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mix s s ¥ my +M1L- |ka et Kq
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¢
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iy
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%=1+ satld vap

can _ be caicula ted  Prom any thermady namics

erry Qs bhl Knowmq the  state Po.nF .

oy = B« { E\'O\ ' =N
X = e it 9? - 9 = Q ,\' hﬂ'ﬂfd -‘ . 9"?\ s
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. 7= Examplc -

1CQ) Mg -2Ky , mp- 8kq

S K /P 0-182 KPa

- - ---.4———-" 3.5 :\

R ‘,
= Ve vy /\l(m’/ka)
0.00103¢ 2.3593
UOM‘\[ at «3®.5 . 0.3
Poln"' = 5 = L

el L% haio

lt‘ﬁ, 2 P g J.)Lg;:i

04

sa Fd 13‘;.1 Q
a5 ;

R-139a = 5 s5te (Table A-11)

m=4Kq iyl, 1,2 - 1etraBluoro ethane
o) ® ©®
E)-C-¢—H
LN:—!&-JO °C : @ H

/

L /‘/(ms/gﬂjﬁ
&

0 1234@ h( KITE]) CER r,\,giw

4/3 o | NP
24111 v Hri@=i34 e Sa ——
B ! SR el — ——

|- qéwﬁ dp"
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N S0 . ER 0 K
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Tﬂxamplc 3= gy

o A_riqidukank contatns o Kq_ of water al 90°c . \f 2 Kq

of the water % Sn the hquad Form % the resk is in the

vapor form, deleemine (a) the presure Sn the hank &

p (b) the volume of the lank 2L
7 lOkJ waker
» (@) sat’d  ‘Fable N
[ T-90°C__—> P:=10:183 K Pa 8kq lig 2¥3 vap
' :
\l = Xg 02
“ " b) V= 2\ (total volumc)
> V= Vp+rVq = MpVP + MgVq
I
I - 8 (o.oo!oag)@y - 2 (0:3593) m¥
e SBEN « kg 7Kg

- 43 m

OR

PR

U= &+ X\/f3

- 0.00103€6 ¥  + (0:2) (2:3593- 0.001036)m/
— 15
X d

=0 “l’?g m?/

/K(j o

U= m=V - {0 = 0. 471 LL:B m?
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F Reference Skeke X Refercncc’ values g-

=Y The valves of u,h Xs can’t be measured d’.rc’cHg, X
+bc$| are  calcvlated  from measurable properties usTnS the
elations between properkies .

=> However, those relobions ofve Hhe chonqcs in prooerhc&/
J
not the wvalues of properties ot speciFied ).

=> There Fore ;we _need Yo choose a convenient reference
state % ossfcan a value of zero Por o convenienlk
{grop(’ﬂj of ?rop(’ﬁ‘:‘fs at that <tole-

dhe reference shate  For s- i
= water Js jhe salt'd hq at triple poink (0. OICXOgllrlqu)
L up&k sp =0 b kable (B -%)
B 19 . Yo L bable (A5 )
= R-1B4a is sa¥d lig at -40C hable (A-1)
Lhe &SP -0 =

2 Some propefiies may have. neqat
& ch m‘?frcnce skate \chose

'J *

-J;zjgiéomt )m'f; dﬁﬂ‘m} Mb/@s
somg__proptrefes ok e <o

véin 4 a dnffcrgﬂ rc*ﬁefcntc
o

o
-
>
]
@
zL

TR us U uanu;uuuuuuuubbbb%bwwdb’é’ttié"?
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> Subject : ..o d“‘P}‘?HS ............................................ s BVE i o PR
FE Volymeliic eq'UoHoﬂs of shake g-
' =) A mathematical Formula  dhab  relales  the pressure (P),
' _temperature (1), ¥ specific volome (v) of a substance 15
) called an f.’q'UQHon of skate (E0S) -
b
. PP, v, T)=0
y v=v (T, P)
J 3 N Gnasls
3 Ponchon  O'yxe
~) o TS
~] —> ideal qas
(@)
. /
~] —— virial
> Vduw
S > GBI > i
- ] — SRK
S PR
’- > BwWR: ||
3 —> Multiparamete i o ;D - e ok
, —> U RW Re -9
- _,, e N ¢
P, L, molecular B
l
E:
I’
i’

-
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F= 1deal qas C(I6) EoS -

s
=> /”]C CGSFCS}‘ L\-JlC" ‘H)C ‘C(JS“ OCCU.rO]‘e.' s EJ’L“"l"“‘"’K
=> apply o qas ghase _enlu - e v Bslee B Lpby

Al v U u U =
Ol olwd 2 AL

Two main a%UmpHonS -3

d- Molecylar  size 55 zero fd?a' gos
2- Mo moleddar  Forces h.ah Temp
Cﬂmpfﬁmhﬂq Padbr" Iow preBUlc -
T Py -1 |
R‘l’

L> universal qas
j= |

congkant  8.3149 4 /mol . g
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T T

2. Volume form 2= second vidal cocfficient
7
e - i iE _B_ + C 4+ coce
Firsh v&r‘:aﬁj % v 2 SPpp , Efvd ees
coefficient ihied_virial Iu5e.

coefPicient 1358

=> Mor¢ qeuratc _than the 16 EOS :  Snee (o Cosd

=> Applies o  aas phase only . Sdeol qos
=) =¥ ) . e
‘_;-.Sl itme \AJ&)

Virial coefficients o-  The virial coeflictents are  funckion of

yemperature onlcgj- “Jhey are  related te  molecular  Forces From
. @

statiskical  mechanics -

S
B> reloted Fo Hwo bod& interactions- 7 U=

C— rclated to three body Thteractions % So o - » &=
h Sl > 3 ys

o EPPect of T on Virial coefbicients s-

00 ] <70CS

AL 2,000

& 100

—-200 4

—300
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— G kel
— Bty

——  1ip, ZOO N v Oy
—  dhtrodive zrqidve. 2 =) (e

Ul Sw ¥ 1ies
\ ideal

BVt 1B R TR Eﬁﬁéi kemp &
7-{—1 + B->(-) 8=0, , 2=l
a»h Vo altrackive = repulsive.
'ﬁ,&w,x fallGge B (emP/mol) < (cwb/mel?)

f

ﬂ@@@d@éﬂﬂﬂﬂﬂﬁﬁﬁﬁﬁﬁﬁﬂﬁﬂmﬂwwwwﬁwww!

