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PROCEsSES

SEUPERTIES oF, PERFECT onSES
laws oF perfect  gags-
The  physteal  preoporctfos  of sas are Contriolled by the
theee  Varttables.
1. frescurte enerited by the gou .

o Volume. - acCupfed by the gag.
7 Tempenotune  of the 309 .

The  behavtourt of o percfest gas undert getng oy chonge
o the abowe mentloned wordables s qoveruned by the follow g

Lawsrtwhf’d\ have been  estobitched  frgm Ahe enperdmental
Flesult -

f} goxdiQ'S UJJJU
f Charle's low
) Gy - lussae's Lo
Yy A—UOBOAIU)'S Lo
V) Dalton!s  law of partlod  pressure
u Bogle's Lo
Tt stodes “"the absdute preswe of o givery mass of o
percfect Qas  vardles frversely - preoporittonal 08 e wolume wher)
the temperiatune aemaing  cpnstant .
Mathematbeodly
P & = PV=constant
P V=
V) =PV, =Ny . - constant
@ Charde's Laue ~
Tis law fs formulated by a. frtench  selentlst Jegques #.¢
Chares . Thts maouy stated 3 twpo  diffenent Fortms
) “The volurme of @ glwery mass oF o porfest 9o Vauges  directly
os &'s @bsolute temperatinie. . when the abgplude pressurte
aemafng  eonstaut !,
Mothesmadticallsyy, v o7
2= CT
=) %,ccms)tanft "or/ i%f \%s% .~ (pnstont
second  stedemment 35 stated as Followss |
¢y MU percfeat goses  chonge 1 volume by s th of Bts erdginal

volume @t dc for every 1 change fn torperiodurte , when it's

e



Pressune  reematne constant |

et Ny = Volume of a given mass at o°c.
Ve = Wlume of @ glven wass at t'c .

According 4o dthe akpye . sbadeament

i
Vet ot = v Bty gg b

M 293
- (- TS -u( gy

To= @bsolute rtemmp, Conrtegponding to o'

T = ablolute  temmp, Conuesponding o t'c
@t oy fussae's foun

This law states

“The absolute terbroratine of a given mass of & percfect

gas vardes dirtectly as its ' ebslate, temperadiste. when bhe
volume  ftemalns  cpnetant .

P
:%cc ‘orV Constant %‘—f%"%"” Lonstord
Tee-Glenoned  gas Squation ¢
- He howe  discussed tn Bogle's low end chante's flaw
that two quantity -varies when the thied ene remadns
constont .
= But n actual practice all the Hhree vardalbles ( Preessure
tempertatuute. & Volume ) change. simultaneously |
— In ortden. 1o deal with dhe. el preactical coseg ,the
boyte's law ond the chonlets faw ome cormbined
togethert  which giws o general gas equectten .
— Accortding  to  Bogtels law,

Pt & ort ,ﬂ\m% (keeplng tempenotturte. const. )

According to charnie's dow,

N LT (keeping  Pressure  constant )
(ombining the above two laws, Tt f obvious that
Vx% g VT

S VE %-T
c;.’;%c@@ﬂﬁﬁﬁt




Puogadrto's Law e

Tt stodes " Fquald volumes of eul gases, at +he
e terperatwe.  and preessure , contodn  equed nuembert OF
molecules .

- hecording 40 Mogedrto's law, tm? of onygen op) el contedn +he
came. 00, of nefecules. as daf of Hydrtogen (Ha) when e
ternpertaturte. and  priessite s S@MR |

— QINCe the  molecutan mos oF Hydrtogen & 2 and the onygen
i 16, thoneforte a motecille. of gaggen has o MOSE which s
B9l = 16 Hmes 4he mass of Hydrogen wnolectles.

iy ps LeP of dhese two gases confain the Come no. OF mofecules

T and o wolecule of vaygen hae e mass of 46 timeS than
that of MRydrogen molecule .

o Thereforte. T 1s evident dhat density of owggen s 48 times

the denstty of Hydrogen .
~ Hence A\f@gadfw's law tndicates dhat the density oF any two

es & dinectty Propontionad to thetn  anoleculart ™MASSes,
i the gases are ot the gome temperetuste and pressurne .

Note ¢ The density of oxygen at Nommad Temperature  and
preesqunce. (brteFly wridtten as NTP), that s temperature 0'c
and priccsurce 4.015 ban f¢ 1.42% Kg/m® .

~ Hence speatfic Volume of dkg omygen at NTP
1

\s = 700 mglkq , [:SPeci’ﬁE value = ‘d?%é'—f%j

Rodton's Loy of pandlol Pressirted = on  Miodure of Atn g steam)
. ":Ii’cq states “ The pressite of the mintume oF A and
czn%?% is equal to the gum of +he proessurtes , -eohich eoch
? JcseiFL. ’f).ll_lﬂ’t would emertt, iF it occupied the same gpace by
Mathemorttcally |
fressurne. in the.  cond eng” Me
o (m’C!D enser  contaning minture of
Po=fatPe  wherte B = fessune 0 condengor

fo =fourdfal  precssune. of ajr

Ps = Paﬂ%!wa/\ PreSSUrR. of steom




TE-Coractenistic equotion of o gas @
= Tt o o wodified  rm of genertal 908 eﬂua‘f?”'e Laken ac
~ IF the volume V) in the generg gas equation 15 en
that kg of §as dthen the condtant ¢ tin the genenad U
equedion Ts -rteprtesented by @nothen constant) R (in the,
chartactenistic. fuation of g9as ) .
—The generte) gas  equedtion Moy be rrtitten ag

= RT where R = chanwctertistfc gag constandt
e o Gae conetant

Ns = Specific voume
¥ Fort ang mass kg of @ 9as the charoctenitic gas

equatfon becomes PVg = MRT
PmV5 = FIrET
5 pv=mgT , (as mvs=V ]
Note -
t) The units of gas  ngtant
PV = mgr o
(A X N J ‘ ‘
R= —= = o= % = — = —— CCLQ FauLe—‘:N-’m)

@ The value oF gag constent (R) s differtent fore diff-enent
es .

