Ekpodpnon ko Altoppodnon
LLE TIANPWTLKO UALKO

Dpovtiotiplo 7



uvtoun EmavaAnyn

Ogpa ZulNtnong: 2xedlaopuoc otNANG ekpodnonc Kot oTAANC armoppodpnonc
LE TTANPWTLKO UALKO.

* loopporia agpiov-vypou

e ATtopakpuvon SLaAUEVOU EPLOVU ATIO EVa LYPO KOl ALVAKTNOK TOU O0TNV
agpla daon yla TV mepimtwaon tThe ekpopnonc.

e ALOXWPLOMOC piypatoc aeplwv pEow TNC emadnc TOU UE €va LYPO TTOU
SLaAUEL KATIOLO ) VAl ATIO AUTA YLa TNV TtEPLmTwaon tTng amoppodnon .

* Ertthoyn SLoAUTN v amoppodnorn CUYKEKPLUEVOU/-WV OUOTOTIKWY

* H ekpodpnon unopet va BewpnBel we aviiotpodn dilepyacia tng
arnoppopnong.
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Ekpodpnon pe Apata Miyuata

OAWKO oolUyLo: Ly,qi + G, = Ly + Gy
Lyy1xne1 + GoYo = Lixg + Gayn

Adou Bewpoupe apatd piypata L, G moapapévouv apetaBAnta, L, = L, = L KOL G,q = G; =
G Kol
ylo tnv N BaBuida: Ly 1xns1 + GoVo = Lixg + Go¥n Lnets Xt Gy, YN

L L
NpokUTTeL N ypoppn Aettoupylag: Yn = g¥n+1 Yo =X )
n+1l ‘Gn




McCabe Thiele yia Ekpodpnon

Kapxivin
_rT 1wsoppomias
Dépoupe TNV KapmvAn/ ypaupn woopportiag, v ) \/
y= mX, OTtWG TIPOKUTITEL QIO TOV VOO Henry.

L L
Depoupe TNV ypoppun Asttoupylag Yn = ¥nt+1 + Yo = %1 ¥y, Nrodpsvo o K x)
( o |
. Kopuer

>XEOLATOUHE TIG BaBUISEG OO KATW TPOG Tl
EMAVW UETOEU KOUITUANG LOOPPOTTLALG KaLl
Ypapung Aettoupyiag )

To KATW UEPOG TOU SLOYPAUHOTOG AVTLOTOLYEL
otov nubpeva tng oTtHANG UE To UYpo
artaAAQyLEVO ATt TO “TOCLKO’ aEPLO KOl TTPOC
TOL TIAVW PTAVOUHE OTO YVWOTO Xy, q KOl
dlaBafoupe To {NTOUUEVO Y.

| Tlot TUKVA piypata XpnoLUOTIOLOUE Ta |
TPOTIOTIOLNLEVA YP OO UOPLOKA KAGopOTO |
OTIWG KoL 0TNV anoppodnon.

I Mo ekpodnon n e€lowon Kremser yivetad:
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Antoppodnon e MANPWTLKO YALKO

* Ta TANPWTLKA UALKA ToTtoBeToUVTOL EiTE LE SOUNUEVO ELTE UE
OLKOLVOVLOTO TPOTIO HECOL OTNV OTNAN UE OKOTIO TNV avénon tng
eriupaveloc emodrc vypol/ aeplou yLa TILO ATTOTEAECLOTLKE
uetoadopa paloc.

* EWdkn erupavetla enadnc o (m2/m3), eival n emudpavela tov UALKoU
ava povada oykou tng KALvNG mou oxnUaTilel To UALKO.

* NMopwdEeC € elval TO KAACHO TOU KEVOU XWPOU TNS KALVNG ITPOG ToV
OALKO OYKO TNC KALVNC.

* H dtdpetpoc tou mAnpwTtikoL UAkoU d eivat 15<D/d<20 pe D tnv
SLAMETPO TNE KALVNC.