\er;w 8> D (cmY/mal?) .-
i PETE
fy | /

St Prizers  (orelaBon For  the secdnd \hl’fcl mﬂﬁkfcn—l— g..

L T L

=> Applies Yo non -polar gascs - S Ly 2 u
: el %

P7FN * e o

Z'= | + E_f =l + Prﬁ : - ; “
RT , e T .
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T

£°%- 0.083-0.922 B = 0139 - 5.192
Trllé ’Trq'z

lec—T\iﬁ’zl g‘.@‘
_LRE ol <o z' - g P Funckions of
Tr X Temp

— aemledepld bl \ Glasall  curve L_3
—— e o -2 bpdie
P o Vgl p P compedibilThy fackror
Ams> 55 g, virial EOS siptalsE0s o 25
~ vittol E05 —>adis> \u" 93..92 -0 LIS &
?wr ~—  leeskesler f
) corielation

"

-
B ¥5 Ceneralized (om’prrssi’bﬂﬂ(«j Packor  chart 8-
.

' => “he Comprcssl'lfunl‘a fackor 2 can be 4hou3h|- o? as +he
) rabio of the volume of the nonideal (real _to thol of an

J deal qas of the samé  condiHons
) s OVt daadl 31

MR A AL AL XX XX L LY
s
E

] Z = (p\/)ﬂ = Ynon rdical
' _Eﬁr(ﬁ‘f) V ideal ga5 Tder

I NN !
' CP\(:ZQTa ‘ Zz___
A oS
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- (orresPond7n3 states  principle @GS s -

= “he Z Faclor For 4l qascs is apprommalclq the same ot
the same reduced pressure (Pr) % temperbur ('fr)

Z:=Z(Try Pr)

YOV

=> This is  the two Paramekr CsSP-
=yThe chart s For the maJorT}é of h&dro(a!bon %GSES
with Z¢ 0.27 .

&~ Van der Waal’s (vdw ) EOS 8-
=> Developed fin 1893 .

=> vdW rclaxed the ossymplions of ihe Fdeal g5 8-

4: Uolecyles do have o volume - .
2+ Molecgles do _have  ntermoleeular  Foleces thak “ace

monifested as prcure  exerred on  theEaR ainer  \

;-—)Thf ﬁl’fS/’ EO§ Fo app
phages - N

=
—

-
-
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4
\ ¢ritical Poa'ﬂl’ a(rﬂ'ltalpmﬂ}'
}{\ | mﬂ“{—.on po:nl
// \1;'1':4 = copstant - St vdw \_“}_;4;.51
> / (asb) »>2
Vv
( \D;‘_;\:J_,'«f»\l T
W)\ -0
=> obtamed From  the condrhions \ B )
alb erclical poTn\‘ 2 g
= : - . o e O
(13\ :{\} P } =0 Voles Q}auu‘ Lo
VvV }T:T( Vz T=Tc lQ de
5 /“’JL'I- M)U-uo LQJS(
R Tc i -
a i_(T) -I(Rl) R o
2 < Pe Z e errof Ls-us u_;c-“
% 8
K. of N
VAR VZ \
"b_P = - RT + VY -0 S
2 = 3 - =
— V2 )ﬁv (a®tb) :\A;ﬂ_g Q-_L-\;‘u_a
Sk G, wle
\_‘i{i :(j%-ﬂﬁ?’(%ﬂ =D Wa vt =@
i vr) \/6 |
S (V-b)
= ART - £a - 0
(V- b)? | -
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LB RTVJt e
NAHVAb) v 2(v-b)
e g T

Y%

PRl PIV - AV +ab

~J
NS :(fL-b-PT) + AV __9_17_ - 0 _,ur_;;‘i,_cé_‘
P P P alie von )

WUHC EOS (oefficients s-
2’ X234+ B2 4Y=0

PPP2227733 730309030311 %

P

J (RD? y
Reduced  Reduced
rq Y v tHRe——

i

! =)
aYa¥as JE“_" - =~ .ﬂ :j ' | y
R o e
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|1 e e S R ) r
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F-Example o-

Predick the pressure of n;}roqcn qas_at T-175K & v=0-003%

m’/Kq on__the basis of (a) f‘deal qas_equation of slate

L) VOn der Waals equohon of skate (<) Q@H:€~f}ridqtman

equation of stale (d) Renedict - webb- Rubln equation o

sl-aPc - Compar€ the values oblamed ‘o the c'xperrmcn}ollg

determirned value of 10000 kPa 21

QO) PV: P-T

P= RT -(0:2968 kPo.m?/kg.K) (175K)

0:.006375 mi/Kgqg

N =
y 3
= 13851 KPa

error = | 10000 - i385l | .ioc/. 258567/
NYeYole) ] L g
eITo T
(L) '
P: RT -—E_ = C”_{?/ /‘3 PCI
il V2
a- 0-135 rn‘-KPc./KjQ S o b s
bz 0:0013 8§ m3/qu Y3l Of
error. = 5.37/.
- s 4 A R s N t:1 T 5 E [£] o o K .

 CamScanner = Wgb d> guall

Lt_t ' \" ’ 9' 22202 -... X




coms . Chapler ¢ 8 12, 2008

-----------

P iollo KPa

M-102.29

Be0.05378

&a-4.2~10%

ey - . /.

L))

P:100D9 kfa I

@-2.54 Ao = 106.73

gb= 0:-00232% @Bl - 0.0407¢

&=7-379 v 10" o = 8.1¢4 » |05

& =1.292 10" = Y= 0:0053 - *]

_g 0047/,

s more

“5!@’@3’@@1@7{{{5“7“—&_&7&5}p’gb’i}dc!dddd?
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Ll L] T T T L] L]

T ™

- Mixers L splf”ffﬁ o .

Mixer :- the seckion where 4
diEferent  shreams.

dedddde

mixina process, belween
d L

v

PrOCf’SS/ ?o(

_qﬂn‘Hcr:- the seckion at which a splithing
ﬁn&‘f shream - .

