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Unitl- Fundamentals of Thermodynamics

YHTSTATTHRTH o yd aw
faw freoit: fafay uleAIES Yoneine TSGR Joud Ydhed o] a1 (Apply fundamental
concepts of thermodynamics to various thermodynamic systems.)
o oot
TLO 1.1: fafay yrisaie yonst sfir & o I Igexumg W &1, (Explain the various
thermodynamic systems & its properties with suitable example.)

TLO 1.2: fafay ymfermmfte fadiar s @ = (Interpret various laws of thermodynamics.)
TLO 1.3: fafey ynfermfae Faamr aR s fafay yaisrmiite Sus Ui S@HTe &1 (Maintain

various thermodynamic devices by using laws of thermodynamics.)
YHISTIATHS Uhp Uil
1. dT9HTA (Temperature)
81 TP NI (intensive) YHTSTIATTHE (thermodynamic) TOTEH 3T, ST IRINTeAT TRAUUNT f&Ut
T Tal. AOHE | YAMR 0T yHGUa- Alole Sfid. dTIH AISTUarITe! aruRed GiH
Whd WU s a1 Hes (°c) fhdl BRAGISE (°F) a1t U Whd ol i R fagar
TR 31Tg, o & fog Ut uruar Movifdg fdvar 9 foig 3nfor urvamn Iaha foig fdan
qToh fog 3 3Med.
RT3 fhar TS (°c)
T Mauleg 0 WU fomgifdrd ora 3ig Sfdl Iav e fog 100 TV fergifard darm o,
3 foidaeta SfarMe 100 TH fIHFT 3R d. U faHNT 1 °C 3T =i Sl
BITEISE (°F)
UTugrT MAUITeg 32 31 Icha g 212 U fergifdrd et 3iTe
.1 g foigHHa SIRTAED 180 THH fAUTT SMTed.Udi® faHRT 1 °F 3T GRifadT ST,
TRAEIEC o AT qaeid day
°C = (°F - 32) x (5/9)
IeTeuny, e THiHRUT aTUe 5°Cd BRgIscHed JUidd BT
5 °C = (°F- 32) x (5/9)
5°C = 41 °F
Piea WherdR HISId SITUIR YT dTYHT 0TSt IRyl arodH. FRuer ] - 273 °C fdar - 460 °F
3 Uddl ST,
e d dfcaHeia TaY: T(K)=T(°C)+273
2. qld (Pressure)
qI§ TEUIS! QTR a¥ar gTdaten Hifde et T URHING Sl S, dr] dad ad Ufd gfHe
QAB ST I AT YEHFTR d 3. S| YUTHL GTaTd Ty N/m?, N/mm? 31Tg. & SR(bar)
fhar URGaHS (pascal) ST HiSTd I,
1 §R = 10° N/m?
1 Pa=1N/m?
1 atm = 760 B} Hg = 1.01325 IR = 1.01325 x 105N/m?
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3. fewarst (Discharge)

STl § %a UaTgr Ul dedar SRI0TR THT0T Hiold. fEears! g1 vareTen ®ieghicd UaTg ax
3T, TSl BT TRIERT UaTg T 3107 h1N-HaRd & il UMD R 316, o m3/sec T e
CISAEIGH

Q=Av

Q = f&=St (m¥/sec)

A= h1T TR TRAT (m)

vzﬂﬂﬂﬂﬁl‘ﬁ’aﬂ(m/sec)

1 ferex = 0.001 m?

Jarexund, 500 ferexd Ffad HexHLE FUIAR = 500 x 0.001 = 0.5m?

1.1 YyATSTAATS yorer (Rifeew)

ORI RS UeTdfd T fhdT Snamrdt fasae SIaamRIdid UeT WUH e ST,
YUl dTeRie agaT fdhdl TeRIal URER(ERISIET ) Urdrd. ardfde fdbar sredfids JgurT
S JUTTETEl AT THIGATUIA diTes Hral Tl HIAN (@SS )IEUrdrd. a1 SReAT 3fidval 1.1.1
e WY bedl 3HTed. YuMeid! Irar FfYd fdar ot SRy qreba. wafd =1 o1 a1 gt yomet
STFOT URER AT GraigR ATHIR® SRedl St JEHET 8.

SURROUMNDINGS

s
BOUMNDARY

e oot R
3Tt 1.1.1
IaTeR0T: HRUH, o Rifcia=ar md e 5 gid Sfor g yATSa-1He ol AT Sird;
ST, fUe, Tative Red 3(1fo1 STe<id §aT a1 YuIdild Slesid aTdiaRul daR HRdld. Riciss
3{TFOr fUReT= 3Tl YEHNTHAT W1 3" T Sl
A. U YR
1. 3o Rewy
2. §¢ YUl (deiies Reew)
3. 3fOdlecs Yuma
1. U R 3o Rty &t oft ynleraite Ry e samed St for uered o
GIe I AT GHIadTeredT ATaTaRuNd Garded 8hd .
yAfeIHeRTAee 3N Ren=h Ieeu
i) TT0AT RS delld & el YUITelTd 3GT8RUT 3HTg. UTUf {Td §I13> Qdhd fdhdl STeR A3, Wdhd.
i) SficHaRd IoM TN YHISHAING dHAER®A AYd) od SRd @
TSR Te e TUdd 3T 3aeRUl BUH Hi@@d oild.
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iii) YTFoReR 8 YA SRATTHRTHEN T Gt HUTeid GuR SaIaRul 3118, o SfTdedl Uaril TR Il
Ud (Sl TeRaiol) SHT0T 31T T ATOHT G off SWIelT WA STeR bl SiTd (o1l Tadiol)
iv) HUR, W H edig fdar Ao,

High pressure steam

/
Power Qut

Turbine 4*

\

A 4

Low pressure steam
To process

WY TaigA

3Tt 1.1.2
2. §¢ YUMot (aaivs Rver)-sc yurel g1 T =it Jumelt 318 Sit e Il adTaRumaied
Iodl AT S ahd 1T Uerf gIaiag dH& Jahd Alel. 8¢ YHSAATHG Joumage
THUT Uerdfd JATT fRR 3/d dR Sl (R 9. Uil T Sidsg 38 R $gdcs el
Flies RIS TH AR IRAT G ST PIvTe! Gard =1 Juary fdhar aTe Us v
TRAT & g,
e
i) Ricfex, e d¢ dad Srara. Rifcier TR fdvar 4 dal SIS dbvdrd, TR o Hele! axgq™=
AT ATe!. T dBT, SR YU Fleeg IS, IR Ricde Sy Reavmmol grerd.
ii) Tera Lauy farar aroardt aree € §g Tumet 31Te. et auariead SWTad! SaTurar &
Ihdl (I9ER fhdr ¥ arareRund 39), e g & A Guigdree axdreid gerufdt
SaTurAIaToT Ufdsferd B,
iii) IR HHR 51 Uh sic TuTTait 31Tg Ford 31t fRistat SiTd. bRl SraT fa el Sid, 1o sfraaed
T dIgdl, SATges Sdie WAUldh i Wbdl. dUll, d WUl HRAMT dTdiaRomRi a¥qd!
SaTUTEaTOT R AT,
iv) STl 1.1.2 G JUITeld IaTerul U Aoy gfe afkiad.
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2

E)

Condenser

¥

Expansion g Compressor

Valve

h J

Evaporator

CEA IS ERCTA LR
3Tt 1.1.3
3. ATIHIee S UUTTEl- STt JOTTel SMTS[aTSLeAT araraRunzi g fdsar Isidt Sarurddr o= qehd
gl fae Smadiecs Yol WU 3w offd.  YHSFTHGIHH SHadiecs Juned!
REGUECIRIGIEI
i) YT TARG A Saadl TRH 8T § SRiee S YU 3180l 38,
i) %y 3 Tata 9 Ierexr 317g, fo7d Soif RR e,
B. YHTST-A® TurerH- ygryfa Hiudg! aftred sama At s farar A S, Xred
QAT YarT TUre UTdTd. JoTeid Jayd Tured Bors! SH1ars, grd, daqH S.
1. 3%@!-76’ (Intensive) 1IUT?‘ITfI
2. Tqge a8 (Extensive) TOTeH
1. gfeg ured- POl yerter $<Ries qurd wor 3R Hiferd Ui e
geTyf fdhdT Yo aqHId 9ad 81d ATel. 3ivies Turel § Quaring {Ted ST
gy 9ol FHRuaTd Hed A, F<NIE TUH § dedb(bulk) O 3gd, aram 3 o
UG STHRIGR TG AT,
3areRul- fadevamar fig, Saam fdg, @l o9al, ¥, Tehrdl, Sl odl, Jaei
ATl (permeability) , AT Tea®myU 3. Uery § e § Uerdf=n sierRAmd 9ed
B TG 1. SaTd T U ATl THIUTOET a3 31d, TS0y, 500 fHeft darei g-dr 1 fereR
AdTrAT Tdgdad i 3.
2. TRTe freg Turent- Hiorrgt vyt vee e ured et ot aifdes Ture e
UaTyT fdhaT HuTci=a aRgHTId 9ad BidTd. & T JUMTeieT SR fdhal aegHHT]
THIUTA ST, TaRICRIeE 0TeH e guaraig -Tgid.
ICIERU! - TGHM, e, HTHRA, oM, HTHR, SAdTd SHoll, 5. TOHH g Tarit=a1 AT
Sead Sdd . 3aexun, 500 el dam STHRAT AgHT 1 forex damien wHT s/
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yHe AfNifFPT (313310)

T ShHI®D 1.1.1
groraeg ureH 3o vae e Tuiyd gigdia vee
g | Fow geRieg oy TR TuTed
ShHID.
1 |l | BIUdIg] UeTTa S Rieg HITATE! geTyfa
T TEUIST 3T i TFCieg Ture ot
o ST gerdfen fhar | s wifass Jored s
JUTCH e aRgHHId S gid | ardf=an fdar gormaitet
el I 9& BidTd.
2 | adied | 3o UIeHR g 8 THRICRieg o 4ed §
geryf=a aegam fdar geryf=ar aegam fdrar
OHTOMER 3deiqd T9d OHTOMER 3eiq 3.
3 |TuFn ORI UIYAN Jod oxadl | TaRici~Ieg Ui Jod
BRI A2 ot TS, e,
4 | veRd | 9 UG SfddWEd | 9 UGIUTd a1 WY
oiyH | g Jead.
5 |ofzw | sfizwuaring 3ffe@dl Ad Ta].
6 | 3aRU | W, O], MAUING , Saha- | IXGH, BRI, Tol,
(solubility) 3.

C. YHISTIATN Ul (Thermodynamic Process)

SicgT TETd! worel! forel R Ut THald aRiqe ol fYdid dged dgT AR it
STRITT N EYA ot JuMel el 317 Tl YHS™A-THS UihdT Tordrd. a1 Rudiagaas

dTTHM, 16, STHRAT T 301t ARSI YUl e ured A e iam SHIaST gid.
TPt 1.1.2 A UfehaT 1-2 B YHISTIATHS UfehdT GRIdd.

F 3

? 1

p \&2

YHTSTIATNS Ufshar
3Tt 1.1.4
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Y STITTEEY Ufsha=aT UbRIHL § JHIFAY 3]
o SIOAIEIR (Isobaric) UfehdT SOHEd GId (P) fRR a1 SITdl (P = C).
o STEIBIR®(Isochoric) U SOHE MHRAM (V) RR daa1 Sral (V = C).
o IMYIHd(Isothermal) TfhaT SaTHed ATadM(T) fRR 39a S d (T = C).
o IffSTTECH(Adiabatic)VTehaT SATHE IWAT SXATARUT YT 3RIA(Q = C).

D. YHISTIATRI® T (Thermodynamic Cycle)
SlegT TEIET Ufshar TETen YUMeiar 3= YR Hal o i Sifad Rudht mRfve fRudi=h
THIRE! 3Td, degT <t YA SIS deh fdhdT Ih g UfehaT WU 3fiesddl! oiTd. 3Tl 1.1.5
e 1-A-2 3707 2-1 B UfehaT 3Ted R 1-A-2-B-1 B deh fdval b g Ufeha 3178,
A . .

4 lQB
p
A 2

Vi —»
YATSTIATTHS b
3THdl 1.1.5
TSNS deh § U 8¢ 9o 31 UL T, e ST THRAM TS 3 Jad
gIdTd, TR SaTdT Rac AT TRME SaRIT THM SRIA. YHSAHIHS AeHhad ThR-
HRAIC IZHA (Carnot Cycle), YHTZT TZHA (Rankine Cycle), 3iTel TZHA (Otto Cycle),
%@ﬁw (Diesel Cycle), QET-THIEW (Brayton Cycle).

E. SWIdT (Heat)

el IEey A9dET gSaedl T, U YUl WeATdb (vibratory)  STIOT
R (Rotary) BTAATRNGR TAR BIUMRT TSt Soll TUM IW0TT GRHUTT dert offd . STl
SIRd AR SH dodHdbs digd 3RId, Saiges df fafay gifie onftr e
Ui Iuged 33d. IWIdl 8l "Q" §R axifdcl Sid 01 SGaiy) fhar farall-sgat (k) T
e ol offd. FIAT YaTgTe JHI0 TR i gedhigR Ui dal i
1. UG GRgHM (m)
2. GF oA araHETd B (dT)
3. Uerdfe wEy

I YR, ST ST F5HY dlg bl Bl Q o« mdT fhaTQ = ecmd T
Y, m 318 TXIAM (kg)

c B iRy Iwrd & (kJ/kg°K)

dT BT a0 96 3MT5( °K)

>

10
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@@&mwmu@mmma@ﬁmaﬂmﬁm&ﬂ%
IR Tl 31 ¥g Urogrl deet a1 gl Adtd aruHE IHH argeETIdd digreodd
Gieiidie ST UTvaTd gedidiRd gisd.

F. BT (Work)
TER]T AR 99 Aqd 1 akqa g fGRH e faRime a1 fden s 3 Tordr.
Hocdl HUY ThHd WU ged-Hlex (N-m) Id gd () g WBUdrd. Wome Afor
FHIaAreredT GREI UHUT Soll ¢aTuraru] ol Sad SR A STd. Seedl Hrad Jamo
fafae g S Pt qM6, SMHRAM, YA 3. TS THITAd Bid. BT UMTaR 30T HomcigR
JUITEHaR ol BT THRIHD g, TR UUMAIgR dbad B GHRIED 6.

W=Fxd

Y F = 9o YeAqe
d= SarAT fe=H o fawoT diex 7

H. Tl 9 (Tt To)
Held Blegaasl I W1 g eI Ydig JHIdyY 3l 310l dheld glegqaed
IIIAT 3T fdhaTl e} GHATANIS! Blg! BT MARAD 3. § P JaAg B WU Hz@d

STd. d k) 7 Fad ol i,

Tl 9b(Wiow) = P X A X L

=PXV

Y, P= &4 &1d (N/m?)
V= THRAM (m3)
A= 1T YT TRAI(m?)
L = 3R

11
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dAFdT PHID 1.1.2

yHe AfNifFPT (313310)

T 3TfO1 HT Fivefia B
3 |y | IwmEm Lo
HHIP.
1 IR | SO WU dIOHME | B IgUrS Ydk e g
[ESIGRYS
2 Ford | I g1 UL 31T v iRl | B § Sdid Ik U U
AREISIEIREICEREEI S
3 fe=m JUMAT AgH! TRY qDH g US| UUMeliaR ~ ohadd HH
KPS dTEd. THRFS 3R, N
JUMcilgR ~ dhadd &l
HDHRIHD 3HTg
4 HRU] Ul & aF  YUMeiAdd | $ § axaR §d A
ITIHH TRee FHr gid. | FHfor g,
5 BRI | ST UhT HIVATS! HIeAHIgR | P Tlis  AegHigR
megH | @, &d, 99 fdhar ASueE) | gWialkd od S @
gXIdRd Pl ST, TAUIRIS! §¢ W] &l
Ei))
6 JUITCTaR | STAT §icR 0T YUMTeid! 3fcid | Sciedl e Jomard!
qYTd Sl aredd fdhar HH . o, Rt fhar  aTeRa®y
oo .
7 3JaERU | ISTERUIHY WigHyd HiSdTd | IaTeRUMHE dolH IIau],
SUTT BRI fohdl YT ATl | HR Ghaul fdhdl 19 gIaul
1. QI

it g1 yrTSIHItaaia Head! gcd M. 81 WuMeiie SWIdT ARl 3M. § WMl
3fid Soll 3O guretian g 3Mfir STHRAM il TUIHR I1 graiAthd skl BUH e@d
GRYTNT Bl TS ebd. IWIAT 81 WUMHTHE YA 6= Kehd fdhdl dTgR Ug Wdhd. TRIcd!

JHEIa: "h FogTgR aRifad! SITd S0 AT Thd ki/kg 311G

3aTeRUNY, T T TRH UTofl W d ¥ 8ld, TR U Y 4 uroft Wd:9 TRA gid A6l

qTdT d TR 1 ARl
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He] diqaTue RIsaced digesld SRd T=Ie! 3RId, HRUI Sl dige + Yol + I0rdl —
IRECENIRYG]

it HH B
TRl Swrdr SHoreh Jdy
3Tt 1.1.6
SR AT Tt h 3n1for sicfa I, gr@ 3nfdr SMHRAM A u, P 30T v U8 a=ifad], R
Jrdia dey Tordaese o’ feifgar a5 e
h=u+ PV

). gt
B JUITeial YHSaHTEG UIeH 38 S SWIdT feal fb dred! M1 IWTar HigH dda fa
HU B, Tometi Terdt &) vumeimeia faxmasiauon fhar sifafirdd=d ot gxfad. T
qrHTId: 'S g™ SRIfad SId. = T ki/K 3.

dS=dQ/T

Y, dQ= I MV ST fdhaT SWIdT dTeR eI SiTd,
T = gRYuf e,

ds = TIdiAe dad

MU fay g At vt areaum=n ufhadr sMEd 3 . Iareund, i fadeor & te
Afie e 3MTg AT <t Tad: @ ged HRUI IS ThTeAT TSIAHE al6 gid HIRUT U] 31fed

A ATd giard.