Tayutntoa MAnuuUpLonc

To a€plo pgeL otnv otAAN pe patvopevn taxvtnta 1 m/s.
H ta}(\l')tr]tqt TANupLpLong, Ug  eivat autr mou Ba epmodicel evieAdwg to uypo va

KATEADEL, woTe va MPOoKAAeLTAL armotopun avénon TG MTwong mieong otnv otNAN:
U a Oy, N, 02 L a8
(—5) (D) (FE) =exp[4() (D))
g‘(" p[. ,]n' (jm pl_
a, €8N emiddveLla ! 2uvnBwg Ug=0.6-0.7 Ugp
€, TOPWOEC

Pe, PL: TIUKVOTNTEG QLEPLOU Kl UypPOU
Gy, Ly HOQLKEG TTOPOXEG ALEPLOU KAl UYPOU
Ny Nw: won uypou kat vepou



Metapopa Madlog
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Aépra Edon (G)

Yypij i (L)

N =ka(y-y;)=k,a(x; - x)

Y; G€ 160PPOTIcL

N, elvai 0 puBuOg

petadopag palog
(kmol/m?3s)

kg Ka k, elval pepukot
OUVTEAEOTEC peTtadopag
nadog yo Eva kaBapo
OUOTOTLKO

a elvat n 8k enupavela
pnetadopac palag ova
pHovada Oykou HEoO OTOV
oTtolo yivetal n petadopa
nado.
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M ETCXCI) O p a I\/I azaq Optilovtal oAlkol cuvteAeoTEG palag, EVOC Yo

KaBe daon
, Yuévag aspiov Yuévag vypov
y ' Arsmgivere y ' " : \ /
‘uévag aspiov uévag vypot
~ | A i \ ¥, (1] y*)o£ 16oppomia pe 10 X
X[ Y5 0€ 160ppomia i y X, (1 X¥) o€ W6oppomia pe 0 y
ILE TO X; . ,
ke Toyévy
oy, \ { Na
x - ': :
’ & ’ y 3 n
Yoprj don (1) Aépra oy (G) Yyprj diom (L) y

Nz
Nr.=kGa(y—y(,.)= kpa(x; - x)

N, =k dy—y;) =k dx;—x) —> N, = kG.()Aa(y =Y. )= kL.OAa(xe - X)
N;=k,a(y - y)=ko(X;- X)—N, =K a(y-y") = K, a (x"-x)



Antoppodnon e NMANPWTLKO YALKO

AT TIC TIPONYOUEVEC OXECELC: ! y;"é"““"""”\ ‘/YFMWM

6 TIPOMYOUHEVES OX > iy \ ¥, (1] Y*)og 16oppomia pe 10 X
Ni — kG Cl(y — y5) — kLCl(X5 — X) KoLl ; A ) X, (1] x*) o€ 100ppomia pe 10 y
N; = kGo)la(y — Ye) — kLoAa(xe — X) R \
Daivetal ot (y — ye) = (y — y5) + (y5 — N‘::;.\——‘* '
(xe —_ x) = (xe —_ x5) -|— (x6 — x) Aépra #don (G) Yopij bdon (L) o

1 1 miq

OL OALlKOL CUVTEAEOTEC OUVOEOVTAL LLE TOUC LEPLKOUC LECW TWV OXECEWV: = + — Ko

1 1 1 Ys—Ye Yy-Ys

— + ue M4 = kot Moy =

KLox ki, mykg Xe—X xe_xS'




Apatd Miypoata (mapadoxec kol LooluyLo)

MNapadoxec: 1) L, G,otabepa 2) P otaBepn 3) Ztabepol cuvteAeoTeC petadopag paloc 4) APEANTEEG
UETABONEC EV a?\maq

looZuylo: (Stadopikr) pala i mou GevyeL amo To AEPLO)= (6La¢opu<r'] pala i mou mnyaivel oto vypo)
d(Gy) =d(Lx) — Gdy = Ldx = N;dV
— Gdy = kgora(y — ye)AdZ ka Ldx = kLoAa(xe x)Adz

AUVOVTOC WC TIPOC Z,
_ Yin dy . L Xout dx
Z=—"1 = HogNog e Z = /. = HoLNoL

\ l |
Ygog ApBLOG .
povadag Hovadwv 7 -t __:;..
netadopdq Hetadopag — Tw



AvoAuTtikn Avon

ATtO TO OAKO LoolUYLOo o€ pia oTtAAN amoppoPpnong EXOULE:

G G
Gy —Yout) =L(x —xi) — x = Y + Xin — 7 Yout

Ko arto tnv Loopporia:

maG mG
Ye =MX =Y =Y =Y —MX Y — Ve :y_Ty_mxin‘l'TYOut -

maG

G
Y = Ye = (1 _T)y — m(Xn _ZYOut)

Kaw opilw C = -m(x; -Gy, /L)



AvoAuTtikn Avon

7 N = J"‘v'" dy = i d_)’ 1 ’ 7
Tehwa, "o~ (-mOyprc  KALUETA OTO TPAEELG KOLL
50
oAoKAnpwon:
a-mSyy, +C : ‘ ‘
P B ) Ym yLot tov aplOpo povadwyv petadopac.
oG e

ou.