STn ST units the value of gas constant R £ 037 Tk

(3) e equation py=mRT may be written e
PV = mRT .
AP =R BP=FRT  (P=kho) [ F=5 ]
Universe gas constent % (Molart constant )

The univercel gas constant en molan constant of &

gas (s the preoduct of the gas constant and +he molen
mass of the gas. -

Ru=MR whete R, =Univensal gas conctant
M = Molart mass of the Jos

R= G&as constant Cuntt = Ke/ moL )




QA vessel oF copacity 3m contodns oin at a priessurte of 45 ban
and o temperoture of 25%c . Additioney ein fe now pumped
o -the system ondil  pressunie. rtises 4o 30 bat - and
-EMPejta%um& nlses 4o #0°c . Determine +the m™Mags of odrt
purnped 1N and enpress the quentfly .as & volume at a
pregssure. of 4.03 bar and o demperoture oF 207 . If the
vessel 7s  pllewed 40 cool until 4he temperadure s agrodn 25
colcutlote the pressure $n dhe wvessel
golutien 1~ Gifyen data

N, e 3m® P = L.Shout = 0 ibxw‘N/W;L T, £ 9S°C = 213125 = 2A%K
- Py = B0 bAN « 2 x4’ H{-ml, To = bOC = 2F31ho = 333K
Py = 1-02bor = 0. 10X 40" N, Tg = Q0 = 212120 = 293K
Mass of ein pumped in
Let M= mage of ait inftially Filled in the vessel
My = ™Oss of adit gy the vessel  aftert pumping
We. know, vy = MR,

4 N 7
g = P oS XA N X B g e

-—

Rl 283 Tfpgy  2A3K
51‘mimbd’ ' PQVQ v m;ZRTQ LY ‘:V‘f))

Pa Vi '3%165 Njwm® D
= S = =94 .9% kg
=5 Mg RTy Qg% j/“B K % 33K

Hence mass of @in pumped in (m) My, = 07 - 5.2

= $%.9L kg
Volome. of~ Mt Pu'mPe,dl at preeesUrTe. 1.02 bount ond Tempt 2.
Let ¥, = Volume of Aft pumped in
We. ‘mow Ahout PV = MR T,

vy = DR 9891 X 98 T/pgy KSR g 0gn’
L T 0.102 X 406 N/yn

fescurce in the vescel after cooling,

let f, =fressute in the vewel aften cooling
Temperaturte.  aften mu’ncg, = 5°C = 298k ( Fven)
gince  eooling {5 at constant  yolume

rr
—f;ﬂ:% 3= xR oazk % 3X 4D N/
D 2 T sk,
2 223K




1 bart = 0.1 % 40° N/
ey of Hﬁ E 185, % N/,r,;z_

‘*‘)THQ SPQQ;FFC L\QO:E aF o ,SubS*tﬁﬂC& mauy be. CJ‘E,FFQG(] as %Q
omount pf  hegt rtequirted o roise  the tempertatuute o
untt  mass through  one degree |

VAL the Ugquide  and solide  have one, epecific heot only.

=1 But & 902 can hawe any  numbert of epecific heat between
zerto o infintte. (0 —1e)

E;uztén;@ﬂ‘ﬁ o tyres of specifir heats of o gog asce, o o,

1. Specfffg heat of constant volugne
0. speac  heat of * constant Prieseuute.

L 2pefie heat ot costant volume (o
- 0]3 is J'2‘));& mﬂou{r;p{ of heat requined 4o redse the termpenatune
o it mAas 309  thriow, oNe, ee. when i heated
at o constant  volusne . h Iq |
— Tt Is generaly noted - by ¢, .
% Considen & 9as contodned i o containern  eoith o Fied (94
—y Now, if o 8as s heated , ¢ will fnereqee -the. tem perptunte. and
PRESSUNR  of <the gas n the condainerc.
~y8ince the. tid o the containery s Rmed , thertefore. the
NolumMe. of the 9038  remnaling unchanged.
tet ™M=mass of the gas
T =initial  termpatatoste of the gag
Mo = Anod bemrpertotturte of dhe gas
Hence the totad heat cugplred 4o the gag

Il#' :

N
\
\
\

A

at constont volume SR b

Q.. =mags » spectfc heat et constamt volumex ﬂ 0 Floone.
1-2 st N demperodtuite CHeat "bebng cupptied
= Mot Cy XCT-Th) at corctant volusne)

— Tt may ke noted et whenevert @ gac f heated at congtant
nolusne np wortk fs done. by the gag.

— The whole heot uﬂ’lffsed‘ 0 Tqmeag‘{qcﬂ/ e tormpertatine
and the priessure. of e gag, \ |




2. gpecific heat at cnstont Fressure (cp)

~Tt T the amount of heot required to ralse the temperature.

of o wniit mogs of gac et Hhough one degree when it &
headed ot conctont prescure. |

3 Tt ta demoted by Cp.

& Considert ol gag  contoined in o contadnen etth oo movoble {d
SNow T the ga tc heated @ will {nerease the,  gMovable

tomperaturte  @0d priesswte of the gag in the  fr oA
contodnen .

| X7 ok
o~ /“:
— &lnce the Uid {s movoble , thereforce 1 wild SN
TNOVE. ’ngwwtdé y inordert 4o counden bolance
o} o . 0
«the tendenty Fot the preesswte 4o refse heat being capplled
Let m=mass of the gag at Conet - Pregdurie.
T =intfed tempenatune of the gas
To =gl tempertatune o the 9oy
v, = intial  votume. of +the gas
v, = Finad  wolume of the gag
-~ Tote) heat supplied o the gag. at eprgtant preggure

Qg = ™A X specific heat at conct . pricscure X Re B temperodute
«MCp X ( Tp~Ti)

—%Hhenw o 918 & heated at condant prRURR, the heat suppﬂfeo’
to the gas & wtilked forc the, follawing two  Purposes.
Yo ralse. the. temperadurte of the. Fas . This heat remeains

within  the bady of the gas, and nepreserts  the  Shcreage
terinal energy -

Methemocticatly,
du = mep{Ta-T)
VTo do some endernal wortk  durdng’ empangion .

