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THERMODYNAMICS

Instructor: Asst. Prof. Dr. SAAD M. JALIL

~ Textbooks:
1. 7.0. ESTOP ~ A. MCCNKEY "Applled Thermodynamics”

2 RAYNER JOEL "Basic Engineering Thermodynamics”.

Other useful books:

1. SONNTAG, BORGNARKE and VAN WYLEN" Fundamental of Thermodynamics”

2, YUNUS A, CENGEL ond MICHAEL A. 8OLES™ Thermodynamics an Engineering Approach”

3: MERLE C. POTTER and CRAIG W. SOMERTON “Engineering thermodynamics”,

» Course Contents:

E: Subject ‘é Subject

= =

! | Concepts, Definitions, And Basic Principles 17 | The Second Law of Thermodynamics

2 | Dimensions and Units 18 | Heat Engine and Its Types

3 | Thermodynamic Systems 19 | Refrigerators & Heat Pumps

4 | Properties and State of Substance 20 | Entropy

5 | Processes and Cycles 21 | Entropy of Single Phase (Ideal Gas)

& | Forms of Energy & Reversibility 22 | Entropy of Tow Phase (Vapor)

7| The Zeroth & First Laws of Thermodynamics 23 | Heat Engine Cycles

£ | The Steady & Non-Flow Energy Equations 24 | Carnot & Otto Cycles

¢ _| Ideal Gas (Single Phase System) and Its Laws 25 | Brayton & Diesel Cycles

10 | Reversible & Irreversible Processes 26 | Dual Cycle and Mean Effective Pressure
11 | Specific Heats 27 | Steam Cycles (Caornot & Rankine Cycles)
12 | Steam ond Tow Phase System (Vapor) 28 | Superheated & Reheated Rankine Cycles
13 | Important Terms for Steam 29 | Refrigeration System

14 | Reversible & Irreversible Processes 30 | Carnot Cycle

15 | Measurement of Quality 31 | Refrigeration Cycles

16 | First Semester Exam (Foll Semester) 12 | Second Semester Exam (Spring Semester)
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carne b2 a/ef/'/u’d as the Science af er 6-733 .
The rame toerpodyramics Stems From the Greel wordls
therme ¢ Heat) and a_’ynum‘cs t Power) .

Aplied thermodynamics: is #e science of yelationship
bebween fueal, work , and the properiies of te %stem
Z#t /s concerned wil. fhe means necessavy to converl
heal energy From aqw’/ab/e Souwvces such. as chemical
L Afuels ev aucleay ptles into piechanical wovik.

« Working Substance:- .

e wavk/nj substances aye ., in 8ene.m./ f/w'Js
cohtch are C‘d,odb/e' ot defermation in Hat ﬂ‘zg Cau Yea.-
arly be expanded and compressed. Gmmon examples of
edery /(/‘y Substance dsed n Mermodymmfc Sastem arr
and Steam.

. Pure Substance:- ,T.s . A Su‘njfe Substance ox mixtuye of’
Subsfdnce..‘w/z'jcill has He Ssame Consislest Compag:{w'on
Bhrorighouct - Stk s o, Mgy, Heliom cundl Casbon diocide

: T ofter wovds, £ s a hamogmnous _

Substance and FPts  roleculny Structuve olose neot Va’fj.

For gxample s Steawm o waley or riatuve of both cam

be Cvns.'a’ered as a puré Substd-nw- T/u’s 'S because

Tt has e same molecular er chemical styuctuw

f/»mujl\ ils  mass
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=+ Dimensions and Units %=
Fny ohistcal :7mifJ can
be Chageter!zed Zy wclimensionsy The :mé:frur mfjmﬁudes
assfjrwd to fe olfmensions are Ca//zc/ @ Un/ tsw
Some baslc dimenstons such as maSS(m;,Le
Ly, et . and fem/wmzfa/e (T3 are selecieed as ,ﬂl(mmp]
ar Fundbmental clinensions . (Ohtle otlers @aclu as veloot
T s energy Ey and  volume ¢V, are. ex,arzgseaf n Leyms of
e /?nmmj dimenSlons and are ca//ef [ Secanoé&ij] difmenslons
> or derlved climensions . LN .
Tioo Sels of onits are S,fz'// n Common (LS€ fooéqu;
I+ TRe £nglish System- | 2. System Internstional
\Ll (ST ) Uwiks
Ut

e B2 ) O’ - OO 6 B B R T ey GO ST, e Sl e Sam -

Dz‘mm&:’on 4 | Y |

Lenaﬂu | (m)
mass §ofibg lilogram ( kg)
T tme.— _Z) = second (s )
Temperadure | Kelvin ¢ K)
Electrie current Ampere  ( A)
Amounl of Lgkt Candlela ¢ C)
Amount of matter “ mole ¢ mol)
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Quﬂtffﬁ’ ST Untts j/rb:n .»’-*. bl 4> c\)_ T Uitk
< :
rea mt | 1 ft-02048m
Oeﬂ«Si'éj lg/m; | £ I/n =z 0.02B4 m
éu'gJ o ! Z Ibm SO Y536 /43
1,-....3‘; per uni't T/ kg {85 Slag = uf 574 xa
mass ,
Force N ) 1 Ib; . 44{3/\/
Heal Flun W /mt ' -
Heal +ransfer W I 8- joss.06 ¥
ralte Ydiecal = 4.1863 J
| 2 Btu/Ibm -2326 T /kg
mass Flow rate g /s 4
Lo 1 hp-FYs.F W
Power W (Trs) H
Pressuned Stress|l NI m* | 1 Tbelft =57.88 Nlm
Specific heat || Tlkgvk | 1 pst =1 Tbgltnt= 68948 Nig
Surface tfeasion || MNilm u
Veloc i m s | 1 Standard abmosphere = I-0i22
Viscos :'%c Kn)l| m*/S * 10> Mim®
Volume : Asmg igdl. = 0003 FFS m3
Velume FHow rddi m* /s
Speufre Volume| m’/la 5
N |
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— Heal E'ryfne 2w AN
LS Fhe pame giten to a..'%siém_
obl/ch égj ofzemtly Vo ‘éj’c,"c MArney .}dé‘duces NN
el coavk Hom a u’-;ab( of heal . : :

- Heal, work, and fle Sys&mgo - V A

Hadl /s atorm of <nerpy which is tansferred Avnf“'ow
boa((j Yo amoller baoéj al a /OWW-&"T’PWM? ba ?/%Ytue
ot He L‘em/&emﬁnf? ot %ofence__-.})é-fwee n. the bodies .

niote Hat #e heal and ok ave a #ransient

Fuantites s nok f/of’erz‘les*

SN 0y T At e 7 g S e S
I a ég}si&un exlsts (');_’.LOA("CA a fovce al fhe bomadahg
-of e Sdsftm. :.-1"& moved /flw(uj/\ a oistance, flen woxk
¢S5 olone @ ¥ on He é}ﬂ‘gfcm-

i Wm’lz = [Fovece ﬁd‘&bﬂ&i’ i I

A sashn;mg be defﬁ’@c}( as a coffection of maler
Lo;'}f(.f(g.., p/&;(,ﬁbe:[ zmi{ fdemb;z)'ab,é‘ Loundayies .

a 7uanfafg7 of maflev e a rfé'?z'on ‘n space
Chosen ov Sfa@ .

The. mass ox fté_jf'on oulside He %sfcm 'S
alled - 7‘/?.9 Surroundc'pg :
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P st | =
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g S 13
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e yeal or /'mqyf’nar;ju Surface fhat Sefadfaf.'es Hee
Scy.sfem f'}vm rits Suxrround:‘yczj S Ca//eJ fLe. Lou.ndo.r .
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fiﬁ%ax

- Closed and Open S'ystun.g'b

5 Ys Lem WJ be mn.s:'aéreu( & be c/o.seﬂ( oy O)Dt'-w

Space s chosen for d’f«{y i

c/e/oerw/:y on wheiler a /’:'pt:ec{ n.g;,g .o*;"a ﬁ’,.'x.ga( volume [“n

A closed .S’datlau’cazso Keowon as a conlrol mass) cemsists of
a freed a moond - of ‘mass . and ns mass caun CNo8S rs
bouudlryf. t‘:’qf’ 73 -—)ao rnAss CatiL &-Lf?vr oy LQ(VE a dcs«ol

._S:f.s téu«y ot
Eed «t’.atarjj S Ao’ Sy o f heat
o wevlk . Cau. CYoSS  fhe &awda,rccf ; [

dose ‘npl have o be Lrxced.

anj( AA:’ u'a/a(?ﬂe 0/ a C/D.Sed ._%erws

e
C.loSeol 1| Wmass (s}
System |

ey Yes
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ZF > as a;s})ec/a/ ase s even -ene’é:zy s not allowed 4o Cross He
bowwér.:fy, /Zat ‘E’S&M A Cd//a{ Ty I:SO/dteo( .Sy,stut-‘ .

An Open S]‘s‘te/n, or a cwnlrol volume ,as It s
often Called . /s a /0/0/95(/7 Selected reg fon 1/ Space. P ko o
ustally encloses a deurce Hal involves mass flows such as

a Con/areé_SoY, ﬁ.‘r[)//z,e,or /2022/6 &fL nuss am.al en.e\gg
Carn. Cypss. f/\,e aou.ndm:j of Qa Ccmfro( Uo/wne wluck )5 Ca//ec{

{ Conw\ Swaloce

a cmtrol Surface .

[ Aa open System (acantin) voluwe)

Hot wadef= = =
e
| W
| (romkn \
volume ) | #
|
| Cold wiaded -
- - “\ |

valt. one :'n/e?'t. Land énl 'ew Mt _7

R i = il

i, |
Bn 1

‘"\)’L

wnss YCS

'thq-—'-———r

—

Encrsy Yes

[ Botle rmss and energy can
cross He boundarfes of q

Contyol volume ]
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_J/(Dro/oeftfes of a Sysfmo’v

ﬁy chavacterisiic o{: a System i's Od//m{ @ propeﬂéj
Same Faml/llay examples ave pressure B l‘a;aefafure T, volume V,
and mass m - )

The list can be extended to include less f&whmf ones
Such as wstthj Hermnal wno(u_ct:wcj moelulus. afe/a.st/c:{.j
Hermal expansion coefFiclenl, efeotyic res',stlu‘td and. even

Ue/gc:fj and elevation .

Net all  propesties axe ‘adepencleat , Some ove olefined
in erms off oller ones, sacl\a,sml{j £ Spectfic Volume (v,
Specific gmw'ic‘y A N
Properties ave cxms:a(efed to be elfler fnﬁnsMoY exgwl;e.
Intensive propexties | ove Hose fat are independent of Hoe size
of a S;j.stem:,..Suclxa.s temperatuye . presswe, and
desshbgl
Extensive pfbpodles ace these whose velues Wm«. e Site
A -ox extent- of fe Systewn . Such as mass, volume ,

and ,}/n{hl. eneygy Ej .

m ‘_ [ m l‘s‘_"‘ }'-fx,iens»‘v Sokaint

\'J IV :-}.V ;npwéus ’03,
P— N ; >

; ; 7; Intensive cksha

; i | £ |[reei [ty

Intensive properiies ave

Pndependest o e si2e e f
v SHs ten
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h:.Nn.x
Date: [/ (212

/s the Free exerted by a //u/d per onlt .
@req - (e Speak of pressuse — on J tihen we.. oleal Wil
a gas or a Liquid . The comnterport of pressure a. solipls /s
Stress -

At
P _=laktm ;
221 - 1o < , =
ﬁl'r n) - = . \
i S {77
) o SR ST o
In a contalney filled wif agas b The preguse of a flud
Hoe vaviatlon of pressure witl- .~ . @l pxt tucvesses wih. et
QL 164/ 4 A4 3 el
fteéj/z‘ s neg :_7/:5/? , H Cas a result oF addeol wo :C’l\'t)

Sice prasare; s defined as force pev unit aveasit
has Hee tnlt oﬁ new dons. per Squave meter ( Nim >, whkich is

cated a/aascal qoaa.
18 == -

I N=1 \fa-w\lsz

1Pq= 1 Niw?
1 Mpa= \o Pa
lkpa= 1o Pa
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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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S O SR SO Yy

e S G G ST OO 65 B ET W0 T by GO SO A S Sh S -

T A
Fs)agc - A
S e e e T PR
P\MC SR Ebs
Rom Rt |
Fawes 3
Absolute B =0 Absolute

Vacuum NS Vacuum

Exgw A wacuuwn ga9¢ Corvecled ¢o al c/;q.m(:ey ‘-._\lrpat/s 5-8 psi
ka_\g: a lpcalivn wheve Ke atmespheric pressuye s 14-5ps,
2 ?ﬁ@e&m}m e abslute pressure fn the Chambey.

Sol 2o NS
- WA
= /4.5-.5.8 . , L/é)"

= 3.F PS;

Zx S The pu‘ﬁm. ofa /wsfon CJ/t’n.der device - amfafrurg aaas
fras anﬁf af 5013 and a crpss- Sectltonal areq of 004 m?
as Shount be/bw e local atmogpheric pressuye /5 0:9F bar
anel f‘-egmv“iaftanal acceleyation 's 9.3 mig.

A- Delesmine Hhe pressure Mnsiole the (;ylmder

b- If Some heatlt s Eronsferved to :‘Lega; oud. L Es
Volume oo ubles. oéyccl(ou. expecl the pressure fnside
tie C.y//'iza/f’r E7? C/uzaz €.
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.50539 Q.- E7ccf/"6r!wu = 2 FE-o /=92 mis*
2wz 247 by
i X
A= A+ W - wzmg "f
P = Pq,fm gy B A..ﬂ.:a.oqh‘l
;3 AT
- :.7 !
= 0.97 bar . Gokac9e B I N b

0. Yt [hq. m* 155 Aflwd
:I-//? bars C o o. W

A /ﬁ’w{cf wc e Lo/ liay Lot Ifznfomfmé
as —a measuve of * hothass” oy *coldness” sE is ot easy tccqa'\/(-’
an exacl oletim/tlon ,ﬁir\.{;f, =

Lascd on. o ,o/gffo/g,‘ca/ Seagc;f:b;'.s, We  express He level
of #emfﬂe-raﬁ;:ﬂ ‘gua (fi.‘taf/we{j wi' K words |the He a’g,/':g cold,
Cold, coarm » hst; mw/ red=Hot -

72; mv’l'af/qm of an easz'é( measyable pw,oey{_] of

@ Substa“ce' @;‘XL &m/atrzfalg Cai. be Lb'ev/ ‘o ,ofaulde @
tﬁr..w/amétré— »w.fk'//‘/(zj Snslrument - Jox mmp/e , The /¢gﬂ~- oF
& ok o mexcury vl va WK Lemperatuse die to the
)ﬁj e meycury ov oncllier Liquid,

- em/oemtaregv—f ff-,.f".“l_.,.,'.

2o prinkin. ancd natmclion e
gass and  Slid




 University of Anbar
o College 4mm

2" Year f&mbamr year)
ME2363

T

lntucnr Ast. Prof Dr. Saad M. Jalil

e B0 G BT OO 65 S BT W WD o COVSAT e S e S Y S O S S e b Sy

= Jemperature Scalesgo

The iar}aexzzfu/e saales wsed . He Sf and ntle
Ey/zs/n Sysdem dodley are He Celsius Scale tagrmer{j called f(g
Cmfgmde Scaley and e Fahvrenhett Sctle .

On He Celsius Scale , ice an.d Stedm pamf
are assigned fle wlues of 0 amdd. Ioo,"C. fes}nc.évegj e corres-
Pond{zy calues on the Fahvenheit scale are 32 and 212F

| /a‘}

In ﬂw«m;uﬁl/wmcs L s very olesirable to have aizu.,Oemfure
Scale Zhal 5 rrzc/e/:ezu/eni of Ha <,orv,«;e.«.{/es of ay substonce
or Sudsstances. The //wzmaa?za/mc (z/.v/iemzu/? scale fa #e 8L (s
#he Kelvin scale . The temperaluve unit on tis scale /s e
Keluin , which s o[e.séy(nw&c/éy K tnot'Ky - The /owest écwvfcda'}qu
on Fe Kelu'n Sca,{e /3 0.K .

The! %o’moc‘(yrwxlt {e/ti/?éfafuo’e Scale n te E’J lts h
sysiem Fs fe! Ra.nkmc Scale » He fempemfure uall on ﬂus
scq/c /s /Ae /aydon,{, which /s c/&SjAaieo( bcj R .

L EP versus T p.lots at tee ap&rmaﬁnl
data obtat'nec{ from a consTant -volume gas > ///
o T1C

Mz/momefe/ Ll.s:'g 75(4-')’ dlﬂpﬂ’nt amc o 'l:

-

ak deferenl p/cssurerj z‘;} *
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eS|

Tekrs =
TR) *

T—é co -9-273 15

T_CR) = |.¥ TU‘J

B i )

T LT By
ATRY = 1.8 AT

AT cky = AT¢T)

P———
ATcR)Y = AT CF)

W*_

S °ov Dwn'g a /watly process , Hie

Femperalure of a .E,Jstu'«' 17588 b&) Gaol

10 € Exp/m”.s s r;'Sé dn fem/?efature

. K. F, ard /2
Solse i 4l g'
ATeky = ATCe) = 16C
ATcR) = [~8 alck)
=1Zxloz 18 R

6~ K \E ,
' Nzz2c vz Yeti67 g;f"“,
» OF Wﬂl"t'?
at tatw
27206 32.02 L H4q!. &9
. —459.¢31fHe  Absohude
L) Zexo

AT (Fy= AT (R)Y=18F

S

Cad = Q)‘-} -’L:vﬂ,v.' -n*-c' r.\»,l,x’, (y.»)

o w’) LAJJ

e 2

TCES e 459 6F . e

log

-2%3:15

T@ TU Pckpay

aq4
Abssiuke )

Vacuwun

N SConsamd

- Z?”.

A constant =Volume Sns,ble/mcfcr
woq/c{' lme’ =292 all absiufe

i ’

Comparision of +temp orabure
Scales

rf ’l{/l @JL G}? L'f“'_'. f_),o/.l{f)b‘
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- Cb(ume )
velne /5 a prv/:erfctj, benéj ﬁmf Pnpeﬂg
tohieh s associated w/ K cublc measuve.
The gn't of volume ts #He cubic mefefx tm"u&mdﬂues
He liter L may be used . i
1 Liter = 1 Cubic decimeter ( idbf tu;.m].)'
TA He volume of a Subslance increases Thew' e Subftw:a:’ (s
Sald to tave been Expanded .
If Hee volume of a substance o@cre@ges-,ﬂ\ca\. He
Substance /s sl o have beeun Compressed.

5/060'/;’(2 Volume s Cg.(.'ven ;‘L&..%mbo‘ (V) \_/gd

Vs Tt s Ke rec /?fo(af ef o/ezz.fz'{y and /s olefined as te

Volume per it s .

Dmsiy cleted as  mass pey unit Volume .

[#)
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buws’gca&wﬁe«vma:ﬁ;;g-

= I![]

Spcc:'f/t Jﬁlv;td or relative ob«&'{y LN '

s clefined as He ratte of He dmsf{a of a substauce
Co He alens’t 3 of Some sStandird Sulostance ot 'gpea’rf;;"rz{
berpreratioye, [ usually waley at 4¢) for which .ﬁv,, = 1000 Ky/m? ]

7|

Consloler a Sysleam Hatl /s nel
uno/e::/gohg clxmage - At His ponl Lall propeclies can be imeasured
o cadcwlated /Llacglwcd e entive System » which gives asasek
of pPrperdes Hal Cef?a/p/eieic/y desc prbe e tonditfon .or
7le Stale of He 4‘335-&«0.-

. S’ta.b aa.a/. Er«/:bnum

ﬁsdsttm at two

Vi /Aam%/um daals witl. eyw/z‘buu.m States. The word
equdfibrium /mp/,es astate of balwce - In an equi by ium
Gtale » Here ar® o unbalaiced pal‘za.ifafs (oY dv'nfmé favees)
o ¥in /Z.e z_%.szemn =
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buveﬁxcas—v*q»matﬁa;m:

et M ?w'//Zn'um e IFf He t‘cp/ewdwr&' ’s fi& Seme

Types of Eqw'h'ﬁm‘um fo

ﬂ(fmfauf The endlve ._%:,_sfm 5 fl—eu Hoe Sj.s Feu
D s - S AL /L&’)’ﬂm/ A U brfusmn N3 ) '

20c 23t 3T 2> '
3o'c 32 Actosed (%ﬁtﬁl“ mcldna
e He'C B2C 3¢ Hosrnal qw/:ér/u,m
42¢ 32¢ '
“A- B‘&r boﬂ"“!Y =\ e

ra Mechanical Equdlibrium 3 7s wéded o pressure 5 and aSyton
flg s mechan/cal tyu/'//brz wwr ¢+  fhere s ng C‘u‘uge 'n
pressave al cuny pornt of #e .%’stuu wit. Eme.

ay Phase Eqw'll'Bn'uM: I¥ = s?j.stcn invslues Twea phases it
s pxm;e W/ én’ww whes e mass of each. phase
mac:Aex e -e7a./‘7/‘bnd_m fevel and Sfaqs tHheve .

/‘VACWCJ fqu'b'&'rium'. A .Sl’stau. 5s fn Chemical eqw"lfbri‘um
(A e Clemical aompas/ffon dese nol Chaunge w) Ml
ti'me (no chemscal raactions occuy')

ASystem will ot be In equilibrium wumless all
Ae  yelevand efu//é';r/um cyvitecia ave sittstied.-
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v Focesses  amd C]c/cs 0

fny chunge tatl a System wwégoes Frem
one eyw/raucun stide to anolley 15 called a Pmcess  and Fhe
Sevres of Slales 7%"5"7/" wWhER a %sfem. /oa.&s'es oélyutj a .
[Process 15 calfed fhe falh of He frocess, -

JFro Cesy a’&jmms Hat poioHed b J
enya/o j f/wermi{jnanuc propeciies

as  coovolimles ave very ¢ usetl /n ] A process. betlween Stubes
wsw//gug e procegces. L and 2 and He porcess
pPak.

Py
Some Commen properities Hal oge
I

used as coopralivates are tez»)oemﬁwér | I
Pressure B, and volume N Cov Specibic | Iz |

tolime V) ﬁ%
X Trakal
Stete

|
' ‘ '
The /o/e'r/rz is0- s  offen used : |

4o o/e_s‘gm)fé a /a,\ruc:dns for which q l ey
Lndy

/a:wbt’u/dfr pm;?&xg vemains gpesdaid . ‘
/?n. /&/‘cﬂml PIOCESS s fo ex ample. ‘i:l = E:; =

s e orecess olwyc’ncj which #Hee éenyoaf-
ature T rewains ) conslant .

t2s )

The [V dr'gmm of q
ComprEssion. Process
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An. [sobaric jorocess s a  process a’cm:g wlucA. floe
pressuve P remains constail . . N

An lsochoric cov lsometric ) fProcesS s a Prbccss oy} ng wrhich,
the .Specnfc velume U vemans conslanl .

f-?scjsifem s sud 1o have wwé,;qone a.%c(e 1 8 o
yeturns G Jts inilial Stafe al e e»w/csfffie JRrocess
Tt 's, oy @ Cyc/e Ae initial and ﬁ/nu[.iz‘a.fc.s ave foéu_}f:ca.‘-

* ,7;/0‘5 off thermal Cycle fo . - |

%ma(lymwc cdcles“ :En,#}.s cc_jc/e ne Change da toe
Chemical Styuctuve awd e /:ro,mri:‘es of
Lluid for exsinple the Steam fn power plak.