1.2 yHisIAIAETe fFaw (Laws of Thermodynamics)

A. YHTSTITIAST=T f%R‘rzr fraw (Zeroth Law of Thermodynamics)
TSR IRIY oy 3 Tl &1 SiegT & a%, [T avqaied YHd JHdrd R
AT AT ala! av THHBIRN YHd T Hed SR,

g1 o vomeliaed ura Irda onfor Ierear ATl HHARdT aid 9uie &Rdl . gF
guncAeia yHa THdd 8 Hefw et gF axg Adie araeHT SHHT gRiad! 3R Taied oirs,
Hhd, YHISTHATHRTE IRIY 0 1Al B SR Jumet yHd THdaHed SR a) 3Srd ydrg
BIUIR ATal.

YT STaHTTHeRTa faRIY T STURET Ueh IaTexUT 3 foh SiagT qHAT® S &I 1o aToft Srd
30T U T TRA UT0OH HRAT e d, TR ORI 48 UM HRET Slsd. SR ATUT T Hlat
RIS CaaaR dad ok o Wdredl aadHNIed YHd JHdId e,

13
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3. ST YA WRIGA IRRIAT dUHFRT o Id ¥Hd TR RRAT aAHHETRR
HIUITST YA aTaR Har S,

A, B 30T C T1 19 ol faaR e YT STI-TTHaRTT IR W 3 e &

R A 81 B SRR YHd IHAIT 38 3f1 A SR ¢ RISR YU AN 3 R B I C sRISR yHd
A 3.

Equilibrium

TSR IRty |
STt 1.2.1
B. YHISTa-ITAwTaT ufgdr fFaw (Seid dad)

YT STIAITHRTAT GidT FoH, SATe SHoredT HatHTaT Haal WUMHe! @ ofd, 31 g
B R B "SHoll TR Bl oS Dhd TGl bl A8 dhall S [dhd ATal, T df THl
TR GuaT W UTd geidaRd dball offs, Y. YATSIT N Ui e g 3
fIUT 38 P Iord AT YUMTeR ST THIGdTeeT IIaRuHe ST SXAaRUNGIR
Q) fhar gife sl HMMRIGR (W) A ST Uhd. YASHAIHTEET ufgem &l
e e fofear aga
dQ =du + dW
S, du BT JUId=T Sfavfd Soidid sad 318

dW § JUITelIgR daid B 318 AT

dQ 81 JuTTciell QRac! SWIdT 311G

yHTsTaAT e ufeean fRaurear wafer
1. 81 faw Iwrar 3nfor srafear yarer fawn gxfad e
2. pIuTTe! URIYT ST sidifd Irole SXdiaRUT 813 Xhd ATal .
3. SR gife S quivul IWMAr IoHe TUidiRd od SiTs, Jdhd, URg IWIdT Jordl thad Th

YT FifAh BT FUIdRd bal SIS bl

14
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qU=g 3 IR 7= | (PMM-1)

YT STIITHERTET UigedT FoHTe Sea- HRUMIR I3 PMM | TGO Sfia@d SN, 3R Wdidg
TG St A AR DT St +H0T HRUMR T WU ATl HARSAT ot Tl =1 A=A st
3T 3G

W
PMMI Wk
Surroundings
qUeg3re IR wRiA |
STl 1.2.2
St ﬁ'ilﬂ'effq? (Energy Reservoir)

AT AT YT 7 HRT SHdiE THI0E IW0Tdl R S0 fdhal dTgR SIhua HeHd

3.

i) ST ¥ - SV Xdld &1 Udb JUMel! fohdT 9 318 STt A=A qHIddTered aTdTaR o Sl
qRAd. ST Idldid draHT i Ul aaraRuMuE SRd 3d ST d ag-, dagd
fhar MSTIA TR FHUGR AR JFA0N fhdl GAD YHd SHoll gedidiRd HRId.

3Ry, Wi s, P a1 YT ST Wid & WU B H& Jdhdld.

i) gic Riep : IwAT Rich, T yurmel] fhar 9 3118 STt e THiadTera! Srdl YA °d fdbdr
faafold ®vd. gie Ridd aroHE e GUIddTersaT aaravuueT HHT 3RId ST d dTaHH
U IFUITST fhar HRugrTST SaR I fohdl TRGURA IWTdT g BHUIRITST aToRad
STd. SWIad e Fraraa: saaci=e SudRul, S5 3o 2fidemur yumeigsd sifaswrd

CISUIRITA! dTRd STdTa.

C. yHtsTgTTTar gaT fFraw

YT STIATTHERTAT GURT fFTH S HTc DI ST Soll HH! ATIHHTAT TAYT 3 ATTHHTA]

TIPS RIFIART 813 Dhd ATal. YHISHANHRTAT g1 aHER aF faum e 3for <

3=
1. Pfedd-wiPp ﬁﬂFT(Kerin-Plank Statement) Z.WﬁﬂﬂﬁW(Clausius Statement)

1. FfRH-W P ReHe- THI UHAR HTH HRUM 0 TIR S0 HT 3778, STl THH

IR T Td YHd AR W Iord BTl THged JHIUNG FUiaR 60! g1 3178, HI0dg!

2O WA U A AT T4 JUAD HRAHE FUGR H& Adhd ATel. § Jrod Hd P gad
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39-U1 YecTd A @R, TP UfhdaR HIH HRUR BV dRdidd IUl oM, T
RAAT YU I TifAd Hrfd TUGR & Udbd el T/l 31 RAST daied] SUAURA
gifid BT IR HRUATAT Uishdd Sordl BN i,

qU=g3rd HIRH #=AA 11 (PMM-11)
g UqUl IUIdT Ioid Tifd HRTd TR Hd. § 100% HeH AR 38 of Udge adeRId

3R 3R
| Heat Source I E]?lﬁ%:

Q
(Heat)

( PMM2 W= Q
(Work

A

Surroundings

U3 HIRH AL Il
3Tt 1.2.3

2. FAREY fau™- argl vo=ite gediRer o daEr=a aiquyd SVl 3= d9d
AT T GIATANRT BRI, & Fh 1T Ulehdd HTH HRUMT JARST SR 5. o=l
Yeqid, dTel To-T] HedlRA 48 a% AYH TRA aXHEE JWAN THIRd & AHUR
AR TR R0 SRR 36, g1 Weqid, HUIRAT d1a] WIdGR Sl [GeanRa™
fThoivexd B BIUR ATGT. IaTeRI, e U, JfhoRer

D. SWIdT(Heat) S AdeuqT
8 U 31 SUSBRUT 315 Sl TehId Araaal Sild o S&d dIHHTAT GqHYT S0l U d, Tl
PHTe! UNT BTG TUARd B AT HH AIAFMAT TIPS Trdda! Sld. I Siord
AP ST TUS! Hord BT TUIAR B0, 341, YHd UlaR Wic. SR Q. &1 Sforell GRadan
JUTAT 3R T Q; B IWIAT SRFHYA aTe ravat Taiel! SWIAT 3118, TR SRFgR Harat wrd
We = Qz - Qi GR fedl SITd. ST Siorei ST erdi(ny;): ST SiorTe SrIefHdT 6l SiorgR
Had BT AT IWTT U MWl Solt Jidd TONR U TRHINT ot SiTdl.

T

HCT BODY

o

Qi colp BODY

T1

RLUGINIE
3T 1.2.4
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_ Output _Wg _Q;—-Q1 _ T,-T;

Input 01 Q> T;

E. Ypeedl Hhean
MFoRER B Th1T UG A ATeact SITUIR IGHRT 318 of HH! ATIHHTAT RGALNT IWIT Sl
U YA O 30T S AMUHT aegdhs SWIdl Sl WU drédd Sid dagl &1 gid.
I YA HH! IRGUI B I SUBRUME UIHeh IfeY e,
Ipoe = W&‘lﬂﬁT ﬁ%ﬁb‘@lﬂ? 3 tITCI'T\IJ'JZTT\E[(Coefﬁcient of performance) &I ¥Uld
AIodTd. DIgfbRite 3h WRBIH-ge  oara 3iRft 38 sfasd URUMH(desired effect)
HETarTet Sawaed ad ®1d I IR 3=R1T el .

T:

HOT BODY

0z = Q1 tWhi

Qu COLD BODY

T1

Ifheiver
3Tl 1.2.5

Desired Effect _Q: _ @ _ T

Work Required W Q2-Q1 T-Ty

COPg=

F. SSOTdT UUTH Hp e
JWIAT UU § T UGd A araaa SR SUSHRU 3HT8 of HH dATHFTAT TR S01dl Sl

MY T 31T I ATTHHTAT TIPS SHolf WU IWTdT fedll SiTd. ST 4aTd T 3fe P 3=
ATUHTTAT STATRMATd ISTdT WU $olf ¢ul.

Tz

HOT BODY
Qz = 1 +Wp

COLD BODY

T.

JWTdT Ug

3T 1.2.6

17
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COP.= Desired Effect _ Q. _ 0 _ T
"™ Work Required W Q:-Q1 T-Ty
= 2% (adding and subtracting Ts)
I-Ty
—1+_1
T-Ty
=1+ COPr

JWTAT YU COP g XfIholReadl COP U&T SR 3Tg.

a9, IHoRex U I dT9HM ST ATraRuitd o (R 9% ) TR ST HRd a)

U G0 TR T dTGHH 30T TRl arod (U aq) S &1 o,

1.3 YHTSTATIST=aT fAawir arwR

A.fRR Udle it BT (Steady flow energy equation)
g7 fdhd1 IUBRUTAT TETGAT HRTIGH Sd AIEUaTT & fRR 3R, T YhRAT YaTgTal FRR
UdTe TeUIdrd. d fRR fRudid ydaifed giuare!, TudiAeid Hiuidre! RIFERd av, g1d
3107 AT FARE gar qUreH BrefioRM fRR 3 uifgwid. U, ursw, e, fewER

System Boundary

Ay System
nlet (II - g 7
s e R i -
El L ———._
1 Dalum Level
fRR yarg St IHteu
3Tt 1.2.7

Let; A1, A, = Cross sectional Area at inlet and outlet
p1,p2 = Density of fluid at inlet and outlet

my,m, = Mass flow rate at inlet and outlet

up,uz = L.E. of fluid at inlet and outlet

v1, V2 = velocity of fluid at enter and exit respectively,
P1,P, = Pressure of mass at inlet and outlet

V1,V; = Velocity of fluid at inlet and outlet

Z1, Z, = Height at which the mass enter and leave

Q = Heat transfer rate

W = Work transfer rate

i TOTTER (open system)3fRiT 3{Tg SaTHES TRgHT 3101 3ol Glval WIAT Sidlg Udhdrd.
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Soid THR
Sordl ReAT UGTITHt BT dvaTel &l TUH bl oild. U T iidpd 319
a. M Fwf (Potential Energy)
B TN e S Sra Sl 3Tg.
PE=mxgxz
Y, m= YUl IRgHM (Kg)
g= T (m/s?)
z= ScIHdl 3t m e
b. TIﬁﬁ[W‘f(Kinetic Energy)
<l e T UGk UuIelide SRl $oll UL TRHTT dert offd.
KE=T

Y, v = 9T m/s A

c. 3ferfd St (Internal Energy)
AR (well -defined) THT SRTTTH T FGUTS! TTciTol $yoli-X UL e THes SfoT Rufast
S0l -SUAENT SUf=aT SU- T ST faggd Sol. Sfdid Soit u AT fmg™ aRifad o
30T AT Thdh Y (J) 3HTe.
QT UUTAHe Sord! [aqd Saaiead ol [, Wadted 3o Ae) Ufgal e uise
gde A 3T gERT Uise BUH el URY 35, SYAId RS SHord]
CATUTHATUT, BT UM TSl SHoll, AT Sfavid Sl S0 SWTT §XATARUT 0} 30T
Mhed B & Td TOTATHE T8 . ATFHal 1.2.5 T& g WP 318 B oR WUl AT
g avgH fdhar Ioiear areld TR& 9d R dl RRR Jaig 31 Jaferd gk
giRomHt, JoMelae) UoRl SRR aXgdM § dle) USUl d¥gdM 3dd 31d, aud
JUTATHE TR HRUIRT S0l a1 STeR USUIRIT Soigad! 3.
TR HRUMRT THUN SHoll= P.E; + K.Ey+ F.E; + Us +Q

2
= gzi+ - +P1Vi+ U1 +Q

e Tevit T Fwi= P.E2 + KLE2 + F.E2 + U+W

= gz2+ % + PN+ Up + W
TSTEATIHE=AT dfeed FRmTTar
STORT TR THYT Froft = STel TSUIRT THVT Joott

gz1 +7+ PiVi+ Us +Q = gz + %2 + PoVo+ Up + W [h=PV + U]

2 2
921 +’%+ h: +Q = gz» +’% +hy+ W

T Tl RR yare SHoif w0 Rt wil THoll 36 (SFEE)] 3R,
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B. STge@RdT SFEE a1 fAraw

Stur‘nout
——
: Steam .
: |
Water f '
S new Water |
—— ,
|
& =]
! !
- - J

01-2

IR

3TPHdl 1.2.7

SIAER & 3 IUBRT 31T o YT0aTal ST Rad 301 I qraTe Tt HH0T SHRuaRIa!
IR ST, IT YUATHE, IOTdT 3ol arhAS raaa oild.

i) KE 31101 PE HEY PIUTATS! dad e,

ii) PIvde! T P TR,

fRR TaTg Sl THIHRUNT aRId 3¢ AR ],

v? v,2
gz1+?+h1 +Q=gzz+%+h2+W

3 UBR, SIIRATS! FRR Ja18 it gHiw0r 31 forfga g,
h1+Q = h>

Q =hy-hjy

R TG g=ifad @1, SrgeRa RidcedT WY Juneid! T argd.
D. eaigaar SFEE =1 fAraw

GAS OR STEAM IN

INSULATION

1
1
1
1
1
1
1
1
1
i
1
: TURBINE —»
1
1
1
1
1
1
1
1
1
1
1
1
1

GAS OR STEAM OUT l

Figure 1.2.8
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THIET B 31 IUBRT 37Tg of FUfTS Ioid FifAdh IotHe iR B, Taig- SUIRIYD SR
3T A IWIAT ST UT g ATgl.

i) ST BRI AT

i) KE 31701 PE A& SIUIdTe! 9 ATal

fRR TaTg Sl THIHRUNT aRId 3¢ AR &3],

gz1+v;—2 + hy +Q:gzg+v;—2 +h+ W
3 YHR, T3] fRR UdTe SHoil THiwm 3 fafga g,

hi=h, + W

W= h1- h;
I THIER § SRMAd &1 HRRT Gauerii= TRIHE g Hedrde TUTHaR S & oiTd.
E. ®e-g¥dl SFEE 1 fFraw

Steam in

. Water out
—— ()

)
[

Condensate out
Figure 1.2.9

Y [a [a}

HoIR g TP T 3T ©f WA Uiak WicH dTthd g1 0l HRudryIa! gTun Mdad Ared
TEUH dTORT STd o) Yo Rikeaq el arsy g=qumd) g1 Xitdeid H1eqd U dTaRal Sild.
i) KE 37101 PE 7 P06 dad ATel.
ii) PIUIE! BT Pt TR,

fRR aTg Sl THIHRUNT aRId 3¢ AR ],

gz1 +U;—2+ h1 +Q=gzz+% +hy+W
3TN YR, ho-~aRTTe! FRRR Uarg SHui gHieRur 3 fafga g,
h1-Q = ho
(Q NEd THRIHD g (-) 9dd STd HRUT e ~GRYYA SITOMAT dTth= IWTdT MY 315.)
Q=h1—h;
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Exercise:

TLO 1.1 Explain the various thermodynamic systems & its properties with suitable example.
1. State the different types of thermodynamic system with suitable examples. (R)

2. State extensive property and intensive property with two examples of each. (R)

3. Differentiate between heat and work on following basis:-

i) Form of Energy

ii) Direction

iii)Cause

iv) Effect on System . (U/A)

4. Explain the following terms as related to thermodynamics: System, Property, Process and Cycle.

(V)

5. Define terms i) Enthalpy ii) Entropy and state its unit. (R)

TLO 1.2 Interpret various laws of thermodynamics.

1. Explain Zeroth law of thermodynamics. Give one example. (U)

2. State First law of Thermodynamics. (R)

3. State clausius statement of second law of thermodynamics. (R)

4. State Kelvin-Plank statement of second law of thermodynamics. (R)

TLO 1.3: Maintain various thermodynamic devices by using laws of thermodynamics.
1. Write the steady flow energy equation with meaning of terms involved. (R)

2. Apply steady state equation to Steam Turbine and Steam Boiler. (A)

3. Apply steady state equation to condenser. (A)
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Unit 2 Ideal Gases and Steam Fundamentals

AMFETS Ta i1 Wt goyd da
fawg fdt - <w coe aoe ¥iad fafay quied FAfRad @1 (Determine various properties of
steam using steam table)
o fAreodl-
TLO 2.1 3mafeae arg ufshdid P-v 3Mf0T T-S 3o WsiadRor 1. (llustrate Ideal gas processes on P-V
& T-S diagram.)
TLO 2.2 3AfSa® a1 9% -, BIC TR S Toil , TuTedt Jem (Determine work done,

heat transfer, internal energy, enthalpy change for various ldeal gas processes.)
TLO 2.3 ¥ 90 a9 T 1A dTaTes Tured [re Calculate different properties of steam using steam
table.)