Mathematicatly , 4o done. by e goe
Wi = PV =V1)
=mMR(T—T)

STt s obvlous that the gpecifc heat at constanl pregsaute
s highert than the gpeciffc heat al constant wolumé

Co greatert than €y Cp 50y




Relotfon hetween  specifie head 3-

“Grsldent & Gas  encjoged B o condathert end keing heated,
Z;;gﬂgmn)( PriessuIte |, from the initia) etate 1 to fnod
o .

let  m=mass of -the

T = ?’rii' tie) ‘Eewmﬁwﬂﬁ of the gas

To = HO dempertoduie  of the gag

V= trz‘ftﬁoJ Nolume  of the gag

\p = Final  volume  of the gag

Cp =Speafic  heat at eonstant Presune

Cy = &eciic heat at  conctant  volume
P = Constant  presswte

~ We know -thot, 4he heat supplied o the 9as ot constant
prregcune '
Qihg =MCp( T, ~T) :
-y AFtert a partt of this heat s utilised i dotng the  aaternou
word and -he rest remalne -within the gas, and & used
i Increasing  the  Internal  energy of- the gao. -
Heat wtilfsed fort enterinald wordk
Wig =P(Vo~V)
end fnartease. N interthad energy , du =My (T-T).
We know that 8, = Wi tdu
= PO~V ) + MC(To-T)
using  dhautacterdstic. gas equadion it PU=MKT
Py, = MRT, Lfort fnitfald condilion )
PV, = MRT, Cfort Gnal condition )
8o, P(VoV) =MRLTH-T) N
aow  substituting the volue of PON-V) *D
MCp (Tp-T) = MROT=T) + ™M LT
= CpM ¢ L-T) = RMCTe-T) t WNIT,-T)
= cp = RtV

.5) a,t_ftp
Te ol equation Moy be written ag ! c,
K LQP’CV R o O(¥-3)=R Whane eg,

Cv
! . ) '
A\ V=1



tothaley of 0 gass

~ In  hertmodynomics, one of the basic quantities - most
friequently recurting s the eum of the Itermaod eneitgty)
ad e peoduct of  pressurce cand  veluame CPV).

~The sum of internal energy ond the preeduct of PEsSLUTE and
volume. ¢ (U1PV) s tertmed a9 enthalpy -
s0, EnthedpyCH) e Ut PV

—8ince {UAPV) & made wp Qrﬁfr(elqd of preoperciteg, Aherceforte.
-Qﬂjchﬂlﬁd (h) s also o Pmper({nd ,

o Fort &0 unit mags " gpecifie enthaley

h=ttP
where  w = specific tntertnal enorgey
P = constant priessurne.
\s = Speeiftc  voluae,

1He know that dotel heot suppﬂi’ed e equal o the sum oF

internal energy  aNd  twortkdone. dundng enpancfon .
Yot o @, ,=dut Wi,

2. When gag s heated al conctont preescunte, from initfod
condttion- 4. o fnad condition 2, then the chonge N Pternod
W‘a‘j i< clU = UQ"*UI

B Workdone by the a8 Wi, =PW;~V,) =PV, ~py,

4. Qi,;) = du s Wl,g '

= (Ug~U)+ PLYVy~V,)
=(Ua~U) APV, — PV,
= Uy APV — Uy =PV,
2 Vg PV - (UPY)
= Wy =,

Fon it s

Classification of thermodinamfc  frecesee
1. Non ~ Flow preocessey
2. Flow  processes

L Non-flow friocess , |
% The prtecess occurting fn closed  gystems whith doen't peremit

the drangfen of mows @or  +hefn  boundeurded , arce knoun
€5 non- tlow  Arecesses . |




=Tt moy be noted thot M o non-Fflow freocess, the energy
crogses the  gystem beundary , 5 the forom oF heat and win

~STere s no mass  flow into on ot of the system.

2 Elow Rtocess s |

= The. Pm OCCUM?G% N open 3H5ftgm5 , ewhtch pmm?—hs the.
transter of mass o Hhe systern and  from  the systerm,
ore. KNOWN  ag Flow  Prpeesses -

STt ey be noted that , in a Flow preocess | the mMass enbers
the systern and leaves aftert - fnoreasing NGy

—The Flow prtocess moy be, oteady Flow and non-steady Flow.

'ﬁS’O‘?ﬂAﬁ Flow processes  occurted 8n nozzle , turthings and
COMPree ssors |

—Non steady flow priocesses eccused durdng  Filling ond -
eNocuation  of vessels. |
Work done. duning g nogflow frocess &

5 Considert @ systemn aontained in o frecfontess piston and
eylindert  arutangement.

— hs the. system expands from the TY 4

’f. e g CW
oniginal ctate 1, it overcomes the ‘i;f bl i
eaxternold  reestetonce |, which offoses the & ~
motfon of the piston. by enertfing & hf-

force thetough a. distence .

