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KAloopotikn Anootoin

* Eivaln oigpyocio oo y@pLopov HiyRoTosS 6€ GTAN
EMOPNS UTUOV-VYPOV, OTOV 0L ATHOL PEOVY KAT’ GVTIPPOT)
TPOS TO VYPO KO EXLTVYYAVETUL LGOPPOTLO NETUED TOV
000 PUoEMV KO’ 040 TO VYOS TNS GTNANG.

 H katev0vven Tov aTpHoV-0ypov £ival TPOS TU TAVE KL 1
GUYKEVTPOOT] TOV TTNTIKOV QVEAVETAL TPOS TNV
KatevLOvvon poNg Tov aTHov

 H cmo@nq atn@VvV-0ypov EMTUYYAVETUL HE EOIKOVS OLGKOLS
(otaowo M Padpiosg), €€’ 00 KoL N ovopocia
«ATTOOGTUKTIKESG OTI|AES UE OLOKOVO»
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Figure 5.8 Typical vapor-liquid contacting tray.
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KAacuotikn Amootoén

H xhoopoatikn) anwootoln o€ faduioec pmopet vo OewpnOel
GOV UL GELP UTAOV KUTOGTASEOV 1GOPPOTLASH, 0TOV T
TPOLOVTO g faduioag etvar TPOPOO0GLES TMV
TPOGKELUEVAV, AVE Kol KAT®, aduiomy.

H 0006 TOKTIKN 6TNAN 6LUV00LVETOL OT0 £vo AvofpacTtipa
(oTov TVOUEVA) KL £EVO GUUTVKVOTTPO (GTNY KOPLPN)

H tpo@oootnon (F) etvar eteayetor ouvi)0mg Kovta 610
REGOV TNS OTNANG YOPILOVTES TNV G€ TUNUO EUTAOVTIGILOD
KOl £EOVTAN GG

H mieon Aertovpylog Osmpettor otaepn) 6€ 0A0 pKOS TNS
GTIANG
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KAocpotikn Amoctacn

BaolKEG amaithGELS YO TNV EMA0YT TNG TTiEoNS AELTOVPYLOC:

(i) NoveloTaTol CNUAVTIKT OLEQOPA TTNTIKOTNTES HETASD TOV
GUGTUTIKMV.

(i) Na etvor ovVVOTH 1| VYPOTOGT TOV GTUAV GTOV GUUTVKVOTH PO NE
VITAPYOV U1 00TAVI|PO WYUKTIKO HEGO

(iii) Noa pnv &ovpe vrepfoika pneydiovg 0YKoOLS GTUAOV TOV ATALTOVY
REYAAN OLANETPO GTNANG, APO TAYLO KOGTOS

(iv) Ov0Ogppokpaocies TS GTNANGS VO UNV ELVAL ETKIVOLUVA DYNAES
AVEnon TS TEGNS CVVETAYETAL OVCYEPECTEPOS OLAYMWPICUOS
(oniaon meproootepes fabuioss yia va placovue o éva emOounto
amoTélEcua)
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KAocuotikn Amoctoén
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XAEOLOONOS ATTOGTUKTIKIG XTNANS

 Metopintéc

(1)
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)
4)
)
(6)
(7)
(8)

Ilieon Aertovpytag TS otAng (P)

PvOuog tpo@oootnong (F)

20067061 TPOPOIOTNONGS (X{)

EvOairia (Oeppikn) koataotacn) Tpo@odotnons hy 1M q
20067061 0TOGTAYROTOS (Xp)

2007061 VTOAEIPNATOS (XR)

EvOairia avapporc (h)

Aoyog avappong (Rp=L/D)

To xg Xp KO Xi OVOQEPOVTOL GTO TN TIKOTEPO GVGTUTLKO)

Zntovuevo: O vmwoL0YIGUOC TOV ATTAITOVUEVWY O pPNTIKOY

LBoaBuiowv y1a Eva 0E0OUEVO O1AYMPIGHO.
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X E010ON0S ATOGTUKTIKNG ZTNANG

