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S Juail
A lal) (Sualiall J ) ¢ gilal
(The First Law of Thermodynamics)

(Conservation of Energy) 143Ul ol 1.1

slalall (e aaaad) Adasslgy L yoshat o5 38 365 Wy Caaaias W Ll s Al A jills 48U o sgie
AL el Tasa Capen Cansaly ¢ e aulil) Rl Sl giall b

A5l Lals dmapan alall Taall 13g) bl e faaly W) G 58 2l (Saalinall J5Y1 )53l
(Ui ie.) ASKuall 28l 5l

Led 05 850 o) olatlly of e 03 Jadll ilea 8 ALIS 550 (535 plai Jae oy Loxic
o i SISl ABLAD o3 Gl o(Lelaarinl) Lild e Y A8UN & Lo . alaill Ysdae il ila
Y Al atils Gl8 13<a s Alagy) aillal JUaill sale) (V) &5 aal B jalias (e (e Wl A
i aUailly lajd i oy ol A0Sl A8l (8 Jullyg ¢ s

A el b iy LelaS) ab A )l g 5ysl 3 AS a8 (gAY sam sl A3k
el ) Bl syl ila (ssla alaill ddaslsy Jstuall Jadll ila Gl (38Ul ol Tase ¢ S
P WS il oSa Auhal) aalinall J3¥1 5300

ila Jales idaall 4y (pe pUil) ) Gl lall Sla (b A 350 Lellas (535 Lesie
Al 4ty e allail) ddandsy Jsdall o)
sl

EQ+EW=0 (1.1)



ALl 550 ppend) Jici § oG
H(1.1) Jla

A 8 ol ) badla) iy Al 5yhalls . T000KW hasll iy Aiame jlay ddass b
2100Kj/Kg (5o B 8 oyl ele ) pUaill (Laayla) Wiy (31 5)yalls 2800Kj/KG Jalss
DLl Gl Jane ol BKW (g5l 2080 ) G Jladl aal Cslladl) 3 Aama Jasis
Gyl ) Al as s ais o(1.1) a8y JSAN 3 Ldaslass 5)0l) o 23 K/ b 5)5l Dl
LeleSh ddaadll
cannl) adle Jadh (Bolay 4 & Sl Camy 138 pUa) as Gl el
AN

3"dQ = 2800 — 2100 = 700 kj/ kg

1)

Turbine

ﬂE

A jlay 5,08 Aaaa (1.1) JS&

ckgls o M el i) Jiee Jas)
~.3dQ =700 kj/ kg
3" dW =1000 — 5 = 955KW = 955 kj/ kg



~3dQ =Y dw

e, 700xm=955 . .m=——=1.421kg/s
700

e, ol el Gbas) = 1.421 Ko/s

(The Non — Flow Equation) $(Obadd) iDL Adalaa 1.2

Josaty 590 Aima a8l b Lallas (50 Lovie 4] Ll aladall 8 o gil) 25 a3l
LIS 550 baima (5% 108 Al it ilal Tglboa (35S Aant€all hall ila Bla (Jandlly 5))al
sl 4 05 Telya) V) ie) ASNY) Aadall 4tied) dy5le AUl A gdall 25D 05 Larie
oAl das ilias 2aSdl sl ilea Gn @A A8y Adasl) 38U e ST 1Al Sl 2aeal)
¢ pUaill Zoaseal) AdUal) jan
A dind s — LK) a)al) ila = Agdgal) 2l b o)
plaill Aagal) dallall 8 Taa lilia ¢sSe Mll cpUail) e d8la Jl) g i) il 0sS Laxie
dge i) Adalal) Aalally Cayas A0S 5any JS0 Adall 4t (L8 A< 3 Gud Taile dlllia 055 Larie
Apald L@ aa 8 ey ciha Aspag adaiia e adld il AUl adied U el aaty 2ilal]
Kj Ssale iS5 U calalall dlall claag omu=U e, (U S gl Sy om sl dlalall 2alal)
OSar 2 Al T A e sl 8 Aaal) A8l 8 o Gl dcals Adala) Al o Ly
U — U, S Lauls

AN Jad ila — sl syhall ila = Lall 38 8 )l Lal

U,-U =3d0-3dw

Alia (ol a8 daglaa 2 Al T AW G Slelya¥) oo dlile o ehal danaia o5& Aaladl) 528

S0 aaghia b 5 AniSa ha el llln O3S e Y shal 6l il G sl ) LAl e
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Bhall Jlicls ¢ Jull L QLYY Gad &1 das dad ol z5a dad L) @lllia (sSon c 8l Gl (Y
(e danin congaS (Al dad i) Jsduall Jadlly dunsaS aldaill ) 2l
U,-U =Q-W
ie. Q=(U,-U,)+W
4Q=(U,-U,)+W (1.2)
alalii 5ygem b (i (1.2) Aabaad) 3la 3,5 Jlsal . oLl 28la dslear oyl Aalaall o328
Al (8 e sl dW plalls Jsdaall dadll jiea jlake «dQ A€l lhall jia jlaid
(G e il sl
dQ =du +dw (1.3)
:(1.2) Jia
Jaall Jaiis 45Kj/Kg J Aaslan ayal ol 3agaiall all 06 ¢ A2y @lia) SDadd byl Lagd

A3 ol L€ IS 1Y) L 113 Qaedall wilad e sil) Adalal) 28Ul 8 el Cava L90Kj/KG 3 Tslse

:dall
Q = - 45kj/kg (32580 5 a0l &1 L -Ve)
W =-90 kj/kg (AUaill J3a Jas o8 Jadd ol e -ve)

¢(1.2) alaall Lariions
Q=(u,—u)+W
s—45=(u,—u,)-90
~u,—u, =+90—-45=45kj/ kg

S Agdalal) a8 sl = 45 Kjlkg



:(1.3) Jua
aaaill Ay vie 240Kj/Kg Llaie due s Ay A8l 4l Laimiall elyel) (b olgn dlyaa Lilslaul 8
Jaedl) 05 Laaie lshu) e ol ) 5hall Gl rual L oadll aa 200Kj/Kg l)ake 2udals 33l g

.100Kj/KG 3 Uslue aacill ol olsell ddaclss Jsudll

s Jad)
(1.2) Aslad) (ya
Q=(u,-u,)+W
-.Q=(200 - 240)+100 = —200 +100 = 120 kj/ kg
ie. o156l 53582l 55)al) = 120 Kj/Kg

et ol Ll eha¥) G 13) Le Anpna 0555 (1.3) 5 ¢(1.2) ¢(1.1) <V aleadl & 3laadle agall (1
LAdlh Y alaa R sda .l
((1.1) aobeall o lliainn olSai] oy el
2
W = [ pdv
1
dW=pdv pia cl
((1.3) dolaall b Limgee ¢ pulSail by ¥ shal &Yl
dQ = du + pdv (1.4)
((1.2) Asleadl (3 Ly gaills
2
QZ(UZ—UI)-FJ‘pdV (1’5)
1

e Bl Ay ¥ ehay o Lagalasind (S (1.5) ¢(1.4) @Yol



(The Steady Flow Equation) : eall (ylpead) Adalas 1.3

ASaalial) deal il Ay adlall Aogdal) 23U o (05S5 ailal Aulalal) A8l of U (1.2) aaid) b
Z gl e 5K C Ao yun ehaly (U ddoe i il Adlay 1kg 4l adle elllia 6 Laxie 2o)all
Gk » C*/2 ua cU +(C2 /2)+zg la)yake A0S 28U, elbig a5l UL cAnayal) (g5 (35
W (e 1KQ 3 gl A8l o 20 5 aile (e 1KQ J S5

10 8 05 Slen O (Rakd) o o Sl Pla wld) Gljas Jiee b dolaal) Jilusall adaes b
Bl Gyl e Glyud) e g5l

&5 WS i allas (S0 138 L (1.2) JSE Slead) e dadad P e Gles bty a3l (e 1Kg el
138 any .2 adaidl die zyaally 1 oaie Jaadl 5ysule Lkl aall mon i oy 4 (1.2) plaal) 8 4dspes

ST aaas (3skaall alailly (aSatl) mhasy lal) ey 8 2l

Z,

Outler 2
A e

S Ol 7 gida ol (1.2) S
W o Wl e kg US Gl ciladl (o kg U8 5355 Q ik Byad ise Gl e o3y 431 (20 5)
(L) el by aal) jue fld) e kg Wy a5 lead) DA e LalS il (52
AUl ) Load by 438 oz pad) wie aall e ailall (ge 1KQ ado iy (S (o) s $38U

obiaf (1.3) J<al 3 1€a Jandll ahae a3 o



Boundary

Inlet 1
L —
ﬁ_‘:l’l
A
—=| I

allail) Jiae dic adada (1.3) JS&
(ole dranin LA J2ad) 5ypuldd iajall adaial) alie daals (L Jshas aile (g Daic i)

2l e jeaiall gial dygllad) 280N = (p, Aj) X L
= 1 X (el mie 2

3 ‘\:ﬂs

Bl e 1Kg J sbadl sl = py v,
(I et die wilall e sill panll 8 v Gus)

e @il (e 1Kg J géal gyl sie dsthaall a8Uall = p, v,

danal) aie Gl gilall Ala (e (35S aUaill Aol 28Ul . alaill 5jalealls 2lalal) 28Ul V) yic)
CZ
.(ul + 71 + zzg)

Dse Olyas Glllia G Las W alall ddaidsy Jsdaall Jailly Q Auns€all syyall opyvy A3all wllaiag

sl O oy Akl Aalal) L ¢ Jally 8yhadl 5 yfise clibpe lilia (sSin calaill e 5 ) adlall
5 ldl Al Jascally

C? ]
U1+—1+219+p1V1+Q:U2+72+Zzg+p2V2+W (16)



Gida S e 5 e L) 8 eyl Jalas o Agalal) Ahall Kaeliall 3 Biladl auea 3 Loy
b S O Ly g Alsleal) ila SIS e B PV U jealial) Alsleall (g puiagl) A8l jualic
Cipan 2 h Syl e PV aaialls ¢iine Folals 23U Laily elbiay aflall & Lay ¢ hydl elpaY!
-(Specific Enthalpy) =sll @hall ssinall
ie. el ghall gsisdl ¢ h=U+pv (1.7)

i)l Al Jhe dnald b (ghal) siaal) G La cailall Gllil Apals s ailal (g)hall (g5iaall
Yol Sl ehaVl O g sl (an Al (o & i) oSa @hall dasas (e sl aaall darial)
S Lot o h Slasy (M = H) H S 438 (< tle e om 3D (gyal) (s5tinall . s
Jalalall asUal

¢(1.6) Aaleall i (1.7) Aaladl Lea g2

2 2

hl+&+Q:h2+&+W (1.8)
2 2

vie ailall A0S i) Jana 8 Jieall Gl 8+ el (loped) 28l Aobeay Cayed (1.8) Aalel
AL (€ wlall Ao 585 Cum (A iage phaie gl i) . HAT alaie (gl die i b alabe
Losuie ans Oy e sl 5o A by & L Laad .CA 580 aaiadly Jlall pasd) by S
(o5l panll e

AL e Jine M :CTA = pCA (1.9)
(el die 8ESN p ¢adaiall vie esill anall =V Cua)
LABSH A0 Aaleay oy Aalaal) 528

((1.2) 28y JSall g sa



(1.4) Jba

Aa gy salgiall 5ya8l) <55 17KQ/S e cpysill A @lilall bt Ale Ain)g sang Ainyg &
5 1200Kj/Kg Lea myaally Jaad) vie clilall Ljhall bl 65855 14,000 KW 3 Tl 21l
il e 150m/s 5 60m/s Laa zyaally dasall vie chlall eyl ccasipll e 360Kj/Kg
=5V anall o Auaslens 2l 5)gube Aalis Liad angl 3305l e 3)lall 4 225 (53 Jieal Gassal]
0.5m/kg Jaad) xie il

AN

BSERY] (14) J<a) ‘f:‘\.g.\))m ‘"Eia:\laal d:.\.\.a'l@m‘;] ?:\3

C’ C?
h,+—=+Q=h,+2+W
2 2
Boundary Gases out
Ciases in
T s
H-nund:lf:r-“"
G st (1.4) I
2 2 2 2
Jasd) vie S,y aall =S 607 2o 607 kgm
2 2 s’kg

=1800Nm/kg =1.8kj/ kg

9



2.5 x 1.8 = 11.25 kjlkg (of L C, = 2.5C;)

Wzmigkj/kg=823.5kj/kg

((1.8) Aaladll & (s gailly
1200 +1.84+ Q=360 +11.25+823.5
~.Q=-7.02kj/ kg
e, sagal sl = +7.02 kj/kg = 7.02 x 17 = 119.3W

c(19) daladl) (aail.u\ cJaadl) daliw J\A.J:)!

ie. m=—— A=
Vv C
Soddadl Al (A = 1 ;00'5 =0.142 m’

(1.5) Ja

axsas 1har ey (BM/S ey Jid s colon i lia DA 0.4KG/S Jlaey Jhyinly oloa il
A3 (5S35 . 1.6MY/KG o5 anas 6.9DAN ity 4.5M/S e yuss 5olins 0.85M/KY o5
Cirglat 8 dsasall apall ela .88Kj/KG laiar JaIA) elsgll @lls e ST jaliall elsell due sill 2
Aaliag Jae Liall 5ylaY Ao glaall 53080 ol L5OK)/S Jinas elsed) e 8yl Saian AilshanY L Adains
Byl mydas Jiadl oyl adaiall

:Jad)

2 pealial) a3 ((1.6) Aaladll LS Glpad) Jiae IS ST 2D (g0 allall 038 b

2 2

u1+%+p1v1+Q:u2+%+p2v2+W

10



bl (1.5) JSal) 8 dnaiag oy JagLall  Jadads (Jias cllla

bl eyl elas Ayl 3hall RlSe 05S5 aall e Bagaaall el :Aligale

2
%:GXGj/kg ~18J /kg
2
%:4'5;4'51/@ 1043 /kg

p,V, =1x10° x 0.85 = 85,000 / kg

p,V, =6.9x10° x0.16 =110,000J / kg

u, —u, =88Kkj/kg

Alr out

Air
COMmpressor

Bowinedary
bélall Jaubds Jia (1.5) <&

o il 5l :59kj/s:§—i:1 7.5ki/ kg

W:(ul —U2)+(p1 1 _pzvz)—'—(%_%j—'_Q

i.e. W =-88+85-110.4+0.018 —0.0101—147.5=— 260.9kj/ kg
(A aliall ae A3all alalas (Ko G Tan i Al B8l & il 55 13k sa )
e, wosthall Jaall Jas = 260.9 Kj/kg

= 260.9 x 0.4Kj/s = 104.4 KW

11



. CA
m=—

\Y

JLLTL PRy

8. Jaal 5ypuldd ompall adaiall dals = 0.057 M’

ie. A

ol Gudd
A = 0.4x0.16

2

m?* = 0.014m’

8. zoaall sl el alaiall dalise = 0.014 M’

058 Lalcat¥) of Jsits Al Aaial (e a2l i) gLyl Al Alea ladind &5 (1.5) Jba) 8
SV ) Lyl Aloles aladin) oS0 celoh Copusiy ¢Aale Dilshand 8 Bl folsh Cin 100
PLa elsel e Gl 058 Jansaall L3l Gl JlL a8 8 sase Cilye tiaas Slehal) 3y
Lasll)
(Problems) :Jiluas 1.4
A< 2yl old laag oy 3)yall e 5OK] lilia g Als Alals Ay Tt Gany lsp latlin 8 —1
celsedl (e KQ IS0 Baliaidy) Lo gid gllaal) Jasll aal . elsedl o0 Kg

Ans. (50kj/kg)

shalls 7T0Kj/KG (sbos (bl Aasdsy SR e Jodead) Jaill Gl 5le Ayl bty Lass & -2
Ja ol € el 13) Lo 1913 Al 28Ul 3 sl aal 42Kj/KG ol a0yl el 53524l

Ans. (28 Kj/kg « —us)

Sl mad . e (s Jie @3 Dlshand 8 8l5ina 585 1500 Kj bylate Llals 28l jle 35S -3

O3 L L Jsiuall Jadll coval 11400 Kj 2 A sl dulalal) azilla (6%  a el ol aaally

12



e 0.06m° 5 28bar Lea JLall (Lalasy) asally il (pv? = constant ¢zl ey sasil
LOkilgl) aaally Jariall ol el

Ans. (100 kj ; 4.59 bar , 0.148 m’)
o)ade o5t anns B00K/KG Wylrde idals ddla 12l 3hia) @y ae dilsla W 8 clilall -4
V' =constant SV ol lads 48g0n (el ) Koy Sl a0 caaaill 3y xie 0,06m/kg
) Bagaall 35l ral .230Kj/Kg I Uslue aacill aay ddalall 28U (<56 .1.4bar s 55har ¢
aall s ol il (e Kg JSE 2yl ele Al shaud

Ans. (104 kj/kg)

) e el plagd 500KW 2l g asiig . 1.35K0/S Jlaia i by dutiad i 3auy68 -5
Alalay (Sa
el Jandl sie cleyul) Jalas 2y Lavie dayall yie e gl (hall (gymima) &l aagl -
gaalls daadl xie gl 8 Bl
Jgsbe dand) aie deyall 5SS Lavie Bl e opill (hall (il 3l aadl —o
el 3ysule (350 3M Ailise 2l 3y5ule 2255 360M/S Zyaall ic deyudl (60M/S

Ans. (370 kj/kg, 433 kj/kg)

Slad) 5ol .350m/s A ps 2300Kj/KG o))aie @ha (gyina WiSa Jay i Ol 53 ,lan =6
alal i) 5ylyall sl . 70M/S Wylake deyus 160K/KY oylake (ha (ssinas ISl (LS
KA A e kg IS i)

Ans. (- 2199 kj/kQg)

=5 aaa ¢13.8bar ham Al Alall aie Hlay diis e Gl Jag b cant Q30 A6 —7

il ) slyall 256 . 90m/s e yu £2360Kj/kg anlals asla «4.37m’/kg =5 > ¢0.35bar

13



Aoy 3alsiall )08l a Le <0.38Kj/S (gslos Sl Ly Jiae LS 13 .0.25Kj/S Jina 3lamdll
Al

Ans. (102.8 kW)
OH Aina dagdl Jand) die . jEie Ol 53 dile Joaad deyull 33U Slea e )lie oo Aagdll -8
Sl Gainall S A gdll e zyaall die .60M/s Aeyully 3025 KjIKG 05 ailall (5))all (sisall
alalad 2y lgie (gyhall daally Al da gl calS 13 .2790Kkj/kg
Aasdll zyde die eyl sl
Jias 240 <0.29MP/KG gslaw Jaaal die e sill anally 0.1M% (55l Jaaal) Aaliss cil€ 13—
) (s
Al 2 Al dalie aagl 0.5MY/KG (55l A5l £ ae vie o sl aaall S 13—

Ans. (688 m/s , 31.6kg/s , 0.0229m?)