2.1 Smafeaes adr tlﬁ?l'q-(ldeal Gas Introduction)

e TH GO ¥E YR G THIRTR (ATYHM) &1 digo= a9 3o arédn fad resar Mo
W JHIGRIUT PV = mRT g 318 ATT TSI 1 WUrd.
o BT PP (Imaginary) dT 3118, SHRITd g1,
o TRQ HRISH, A, gaT SATA! T 3TN HAFSTS T A,
2.2 mmﬁﬁﬂﬁw (Assumptions)
o ARIY THRAFRAT (Volume) TEHS TSI THTUMN U] ST,
o TAT YU T/ 0 HTOT dhe-Ra! fid gieard cadm e
<t Bafe 3.
o S Y0 THHBIR 3Meesd ATel drodd d ThH®IaR By J1ad gl
e ORI XU Jad IEfade T 3¥dTd. (Random Motion). X0 AgH! TR Wd Je Td
3ATd SUdd GI=T YUREd <aphR gid g,
2.3 AMAfST® Tad
2.3.1 Sigeqr fFag (Boyle's Law)
ST Uhdh aRGH SO T RR ATUHHEE (Temperature) 390 ST, dagT T 19T U2R
(Pressure) AT DL RHMETAT (Volume) oUId UHIUINA (Inversely) 3, @IET T RR E
(Constant)

b 1
*v

PV = Constant
P1V1 = P2V2
2.3.2 9T °1 f9 (Charle's Law)
Sl T IgHM A 9G] fRR TR (Pressure) & 3d0¢ SITd, degl T 19
HIDHIRHT (Volume) TN dTYHTATHT (Temperature) FH YHIUA (Directly) 3.
@@T P RR 3w (Constant)
VaT

% = Constant
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Vi _ W

Ty T;

233 T Qﬁiﬁ a1 fau (Gay Lussac Law)

SIg] Uhdh agHT ST T FRR HTHRAFTTE (Volume) 3¢ STd, dag] T T4
UZR (Pressure) T=UT ATYHTATUT (Temperature) FH UHIUIA (Directly) 3.
S@TV R 383 (Constant)

o

aT

= Constant

Py

Ty

2.4 T aﬁrﬁ'{l’f HHIBRUT (Characteristic Equation for Gas)
o IUFSTS TG YHIBRU § URR, STHRAM S0 dTIHM FiedTdio Fedey qrafdd.

LA Constant

.'. T

RIS (Constant) 'R’ %’Uﬁmﬂﬁ

s PV=RT R'm &l 9 3{¥e R
PV = mRT

%ﬁ’ﬂ%%&l@g{ﬁwﬂw GrI'I% (Characteristic Equation for Gas) Y
P = U2R kN/m?
V = d&JHME m?
m = T\IJF%IEIHJ:IF[ kg
R = T 91 fRRI® kI / kg K
T = dIgHM °K
2.4.1 gigdo 79 fRRTP (BT e) (Universal Gas Constant)
o gEYe 1Y RRIS 31719 ST YA SHATHRTAT SRANTde Uh Wd ATUES 3R,
o fafay oRfRydAeD 719 =1 g THe ST ST 980 gIdTd T 0T HRUITITS! ITal aiiR
BT oI,
° % Ru Qﬁaﬁﬁ%\‘rﬂﬁ
. ETT\IIGWHTTE% &maﬁﬁﬁ (Molecular mass) EI'FJT‘IUTW gl
~ Ru =M xR
WY Ru = gRgds 19 RRI®
M = a1gd 3MTfUddh axga™
R = T RRI®
e Rud T T4 719 13T THM 3HTg HTMOT d 8.314 kJ/kg mol °K 318
2.4.2 aﬁ‘l’@"]}’f 9 fRRI® (Characteristic Gas Constant)
o OIGT SMTUU WHY 19 AT (@RAfdd T Real Gas) HRATSTS 19 o FHIHIU ST ),

dgT JHIHRUNT Hle! 96 P STdld.

[\’Tllv-u ~N |
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o HRU HIUMMG! AId 1Y g1 MAfST® 119 YRET dFTd ATal.
o TR T U TAFSTS TqUEHT IS SR,

U
o . qﬁaﬁw” RRI%
afreeayu 19 RRI® = ikl
I 310geh axgH™

R=1u
gadl 9 RRi® rd g 0.2%7 kl/kg °K 31T8
2.5 TATSTS 19 UfHAT (Ideal Gas Processes)
o UG AT MATSTS T Ufharar SR HRIaT SHTC.
o TP Ufhdd Tk WX RR 3l 310 IR WHIeAT deoial O $hol
ST
2.5.1 TSI Ufhar (RIR U=R ufsham)

Isobaric Process (Constant pressure process)

& |
Lonsianl prosiurs
=]
Comgiant Pressurs Progcets

IgIER® Ui
Figure 2.2

e Figure 2.2 A8 RGN b diag! 0T T (PV and TS) Figured® HIg qraidol

3T
o IR (P) RRR M, MU WIS YHTO JHIHRUT fog 2dbal

Vi _ 1
T1 T2

1. 327735 qu—:ﬁmf{ Eﬁ'UTRT dq® (The change in Internal energy given as )
AU = mCy (T2 -Tv)

2. WYYl AW BIUIR 9GS (The change in Enthalpy is given as )
AH = mCp (T2 - Tv)

3. 9B B4 (311@% EbTEf) (The work done is given by )
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W= f,,vlz pdv = p (v, — v1)
AlsoW=mR (T2—Ti) (PV=mRT)
4. T1goT fgod fhdl T4 SeR crwddl fge (IWIdD) (fge TEhR) Heat Supplied or
Heat Transferred
Q=AH
Q=mGC, (T2—T1)
2.5.2 ATGAID RIS Ulhar (R seRuT ufekan)

Isochoric Process (Constant Volume process)

TSRS ufssar
Figure 2.3

e Figure 2.3 T SIHIB RIS Ufehal Ulegt HTMOT ETTH (PV and TS) FiguredR Hig qrafdot

3T,
o SMHRAM (V) RR RTM, MY WSS YATO THIHUT [ el

P1 _ P2

1. S T e SR T

AU = mGC, (T2 -T»)

2. TYT} A BIUR 92
AH = mCp (T2 = T)

3. 9 81 @S Hr)

2
W = f,,vl pdv = p (v, — vy)
W=20 (Work done Zero in Isochoric process)

4. TgoT flGdo! fdhal A SRR Crd ool ige (W) (g emy)
Q=mC, (T2 -Th)
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2.5.3 ATGAYHS ufshar (R argar= ufssan)

Isothermal Process (Constant Temperature process)

&P & T
Lonstanl pressuns
procass
Constant Pressure Process
E .‘._ d
B L
|
|, 5
ATIYHe ufshar
Figure 2.4
e Figure 2.4 AL RIYHS Hfohar diagh IO AT (PV and TS) FiguredR ®Igd qr@idol
3T
o dUHM (T) FRR M, S0 WSS YA JHIHRT S b,
: P1V1 = PoV2
1. 340 TTof A BIUIRT 960
AU =mC, (T2-T1) =0 (PRUTTT1 =T2)

2. YTl 7 BIUIR 9c o
AH =mCp (T2-T1) =0

3. d% & (00 HH)
W = f:lzpdv
W = P1Viloge (Z—j) or W = P Viloge (i—:)
Or W= RTiloge (1%) (@RUT PV=mRT)
4. o1 R fhar o TR @ ol fiRe @W) (Re emm)
Q=W
Q= Pi1Viloge (Z—j) or Q= P Viloge (i—:)
Or Q=mRTiloge (1%) (@RUT PV=mRT)

2.5.4 3Mgdciiue® uftrar (R el ufsan ReRise srerafes uftan

Isentropic Process (Constant Entropy process) (Reversible Adiabatic Process)

e Figure 2.5 HE STICITUSD UlchaT Uteg! STIOT ETH (PV and TS) FiguredR higd Grafdot
318,
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o T Uhdme QU RR I5d arEmE Y 79 7Y IW I A d9d 1 HYd
U TR CWG USd ATal.

o ORI IWAT AY S AT fhaTl STeR USd A6 dile! 119d dIUH dled. & dT9d 19 &)
ST a% (Work) I aTed.

o T UM PVY = Constant @TWWW

T4

Isentropic
<7 PIOCEss

(d) 2mssaig

2
Volume (V)

r
n————-

T

Figure 2.5

1. 3@ Tl ALY BIURT 95
AU = mCy (T2 = T1)
2. WYl A BIUIR §Go
AH = mCp (T2 - Th)
3. 9% S (JTS HH)
W= mC, (T1-Ta) (@1 UfhIT3T W = - AU)

4. 7ol feod! fhar a9 d8R e ool fge (SWrdD) (e a=wm)
Q=0
(1 AY IO 1 ATl a1 YT I9MAT deR o¥Io Usd ATal.)
*3SHCIUD UichATA! P, V, T T Tgday

*Relation of P, V, T for isentropic process

T, NG AR
r- & - )
JaERUl AISaUINIS! aRI® I G&fTd &dl
2.5.4 UTSIeiu® UfshdT (Polytropic Process)
Uil Ufdsar dtegt 31101 ST (PV and TS) FiguredR Hig- qraido! e,
o BIUHAT PV" = Constant &1 GHIBRUMGN GRATGG! STd.
e Y 'n' EIUGICIUG SoaY fdhal BIRIRM fdhdl TaIUr=M a1 HazNd 31
o FE2® n AR 0 T ~ Tdfd FC@ THha.
e nd YA y U SR a1 BT 3Ry 21,
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PV"=C
1. n=0 ke

PVO=C ie.P=C Isobaric Process
2. n=1 fafeem

PVi=C ie.PV=C Isothermal Process
3. n=ow fAfkem

PV*=C e.V=C Isochoric Process
4. n=y ke

PV'=C ie.PVY =C Isentropic Process
5. n=n fokam™

PV"'=C i.e. PV1 =C  Polytropic Process

1. 36 TS ALY BIURT 988
AU = mGC, (T2 -Tv)

2. WY A QIR 9o
AH =mC, (T2 -T4)

3. 9B S @T@?@Y?ﬂﬁ) Work Done

_ P1V1 - P2V2 _ mR (TI_TZ)
- on—-1 -1
4. o1 feod! fhar 9 d18R T ool fde (IWrdD) (fRe aem)

Q=mcv<r;_y)(T2_ Ty)

* QTS IeITU® UlhaaTal P, v, T il Jgday

*Relation of P, V, T for Polytropic process

T, P, (A= 1) vV
Al o R )
3IaeRUl WISAUINIS! aRI® I GEfTd &dl.

25 Wt HoHd da (Steam Fundamentals)
o WIH G 9% fg Uardleh arg SfawT oy,
o WHHY I URR ST AT0HM S, ATHes T H 91 dT0R SHaRT=r sMd gehias
H AT ST,
2.5.1 W I UGN (Applications of Steam)
. fagga e € cafse.
o HAUIAS WRIAR WITTHIITS] WIH TTORST SITdl.
o HUS FRUFIHL YR ATHIBRHT HTHNTS] W IH U] ST,
RIS, a8 Hiiee Huaae) Yl TH a1 aTR g,
2.6. '\‘fTFI faffd: RR 9=R Ilﬁ?aﬁﬁ' (Generation of Steam at constant pressure)

SITAHHTIER, TFRIGT T—H 3T T- S Figure aMqe+ wWiH [t R one.
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2.6.1 T-H (éTEIi?R - Qﬂ]?cﬂ) Figuredl dIUR b= bt At (Generation of Steam using
T-H (Temperature — Enthalpy) diagram)

o T-H @R - T Figuredl AR & a4l fAffdt &2t 81d § Figure 2.7 A
RAAGS 3R,

o IO o, SMUcHs 1 fhd! 9% 38 AT AU - 5 °C 38 9 YR aTdraRummal
(Atmospheric) 3G

o UfHAT a-b: TSR ST FHIGT SWIMT Gl dHaY S Id dITHM 0 °C Tid alg SR,

o I URPACIHIM, ekl dIUHATA d1¢ Bid U Shi<dl SaRAL PIUTE! 96 Bid a1,
(TBUS 0 81 §hd 3d! (RIT))

o TRl b-c: THSR YU IUAI U Y& Sddl, T% fddey SFTal 3fr I urvdrd
EOIRd gIdl. I AOHMIG HIUie! dT6 8Id ATe! IR AR 90 gidl, TU! d%
waﬁ.mﬁﬁmw@ﬂ%waﬁ?%@atent Heat)\"ﬂﬁ%mﬁ'l?f.

o TfHAT c-d: SESRN W 3 @ Offd, TIaY UIvgTe draq™ 100 °C Td dled.

o TR d-e: SHORIT IWIAT 316 fGoT STd, T8 Uroll WHaE S6@ ST, WU ARl
3Od. (%9 o a1 3. g1 f3H1UR fgded IUIaaT STIHRUM dc fge (Latent Heat
of Vaporisation) ¥UIdId.

o UTHAT e-f: 3SH IV ¢UI ¥ SN T o AMYHH JU dled AT LT ST Hfa3wr
LSRRI

o S— TP IMARITL - Fd AT V- qTg 3T

>/ | Heat
</ ! -

4 ~/ oy
\\',.‘ OF NPT
$‘ neet
-« >

' 3| § I

[ L’ prrrssrrranas —— e {\‘
“ Fusion) | Sensd ‘
\Q ™ :
of o 2tent 1 heal
o Heat v-:q
'O r- A Y Ay
-
Heat suppiied —»
Figure 2.7

T-H diagram for steam generation
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2.6.2 T-S (CERTR - USd]) FiguredT aTR e artba

(Generation of Steam using T-S (Temperature — Entropy) diagram)

T-S (CHRER — U Figuredl AIR - dThdl HHdt ®aIT 8id & Figure 2.8 AL
TGS 318,
W = et FMYTAMTST 1-5 Figure dTURST ST,

T-S Figureﬁ@ﬂﬁﬁ%ﬂﬂ%ﬁﬁmm 3d I A d

[ HCTIRRA T 3T,

o f, 1 fha! 1ol QM= aTdTeR o= U2RST TR oo Old, deel JIudTaT Sl STl
AUTST Uh dsh T AB fBess. a1 faswroft St ueidt ared ot Figure 2.8 T8 S¢gR
grafaol 3.

STURE IWT fGeTaR, UTudTe STiYd Y= gid, ATdos Sit Uit aTed df Sey A GRafdot
3T

Figureﬂ‘iﬂ?? AB ST ﬁ@%@{ dicx 134 (Saturated Water Line) STfOT ﬁg C 3Gl
BT {:IJTX;RES O%l-lﬁ @I (Saturated Vapour Line) &I@%'Ul?ﬂﬁ.

w1 foigred YR diex @I 3 JoRes ®W BIE bl i, 1 fger (p)
frfedwe fag (Critical Point) 31 UG

g
b
P
r |
Critical  / f
Paint s ) P
L
f
= Liguid Region H {
= ¢ :
E (Water] R S Vapor Reqion
E ;,.« Liquid—¥apor \Steam)
& Region ; i

(Water—Steamn}

Entropy

Figure 2.8
T-S diagram for steam generation
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263 WH T UBR (Types of Steam)
o 3N TNH (Wet Steam) : ST ATHHL UTUAT hTg! HUT fobar 3MTgdT 3&d
AT ST It W WgUrdra.
o 3111'\‘7:.‘1'5[ ﬁ@%@"&ﬂ'ﬂ) (Dry Steam) :@@W@qul EEIREIE]
T deg] ATST S W H WGUrdrd.
. '\SQT%%G@'H (Superheated Steam): GR_Q’RIRCTJ:[ &S GRIRES $o! W A
YA dlg G4, 1 3 A=Al WY 31 guRige s T WUrdTd.
2.6.4 TN Heftra agaren S
o few=h '{[CRﬁT:’ i (Degree of Superheat) - W‘d GICEIGREiYI ﬁ@%@' GICEIG
AT BIBIOT YUsicd! [SUT TUIAT. (Tsup - Tsat)
o THHRIT ST YPaRI (Dryness Fraction): 8T a1l HIRSUUN SRIQUIRT FaR 3. 'x'

A Y grRIfAST ST,

M.+ M,

X

Ms = dTthd axgHM
My = G100 TRH
« AfR7® fae (Sensible Heat): STt IO YHHIEA HSTdT I,
g 37 gy dIHMEId 966 gidl URg AT SaRTe 960 gid ATa).
o Bce 8T (Latent Heat): 1 foral Ihesn UTUar GHM AIUHM ATOT UzRA ReAded
TR HUTMIS! St IWMT St SiTd ATST B e fae 3@ wurdrd. fg 'L A <zifadt sima
° %ﬁﬁwm (Total Heat of Steam)
( =8| 9} TyTedt) (Enthalpy of Steam):
UHUT ST IgUTSl, &d (arufty S1for arg (arth) IR fafay eoiar sraum=ar vuredidt
CRERL
U [Helld Uugrel 0 °C URA € 39 FUdRd HRUARITS] St SWIdT fgat Sid
Te] Read T ur IWrar IBurdrd.
) %‘qﬁﬁ&me&mﬂ (Specific Volume of Steam):
PHIUATe! UIRGT 1 [ha! Redd MHRAM U Redd ARy 3MeRAm.
Vg ER GRS
SR 3MUeHhs 1 fha! arolt 3118 30T AT STHRAM U foeR 31e. MU dr & Hae
FUMR $o. R KM g T7gAAH 1 {H0! 380 W LAl U2R d500l R edd
THRAM TES V.
2.6.5 W g@TT TR (Use of Steam Table)
o Tafqy qmEm Sfor U=ReT aTof SN1ftT W o T SRauaNTe! WH e 9T aTiR $H ol
ST
o TCTS UL T, TIdl, faR1y SrpRAM gardlage quziiedr Afgdt ufddo! 3.
o W TG AIRUINIS! W
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1. TRTOT IaeumH e G oy S fs U=RR, arod™ 5. 20
2. SR g T0TYH ST Uige BT 3o dR YGRCS W IH ¢ao T aTiR &,
3. SR g TUIeH S13fT Ulse Uel IR 3o a) YUREIes WY 9@ a1 aTaR &,
4.3 T HioH oI T Ut B JFEToT 8d o TOTYH g At fhid Zme.
2.7 IBTEA TP (YTAD®) (Rankine Cycle)
e T YHD UldR WicHS! Tah SHTIRIET I 3Tg.
o IMY, TH &a UG Tdd SHE 813 a1, 3aRAd STl d &g U3 818 Gl &4
3IRT Idl. § Th & 3.
e I IR YTH AT 1. SIS 2. THZ 3. Ho1IR 4. UG

o (FHRAIADT Figure 2.9 Oel grafdo o 3G,

Boiler

Figure. 2.9

Rankine Cycle
IDEAL CYCLE
A . CP
p| Irreversibility P/ L
in the pump Vel ‘Pressure firop /‘\
. S/ | ™ in the boiler , N
L J { A / N oo @3
bl |\ SN,
/] /| / \
el /1| Ireversibility P [\
, ‘-.'I | Actual C}'dt‘ I'. \in the turbine ?.a‘ ' ! \
ik N/ 2sg” / v
S 1 7 T4/ b
14 Ny / TN
Vo \ i 'y i s
s / N e |/ \\
T Y 16 - s 8
/1 N S ¢oss da N\
/ Pressure drop \\ / %
P in the condenser / 3
Fig-1a ¥ Fig-1b 5
Figure 2.10

PV — TS Diagram of Rankine Cycle
Ufehdr 2-3 3T TRIUTRH
Ufehd 3-4 dhe-tRUY RR YZRA IWAT SR UMM Ufdsa
Ufehar 4-1 3MSHSITD B
Ufehdr 1-2 dIgexged RR URRA IWIAT gxdiaR UM ufhan
R I T-S FigureTIR, MATSTS Rankine AGGHH IR Uil SR
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wihar 2-3  SMgHSIU® TaIUT=H

1. TEAHE WY TaIATRH ((GR) 6o SITd; gTdesd WA ot T fRRR 3.
2. UY THRAGR T (W) B ST,

ufpar 3-4 RRURR

1. hoRAH WH df IUAT §1gR B! oIld.