2o o0 Flow JI sxu Flow
c - S
i A1
7 mixer ~ splitter >
o B! ) S —
¢ &
o 5,03 R, composition 1) , 5,141
skream (& composition o g
Ls s o ¢ 3als poln Flowrate 31 s

COMPOS. o oyl uol, sheam

.; o .Lé’ o o &

 Cypxn

L’.SU 4 AB'L/ APE) C){ /U/ éml(h: t JV Kr{'

fn‘rsl- law..of }hcrmod_::gamic ° .

545 / ey '
L)-h.i L&&‘

Sl-iacig_ Syx.p area [l 3 &—‘w “ ,‘_;.:37 “-ub'-' &La \
ska - o |

e e s
2eani A Wa 1
Q=D §
ooo fmflﬂifo 5
- T I e s N R E oy o e o .

L Eb i b v wave
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o - 3 Ke/min € 82W1)
_.é'n"l' 3 53 .

ma = 2 Kg/min ( (5D

r‘i\:hl —+ fﬁ?.h?- = ﬁ)gh,g = 0
§.
m n:h})l + ri)-zhz = rﬁ.hn += n;lzh?-

m 3 (M, + ma2)— frem mass Balance
My =M 4 My

iy - 3Kg/min T = 10°C 7 wis

QJ ’)_kg /min ad= £0 C J olu o
CREFI

p =Cp (T2 - TR)-,
fi - Cplli- Ta). .
_ thw = Cp (T2 - ’TRL')

I R L EEEEEEEEEERE
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F mass  balance g-
M+ M cj@j = saule
S5 ¥ W)
OO 585 (s s

L Cherou lalanrs
*Eenérqy balancé

mhi + maha - m,hs - LR b

i *é'—"—d“"'”—’ h Ji

3 {;:J;LJI. §

n’uh; + ﬂ.’M)’lQ. = (e -+-ﬂ;2) h s

s = i Cha-hi) - 4 (2475 - 3074.5) -o0.(55 kg /s

Cha-hs) Clod.83-2675)  ysiimslre vy

- S : stieam sgper  _ dc s1() o D65 %
> ated =

T
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F Exomple g-

R-13%a 7s to be cooled by waker Sn _a condenser. The

ff'efchfanl’ cnters  +he condenser wfth a mass flow rale

of GKq/mm ol WMPa 70°¢ and leaves al 36¢ .7The

Coollnq waker enlkers ab 300 KpPa

%15°C and leaves at

3_5°C /Ueq\echnq any_ pressuce  drops, determene  (a) e

ma s$s F’-low roke o? H)c coolinq

waker re%ufrcd and (&)

the heal fransber  rake Brom Pneore

f-’rt'gerorﬁ Ll wakem.

aloe

warct
300 KPa > hi=62.922 k3 /K«
h- 303.85 K[ /Kq P s i
\ <
- R-139 a cond enger 8
£ kg /min e
rm « FORNC M Pa
I“{/\ i‘ﬁipl‘r R ——
Cashs 24 25 ¢ ( supcoold )
WEJL"’:_'_ L&Zﬁt 'QMKPG (p_“)
-3 il
# cncrgy balonce s. - 104163 KI/kq s 100, 7 153 /k g
(0) ng:nd = Qpek u-u ig
(hao) (R-1390) s

?n‘}crpoqu‘h’n

m Ah - m AR

e ———

m (62.982 - (04 .33) - (6)Lloo 81 - 367 485 )

m =29.| K9/min

Gyus (§ o

laten}t heat off gapon‘fz.dl—:‘on

sesible heat  Masla yi

T —— i L
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o g }
3 N g . _#si L = Ji '

Q= ﬁﬂ( hn -hi)

VLI

- 29.2 (104,83 -62-982)

7

= 1218 Kd/min

lbnw;l-"

-
) @

| “zbﬂ-ta‘im |

*/ﬂaraHimq Processes - et

he jHqu valves are any kind of flow —KC’Sanhnq
dewmcts }haa‘ @vuses aoorec:ablc pressure drop in l-hc

Fluid  steeom - &L@;lﬂ.}b Lo GL,‘{
stream. -} e
P : p

e
—_—

34 44 mrm:m

4
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~ »Subject:. ... Qhopf.ﬁ.(......._'z .................................... | | :

1 Ll L)

T Ll

= Presure drop (ex pansion) is usuallg ac(ompam"cd ba
drop fn the temperakure. Gy wole bilpdl Lgo
o Lo Tpls 3,100 dLTp
OV ilan KT G1jlany e

> fdeal gas s an exception since tts temperakure will
cematn. the same- - (h-constant) since h=h(T)

=1f a salyraled li‘qrufd is dhrotled o a lower presure ,
some  of the quyUTcJ vaporizes or Flashes, producing a
miXxfore of salurated chLuTc/ % saturated vapor al the

lower presule - RS S s i L o
= 1 . | 2l 7 .

‘ " -

‘-l ‘,S T =
\ M(\j‘ \?ltvrbu_: <ol

-7

vapor I J s zh oo s

- /7 A\
—)’l'hro”’mj of “wel lsteam to Suﬂjrcrem‘\g low pressyre  may
cause the liquid to \_evaporole , or the vaper Fe become

supefhfa Fed .
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N = ﬁnalis:‘s Of 7hr0Hh“nq proceses 18-
N o
ll\‘\" v s o Aol
[ Covs splasbt) - £f 5o Chio e 2pE) -
“*.\, /l 5Ys /L/\_)?‘hh 4L dj’ﬂ;
| & Sheady skate  aga b, db
Il ~) = —-’-J“:L work —
rate S
ILQ} of heat rransfer
= x5
II czoa é f;'h }’)T = O
Il m Chin “_hout) = 0O l’)i’n - hoot
¥ expansion occurs ab conskank enthalpy (isenthalpic)
ll . 4 .
i > % Example -
| 1- steam al 1000 kPa Y 3007C s throttled to 101.325 KPa
l"Q (atmospheric  pregore |
.“'9 @i P- 1000 KPa M
. T=300c — Y.
5 l“ 3',‘ _la:-bwl |
) o bable(p=g) T OO
."9. he 3081, Kizkg - 1y NIIND” ORI
@ P - 101325 kpa N o B A
& 1= 2L doue Ae 754 phase
| &) h 30516 Ki/Ka woh Uk, ¢ -5)
. 'a i i soper heated 2_1: ky 5):—,_,—‘
. » Fable (A "6)' %TIJ}CI'po!aH'on il 7
h T= 288%. 4 % e
' ! . s T A -2 8 N ol pe . - -;‘-~r':~ —_—
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T