OMKO Toolvyro palog, (YAIK®v)

F=D+R

[Tapoyn Tpopodociac= mapoyn amocTdyLATOC + TOPOYY] VITOAEILUUATOC
Isolvyro IltnTikov (A)

Fxi=D xpt+ R x;

F=D+R- D=F-R
F xg= D xp+ R xg
F XF= (F'R) XD+ R XR= F XD 'R XD+ R XR = F XD 'R (XD-XR)

R (xp-Xg) = F Xp - F x¢= F (Xp - X)

R=F 27X p = x*R, R,=(1xg)R

(Xp—xR)
(xp—xF) _ (xp—xF) xF) (xp—x D+~"CF) (XF—XR)
D= F-R=F-F F [1- ~22%F) i e
(Xp—xR) [ (xp— XR) [ (xD—xR) ] (xp—xR)
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J: TO TOGOGTO TNG TPOPOOOGLOC TOV EICEPYETOL M KOPEGUEVO VYPO
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Figure 7.7 Possible feed conditions: (a) subcooled liquid feed: (b) bubble-
point liquid feed: (¢) parually vaporized feed: (d) dew-point vapor feed: (e)
superheated vapor feed. [Adapted from W.L. McCabe. J.C. Smith. and P.

04/11 Harriow. Unir Operations of Chemical Engineering, Sth ed.. McGraw-Hill. 22
New York (1993).]



XY E0LUO UOS ATOGTUKTIKNG XTNANG
Avaiven Tunuaros Eumiovticuov
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2€OLUONOS ATTOGTUKTIKNG ZTNANG - Avaiveny Tunjuatos Euniovtiouod

OAwko6 Iloo{vywo: V,, = L,,_1+ D
[ooCoywo ITttikov: V,y, = L,_1x,—1+ D xp
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2YEOWUGUOC ATOGTUKTIKNG ZTNANG —
Avaivon Tunuaros Eumlovticuov

1
_ R, + Xp
oL TR 1 TR 1
T VPO ENTLOVTIGHOD e :D" (xp» '\‘:v) D D
/(R +1
i’/ (o) 01€pyeTaL OO TO
- BF: (xp, xp) ’
A | onueto (xp, Xp) TG
............ R | O y®VIiov
T (B) éxer xhion: Ry/(Ry-1)
Xy (RD—]) ; 2
l , ? R: (xg, X))
........ o :
0 Ny X, X 1
04/11/2021 duowéc Aepyaoieg I (Aepyaoieg 25

Aloympiopo)



XYE0LUOUOS ATOCTUKTIKNG XTNANG
Avaivon Tunuaros Eéaviinong
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2€010.6 110G ATTOGTUKTIKNG XTNANS- Avalvon Tunuaros ECavrtinong

Y\ OAiko6Ioo{¥Oyio: V,; = L1 — R

looQuyto Ntntwov: V¥ = Lm—1Xm—1 — R Xp
AUVOVTOG WG TPOG Y, , Vi =
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2€010.6 110G ATTOGTUKTIKNG XTNANS- Avalvon Tunuaros ECavrtinong
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XYE0LUOUOS ATOCTUKTIKNG XTNANG
Avaiveny Tunyuotos Tpopoooosiag
{g. mov opiletal 0¢ "10 KAGOUO THS TPOPOOOOTIAS TOV EIVOL
KEKOPETUEVO VYPO".
g = L—;L A 1000Uvapda L= L+qgF & V= 7+(l—q)F

-

\

(2.75)—L48a=o 0= 5 Py = [y + Dx,,
> (apaipwvTag kKatd péAn) =
(2.78) =22l 5 Py = Lx — Rx,,