2. AT US Bl UTUaTd FUiaR gidl.

uferar 4-1 A IS HIVIRH

1. Zauerd (@l 9 91 iR B HH! TRRURIA SRd URRUIT SHTUTS .
2. 91 ufehdd Terdt fRR 3.

ufepar 1-2 RR 1R

1. RR U2RA UT0916T ST &3 W IH TaR H ST,

2. TTogTHE IWTaT e T fod e Ael Ui gial.

AR |

1. 5md of a gas at 8 bar and 180 °C is heated at constant pressure till volume is doubled. If
Cp =1 kJ/kgK and Cy= 0.715 kJ/kgK. Determine a) Change in internal energy b) Work
transferred c) Heat transferred.

Given:
V1=2.5m?3 T =180°C = 180+273 = 453 K, P1 =P, = 8 bar = 8*10° N/m?
V2 =2V1, Cp = 1 kJ/kgK, Cv=0.715 kJ/kgK

Find: du, Q, W
Solution:
The process given in numerical is Isobaric process
i Ty :
- = (P; = P, general gas equation
I, T,
ho_2h P, =P l ti
453 T (P; = P, general gas equation
T2=906 K
R= Cp' Cv
R =1-0.715 =0.285 kJ/kgK
P1Vi=mRT:
P1V :
m= il T (general gas equation)
RT1
8x10° x 2.5
m= = 15.49 kg

0.285x10° x 453
Au = mCy(T2-T1) =15.49*715*(906 - 453)
Au =5017.13 kJ
Q =mCp(T2-Ty)
= 15.49*1*10°(906 - 453)
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= 7016.97 k]
PV=mRT
W =mR(T2-T1)
= 15.49%285*(906 - 453)
W = 1999.84 kJ

2. 1 kg of air occupies 0.084 m? at 12.5 bar and 537 °C. It is expanded at constant temperature to
a final volume of 0.336 m3. Calculate pressure at the end of expansion, work done, heat absorbed.
Given:
m =1 kg, V1= 0.084 m®, T,=Ty = 537°C = 537+273 = 810 K, P1 = 12.5 bar= 12.5*10° N/m?
V,=0.336 m*, R=287 J/kgK
Find: P2, W, Q

Solution:
P1Vi=P2 V2

_ PV, _12.5x10° x0.084
v, 0.336

P2

P, =312.5 KN/m?

Wiz =PiVa In(\ilz 12.56%10°*0.084* |n(@j
Vi 0.084
=145.561 kJ
Q=W
Q =145.561 kJ

1.5 m?® of air at a pressure of 1.1 MN/m? absolute pressure and the temperature of 80 °C is expanded
isothermally until its volume is 8.5 m3. Determine the final pressure and work done by air during
expansion.

Given:
V1=15m3 T,=T1 =80°C = 80+273 = 353 K, P; = 1.1 MN/m?= 1.1*10° N/m?
V,=85m?
Find: P2, W
Solution:
The process given in numerical is Isothermal process
P1Vi1=P2 V;
_ BVi _1.1x10° x1.5
v, 8.5
P, =194.12 kN/m?

P2

W= PaVyln| V2 |= 1.1*106*1.5*In[§j
v, 1.5
= 2862.09 kJ
W = 2862.09 kJ
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3. A quantity of gas is expanded isothermally from initial condition of 0.1 m® and 735 kPato
a final pressure of 118 kPa. Find a) final volume b) work done.
Given:
V1=0.1 m? T,=Ty, P1 = 735 kPa = 735*10° N/m?
P, = 118 kPa = 118*10° N/m?
Find: V2, W

Solution:
P1Vi=P2 V>
Vo= % e T (general gas equation)
2

3
V,= [35x107x0.1 _ § grg 3
118x10°

W= PaVain| 2 |= 735*103*0_1”{0.623)
v 01

1

=134.46 kJ

4. The initial volume of 0.18 kg of a certain gas was 0.15 m® at a temperature of 15°C and a
pressure of 1 bar. After adiabatic compression to 0.056 m?, the pressure was found to be4
bar. Find a) gas constant b) change in internal energy.

Given:
m=0.18 kg, V1=0.15m?, T1 =15°C = 15+273 = 288 K, P1 = 1 bar= 1*10% N/m?
V2 =0.056 m, P2 = 4 bar= 4*10° N/m?

Find: R, Au

Solution:

The process given in numerical is Isentropic process
PtVi=mRT1.ooii, (general gas equation)
P1Vi=mRTi................ (general gas equation)

_PV, _ 10°x0.15
mT, 0.18x288

R= 289.35 J/kgK

_ R, _ 8314
R 289.35
M= 28.73 kg
In[?j In(ij
Y= = e =1.407
n A n( 0.15 ]
vV, 0.056
y=1+ R
C

Y
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289.35

1.407 = 1+

Vv

Cv =710.93 J/kgK
Cp' Cv: R
Cp = 289.35+710.93 =1000.28 J/kgK

y-1

T (Lj
T, P,

1.407-1
288 _ [1) 1407
T, 4

T»,=430.49 K
Au=mCy(T2-T1)

=0.18* 710.93*(430.49-288)
=18.23 kJ

5. 0.3 kg of air is compressed reversibly and adiabatically from 70 kPa and 60 °C to 0.4 MPa.
Find out the final temperature and work done on the system. Take R=0.287 kJ/kgK, Y=1.4.
Given:
m= 0.3 kg, T1 = 60°C = 60+273 = 333 K, P1 = 70 kPa= 70*10% N/m?
P, = 0.4 MPa= 0.4*10° N/m?, R=0.287 kJ/kgK, Y=1.4
Find: T, W
Solution:

The process given in numerical is Isentropic process
y-1

T (gj ’
T, P,
14-1

333 _ ( 70x10° JM

T, (0.4x10°
T2=548.60 K
_ MR(T, —T,) _ 0.3x 287 x (548.60 —333)
@-y) 1-1.4)
=-46.41 kJ (compression)

6. One kg of air at an initial condition of 350 kPa and 450 K expands adiabatically to a final
condition of 130 kPa. Calculate amount of work done and change in internal energy of gas
during expansion. Y'=1.4 and R=0.287 kJ/kgK.

Given:

m=1 kg, T1 =450 K, P1 = 350 kPa= 350*10% N/m?

P, = 130 kPa= 130*10° N/m?, R= 0.287 kJ/kgK, Y=1.4
Find: W, Au

Solution:

The process given in numerical is Isentropic process
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y-1
T (g]
T, \p,

14-1
450 _ (350x10°% ) 14
T, £130><103j
T, =339.11K
_ MR(T, -T,) _ 1x 287 (339.11— 450)
1-7) (1-1.4)

=79.56 kJ

Y:1+i

\

14=1+287
C

V
Cv = 717.5 JkgK
Au=mCy(T2-T1)
= 1* 717.5*(339.11-450)
=-79.56 kJ (W=du as Q=0)

7. Determine the state of steam if:

1. P=10 bar and specific volume = 0.185 m%Kkg,
2. P=12barand T=200

°CGiven:

1. P=10 bar, vig = 0.185 m%/kg
v

x= Y- 0185 Vg = 0.19430 (from steam table)
v, 0.19430

x=0.9521

Steam is wet.

2. P=12 bar and T=200 °C
Tsat = 188 °C (from steam table)

Steam is superheated.
Tsup' Tsat =200 — 188
=12°C
8. Determine the amount of heat which should be supplied to 2 kg of water at 25 °C to convert
it into steam at 5 bars and 0.9 dry. (C, for water = 4.187 kJ/kgK) From Steam table 5 bar hs=
640.1 KJ/kgK, heg= 2107.4 KJ/kgK
Given:
mw=2 kg, Tw=25 °C, Cp for water = 4.187 kJ/kgK
At 5 bar x=0.9, hs = 640.1 KJ/kgK, htg= 2107.4 KJ/kgK
Find:
Amount of heat added, Q
Solution:
Heat in water= mwCpowAT = 2*4.187*25
=209.35 kJ
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hsteam= hf+ xhfg
=640.1+0.9*%2107.4
= 2536.76 kJ/kg

For 2 kg heat required = 2*
2536.76

=5073.52 kJ
Amount of heat supplied = 5073.52 — 209.35
= 4864.17 kJ

9. The pressure of steam is 2.5 bars. Its temperature is 130 °C. State the quality of steam
with reason. Also calculate degree of superheat and its volume. From steam table at 2.5
bar, Ts=127.4 °C, ©4= 0.71844 m*/kg.

Given:

At P= 2.5 bar,

Temperature of steam= 130°C

Ts=127.4 °C,

Vg, ©g= 0.71844 m3/Kkg.

Find:

Degree of superheat, volume.

Solution:

As temperature of steam is 130°C is greater than saturation temperature, hence it is in
superheated condition.

Degree of superheat = Tsyp- Tsat = 130 — 127.4

Vap Vg . :
=9 Since pressure is constant

sup sat

Vo xTg, 0.71844x130
T 127.4
=0.7331 m%/kg

or Vg, =

EXERCISE-
TLO 2.1 Illustrate Ideal gas processes on P-V & T-S diagram.

1. Represent following processes on P-V and T-S diagram a) Isochoric b) Isobaric c)
Isothermal d) Isentropic (A)
2. Define Ideal gases. (R)
3. State the meaning of each term and it’s unit in gas equation PV = mRT (U)
TLO 2.2 Determine work done, heat transfer, internal energy, enthalpy change for various
ideal gas processes.
1. Define isentropic process. (R )
2. State the equations used to find change in Enthalpy and change in internal energy for
isochoric process. (U)
3. State the equations used to find work done and change in enthalpy for isobaric
process. (U)
4. Simple numerical to be asked in exam. In the exam, only two unknown values should
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be asked to find out.
TLO 2.3 Calculate different properties of steam using steam table.
1. Define a) Wet steam b) Dry steam c¢) Superheated steam (R )
2. Represent the steam generation process using T-S diagram at constant pressure.
3. Explain the steam generation process using P-H diagram at constant pressure. (A)
4. State the various applications of steam. (R )
5. Represent Rankine cycle on PV and TS diagram.(A)
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Unit 3 Components of Steam Power Plants
w1 Ui} WicHd 9cd
fawa froht- W siaeR, ¥ eafgq, W s it BT ot SrigHa SIS HIUIMTS! arg
&R0 aTRT. (Use suitable strategies to maintain steam boiler, steam turbine, steam
condenser & cooling towers efficiently)

o et

TLO 3.1 WUk Wical &33c ®lal (Draw layout of steam power plant)

TLO 3.2 ¥\ caig-dl I T S TF &1 (Explain construction and working of steam turbine)

TLO 3.3 feo uRiRUdHme! arg sRUMNE He-R Hasr.(Select condensers for the given situation

with justification)

TLO 3.4 ¥ d1geR, ¥ caleH, W He=R 30T BT elavd THTd SJHTS Ufshar TP &1.( Explain
effective maintenance procedure of steam boiler, steam turbine, steam condenser and
cooling tower)

3.1 W UlaR wiedn ufvad

MfWF o1l 8T HRAT diel AT U@ Wd 3118, HRAKId 60% Y& SR faggd Ior
I T UlaR WicgR bl STd. HRAd DHISTTEl Hisl 18T (AR 170 3f6d ) 315, SN
ST 537 hHBIER 3. WIH UlR Wicqq, SarRy STl Saa-rd] Wl SIeRgR
I Td HTFOT AYHHIT 9% dTedUaITa! aiuRat Sld. 31R1 YbR IdTad daied] bl aiaR
W Taig fhal FelaaT aha SfSHgR - SHReRdR Aafquary SfoT 31 UHKR faggd SHel
UTSH Hogd WU HH xd Aleld IR U4, TRd SIS Terad JUSRUNe! 313e WUa! HH
hdld.

W UieR Wie Thar Had faggd $oll -H0 HrRugmre! fdar arbear g fagga S
AT HROARATST RAUT Hd TS HdTd S ! HHTrAT TR, HUs TRuan, IR R
3T NBRRY, IS $W, WIRed IdTeH, 3d IdTed 3A! S HRUTITS T
W UiaR Wical SUTNT &al oidl - caig-TedT Ul fafRIy YN Ufhdear Sex1 Wi Hled
SITd 30T IART THaT ( aThal JedisTae fawdid Hruar! TRarT faeft S, dhfcis R
TaRIRe T ,avTavTeT UichddbRidl auRe oS dhdl.

JHd UiaR wiie 81 U@ faggd Mt SRumT ol Udhed 38 SumHed UioaaRyd aw i
PO ST IUTAAT ATUR el Sl ATTOT Ye &I aTthal aiiR <aig- [hRauaraTa! Sfor
gafa 4 fAfHfdardt ovar s

WA UIdR Wied g 3T SRIGST( A3MT37)

YT UieR Wicd U9 U

(i) PI5wT g Ul Thay

(ii) TegTalsiT Wic

(i) ST%¢ fdhar Sic WA

(iv) SR

(v) X9 GldlobUﬂ Uh el (Ash handling plant)

(vi) TETZT 30T S Rex
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vii) ST
. -
(viii) @I%ﬂl HEEEE SN
\J
(ix) BIS dic E‘EQ
vov
(x) QP TATHTILAR JUR gic 30T TSR Tt gl
+ TO CHIMNEY
ANFLUE GASES
COAL
STORAGE
AIR <
v < PREHEATER AR
FLUE GASES 3 PHASE
compm] e —2
2 FEED WATER
ECONOMISER[™S
T + SUPERHEATED T
STEAM
ASH _, | ASH HANDLING SUPER -
€ STORAGE [€ PLANT BOILER e HEATER S i GENERATOR
GASES A
A

STEAM CONDENSATE

5 EXTRACTION
PUMP
HIGH l
PRESSURE BOILER CONDENSER
HEATER FEED LOW T

PUMP PRESSURE
HEATER

CIRCULATING
WATER PUMP

- COOLING WATER

——r S
RIVER OR CANAL >
e ———— i

Fig 3.1
T Uk Wiicd Ucdh AT IRTEET

3.1.1 WA

T T ReR fohal sTaeR § T8d1 Tied Idd d¢ Ui 394, I S SY-T=AT (94, g9 fdhar
1) ST AT UMK IWIAT UTvaTd gXIidNd HRUr 0T Riael 9T (HAfu @0l § 38,
JdTfed arhdl QR3] S Sadd Sfoe WGUleid K IH Sio 3T caigardar ol . ded
IdIed A, HH g HTqY FRUG], YRR HREM sATdIAE 3eNfie Ut St
30T TRY UT0gT=AT IATGARITS! dTURe! SIS, Kbd  SATe dTUR HH! G TR UfaSo=imdt
&l SIS, Rdhell.

BR TR, SIFeR UM 22.75 Tl UST S &Hdd BHIUds! §iG His(closed vessel) S GraRaret
I o Ut TEUT! ToR S 30T SR HisR™R Sieed Hivlde! AISIET fdval SaR
fOpfeTT TmTfay Sryd, S WA s SrIdMT YUt fdhaT 3fR1d: Srerare Srd

W §iaeR § WIdd a0d U 8¢ Y 318 ST ST ST Saa-e qaR GIOMRT SWrdl
UTogTd RIMIARd HR0l d ATYRIH 9% TR B0 3 3o,

SiaaRd DRI

1.S19eR ATAT &R (Axis)
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(i) Befepd YT Siaer

(i) BN ey Siaer

D ERESIERRYESRIEIRNN

2) TTOT SIfOT AT SIFNERUN UG AR
(i) Tafife &Ff\lmTUT(Natural circulation)
(i) Taria SAFRIRUI(Forced circulation)
3)@%@3%1?