14



L Juadl)
Al D) AsalSasy) i elay)
(Reversible and Irreversible Processes)
ad e i a%g (lyally Gl DU @lehpay A8UY Y alae () a5 2alull Joadll b
Slebal Jlie] s duadl 138 o Gapall AL @llally jlad) Galsi Ad8lies AuulSaiPly duulSasy)
Aplll Joadl) (8 gasall daadl 138 2 g leall a8l (e
(Reversible Non — Flow Processes) :4uulSad) 4uilm ¥ clsha) 2.1
(Constant Volume Process) :culill aaall ¢la) .1
agaa b Jull o(rigid vessel) dba cley 8 8lsiaa Juaiill sale 5<5 anall el chal
Aae Jao Jid e il o e Yodoe S dlllia 08 of (S0 Y 5 Aal 3G e o5 alail)
Wl e S A e Lpten Ttn S ety Syl el o iald] s ol
o(1.2) Slpms S A8l Aslaa (e
Q=(u,—u,)+W
csle damn agde Ygdee Nt clllin ad 48 Ly
Q=u,—-u, (2.1)
¢l 3ala (pe em (ALK
(2.2)
Aol Asal 50l & i) anall eha) 8 3anaSd) Blall s addis
N las) 23 adls L(2.1(3)) 4y JSal A p — v idakde e i ol ana chal muag A

2 (2.1(b)) 8y ISl 8Ll e diansall Al Gk Adaial) 8 LS Agledl) 5 4d5Y)

15



(e deand e el B 3l p -V blbis e aasll ol ola) muag

Q= mcv(Tz _Tl)

P i
b4
P2 \ : P2
\I -~
B \ M
I | \ |
By =1, :— by =, p
(a} ib)

Aa lily S aaall el ela) (2.1) J<&
(Constant Pressure Process) :culill iall )l .2
shal b LS A e allaill agan 06 Laxie (2.1(D)) 5 (2.1(a)) KV e daadal) (K
@yaty o g 2l Gl Laral) s el ML 3 )hall dlae) aiy Levie adliy Jaral) & (Culill anal
ehal el 4 s o<e S ald Bl 3 Ll Gl JBS 5yhall dae] a LS dun 4 Laglie s
GsS Jandll Gl @l Lepags 3 8510 Anee Ailise LA Gl ada 25y 23] Ly Jarial) ey
Adasall 4ty e Ysdee

Ll&ai] Teha) &Y Aalad) (1
W:prdv
Al oS p ol Lo ade
W:ifp dv =p(v, -v,)

(1.2) e S 38U Aslas (30
Q=(u—u)+W

16



oelSas) Tarall culh el Jlly
Q=(up —uy)+ plv, —v;)=(u, + pv, )= (U + pv;)
(Sl ch = U+ pv chall gsimal (1.7) Wsled) o oY)
Q=h,—h, (2.3)
(il (m (At
Q=H,-H, (2.4)
(2.1(a)) JSal) & p—v habae Lo latage 06 Hlad eyl laaall o))
JCa il e Aiaanall Aalaialy Akl Aakaial) b UsSal Algilly RV VW jlad) 5
p-V Lbis o e il baaall culh el muagi au (2.2())
¢ el daia die S QLU eha) e deant e

Q = me(Tz _Tl)

P f¥ )
1 z
Py = P2 7 M=
v - j_,,-' i i .""- -
ry Iy o "y by 1
() (b}

e Jlaly Sl Bidal) culd sl (2.2) JSa

Sl A gy Johad) Jaal) Jae 3llad) clald) o (2.2(0)) 5 (2.2(2)) JKEY) & 45 sy
-P (V2 - V])

17



:(2.1) Jha

A lgbe Jisall anall 5€ tia 2DAF olake <ol Jaiay liidd 2y adle e 0.05KQ Laylake A5
tJsheall Jaills 3i€dl 5))all eaf .0.0658m°
Teiia s Wil (Dlay wldl (S Lexic [a
130°C xie Lol celsa aild) 06 Laxie [b
:dad)
(Sl 2bar Laxall vie bade lila pldl 5$ Lol /a
h, = hg at 2 bar = 2707 kj/kg

3 o=l aaall aeys 2 bar vie Bl o5 Ll

~ 0.0658
~0.05

7, = 1.316 m®/kg

Q=H,-H, =m(h, —h,)=0.05x (3072 — 2707 ) =18.25 K|

e, dwsSdl 5ylall = 0.05 x 365= 18.25Kj

Pl
l].“lﬁ

Jad eha) (2.3) Jes

18



i, sallladl Aalually Jodsal) Jadl) ellae] 3y .(2.3) JS80 Lo p— v abie Lo chall muag
W =p(v, —v,)N.m/kg
v, =V, at 2bar=0.8856 m’/kg, v, =1.316 m*/ kg
- W =2x10°(1.316 —0.8856 ) = 2x10° x 0.4304 N.m/ kg

33 g2 gl ST ABKIL J5dual) Jaill =0.05% 2x10° x0.4304 x10°N.m

= 4.034 Kj

¢ialed) Laxiina fb

1 _ PV, _ 2x10°x0.0658

2

= =917K
mR  0.05x0.287x10° ~—

canall b Telal (sap Lt Bl
Q=mc,(T,-T,)
e, 2wl sl = 0.05x1.005(917 — 403)
(T, =130 + 273 = 403K cus)
=0.05x1.005 x 514 = 25.83 Kj
i.e. calllaall Zaludll Jhall Jadl slae] 2 .(2.4) Sl 5P~V bbie Lo shaY) mung A
pv = RT aliled) 50 W =p(v, —Vv,)N.m/kg
Jsual Jaill = R(T, —T,)=0.287(917 — 403)kj/ kg
1.8, Basasall Hlall Al A audl A3l = 0.05 x 287 x 514

= 7.38 Kj



Pressure/{N/m?)
[
4
S

e S sl (2.4) Jsa
Al dags culd slayl.3

(Constant Temperature Process or Isothermal Process)

Cald Al o aile 2aai Laxie phall Aas il ehals cans 4B Bha dad die ehaY)
Bhall Ay s skl & a)hadl Aays assgd Shae clllia (35 miiia Jaia ) Jle Jaia (ge (ulS
o i e ALY Al die lhadl dnps e Bailas S bl Gl o sy hall (b
il ehal muas oL ehal) P haiul bl Ge L) s Bhall Ol 3ladl da)s culh Laleia)
Akl 8 3lelly AalaY) cV Y i) o5 A L(2.5) JSa) B LS p - v hbia e s)lall A
el e daendl dihidly duda))
dayd s daall Gl Ak Adkaiall 8 45 La Py e daall i A A Y T A
vie Ll 0% Jlaal phall dags @l ehal) O ddaadlall o adde 5ylliall gl Giad Laa 3l
JUA D )T A e il )all e.9.) (2.4) 5 (2.3) @ aleal pladind oSas culh Jara
Ul 3 manse LS Py () ot Jasgy Aoaeadl 23kl 8. (((ha — hy) sl SLadl ¢ kg
Uy Lslal) ) e Joaal) (Ko 4882 5 1 c¥lall cufi 5 e W Uass el 055 Y L(2.5)
ooy b e (S 12a L (2.5) S 8 Al Zaliaally Jsdaddl Jatll daed . Jsaad) e Uy

i Cigad ¢ S e lyall Hpaaill Apald and o Larie (s gl Ao Llalade Zalid) (uld; slyaY!
20



e Jpanll (S0 36 5hall Gy cla 2 lavie . 3i€all 3hall Glual 2Dl iy o

((1.2) Gl 38U dolae ddaslsy Jsisall it

Q=(u—u)+W
FLTI"T:
I1ZVA
o
2
P2 -
W Tl-'.':._

r
.p -V hhia s il 3hall daje culs AN (2.5) J<&
—:(2.2) Jta

) AalSailg hyall Aa s Cosdiy Wl Cald Dl 8 sady 0.9 Gilia S 7har i e iy
& ang ol e kg JS @hall gyl 3 pually sl A8l 3 sl sl L 1.5bar i
S e kg IS Jsdeal) Jadl)l cauad S74KGIKGD dusbae (5 bl ol duakal) 5 ) Al
:dal
S azle .165°C o Thar J sylaluall puall )y dan 055 +(2.6) JS&) 4 chal) moa s i
Alalaall (e laalagd 5 1 Al die 23000 25l L2 Al die Lasas 055 a4l

U =1-xu, +xu, =(1-0.9)x 696 +(0.9x 2573)

.U, =69.6 + 2315.7 = 2385.3kj / kg

(e Jani (165°C 5 1.5bar aie jameaill Jglaa e JLeSaul

u, = 2580 +;—g(2656 —2580) = 2580 +22.8

21



ie. u,=2602.8kj/kg

alalal a4 sl = U, — U, =2602.8 -2385.3 aile

- 217.5 kijlkg

165°C

Pressure/{N/m?)

//’

165°C

v
p— v kbis o shall g ol el (2.6) J<a
h, =h, +xh =697 +0.9x2067
~.h, =697 +1860.3 = 25573kj/ kg
e Jiani (165°C 5 1.5bar aie jasadll Jolaa (e JleSiu¥ L

h, =2773 + % (2873 —2773) = 2773 + 30

ie. u, =2803Kkj/kg
i.e. h,—h; =2803-2557.3 = 245.7 kj/kg

Q=(u—u)+W
~W=Q—(u, —u,)=547 —217.5=329.5kj/ kg

ie. Sl Aladsy Jyaaadl Jedll = 329.5 kjlkg

(Lalate L 4t (S 13 W = fp AV ¢(2.6) JS& (o Alaally Lind an) Jsaall il

22



ORI Bhal Aa)s culd ehal¥) e 1S Agean ane Jalaill (€0 e Al 5hall dass cul shay)
(e deanin U 2 28 5 ¢T 5oV op ey Janis Ml lall saasa il of Lo
pv=RT
o deans Al lall Aajs culh eha) A LS a4l s)hall da)n 05 Laie oY)
pv=RT = constant
ctlie W Bhall dapy b chal 4dle
p v = constant (2.5)

I.e. p,v, =p,V, =p.,V, etc.

P
pr = constant

P

Fy r, r
(Al Sl Blal dajs <l sla) (2.7) <&
o shadld Ailed) 0385 p -V abda e e Sl shall cnll shal g o5 (2.7) JE 4
-2l adad alee & Al PV = cONStant
L 4 ¢ e 5l p v = constant syseall & had 05 shall daps cul eha) Gh asll) sy
Alal) Aol ok (Sar e Sl Jsdaadl Jatll agy .pv = RT Alladl alslee Gt (e e Sl
AalSailsy syhal) Aayn Capdiy 2 Al Y 1 Alal) e Mie 5l Jsdaddl Jall sasy pv = RT

(2.7) Sl e Al Aaladlly sl
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W:pr dv

(C= s ¢ua) p=C/v i pv=constant sl o2 3

1

w = [c Y _cliog, v} ~Clog, *2
sV £ “v

P1VI=P2V; = constant of L pavs ) prv; S 4ntS (e C culil

: Y
i.e.W=p,yv,log, 2 (2.6) D) A e sas g JS
Vl
. v, e
S W=p,v, Iogev— Sl A e Basy S
1
6JLJ dm (alst
V2
W=p,yv,log, = (2.7)
Y

(S PV = pava & e L

((2.6) Akl b ey L,

W=pyv,log, % (2.8) Dl (e Basg S

2

c_}Ud\ e dm PN j

W =p,V, log, P (2.9)

2

cilalaall Landties
p,v, =RT

¢(2.8) daladll & Lmgarlly Sl

24



W=RTlog ®  210) 5t geirSson, g
P,

cJ\.d\ (M PN j

W =RTlog, ™ (2.11)

2
Lasen Lol Lo aySind A glae (ol I3 com Vs eJshuad) Jaill cValedll e € 23 lia & ezl (g
Y {oabaall (g B Aaly Lgdling) (Ko
(s> U5l e (Jba Slad

U,-U, =mc,(T,-T,)
BTy =Ty O e e el shall dap culh hay il

UZ—U1:0

e Sl Ball ayn culi shal b okl g 2lalal Ja) s e,
((1.2) Glomdll dlalas (ha

Q=(U—u)+W

SR Uy = Uy Gl

Q=W (2.12)
c e Sl Bhall day cul ehay
JEdll o+ Jadh e Sl 5hall daps ol ehal 8 Jotaall Jadll Wil O3S 3yhall gl Jaal
G5 A A8 8 ) B8 alall Aaps culs 06 el G e all B Lad il (2.2)
Jsud) Jasll 251Ka Akl sy all (6 Y «217.5 Kj/kg d Gsbae
—:(2.3) Jua

Bhall dan Gigding LalKasly adalaai) 24 (28Kg/kmol ijal) 46S) sy il (e 1KQ L jlaie A
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O L) L ehaY) oLl sy all lyag Jsdaall Jadll (aal .4.2bar ) 20°C «1.01bar ¢
e Ble 0sSs cmg st

. gal)

¢ (g il

R, 8314

R=-¢

=0.297 kj/kgK
M V.297 K]/ KQ

eha¥! & I slay) e adl L(2.8) JSall A LS p — v habie o baage ehaYl 05
o Tl 05 ) dandy Jodaall Jadll (8 Jullh p— v alada o Slall ) Guasl) (e s
el e Yia oS o
¢(2.10) Ualadl) 1

,1.01

W =RTlog, Pt =0.297 x 293 x log 7

2

i.e. W=-0.297 x293 x log, 14—021 =—0.297 x 293 x1.425

(T =20 +273 = 293K &ua)

ie. Jadll Jad = +0.297 x 293 x1.425 =124 kj/ Kg

4=
L~

Pressure /| bar)

Lo

r

p— Vv hbia Ao §all dajs bl o)) (2.8) J<i
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e e Sl ayhall Aapn culh ehal ¢(2.12) Aaladdl e
Q=W=-124 kj/kg
i.e. sa9aall 3))all = +124 Kj/ kg
 palSaiy) Ball aBBIS ALpudl) s)aY) 2.2
(Reversible Adiabatic Non-Flow Process)

Jie elyaYl el fla) e ol ) lyall 48 Jan Y ) ehal) Gl sa 5yhall ALIS chyaY)
S Bhall JBIS LDl shal) slie] dies LulSad) ¥l LSl 055 & oS chal) s
b 138
((1.2) Ol slas (1

Q=(U—u)+W

0 Sl WIS el

O
I

(e Jani ade
Blall LS ehaY «Q=u, —Uu, plall LIS clal Y (2.13)

LIS snall 3.elly e ol LlSa] ehaY) OIS e 13 shad) ALIS ehal dasmaa (2.13) Waledl (55
ol i ailall Adalal) Zal b (mleaiy) lua e 050 bl Aaudsy Jsdaall Jrll G eyl
S palall Zlalall 23Ul 50l (ga5s wilal) e Jsdal) Jasll moan Bl 3)hal) ablS Lol sha)
Alaill ~ e e gha die i 05 G qang alall alIS el Giay

aitiy (2.13) aleal (e sala) o0 Jodaall Jatll Gl LwlSas] 3)hall aBIS cha) (250 lad
LnlSa) 05 ehal) oF A Agaal) alasial Gasy ¢ 2 A cogi 2y S dslaall e Uy 5 U
L) phyall alIS Telya) o s giss 5 «ghall Hguaill drald aadsi &y Lsie .« 3)all JLIS,
2 Al cudil aadns of oSa Aiall s3ag «ul (la sl tiag
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Shiels ¢ ul€ad] 3hall ALIS shal aule Jpasll (S0 VP o dans Ll Gl ¢ Mia
¢(2.2) Alaad) (g 2 alis J<& & Lyl 23l Ailes
dQ=du+dw

Bhall LIS ehay Ml (dW=p dv lSe) el Lad

dQ=du+dw=0 (2.14)
h=u+pv & e
dn=du+pdv+vdp Gl

l.e.dQ=du+dWdu+pdv=dh-vdp

dQ=dh-vdp=0 (2.15)
(Jalb
du + RT dv 0
\Y;

u=cT s du=cdT

RTadv
v

s.cdT + 0

AlalSs (S A placy T % aalaall danias

dT Rav
c,—+——=0
T Y
¢ JalSilly
c, log, T+Rlog, v=constant
cuagjzﬂbﬂ\,}lc- cTZ(pV)/R
C, Iogep%+RIogev:constant
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€y % Aslaall Locits

Ioge&+Elogev=constant
Qad
Cv :L }\ E:’Y—l
(v-1) c,
sl Jall

log, % +(y—1)log, v=constant

. Vv
s log, % +log, vi™ = constant
pw
. log, B constant

: pv’
i.e. log, B constant

H Vy nstan
i.e. log, pR = @™ = constant

s pvY = constant (2.16)

e Sle US| ulSa) 5hall ALIS elhya) (a5 e e @YV 5P o dar ADLe dllaiu ale
g dAalal) aiad 4l S
c@@&\@pchjcV}cToﬁQGM\ 6pV:RT

i.e. pv=RT
RT
p=—
Y,

((2.16) Wlaall b Limsae
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RT
= constant — V'
\V}

i.e. Tv'" =constant (2.17)

((2.16) Asleall b Gamyseilly Sl v = (RT)/p La
(RT]V
p| — | =constant
p

Y

o = constant (2.18)

y-1

P

((2.16) Alaal (o - V) S Wiy 25 1 Il Mie el ailSad) 5 hal) oBIS cla ade

PV =p,vi %{ﬁ] (2.19)

(2.17) Wsbadl) e
-1 -1 i Tl V2 o
TVvi=Tv S el (2.20)
2

((2.18) Aslad) (30

(r-11y
(;ri)/v = (;ri)/y Ji L = K&j (2.21)
) P, T P,

2

W = Uy — Uy o e 5 (e kg IS s)yall ALIS elya) 6 Jodadd) ol (6 (2.13) Aaladl e
Ablaally e Sl A 38U sl el
u—~u, =c(T,-T) 1kg Jie.