— The voustiotfon of volume ond priessuuce
of the system & drtawn in the Rgure in
Preegsuste - Yolume.  dfogream .
¢ PV} diogream) J ;
let el any small eection tshadden i g1y ¢ Sitem fston  Cglinden

dhe preessune of dhe  syetem s conotant

S IF A {s the oress - cectional anea. o the piston, the, futt
on the piston wilh be FePh | cguses +he plelon 4o moke
thriough e distence dx.

S0, wortkdone by the system
x S =melta , QW = Fdx

& PAdx

= Pdv




Appitcation of Blust las of thermodynamic o ov 0on flow praceser

5 When o system uﬂd@lﬂaoes o change of state ot oo ,
thermodynomfc. preocess | dhon both  4he heat treansfert end
wortk  triansfert  Aakes  plare . ; .

~»The net energy  rrtansfered b ctorted  (ithin - the eystern and

©

e Khown Qs sturted enengy on dotal energy of the. system.

bd
FEEERE R, whene &, = Heat treansfened e heat
dE = s Wy cuppticd M{)ﬂ priocess 1 to 2,
=Ey—F Wyo = Worckdone by the, system on the
SOULWUDM&&)? durdng the Preoeess
g = Tota) erpregpy of the agstemn at
the end of prcocwihe Lo
E = Toted energy of 8¢
at the stamt of Preocess
= Vartious. non ~Flow  priocesces undengo 4he  applicatton of
fist law of thenmodygnogmfc o |
(1) Taeothenmal friocess € constant tempertature  priocess )
(2) Tsobartie friocess (constent  preegsuuce, priocess )
(3) Tsentropic. frocess
ea) Polytreophic.  freocess
1. Tagthenmal Prigeess ort (constant tempenaduyre Priocess)
- L P N e 1 T T D S N T eV Wi
—rh Prtocess in which  the, tempenature of  the working

substance remate  congtent dwting s empansion or Compries<on)
fe called constont -temperaturte. prcess om fsothermal  PrEDCLSS .

e will happen” when the. wortking  cubgtance. resmading N o
fenfect thermal contorct  with the surtounding. So that Hhe
heat sucked fn ert Squeezed out {5 compansated emoctly
for. -the workdone. by the gas. |

STt s cencluded fort the isotherumad preocese that

) Thene. ¢ no change n tempertaturte .
T Therne fs-no change @0 intertnal  energyy .
i There. s no change in  Enthaley -
Now concidert m kg of o corttain gas befng heoted at
Constant tempertatinte  friom Ittal  <tete 110 Fhal slote 2.

Let fV, & T, =Pressurte |, NoLump and tevﬁPerca—twtg at
nitfa) state 1. |




PoiVy & T, = friesgurte , volume and 'beJ’ﬂPQca-wfce ol final stofe
/’F——J’ ~
' 1. fressrte ~volvme ~ Teny

o Refattonship (P~V-T)
} We know the
B - —-12 gos  equeartion
T}FT_Q_ f‘_;rﬁ_l. a P&% .
e n i
emp . aince. gos e heated ¢
p-T diogriom | congtent temp. 1i=7,
60[ PlV] :PQVL

n. otk done by the gag
e know  that @t =pdNV

0N ?m‘:@anaﬁqca o state 1 to stote 2
2

jfgw = S%Pdv ore Wy, " fpd,v
1 L 1

Sfnce the eapansion of gas s fsothenmal 6o PV = constount
SO! PV"‘:ﬂV| orc P;:EL\}& |

Qubs%i’)w?fiﬂ% the value of 'p'in equation © e hawe

Wiy = f"d\/ = ny‘v—v’&v

2 Vo
, v
=PV, T%‘f =V, §gdv = g,y Ik
v i ‘

Wen = AV b“je (%’%) .
The above equeation con ke efreegeed in the terumg of
corstespording pogerithm 4o e bage 1o te.
Hi"& = QF%P]’\G lD?’L% \y
£ 2BPY, log n — @ L "L F g
The cquedfon @ moy bR wrdtten as folfows .
We. know thot PV = F&Va =MRT
Wortk. done. Wya = 2.5 MRT fog (%) = 2.3 MRT Log

v
e PV = BV - Aherefore _ﬁ;%

Wortkdone. Hyq = 2.2 RV, log (%)
| < 2.3 Hv, i.QM%L)
2

pone Vo P
v e




E@Q@Lﬁmpfﬂ uantity of afc hos o volume of 04 - ot @
proegsUIte. of 5 bort and a tempertatune of go'c. Tt & enpaunded
in & cglindert ot a - constant  pompenadure on @ preedsute of

¢ bart. gotermine the amount of worckdone by +he adr durting
Q()L?Omg()ﬂ'

M - Given dato V, =2 Wortkdone = 72
V, = 0. Uy R
P roboit = 0,5 % 40 N/
B e Lbar =00 Kdo' Ny
AR 6 '
PV 0SXIO N %0 b 2 ;
g = g B b i
:PLL 0.1 X 4o Nf'm?— _
We know enpanslon ratio 1 = “-\%’-c '0%2,*5
N we Know '

Wortkdone Wy = 2.3RY, log U\L/ZT)
=23 AV, log (fy)

= 31567

f@\bm} 0.4m3 of afr at oo Priessuse. of 1.5 basc 1% WO”M
tothermally 40 0.5n . Calwlade the Fihos of e gag and
heat aupplied owtlrg the preocess
Soluton & Given dote

V] fo'ﬂ.‘)’ﬂg

he? , QaF ;
| - P,V
We know -hat AV, ﬁf\:fl, A5 XA8Y Nl ¥ . A
=5 1 = £ S 0.Smm3
- = 0:03X40° Ny
= 05 ban
We kaow el enpanston ratfo 1= < ¥ =5
Workdone 14, , = 2.2V log ,
= 2:3% 0-165X4d X 0.4 K log &
= 4114 . 46T
We know Hhat dusing feothesome preocess  Heat  eupplied
te equal 1o wordkdone