(i) dTeR & dIgeR

(ii) PRR & SR

4) e =T fRUAHER

(i) 3fcTd fohaT 31T Uoaa dbad SiaeR
(ii) STee Uogd daid SigeR

(5) STARTAR

(i) RR sfgeR

(ii) M ST

(6) T =0T YRR

SR CEIREN

(ii) ThTIID cd SITeR

3.1.2 3 ¢ SigeRdl U=y ;
3-G1§ JIaeR 81 U faR¥ TSR S1gar 318 S 80 IR U&T SR SraidR Irad! SA1for
AT 3N I Uebeurred dist Rftfdardt arurer sirdl, S o SEdAHTdd
q 0T SHRUaTT &ANTS! § SIgeR i SIdrd ST T 3= fafay sienfie
gfeear oftr diw Mt A dgwyul e aoaad . Aeigd SiUdH ST
IRl ipdsraye Faau gundigR |, I=-a§ siaar 3fdd Uldgpd uRfRuder dis
U W& A .d9d HGH IWMl SXIARUN 30T SHoll FUiaRor gHfEd
HRUTMTS &N SR faRiy dFun saffad dae 3rd
1. W@W(Lamont Boiler):
1 YPRY dGeR 1925 Y aF1fe AHRE (Lamont) 7 3ATUIA 8. FIGURE 3.1.1 HH
SRIATGITIHI N S1geR <l BRI g HIAuuel HIH Hd
% Uh &HW 3o qld, TToit Ad IR IGEY (water tube boiler)3‘|'|% S AT HYERUMAER
(Forced circulation)®TH HRd. SIAARAYT ATl AR H&H, WIH CagAgR Araacied]
HERET UUgR SHHERT G 1. TRY g iqd wie dier S HIarIgRel gRad Sid
30T AR o YU 9 IR S0 Fhe IhH diTes HhRugdTa! § AISquard! fael S,
U g W S0 U O1of | STy umA SHFHRROGTT (circulating pump)@s aTed.
SHERUT HRUMRT UY (a8 ST Hddh) hi-dfde g SGURCR (Convective evaporator) 30T
FaR qord] SrdtHaeh/RfSUc SRURER (Radient evaporator) U 3fi@ed SO
eiegT ered urft fhrad!. urof SiegT (f$Ue SURCRAYT STeR d , degl d aTbHed
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FUAR 8. & a1 LIRSl 3107 YuRex SHHYT ofd.  WUfT 7 TR §H URE WY
JREIC HUTATS JREIR S AT, AR g ReIes WA Ted YaTgTd MU
JHTaRGh AT SUANTTST GRael Sild.

g1 SRl dlc BUTsl a1 3Tdid YU §S8s TUR glard SaTded SWIdl g¥diaR0l
(Heat transfer)Ginﬁ[ b fAffh aX(steam generation rate) FHH! @?ﬁ

1 ASE Sraava afdree

3) g dIgeR 120 dRAT g A0 500 °C ATUHMIEGR 45000 o 50000 Kg/hr AT
FRfges €A TUR SV dIR ol el 35 d.

§) BEIgeR Adfdd, TiE 3rg 3o a1 Siaeryed faved U 3HR A8 3l .

Hot Air to
Combustion
Chamber

Air Preheater

(__Economiser

Convectlion Superheater

e

Exhaust Gas
Evaporator

Combustion Chamber

N

Feed Pump

AL

Super
Heated
Steam

Steam
Separator
Drum

Circulating

Pump l
Distributing

Header

7

AT I i Tl i i ATTITHITITATRRRAARRRR RN S

N\WLLLLLLLALL L L L L P A

(77777777777

Fig3.1.1 QAN SIOER
2. aT\‘F-TEIVTqW(Benson Boiler) :

S0 SIUeR 81 81 YRR, SHN , YURIshfcdhd, Jekdid AR SRciall diex ogd W d
SR 38

SIAeRdT TNY AT o~ i 1922 A AT 81T 8T S1AeR U JURIshfedhd S1aaR Mg
W@W qroft (feed water)x’ﬂl?ldml ({-Lqilfa’)l?idm )c‘(ldlzl {-@I?Jd(compress) Cay|
STd 31101 Ires YTudTed] Aed<l YYUNTOR gegs (bubbles)ddR BIUAM WiddY gidl.
Jegs IR BId ATEId HRUT YURIhiedhd T Uroft 3for aithdl g+l IRE Bld.
SIIRAL IOt TRY HRUGYGT  d URIBeHd GIEMH BB HRUATH! Hedl Fauud
O S0 i Afeat 31T AT arodTeh Yo SV (latent heat)LATAR Ad. TT0aTT
g Il YATR A g8 TR 7 gial Uroft A< arthd Jaad.

I dIGeR AL, B UY Uvardl g1d JURishedhd qramadd dredd! ST Sax o arof
SHHAIIRIE TRl HdghHeRALH, uroft ASde gleids Srd. I o feu=H
SR IWTdT YTt R 1O 3h: AT aed TUidRd gld. AMIHM Sdasdes YuRichichd

dIHMTIAd dTed. IR arthd 31107 gTugTa fi8ur di-dfdceg SaguReR H Udxl Hd
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S d QU AT HE RUTARA Bid 30T HTgl YHIUNT TR 81 Webd. Wacl d YW
BIeAY Sfavd YUReIcS AT Hesauaradt oild.

g I TR BT HRd D1 10Tl g1 gURihicdhd qIaTqdd (WUl 225bar 2T TR
SISO SIR) dTed] . StegT UTuaT gTe JuRfehfedhd UTdes udid aTead S degT aroarit
g WAl Y gid 101 gRomdt , o 7 Iheddl AT arhaed daad 0 ares e
ISR Bl TR 10T fdse gidl.

Exhaust Gas

Hot Air to
Combustion
Chamber

A

Economiser

SH

Water
.

Feed Pump

Convection

Evaporator )

Convection

éer Heater

Super Heater
Steam to
Turbine

N\ A11LHIHIHATIHIIITINARIRRRIRRT ARRRRR Y

§

NWLLLLLL L LT T 77 AT 77 7777777777 7V777.

S/

Fig 3.1.2 99 SR

3.2 WY Ao 101 € eaigA
T Aot HRSAT AT o 1-HaRAT U4l TGUH dell Bl Rdbd, Sl althadT SWTd]
Soidl (Heat energy)TI'cﬂTrf IoH (kinetic energy)%\uidi\ed Hdl . A ufgedn
YRTIGRIITH, AT 37 dTadl. TR ATl Haedl YT, dTthd a¥gHT & dTthedl aTTUEl SRd
BId. Ihd IRqHM |, AT DIVATe! HUFTIH SO aithd axgdq 8 [RR Afgedm,
Aol ATt GIaTdt fHFdr arthar o, fafIy STeRAM 0T HRSYUN =T (dryness
fraction)aR AT 3 .UH ANTC a1 bl A [hHI Soll. T -NIg ATt ITT
3ord TTdTordsl He TR HRd.
W el e T Aoiadl T TR, 3 dINIE dTthd i daR HRUT 318, ATeTeredT Jaid
8 YA U1e (throat) S UTATd.
WY HISTerd SUART fdhdl SUTRT (Applications)
(i) A 311 7 eafga
(ii) Sic S 3fvr Mahe Aed
(iiii) TTAT SUANT GUGTYTT T HISTOITITS! dhell STl 3al. R RHCR
(iv) STTARA BIS dlc’ U HRUGMNIS] Soldex hivd

(v) WIH Sic IThoveq Ried ifor & dfd
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EISNEREIN

a) PI-QoiC AoTd--- TAMGRIUNT STeR TSUARITA ! h19-HaRd & Fdd HH! el oI
b) STIESIC AloTd - HIY-YaRMd YRAT YARGRIIR dTeR TSTTid Jdd died 31Tg.
¢) -Plguic SIEBSIC AoTd - AT pIY-TaRd &7 UYH Jod HHT Bld 0T TR
uémmuﬂ?rmﬁ

W _m\" Wm

1 w—Throat

.m.' mmm

! | I

e |
Corrvergent Levergent Pan
Part

Fig. 3.2.1
Types of nozzles

EGE‘-—I%H"WUT (Classification of Turbines) :
1. STHGTSA] TR (K19 o Ugd)
(i) 3U edieA (i) ufdfshar g
2. AT YaTgTA feRIaR
(i) 31T TaTg (Axial flow) TaZ—
(i) ST UaTE (Radial flow )eaiz—
3. AT GIETER
a. 3 gId g
b. T GId caigd
C. Wﬂ'l’dﬁﬁ%?
4. T (stages)TSTIR
a. W@Tﬂﬁﬁg:f
b. Heel WS cazd
5. KAl Tagike fRUAHER
(i) PSRN Tdgd (ji) A--dofA cafs
6. TG q@‘cﬂﬂwf N .»
a. Ylcd TgHTgg TalsH
b. oA g Taig
c. S9-UY] TgfTyg cafs
3.2.1 gHcH EE'[E‘-[(Simple Impulse turbine)
1eAT S TaisTll Il MYB AT AaTae Sl-Aed caig FUIdId. FIGURE 3.2.2
A SRIGATIHIY ITd Arsferen T I 10T g0l siisdl U 4d 3Rl AT ATl
gHaTdredT SR ifad grardd fowdR Aigrerean ! Sammed gidl. Agiared SR ad
HH AT iyl dTthdl a7 gl
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% IR I A AT e S0 d1 I AT AhIaR T KISaR 3Gesd.
Tt SlogT seigdaR fthd degl aTthdl GTeial R Mgl U o HH! i,

DT -

S Tafg Y, RR AaHyd U STRd a7 dTex TSUIR] a1t Uexal UReraR Afdd
HAN KSR 3MGDd. st ABAT gid A daadl dbA] Jargral fa= dIgerdrd. o
A AUR §d Cais AT gy HRUNY 3.

I TaIg-Tdl 3aIavul S1-Arad, agere T T 3Ted

bucket

stationary
nozzle

Fig.3.2.2
SR Caig-d dd

Wﬁﬁ?ﬁ@?ﬂféﬁé«ﬂ%ﬁﬁ@ﬂ@m NI CUIEECIN meafgﬂmﬁ:rm T aT ASTaH e aTgH
A OTd. AR WA Sl calgT ssar 3eewd (S IGeiTIRY godd dTd SfoT areTear uReiay
T YA ). SARFTHR ¥ S sdedl 3fddd(concave) GEHTTAR Ibd 30T act
S [ER RIS aldw(buckets)ﬁmﬁiﬁ SITdTd. &Sl a1 eTadTd TR AT fhard ardd. $iH Sied
TIq A Sl gl IO e sgHeH SITd SRR g4l athdl 37 AIserHed dledl SIfor
TN SISHYH SITd SR HH glall

3T YHRAT edfsTa1 aTiR A dis i urearardt e Sray

Controlv_

! Torque
! ; on shaft
- | :@ -
—t ;;;. —=
g
1 5 1
1 7 1
1 2 1
/ 1
Z 1
2 1
-
1
A0 |
Exiting jet
(nil velocity)
Fig 3.2.3 3 caigd B
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322 ﬁ'ﬁmﬁﬁﬁfr (Reaction Turbine) :

Fig.3..2.4
gfdfehar calg-d da
1 cdis e arhdl g R &gy aud fRR sieudYyd [aRd 3Rl g8 Bl

gial T ufafesan eaig WUrdd. ard Hisyl TR <W 3dTd, e e fRR 3T fhum
IS 3. WY FH01 fRR 31 gAUR qigl <iedd A gid. UafhanRidesH )
ceigTHE Aed fdad AT . RR &I€ 89 Gl Al Gl DIH HRdld SUrHE arthal ot
qredl T aTtha R sas=a FaTred UawT ooy SR .

R 311for fhum=aT ssHed gId HHI Bid 3RTed, T4 &8 AlSTered eRI S gdrd. fhum=at
XIS dith Slld SR dTthal AR gidl 3101 Arges fhum=an sisan ufdfehar fiesd.
QU Taigden Uldishal caig UMM, fRR &Ie HRITA Shedd 3{dd X Uk &8
RIexys FiEd fhar RRd SITdTd. Udie TwTd g HH! SiedTe, Ufdfehal caigade Havad
SCIedT TITT TR THH ST AT THgAUE (G caig-) YU ST 3.

= A=Y |/
N=/ N

NN
NEN

Blade

JFJ))

LA

Fig. 3.2.5

RUgeeH eafgTa &d
HURSTST=T TR :

T ST THISTeT dTadid, It fawdR SIaeR URRURA de~R URRUAd UHTd cudTd »al Sl
A AT AT HTTETREG BRUNHTS! U S Bidl. ATt 3= I [hRUM=T siSedT TehT I
a8 faea, & AR 30000 rpm T e T FHUT Fxd St ATETRSG ATRNITS! QU SR 3115, TS
TGRS ARG 30T I BRIEHAT YT HRUGRIST Dla! GURUT FHIGY BRI SaAH 311G
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THTUET SR AIieed] ¥id, 0TIy i Th AT , Il siige A 38, P Ul H0T KH
=R a1 €A ol AR cdlsgR Tt YA Ssd fhdl HH dall offsd . AT caig-Td
HUSTET BT =M UG 3HTe SH 3eh AcHd! JUITel UhT ATHI [Tl HTferdhd siisdt offd STy
RN ST g ST K H URR fdhar ol Wie cwarewd™ KNvar sirdl
HUTSS I d YR
1. QAT HuSfET
2. URR HUrSfET
3. Al - IR HUrsfET
3.2.3 ﬁﬁFﬁﬁE Wi gifen (Regenerative feed heating)

UfeR Wi Aefie Urvamrgs arts 3foT arhuRg Uifdr §auaret IehT (Cycle)d HIAemdr JURTANTS!
deRicE BIs Bl 81 T Ugd offe.

SARAYT HRE! YRCS K H TagTH SIRd dTIHMIT YA R TN FoR HHT draHH=Id HegHRT
faaRd 30T AR HeIRAD TR Fd. Ho~RAYT ho~ic URd YT bal SiTal 10T a1 YdrgTe
3e fe=M cafgaHIad! fihadn SiTdl. . 3= UeR SIaeRA Ta<l HRUAJd! dhe-ie TRH dhal Sld. 3=
BIfeTTa AoRieeg Wwie g WU sl Hld.

& IERId & b TS0 SR 318, T YUMAHS, THZTHY AT e fhaT T fgar digH erdbal
ST ATFOT R 1S afer glexd el Siid . CaigTHe UreaT YHIUNd aith PG eldhal Siid 30T i diex
BT TaX HRd. I AT CIZTHYT Plg dro—~uRdl [aall oild. TaTg-TedT HIIHR alfcT TaRqe
St Tem g wehd

JorRices wis fefct fdhar sciifn wrvard wrg -

1. 8 hSTIRAT 3BHR HHI DR,

2. YT HIAEHA YURT ST HRUT IUIAT {HSauare TR dIHH dlead 3d

3. SraeRAA ATUE SUTt ! FTeares SIIaRAY FHace YHd 1 HH! gard

JJoRfes wis it fdhar sciifen sxvar die

1. JuTTeRt 31fie faey g,

2. BcH SIS cTHes JIRd GEUT IR 3 .

3. BIeR TG 3HTed TS UGHUl Hisad Td ared!.

CSig-Td! HRIEHAT YURTANS! 81 TP UGd 38, I YUMEHed, aTth Siiell edTaR calsTaYyd dledl
SITd. Aok off G8T 3Hfa8Wi(superheated) 3IaRd A50dd T g Tdd &l G681 TRH dHall iTd. AR
<t cafzT= géid cuarar WRd det ol

Boiler|

ﬁuperhe.a r

Reheater

, =
Pump Condenser
Fig.3.2.6

JAvRics wis fgfen
fdg A T 3 dUcedn 3aRd TalgIHed T dRd. Hak o AB YSHT SN caigTgR
TRl faxaid oo o, fdg B a¥ld o gel gmRfgexr gR fRR M g=1 TRY ol
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ST, 311f0T eafs e Cﬁi@? AR d ,C ﬁl@ﬂ? d% Y=l SIRERAY (Superheated) IR
3. 7R Ho=IRaT Sd 3L caigTgR o AL UG- [T el ST
Reheating BV BTG
()T TESIGR BIUIR H1H dlead.
(ii) IS caZ-Td! BT aled
(iiii) TSTgToaT HH! GIETAT ST HH! ATHAHeS d siedl Sl BT HRd
3.3 W HeTHR
STec-dT 31 e fHaH (gar 3for arts s
T 38 TgTd 3HTg B gl 01 ITh-aT FHYOIE GI9 , U U= Wd: g o ST
AU TP Yeh i Gl aRoigddbl Sl
TiordIaesaT,
Pc=Pa+Ps
1Y, Pa = BodT HiRIP M4,
Ps = AT 3ifRI® gIE
Pc =gaT 3101 a1t fH0T SRTcied e TRAdTd aTd

s
Ptatal = ZP? =M +I:"'2.' +Pifi + - +pn
i=1

g P1, P2, P3 ...Pn WHTHET 3R qrd (Partial pressure) afadr

W Ho-R § U& dg HiS 38 samed Sior Riclex fdhar cafg—an 3o faean Aav arth SioredT
STa SATfOT T UTugia = qiaR dedT ST,

W S @Ield aF IfeP/drt

ATl 3P -HU! T (QAERUITAT STl @Idl) I\ § 3 SIUidhS ahURA SIid
SR GHT ol (HesadT dad T AT 3= HRIeHdT GRI&d T Jad.

bygay 3fey- Y fafeden gfc 3 @) e urolt RaaT FHROY 3R Iy o Srgerdr WRd ug
IS

WA dre-ad B ;

1. 9% faR MR (expansion ratio)aTedd ST TS Wicd! HRIGHT dTad.

2. AT %1 ANTT GId B! gidl ST AT SR Sl 1He3 ]Tdhl.

3. § THRING K dIUH HH ®d, S0 aes e Sl [Ha [dhl.

