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CH-1(PERFORMANCE OF IC ENGINE)

Engine:
* Aneogems i g device which tramsforess one form of ssegy o snothes form.
*  However, while mansfonming snsrgy fioen oas forms to anctker, the efifiosncy of comersion plars an

impartent rols
» Monpally, mos of the snginet comrt Thermal spsrgy mic meckamical wok and therefore they =9

cellzd “heat sngmes’

Heal Engine.
# Hagt sngine &3 3 device which aasforms e chemicsl snargy of the foel into themsal snergy snd
milizes thix thermal anerey po parfore nsefid work.
»  Thos thermal enersy is comverted to mechinical energy in o best engine,
*  Heat sngmas can broadly clasnifed into tove categoniss
§ Inrerms] comibvgstion engins(lC snmms)
i) External combrustion engine(EC eaging)

Basics of I Engine:
» Imrernal combmstion engines are those in which combustion takes place imeide the ensine cvlisder

Lk, D=Bam; L= siroke
Vi=Tanal volome of the cylmder V'
ar V=Clearance volummes
V=hplacemant vohame=A«L  [A=pisicn ares)

TOC=Top dead ceatrs
BD{=Hotiom dead ceatre
L=
Fi=V:
K
Y= . o
T 4
¥ Compression Radio(r). Iris defined s the rann of vobums befors compressins io the volimes af e
[T T
Py
==
]
Vot ¥
=2T= 1A
¥Vu
mp=—="*1

Vi

Engine Perforrmance Parameter:
* Esngine parfoemance js indicared by the term effickency, 5. Five importent efficlenriss snd ralared
SCEIRA parfonmancs pIrEmEar e
i Indicared terral sficency
£ Erake theernal sfliesasy
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B hlechamesl effioency

Felsive efinancy o effcency mac
Velmeemc afiamcy

hlean affecive presame

Llwas pision spead

Speafic power cupm
Spenfic foel conspmprion
mist-vabhw Lach edax

Fus - or sr-fael rno

Calortfic value of the fiosl

B B Aa W

Indicated Mean Effective Pressure [Pel:

o hDsem effeorive pressure s the aversss pressure inade tdee snmne cvlindsr of an pnrermsl

combustion ensing based o= the caloulated oF
msismed o oulpE.
_ Network of cyde

G ol - E
Arez of the indiraror dizsram

_Lau;md:hzmﬂ.ﬂmdhmm

Indicated Power (ip):
iPower is defined 33 rate of duing work)
¥ Indicsed power is the power produced by the ensine.

F .
ip= {-ﬂ—.ﬁw

&0

Pelank
W

# = 50000

PinLAm (0

G

g PoATE
&0000

Whaars,
p=indicstad power (W' or EW)
Bu= indbraped men effecive prevars L = [;=}
lenmth of the swoke (m)
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A =area of the pistonim)

N =gpeed in rpe

& = gomsher af ponser riroloes par mimse
:%I:fil' four swoks engms)
=0 {for twe sroks sngine K

= mamber of cvlindars

Brake Power (bp):
*  [tisthe power svadsbls of the engine thaft

¥ Thebese power of an1C enmine b usually messmred by meen: of brake mechaniam (proay braks or

rop brake]
%) Incaseof progy beake,
La, W=traia boad ()
I= length ofarm (1m)
N=spaed of the sngine in rpm.

b Torque in N XAngle turned through ons revolution

&0
H=r_'; Watt
o "I W
b Incase of rope braks,

Ler W = Dhesed lonad (N
5 = spring balsnce reading ()
D = diameter of braks drum {m)
g = disrmater of repe ()

N = speed of the engine in rpm

= FEEE Watt (neglecting diameter of wire rope)
@

h:'ﬂl——ﬂt

*  Erakos povnar is les: than indicated pover
Frictional Power {fpl:

$ﬂ Waem {considering diamater of wire rope)

¥ rpm (Watt)

ET=Wx]

»  Inis the pant of indicsred power which is used to overcome the frictional affecss within the sagine
*  The ficticn power 3f10 inclodes powsr megured to operates the foel penp, lubnicstng pamp, valves,

- (=

» Therefore, it is miven ss the differenc s benwesn the indicatad power and brake power.

*  Mmbemsticaily, p=hptip
fe=ip—ip

Specific Fuel Consumption {sf.0)
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= The fod connumpnen characeenancs of an camne sre sensrallv sxpressed morerems spenfic fissl
comsmmpticn in klogram of fuel per kiloaas hour

__ Fual consmmption per umit tams (kg
efe= o
i dndicsted Specific Fusl Conpumpdion (=)
it Masz of fuel conmemption perunit fime l-';J
irfe= P —
indiceted power EW Wh

i Brake spechic fus) consumobon (hefs)
Maes af fusl consunaption par wnlt tints ke
oy P A SN S St
Braxs power Wl
Air-Fued Ratio or Fuel-Air Ratio (AF OR FIA):
¥ Therslerive propormions of the fagl and ar in the eapme are very mmportant from the smand polmt of
combustion and fhe efficiency of the engine
*  This 13 expressad artier 23 & ratio of the mass of the fusl to the i or vice vama
Misthemmatienily,
F  Moszof fusl
A4 Mamof o
A Maoszofsir
-iF i'I-l‘-n.H:iJ"fwi'
Calorific Value (CV)
» Calorsfic vabae of o firel 8o the thermal soerpy relensed per onit qoantty of tee fusl when the fisl iy

bt complemly snd the moduc of combuston are cooled back to imanal temperetmre of the
combuznthle mivrure.

Mechanical Efficiency () :

*  Nechamicsl #ffidency & defimed a3 the rano of braks power (delne=red povwar) to the indscated pomsr

{pomer provvided to the plstes)).
* (O} It cam be defined as the ratio of the hrke thermal effcency to the indicated tharm] efficiency
_b  bp
== e

irci cxted Thermal Efficsene y{gae)!
*#  Indicated teermsl efficiency iz the rano of epergy i the indicsizd pover, ip, to the mpow foel smergy
in appropriate ueit
- ip [id/5]
it =
TRy M Ee e e TR

L

o  fuel i
P ¥ calorific velue of fusl
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Tty
Where, m = maer flow rade of the Fuel (K5
Brake Thermal Efficlency:
¥ [tinthe ratio of enerzy in tha brake povrer bp, 1o the i fuel energy is appropriate oo
o
Y™ Moerof ot
5 x ealorific valee
b
Wer = ey
Relative Efficiency:
*  Felatroe efficiency or efficiency ratio iy the ratic of the thermal efficacy of an acteal cveh 1o tha of
tha 1desl cycle.

P The affiriency pars i very usafinl criteren which indeaes e desres of developrmest of the snsiss.
g Artus! thermal of ficiency
T sr=rTrontord wfTivtenTy

Oreprall Efficency:
F o [1isthe rane of work obtaped sthe rankshadt in s gives tme 1o the apergy supplied by the foel
diering the sams time oo
> Enerevsppplied by the fagl per mamms =1 r*]"‘
S
Whare,

mr= mass of fuel consumed inn kg per hoar
£V = calorific value of fusl m &) kg of fu=d
*  Weark obeainsd at the crank:haf per mimute = bp < 60 () = b i v V)

Emaliell

& Qverell of ficiancy. 5, = Y

Ch-2 (AR COMPRESSOR)

*  An nir compressar (s 5 machine which talees in Smosphenic ar, compressss it with the help of same
machanical emergy and delivers it at high presnars
*  An mr compressor increasss the presaue of air by decreasing
s specific volume uing mechonical means.
* The cooiolled expreizion of compressed air provides moave
force |\ mr metrs, poeumanc hasmer s drills ssnd
Uses of compressed air
Compres ed air has nade application |6 industries a5 welly 8 ncommerdsl sqaipments I is used 00
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Ay refnparancs and coolmez of larps baildines
Dietving pnesarnassic tools in shops libe drills fAvetess screw dmoer #c
Drving sir motons i@ sumes, whare slecin metors and IC sogme cannot be wied becyuze of fire nzks des

t the presoare of milemmakls 2as s
v Clesming porpoes

v Blast furnace

v Spray paintine aad spraving fiued in dissed engine

vi. Hard excivation work, teenellmg, baring, mms, eic
vl Starneg of hesny dary dissel engine

& Opersune miv braices in boses rockes e
% [nflatng soiomobile e

Classification:

The coppreson sre mainly daviified a4

i Peaprocaing cotmuesso

i Fliary corepesssor

Tha air comprezsces can broadhr be clavifiad an

Compressar

!

Positive displscernent type

*

¥ A reciprocating oompressor is psed to produce kigh preamyre gaz I omses dzplacement of piston B

Reciprocating Rotary
L L
kL L A
Single acting Denitibe Roots Vane
actng bl ower s

tha crlindar for compreesion. | handlen s loor mue of gay and kigh pregror ratio.
*  The rotry compres sors are nsed for low and medmen pragsara. They useally consis of 2 blade wheel
e imnpeller that spine inade a cironlsr hogsing Thevhandle a large mass of pas.
* Thews comprezsor may be single stage or multistage to increase the presyure ratso.
Reci i ingl

I Single acling compressor:
*  Tiis o compressor wed @ whick mction, compresuon 3ed dalivery of o gas taka place only oo oog

zide of the piston daring cvele of one revolumon of the orask chaft

i Double acting compressor
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¥ [1is 3 compressor | which suchos, compression, and delivery of gas rakes place om both aides of
the prtos and twe cvcles takes place daring ane revolution of crank skafl
Single stage compressor
= Iiisacompressor im whick the comnression of zas vo fsal delivery presnme = carmed our is ome
crimder coly,
. Multistage compressor:
P Inis acompresser mowhock the compression of 2as to the Snol pressure ts carried pul i more than oae
cyiimdar m peman
¥. Pressure rato
»  [rfsdefined as the rario of absobme dischares pressuse 1o shaabae suoion pressare.
vi. Compressor displacemant volume:
¥ [1i= the volume aemed when the piston wavels 2 syoks
Vo= dil
#bmufﬁt::;rhdu:
L= mrode of the paos
Compressor capaciy:
*  [isthe acmal guasticy of air delivered per usst tene ot smeosphenic Cconditicn.
wiii. [Free air delivered [FAD):
* [tisthe actesl vohene air delivessd by the compresier correspondmg to stmospharnic
comdmion or ambiens conditon
i Piston speed:
* [ isthe Hmesr speed of the piston messures is minsn. T is expresed = Visnu=ILN
. Volumetric efficienicy
*  Therato of sctual volume of sir sacked into the compressos. measures it Mmoapheric pressure
and temperature to the piston dsplscemeant volums

Hesi o
*  Harz preszars 13 increezad by means of
vErsstion i the volams of cvlmder stamead by
a moving Fisen
Construction:
¥* I coasivm of 3 piten which reciprocmtes
imsida 8 oylmder with commeciing red and
crank mechanizm
* There we inlet and delivery valves mousted in
tha bead of cylnder
F The imler and delivary valves are of pressure
differential tvpe i e they operate @ & reruit of
presaane difisrence aoross the valves
Wiorkmg:
Working of s single stage reciprocafing st comproior complates in two strokes

PAGE- 93
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a) Suction stroke:

> Whes the pisten moves mthe dowsward direction i e. fram top dead cester (T D.C.) to bottors dead
censar (B.DLC), the ar comspresser is the previous comprassicm and suirapped m the Clesrance space
bezins o expand.