90, Ql“') o {/\)in - Q‘{filli ’ A’() i




Conslant  fitescurie  prtocess  grt
Y YY T VAL NNV raad
> When  he g8 s healed ato oonstond  priessuse (A0S
e JCP_I!’T)PQ((Q'LLU(Q and wolurne ol fncreale .
-~y Slnce terce fc oo change Sn e vAUTe Ahercfore  the heg
supptfed 1o the. gas & whilised o tnctease Ahe Inferdn)
enetgy of the gag and fort dolng S0ML enternal  word,

— Tt mosy be neled that hfs  preocess occuts ¢n charde's
Lo

Tsobostic  Frwcrss
Jsoborric Prioces

NN,

—y Now constdert m kg of centaln gag being heated of constond
Pressuie  from an fftlal state 4 4o Final stote 2.

feX v, and T = Pregsuree | volume, % temp. ad N (o S?f{"f:? f

P\ Vo and Ty = Preggurte | Notume & temp. ol finad state

Rt - - T
o I i | |
(. (N
7 ', i )] ! !
CE_ 1 e — (E I 1
/ V;;. ) 2

Yolurme. tempertalwe.

CRy clf’o,grram) Cr-T dlogrtom)

1. Pressuurte - volume '—Temperw\%w(ﬁ { P~Vv-T Relatfonship)
We know generted gag equation f.r;(ﬁ: Y.
4 2,
Sirce. the gas fs heated et eongtant preessurte , S0 ) =4,
ap we Ccon  rtite _’Y_ﬁ: .'% friom  equadion -O
5. Wortkdone by the gasg.
We know thal G=FV
an ’fﬂ*ifﬁarrﬁ:-l’fﬂ% ercm'm S’LC.{QD(’ 1 to 9

fow = Jrv = pfau
1 < 1
= [/JjPQ ?'?(VD’“Vl) = PV ~ PV, ¥ MRT,.— MRT; = MR( Tp~To)

% Change. 'n  inderinal  enertgy
Change nlennol  energy 15 same fort el the preocess.
’[,h?}tfﬁ)r((f OL\OI\%Q i) frﬁﬁffﬂw enercsgy cl_U; U;z'“Ul

¢ mCV(,:T;J “'Tl) ‘



4, Head supplied or Heod treansfered
We know that €a = du+ sw
on integreating  from state £ to 2

9
foa = fdu+ Pou
1 1 <
Gg-g = (Wa—U1) +Wyag
=MC (ToTr )+ ™MR(T2-T)
=MTo~T) JCCv1R)}

frcblom ' The value of specific heat of conchant preessee and
constant  volume fort e edea gas Qre 0. 984 KT [kgrk, and
018 KT/kgk . Find dhe  vame of chanactenidfc gas constent
) @nd radlo oF speci'c heat (v) for the 9as . TF 1kg of 93
& heat at constant pressune  from 25 4o 200°c . Estimate
4he heat added , tdea) wortkdone | chonge in tntertnad enersys.
Meo caleulate the. priescurte ond finad  voluene , i the hitiod
yolume. wWas 2.
goluetion  Grery dato  Mmelkg, V= 2m3
Cp = 0.98h KT kg . k ¥y B D
Cy =0T KJ}K‘3~K
T, £ ¥C = A%k
& 00°C = 433k
1.Nalue of characteristic gas constant (R)
We know Cp~C =R
SR < 0.Q8h KI[kgk — 0728 KI g o
= 0.5 KT/K@»K
-2 Rotio of gpeciic heat tv)

We kaow o= & o 0994 KIlkgk _ 4 3¢
v 0+ 12% KT [kg. K

5. Heat added (Qi_g)
We know +hat heal added clwﬂof)? constant preessutr
By =0 LT ~T ) = dKkq x 0.984 KT gk X C473~298 )k
= 442, 9 KT
§, Tdeal wortk, done (Wi-p)
e #now Wy = PLV~v) = PRCGL-T))
| . = LG X 0025 KT fig .k X (473 - 2A8)K
&= 448 ¥



5. Chanag N Soternnod enertgy (dv)
We know du = Uy~ =y LTamTh)
& »Lk‘a ¥ 6.70¢ V\j/kﬂk X C 413 298 )k
= 12F. 4 KT. -
bfessurte  and  final volume ff the intlial volume was 9m?.
=Fy = fressune of the gag
Vo = Flned  votume pm?
e kf?i/w Fenenod gag eguation
S s A% oneh)
5 Dmd o Ny
20%k. 473k
AY, = % = 2.1%m?
T freegsure ¢ p)

e K")OUU P\V| ﬂmRT,
o p, = R o dkg ¥ 0.95b KTlkg.k R A%k
Ny Dam?
= 38 14 Ny
Leentrepie Tocess o Adiabadic fracey v
Tsentrople  frocese |
> & prscess &y which the wortking substance nefther rtecefves
Nort gtves out heat to s gowutounding durdng g
envpanston  ort comprtession  fs  called an adiabotic preocess
ort senttepic  priocess.
»Tt moy e noted that the revenstble adiabatic  preoees
ort fritctionless adiobatic priccess 35 known AS  1gentreoric
priocess ot Congtant  Entriopy  Proces.,

SQuwting frictlon the adiabatic process & known as irrtovends
priocess.

—ouring Tsentropfc, priocess o adiabatle precess  the. wo ki
substance remodns  Aheranally  tnsulated , s that no het
eryterts ot lecwes [t
Teporttont  pofts aloout  Tsentriopic.  preocess,

4. No heat leoxes ot entens the gos.

5, The temperrattirte of the gas  chenges as the work fe dore
"at Adhe cost of interned  enegy .




