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Jwe  otter common Fressuye ondts are  bar andéfzmdard

almosplrere ¢ i
1 boy = Jor/oq =0l Mpa = toe K pa
1 atm = (01325 pacz 10]1-225 kpaz I ol22s bavs. |
I,

In He é'»g/:fsk Sdséem » Hhe pressuve undt 7 [pound - fryee-
fPer Squave fnch ] Tbg/h? or psi .
d atm = 14.696 P.Sa' = %omm ’5

the actual pressure al a given position is called
The absolute pressure. and /'t is measuved relatfie
1o abswolule (acuum . i-e-, abslide Zevo pressure.

He dtderence betuwen fhe absolute pressuve and He locl
abmgsSpheric pressuve s called Hhe Jafe pressure .

pPrassuyes #e?owyaéwspkw ic pressure are called Vacuum
[Pressuve awd ave maasurec é;( Yaclbhwm §age-

,d b‘;o lutes gaje.-,éad vacuum pressuye are all Po‘sftfue
7'644/71‘1%'&5 and ‘ave yelated to ecacth other ?_7 oo

, [@3:&3; E.th ( Fov pressua@ above fftm)

[ Rac,.-.: fa?‘en-'f&'?bJ/ ¢« ~ ‘ below 4
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ENTROPY

The Cerm 'ezz?}v/)y' whieh //'t.rm/{y means Cransformalion , was fielt
introdlticed bj Clawusius - Tt /s an lmporianl dxe«rmaa%trmmfc.s pra)owtzj of
a «mwg Subslance, twhich increas witle tie additior ot Aeal
aned clecvenses wi'tl /s remeoval.

T creversible process. over a small range of Cempevalure, the
jacrease @x olecreage of entropy. when multipired by e absoliy
&mpem,iur(, Gives the heal absovbed @ ygect&l ba e wmua
Subslance . /%.ttmmfl'ca{/j , heal absevb ed b,-:-) tle u}ovlz,\‘mg Swh§awe,

Ta
Heal: transter YWMS:'b{’ = Avea under e ai'ri
.—TdS T’-_-_-'--s?’
Jotal peat trargferiw2 = tatal area andw.‘. /
the curVe
SzSz
=§; Tds %

n te tmt ag ds = o

Heal Cransfey 'rmrs:u; A 4| -
el Tde - ®
,‘ram L-»72 - = et == - “§~K
Dﬂam&htfy eq- ©

d\S‘-:-g%_{-w—- AN e @
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Jhd's qat/on glve.s the /e/af/dmsldp wWhlch must exist between
S, 7 and @ rev n order thal the area af'#cg:’afk shall be het
Cransferred reversib b

Npw 1 s possible to calewlate the amount of heals
Lransf erred rwe/r.s:AIJ dtbr/ng a non - flow precess. Thus. b »)
using éfalﬂon (2) ohmjes i (S) cam be delermined . Tt is tis
Fanction (s) which Is called entropy .

If heal s received. whick wmakes Quen positive , then e
enbvpy of te recen/nfj subslance has ‘nereased.-

Zf kel 5 regected . which makes Clrex regalive then the
enlmpy of the rg’ect}ry Subslance /s olecyeased.

Aow consider aglven quantily of heal energy Q. Let Hais
quantily of hedt be lost from a hot fluid ot temperature T,
and & it be recetved by a woley fluid ol tempevatuwre T

s-Q L)@ Hot | T
o

Fosde SonGl s G _l_

7l = 7T [oid [T,

o fhe ;a/ oF a»tm/ory to t.e cooley ;‘/w’J /s grca,to(
tan the /05s oFf enéro)ooy From e hol ;l/wa[
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» The entmp Y of vapours ( two - phase system)

A L:’yw’a’ entropy s

Q: MCP(TZ-T,‘)
Q=mGal . fr dkg mass
Q C}AT 4 /’7 Zd?tdd

[da Cﬁ,dT/ R\

@ Spea/ C ‘wat (‘Apac: a_}‘ e U?Wd df wnStAMt Pffcf!th’(
=4 IEF Ig Mg i - ﬁrr Heo