~ l-q -
_ %y B
y(V =V)=(L-L)+(Dx, + Rx, )—2ptRu=rx . X+ x, 250

(o) o1EpyeTon oo 10 ONUEIO (X X ) THS O1OYWVIOD
y=——d i tr (B) éxer kAion: -q/(1-q)
q
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XYE0LUOUOS ATOCTUKTIKNG XTNANG
Avaivon Tunuatog Tpopoooasiog
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2YEOWUGUOS ATTOGTUKTIKNG ZTNANG
Avaivon Tunuatog Tpopoooaciog
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T """" [ 3 E : (B) exer khion: -q/(1-q)
l R R: (xR , xR)
......... 0 b :
0 x x X 1
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I'poppég Aertovpylog

1.0
‘-5: Equation:
g V= ?T-'—-LTID 1
w
B @ i
£ 0 Y N 1
.E 6\0 el-."-'ﬂb 4\0 ]
s A3
= 0.7 - & o~ 2e® @ | _
——t \‘)‘ Cr" -aﬁ."- H
o e~ ot line
_En 0.6 < ® o®° ¥ ]| -
= ‘?Q.:z: = - ‘—ZF 1
= 05| & R V] P
@ P > l
E A £ : ]II=X£J
> T e
— () i il =
953 U-dr ":\; bd!q‘qa? QJU‘Q\Q. X = ZF |
@ S
&5 o/ ™ |
E ooal & | _
o %) [
. Equation: !
= 02 |- b =
O e B I
@ - —p
= Vv oV I
o 0.1 |- =Xp | I
S | |
0 I I l | l l | I

0 01 0.2 03 04 05 06 07 08 09 10

Mole fraction of more volatile component
(light key) in the liquid, x

Figure 7.4 Construction lines for McCabe-Thiele method.
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McCabe Thiele

2Y€0106N0C ATOGTUKTIKNG XTNANG

I | o I ' q‘i
E IT/P " L"’l %) r5 GTAYUG)
! 1 L, x,=x, i r "
i 2 |t | (Avappoij) Aé JoS Avapp ong
L3 | ) ’ =,
! ; | i Teoldywa palag otovg O.E.
{ * ?” "‘"F" 1 I pauun suniovticuov:
Tpogodocid' L D
Yo = Xt Xp
i t | -Babuida D+L D+L
o Batisa
POPOIOTIE . RD .. . Xp
m-1 Vt L ! RD +1 RD +1
J'lrl - "\ -1 r r "
A i °I’pa,u;£q ECAVTANGHG:
E N-1 T 1 Yy = ;xm—l — _i_ 78
f L-R I.—R
‘ I'papui tpopodoaiog n q-line:
y=- .
l-g 1-¢q 27
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GUGTUGEIS GE 1GOPP OTIa

. 4
fa.6uide : /|2 0.A)
B /'/ -
TPOPOSOGIaS \ - — y
P = A D R,
Vg S 1) J.r\ 7 7
P4 3 /7
i /s
. I /s
g “
- . / i
: : m P . GUGTUGEIS
’d s - ” aAa Fa 5
4 . ‘winciov aiiiov’
/ s
4 4 ’ .
7/
! /
- e
N‘l / ’
'
s
;’: 4 -
- paebuida
f T 4 Ld
\i) R HEPIKOD
A avefipactipe
| 7 .
0 4 . X
r o D




__________________________________________

Lo, xo=xD
(Avappoij)

R, xr Yroleyupa
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D, xp (Améorayua)

T

7-.

Vi
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GUGTAGEIS GE 1GOPP OTMIG. /,/”’:ﬂ
yoX) iy /,f/”’ ’
,‘/7@1 Y
Pabuisa )
TPOPOSOGITS o
CUGTAGEIS :
'minGiov aiiajiopv'
/| N-1 i
; — ol Pabuida
l‘\r}/ HEPIKOD
/YR - .
{78 avafpactiipe
0 ‘1' 7 .
0 Xr F *p
X ——=
R X '
=—L x  +—2— Iy =f(x,)
R,+1""" R, +1 mo
D D I
I
n=1, ¥, X=X Xp, Yi=Xp 1 YiTH(x)
' =f
n=2, ¥y, Xp.1 =X, Y,=(Rp/Rpt1) x4 [xp/(Rp+1)] y,=1(x,)
y5=1(X5)
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X YE010ON0S ATOGTUKTIKNG ZTNANG
OPIAKEZX IIEPIIITQXEIX: A) OAIKH ANAPPOH