~W=c(T,-T)

:Laj
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" (y-1)
[
1
o 1
P = constant
2
—77/%%; :
e Sl Bal JBIS i) sha) (2.9) IS4
¢l Jall
W RO-T) o)
(v-1)
PV = RT dsledl) Lariiuns
W = PV, —B,V, (2.23)

v—1
sl dantll e ¢(2.9) IS8 4P — v hbde o JUe W plhall sBIS chal) maa s iy
¢ Jal&all Leaws Koy Aalsall 038 cAllladl) daluall
ie. W= pr dv
«Jalb pv’ = constant & Le 4dle

VZC

Vzd —y+1 V2

\' \'

W=c|— =c{ }
a v
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-7+l —y+1 -7+l -7+l
. sz _Vl7 . Vly —sz
1-y y—-1

VLSSV S Al b el S oKy o Sl

ngug
W = plvzviiy B pzvzvlziy — p.vV, —P,V,
v—1 v—1
W = p,vV, —P,V,
v—1

((2.23) Asladl) b LS U8 (o 4dle Jommiall pumtll uis 50 13
:(2.4) Jua
in LS Qs L T Al g jee gl 8 LlSas) 00y 375°C 5 100bar xie 4 s 1kg
) Aaudgy Jsdaa) Jrdll Gaual leaiie lila 3y e 5lad) 05S05 38bar Laxuall ()5
:Jadl
375°C 5100bar xic xie yawaaill Jglas
h, =3017kj/kg s v, =0.02453m°/kg

u=h-pv
~.u, =3017 - 20XA X023 _ 577 745/kg
u, = u_ at38bar= 2602 kj/ kg L

AL ol Ll A e s aha Gl s 0 Y JEIL L T A ee A3kl G Ly
((2.13) Aaleal) Loatiase 5lall SIS el o580

W=u,—-u, =2771.7-2602
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- W =169.7kj/ kg

Jshsall Jadll Jias lllad) Aaludll ¢(2.10) JSaI 3 LS P~V bl e cha)) o 2

\

100 = 10*

Pressure/{IN/m?®)

38 = 10°

7

P—Vdhia o i Blall aBlS ulsed) sla) (2.10) JSs
:(2.5) Jlia
adalimi) 1y «0.015M° ojlaie 4k Laas Diae Lilany) 05 22°C ¢1.02bar i vic ¢l
(el anall Al 5y al) Aayy aal 6.8DAr ojlaie Jaia ) b B all ALIS ehalys LunlSa]
Adshal) G slsell ALS e Jsduall Jrally
:dall

T (=117 (-1l r
_l ) (&J J/; T2 ) Tl " (&j
T, P, P,

6.8 (1L4-1)/1.4
T, = 295x(mj =295x6.67%%% = 295x1.72 = 507.5K

(1.4 = el y (T, =22 + 273 = 295K &ua)
e. Al 5yhall 450 = 507.5 - 273 =234.5 °C

¢(2.19) daladl) 1
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ie. Sl aaal) = 0.00388 M’
hall wBIS chaY (2.13) dslaall
W=u,—-u,
Ol e kg JSTu=cy T ¢(2.14) Aaladl (e ¢ b laly

~W=c,(T,-T,)=0.718 x (295 — 507.5)

— 152.8kj/kg
ie. kg JSI Jaall Jas = 152.8 Kj
2
68 x 10°
;E pr’ = constan!
E
|
1.02 = 104

r
P —Vdhia o glggl 5hall AlIS il ela) (2.11) J<&
PV =M RT Aaleal) aladinly laala) (Ko elgel) AL

_pyv, _1.02x10"x0.015 _ 0.0181 kg

~ RT, 0.287 x10° x 295

34



e, U Jsadl Jadll =0.0181x152.8 = 2.76 Kj
0o Kg IS Jsaall Jacal) 2l Zalisal) it o(2.11) IS804 — v Babie o shaY) mung
e el
(Polytropic Process) :elaiy) amia ¢la) 2.3

pv" = constant J<all ulSed) Ol Leansd sy aad) a8lsl) 8 saae Cleha) @il o aaj
e sae Gl Y Sleba) (8Osl 1 ol ala hlally Jal e IS cul jlake s N s
ey AaulSa) (o lehal) oa
(i€ eha) Y

W:Tpdv

ol ik g8 € Cua p=cV' e deasi pv" = constant 48 osSs shal (Y
v, c
~W=|—dv
I

A\ d -n+1 —-n+1 —n+1
) v v v, " —v
ieeW=c|l— =c =c 1

WV -n+1 -n+1

n,,1-n n,,1-n

1-n 1-n
:C(\ﬁ -V, J: P,ViVi T — PV, V5

n-1 n-1

(P,V) S 5PV, S anlS Ko o€ eculil) & L)

e, Jsuddl Jeill = PV, —P,V, (2.24)
n-1

oS elai) eha) (8 a8l L ay . Lenl€es) Lilass] Tl 58 30le (Y Anpaia (2.24) Aaladl) 58
(s
\)
P (—] (2.25)
P, Vi
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:(2.6) Jlia
aaaill aiing €0.95 lia S (7haAr o)die b vie 2aall eha) Bl die A G A dyaa
DB (e kg JSI sl Jadll sl L0.34bar o lake i ) Jewsd pyv! = constant ¢ sl

caall ol A3hud) e o Y e KG S Al Gl canadll ol
:dal)
Vg = 0.2728m°/kg «7bar e
Aalaall plasinly 4de
v, =xV, =0.95x0.2729 = 0.259 m* / kg

((2.25) Waladll e AUl

s el
P, Vi P,

- v, =0.259 x( !
0.34

j = 20.59 x0.259

=15.64x0.259 = 4.05m’ / kg

W o PV =PV, 7x10°x0.250 —0.34 x10° x 405

n-1 1.1-1

ie. W= (1813-1377)= 102040 kg
0.1 0.1

ie. Jsuall Jadll = 436 kj/kg
Vg = 4.6499m’°/kg <0.34bar xic

Q Al xie Ly Sl S 4ale
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, =0.873
4.649
p
N/mz “
7x10° ]
P.v”= constant
0-34x10° -
LA , ~
0-259 405 v
m°>/kg
(2.12) <&

Jal) Jid 12 s Al abesd) ¢(2.12) S 3 LS P — v hbie e a0ail maast o
Bl (e kg SE Il
U, =(@-x,)u, +X,u, =(1—0.95)x 696 +0.95 x 2573

ie. U, =34.8+2442 = 2476.8kj/ kg
u, =(@—x,)u, +x,u, =(1-0.873)x 302 +0.873 x 2447
ie. U, =38.35+2158 = 2196.4kj/ kg
((1.2) Glymdl) dala Allee (1
Q=(u,-u,)+W =(2196.4 - 2476.8)+ 436
ie. Q =-280.4 + 436 =155.6 kj/ kg
i.e. LeaSall 3yl sl =155.6 Kj/ kg
(e S elaxY) ehal (VI el
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pV = RT }i p =
(e Jani pv" =constant  asbaall & Nl

RT -
—— V" =constant 4l Tv"'= constant ~ (2.26)
v

(e daani ov = (RT)/p LS L

p(ﬂj = constant (nlen = constant  (2.27)
p p

Hhall sl ehal (2.18) 5 (2.17) c¥aleall Jascalls dgilie 0585 ¥ abeall 38 (f Aaadle (S
o) ehal Al Ala g e S S 3ad) JBIS ehaY) of A . e Sl ulS)
3 sbee n G

(NI (2.27) 5 (2.26) sl &S (S

L {ﬁj (2.28)
T, \v

1

(n=1)/n
T (P
== 2.29
T Epj @2

G e Wil elal @ag ¥ Sl e @AY (2.29) 5 ¢(2.28) ¢(2.27) ¢(2.26) <¥aled) & LaaY
Ol Jle Sle Ao dagd Lehnla 5y ccalaall @il 4 Ll 8 Al pv = RT il dpala
Bhall cilays SV Jsduall Jadll e yuastl) GLal) Gans b AaDle SSY) e clilam] saay e
.(end states) Ldykll eV ve

(Jalls (W = (p,v, —p,Vv, )/(n—1) « (2.24) skl 10

«(Jub .pv, =RT, S pyvy = RT,
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W:R(Tl—_T’Z) (2.30)
n-1
M ¢ad j
W = mR(T,~T,) (2.31)
n-1

cehal¥) el Bl Gl e (Kar ¢(1.2) lomdl) 28la Alslas aladinl

l.e. Q = (U2 — U1)+W = CV(T2 _T1)+ R(Tl _Tz)

n-1
i.e. Q = R(-rl;l__lTZ) _Cv(Tz _Tl)
c = R
" (-
(ol Jally
: R R
l.e. Q= (n—_l)(Tl ~T,)+ H(Tl -T,)
L 1 1) RT-T,Nr-1-n+1)
R (| R e
Q= (7/_ n) R(Tl _Tz)
(-1 (-2)
) e sang S W= (p,v, —p,v, )/(N—1) clsladl e oY)
Q= (ujw (232)
-1

3 eelamY) ehal o3 sl Jadlly A€l 5lall Jays Bass 5 Ladle Trasad o (2.32) Aaledl

(2.32) Aolaadl (e ALaadlall (S0 e imge 05 W amial) (6 il ¢ Slally Jatl) Jagh canl

aiy 1.6.) Linge 05 Alaleall ) Gyl (s Ml caaas oy oo i N slamill) G 05 Loxie 4

laad iy yhall Gl Ul sad By e ST N 0% Lanie (I (u€e L (shaY) oLl syhall dlad
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Y e dE N S Lavie adde Ll 05 Tl shal (& Jsdaall Jadl) Gl il i - Ll
At bl Bl auead y 3 B i gil) &5 sl L el el S ) Walae) g el Gli calia)
Bang e S

:(2.7) Jia

Ll 05 s pvP=constant o5l ek 27°C ¢1.1bar ge ablia) 23y Jie 5l e 1Kg
:Alshau) has e sl ) Bl Gl aal .6.6bar

.Cp = 2.10kj/kgK 4 il ¢(30kg/kmol adssall abl) Gl 3l < e /a
.€p=0.520kj/kgK 41 all «(40kg/Kmol dssial) Ab<ll) ¢ysa)l 5l 058 Laxie /b

:dall

s Yls ) e ST (2.29) Aslaall (g

(n-1)/n (n-1)/n
T, \p, P,

6.6j(1'3_1)/1'3

1 =300x6%3'x1.512 = 453.6 K

e 300(

ATy =27 +273 = 300K cua)
(s cate R = Ry/M

R=331% _ 0 277kj/kg
3

c, =2.10-0.277 =1.823kj/ kg
(0BM ¢y = 1.75Kj/kg &us)

Sl
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W R(T, - T,) _0.277 (300 — 453.6) _ 1418k kg
n-1 1.3-1 —

«(3.32) Aslaadl (g lly

Q= y—n WZ(M)X_MLg:_%x—Ml.S
0.152

y—1 1.152
0.148 x141.8 i
Q=+ =138.1kj/k
Q 0.152 1719
i.e. Sl 5y)5al = 138.1 kj/kg

(sle drant s D sl i sy b

8314

R =", = =0.208Kkj/ kg

¢, =0.520 —0.208 = 0.312 kj/ kg

0.312
3 ehed sl Jatl)

R(T,-T,) 0.205x(300 —453.6)
n-1 1.3-1

W =

— —106.5kj/ kg

o Jaly

o= - (1.667—1.3}(_1065 _0.367x106.5
y-1 1.667 0.667

~.Q=-58.6Kkj/kg

ie. 5358l 3l = 58.6 kj/kg
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Cleya¥) . ehyal) oLl dadlls hall S ol aaiag N V) L elamiY) aasia elya) 8
LM Sl clamy) saxie shadl dald <Vl 8 (2.2) 5 (2.1) adalidl 8 ljlae] &5y A de suidl)
¢JES

pv’ = constant, i.e. p = constant N =0 L

pv’ = constant i pv!’* = constant, i.e. v = constant n = oo Luxie

pv = constant, i.e. T =constant n=1 lLuxc

(At 5 pv/T = constant & W)

pv' = constant, i.e. ulSai sl JLlSN =y Laie

X L (2.13) J<all A p -V hkie o e S oda

¢(n=0) bzl b ayi & A A T AW

f(N=1) shall dnyn cyl Ll o B AlY ) 1 )

¢(N =y) (ul&at) 3)hall alalS haliaai] 8 C ) 1 Al

O UL any e ST Ly 03y B La ol aal Laaall culh 0y 4 D' ) T ¢ ulSad) y)al
C' A1 ehayl Gl i) puis D M1 5B A1 leha¥) gmae of @ C 0 (A 1 ehay!
D A1 5B T ow ek of

Aee 5 Y adle Jie Lagns (8 lad

4 -pv=constant ¢l Gk Telyal a5 of e DA La 0,3 qamy lad Lala Taaly Telya) lllia

Ao cul 05 Y ehaY) Jl las ) Lkl 5 Y pv = RT decalal) ddabee G Loy callall s3a
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PIVi & st Adall (e saliiaY L Ayl NV vie alsal) slady sl alasin) Gy L3yl

- = P2V2

.y

A dagupe Aale claliy) Samia Clelal (2.13) J<&
p — Vv Jahia

:(2.8) Jua
13 .pv=constant 1y adad (5Ll Lk 0.75bar ! 5.5bar cre Ll iy A el Ll shaud <

A ol N ahall Gl ) e Kg JSI Jyball dail) Caual oo s Lol Sl ol

RE R
:dald
5.5bar xe

v, =v, =0.3427 m* / kg
L

plvl - p2v2
A 5.5%03927 _» 51519 /kg
P, 0.75
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(e Juani 0.75bar die (awadll Jylaa oo JLSaYY

2.515-2.271
2.588 —2.271

%=%m+( y%%—%m)

u, = 2510 +57.7

= 2567.7 kjlkg

)4 AN/m?
55x10° !
p.v:Consicmt
075x10° 7 :
T~
0-3427 2:515 m>/kg
(2.14) J<a

5.5bar b vie adda jladl
u, =u, = 2565 kj/ kg
L
Ll yhall & sl = 2567.7 — 2565 = 2.7Kj/ kg
Jaall Jid lad) Aaloadll & Gum ¢(2.14) U< 4 LS P — v habie o shaYl muag A

sl

W= pr dv — Vf(consvtant) dv

Vi Vi
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= (cons tan t)[log . V]

PaVa 5PVl 06 o L)

i.e. W =55x10° x0.3427 x log, *2 =5.5x10° x 0.3427 x log, ™
\/

1 2

- W =5.5x10° x0.3427 x log % = 375,500 N.m/ kg

4(12) GQ\:D.J)J\ aalls ddalea %)

Q=(u,—u W =27+ 3715(’)200 =2.7+3755=378.2
i.e. 1aSall 5))all = 378.2 kj/ kg

(Irreversible Processes) :dswl<aidll cislay) 2.4
A iy A WSAT el aoday Laxie 1 2.3 2.2 2.1 adaliall c¥alas aladind (S
Melalas iy @lliny) clyils & alid] (<a (el s Alglanly Walae wild) e 058 Slela) 8
P plaill e o S ahall Gl @llia ¢5$ Y o ons BalKadY) AT s 2 S ls ol e
Clelal) aoen A 4T Lo @hall daps culs shal 813 dias (Se Lo (L) 23ae Bha Aad B8
Aoy G AnlSaY) GlSaT 3aias py S eehal) ol haials Butie sl Blha A 0555 (5AY)
Gaaal Lo Al Jads e Ll Ll Ty Wit Gl alil) )& el f 2yl davss 535
& 338 50 Al Ll 1Y celld (e aells )€ Ledol Sa (S Y aadl adlsll b OS] cAaulSasy)
ol oSa b€ Cala Dl 8 Giaan Al leha) sl LSl ¥ Dass (o Adaaall 2l
O0Sa Ladin 2.3 2.2 2.1 aaliall e alaad) alatind €y cada i€ Ly AulSas) 05 Ll

alell YA Rslie Jlaials (V1 wnees (Llals BaulSal Wl Gl (Sa Y Clehal) ans . Lhuks
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(Unresisted or Free Expansion) :all g agliall & adaill .1

YV Jsdaall drall Gl Lual€as) ¥ Tehal Gl 8 48] o 2 KDy laue ehayl a 5<0 5 @l
X plas 5 55 ule L bghass 413 B 5 A Oleley ie) W= [pdv adabedly sl

(Opne b die ey Tesles 05S A slesll danl Lalany) L ((2.15) J<al) ki) adlies Wjba Leglies
B s A Greles Slad T saainn A gLl i X alecall i o Laxie . GBS L jia 58 B dral
aaaill §f aglaall yue saaill Cayed 13a LA slegll b Sl Tl e J3 Sleil daral) 0o

Aglny) alls ) aslal g by eslal cany Lala M of Ly cluaSlag] eha}) 05 Y sl

ie. Q=(u,—-u)+W

)

N

i
Vessel  eqSAL  yessel
A B

AN

DT

i

-

L uasay Ida (Mjra eley (2.15) J<i
Al 05 Y haty ¥ il an o Le @il 5 e Ysiae S clilia 05 Y shal) 1an b oY)
Y oS aphall ablS 05S ehay) G Il Tads Jsiee sl & Lay adlad) e 5l ) 8y ol
LalSa)
i.e. U-U=0 su,=u
Al Al 28Ul (g5l Alaiy) Aalall Aslall (s el saall bl

cddaladll (e cé\fw )Ld
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Gl Blad s alal ade

Cle - CVTZ
.e. T1 = T2

Aledl) )l Aapal A8ICa 4585 RS Bhall days Gl i Toad 525 e Sl ale

1(2.9) Jua

OsSs dana o by oS ¢(2.15) Jall 8 LS A eley 8 Ligne 3lay (05< 20bar vic ¢l
(e a0 Glele gl o Laajiie (B 5 A Cpsle sl e slyell alany X alaall =i 21, . 1m°
o)sell Taxcall Caeal

:dad

PV =mRT clleall (go L Ty =Ty s 23y e 5l

P1vi = pavy ¢ Jull

le. V,=V,+V, =1+1=2m% V, =1m°

20 ‘1\—

Pressure /( bar}
g

1

ry Ir,
P -V hhia o Ll ¥ sl (2.16) JS&

(ol Jumni ale
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\V/ 1
=p, —+=20x==10bar
P, =P, v, 5=
i.e. Sl Jawal) =10 bar

Gaaglees IM® 5 20bar ve 1 Alall cuds 5 .(2.16) JS&l i p — v bhie Ll cha)) mang 2
Y oallal) ila o sha¥) 0sS . ) ABS Guinl 2m° 5 10bar vie 2 Alall cois Ly ¢ ) Ak
OSar ¥ 25 1 o eba¥) oS0 phall da gy i et e 2 25 1 Jalaall . ladaie 4y ooy LuuslSas]
G5 Y Leha¥) DA Lo o 0S5 Y Bdansl) phall lags Fi e aphall iy ol ohal dues
Jsdaal) Jadl) aaiiall Jasl) cuns Alllaal Aalual) Jidd Yy csha¥) PA Ysta Slics clilia
(Throttling) : @l .2

i Glepadl 0585 Ladie (glyuadl ol (aay llia 05 Lavie 35l Al Gljas Chaas)
) A sl am @lllin 05 Laie s claglalad (S G Glipsica Sl linslatia Le) 2l e
b AT taalie paid (g o (i leal i w8 06 o oSa pll] 2l Lalalas (S Aaisal
Ol el pdail) Aaliss
T A gjee 8ysmle Jsba Ao iy ailal) Gty 1(2.17) IS8 8 aapn g iy sl YL elilia
Ol clllin 015 Y a8l Galit) o T Ashee 0585 Bysmlall O Ly WX adaall die s DS
Ol cpndata (s c (1.8) Glopmdl Aslae Gk (Ko bl e Sl ) 5]l

hl+c—1+Q:hl+C—2+W
2 2

c‘éitﬂ\,uW:O jQ:O Qi\.ag[f}“

c? c?
h1+31=h2 +?2
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2]