2. Mechanical Cjc/cs{. In' Hi's cycle fle Propedties of
f/wc/ &Y Subeauce w2l be d\a,.ge 2 rvY«Caqui
ﬂuz Idﬁrnd-fambustlon }::'gme ¢IC.E;.-

_P? =3 \RL ? ——

3 Y

\
—a= N >V

a- A two- Precess Cac.}g b- A Fouv-process Cac\e
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- Enerj b ) 4
Ehegj ’s detined as Hat cv/aaci’fd al'o‘oalj oY
Subslance grossesses colseh ra result fn He /oerrﬁrma
o £ wdovk . fyom. He Llaw of Caruse«rohi?bn,pfww ftee
energy Ctrnol be Creales! or a’e.st/o&ko.{. |

=Forms of En‘(’) 9 |
' Ene{” Can renish fus nuinevou s frrms
Such as //\afma./ > rnechanscal - /(:’ne—ff . /%fenf fa.[ > e/ecfvfr.,
majrufr'c . Chemycal , avd fwc/&a{,,w-.d/ Aoete Sumw conslitute
foe Total Energy"E" of a Sislaw. Re tital enewgy of

a Syslem on it mass ~basis Hlenoled %J "e' aund s

clefined as: A\ :
| B
o L R

I Mmi/ymfcs Mags:'s, :'t is oﬁ.Len /\xlﬁﬁd
to (Dmﬁf@’@{.;}g\{...‘b&'ﬂ.ﬂas #rms of enévgy Hat make up
the ééz/ é.neﬁyuo?f la s_\:.ysz‘em . wo anups 3o

i’ ' % ﬂ:’ct'o Sco P i< 2 chro Sco P4'¢

the microscopic doms of energy ave those yelated 4o
P /n'o/fc‘u_éz.r Struce Lwre of a S&s‘[om aua{ .'/u/q‘ dcgﬂ?(
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IS

a'[ /mc nw/eca/ay ac,tfu: ty a:«.ﬂ/ "Vx.eij afe m/e/OenJr

of owtslde refeveuce Frames

14

7he  Stua o}[ cz/!' Hee WC/O\SCO/DM_ ﬁfms af
eneyzy ’s  called e Internal f:nogj ok a._.szfxm o)
el 75 clomoled by *U" & '
msz mass 19
U= Speciﬁ'c_ Zernal mw&j xca.[uJ

7he macroscoplc enery of & Sas{am is yeloted to
metion aor_a/ 2%_& /n//ae&u:e t:*)g dome exfgyn_a,z {ﬁéct Sudq

as 5’”"’5 - ,m}jngz‘./.sm > e./gftflufy 2 a,nj{ Suy a[ace teusion.

e crergy Mool a %Siw possesses ask @
result of ts motloa  yelatiVe to Some refevemce fram

’s catled ./(a'neltfc..:: Ene.gj * ¥

JE = E. o(x = 5
- O(E:FO(% : 2
R = 1Y .
e

; F:m«a = i

9-\$L
e

C 2 ue/ootg
= . d4Eme
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[ K-E:EI—MCC:—C):)I- o—Lop 20 ,FEK-E

[K-E:é.mC: / Icz'r

- A ) ;
oF son. a uw'l mass . basls b,oecfrf’c Kinelic -e.weagc\()

fk:.e;.g__./ Ky g

- S};y/c ,a/il:'e foink CTriple fint) oF water:

Jhe Stide m  whkh e Solid, /qu’a/ana'
Wy enciSk - toge/éw-
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Instructor: Asse, Prof Dr. Saad M. Jalil

The Creryy Fal 5}3[¢-»n possesses  as al fesult of
/ls  elevalion i a j/qw’{af/ona/ Leld s called Bﬂuf«"ﬁl
Enbgy PE” aud is expressed as; ‘

= mg Z  Jole (N-w) _ ;‘~ . N
aY ., gn o 'l mass  basis., S’,Jecv'ﬁv"g fa;tnt/fl"a( é-"hwaj )
pPe=9z igiley AL L

™

Ssdmw‘fai-’onal accelevalion, . RS

Z s elevalion -

A

/7::7 velume of /iwo‘ e&w’nﬁ ay I.eaw'n(j a Sdsﬁzw\
a[/.'sphcc’ aun ve?m/ U‘azame L Hhoe Wj ’-,J/aa[azed diue to
His Flow  js :44’6&( Flow Emjj FE"
1 B =7 7 S Y
Heal Endtyj.b ‘I:t s one form of e.n.ﬁfaj Hal p/z’dt{({d
; o,,;_/y- b bn Empemﬁu’e' A fevence between
(it Ke %&Ztm a«/ _S"“y'rdumd/ry . ore ave three
. fy/)e_s oA feal tvansfey s
1. Condlyc ,{z’o.r}:‘ 2. (Onvection 2. Radiation
Heal m«oﬂj X3 Cgfven the s‘ambo/th.- Zo ndicat o yate of
heat bmnster) a ot s /’»‘Kacea' over e Symbol (L, Hus
Q = heat tunsfor | ynit time
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jHERRICDNA|

-CL)O‘Y/\‘- £I|.&):'j ,'-o

Lt Js <t ﬁffn o f eaz,e.{g

5, ceFrned | ag.. ﬂzle

malldiplication o HKe [fovee fat c/éclea/'..o-w He€ mass

Powey 1= FS the rvate of f

bcj the distance Hat The mass will be moved. due o
%15 e’%’ki. \
dw=F. dL L F=pA F—lz1 ]
=PAdL _.dv-p.dl V. -
g —xF F‘:-'za(\/ \ '
AWz, S =y ®
— (¥ sclestamct |7
Y
Wi-2 —IIO 0(‘\/ (CJ.. dl '—_D—:I‘
% T
W, —';,JJ P-dp KQIN-J o
doing T

\

oz flow yate = pCA
F: O/WI*j '\'/1-"7;'“‘;,\ S8 (/RIOC‘*"‘? (i)

/.

Z

Work . ~ ) -
u ..\A}Jof"h done Joule
PaWW— Tiwe Aaken ? Secowd
= %/- Jis = wait R
Fower=wi. pr
= .gr £ = - kw

vy i Vo

U= Area ww/e// o

Cuyve
3 Bt Orea fW'?)
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Z%.v pn ms'aéuf/a/ ZZg box ke Lo a ba//an 2.5 ICuq
above. The <cartl. cobals e C/vuje th Pafe«.ifal
erergy o e bax after /1 has 4T He em«?‘l. fu«{;%a-

_594.:9 2 E =gz | : =5
='Zye‘7~2)’/*35"co*-:53 LR 10 Z
= 658+ kg IR AN

eathe v

éx S0 /7 wveeceFi Ss pm/aa)/zf;bu_d! 2o ('xz) and has  the
Ualue of [33N  when z=2 »Delermine the work
done by it moes in obrecl From x=1 1o x=4 Wheve

() i smeeler.

Xz

_,S‘ol.:v A = F"d% Fo Xt
' A i F=kox®
_-,Af/c ol 133 =k (2"
: ~-_'; ._-;{ a‘: R: %2 N/\\qz'
o A
= % = 135 3
3 [ | 4*3 E/l ; J
= 698285 Alm
= 69.825 kT
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éx..o Let #He PrEssure in e C(_ylmdea’ ‘n Hlee ,f: wye
ﬂr(/dn Z:L?j e eyclaf/om. P=CIN as a rctmcfmn Q}C
Valume . )
a. Lind He cwork dbne,it #He mstial pressue s oo qu.
the fnitial colume o021 and e /nﬂ/ Uv/ume /S o10B M
b. Is the Séjn corect? ." g

\
) —_—
- . —— -
i jr— - —

.S;é:v a. = C'/V = /on-f?\/z ' . =
b= fpaﬁv j— < oly —Cf g

R AR

W = 4400 50 .92 % Ino.08\ (0023 = 09 kT ///1$
1 Vi 1y

b. te S‘g?n Covrecl Since L s /oos:z‘j\/e PN i
oy I /4-'3. aéne @ e S'sttm.

Zz.-g /'Ze /o/?;.swfe //z He %MJ&{ Shown below tayies m

tHoe Foloving | mammer w'h  yolume P=Clvt. if %Ld‘

smidial uO(Me ‘s eosm’ avd fhe Linal pressuve rs
200 kipa s find Ao wovk dome by He Sytem?

SOL:Q o= _{[ > i/

I
I

ittal Pressure ' Sookpa,

)
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e, B3 GAS G ST O 5 B ST TWC ST e COWSATS A S S e T

U nur
CM(W

BTG

= So0p¢.05-{Sou A—Zau)yz % ooy L)
SUG K A = DD KT 4V work ghne by the
Systena
2%.'@ A lid i« fﬂfl‘naéy 45 aﬁa JOressuUve o) Foo ke M/m®.
It /5 ea,uum;/ec/ al comstant” /offa&suﬁ' Arom @ orltme of
0287 L a volume oF /€5 ml“’-_.;.DeZérnu‘n.e He ewori done?

54 Lro , & | \%

Wevk olone = W= SPCVe-V))
Lol L =Foow ()68-0-28)
f Al — 7—*15'“.9
| ! =0-98 M
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- Eeucr&'br'/l'tg:-o :
A more yigovous olefinition of fevwsfb:l«‘&a 5. as
Plows s hen a Flulid ande»gmes a veversible porocess. botl He
/’/a/'a/ angd s ‘S‘a/r/wy; Ot cz/cuzj,s be fgr@fwad 1o H ey
O’defml Stale - e coiteria of ere'/Sn'ba":bJ a~/e as ,C’ollows:,

I. The process musl be Frictiondess . cz= A\t \ -

2. Tbe diflevence In pressune betweeny e ;/’/m’J and it
:.S'wrroun/»'g.r dao’r'rg Hoe pProcess mu.r r be f)p‘.’;'n/' ZLE/J small -
3. The dtfference fn Eemperauve belueen Hoe FLluld and 5ts
Sua'/ouno/bgs dmig He process must be l'nf':‘m'tdj Small

A revexsible pricess| belween twe States ..
dyasun A8 w Ifne on ey p[!'?jmm o f /o)z.,owt.,‘eg .

Ar  [rreversible precess IS wsuall fqoresenfml
bé a O/Oillé’a{ //'n,q JO"N.Vlé 'fLC &nﬁ{ & MES te )'nﬂ’!'c.a,te
Had H.e /'nfqr)n‘ek{féde sdates e 7n/et€z’m:'naie..‘

P24 : ,{
X v A (A S § 8

\\. et
>V =V
vevevisible procesg ifreversible
Precess




T =

haamwc:eas..wﬂr It CLOSAY e e e S

—-Lnlernal revevsibi/li {j oo -
Ik s may beoblained , b ecause 'mx-.‘ process
in  pvacdice s t/a/y reversible , bul wilte condidions \belowie.

I Mo Sumrpesde v car. nevey be. resloed 1o Z/wf i jmﬂl {)J-nfc

2. e //a/ﬂ/ 1lsel¥ is al all {imes in aan ey /}’bfr’um Stale
-0

and H.e patl of #he process can  be\ emac/l(j ;(Zm(ej

fo /g\.c m/tf/’a/ Sete .

- Teversible wmt.o
NS ey @n :a/ew/ /nctwn/a: Flutol
ComAained ‘n a Cy//m./c»r behimel e usian, » witl He /é/zw 7
a'JSunywéah.S FR =
1. the ffdrsuye am/ {em/’emz‘u/{ o 7‘ He //wo(
@re  Un/Fovn .
2. no friction between He pision and e
(5)(//7?47’6)’ cwiadls -

L= )
) K K.
indor K aéM ej ,ﬂ/a/d. (Pﬂ)&&/«. 4-;'&:5« O
‘ R, -4 4 bV
p_y w'/i L AT 7 ""‘ cm;_g_sxb‘mul
-'“r % = Wa-{t W P a’v P Niwk m areq

il where v s he Spec 1L volume )
,-_UJ- A
waﬂ: Hohe = Skaa’ea/ ayea

== ( p oy
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0es)A

=T he 2eroth Law (law numper 2evo) *g
7his Jaw s Concerned w:fL ﬂwnm/ eya///Zmu»n.
It stoles Mal “;[F tww bodies are Se'/am&r_ﬁ Py Mcw)uu/
equllibrfum it a Hird boo{, Hen fi_ccj nm{.z‘ e /n Thesmal
eyMZénle ol sach aler’ . '

A B _ LA e
M‘J/m( Ul s W 'f'{-,trmé.}[ cqm'
/ B ¢/
£ Ta= 7& A 180 ﬂ-mm] qw'//'bh'UM
Tq= Tc

& /g =Tc (thermal equllibeium )

- The First law o)‘ Mm@mas ‘v

e c(mcgpf P f energy cend He /typsfl,es:; Hat 11
Can be neifley crm,éfd/ sy a/asi»cgec/ LWewe o/ave/o,acd ’o«:\J
5@9,41,515 /Lu;//.e G@-af{j /—fayf o/ 7’/»8 szaf,een,/ﬁ ffpdurj,
and  bectne Known. as He Prmciple of #e Conservalion of
ﬁégj,._ The Fink taw of wacgnamfes /'S nzwf/j one
Slotement of Hiuis je:wya/ PAIC] /o/e e . parttculay r efesentd
fo /u.‘zv.t ezze’jj cznd/ nz(/a;arml e/té’)jby (work) .

77;.2 F:/.st' law of U hermodyramics can  be S bated

as—Folluse
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’w&h & ”\«Siem w:.a/&xqaes & /Aerm@nawlc Ce_jclc’ Hoen
te rnel M S(fﬂ/'c!d to He qutem Frere ii)‘- Swﬁwv%
(s eyaa/ o tee net  (Oooxl done é::y Hee é‘jjm ow tEs

S(AY)’aumdmj; Yoo g *Eﬂ”‘é"/f’

!

,:.--»-'\:M Zda Zo‘w SRR\ N

i~g

cOhere Z represents /ée Sttin /Sy a ea»yz!efe Cgcl € .

£ xKrlo In a ceriain K feam /Jéad - f/..e “;a('7’6l'ﬂ.2 d‘WejoPS
(000 k- W fle heat Supplied Lo #e Stesm intle boiler
/S 2&ov /%7’//:7 Hee hedt r%gected b(y #oe da‘stem to
Gopling  waler In floe @nL/eﬂ.{&r 'S 2000 15 /(%j angd e
f'ch fPlasp? oy R /a;u/reg/ 2 222 He CandcmSai‘o back.
inde #e totler /s .-.'s",/cw. Calculate Hoe Steam Flow in 'ﬁ;i

%
_Saé:o Za’? 2300-2/00 = ¥o0 !Eﬂﬂj u,_ﬁggl,ﬁ g
ﬂdw Al 'oooﬂf' g le W R
@ a9 <
/nvm /id f‘;kd l%w @///«doma_/ym»u(s auw’ﬂ
L
2 % G- 2o 4
oY .%o = q9s pasg | &
o pr= 1. Y2 1915 (Sieam frow vate ) Q
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lutumr Au.htl)r Saad M. Jalil

— he ‘S’taug. £ low enerqy efcuﬁbn =t SFEE,

RIS, cyw[/on 5 a publemadical Stalesrert af fhe
ff’fmrr/.?/e d/ (‘anserdzlflan of euep:f; as 6?/ /alz'?a/ éb 7’16
Flow. ef a Llwd A razj A a Hcrme szm/c Sa&&m

Mé various Fbrms a/ e/zef{jj wlucA, f»&!_ //L‘UO/ Casn,
have qre as  TEHpS i~ —=—F % e

a. o tential £a¢ﬁj : FE ;:.mg Z. I
b. Kiaelic é;zczgj 3 AN E. :-_Z’__ 772 CZ l(a—
= Lz’wna/ é—/zef-‘(fjj | A . »aU = m. U KJ

ol. Flow oy ea//aﬁ/ar(menz‘ Em.aa FE-PN _Ig

e. Heal /eae/t/ea/ s rgecied Y

-[ E:t’tla’lm./ WQ 0431’\-9 W 1 s
M o
Q
= o AP
A RN7YC Yo E— ~ T il
Py

. e 7 :'—;ﬁ
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/Qpp/w‘n} e pnnc/ Y/ of consexvation/ of anj
lo He @Stc’m Cox: CN.) . esn. :

Total e;w/gj enl‘&r/rg e sd.stcm-'L&ll uw»gy /mﬂﬂ\l%’dh‘

.El'\fht Eo«.‘tpht' ‘L.... ST

- — FRL S —

for 1@ of fluid mass ro

AD\ . -
82"*M'*P1]1+LC:Z+ 7‘552‘3 +Uzr/§?%+ic =30
oYX ey v — \V\z

A

N (u,w*omic +°; giz+(uz+avl>+LCHw

/ 3?'—1 +h, 't'"}‘-'cr "’Ql :321*\’\1"1‘(:‘& +\\ /

gzﬁtlﬂ' ..j7w Ewcjd 57 own SFEE

e CMH
WA""." ?‘-AUO /069’ MNZf s 8S - L/X
.-t/\:{ass f /o;o‘ mf,a oo

: | = qu = PC48a , Pz g
wm'.s wu&t/on 15 Knowin s %Le t‘omi::nw f:g

07[ WJ; L?Ltﬂf?on. r%:.:__c‘_,\;x.' = Cz?z
: [ NIz
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- TFe rion-Flow aow efm&'on S .NMFEE .

Zn the case of a clhsed %&ftm, AanVe'f, " wlwhﬁ
te Alwid woaes vemains constand , m subsitance. S in.
iffuocyln e f’;&l‘an .baum:éu . te Llow Lerois !nuS‘éulr
Ao EE._ortl mot apply Thus the topms, o and Cl2
are m/ectad JZ€ C]Stem 'S Hen cch/ L Le nan-f/ow

Mrua*%+%7%+uz*ﬁ/’zfé/g«rw

o+ ¢ = le_‘rW:-

If?- w.'=u27-ua W WANFEE » per 1‘8

]
i3

hen ,  AZ ,A C;::.Vo =

e ” ﬁ‘ 7- W= ha-h, ’[ « SFEE s per ikg
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1. cSafam. Bo:'/e/s s

L how S5 pw
Jzirhir Z 49224 el
in ballexr o 4o w)zo

2o AR = o

o f= ho-hy Ig 1y

m5 J?émm J&ow l’mfe /cgls
ms=FLCA

2. Turbines '

g.ZHJu f%—-z'i'?:jl‘z sha C?f +w
in Ttorbinein A4. B=o

| 2301G-GH2 2o

| 3- a2 Yo

& A he rw = w=h-h

~ Some Appliations of the SFEE :

winfey

Stea
et

e r— ——— — . —

S— — — — ——
| -

—

s 2 C;_ G /2 Uwcj Sma.// F

W= Chi-hed I ) CeW)

TN

bumcr

C?.: ms Cha-hy) ' '.I-g-/s Ck\W)
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Stevm, 1yt
= /‘/&t 5«:de6¢.‘9 111 ©
s HE AR ¢
8 4 id=o "’bﬁ?m
2. 55GHE o C/zg/eft)
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s [,ox/scj e Boyle's Law \\‘
. N
L il

o /O'Vv = RV ' : v

2#—39 ;

Al ga.s w/zan w{gina[ Lressiure anO( volume were
3oo katmt and oM s expanded until hs new
Pressuve is ok Nbip  wihkife 7 ts éem/;exnzfuve Yemains
constant. W/mf /s Pts new Volwse ?

Solia FVi= RV, ey VY=V, %

= ; 200
Ve =c0ili 28

= 0. F ni
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I{' /'S afdifm.ea/a.y, Ldkm He d&(l?f
o f Stdle o =ny g2 - which He ress and.

JHESSUre semain constank . He volume davies in prportion

Wi, He obsolide Z‘e/n/e/rczfao/e !

P
i et Jr S ?:6
YT = =T }

& -.1-,' .'.s‘ r—’—1

% LY w0 ) cciiChawiless Laigil NP | '

i | :

Vi _ Va [ 1 % |
T = "T-': Vi VTA,-V

d(_.x.v A~ t?cavzz.‘ufy of ﬂcts Wwhese orj/m.( Voltm ¢ cennel

me&//rP arve 0.2m* and 303C. re$pectfve(], P (ao!ed
al constanl pressuve witile ts volume becomes

o 1« Whal i // be He /nwf f‘empera,iwy( o

thoe gas? |\
SoC..'o : :. s
-\—/-‘—-.---Y-z.' v T— ovz'
A R e

e Ty =308 4 273 =S F6 K

T, = S76 g._'é =283l

S tr=238-233=15C
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(ﬂechmderisﬁcequationofapeqectgas) |
the process 12 A P.?

PU=C ¢ Boyles ¢ T=cnst.)

RU‘:ﬁq Ut) » 0 7-1.37-A P,pPz

Vﬂ:ﬁ-l), SS——— 5 &

Fa

— e m— L —

T ol
Ug - z

From Bo_y/e'§ law (Ta =T) Sub in ¢7.(Z)

P Y Y R, 2
4 % 2

From 6’73‘ (1) (3¢

Uq:_g?.. ,:l'..\)z » frcmcwltSlM~

fa= i
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(theye s 1= mass ke
n = number of moles mol

N :MO/QCW M{jA«t —— .

PV = m R A0 cXn 3cncml»

PV =naMRT
MR = _‘:i.;f_. ( PLT are tonstant)

/\4/2 _._.c '\'/ﬁ ,.(% =C) (Auogadroi theorm)

< .’. MR:RO / s Um'U(’/rswl ga.s Cbnstm.i

EgU03m3 ﬂuorm 2 volume of one mole of any gas is
‘ ' Sase g all 4ases at any &moexrdwe
and prasuve.
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0 PV Me 28
Q9o RO - ras

nT Co 4y

e Volume 0f 1 mole at Ot am/ /7=/fbn =‘J-'0/§quﬂ'('~
e?aa( & 22-F 7.

oo a - I-ol.?Zgg[_oS’!i—ZZ'q- 8 3“4 l‘g, /“a k 2o L

| % (0+2%3)

Ex: #r Co: R =RlIM = 83lq/32=ozs-q

Sxiv A colume of 3.6 m° afO; ‘._mr'/aa’a/;/y iaf 220C and
Jrressure oo Lpg s i campn:ssed /EVMS/'b{j a.,t mn&‘to.nt
temperature & a final volume of o©.06 m?. Glculate
7he rnass . Fhe Final pfé&f&f@f? . #he increase in infernal
€nevgy and #he weyl. dene.