 _2- dhroMing of wet steam o suf-’PrcTanq low _pregure

 cavses  the LlJi’ciui’cl to evaporate % the MM vaper o
become superheated . thus iF wet skeam at 1000 kKPa
(Tsat = 139.82%¢) with c;ualﬂ-g of 0.96 s hrotHed to

101.325 KPa 2L wek steam’
Lagni ore
m'x—:sar'd Gu;xvap)
@ p- 1000 kPa 1 satd Prexsure
Fesat) = 179.88¢ 1 Tabie A -4)
mzx

Hi = (0.04)(H62.51) 4 (0.9¢)(2777-1)
Hi =Ha = 2496 . 5 kJ/Kg

@ P: 10).325 K Pa = kisz_)\u

H = 26945 k1 /kg szl iy
i super heated

table (R —6) = inkerpolation
T = 110 -3 &

- if a <aturated IPFquid s theotled  to a lower pressure,
some_of the Ifguid vaporizes ot Alashes , producrna a m%{».,rg;_
of saturated “‘9 % SOrLurofed vapor ar low gﬂxurc Thes'¢fR
satura ted Ifq_u?d Waker at (logg KPa) Tsgh=199.8R ¢ is
Flashed to (101.325) KPa Tsqt - 106 °¢ 21

ff)fffff?fff?ff??ff?ff?**#***
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...........
B esssesscsscssnbacar et R R ] =

(@ P=0:12 bPa = 120 kPa q table

mEx 1 h-12)
;ﬁéﬁ h"hc = 95498 - 224949 - 034
heq 214.52

_ dempudiop = AT=T2 T =-2232-31.3) = -53.63 C

£ Joule - dhemson coefficient M a-

-ﬁ'ﬂn’ommq a real qas Fiom conditions of moderate
I—empcral-urc and pre%urc \)SUalltL rt’sull-s in_o remperature
Jdecrease - Under whal cond?Ho e_ ~ would an
hema}wf be cx'oeded ‘ .

\"ijg __
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aard
aan

M) \.\5\

'“’J“q U.:;E\l &A—f__f‘
RmIreTe 5 o

Wd‘b\_,wld‘wu&_‘
AN BT TR ,
Oz » He . Hy .

\

> el

D 3
fguia
extrocted - upplied Y A =
| work A work W
e ?”' — R -
7 Autbines  Z» Womp k. eidi-

-5;I$&$JKI¢&IIJJ¢Jdddddbww¢¢¢¢¢¢d¢
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H#= Tycbines  (Expanders ) 8-

= turbine s a device Fo produce work (drives the eleciric

Senerah)r) bg rdecTnch the prenure of work?ng Flyid -

= The turbfne 5o  most <ommonlj Found 3n qas, steam &

q
J

hgdroelt’d-rfc pow er p}an+s=

enlel skream s called dr?v‘fng flued - __j__ﬁ

£
I3

shaBt w

|

ovtlet stream fs  called  exhaquk- ‘ Tockine

ey

~

L

\

.
N e o

#Hnalgsi’s of Turbfnes G2

o b

s 2
(AU-#AMAKE) =d—uj+r%ih7-r %TP,EZ
/J/ S% VA /1

e
b \Lﬂb \ﬁ}ﬁb fn'bk out

sheogy state BT i

: cn&)’all@
fo W =-m (hour = hin)

= [sentropre  procescs means thak they are reversipler
] U

adiabatic (Sou+ = Sin’)

|

LR P PP PP PP PP PPPPPPDG G GGG I DD d s a
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= ﬂnalgsf’s of furbfnes (2) =-

'@5—@/ d JZ

'@

=> The fsenkropic shaff work (Ws) 55 maXimum thal can
be obtaied Prom an adiabatic lurbine -

Ws Gsentropic) = Ahs

— Actval work produced by torbine (W) s less than
the (fs("m(‘olpfc (Ws) work .

= jurbine  effrcrency  (Range 0.3 -D.8)

l,fl J-(‘_ V[V[:[W

@)
b L= -
G{‘rklo\ ease “xe lJl T 1L =N
A - Jur’ woflk 0.95 A el
= = Ah U&e LWl sslidi g
L’:Jfal WO(I{ WOfK ?Qf
isentropic
Tl Ch |
1 1 1 1 n i Iﬁ?"'.-: ;"._':&q'.q" o
s N 0 T E B o o K
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[
‘ . T T T
[

The power  outpuk of an adfabatfc steam is 5 UMW, and Hhe
Soler and el condillope of sleom. are. as shown 21,

_a- Compare the magnitudes oF Ah ,pKe, ppe S-

_b- Determine the worls  done per_ynit mass of the steam
£low7nj %hrough the hurlbine e-

c- Calculate the mass Plow rate  of the steam e-

¥4deady Flow procex 2- Pi=2Pa =50 m/3
Amey = O ' | l"""w”‘ Z, =10m
Afev =0 mediom “ ( o
(exndre - :}
Ps'r?am :: fti?il”:})e 11 R
=+ Wokf =54W
l ll
Inlet stream <- Pa=lb KPa V,=180 m/s
P=2MPa 1= "fOOOC X2=90°/ Zy=6m
¢
NIl Us
S\ qas +U(\7?nc_
superheated o WL Feed

dable (A-6) — P-2o2uPa (2)2.3%8°C)

: b salX T
g sl (400 °) L L o el

o/

seperheated  Osu 71y |31 WaFY
e - 3248.4 KT/ kg |
7 ()

vl

-

) 4 S P U e et et
N o T E L ASK T e 2
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22 2024
owtel skregm e-
P= 15 KPa X = 90°/.
L L
sl o o5 gualfry

saturated

Table (A -5) — =15 KPa  _ hi-225.94 K3/kq
Lh3= 2598 . 3 Q/Kg

hz: he -erhﬁj

= 226.994 4 (0.9)(2372.3) - 23%l.0l kK3 /kq
(a) -

1- Ah 2l
L= ha-hi= 2361 .01 - 324g.4

= —8387 .39 ki/Kq
(@]

doddddddudidveeeees

[
2- Ake 2|,
2 2 2 =
AKe - Va2 -V, - (180) = (0350)) H/Iq/k‘j N_=149.956
2 2 klOoO m2/s? KJ /kq
L 2. AP AL