H pon tov anootdyuatog unoeviCetal, n

1 qc, 4 4
LY @ | aLVOPPOT) LEYIGTOTTOLEITAL
B R ; D=0, L,2 V,, Ry=L/D, Ry, aneipo
i | — | D, xp (Andorayua)
2 | | | Avaspoid V= %xn_l N D X, V= R, _ Xp
3 R v, v, Ry+17"" R, +1
nl ] | y, = —LA X, + D b s
VT Lnd, fnt i % +D" L, +D =
-----;1-- --T’ -------- i-- -----; ------- — - 14 | 14 14
Y.™ X, .1, evbeia ypapun epmAovticpo:
Eni rnLg OLLY®VIOL, ATOTEUVOVGA: X/ (Ry+1) = 0
y, = -l X, 4 — R Xp  Ym= Xm.1s OMOTELVOVCOL R/AL, ;-R) =0
R Sy e
(o) O1épyeTot amd TO oNUELD (X, Xgz) TNG OLOYMVIOL
(B) éxerxiion: L, /(L,, ;-R), ouws R=0, y,=x,, ,,
N TI'papun eEqviinong ent g Staywviov, amotépvovco=0
04/11/2021
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X YE010ON0S ATOGTUKTIKNG ZTNANG
OPIAKEZX IIEPIIITQXEIX: A) OAIKH ANAPPOH

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

oe I
IT/I,_}’I Lo,lxo
1 A
) V{zﬁ’z\‘Ll,i‘l
3 Vf’}’s ‘Lzﬁiz
Vl-l’. n-1 Ln-?v n-2
o It 1 Lr xnr
b __T___&__i__ __________________
Yn=Xnl1
yvi=xo|1 p. Aerr.
y1=[f(x1), 'p]lo.
v,=x;|1 p. A1t
y2 = [f(x2), I'p|Io.
K.O.K
—__/

1
(Y15 X1)
Xp»> Xb)
1 ' D
Anoprayua) :
(V2 X)) e
) (Y2, X1)
A F
+ O] avappony:
(3, X3) - O ypogyiés Aertovpyiog
3 Y3 X2) . expLAilovtau, oOUTITTOO
L UE THVOL0 VIO
(7%9)) E
4 4 k’ X3) E
0 ,
0 %, X, X, 1

X ——»

Oy avappon kai elayietos apibuog pabuiowv, Nmin, N=(1.5-2) Nmin.
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X YE010ON0S ATOGTUKTIKNG ZTNANG
OPIAKEZX IIEPIIITQXEIX: A) OAIKH ANAPPOH

ATO TOV OPIGUO TNG GYETIKNG TTNTIKOTNTOS TOIPVOUVLLE:

ap = : 4 l:'i = 'I:J-\:B - 24 — x'f) - ‘-4. =a; IJ.
'13 13 '1 3'\_! (]'_'-.‘l _.‘)-\_* l_'l.i 1_.\-4
n x}’l xn_ xn — , ,
ly =a,, , L —q, Y= X, ESlomon Agttovpyiog
W l—xn 1—xn_1 l—xn )
EUTAOVTIGLLOV Y10,
(n=1): o _y, 5 al 3\

—x, 1y OAIKT] OVOPPON)
e

(2.96)

_ / o log[ xp(1—x3)/xp(1—xp)]

(n:n) 4 1 _awlfx j _\’ = .\,z - 1
loga ;
% -
1—?— = (a)" 11_";
i 8 ‘Eiicm)cm Fenske- Underwood ‘
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2€010.6 110G ATTOGTUKTIKIG XTNANG
OPIAKEX ITIEPIIITQXEIX: A) OAIKH ANAPPOH
EAldyotog ap1Opég padpuiomv, N . 2 Osopntikoc AplOpog padpisowv, N