/7/////////

W

—l-l—n-.-——_.-I

— ==
0

G sl (2.17) J<a

%_

]
I'II‘

ealie Jalas (<a Ul (€ 3 Ausbae Ly € 0585 Ladie §f ¢lipsina Cps € liepud) 0555 Laxie
Sl Y Gy ) dauds glpall el sam 8y00mi 25 1 alaliall [lad) (Ka idagale) Al Al
(oY) palY) o oSe Gy (3l e wilall Chlaaly
hy =h, ¢ Al
PBLS eha¥) 05 - el (hal) (grimall TS 0158 ) gl grinadl b 3a ehay 4o
sinall Ioogy X 5 1 aaliadl ¢y X xie il Jsa bl st sy ZeadSat) U1 e 23S0 el
abaty ghall grinall 033 2 5 X adaliall (il D pild ¢l LS AS5al) 23l w35 glal
Sl il AS)a))
ol ch=¢pT Jbe Sl

T =CT, ST, =T,
Al Bl Aayn (S8 A8l Blall dapn G Sle 3l ade
:(2.10) Jta
€ aal L150°C @olud (3aall amy Byl dapo o aads 1bar ) AR Sy 19bar 2 iy
el sy Cilaad
:dall
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(@l Ml hy = 2777Kj/kg Ao Jaxil 50°C 5 1har pasesill Jlas e
h, = h, = 2777 kjlkg
cilalaall Laadioua

h,=h, +xh,

ie. 2777 +897 +x, x1901

_ 1880 _ 0.989

X, =
1901

. Slny) Glisll ,u=0.989

p/bar

19

(2.18) Js&
st Y 25 1 eVl coin L (2.18) JSAl dp — Vihbie e chall g S
Aalually cehal) P Yoo St llia 050 Y xange S Tadaiia sha) avy cany cAdanll el
Calaal) € alagy A€ @il aladiud o< HAd L Jsdual) Jaill Apglue 055 Y 1 — 2 Jadll caas
((2.10) Jall & LS cala)ll jladl
(Adiabatic Mixing) :4slusy) daldd) .3
aigan aly] Sy sales Aaigl) lindatl) 8 s aa ) Lale 05S ple G calpan s

Olsaall dea) (2.19) SN 8 mmge LS il lasld (e dsan jiie) (3)lall pLLS) Lalud
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V. T ha dags ol Laslad) Jeaall deal LT 5 Ty siha @lagas oM, 5 M, 35S Gl <V oles
Jalaisg (olyad) Aalas (e ML Ysdee Sak clllin 55 Yy ilall o 5 ) sba o lllin 5585
(sle Jani A5l Al & il
H +H,=H, smh +mh, =(m +m ), (2.33)
(b ch = ¢pT aaladll e ¢ S
mc T, +m,c,T, =(m, +m,)c T,
ie. m,T, +m,T, =(n, +rm, )T, (2.34)

Al im0 pnll adal) il da Gyl e Zhls o) oS

—= 1, -+ Fily

LY ) (2.19) i

(Reversible Flow Processes) : eulsaiy) gl clela) 2.5
ans A 2D e ¢ laal) a8l b AP ddle Bale 0S5 Gyl Slela] G e a2l
pe Jasiall 2 Laal L Adbe 35lae elac) wiy K3l LalSatl (05K ) elya) & alyid] glaal)
eha) (b JEaS L gLl ehyal Ala 6 LS dhall Aualinall Galsald) A 1 Dl adlall ol
v’ = const. ehay) Gigaa Laadln Sl ae Jasiall salaa) Gl ¢ e Ll ulSas) 3)hall (LIS
Aol g LS Al 35U iy o [PV dsbeally asd Cagas LA Jsdaall Jaill <1
g @lyanall LA oy dad A (el il SLIL I e Al Jadll Gaes @l L(2.13)

((1.8) losmdl slas o ¢ Jia el alSad) syl ABIS s shaY ¢ JEaS L Adyaal
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c; c,
hl+E+Q:h2+E+W

W=(hl—h2)+(cf ‘Ci)
2

PV = const. e 5Ll adde s LulSas] analyid) iy ehal) & Le Lad
gyl e il Lo (S Aaledl 038
shal (& Jshall Jadll Gl clelalas (Say Enms spiam LS al) lillall jualie calS ) s 1dBgale
Bhall allS gl ¥ shal (8 Jotaad) Jatll Lslue 05 Y ol o lSad) 3hal) ABIS by
((2.13) Aaladl 3 LEW = (Uy —Uy) 1.8.) ollall b (g il
:(2.11) Jla
Ghladl 5ol .IM/S Wylaia de 3 s 650°C 5 7har vie @l e e ahle daid e 4w
Al Al 8 LulSaly 5yhall LIS 05 avatl) o Lia jide .45MS ey cdbar vie L sl
.Cp = L.11Kj/kg 57 =1.333 35 chlall . 3 (e kg JS) Jstad) Jadll Gl
:dald

lall aBIS ehaYs L) Aalas Leddine

M:ﬂr_ h = CpT Aaleal) Cra L;tm JL«J

W=, (T T+ 5%
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1_ & (1)1
T, \p,

(1.333-1)/1.333
.e. L = (z) =7 =1.627
T, 1
T 923

1

T2 = = = SGJ
1.627 1.627

(T, = 650+273=923K )

¢l Jally

2 2
W =1.11(923—567)+(9 4 j

2x10°
ie. W=395.2-0.97 =394.2kj/ kg

e 8 Y Ll oo o3 L glyall (gyimall ity 35)lke huta (15 A<l A8 s & aaY
Al il b el dalas el s 8 oSars colpad) Slelial
(Non Steady — Flow Processes) : jfiwa U cljed) &lela) 2.6

sie las aad jlad) ABSH Gljes Jlne Led 058 G VL (e S0 clllin Leall plg) b
ldl 5 e Jasll a4y J3g ) Jaall Gl Ll il vie ABSH Glyas Sl sbue Jaadll
Y A daal) Gl Al o2 Jie 8L a3l) ae Ll LSS Y alaills ) ) slall 4 Jan ) Jiaall
Ol ae e o e Gl shal (B dlall e LS Gl s Pl a3l an
AN Jan) bysia Aie) 3y% oL B (g5lus Adaad (gl (e aUail) an (DA HUsill 200 2800 Jas)
o Pl Jsdual) Jailly lgisall 3hall Jaa) 3mp 585 allaill 3j0leall SN Jrals Oy Uil Adsaal)
e Jad el gy (1.2) JSaN 8 e sall Ml Lallai ysie) .ol e SW 5 8Q LisSr gy
cellaill dsoa e RSN #hals i) (8 zjdally Jaaddl

i.e. Jaadl xie Ayl sl = oM p, Vv,
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Al die 4sllad) A3l = dmMLp,V,
S5 edand) xie (U, + €7 /24 2,9) 2 o il @ilall RS s ) A5 (6 U8 (e LS (L
i e (U, +¢2/2+2,9)
caUaill Ala)al) sl il

allasll alaal asldall = 6Q + 8m1(ul +C /2+ zlg)+ om.p,v,

alaill 3yaladll 28l = sW +anz(u2 +Co 12+ zzg)+ am, p,v,

ts¥) Ol sl
OE ¢alaill 48Ua 53l = 3yalaall Zalall — AUsill A1a)al) 45Ual)

éQ+é‘ml(ul+cf/2+zlg+ plvl)
—é\N—&mz(u2 +C2/2+2,0+ pzvz)zéE

Y 8Q=0Q -+ uxd 2 Uaiall hall Gl € ey Pl
DOW =W 5 sl U Jshal Jasdl
vie Ay ¢ U ¢S ASnY) AR AEs (' Aglin 05S5 AU 3g0n A A ) ALSH Jaa
U 0585 A0lgll adalall dallally em™ (5S Apnayll 85all dulgs
S E =mut-mu’
e Jant adle

5Q+5m1(u1 +ci/2+2,9+ plvl)
=W +Zc§‘m2(u2 +ci/2+2,9+ p2v2)+ (m"u"-m'u')(2.35)

ALK Ty ehal (o L
allail) ax (DIA ABSH 50l = 8y0ba) ALY — Ala)al) A<

e, Y om - o, =m'—-m' 2.36
2 dm, > am, (2.36)
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P.l:u:l_i_m Sril.'l:m boundary boiile

Valve  gociem boundary

il Bad (e sleg ol 39,8 sda (2.20) JS&

i jiias e sles o Aals) ede (oA e DU Gyl Alles e Bsaa 3V L) (52a)
srlsadl i 8 bl Alla & (i) L Ladsa Ve g (2.20) JSAD Lelegll of Aalaill 45l
05 Y Ll gallaill aa e Ysdoe St clllia 05 Y Al o2a 8 el elya) el 5y0aia ()5S
BmM, =0 Jull cohay) ol AUl 50l AES elilia
A8l (s Bpanaa (05S5 aaagll Al 8 clyail) o el )] Jeanss ¢(2.35) Adalaall 3aukay
(e duani ) (gl Gsinall g Lladls ysmaa o5S3 <€/ 2 ASal)

Q+>.dmh, =m"u"—m'u’
colay) el Al o< hy G L

Q+h, > dm, =m"u"-m'u’

(e (2.36) Aalad) (s sl 020 B
Z Smy=m —m'

Q+h,(m"—m’)=m"u"-m'u' (2.37)

¢ pansally bl

(ole deans Alall @l 8y all LllS 058 ehal) G ol We (Saall 50

h,(m"-m')=m"u"-m'u’
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aldatll sl dallall 5015 = Aaladl ) daay 3 ABSU (gl (simall s elalSIly
(2.12) Jla
b ) aliag 2 0.9 Cilia 5uSs 2.1bar L die Hlay (gemy 10M° aany (G 52) dba ¢ley
1 sbusa slegll & ghall dapyy biall 05 Ja slegll (A sl b (e gl ey ol
Gl L eha) JIska 250°C 5 10bar sie juulsall ad 6 il 05 il e 200°C 5 6bar
ceba¥) el cle gl e o A sl Qi
AN
dadall e 1Kg 8 LAl AES = Calaall 5
(oo doan Tl 4adi 23 31 Saa il alasiuly
u'=u', (1-0.9)+(u',x0.9)=511x0.1+ 2531 x0.9
l.e. u'=2329 kj/kg
L
m'=V/v=10/0.9v, =10/0.9x0.8461 =13.13kg
cade 200°C 5 6bar xe Sl Gavesd S 1pal

u" = 2640 kjlkg

V" =0.3522 m’/kg
ie. m"=V/v'=10/0.3522 = 28.4kg

cgtﬂb 250°C 10bar xie sl gl Jak ‘f Sl Gavesn P
hy = 2944 kj/kg
((72.3) Aol Leniine Jully
Q+2944(28.4-13.3) = (28.4x 2640 ) — (13.3x 2329)
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. Q=74980 —30590 — 44940 =-550 Kj
e, slegl e sasshal 5))all = 550 Kj
candis S gh8 ) leley Lo it A A 5o Sl plodl shal (& Losae cuany Hal Jl
Allia Gl 48 Lo 3My = 0 ) o2n 8 Ysdee Dt clllin 05 Y ((2.21) JSal) G pelly il
«(2.35) Uslaadl Guliiss sl 23l b csal) Jalady Lallail) ) Jas 36

Q=>dm,(h, +c*/2)+(m"u—m'u’)

m—————————— - 5}‘5I-E1'|1 boundary
| 'l-.
i
: Vessel I A Fluid
i e '*'--., escaping
= }
".1- __________ __,-r"

Valve

sley (e adla fodi (2.21) JS&
O Sl ¢ haiuls opiia 0585 elesll 5,0l ALK 2 AN G oo dalail 13a b Las Al 3 gl
) @) A sla alee 5Sa ralio s llia 378, (h, 4+ €2 /2) saaind) pis Juiasal
LS Tl (a5 slesl) 3 el ailal) & i) ey 3laes Gl Jaial) Jargy LalS ele gl alss
Bymad eha¥) Bhaiud 3y il 1Y daia Yyiae slesl) OlS 13 da i 05 10 L LnlSas) 3)all
b L) A Claa (€ Mg ol 8 aslall 48 ) Alla) sla) Sa Gl ) 13 alasinly
m" clesll
:(2.13) Juia
zoAll elsell () mands aloua xid 43 .40.5°C 5 15bar aic Telsn (gsmy BM’ anay elst Jikiuss
olyel) ALS ol aleall 3le iy aie12bar () de s Jifindd) 8 olsell i Jangy - gall )
NEN WA PR ESIEN |
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:dad
Jelai)

M= P'V/RT 15x10° x6 100 kg
0.287 x10° x313.5

¢(2.21) Aslaall Loatine I Ll 5 all Al Teha) a5 Jiidll 8 AU 1 Ua e

, A\ D7y 0.4/1.4
T_[(P} (E) —1.25°% —1.066
Tll pll 12

. T"=313.5/1.066 = 294.2K
¢ Sl

Py R 2X10°x6 oo
0.287 x10° x 294.2

w

kg

c‘\...\ls

Jincll jaliy g3 lgll S = 100 — 85.3 = 14.7 kg

(2.21) Adslaal Jie Fapma Bdolea @lllin 055 Y LalSa] 3yall ABLS ol (a5 iy Ala 6

ceasill (S ) S (ENtropy) @hall sl Trald (o 53l (gl (0 adle Lodiiuad)

s e Jolanll o3t o3 (e 18" = 8" i85 elSa) Bhall JBIS cha) Pla b as Ll

M sla Jall, v ded

:(2.14) Jbia

Je htier Mina Gaslall aan 5K (81 lajhihe Bl dus 3 Uy dynad Conadl Jagd Ay dic

1.013bar Lusa Jisal sic Llaa ¢ Lagal) o1l Lulal) aas . 1.013Dar Juiias 840°C i 2oy 2ie

Al sl mui€all aaall 0 0.75 1 Lglae 0550 <15°C
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1 Olisbe il ¢l (induction manifold) el gase b Glagiall lall da s Jaraall (6
A hslin n i o oL Al WY1 6 danal) dagie (05K el e 27°C 5 0.965bar
Ll o L5l LakalS Tolya) Liaide conad) Jag 3les aie Jaulall 5),a daps canal .0.828bar
Ayl Sl sl

= 5¢,=0.84kj/kgK 32 5Ll aaaly ¢ R =0.2871 kj/kgK 5 ¢, = 0.718 Kjk 23 Lalall
0.296 kj/kgK

:Jad)

“gm\.} M 0588 Jaddll g Vs U C.MQSAJ\ (:;AJ\ daal

VS _VC —_

Lalacaty) das = 8

c

Le. Vs=7V,

Ve = VT ¢ anall Jing SN adie (8 Ll

S PV 1034x10°xV,

= = 0.0448V k
RT' 0.296x1113x7x10° <9

(T'=840 + 273 = 1113K cua)
¢ (2.36) Aaladl) Leriase Ll

m"—m'=>dm, —> dm,
(ole deani (37 8M, =0 (Jial 13 & 8 sy

~ 1.013x10° x0.75V,
' 0.2871x288 x10°

m-m=m

=0.919V kg

~.m"'=0.919V. +0.0448V. =0.9638V. kg
Gk (1.8, Q= 0) whall LIS ohaYl 005y caamglly Al A3l 6 il Jalad S
(e dani (2.35) Al
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m,h, =W+ m"u"—m'u’
hi=c,Ti=constant i.e. dasill Joka & (15S5 Conad) pana & Jaddll 5))a Anpy (4 Lead
ie. mc T =W+m'c T°-m'c, T
2 i Jsdaall Jadd)
W = Cad) ol 2l 8 Japial) daigia X meaii€all anall
0.828 x10°V, =828000 V.N.m = 82.8 V.kj
I.e.

V. x1.0051 x 300 =82.8V, +0.9628V, x0.718T"
—0.0448V, x0.84 x1113

(cp=cy,+R=0.718 + 0.2871 = 1.0051 kj/KgK ¢ < snusall Jnlall Euia)

ST = 2361 =341K =68°C
0.692 -

ie. Aglel 3yl Aayn = 68°C
Al

. M'RT"  0.9638V, x0.2871x341x10°

p"'= = =82700N /m?
V, xV, 8v 17

l.e Slel) Jarall = 0.827bar
(Problems) :Jibwa 2.7
Opdd &1 . 150°C 5 4.8bar e Ay 58 salia Agla (3 gase slya e 1KQ laylaie A0S /]
oL daCal) 5yfyally elsell Aledl) Jancall (iual .200°C J gl Blyall daps 05<5 a Agslal)

R

Ans. (5.37 bar; 35.9 kj/kg)
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Lils Jlad) 05 s elell ayn 23, .400°C 5 20bar e Hlay (gean 1M’ ansy ala cley 2
cebaY) el Al 5yalls ¢ il Sledl) Jaaall colesl) & Hlad) AR Gl L lantia
Ans. (6.62 bar; 13.01 bar; 23355 kj)
O5S - 3har oyl Jaray (b€ Cala Wilgland 8 GanlSaly 23y (32kg/kmol Adia A cpans /3
17°C Jagsbase 281 B)hall Ay 0555 ¢0.03M” I Tslosa Liless 0.01M” 3 Tsloe Lilay) paall
o) by il oLl Al haa o 5 (A Bhal) Gls cuanSYL Jodad) Jadl) osal
.€p=0.917 Kj/kgK 33 Wltic Hle 05 cmnst)
Ans. (6 kj; 21.16 kj)
1 i gbe Blall dad 0S8 il Jaaay 3lSeily 036 0.9 Calia juS (7har bia vie s, /4
celaY) el ) (e kg U i€l aylally bl Jadl) sl .200°C
Ans. (38.2 kj/kg; 288.7 kj/kg)
i M ahall daps il Lula) Telya) (535 6.3bar vie U 5le e 0.05M° o))aie ana /5
S e sl ) Bhall Gl cawal .1.05bar
Ans. (56.4 kj)
3 Tsbse Taiaal) 058 Aa (b Cala Alghaud 8 LulKatly 23 Thar L die gadie Gila L3y /6
Al b el el @phall s o dhilaall ol oL haiul )yall slad) 4313 .0.1bar
) e kg dst sl
Ans. (37.2 kj/kg)
Cral LBhar ) 1bar o dealSabs shall days culh el Lehloa) 2 1Kg W)lake lsa AS /7
celsell a5l (M Bbal Gl slsell (e Jsduall Jasl
Ans. (140 kj/kg; -140 kj/kg)
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Gl bar ) 5hall sl el LulSes) Lehalias) 233 15°C 5 1bar vie 1Kg lay)aie 35S /8

sl e bl Jandlly 28l 5yl A
Ans. (155°C; 100.5 kj/kg)

3.5bar o L Taia dges Llshaud & LlSes) 230y (28 kg/kmol Auisis AES) cms sl /9
Jaall (raal 00.03m° 1 Lslae Jaindl) 3aniy) amall 51S13).0.09M’ ojlaie ana 1) 200°C
.Cy = 0.741 Kj/kgK 23 5 Wie Ble 06 cpms i) of o gid] . odal ol Jsaall

Ans. (9.31 kj)
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G Juadl
A ) Lualipall SN ¢ 3

(The Second Law of Thermodynamics)