Al - 3(21*1):(9-81)(5—10) /\H<J/I<3 R ‘O-O‘H(I/k&

looo m34 2

B ((ha- hi) o V- g (2e zn\} (B} A¥e - APe)
: 2

28739 ;. 14 95 4 0.0V =

2SR

“"Lféﬂarj

" " ) ) . A ) L balieve |
s N o a

o] v E B8

~L
K
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(e)
m = Wout = 5000 Kk3/s =503 ka/s
Woul K72.49€ I<J//<3 -

—
—_——————2

- R —
—
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D ‘#«Com'praysors 3.

» = The compressore s .« device lo Sncreas€ the prexsure

5 of a qos stream -«
>
~p _inlet skeeam > suchion -
~» ovutlek stream - 'scharg€ -
>

"9 _compression rokic - Ahe ratio  bekween: the- prewures on
~p the discharge and suction -

Ve

~P = To achieve hi’gh compression  rakios, compressors
~P art operoted fn a  mulliskage operation with inter

j COO,Inq 2 SHMQgMe

RN

i’fg'p cal _compreKion: ratics  are Tn order _oP 3 for

a $°n8|€ 5}0861’ (3 — 9)

v

iﬂnal%@ oP CompreKors s-

LA X P&& KE — neqlt gible
(neqohvc) - ?maar}ed upen Hae sgﬂem.

___,“o“ = = oihout - }’H"n)
fc,fmlrom'c shaft . worlk (Ws)
i be supphcd te an _adiata
P AL (lSCﬂH‘oDnc) = Ahig
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An rdealzed compresor s assumed to be
emlropcqj al the fnle} % ovtlel §s 4he same -

Isentropic

H= F)nalq sis of compressors (2) %-

=7 Actual comprexors  require work (W)
Tsenbroprre (Ws)

f-grea}cr; than

O r eg‘: a ) o S
compressor. ?rcrfrrcg (0.7 ~0:8)

n - Ws Cisentropic) = Ahs
W Ah

& Comprexion  of ideal gases -
=> Assume  thal the qas to be compressed s an

J
?deal qas with  constank  heat COPacﬂ‘g
thal the compresion s revcrs?blg

- Alse , assume

adiabakic (rsenkropic).

B ‘-‘A“.....'quqq

As'- cplnT2/ R In P/
/’T, rPl

(Pe-% )l bagic s J2E bar

i fsenkropic (dkio =126 bar
Pl
i .) Py\R/CP 1 ip "L ipsa 1o 0 HLCE
| \29 2 \ /P')"\) compfession O, Eyiighans 0@
W dol> > @ rafio [bar =, v

200 \E" 2T O ZanSo et
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7 Example s- L 1

If _methan (assumed Fo be Fn tks fdeal qas state) is
comprf’m’d ad:abahcallu From 20% % Seppuk®er fo
560 KPa, estimalte ‘H’)f work requirement % the discharge
temperature of the methane . eFfrciency s OWRG . Solve
dhis problem q&sum?ng conskant heal (apaol'q For methane
then solve vsing a temperature deoendenl— heat capacity 2\,

{ 1]

VM UN U YUY ¥ Y Y 9 v

/—[

Pay = @ N=0.95
7P

ideal qas - 5/ R = 20.9%5 3tmel ki4
J /2

Jdu

.

D T2 - ’T,/P}/ \RACP 2q3 15 /5¢o0 SSH/L\L;SL

llz N P'/ \HQ/“ (22 A

by = 523.3 4 i Gy i
E Qppendé‘x‘z

| Ws = -19.89 (523.3 - 293.(5) - -4597.7 .

! (rsentropic) »{L/,TQ;___ N
G “Cp (AT) . e

,‘Dt—-f_)l 71_'1 LAS

(yef«Jl 4:}4' NEES :
= 20.986 In[523-3 \ _ .34 |pd
29896 Ls 4 T o
-3 C"g‘—' d/mO’ 4’3 L. g B
7’{5%‘(—' oY L{‘
TR N ask i A S recleve g
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1 \j T T

?Or ‘Hﬂe &m'?f’FCT“"ﬂft" -—c’f?f‘ﬂdt"ﬂlr J’)ECll‘ CQ.OGC”-S_, D=

A% = CplnTay . ~ R ln P2/ -0

. P

=(a+ bT +cT2434T ) UpT2/  =RiIn P2/ -0
7 7P

. poBafe P9 1 AR 2 4
s Gisenbropic) = ((Cp d T s [ Cammbl +¢T7 4+ dT*) 4T
T T T2
ol s Wb ol 1Py RO IR - _3452.) 4
C 72 ) 74 7] 7 mol
b,g brial X errof -
T.-389.09K
“The actval wofk TS *-
W E Ws Gsentropic) = -3652.] --949%69.5 4/
N 0.5 ol
/Il ./H'
W bh - (cpdT = fat + pB? s eTd o, gV =tas498
—rlJ \ 2 2 74 /_\_n A /mel

¢

¢ |
1his equakion Ts i’m{)ljc?l- in demperature % a brial £

|

error _solution s (€qulred - :
Solvfnj gu‘clds - T=418.4 K 0 U e A

P TI E
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# Example :-

Satvrated - vapor steam ok soosikfay (T = 99.62¢C) Ts
compreyséd  adiabatically to 300 Kkfa . |E the compresor
effrcrency  is @udbe u:/JhaI- is  the work rcciurrc’d 2 what
are fhc’d properties of the discharge stream 2L

|

/

Table (A-5) P-100kPa — H.: 26754 KI/Kg

[
™) L, 73598k
_i\ =

¢
v 7
EEp=55, (fsenl’ro_pi'c) = 7.359& L’J/F-j }P—, 200 Kfa
Hi-2888.8 KI/kg
G °nterpolation tn the tables Cor Sulperhfal-f’c'

Er‘: FC ,: / k/—;

steam al 300 KPq L 4ol 2
Compr(’afo(s B SN é-‘“’
. B Mokl 5t 258G - 126H5 1 s soperheated L
= (isentropic) - 213 .4 )q/Ké
| AH = (AH) (jsenteopic) : 2134 - 2&84 .5 KJ /ké = \Ws
7 675

VW) y MM - 26759 4 289 .5 =2969.9- ¥I/kg

skeam Fable . O

i 750 19 kduiks SN IR
5' o= u*;w u)," & L 3y E Q -
M 0 T t (] béllg‘»‘eo K f
S = e WEREY
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.. lhapter 4

21MR 1 202 |

F= Hnal%.‘s of Pumps s-
Q /PE/ ’{E M2 ﬂfﬁ)l'gflyle t <) a2 VP : !