Dividing eqis throughout by 7> U-en

A _. .dI_-olS =5 glsis Cﬁd]—

=
fds Gf == S,,-S.:Cﬂk,]‘f_?—_
When T =0¢C =273k = 5 =
gLO @L_E
273
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Sxto T Oetormine the value of U specific e;a‘ro]Z) of
eley (Z[L 1E0 2,' -
Sol} §§: q.lg.‘}.tg(_%%)
= Y. = [. ey lig .
¢ = Y1583 2-—1—?3 121 Il i

Prom,  Steam Cabley o (o0 E, gf: .20 68 !g-lka.j(

4 £nt'mpj of evaporation ;
+
Heal: transferred =Chmge of mﬂdp\y °

Afed 4630 :Af: gpﬂc}‘/f{. /57w'd enf[a@d : | mationr (A\
ﬂf(‘t bc)fj = ’l_gz gpe(#({fc Iﬂﬂu/)gy 4:/- den
Area cdef = Sup = Qpea'f/c & afe/r/zat . 2

3 N\
Arat &Jj :ij ;.‘Ts( Sq- S5) L %m_\fj-_

%- S¢ :%_ = §wa‘f;tc "‘f"’ﬁ af evaporation = sfg
7o wet Stean

S = S+ x5y ,S;:q-:sﬂx% Br Heo

[S:.— QAQ%"'%_"E‘@ /N....ﬁ)" wetl Steams
at =1 = S=5g
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Solh a- S =0Cg-h —- - %‘Lﬂ-
ﬁm Steam Hables at- p=z2Mpa 2 T5=212-Uu2C =u8sTUR
hig = 18%. 91
_l& 1790ty
o S= Ql?'—?-}w -f-o?*q?:q
=55728 kylkg.K
VSR <N S S¥4 - at 2Mpa., Sy =2-443F3 tefhrey <.
=243+ 0823 35 S"ﬁ = 2.9935 l%‘lka.k

S as Delermine the value =f e Specific enl"m,o Y et wet Steam
al a pessure of 2 M pa and 0.8 daa
Q- [zj Cadecdation b- brj (.léwg values ef éaqu From
Steam Lables-

=5.5¢62 163 Il R
& Cntropy of Superhadled Uspour:

Area cdef = C'Pv 2ol T
Cpy = Specitic heal m/xtc/zc‘y of superhealed vapour al constant

Jressuye .
. ® .

da.—q:,.c‘(f fe T
da ‘-’QV'$ .-> dS: @y. g_]_.
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Ex: Determine te value of Specific entropy of Steam at
rSpa wll a lempeature sf 3o0c . (g 2093y g iy K

& by calculption b from Stam ZLables
LT = : L I_.
Stig Sz ALy _7‘;&1* G L

/rom Stwan. tables at IS Mpa Ts=1q48.32C =43F1.32 |c
htg = qu}-zgngnca

S =l 48 a fo HFLBZ | 19947228 | 2. ho ST
e ape: TR

= 6.826€ ky "‘8 K

& FHrom &fﬂw Stean tables at I~5'qu°’.3002

(doo pa  (is2e) [b00 kpa

S'= 6 9188 K 200 &2 S 6- 88Uy
4 tsoe - Yoo __S- 695733
- »

/éso - 40D ? F3UYY - 695 2%
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( The temperature - entropy charl for vapour )
.