2. The change ™ thterna eneregey  equal to the  Workdone
Now * consides ™ kg of centaln gas  belng heated adiabatizty
from an Inftled  state 1 Ao Fnal state 5
let P,V 8T, = Fitesswice |, volume. end temp. et the initial state 1,
PoVa & T, = Pressure | volume. and tomp at the final stated,
pdiabatic expansion
curd

1. fregoste - Volume - Tempercad urte
tp-V~T) Relatlonshfp
We know thot g6 = 9W1dU
finst  low OF Mmodm&mfc S —( )
girve In @) adiabatic priocess pg

heat treansfert +akes place. , therefore TV v Yo
Q8 = 0 ’ SEE 5

gWAdU=0 9 P(Vy-y, )+ Mey(T,~T,)=0
on PCJV‘FMCV.CT{«:O

s:)va-dT = —Pdv
> dT= Y
He knew PV =mgT @
Differentioding  Ahis enpression we. get
PAV 4+ vdp =mMRAT
g7 = FVEWP_ RIVivdP ® Lo R=Cr~Cy)
™R mCCp—Cy)
Fquating equation @ s @ |
~ PN PVt VIP Cp-Cv ,—M
™ YA Cep-Cy) = ¢y w(-RV)
Cp—Cy _ Pdv + vdf
2 Ty — Pav
- G PV (\_/éﬁ
& G PdV PA
Fole ] =e - %
Vel =~4-( Xy
Syl = el el KQEW
Y= ~(ty)
YR Y =~k

N o ap
%’Y%_\?%-F—o

5 v ®tgeo

£)



Ttegreating both sides

T P e

oy ]dder Jdar=c
9 Y U0feY 4 log, T « logf
9 09N 4 [pg, " = L0g.S
9 oG (N £)r 19ge €
5 VipecC

PVY = coretand
ot Pl \I;Y = Pg\/;:f - COf')S‘bflﬂ't — @

e above equation may loc mpmessecl as
('V;)_)'Y @

™ ¥
Friom 4he generod gas  equation -

Py, _ RAYV. P T M — @
lTl B T’L _?i TQ xCVl)

Ort %;%%(%)‘1 R e
o = Bx(%) 2 F-GSE
[2-18
87 ()= G - ) (%) —
from general g equation
f%’:% %{; :%)x(%:)
g Lad ey,
5 A = 3\%,: + i
qj;r'lt %) i (’%) (7 from  equation - @ )
5 I = [&] Z{%)ﬁl
1

2 o (Jie
To f’\)

a-
Tf — _E‘l; i IS i
w w) O
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f = f 4 s 7 !
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i 1 (14 1] y T, A 4.y ’J f'///{'
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1 o -y ) . 5.
'14/‘ ’J“f X - 3 2 ’f_j"f 4; .’/
A VN I A /A /A AR
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oA 4 A
5 f’fx‘/" ~ [,
L9 - ,
1’j/1”F‘/// 1/ [’f’ f//ff/gf}”/f

g i-f/‘/*‘/’z ~ AV

5,
4o . J/ fo,re (j/lﬂPff’”J,;mf)

o ”}‘m’ﬂ“ e, Tederng) 4 (145 ()
A Uy Uy b My [ 'r:j,':qj
4, Heot 'G'J[![Jfﬁf_f’ pre Feod '{;rg;,r,{{z,rrf/gj 1
Ve Woow Aot hp/)-? p,u,”,ff(/f’f bre hegt .4;,‘0;;//((,;,(»;—;
of f.Jr"lrﬁO' HJ'I‘_;,'K, preocp st e 10,
Iherceforce @y, 5 0
'wﬂhﬂlﬂﬂ’, r lf)”’\(},"ﬁﬁj - » >
He- know  4ho Chonge Friholey A = -ty s 11075701
Voo |
e Milne o Wyhtoge, of 00 1 soddaby  prepressed Ao e
holl of ' veluene . find o horgp  Apprpenoture o e

dgor { Ahe gl of Ay opeddfic heots fon P‘P/{/fﬂ%f b 144,

be Lk



S‘Ml@l')_ G[?,V en du’m

Intte) Aol v, = 4 e

~ = 1.4
Tritlod  Temp, T, =0c = 218k
We howe 4o find oud the change tn Temp. Thal s fned Tem

We ¥now T (W Y-l
To _\f‘\—)

L = 05kt

233 = BEo.20R

_ 273  fO 8 1.4-1 033 — ,\0-4

=, (%) AT S8 AT = 5 ort.

Toent : ¢ T2 °¢C

Qople  Yetecgss  Fommulos &
"}I 4
A TZL _ Q%) B\Workdone durting enypansion & LOMPIESION
£ I ’ P]V ,__,»PZ'V 0

® L E&L)”’”L ) U= g oxpansion

i Vi) ) M fort compriession

§ T e |

@ :-[1— F = L-—J—- Y ° o .

T, P Gchonge In interuned Energy du=mney (12-T)

® Reot supplied o heat trnansfered Gy, =0
& change §n Enthalpy o dk=H, —H, = MCp(To-T)

Fottroplce  frogess

A polytropie  process & also known as the genertal law for
the entpanston  end  comprresston of gages.

Tt Is qlven by the refatfon Pv"= constant .

Wherte n s Polytriopfc,  indent .

—s ' value ™Moy be any value. from zew to infintte (0—w
depending  upon the monnest, fn - which +he enpansfion ont
cornpriessfor)  has taken  plece .

Mow Considert ‘mi kg of o cerctein gas being heated
polsgtropfcally  from  an initial olode 1 4o Anod state 2.
Lot gV &T) = Priessuute, VOl & Temp.  at inttiad stote .