Seld £ 4 '
Pv=mRT " , ﬁvOz R=K/M=0.26 k/ig-kc

36 0.2¢ 22 ?_3—“”»-"*”“’
= G/aox/dz X / tw % (220 4+ 27F3) PR
-/;23 tcj

,PV,—/%W. = 2 =(2 6/e-06)% too =24 Mpyq
EEA D e iUl AuU=o Csince T=c)

__W=,f;?d>v - f Y = Ru S LY = RV b E

Ny | ;8 ) o 006 = A A
W - =od% 16 »36% =7 =@ =-5.89¢ NJ
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- Joules Law 2
Tt is olefrned asio il
e intevnal ene ygy of a gas /s a fu.rvctlon of tcmjoeer.
a tuye ou/j and (s Independent of cﬁm«ﬁeg n fressw/e
ancd volume . L4 |
& TF T = du=o

= The specific heat (apacities a:F a.gas "o
a. the wnstant volume hadméy of a gas
let a mass o.f’--aas;m. be |heated at constadt

Veltune Such that /s .fem/aexmm-re vises From Tr to T2
and Fts pressure Yi8es, From K te B . Then

Hedt yeces ved by ﬂ,;g.gds: m Gy (T2-T,) ;
L o e
Sriiaa /VFfE L 5...@: AU +'W
s V;.‘:C = W=o
L £5 Bz _ N
£ o 1 MG (Ta-T4)= Us U, v.;w,, =y
Srom  Hee erifect J(w quﬂf/bn Area= o

St C/;zaVaC..tGrlStlc eﬁ/u;ltlon.)

P'W’ PL\// -7 Pz = ,q Te

T~ T,
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MDDYNM

e 24 of gus.ocayo‘yb:j o-F m's had  an ov»glnal
lempeyatuve of (sC . Tt was Hen heated at onstad
Volume unti! /s &m/owa,fare became 135 - How
much,  heat was transFexved #o H.e 3as anol wkai
wasg s Final precue ? |
Take, Cv= o-F2lg iy Kk and R- 0-29 tg/kafc SN

SgL.Q //atf c’rmsfen’a/ at (V=C) =m C\/(E—Tf)
=2 go;'{-‘Z %135 15)
= 2h0F2 X \20
= AF2.3 kg
AMow— BNy =m RT, A~ ~

" mRTY QTI - 2%029%288 _ \6FoY _,ag
4 e .o+ o iy

Qince re l/o/u,m.-e -I'L’ma-fns tonstant . Huen

/:) = ’% ': o-oo -:.‘ 7.._}_-
T oA ST T T

= 278.:6-%.228 .
T

i 3 = 233\ ¥ NInwE
9_{ /93 ‘l/z > m/%'/'?
/s =mR7 Ve = Z%0:-29 2 (135+2%F5) Ja %
‘ 3

A
23 Kba

-
e
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b the anstanl pressure heating of agas ¢

Let a pass of gas (m) be hea,bca( al
Consdant pressuve Such Hat (ts Jfé’mf?mo’? rises.
From T to Ty and ifs volume inereaf&f;fifam Vi toVa.
Tren ;;‘ 1 :
Heal receiuved ézj Hee 348 = m Cp (7’;\;. T.‘)

Q=AU+ W | _\_/éJd

MG Ta-Try = (U= U + PV V)) |
= (Uzs PVE) ~CU + PV))
= Ha_Hjy |

oF AN L
U U, =m G T 40y = 2lVe-V))
ohen  py= o RTH e
(.o L = n}C;o(/z.T) -m R (T2-1,)
.. ...mc7' T ICCP-R)
AT /z(e C/agyacfey/st:( equﬂffon of a

ﬂwfeaﬁ ﬂas 0 -
o A ‘/1 o
7 | T e S

AL, 1B
& SR
Notes. H=mcT > h: T L 4h=CpasT
=" U=m&T > U= vT L, AU= Oy AT
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Sxzo A gas wihese oresuye s olume and teo;/aef}'aﬁuofc axe
275 k Nind s 008 wt and 1§ & . respecz‘i’udd o has. its state
Clasged at comslant presue until its temperalure.
becomes IsC . How much heal is tmusfwfca( 7C"0M He
gas onc hon much wovk i dime on fe gas dlving
“he process 7 A .
Zake : K =0.29 Ky Jig- K (p= /-.ﬂ,t’»‘f-"f’if,/“g' I

Solzo AV, =m RT, AN\ W
& m= RV IRT, =235%640.09./0:29 A1s XUSE
=-'°".I86 kg

Heal transfeyred = ,rné)ﬁ (T2-11)
= 0,186 A vl x (288~ us §
o= L3R ey (ke heat  hags been
extracted FHor He gas)

sg0 [P =i Gonstandks / (given)

W A W
- ), A BRI
S . % ! e 0.0S66 Wt
Wexlt dlone = PCV-N,)
| : =2FS§%( 0~0S66-0:09)
- =918 et
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. Relation Between Specific Heat (Cp&Cv):-

Hyom +he non-Flow enery 4 eyaa.ffovx NFEE

y Q=W 4+ &V - BU=m G CTa-T "
w= P dy = £ ve -2V |
Tdeal Gas law v=mRT
w=mR(Tz-T1)
<o (A =mK (,7:27;) + M wile-T)
=mR+C)(T2-T.)
oo (B=AH =m§o (Ta=Ta)

o

Go mGPUTa-T) =M (R+CG)(T2-T)

”Co Q-t—fv"?l/@@fa}

!/5-’%] s &= the rtlo of'ﬂwSpec:ff(
'
&y Qi R
v v G
5 -\ =R ley = :_gj\./
SR _8R
C’O'ZSG':?/C”'B-\ /
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Sxia A pocfect gas have specific heal as. Q):o 8#6 "“
Cv=0.65F kT /iy K . And He gas constasil ana’ mo/eadwr
woefght o= f gas . A

Sol s R- @v@ o BYé - 065‘}—0/37@-/1«8 '3 |
=189 J /3K '
N:}?o/R:az,N/\Sq:qq \EN

£ zio A par/«cif g«z\s‘ fay me/ecaé;w' ,u."‘ég&t af 26 ama/

avalle «=F E=/.26. Glculate #He Seal )’g;a&d Per

j/g, tWhen io .

a. e gas /s contained . wrgld vessel at Bbar and
215 and cooled jumttl tHe pressuve farls to
1.5 bay. :

. Hhe gas enlers pipe a.i‘ 280 & and flow 6teadj /.

the endl of Hee pipe wheve T=250 C - Megleckt any

Cﬂmje n yelect ig of e gas .

Sol..o a- CQ W+AU & aragfcf vessel = U=c¢= ov=e
W:ﬁW—o
o Q=8V=mQ(T=-T) . for V=c "”‘Cf
M= 26 » 8 =126
[ = Q«/M =3:34/26 =0.3193 t(g/ug <.

Q/ R_— *;’Zz‘f‘? =1-229 I kg e

:




R T I

e, B30 53 E” &7 €O 68 5 & W L o (LSS S SR S S|

QemG(To-Tir =I5 1229%CT-T,) [ _
Sirnce U=c = U = Vea &/E:E%L

From rhe chavacteyisilic eyuaﬁ/on | QA

T T%.

ofs— T2 hg’, 7 =L (315 +273) _-2qq K

Q= 1%1229% (29Yy-S 88) .
=-36| K ¢ rejecied)
= 361 3 YClex Aedhi

b Steady Al wa Zymf/on SFEE

82\¢PU.+Q\+——C+<} SZHPV-LHA\'L-}' Cz+W
AZ 20 . AC Vo , W =0

% Hu : ? = h—? => %‘:hz';\q

2 52 m(/‘},z h:)—mC}oCTz -T)
Go= 5@-/26*12%7-:{43 I Jrg - &

e QA= | % S5 HEH 250 - 280)
, =-46. 44 I ¢ tegected )
51N =g LY oy vejccgﬂ{
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Sxin Firve kiljgum of oxygen ave heated from 250 B todk
at constanl pressuve « Calcuwlate tHee C/uwje a:{: ent “JPJ
’ C/utafe o uz{e/rm/ LY J j Aaaﬁ aé}’amff(r) fet{ d&f_ﬁ/ Uy R_
cAone. =ty | |
Sel e
ez ron - flow energy egtation
Q- w4 al —3
w=Spdv = pivi-¥) . L\ pP=c (gtven)
A = (eVz‘P\/o)+(Uz~Ul
Q = (Ve U)=( BYi+ ) »
R '@)) for p=c only
Fgor Oz ¢
Mz=32 5 J=)4.

R = ,Qo//v =834/82 = 0.259 8 g [kg - K

Cp=$XK - ',"3"_";5—‘18 =.0-9093 Vg K.k
AH = ‘s‘*«'o Yoq42s (oo -250) = 692 Icg
AU =mG(T2-T))
CyvzCGp-R = ©.9092 - 0:2593 = 0-649¢ :_‘;‘.
AU = s% 06495 « (Youv- 250) = -y
Q= WrAU , at p=Cc = @-4HK
o W= (3-40Q

= 682-48F =195 ley  (worRk olone bd

the Sustem)
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2%39 A Oxygen (:y/l'nd&/ has @ Ca/ma'ty of 3901-,6“'-9{
condasns Oz ot 2.0 Mpa and 18 . The valve s open

and Some gas is used - If the pressuve and bermperat-
Uye o) He oxygen fall Lo |.F Mpa and 15¢ respec -
tively - Finol the mass oF oxygen used. If after He
talve /s closed the Oxygen vemarn in. fle Cylindley is
3»56/4@/3 a#ains ils Inltial Lempealye of 18&. fFnd

e amount of teal transter -/Armgk e Cah‘ndoy
walls Oxygen densily al of and o-lol3 Mpa i's z-qzq%%
and T=/¢, :
S"L: W= R, = »m,.= .F_').U_'.-
° SV = T
ﬁoz) =834 /32 =0-26 Ig /,(6.14
i o I
inttial muss=m, = SN %% + 300 5" = 1229 g
o‘:zs:‘; (I8+272)
? P AL 2o % Y0y O o - 6.8 k
Fral-mess S elancirianty 0D
mgs..u.-xeds 1y =y =12.29 —-6.83 = S.4q g
Cl= W+aAl PV A > S U ¥ 5
Gz m Gy (T2-T,)
v= R /5-1 = @26 f1:4~] = 068 1 fieg - K.
O, = 6,3 #0065 AR CIB-15) = 1326 e
(t#eal gain)
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Q1:o  The molecular weight of Gubon dioxide Gz is
Wy . In an expermenl the velue of & was found Lo

be /13 . Assuming Hatl G2 /s a ,aerfeaz‘gqs.. Galculdte
the gas anstait K and #He @ea'f/'c‘ heats at aoms-
fanl PAV. gns-L 0189 ,0.63 and 0.319 ;cg/ga.,(]

Q20 Glcubte #e indeynal enery and e,«fz.z‘ig/py of il«g
c:f CZ/.)" CJCC(,nyIy o-oj".m:"..a"fy?,oba-(-ff e fntedﬁal
erze::gj s ereased ('27 J2¢ l%)/ltj as He aty Cgmp"-
essed o So bay. Glculgte Hee new Volume occufjfed
bj 1/‘3 of aly. Ans-[zsbd..?fo-/ fg’f%l e.0296 mgl

Ropir= 0.28%F

G.S e When a cerifne ,Oeaj/é¢f 345 S Aafa/ af @ns-
tant pressuve From IS¢ B UE Hoe heat /efw’red is
/130 A kg - CIRfe. when Te same gas /s healed of
constant  Volwume between te Swme Lemperaluse
mits aboves tle _lw:zf reyw'/e/ 's 8oB ki - Gleul-
ate C;O/@/Z;R avdl M oF /i-e[gas,

Ans: [ 1425101 K leg.e 1405 > 4] lgl:«a.k,?..o?.a]

qu s In am air (’C’mp)' €830y e JrESSUNE zl.f 1'1-1,/ (,'t (Z.Md
cutlel ave | 3bay & shay respectively. The Lemp oralurd
of H e aly at /’V‘./ét ‘s 15 ¢ andl e voluwne ot




-
-

&

b 551 ) O 3T €O G5’ B W & o SOy ST < S e S

e e B B |

Z)ey//y ot con Y€ Ssion fs Horee times Aot ial Hoe end

=7 caompression, . Cculate He z‘gmpemfaﬂ"- a;f-ﬁ alyal

oullel arnd e Jncredase in dernal energ j! ‘
Ans. L207C , 138 15 /ky ]

Q.S:v The exhawust gas /&U/'ry an oif engme 'S Pa“e’d
Horo ﬁA a Ael MMJW wikich amgist a\_f‘. Zubes Suxy.
onding &y nley-The gas enters at 327 and léayes
at 1927 .7e watey enters He cxchangey ol 1FE
and feayes at s6 - If Hee mass Slow rate of
waker /s 2.5y Ka/m/n . Deloymine Hee mass #low yale
of gas- Take: Cos 104 tglig. k. Cooo= U186 ~

Ans.[2.93 1y /Wﬁh]

Qeis A working #luid enters a Steady —flow Syslem
ew P Ue/oc/gy,sg' mis | and [(eaves il velocr tj
/"f" mls = 77ue wass, Flow rate /% g !(g 15 . The /9/‘0/164'1(4'?5
ot fe .//(I(/a./ ave. -at p.n,-i‘s/j s 13:.8bay , ©.122 ""3“3'

sinleynad entrgy g2z 1glky and exit properties
ayeé. Joe35 bay- c-g05 mi’/fcg ¢ /.flf.ef/llﬂ/ é}Lé{jﬁj 2468 %

The thedl | lransfer from tHee %.ste-w, /s ¢.22 lg}ﬁ-
De&ypyf}z( ' f[,¢ woyk. lransfey n kw Fom Hee
=Systen. . Ans. [256S 1w ]
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Reversible and Irreversible Processes for
The Ideal Gas

£. &(/”61‘6/( non.-//ow FProcesses §

a. GonStant volume Process (Iswnetenm

Lrom He non-Fow £ E. a3 : .
QA = Wy AV G &
cU:f/;;df/ , M= = g=pi N \

o W=o = Q=8U
Q=mG(E-T) | ‘

<Y

b. Constant Pressuve Process (Isobaric )

Q: V\o,-f' AU

4 o 2V o 4 (’1/

V‘f:/-%rz-.- H\j' ) 2
-

= /rzf@(ﬁ ;ZJ 4 1

AY = Cp(Te-Ti) . 77
QA = MR (R-T1)+mG (B-T) //
= Ml +Ci) (T2-T1 ) . £ L L, v

=mCp(l-T,) =AH =m(he-2)

" / Q=m@(72-7.')J
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C. Constanl tempernture rocess (Isothermal)
From NIFFEE : Q
Q=W4AU N
ww = § = ol ¢I ‘
we  hawe /;_V' =C ., Snce 7"6 FL j
: o [V, =C #P IT' N
W = f_é'. av = C h \C‘ ‘
W = PV/u Ve _m,QT/v\V 11 W)
L ; ey

el =mG(T-Ti) 7;=7: = AU=o

/o’. G,:PVA _‘% :P\//ug = mRT h .g'_

7

Za’-.’ 1 ? o/ mzrb en { Molec wday Luet_yht L) s C'on}ofes:.ed
IPVérb!bj and. ,wﬂw;fma/{y From el bar.20C to 4.2bar.
Calculnte fAe WAL clone and the heat Flow ol rmj the
orecess. 4 Sssme. ni ﬁogen Zo be a/xr/é'clL gas

Setsz. = A?,/M 83U /28 =0.29F 19 /lg K

\§2 ,QTh -02‘1?--&2‘72*)'« 2 IM-?(W)

2
Tz
4.2

Q=Wz= -124 I /kg ) B

o B30 e G ST OO ) S BT W4T Oy~ SOWSAY ~a e eSS —

Heal rg'ecta(:..;.lztl irrkg |
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megii
@l. /q df'abat‘l’c /OrOCQSS °®

In fis procesSs the System r)zu.st be in
thesral insudated, 1o prevent fhe heat  tvansfer
betiveen e %Sian vl ﬁwmund/ig . A '

7o find the Relalion between PIN ;
from “the pon- fow E.E |

Q=W+ AU A\

adiabatic Process => (A =o
da = dU+d\,\J-$id?;O/L(+dw
du = m G dT] =\ duw=Csdl ipuumi‘tmss
dW= o dyi = ddw=pov

o A= dly pdv
p'z).-. IQT' =% 2= RT /v

= a/? a,d’i;fe __ —_—

-_”o —Gdf‘f ET
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= dl’ (.-/.G.I’_Q

Yy
So =,:f%7-_ + (E-Dy —o,{);()
A"T'f‘(d-/) AV:C 2 Tz%)
o (B2) 4 (5-1) =g
z‘a p,u‘,vﬁ-i s ‘ i

R

PR’UB = eC = P’J:Rec_-c

- FJV.‘: C / adiabatic pProcess

the non-Sflow energy J [I

Q=N+ AU.-;' s Q=0 Cadizbatte) F
W:’-AU |

=G (T- ) =m )y (T-Te) F/\>
i/ \N- %
(. \Af= mE(Ti=Tz2) _:.é&,.d_.\l
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The Relation Between P,V and T in Adiabatic Process:-

Y Bt ¢
7 7z

W & =
y 3 S
E—(VI) o @
S op @ fore_ e B 8
ef@ U"?@ Where TJT:(?);)
5 ¥ ﬁﬁ" 5 3 /? &-1
sl B S ] (L)
O p By e
S PALIC .2
1&/{&£Im

belween P..'\)mw/r qor adia)oaff'c ProCess
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Exy  Riv ol 162 bars 22T int/ially occupying a ‘C‘,}l/l'ﬂdcr
el e of O-0rs” m’. +3 c’m;,orfssed reveys! b!y :a&/ aﬂ’/’izéat-
/'(b/{y {)j @ /:'ulsfan lo a pressuye of 6.8 bav. (alculate
the Final Lemprerature , the Final Volume . and the work
done on rthe ,nase of arv fn the cy//‘fzder‘. |

8-l o B

olg 77: g yE o =l Z )5
Sels (,Cg) y T2 *(-%)

2

Y- 0-23
7-;- :.293—%(6_'3;).1_'1‘ =29 x8.6F ¢

(Uhere Ti=224+2723=295 , =14 )
~inal t‘am/oexa.l‘are =5 S- 273 =225 &

/?_(Vz)a oy .\/c_(ﬂ,)'/lf

RV e Vb f

Y b e
. ool S oEa = A 3
G h e e
W:(j -'az ( adlabalic pmcm)f

:’.._G/'('Z-ﬁ) ( fer kg afcgas)
=0 FBL295 -S0FS) == /52.8 :g/kg
o Wtk inpul per kg =152.8 K5 liq

m:ﬁ Vi - [oQZ*!g‘*O-Ofr = ©.olRl g
%2 7 ©'28F % 10° #2958

Total wov X done = o018l %1528 =2.%6 =5
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l-ununr Asst. Prot. Dr, Saad M. Jalil
e. /‘%/ytmp/c Processes s \/é}’

/% Cyezzem/ @se of ea;mncvan ar compPression

o f <o Substance according to the lww PV=C, lt
s calted a ez /Z‘r/azc expansion or C@m/oﬂ?ss:on

oy o /00 /z‘m/ae
T4 /s Shoutd be rnoled fhat the ua/ae af //ve

Constant “C* will ¢ e with each c:{age of
Cond/lon. So also w!l The value of " whrch is
Cé//ﬂ// He nolex * of He Ww:on oy aampr’éss-
ron ey rhe po/yl”rop/'c exponent .
PV C ,
7he ron - //ow ernergy eqaa,?_’) oVl
(=W + AU
W f/:na’v, .fON -,va(u y v
: -n z n -n+\ et |
] =/:«~v'" ._.._._Vﬂ]:ﬁiz e w2V Ve
N4\ ; -\ %
W = ﬁ\/z— I?\/’
=N+
‘*-J‘\J | Pl vl" F2>.\/‘L
N\~

N T
v h=1




[ University of Anbar l
Callqv of Engineering
2" Year W

MBBYNQM

Instructor: Asst. Prof. Dr, Saad M. Jalil

e B2 G G Y OO R S Bt W aT e COSAY s S S S o D S S S by Wy
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In a/ad/utro,o/c Process the value of (n)
oclpends on the a mount of heat aaé/ea/ or

veected and on the wwk, done cluying the Process
=

Uhen ;
2. 1=0 > PV°=C = o L o ( isobaric )
2.n=1 —>PV=C —» pPV=C (isothermal T=c )
S N=8 — PVB-‘-C -2 Q=0 (adiabalic )
4. Nz=0f —> qu’; G p‘f V=C = V=c ( isomeleric

av ssochoric)

- /Orocesses H - #P
154 QOII'IH at P=c
.t —> Iq\ Hﬁ&tfly a-t P =C A

1 S 3‘ Zﬁadlz‘sfaﬂ a.b 7T=C
1 g A GmPIESSfo_Yl al T =C

1_5 ¢  Adiabatic Compression (P P=c)
= Vel /v 'Zt,oma'on

1 5D Healing ab V=c

.

¢ D CoO/fv “ 4
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- Clork and the /»jpe«rbolfc [Process iv

The /ypgrbo/fc /rocess /s a Pa/rt‘l-'CU‘M case
of the po_/ytro/ofc /orocess ,(PV”:C), bel'):ly fke case Nke)\
(n=1). Thus, the law for the hyperbolic process is.

Pv=C

For akyperbol/c C/umge from Stale 1 to state 2.
AU, = 2 U,

An  expresslon for! the woyk olene oéc::},] @ ,Da(y_
Ggo/c process has 4/1?40_3 been deteymin

UWor K, a/ane = ﬁn\/’; BV,
Jor ﬁy/)efézé//c 2rocess s V= RV, & n=1

% UWork JDI’IF: Fvi- RVa =_0
n-i 0

do Lo Compute the work done.lt s necessary to
delermine the avea under cuvve .
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Work dene = / ,;dv
o=l = = OV
% Vv gC[anJ:t

W=C [/an- In V.]

Vi
=Ch .\-/%'- _PV!n T/-;
0% /CV:PV’"%::/

Sxlo

Agas /s compressed /y/aea’ba//ca//j From a pressure and
alume of fook Mim® and o.056m' respectively. to a Volume of
. 00F 17 Debe(mgné the final presswre and the worlk done
on the gas. |
Solie Since the gas i's comporessed /%y,oe/rbo//ca/{y, Then

- RV =5 er H—/OO*O::;G = oo I=pq
ey R done = U, Ve . /oouong-os"é 1 2:00F
S S 0056

:-'-”-55"(3'
war. done en fhe Cyas://-(s— k1
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2. Lpeversible [ocesses (Closed System)

Q. faddle work ¢ P=c )

(/(j,o:/?a/z//(’ LOOVIR |
Fr A= & ﬁr
(G =40+ W+ Wp W 1

a may be @fm/ Lo Zero
21 fhe Jorocess Is vexy. |
Sasl o insiilatod-— .

‘*)‘o

A U= iy Tz—T ), =
W= 2 Ve-V,) :mR(.T?--T') >V

UWp = - Ve . Since (£ is done on rhe Saste.m.

b. [Elle wk ¢ V=C |+1+—
a: W-I'A'U--f- Wp
M =0 v=c) » (A =0

~Wp = - Ve (clone on Hwe %ste... 1
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3. Fleversible [Focesses ( Open System )

a. Constant Pressuve [Process s ( siih < conidonger

¢ |
aan-rf-?‘U.«r\Al-r.z\—C'-r(,=821.'-PJ_VL —‘r\ktﬁ--.‘T‘_C:ﬁ- W !