Eticwon Fenske N, . ) N=N, = loglx, (=) fxp 1= xp)]
loga ,;
axp l-x

Eciodoeig Underwood (Rp i) ——5+——/-=1-¢, —> vrod 0

ax l1-x
— D D
+1= + — vrod. Rp i

R .
bmin T2 0 1-0
ZaixF,i
a;—@

Rp pmin +1=

=1-¢g, —>vnold.p

a;Xp AR
’ _)072-0 . D,mm

a;—@

Awoypaupata Gilliland (N)
(N-Npyin)/(N-1) 5. (Rp- Rpy i)/ (Rp 1)

0= V2 (aptag), a;= (apog) %, 0;= (ap apag) 13, ylo ueydies Ospuorxpaciaréc diapopés
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3- Shortcut Methods:
~ b) Gilliland, Fenske , Underwood Method

(Gilliland Chart to use instead of equation)

1.9 e =T
O.8 — =S = i S
0-6 T . - : *?
] i ] F
BRI 3 ST
: 1 i | ] '
QE — _i' l . l \ :
& | | I I | { | I
-‘: : O . : L L I\
.1 - - - § — gt 1
é :.-."-'..' O-()B: *TI‘_:p-f:-— - - — . -
0.06I o 1T _I = -
— — S --r--—q-l - . '
S 1 1 i 1 3
| | | | ! § 1
Q02 E 1 . | T -
i : ‘ ' |
O_Oi[ : {11 i illirl]
ax, 1-x, 0.01 002 004 ©O.I0 02 0406 10
a—6?+ T =1-¢q, —> vrmold. 0 ~ 'Fm
Rp F1= 22D +1_xD — wvzmod. Rp i A+
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OcopnTikog AprOuog paduidowv, N- M£0ooog Smoker

x,[1—mec(a—x, /(a—mc?)]

xy[1=mc(a—1x, /(a—mc?)]

Ngym.n'g(gdw. = log(a/ mcz)

0l: GUVTEAECTNC GYETIKNG TTNTIKOTNTOG
m: 1 KAMon ¢ EKAGTOTE YpauUng Aettovpyiog (EUTAOVTIGUOV 1) EEAVTANGTC)

xy=xyk X =MRp +DXp +(q=DXp AR, +9) = X

c=1+(o-1)k
K: onueio ToUNG G YPAUUNS AELTOVPYIG LUE TNV KAUTOATN 160ppOoTias, ONA. 1
Kkowvn pila (x) Tov e€loOGEMV:

y=ax/[1+(a-1)x] (1coppomniag), y=mx+b (ypauur Aertovpyiag)

0 <k <1, on me ekicwong | m(ot—1)k”> +[m+b(a—1)—alk+b=0

xy: BEdv n e&lomon Smoker epappoleton yio To TUNIO EUTAOVTIGHOV, TOTE X
glvor 1 Toun ™G YPOUUNS EUTAOVTICUOV UE TNV q-line.
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OcopnTIiKoS ApOuog fadpniowv, N- MeBoooc Smoker

1
-¢/(1-q) g-line . g
T I v .ID- (x,,x|)
. \g\\; —
- YPAUUY EUTAOVTICHOD ¢ : y mx +b
K L 8F: (x_,x)
S
’ ypauplj COvTinens
x/(R +1) /- P
l , x R: xR s x‘?) é
......... 0 L ’ k y .XN:
0 X, X X, 1
X ——»
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€000 N0 ATOGTUKTIKNG XTNANG
OcopnTikog AptOpuog paduiowv, N- MEBooog Smoker
e Eopoapuoleton Eexymplotd Yol TO TUNUO EUTAOVTIGUOV Kol EEXMPIGTA Y10, TO TUNLLOL
e€dvtinong Smoker’s Equation:
x! {1-[mec(a —1)x! /(oo —mc?)]}
x' {1-[mc(a—1)x /(oo —mc*)]}

log(o/mc?)

log

N =

['a to T o €AvTAnong
XO = Xint
X, =Xy

L'~ Ry+q+q(R/D)
V' R,+q-(1-q)(R/D)