Py Vo & Ty = Pricssurnte, Volume, ¢ Temp, at finad state 3,
Fmssme_vowmeﬂ’@m?@mwnﬂ (P-V~T) Retationship

0 v = constant T P =
@) RV F Ve = Cd) #,:(4)
2 fa

n-1
cw%ﬁﬁ%’.‘r} L
(3]
Cc) %ﬁ:c (ZPE;: | i



B, ki_o_rik_dvﬂe dfmi’ng polytriopfc  empansfon
The eguation fort the  workdone durdng a pobytropic.  precess
ML) olso ke enpressed by oh@m%,%% the nden tn’ fore °n
the ediabotic  priocess

so, wortkdone  durdng o poLytreopic pm@cesﬁ from state 1 4o state?.
i & SE2E PR O T

n-1 — 1~ fore expansion
= [V BV, MR (T~ Tr) 0
n-4 S~ - fort  compreelscor)

3. Chonge tn Interwed energy
We know thot C)’\OJW%Q in toteronold enetgy du = Uy~ U, =i (T2~ Ti)

—_— X

CHAPTER=6  FUERX AP CorBUSTION

- Fuel may be. deffnod as a substence (wn%wanfn% Courtho N
and hydwogen.) which on bunnf’nca with onygen  (n he
atmesphertic, el rrwduceg o Lﬁﬂ%L amount of heat .
Tates o fuede

- Ft;ueﬂs may be  clagsiffed ot the following three. genened

rums .

() solid  fuels
H Liquid  fuele

iy Glaseons fuels

¢f) Solid Fuels

> The, Noturta) solid fuels are wood, peat, Usgntte , bituminous
coot, anthrasite coal .

L Wood!~ Tt @neiete of cartbon  Hydrigen .

—7;2“9&%005 s coverded into cead when burart i the. absenck

~ The everage calordfic value of wbod fo 49700 KT (kg .

2. fpat:~ Tt tc the fireet stage in e fRromation of coal .

AT hos o lartge amount of waten  eontent ¢ upto 30 4),
therefore., # has tp ke drted befre uce .

~»Tts  overmge.  oaloretfic. value NBOTO KH/K%.

3. Ligntte o briwn coa

—» Tt repriesents the nent page of peat i the cool mformodion

Tt Contoine  neardy 40y mowtune and 804 of Caschon.

»aI%‘s ewerage,  CalopfA, value ognpo kT /'(8




o

4. Bitumineus  coal e ,
— T reprtesents the. neat stage of tgnite in the coal forumqpp
5Tt contatne 4.6 3 mofsturte and 5 to 0% cartbon '
ST fc weathen rnectstance and burns with o gellow flame
~ Tt artage  cajenific value fs 336T0 KI (kg - |
— The bituminews coal s two types ta) caking bitumineu o C‘oa”
5 Anthrastte. coal 4 (1 Non-Caktng bituminous Osa(f
Tt reprtesente the £ b orcmat fon

Contains . a0, Cambﬁor?m. stage - fn the ccal Tt |
- Tt s cmokeless . and o very Utte flame .
— Tt possesses a high calordffe, vedue .. 6000 KI/yg .

6. Nood charmtceal &

- Tt s made by heattng wood oth a Umeted  eupply of odr,

5Tt 5 wsed for varfous metalluregfoal  priocess .

G Coke -

—~ Tt & produced when coqp ¢s stronguy heated continuotsty
for 42 o 48 towts I He khbeence of ain in @ clvsed vesd.

5 this Pocess s Known a¢  carbonfsateon oF coal .

5 Tt has Wigh  carbon  content . and high calortfFc. valie

than coal. . “
STIF the carbontsation of coat s cannted out et 00~ 60
the rexuting Goke % catled towen tempernatul® o Hoft
coke and wsed ac domestie  fuel .

~ Tf the canbonfsation of aocal ts coded out at QoU- 1460
& krpwn Q8 hand coke and s used ae  blast Qe
Fael .

3 briiquetted Coale

LTt fo produced by the Fnaly ground  coal by moutding
undert  priessite  with ot without kinding motertald, |

5 The bruquetted  heas advantage by high heating value.

q, Pulverised cood +

5 The (low greade coal with high ash content + f powderned to
prieduce  puvertised coal. ,

oy Tre cood fs fireet drted , then criwshed it fine. powdert

- Fuhfem"sed coal {c wz"'de&b» used €0 cement industryy ownd
metalluwngicod  PrOcSS .




lquid Fuels

Liquid fuets cute basicaly 2 types esuch qq
1. Petreol ot gosofine.
0. kerwsine o faraffin ol .
3. Hea? fuel ol

-y Almost el the commertciol  Lfqus v

natuwad  petreateum ¢ crde ofz;u_(d fuets e, denived friem

- The C"(;Uole o Q,ES obtained  from above  holet N the eardth's
crust ' certaln  pant of fhe wuortld:

~The notused  pebrolevam  may be  sepanmrted ko petiol o
Jogoline, paaffin ol or kempsine | Fuel ofl and {ubrfcocting 0.

~fort the sepouratfon of the vardous prioducts  friom crude
ot friaetionen  distlitedton  preocess ts done .

1. fedriol ot gqacoling >

5Tt to the Ughbest and most wolatile liquid fuel used for
light pebriol  engines .

STt ts distilled at 65 +o 209" ¢ |

0, kerwsine on Parafin 0l -

Tt 5 heauten. and less volatlle Fuel +han pebrol - and uced
as heating and Lighting felel.

—~ Tt s dfstilled at 220° 4o 3457°C .

5. Reayy Fuel 0l -

o The (fquid Fuels distilled aftert petrol and keroeine e
known @9 heary fuel ol

~>Tege olls ane used ) dfsel engines and iIn ofl Fined
betlerns .