* Whes the pressiane inxide the cylindar falls below the streosphernc presmire, the islet valve gets
cpenad. and @ir 13 sucked mie the orlinder, oll the msion reachas BEDC. Dunng the stroks,
delivery valve remams flosed

b] Compression stroke:

¥ Mowihe sucoon valve s closed and the pizton sten= mowing Som BDC w TDC. The presaars imaxds
the cvlinder zpes op inorensine upen the desired discharee pressure.

* At b stage, the delroery valve gety opened and cormprexsed amr iz delivered imto the recenr.

At the end of compression swoke 5 small gaenry of 3ir, & high pressure 1= ke mhe

[ tha cyclai
E?—. e pr— i, “m

Process o-1: Inlet valve opess asd sir enters the compressor at constast preqsure Pl Process{-2-
Pobwropnc compression of air Som pressars Pl to P
Process 2-d Discharge of compressed air throusk delivey
valve B constans pressae F2L
Process d-c- Femam of pistoa fior suction smoke. Wk
doss o8 air per cyele,
W= Arga behind the czve, ie., areac-1-2-3-¢

= Ares J-d-o-5-2 - Ares 1-2-0-8-1 — Area |-c-o-a-1
cw=pv +7721 py

o |
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mv=@v -pv)[ _ -1]

m=1

P W= .l.- BV =W B ORI} o s s imssssi st o s s s s ssssssss semsas R

n—1
Using charactenistic gas equation s FV'=
BT
PVi=mRT.
A= mBET:

n

1W= — mR(T:~T} (Kb opde) ... e )

" Tz
M= mpT, (== 1)
T

1
" 2 - r_ h5g
W= R [ —1] fode [Fori-2 a=(
n=1 £ ;. m) ]
w0 = 1) (KTeyele)
m=1 Py

Whara V' is velume imdocted per ovce

Minienisng compression work .

* Thewark dose on tha gas for comprassion cen be mimimized when the compressios process &b
execmed i & isternally revernbls mamma, 1.5 by misimsong imeversikbilities.

»  The other way of redusine the compression werk i to kesp the specific volumse of 224 3 small s
poszible daring compremioa. Since epecific volume of gas it propostional fotemp,, therefors tha
cooling Erangement 1= provided on the compres=or 1o cool the 23 dunag the oempresson.

*  For beter undersandine of the affect of cooling durme compression process, we consider thres
vpes of compresson process executed betwesn same prevure bevels (P and Pyl a0 fentropic
comprassion 1-2° (involves no coolingl, a pofytropic compression 1-2 {invalves partial
cooling) and an Eathermal compression 1-2° (involves perfect cooling] as shown in figurs
Baiow”

a) Polytropic compression prooess 1-2

=1

W =" B0 [0 ™ =13
n=1 ™
b} Isentropic compression process 1-2
Am equation for wark input o be obsgmed by replacing in by ¥

m=l
W= Pw[(B) * -1
| Fi

K=
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¢} lsothermal compression process 1-2' [with perfect cooling (T:=T4)]
Wrk input far fsctbesrnal compressiom by piven by mren c-1-2"-d-¢ Wiiewu®
Areac-1-1"-d-c= Ares o-1-1"-b+ Areab-2"-d-0 - Area 5-1-c-0
Wicker= BV} In F;} - BV BV

For isothermal process BV:=P/Viand ="
Fi Py

[ — In&
Fi

Blote: I 1x obaerve from the shone diasvarn thar spane the thres proces: comsdsrad the ares vtk
isenfropic compreyon iy maximam ind the ares with pothermml compresrion i manamiim Thm
THEETORIc COMmprEETcE TeqEres maamms work snd sothermal compresson requies ENRERED THE

P = Wiw wit
&

M. = sumber of weeking stroke per mimse
Tt is the spasd of the compressor mr.pum., than M. =1 (For ningls acting compreszor)
N, =1 (Far double actine compressar)

Slearance volume ina compressor,
Tha clearance volume is the spece lef i the crlinder when the piston reaches 1is top most pesition, TDC, Tt s
providad
I Toavoid the pistan strilang the ovlinder head
Il Tesccomamedsts the vahe"s sonastion maide the cvlinder, becauss sucton and debivay vahves are
locsted in the clesrance velame
Effscicfclsarance yolume.
*  Thevohames of air taken in per siwoke 1= less than the swept vwohams, tha: the volhmsmc
efficisncy decresses
* Alore power mmpat is requared to drive the compressor for same pressms rata, das to ncreas in volums
b ke handlad.
¥  The maxirmim compresson pressuse 4 contralled by the clesrance volums
Work done by Beci fing A C ith Cl J
yolume;
The weork done 13 given by the area 1-2-3-4-]1 on o P- diagram Work dope

= Ared 1-1-3-4-= Area |-J-e-d — Arss 524

The cosprezsios woek squivalent 1o ares 1-2-2-d vab mdex of

COmPTHET B

Wi = PV :] = —'.l"I

A
ot

The work done by 2a: dorine sxpanssos (ndes n) = Areg 3-e-4-4
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=i
Wigw= ™ BN ™ -1
m Fa

-l
=R papin ™ =1
I‘-I ]

Simce Pa= P & Pr=F: Net

vk of Ccompression
2 @ el .~ pomch
W="Ta PAY M —1]- B & mem
=i II{E| J- 2 BV ‘}h 1]

Ifimfires of zompression and expancion are sams | no=p =5 then

Sl e [
W == ViV " =1]
7y

=g

Ml i
The compression of sir in e o more cylindsrs m sarbes b ralled mubtivare compsession
Advantages

¥ The gas cam be compressed 1o a sefficemiy biph prassae
*  Coalme of air i mors efficsed wieh intsrenalers sed cvlindsr nall seefsrss
*  [timproves the volametnc efficency for the given presawrs ratia.
¥ [tredwces leaksss loas conssdearatly.
» The work dcee par kz air iz reduced i =mititaze commresion with interccalers 11 compared
| i e g lin [
&) @) ¢
"r':l | é_ﬂll_h.xj-:t-_ — I - ik "i F.un L
o, M { s = ey | A 7
ok sy i 3 5 1'_-" o _u_l-_l..!.
1 T |
-ﬁl.l I | Py .h'h._ _".‘-'I-. pel
—] — i} = ﬁ’:_..f%
-y \ | 1 M:\
ek Eorge -
1 s 1 . 'I-!'ti-ll-n "3'""""!."'"!|"-\. .y rj"i- ] L s
= '|1 g =T = | -
1P tHigl provesny wolesa
(Y
el o amngle mage comprassion for the mame

delivery presoure.

T=T:

Il
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BV =PiVs=mRT!

PV = V=PV -V} =mET

Asrmuming perfect inbercoaling,
W ot Tt = WiLE = Whir

P 5 R

rect - ape =1'_;P-E'i-'- “VaK O —f=( IPV.=VA(H=—1]
=i P —i Fz

Lo ]

- == A
0 ;MRT-[EHJ v =1+ (_JmRT{(P =1
m Fi Lo ] 3

LS =l
3 | Wossop=(* ;nmm[’dtl- (Y -1

P, = Inls preseire
= Dalivery premms

By = Imesmedise pressure

Bure substance

* A subsiance that has 3 fixed compontion throughout is called 3 pure mbmance.

Exsmgple: Water, Nimopae Halium & Carbon diomide, stc

* Howneyer, o pare substance dosn’'t have o be of o tingle chermical lement of compotnd A mitTiure
gualifies a5 3 puze substance &= long 33 the mixtars 13 homogznecas.

Exsmple A ix 3 pure svbstancs, Bt & mizrare of oil and wares 15 sot & pure substisce

*  Amizurs of two or mom phases of 3 pure substance is sl a pee mbsiance 01 long a5 e chemicl
composrnon of 2l phases 1= the same.

Exsmple: A mmivvere of ice and lgod water i3 & puse subsance. But masrare of Mool air and gsesis 8is is

not 3 purs wbstace

Ehases of 3 pure substance,
*  Aphieis idecsified 81 kaving s duting moletals srransemend that iy hamasessaus
throughout and separated from the other by sasihy identifiable boumdany sarfaces
F  Thies principsd phisss of 8 pure saboance sre: solid Digmed spd se
Ecmmation of steam at constant eressure.
*  Consider 3 cylinder fired watk s fricnoaless pisten wiich may ke loaded to sny desired

poidaure,
* The cvlinder comtains 1kg of ice st -10° under lssm presware st the size A

PAGE- 14
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The sazes of besn addmon s constan pressure (1 srm) ase shopm o the above fzure

Process A-B:

*

When sy amoust of beat 13 added fo iz, 1f got warmer and 5z tempersim e nass Gl
approachss 0° az shown by lime AB 10 the above Szare

Process B-C:

=

¥

The foliraing facts are obsenved durmz thes process-

[ besind 10 mek ot 0"C and & two-phase mistmre b formed

Thw temparatare of the two-phase mizture (M1} of ice and water doss not changs om heat sddstion
as it 15 shown by the bime BC.