P,=Pz

! - -3
A - q = (P\\J\"' P?.'VL) A (U.\- U )+ % (C;L-C;)&'wz. +g (2‘—24_) #oA0
\ 4"

i z —= e
\'A}-Q:V;/\iv\)-c‘] ! wex\s‘b('
b. Gnstant +tempemiuve process s P = Constat
T=C , V= 1BV, 5 e =4
o ﬁ' YS(?u—tz_)&-\ (Ca—-c- )3 ﬁ\\)

ey &)= f,Dolv — PV In Vl =mRT I X ‘/7'
C. Rlytwypic PmCess :
£vm ch‘:wéy Flovu &c«rgy é;yt.u\'a)oy\ SFEE .

W- 9= C/”x/ /9"/:)+(U:-Uz)+—L(C¢-Cz)%ID + -,

%log
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4. Lrreversible Processes (Open &jstem)

a. Unresisteds or Free. expansion g

Varer | ¢
Q= W+ AU y Q\s &
(l=0¢c (adiabalic) s W=o A LN NP
o AU=0 = Ua=U; _(Per 1‘33
GL=C/T,

& =235 ¢ Ivreversibley.

Sx: Avat her /s initially contained in vessel A° as shown
in the Fig above, the volume of which can be assumed to
be 1w’ The valve X is opened and the air expandls to
£l vessels Aand B . Assuming thal the vessels are of
equal wolume. Glcwlate the #imal presure of the alr.

Sel: :
o Freé lexpansion = 7 =7,

Sor & pa/ec.tﬂaf PU=mRT . AV =2V,

V?—-‘ Va4 %;-=1+1=2m3 - Vi=dm?
ooy

Zol—4*
/9/05.'.:20 x--/_../ObaY K

le
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b. %;vﬁ‘//‘nf [Focess : |
A Llow of fludd Is Said Ao be
Lhrottled whern Meve 15 som resitriction 4o ﬁ?\.ef/ow,“.
(ohern e vebcitles befeve and after }Ke yestyiction:
2yl elther epal o> /2{7//}/169 small . and ‘gz,'(,,{/n,en Hheve 1g
prd ﬂy/'j’l’/" heals loss do Hee Suzf’ou’na{/’yf;

1 pA
From SFEE o ;X _.__}
2y —~
T R } :‘\-b i
JEFRVru+ 16 +9 =gdZur R4 Ma ) I°% } —r
PR e 4+ W £
3 T

Zi=Z1 »W=0 > Q:o.,, ¢ O oCq

ov 7.—:' 7:. ( Iyveveysible)




e B0 B2 G 3T €0 65 S I W AT e SO ST ~AS e Sh S S O Saa SO te nEn Sy

University of Anbar
2= ERIen VAR
2 Year (Sophomre year)
ME2303 Instructor: Awt Prof. Dr. Saad M. Jalil

F \ |LeeNe:
“ W | pse 1 r2m
L |

C. Actobatic mixing & :

"y
‘r."z

/7% #1772 = My (mass conservalion)

l’)‘?. h,.f- m&hz m,h;

/7:?, @7:_ s //32 QJ /z = ms@j‘;
ﬁr Hlo e S ga.re_s mz'aa'zcu_j;

/9:217;-4. /’)’.)27-; =/)‘337;.
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Q: Gnslant
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Z-x.: 0. 085 lta of asir Is /L«td al censtasil Pressye éf'
2bay urlil The volume occupled is o.0653m'.
Gleulale The hel supplied and work done . When the
wtial temperaluve is 130t . Take Cp= 00" Igleg. K »

R=028%7 w5l .
&C.’ He non- flow cnergy fymtf)‘an \ ?
Gl= w+ AU L—ﬂ ) u
WS P-clt = peve i .
= mR(T2-T7) T
AU=CUs-U)=m CT2-T,) r__.__r‘ 2
Y = m‘; 67'2'.',;'; ) |<\[/’l
. L
Pve=mRTe = To=hRVaimR 1//{ — v
To=2 86 %0:0658 [d-05wa 287
=92k
Ti = 180 ¥ 2F3 =4oZK
A =z elogml.cos % (UL-Y4o3)
=25 6-4g
W=mR (T=-T,) = 6.0y %x0:28F2(N2-403)

| =F2 KT
QY W=pRWe-V)) >V, =mRTP = 20289 m
e WeE2%i10(o-0658-0-0289) = 738 K3
AU =2m G (72-T)) = 9.0 w(l-cos=0283)(912 - 463
=13 23 Kf
GQ-=Wsal = F.38% 18.2F =25265 15
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Sx: A cnstant pressuve adiabalic System contain o3k
of aly at I3 bar.7he Sastan vecives /Dadclle wov K.
The temperalure of aiv Yises From 29 2o 185C - Find
the total work . mechanical work., d-ugf in internal
energy and endhafpy . Take R=02387 ,¥=/4 .

Sall (= Wy AU+ Wp » (E=o (ad/&éd/é)ﬂ.
W:m@(ﬁ-f)=Oo13*0-18?v~(f35'-29)=“5'.83rg
AUz=mG C-T)

'Cv:a@‘ = 8237 =0 EI¥ES

e
:w-“’“*&
AV =03 x o 7S (185-29) =145 Iy~
QA = W+ AU + Up ‘
0 =5.82 kS up .
W,a: - 20,32 )%- ’ | |
.‘ £ /
o= SR J5it = LU%O2BF _ ois tcr kg
L FTy i
AH =i (72 - 7,) T‘ : 2
= od2 vl ool (13C-29) r 2
l
SEa g | :
| ' '
i
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ix Ay at .02 bar and ZZC. r'ruﬂc{// oaqoity cdlmder
of o-015m’, /s campfes.sed YWSnbj and ad/abatlmb
by a piston 2o a pressuve of 6-§ bar. Gleulate the
Final volume , the final Lemperatuve and the work
done on the russ of ar n e %/;nd?/r

SOL: a =0 Cadiadselic ) :
Fo M=o AU A0 0
Pl .
SRV =2V foks
Vz =(ﬁj§ V=l '60§ 5'«-0-0/5‘“
ad_, =3.F6 (03 m
__T;-:(_é%__)? => ’_‘¢ ?._&
: Vo =( "'6.:;) 1 » (22+2%3)
=So+ 25 KK

AU =mCy Cla-T)
m = [2Vi/RT Lo w10" % c-ot8 [0:28F%295 = ¢. 0l 3

LAYz o-0/lF0F *o-FiF (SOF25-295) =2. 349 5

= —AU = - 244‘1 ’g
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(Sheet No. 3 )

erP Oxygen (mofecular wepht 32.) expands Ms«'blj ina
Cylindler betind a piston ot constant pressune of 3bar.
The mitial Jolume s ool m’ a.aa/fma/y js e.03ni, the
m/t/a/ temperalune is IFC . Glculale e work done by
the Oxygen and e Flow o o From the Cylinder wadls
dwyfzg,/a the expansion . Take Cp=o-F g/ £ -
Ans. [a/g 2136 kg ]

Qz;, 0.05 m' of a perfect gas ab 6.3 bar ww/aygoes a
reversible Isothermal process to-a pressuve of .08 bay-
Glculate the heal flow to ov from the gas.

Ans.| 56.4 i ]

Q32 lb of air a,t 1bar s 1SC Js wmpfessa revovsflol:’
ada,baffca//J o a pressuxe of Ybar . @lculale the Finad
temperature and Hee work done on the air.

Hns.[lss‘c , 100.5 lg/kg]

Qyio .i!eJ of air at IoZbaﬂ,Zoc s can;oresseal rewers.bij
aCCora//y to a law PV = constant, to apressune o 5-5bar
VG AR A S

cliring the compression -

Ans .[133-5 g, ~33.28 ‘%']



e ke B |

m-ve’xca&ww'qvm-a:ﬁ:&.;ﬁ-

06l

Q52 M’b’ajen ( molecudlay we{gh't 23) expands feVGVS?blj
moa /aarfect{y /Aofma/ﬁ« inswlaled Cglfnder From 3-Sbay,
200C Yo a volume of 0.09nP . If the nilial volume occup-
red was o.02n7, Glculate the work dene a(zm"g the
expansion. Assuwme nitrogen to be ap&r)&at gas and
take Cu=0-F4l lglig K Ans-[ 9:3vg]) o

Instructor: Asst. Prof Dr. Saad M. Jalil

S eI

Qs .05 /g of Cavbon céaaaa(e(/\/ 44), OmuP\y;nja
Volume oF .03 abt 1025 bar, /s c:om,onessao( reVorsule
unti| #e pressuve is 6.1s bay. Glculale the final temp-
erature , 7he work dme on the @y 5 and the heal flow
to or From the %//ndtw walls -

@ When the process /s | according o a law PV Lar.,

b . ‘o . A ISOMMI

e . o | Rakes place in a pe/rfectéy fkcmoal&

nsulated Qy/mda 5=1.3
Ans.[ 270 C o SUBFIE 5 1 FIZ KT »52-6 £ »SSTKy 5 -551 1 5
219C » S25 Ky s 0lcx ]
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Q&% 225 19 /h of ay at oo enler m:’xlg chamb ey
twheye /I rmr/xes W'/ Stk Ig/h of arr a,zf’ ISC-.
lcuwlale the Lemperalure of He a/y /mug Moo N
Chawirber. -zsumag 5’é¢4/ Slow  condlitions. Assume
that e heal loss s /zg/j/ble

Ans-[?,-z-q&]

Qz: ﬁ?alnfléy ofgas occupyi ;:;7 owm?at apreSSwa of
- S atim? ancd temperalwe of 300l is. expanded
a&’ﬁdédréca/-/y o 230 < Nint . G/-O'ﬂ/ 1 g ke @ /0‘/"21/'3»
. deleyinine ¢

a. e rass ofga.s -t

b. The tempemlure of H-e gas after expansion.

C. fhe worR aoné a&o_ri/g; te expansion .
ﬂn&-[aol-wij b.33& c-18o 15 )




(LE-%1) [-u - yw u -0 Cd/ )= O=.2d

L =Cp ) Hw = T . = |
CLALOM | o) dw | WO 1- 4 /GATI-AN) Gl ACA)=C1 ) | otdoaz&Tog

Zr 1= 4 0 CEL- Dy - 0 (Cd )=
(‘1“0 Dw i s Sk e S
| : O 1-4 JEAS'A'D) | - pUAFA)=ELAL)

S—

OT3eqeTpy

CAFANT AL (UAFFANUT AL ‘A'd='A'd

(1w | (-fp)ow ('A-*A)M T L=EAS A

OTIRqOST

o=A
DTIJ2WOST

('1-SL)')Hw (‘1S Huw 0 B WA B VAT

(ny) ASxaugy
[ewidjuy
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( Steam and Two-Phase System )

o Steam o075 a wpouy of waler, ard Fs ‘nvislole when
pure and a/g/ It s wsed as the wiorkin ng Subztance in tha
operalion of Sleam engines and  Steam Lurbines. Steam
obes naol aéey lws of perfect gases., anf// ’Efs ﬁ.’r)ﬂ

eclly dry .

@ Foymation of Steem at Cngtant [Fegsure
From waler &v

Cyhmder 253N 8,
Q‘ ﬂw#‘ \b m// - ,;{j./‘;f“.’ "r {'§‘J . T
% . o~

f T -——F ggim?ﬁ ‘(:.:;;3‘5’, Vs fg‘-:f u:} Veop
ae o] Pl 19| b |
(a) ¢ b) (C) cas (e

Conslder 1 kg of water af 0C contabed in the prston-
cy/fﬂd@( aﬂmyermnt as Shewn I/n Hhe fs3ure ().
The ploton and wag/zé‘s maintain a constank
Fressuve o The Cﬂlmder I¥ we heat 7he watey contalnad
P the ¢ Y//'/"é{e'r, M Wil be converled fnto Steam as

belgw ¢
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. The Unlume cf water il increase -S//j?f;ﬂj Kz PHe He
Ncrease Mm fcoy)e:u.f'ure s Shmn N f‘,’j (b);... TL
Wil cawce #he prsten to ruve S/{g /tﬂj .L-Lgpuw as._.
and fence werk fs ehbitamed. This juwcvease i velume

o F vitey (e e k) 7S 36‘::6:'&/@ > Ilﬁ /e‘ctcd fa a-/{
/y/ufs cf calculation - AVELE 11 S

2 On Sushor healing » Lempoeralare. reeches. .bc;rx.'z point.
7/& bd"/;{zj /?c/'nf ef waley, als /wrm( qﬁwsp exic
JUESSUIE ef  +0I2 bay is (ce &, but /T increases wiA
the increase sn pressuye - Wihen fee bc;’//'/g Pt
)'S .;’fnc/uz{ , The &”}darafuﬂ» e UINs Qﬁnsl“auf ame(
e waley evaperates, fhus pushing the pisten up
ajdf/t,st the constant pressure . CbnSequenify, H. e
Specifie Voltme ef Steam incvease as Shewhn
" f{? ) - v/?'{"ﬂu.s "S.ft\l_y{., ﬂb& Steamr 1] ha\/€
Some pavidicles of water i SuspenSion s> and
rs fc;i"mfé/ xs &« Mt Steam,, » This Process will
centinue i Phe whole watey is conveyded inite
wet Stear-

On  AFurier M/y o He parlicles in sugpension
X Wil be tonyerZed inlo Steam. The ontive Elcan,
fa Such o State ., fs Lermed as dgr Stearn. oYy

é'a}fwafd Stean as Shown [n f:;?(d)- /ﬁ?’a(fe‘ca'!y
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e drj Steam. behaves lile a perfock gas.

< OIL f(//)’/ﬂ(/ /Lat{:'n ’ lxﬁ .ie;z%’eid,&l-fé’ ojﬂ/Lc Lgtm
Skoarits rising . The cteam ,in Such a state Ss Levmed

=2 SW ‘ (gtm @s Shown ' .:f'j e)-

~ Temperatwe vs. Total Heat Graph during Stewn
For mation % W,

The process of  Steam formation mey be
;/goram&d on a jmﬁk, whose. abscissa rqonzsenbs the
total heat and the vertical ovdivate vepresents Hoe Lemp.
eralyre. The poink Ay represents the w'tial condition of
waker at 0t and pressune Plin bary a8 Shown in Figure
below. Line ABCD Shows the relation between temperature
and heat ak a Specific pressuve of P cin bars.
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D ,7 e fermallon of Hee .SZf,oer/imZa/ &éa@,_from
waler al /reez-/'(tj ok, the feak s absorbed in e foll-
o:u.y Jhoaree Stﬁes{ | "

Z- e A&fﬁ'/y af' wzzfe-r wp o bm‘/r‘nj ia'f'emtare a -Sq:t-
wration .te»/«,pcofa,iu-re ct) 15 shown bJ'AB o The heal
abseorbed by he waler is AP, lenown as. Sensible heal (S
or Cigud heak o Zolal hed of waber.

2. 7he c/wy(’ of State From Lrguid i‘o Steasm i's Shawn
bj Bc. The heal abSarbed O/Ur//y Thls S&yé’ ‘s pa,/-uwwn. as
latent heal (L.H) of vaporisalion..

3. The &yaewiedhy process. (s shewn by CD.The heak
abss o bed af/my %S .S"t_aye rs QR , known as het of Sup_
erheal (H.5.). Line AR réoresents fre total haat o f the
‘,derhm"al Steem. . | |

T the pressure /s tncreased € Sey 7 bar) , e both
(«zy/r:nzéere also t‘neveas. The poink (€, represents the boilrg
éaﬂ/}afaﬁ(/e or Saturation Lewperatlune al pressuve
cened ¥ ;s /Af’ 2ol of 6/)7 Sturated Steam . Line FéG,
Shows. the conslanl presuve process, ‘n which the Steam

/s S ty?ﬂﬁé‘dfa/ 5
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e B B B T OO 6 B BE W BT by COWSAT ~ES e S SSm -

e Jine pESSfng  Horvugh  fle ooinks A, B, E K s Kuon
as « Satwrales G‘qa/a/ bne » which Sforms /)cunf:‘(agj line.
belween cvaley ol &tesin . ‘S;mlé.r/j. a L:té‘ | /J’dé'..h"r‘zj__
#\ny/\ (/)}f Steanr points LF,C (s Knavi a,su&j .
Satwraled Steam Ciney which. Jforms bcmaézry..éiw bel-
ween el and J@fw/ae:da/ Stean - "

Tt may abo be poled Frovm Hee Lequre, fal
uhen  He JESSUTE el J‘afamﬁ‘an écaypenxfaﬂ" neveqs
es ., Hee lalerndt luwal o7 vapoxssalifon e reqses . Lt beco.
2€S Perd al /ac.uut « N WIW& Lft]u,(‘(}( and dﬁ Steam
lines meel. ALl

TI0s  ppoint «Nu/ s Rnown as the CYI"f.l'caLfbl.ﬂt
cnol ol this ponl , tlee Ugudd and vapouy phas es ey
7le  Zemperaluxe cm,respomlfzfj bo ceittical posnt wNy Fy
Lnoworn— as cxiti ca{ tempernture and H.e Pressure (s
Huowine @b @n’é"c&l pressuxe - For Steany , #.e C~-ro“f-fCAl
(em/:eara.tuxe 7% 374.-/5& (uw( critical TS uye 28

224(.2 bar.
Pa \ p BPPAN )




@ Lmportant Térms for Steam ge = M

4. h’et Steam. 9 ’}I%c'a Ue Steaem confains melstuse o
pardicles af waler /n S%FMS:’O’Y\—,;[: s
Sald ‘o be wet Stewn . It means Hal #-é
PO Yalion wf waler s rnaok (‘an/efé wand tloe whele
o F the lalenl feal has net been Aqbcorj'be;d..

2. @{y JMatea( S Leam 3o 'Me-n e et q_?iéam 7s forKey
taled. and ‘& does rnok contain @iy Jas/wndm[ Lar-
Zicles of wader. 4 rS Known  as afg satwrated Steam Ik
dﬁ Saluveled Stearm Kk ,qéysq{beea( rts Full datenk
heal and belaves fﬂmcffmfﬁ", ‘n e same way as
a perfecX gas - '

3. quer/zatat Steam :Q%ﬂ fle c{ty Steam 1s furfler
hated at al Genstert pressure . thus rarsing its
zfem/)emfuré., 't s Sald b be superlmtd Steam .
Since Hee FOVESS e 5 constant, therofemve Hee volime
of Supey heated Steam. (nevenses.

4. Drywas Fractton or quallty of wet Steam's
TE s the yatio ef fle mass of acfual d)j Steam
b He russ of Same quankity of wet Steam.
and. Jeneym{/j deroted @ s AL
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z » o £ :-—m‘, = m"
patenia bc«.{/y n 45 gy g~
mj = Md&s OJ{ @ctual a’y Steam . 2t
mf = Nd&s OJC tb’ﬂfé‘-?’ i Sa,S;Jc‘nSf@n ,,:and~ A
mn = /‘*(454 of wel Steam.. ; . Y 3

5. Sensfb/e heat o Ff wateris L4 .1'3 e amount of
heal  ctbsoybed [9 1 ley of mn;wm “heated af
a amstasit JOrEssuYe , f}—am HAe .frzzjezllﬁ Povnt (0)
Lo He Lempevatuve of Joxwalion of steam . The
Senstble heal /s also known as Kqu'c‘[ heal .
The specific heal . oj’.,@z_afw al constanl pressuve is
usually taken as @2 kylg-K . WA

Qsmibk,—: mass *Spea'cﬁc/lati— Rise ia fan7o
= m C;o C7z-T)
L= mCha-hi)
Z) R N
Ras hi = Entalpy of FId ¢ water) , duoted 5 hg

;6. /_dtar.t Aat of 'z)a,aon'.sa.&'on. o It is the amount
vof hal. abserbed to evaporate 1 kg of water.at
fts bo z'/f"ty /Oofnf ay .Satuszl'on &m/’ exmf.uve w:‘flo.l.i

d

Cﬁa_,/ye of z‘epy?enzfure. It s de/w.teel Jsj ‘ij ay
its valite depends Upon the pressune .



= OO B SO N | =y

Y——' e ————

== e

Lee, No, ¢

Ci
Mechenionl Engincering
2 Year Sophomore year)
ME2303

Dats / 1202
Fage No.

e B B e’ -y OO 6 S T TR S Ty COwSADS ~Sa e e S &

The heat of vaporisatlon of waler ox litend heal
oF Stam fs 2257 Iglky at atmespheric  Pressuxe -
LTt )has been ex/:er/memib.({j Found A o0
vafde ot /Z{-‘j Hecyeases as H-e pressuye ifncreases. .
cencd [t ‘s Zero ak critical pressuve o
LS tte Steam o wel eolrt a.c/{.ykz%. fraction
X, Then Hee freal absorbed bj rL b&z;’fnj éucfox-
atéon [s X /l.fj- '

V. Lathalpy or total hat of Staim,

Z# ts amount of hat absorbed by water
From Freezing point to saluvation temperatue plus
fhe heat absorbed duving evaporation .

& £nﬁ/~4(f’j ov Lotal /Le'dz o F Steam
= Seastble heat 4+ Lateat hedt

It is clenoted by by and its value fov He dry

Saturated Stesom may be rud diseckly From the Stesm
tables. 7/48 expyessions for fe en/z‘a./):')/ of wel Steaw)
drj Steam and .&dgap,/ﬁeded Sleam are as follows :

‘/'. Wet cStaUh‘: e (be/ut[;’)j of wet Steam s iven kg
h:'- }'Lj- + hﬁ

hy= g ¢ PV
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NAotes; 4. 777} ditference Cbsup_ t) s Rnown as

D{y Steam: We bnow Hat in case. of dg thn,x I
< /L A}f ! % }I.fj
= Af + (Ap-hst)

h= hy

| \
r

Fi7 e Sufww Steam ; If we Furkex add hal to H e
c/y Steam » Lt Lemperatire mc vEases whlle pressuce
resnadn j constant . This /ncrease xn tem/?raﬁ&ﬂ’
Shows He s&}ae.'f/u’&t J"ﬁye af 7‘{~¢ Stwam . Thus, H e
total lheaal regulvad fov H-e Steam Lo be Superhuates

P -
hsup = Total heat dor Steam 4 Heal forr Sup exhedtal
= As .,.A;J' +GpCbsyp-t) = llj + G’Cisuf-'(:)
Where;

(p= Lglzeuff/‘c Leal ot cons tandt Pressire
S| cf'éy/(af/tmfd/ Stewin.