4.‘.'1

Ws = Lﬁh)s T—V(PQ."PI)
. « J
Jsemroprc specl‘ﬁ‘c
i VO‘UmC_

/

/

- t."-' LSy
ouk N in

/

& & W W W e v ¥ ¥ <

/

LJ FExample e- -3 byw pitomman s =i iody
L_" Water gk 46°c % 10 KPa enters an adiabakic pump - -
LJ and s c’fscharg-c al-_a presure of 600 KPa . Rssume
u the pum p €?E:’cftncg ko be  0.35 . (alcvlate the wenlk

L:, of the pump 2,

Ws = (AH)s = v (Po- P) L1010) ( R¢00 -10)
Cisentropic) . 9. 67€ x 168 K Pa k5"
=R:EFE6 kT /ﬁg

— 106 KPG . €m3»

BlAH)s - g.6476¢ =-11.57 Kd /K
6715

= Ws

B
<y

8 Jlpe _pumps abouk 100 mfllioen cubic meter  of
e _puvn|

from dissi arca near Al Agaba ' te  Hmman ,
of Jordan - Amman is4d abeul  |Go0 )
ovel & the diskance ngeye  SCIRERES .
_powcr (Fc')’u‘iffmcm te pum thi, g ~

7 & ?"' to the }OfOf;i .;-‘f' Qm:_

E - KR
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% ITCJU‘:’ FacH’on s .

One_way fo Ifqgfq a_gas s to cool Tk below. iHs
boflfng pofnk kmpgrafurt al_the destred pressure .

3 Would requ?re :efmqerahon eaufpman capoble sf prodUC?ﬂS

very low }empfraFurE’S “there Fore, such a d.fed quue?ac}:on

pcoCﬂS s nol qenerallJ used -

What is  more com_moﬂ),lﬁ used s -

1- 54.'0%} with:a - '305 alF low pfﬁsuf( 2 a1 . AT 4

since PWork  has sheen Hope oNifk) - cd o4 wion e g0

2- (ompress - 54 de chigh'  preyvsure. (which - Gncreases ks Temperatdf€
L U v T T

2~ (ool this }ﬁsh }em'pfralrurf.’ gas at conskant h'u&h‘--,gms'urc-\.

4- Expand Fole low P(Mu;eﬂ’ low temperature Usfn(f} a

Joule - Thomson _cxpapgion s which produces o mixtui€  of
thTd A _vapor - |

5.. The _vagor % lrquid are then separated in_a Flash drum

(an fnsuloted , com}anl' presure Can}arner.),.- P Y

M‘ = g Flowrate obtafned (Kf,L/hl

' Power Consumgf:‘on ‘n  compre¥ion (KI/h)

CamScanner - Ligs d> gl




N T Chapted T 28 112 1202)
) ¥ A= A simple  Itquefackion 0y - cwftlnoup Cydleres-  dnes
| ’ ] _plocC” Cwiktliioul  (CCYSl€re- dhiy
»
> compreypor —> cooler — ’l’hrlonq —> Separator - SV\\%
> \/ V0|vc (ﬂash drum) JoX
> SI‘nalt' or T
> ; ‘pl (_)u.
) mU”‘IS]'CISC ,_\\_p‘ cooler .} -
-Lj Flosh drum ?/‘é‘;iﬁ—}w d2vid
Lj
Lj 2- Jhe more _efficient linde Ji’?uefdcﬁan.u.,','o;aceas g4
Lj
LJ compresor — cooler — heatk —» ’IhroHlTng — Flash
L) v m'hangcr valve drum

sfnjlc or
mulrs}aje

# EXOmPle s

LJ
[
¥
I_’ |+ is destred  to produce ’f?rufffcal natural Sas.»(L;UG)z
E

which we consider to be pure methane ,from that qas.
dt lbar % 230 K (condftions al potnk 1) . leavin q UH,C
cooler ;,methane s al 100 bar. % 216 5 (point 3) .g[he Elash
drum _is adigbatic & operates at dibar ,and comprenor
can_bc asgumed ‘o operate revc’rs?H% % qd?abah‘(ang.
Howecver, because of the large pressure change ,a three
51’046 Compréyor Wwith 'l’nler(oohnq is Used'. qhe FPuslk
“QQC com prexses the gas From ‘l. bar ko bSbar,
sFaje from 5 bar ko 25 bar | and the third
> 26 bar feo 100 bar . RBelween 5%-03845 the gas =

Icallctjg used (cooled) Fo 280 K e _ a_d_a_i?__

g B 5 F & Lod - believe
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hSubJect Cha }ff 7 ' 35 2 12021

Ca) worK required  (compressor) g-

Ph dl‘aquom
J

Mrn e ,_M oubstoeg e < piltdl «- M9looy <&~ N0 YIGIN D)
' Lo daolt) v | ov
W = U ((Hoot — Hin ) e Sat

Pirsk s!-uqe
Hin(T- 220 15 ,P-lbar) - q4¢ ka/kc}
Sin = 7.2 KJ /(K9 K)

mu!»‘(S 7 - Q\J@H/CKQ K‘i)\\}fp'.r\ﬁ\bar) =135 K& /k‘q( SRV 0D
Muib v Inyv N !)rOU,' 328 ‘6

W= (195 -940) - 225 K1/k g

_second @5&2— 2 Bl o,

Hin (T2280 KenpP45ban) ByRRHUT Hibory o  byitesh o b
) ’ ﬂ /(Kg A DN Nug 5d o1 MubT2nod dw  doipw
:M pjux (L d0fog Ju zneidibnod) 3 080 ¥ odl 1o

ijg 65‘ 25(5'&1.{%5? K) Alg )O‘; baﬁi) =0 ”80 MA&'J“\\ 13140,
\_JL‘.).\AT.\\.) '-‘J Un \L:J i 1 il IJ\)QL) 70U['— .SSJG'LH 4 _U'v'\;

. p\u,;,Arh); D% bld ¢ 1YY 3%1“)(1‘ 01 BYmuRe 3d any

5 (ug«;,.uﬂwapg 2.9 D pked /Kl S0 vaveaad auyn!