— These ame  dlstilled at 34s° 4s 470°C.
Merits and domertfte of Liquid Fuels ovvert golid  Fuels.
% Meruts &

1, Righerc calortific value .

o lowen storage capacty nequirted .

2. Bettert economy 0 handling .

4 Bettert contrral of consurmption by using  values .

o, petlert cleantinece and freedom  from  dust .

6. fractically N0 ashes .

. Non- corutoston  of boilen  plactes

a. Highen efficiency .




Y

* Dervesuits
~ Righ st .
_y Gireoten rtisk of Hre ,
~Costly  contatnen one EQU

¥ Gasesys fuels

The noturte) goc 5 fourd tn ot near petroleurm  ffegds,
undert the  eortdh's  eurdfoce -

L\ TE constde of methane echy), Edhane ( oMy, Carcbon ditride (e,

and Cardbon  ymonprtde €co). ”

- The g@seous fuels ene 1 Cool gos
(2) Freducere gas

() Watert gus

tu) Mord
ts) elast furnalR  gas

(t) Coke. &veN 2ag

(1) Cool gas ;-

= Tt % also known a9 4own 908 .

5Tt 0 obtotned by canbontsartion of ol

STt conslsts of Hydrogen , Carbon monondde , Hydrtacardbon.
~ Tk ﬁfs verug refch  among  combustible gases

ST s used €0 towon fon otnget ond domestic ignting e

heating .
—~ Tt {s calortifc Nolue & 94600 +p 25000 KI (w3 .
(2) froducer. gas +-
ttal ecombugtion of coal, coke,

~ Tt s obtained by part |
charcsal th o mined afre  steam blas

anthrosite  coal, on
ST fo used fort funnaces fen glags melting and powen

gereration .
— Tt's calorific, volue (s stoo 4o 6700 KT/pm? .
(%) Hotern: g0.5 5%
n mononde, and

1t o minturie of Hydriegen and cartho
(ncondescent  Coke -

s T
e also know -as blue

passing  steam oVt
- fs 1 burtns with blue Flame , #

!J&j().‘.teﬂ %CLCJ
ypoden 905 fo mined with coal gas to Foum coal gag o

Towl)  goL .
5 bater. gas b uced tn Furnaces  and w&&fﬂg.



(yHend gas s
S Is pueuced o passing alt and o amount of
glearm overt woagte coal  abeul esvec . lasge

5Tt s used fort Powert Generation and heating.

o Tt's calordRc value s oloodt BRSO KT [n? -

(5) Blast furnace gase-

Tk s a by prioduct i the productlon of plg iren fn the blast
furtneLek -

Tt ¢ wsed fn steel works, for powert generatfon .in gas
enging. « fore stearn mefsing  tn botlen . and pricheating the
blast furunace .

5Tt has Low heatlng value or calortfic valuwe. 2. 3750 KT fmp

(¢) Coke _oven gase-

Tt & by prieduct friom  coke. oven .

-1t & obtained by carbonfsation of bituminous coal -

5 TUs caloriffc value varded From 4,600 to 18, 500 KIlam? -

STt e used forn phdustrfal heating wnd powen m@%ﬁ&%ea.
Meils and_ cemerdts of gasesus foel -

Merits + .

1. The supply of fuet gog, the tempenatiute of Furnqee o m&_&m\
end accurately <contrealed -

2. The Wigh temperatuute ts obtahed at o madertate, cost by
fice - j@@%bm gas ond ol with heat of wagle. gages of
cormbustion .

3. They are dinectty wsed By tntervial combustion engine .

4, They ane frice from soltd and Ufguid  Fropuriities .

5-They donot  prpduce  ash o smoke .

6. ey underigo cemplete combutfon with minfmum odrt supply.
Demprits G-

1. They are neadity  tftamalole .

0. They requirte lornge capaotty.

-Regultement o geed fuel
Followthg  potnte are tmporttant forc requirtement  of goal fued.

1.k good feel chould have Low gritton peint .

2T Shedd  have high cateriffc. value .

2. It shewld fireely bustn obh ehigh eofffclencsy, orce G fanited .

4, It shoutd not preoduce hommfud gerged .




S. Tt chould preduce feast guoantity of smoke ard _— I
¢ Tt should ke economicat easy to stoce , conventent fo,
trensporttation - n

Importont - Colonifte value of fels @ CCV) o heat vame
= The. caloriffc value chrlefly wrtitten ag C.V), or heat vay,
ofa colid ort tiquid Fuet may ke defined as Ve oy,

of heat gtven but by the complete  combushion gf sy of
Feel . |

Tt ’s enpressed fn the terme of kT/ig o fuel ond for
qaseous fuel - Tt s enpriessed  KT/p3 .

There are 4wo  bypes of calertlfic value of feels !
1. Gireoss o hfﬁhm calorific  value.
9. Net ot {owert calorcfffe value,
Ketlg of C.T (Compriegstoy Tgotion) Engine fuels ~Centane.
Qumbernt -
~ The, V‘“Od‘fﬂﬁ weﬂoﬁ» e also found N Qompreession
Tgnition cc.T) , engine. with an effect <milart o that of
6.1 U Sparte Ignttien) Engine .
w5 e Priopercty of Ignitfon lag s genertally measuuted
tems of centane number
Iy The Centane Numben s deffned as the fpercentage |, by vols
of centane ™ oo minturte centane aend alfa - mnethyle -
napthalene  dhat prieducee the game tgnitton Lag as
Fuel betng  tested | tn the same engine undert came
eperating — condition .

—The. centane hich ¢ a 5{')1&}?"1{ chaln paraffin with geod
(gnition quallly f assigned @ centane numbert of 160 ei,noI
alfo - methyle -Napthalene which s a Hydre- cardbon, it

poort fgnttien  quelity s assigned 0 (zerw) centens UMY
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