ALl 500 Lallas (535 Lanie ¢ hall aaliall J6¥) g silall Gk 431 a3 31 Joadl) 8
Al ol Tase e Linge 130 0505 L Jstaadl Jaill ilal Gglue 05 A€l shall ila Sl
a8 a0 Ll 58 (53 ¢Apal) 1Sualiall S Gl L Aaglal) ) 5aalia (g s (63
Hlaal B (Joauall daal) dlal Lsbe (15 8)90 (3 Aana€al lall ila & cra sl 8 )
e Ladly a2y sylyall mmy O @llg cJsduall Jaill ila e 5T 050 o Gan L€l 50l
. alaill
(The Heat Engine) :4,,all A i &l 3.1

Ol iy syha daa) e dad ila s AalS 5)50 8 s pllas 54 (ghad) i)
o o g Bhall Gae G e (gl i B shall il Lubale s sha daey Daas of laa Al
Q1 RSl shall %5 1 (3.1) JSE 8 aspn g iy Llalade Sl @lllia . aUaill Adadsy Loyl Laila
(Ol ALalS Banly 5y00 ) Ol LQ) (b Basikall Blally W Jsdall Jadl
Iyl el ila = 2ol 5lal) ila
¢(1.1) bl e Al

BdQO = BdW
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Source

fQ
Heat W

_.____>_-——~

engine

19,

Sink

(3.1) J<a

¢(3.1) Uil goaill
Qi-Q:=W (3.1)
Jsdsall Jandll la (o 58T 058 o amg 20ni€all gl s (6 ¢ I (il
Q,>W
Bysal) (A Jsdall Jadl) lia 20uiS (5)a dyal (thermal efficiency) duhall selisl) Cauyas 2

((3.1) JSal g oa )l A sie S Lgie puaatll Siaall (pag 25y5al) b AeniSal Byl Jlen) )

W

:‘:’J\);“ seles) ¢ n :Q— (32)
Q.-Q Q
S e 3.3
=79 0, (33)

Ll 0S8 o ey @l eyl phall 5Ll & Litana ity U 0 glall &1 (e Aaadlall <
100% pe
ol Jrae G @y ai hall Gl Lyg i 05K shall dags 8 B Gl ayhal) Capat o

AL cle S Bhall jiian Sl (Sa bl e el lha ags vie 35S of e (3.1) USal
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OB Lys i 05 chsia 005S Lage pall s (3 1 G (U0 0 emsd ) slesS ulalalls
B30 (B Jad il ) oS

t YIS S O plal) Gl 2k 13a

Bla Aas die alual pa dai s ol 13) ALlS 500 6 dand ilaa 2] (g @l Sontone 06K
2jke Lidia

Voaiia 05 Y ALl b 5oll lglae dae a3 13 agus ST 0580 L) 0l im s piall 2l
S Lebisns oS YV aall adalal) Aslall & ) esd JoV) ol 8 Bed elllia Gl (JUaS . 0l
Bha A2 vie el e QLY e 38Ul et Hlae el Jidh + paine by (Sl it
G e ) e 28U 34T LealSima st Aide dee oS Y s gl e alhadll jall 348
zl) oSe of el 058 Aol 5yha Ao die 2l Bl Teagine 5 Laad cadle <5 LS 0
it

O 7 550 Tarasa 5y5all 128 aladin o3 ad) Adawid) HLA 5y50 58 (gha hyad Lulaall ABY1 (2]
JgY!

S Bha 28 2 sl glay e szt GBI s ) 4 ¢ (3.2) Jall g sall
O Lainy A (yd g ALl g agiud) O3S A iaall dan Jadd jsoa jlake (ol (K6

) s ad Al O B 8l aal) ele g 3Ll g o sl
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Heat
supplie

o il (5S5 (3.3) IS 3 mmge LS e Ayt Aaadd Bilidl 50l 5a 5 al AT Jlia
:\.L\.u\ja d:ul'n Ctbl ?:\73 cL“g‘)bA d.ﬁl_m oi Jaa C'_!bl.zﬂ.i c«\}é\ ‘Al 'é)b;j\ A\.qu 5‘3:1 ;\}@J\ B Al o2
3o oAl g asiaadl il b elpal e it 0 s s 3 il el aall S o LAyl

gl b il il ele s Ul gl sghall alsall b elsedl Jsa A QAL )

_Steam

Boiler

|

Steam rengima Work
) e
turbine output

Condenser [—>»—

Y

Purnp cher
Work
input
(3.2) J<a

+ Heat supplied

Compressor

‘rAir
i

YAVAVAVA,
Heater
Turbine —Y:V—c—”-k
output
Cooler #Air
—J\/\\/\/\_...._.‘__
*Hear
rejected
(3.3) J<&
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AAai ¢glyin] Abe A elsell (e Jsan (B sl iy AUl ) i 5ysll Aagie e Ay dasa B
550 o sl o2a 0S5 Y L ((3.4) i) i) ¢ sall ) myaS aa s Al 8 dasll) @bl
ShasS yasal Gy Aday cdalial) allal aagie ¥ Uil G Le ¢ asdl) Canaill Gk 5ha o ae
sty Al (A Gyads 2 pa elsel Lald w5335 ARl Bl Dae o8 Gl L3R
Gy @yaay 3ysall dagita Sl ding ddana B (Jla (6 o sald) ) a3l e daslll @l
3585l AS Jalas o<ad) (e B ha GlSan sale Logale allals dungl) 8 Glals 3528 cilalse Laa
elsell 2ila Lails (exhaust gas) stiwall 5Ll 48U 53 aall 5yal) 381 (Kars colsell A pa 4laally

(s sale] 3y (s Janall Jlsal ) aaladl ay5 25 13) 535kal) aaal) fue.) Jasall xie

I-C-ombus!ion' -

chamber
. Hot
Air Energy Y gases
supplied —
by fuel
Work 4 . [Work
Compressor input Turbine output
— |
From
fotmosphere - To exhaust
(3.4) Js&

550 Alla 8 L ghall @yl bl gy Saall slasy) & Jandis csal Sy J¥) sl ok iy
“sall o3 e . pUail) Alad gy 535a0al) Al ila (golns alaill o J3 Jadll ila Gl i sSas

bl phall Glaias 8 s
J<alls (3.5(a)) JSal (A Legarags i (D Sl) Bhall 2aimay shall dhaal 2K cillbigl

.(3.5(b))
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Hot reservoir

g

Heat
\A4
—R—
engine
YQ,

Cold reservoir

(3.5(a)) dss

Hot reservoir

AQ;

Cold reservoir

(3.5(b)) J<&
whall 38 g (Dl g asiad) e Q) @ball e lake Jaa w (D i) Bhall Adiaa 5y
(ole deani JG¥) Ol L Al g asiedl Y Q
Q=Q;+W (3.4)
DL g asiall e shall ) @llia (6 S bl G5 daal dad AL Jdl e S8 sl
(AL &2l
ie. W>0
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Ll elllia U glajall elae) o5 o) Cagas 080 clanse aedll (S O Gl o Lol oS 030
b LS Jss «Clausuis 3 syed (a3 ) 5hall 3aae Glaia B () 5lal
S e e mha JU) e ST D0 i o) Cign 550 (8 Jid Letie Jlea el daatiadl (g 005S
AL
tandal) el (555) Aty Asean 4lay 2b ol 13a
paliing S AUl Siae Ao Gl ¢aln aun ) Sl s (o (508 Y 5hall G Laadl (e
Lol Bl das die laaylaig sl Al (e 5)al)
SE Gl Y lalls (3.5(a))) JSall gl Al Aiis g SEI GlE) Ll lae) a Letie
Jans ) Jel€Ib 5l dlae] dugat dintisal) (e ¢ AT ras hia 0555 of 0% Y Qp & gy
Sl
O3 chinm 0585 of oS Wlal) s3a 5 Qy  Aaadle 1 ((3.5(D)) U J gomill edla ol e
Agall odh g oy s () JelSll Ll St Jusad Saall e Il . S ¢ sl gl
eIl ASal) Al Jasas oy 43l O pSud) ) el Ba il & Jaball Gl S Lexie ¢ JeS U gy
c eSS Jad ) dalSlls hainl B)ha digad 48 (S Jbe alag) (S0 Y L COlaall die B)ha )
(Entropy) :@ladl ,saidll 3.2

Al aalpall Jo¥) 0glall A€ Las o 2alalal 28l o by docals elllia o 2
Al psadl) cag VT S sl e Lin (il dals daals cllla
((3.6) JSal e AB Lally Jish 1aa .p — v halde e ol (oY LadlSes] 5 all LS Teha) el
C B e Ty iha & vie ulSa) 3yall il Teha) (5350 of pUaill (Kaall (g 43 (i juis Lie
SB Ciupaills (YA A C e ol lhall JBIS G ehals (V) asllal aela i S aas (e

Bl UL oLl el Y sl Gl L 05 Y 3 sl aal 5a slhall dBLSH oYl
69



Alailly Jsdaall Jatl) pllac) wiy .5yhall Cflll elyaY) ol C ) B (e (o 5auall ddiial) 5]y
g asie (e Bha i agi Laiy i ilia sk 550 (533 Lellas ellas Ll ale 38 5haal) daliually
OsSe La¥) byl anle . S 0l el L Alatae (5 02a L A0Ea Bayke Biha Aa dic
A DR G PA b Bhall GaeblS Gaela) deag dinivall (e 05 Lkla

Ao Aralall Aed Jia Tamy Uad clllia a8 oo ol 3l (cliaedll) ailboadll gas) Gl (Y]
O e JUIL (T vie phall el Jia (3.6) J<al (e BC Ladll (lé (JUS) . palyall lalade
S c@hall Hpailly Aualall ods e . ulSad) 3hall LIS chaly id daals clllia oS

Oe Al @lllia p— v ki e shall aLIS eha] (3 hall geaill Tuss lllia Gl 45 @lls asy
(e 5aals Aol Siae s U (05K ¢ 3.7(8) IS (b peain e LaS Al 5 yal) AabalS sy
i IS gyhall dan 456 sl o)y 408 2 (31 3.7(b) JSill Al (555 028 L (ghhal) ) sucail
05 ©AY) Aphall Aualinal) Galsall Yy @hall Hsaill Ciipas g (S shall daal saaly dad
Lojla Lglud alasin) (g)5 pall (g

SV .pv’=constant ol aoy e 5L LlSes) 5hall LablS Toha) mua g a3 28 2.2 adakall b
2.2 gl b chaedll Gyl o Cums p — v Lakaie e Tams Uad 58 pvY = constant ¢ sl s
Jiny Llas) )hall LalalS Telya) clilia & lay ie.) aule aedl) QAT aliia Loy s e 5Ll
o) ] i) @y SE OGS e adie 4dle aedd) Glajll (palsall ki e Tam U
sl O ddda ey of sy 2.2 adakall & pyT=constant d gladl o @lld sy AualaS (gl

Loala) 35 pall LalalS Telya) el s ¥ gyl
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o

C Reversible adiabatic

process

Ve

P — Vv hahia e dua)ady) 5yl (3.6) JS&

PA

Yo

() (b)

Shall ) sall) culli haghad (pe dlulidia (3.7) J<&
p—Vhbia Je 5yl daja culiy

LnlSaf Teha Gl Asless Teay 2.2 adaiall 8 laydl ) gsall
dQ =du + pdv
(e 3l

dQ =c.dT + rT &
V
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T e allel bl Touks LelalSs (Ko Alslaall o3

. dQ cdT Rav
i.e. = +
T T Y,

(dQ =0 ayhall IS hay Lad

. dQ cdT Rdv
i.e. = + =
T T \Y;

0 (3.5)

@Al il cilsha @lllia (s Y oy 5 Cy «Cp R o 3B Jlaaly dualyl) dalladd) g T oY)
2 et A @lpladd) gaa) o T o Aaladll iyl dad 8 i o o 13 L glayd) 8
O sl LiSay adle chim (15 (ghall il & susnll of Joit A Aalell Basially ¢ SU o0l
AQ/T #0 AT ulKad) ehal (Y . oulSai) 3all ALIS ¢l dQ/T=0

Al dpall paen o Gobati Aadill o3 (f s oSa

ie. ds:d?Q Al 2sal) enl (3.6)

(bl sadll sa's Cua)

adlad) shall o (3.6) Adsleal 8 dQ Bl LulSad] Tehal 055 (3.5) Adaled) & Ly asY
AalSaily

e @il @hall [l Hlid] oSary illaall aiad he sl FST (Ghall Hpaill b el (6
Jslan 340.01°C xie il Lgbua hall gl pcagh i) Jglan 8 (U . absie) gas
—40°C s iual bislua pagh (ghall joeadl) G anall Jilse

(shnd (3.6) Aabeall alss,

2_81= d_Q
T

P C— N

(3.7)
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el iy 8 e K e R Ki/KG 2 ball el Clang sls] Ko cailal 1Kg ins
kj/kgK ‘é.éa S cg_gj\)al\

cdld (M ALY (hall Hpaill S el aladin) s
e S=ms
cole Juani (3.6) Aslad) LS sale
dQ=Tds

(&) eha) (Y
2
Q=[Tds (3.8)
1
c‘;mls:ul ;bél L_.Siy E)la\.m Adaleal) 028 ujs:\
2
W=[pdv
1
Ll il ¢35 L€l Teha) 3 Yyhae Mai clalis) aple Jigh Unlais clllin ()5S LS ¢12Sn
P—V clhbis & cllbiadl oda (5 . ilSed] eha) 8 5hall GlynS clalud) ade Jih Ualade
A<l 41— 2 LlSay) Tehay .3.8(b) 53.8(3) JSY) & miase WS iyl (e T — 5
2 P
= 1= 2 LslSa) ey s edsial) Jaall J5d W = [pdv atllad) aald) (s 3.8(a)
1

2 =
Foaldd 281l (saa) Gl adde phall gy J3d (W = [T ds allladl aalod (s 3.8(b) <l
1

omlSad el 8 Ball Lyl Afied Claliall ade (5% Labie ooy (o (Sl b (gl pandl
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F TJ|.
1
1
P T -
7 %
/ ‘ / 2
Z R o
() —||e=dr r (b) ||~ ds ¥

p—Vdhbia o oulsel) cla) cal dalwall (3.8) Js&
T —shhia Jog

(The T — S Diagram) :T — S Jhia 3.3
(For Vapor) : il /a

-l Jilgad -40°C < 5 5Lad0.01°C S 335 hall jemill jiall Bl dalu ,<5 LS
i ey Jarcalls Tt il dsal ladadall 0ps ¢ AN T — S dadada jliie] Jaih Lia s
L @l laghi EM muag 231 (3.9) JSaN & SR T — S b muia g oy ghall ) suaill
(P35 P2 p1) b
Bl bas e Aplaie Llee haia 3 haaall Lashd 065 (JKLM 5 EFGH ¢ABCD Lskallie.)
o Laaie Byhall A pe Byl laazal) 2w 3 Jalas sale s o(JK EF (AB ¢Vl ie.) gaial
FG BC sha¥li.e.) duda)ll dahial 8 &sie 0pS5 daaall aglad Fla L Al 5))all Al
(LM (GH (CD ¢la¥li.e.) plase LS Garestl) dahia 8 AeY daiall laglad gl (KL
Ll Jadmy i) il @i Bhall dass (15
Colil anall aghad 0555 .(3.9) JSA 8 dansy iy (blode Unie rainge) aals ool ana s clllia

Lol Adhia b haall bisha eSS laaily (oY g Auda )l Adlaiall 8 JY 8yeke
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e Sy 55 2 Lkt iy il Gilad) HLadlly il Ll (glyall pamil) (b LAl Jylas
slall (Ghall Hsuatlls (ulay el (ghall gl lac) &3 .Sg- S¢ = Srg il Algan Liad 3 Ll

sl b Gilal) Sl hall gl T Lol

JA T — s kahbia (3.9) Jsa

(e diant X clin uSh by A
s=(1-x)s, +Xs, (3.9)
Jds=s, +x(s, —s,)
i.e. =S, +XS, (3.10)

¢ .g‘fb’.;\g_'ﬂ.é.ﬂ\ J,usalﬁ ¢ Sall

f (3.11)

Slo Bl aa e Alal) Aaii de g Lausliie 06K Caleall € & ¢(3.11) Alslaal (o Aasdlall (e
ciliall 5 Gl (3.10) I3 e 1 Alal (JUu T — S Jalads

« = Flaad) S-S
"OFG 2l S
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Py

M
]

5 5 5, 5

T -5 bbis o clabuall e ciliall s (3.10) J<a
~F1 sl cias dalud) dasds ¢ hyg LalSl 5)hal) (3.10) J<all FG hall coas dalall Jid

.X.h

1 'fg
¢ 2 b bl Al (ghall (sl

h=h, +xh,
ahall Gl Jid bbid) Je claludl G Lo digsll odgd Jabadl il oo T— S labia (£
sinall Jia Sa Ul cpita) Bl s e Galliie ¢35 L) ilaie b dasall Jad (of (yal iy
0.01°C aic ¢ p i sl 2ie Tole clllia 58 Lavie ¢(3.11) ISl g saylls Lkl e (gl
o AT i) 3lya dnys aie B adaiill 5% ¢AB Laall cujily ady 458 culh dascas 4t Sy

cculh Taias (2.4) Asbadll (e P niczll e oLl

7 77N\
& AN




Q=h,—h, =h,
(s Ly 52 0.01°C e ha & L)
(e Jians
aaluall ABFOA = hg = by ¢ p i 2ie
D bsie 05 AN C sie i jlay ) Baas s el b caanall el 13 B dkall sie
(sle Jani adle lasiia lila Janially
BCHFB 4aluall = 23Sl 531l = hyy 5 p = e — hg o 2ie
3 @hall gsinall asd (C Al vie Sl
he = 4aluall ABFOA + daludl BCHFB 5 p laica xic
E dball vie (alay Hlald

he =h, +x.h,
i.e. hg = ABEGOA il
Maens mual gt Gala i Tila) il 5y Laxie
2P bhra D A C e d8ladll 5)hall ellae)
Q =hp —hc = CDIHC sl
(058 D e ghall gl Gl
hp = he + CDJHC 3aluall = ABCDJOA dalll

:(3.1) Jla
O5S5 Aa gl laaa vie LSl ausas 5 B.5KJ/KGK @b saals Thar sic ¢ iy e 1kg
Jid W Aaladl T — S hahis o pags cduni€a) 3ihal) Gl .250°C J sbose 5yhall 4

bl Gl
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Oe B 058 65 ¢ edl) (ghad) sl O Loy Ly il 005 Ml «54=6.709Kj/kgK  7har xie
-Sg

:Jal)

¢(3.11) aalaal) (1

w =SS _ 6.5-1.992 _ 0.955

'oos 4.717 —

fgl

Sl
h, = hy + XNy, =697 +0.955 x 2067
ie. h, =697 +1975 = 2672 kj/ kg
oaranil) Jglaa e laian s Sasles (7bar aie s 250°C 2o jLadl 5 <2 Al aie
h, =2955 kj/ kg
¢(2.3) Ualedd) (g cyls Jara die
Q=h, —h, =2955 — 2672 = 283 kj/ kg

el Gl Al Zalial) i ((3.12) JS2N 3T — S Lbia e ehay) Jasd

'I"J
T har

S\

)

ey

Nk




:(3.2) Jlia
Laall 05S Sis Al 08 25 .350°C 5 80bar xie Hlay (553 0.025M° ana sabis Llshal
e sha¥l miag il Ay Lagdyall lall Hlakes iyl aey Ll Alls el 50bar 3 Ll
Blhall Gl Jid ) dalusall fyudia T — S Lakais
AN
10.0299M’°/Kg 4 Lsluss Jshandl e o sill anall ¢55<s5 dhasas 5 350°C 5 80bar xie jladl)
3 ool AlshanY) 8 A AKS s Jull