_ (Xp —Xp)Xp
- (RD + I)XF + (q_ 1)XD _(RD + q)XR

Edv epappoletor yro to Tufipo EAVTANONG TOTE X=Xz OALA TO X, AVTIIOTOLYEL GTO
TPONYOLUEVDCS avapepOEY oneio Toung.
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2 EOLUONOC ATTOCTUKTIKIC ZTNATNC
OPTAKEX INEPIIITQXEIX: B) EAAXIXTH ANAPPOH, Ry viin

> EAdxtotoc Adyog Avapporic - Amcioc AplBuoc BaBuidwv:

EAatTwpévou Tou Adyou avappofic Rp, eAatTwveTal h kKAion Rp/(1+Rp) ThG YpauuHA¢
edmAouTiopoU. Tia doBévra diaxwpiopd, o €Adx10ToC AOYOC avappong, avTIOTOIXE
OTNV TEPITITWON TOU Nh YPAUHA €UTTAOUTIONOU Kal Tpo@odooiag TEPVOVTAl ETi TNC
KaumUANG 100ppoTiac™. ZTnv mepimTwon €AdxIoTou Adyou avappoh¢ damaiTeital

ameipog ap1Bpdc BewpnTikWyY Pabuidwy, OTWE PaiveTal 0TO ZXAUA 2,26 == =====================-msoooooooooooon
Do I @ qci
1 - ! .
YPOUUN EUTTAOVTIGUOD UE KAioH i : ) —— |
7OV avTIeTOYEl GE EAG)L 7 E Kiyr Loy Xo ; D, xp (Anécrayua)
t g-line %) ! 11 | Lo, xo=xp : T
““““““““““““ i P |\ S5 7 Llai{l (Avapporj) l
~ o ! 1 !
(2 ™ TR // : V 5 L ’x :
yrt : P 3 f.Vs 2 lz |
------------ ) ’ \ i V1 -1>¥Yn-1 Ln-Z N2 |
. 7 .F : } :
B 4 1 n'l ]

/ » .7+ Kiionmov avtioToE
a . oeR dmepo
% R+ S 5 L, D

D,min s ¢ . . - o
.

J . : : Yp=1T—2X 1 T — O
L/ L i WL“-’ - L .+D°
7 ypoppij ecaveinons . e =i
""""" R X, y % "R +1x"_1+R +1
X - D D

ZxAua 2.26: EAdxotog Adyo¢ avappohc Kat dmepog aplBuds Pabuidwy.
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BéhtieTog Adyog avappong, Ry =(1.1-1.5) Ry vy
OcopnTikog aprOpog paduiomwv N=(1.5 u&ypr 2)Nmin

300 !
ETtnoio
KOOTOG
ﬁitg;zs)m OAIKO €TA010 KOOTOG
200
ETAo10 K6OTOG AciToupyiag (udpaTuou,
100 KPUOU VEPOU, KATT)
KboTog eykatdoTaong/ouvihpnong
/ (atréoBeong ke@aAaiou)
0
14 1.6 1.8 2.0
NAo6yog Avappornig, Rp
éATiotog Adyog Avappong

Zxnua 2.27: BéATiaTog A0yo¢ avapponc yla Uia TUTTIKA amooTakTIKA oTHAN.
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OMKOG XopumuKve TS
Vi Kopmoin wooppomiag y=f.(x)
, X
c — P, (y1, X1)
Is YI 09 X0 ( )
| l Lo, Xo=¥1 D, xp=y1
(y2, X2) P
Vo, v Li,xy (y2, Xi)
2 T ’
3
Aly®dviog y=x
Fpappn
EUTAOVTIGNOV
X
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MepKog XopumuKveTg

Vo, y2 Li, xi

04/11/2021

>
D, Xxp=yo#y1

Kopmoin woppomiog y=f.(x)

(Y1, X1)

(y07 XO)

1, ,X(')j BabOuidoa uepixov
’ COUTVKVOTI]

AlyOVI0g y=X

Ipoppi
EUTAOVTIGHOV
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