There is slight decreass in vobame becaae the lbqisd water af 0°C i1 heavier than ice

At the poim C, all ice melis to waser wihout change in preswure {1 mm) and temperarurs (0°C)
This phase trans fnrrnanion froe selid ve bomid io called the melnne o oo af lee

Prooess C-0k

>
b

When beat 15 added o liquid water, the following Scts e chssned:
The temparanare af weter rses with has supply and kesps on risis e uanl o reachss bodling peie
bermparaturs, the point I,

Process D-E

=

¥ ¥ ¥ ¥

Aifres pyater peschss catiration tsmpenatirell s 100°C &t 1 e sy sddsion of hest will canes
sorss ligmid o vaporiss af the fame tamperanre. This &5 aguis 8 phass-change process Sam
saturated wassr 1o sareraed vapor Duening this phese-chapse proces:, the follonans facrs are
o arved

There exizts 3 two-phase mimre M of waser and vapor, called the wet siam.

T temperanyre of the mixmars remaons opascenr unnl all warsr dess nod comve = 10 vapar (=em),

The process of phase chanse talees place of constasd pemper sirs and constar pressire.
The specific volwms of vapor is considsrable larger than the of satursted watsr.

FAGE- 1B
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¥ Arthe stae B, all the water his besn vaponzed and this spae of steaem = called dry and sanarased
stear= The phase change from ligmd to vapes i called vapenzation
Process EF:
F Ompe ke phase chanss 1= completed we ae beck o nngle phese remon azsm (vaper phase), md
further trincfer of heat nesalti is in ncreste in both temperatute and specific vohsme. Tha vapar it
callzd superhegtzd vapor.

* Compressed ligud or iubcooled bguid: A bquad that is not sbowt to vaporioe or higusd existing at &
temparsmrs lonwer than sanEanan I=Eperange.

» Savarmed bembd: A Bopdd char bs sbeour 1o vaportne is called samraved lousd.

* Sgmurated vapar: A vapor that 15 show to condense 15 called 3 sarursted vepar.

¥ Supsrthesmed vapor: A vapor that is mor 250u1 to condenze 15 called 3 superheasd vapor.

Relation between pressure and temperature for pure substance [H:0).

*  The temparamurs a1 which water stars bolling depends om the pragmurs; thersfors, if the preznma
iz fimed so s the bollng remperanss

* At s given pressure the temperature ot whick s pure substance changes phase is called the saruration

[F 5 R
¥ Ars mves jemperanre, the presre @ which 3 pure sobstance chenpges phace iz callad the sanrsnos
preczane (o).
¥l
e |
--pil‘% -
=

s
E1E |

*  Latent beat It = the amount of Beat tramsfer requared to cause 3 phase change In TRt mazs reguired wo
cEize 8 phese chanss n umie soes of 3 substance af & copstant pressre and (Empaatioe.

» Lubent beat of fisgon (Jo): It ix the amount of heat trans farred to melt wit mans of wolid isto Eqeid
or 1o freszs wnit masz of lgamid 1o sobd.

*  Latent beat of vaporization (lug): It i the quantity of kst required to vaporize unit maes of liquid
mie vaper of condense wnt mass of vapor imbo Bgmd.

¥ Larent heat of ssbiisstion (L) I b the s of hear ranaferred 1o convert ung mass of salsd 1o
YIpOr OF VICE TRrEd.

¥ Ladsnor mmch affecsed by pressurs. wiberess Lo 1= bghly sspsmive 1o pressume.

LY diagam:
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¥ Let'sdothe process of phase mansformenon from bgued water 1o vapour at different
preLsiies
* At different prezaures, the path foflowed by bgmid sovapour phase chasgs are showm inthe fpme

As prassure cresses. the soterstion temperanse T, for bailis e and condsnsation alse mrysgass,
Ay precyurs moreanes, the specific volune of satursted liquid increases shightly, whils the specific
velume for srorated vapour dereases conziderably, thus the sanmanion hes on e T— deagram wall
contimsg 1o Bt shortes.

* Al ssiwrsted liquad sistes wre connecied by as olid line, called the sstmreted hquad lins
Al sarursred vapoar states are conmected by apother sabd dme called the saparmed vapous lies

*  The satarated Liguid line and sanerated vapour lize mest af the critical point and form a doms 2z
shomm.

¥ Theremon locstzd laft ro the sanmrased heued bine i= called the compressed Hgud remen.
The regon |ocated right 1o the satarated vapour Bos is callad the yuperhasted vapomregion.
The subsmanca csn exmsnin the smgle phase onbyan the comprassed hqud or supsrhearsd vapour
reZoa a8 & lgmid or 3 vaper.

* Therapon under the dome mvolves squilibrum betneen serarsted liquid and sswrsted vapoar,
and 1= called the wet vapour region.

-y diagram.

*  The ovarall chaps of 8 p-+ diagram of & pure submiance i very similer fo & T=v diagram, exoapt
that the constant temperamure lmes on this diagram have 3 dowawerd mead.

* The prevoure-specific volume (p-+) diagram fior oiater i shonm m the figune.

* [t eviden Som 3 p— diagram, 45 presvwe of 3 pure sulbstance dsorcases st constant
rermperamre. the specific vohume of lguid incresses marpmally, e the specific volume of vapow
mcremss copxiderably,
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Extending the diagram (o include the solid phase:
»  Tha p=v disgrams discaiued shove represent the equilibeinm state imsalving the Bquid and 1apour
plasss caly,
F Thess diaprams can alsp be extended to induds the solid phase g well 2 sobd-liqmd and solid—
sapoar asturatioa regians a5 thown,

P

* Al the three phases of 3 pure subitance exis slong a lins, called the tripls me. Along thetriple
line g substance has the sams pressure and emperature, g diffsrent speaific volumss,
*  Zincethe wiker expands oa feesing tharefore, a partios of the triple line i3 exteaded towards the left te
the ssmurated higmd Bee
T-5 diagram:

*  Tha tempecstare—sniropy | 1—3) disgram of 3 purs substance & shown with the following
oibEErEnons.

®  The abeolige teenpesaturs dats i ploted alone the ardinate and the specific snmopy ats & plomed
alozg the shecism

*  Thevahie of specific emropy an tiple poist i3 2ero, snd tis the samrered bonid Hre oniginates ara
bereperature af 273 16 B
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snagir e g

Sl E]

(S L

*  The ssturated Hoaid line and sabarased vapour line divide the dissran (sto three replons L&
compresied gaid region led to the wiurated Bquid line, muperhested vapour ragion night to the
satursted vapoar bns snd the wet vapour region between these two lnss The rwo samranon lnss
meet ar the critical paim

* Inthe compresied liquad region, the constani-pressure lings almost cpincids with the
ssrurared lgmid bre

* Imthe satorated liquid-sapour mxixtune regios, the constast pretsors lines aod cos et
tempersiurs lines sre horizonssl snd paralizl to sack other.

¥ Imihe supsrheated vapour rezicn the constane valems lines are stesper than the conmant presoare
binss

bhsdi Mollier di ; |

= gy _ 3
e

Tdzs=dk —1vdp
Whaap=0C,dp=0
Tids =dh

di

¥ Shops of comstant pressure lms on k-5 deasram represests I2Eparaure.
* b dingam of pure subsisnce {Waser) i called Mollier diagmm.
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F ¥
I i I.|
] |' ] ' r‘ .
] A :
¥ i/ ..-__,.-"r_'r I-"_, i -H‘"h;
4 o I.l" A __‘..l'
| .-‘F ."J,.' !

P T T

# [nphsse chanps procsss slope is constent Snoe (SMPeTames is CoBstasT
* I mapechested resice slope increses hecaime lemparahe |4 oressing
*  Hare, the constant presmss lines diverge from ooe another snd dhe crtical isobar iz 3 ngant o the
critycal podat
%  [nthe shove h-2 or Malbier diagram colyv ihe liguid snd vapour phases e thonn
Crifical poi
*  Inis defined as the poist st whech the sanwated Howd snd sanarssed vapour spstes e jdsnrical
Crtical point data for waler.
P.=1lL06MPa
Vo= 00053 10 m kn T,
=37305°C
Subcopling, Coobne of Lgud below samuranca temperatue. (T T)
Dearee of subcooling: o Trussing = Tow = T
Superheating- Heating of vapour shove isturstics weeperature. (7 e < Tes)
Reares of superhedling o Trortomsmg = Toe = Tox

Sensible heal § =mecaT

Lateat beat
1.1
Q= ER{k) |
&
a=dh(_) ) i
kg :

1 =,
{'h}f— = (dhlrg= hp=hy= hiy= LE ek ‘I,I‘I &r
¥

L =hyp—ki=hyy __-?
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Latent heat of condensalion.
k
I.-"'q." |:=l|_:|rr'l'
J %A
gt ! § i i BT

YL
[y

§
=

Note:

o Wik incresse in pracages baeen hear of vaporizanon decrsssss
> A criticel pofis Tatent st beoomd Der0.
*  Aromicel peist bgund waser directiy flazhes mie vepour.
Dreness fracbion o Uualdy of steam ls),
*  Ttis definad as the ratio of mam of water vapow tothe total mais of the mmiziors i.e, mas of vapour
and priwpars.

—_m, i e

r=
I:m'hﬂ"_.:lnl.::n'r o o
Tuigte: x =0 = pasursted liquid, =

=| — zgmurarad vaEpour,
Dexe] — samerared ligsd and vapour
Specific volume of wef o pa s sleam.
— — |t i S
m=m,+m & | < Ny
I o L
= e+ wi ,/{"-j&. r J

" el
V=rxm

ook o
LTS Lo
tri:-.- T 1_,.-'/’ “"_—h'/
I

Vo =t 3 e . 4
Vi=smxm

V=F_+V

V= oM, = i

R
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F=wx+odfl—
V= + tn= x1

F=m+xv.— o)

Enthalay &l varieus pounts. l f"\
Enthalpy at dry saturated steam: £
hg=hi+ &k |

b= b+ [y — R = ket kep ]
h'=.ﬂ.l—lﬂ' i_.__'ﬁ-__"

Enthalpy of superheaied sieam:

h =h, +&h

TR

B =+ (T _-T
Ent s e
Entropry chanss durins phass tarciseransg:

_I{F = EQ_!"
a={ _.T_)

—

dey, =":'.'"

