmmeas coal
Emﬁ&mfﬂmrbnmihwmmmu the particnir fype of coal mzkey 1t ideal m the
prodiciiom of stas] jed comest vl 2 m-ahth‘rr:t‘rfmuﬂlunnd:nﬂpnduﬂ:m.

Anthracite coal:

Cuks

Tt rresants the frml staes in ths eosl famation 2 somtams $6% or tiors carbon with 3 == hitls
Toitils mater

= ﬁm&bmﬁmthMmﬂme—afmﬂ:ﬂaﬁL and bes v bitle Gamne
hpﬂ}:&&lhﬂiﬂiﬂﬁiﬁﬁ]ﬁeﬁm:ﬁmb}r

Dz Hundreds ofthousands of homecwners comently use antivacte and many others 3re comaims
to st for bome hestwe Moy smiversdtees sehoak, morsns howes h.sphz:nﬂr-ﬂ:mmmsr'-
money on hegtme costs by osmz anthracie Anfiwaces = wed 3: = ket somes. and carbor sdditivs
ﬁgﬂm:phﬂ_ﬂﬁmﬂmmmbﬂydlﬂhﬁmw“gm_hm
filiratson.

It pade T hﬂ;m&w&hzlmﬂﬁiﬂpﬁyﬂﬁhlmnﬁhﬁﬁnfm'ﬂ
it iz 2 good prepared solad fusl
Uzex: Hrws wied for wanon: metsior=eal processes

it B prodesed whan ooal = sttomeir Seated contmmnvshy brds 048 nomy mthe sheemce afazrm s
closed vasaal The pipeess 5 ronn & coromsgton af ceal

Colee = dull Black mrolour, porons and mmnkaless -
ﬁhmﬁ;h;aﬂnmﬁf-m%}miﬂahgba:ﬂﬂiﬁn:ﬁmwﬂnmﬂ
Eﬁhﬂ:ﬂ'l:-:lndmc-icmlumﬂd ot gt 300 o 700 C, the remuling soks iy called sof coks

1f the sarbomisghon of coal & ramied ook 2 900 &0 11007 C ths resnlms edke & eallef hhrd voke
VUees: Soff coke 1= mad == 2 domesshe fnel Hand coks = mesth used 35 2 blesd Demaes el for
srrarting piz Ton fom iron dres. and 1o soms sxtent 2i 2 fmel W copols frmies for prodEmE cast
son

Bgmﬂ.ﬁd eoal:

it s modoced Eom ke finsly round cosd by thouiome under prease with of Wobom 5 bopdms
met=al

Thka beedme matensls tsnailyo=ad zre pich cosl = crode ot and clay =t

Tzer: It can be nzad 50 beat bosders m panufechrme plants

Pulverized soal:

The Tow syade enal with hich stk cdntent = possd=rad fo prodors pojverizad cozl
Ths cozl = foet dred and then ormshesd mio 2 Tme povwdar by oulssname rochmes.
Tzex: |t s mdaly mad in the cémant mdusiryand iy m nestailmesial provecces

Liguid Fuels:

¢ Abmost 3 the commercal hogmes ek sra demezd from nofomal petmoleam or crode ol The
crois ol = ottamed fom bore-beles i the =arth®s crust m cartam parts of theworkd

¥ The bowd fuel: conent of hydrocmbons.

o The meturs petmisum may be separatsd into petro) o1 smolne. parsfin ol o k=os=rs, fisl oih
and krtmicatms o By biadine The oyode of 2 diffgent tempargiures #d subiequent fachonal
drtilser =r by & rocs= surh as ok

»  Thesald produciz Bz Vazaline and paraffin wax zre recorared fom the residus m the sl
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Petrol or gasoling:
o Tt the Hobius: snd sostvoletls figuid e manly isad S patr] ensines
v fradehliad 2 3 tempeatre fom AT 0 330 €

¢ It beaver and lesswalsils foal than the patvel -and 1= med 25 hestms and bzhims fhal
v liwmdenlled s tempasturs Tom 10 10 3457 L

*  Ths lguid fesls dwhlled sfter petrol and kmrnsens arebnoamas herv fusl otls Thess a1k ar=
Ead m dissel eremes gnid ool fred hoalers
*  Thése are dishilled st 2 tempersiuefrom 343 0470 C

E:lseuns Fuels:
The pzturz! st = oozally, found mof neer the petradermn fisld: mnder the sarik's sorface
o B smentialiy, comess of mursh z2s or methane (TH4) tossthar with 2wl ameomts of othes
sazeswuch a3 sthans (CJHEL cxbon diomde (OO0 vand carbon monczEsds (OO0

¢ =gk mown 3z topm 3z

v i85 obtaired by tha carbonsation of moal and comsists mambe of bvdro=en. carbon mombzsds
ad varmis hvdrocarbons.

s [t raionfe waiue i aheot 21000 t2 35000 om'

o Ttis bmpely vsed m tows Sor strect and domestic Hehtine and basting B & zlas nad in firsaces:
and for nmmnE =2z enzmes