4"1 11 SYIVEEY ,ﬂ\lJ'\‘:\JhH L-{“;'}‘B;
6

o |

s A0S O 21 Wl“r'j -t n 7\{ 2D 1\&:

i % J > { . B
itk 9% boap . Yod AL ad wed @

""‘.'P;PPPP'P\P?‘QQQQQQQ\?QQQQ-Q@@ﬁ@@@@Q

2np 94 9%pode  aMwIN . pd O
N >

3 085 of lbyloss B

1 ‘_.
. o
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1 T T T T

» Subject : Cl’)apl’ff 8

Prelude 4o second law 2 -

R}

R/

»

y FE Secondivdown, mf-’__\;w‘hermodjnamics g
b

?

’

l 3 =adhe Eitst law of +hrrmod}nomrcs is concerncd with the
‘FLQ qTVO't'Pg of cncrgg % tts hamsformalions -
) =
J

él\} => The Birst daw - does. nol-mimpo.s‘e any ' constratnts ' on. the -

J
y) 7 z 2 < TIory
Q\j\, dereckion of a proceys : ‘ §r
;\L’ 1 OO W T T - T | B S

G5 Ul> o 2% gl ale 151 (gl g be o olel |2
/I » Mol T olsl o s ) Le 5 eFF

)luf‘; ‘)-;_JL’G) (‘/-9"
e~ SSapSonian: e SUIB! =
g cnkoﬁﬂ Bl SR

3% Experifental = ebservakion s, procexses  ofur in a  certafn
T — 1 T

Jdirection % not  n  the reversc direckion .

Holt Fea will cool down in
,Uaf‘ural Flows occufs ?rom

uIc - area - - -

o.pen a?f -

a hfah Pl’t’”UiC te a low

F. !

RNvE )

believe
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Y T Y T = T T T T T T T T

#* 50*15f\4m3 the Ffirst law alone s a necesary bok nok a

5“@»‘1‘@#”* condition thal a proceys  will occuf «
W2l o u (;,:;_'_su U/n"—f Fesk law  JI

diw  BYNS 00 o ';—n:;tlmwp‘--bmoem ETRRSINE S PP S
. ¢0oiismioitnior] eil % s\?ms}) .<J:=*cmr)<d~l e

L
-
——
-

Proceys: occur N a. scerkain mkmm{ i and Mekuin hés cevecse-
dfreckion . - Gis § 0 Iop T ‘

(Lo 199VL

{
=
(@)

o
=

& Quantity  versus  quality of  eperay
dJ ) S D)

A_procex will not occur unleys + sabisfres  both the Eiesk
and second laws of }hermodgnamz‘os.

dhe second low of fhermodynameics 5.  Caiapi)
'l
1= May be used to fdentify the diection of processes .
proce¥s W olxl suaf

2+ Asserts that cnerqy has qualﬂg) as well as qUaf)H'h{.
Provides jhe means }oiidelerminen the. \QVﬂhi'q\ Loas well asy thes - -
degree b oidegradation el oriergu dvrt’&'q Digiopro@fly  loiutey

RIS\ 2las 3> aliaaasy

)5 also  ysed 1o  determine  the 1heocetical € lim
eiformance of cnginecring  sgshems as wll\as

@oomou»oooooeaaaau@nnaamm@@@a

'd@ﬂ"f of comﬁlc’hon o? chemical reacl-,‘c-,i.J\

Apre Jeles A prodh

A R s N (8] T

Y 2
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T T T T T T T T T

) FE Heat X work transformations s - | :

» = Heal & work can be converted inte  each other since
» _both are enerqy  fn hansik -
3 Jd

'
Lj' => Their transformations  are Smferncd*..a-bg / the second . law of

I@ fhcrmodd namics -

- ~ "

11 dyan IVEY o @
La A3- WoTi Sidinags s idiaysvsal
Lj converfible te other forms of eneray _ak 100 7. cfficiency .
3 ' Sra) ’ g
4 Jovle’s  experfment - . enerqgy Jl v aull slo% ..l jama
L o= ' Ud - V‘T .
I 4 s S am heak < 1007. j ou yaful

u 2 - heat =-

Lf Al chm'p}S to convert 106 /- of heat ‘o work | mechanical ot
L%

L

ca Failed . of K cq W |
electrical energy have tai wo 3 beab 3.5 fThuo
S lm.lo Gﬁus.a

~
> heat qlwags Plows From
L" the hotter te the cooler boddf.

%Aaﬂqcmahml sialement of the Second |aw g-

ﬂcvcrq proceys  procé€ds in such q dfrection thak <-

- the }ol-a{ cnf'rqq (C’n}ropq Cj{angc) universe assoctated with
' pOSIhVC’-
le:'Hng valve of zero bcfnj attained

P[DCFM v
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»subject: .. Chapler o) ;2022
‘ 9 r T Y , ) i . v . v r r T r r r r -
¥ Fb Meat ceservoirs , sources X sinks 2 -
»
? Control of the high %low temperature sources is achieved

usi’nJ heal reservoirs .