LR
o= T |
o
ey
Enmopy of dry samrmsd seam:
Eg=Ep+of

e |

L= af+ = | _E

Eﬂm‘h[!wm /_‘\‘
I...l-!.lul.l:-r- =""J+'ﬁ' T
Ty e '
'Sr"fnnrm[j._] l 4 |
[l

9

e

|
ELl_
-

FAGE- 22



THERMAL ENGINEERING - 11

isoshoric (V= Gk
50 = dI7 + W
“aW =0
~ 6@ =di

Isabaric (PeCi=P == ]
&Q = glf + &
S = [z — )+ P(V1—T1)
SR = (y= I+ V= FFy
Q= (U + PD— (I + P

Sf=H;—H,

5Q = dF
Isothermal (T =C);

& = dif = EW

»dU=D

= ) = W
Adiaboatic (5] = 0)
Expansm SV ==
Compreszion dlf =
S Polytropic:

&9 = dlf + &

1ty = By

5Q = moudT + P—n_—f—

mi{T; —T -
5@:,._?_1 ’}.1-"‘?; _”:E
i e £ L

r=1 n=1
1 1
80 = (pron— prnd (~ =g+ =
-n¥+l+y=1

57 = [puwy = pre) ,ﬁ.:ﬁfﬁ:'ﬂ*}

pwi—pr) ¥R

&0 = i
n-1 y-1

y—#

=Wy o

Palvropic expanzion &W — +ve
¥=n
ﬂ?:m,#”r‘q-
U ey =45Q =+ =50
Ensy=E80 == = EQsgzum

lin =y =40 = zero = adinboiic procoers
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Pobwrepac compression SW — —e

gy =8 ==t = 5gumam
En>y =80 = +uw = §lnssis
H rn =y =&) = 35r0 = adiabotic process

CH-A [STEAM GEMEBATORL

* A meam ssperanor of bollsr i basically clesed vessel iote which vweser 5 bemed usnl the warer ls convemed
imde sheden af reqguired previing
Abodler or sieam penerator 15 3 device nied 1o steam by apphving heat 1o watsr.

*  The heated or vaporized faid exis the boder for uze in varions procsss o beating applicarion inciudiss

water heating, central hesting, and bailer based povrer generation, cooking and smitation.

Imporiant termes for steam Doiler,

1. Boiler shell: It ks made ap of stee] plates bent iste svlimder form and dveted of welded togsther, The ends
of the thall are closed by mesnw of end plates. A botler thell thould banve sufficient capacity to coatain natar
and meam

2. Combustion chambser: [1 is the thsll sessrated below the bodler shel]l meant for burning fael in order 1o
producs steam fiom the watsr containsd m the shefl

3 Grate: It = plarforrs in the combusnon chasher. wpon which foel i bont. The prare sensrslly comsiam of
et on bary which are spaced apart. So that air can pats throash them The nurface ares of the grate over
which the fire tskes place, 13 called grate sorfsce

4. Furnace: Inls the spacs shove the srae snd below the bofer shall m which the fiad is sonaliy bame

5. Heating surfage: It is the past of bodler narface, which is exposed to the fire (hot gaes from the fre)

6. Mounting: Thess are fmsgs which are mountsd on the boilar for its proper fanctening. They ar: moluds
ventes level pndbraios, predsure sanme ey valve ste

7. Accessories: Theie scosmories e mounted on the bofler o increass ifx efficiency,

L Superhearer,
£  Economiser s
Epiler classification:

There ar= larpe pumbers of bodler desizn bur they mayv be clessified accosding to the following o=
1. Agcordingto the relafive passage of water and hot gases.
3] Water tube boiler: A botler 1 which the water fiovws through & member of small wbes which are
smrousdad by hot combusnon gases.
Ex. Babcock and Wilcex, Stirling Bemaon boiler st
b} Fire tube boder The hot corstustica gases pass throagh the bedler mbes, which are semoundsd by water
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Ex: Lancahwre Cochran [ocomonve boder e

7 A fnat it tar cicoulati |

al Watural circulation: Water arcalates i the boder dee 1o denaity difference of bor sod cold waser. Ex
Babeock snd Wicoz baler Lamcashirs boder and Docomonve bader e

b} Foroed ciroulation: A weer pomp force the waler alons ih path therefore the shedm generation fate
mTEEes
Ex: Bessen fatfeme Vielox baie e

3 Accordingtothe use:

a) Stationary boiler These bodlers are nzsd for power gsnerancs = thermal power plant: of process sissm m
plants.

b) Portable boiler: Thase are pmall unms of mobils botler snd ars used for teporary uses ot the ntes

¢] Locomotive: These are speaally desizned botlers. They prodocs stzem todmvs ralbway spmnes.

d}] Marine boiler: Theze are med on ships.

. According o the position of furnace:

a] Internally fired: The firsace i Jocated inride the ghell Ex:
Cochran, Lancashare boller enc

b} Externally fired: The famace i locarsd omside the baler dhell. Fx
Babcock and Wilcox, Strling boler st

6. Accordingic pressure of steam gensrated:

a) Low pressure boller: A beiler which produces steam af peessare of 15-20 bar 13 called a low pressare
kboiler. This sesm & used for process heating,

b Medium pressure bodler: It ki 3 workong presoare of st=em fom 20 bar to 80 kar snd 1= gsad foe
potwel Esperaticn of combinad use of power generation asd proces: keating.

c] High pressure boiler: Tt produces stesm 203 presyare of more than 30 bar.

di Sub critical boller: [f & betler prodace: wesm &t § pressurs which is less thap the crmical pressurs s

e] Supercritical bodler: The bodler produces steam & & pressure grester than awical pressure. These botlers
don't have an svaporasar and the water directly flashes pneo steem and thus they are called once dwousk
bl

T. Bccordinatothe charge inthe botlar,

8] Pubverised fsl

bl Supsrcharged foel

c] Fhoideed bed combosmmon bolsr

al Siagle tebe boiler
by Mdukirgbuisr boier
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Fire uibe boiler

Water tube bosler

The bot f1el gases pass through tubes and

Water passes throngh teber and hot

wanr rerousds tham. fuel pases mEroand them.
o Thess sre ppersted & low pressure upso i The working pressurs iz high enpush
20 hae. o 250 bat im supper erisical botler

The mts of sieam pensrxtios ma geality of
sieprn are low, therefore mot smitable S
POV EEnersiion.

'Iimuim:nj;u;n:im-dquﬂtfnf ]

mapm are hemer & swiable for
o pEnarsiaom.

Tt reqpaires mmore floor ares for @ gin=m
peRtpAE.
e YT r— Y

Tt requazes less Soor wea fv gven

it

——— .Iﬁ.-ti-:l.l'.‘.}'. o

e 2

T

LUsed im proces: mbwry.

.

Uzed im larps powsr plant

Y v ¥ W

It s avertical, ccal or oil Sred, fire tabe hoiler

[tiz the modifcenon of 3 simpls vertcal boiler with ncoeas: i the heansg morce &ea

Thee fiyed mses fropm the fomace e passes throusk & namber of small rebes surroandad by gas
A Cochran Boiler conssts of 3 cylindrical shell with o bemispherical cronn, gating, fire box,
combustion chamber, aumbsr of smolce mbes smolkos o diimeey and varous mosnting.
The erate s piaced ot the bottom of the bentsphenieal farnace. The coal is S inen the srae throush
the fire door and ath femed is collecied in mh pd locwted just below the grate snd then it i

reenpved manuaily

bl Working:
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¥ The foel &= bumi oo granng. The bot foel pases pass through 3 shart fel (o 2 combusnen chamber,
emall harsemts] smals fibes and are then colleched iin the malke box, From where they are discharged
to the stmesphers through the chasnay

¥ Thebes i= massfored w waer by radisnios tooush the dame of the five place snd by
cotvecton from the walls of the mmaks tubes.

*  Om heatisg the waier & vaponzsd snd comvensd inte steam The generated seam s collectad m
the seamn gnsce above the water, This spearm bs then raben for wee tooush the mam sesm gop
salm

¥ Therman hols = provided m the cowe of boiler for penodsc desping and mamrenance. A mud bole s
provided s the bomomn for drainins out the muddy waer from the boller. The precsure smpe water
gaugs, blow off cock, feed chack valve, feed pump, fawible phug and chimaey are provided for proper
fmononing of the
Ibailsr,

¢l Salient featres:

¥ The sphencal crown aed sphencal shops of
fire box are the special fastures of this bodler,
Thess thapes requrs lass mamenal for 3 gnen
velame

*  Ttisvery compect and reqines minimam
floor area.
*  Itis vell saired for spaall indaspres

2 Lancashire Boiler
* [isshorizoatal snternally fired fire fube,
eaiwral cecalation, setecarybedler. i a
madaly nzed bodber due 1o its 2ood meam
Zeneralon capacily.

i
TE T
AEEGRIN RERTELE
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F The bodler congizs of a larze shell supponad by reframery bnck masomry,

»  Thecrlisdrical shell i anaally 2 to 3 i dameter and 7100 long

* Twuulargs honzontsl aed parallal fiue g5 mbss pass through shell The Sm plece = locsed 1= Somt
of the fus mbes

* In'brick work, o fos pasage A balow the botler thell, too fue passage B and T ane
copnecrsd o a chambar and then 1o the chimmey,

» The dampers in the form of sidine doars are locseed an the end of wde fAues 1o cosred the Sow of
pazer They migalate the combusrton rate oz well s sfesm-genaration rate, These demper: are
cpersmed by 3 cham peszing over a pulley a1 the from of the boder.

* The boiler is also provided with venal smpunrines lie presusre 2aiee. water level indicaror. steam
wop valhve, ssfety valve, low wster and high sream safery valve, mankols on ths top of the thell. Tha
bowy waner e Bigh steam alamm prves anoaadeo siznal for Lew water level apd boph steam presame

b} Working.