University of Anbar
College of Engineering
et b e M
2* Year (Sophomore year)
ME2307

Rt
t> ?);_?72;

§x= S}-r QCJ:(ZJ

Temperndure ()

Qe

Sped fre mfy (!glk,.'m

fx; Ly of Steam al Fbar . enliopy 65 Iglky. K is healed
reversibly ot constant pressure untel the tempevalure is 250¢.
Gleulate the haat supplied and show on T-s ciagram the avea
Which. vepresenl te hedl Flow +
Sols
al F bav FAom Steam tGables ;%=6'~?09%'9‘:
S<& = wel Stearm. 5 S§=19922 %ﬁ
S, = S+ Sy 5 - 4 ?lsgﬁ
G.5"= 19922 ¢ X 4 HSE
=0 9558
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Ar= Aty xhég he=6932 gty s hgg = 20662 Igliy
M= 6972 4 0- B Er2W66.5 = 2.6 F2.169 Iy 1k

at ponk & pP=Fbay , T =250C
From  Steam. Lables ts=164.92&  -tyts = Superheted
From J@aeﬂ(at‘e/ Steam. Cabler , hy :W&-S‘&"tgrma
Gookps  (Feoipa) &vovpy

Q2 = /%.~ He = mChs-h) h > 2S¢ 29524 h; 2449.93
=1 (295856 -2632469) S-» 250c F-I8 S2 F-628Y
= 281396 15f

Sz=2 Ml %’/'EjK

Zx.. Ar jid Jﬁaxaf?r of volume o.0zs- i containg Steam ot Eover
and 2sve fle Cj/mde// 5 cooted Until the pressuve s sokg
alculale e stale of e Steam afley Cﬂo/ﬂj and amount ot
k. reyected ? e Steam - shetd, He pracess on s dfym
Seol:
wt Pe&obar ts=2q506C TSt = Sufwuatal
Hoom Stewm fable » iz o 02995 m’lua

Vi ~ QO A
‘T)'- -'-—- 9 m-am - 0834}/?

%0

at R=FBobar A 3Soc Fom Stam tables
hi= 298%.3 gticy » =274 F-6F riig

Viz 1, , Cn'gi'd Cgifnd,ezv)
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& oz 0:02995 mity L at R=sobor . Vgz 6-03quY ‘1‘%
o0 fz{; 7 VU, 2> wel Steam
A0y =X fz;’j = 002995 =X wO-023qYY = K =0 ¥ q
al Sobar . U ={l4F. F3 lglky , Ujg= Muq.-341g7 1y
Ua= U2 Uty = 14T+ 035 I% 149934
; =22471-.82 lglka
CRA= v Al > N=c = \W=e

=Mt )= 0-§34F}(224}-82-2H}F-6 F)
= —y1#-22 g (regected. feat)
x ZLsothermal process on. T-s charl;
< B { Ri P
UQ',
Q=T CS:-S) :
Ti=Tz ¢
';9._2_. 5
1/4_ S l//‘ =

» Lsenlropic process (reversible adlabax?‘/c; Process)

Q:-O - Sl""sl \ :
dQ: 7—d5 2 S=Con$fawt
de Q =0 sdszo ¢
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x The Entmpy of Idel gas (s:':gle—phase Sdstun)

AdQ = w4 dv s for non- flow process
ﬁr untt mass of g9 and let rts stale CAMﬂC From a1,
Uy o new State Po,T: .U,

@ = duw+ du for unit mags
AT =dtd 4 dw
dY =cvdT+ Pdv { + T —--_0®
&9 _o.dl . P 3 v
e _a,_T__J,?ah) @

pPv=RT = P/IT=Rlv —--_@
Subs. 67@/'/&@
dS-’-’C/%.I-f-RC%’

S Tz Dy
5._5'0(5-‘-[/(Cv$_—4-r-r¢f@-%{2) _-_-@

gAY i )
[$z-5.=6v/u-iL_’—+12L»—7)-f/--—-@

i

€7 (5 rgarezrmlﬁ the velatton belween (S.T.,7V) .
4’7 v =R » Su}Js'Utqu'vj this sndo eq- 5

52 5 = Cv}vu-Ti + (Cp-Cv) k-"%‘ s )
$52-S)= CVU\»T‘ lu?-)-‘-)+CPk"Jt e )
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X

0| Sub-eg- @ in @

) Se-SicOm By Gh |- @
%ﬂ ey-@ repr/.rmf e yelatton belween (S:P0)