Heal reservoirs are hypethetical (imaginagy) bedies capable

f_,
(& d e

wi

of absorbine or rt’lfJ’an an infinrke c;uanl-fl'j of heak

[

J
withou F anq I-cmpcra}urc Changc'-

&
v

BT, . 4 . > - v ) o o

'Hmf',.‘-&ourc'ﬂiu:- Rﬁsf\ﬁwai?(s ‘thak, ,»‘Supp'ig'_. enfra.t(] ranithes Form.
of heal - Ls AS v Zlsgo 9t bsllod b1 :

Heal sinks s- Reservoirs thal abserb Cnffqi\) tn Hoe Form of -

heat - L, ¢haSmmes a.\um Lo )&gﬁs surrovnding. i o o
_,S..n g_a..sbJ .4:1_54,1,. sc(jgl‘cm N B
By bSd--d:.—‘t-l

\f"‘.‘ sgsh’ma

F= Heal enqi’ncfs g- a2 Cigdl

|
./ i b W} T e NN

R Gy e

"jﬂ'a‘i- qu:nes = .device or machine ipal producc“s worls

, -7 Gell plce.
. froﬁm hfal _in d Ci-i)(l & _PLPC M}M P
el - - wark 3 \@ j4s heat

They receive heak From a_high - tempcedbuic sourde
o/ B -

energy , ofl. fornace, nuclear eackée ek )

TR I ask ;|\ & recieve

CamScanner - Ligs d> gl



»subject: ... Chapter 8 ... ol 0 0022

1 L T L§ L

I 1 1

2 - ’H’)Cq convert part of this heat lo work (usua)l&} In_the
Form OP roPOhnq shaft) -

Govyidoe 21 23Mpo N uﬂunu wald fApin 9NE  Ae

L 2 .

3- ’Tht.’q ceject the remaiping woske heat Fevanlews Femperakuse:
ra) .

sinks ( HOC’ atmosphere ; revers Lekc) -

230G ) 91! ad (1-"_‘n)1\-l‘k iy ) n_:_,:'\_,n q pi N SV ;_’u‘; N ¥ 1]
v = & '
m.ts Tdheye OQCK’.C'}\C:-'. on abindy&lcao  p ol 19 o e Nidoedn
[ RO F \ J o M

ypaodd  swdonygusd  POB A UONIS
- \ -
+£ Heab cnsfncs} other cgcllc devices usuallg Snvolve O
Plutd to and From which heak is ‘ransferred  while undftrgof%t
a c(tjCIC - “his Plurd is called the wokaﬂj Blurds

- Heat cngine schematic  &-
fﬂarcf 5Pens. are mvolved tn any. heak enq?nc =

1- ﬂbsorp}ron olo heat (1@ul ) fnto the s»mem a} h,qh‘E
2 prodiickion. of work (SR . Hape Tiay
_3—'R€J‘Cd'r°on of heat CU@®cl) to  the surroundings b a
Jowelr T . .

!_,_,

hoF r&ervoirat— Ty

,@H’ - [ Qcl

CamScanner - Ligs d> gl



CamsScanne




929

» Subject : Chd }(’(g ............................................. GV : /2?1| : ¢
& Thermal e?fuuenc»\ o L)
The  thermal e?ﬁncfencq (M) £ the heal- engine is defPined »
as = WWo EPIdAY U2
(e e W dae) . .

N = et worl oukput vl v
w0 tokal ll]eal' inpuk )
ﬂ@ [ , 9 | y

= Wnetouilic 'z 1Qinl - |Qat ] = 1 - [ Qe y

| Qin | | Qin | I Qi | .

', We o194 : '

& . | | !

=> The thermal Cﬁﬁ:c:cnc'{ \Ul" bc lo0'/. only if the |
heat (CJ’C’CHDD Fo cold reser\foar- Is z€ro (ICDCUJ .-.O) . |

Aniz ppdad tondﬂLKCr Sais LOL:’."_J‘J
= Mo éﬁg*ﬁr?":‘%a?‘;{ ever' been  butlk  with
For Kelvin —Planck skalement .

IQcl =0 ( RBasis

g Stakements  of the  second \aw o

o -

kelvin (18249- 1907) % Plank (1368 - 1947) :-
IE is nol possrble Fo  conskruck o device

apcrahn& In a
cqclc such +hal— THs onlq cfPeck (in unfverse) is ko convert heat

aabsorbcdv l?q a squcm cnmplef'elq ko work gone by the system.

3 {2\ A -(’?\l s
> > 7% -
y » ] x W <
_Xﬁé " - ._y ;ﬁos\‘* Rl \Q"—O \k -
’ \' Y
LV o 4 AR
U d—' j’ A
3 bV adﬂr
Lask: A\ &re
S T A R s N 0 T - -

LB T-*'HHQ . K g -

CamScanner = e &> guaall



» Subject : ChGPJ'Cf g T iy iy 12022

T T T T T T T

r T i T J T ] T

Rudolf Clavsius (1822 - 1888 ) s-
No chhc proceys  can be constructed which . consists solelg
n hc }rans,"cr of heat ?rom one emperature level to a

W ave maprom T MEhuo T

hi her one - ‘

I EE R B N ) I |
: ' B

—
[

= cnkropq can be created 4 but never d(’S"ro:(ﬁd/ the cni;nogg
tn_ the un.verst musl- remaln  constant \aﬁ'f?nicreo_sc-/bwi—‘ never

. , . N ok
decreasc - L) Vhe o entropy IS
= =3 = — .
-l_/ ;\,J L-a:‘.\ 7
Combined  stotement - oY ,

~{}
14
B i

Bresto daw - Adhere 5 no perpetual machine <P the frest
kind - ). )

13 &‘: ~“.0“_ y AV oA

second law :- “dhere IS no Jger'pe}ua/ r\nac'hi“nc of the second
Kind -

F= Pffrigeraiors % heot pumps  &-
= the -.l-ran&?fra‘og_-. heat from low to h{&h v temperator€ |-
requfres speclal devices called teﬁr,igcrakoﬂ--

14 T 1

JJ—JUJJ‘K/‘./JJJJQCww.z,JJZZ

H

~ B

- = Refri,jera}ofs, like heat cné“inesl are C‘écll'c devices .

hc wof‘%mq Fluid  used $n the fff:r:qcrahon C(-LCJE s
re?ngcranL : {us L,_’)’ﬂc"‘- = 5‘10\

L —

18 .. 3 '\U r

— — — - |

s 2 SEem

R s N 0 T E ——EHEEF e (= e

CamScanner - Ligs d> gl



CamsScanne




ZJJ

m
9
™

K.

o LT CL RS

> Sub]ect ................... (hQP}'((S ............................................... g4 /) 12020 '

Ll =1

#‘Hca} Pumps_ &-

= A device thal transfers heat From a low T medium ko
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