#  The fus iz buret 3¢ the granng snd bo flus gases ravel slong insemal fios mbes followsd by fuos
paszaze A and thes made passazes B and €

* Tha ffue gases are then collecied in the chamber before they lead fo the stmoaphere through chemay,
The hot flue gases mansier iz maximum heat contenes to warsr during its long pasapes.

Thee wiater s convertad o to meam and colleced inthe sresm space in the shell asd it s then 1aken out
drough the seam rap valw.
c) _pecial features:
[tz heatny surface ares per und voleees is considerably laree
[ty maintenance i aary
This betler can eazily handls the lasd flomsanon o largs Seam capaony
#*  [1is highly soisable S process indistries
3 Babcock and Wilcox Baoiler
¥ [tis o varss b bodler

¥ ¥ ¥

Pq_

e
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8) Construction:
i A harizontal feam and wales drum

*  Thas 13 the main par of the beiler. | s mpported by stedl structare at @ ceartme haight and iz
imctependent af brick wers

* [tcontains water ilamn

i A bundle of sfesl fubss:

*  The fromt ead of the bodler droms 2 connecned 1o the wptake headsr by a shor nabe and the rear ead
it compacied to the donotaks header by & long tabe

¥ [nbervsenthe hesders, 3 nomber of seeall daamerer sres] mbes mre fimed ar an angls of 5o 13 with
the borzentsl 1o promote the watsr arcalarisn

m Combughon chamber

¥ Inizthe zpace shove the prare below the from end of the drum whers combusnos of fosd takes
place.

*  Thas chamber 13 snclosed by brckwork snd 1 & linsd from inside by fire bricks. Deors ane
prowided vo give access for clesming ipspecnon and repaming.

* The combmtion is divided mto three separate commpartmenty by baffiesr, Thus, the Hrat
companeent sbons the fimmace 15 bomest and the last chamber is of lowest temperanire.

¥ This makes the path of hot gases loager before leaving the bail e theomsh the chimpey. The
separbester s placed betoresn the dro= and water toba
Craneg ke first mom of the kot gases, the Zsses are passad onver super heansr tobes
Dampes: are provided @ the rear and of the chanber to regulme the Fesh air susply for
muintammng proper combakion of fusl

i Safety and confrol dewvices:

* Safety and costrol devices wre called moustinss s basically thess devices are mouns over @ boiler
dnam. Thess are the safery valves, presswre gauge. waier-level indicator, Blow-off cock, famble plug
and man bole

b} Operafion

*  The water 15 pumped by s f2ed pump and it ensers the drom through & fed check valvs up to the
prespecified level so tha the hesders and the tabes sre Aooded alwaye

»  When the combustion takes place above the grate, tha prodisct of hat gaies comas o mnd rush
througk each comparteeang of the combuzton chember

¥ Hesce the frost porticn of the tubes has the bdghes mmperanre and the resr portion b the [owsse

*  Whan water is hested msids the tebes, it becomes lightar and rises op inthe ke

*  [hae to conrienens bem supply, come of the warer gers vaporized meo sexm imside the tebes and the
pritire of water snd steam enters the boiler drum through the wptake header

*  The cold water fom the boiksr Srum comas down through the dowmiaks besdar snd emsers the lowar
end of the water tubes for zeming hemed forthar

*  The paniral circulation of oater remamy continmons dise to difference in tempenaire Sucha
croalation is called thermo-phon system

*  The oeam sensratzd s=t= collected in the meam space above water spacs in ks bodle drms
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¥ In erder to remove all water pamicles from the system. 1 13 fimally passed throuph the
saperbeated tibes for i supechesting The suparhestsd sfeaen 8¢ then available for nse

dpecial Fegtures

I evaporane capaciry is quie hish corspared 1o other bodbers (200000 vo 44, 000 krby). The
operating presvime liss befwedn 11.5 10 17.5 br,

#  Droughi losses are minimem.

»  The defermve nobes can be replaced eaxdy.

Boiler Mountings

i  Water Level Indicator

*  The fiminzs which are prismsrily mdicared for the safery of the boller, sad for cosplete comimal of the
process of steam gensration re called moansings

The mounimgs form an integral part of the bedler and are mounted on the boiler imelf
The falbowine moustinss are noaally imstalled ap the boder:

Szzam stop vahe
Fead check valve
Blow off codk
Man znd mud hok
Safety Valve
*  Safety valves are locared on the top of the bodles. They guard the boiler nith excessive hisk pressure
of steam inside the ol
P I the preamme of the meam m the boller drom ecesds the workine presaore snd the safery valve
alooa 10 biow off o certsin quantity of steam o the mmosphers, g thos the presyure of steem fulls
in the drum.
¥  The safery velve operates on the principls that & valve i placed spainst (9s ses throush same gssncy
roch aa strot, screw of spring by exteonal seight ar force, wien the steas force doe to boiles prosnre
ariing under the valve exceeds the emereal force, the valve gon lifed off from s 5ot and some of the
wupre frahes ol sl ferieel predsnne (4 restofed ABain
»  Thass ere four types of safery valves:
g Dead weighn safervale
k) Spring inaded safity vahe
of  Lever loaded safsyabe
d) Hishk meam and Lo veater safayvalve.

* [t fumction is o a5cEsn constasthy and
exsctlyrhe Level of wanes imihe boiley shell




¥ l1iz firted 10 fromt of the bodler whers it (= saalby visikle w0 the operare. Two water bevel
mdicators are @eed o all bodbeen

* A water level indicasor comemety of 3 metad whe and 5 sirong glass tobs wh masioegs. The upper
and Lovrer ends of these are comnecred 1o oo 2um metal hollom prpes.

* The ispper pips has o shedars cock and the lower pepe kas o wiber cock ahich ane bolted to the boder
plarz by oo flangss.

»  The spper pape & opened 1o sresm and the lower pipe 15 opesed v wanss with the belp of neam
and waber coclcs mspectvely. The drain cock o used Srequertiy to ezeure that the wrater and rhaam
cocles are clear

» Dunes the bailer operation the steam cock and water cock remain opened nhile the drais cock i
kzpr closed

¥ [Dhmesthe poresl opersnon, the rwo balls provided insids the on metsl pips remasn i positon &2
thoon m Bxere. Hence, the waber can reach the slass gaunge and its bevel can be seen

* In case of glass gaugs breaks accudaneally, the water and st numaltensously nek ou through the
zzn metal pipes. The foece i exerad on two balls and they are camresd avay by waer snd neam and
the pazaazes are clozed.

¥ The wamer snd stzaem cocks ars then closed a3nd the plas: zsugs is replacsd.

3 Pressure Gauge

* A peuure paugs i Soed in Sont of the bedler in yuch a position thet the opemtor can conveniently
read i It reads the pressurs of steam inthe boller and = connscad otk s12am space by 3 siphon foks.

* The mest commenly used sange (s the Boardon Pressure Gauge. [t consss of an elliprical speing
Eowrdon tuhe. One eed of this tobe 15 connecied to the riphon fube and the ofber i conmecied by
bevers and pears to the poinoer

*  When Suid pressure acts ob the Bourdon mbe, & tries to make iy cross section chappe fSem efliptical
te droolar. [n this process, the lever end of the tebe moves out a5 ndicated by an amow. The fubs
povement iz marnified by the mechspizm and zives o poister to move over 8 drcolsr soals

imdicatins the precsire.
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* The mphon tobe conmects the steam space of the boiler to &ie Bourdon gsape is filled with water m
ceder vo avedd the affen of high eperanre s2am on the sauge copposenn. The Seam pressare is
tamsfoed by waier o the Bourdos presnars gaggs.

4 Fusible Plug

» Ttisanimpostant safety drvice which -
protects the fire nabe boder shell againm '
overheating. It iz locased fust aboyve the

furmace in the boiks !T'Lr

»  Itcomsise of gum metsl phag fized i 3 : 3
gan metal body with a fardble malien S plala Fuitsbie meia
metal 83 shown i fgurs,

¥ Dranpstke narmal boler operation the fuxibde pluz & coversd by the water and ji=
berzperature does ot rive 10 it melting sate.
*  Bui whes the water lavel falls too low in the botler, it ncoven the fosible plug. The fornace gasas
Bt wp the piug the facible metsl af the plos mels and the inner plus falls devm
*  Thewasr mnd vieam tben rushes through the heles snd sxtinpash the fre befor sy major dimags
oooars o the bodler dus to overbesnng.
5 Blow Off Cock
#  The fmcnon ofthe How off codk 15 to discherge mmad and other sedimens deposmed m ks
bonrosnsey part of the wasr space ia the boaler whils the boilsr b m aparanog
* Tt car aluo be peed 1o drais up the boiler vater. Hence,
it is moumied an the lowest par of the boilar. When iz
cpen the wates neder the prassre rushes gu fee
carymg sedinents and mad,
*  The bow off cock conmas of comcal ballow gummers]
pluz rvpe valve, which firs sccarately isto
I ——@€—@—@————
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the corresponding hols mihe cazing The pluz valve has ahele, whach when brogzhe is Ime nath the
bole m the canie, by rotatizg the pluz canses the water to flow aut of the bodler.

The flowy of water through the cock can be stoppsd by rotstng the plug vah= @ such 3 way that s
solid spde comes im the line of the bole in the casing

i Feed check valve:

*

The feed check vahw is Stied 1o the boilar, thightly

bl the workimg level i the boler.

It in 1ssed £o supply bigh pressure feed water 1o the
bilar. [ also prevents the reowrming of feed wasr fom
the bailer if the fa2d pamn fils 10wk

A feed check valve consisty af tuo valves . feed valve
and check vabve as shovm inthe figurs. The feed vabe
i opersed by 5 hand whes! for i spening snd
cloting The check valve operates sutomatically on ity
zzat mp snd down onder the pressure differsnce of
s

In nommal workdsg, #ie Sed-water presvre is mors than the bodler presswre, thios the check wah
FEEREINE OPSE

Bt in case of failims. the boilsr pressine becames mors than the feed nater, the valve rests on jf 1eat
and closss the wasksr parsags and prevents its revensa dow,

Steam stop vahwe

The meam wop valve i located onthe highest part of the
mzam spece. [t regulares the meam supply for uss. The
meaie sbop valve cis be operated mansally of
mutometicslly,

Ahsnd opersted nsam srop velve b= shown in the
figure If comsisty af & cast iron body and tavo Hanses
ot mght anghes

Ome flamse is fesemed ro the bofler shell snd the ather

i fastened to the seam pips.