4. SgERTS! UTUft TUH dHe~iedl YHATR ded dre i @d &4t g,

5. dhe-dcd AMUHM T UTUaTUET SRd 3. A1ges Ufd fhdl athar qRaedn Sum=am SWidd
THTUT 6! BId.

oI aIeUT :

W Head TR0 T TGa- R e~ dhdl old AMAR aH UHRIAE dHdl S

1.9 mﬁuet condensers) fdpar fafadm as”qm

2. Y @%f{-li-lr(Surface condenser) W:ﬁ:{wa@m
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WY e~ farar A1 fAfRIT eIgy -

WY He~RAW, TIRINT W H 10T 4 Trof Hifdd ATeid Id A6id, IAC o ST gLdiarul
f¥efl R AT ol SITdTd. TS he-de g ed 3101 G8T aTuRdl Ad. § FH=IT0 S i
THTud gy aToft Suas 3R ST S SiaeRa I goitd Tuft ard sfidesedT arRd
IOl TR 3d dY aTuRd ST

goft A1 d. dhe-uRd Tl I fBfad UHRAT WcHgR HIUd STdld SarH el grugraT e fAfgd
Hel] TTATd. § 3R YDHR Bl ST 1 e Do -1 WaHH YTugrt el IRgal Sl
UTUgT=AT ol dThATa! T o=t WG ST SITdTd. W IH a2 ST Y=l R S1for
ST e YT TehT fGRIM dTgd SM1foT et et URTTIH favg faR tRd S

Exhaust
steam

Tubes
' v Plate
Water _ \ | .

outlet \/ ] «— |\ Hﬁ_ﬁ
\ P < v A
Baffle ] ¥ < i \
plate ™~/ - L |
— ‘
| S > |
> = /
\x Ve = /

/ )

Water “—T-__ > /

inlet ~

AU B

lfJ_'—\

Condensate to
extraction pump

Extracted air

Fig. 3.3.2

WY HIR
3.3.1 oA '(s‘aTﬂT Tedrd Fﬁ'd(Sources of air leakage)
T dld UIROTTH WTeld T Sed SATGIR 841 dhe-aRH P TdRl H= ahal:
3. Bls dicy e faRues el gaT ITTaRTS YA HRd Sif THINE WK IHUE e ~uRTe YR .
§. heRAY I TH URRY fafqy Fitgiae gar dre~RUA Tt gld.
. SIc Ho~IRA AIEdld, SolaR U0 faRuaad! gal the-TRIRAE TR P,
3.3.2 AT TSI Hra-ax a¥ URUITH (Effect of air leakage in condenser) :
oI T HRIGHIR gaedT Tesdd TR Wi JHT0r SHTad:
3 § he-aRAdId THIH q1d HH! P,
§ B41 81 BRI SUIT T8 3 ed, faRivd: ®H g-daR, o STl TIRd goaral &3 HH! Hd.
& AN} 13T g1 U ATl fRiard, Uu Arafavarard! ardla e Sa=de g,
3.4 g efad
ST TIaRd B BUNS Bo~RAYT TRA TI0N JIAERUIT gaedl YUHId SUH U HI,
SO Y aToft SITRRUTTST Gl aTuRdl J5d. HicHT claval aTR K 1H UlaR WicHe &l
STl 12 i€ AT Haffed QRasT .
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2 oI ARy SR (St Uraes g GAR 9 HieR SicRTaR) daad 3R, TRA Tl MSad
WY IR Qlell GSd HTOT TaRaAT URIATIREA dIdraRulldid g4l 3T YdRl dd. Uvard
321 ATTYIH gld e fhUM=aT 1udT daeT= &4 gld. 8 4S dalal UTufl SlaR=ar UriamRit
ST JATATd TNBT B ho~RA T[dhd Sl

3THTd 3.4.1 UIeR WicHTd el elardl d3M13e

Fici lar 3 favi fge TSR 3ile S UIvard diad HH! HRUTMTST g1 ATfor urof
UHHGB AT AT TUBIA AU STATd. § IS dhaiel UToi e WK IH dre A THIRd dhal oid . gUTa!
HIHT TR BT GlaR Wicdl Hgwdral YT 38, HicHT clavd Jayd ST dwd Ul araravulid
BAHT HGci- TR UTUH U BRI, aRTaTTeT SHTIfADT QT ST 3R ATPoIRRH WicHS § HIsT
JHIUNGR ATIRd ST, YHd UiaR WicHdid Fich clavdt St St Ted araes ugd oK 9 He
fohar ATgT 3ifeieh 3118, BiciT clarv= UrgamRil qelld AA1aTd die’ }ISR e dad 8. T
UiqR Wicqs, HiciT clar UyH he~aRAYT - UdBTuREA iRy Seiiar TR Yol Mesl
B!, AR ST BIGR TRA GToft JIeh TS, e US aTdTaRUNcd gaT ClaRT desTRi UasT
BHIA. Al BT cloRAid TRE gl dIAGRUNdId gdd dle} Usd e 3HilRIb
TdIYEAH(UTRI SATURRA ) TR UIUGTd d9HH B! 8ld. B 4 deiet IO Slavean it
AT AATATd BT el S 30T YT TR hs~RAY Uy el ST,

PHICHT Claerd aiiamT:

FHiehT STawia wreervm arffeor et o
Classification of Cooling Towers
.
Based on .'iirlﬂow parttern
Atmospheric || Natural draft || Mechanical draft Cross-flow || Counter-flow
Im:lucl ed drafi }'orcedxdr:lfl
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BT efadd aEffedur

1) TR §Tc @m*l cla’ (Natural draught cooling tower) : SER §Tc qQIrE'i‘I IR g1 U
Rrtrmediar TRy aroft s gvarrdl d gic TrdoRa @ duRd. SiciT elavear Ui
adrd A1dTd diex WISR e daad e, T UlaR WicHed, i Tlar UUYH ho~RAYH
TATeR UM gdd dTe) Ued Wi 3ifRId arefiya= TRY Urogrd diadH &4t gid. & 48
holdl UTUR laRT UrIRATR ST darard Mied] dvel SiTd ST1OT ga el aToR™Te dha—sRy e
UY ol ST,

Hot air out
PEdd 8 .
[ R Reinforced concrete shell
Water sprays — _— Eliminators
1333333533333)7»)
Hot water —Hurdles

Cooled water
to condenser

r
Pond Pump

Fig. 3.12 "eRd gl HieiTclaR

TeRA gic HicHT claR d B

3. U SHTTRID TdHes Td AR ST SquTd T T 311G

§ . IR TIAHTE! o DHIRIEH HTIRRA! W GUIRT ¥ 91 AYGT TR $HRd.
. D Y.

AaRd Sl PR claR A dle :

3 I visad @d

§ . g IGATIER HHENRT dGad

2 BIS gic B elaR

Hot-Water

S
water  |LLLIILTTTTTTTT]
Eliminator [ 4 4 4 4 4

<— Hot
' ¢ Water
git:nosphenc ~ / / f; ; ¢
2
Cold-Water AR
but ' ‘

Fig .3.13 TPIXS SIC BHicHT IR

53



Thermal Engineering (313310) yHq AT (313310)

2) W@%WE’W (Forced draught cooling tower) - QAL CIaRT UIATR drdcied
TRegTeaT erd gad uiarur fAafor gid
HIS Sic BT ClaR d BTG:
a Sif¥e Hriem
b e Yl YUK TrSal Sl
¢ TRaT AR ST A 3ifid QRfgd
d JifAd IUHR0 Y H UATaR ddedrige hy- 0T 3fTars BT gial.

HIS SIC HIAT ClaR o dlc :
a CIaH] AT YR dTe} USUIRIT TR GHE gdd U: URIeRUI(recirculation) BIOAT
AHAT

b U ATHR 4 Hrexgda qaffed smg
¢ Y3 FAMMHIG T sieaR S qUR gIvard! Jadl
2) 8T PIcT claR(indused cooling tower) - T TIaR=AT IR dTS[ell Aldeied] UTGIR

gaa uRE=RY fRafor g

Hot air out
"y I.D. Fan
m’:ﬂ < _— Spray climinators
Hot water o YV VVVVYVYY

from condenser | ; o ; "y /—Packing's

Irm',’ru/ o ' % ;:“Alrm
Cooled water __I:-:-}:-:-:-}:-:-:-}:-:-}:-:*:':-:-:-:-:

to condenser

Fig. 3.14 $ST8 HiciT ClaR

$STSS PIoiT ClaR d I :

a QW] Al AT 899 HARMH HRUl g AIST JHAT T8,
b 1] URaT aToRe A,

¢ DHH A UY &HAg Yud fhrd Sl

d  Togd SUitgR US HIuar Fam.

S8 PiciT elaR d dlic:

a i fAfe 15000 forex urvaran gmaudd i hrRIaRiR AT,

b ek T=aT ST ga-d U ATaiduarTdt 3= Qadtdl Aex avddh 3Tg.
c ST W SR 318,

d B daR 4 HR0 31aD g
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EXERCISE

TLO 3.1 ©iw ufar wlieet siaiTse hiet

Q.1 Draw the layout of steam power plant (U)
Q.2 Write the names of high pressure boilers (R)
Q.3 List the applications of boiler (A)

Q4. Classify the steam boiler (U)

TLO 3.2 T cafg= == 3nfor o1d Wy &=

Q.4 State the working principle of impulse turbine (R)

Q.5 State the need of compounding (R)

Q.6 Explain regenerative feed heating with neat sketch (U)

TLO 3.3 fedear oYY aiva o ¥ He—R fAasT

Q.7 State the function of steam condenser. (R)

Q.8 List the sources of air leakage into the condenser (U)

Q.9 Explain construction and working of surface condenser with neat sketch. (U)
TLO 3.4 WY S1geR, WA cafgH, W de-ax 3for Hii elavdt yurdt d@yTa ufshar
Y B

Q.10 Draw the sketch of Lamont boiler (A)

Q.11 List the application of nozzle (A)

Q12 State the necessity of compounding of turbines (U)
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Unit4 Heat Transfer and Heat Exchangers
SEUTAT SRATARUT SATFOT FTUTaT T ored
fawg freoit 4:- fdoean araRndt 9w gie URTdoR fAast (Select proper heat exchanger for given
application.)

o et
TLO 4.1 gc TR Ugal W &1 Explain modes of heat transfer.
TLO 4.2 @9 AU SHUIfRfe afe A8 gic b =t TuHT 61, (Calculate heat transfer by conduction through

slab & composite walls.)

TLO 4.3 e arrandt arg gie tador fAaet.(Select suitable heat exchanger for given application.)
) HSRMH
gl U g&H UeHT 3118, I8 U, T fohdl argredl 813 Tahd. U9 rdfAed, arawe ot giugre
fGRM ZRRTAT THT HUMGA gOAT HUMA 3ol SR Bldl. HUT W9 ThHbi qug R
R Ygard. &g fdhar agHe, Soid SXAIARUT YT Tadh 1O TIRM §Id. ¥4 gariiaed
Sord BXAIARUT Had dg-IGR Bl R &d T A-IHE 3ol SXicRUTAT 3R UGd! ol e
3{Ted.fdaT U= Aeald, HUT UHHBIRN A AUDId g HATHHTAT UHT HUMGT gu=aT HUd
Sl TR HRUAT Ufoha,
HEIRM IR0
TIOIG dg4 IaIel 3HTed:
- FUSHHI STl B0 § DRI U IaIeXUl 316 WY STAURET HUSATdd Il Arotde!
EIGH
- SUTAT BTATGT ST JhSdTHY BXATARd ! Sld UIRUMH! IhTaT O BTaTd eRedTaR
fadqea.
- YYS{HATATRI® dTesd IWIAT a8+, B I-gIedld Ul Ud. a1 51 SVl IRTe] dIgd
318,

Heat Transfer by Conduction

_ Figure 4.1.1 98 §R STl §¥TaRUI
b) Hdg- (convection)
Tdg 81 U Hep I IUeh TcT 318, 8 had Sauclyiiaed Iwgdd. Wagl &d Wd:ue fid dradMIeR
G TRRTER I8! dagT STl &R0 Gag- 8ld, ST gXdiaR o=l fazm gauaref anfor
R URTIAT AMYETHTER TG Sd. YA, §d 60l Wd: Sodld 0T 3 UDHR o drud=
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I ORI HH! YA GTdediar. SHell aigd AdTd. dTTavTed] dMEFTde aF saucr Tes

T, YdgM JWIAT BIIaRYT Bid. fdhal a1 Fsald 3= AUl UM Bt
AT UGN &4 Y[ 1o dTe.

NCLEERRTATR

Tag ITERUHE § JHIAY 3Te:

- GToft IH U O UL e o TN §GdId ok HHl G 3o WU a1 {24 Srard gRomdt
YU TSR BTEATS Bld SATS UIUT TRH Bldl.

- JTCR I&ITAT WIOGTHE I GRIGTRUT YagTAT HedA Bid, Sades IRRME dqar Hafd
Bidl.

Cooler
walcr

H;»ncr —
water i}
LT "»/“’
Figure 4.1.2 a1 gR IUTdT SR
¢) YETRM- 0-degree K ATTHMTIUET SIRd 3G S ¥4 2RIR [ATdHR0T TS B, f HErft

HIHHTST YUTAT 7 Rl Tehl TS WNd TR IRRIGA U IRRTA ST G RO Ufoha
3R, AMSTIHGT Soll G HRUANITS! HIOTATa] HIEHT STazdehdl A,

SR IRl

AT IETER0 WIS IGHHTO 3T

- JigTHE I IR HADIAE ST ¢ ST a6l 3T,

- JATORA AU S fHRur § fauiianTia IeTeRur 318,

- YIRTH-33%¥ T PRATH-3¢ AT TGN 3h] HUMY Ioi g [hRUNTTE IaTgRul

3(Te.
C:Q Z =

Heat Transfer by Radiation

Figure 4.1.3 ISTRMGR WA XTI
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4.1.4 YATETgR JWTdT gXIcRul

IR SWIdT T8 199 (Fourier's law of heat transfer)

8 WA digdhdd oHd &R THIBRUT 38 S IWIdl §EaRUN &3 AT qrqe Afsde giAndte
&Y o,

RIRGRET 1 3 el @1 feoedn faziH a8+ e IWId=AT YargTdl &) g1 SWIdedl Jargredl

fe=ream g er=an 3nfor @ e aruw dfsde=ar uATug 3rRar.

Qx: —kAd—T W
dx

Qx = U] gAT d5d YHRTHD X-[CRTH RRTGT SWIdT SIAICRUIET &, W.
k = YHE HSRM UM @S SR JHTUT R, KJ/Mol K
A = SUTdT YaTgT GEHRT & S JWIdT YdTeT=Al fG=IM B 318, m?
= dqa AfSge.
dT = IRRTAT & JgIIaIS AGHMIAS B, K.
dx = IRRT SISt ST fGRIST IWIdT UdTg, m.

k
FOURIER'S LAW
\ QX |

’ Q= -k .i
dx

Figure 4.1.4
BIRIRET SWIT a8 |

TIGR 981 P ST SRl
U] 31 Wadl [daR &1 SArEl U Bhay a¥ OfRd divdHIaR (STaids) 30T gIRT HH!
AIHMIER (SSdIhs) 3T,

T1 = ST AYHM (WU SR dTIH) K Hed,

T2 = IcTT ATYHM (FGUTSl S H! dTgH) K Hel,

x = W&l o],

A = OFd JEYTT &%,

k = 24'1:1%'5'conductivity,

t = 9% TGN IV YaTE ST 3MTR.
HIRTRAT IWIAT Gg-TAT HTHYR, WEHYH IWUIAT Yd18 (S5 g WAl HH! gid ATe! 31
eI 4R,

dT
Q=—-kA—,
X dx

sz kAﬁxt ,
X
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Thermal Conductivity of Materials
The amount of heat flow through a body can be written as,

Qx=— kAz—T , (Fourier’s Law)

Qx=kA-——=~ (T, =) xt, (Fourier’s law for slab)
X

If A=1 m? (T1- T2) =1K, t=1secand x =1 m, then
Qx=KkK,
AOF ArodHdl 8 JoHUTE IUA THIU TUH IRHIRT &5 Sfd o 1 K ATIHHT=AT TReb™
fI¥g IS ST dgT U= Ueh Hiek Ty Tl Yabald drgd.
I e fdhar 3R, iR Aredmal ARl 9T (G0N Whicd fdhal sfieReH), Irf
T1, T3 = G STgl GSHRTIE duHTH,
T2 = SR UlgcdR drgqar Ty,
A= P gy 8.
aqHT Af$Te (Temperature Gradient)
SWT=T JaTeT & 31 fofgdr 459,
Qu= kA(r -T )

yHd iﬁlw (Thermal Resistance)

Qx=- kA(ji_I , (Fourier’s Law)

Qx= kA(r —T2) , (Fourier’s law for slab)
X

- (Tl_TZ) — AT

X X

KA KA
_ AT _ Temperature difference
- R_th ~ Thermal Resistance

Run= k—XA=2r£Trvr R

Qx

3gIRTEn o,

\% v

==, R=-—
R |
g1 2ATaBHUmAT f99H (Newtons Law of cooling)
o=l RMadRumedl HIaaR, RIS SUAT SHt g10grd THT0 IRRTAT ST A=A

JHIFATSAT ATTHMTS RGN U THIUNT 3194,
T BT FAUH T8 (additional information)
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e U SUarET g9 WY BRdl B TRA 9% fbdl M U'S Bl Tebd. Iarexuny, urswHe
TRY UTUf 4 IodTel &R g1 2Tddbum=ar AaHgR W 6ol SIS, Zdhdl.
T BT BRI el
« IRR SO GHIGATG T ATTHMTAS BReb HHT Ul HaTD 3T
« ZRRTAE IUIA THIH PHaes o< e urfes
- AT AAHROMEAT FoHTE T Tafal TUe! IRR S §id S 9Hiadred dgdH fRR
B Ulig.
Tf AUEFTERIS Sauard
Ts AIAMIG IS TRH YEHRTERRA dTGURT [daR HR1. IR, JEHTURE Sauariiodd
W1 BETRUN &R YT 2faeRumedn FamrgR 3@ S,
Q=hA (Ts-Tf)
9%, Q= YEUFTIGEH SauaIoid IWrdr geaiavurman &, W
h= HdgraT3! SWIdT XAl TUTTh, W/m?2K
A= U= YUHId SRIGS JEHTT &3, m?
Ts = GSYNTI dT9qM, °C
Tf = &d dIYAM, °C

e
Fluid—> Tn h Ts

=2,

Figure 4.1.6

Tag gR IUAT §¥IaRUl
WB"T[% YDIR (Types of convection)
Tag-Td gF UBR 3Med ST o 3iTed:
. fife Tdg (Natural convection)
Yakite Gag (Forced convetion)
R Yae: IRT AIHMNS TRBHD TAdHE TP ST Iuoidh AKTHS Yae aid
AT 1T Afiies Yag Furdd.
I TagTl IS8R0l FUS IFRT R,
oI Hag-: SiegT d1al Al oY &1 U4 101 U9 URd Hdg- daR HRUGNITE! AR SIdid degl
ST i Hag- Turard.
IO STete TRH HRUGMATST diex gied fdhar MR aruRor 3fd wes IeTear feazxh uar
qIURUY B Wi Hag-Te! SaTexul 3MTed.
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w JWTdT SXATARUT (Heat Transfer By Radiation)

Wm:[ (Thermal radition)

Ueh IRNIGH g1 ZRRIA DIUATE] TR ATHHIRE™ SWAl §XiaRumy fSURH IWrd
RO TEUTATd. WAl SR UM B Ugd Sodeiifcd ISTRMGR 3173, SoacHifcd desl
YHTRTAT T Y HRdTd 3101 Id aiaisiar ISTIA I&ffd 8. 0.1 um @ 100 pm AT
Teiar Juiae Iafsia g fafeor yHie ISTaH B[ sfiews od SR a7 fafiy
Juftcie faxuian! IRRIGR FNTeTaR IWIAHLE TR BId.