1 —m— (l—mg)_\.' , +C
L L

G
kG,OAaA

Kat to U oc tneg kaBe povadocg Sivetal amo Hog =

To {ntoupevo LY og Tou Upyou anoppodnong eivat Z = Hyg X Ngg



Mapadeypa 1

AKETOVN ATIO AEPLO piypa HE 5 mol% oKeTOvn, AIMOMAKPUVETAL OE TTUPYO
arnoppodnonc Ke TANPWTLKA UALKA KOTA avTLlppor] LE vEPO. OL TTAPOXEC
arnoppodnonc vypou kat aepiou eivat 0.85 kat 0.5 Kg/sm? avtiotouwya.

No utoAoyLoTel To amattoUpeEVO UPoC Tou TTUPYOU YLOL OITOUAKPUVON
ToU 98% aketovNnc.

kmol

AvovTaL: Ko = 1.5+ 107 (270} y = 1.2x ket P = 101.2 kPa

scm3



ATtO TNV ekPwvnon TNG AockNong MPOKUTITEL 0TNV €l0000 y, = 0.05, L =

0.85 (%) kar G = 050 %

sm?2

T0 98% QMOUOKPUVETOL OTIOTE EXOUME OTL:
98% * y; = y, = 0.02 % 0.05 = 0.001 = y, = 0.001 Kot X,=0

N yPoUUn AELtoupyiag Tou upyou amnoppodnong divetal amno
TNV aKOAouON oxeoN: G(y; —v,) = L(x; —x,) (1)

1o UPoC TNC oTNANG pag SLveTal Ao TOV TUTO: z = Hyg * Npg (2) W z = Hyy, * Ny,



To U oc TNC povadac petadopag

Slvetal amnd ) oxEoN: Hog = - Gap (3)
r

Kot 0 urtoAoyLopOC yLa Tov apLlBpo Twv povadwyv petadopac Sivetol amo tnv oxeon:
Nog = f;;lyci_i,e (4)
ATto TNV (1) mpokUTTteL N ypapun Aettovpyiag o KABe onpeLlo TnG oTAANG:

x—G* + x G
=1 y 2 L}’z

Ma va epdavicovpe To m otnv e€icwon Aettoupylag amo Tov vopo tou Henry:

G G
Ye =MX DY =Y =Y —MX DY =Y =Y -—M_ *y+X =)



OTMOTE MPOKUTITEL OTL C = —m (xz - %yz) glval pLa otabepr noootnta epocov Ta
X5, Yo, G, M KoL L €lval yvwoTta omoTe MPOKUTTEL OTL Ao TV (4):

1 d G G
Noc—f; y);,e* NOG—[ mG]ln[ 1—m )yz‘l'mT]

kmol

YroloyiZovrat: L = 2= = 0.0472 a G =52 =0.0172 (2
TOU Xq : G(y1 —y2) = L(xl —x;) > x; = 0.018

kmol) ) KoL QIO v (1)

Ao TNV (3) UTtoAOYL{OUUE TO Hyg = Kip

G

Me tn xpnon tng e§icwong (4) umtoAoyilov e To Ny

Vi dy
Nog = f —
V2 y ye

Kat télog ano tnv e€lowon (2) uroAoyiloupe to INTOUPEVO VYOC Z: z = Hpg * Nog — z = 6.72

B mG\y, mG _
_)NOG_ In 1-—]—4+— _)NOG_S-()S

mG L ]y, L

L=




Mapadeypa 2

Me tnv amopdakpuvon 95% tng NH; aro piypa agpa NH; 40mol%NH,, o€ mupyo pe mAnpwtka
UALKA Xpnotpomotouvtal 488 kmol/ h vepou kat 100 kmol/h elogpxopevou piypatoc aepiou. H
niieon eivat P=1atm, n Beppokpaocia 25° C kol 0 OYKOUETPLKOC CUVTEAEOTAC pLeTadopac palog
Ks0=5 103 kmol/s-m3-atm. Znteital to v og Tou mupyou.