A sies] valve conmes the hand wheal throsgh the
apisdle

When the hand whasl iz rotated, the spindls alsorotstes and carries the velve up or down to opsn of
closz the valve The spimdles passes throush & stoffing box and glands m arder to prevent leakage.
When the spindls js rotaed aneiclocleadse the valve liks up and stesr 1 sl oosed to pass throwsh
the clearance betwoesn the valve mnd ity sear.

The ssnouns of m=am passing the valve = coptrolled by the valve B8
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¥ When the hand wheel 1= rotated clockonize, the valve rests on me seat and closss the sieam passase
B. Man hole and mud box:

* Theman bole it provided oo the boiler thell of o comremisst podthios wo that o parson can. enfer
througzk it imzide the botler for clesming mnd inspecnon purpose.

> Themudbex is placed af the bottom of the boiler 1o collect mad discharsed through the Blow aff cock.
Thersfore, it iz connacied with the blow off codi

Bodler accessones:

¥ The caimgories include the composenty which are installed to increase the efficiency of the e
power plasts and help in the power workang of the boiler wmit. Thess fimsgs are called bodar
BCCSSEarhes

*  Thews are the devices which are used as integral parts of bodler, and help in rupning
afficient]y.

»  Thousk there sre masy types af bodler accessoeies vetthe follondins are mnperiant
1 Superhester

E o rey

Alr prebeater

Fead pump

Sneam mnjecto

1 Superheator:

* Tiisabes exchanger in which products of keat of combrustion sre wilized 1o drv the wet seam
and vy sasks it superheared by InoTERinE (B3 EmEaraIETS

*  Dhanigg rupecheming of the sbeasm, pressone resnaing constant, and #ty volums md
PETEpETEUE MOTREE

*  Asgparkester consius of 8 set of smal] dismerer T tabe in ahich steam fows snd e up the heat
iroem hot fae gases.
Suparhesters sre clasmifisd 23 comvecnve, radiant and of comnbinarion rvpes.
Inike convective superbeater. the heat of the bt flue gaoes 18 trapsfisrred to the surface of the
superkiester by coanmction. These &re located in the paih of hot flue gases

¥ In s redises superhesier, the hest of the combustion i= ransferred (o the nrfice of the
wpperbester by thesmal radisrion These are located in ome or méase nall of the famacs. These
are usad m high-prassare boiers

¥ In acombission rvps of mperhester, the bear 12 ransferred to the sarface of the tobes by hoth
mnodes of hast ransfar.

* Figurs below shews 2 schemanc of Sargden’s supsrhearer. [t consists of top pild sizel headers.
Thie U-shoamed steed tabes gre ponmecied 1o these hasdars

*  The sivam genarsied imbo the boilar pares the valve C and sndey the roperhester (U] tubss Swoagk the
misks Beader,

> The steam :o made drv and siperbested in thess fishes by napplvise best and then # i takern for e
through the vabw B via the optaks beadar,

(]

oo el
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Tie superheaons of st=am 15 commollzd by commolling the quasmny of flue pazes by operating the
damper: mamually

If suparhesed seam 15 pot peedad or the supsrheaser 15 under mamiznance, the vahes B and C ae
closed apd spesm i3 then makes oo through the valve 4

i Economizer:

=

*

An scomomizar is § beat exchanger used for beating the fissd weter before it axtary the boiksr

The economizsr reconars scene of wasts beat of hot flus zazes zoing tothe chumney thos in belps in
i=proving the bailsr efficiency.

Fris placed in the pash of fus gates of the rear end of the boder just befors the ir preheatar.

The mest populsr econosyrer i= Green's econommizer 2nd it b= shown below

Oreer’ 1 sConomizer consists of a set af vertical cast-inon ppes joined with harizonral lower and
pper hasdars

The cold fe=d wrarer flows thronsh the vemcsl pipes viathe lowsr hesder The bot flus pases pas ove
them tramferring heat fo the wwber.

Thz bastad water 1= supplisd to the boiler via the upper besder.

The scrappers are provided om pipes, which move up snd deven slowdy by means of chains snd
sprockeis o avoad the soot depoiiios on the pipe suriace

The spot collecred in the soot chamber can be removed Som the doar

Each econcmsizes b equipped with a safery valve, o drais valve, s refesse valve, pressure samse and
tharmmomsetarn.,
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1. Bir preheater:

¥ The fancoen of s afr prakeater i= similar to that of 58 2000 camizes,

*  Tirecoven some portion of the waste hast of hot Bus gmian going to the chimeey, aad sansfan
the same o the fresh mir before o amars the combustion chambar A mebular air prehester is showm
L2

# Dus to prebestng of gir, the fumecs mepersiuoe moseses [treelis in rapid combastion of fuel with
be=z zoot, smoks and ash

*  The high fernace temperarure can peamst 8 Low- erade Al with less anmospheric palligion The air
prabeaiar in placed betwesn the sconomizer and chimmey:

HEs g myt

4 Feed pump:

* Welmow ket water in g bealsr s comtinsausly convertad tero steam which s ased by the sasine
Thuz, we need a feed pump to deliver wuter to the bailer

¥ The presoure of sieam iesids the boder 1= ush Sothe pressure of fesd weter has o be mcreased
prapostionstel v hafore it i made to enter the boder,

* A fesd pamp may be of centrifiagal type or reaprocsng type, But s double acting
PECIPROC NS P b copin iy noed ae 8 feed puesp theae davs.

* The reciprocating pusnps are fus by the sisim fom the wame boiler in which water i to b fed.
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¥ T pamps may be dassfied & ampler. duplex and mplex pumps according to the munber of pumg
criinders

* The commen tvps of pump usad i5 & Suplex feed pump & shona mthe Spere. This pump has two set
of mucwon and delivery valves for forward asd backoward serokes. The two pamps work abernarsiy 5o
s to ensure continnoin vwpply of fed oater.

5 Steam separator:
P A smepm separator |2 ipsralled om the speem mam a: wedl 23 on the branch lnes 1o separsie any wats
particiss presant from the steam going fo e wmits
* [t imstalled very closs founis oo main steam pipes
* Evchanss of drecrion of searn sissm ssparatons canse the condensed wates pammcles fo ke separated
oot and delivered to 8 paint vhare they can ke drained sway 4 condesiats throwgh o conventional
SieEm Tap.

Boiler draught (Drsft;

*  The boder draught may be dened 5 the small prespars differance which cogses the
comtmeous fow of pases inside the bailer
¥ In other wards the dramizht is 4 smal] pressere difference befvean the air oufside the boiler ard goai

within the firnace of chimmey.
Funetion of draught:

The boder dravght pariorems the following Amcions:

It forces & sufficiant qeantity of s into the fornace for proper combusnon of fosl

[t circulates the bot Sie gases theoigk the fue fsbes, superheser, economiser, air prebeater
It dhncharges the hot filme gasas tothe stmosphere through the chimney

L R . .

Classification of Bodler draught:
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Drazre

martural o
ety dra g

ot mechanicaior
draught fandaugn:

relueed Sraug e -chluptl

— h-:-r_'m.j“ — h'l:ﬂ".‘l:lﬂ-.qj"‘l:l

P

Matural o chimney draught:
* The dreught obtzined by the use of 3 chammey is called panral or chimney droughs.
Artificial drawght:

*  An wtifical dranght prodaced by a fas or & blower is knows e mechanical dragght and that
produced by sizam jet o= movn & stzam jen dranphn.

Mechanical draught:

*  Drgughs prodoced by a B2 or Blowsr may be of ctheea fypes:
¥ Induced forced snd balsnced

Induoed draugii:

¥ The fan is placed nesr the bass of chimmey a3 shovm inths figure.

¥ The fan drans the flue gases froem the farmace 50 the pressuse above the foel bed Lo reduced below the
shorphearic PresFure.

¥ The fresh mr mshes 1o the fireacs and afier combuston, the flus gases g discharped throush

chimmey in the mmoaphare
Chimwy
&}
) Beornmier i -
B ==
et o
-1 S dromaghi &
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Forced draught

¥ The B of blower ix locxied near or ot the bas of the boiler grate 1o force stmosphenc air into
the fumecs under presours.

¥ This prescare helps o croulsioe of See maes thronsh the commansnts of boller md then throwsh
chirmssy fo stmospiese. & ir thown in the Gigur below,

rﬁ'-u.-hr
Balanced draught:

* A combisstion of mduced and foroed dronght mn a boiler in knows o o balanced drvugsi

* A forced dramzhe fam located near the pate supphes sir under the prassurs throagh the fomecs md an
imdared dramski fon locstad pesr the chimpey base draws in S 2ese: (broush the scosemissr ais
prebeainr, st and divcharpe them into the sonosphars through o chimesy, Figam below show
balanced drauphs svsrem.

Ihermodvnamic Cycle:
P When a svetes id undergcdng 5 seres of proceisss and resboring e indfal itabe thes the svabend {4

wdargomg & thamedyaanns ole
¥ Thermodvaasuc cvcles can be @vided morwo pesersl caerpries: power ovrles and
refigemtion cycles,

The dawices or systems wsad to produce & et power outpul ars ofies called eapines, and the themmod mamic

cwcles they pperate om are calied power cvcles
The devices or ryvtams used to produce o mifrigerstion affect are called refrigeratars, air conditi onery
o beat parsps. and the ovrles they opsrate oo are callad refngemamon oxles
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¥ Thermodvnasuc ovcle can aleo be cassporized &= zas cvoles and vapoar cvcles, depending oa the
phise of the warking fd
In gas oveles, the workong fvid remaEns in the gasecss phase throughout the enars oycle, whareas in
vapowr oycles the weaking fluid exises mthe vapour phase dunng one part of the cvele and in and = the
liguid phase durmg anceher part

¥ Tharmodynamc oydes can be casegonized vetanotker way: dosed and openoycles.
In closed cveles the woekins fiuid i3 renerped 1o the isiral sesve st the end of the cvele and is recironlsred.
In opae cytles, the warking flusd i renewed ot the snd of the cvche instasd of being recroalared

Yagousr Power Cycie.
*  Warking fiabd i= alernatively vaporized md condensed
*  Ciesmis the mest commes working fhadwsed imvapoar power oycles becsuse of itz many desirabls
charastamenes, sach as-
i Tow coat,
i svailsbiiy and
{8 high earhalpy of vaporiesrion

4 Dicam power phants arz comenonly refemed to as coal plens, maclear plants, or seural gas plamts,
dependin on the rype el need o sipply hess 1o the sgeaen

Carnot Vapour Power Cycle:
*  Itisacwde which ke manmmes aficiancy, operanng baroeen piven imparanrs lmir snd e
eficisncy i independest of properties of norking Huid

-|I-...