ésa)a m/uméme o fhe &fﬁl/w‘tfé{ Steam,

ot &éamf&m &mpeyafu/e at He gm&n

el 4 J amgz‘anz‘ frescure .

degree of Supe»r./mu‘d
2. The vahe oF (p For Steam [ies  botuween
V6T kTlkg K To 2.8 kg/tg #l
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8. _S:aea'}‘ie Volume of Steam: Tt [s e olume occupfed
Zzy e Steam per «/T mass al a (7,'1,/01 ,‘atcmja eralnre
and resure, and s excpressed in m?/{:f Tt ls Hoe.
reciprocal o densfg o F SHeam h #q Lo,

e valie of Srecttlc volme olecyiases o/t Hoe [ncreage

o pPrESSUTE. ALVEL TR LY 4

The expréssions for fe volumes ccmgomd lzy Steqm ate

@S Falowis

£ Wet Steam ! Consdes .L\t.a o et Skewma o ¥ c)ﬁdeu
ackon o . Whea Wwews Mok ALls’ Steam Wil Whowe 'X,ka
o& 3\3 Stenv oud (Lx)ltg w‘}"v:x&er Ak Vs be Y e
Volume o Lkg of wokels thew

Volume o § one ka o}" wet Steam = 'x'Ua + (=)
Shee ’U:_,c /'s J&U Slzut// as cvmpm'e@/ 1o ?{f P Iﬁacjgre e
exoresslon. (s %) Vg may be n.fj/ecta/

& Uelume of ome ky of wet steam = x%.Uj m’

or 8,0“/',;42: : vVolume o f wel Steam, U= ox. ’UJ " “‘ﬂ
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’l:_l_'- Dg S¥team; We KRnow Hal in case caf'a/y j,émm,ﬂ\(
I LS 49)[ (.'ukrfef /n SUspensSian ’s Pervp anul céyﬂe._c,t,
Frackton (s unity. erefore Spectoc olime ot a/g. .
d?(?am = C‘7 mJ/ /g |

‘;l;/;' flgﬂo’w Seam.. We fave a/)'w(._/y scussed Hal-.

Ldhen He diry Saturated SHevrnr 43 ~}).‘“a~r"ly;z.-r Vhealod
Lndler @ conctant pressuve, teve IS an— increase In
Volwme ot Hee rise In Lermp s lure . The é'&for/uafd
Stearn. Oehaves move ox Less Like aperfeckgas.
ﬂxrcﬁfc’, a((.ar'a//:/_y o Céar‘/e.f' law.

Usuwp . Vs w/ IQJSMfS Ugw Tsuwp /
T

T

Uhere ¢ 3

’lzmp: ",‘S}é?"%z | tolume o f &Twﬂlﬁﬁd Sleins

’lé = ,@e{fﬁt Volume o f dry Sheam at ﬁu(’

22 1\ /féé’.fd')‘e' ot Steam ir)m( Hon .

f 7;.f = Absslute fanf?emfar‘c' of .Sifarlneh&d S\‘-uu\

L T I8 S Satuyatton éem/e,mﬁn’e at H#e
pressure af Sheam fovmallon .
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o
Lnis Glewlats He MMJ of 1 ky of Steemat a
joressuve of 8 bar and olryness fraction of 0.8. How
ruch heal would be xefwred o rafse Z‘Ag o H-is

Steam. From waler al 20¢ ? |
= O ,/X/
Salbe Sy Sheowm dubiless—at- P=Thik\ ,

hf = 7207 l5/y /zﬁ Zotuf 5 /g/tg
= F20. 9+ g4 w46 5T = 23571 Ity

Aeal /e'ywret/ lo ralse .Z/tg of" Hlis  Stewin
From waler al 20¢ ...

We Jave ade uétfrs/ above He Mfdaé‘/ oy

botal feal reyva//d'/ Lo garse Iy @F Stean Sz

waler at @c . Since: e waler, In His case, /s al I’(dﬁ“

al 20 C. )‘[wzreﬁ'»’e : 3 A
, C
&
A/af d/y‘gwé ';, - ccbfér - N @7’- -
; _ = [ 4 ¢.24 26
. gq‘% 204

/r‘e’acf ﬂ';/a/ﬂ)t//fw Tug of Sewesn 14 . &

=23581-34=22¢4 ey Q

ez»«.;( et fd(?r.(/rw( S Z% f I team d
~ = 2% 2273\.)

= 45492 Wy
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Exiv Determine the quantily of heat required & procuce
Lig of Steam al a pressuve of 6bar at a Lempevafog
of 25¢ ., undler the o‘b//owf:tj conel/ions « N

L. When the steasm s wet having a-ngs frac hu,g‘i

2. VWhen Hee Steam Is dgl Saluvaled . , i

3. When /£ 1s 699«4«2‘«( at a censtant pressure
alt 250C assuming t e mean .s-,ua‘f;c heal oF
Super healed Seam o bre 2.3 kylig. 12

Solio Frooe Stoasn Yables . a.t P =6 bay
hf = 6704 1g lieg it ,{@:Zoa‘f’/s-/kg M
E = S~ PR e AN <
' %«-- Hod Sbcom. & PP > s (I _._“_.T/‘ =
h=he "-'/‘ij =€ 70 4+ O-‘]-kZO8.>'“._~: N
| = 2546-9 19' (fr 4rg)
Since the waler 5 at a z‘efmpc'/raiun’ of 2SCs /Ifawﬁvfe
wz/daljfj o Heal a/r,w{/'v- in woaler = m T
=dxd2 425 =105 tx:j-
So s pfeat cchtazz/ﬁ vegilved = 2546 q - 105~
= 244i.9 g

L '%z-’n, we. L?f!dm s d{"j Jdd’i‘ﬂl_“eglﬁ h= hﬁ > % =
-éné’w@ or Lotal tat af _llg of drj chfwaﬁv(
' -J:tldin_ » y :/[f +i*/1€7
:9}\0‘] = 6J0.4 + 2085 = 245854 leg
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-
Aeal e .fa«//J /é’¢c(1‘r‘&{ =2¥585 4 -ilos ]
~ =2650. Y g

2. 77/,4’»1, e Stewne /s ._5‘4996'/2“&9/
-"W(f:] o b&/ /tétz‘ ﬂ/ jg o}L J:y'w'wfdﬁ/ &"""\:

/Z.fﬁ() @ Q‘(A.f - .é) AU ) oo
=2955Y 4+ 2-3(250= 13”883 ‘
= 296716 K i i
| | e
fHeal acitu d/y r(yza‘m&/ = 2455~ 16- (a5~ »
= ZJ60.16 Ig
o~ -

D so Detumine the ondtiton, of Staam i e o llmong

crses o
L & a.,orz::wre af o bar mw/ fo’yaomtwre 200¢C .
3 ST 4 ; !.-' iy o 2w " Volume o 1FS m /ka

F%- L‘.)
(_S Lis

Ko &(c«n Hables, czt L= 1a bay
. 1@-0-/6]!/ m/g .. Af—?éé- é I(J/I‘a-
\ ZLQ: /?‘i-fﬁ T atvvaliony
Lo T sk D the Staum s Sipethested
o Hle lddle jm.v o ‘i}o’v/tmiezf € - Leud
=200~ 1194 =21C
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o, B30 B G 0w OO 655 S B T 67 o SO SATS e S S

S V. J
B g U ’LJ 5
tsz
S e Statp 1S (rf;'f'«t

-V - 0IS - f0Gez
>’ = = =g.le
z,b o 19y

D it i enters on engine at a pressure of 12 bar witl.
a 6FC of cﬁporA«fal Tt is exhausted ot a_prescice
of old'énvana(o?.!—ahg Fnd fkedmpm,qudﬁ
of e SHeam. Take C,'a),u/, Zkzrfkj K

CS;L:» From S eam &6/6& o4 af 12 by
hp= #98 lex lhg. ¥ Aﬁ =/95€¢ g Ikg.
/‘g,u: s » /t,_"j + &P, (1“79 Z sal )
?%‘«,/Qﬁrz*é; 2918 lg/lcj

‘t
Frmm S 6zé(rJ @t o./18 L '
hf =232 lcx ly o hig 22369 g kg (2o
A= A);,..x /‘g =232 4+ 09542369 orSlom 2
| = 248155 1 lKg 4
v

Drvp /n e/n//wt@ of p S'team
= /qu).. h = 2q18"2£/82 SI
=YS . u§ “5’@
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* Mpo&flon S0 _/- / /@Q_
ECnts When Pz 133 bar  Compule c:.‘s.z,/lf, hy )
é'aé:o From  Steam tables. L

= {sit Uy s a s, hg
L ko] [‘c] | [wirg) |Lecglug]| Cicyieg] |(kyikg]
|30 330:8 |o-a2F8| \5Ah: | 1531 2662
I35 te2' | 2%7 | SR YWhET by ?
135 1332.3 lo.oi2n1 1452¢. lyss1 12650
133-130 _ ts-3203 _ 13 ."o A28 _ Ug -\51\
| 35 -130 2333 %-3%.3 o ‘om\ o\ (53¢ -\5i|
= e 153} £ ‘f\g 2662
\5S 5 -\531 2650 - 2662
So—BouB BBy ‘35 126 (222.8 - 220.8) = 3216 C
5 l3c>
L‘a :’C-CI?.}&? + ;?..(o~e.12.ll —c-012FR) = G- L XY "\—‘%
(_{_f — \SH .,..Si.(:\s“.&c.; U =1522.4 \({llﬁg
‘g = | S DN - ) =15 45 "k
X \ - == K
\"\3 & o ( - ) LESy - ng
’1;3 = i - ) -:HH-B“%
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Lo T+ P=i12 bard =255, fid (hy ?
Selie al (2= 12 dar  from  Skem dables
o= [FEC S A S A A
’}‘Z‘( t;(-(auu s &?’C‘IWJ%(!‘
yorm .—(n/-'c » A (/‘f/ . J:t"t.am éabff ‘ ‘ K
250 ¢ (2550 ‘200 ¢
) O bar| 2944 he  /  NaZwieo
t/2) he 2 hcqy A l‘;_;’!
15 bar | 2925 Vg 2039

— _.—.—-/2-/0 T 2 \ S X e'
h,=299¢ - FEL (29252944 2936-4 13/kg
h, =3052 + ll;%"—o(-;?aézaq -30¢2) = 30M6 -8 Kkylky

-G

255-25C 1.\
TR T

\1 S\\?‘: \\\ 4=

= 2936\ +Z_=*.»_$;Z_>;“_c ( BoM 64261264
¢

Rouw -2
= 24434y G

Lol s c‘«/{:;c{ double In:teyy?o /afl'on .

o, B0 B G ST OO R S M TR 8T e SO SAT man e A S

H AN -J[v'uéi For He Same case (U, V)
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Zx.‘o Frnd e m/.s.slg properties of water and 3:‘#‘% tle
phase o f P ¢ @ T= 120¢ , U= o rm/lg 2 Y, PX?
b. T=roo . p=iorfpa » U, X0 ?

cs;é.'o Q- Satwration ondltion of Hso 'at 120 C d
from Sheam  dables ., g=o-8908

vf:?r oa!og ni?/lg

Since UL 1{7 = Wt SHeamn.

V= U+ X (Uy-Tf)
o-37= 000l 4+ X (0 Flog - o ocin@) D
oo x =056 ., PTIF885pq = (985 bar

U = g + x{b‘éj—df) 4 i gfj I/Lté//:v&d/an
=503 YF 40 S6(2529.2¢4 ~SCT.UZ)
U = 163a-7 tpligl |

- L Tz o0& =10 Mpa
- %rrn . J'f‘e.cm daples  ak P= 1o Mpag
L .f‘.sh{-. = 31\1‘-06 P G sl o =
o 9c =0 Sub Cc.;ra(af(' (ic;wc(
Lhe Uf =<HZ-qI lg/kg
’l_): L{. = e.coloy mg//g
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Zx:s Deleymine the volwme of 1 kg of Sufa’hﬂ.tgd
Steam ol pressure of 20 bar ana/ tea?omiiw
oF 2o C . (L&b:rg Chayles's law) b0

_.Soé.'o 2 =20 bay . T;u’) = 300¢ = 300 +2F 8= £ A3
from. Stean fables s at P= 20bar .
3 tet <2124 € s 'Ug: 0,099 F va “‘j
Top= 212.4 +2F3 = H4BS-4 K.

ey C/«M/(é‘-" (i ]_-’,.3-..- ‘Js {ﬁh’ 1k
% = _r“' C 9)
. _ 1k Tewp = 0-0935 :+ 1
ou 05“‘43'——"* SuP .&5‘_\ 54T =0D. \\ SM

Lo Frd the &xséoffu/ wWorll. done dao'/g evapoyaifon

Per kg of Steam ak a pressure of IS baw
When fl-e Siteam s (a) 90, Cor 10" wel)

. B ] (b) dxrd Sadwroded .

CSOL:O (Lf /.7:- 18 by
Sorom. . Steam Lables, Vgs 01313 W [kg
4 A
@~ 5,0 P=c — W= P CVaVy)
=P We-Ve) | fF

oo W) very &na//:ag comp ared
Wi e ’J theve fore n?/e,c z‘:fng

aV(,(,egf't),;

v
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do Wz Pr ’(/c’j » (WOhen The Steam s ot
com)o/efeld (J(Q > and ;MX dryness
Fraction of x ., the the ooris,

W= P * a«.?{; X
= IS %0 % 0-Fx 0VNF ) S

= IFF-8 Iglkg
b. Wevrk dione hen Zbe Steam. [s. alg Sadpcohin

W: P»’Iig ,
= JS %10 % 0 \J¥YF = 19F: € \%—“‘g

éz.‘ﬂ A vessel /Muﬁé, volume of o w’ conlains 2kg
of a Ligwol waler and waler Vapouwr mrxture
in egullibyiwm of 6oo kpa - Gdculate He volume
and 1a8S .’af L/‘?w'a', He Jolume and mass oF
vepour”.
Sol: 7 |
V= Viw = 04f2 = 0.2 w:‘llca
alt 6oo lpa > Fovn  Siteam Aables .
= m?:}.&"} vv?lrg Since V<L ’Ua
oD \.09:): S'\'wa\
V= Up+ o< VUpg
O. L5 00dloY + K x0-3US = = e-6322
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K= MVapour =25 yayez K- Mg IS e Y.

S ) R
= 1-264Y kg =N g M
WAL T My - oy my :Mu.,-'c)r.,m‘mﬁ
=2 - l-&ﬁuq f;\'uuc\:vn‘h.,‘-'\)#'
= 0. 3256 kg = Wakiodid o WAL T
0= Vy

Vy = vy s Ov = 1226044 % 0315 F
L 0. RY92 iwe

Vi=Ne-Vy = 04~ 0.:3992.. = R. 2L w10 we

e
&
Vg

2'_,;:9 A 2ovl votume Lank contain R-i2 al 25¢
hes /0 Y%, /1'76(4'0[. and G0 vapowr bg volume -
Ernd e dﬁm.ees Sfraetton oFf R-12 -

Sels ot 2sc o fiam Rz dables .
”Zx’r. = Giovo ¢62 nys = 'Ug z 002635 —

[
\m 2EBH L3 0 Nl J 3
lOOQ
\&.:CD" *r\/ = o.\ % a-2 :(3.02'hdg
VazogaVz o %o02=0\3w
T < e = WAL= Vi = 96t =26.7_ké

o "[_)l_ 0. 200 F62
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TREBMOOVRAGRIES (1]

haamer'u:c:as_arw(sa-nosm-n:aa_a-ree&@mmﬂa
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— Hz"H::-7 4 1
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/e'wrsf'bly . e /:e_-r/ecz:ﬁ. fnsulated (glhwlm’ be/Jag[
aﬁ'.sfon wntil the prasure /s 28 bar and t.e
Steam I Hen dy Saluraled - Calewdate the wovk
Sotso |
R= WsBY 5 ((E=0 Cﬁa’f«:{/ﬂ lnst.datta()
o = U= ta
o - (&alw o Faa RIE . i Bt .f'7.f's = Svfwual
= Ml:Zd’gl,}?}g/lca 5 ([z=U;= Z6og lcg'/la

W = m-
= m{s-t)
= 44 (262)-2608)




m‘a;ﬁ:ineexcaxu‘(xuumﬁmbﬁxﬂr;ecﬁﬁaam

_— - ~——

Sxts Determne the volinme occup tecl {’) 21?. of Steam
=l & Npra ceedd dj neds fraclion cf o- .

L His Steam o5 exparded mve/sfbld anal ad/'al:a('fcu/fj
e o dt Mpa, tee taw oF expansfon s ( P&""%':C ) - Delerming
e Final dym&: Fraction arnd He c/um(j e in nternad
encwy)/ a/mfﬁj EXLARASTOTL -

cSZc.-o 5 e B «.(1&-1&) . al &S Mpa & %= 085
- /'//fmt;}+o-7f(o 227) = o 2l6 F mgllcg .
U= % = V=UxmMz=0.263%2=0.UZ3 Sm°

Wiz

s 113

R 'U'.'?:fpz Ve = '7]3.: (032'}) *» O 26} -
= o-9Q W:T?' Hﬂa

Q=W+8V ..G=0
W= (hi-U2) - o Ue-hi==(RO=F V) [n-)
Mz g+ Ui =310 « o (2533 -Bh) = 2ugu.g 13:3
al f= o F Mpa s 7{; = /037 '”'//c; 2 4= ©0-9 ""/ka

- U <q}c’ = Wl Siteam
e O
O = )-O5E %o + Ko w (1032 — [ 056’ ) =7 Xp=08H}
U = Uy o Upg = 483024 0FHI20U0 g
=2Ze62 | lgylkkg
W= 2« c2ugy-z262-1)
= Yys§-26 I3~
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2. Zrreversible [Process o

2. A diabalic m/*)thv.'

Woian. . Kionns Synaitivon. (i_ oPen | ™™
H o+ Ho= Hs HleNe] ™
ik + ’7;'),/12 = 3 hz open f(duk’f&r‘\‘a.tor

I’V.'l; hl + Mz h; - (m’i'mz) h?

/'h, QT* Mg- %T&.: (i, +mz ). CPJ~1;

\ F
2" ;:Efot[r@: gl = o g S 4 ya i
: : =28 =k
/lq +..Q. + ?:A&.f_é_‘_ -+ w B == i
z z r SV 208 A 4 [ G T ST N
™ O.:O 2 W:a,
Z L
Ayr %— = Aasr QZ‘-'- E C,'.C:/z—"-'o

hizhe = T =C.T;

£x:‘9 S Lewsr @l 1T bar [s Hovdlled o L bar a-né( the
&mpﬂf@fd)’( attey f.(,raf'/‘/vhg is ﬁtwu{ @ be
IS ¢« Calcalate Tt indtrald & gnm’s Fractiton
o tH—e &K teans-
Sotio  from Steam Aabies , at  dbov L 150°C =23
Pz=hs=h Fr+rx /Lg =2 i
233F =89% +x, % \q0l i

o X = 0-480{ ek
' v

' bea S
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24;,'@ CS_;;J;ea’z a,l‘.' /5 /\/pa am/ Z.s’o'c f/aw.‘—;y al I-_s“/gls
s thotled 2o Foo kpa and then mixed Wit o Stoam
@t Foo Kpa alss o.9%F C{qmeﬁ' fmtﬁdfn w:‘éL 3 f/md
yale of 3.6 kgl . find the amdition of ms’a//:n‘aa

lgkun 2
Sol s

I g3 ° %'tfo
ﬂt I'I'N,).r /nm gé‘ah % “4 —
dles , ki =/9P22E Foclepy

Srnce € %y = S’-fmlaﬁz( Steahe o ponk |
/r‘om S,MAM c{}'aﬂ »éféléf.. A/' = 2,672‘5'/%— hv = ’\‘L

m, Ao+ mighy = my hy

/L_; :/Lf_, + X3 /L,le . ak P:'}oa/qwl ;“tf.- CqF i
Aty :uﬂ‘blgi

A—s =649 3+ 043 r206+F =230 \qb-,ka

}7_" = n:n, h;,t M:’\; 15 1S 29253 T €+ Lol = 23-6J-- g “S’tg

My + my I§43-¢

at oo @fq ,/3:2?63')’{%';13 5> Is= /60.0]:}'6

Since /\q 7‘\.9 == 5¢M &em
.:gm-«. S_WW S dssans Aadiles, 7:;.: [(ggquc

.'.ng ,:,f Sbfvrwr(f-ts)

= l66-64- 16(4.972
= l{F ¢
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S B at o.6 /l{pa,Zao&’ enlers cn /uubfzd nozele
Wl a telocsdy of Somls . Tt leayes at @5 Mpa and
Veloc/ & af o0 mls - Deterpine the final tamperalure o7
Steane ;F /& Is Sa/?erﬂmf;ea/ e 4 ‘7"“”75 i it Ts wet-

So‘:e Qé'ﬂm SFEEE ®
22|.f ELC;I*A'f?:gazf-chtlfA,l"'w

Z

SHer , 7=o Cnsulated) , w=o (for nozle)

- /izs /u,.z’_(c:ife‘)m&z.

A= 285a: 1 Iglleg
he = 28504 + L €50 600 2% 15" =26 F1.4 K Iig

Since  had hg = wel Steam

o Z2E&FIH ZHEF | + K, 22265
x’pg= > TF7

=l o'(/\/pd o B = lr&’oé?& » Since 7;77; or Suform
Ao Suporfaded Stam dables at o.¢fpad 2e0C

oy O/J’/\/m = @:26‘/3-6' ,(3'”‘3 C frvms Steam toble)

/Lz.'-’ Af‘f e /\Fg » J /—‘O-IJ"/\/’D /mé’m fable
/{/-: oy /Lg’ll(g 2 /\fg = &ZZ@S’E

@

¥
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e, BB Ga0 G ST OO 6 B B v ED oy G0 G Oy SO e S S

szo Re mass Hlod yle »F SHarpr Lurbine /s ) &'_/fg /s
cond the twal Dwnsfer From tle tuvbine /S 8-S kw.
ﬂ-e ﬁ//lw:’y dalr cave lUnown Jor Stewn endeyi QJ aud
/(d(//'ly Zurbine . Find e Loty aa.tPut of Turbine .

= Croa) t e % C tmis) Zm)
l'np“t 2 350 - LS a6
oulpl - — 1007, 200 2

Soéfo j2‘+/\4+/q’+ j&;-r/lzo--—c,-rw

w= 3@: Ze)ﬂézf(/u-/cz)-f—(c, C, )mo+ 9-.-

. —3

From  Sipehalod Stoan Cables ot
2 Mpak350C L hi=3133 K lkg *z

. = o Mpa o dg s ha= /'g: 26"7'57.3"13-“?