EULES| bsorptivity RIS reflectivity, E'F\q'm_cp[ tranasmisivity

TRRTAR TSR Sl 3f21a: TRTATId Bd, Sf21a: TR gid 0T Si21d: ZMYST . kahi 391l Qi
ZRIRTAR USd 3R®, IR QaNNS SITd, Qr IRIAfd gId TOT Qt TR 814, TR Jo1 Ao Hesd,
Qi=Qa+Qr+Qt

Qi 7 HRTIHR BRI

T=a+r+t

S a, r ATOT ¢ SFIHH GEHTTE! RN, TRId T TN CFRIHRITEE ! TGO 3o SITdd.
g% T USIUTTS (@Td, Wifked JIIRET UREI% a¥aiesdI)

=0, a+r=1

o ZRR 9 gera fHuieat 2 9 d1eT ‘S5 sial 3R WUIdTd, T T I BIete! 3.
t=0, r=0, a=1

o ZRR 4 ged YR THIRd Sd dTeT TRyl UREz® ZRR BUrdrd.

r=0, a=0, t= 1,

o "
o N
B

Figure 4.1.7

YHG FMYHT

MYEHT (Absorptivity)

FNYHAT B [l AT JBR BHoll YA od T HISHY 3MTg. 8T IrRigR Mo el ge-l
fopRUTIRTIT 3137 3178, Ml o 3T 1 NS BRI UNRHAT BUH Tdd B! offd, 91 o
FNwor A7t g=faa for 1 gof ziwor gzfaa.
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Rrrofaefad (Reflectivity)

Rrefaefad g Suf ufafsfaa exvarht arfih e 3R, 81 U fauner=n iz 3 St
iR wRIafdd B, « TO: TRIdda! 0 30T 1 Aefie T ufkATrgla ulemT 3img, SImd o
HIde! UTdiad Gaiad AT ST 1 guf e gaifaa.

@R‘Iﬁ'ﬁlﬁ‘(ﬁ (Transmisivity)

TRt 8 3ot UR HRuar wRar ot il T 3mg. 81 IrHigR TR g0TRT
g7 fhRUTRTHT 32T 3R, « TUTetedT: ZNWahdT SO RIadddl JRE! SRt gl
0 3f1for 1 Tefte TuRHTuRH aRAT 311G,

IASRNSdT (Emissivity )

EUTTTE ISR (¢) TUN gEHRTGR Scford gIom=al fhuierTid ONeR ATfoT
AU @ Slat Scroid gIom=T fhRuNerd ONTR U IR &e oI

e d G 0 310 1 GBI Faod.

@’anlfﬁ, e=1

oD diel

- @ dle! SRId SIRd SHoll MY °d, TR AT YA AR IRIRTAT & SRl S
Sl IANId . UM, TRAdd IRNTAT WA RN o Hledl TRRIATS
[CRUISSHIEIEZARSIGH

- Rpae P dlel A HRaw@d 6! IR d 3AE! 98M FaM TR ol MTHR
QIwedIgR ST HTedl W SUd MeTeT MG GEHRTGR 3FTe! SEHUT e $o oS
2T of TABAAD 95% Solf T T,

- Ui edTd Tzl HRUMRI °eT [l Uidhad =T 3T 3 ded] URIAldd gid 30T quiaul 2nyot
EIGH

- TS UTATSERTE, 95% e ol MG Sid; U A1 RIS ATdeTRBesed] ¥d gl $oll
EILNCiRSIG]

T
N N, TRy
\i d "
;il\ \‘ I::
TR T AR
Figure 4.1.8
I Sial
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U qiel

SR TEIC! Sle! ATl aTo s Goél He geT [hrUlQE! HiRed cdhar] 2T od, TR
FRRTGT @S IRR WU SsGeS Sl

- D SIST o, 0 0T ¢ 4T GREM 3.

@W-mm (Stephen Botzman’s law)

- Iq0f TGTe WagHARI® o dle! UHUT Idfoid Rdd! UhAd Hed U BId, EbA. THUT
I Xkl Eb §R ERAfA0! SITd S1f0T gR et e

4 4
e

; 90
Epb=5.67 *10°8 T¢
Epbo T*

Eb=0T*

Where o= 5.67 108 TIh d\lc"di'rll-l"l fRRi® (Stefan Boltzmann constant)

Problems:

1 A wall of refrigerated van of 1.5 mm of steel sheet at outer surface, 10 mm plywood at the inner
surface and 2 cm of glass wood in between. Calculate the rate of heat flow if the temperatures at the
inside and outside surfaces are -15 °C and 24°C. Take K (for steel) = 23.2 W/mK, K (for glass wool)
= 0.14 W/mK, K (for plywood) = 0.052 W/mK.

Given

L;=10 mm, Lo= 20 mm, L3= 1.5 mm
T1=-15°C=273-15 =258 K

To=24°C=273+24 = 297 K
T T,

K3 (for steel) = 23.2 W/mK, — -
Kz (for glass wool) = 0.14 W/mK,
K1 (for plywood) = 0.052 W/mK.
0 1 2 3
Find: " L 1.5 20 | 10
. mm l mm mm
Solution:
Q _ (T, -T,) _ (258-297)
A

LoLoL ( 001 002 0.0015)
k. k, k,) L0052 014 232

=-116.42 W/m?
The —ve sign indicates that heat flow from outside to inside.
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Solution:
_ 27Kk(T, -T,) _ 27 x1.5% 24(423-313)

o {22
r 0.03
Q = 86482.099 W

2. Determine the rate of heat transfer through a composite wall made of 25 mm thick steel plate and
covered with an insulating material of 7 mm thick on one side. Thermal conductivity of steel and
insulating material is 58 W/mK and 0.116 W/mK respectively. The temperatures at the inner and
outer surfaces of the wall are 280°C and 40°C respectively.
Given

L:=7 mm= 0.007 m, Lo=25 mm=

K1 steel = 58 W/mK, K3 insulating material= 0.116 W/mK
T1= 280°C= 273+280= 553K — > o
To=40°C= 273+40= 313K

Q

Find: Q
A 2 1
Q_ (T,-T,) _ (553-313) 7 .2
A (L L, [0.0074_0.025] mm mm.|
k k) 0116 58
= 3948.37 W/m?

3 Determine the rate of heat flow through the boiler wall made of 3 cm thick steel and covered
with an insulation material of 0.5 cm thick. The temperature of wall inside boiler is 300°C ad
temperature on the outer surface is 50°C. Assume K for steel = 60 W/mK, K for insulation= 60

W/mK.
Given
Li=3cm=0.03m
L,=0.5¢cm =0.005m
T1=300°C = 273+300 = 573K T T,
T»=50°C = 273+50 = 323K *—— *—»
K1 steel =60 W/mK, K3 lagging= 60 W/mK ) 1
. .. Q 3
Find: = 0.5c  3em
m
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Q_ (T,-T) _ (573-323)
A (L L, (o .03 0005j
k k) L6060
=428595.92 W/m?

428 W%Trlﬁ (Heat Exhangers)

WA TaIAoRY BRI Sl gedidiRd B0 3MT8; FHoid g SIdRUl UhT Gaucrdid (S &l
SIS FTedTd oY IWAT UT0gTd gXdidNd B ot i) fdhaT e droHmEId SRid e i gaiaed
(O SHfcHaTE® JSUex=T STadid oid TRH UT0aTd STl SRR Bo! Sild. §aT HRUIMNTe!).
P! THRUMHS, I TRTCoRAE WA SaTurddIur HRUMN Sauclyid g & STRd UdTe
3T,

G’C@ﬁFﬂ(application)

1. Yo Uik Wic @aox, gURgIeY, ¥H He=R 3.

2. PSR ST AT B o (@Yadh, B, HOX)

3. ficHIaTS® I (RFSUcH, Td S ST 3for Sem FfdT awn)

4. IS Ulfohdr IERT (fAfde UhR=AT SaiHed, SqoH HRUR S0 YT IWrdl
Tqord UhR)

5. PRNH® IR (Sfedzy Piorde R R HoR-daex, HrS-®
SAUCTITIRTT 91 d9R HRUGRIS! ST 3)

6. TMeH (R S 8. Aed TR SUIR IoiReR)

SWId] Qd{-la'\rl{-lra GG (classification of heat exchangers)
gic TadoRid WIfe® UgdH aiiieRul 6o ST, b

1. IUTd faf o gfehadgar

2. TRY 30T ¥ Ga=aT yaTeT=an Qe fRaR

3. STUHM aRTITaR
4. BIc TRIoRANS saucrii=n fRUAaR,

1. 1. IO faHa Ui dgaR gic Taroied 3 21ddrd (According to heat exchange process)
a e TUH UHR (Direct contact type)

gAY gF SMfade 5d UHHGIA Jadid IdTd AT IWTd! SaTurdaTul HRdrd. 3al. HioT
ClaRu e IWIcdl SaTUTIaTuT HRUMR gaT ST groft

b 3T YUPH UHR (Indirect contact type)

ECI'I%[H%’ Recuperators 3{Tfor Regenerators 3 THHRUT H ST

RegUReTae, TRA T 4 %q TahT - [dgR THHBIUR a7 e ST 30T STl Tl
SATqA g fHdiaR gxdiaid ol Sild.
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o Redned, TRA 30T U YaTg A feUdm Rl o HiqHYT agdId; ‘glc sl g, Hiea

TRY YAIEH Wedol U ddd 3l ‘Bics sol G, I HicrgR Jaiid IWrdr 48

JaTgTd Yol S,

2. TRH 3101 Y GoFi<AT YdTgTAl ﬂTﬁ&fﬁ'ﬁ?ﬁW (According to relative direction of flow of hot
and cold fluids)

a. YHIIR YdTg (Parallel Flow)

SR TRH AT 4 T THHABA JHIR dT6d G R ST JHIAR TdTg IWAT Taadory

R UIdId.

B HIEc UdI (Counter flow)- SR TRH 30T U8 ga chaldoittll favg ﬁ_ﬁﬁ?ﬂ?ﬁ 3AIS R T3]

c I TSI (cross flow) -SR TRH 30T 4T Gd THHSBIHT add algd @ d JTeT iy
TS] Bic TaoR 3 gUrdrd,

Cold fluid

Hot ) < > =
fluid b > y 4 . >

T R
Figure 4.2.3
B9 US| 5Ic TaIToR

3. wq'j,%ilﬁ @'c’ Qdﬂt\l'\ﬂi T UpRD 3rard (According to constructional features)
a. UDPTU &Id UhIX (Concentric Tube type)
T fod T3 ST UaIoR A, Teh Too! a1 31Td 3, Udh Gd STt Teb I argl ol
IR %4 IS S Ul THId drgdl. §d ThH -1 THIAR dTg 2Pbdrd fhal d favs fdzH
EIREEEIG|
b 2AS T I YPIR (shell and tube)
I UHRAT I TRTGSRAY, T 5 AHH a0 AT seodH dIgd]. SaR &d Al el
GEHTTIR ASHYT dlgd. A0 FGes G2 JCUIMIa! Il IS SRIddl UG HRUIMTA]
e TG STH A UG o STdld Ul Wl §IiaRUl UNd dIGo.
RIS Figure G o8 U 3101 T S U BIc TadoR aziad. HaTg cgaqYd GI-al fae faaH
STl STIOT RS d Uhal AGHLY ST,
Application

1) AT RERIG] (In food industry)

2) hIUs KB (In textile industy)
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3) BT ofcd=m SNftT AT @+ Uome! ST (In HVAC industry)
4) IR dfex _E%T (Solar water heater)
5) a@ﬁfqﬂ 30T RIS IERT (In petroleum and chemical industry)
6) LblHT%giEdocb S (In pharmaceutical industry)
7) Qqﬁﬁéﬁfﬁ[ TieR 3@@ (In energy and power industry)
c PN gIc Q?ﬂlaﬁlﬁ (Compact type heat exchangers)
HIHaE THRD BIc TR YU 3o YN &7hes Ui g-HIex TS UG HRdld. d argImad
qIIRS SITATd, SR AHRI: 719 Jree WA g1 0ldh S 3R 0T U, d A1 &5

Fluid 2

Matrix 2

Fluid 1

= Parting Sheet

Matrix 1

Figure 4.2.3 @?WW@?W

4. @'c’ Qd(—la\ﬂu-liﬁ? Qdudl‘f-ﬁ?qT @I’cﬂ@ﬂ (According to the state of the fluid in the heat
exchanger)
T YHRAT IHT TaRIAoRAY, Th &d [RR ATGHMIER 995U BIdl HRUT dl IWIAT TRTT oI
Ul SidAeE STl R AR (48) T IHT TRTGORAYT STd SRIAHT YA alé gid Sfor
IS AYUIT Yol I MY . hS AR SaTgR. 3120 ST TRTOR ST he-eR WU,
SR gWIds, IH TadoRAY Sauerdfie! Ue Ga I Tadoral 4yl sidias fRR
ATIHHTT ST $HRd 3RS R ITIHIT SIUTAIST ST Yo IVl YRl o’
SAUGIUT dIuHH AT BidE HH i o, IWIdT fafFueR. SR ST TaRoR ]
SrdtHaH BUMdTd. I1 Gl alc TaaSaHT Aee! ol gic TaTgory FgurdTd
e UHR Bic TRTToRal dioR (Application of plate type heat exchanger)

1) 3 IR (In food industry)

2) HIIS I (In textile industy)

3) 3 301 U JNT (In food and beverages industry)
Exercise

TLO 4.1 Explain modes of heat transfer.
1. Write various modes of heat transfer. State what is necessary for heat to be flow in each case.
Give one example for each mode. (U)
2. Define Fourier law of Thermal Conduction. (R)
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3. Define thermal conductivity. Give its unit. (R)

State Stefan Boltzmann law. (R)

5. Define a perfect black body. By considering a body explain the terms- absorptivity,
Transmissivity and reflectivity. Define emissivity. (R)

6. Differentiate between forced convection and natural convection related to heat transfer. (U)

7. Define Newton’s Law of cooling. (U)

TLO 4.3 Select suitable heat exchanger for given application.

8. Classify heat exchangers. (U)

9. Explain working of shell and tube type heat exchanger with a neat sketch. (R)

10. State function of heat exchanger. (U)

11. A heat exchanger is to be selected for pasteurization of milk. Which type of heat exchanger
should be selected? Justify your answer. (A)

12. Sate the applications of heat exchangers. (A)

TLO 4.2 Calculate heat transfer by conduction through slab & composite walls.

Problems:

1. A wall of refrigerated van of 1.5 mm of steel sheet at outer surface, 10 mm plywood at the inner
surface and 2 cm of glass wood in between. Calculate the rate of heat flow if the temperatures at
the inside and outside surfaces are -15 °C and 24°C. Take K (for steel) = 23.2 W/mK, K (for glass
wool) = 0.14 W/mK, K (for plywood) = 0.052 W/mK.

2. Determine the rate of heat transfer through a composite wall made of 25 mm thick steel plate and
covered with an insulating material of 7 mm thick on one side. Thermal conductivity of steel and
insulating material is 58 W/mK and 0.116 W/mK respectively. The temperatures at the inner and
outer surfaces of the wall are 280°C and 40°C respectively.

3. Determine the rate of heat flow through the boiler wall made of 3 cm thick steel and covered with
an insulation material of 0.5 cm thick. The temperature of wall inside boiler is 300°C ad
temperature on the outer surface is 50°C. Assume K for steel = 60 W/mK, K for insulation= 60
W/mK.

4. A composite wall is formed of 2 cm copper plate, 4 mm layer of asbestos and 4.8 cm of fiber glass.
The wall (from surface to surface) is subjected to temperature difference of 400°C. Considering
heat flow in one direction, from surface to surface, Calculate heat flow per m? area of wall. Take
K copper= 370 W/m°C, K asbestos= 150 W/m°C, K fiber glass = 74 W/m°C.

&
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Unit 5 Introduction to I.C. Engine & Power Cycles

.C. o a1 ufv=rg enfor ufar e

fawa frsasit: st S aratTes gedh siiasw. (Identify different components of an 1.C. Engine)
o et

TLO 5.1: P-V 30T T-S 3MdhiIaR TR W ee A Gaidl.(Represent various air standard cycles on P-V
and T-S diagram)

TLO 5.2: a3, Efa Fffezor a1 (Classify 1.C. Engines)

TLO 5.3: TXI® A0 BR Kb M. STt T 1101 71ef T &1, (Explain construction and working
of Two Strokes & four strokes I.C. Engine.)