0.025

m = =0.835kg
0.02944

((1.7) Aabadd) e dpdalall 23Ul slay) 2 B0bAr (s Laess lad

80 x10° x 0.02994
10°

u, =h,—p,v, = 2990 —

ie. U, =2750.5ki/kg
uu;j\ ‘).A&\S ‘?_laa;} :L,da) JL;JM u}S:‘ ‘LAC— V, = 002994m3kg 9 pz = 50bar 2 AW e
4%3@\,}

\Y

V00290 o
v. 003994

92

Aol e
U, = (=%, Uy + XU, =0.242x1149 +0.758 x 2597

ie. U, =278+1969 = 2247 Kj/ kg
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B0 bar

/

T— s Llaa (3.13) Jsa
((2.2) Aslaall (e Culd anny
Q=U, -U, =m(u, —u,)=0.835(2247 — 2750.5)
ie. Q=-0.835x503.5=—420Kj
i.e. sagiaall 3all = 420Kj

AUl 33sgaall 3 all Alllaall dalual) Jidd (T —'§ Jakaia e Laguye shay) maash (3.13) J<all
(For a Perfect Gas) : b & /b

Sy O Las - e S T — 5 ahie e Culfll aaally colfill hial) sl o) 2l (50
@ieall (Ghall Hpeadll jlad) (Kad Aallaal) dadll (o ST Sl adss 3 058 (@hal) ) gaadll
£ Vp aaall iy py Jaiall (L8 (3.14) Sl & darally 5ylyal) da o€ dlaliic] deage (o 2ie
oda Ll anall bl e J81 jlasil Juer il Jarall o G sy L1 dball Pl hle Lagan)
e PisTy 5oV Ty aie GLi By A Llall Jas) . (3.14) IS0 g oalls Alge s Leilayy oSy
(e Jani (3.7) Aladd) ge A 5 1 o (V) cmlase LS il

dQ

—-S ==
T

1

= C— >

dQ =c, dT abslaall (e 5l (e 1KQ I cull anal L
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(Al «dQ = €, AT «Slall e 1KG I s Laien ie «z ) puit

Bch TB—cIo T,
. M7 =501

1 1

s ade sp—8) o S 0555 81 Ml e e Sle Y 6y e ST 058 € O L )
anall i e J5 Ak Jey Doaal) culs aa Gla UL cbdaad) e B kil [l A 2kl o
3.15(h) Sl miags (T — S lahia e il haia Jaylad Aluliia 3.15(8) JS&H maagh .yl
b5 $Ps>Ps>Pa>Ps etc 3.15(a) JKal 845 Laay T — S hbda o il pan Jaghad dlliie
LalS Sallg tanall miding 5ylyall da s adii charall adin WISV >V,>V;3 etc 3.15(b) J<al

aaal) Ay s)hall Asyag dazall lasa

T4
by
P
Ty A/H./
T, '
%y Sy, 5y K]

p—Vdhhia Jdo el aang b bia sie (Gl galll oyas (3.14) J<&
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T T4

{a) {

0

aaal) culf il <yl lghd (3.15) J<i

:(3.3) Jba
izl 05K n ol ana slyell 530 .0.02m° ojlaie Laas J3a1.05bar 5 15°C vic slga
S A ahall gl dla cual ALY shall Gays Y el Jaiiay 3yn o (e e4.2bar 3 sl

T —S bl e cha¥l ol . @hall jpaill b ull ilay clsedl (e
:dall

((3.16) JSall 3 LS T — S Labis o sha)) mans

‘QJLM Hlad

pv _ 1.05x10°x0.02

m = = =0.0254 kg
RT 0.287 x10° x 288

(T1 = 15+273=288K us)
cgtﬂ\g 6p1/T1 = p2/T2 ‘C-thi (‘;;A J.\.C &Atm ‘}w

| 4.2x288

2

=1152 K

Q=mc, (T, —T,)=0.0254 x 0.718(1152 — 288)
82



cculh i dic
Q=mc, (T, —T,)=0.0254 x1.005(288 — 1152)
ie. Q,,=-—22.05kj
Laball G Gila =Q,, +Q, , =15.75-22.05 = - 6.3Kj
ie. sagatall 3)hall = 6.3 K]
¢(3.16) J<all ¢l
Sl el 3 plsil e =5, +5, = (5, -5,)— (5, -5,

((3.7) aobead) Lortine ¢ Ml «dQ = MC, AT eyl Jara xie

uszmc dT
m(s, —s,)= | _I”_ =0.0254 x1.005 x log, %
— 0.0354kj/ K

c(37) Aaledll e\..\';lu}.g ¢ Aall ch =mc, dT «culs paa e

m(s,-s,)= | mc%dT —0.0254 x 0,718 x log, %

288

=0.0253kj/ K
caale
m(s, —s, ) = 0.0354 —0.0253 = 0.0101kj/ K
e, @hall jsadll L& laiill =0.0101kj/ K
((3.3) Jiall & hall jeaidll & plaiill g daals e Ble s @hall jeaill G La 4 sy
(51-83) 2 Load (a1 355 1 VAN ¢y Aaalal) el e Sl (5K ¢($1—53) = (anil
B 1 o inng LulSa) phall daua Tult Teba) Jay
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002m” 43 har

(15 + 273)
m INY

Temperature /(K )

Xy Sy ¥z ¥

T -5 hahia o ciela) (3.16) J<&
T — 5 Jabia Lo Llsad) cilsla) 3.4
(Reversible Process on The T — s Diagram)
e AL Lajlic) (V) a2 Jaadl) 8 Lgna bl a3 ) Bagael) ApalSal ) lelya)
3.3 phidl AT — § labia Ao il biially culill anall clehya) Jid 23 28T — § halada
kel 13 & (93T By Lgadlie iy () Cagm 4dley
(Reversible Isothermal Process ) : ulsad) 3,)al) daje el gl .1
Lal) it dabod) J3d 5 (T — 5 blads o adfivee JadS ol ghall cul chal) s
G Hlad i) 3)hall dapal il 3 eash (3.17) IS8 Glé (JBRS L abay) ol Bhall Gl
ey ol 20l 5yl Allkaal) Aaledl) idh . (el Aakic 3
i.e. Gaaall sl = T(s, —5,)
G °C oa A Jolaa 8 Alganall phall das 06 L Aalhall shall daps pladind iy 481 LaaY
TK A ebigas
Ol il Lalia Lsldl @lllia S a1 2.1 akaiall 2 OB phall dans culh ehal) Hloe) 4 laie

M Sl b piase WS ghall Gl alad e T— 8 Jahaia Jay) (Ka .35l
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M

(=1

T|,='T|.

. Pi 2
//m ”
?f/?_::’; f{%f
[ 53

Y

5
T—sdhia o i ulsad) 3lall daja culd o)) (3.17) Js&
:(3.4) Jba
syhall cual .10bAr oyl aica ) Al 3hall dan il 23 100bar e ahie Gila iy
cebaY) el ) e kg UL Jtaall Jantlly danaSall
i€l 5hal) Jidd Al Talisal) Gy o(3.18) S8 b chal) mang S
:dald

cpia s 100bar e Jglaall (g

s, =s, =5.615kj/ kgK, T, =311°C
8 DU P i Qatae Al & 311°C 5 10bar e
s, =7.124 +(wj(7.301— 7.124)
350 — 300

ie. s,=7.124+0.039 = 7.163kj/kgK
(e deans Jully
Fai€all 5yl = allla) daldl = T(S, —,)

=584(7.163—5.615) = 584 x1.548
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Temperature,/{K )

(311 + 275)

=5

(T=311+273=584 K cua)

3aiSall 3l — 584 x1.548 = 904 Kj / kg

10 bar

/

21 /

T — s hhia o sla) (3.18) Jsé

5y X3 b

Ol ol d8la Aalae gt (69 pall (0 Joduall Jall) alany
ie. Q=(u,-u)+W s W=Q-(u,-u,)
i cala (100bar xie ¢Jglaall (e

u, =u, =2545Kkj/ kg

(JLSaYL 311°C 510bar xie

311-300
350 -300

u, = 2794 + [ j(2875 —2794)

U, =2794 +17.8 = 2811.8Kj/ kg

( Julb
W= Q_(uz - ul)
=904 —(2811.8—2545)

=904 — 266.8
ie. W=637.2Kj/kg
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e, Sl Ay Jsnaadl Jitll = 637.2 Kj/kg

Mz

A

e S ulsa] Blal) Ao culd sha) (3.19) JSa

Aalud Jid.(3.19) UL ST — s Lbie o e 5l lSed) 3all @l e s oy
celay) el LAl 5l Al

Q=T(s,-s,)
ehay «(1.4) Qi Usles e .Sy — ) an oSadl) e hal) Aaps Ll Telya) Lage e 5L
cole domnt LlSay)

dQ =du +padv
ie. dQ=cdT+pdv Jsm 0silE oo e 5l Lad

“;Jtd\_a (dT=0 cBJ\)aj\ :\;JJ U'_ut\ ;ba\g

dQ =pdv
¢le Jaani pv =RT & L

o=rTd

v

¢(3.7) Ualaal (0 )
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cdQ “RTdv  _% dv
:! j

w TV w Vv
ie.s,—s, =Rlog, —2=Rlog B (3.12)
Vl p2
2 3l Al asd aile
Q=T(s,-s,)= RTIog Y2 _RTlog, P

2.1 pdaiall b LBlEs) & S e o Aaiil) o3a O LY

i.e. Q=W:RTIoge&=plv1 Ioge&,etc

2 2
:(3.5) Jla

vie Tl 05 (el Gl Al 3 (s37ae (28Kg/KMOI Aisia AESY) (ms ils (e 0.03M°
cal L4.20ar 3 Gslas 05S0 is 2lSaily 5yhall Aap @il Sl blecail &3 .15°C 5 1.05bar
T—5 5p—Vdhbia o sha¥) muls sl Jadlly hall Glim hall Hpall) & sl
:dad)

e BS Jany Gang i) o o)

Jid canpll e 3.20(b) 53.20(8) JSEYI AT — s 5p — Vdhbis e chayl zuag
3.20(b) U<l e alling) dabisd) (5 Lo cJandl Jad 3.20(3) JSal) e allaall cilalal
352all 3y )

R _ 8314

R=-— =297 N.m/ kgK
M 28

“_g:_dm;_upvszT Zju.\&;\ﬂh

M- pv _ 1.05x10° x0.03 — 003368 kg
RT 297 x 288
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Pressure/{N/m?)

(T =15 +273 = 288K cua)

em kg 1¢(3.12) Aabeall (0 il

p, 0.0368 x 297 1.05
s,—S,=mRlog, == log,
p, 10° 4.2
ie. 5,—S =— 0.0368 : 21 log, 42 __ 0.01516 kj/ K
10 1.05

s, —s, =0.01516 kj/ K
sl 5,10l = 3.20(b) J<al e alllad) 2alud = T(s, -5, )

— 288 x0.01516 = 4.37 k]

c(212) daladl) (e c‘_At\A J\.’J EJbAj\ culd ¢ba>! ‘:Jtﬂb

W = Q = 4.37 Kj

e Ui Jaa= 437K

1.08 x 10° rW I.ll ? .

T-—5 gp—Vhhia Jlo clehayl (3.20) J<&
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(Gl sl coli sl o) oulsal) Blall ABIS ¢l .2

(Reversible Adiabatic Process (or Isentropic Process))

La¥ . ghall ol culh cand Ml bl (Ghall Hpadll Ay oulSadl hall aLIS oY

s 0S8 Ll 5yhall LalS (55 of g limy ¥ 48l (gyad) gaail) el ehyal) 5 S 4

LllS (hall Hpail)l il ehal) led s Y Al VWYL T — 5 Lbie o ooy la Lals elay)
LSl s3a Jlsh Ledalad 2 130 S Gaaas LalSas) f 5))all

ISl b e g Al Ailaiall (8 03ay padas Sl @hall el Ll oha) dlllia

Lot Lobud dllia a8 585 25 2.1 adaall (b oaslSed] 55al] ALISH el lie) &5 Lexie .(3.21)

OSa dylal) N B8 (Ll iy @hal) jsadll o Adia aladiuly (V1 LAl e el

L JEa) b g sl L Jglaall (e Alseans Waala)

.
5

T — s hbia o @lall gl culi sha) (3.21) J<i
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:(3.6) JUia
op)aie Lo ) QWUS Cals Bilghad b gyl jpaill cug i 2343 375°C 5 100bar vie i
A e kg S Jsduall Jail) cawald L 10bar
:dal)
(e Jani 375°C 5 100bar xie ¢ gamaill Jgaa (1
s, =S, =6.091kj/ kgK

4(311) Ualadll e Sg2 e dﬁ Sy UsKa 6&\:\5\.} clx.ia) U}S:t J\a'..ﬂ\ Z)}ﬁ S, =6.091 10bar xe

S, —S —
X, = 2 =Sy _ 6.091 — 2.138 _ 0.889
S 4.448

fg,
L
U, = (L=, Uy, + XU, =(0.111x 762)+(0.88x 2584)
ie. U,=84.6+2297 =2381.6kj/kg
h; = 3017 Kj/Kg «Jstaadl (s duani <375°C 3y day2s <100bar Laa sic
o(1.7) Aslaall alasinly 6l v;=3017m/Kg 5

5
U, = h, — p,v, = 3017 — 0010 ><3o.oz453 =3017 - 245.3
10

ie. u, =2771.7kj/kg
c(213) Ualadl) %) 'é)\);ﬂ (Jnls c«ba\;)_;
ie. W=u,—u,

Sl Jsidl Jasll = 2771.7 — 2381.6 = 390.1Kj / kg
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R

iy =5

T— s hhia o e il hall sl culi sla) (3.22) JSé

b sl 3 adl el (3.22) JSall 3 T — s ki e (ghall geadll Tl Telya) moa s
PV’ = const. sl at ehay) G ML ( e S oulSal) 5hall ALIS oha 451 2.2 akaddll
sl i ehaY L ety il (glya yal die sy culSaY) Bhall JBLS shal) G e
Ol ghall Hpeadll cull QYL Gl y B3I EE (gl
(Polytropic Process) seladiy) adalia ¢a) .3

Ayl VLA o wiy lad elamiy) adaia lehal (3 @hall el 8 sl slagy
Cra Btbie Lol oo bl A sie @hall jgaailll w8 (U JUlb cpv" = p V] plsiuly
cJsaall
:(3.7) Jua
PV sl sadll ay <0.95 Galia oS (Thar die sadl el Ay vie S 06 Sl dae b
L1 ) e kg JSY @hall Hall & sl il .0.34bar ojlaie bia ) il = const.

celaY)
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AN
(2.6 Jia)l il o SLlall o3 &l Laay)
« b vy = 0.2728m’/kg <7bar xe
v, =x,v, =0.95x0.2728 =0.26 m’ / kg
((2.25) Aalaall (e Jlally

Tjr

_:'3
w»
[N
Y

.V, =026 x( l
0.34

j — 0.26 x 20.59°°™ = 4.06 m® / kg

Vg=4.649 & Lo by sl o v, = 4.06m°/kg 5 <0.34bar xie

x, =Yoo 400 _ 076
v.  0.649

«(3.10) Aol e Jull
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S, =S¢ +X%S;
S3 = 5, + x; Sfg.

bl el

. =1.992+0.95x4.717 = 6.472 kj/ kgK

= 0.98 + 0.876 x 6.745 = 6.889kj /kg K

32030 (S, —S,)=6.889 —6.472 = 0.417 kj/ kgK

((3.23) &l AT — s Labhia e acasa el 0

ol alady ¢ e L Aalal) Al ga elamil) saatie chay) G 2.3 adakall & maasi o3 2

ol <_~:A 6‘;».»\53_11 c-ba}! u\:u.um\ 4l dolea J.ﬁcl cdalad) W) ‘ﬁ ‘_“J\_"m )L’J Lﬁ)\)al\ )}...aﬂ\

dQ=du+pdv

‘(1.4)

pv = RT daled) (g cdu =c, dT Jsa uyl&w‘;\.m e A zaal L.a.a\

-dQ = ¢ dT + RT
\Y
ds=dQ :chT+RdV
T T Y,

s, =¢ J-dT

j——c Ioge—+RIoge
v

«(3.6) Akl (po il

251 oilla ol o Jull

(3.13)

1

((3.24) U< 3 ehal) 34l e o (3.24) USs S LS T — 5 hhie o learias oSa o2a

M_:LS ).\S\
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P2

>8

SB
T —shhia o Al Jll slaiiy) saia ea) (3.24) J<&

Vv T
s.—S. =Rlog —2—-c log -2 3.14
2 1 geV \Y; ge-l- ( )

1 1
dapd b ehal (A @hall il & el ea (3.14) Asleall 85, — 5 4 el e J5Y) g3l
QU v oo 3)hall

U2
sy — 8 =R log, oy
1

<l sha) (B @hall Headll & il s (3.14) Aaledd) 85 — 55 3 pnatl) e SGI g3l Lead
Ty ATy e sl

((3.24) Jall gl e,

T1
Sp =S, =C, Ioge T_
2

Al ) 1T AW e slaii) a3xia ehal 8 @hall st 8 il Gl 43 aadlall Koy adle
2 MA Gas A A 1ot Gibaly shal) Ll 8 (552

& (3.24) JSED (e azalsll (g
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S, =S, =(SA _Sl)_(SA _Sz)
Loball sl sl slagY elanY) saxie Tehal BlaY cuihal ol Jlas) oS
(e Juani (3.24) I3l 2 LS2 B e s B T e JBS

Sg 7S, = (SB _Sl)_(SB _Sz)
¢(3.12) Aslaall Lariise Py 5 Py o Al 5 dap e

P,

s, —S, =Rlog,
P,

cA_A.G LLAA.\Tz }Tl u:\-i&;\.\t\‘ka.».am

Tl
Sg —S, =C, |°9e.|.—
2

(Jull
S,—S, = Rloge&—cp IogeL
2 TZ
sJs,-s,=c, Ioge%+Rloge& (3.15)
1 2

N abeal) (re € dae el G mazalgl) (e 2(3.13) Uabeall (e A g (3.15) Aalaal) 3] (o

Uslae gl Jae oy ¥ 481 e 2Bl g colamill) alatia slya) 8 (ghall Hpuadll 8 il 2iKadl)

AT bl ehal) Jaius T— 5 dadade g Allie IS e Jalail €0 -yl 030 Jia S

((3:24) U b LS o cpalSa)