Eloodoc uypou B ‘E€odo¢ aeplov

—
L,,X, /\ G,Y,

E€oboc uypou H/]‘ Elooboc aegpiou

(0]
L% CA



ATIO TO YEVLKO LOOTUYLO: G(y — y1) = L(x — x3) = Lyxs + Gy = Goy, + Lx (1)

OpWC TWPO EXOUE TIUKVO Piypa: L' =L(1 —x) = L = ﬁ (2)

Ao to LoolUylo mapoxwv: G + LU'=G, +L (3)

IOXVELOTLG = G(1 —y1) = G,(1 —y) = G(1 — y) KoL
I'=Li(1-x)=L(1-x)=L(1—x),

Emiong x, = 0 KAl ETOL Lyx;, = 0.

&, (1 — L'
1= Gy = Goyy + Lx = 2( yZ)yszy2+

1—y (1—x)
= G(1—-y)y(1 —x) = Goy,(1 —y)(1 —x) + L'x(1 — y)
= Gy (1 —x) — Gy y(1 —x) = Gayo(1 —x) — Goyo,y(1—x) + L'x(1 — y)
=Gy —y2)A-x)=L'x(A-y) = G(y —y2) —Go(y —y2)x = L'x(1 - y)

B F B _ G, (Y—Y2)
= Gz(y — )’2) - X[L (1 }’) + GZ(y yZ)] =X = L’(l—y)+62(y_y2) (4)

X




To (610 KAVOUE Kall yLaL TO Y:
EXOUUE L, + G = L + G, (1t00l0yi0 mapoydv),

Lyx, + Gy = Lx + G,y, (t00{0yio StaAvusvng ovoiag) = y = Gzy2+Lx

, OLWG
Ll-x)=L=L=L/(1-x)(2), onote avuKaetotwvraq TIPOKUTITEL:
__GZYZ+Lq§;
_ Stk (5)

ATIO TO LoOTUYLO TTAPOXWV KOL TNV 2: Ly + G =L+G, =G =G, +L—L, 2 G =G, +— ———=

1-x 1-x,

L I} 1-1+x _
Gz"‘E_L:GZ-I_L(l_ )_GZ-I_E
Apa attd rnv oxéon (5):
G Ly
y = ot <1 =~ (6) Kol OTIOU X UITOPW VaL avTlkataotiow tnv (4)

Gy +L/
—-X



Dtaxvoupe Evav miivaka 6eSoUEVWV:

y y=_2_ |Y y — e 1
1-y ¢ 1-y, Y-V,
0.03 0.031 0.002 0.002 34.48
y, =0.032 | Y,=0.033 |- . -
0.05 0.053 0.005 0.005 20.83
0.1 0.111 0.01 0.010 9.9
0.15 0.176 0.025 0.026 6.66
0.20 0.250 0.04 0.042 4.8
0.25 0.33 0.08 0.087 4.06
0.30 0.43 0.12 0.136 3.40
0.35 0.54 0.17 0.205 2.98
y; = 0.40 Y, =0.67 |0.26 0.310 2.78




Z—Hoafyz v—v, — Hoc * Nog

G=G'/(1-y)
G V G
KEP  KEP(1-Y)m

Hog =

la to NOG :

) f
NOG o J;"out Y-Y,

UTTOAOYLOTEL ATIO TO OXETLKO
Staypappa.

UTopEL va

z = 4.25 ¥ 3.49 = z = 14.84m, vyoc¢ mOpyov

=4.25m, pe(1—y)y, = A-y)+(A-y:) _ 4 7g5

2

Y=Y,

|
\'4

/ Noa-3 49

///// / /////

Yout

W



Napadeypa 3

AKeTOVN amoppodATal O TTUPYO HE TTANPWTLKA UALKA arto 2.6 mol % o 0.5 mol %.