A Cv=C-R . Subin eqg &

X ,

i G e 4 RWVE ____©

C gz Sv CJV _"_ T ;

g o' S?, S; -((P'Q)""“\—rz *RL&QJT — @

b [

v :(}:L\.T,,i’:- -R(L«%-k%) (D)
W

}b“ S}S @L—T QL»(T_X:) _____ @
'

Tz i i &
o I
% - = = o)

” &5;-5.-@.L.T—-RL~T§_ = @
4 q. @ vepresent d-e yelalion belween (S R

§

T '||Io
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« Lsomelylc Process N z=cC oY, v :;—},A/ s */ J
L . o P
From eg S 1d ) g{\y/\.u..“(,?»‘)
5.5 =CGhE+Rh P2 ___

cznd

v,
20 = = 772/17, = L.,"%z,: b (e
- Sz-'s;:al--—;_—é

Sa—g.:G,Ap?- .,«C,alv».-v— X000
5 S 4«-“\)‘/1), o
% gz-s..-a,kg_

[ sz-go-cllw =GL~ R’ //urwtm‘; Volume

« Lsobaric process P=c

Se-

Fromm eq \f0) A )
QAE qkﬂ e e

S’a-s'.: QL\ —Rk"}' ------ Iy

Bt p=R = /A»(P"/ﬁ)::o  Sub.in <q @A 6D

[SL S = C;A.vz "QL.-E— /frr CUH‘MMI"Z
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« Isothermal process T=C

Fom “eqnd S Aty
SE-S}:C&L %-r R L-% ~®, T=h L—-’%=o

/

ler Vs
< M RL.a_‘

am.@l
= & ]z fz (9 =0
Sz-g:- f’L“"‘—;“-RL’—'—D‘ ‘-“@ L"_—f‘“

5;-5.:..;2L~f;, =i L.f"

/Sz-§.=@l-v‘ -R.L-P //rrcmlﬁut temperitore

. /Oo!ytrop/c Process PW:c
fHeal tr.zngfer;’ec{: b;O::‘T - Wark done

- 0N , =
dd--gL_—\- paw {+ T

A8 _ fs- 5 Pdo
G 5-1 T

PU=RT = Pir=R[v

ds = ﬂR.Q?L
&-

v

Se
Jas=grp(d

1 72
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o b
S:-8 =Ge(g-n) he (.71)“-1

8-
[y

Ss= G = Gy-n) k(-f,

-G BN R
/szsc kﬁ]_,

/gv&r Cv(ﬁ-hik%/ .Ei:(ﬁ)n".=(%

and.

#z-g @Ln RL"Z?-zq:L -erLﬂ -'C?L-T" RLR"

. Isenlirgpic procass S=z=c
S5:-8,z0

?, 'Ul} 017 017'0

/
7 R7A ;
RyR7RIR 499\

Slope;)) Sluﬂ?

w 7A€ av.&a(/v chort ﬁ?’ QgQS CPW}“taQS)
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Instructor: Asst. Prof Dr. Saad M. Jalil

Zx; Air at 15¢ and .05 bar occupi&s oozm. Tle air s heatted
at constanl volume unitl t.e pressure (s 4-2 bov, anc Heen
cooled at conctant prasure back to tie o (Tnal temper-
atwe . Calculale the heat flow o ov from the aly andtue

R=0.28% fey liea - R
C{,:o-'}fﬁ’fglka.;g . Gpzl-005™ teg 116912

— T‘
ﬂ\/.:mQT: s 1= IS +233-288K V=@
/'Ob’w‘g.* co2=Mmwo-28F 4282

mz ol Y )

_g_—-w =M ?7—2-‘?;77:42*283

T Tz A 105~
=S 2K
Qi-2=mG (To-T,) =025 Yso Hex (IIS2-288)
=15 S Ig
Q2—33 = mq:('z;-—'l_{) =025 U % l1-005 » (2EF-1152)
= ..22-05":5—