TJ-L .,n'n.!ﬂ': L] :-‘ fﬁ-—:h— 'llﬁr:ll.l'h. ‘-HI'-'-:'l

B processes is Carml vaponr cyelss se

1-2: revamibie sdiskadic axpansion -
3: 1zotkarrral heat rgfeciion
 reversibis adishatic compression 4-
I ingtharmml hest ngpply
¥ Anaipzizs of Camol vaolr power cynie:
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§==Twlsr— 50
fme = TilEr = £4)
The pet work done of the ocle
L T
=Tw(gs = Fa) = Telgy = £g)
Waea = (Tr— Tadlm — 0
Thie thermal afficiency of the cwele;
W
Bt =
=(Ta—=ToHz— )
— g —
N 1 k]
Tt
qrrulI: 1_

Tl
¥ Pracecel impraceicadiniss sssocianed with Carmit vapoer cycle:
i Tzothermal haeat transie to or from o two plese pyies i oot difficul: schivm in pracics
SENCE MNtEnmE & constant pressurs i the device awtemancally finss the tampersmrs at
thie sabye aeing valve,
But bead trancfer proces in g phace Lindt the mazismm cpersting temparsius i the cyde, @&m
£ In the rarbine: the drv sarorated stesm expands psentropically. The guality of stears decTenses
during sxpansion. The preiencs of bigh moiiars content in the seam will kad to erosion and
wear of mrbizs blades
fi The isestropic compression process (process 3-4) mvolves the mompression of a iqud- vapour
mxnwe to 3 samarsed hgad
There sre oo diffiruines azpciated with the proces:-
£} Firg, it is nof esry to costrod the condemtion procen vo precicely a1 to
and up wiih the desired quaniiy g steie 3.
¥ Secomd iis sor preceical 1o design 3 compressor that basdles rove phases.

Rankine Cycle: The ldeal Cycle for vapour Power Cycles:
¥ Mlanyv of the pracuical difficulnes 2ssociated wih the Camot vapoar cvcle arecliminsed in
Fankiee cvele
* The sieam coming out of the is wmally superbesind smte. sd sxpands in the nxbins

Simple sbeam power plant
1=
T e SO
18  wopea T8
& S
y iE“ IE‘| — 1q simgmnr
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The above Apare shews the Faalvne evele oa T-s compdimanss Poy coosdinates spd h-g
cocrdinases.
[n =i three diagrams, the cvcle 1-2-3-4-1 mpesm: @ weal Fankme owcle nang ssmurated meam and
the evebe 1°-27-3"=4"-1" represpntys an |dea] Hankine cyvcle with mperhayted steam of the mrbane amry.
The ides]l Famkma cycls doss pot imvoh® asy imemal smversibdines aod comists of the
fodlowinz four processes;

1.2 Tsentropic expansion in & furbine

+-3: Constamt presmurs heat rejection in 3 condemssr 3-4:

Expmarepic oo I 5 pusmp

-] Contant preasure hast sddition in a boiler
Tharmal Efficiency of ldeaf Rankine Cycle:
Assivastiems
1 Exch device in mmady flow deice,
1 Allthe processes ars imternsilyreversibls.
3 Champssin K F snd PF ase neslemed
4 Complets cycleis a dosed svskm

S FEE {for § k= flmid)
R+t g +g=h +F 45z 4w
& 2 T - - § 2 Ex
dEE&EPE D
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Therefiwe. SFEE
Be+ g =Rad wes
L Timbene:
Ry = ki + wr
wr=hi—az
1 Condenser;
hy +qa=hg
(=hge=hs—hz
ga=hz=h;
L. Poep:
h;:h‘-F We
(=w,=ka—hy
wr= ha— B3
v, Botler
Radga=ita
=R — R

Tha sfficisncy of the Fankine cycls  thes given by
Wort W7 — W3

Mes pirmple Rambire — i
Qi 1
(he= Ryl = (g — Rl
Tha memsin & =
Fh m=sir aaqne b~k
ar
- P = qE
W ok simple fariing = ] S = 1T
= = g=
g (k2 — ha)
r’r\-’i.:::q!rﬁ‘m_ -
Beheat cycle:

» [fthe sesm expends complately in a sinsle stase then seam comine cat the tirhing s very wet. The
wWel feam camies muspendad meisture particks, which are hewier than the vapour particles, ties
dzposie=d on the blades and casimg i ercaion.

* Inorder ioincreass the Efe of fuwrbine biades, it is paceisary bokeep the sieam dry during ifs
EXpELEIL
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¥ [11s dome by allenang the steam o expand 1o 26 iermediste presamre 1o & lgh pressare nrbme, and
then takizg if out and sending back to the bailer, where #t i reheated at constant prezize until it
reachss the imlet temnperatars of the fre mags.

= This process s called reheanne durms which bear 1= added o the spesn

|~ —
2

»  Intherehest cvele the expansion of siearn & cen the enitial state ] ta the condenser pressuve s casraed
ciEt §0 TR o7 maTe Beps, dependimg upom the mumber of rebeat used

¥ [nthe firs step, seam expands in hish pressure (H P) norbise froen the muisd spste 1o
approscimately the siterited vapour lins (procen 1.2).

*  The steam 13 thes resuparhestsd (or mheated) &t constant presswre m the bollar (process 2- 7) and the
FEPRAIMIRE SXpEnclon (process 3-£) 1= carried ot s low pressare (LB ) parbane.

* [nthe cass of me of two rebesty, steam ip nebeated twioe ot different constant precnin.

¥ Themal sficency

;l _“—.1,-=“-."_“-'P
WA T 8 ———
I.Elt'.#ﬂ‘a:'ﬁ-lﬂ‘[h'h}
Nebpurer Bemimng = [”I _hj'r[,lh el | ]']

5 [} L] H
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¥ Themain purposs af rehésting in staam power plant i (o morene the driness fachon of sheam af

exit of Tarbane.

= Inprecrice the wse of rehear only myves 3 sl imcrease in cvcle efficency,

Begenerative cycle:

=

In sitwple Fankine cvele 8 sisnifirant ameens of hest b1 38ded for senaihls kastine af
compresied Equid coming out of the pomp

The mean wmparange & which sensible sdded i3 smch lower than the source fesparsmee.
This, the effcisney of the Fankine svele s muek lower than tht of Carsar vapoar cvele
The efficiency of the Fankine oyl can be improved by heming tie feed water regenarativaly,

Igeal regenarEive cyoke

*

*

The ucague featuxe of the ideal regeneratively cvcle is that the condepaate, afer lesving the pump
circalates around the tarbing casing, ceunierflew to the direction of vapowr flow m the turbine.
Thus i is possibde to manefer hem foom the vapour a5 it flows throuzh the nurkiee to tie bogaid fowrns
arcund torbine
Lzt u szzumsa et this i3 & reverable beat ramsfor, Lo, ot 2ach point the tempersture of vapour iz
cely mfinimally highsr than e reerperamre af the lgmd
The procem 1-27 thms mpresanty reveriibles sxpansion of vieas in the murbine with reverabia beat
rejecton.
However, the cycle i ot practicable for the fellowing resson.

i Ravemible hew ranefer compot be obtamed in fnite Sme

1 Hesr sxchanessr i the norbine 12 mechanically impracticahls.

fii The moishsre comtent of the steam in the torkine will be high

A practical regenerative process in steam powsr plant is acoomphzhed by exmacting, or “Sleeding” sezam
fromm the varbime at varbous pedets. This stesm widch could bave peeduced more work by expanding forthsr
the turbine, &5 maed to best the feed water mrtead. The davice whare the feed - water is basted by mgsnerstion it
called regensrator o feed water hegter (FHW). Pepenarstion not culy mmprones ole sfficency, bt dlso
provides a comverient mesns of deareating the feed water to prevent commosion in the boler. It alsp belps contral
the large volume How rete ofthe stess of the fizal g of the twrbine {doe to tha lrge 1pecific volums 3 lew
pressarzi A fe=d wamer beseer 1 bagically 3 hest emchanzer whers hea 1 wansferred from the st=am 1o the feed
water gither by miing the oo Suid sreams (open fepdwater heaters) or withous mising tham (closed feeduater
kesters) Regeneration with open feedwater heater;

3

An open (o direct comtact) feedwansr hester 1= bazically a mampa chamber whars the steam extract=d

from the turbize mize: with the feedwater exitine the pump.
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¥ [deally, the miztars leaves the hester &5 3 saturated liqued at the heater pressure. The schemanc
of & stedin power plund with cne open feedvanteralia called smgls thise regensrative cyele)
and the T disgram of the otk ams shonm.

T 4

*
8

* A part of mpirhasted siears which astery the torbise of the stahe-1, iz extracted Fom the furbme =
the intermediate stata-2 of the torbine SpaEs oG process.

»  The soracted steam i3 supplied to feedwarer heater Theremainine ampunt of seam in the turbine
expands commpletaly to the condenser presnare {Ftate-3).