:(3.8) Jua

131 le.um JSA:\J‘ U“j UJS_-.\ .105bal’ ‘.?Jl 550°C

:dall
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6.3 bar
_ 1.05 bar
450
3 + 21— ]
3 =81
5 2
e I
!. I: -i,ll i-

T —shhia o say) (2.25) J<a

¢(2.29) dalaall e .(3.25) Jsall ST L e sha) mang

(n-1)/n (1.3-1)/1.3
L _ & _ (ﬁj _ 60.231 —1.512
T, P, 1.05

((T) = 550+273=823 K ua)
o A N T G i Bl da e a2 I AGA T ilal 2 T ehay) Jaid oY)

sg —S; = Rlog, Py =0.287log, %

2

=0.287 x1.792 = 0.515 kj / kgK
2 A el b xie

s,—S,=C Iogelzl.OOS Ioge@
’ T 544

2

=1.005 x 0.413 = 0.415 kj / kgK
s, -5, =0.515-0.415 = 0.1kj/kgK ¢ Jull
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e, whall jsadll asal3l = 0.1 kj/kgK
2SO s G 138 SA— ) (e ST SA—$) A canneal ff Gaaa 13 4ol Alial) o328 & LaaY
.ouj (326) ds-nﬂ\ (_éA (IX c«\)ﬁ}” g ui g 652 e

TS 6.3 bar

1.03 bar

53 5 L 5
dits T — s hahada (3.26) J<i

(3.9) Jla
(15°C 1bar (e aklinmi) £ (44kg/kmol ddiya 31 (550 2l 6 (e 0.05Kg Lajlaiae A
Mo ghall jpadll b il caal.0.004m” aaall die 55 (8.3bar 3 Ljlus il o5 s
e Ble 058 05N asl A G gl 0.88 Kj/KgK S ¢spSl ansT sl
:dall
ol JBall 8 ehay) aat 2y o1 .(3.27) JSal 6 T8 Labaia e oyl Gallal) o oy
GsS o) oSa e 055 S, =S, Gl Jally 251 YA cud Sy 4l Ay pa ilaslea Sllla
Ayl VY o ki b (ghal) jsamill b 5l 0% (Ll Y LalSal 25 1 g sl
sUasdll
lieS, =S, b s ey S, =S, dadd Yl oKe 65, =S, sl ¢(3.27) JSall gall

To & Gas R sl sl 0 et IS Ji5
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Temperature (K

115+ 210
= It

cddaledll e

rR=Re -84 109 Nm/kgk

M 44

cale Pv=m RT daladl (ye

T - p,v, _8.3x10"x0.004 _315K
Rm 0.05x189

((3.12) Akl G il

Sy—S, = Rloge&:0.189loge8;f:

A

0.4Kj/ kgK
A D1 el s e Ll

S,—S =¢, log, 1_|-_—2 =0.88log, % =0.174Kkj/ kgK
1

(T1=15+273 =288 K cus)
L

s, —S, =0.4-0.174 =0.226kj/ kgK
sS) asl 3B e 0.05kg 4 July

@l Hpadll 4 plaill =0.05%0.226 = 0.0113 kj/ K
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(Entropy and Irreversibility) :dsulsailly gl ) gadl) 3.5

sl (el sa ghall jeaill G La adl ) bl alaiall b 3)lay) oo ad)
Y lehal Gl ade Akl e lal Gy sha¥) e Gl Rkl eVl o L adia (@hall sl
coball il el sla) oSa ML Al e cudnl LS Glaslee Jany ane LulSes)
ABY) Gy Juadl 5ypean s g (a0l
1(3.10) Jia
kg U< (hall Hsail) & sl cual 3.5bar ) Jaul 48ia 3 ¢0.96 Galia oS (Thar ve iy
i) e
AN
(oo Jiani (3.10) dalaall Lortise <0.96 Cales 1S (7har xie

S, =S; +X;S¢, =1.992+0.96x4.717

le. s, =6.522 kj/kgK
chy=hy (3Rl ehay A maagll 5 S8 2.4 skl b
¢ Aalaad) (e
h,=h, =xh, =697 +0.96 x 2067 = 2682 kj/ kg
Al e hg >hy & le Ly dhe ¥ e s h, = 2682 Kj/kg 5 3.5bar e

caale ch2 = h1 = thfg1

h,—h —
x,= 2 M _ 2682 — 584 _0.977
h 2148

fg,

(s
(el ypeaill b 5aL3) = 6.817 —6.522 = 0.295 kj / kgK
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Aaliall i Yy oUniia i gh ehay) G laaY L(3.28) JSall AT — s Labia e olld monss 2
oseail) 8 Taas @lllin 55 b Gl lllin Gl 481 GRY ela) ik 5hall Gl il s

Ll€) 55 a1 oY @bal
"

3.5 bar

5
T—sdhia o 34l ofa) (3.28) J<i

:(3.11) Jba

ONgiae 0L oile sl S Glaa e (gyint Jyhll 50ad )5ule bglnas ab gluie anss Oleley

kg IS (ohall jsaail) & ol ol Lalas Lojie 058 AT el o (g5 oilesl) sl L

LOle sl edar o)sell laaall many Lovie allaill 3 clsell oy

:dall

eloell Jing haal ¢(3.29) USall 3 LS Ll Ledae B slesll 055 olsd Lisla A slesl) 05 Ay

5 (Unresisted expansion) astie yue 23a 8 43l muag &5 3l 2.4 adaiall 3 .B 5 A piles)

el Vo Syl asall 5% Adlall oda 82355l 20005 2500 hall Gilayy 058 ¢ s
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7.126 —6.929
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= 288kj/ kg
( Julb

Ao = AT _ g1 s 12.1%
288

il 13 LS sylya cilagn 338 DA 5ylyal) JlaY aeulSaPU dle bl Tas dasaid) Al uSa
i Gasian Sl Alsal) 5yhall O (e pell e i ST ehaY) 05Sd IS sl )l Ba 3
(Problems) :Jibws 3.7

B dias ()l danca LalSaf 4ids 2 60,9 Gilia S (20bar wie iy o 1kg 1
Dadie T — 8 hhie e sha¥) miags chall jpaill 3 il Gl 5hall caual .300°C
Bl Gl Jidh ) Aaluall

Ans. (415 kj/kg; 0.8173 kj/kgK)

fi A hal) cral das il gl nlSad) ehaly JalSIL 48585 2 100°C <0.05bar xie )l -2
Aalidl Jliy T — s labade o ehaV) ausl - @hall Haaill & axally ¢ Slaall o kg IS Lalh)

Bball Gl Jd Al
Ans. (2550 Kkj/kg; 8.292 kj/kgK)

Jid A dalid) miag A€l shall 5 (lyall jsaill 3 sl oual .20bar J Lyl Laxial
T -5 Lbhie e 30l 5yl

Ans. (0.0704 kj/kgK; 36.85 kj)

116



«15°C «1.04bar xie (28kg/kmol Zisa ALY coms ils e 0.006M° (gya 3alia L5kl —4
Blally @hall sl 8 soxill ol L90°C ) sl A dod ot alSdf andus 1y
(1.4 S Cpng mlill oy chal) Hyeadll el Q1 38T — s hhse o ohaY) au Sl

e Ble 05 oamg i) & i il

Ans. (0.00125 kj/K; 0.407 kj)

Ll€ad] o0y 2 aay (a5 <300°C A 15°C (re il Jasay Lnl€as) 4vis 2 oloa (e 1M° =5
Ol gilia il . 1.03bar I Lluse Slany) Jaial) 058 AN 43a Laps ) ol anay
T -5 hhie e cleha¥) als bl jsaill b il 5y)al)

Ans. (101.5 kj; 0.246 kj/K)

.30 bar ki ) 250°C <20 bar g hall days @by LulSa] Teha) 252 )i e 1 Kg =6
T—shhia o sl auls o o Lo cul€ 13 Lo 5813 ayhal) Gl sl

Ans. (- 135 kj/kg)

117



& Juail

Sbadl daadl 590
(The Heat Engine Cycle)

OS5l 508 s Hlae) Laals cdmatilly (ghall dhiad) 550 488l 1y Joadl) 138 3
Carnot ) wisi)lS 550 550l o3a et $uai Laa ST 5o LS Allia 3k 500 @lllia ) il
Ab Coal ga b b aadl g3l 8 (gl had Aad) (gpuaill Aolall 5:USN) 5855 . (Cycle
Adaidl) 3y5al) (o8 AnlSasPU Aais 055 038 3 )had) ey dgas s G AdBal) dphaill 05K 501
Om GG Llee 5080 Ao L] piy Ao giie Gl Lelee iy 3l 2G50 (e CilaDIl
eJial) 2alS5 A KlSall labanl (Uana 3)3 llliiad Aasall aas Jie sade Jalse s Zojhall 5oS)
alleud ) dalgallg
(The Carnot Cycle) :cugil\< 5,52 4.1

S 05 o 0Sa @b e dlllia Gl 41 Aphall 1Sualiall SBI O e sl (K
&b gl (i adiga A IS hall Aa dgaa Gl (o ders (oulSad] (Ga Hyaa (e BeliS
AansSal) ) aan Jae) L o Al @b 8 5eUS SSY) ACaall 5y00ll o) 21824 lall 8 cai€ 38,
Sl il A Lis sjha Aap die 3358l Hhall paen (ad) b og AL 53)ke B)ha A0 2ie
058 ebal) mes & Lo phall (Bl cushals (Slase shall A Gul gibal (e S 35al)
SV e @bl il Al Ll 055 5500 6 5lyall alalCl) clelya) G Ul cdlSas)
bl (4.1) S8 b mmse LS T — 5 hbie e 550 Jis el
To A T1 e @hall sl bl a2 J) 1 elay)

Bhall days iy sl 18 3 ) 2 elay)

118



T1 AT o0 @hall jseaill bl Walimi) 064 )3 6l
Bhall daps @l shall 1ae 05 1 N4 e ebay)
Gseadioa)) Joril) sale e Lolad Al 5yl (565

¢(3.1) Aleadls cdac] 3.1 adazall 8 385l (gl yaal djhall 5Ll

n=1--=
Q,

A1BAS Galudlly asd Q) 3ueni€all )l of Adaadle oS ¢(4.1) JSal g sall Cigs)lS5y00 A

ie. Q- isludl 41BA4 =T (S, -S,)

T"'
T i_ > _Eu
I L ]
T 3 e — I
-
A B 5

T — s hhia e oS35 (4.1) J<a
- 23AB2 daalualy s (Q; aasiiall syhall i Jiall

ie. Q,-aslu23AB2 =T,(S, -S,)

(ol Jeant L
‘L’}.’Jls .‘.E)JJj :‘-’Jbaj\ Belasl) ¢ Necamot = 1- M
) Tl(SB - SA)
T
i.e. =1--2% 4.1
ncarnot T ( )

1

119



AL (2l el adia dad) 0.9 )T, A3ie Bl Aoy ie (ghall 2l higie Luble elllia o< 13)
25 T/ Tyl LS adaadle (S (4.1) Asbaddl (g Ty Saall a G 25 WIS Jiaw TH/T,
bxie &y A Ll shall daps Gl ahall 0l dada 59 5ha dapal JUlLahall 5oLl L
Bsal Al 8 Bha Jiand 1 o Gail) Biadl) duhall 3oL L Sar Lo ST lebes a3yl )
RUIPLHILY
) sl (e . T 5 Jalade (o Al 5S35 Al Jak ) (S

Q=YW
¢ 2 b pyall Al dad Gl cadle

W=0,-0Q;
13 (41) MZ)})}L\ “*_U.D\S BJJJS étﬁb

.6, Weanot = dalud) 12341 =(T, -T,)S, -S,)
(4.1) Jla
die (b L QAL g asiae g dhant Al (gl yaal (Gyamlll Aiaddl Akl 5L s Le
¢10°C e labic ayill Lo o5 Laxie 2000°C
: Jad)
(4.1) Al (ya

10 + 273 283

n Camot = =

2000 +273 2273
.6, Al 5ol 5.USl =1—0.1246 = 0.8754

S 87.54 %

120



Aha 5eliS el (Olay 2l Adasse €.0.) Bhall Slags Gud 0 Jan blee Lallas f aaadle (S
Loy cledl) ddanall 8 2 nlSaiPUI (e Al sl Ans 5l (330 138 055 .30% Nlsa

Ao gia dolae Gl Jasd A Alall @il 8550 e Clihas) cus
Bale g2 o)l LA AS Bl Ay e yal) adhg dii alas dee Lilee (e Bpanall e
il Dy Jasally 35hal) daps Gl ey i 4 Ly cdadla 13 (535 o) ey S sl Jaaial
e b (4.2) JSa) b daimse 058 day LA CiglS 800 ALK Blhall Jad sl dlaa) o LS
i s Apaill 5yeal) Cayas L LA Aane b aadis Y LEE ¢ lan Bikadl) LY o 5)5al) o2a

LS Bysn LA Cilyea Gl Lgle

T-shbis Lo by jlad @gl<s)0 (4.2) IS

(Absolute Temperature Scale) :ddlhal) 5)had) daje wlida 4.2

pladiuly - B S e gers Ao Lane phall dasal Libie (aliid) & 38 3l Jpeadll
el sabe e Slise 05 B Aapd Lubie Ganls (Sadll (g Aphall Kaaliall S8 ¢ 5l
¢(3.3) dalaall (e s ae Y

n=1- =<2 (4.2)
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2y AL Gaeagieall Al dags e Jags adiet iy 5y Jo Jandn a3l Gla Lad
(e duani X o hlie] il e 5hall dasn Sae i

n=4(X,,X,) (43)
(cAbally LU e aginall lhall Bays Lt Xo 5 X 54l o4 ¢ Cua)

(e diand pilaleall da gy

(naa Ao F cun)
i ebie (gl loa) oSay ol 3ale e Mise 058 Bl Aayd Ganleal (Sae piaa axe clllia

& Cuny A Hlad) Ko F A Al culidl laayl

QZ ><2
(le duani ((4.1) Adladdl o La
b
n T,
«(4.2) Aalaall aladnuly b
n :1_& — _L
Q, T,

4.:11;: T 'é)b;j\ Z\AJJX bt L0 U}SB X é)baj\ :L.;JJ ui :\_L-LAM\ US'“:' (45) ) (44) Y alall :L_\J\.B-QJ
Suasayd o Gengall Gubaall Wa  aal syall Gy Guliie Jes o oF Adlall Cualiall SLaaVl
Ll
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(The Carnot Cycle for Perfect Gas) :Q,Jl.‘u oWl CigiS 5,50 4.3
Dby xS daa &l Laal (4.3) J<a Toshiae le @)Ky Za g A
Bl dap Sl phall 3 il py AP s ball Ay Sl phall slad i py A py o
glae Ol Aagaaall oro Ul el aaa of L ol Jaims e oo Llee 3T 2B 0
paad AT ola o @lllia it 50l e aladinly Llee @lS 8500 o od (gha dyane it
b (4.4) U8 5 LS p — v labia e 5y50l) pasyy prngh Lee Cug3lS 500 oot Alglas
Bsall 23l clehay Jadl) Maal 45)lke ystan AaS 038 (055 12341 Aalusdlly 550l Jadl) ila
Aaludl el (GW) Ao Jodaal Jall fLe.) Dabieaty) clelya) Jacs 41BAS dalsdly sUasdl
e a2l - (Work ratio) dadl) dawiy z Al Jad Jlea) J) Al Jind Sila daws caudi .234AB2

Amidie Jad s i Ll g I3y enl Aallal) 4l sal) 51K

T —sdbia o e il cigils 550 (4.3) J<a
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Pa 3
My I
s
[H : 2
A B ¢

p—Vdhhia Jlo g€ 5)91 (4.4) J<&

:(4.2) Jba

15°C Blya Ao 2ie Hl g agiues 800°C lajlaie s days die (il g agiue clllia Gl 1)
b aidl) agaall il 1Y) ¢ daadnll elsell aladialy g yl€5ysnl Jadll Gy A all 3eLH Crual
.1bar 5 210bar L ).l

:dall

sle 45(0) 54.5(a) ISV ap—v 5T -5 ki e 5y mang

« )

((4.1) Ualaall Aozl

1_T_2_ﬂ:1_o_268:%2

Teamot =71 "= 300 4 273
732%
bl il 5l slad gyl (e S il Ay Al it ol i )
((S1—54)

((3.12) Albeal) Laxtione A ) 4 e s)hall Aapo s elaY
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(s, —s,)=Rlog, % ~0.287l0g, ? — 1.535k{/ kgK

2
(e Jani 2 ‘éJlAQAQ.jE.LL'AMQ

T 1073 .
s,—S,)=c,log. £+ =1.005log, —— =1.321kj/kgK
( A 2) p geT ge 288 — e J g

-5, —s, =1.535-1.321 = 0.214 kj/ kgK
Sl
oA Jad e =(T,-T,)s, —s,) = aaluall 12341
= (1073—-288)x 0.214 = 168kj/ kgK
2 M1 Jsdaall Jrdll + 1 W4 Jodaall Jrl) = sl Jad ila
Q=W il dx 0 cull ehay ¢(2.12) dbedll
e, Wy =Q4 =4.5) <K&l Ao 4 — 1 Lall caan daludll
=(s, —s,)xT, =0.214 x1073
= 229.6kj/kg
W = (U, —U,) ¢(2.13) dsbeall o 2 N T o @ball pumill Culi o)y
W, =c(T,-T,)
=0.718(1073 — 288) = 563.6 kj/kg
Lo dadl) Jlal =229.6 +563.6 = 793.2Kj/ kg

|| aLa
il 168 _ 5219

e Jadll dus = - —~
Jadll sl 793.2
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210 bar
4

A 210
S 1800+ 273)| :/ Ae
- = 10T} _'3' [ 1
g =
% F | Fi : ) E 3
g | bar E 1 2
£
o5+ 27y -

= J4R i ] 2
3 i
EY b}

T—Sjp—V-hLi.Aqu Cgi\S B3 (4.5) Js&

(The Constant Pressure Cycle) :cull) izl 5,43 4.4
Slehal 05Sy cult iy LoalSad] aaat phall 285 5hall dael Slehal syl 030
JE ap — vy T — s Lbie e 5yl g a3 . ghal) saaill 236 Llvaiyl; aal
(AL el (ga3)7 dyadl e L€ @l gaa) 850l s caariiul 4.6(b) 5 4.6(a)
55l o8 By5all 038 Glé 3yalall Ll 3 . (Joule or Brayton Cycle) cisiny 5 Jon )53 (oandi
Al ((4.7) U8 b laimge Alanall Unpey Usae olllin L Aalal) 2l 5Le A5 sam) Gl
Ol Gl (631 elsel b Juniil sale 3555 .4.6(D) 5 4.6(8) JICEY) 6 53sasall ellil 5)lalie
&sd) G i S Glpd) A8la Alslae Baakaig ede ) Clas dalaty ( JUIb yal) s i
(e Jians
Lelal Y Jadl das =(h, —h,)=c,(T,-T,)
Ryl e A Jad = (b —h,) =, (T, ~T,)

il s sl el (Q, =(h, —h,)=c,(T, - T,)