(Zi152 =Ch-2 @223 = 1S F54 ¢-22:.05 D
2 . - = = 6+3 Ka"ﬁ,

for Uzc 5 $3-8 = C’vL-r" G i 1
Sz-g.-movt»\? ley /K

S2-5, -oazﬂs‘qa»o’-}l?*lv— é_"gpé' = 002853 Ig|K
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frr  pP=c from 2-53

S_‘z,- gt.-‘fm Ci’ /4\,.7._75 =0 clS Y& 1-005 /s~ %
==-0-035Y Ig|ic
ASwg =ASi-2 4+ 4S22
= 010258 - ©.085¢
= - o.olol] (SRS

Sxs coo3m af m‘ércgen amtained m a ylfnder behined
& piston /s ‘nitially at i.os bar and 15E The gas is
Cormpresed /s theamall and veversibly wittl tle pressure
's w2 bay. Glcuote te change f entropy . the heak
Flowts te coovRk dene. Skelch He process e U J:]" -5
dzagm/m | | -

Selt R= Ro/rf=82Y /28 =29%F egtieg 1
B Vi= ik, s J1 2153 2I3=285 12
laaﬂxozna-ozzm&'o.zq',\-* 288 TRt

M F.0268

g‘fé.mc;s'k,?'i mR e B

P
& 52-5, -m/ZL.P’% = 0-0265 10297 k__f: i
=~ o-0l5l6 /g—;K
()2 = @rea wndey Hoe (ine /(Pféje.ni‘.fng
tee precess 1oz

oS
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(=27 (S2-5,) =2B8 «-0.0I516 = -4:2F 13—-
Q: W+ au e = AlUz=o

o (= W
= W=z=-4.331g

" /-:n.t?opj k- Lyvevevsiblity

T e
W™ PN
79 /‘\\ &
| -2 \i
S »
A B
7(';1' A /.g,o/ezremf d.e;ca»yfem'cm ot Aol -

¥ B “ <« WMS;O?; - - -
|

Sy Stemw al Fbovs dyrwﬂ Lraction ©-96. (s Horottled
dawn (o 35 bor, c.:(cufa&? rl-e c/.ojc = er.%f’rz;:ﬂ:/
Fer /Cg ‘of‘ Steam T
Sols
at 3 bow 5 Sz Sprx §fa

& S 199096 % 4317 =65 22 %CK

dﬁ'bffﬁy = k.:’w
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e Afv- xﬁg =6QF}+ 0 V#2206
=2682 lg—/kj
o hez 2682 ué—“cg > from Steam tables o P25 bow
ly 2732 igay - »hg-S2Y 19-&3
< by = wet Steem

haz hf + x /L/;; P 2682 =S4+ Kar 2148 = xp=0-977
Sz 8¢ % .9;: soak P33T b
&, = .32 F+0- T es 2ty

= 6-5’/}1«5/:3.;<

Exs Tn an cur turbine fle aly expards from 6.8 bor and Yot
b lLo)3bar and 150l -Tle bl [pss from tle tuvbine
can be assumed 0 be negligible . Show tlat e proces
’s lyroversible , and Gulewlad te alee e e«trqj IR

Sol

since lle process s witl Mj/,;q/é/e
heat loss,
% thoe process is adiabatec,

If ¢ 1e adlabatic d teversible s _—
i PEAs iSentropr'c b

k

Fo3

Y20+273 =703 K

-
% =( )§- 2 '?03 (——O%—E =YoPR = 136C

AR
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Le preces is fireversib le because T,< 13
( —ac T Tz D reversble prz(ea)

¢ »> o
Sy S;’ =D §{ p e G (yeversible adiabatic)
tle process 2 2 »pP=cC

oo § = g{ = 6/4-» TT—E- = Loos h~ -3—%;4 =o&.0355 IQH‘J.\Q_
2

.3 f AS > o (Tvevevsible procecs
=0 yenevs'ble process f for adlichatic
Lo Impoesible process s

H-w;:

1. calevinle te C/\lyt wf Mmﬁj@f le o alr é:tpa»:l:p
/;‘a:/yéfa/—u‘m./b 'n agh‘ud(/{ belind apbton frem 63 barv a
5‘5‘92 20 o5 b - The index of expansfon. (s |13 .