5.1 UTaR YPS: I IHE IR W 3Ted: oM, HIATH, fowr snfor vegiie. ufar famior
HROGTTS! SHTOT IS FHord AAD IoHE TUIAR HIUAMTS] T IR T GARIGT Bidl.
T YIS, THAT HRAT YAk SOIT=T THIei-d o iR HRUIMS! oM IR ufehar e
CISEG| A
A, BFIC YAPA: HHIC 3 § Th Jgifad S 38 o SHiec Iabddr Irdd. Haay
ferefTS el HHic Tl 1824 ALY AT SIS JaHd AlSd [A®RIT dal. BIFIC S0 &
fo13N1E wHfe T uwdfad Fad Sgifae YATSTING I% 3. IWId HTHT STl
TS HTHEHTET 3aTS 3G

Q

T &

R_:

Pressure, P
Temperature (T)

-~

'Valume, (V) —= " ' Entropy (s) —* ]
tiegt 311 Ay &R HHfc IHd
Figure 5.1.1
FHIC e IR Ufehar rgdra:

UfhaT 1-2: I HRAT JTITST SIS HIHIRA UfehT.
ufehdr 2-3: Idic HRAT AUIRT JHATHG IUTdT SIS vaT! Ufdhar.
UfhaT 3-4: I¢C HRAT JTITST SIS fawdR ufdsa.
UfhAT 4-1: 3¢ HAT JTISIRGT HATYIT IWTAT ATbRUGRT Uidha.
PTHIC AAF A ARIAagIRGEST IH 3T
a) PHIC TP Idc B JTATSIRT 3MTg, dR IRfdd IWIdT 3o Tyur, IaRIYS fHdiar
SUTdT §XITARUT ST BId ATgld.
b) ®Mic TAGAHS, UfhdT Idc BT JTITSIRAT 3RTIH, T 3fdd He 3dld, T

IRAdh Sg-Td, S5 STele PRI HRdld.
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B. 3fiel HIA®HT (Otto Cycle): FHIc HAD & Y U I aI§ A0 ga-- Bl
R THET T[ENE dTRA IE-3MMaS UIRRIgS Al dgrRdr. Fdiad efig
(1876) T+t FRRR FlegH Bic ST VG UdTdd dball Sit SToredl T AR SforTa

HTHTST JuIS o,

(b) T.S Diagram

Clearance Volume
Swepl Volume
— -

Total Volume

(2) P.V Diagram

3{ict I

Figure 5.1.2
AT 1-2:temp T1 d temp T2 T IdC HRdT AT ST HIBIRM.
afehar 2-3:RR Flegrued RR T IWrdl Sisu.
ufehar 3-4: temp T3 U temp T4 Td IdC SR g SffSameies IR,
ufehaT 4-1: RR FTgraR RR T IWN AHR.
e hm Irea: Talde We SARM oMY, SITRF R 3! qaial
e W-3URE dUAFGR [affed erd. gar onftr FeM AUt JHiad &
SATOT SATHTAT I3 T 3UTA R DIRIRH SRMaRid HAIGT g dhedl i1, JdhdTd.
3 AT I dAUHMI Hpiad gal 3Rl Ridsaed g4 adhd oiis,
RIC)

P
) PVY=( I Y
PiePleie 3
4
:1
s M Y —
(a) P-V Diagram Vi=V2 =2 (b} T-S Diagram
pv AT Ts &R fesiar Arasd
Figure 5.1.3
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ufepar 1-2: Temp T1 T:Ttemp T2 Td IdC HRdl AT SffSaraicd HImIRH.
JfodT 2-3:7dd Ga1d SV SIS U,

uferar 3-4: Temp T3 URYA temp T4 Td IAC HRT U SHfSameied AR,
ufhar 4-1: RR FgHR RR TS I THR.

C. SYUd IAPd: gosl I g iy I fhar waffed e 9% xita wurdra sifer sfor
ST TIHd X T douilS. SI3T TG d § YHSIIAHS dgh 318 of 3fiel Ied
30T e TIh ol Uha . T Aehld, IWTAT SISl 3RA: FRR TaTSraR H1for 3i=ra: fRR
HEIEKG!

P T

SYUCT Jh T
Figure 5.1.4

ufspar 1-2: Temp T1 ?ftemp T2 Wid Ide HRd1 g sffsarsfeds Hraem.
ufepdT 2-3: Idd TS IUT SIS UL,

WfohaT 3-4:3dd G&1d IWAT SIS,

ufehdr 4-5: Temp T4 d temp T5 qdd Idc Hal JuATSINT Sffgaied fawR.
afehar 5-1: RR FTgraR RR T IWN THR.

5.2 IC 9% UIdd 31w Smafy o

3foM: €5 8 31 USRI 318 O UHT Soid gl U FTUIAR HRd. dUT. Iord Tl
TG U1 = Td Ui HRAMl, YR Sra&Hdl Hgwdrdl YHeT Soirdd. Hd:,
Sgd® 3o YHd Srord AH® B TUTAR BT 101 TUH i1 ' I0TdT S TordTa.
ST T @AM &IF THRId aFemR0l SRl I

(1) STd Sae '{;IT’H (Internal combustion 'sfﬁFf)

(ii) dTR Sddi- 'illr\\rl'-l (External combustion 3‘%17[)
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ot R gaya umT

-—

Inlet valve (V) Sparkplog  Exhaust valve (EV)

Inlet manifold ‘ // Exhaust manifold
A. — N i

i ~f#+— Piston

y $ Gudgeon pin

Connecting rod
— Cylinder block
- Crankshaft
Crankpin Crankcase
Crank Sump

Al S gayud HIT
Fig.5.1.5

. s ic Ehmmddia Riftiean 70 sRwfa=r 3= @@ Snfor 2500°c gda

ATIHHTRET ITHAT ST ARTdl, HRUT ST Saaq [RIassHeEd gid. Rifeisyarat
R IR dRe dig fhar ffdd $a s, Rifdex asRar sidia S
ffeier AR 3101 ST STo™ HiciT saaRT feel! ST,

. fore:tiRed &1 19 BRI HfaTT SR 30T WU hh A YR BV

3Te. d RIcTexaed Wavd. § PRE WK Id fhal AT WKiad Sl 3HTe. AT
a1 YYYUITIE fORe T3+ WU 10T d IR Kb 13T JUIE bl ST
301 & Wb Siorardt faaftd &l S,

. b YT TR hih1 g 30T b fUER shep deq fohar Tt T SR

IAd ST FOReTURA =1ferd YMUeHed UiaR UG oRd. § HegH Hla- Wiad
g 3G,

. hb:hPb gl b T AU HITT TR, BT Ueh hRUIRT G 31 3101 hep

HII MAGR B HRl. AT Th Tl s ATl SiSad g T gav
T PTG ASM Hafdd 3.

. BT Ws:gl fUked onftt HHaehd gar 3R, § BN Wi oM Idd fha

SRICTedT hdh TU-HE fURe-Ta! TREUR Tt Igad SHTIOT TIRG HRd Il R Kb
R AI3AC. Th clp {UeHTe ffeied] TN fU-a Sisad 3rbd ST
ST CIHTAT shdh TUTHTAT SR 3R, § HIa- e a-aid 3T,

. gde Tid:3de UidgR, At (51 $Rwed gar-uie fisior fbar ¢ i aredia
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'dl) Rrcdisymen W\_rﬂﬁ.(Ports are used in two stroke only)

7. TEElRe UId: TR UicgR, Rifciexadia tagiite arg ardrarund A Sidrd.

8. FATAGId:g shhITUCAR Tacic] U d1dh TR, Of UlaR I e Sifafad Solf
AT 3T IR TP G- i Ared, =M UHR Idd 3MSCTYC i .

9. T WHT:AT BT Ui ST HITIRH JUf hedT-oR [HH01 Joaferd &0l 38,
? I RidexaT SIaTd s4ad iid. g ad Ucid Sioaed aroRd Sild.

10. PTEREI:AT gaT 30T S84 (UTia) T THaY Y01 TR HRuge! Ueid sfom
fact S, B fgyor, =t wum, 5 Riclexar warM dTed fdvar WaRH UicgR qRad

ST
A sfom <fiRareh
Clearance volume Bore = d
i
oc | N (R :; TDC
- e - —————— EE S -—3
Piston ring @ ::::j~4IStrokc=L
_____ -3
Rl BDC
® ~—+4— Small end

Pitson at
bottom dead centre

.

\
/

- Big end
Compression ratio = 6
SR SRR efiferen
Figure 5.2.2
1. MR Ricie=aT dedT ATl IR O,

2. Wiw: [fdieva am maffed wmmdia Rifdieya siemag Yig sfarTe Tl WU,
d e BT gWe 3R,
3. 2038 Jer (IS fieTa wald avd wiM, Rifdie=an Aaca s Fax
4, dfen 38 R (BDC): Rifdis=an woear Adeal SN fURe-Tea1 Jafd @rer=n
RIFTET dicH 38 Yo Tgurdrd. afdst iomrean aredid, o STl S8der BUH Jiawa
EIGH
g1 G ST RIFTHE SaRTe Kby TUrdld.
5. faTeR= BTegd: TDC O fUReT a1 fike=T=a1 a1 Rycfexaed syaied gl
TR TeyH UMM, § Ve gR cRifad S,
6. WY Riegd: e 3fdr diSRft g fhrdrr fUkegR Wiy Sae &iegHd Wiy
FiegH fhar fEeaiasie BiegH WUIATd. 8 Vs §R SxIad .
Sieg] fURe dasTa aeyr ST,
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V=V+V,
7. DIORE IRreh compression ratio: "URUl IBEER a\l%ﬂ[q 30T foTeR= Eﬁ'@%
ST Tsa1d), € Tegi UK 3R, ST e i onfdr selegqrmed)
3T, SiegT foke CISRiaR SRy,
8. c-3Hh RSN cut-off ratio: "ISWUIAT YRAST HRUATYA! WETel TRacTed] IUAT
Qe SR JTATSII THT0r 3R ATt RS et STl
9. T T7cft: fORe==ar TRIERY avTTaT foe =T 7t T urdTdd.

fleqwdt =2LN
Td = WA XIdhdl dla!
N= gﬁFﬁlTa"Tin rpm.

A. 3ot 3o aeffes~or snfor SrguriT - siceia Saaq sfoM (.c. 2fom) fafay
P uiaR SeTid aiffed dal SIS, dhdId oY &i:
1. SYTUPR:
a) Ugid/derd o
SIEENEINE!
0 GoNI-SY S (GF UPHRY S aTReH)
d) Tard guH M (I, Afie arg, ST, gag o)
2. HIADdd YPIR:
a)  SIC! Hd oM @IIdH ST aTaRaa)
b oo aed oM (Saia shoHe aRda)
0 To% Ardhd 3o (3T SNfY fSid gigt T e afkrsed U HR0)
3. WPl HST:
a) GH-¥IP SioH
b) TR-IKID SO
4. Tufeisw S=m:
a) W-ﬁlﬁﬁ%ﬁﬂ
b) Hecl-RIcax sio (34, 4-Ridey, 6-Ricer)
5. fifeisvt sraw:
a) ZICS SfoH
b) IS
) W/@Iﬁlﬁﬁwgﬁﬁ
d fSTd oM
e) W/@Eﬁgﬁﬂ
6. Ppro Rew:
) U3R P SfoM
b ffes-oee oM

74



Thermal Engineering (313310) yHq AT (313310)

7. USa@d UPR:

a) WP 3R RF @A SRH IR

by HIRRME 3EH oM (S3a S arava)
BR K U sfora & (s13f5m)

(a) Intake (b) Compression (c) Expansion (d) Exhaust

BR TP THHY Sfomd &Y
Figure 5.2.3
g1 Sfommed, gar SNfor e T freor oM Ridisaed Hred i1d. IRRM Wihga 8id, i
T SR (SIS 3! WU, I hHRUCA g JaaAe gul gid St IR X

i ——

Hdl ST, TS WIHHE 180° hh IR SR,

1. ARMERID: UY e TDC d BDC s Wbdl, 3¢ glecg Iuadl T Riefexasd gar

3107 ST THTUTSTg: FH8/0T Tored T,

2. DA Wid: I e BDC d TDC s TRbd! ST oM e for Ridexasd
Fleaied] arg-S4 UM Ypiad HRdl. Ridexded qad i1 Ages Yo aaam
qTed. ¥ AU SATET SHTeft, S{ToRTCT W U TTeh Y& Hall, SATes WY gedfard
BId 30T SaeH fRR FiegHaR Bid. T WKIdh GREM SdIe 3101 TRINE Rleg Gl §a
Rladld.

3. afhT TEieh: SicgT FHHUT TS W Uaiard ohdl SITd degl TRY aRY daR giard, of fukean
TDC o BDC T =dId 30T 37=1 UHR AT KIhHH ST U BId. 3R YHR, AT LI
GRIH, TRTAl oY S U@, U, 81 Kk aidTT WK fdhdl UlaR X U
ST ST EfoT RMeaR SHaa TG A A1 idh e el Aradd ST Ja-m,
DRI 31O Taiine A1 fAfshd W G QRAd. a1 Kb JFardidl algl dedl dg
B dTd, U SiegT fUReT Hhdd BDC R Uigladl dagl UaRINe ®leeg 3usd!.

4, TR [%: TRH IHURH ®1H @R, fIdR T gl TR g arg Heuan

ST 30T TR BlecggR ATdTaRUNd dTeR TSdld. I Wi GREM 119 Hig TlhUl
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quf g
W @ fda R @foma $Rm) 3 v

v EV v EV v EV
1l T b-

IVJ. EV
1? =]

(a) Suction (b) Compression  (c) Expansion (d) Exhaust

R ®id fSga siom
Figure 5.2.4
PR X (Sd 2o 3 I aar S HRd (AR GIEI6R SaaH).
3y, 3o Rifciexu el Solae S $UH Usafard ddl oild S 841 GIgH QU SR &Td
3Tg. AT Hoplord gad AU S Usdield HRUARIS! IRy SiRkd 3Rd. &g Sfomaen
e W@ feda 18 IR Kihud] fS9d S Ied hdhMUeaT g ad-iHe gof
BId. ATl "HURH SORA (ChSioM" 388! wurar.
IR Wb TITTTHTO! TR
1. HaRMREI®: Sl fUed TDC @ BDC %8 gadd! d&] Idc @le Jusdl ST
qTATaRUITAT g1 8T 25 Riciexd e dleah oild. TaIRe @lek 86 3o,
2. DI WIh: YRM KPS dIdaRUTAT GIaH Hlead! gal 3 ard ol
ATIHTTd Hepferd el Sid HRUT fiRed BDC 9+ TDC $a ST, $ac JHTOT TaiRe
®leg algl §¢ G,

3. foarR féar af$w wie: St fUed TDC &4 8 AFTa!, deal S84 Solaergk TRA
DIARE THRA B AL HH YATUNT $49 Suide o oid. Rieiexa RA 91

fgudfeh R faaRdrd, Arges fUe-ar &1 Bid.

4. UFERI®: Sl e BDC %4 TDC He oid! 4@l THRINE a1y TaRINT
dleggIY AIdTaRUNd X USdld. 3ioik Ugl. fiked TDC TR UlgIIedIdy, Tasiiee
Flecg §¢ gial 0T I d W dbelt oI,
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¢ WP SR &1 - ¢ -KI$ oM g T ahiaR dTeld: Ya+/6H 0= Tridhd 30T
BIERLGE IR

T W o Bl

Figure 5.2.5

Spark plug

1. BRI AT B I Ih: U =T WMl S shahoh e gal-so Yo ared
AT fe= Wl e are Wiea MY Tk, d §9¢d UId 39sd, TS
Tepfad yor Ridismed Uax o Wb,
2. UTaR/TaiIee TWidh: Uk SIfor QIae fGRF WRabd!, THad o hhhaaeid gal-ge=

Rryo1 ST HRd, T 98t Ya UIC § HRd. - WTh &R Yptad arg-Se Ao geaferd

], SATIS SITH BId. - § Saa [URe-Tdl URd aveT feR F@oia]] dd, UiaR FHHfur .

fiRe o aReT fGRM WRbBdI, A TRING UIcd HEX HRdl, e Sadd ag,
TR HY STex Ug Uehdld.
Sl 3Mfor .| gefid v wie gfo

WRrtey S| gfor wHema sfom

TAYd I B 3l IRIH TR BT1H Hd © [S3Id IS eaR 10 xd

cLR| T, Th 3fdd SRR 3. | fS3d dd, e 3R] 4. @-
G-I AU QU O 3178, | SR AraEH gon St Sle.

&g gHToT DI =M 6 10 3% B =M 16 d 20 3T

Tt go HH M dlgdrdl of | SIRd YR 3T arg-ral ai HHl
AP 3B, 3T

I A&l YT HRIGHA HHT 3T, Y HIAEHA 3D 3%

o HH R gEgs e, I R e oig
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BR WP o fr g Wi shmudia wre

Rrftesd PR Wb g e WP 3
e gof gid. B,

OTaR LI o AT AP o DHidHAE | TADMHE TP UiaR Tl Hadl
TH UleR I UT g, heh T S,
KPS, T  AGREAT | MHRMEA SRFAE! Io0f SRd daR
SRSl TR BRI e | Bld. Jsifddesedl qHal WY U3E
3 fhar IO iR SRS | deR| 1.7 d 1.8 U fdbar g™

318,

CHd Y Dleg MU IJlew | Bleag A9ATd TR T GIC ST,
TN 3R

ERIBCINEN WS I I D g e I SHTAAD 3o

TR

DT WE god Ul fday FSU | gD doH SHION dled AU THH oS

T BRIl | T HRIETdT 3w 38 TS BIIGHAT HHT 3T,

3aTexl 8) S HIeHdl ARl Ud dUgdd ST Hrde o oY aruRd Sid

qTUR ST, 341 99, T, e

HTIRAH TR, 341 Wpex, A J&v.

Exercise

TLO 5.1 Represent various air standard cycles on P-V and T-Sdiagram.
1. Represent the Carnot Cycle on P-V and T-S Diagram. (R)

2. Represent the Dual Cycle on P-V and T-S Diagram. (R)

3. Differentiate between Otto and Diesel Cycle (U)

TLO 5.2 Classify I.C. Engines.
1. Define Following Terms: Bore, Stroke, displacement volume and compression ratio. (R )

2. Classify the 1.C. Engine with respect to 1)cycle of operation 2) cylinder arrangement 3) method of
charging of cylinder 4) types of ignition. (U)

3. State terms TDC and BDC? (R)

4. Draw TDC and BDC of a Four stroke Engine (A)

TLO 5.3 Explain construction and working of Two Strokes &amp; four strokes 1.C. Engine.

1. Explain the working of Four Stroke S.I. engine with neat sketch? (U)

2. Explain the working of Four Stroke C.I. engine with neat sketch? (U)

3. Differentiate between Four Stroke and Two Stroke I.C. Engine on the parameters a) based on No
of Revolution b) Based on Power Stroke c) based on Efficiency d) based on Examples? (U)
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4. Differentiate between S.I .and C.l. Engine on the parameters a) based on Cycle b) based on
compression ratio ¢) based on Fuel d) based on Speed (R)
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