¥ The condemuate 3 sanursed Hgud st state-4 b= pusmped eamopcally by bow pressars (LB} pump 1o
the pressare of extracted deam

* The compresesd liquad at the ste-5 abers the Redwater bester 36d it mizes with Hess sxtracied
from the nrbies

¥ Dun o direct mixing process, the fesdwaber baatar i called open or dimeci-comtact type
feadwater beatar

¥ The portion of stearn exrscred stesm i 20 odjazmed 1o make the pdrnars leavme the
feedwater to be warurabed ot shate-G
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¥ lNowthes senersisd water 15 pamped by higk pressure (H P pump to the boaler pressore stabe 7
*  With rhe ressnerstion the sverase temperanire of whick hest is supplied hos bess incrensed therafore

Repenerabion with closed Feedwater hegter
*  Aclosed feedwatar haster, is an indirect contace type feedwater hegter, npualiyva thell and fubs type
ket emchanger, in which heat is mansfermred from exraced steam s feedwassr winhout mixing the
rw fisdy sreyme
Thuz, two flwid streams con be lbegt at different previure.
A repoparanve vapour power cvcle with one closed faedwater heater with the conders ste wapped
nto the coadssser iy thown balaw.

-l-l"lr
3
§11 - g

*  As shown with the belp of T-2 diazram the vosd sizam expands throuah firsy sape rorbine from
gate-1 1o Sate-l

* At me-2 5 pan of seam (mo kg 15 exmacied and 5 suppbad 1o chosed fesdwaar hemter, whare it
copdspess o putside of the mbes, carrvipe the fesdvemnes.

* The sxtarwied liquid of extraction prevmare exify the feed orater bester af ciate-5 and i rogted o the
copdsnser dwongh ap, the nezm 5 throrded from stae-3 w mare-4

Iris sn fepeversphls process snd thes shewn by dotted line

*  Theniotal condemeats a5 sararated bagaid ot state-7 & pumped to boiler pressure and enban the fead
Vyarer ol stare-f.

»  Thetermperahare of feed iraber in the hester is raised to staie-4.

*  The ovtle complstss 25 werking fud enters the boiler and heated &t constant pressurs fom stae-4 to
mate-.
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CH-6 (HEAT TRANSFER]

Why we need Heat Transfer?

»  Thermodymamics deals with rvatems i sqailibrrum and caloulates the sserey trassfirred to change a
svsiem from one equilitrimes stae to apother. However, it cammet tell the duration for which bhes kas o
b fon 1o chanse the sore of squibiberns

¥  Timcisnce of hest ransfer i concersed with the caloslsfion of the rate st which hast flovwn within g
medium, aaos: an inertece, of fiem one sarfecs 1o another dnd associated temperanme disnbution

P Anslves of best trams fise process reguires the bmowledse of TD becanse 1 Lo will =ive voo ides
kst bow much inpat required to do soms work ssd 2™ e will give vou d@mction of best tranater

Mote:
4 Temperarure ifference is draving pocential for beas ransfer and mathematicy &= 1ol to analvze heat
TR

Modes of Heal Transfer.
1. Conducfion
*  [1iz emods ofheat wansfer betwesn higher ensrgy parmicles to lower srergy parncles.
* Cosdurrbon of solid s basically dus to
i Lasice vibmaiion (phosan)
£ Fres flow of elecons (eely in case of metals)
*  Eleriroms are e sner gy carriers therefiors metaly are Bood capdhictors ofhes.
* Copduchion i fiud & besically due to collision iz meleculss snd the energy ramsfor dus te
colleshon i= knpom a2 diffucion heat mamefr
» Cosduction effects sre more in case of solids and least is cave of gases.
2 Convection
Cor it + Nl o
e F

‘h_l Iy

Conwvechon

»  Ttrefers to heat tranafier that will oo between o surface and adjscess movins mediuem Bouid or g
whien they ars st differcat temperahare
Coempaction is 3 combinsrion of condwotion and fhed modien {sdeecmon).
Coenectios depends an operating tercperatire 31 well 12 find properties.

*  Ifthe motion of the ud develop becmse of densiny difference, then 71 knows 25 fea
COEVET AN of Al CEvesien

¥ Ifthe motion in s fuid develop with o exiernal belp lice o, comprezsor, #ic then it it known forced
COEVeCHion.
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¥ The comvectve rate of heat mansfer 1s hapher in forced conveosoen compare o fres
EoEVECHan

1. Radiation
* Arcordieg o Prevos law every subsumece sbove  Kabvin esains enerev and from Lissowel] theory
that energy propagite in alectrosmagnetic waten and vwe know thet electromi gnetic wates can
el with spead of ight umder veoaum condition. The esengy transiar dus 1o elecromageenc
nave 1s kmown s radisnon hes wansfer
Hadistton dods pot regame any medium to propagae beat
Padistios 13 the fasvest mods of hest wansfer,

Fouriers Law of hasl bransfer
= Tiwwies that the rate of beat conducton par usit area (heat flux) iy dwrectly proporizemal to

perpparanre sradism
¢as
4 dx
O
¢ aT
4= =~
AiT*5
gr
i =—kA

Where q:he:tﬂm{_“ﬂ
Q= rare of hear rranafer, W
A =area narmmal to direction ofheat fowm?
¥ = temperatre gradiers ':.shpe of Emperature ogveon on T — x diagram

dr m

w
& = constant of propertionality mlled thermal coductvity of matepial nr“':!
=

* Thenegstive sign i3 inssnzd o make nararal best flow & posinve quaniity. According to e
gecand law of thermodvaamics. heat always Sovs intke directon of decressins rempearawre. Thus the

mmﬁnﬂ'hmn::m

Themal Conductivity (k)
*  Thermal conducowity of 3 marenial can be defined 35 the rate of heat of heat transfer through 2 unx
diickmes: of the mstensl per ans arss per umit teemperammes diffsrence
*  [Itis the shility of material to conduct hest. 1t is the materisl property which is measured in == 5
LLR
e
Newton®s law of cooling:
*  [tizs gpovermng squinon of comecnon hest mansiEr
= [tstass that pate of convection ket rrancfes b divesly propeartonsl to tesnperapars difference betwess

a mrface and Swd Matheeatically

?
30T
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@ =hA(Ta—Ta)
Whers, b is the comvection heat transfer coefficient in Wm™ "C
A is the surface area through which convection heat transfar takes place
T, is the surface temperature, and
T is the temparaturs of the fluid

Radiation heat trans{er
Thermal radradion.
#  Thermal radiaton refers to the mdiam eoergy amimad by bodizs by virmee of thar oam
remmmergture reulune from the therps] exomation of the molecules
* Thermal radistios is penerally dascribed in terms of elecromagnstic wver, all of ahich trovel ot the
veliociy of light
»  The wavelensrh apd Feguers of radiation propasaning ie radine arerelated by
ce=ul
Where, ¢ iz veloooy of light in the mediam, vis the freguenrcy, A = is the wavelength Whan
the mechiiar in wisich radiason travels iz vaoons, the velocity of propasation 83 c=2 9970=107

Absorptivity, Reflectivity, and Transmissivity
B \When rediation stfikes B serfece part of it is sbasrbed, part of it (2 reflected and the
reenaining part, ifaoy, fntranemitted, o ilustrated in Fipare
¥ The fracucm of imadianion shaorbed by the mrce i calizd the
ahsorpoviey o, the fracrion refleoted by thie surfece i called the

reflactivity o, and the fraction transmitted is called the e
RS Y T \ Vj';&h
= : =,.l.hl|-l|- s = Sam ~'|
Absceprivity. 2 e e ok \l,_ .
_EI_F-d =il i Ak = . . Py el
mﬂ_ 2= fmsidany vaadegrigs & T\ ‘

Tansmissiviny, p = P wims Gy

midensvadsan £ "}.‘\?

Where & 1= the radisnon sperey moiden onthe swrface snd e
O, Choi, and G are the sbaorbed reflected, and Fanamitted portions of it respactively.
s
* Buptlhg+8=0
Daviding each term of this relation by G vields, g+pt+r=1

* Fof opague surfsces ¢ = [, snd thess g+p=1
* Thews defimifions are for total hewispberical properties, tnce Grepresants the radistion fux inGdent
oa the surfsce from all directions over the harnisphericsl space and over all

FAGE- 50



THERMAL ENGINEERING - 11

waveleszmke Thie a. p ond rare the sverags propertes of 3 esede for all direcrions and all wavelengths

Black body radistion:
Etis an el seriace heving the following properiss

¥ Ablackbodv shaoebs all noifsar radanion from all drection: an all wavelengrhs

* A sy emperstury aod vrvelsngth, no body can emit ssergy enone thas 3 black body,

* A hbiack body meathar reflacts nor wansmiss aey amount of moident radistion
~a=1kp=r=40

Emissive power:
¥ Thetod emizsive power of a body, E, 13 defined as the ol radiant ensrgy entted by the bodv a s
CEFtain FemneryiaTe per anit tims aed per umit sisface ares o all wavelensths
»  Tha monochromatic amiaine power of 8 body, Ex iv defined as the radisnt energy emitted by the body
af & {=Taln temperature per 1mit tene and per unit surface area at & pEroola wevelsngth and

erEneratire.
*  Theradistion ensrgy emitted by 3 black per mit time and par unit seriSce area = goen by
W
Bi=eTt  )rm=——-— ()
md

i
Weere e =567 X108 (5 is called Srefan-Boltzeans constans and T is the sbschue
mparanre of the suriecs in Keham,

The sbove eqeation () = callsd Stefan-Boltzmann law md E0d: called the poal ermis=ive power of 2
Black body.

Emissivity(¢)
F The enizzivity of 8 surfsce 15 defined 2 the ano of radisnon emined by surfsce iothe
radiation emitted o o bisck body ot the 1ame temperafiore It varies between 0 and 1.

Ew
Emezzivary is & meazars of bow clozety a nrface apprommates & bleck body for mach e = 1L
The asnissivity of o resd surface varies with the temperasure of the surfsce 2 nwell as
warelengis md direciics of soutied radisten
»  The emessnity of 3 sarfsce = 2 cemsin wevelength 15 called specmal esnmrany (& )
»  The emissivinyis 3 cemuin divection is called directional ssnissiviey £y whare @ iy the ansls
kerween the dirermon of radisnon and the normsl o the mrfsce
o The ssnpeapyvire of & sorfsce averagsed over sl divecricns 1= called the e spherical ey aad the
smE vty sveraged cnwr all sanelangths i3 called the tots] essivity

Kirchhoffs Law:
[t staees that the smissity of the surisce of & blsck body 15 sgual 1o s sbsorpiviny when the body {s
m thermal squilibnum with it naroundmg.
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