2. @8 “g af  Garbone dioxide (M=U4) \'s compressed From,
Lbor dts¢ anttl the presure &5 B2bar and #¢ Jolume
fs then o- oaqm . Calculate the ak&nﬂ( ot a;irapj

Take : (p= o 88.%1- .
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(Sheet No. 6)

Q1: 81 NS
ﬁfg/d CJ///'HO(C-"" Cﬂnta/ru"‘tf o.cobm of /u'frﬁt’naf /-04qu,
I6C . /s heated revevsi bc‘j until te Lempexadure (s 90.C

Calculate e charge of entropy and tle heal Supplied . Seetch
the orocess s dncz/mm Talie &=14,assume. mirojen fs a
[Lerfec SFAS - ans.L o. oo/ZJ’_Ef » outfo Fleg ]

le:

ri ot alr s heatol reveysibl Ly at mww préffure Lrova 1S ¢
L2 300 &, casedd llen cooled yeversi bé}af Eonstanl  Uolume back
to te inttial bemp evatuse, lie inlial pretune /s 10 3bor - Cilewlate He
nel fuoal Llow and e overall ach o ud'rapoy » Sketed,. e
jrocess em To5 cliagram - Ans L1011y . o246 19 <]
Qs: ; | |
1 g o Faly is a/{omea( 2 arcpanl/ revers;bb m a C,j lind ey
belind a paston in sacL a.cwg tlat tée fém/a ernluve vemains
conslant al 260é w[u(e toe polume ;s oloubled . The plston
7S Hoen rmovwed! m. mu( M}j /geefz“ed é(;, e alr revey Sl
at CMM pre.erure wurnltl the volume (s e same as 1 was
ind faﬁ Caleclale | tlee nel feat: flovs avd the overall a“:j
a:f-tn,('rv,y Seelél. e pricess on 7-s o&'agra

Ans. [ -161.9 58 , _o.yq3 &I

RIS 1 kg of adtal Lo2 bay.20¢ a-»deyc?:as a process ?{"Zuck
tle pressure /s ya/sed fo £.12 bov. are thee volume becomes
o025 . (alculate é{-e alw-.jc o .e«u.trzr)OJ « Ans. Eo o3F !c{yho‘, K]
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Q;;,:fawn expands /evevs-'b{_J n a g/c'ndea’ behind a piston Frevn
& bar a/rJ saturated . to apreswr® of &5 rpa . Assuming thatl e
Qfindler 15 pesfoctly tlermally msulaled . Calewdote te coer® done
cluving te expansion per kg of Steam . Ans.[323.8 lfa'h‘g_] |
Q{.’ In a.c:anfn'/lga,/ Compr esSoy e /v /s a’f)._’&‘:feo( éLm-?L |
wpresuve ratio of o ol sand the lomperalust of Hoe aly incve-
ases by afuctoy of 165~ Show tal le process is itveversible
and caleulale the be/t' e erdf’r‘opj P% /g of auir- Asswme
e JIEESS is adfabai/c- ﬂns.[o- los™ lglma.RJ

Q?: A Lorbing s .szyy//ec! witl. Steam at yobev. deo ., wihlch
exc prands d.mfyA e Turbine in '_S.teué( Flew t2 an exil pressoe
of @-2bar and a dryness freclion =f ¢ 92 inlet velocrty Is
n.g'{y'/b/e bet the Steam leaves at Aé'ﬁh, delac:‘{i_j d'mﬁ/‘ a diel
af o lc/m“? Cross- Secltoral area . ITF tle maes Lipw rate (s 3 kgis 5
and tie ”wc/;am&a( e//z'cf'e/z(sj 'S Qay . (alculale et hevse
Pover oudpal of He Loybine . Show ttal H e process |'s (ireNe-
rsible and caleulate tee -czuugc of entropy. Mélé?l'ble toe hest
lasses frovn e Luvbine.
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