W= GEE-RInG + (B2 F— 26355 )+ $< So- 206340 + (:r% )
= Y231 lg'llia

POWO"': W: A = I B 9(?:}.1[
= 656 lewy




= e

Crsn Consider He Simple powey plankt, as shown. d.e

/6/0&355 delr caye : ‘ .
P teey x® 2
[eau/g boller 2 Moa Roo == . Turo-
e’rzferfly Luybine - FMpa 2490 - ';5 !
/eaw‘»g turbine /S kpa — qo ¥ i
/eawgq Gndenser Y4 kpa us — -
Pump work. =¢ lgllg » Find < ~ '§
A /zaf franSfe{ between Loiler Qm‘l 5

Curbine  — e

b. Zuvbine wevk R
C. heal transter in Com[en's_er oo hed Lranster in
boiley
Soliv a- oipe 152 ;
aaif-z/—al+ hir 9= 2o+ d Crhirw © @

e Y _—;C-_':Cz s W=o {'/
o ? ~; /’Lz - 4\-4 a

/m §7auﬁmi}d Stecam . et 2 /{pa-’v Bowilo-:s hu=202 -5 1]

‘ “ 5 yale g IMpa L 2Go°C , hz =300 2-5’.‘:1:

o ?:30-02'5'—302.2~$‘":-2l lqllcj

b. Turbine 253
%2\«-\2:6:-»\\1«— 0\ ~: 3£;+ -\z-_-C}'-t\\g + W
E":’Z’;.’ Ce= Cg ,3'=o tg
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o= foa- A.?
Koo hin 4 e A,? , at Iskpa . hp:226 g )iy
hiy 28320 glig
hiz:226 + o- 9423321 =22618 Ly )iy
ot e = S002-5-2261-8 *é'clot)'lia'lka
C. Gndenser 254 #3
F2: *EL Gihay g rgaﬁz’-ﬁzf Aqrw
25=>2q +» G3=Cy ,wz=o .
o c”: hi- hz o i A g
at =iYigpea Cs=525tclh ta =Yre 3
oo Zy< t; = Subco oled (Ja/uio‘ 1‘

B SIS e table ot &= "(J—é " Alf: /fa'&'-“{“(g
‘7 - I&8S - 2%36).8§=-2133-% Ké’llg

ol. Pump 4

%1‘%“'4*'7/%&4 "f*”—“—c},i
&. [5?0'/?” S

= e lp= EFS=h5—
§
26+ %,, hi= 9 = Q2+ L7 b+

& hy—= /92. 5~ Ig hg s
3
A ‘7 Ai- b= 2023 1925~ v

-z‘g;, 155 iy

5
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< (//wgwemmt af ngne‘s.; JL;wtfbm ’ A4
S 1=

1. Barre! Calsvimeter Cordvol value

—
‘ ~
£ = (’am/w—mfarc aF Steam @777 P?ZZ < Couex
Frrmation ol prequre P fromS.T.), : BT CalovswmeXex
Wy = latent hal of Stam ol pressuve "_:".. === of Laddn

P L Porm Sleam Zables) B < e & -
== =t orles
Me = /‘—/455' of e caloyimeley S — Waker :“—:S
C‘ - g/’?efl}/lc /\M/t ¢,f d" (%r'mtt‘w .‘“ - AL B s _c,"':j

ms = Masc of Me Stewm Condewmsed. .

M = Mass of cold waler in H.e 5 Barrel szw’:‘ndb/
Calpripnelery :

¢, = Znitial &-m/oc*mfa/t of waley avd calorimeley .

teo = Final i N A ¢ 2 &

Coe Speitc /uat ef waler (Y2 /gr/tg.lk)
x = Drjrmsf Sfomelion o7 & teart Sa,mp/e .

—

ﬂa:ord/y b e lawy of eemservallon, the heat lost
bj S'teamn /s egtial o tle heal acu'negl % walzy and
Calpyimeder.  Heal 105 = ms[ x heg + Cw (E-tu)]
Heal gw‘nd: (mwew +~meCe)(C-t,)
oo m,-[rx, /\g + Gv(t—tz)] =(mwlw + MG )tz -1))

Fom s equabon , t-e dumess Fraction (%)
i be J?f&rm/ned m’j




I i = B R

b, B350 60 G’ S O 60 B BT W S oo G s Sm . S

2:;.'9 In a &abomtbfy experiment on wel Steam by a barrel
Calorimeley., the fa//awz’;y obseyvalions wiere r«ora(d $

Nass o F cepprer calorimeler =/ kg -= mg

/l»/as_c e f calorimeley + waler = 3.8!¢3 = Mey Muw

/l’/d-ﬂ é’f Coler/meley + waler + Steam = U g = Me + My + Ms

Zns f/d/ ((m/owxﬁlrd = 7( waler = 10 ¢
Finad  temperalure of siater = So'C
&exn JrrESSUrE = $. 5 bar

TLf Hee Specific heal of Copper is 0.Ho6 gty K.
Edelarmine e dynw frection of Stam..

Solio - iesB=rme =587 28 kg
Mg = 4= (mcfmu;):'.q_(,J?S) :0'2"3
Arom S team, Cables al P=5S boe » ts= 155"
R4y = 2095 S -9-_
Heatw (o3t by éfmm - m;[xhg + Cwl€-t2) “d
=02 | %x#x209C S U 2(155°8 - S8))
=d1g- {2 +BE-6 I ---(
Heal ya/neo/ ? water and calyyimetey
= (PMw Gy + Me CH(tz-T1)
= (2. 8xU-2 + lnoMob)(So- 10) = UF6-E lfﬂ'
lcpywdiy ?v,s O aved %) O 0
qlq.| x + 886 = Yg€-6
o = 0 QS




e B I G M O ER b W s oo @M IR S SR 1S O SR SS ey

2. e/aa/ftb"y @rlmefa’ )

(b\-um

m= Mass o f aler
Coflecled in a Cerldn ke

£/me N
N = /%fj af 6{7(‘2'“»1
jasing i tle Same — ,
f/‘»;é’ . weked W
op
Y = Mass of dry Steam ko vy

Mass of wel Stewm .

o]

ge/dawcf/zy calevimetzy

MM+ m

é/,\;:o In a é{écmlf&zy e;c/?pﬂ'mcnf . a Saﬂ)/J/( ef web Steam
/s rz,[(qr'wc’o( o poxiss #\.ray/» a Sspafa,t';j E€alovimeler. At
Sovme mstant, tle wialor collecled In e chamber was
o.f /g, Whsveas e condensed Steam wad f;:una(
L be lzg kg A Deleymine t-e c{l']';u’!! practin =t

S team (-ﬂ.fuv'/j Hee calovtmetey.

.S‘OL:‘V mz= o ICJ . Mz125 !cg
M

157 X TR ,
= - o926
S +m 125+ 00|

X =
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Instructor: Asst. Prof. Dr. Saad M. Jalil

Vv v

’ / St eawn MYt
‘mﬁ\i«s Gloieacker

e Steam \n Po-wtt 2 atkex “\*d\\\‘uj R %_\»?cx\\eatecL Skoie

awd Sk o lower pressure Man (5

Total heel befor tottling = Total heat after Uorolts
oY /1': :/tz l"ﬂ
hs, v xhfg,= hyrGpltsap-ta)

et R e

A

Z-x.v In a ﬁ/un‘d(«vj catsrimelesr, tl e Steam /s ad’bfﬂ(d al Q
FrELUrE et obar. I f (s C[/bd@’:’?t’l{ a,f czfmoS/J/wnc
 fressare and  10°C afler Hoolll fi}j , delermine tle
a/_rynzu Fraction of Steam . Assume Sp €c e l\.ld.t
of Steam as 2.2 killkg-K.




IS O =mfAamEm Sy
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(S.OL:9 To IL:)' = /0 bar . =102 bay , fé‘afJ. =locC = C}:ZQ.RJI#J-K
T oen Steam tables al 10bar, A:,L‘z’;-éz-s iy lieq
htg =2013.6 ey e

7Crvm Cg—,.tmn Labfy a.Z'.'/-al.'s‘bw, t‘l: loo" C ,b:%?‘g

Af'+ 2 /\g': ,}]z + QO( tsuf»f;)
FE2-6 X w2036 =26 F642-2 (llo-ic0)
X =0 F6 /1

2. Combined gepamﬁ'v a'w[mﬁln"j Calorimeter ;5

/400-:7 S weess fud metl-od of measuring the
d‘ajrw&s Fractton of Steéam is @ 2 combined Scfmmthy
anel dmdl\ly calayimebor .

Tn tds calorimeleoys the wel Steam s sl
collected /n « /ea’/c'mz(a( -(o//ea.‘?y pipe and ten fass ed
é/wy/» < Sy?aarai/y calorimeley - A part of waley s remoe
by Separating Grlorimeler owing to quik Change of olivectn
oft Alow 7/ m.mtfy Scw'-a/jj Steasn 7s tooltled into a
{L’vvtﬂ«y @loyimeley . This meHod ensuves ool Hee Steam
Wil be Szfﬂw arter i(i.roi‘f/y . This Instrumest s
well  nsulated ¢ /m’ex/en‘f any loss o ){' heat .
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My = D-r}/zds fmzé)'cm af ._S’:tewn czms’la[e-n'rj 8‘/’”‘1"_'3 w/orfm gtt.v‘
Xz = Dyﬂds' SFradton of Steam uzb/ny the ot /:':lj “

Alow the aclual a/ynw Fraction of Steam in e

S tean~ mam.,

Stnfws oulie

Nokes Tk 15wt Pessible tm olotain yesukts wilde Ads twstorument
T de Lol condibion ol Bkemmn is wek [The (Gaal
condilion o ¥ Steawma vtk be just % ey ‘Sgg\wdcml
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Zx.‘o Zn a %omﬁ«‘y expen'meaf  the ﬁ//aw/y obsgervations
were recovoled € ﬁ'nd e a@ﬂﬂS fraction of  Stean
by combined St’ﬂszly and d\nté!i:g colortmeler

Potal quant/ly of Steam passed' = 36 kg =mMs 4 piw

Wiatey rained From S’epmaf?’:zj = /8 '“3‘ = PG
Steamn  prescure befpe taotting =42 bor = R
-ﬁgoer‘zfare o F Swamn. after tl.wii/o)y =o' C = i‘sup
fressure e ter thor &tqy = lelfbawr = f
Specitic heat of Steam = 21 leg fleq IS

Determine e 6{7/2&3 /mct/ma. ef  Stam b(fn e to
7Ae  cabpyimeles

Serti M=
cle linow thal mass of clry  Steam
P = (P )~ Mw = 36— 1.8 :Zq-atua

XK,z Ms/semus3M-2/36 =0-95
Frome S tem?z &té/ef;..covrcspond/:g & =12k
At = I8 Kgleg hfg=1984-3 feg licq
al = lolf bar
/g; - 2676 lley - Lo=100¢
/lf' > % }lfd, = /}97.7‘ C;DCZ‘:”—f t2)
FIEY ¢ %, 19543 = 2636 + 2.1 (110 00)

Koz = 095 F D K= Ay aHys 0w T -
. i
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Qi: Steam ot a pressune of 28kpa (s passed /wlo a condenser
and [t leaves as conolensale al a temperatuwre of s9C .
Cooling  waler civculates ﬂ»rmyh the condenser al the rale
of 45 kg/min- It enlers ob 15¢ and Jeaves ot 36°c . If
the Steam fhw rale is 125 Il'alm;m dlelermine e LJW
Fraction of Steam as it enlws the condensex.

Q2: 14y of Saturated Steam ak 1o bar undexgoes a non- Flu|
Constant volume process until the pressure becomes
25 bar. Delermine 3
a. tee Fmal condition of Steam.
. the change in internal enerqy:
. The change in Specific Mﬁ*lfy
. the heal awxj] transfered .
Ans: [0:3F, <1223 k5ig . ~1500 Gy » - 1233 Iz ]

b
C
o

Oz: A sample of Steam ol 14 Mpa is laken from a boiler
andl /aaSS'ed ﬂu‘vy}( a.ﬂ.mtﬂnng calorimeltey where
aftey ﬂ-méﬁ'ling to 0.l Mpa , its émpe/m.awr /s observed
b be ol . Detevmine te obgMSS Fraction of He
Steam /(adt'v e boiler-

@. [0-a5)
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Instructor: Asst. Prof Dr. Saad M. Jalil

Q‘h’ O-S'I(g of waler at Fbar and IS¢ Js Canl.‘hfrwa( l'nargl;n-
der 0.3m diametey brj /r:‘cf/on-Less p:‘sl:on-Hut energy s
,s:,y:}a/fed unkt! te temperature oF CJIMJ&Y contents becomes
2o4'c , the pressure of the contenls yemains at Fhbar.
Delermine: a: the het eneyyy supplied

b. the distance moved bJ He piston.

c. tHee wovrk ener gy

A tle c/wye in  internal enevgy -
Ans- D.‘s’qS‘fa’ ’sluo,?AL}m, loS"lca— » IZQO-SI%'J

T——— =

Qs 0-0FSH of Jg Saturated 3team at Gbar and contained n
a ccylmde/ b(y Frickion - Less piston if te Steam cmd&/aose
hyperbolic eguation fo a pressuve of dbor. Detesmine the work
eneygy . te charge in internal ena'ygymd e heat
cnergy Lransfered.

Ans- {*4 1S 0-62Y 1y, l{o~sl<a"]

Qe Aquantity of d’_’j Satodaled Stearn occupies ©.262Um ot
15~ Mpa . Determine tie Final condition of the Stewmnif
Jt is m»)o/c.sseJ untt] de volume s halved .
a.7f tie compréssion is carvied out in am /'Soﬂ.&rma) MANNLY,
teen fv‘n.J He heal rea'cti'ee(.

b. /£ tle com/ore.m:‘on j,/lawsﬂ.e lawy PV=cC,

Ans- ['_a_. 05, 9F2¢ Ughca . b 098y
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The Second Law of Thermodynamics

ﬂcwrd/;y b the fisl (aw =F {zum«ﬁm.m::s . uhen o
.%é';t‘em tmde:;qoes a complet quc/e hoen e nel heat

‘Scy)/o/r'{’d /& e?m,[ o e net weorl done.

Eda: zd\/\]

Thi second tlaw of thermodynamics indicates that » alflough
Ue net heal 51.77/://&{ n a (?c/e i's equal to tHe net worly
Heme , e Jress heal Sugpliec must be 5rmt¢y than t—e net
Woyk doene, Some heat must a/waas' be !’g'&’ ted bg the ..%.ct:w

«The Heal En 9/ne sy

A hedt egme fs a SJSZLem :.9pcmf.v' rlg n a comf;}g:te
czfjc/e and  cleveloping el workl frem a 5upp{; of heal. The
Secondl (aw /‘mp//‘e.s Hal @ Souvce of Asl _s‘ufyg and a sink.
for ti.e rc‘;]ect/en of heal aye botl- /-zecexaofd(/.sv'tue Serpe heal
must a/edqj s be [?’Jét‘[(’d 1‘3] 7€ (%Stlvno

Hot Regerveivr
Thi  heat Supp/:‘ec{ from e sowrce Sou;cg@ =
ts Ay, the worl olone s W. and e heat '5 b o
}y?(t&{ ’s Qz > 3 w——v——
Qz, QL
Sinlk

Cold Resexvoir
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% He Fnl laww c:)/ zﬁlﬂ'mocé/mmfcf s N 2 compfetg Cgc‘(,
ALt fwal .91,?/7/1'&( = Met wovlk olone

fO[Qz ?dw
Ai- Q.= W |
@ e Second law, e gross heal .s-"afflfea( wyst Le gre,ﬁr
larn e nel work déne.
Q, > W
o/—orward Hedl Ery:'ne ' ATER
A fercoard  heat f.zyz'/ze has apesithie Y Qs Qu
wWork. sulput Stch as Kankine ox gragibn gc/e. ;“‘: 1_,.“.“
ﬁ/)/o//g de fiml law (o the %C/e jh’&s’: tana
o | LTER
Q; > W (Aat Sfrﬁ?dmwtbeafmferdan\)\l)
A:y o LTER = Lus Terp. buecyy
. Foverse Hed ijme.: Raroruniy

A revase beat e?me tes apasitive wowR ~ HTER= i/gk Temp- £w(1)
apul Such as  heal pump and refrigorabr. Keservorr
Appling te L b (o e Eyele gives:

- a,+ G.,z.’.w::o
o HER
1\9
Heel W
&‘1}“'—"_
¥Gn.
LTER
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Instructor: Asst. Prof Dr. Saad M. Jalil

o '7Ze thermal qﬁ‘,‘cimcg o .

the 7lcemal (./%'cz'elntoy of ca heat e/y/'ne is defined as te
fatto of e net worlt plone /n e c;de to #He gress heal
Zugplied fn Hee cyele -

theormal efficiency, { “3—. - W=l

Y:%;Ql:\-%l‘ = "({1007.

From the olefrition of hed; a tem/oemtuye diffevence

/s /ucesmg for hial #o //ow, tLereﬁ(e tlal tlie Souvce of
heat must be at a Iu“jlwr temperature than tle sinlt.

Tl% Source can be d..o?/xt of as a hol yeServeiv and tle
Stk as a cold reseryeiy-
There arve two Statimentc of He Second lww:
1. 7Ze #kelvin- Planck Stadement.
2¢ The Clausius statement .

1. T e elvin-Pranck Statements
£ s /n}aasslb/e for “"7 .Sgs&-m to ejoem,te n a
t&.ermaﬁmnu'c' Cjc/e a-owl dellver a net amount 0]" wav k.
o s .S“arr’owndf s while exc‘\dgflg heal wf"d-« @ anﬂl(
bhealt reseyvoly.
The kelvin - Plank Statement of t-e ZM e <
It is not possible to have e following System
w! th Q,Zgo
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(e cannolt convert all of te haal from
a heat reseyvoiy at Th to werk

, vt | '
Gl _§ 'g —;‘ . el
3 - W (g
g\w\?\c
St Sycle

- hial is Supplice In the Boiler

‘g -Qf» - Work s a’we/o};.eo/ ‘n H-e
S team. Curbine or é‘mgfnﬁ

heal i ngmi«d In a

'%w. cand.enser.

Boiley = Hol Heservere .
@ndensey = Cold reseyusiy.
Steam = Sastm.

o Healt Reservoiv:
Tt is i cloged %,d‘om, Lroon which feal” s yewoved

ov to cwihich bat is addel The tempevalure of e

veSevyey oloes nol e. A heat Yesey vor ma be a.laf?c
heal Souvce or @ dz oL Sinl.
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Instructor: Asst. Prof Dr. Saad M. Jalll

. ,Qefri?e/mtays and Heal PWS'.

Uk [new tlal He feal flows in e divection of
dec/wly iem/frrafa)’e (frovn lu'ak— Lemperalure medla to
low. Lemptrature ones), thls heal Cyansfer process occurs in natuve

) U oat rc,aarmj ary plewices. I\ ,

The reverse jprocess, cannol occlre by ft&elf The tooms fer
of heal From a lowo- temperafure medium to a Nak-tenfem-
Hure on€ rPguires Special devices called refvi geralovs -

fets ) Jesmz’br.s ke heat engines, ave cyclic olevices . The
wm'kjnj Hlwid uced i Hee re’frgaa,t'an cgc(e is called a
/Qq" Jmnf This cuuc/e wHhich inveolues fowy main comfoonen‘l's
ia Com/yrefsor‘, a condenséys an Wans? on valve an.ﬂ( an e(/aforafm"

Swrnumin\a
Suwthh us Wie \uh.hmu(

Condenser
80 o W@q
e © goo ,HM
6o ¢
Expansion Wit
Nalve Compressor — A
\Lo KPq
-25° % V2o “—fq
“Z2oC
Euaporator
A=

el
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Instructor: A, Prof Dr. Saad M. Jalil

-’

. (oefficient of Performances

Jhe chng e /e/ngemfar s ufrarex{ o lerms of tle
coeffrcienl of Peiformance (COP), dumotead by CORy « The obeclive
of a /avfré'yemfor /s To yemove heal (QL) from the r{lw’ae«aﬂ/

Space To. ac(amp//tslu Uis ohjective, it requlves a work_.
‘nputl o)  Whoetstn - Then the CoP of a ref}ge-mon can_ be

e.acpﬁzfrea( as
COR, = Jes:'r.ed outpul _ Qu
required lnput W“","""

W%-’n =QH~QL %

COPR.= QL = J Q“ -
Ru-Q Q4 ~ | l | [.Z«put

L & nput

Notlce ot He value of :,<:—;‘-¢’\.,

(DR, can be 3:@&&»’ than

an/t(j. That s> e amount of heal
vemoved From tle refrtaerated Space
Can. be grea,tmf zﬂa»v: e amounk
@f ox R l'llfai "

Cold re

frigevated
SpacCa{? T
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Instructor: Asst. Prof Dr. Saad M. Jalil

ﬂ -;'
 Jte
o TRe Heal Pumps.

Tt s andler clevice Hal Cransfers jeal fram a lowo-
fmg&n’e medium 1o a /téo/m t:mpemﬁt ve one .
= ﬁ(fje/mtszr: mu{ heat Plumps
Operate on'WUle Same cycle but
diHer in ety abrecl/ves

Ke measure of pectormance of
heat pump i alsy expresyed in
levms of the coelficienl of
[Pexformance COR, .

COP“P d‘SNQJ- C‘\d:P‘Jt =4 Gﬂ

required inpot Waek, i Qu
g, dold tefsipevatad
COFse = Gf» Qz_ | - GQu Space oL T
el
(Qu=CGer Wnd’.sn)
COPWP:_QL;LW!!QL‘ :
Waet,ir,
Q.
= N“n“-\» \
CoRwe = COR + |
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Instructor: Asst. Prof Dr. Saad M. Jalll

.-|'.
A Jhe Claustus s tatement :

7t fs impossible to constwuct adevice that operates
n o Jc/e cnd produces no effect ottey than th-e tvansfer
of Aeal From a lower Jf’e/)/oeraﬁl’)? bo%j L0 o lucjl\efr
fempevaﬁ&)’f boc{y

Z«,: A had Jump (s wed to meel e _/«mﬁ' : xequjrememi:
of a house and meintain ‘t o WEC -On c’zcéy hen
e ouldary alr Lemperalure drops Zo - 27 . tee house (s
esttmaded do lace heal at o yvale of o, coo i - If tee
Aeal Juny? wrdey toese cordedions had o P of 25,
deleymine (ay e prewey condumed ba e heal pump,
(b) the rate at which hat (s extracted from

= 80 000-3%2000
=MUBooo \gF
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= < A Instructor: Asst. Prof Dr. Saad M. Jalil

5 fgagao The food cmnpavf)nen.t of a {efn:je:afar is mal'n.taﬂt&l
alt e b‘y remoul/;; heal From /1 at yate oF 2o {glmin.
Lf He /’efw/fea/ power nput to te /efrgeratar' s 2kw,

determine a- COR be e rate of heal ollscha qe to te

Yoorn tal houer #H#.e rzfrgemibr :

A

5;(,: -‘%.L _ 260t fmin (VW
ia,COPR, Vet 32\«»4 \&oxTInm)

b' G”=C§L+Wn¢ :
=360 L 4 2lew (Lo Kl min
Yran 1 Kow
= URO T fmin

Exs Heat /s Lransferred to a head cgn'ne from a feynace ak
a yale of SoMW.If tie rfe of wasts fual rg'cct/an
o a ﬂed?’%{» rfver os SoMW » Olde’fw‘me e net Jowey
output euw{ Hoe (zﬁm’mﬁl 4/-'/1‘61’0143 for Hits fheat elgb\x_.
Solis  @y= & MW ,~Q.L=S'0!\4W
Wnetou.t = CQH - G
=80~ S0 =30 W
A{d-mml = W_“d""“t LA -3

-

S <
OH i ::3:}‘5" /a
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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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Instructor: Asst. Prof Dr. Saad M. Jalil

uu

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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ME2397 Instructor: Asst. Prof Dr. Saad M. Jalil

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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BERANE Instructor: Asst. Prof Dr. SMM.MII

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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Instructor: Asst. Prof Dr. Saad M. Jaﬁl
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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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Instructor: Asst. Prof Dr. Saad M. Jalil

@ Lec, Nou 1
“ ' Date: /1202
i e

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 )




Tz . U S . .