O oyKOMETPLIKOG ouvteAeoTnG ival K o= 0.406 102 kmol/ s m3 atm, o puBuog Tou agpa sivat
G’=3.85 103 kmol/ s m? kot 0 puBbpoc Tou vepou sival L'=1.26 102 kmol/ s m2. To Uo¢
petadopag palog eivor Hyg=0.5 m kot to 5e6opeEvVa LOOPPOTILAG YLOL TO CUCTNHLA OKETOVN
vePO otou¢ 20°C kat 1 atm eivad:

p (mmHg) = 34.2

X = 0.03

OTIOU P N MEPLKN TILEON TNC OLKETOVNG OTOV aEpa. Znteital to U og Tou upyou, Z.
Yriodeién: Ocwpeiote 0TL Ny €lval cuvaptnon tng AoyapLlOpikng TG TwV ayoucwyv
Suvapewv petadopac palog ota aKkpa Tou TUPYouU.

AnAadn, xpnotpomnolnote tnv €€n¢ ekbpacn yLa To Nyg:

_jyl dy _ Y1~
v, V=Y V=Yl



[Mpokettat yia mukvo piypa. Apa €xoupe z=Ng*Hgos (1)
Epeic mpemnet va urtodoyicoupe to Ny To omoio pag divetal amo tn oxeon
_ (11Yer)=(y2—Ye2)

1 dy Y1— Y2
Nog = f - (2), EYOULE OTL OTTOU (y — = .
Vs, Y —Ye (y — ye)ln X “ (y .Ve)ln ln(%)

' ) ., , P 341 _0045
Ao tTa BEBOMEVG YLO LOOPPOTILA EXOUHE OTL p_ml ~ 260 = yt= V.

Ko z—z = % = vy, = 1.5x, (3)

Y, = 2= = 0.005

1-y,

Yy = 2 = 0.0267 G'(—Y,) = L'(X; — X) > X; = 663 + 107
—J1

x, =0

X1
1—-x1

X, = =L = x, =643 % 1073



ATto tnv (3) €xoupue
Ma x,=6.43* 1073, y,.,=9.646* 103
Katywa x, =0, y,,=0

Onote amo tnV (2): Nog = 2.192

Kot oo tnv (1) : z2=Nog * Hoe = 2.192 % 0.5 = z = 1.096m

i d —
Noa=f Y _ N7V o

Vs Y —Ye - (y_ye)ln

Ye = 1.5x, (3)



Napadeypa 4

AlaAUTNC poKeLTal va avaktnBel amo eva piypa Stalltn/agpa, XpNOLLOTIOLWVTOC VEPO
KAT' oVTLpPON O€ TUPYO HE TTANPWTLKA UALKQ, 0 oTtoiog Asttoupyel oe mtieon 101.32 kPa kat
Beppokpacia 300 K. O atpol tou StaAutn pmaivouv otov nupyo pe puBbuo 360 kg/h kat n
OUYKEVTPWON TOUC OTO AEPLO piypa eival 2% kat’ oyko. Artatteital n avaktnon 99.9% tou
SLaAUTN. Mol To MANPWTLKO UALKO TTOU XPNOLLOTIOLELTOL, OL ApLoTOoL pUBLLIOL porC TOU aEplou
Kol Tou uypoU pevupatoc sivat 1.3 kot 2.0 kg/s m?, avtiotowya.

Znteltol va. utoAoylotel to U ocg Tou TUpyou.

Agbopéva: K;2=0.0275 L9, K:2[=]kg/(sm3kN/m?) ko L [=] kg/sm?
P.=205.23 x, pe 0<x<0.03, pe[=] kN/m?
MB StaAutn: 70 Kg/kmol, MB agpa: 29.7 Kg/kmol



Ao Tt SedopEVA EXOUE:
y1=0.02, y,=0.00002, x,=0, K%=0.0275 L5
L,=L,=L=2 kg/s-m? kat G,=G,=G=1.3 kg/s-m?

Mo to UPoc: z=Hps*Nog

G G
K&Poy  0.0275L0-5P

HOG = =033m

2TV Loopporia: y, = ;l =y, = 2.026x, adpoUL x2=0 Kal y=m*x

0A



Alapwvtag pe Ta KataAAnAa MB:

2 1.3
_ = 2 == 2
L= = 0.111 kmo l/m?s G 207 0.0438 kmo l/m*s

ATO TNV (2) €XOoUE:

1 2.026-0.0438) 0.02  2.026%0.0438
Nog = e In [(1 - ) + | = 26.403
0G ™ (12026700438 0.111 0.00002 0.111

ApaZ=126.4%0.33=8.71m