Rl e 35l 3)all < Q, = (h, —h,)=c (T, -T,)
¢(3.3) Aaladll (e Ml

126



c(T,—-T _
nzl_&zl_ p( 4 l):l—T4 Tl
1 Cp(Ts _Tz) T3 _Tz
T4 [
T 3 & P : 3 ¥ = const,
- [ ]
! - P
L
4
Ty M Py l - 4
(a) ' (b) )

T—5s 3p-V hbia Jo culil) bl §) 40 (4.6) J<&

Heat
supplied
AAAAAMN
Heater

output

WA

3
""'f Met work
\\‘

Ompressor Turbine
1 Cooler r4
MR

lHut

|

rejecied

G Gaash Bangd Alha 393 (4.7) JSi

Lot Py 5 Pp Jasiaall (uit (o (hal) el sl Laa 4 U352 ) T by & Lo oY)

cer— Jhan c(221) aladll

127



¢ Lgt\ﬂ_a
_ (y-1)1v _ (+-11y
T,=Tr s T,=Tr
— p2)
Ts _Tz - rpy o (T4 _Tl)

3 s b gl

T,-T, 1
n =1- (T -T )r(Yfl)/Y =1- r(vfl)/v (46)
4 1)

p

elsell ¥ Aad Bl A0 Allad) . dakacall Aaas e Jadh )l 5ol adiad ol Jakacall 350l 4gle
Laa o) A gily Jae Ll (DA (g LS eyl aagand dasig cllae 1.4 J dgloay &5l (5
(4.6) Uslaalls sUanall clliy 45 loe 1,5S mabiiiu Galadl) Zojhall 5oLl Gla ayf50 ikl

(sl WS laalay) Koy il Jaall 5530 Jansll s

Cp(T3 _T4)_Cp(T2 _Tl)

Cp (T3 - T4)
L
T3 - T4
“‘-a:’h‘“ ‘; XS QS”
T_2 _ r(yfl)/;/ — T_3
T, Ty
T=Te N ad T = o
P
ol Ul
T, (e —1)
.on ‘ M = 1_ P
. (v-1)/
- T[]
(r-Diy _
PP Lo
T\ rrr )P
3 p



e, il dus =1 g (4.7)
T p

3
A e Lo Jy Jarall s e Jadh aaiad Y Jacl) 2w o (4.7) Adabaall e 3dasdUd) (<
Lebea o (T cgpadll 51l Anpn (8 (T slane Jade s Aaal . (gpaailly Liall 5all sy
Adle Jas L e Jpaall (Ko L

O e eaalial) o) Tasall 500l wia i sS5 Y Agladl) 350l ()l Adlall Aagite e Ain)si Bass)
Al 5yall aad I3 (e a2yl dazliall (8 bl Aals Ak Comas g colsells alia 2 358l)
358501 A s Jalas oy 3alle dagide s @3 Sle Ayl 58S cllia s 35)kal T Ll
sl wile & il

:(4.3) Jba

el .6.12bar S abliai] wus (15°C 5 1.02bar i vie elsel) G oy 5o &g saag
= 83g3na () Bihyall ay S0 Laate Anllall Culll arall 350 Ja &l A A )hall 5oL
.800°C

:dald

((4.6) Asadl) (pa . (4.8) JS2N 3T — 5 Labaie e A6l 550 a2y

bl selislh e =1 r(y];)/y
p
i =1 L =1 1.02 (H)/y—l L =1-0.598
ie. n= _W_ |55 =1- 5 =1-0,

2\:1‘)‘\);}\ seleSll = 0402 _5i M%
e lall & elsell e Jyaall Jatll Ladls iy alls Jstall il 550ll Jal Sla Jasd
i.e. b fa = (T,-T,)-c (T,-T,)
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Temperature (K )

6.12 bar

[ RO0 4 273)
= 1073

(15 273}
= 188

((2.21) dladll e

(1)1 :
T, _(p) :T_s:(wj“ VT goms_y 67
T, T, (102 T

~T,=167xT,=167x288 =481K

(T, = 15+273=288 K cus)

= =0 gk
1.67 1.67

«(T5 = 800+273=1073 K &ua)
o dadll il =1.005(1073 - 643)—1.005(481 — 288)
= (1.005 x 430 —1.005 x193) = 288 kj/ kg
Jadll Jlaal = 2y Jas =c (T, - T,)
=1.005(1073 —643) = 432 kj/ kg
“éjtdl,ﬁ

sl s = 28 _ 55
432
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(The Air Standard Cycle) 4l ¢lsgdl 3,93 4.5

o doniill aile 3538k 3585l (3ya Led iy AU hsall G 3.1 adakall 8 5LaY) i o
s oandy DS s clysall 038 Jie Gl Llae allaaall moaiall aalls A SlSae il
i Gyl Baall 0955 . elsell Bale 5o (53 i) pile 8 Byilae 3585 (Bn L AR (31 Y]
Ghas A Lellam) w481 Las cadlall Adle glha il o Jpaanl) AslSa) oo 028 558l Cilasg
phall aa aad Gublal 1o =1— (T, /T, ) (4.1) Asbaddl (e 3Dl 2y bl )
Bhall Gl puen Ao b 138 0% Lo ST 08 o s Ty Dradl s 330 B T, e
e pha dlap o Jyanll (e o Al 3yl dhan 8 LS Dl Jals 2585 sl
metallurgical) s)sltuall 2all 3350 a0 Clysall ananl (g—adll Hhall 2aja (5% . Jaaill 2l
ldl (Ka .(800°C gz 3asana Bhyall Aapa (15<8 Jlall clinysi 4 €.0.) eadiall a5l (limit
A3kl iy USae (055 138 .2750°C J sbass Biha Ay ) deas O L3I GliaY) Dpae b
L (gyuail) 43 Aoyl Joay Jsil) e (ld 550l Ladatiall Zapdall 2 il ¢elon of Lo Lala
3y53 S ol Adaall
S dal) @hyae (Jg sl @lae Aalal) dagite JLall Liygisang o alall Shasy) clye At e
el 055 (ARl Blial 8y90 Ll ag) Ailal) dagibe S Ay saay L Sl Siae (il dyaa
a5 3.1 ahaiall 8 5y0ll 55 A% a8l L (AN sl Gl Glme pe cibide Caar il @l
Led bty s Gl @3 (0585 8y50ll G 3 0 +(3.4) ISl 8 Aasall Unbade a8
Lo 13 SW A58 sasg O Glalid] wans dole 5ysall Jom JAY) 05Sall ) il Sl aa e Qasetil) pile
o Lene Jalaill o5 ) Al il Jaraal) 550 ae Liylie (e cRilie ol Aagida 5)00 o lebiads

4.4 el
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a0 (g ¢ bSIL i) o Cn lshan) ) Jslly elogll (g Uald o iy Jg il @yae b
by palall ) lall o ans Cray ehysll el Aadls Zaaludl cblal) adam . 3uileS 5 allad)
elsell (8 asmn aat sy by o cal) 5l Sl yma A elsedly Ja il (e gl dind a3y
bty ey elsell Alall gyl Aoyl Ao Lalihs GlyaY) 05y calialy) da gl Guled die Jaraidl
o LS aAlla) day (e g eadalias) (Al (8 A i elgells S cre Uadd 6 Sle olyaa
elsel) 853 Chupad iy Andl) Il Giay) ehaal 35)all Gl slacy L asleS B Jo ) e
sl
Slehay) aman o abi] wiy ysl) Jlgha elsa (35S Jurndil) saba G ialyid) o Gl olsh 5y50 8
o - ehsedl Al Glinjla Qs Bhall 38 ulale s shall dae] saiae o Gl sy dlSal o5S
ile A3yl cmani 028 O Loy p — V labaie e dansy 21y Leales palsall labie e 3501 s
Sl 533 e 2kl (i il Jabade (e Lde Jpmnl (Kar 1 ladll Gl 550 e Lelee
Salal gl Tahasa (5 Laty cagmam Aha ASaalind 550 e e 05S P — V Bde e Gl g
Lol Aalj) am Al dadal) gl Saws g e Diae e
(The Otto Cycle) : il 5,54 4.6

Gilepudl 53 il aag Ol diae cJo i) yad bl dauldll elyell 5)50 o8 5350 550
Al
-(4.9) Ja 4 p— Vv L. G55 B0 g
(ol sl culb bl 42 (1 (e elaY)
clSad] aaall cnlh (pas a4 3 2 e eha!
bl padll culh 23 g 4 A3 e elaY)

ceaall Gl ulSa) ayn s 1 A4 e eha!
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p—v b o gl 55 (4.9) J<a

byl Ao i€ LA 3 VIV) doe i) asaall G Gl el @adlls 5yl 45)lke ollac

il aall
. . v
e Lleady) daws of, = —
V2
- \ \ . \
Loyl s = &5 ?”S MG i e (4.8)
sl aas

¢(3-3) Wbl alatinly 36l 5ysal Aojhal) 52l alay) (e

Q
Q,

celsed) e Kg S ¢(3.13) Aaladdls st T35 Tp 0w <l anas «Q Al gjhal) sllac] o3

n=1-

lecv(Ts_Tz)
cc«\}gl\ e kg dﬁ ‘Zgltd\ :dﬂ;ung Gl:uf\ Tl_g T4 ) Q._itl o cQz ‘sa)ié.d\ BJ\);J\ i)}ﬁ cd’.’\dh
QZ =CV(T4_T1)
138 el Byha Gl lllia (5 Y andes (ghall jouadll 3l 2 4 N3 52 A1 ClelaY) o5

.&"_1\;:‘\);:)”
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o1 Qg c,(T,-T,) :1_(T4 —TIJ

Ql C, (T3 - T2 )

Al plaaialy JUL cglyal) Heaadll 336 a4 U3 52 A1 o Slelya¥) of Lao oY)

(2.21)

((4.8) Asladl) (o i) s A Ty G

¢ Sl
T3 = T4 rvy_l ! T2 = -rlrvy_1
(ompailly L
T,-T 1
P 4.9
i (T4 - T1 )rvy * rvy B ( )

Ty Dbty A e Jadd adiad il 5ysal Aojhall 526 & (4.9) dalaal) (e Al Koy
:(4.5) Jba
G2 ks Joyt dyadd 5l 8y00 Ao A sal) B Bl elgell 5500 Ahall 3oLl ol
21.3cm’ o)lake Gagld anag (75MM o)l3ie Jagdis 50MM oylsie Ll ghanS
:dall
LSy ana
LSy aaa :%xso2 x 75 =147200cm’

S S Al s =147.2 4 21.3=168.5cm°

e, Loyl dwscr, =209 79971

21.3
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¢«(4.9) doledl) sladnuly Jalb
(4.9) plaiuly

L 12 _—1-0.437 =0.563 or 56.3%

(The Diesel Cycle) :Jjsa 8,52 4.7

G a1 ehyad) e i< i) il Gl e oot il ALY o3 Aedtiusd) Sl
o L iy 3 camdl) 5050 SN JleidY) 5,8 e s dae 221892 alall & (30 4cyia)
28y chalicaiyl Jidy) GlSae b aadi @3 Jsidall 25850 8 ol maal dadiaie lser Ailgland
590 calac 024 condll 3390 (i Jro sl Al mﬂ\wm\j@‘j\@w)&\ ')\_a.ml_me_a
(4.10) J<a) 8 iz sal) Sl Baslidll olgell 5y50 oa ) Al Lgihaa) Leaal diais
ViV Bl Jadd oy Blat¥) G Gl cails 8 LS
ol sl culb bl 82 (1 e elaY)
coaall cnlh ulSa) pan 8 3 N 2 e shaY)
bl padll culh 23 g8 4 A3 e claY)
ceaall b culSa) ayn s 1 A4 e chaY!
¢(3.3) Aaladll (30

n=1—&

Q,
celsedl cpe Kg JS1 A Alslead) po gl Jaiia e

Ql :Cp(T3 _Tz)
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el !

2 3

3= s

e T = ot

e

p—VhLSAuJG Jed 892 (4.10) J<&

celsgdl e KG ST Al Alslaall o culs aas die Liaf

Q,=¢,(T.-T)
Dl A5l 0S5 lehaYloda Sl d (N3 52 M1 @leha¥) Gdpha gl dlllia <Y
Aalll) Alaleall Bland) (Sar Aphall 3ol jues 8 Qa5 Qp J (ansanlly Ul . (55l

B-Dr My

n=1 (4.10)

(B=V,/V, = 28l ¢ i) 2us Cum)
Hhall e Load aaiat Jo Bl duws e aaind ¥ 4hall 5Ll G (4.10) Aalaall
Bha da IS e el (4.10) Aabad) Bl S V3/Vy ol @ Al 352 o Akl
Aphall 3oLl 3lnay JumdV) skl G akied 439 (L @lnay) elae) 2 Y Bl rys T <Y
M =1-(Q,/Q,) «(3.3) Usleal Gaukss Ml a5l Jsm i) e s Aoy IS ooy 055

Lgtﬁ\ JE Af \.@A_..uaj.'\ ({.'\_.3 Y

136



1(4.5) Ja

o Bluaiy) s Gl e 1har 5 15°C Lalaie laiiay diase )ha Aajn i yas

e Al Aunlidl) elsel) 5500 A5hall 5ol Caual L1100°C o (gomail) 350l 5 3ayns 121

Pressure/{bar )

-3 850

:Jad)

«(4.11) J<ill gsall

T, =1100 + 273 =1373 K, T, =15+273 =288 K

¢(2.20) daladl) 1

L [V—] —r =127 =27
T, \v

1 2

ie. T, =27x288=778K

(Al ¢ e S PVERT & lar 3 2 e culh Jaia xie

T._Vv,

TZ VZ

e Vs 138 165
v. 718 >

nh

P — v Bhia o g3 800 (4.11) IS
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c‘\:\lc

(o]
oo

638
2.153

celsell e kg U0 Al Aslaall (pe L

=638 K
Q, =¢,(T,—T,)=1.005(1373 — 778) = 598 kj / kg

colsell (pe kg AL el Aabaal ye Lad
Q,=c,(T,—T,)=0.718(638 — 283) = 251 kj/ kg

¢(3.3) Uabaddl (30 4o

(The Dual Combustion Cycle) :gsu'm aliay) 554 4.8
Sl il Wi Y Qe lSaa Laale Gl O e @aal) il lSae & e a2l
asall Cuill GlSme auen a2 1888 alall & Achroyd — Stuart idauls 4achia] a3 dyas (a
Adasls 2585l Adme B wig ¢l Jendh (s Adasdsy 358500 Ga oy s €258 01 Biaiaa Ui
SN GlaY) 5550 cand 35lal (el Faraiiudl) 300 55l chaall 3hyal) dganll e IS das

(4.12) IS8l i p - v bhie Ll leasn g s o(Mixed cycle) dagsed) 550
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=Y

iy & [y Iy
p— v hhia o U GlaY) 5 (4.12) IS
c@ball Dpadll culh blezmi) 0 2 AT oo ebaY)
coaall b ula) (pain 4 3 2 e ehal)
arall b ulSa) pan a4 ) 3 e shal)
c@hal) il culh 235 5 M4 e elaY)
el cnlh e} a8 4 1 S e ehal)
Ghan) and sla Lt (ag el ok die dially cul aaa die Jo¥) siall coiia (B aball dlad ay
fy = Jleal) i & dys e duloe ED elllin Bl das 3yhall 50l SU i 2y S AL
B =Valvs casaall Ay (K = ps/p, gzl Lis vy/v,
o g oS Ul

. kp' —1
" KD k(D (&-1)

J32 832 Ahal) 35Ul ) (4.11) Aolaall JUlL =iz c(ie. ps = Py) K =1 Lovie aff LaaY

o Lol i ) Byl G e Lo AN (3)aY) 5)50 56US aciad Y .(4.10) Adleall sUaadl
((4.11) Aaleadl ahaanind Tas Bajyall e 5% gl Taiays Cull anas Ludi€all 35hall Ll yuladl)
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Alalaall alasind by 5)0l Jsa Biha Aaps IS w58 Ahal) 5ol iluad Jumdl) sl 0555
Ailiaall 5y all A aledl) 2ol Q) Sl )lyall sl 2 .M =1—(Q, /Q,) «(3.3)
canill Je i dariay cnll aasg

Q =c,(T,-T,)+c,(T,-T,)
2 ¢Qy 32sikall 3yl A;L’A

Q,=c,(T,-T)

:(4.6) Jia
L 555 .69bar J Lglus adY) 5y50]) Jaaa 55%5 20°C <1.01bar vie slga ans vy Hyas
& o) - AU Gy 550 e ngall Banlidl) lsell 5500 A jall 3ol Gaval L 18/1 Lol
+ s Jaray Adliadl) 3)hall Ao glue 585l anan Ailiad) 5)hall
:dall

¢(2.20) Uatedl) Lordine .(4.13) J<all ip—v S

T v

1 2

ie. T, =3.18xT =3.18x293 = 931K

(T1=20+273=293 K ua)

(Al el aans el 0503 (A2 e

P, _ Ty
p, T,
PsVs  P,V, g%

Y L A o V=V, O
( T, 71, ° *2° )
TP, g _69x931
P, P,
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Pressure,/{ bar)

5
1.01 1

=

¥ t
A (3lay) 550 (4.13) <&

‘(2.19) :\jﬁu\ elﬁ:\ul sz Jl;f}!
e Pz (V—J —18" =57.2
P, Vv,
i.e. p,=57.2x1.01=57.8 bar
¢l Jall

 69x931
57.8

T

3

=1112 K

ciale L Jball 138 A culd darcay Adlad) 5yl all Ay glue (5585 Culi aaay Ailiadll 5yhall (Y
Cv(Ts_Tz):Cp(T4_T3)

i.e. 0.718(1112 —931)=1.005(T, —1112)

T = 0.718 x181

" T, +1112 =1241 4K
1.005

ie. T, =1241.4K

4 &913 uAC'_utaJaM dic .V5/V4 (saaj\ sz\ﬁﬂ Lﬁ)})‘éﬂ UATS J\;}Z}(

v _T._ 12414 06
v, T, U2

c‘\::lc_
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=16.14

¢(2.20) Aabeall plasninly

T _ (V—j ~16.14* = 3.04
T5

<

4

e. T, = —1§4;'A;1 =408 K

(2 g Q) AnaKdl sl Gl oY)
Q =c,(T,-T,)+c,(T,-T,) s Q=2c(T,-T,)
(et Jarmy Ailaal) 5y)all glie gl anns Ailiadl) 3)all sS5 Jlal 3 b 45 Lay)
~.Q, =2x0.718 x (1112 —931) = 260 kj/ kg
¢ 2 ¢Qy aasid Bl Sl
Q, =c,(T. —T.)=0.718(408 — 293) = 82.6 kj / kg
((3.3) Aslaall (o il

n=1-2 o191 0318-0682 or 68.2%

Q, 260
) 0585 535l 5500 Gl G 5ye e Jaad Allall dejud) 3 Gl cugl) @laa G S5 i Lia
GhaaY) syl el e LIS Tl 5% 5350 8yad Al 5eliSl Gl O ey el A5 laall JuadY)
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