2’ Sl’SI=CVI"‘(7-'—'jZ-);>fCP , @

£ ! V2 Tz U E

R ’°’§Tv“’ﬁﬂ MR R A

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

Instructor: Asst. Prof Dr. Saad M. Jalil
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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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e, B30 B0 G 287 O 6655 B M % &7 by COSAT SO S e Sm &

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)

v
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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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Instructor: Asst. Prof Dr. Saad M. Jalil

) [ﬂl

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
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Le preces is fireversib le because T,< 13
( —ac T Tz D reversble prz(ea)
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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 ]
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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 <]
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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
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ind faﬁ Caleclale | tlee nel feat: flovs avd the overall a“:j
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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_] |
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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
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The We Cycles

A System ic said Lo have undergone a cycle if it relurns o s

itiel stale at e enol of te process,and we have two bipes affz_ycla
1. 78 yum/b c;cjc;/(; 2. Mechanical exc les . ‘ -

Tt cen be shown that Ueve Is an ldesl tleorelical cycle which is
the mast efficient concelvable  tls cycle i's called te Caarnot c(:adg . The
/l—l;y/\.&‘.;z tiwm} e,ﬁ(o‘c lency /.Do.SS; e ;éfa, heal: enginé m praci’/‘ce s
only aboul half H-at of Ge fdeal Heovetical cafnot c’gcle s between
thé Same fempe-r.tl'ure ltmits.

. 7he Carndt CyC/C:
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n0 Al cxpine can be meore efficienl Han x reyersible - engine
w'arle/‘y Létween e same .ten}oemtarc’ .
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al one Frxed tem/oemfufe ,and all He heal rgected s refec ted
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(= wral 5 for gas Suzo when T=€
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( a'Sen.Zrol)l'C AS=e¢ ,S=z¢C)

=W 06U » B=0

oo W=- AU:M‘ :_____L__M-R.(T -T2
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G. = W 4 AU
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Exz The cvevall volume vello of a carnst gc.lc s (45°) - The tempere
linlts oF e cdclg l's 2eo’c and 21'¢c . Ocdennine:
@a. tAe. cvolime m_tfo o ISo ﬂ-(rnul czu.d. adz&ba'tfc /-"}’OC.QSS.
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Lo Six Zimes of e tlal volume - Isotlesmal compression follsbed
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Aoy H IS (.'ac/e.'
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~ Joule or Brayton cycle
(constant pressure cycle)

Zn s cycle e heal S'W/y and heat rg'fecf/on processes
accuy /’c’l/c’y'sl'b{y al constanl fLresure - The expPanslon andl compPression
JProcesses arve isentropic. This c,dcfe was at ene &ime used as e
/}[&1/ basis fm’ a hel-alr /e(;'p/v(’aﬁ":j {ry:‘n,e.-
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qu-r\n-v G+ % =32z +\'\s+—Cs + W
2,22 ,0G=2G , W=e
% WNeak SugoMed o \edker =hg-he =G Te-T2)
Process 324 ( adubatic reversible ¢xpanston) PV=c
J&f—/ﬁl-zié}zf- 2= J24 */W+—'2'C‘I'* .
Ze=Zy o G20 5 Fzo
S Werk oulput Frow tundtne =hg-ty =G (V2 -Ty)
[Process o -»4 ¢ Cornstunl présuce feat vefection) P=¢
Jzq+husl s 9:32;11\4 +z’-C,2+ W
By R L, GC . MW=o
3o heal vefecked in coolex =l hy= GV -TY)
For pasitive value
cork compn =hahi=CGp(Tz-T)
heat refecled =hy-h =G (Ta-Th)
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Eas Tr an alr-standard Evaglon cycle e aly enleys H-e compreSoy
2t e Mpa.i1sc . The prasrea® /e'avﬂg tl-e compressor is 1-oMpa
cndl e rmax)mdm tcmp(f«!ﬁl:’e n e cle /s loo'c - Detz-m\ine,
1. He prasare and temperaluve at cactl peinl /n tle cycle -

2. e Coppyessey ok - Turbin work , hedt addsd s Yﬂ. .

] Ly~

Sol: _77:7 = [é‘_f' > TazCls2233-( )" =56 K
- / J

Meomp = ha-hi= Cp(Te -T,) = 10oS (S5% =~ 288) =269-3Y r{ymo

- — A T T —

: qurln’uc: /73— l'lq"-‘ @(7}-7‘}) > 7}: //co°c. = [13F2K
4 -t
77 - (ﬁ.)‘g—= /oé— = Tgq="Ho-8K

W= toes( 13%33-FHoF) = 665'15".15‘1"0

et = Wh— We = s6575-269-3Y
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Otto cycle
(constant volume cycle)

Zé (@7 f]c/! 5 Jhe /dal. ay SWd acle /UY the pﬁtm/%fn&
gas engine , and the /ujA Speed ol e/ctyme A

= — T O =0 0 M 230 —1

— \‘ ) <
T ° s
SV TDc
" bore
pisten
s
Qv é
So.c.JL
' P$:C i ot =
| _—
. | : - Ceomu

TR e
\s = Swegh dohwwae -
Ne = C/\C@(OW\CC %

Prxm Ll I.S&ntfﬂpt‘c a’mpm;&n

@R=W+8U 5 Jor m=ike , Gzo
W= DU == (T-T7) = w(Ti-T2)

Process 23  foversible conslant volume heak adlded

Q:MJ-{-AU z W=OF_ -
Q, = AUz Uz- Uz = Cr (Tz-T2)

jorocess 3pof  Isenlropic Sxpansion

Q: w+add 5 @=o
WALl = - Clly ths) = GeCTo=Ta)

Process 45|  Reversible constanl Volume heal rqec‘b'm

 Q-w¢+ AU > W=o
Q=480 =z - Ly= C{(T-Ty)
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Ct)a»y G Tz=T1)
vy = G (Tg- 1)

r Vi qut Volume - C‘C"/OMC VO\\\W\e
v = -

Vz Cleavonce Volume
A(:ik: o¥ =Q§L A %z
b
T L SRk
¥-i B!

e Ta. vy A Ta=N%y

2 i D= = - AT4-T>
%L- ! U’-I_—r'-. YV:-' (TQ-T;) Y{b-\

S N

Ex; G&M e d&ﬁaxr&ta»wéd d.afma[ (frau:f‘; o‘fﬂ\.t
Ot cg/c/é’ foy efffo( ugm,e Wit a lrndey Bove of
SO mem amd a.é’tmkeaf Fmm and clGpvance valume
of' 21 56»4.

Soli: Swepl Volume=area of bove #Stvoke

(4
B S\/-z—rfcs")z*}s':m}-?,s Cm {F:

[ "Zfﬂ@ = 7.91Y

,Zﬂi,:l- : =0c-56
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tHevmal eﬁ"t‘aug Calcuwlate als
to minimum pressure in fhe rgcle ‘

SoL:

oo = LD F (1633 - T2)
ETL=5532 k2890 C A

T

d/?.,faur:ssoo/g &kubtc%em

Qs il -T) . Te= 14ooC = 167312

-—— § - AV Y
lz - Yy == 5532 - \y
T, 288
iz S 2
\
RS .
= | %
3 2
—@.: ? C M) gﬁ-: 2o 24
p' .
2= B A~
e >
% A |
B
A [ &
avl B
T+ /D
')‘:' = _'_? = E— = e
/z T,' f"._'
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s
Exi: In an air Standwd Ctfe Cgcle The wsveimum cmd el mum
temperature ave 4oo°c “and Is'C -The heal supplied per

ression ratic
raflec of mencioum
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Diesel cycle

This Is an impertant cycle on which all the olesel
€rgines werk . It is alsg Jenown as constanl pressure

r'gc/e as heal /s reclived al a constant pressuve.
¥ P f :

3
>
2

e —

rO—==—<oo=A Ao —=T T <TO="0ormo—i

S v

Process 12 , Isenlrgplc cvmkress:on
o B V| I , =Ly
W=- U ==Cv(T2-TD= Gl -12)

For positive value
)= CvTz-Th?

Process 2+32 , Reversible enstanl presuve hatlr\g

Q: W+au
= G(T3-To)

Process 3—»4 » Isentropic expansion
Q= W+al » B=o0

Wa—BU=-cv(Tq-T3)
for positive velue

W=Cr(Tz-Tg)
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rocess iyt . Reversible Gmstanid (olume (ooluj

Q= wWw+au > W=o

Q = AU: G/(-rl--[zf)
for positive value

Q= CvlTgq-T)) ,:"

A
/ZfL: ___Q_zzl- T4-T) «
) (T3-12)
. = 1. Ta-T0
= T
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Ex: A dresel engine has an inlet temperature and presure of 15¢

and 31 bar /zspecb‘vc/‘y The amprassfon ratlo fs 1231 and te
mancimum cqcle temp exatwre (s |looc - Glculate Hoe alr stand-
ard heyrriad qffz’cfem‘] based en the Diesel (gcle

SOLo PA
T =154273 =288 R
T2 = oo 42731333 Ic
v, K ¥~ 7
L) =(W) s B
i g T: =238 R

2 3

e
W\

x o

Proces 253 PT% PV’ -y

|
\/5 - ‘I_j = 13?3 =38 £ |
V. Tz F23 s =y
Vi = v‘-i : Ve 5 Vi ) | N2 Y]
\(? Ve \/? V‘( VsNz.

|
= |2 p——— = .
- / * T 6.8

1 = Ve == ’3?’3 ({30‘1 = T;t:éggf(
= =y i )

CIDCTD e e e e e I C O = e MITE GO C D — 2 |
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Q=Gpt7-T2) = toos (FF2~ F+38)
=S98 zcg,'/fcg J,,f'
Q.G Tq-T) =o-F18(638-238) E
=25 lg"!ka &QQ’
/{"L= I-g—z = /- zs | zo-85& X
' 98 _¢g s

Exi Qw ua'me wses ol @S a weyx Xing suestomee . ol Wee ‘aCa'm; oF
Compression Hue Pressuve is 9o ipa omd e temperalwe ir usc
During Ywe odinbakic c@w\?resstev\ Ae Wolume |S YQA“.C.G& o one-Si%-
oo et 1KS  Wduwme o Ve begining oF cow?vesﬁon Sxrone - Weak
E Vet added ok comstodt Pressuce Swkil e kompevaluve is Weoc-
TRe stk is :m-?\ekeo\ oy adichalic expomsion kil e Iwdial
Uoame 18 feached , cwnd Mae ecle .-‘339\"5“! by conStonl velume
TYoecass . Fi\\é.'.q.k\.c. M.-w.:f <l foux covnex .
o. MNA c.'“-k:\blzs.a .
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w Powk -\ -
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o Ly
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Dual combustion cycle

Modleryn oil engines albowg still called cliesel engines aye meove
C/OSc/J O[é’)({/((’/)[rc)m an 4%/1@ Invented Aclifoy- Stuar - The
teal Ys Suff?/lf’({ in two pavts. H.e First pavt al Constant t/olumc
and tle rmaindey at constant ,o/essme,h.ence He name™ olunl
combustion .

F 2 e

eSO O="0OrmM 3 —

s 5
rocess 12 Adibatic compression pV=c

Q= W4 au s Q=0 ,m:ifﬂg
(W= At =CyTa=T))
ﬁr ,Oaﬁ'f‘fUc’ ua,/ac » OL]: CC("_-T;)

Process 253 Revexsible constant volume healing (Qia)
Use » Ws=p
Quua=Cr(Tz-T2)

process U Reversible constant pressuve Mat:rg (Qyw)
P=cC
Q= w+ AU
Ou» = h‘-f- hz
Cip = G (Iq-T)

Process Y 5.5 A diabatic expansien P\},zc
Q = W+ AU ,-CQ..
W=-4a0= - W(T5-Ty)
frorr Lesitive vhdue » W =Cu Ta-Te)

CNPHCHO—2» 2 <TODOSCA MIE—NOHDCO—=D!
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(= w—+au
CQL: AU :CV('II--TI-)
for positive uriue
@z-:CVCTS'—T)
* rv.. Cam;orass.mmtro

ot = P = vatio of presure during heal cw/dfnj ot constamk:

2

Colume -

¥

e OO =SSO —

B = .‘é‘!_ = nalfo of velume ddvmj heak aa@(uy at constomt
oY ESSUYE .
—5 %z 7 g gz y.
Adl ! ! : mf@lb ;
. Cy(Ts-Ti) £ Ts-T)
Gi(Tz- E)+Cp(m.T;) (Tz-Te) + 6(Tq-T¢)
L7 Y% - )

(-4 (B 37
v

(TS S u.do\ca\ow\bo& P=c)
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\ - ot *
R
T4 B=) ( \aeak ado\qie%c& Q=¢)
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Ex: An oil engine tales at (.0lbar,20C and the macimimpressure
s 69 boar. The compression yatic s (8. Calculate thoe air Stamd-
ave termal efficiency based on the dual combustion Cycle .
Assomu'{y thol the heat agded of constankt volume I's ¢7u.¢1 +o
thee heat added at constant pressure.

-

Qe /S
/

Sol;

Y=y Q:
QIG > - le

={= L - T'_
(Te-T2) +T{Tu-T3)
pPeoink i) P=t-olbar ,T =298K
B Y- s

point (z) 7;,;7,(.‘\7/'{) —2a3¢/2) = 931K
?
/%:(."\;L)a.ﬁ: S F.Fhar . P /Q\b

) & Yz - 3.4 [=
Ponk (27 FPi=6q bar -%( L_TJ NG

o - 69 =
E”E'TQ—?‘}—.E,-'?-?’ =I2K L

Pmkt(l-f) Py = =69 bar :CZQ:Q,& \"Qz
Cy(Tz-T) = Qe Ty~Ts) \
Ta= - (Te-T)+ To = 1241 1
T _ s ¥Yd A =
3 - - Y
PR "?'L?'(V.:) =L --)
et W.}é.ﬁ—_f"
gy Va2 Y2 WV ;
s [ L Ve 7yl T
“(%" U sz - yg)
S & = U0g I
A&m‘— \_ o3 -292 < RN
W\Z= A1)y (121 - W)

= 68" °/o
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I tnlernal. combustion engines dhe term werk vatio
& net such a wseful We;ot,siue the work done on and bj
e owr.&uy Aluid takes place nside one c'al.‘n.derr. o

In oveley 0 compare reciprocat i ‘nes anotloer
eym (s defned called t.e mean effective pr fﬁ. Tle. mean
eflective pressure /s defined as H-e ﬁeg/\,t of a yecfamj!e hmiv:j
e Same /ery&’v and areq as tle c{_—jde plotted on % p-v

d/fyzwz :
for Otlo Cycle ,H-e yectongle ABCDA (s the Some
lewtl as fle cycle 123Ul ,and area ARBCOA 75 equal to
e 1234 , Hen Hoe mean Jccé’fve prefiuwre,R2, 1sHe
" hegl\t AR of e /cet‘a-»g/(. . ;

7le wovke done Fer kg of alt cam thevefove
be corttlen as

L O O=0rmM 3 —

W = avea ABCDA = B (U)- V)

CNRNCO—= =<OO=sA MX—w/wocO—=2"
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of am. wr «S’Wd Df cle with a re&sfm ratio 15/
and move-d-min- Cycle tcmpamﬁwz of 1650C J.u"’c rcsfect-vdd
The penscimum pressuve /s 45 bar .
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=Ty STe=s3138 ¢
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MOY22-850 8D
= -5
= S9N -
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W=l D, = W=636-6 wy g
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» Sketch Hee processes en T-s A P-v oliag jom -

Qi:

Uhat s He /uc;yl,e.st thermal lﬂ‘a’WJ possible for a heal” engine
opcraé'y belween oo C and I15°C. Ans-F3.2°/,
Q2

In a camol cgcle opuatfry between 30F C and | 7C e max.
and min- preswye are 62.4 bay anel Loy bar. Gleulate the Heermd
ef:bmyama( the weoyl rallo . Ans-50Y, 0-28%
Qz:

A clased C'gc/e gas Lurbine unit eperabing witl meximum amd
Und mn tun owﬂﬂvﬂ’ of 760C and 20 C has g pressuve ratio o.)"?/i'
Calcwlale He idleal H-ermal c,f‘fa'eng ane He work ratio.

Ans- 42.37%¢0.503
@{ Tn an air tandard OHo Cyde Hee moximum and minimiv
Lemperaluves awe 1406C and 1SC.The heat Supplied per | :yf
aly /s &oc 13' calcuwlate H-e Compression, votio amel dam:lj 1)
Calevlate o tle ralio sF mevcimum Co minimim pressure in the
%c/e- Ans- 5.-26]1c48.6 %« 20.5]L

Qs
A four-cylinder petrol engine has o suept volume of 2000 cr ome)
e Cleayance yolume in each culindexy i's 6o ew®. Glculate the aly

S tandard Hermal efficiency  IF tHe inoluction conditions ave
Lbor and 2Y’'C, and the smum cycle Eemperalure s IUooC,
Calculate He mean effective pressurve based en He alv Standerd
Cycle . Ans- 597 ¢ 523 bor

Q6‘a.

Ia a dusl Gombustion cycle e magimum temperatiye s 2000c¢
and. e maximum pressuye is Fo'vor . alculdte deymal effrci
and. He mean effective presuve when H-e presure and. bz:g_
erature at e Staxt of compression are Lbay omd 13T vespect-
,‘ue/J_ 7The cempression yatio s |8/1.

Ans- € 2.6 7.¢ 10.5bay




T An air Standord dual combustro cycle has a mean e ffective press-

H wre of lobar .The minimum presuve amd temperature ore Lbor

E and 17°C respectively .and H_e Compressien roklo I's 161L.
Gulewlate e maciviim Cgck’ tempo'ra,ﬁwe when e thermal

R efl‘a'emg ’s 604 « The mpacimum eyele pressure s Bobar. i

M Ans -1959 ¢

D /)gﬂﬁo/fne ergfnc has o u?/umatrfc CW’PI’B&S:O yatio of q:1.
U-e State befrye comprassion is ZQoI(,CImamd e peak ngg

Y WW( s 1§00 1L - F:‘rul ﬂ..c,o/e.fxun'e expamsion sHee

= Cgc/e nel work and tH-e cgcle e#z‘c/or:g-

. Ang ~ 23197 pg ¢ 5BUA« Y61 “3'!3

g, In an ideal clesel Cgc/e He cermpressien roi’o 1s 15 : L owal
te exparsion ratio is F-s il TRe pressuve and temperoture o
te b?/'lugdaf Cdmf/ﬁlﬁO‘)’L AYE %’.lch amd 4y’c :‘m PI’&J’I()‘I@
At Hle of expansion IS 288 lpa . ~ind i ou the maximum
am/emfmfe b. e termal e#;c/exrwg‘

-
£

Ans - |S9F ¢ ¢« 603

CHRCO—=" = -<OO=A TMXT—H»mwHocHO—=T
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The Steam Cycles

Zn e vgpour cycle , all the bheory of alr cycles remoins the
Same . excepl The working subslance , which i's steam  The steam
may/ be n a:g Form , W ,drj saturated a‘rsafaarhm&d

* Camot C:yc/e with. Stleam as warﬂ}rysubsta.nce;

#3 Steamn
iy {..?= ik
5| Supplial é‘?{ outpul
@ (&
$2 u s
4
Werk / % —
=] 5
e

|
|

. s ‘

N Vivs v

FProcess 1.2 = S

Tsenlreplc comprassion =Ff welt s team. o CompIEsoV

He PIENE and zé/yem.fzu’? rises, and pe heal 's abseorbecl oy

ygpcttd c&(.;v‘/y s process. Q=0

Process 253

Tre sutuyaled watey aipa;'n?: 2 I's A'sotz'.arma“:j

Coﬂt/ﬂ*ftetz o 5:42214?1,{2&4( Eeant i aboller , cndd e /Lem_t
/s cbso /bc’({ al Cvné‘fa-nt f(/rfw&tw}’d.

Qorz = ckuje i‘n e«ntropd X Absolule tan,amﬁw{e
c)z.-»s = (83-S). T2 =2CS;-S2) T,
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j—rocess 34

e d:: s tenim now exocnls :lce»b‘vp/ca// n a Steaws
eng/ne v Zurbine. vie pressave and Lemmperalehe Falls Hrom f;
=) Py and Tz @ T« /ﬁ‘p:’(f/ve(’__/)’, vl o Aeal e 3¢»W&‘etLo¥
rg‘efz?a( f= 4 “"’7‘2.7 727e process-

Process 4> |

The wel™ Steam. s now fsotlevimally ceorelensed n
condlenser and tle heat s re(fé(fed at cau‘{zht ZZm;oemilwe
and pPrégure .

Tyt = CSq=S10- T =(S4=S1). Ty

OO0 M —i

20=Dw
so  Wark clone a%f:g #e Cycle = Heat: absorbed ~ feal refectd
W.D=Q-Qz2  , v 4 *g

WD = Fppp =Ty
WD =(S:-SDT2 = (Su-SIT

=(82-S)(T2-T) » Sa=S4q ,S:=5,
oY
NI = (S\.\.S\)(T;_ -T\) —rn & 7 T\:T\‘
o WD = (Sy-S0 (- W)
ox WD = (Sz-SH0z-)

/Z____ Wer R done :(Ss-Sz)(_‘i—T\) = T‘_L-'-‘-\

_

heal agldled (S-S T =¥

-

4|

CNRHCO—=N = -<OO=C A MIIE——HAODCO—=D
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L. Since the hat absohed is at the Aighest tempesture and
refecled at te (owest Cemperature,tive carnot rgc/c would|
Jive e mlcimum possible efff‘u'en(;f.

& TE mgée noted ot (1S /}r)aossibfe o make « Steam cwg\’ne
(ki fp on Carnol Cycles The rsolleymal expansion 253 cud e
‘salle CompreSSION” Yt witl hove o be Mrl'dou.t 2rtermely

Stoww o ensuve Chal e Steawn is alwg.rat ceons toont fa»p'f

evnteye , (Sl Zoe dseatvopic expansion 35y ard f.semtmp)’c

CorporBssion 15 2 Shovkd by carried oul as 7&0&.&( as /amibk

n evdey 2o zeprrach ikeiid /:s'at.tmf/c condition . “We Rrow

ol Sudfen Aanges M the Speed of an ine are nol posstble

nceclual praciice. Uere fore /& Js rmypoo ssrble fo realise Carnots

fr‘gl'n.e n cected /L’M’Ce-

S OO=0rn e —4

3.AL State 1 e Staw fs wet- at T It s difrcult to stop
Concdlensation at #He point Land ten compress it qust
to State 2. It s meve convenient to alfow e condensedpn
frocess Lo proceed fo comp lefon .