Eroducer gas:

* it obtomad oy the parta) combeston of voel coke antiwscss cpalor charoos] ma muxed a0
sireare bzt

8 Ttempanntarinnme cost 5 low

v e ggipmhe valoe =about 3000 o 6700 nm”

" hz,m_ﬂi'medﬁthhpnﬁmhjrﬁr;mmﬂ!m_fm:hmwsim

Water zas:

" ﬁsimzﬂhiﬁamimmieaﬂﬁmﬁhhm stzamn o=
incandescast colts

v A= bome with = bine fame ¢ = 3l=0 dmonm 2 blue warsr gax

o B m wagelly eeived wrth i3t =0 te o w2

8 The vater ==='n méed m finpaces mnd for welime

Mond gas-

o Tt = pedured by pesms o and 3 bree awount of sEem oo wasts egal 21 gbait 650" C

® Jis calonfe waliss i shoot 3830 o'm'

* It =med for powes peneranon and heafing 1 aho sasable foruse mosae EnEmss

Blast .

¥ e 3 bvpodictmtte poduchon of msmon mibe bl frmacs

o [scaionfe walee s ahont 3738 by’

o This 528 zerees 25w fied I stes! ootk For power ssioration in sa5 oy iy sieam reishs
brder= gnd oy preheghing tha blast fengre [t 5 edtereaaly gued 25 3 fiad for metaliurmios]
firaces

Coke oven gas:

* te3 brpodost fomooks ovon and =obtamegd by the carsomestom of beummioaz oozl

’ hﬁﬂu&ﬂmmﬁm'iﬁﬂﬂblimgm

v Jtmuied O mdostnad hestme and povwer senemton

6.4 Heating values of fuel:

’ Ihhﬁﬂnguﬂmmshnﬁ:ﬂheﬂfiﬂaimhedaﬁuﬂaﬂimdhﬂﬁﬂdh
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the commiste combomstes of unst mess o hsl
o BT ot Bl [for 30l and Digoid fisl), s (o gazeeos el
» Follvenne &= the twe tvpes of the catomiie weine of fuals:
& Uz op biwbey calonifee sodus (HCY)
k. Net orlowes calonific alee [LEV)

Gross or higher clorific value {HCV):
v it dotal smount of Beaf produred. wohis unt masstohme o fthe feet bas beon bornt
compistely. and the produrts of combastion kxve bheen cooled fo room temperatips {15°C or

BT
Net or lower calorfic value [LCV):
* iz the et hest produced, when mut mzssvomme of the fmal b= o compdetaly 2nd the
prodnoct= ars penmtted to sscaps
6.5 Quality of LC engine fuels Octane number. Cetane number
Octane Number:
o (Orizee pormbey n defirad 34 the sercatigzs of fooctsne peeent w2 shnded swshios of

mooctns sl r-heptans which krocis sthe sames compreszion rati a: the petrol bems feifed.

8 [zoccizne = ine anched cham bedrocarbon has k=ast meckes mis hepce d= octans gomber =
arviranly fimed a3 100, Miheptars = sraeld cham hydeocarbon has nshest tendeney fo Imock
henre s ootan= rmber = feed 35 zevn. Utere oy pb petral & 20 preans ¢ eontame 5055 &y
vohums Mooctane and 20% -'I::.' walmen- beptans - .

Cetans Number:

o I & dafmed == the porcesiacs Of cofans present = 2anded mpdre-of 3 cotane-and AHG.
methvinspithalers, winek knocks 3t the same comprasson ratic a3 the dieze! fusl bemns t=stad

¢ The cobms winch 5 2 Sl cham parafin Wil good E=xhon gt = 2zpned 3 cotane
b of 100 i inhe-methybrmemithalene which 1= 2 bvdrosarhon with pror st gy,
B asmzhed 3 e (U cetane mornker

POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER

I, Define calomfic value of fuel, (w2021}
Ans The hestwes viine oy cabriie vahes of 2 el mey be defmed == the st of st ]ihaxly.' byt
complat= comboston of et mees of fizsl

2. Define Gross or higher calorific vzlue of fuel
Ave Bt = the tota] sweurs afbes prodieod s pet e o ks ofthe fial boe baor bormt
complataie and the prodoets of oot son have bean =oaiad to toom temparatore (15°C g 8FFF)
3. Define Cetane aunmber. [-2020]
Anz- [t 5'delined 3= the percantzza -:-f-n';‘EtEEE:ll!-E-EIH:-I:.!h]ﬂ.IEI musiire &f = cstane and zlpha-methid
pegtharslane, winch keocks atthe =sme commrasson mhio 25/ the diesel fnel beme tested

POSSIBLE LONGTYPE QUESTIONS
1. E=plain type: of fusl with example
Urifsrentat= betveen oomes mumbsr and ostams mumber [re-10220]
Define foml and =cplam tha warious elasufication of the fhed [o-2020)

T
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