4. e working Aluid is water ol e new state . and #is can
be convenienlly pumped to boller pressuwie, th—e puwmp hns
muct. smalkey dimensions than (€ would have Fit had o
Lump x wel vapowy, the compression o rocess (s
caryied out more eﬁa/mtvéy) and toe egujpment vegulred. is
Simpley and fass expensive -

ng 7 wower phnd is S lred witl. oy salunted Steam of a
SoresSsune af 6 bay a exchatOls 2t a2 by . find # e

¢f’}%/'¢ﬂ<’a e the Cornel Gele -

LSols o Slcan bables .t Blar . T=201yp 273 HIYL K
=%
fror  Steaw dables. ot o2bov »Ts =601 4233 332-(R =Ty

T 233 _ 0
=l —— =/~ =029 2q8/‘
Tt e AglE
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Ex: In a carncl cycle, heal is J‘Wﬁ'&’a{ at 250C ond Is rgecteala.t
25°c . The wbri; Fluid. is weder, which while fecel’ufng heat,
evap oy alls From Liguid at 350°C to Steam al 255 ¢ 2Lrom

C/;S"‘t;mw b les 7e entmpa c*-kmuctie for IS process [s ). Y438
Y

i If t-e (gc/e eplrutes on a MW-YJ ass = L La

of coaled . find Ue heat Supplied oo R done @l heolb vep®

eclzd per cycle- Whatl fo'le presuve of woler aam-na
heal’ reception. -

SOL-' d‘vﬂ /Lfdz Suppll‘ea/ :( S\s =2 S}_ ) Tg_ - T;.: 3;-04- 27"3
= LIS B2 3 =g23 K
- SASEH Uy e
&
fhe wevik dome = (S3-S)(Te-Ty) 5 T=263233
= 1 yY3Fn(623-2498) = 298 K
= U6 F.-55 lg‘/lcj

e tat regectal =(Su-5)T0 , Si-Siz S-S
=ty3I8»298
= uzgs2 Ig/ky

/rv»\. 5f¢¢-w\- faé/(,f a,f{ 7-5.:.2527.6 ’ P: /JJ':.ZS’M
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« [Cankine @c/e :

The Hankine Cf/e s an deal Cdclt for wmpar:'r:y the
pPerfoymance of Steam plants - Ltis modified foym of cavnol
Cycle, in which the condensation process (H1) /s con Einued,
Until the Steam s conolensed into waler.
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T

ll/a LI
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wp a §
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By the ammflow bnexgy Squation (bEZo , AC o)

.i- BO.’/&Y Z_>3 C”ut aM:QI)
/La., q = | N TR 1y = o ‘n e beley

Qs =he-hr D> | Qerz=en(nz-)

2 Turbine 3->4 (¢ work oui})at.. W)
hg.r 9 - lu, + W » 9=¢ ,z‘Samtrchr'c Exp.

w4 = hz-hy = &\J?'P‘i = W‘\(_h:'s- Wy

CNCHO—= > E-<TOO=E2 M —orncoO—=0
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2. Conclenser 451  ( Heak r_qectcd. Qa)
hq ¢ T=hi +W y  W=o
Tust =bu- hy - Ao posctiy value s | Qysy=m(huy-hy)
4. Pump 152 ( werk inpul . Wp)
he g Fohopiv > 9=0
Wiwz =hi~ha 5 Jor poative vaue. | Winz=m(ha-h))

SO O=SSF0 M —

of - Wy = Vg (Pe-R)
lez-r*f -2
(A9 - e,

Chi-hw)=Chz-hi)

sl coeck dtnd =

Ww.pD :

Ff the feed pump coork s m:j/écfa{_, WP =o
WD = hi-hy

Heat added =, = hs-hy

Rand _ Chz-hy) ~Chah)
i efaeng s Qo.rld (hz-h2)
7 wpze. Mo zhs byl hz—\
- lclMy mtios It 's calse Rrown as refative e/ff'c:‘c'nc. .I‘t s
Aehined s the ralio of Hermal e cie (ov
cec lual ?c/c’ eﬁ’/aeng) o Ranking <ffrcie (ory

/o[e’at- C """"‘j) Hawznatr(a//a:
s . _  Thermal efficdency
Efficiency ratio = ¢ e ictancy

CNCOHO —= > = <TOO=SDA imMmE—onCcO—=D
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x Work ratlo @ B isdefined ac the vatio of neél work O\At?h\tto
Bae  qross Lengiine ov bunbing) ST o

e £ Giress ovipel Tuxbine wWot W

Tt oy toe nated Hod Qe Gaensl cycle s despite o¥ its \\'A%\\
el feveal eﬁtqlemcé 2 has \aw wWeek volla Tk (s one o We
Yeasone WMok Covongt C,».jc\c. S sl o&\ew\?tul.'\lc \&%\«x volWe
of wedle tokle clfe waeams @ Swaller size =i-te plond .

DO O=0Orn 32—

4 SPQC'\S.kc gm Co\a&wmqb’ﬂh ($S.C)

Tt s also Wwmown as eam
voXe or specific tate of Flow o Steamn. Tk is debined o8 K e
woss of Skeamn ok wonst ke Swg?\j\ea\‘bo A Steatm Snang oY
Luwsine m ovdes t» o\meiof A weart S, o wWolR. &Y Powex
oukpel. The ocomtmnd o} weth o @owex awkpuk 1s uswal

e,q::ce..uep{ wn  Rilowoedt Vowr (:,\LW‘\); =
| l\Wh =2690 - 3600 : » —
S.SC “"L?n e kyliow - »Wp=so
A = well wWepk Sone
% Lsentropic ¢;B"tc.ie~\?d: T

QA oy expansion pProcess ¢ Turbine ,339)

/Zl'se- :.@Z@'L W'D :M
Isentropic WD ha-hy

b. fov Comprassion process: (Pamp)

. _ Ientropic WD _ hz-hi
,&“. Tactual W-D --T'llf-' h,

ol

CPICHO—= = <COO=E- M —onCcO—=D
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Ezx: i Skeam power plant operales betiween a botler Pressuxe of Y2bar
ongl @ condensey pressuve of 0.035 bar. Glculoke for these Limits
the cycle eﬁrcjemc\\j,ﬁ..c, work. illo » omd e Specific Shesm
Consumptlon?

. fox a covnol Cycle using wel Skeow,
b. fox a Remiine ba:'\e waie MW‘GA Birearn ok
exXya o Hie tuxoine.

C. Hov 3.;_ Rouine cle of Uodswhen the xp onslon
Process oS om {s:\%‘nﬁc e.)fﬁwqex\c.-a =¥ 854

T

Sols hroin Shienis Gl Fe)
ﬂt /92‘(2‘04’.) 7::2['.?- 2
al P zo03 bar, J5726.3 ¢

AL OO0 —i

M ———HO/OC O — =

Qs
e /iCAWt= /- E_r-\- 2&1}--&211 @2
T 25224213
= 0.y22 oy Uz-24 s
G = hg-ﬁz:/yg-h{-t s @t LP2Y2 boy
=28c0 - 1105
:/6?&"!%‘”‘3
Adets ok done = Leorest % G
=032 & (695
Wy = hy - Ay » S3aSy .= -gg at P=42bar

=608 I
Sq: 9;*—9('55\3 s at =o-035 bor

6-05 084 xysx8B = xyz 0.696

A‘ﬂkj-focq- sl P o038 ban
=12 +0.696 % 2UZY = [FOF 1g1K4

Wr: hs-hq: g0 - IEOF =992 gt ey

_ naler R _ A3 — o33y
LV W&do- %Mwo\l Tov) o4

S5.C. = B6oo/ Wdndk = Bhoo /A2 AT UNL 'Sy (g

CHRICO—= = <CTOCO="A
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fi3= 2800 kylttg . hu= 1508 kilkg
h; = llos zg/ » huz it q";rmg

Y- WD - (ha-hy)- Cha-h)
Q. Cha-hy)

P“”’/D oY} = ;I/L-/u = (Pz- R)
=o0el (2=0.035 )0 s

=¢.2 lg-ha

;Li:/'u *+ Pump work. = 1119+ H-2
= j16-1 tef k,
indr = hy-hay =2800 - I150E = qqz, :%-ma

b&jf -2 q;b
D = hzg-hs =280~ 6.1 = 268U X1 kg

Y _492-42. _ .
AT ML mb’o = g”“w'n{ — qqz (&) qqg‘

' C o= D600 . 3dee MR (Ca:Fionata
T T [T =3

"[z=%b 22?8-:2 =036 oY 268/,

“ie.= e =58 =, 0.3 (2800-1808)=2800-13)
I So M= 20064 15 %y

Mg = Uaa=hgy— (W) (800 -Zoe6-d= Mi2-
Crsdons 2800 -\16- |

— o194 oY ‘Z.O\-qoj\

R — AzRov-2006M1 — N1 _ o,
W = 2200 = 2006+ Y ‘A

ESe =2l = 458 lkwh
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T w [Fankine gc/e wITh Su/’er/‘l,al&,o( Stean?

H The cwcmje L‘e»yoevmwfe ab which hesl s &ufpln‘ed. m
E e bolley aan bepnereasedd .S’of(”fl\ea.t‘c'ng thoe Steam (_/.saa/éy
R tie a/ag Setiwoled Steam From tioe bolley olyum (S ,oa'..-::eJ t‘Ln,Lak
M(L Secono( brxml(_ af‘ SM/CY bove Tubes w»‘d}’n e bm‘lw. WS bo-nk_ 7s

Situated Sucl. tHat 1t s haaled éa helC gages frem tl-e furnace
Olcntit tle Steam renches tie reguired temperatune.

D ““\“5“ n § T
Y Uch efuey
il
g.{\q.f
Y
Iz &
hank %
b 2 , =
- S
~. ‘. L{Jr‘- Iq i‘- l'u.‘
DM’C

z‘?ssum.‘yg p=o Calways)
Q,: Qladd, = hf- ha > WD =Wr=N3 -y
,\éfk =i WO = "_‘il\’\'{

—

Qadd- \n3-\n,

Exis A Steam Curbine qoexmﬂry on Zhe [Rankine le received
Steamn From the bailey'al 3-5Mpa amd 3850°C and edhaush

to tle condeaser al 1o kpa . The condensalte s ten retur.

:./eal to the boiley by te feed pump - G}cu.lo&-c,nglecth?

RO —= > = <TOO=S0> MIE—onCO—=D

[ losses :
Q- U-e eneggpy & freal ‘n the boiler per o Steaw,
b. the fn?c’;bn of Kiteam ov\b/rln;aﬂ..e (onolensex.
c. the ne. qﬁ‘:'c-:’ea'w‘j.
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Sol: At wkpa , hshy=1921

g1

ab‘t S’.SMPG'Q ?S’O( > hi=3loM QH S_;-'S €539 Isr oy
= Sp 4 acy S'fa » al toipa *8 ¥

Sg oS B 65 = 0.6UA3 $ Ay FE = %Y= 0.8

Ay = hgr ¢Ag =191.8 + 0823928 » af (okpg
=2l06 Yy /leg)

éﬂe'f 5 M 0( /7 - l’]
(lj 2 = 3!30‘4 192
=292-2 \t.é‘ “b

mk M3 _ QoM —=2\06 o i v
Rz —= = =0.3Y2} ox 2U-23%/
W-e\ } 5

BN -\A N\

Ex: Cam)oave te Ranklne Cucle perﬁrrm¢e P em»pknm

page c2i) wii . tlal obtained when tle Steam, s
Superl\zate/ to cvoc » J/ed‘"‘pa Feed woter wor k.

-
/rvm ,_S tcam Embles al U—ZM‘LBOOC
A= 39M2-6 g Na »  Sp= #0686 lgluK

‘_‘.SL

Shr S}-fﬁ(.f:@

F066=0.839 ] + 52 518 D .= 0-82])

he= hf +X 2 /\.0 =2 +0:82| » 228
“3 ‘Q"‘,‘%

hs=hs =12 ’g’llfa

= /u-ha-zqqz §-211% =1229.6 (¢
&y = heatl Supptred = hi-hz=3Uyz-6 - 2 3330-6¥gik3

Yasfipe - BAL Nozoq o0 2.9

S.c-36vg - 3600 A 9. \ lea N
S EPRRRTTT %) a [lew

e HBeernmall -qf-puemcﬁ\\_o\.& \\Qit&fegl due o 8 eﬁ\\&h\g

ond. e w«waexmud' tw &

18 eNem Y€ W(Y.QA
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%WSML%CQ:

Tt ls odasivable to nciease e average é’aﬂ/oezmtwe ok
wWipich hesl (s Suﬁp{/eal to the Steanms aval 'also to |
the Steam as d(rj ad possible n the lowey predsune Stases
of tle LturbimeC TRe welness al exhausl showld e o
3 reater tlom 0% « The &ugk borley pressurss are re7w'r~ed

Njk effrciency o bul M&goamsfw ‘n one Stoage cam
vesudf 'n e &lear wWAich (s wel . This f.sacmf\dfg:‘ovw
whiek s /'mpmveol bJ .Sufel/uai}' e Steam . The exha-
WE Steam c<condibicon can be ,'mpfwe_d mas z/yect!w
by rehealing the Steam , tle expansion being carried ouk

. tave” Staaed

OO OO rnTy:—

T

/-fa’dz' S{W//'d: szq - @J’é
(Ip=o

CReaqy=Czu = hu-hi

(256 = hé-hs
Nor R st pud = Wys + Wea .

4

(g~ = I'L\i' he
Wi = hé- he

_ Chu-hs)+lhs-hy) s
A(d Ca-hy) 4 Chg-hsd

Ex: Calculsd new Cyele e_%’a‘en/:y i yeheat is ‘nelueles)
i Tl-e plant cf above excample .TRe Steam
Concld tion al del 1o tie Turbing arve U2 bar omd
Svo'c cund condenser prefsure 1S @ 035 boy ad befoce.

Assume Xlol e Sleawm (5 Just o(rvcy Sacturatee am
leory'ny e Hivet Lurbine, and reheadzd #o e initial
tem):e’m&mfe -/\/?/ec:t Feeel waley worf -

Sotll hui=3442:6 lggiky > Si= Fo66 \gr Mot

.g,:gzzga = Pa:‘z"-{baf’
= Fingermediobe

RCHOH —= > = —<TOO==A M1 CO—=20'



S OO0 —i

NCHO—=N 2= -<<TODO=EA M —nncO—=2

(" University of Anbar

=

Instructor: Ast Prof Dr. Saad M. Jalil

Fov Pt =2.Y bor
ha=hg =275 kgl ey

hg=23YgF /cé')la),

(al P=2:4d Boo'c)

;

WO

Se=37% ’
h3=2535 tczylig

h& S lf\j— al Pcmd- 20‘015H\L *
=H2 il

UWhar. = Chu-hd + Ché-h 3)

= (BYY2-6-2 P ) +(3u8F-2535 >  (

=T /‘d_/lta
Heal é’uff

=
ped = Chu-hg)+( - )

- = 3loY 1c5‘)k3

N = WNack -(éi— O« Y/ qr Yk
stf 2\o =

S'. .-.:ﬁ‘l’_’_az. §Cxq s
S.c s I kg liom b

o

Py
b

e Mu 85S¢ z'mprv\/ed-
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Sheet No. 8-

Q1: A Steam s S’uﬁo/fed . &\ﬁ.«fat(d al «o bay to atubine
ox Lhe condlensey presuve 5 o035 Lf the pla epevales on
the Rombiine Qcle » Calcwlale per g af Steam: g te woy R outpd
u neglecting Feed purp wok, b. the work requived fry freed

P eomyp C. e hed bantfered o tie covdeser Caoh;ﬁwe.}e(_,
| 0 and tte amount of cooling wealey vegusred a.mak e
| DCv'r\d@mS'W /'f e &mfmfwr? e of wakey i's dJIWM(dﬁ‘n

be S5 R &b e heal Safpffw[ e the Rankine eﬁa‘md

| Y Ans.L 982 y1e5» YT, 1F06-6 15 > T4 ) Rg > 2680 Iy > 36»6'/.]

)
i A. é"bé’ Hoe Same Steana :[:rho(/éfo;\f a}cujqfe {;{._(:4#ch_
cal a cornet eycle o7 wdr wiel Sikeasa .
M J i nﬂAns-qu’/. ]
QZ:deat roblem (1.4) for aStear &-af?p{j conditlon o F
I Loloprf avd 3S3C avd toe Same conderier prediuve.
c Ans:[ MZ 5Ky > Wit , 185 F 16§ » B0 By 29785, 333 4 |

s QS: S errn 1S S'afp//'ed Lo o -&M‘J-.S e turbine o g bay and
350C - LT expands in de pfigl tivbme usktile 1€ s gus’
Ay Sotwrated, ten (£ s yebeaded to 250 C anol expamded
oo I {te Secovd - Stone durbine, He wndeuswpréﬂwe
El 's oY tor - Gleatata ol oodood-an ol He loak
i Soﬁa/z‘ed g kg o F Steava for the plad, aa’xumc'ia “ohen)
pracedseS avel neglec bing te  feed Jovmp Lerm , and Coldvlete
e f—'gc.le 4},&

A

T T T —

carendiay.,
Ans. Li2aoigy . 3262155 > 381 ]

Oq: If the eaipavdion pProceses fn the twrbine of (A7)
honse I(J‘en.b@)afc eHfcienctes o F gun and g7, f&fpecﬁvdv
m e Tand 2 Stnges ,Calewlate the cworfs oubpuk ond
te heat Suppiied P teg af Steavn , fLe Hoevrmal Q-#f'('l'e“t‘y
ool — e /:ec./’th'c_ § e Consumpi'on .
0281 = 2INNGF 53117, 5 L5 g o),

CRCO— =00 22— O =
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w Uafoar QM/afessfon Qd‘ n:]wa.ﬁm Sdstem o

@/n‘era.f/on in the engineering Sense, means nmfntain?g
a Sds tem &t o Aemperature less than the tempevature of the
sunwoundings. This will pot occuy mumraﬂj, So adeuvice must be
o/euelqoe'c{ Hat will maintadn this cendlition .

The dapour rampﬂsslon refr.jemb‘em s'js't‘em (S yqu-USeo{
Aov all Purpose mfr:‘gerafcbn-ft s ncmllg used for all mdus-
é’rfa( ar/:asc's 1Crom a Snu” olames' (c Vefrigemf'ar b oL b,j afr
condl "am'rg plant .

¢ reveysed caynot engine wil yremoued heat from o
Law Lemperature yreseydoly and delrvey #4./s ener gy . plis
wWeyk necessary to tvans fer the heat, to 411‘\91\ tanfmﬁu/e

yvesger Vo) The refro'gem ted System i Hic case i's the low
ﬂmﬂ&r&fum yes ey vory.

pk S aversad Caynot: Cypcle n Het resexveiq
ZJ"L ,Z n’jeraé"on Grrnof %e Hoe M Qs

'S s viced forom (e 2ot yeserJolr W
el »Vy_ccl'}o( Lo He hot veseruvoiv. ‘
K, Q2
Gold re;'emiv
ndcn'it-\' 1
Hot Res- 3// =
Erp.
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¥ fvocesses o / Z/r('jmi'f on Carnol 9‘-‘1: o

, IOl

2.3 :

Wovke inpat 4o z‘/w c@mprefsor o compress

teod
oapaar, st rzfswre and (szw reylo
oY Sufcv on .
Amf R\j¢cfed n czm.a/&nser %rcm e U owy to H\C
amblent, C/w‘qmﬂ e d»y, oY Sapw ej Uap ouy
te  satwyeated ‘gl -

B3 >4 3 7%177&‘{/:‘@ tle satuyated U

Yo L

wi ¢ iy Chana
§j niira i o q LKL AN fon ) ng ng

s heat abgeovbed from celd yesex /oY, chwngqnﬂ He

t}:’;t ;Zgzugj o—f Jow qualnfj to wet vapody & f

wovic inpit CPyocess 1,23 = Ri— Dp

- tleat r%f;céd 2

253) — T_CSZ-S)- Q\

Heak absorbed ¢ # Y —1) = T(gl Sq) = Q,

Since Sz=Sy £ 8,=5, > Q.= Ti €S2-So

A% Coelticient Of Rrformance ¢ COP )
not--He ’rf/;ﬁé”’mﬂcc yatto af/eﬁff evation Syctem i

Nanie . a

cf. but ratier te Cooficient OF  Parfor

th tion t
bt o o 4 1 i3 iés"’fﬁﬁe”" el

HLPQI,')

k. olene on the cacle Cworle

=3 2 € 7,.(32" g_’,’) = i
CO@‘ W BGES)-TESy ~ Tl
COP =Tt
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Tt Is more Sultable to Cfmje the names of the processes of
the yedersed Caynel Qjc/e fo7s
Heal absorbed © Pefriqevation effect @.=T¢5,5
Heat Vs/'?a‘d é Heal fcg?cta{ tn the Gudense( le-'-' Tz‘(S::Sﬁ
Lbvie  faput to Wedk inpuk Lo Gmpresoy  \N=Q,-Q;
|

» Uhits off Qq‘:r-jorai'a'ow:

The practieal onit of ve f&jesz fon (S &xpnf_m( M
Lais of « tonne of refrigevation »” briefly wyitten as” TR
A bonne of re ﬂjmﬂm is defined as #e a pount od
re n‘]e/rcd:‘an effeet pmducw( by the um"?;vm me(+in
af éne tonne (Lovolc) eof= ‘ce from emd at o iftﬂzu
hours - Ciace e lilest hoak of fee /o 325 ((g/rg s Cler one
tonne e - rcfrv\‘j-tzrafal'o*n A

1 TR = 1000 %335 k. in 24 b

= (goo k335 = - <

In  actudl practice, One tonne df Ve/rfgwab'm'\ (s 'fdkefn

as eguivadent to 200 kFimivn oy -5 4CW (2.5 lgris)-

" T refrn'jemf.ov has  working £'¢mfe,m}:we n the e.uoforbiov
and copndenser of ~-30¢ and 32°¢ res ecfl'i./elj, Wwhat /s the
maximum Cop pPossible 7. I the actual Cop of 035 of
the maxirum COP , Calewlate the re.fn'jem. ‘on e fect tn kW
Per kW of power /'lspui‘-

SOL.‘ COP: L = =30 #27% =39
T2-T. 324272)-(-20+272D
ac tual CO@:’O-?S *391 = 2-939

Cop = % = 2.939 = _Qllg

at.— 2- 929 h\\/,{. ﬂ[-ngwbn //6 W,_.} wevk prh}'-
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Sact A pachine wovking on a Caynet {yc/e ovales betueen
.305‘1 angd 2ok Det‘&ﬂn/;ze e CopP. thu rt 1s
operated «s: .L a re atjm’y machike

u >
3 @ /tai 55'?: T
B0 OO D ref;':']omﬁy machin€ ¢

ey I -
PR T s 5. 48

2. A’r /:‘«fpump.' " :

COP =—_...__7; = .——305 =6
P == 30520 6-#8 s

oY CDP :CO@“-:S‘??H_—.&??

~=

3- for Heat Lgine : i3
e:——L"Tr = |- .I__T-. == _T.!;'ﬂ D?—
T Tz e
~)._260 “ ‘
5 (OB - 260 = o147

s

//”/o A cayrot re/rje/af('an CyC’e abswvbs heat at -3TC ami
/{‘/t’cl‘s it at™2Fc.

; a/cuécé e (OFz .
3. I/-’ . (:'yc/e’ s aéSorbinj 120 kkj{min at -3€, how many
of work (S Veywred per Secend ?
2 ﬁ-f Ae caynol heat pump cperates between e game Eevnp emdur,
as tle above fefh eration c cle, what (s e coRr 7
Y. How Py 1T [min w/l/(ie al pump deliver Jz;tc el -
abgorbs /30 /g‘/mn«,f 3c?
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- Pressure - Enthalpy (p-h) Chart:

The past converieal charlt for Studiy te bebavivy
dvﬂ o /2,4’/ evanl /s the ,0_/{ chrd in cobich vertical aYdleﬁ
n’/rzfeat' pmﬂure aund horvdntal evelinates re,amra«.t em)'fa@

P-ndtg:am for water

0.2mpal |-
woxPa H . 4 |.

50 kPa 'i:;:l AX
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