41
4-1

N NC

(mle’iw)  Q j Vnin)

Decanter
V2
F, ———————» 2 >
2 L1 I‘D
- S L LZ S V. »
2 vV, 3
L. V.
<—SJ > j-2 VHT—SH —
I - e ——
Fia 1 Qi1
L A
«—sS L 3 SV—>
-1 V. i
A 4 J
. ] —_————
FJ ) QJ
L F Y
«—St i ¥ S,—>
y j+1
Fj+1 1 j+1
L, Lj+]_ V.
«—S,,, Viiz S —>
«—S Lz v T—SN_lV—>
N-1]
V
— - <
FN_1 N-1 N
Reboiler

4-1

27



4.2

(equilibrium stage)

(1

2)
3)

4

(vapor holdup)
100%
Q=0 j=2 N-1

Francis weir formula

L, =110.3067 pW,_ Wy~

4.1)
M

W0 = ——-W,

P Ay (4.2)
Lj (mol %nln) M i

(mole) A, () p

I

(mo%rf ) We W, Wy,
(weir length) (weir height)
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(m)
(5) (liquid holdup)

4-2 I II (organic

phase) (aqueous phase)

—<—>

Water Phase : x”i’j, Mj“
I I
Lj Lj V.

vy |

Vapor phase : y;;,7;,
F

Liquid phase : x;;, M;

Schuil and Bool (1985)
(three-phase flash)
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4.3

I
L, L M;
4-3 X; L M,
! I
L, =L} +L}
Mj=|v|}+|v|}'
X

X ;=B jxil,j +(1-B j)xil,lj

I 1

- MESH equations

( /

(material balance equations),
(phase equilibrium equations),

(summation equations of mole fraction),

(heat balance equations), H
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“MESH”

(M)

(side stream)

dM

Tj: L, +V,, +F —L, -V, +AR, (4.6)
% =L % VY —Lix, -V,y, +Fz,+R 4.7)
AR =R, R, = 60xV, xT, | xW (mole/ ) v,
=
, W (kg); .,
(rml%(g -cat-s)
(E)
(VLE) modified Raoult’s law
v =R Ckx (4.8)
=)
v P P /
kPa K /

(VLLE)
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”Pw | (4.9)
_ Vi P.' Xi” _ Ki”Xi”
P
K KD / v
S
/. (x”) (Yi;)
% ;=1 Yij=1
2] o] (4.10)
NzC: | f I
X =1 X =1
27 ) (4.11)
(H)
L
dMC;tH] = Lj—lHJ!_l+Vj+lH}/+1_LjHJ!__VJ'H\j/+FJHJ!: +QR’j (412)
Qr; j
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4.4

dVy _ d(MN/pN) L_N_(LN—I _VN)

= =0 4.13
dt dt Pn Pn-i ( )
Ly
L, = MPN (4.14)
PN-i
Ve Yy
LN-l’ Xi,N-l T

TN’ I:)N’ MN’ Xi,N-l
Qy )

I‘N’ Xi,N

4-4
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4.5

4-5 v,

con

(total condenser)

(partial condenser)

Q. =V,H) -L,H, (4.15)

LLE

Vo Yiz T

S

Mi Xia Tq Pa

AR L Li

HBEE L e L

4-5
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X q M(!I_

(md%nin) Py Pd

(4.16)

(mole)

(4.17)

[mle )

(liquid-liquid equilibrium LLE)

(Xil,d )

L::j:ﬂ'l-d

I-Io: =L,(1-5)
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(Xil,ld )

(4.18)
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4.6

4-6
MESH
d'(\j/lL =F +F,-L-V+AR
d'v('th % _Fz,+Fz, -Lx -V, +R
NC
AR=>R
i=1
M, (mole)
R I (rml%nin)
X Y
FF (mOIemin)
4, 4y
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HL

HV

Qr

dM H*

d :FIHIF+l:2H2F—LHL—VHV+QR (4.22)
H2F (%nole)
(%nole)
(%nole)
(%ﬁn)
\Y% Vi

/ o ° o o o
/ Catalytic 9
O Bed

>

e —
L Xi ‘_,

quUId Out quUId In F1 Zyi
——— -—

L1qu1d In Fz Z)j

WQQ Steam
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4.7

20 (AV) 4-7
AV CSTR AV
Fin ’ Tin Fout ’ Tout
AV
T
tube wall
‘4_ AV _’\
4-7 control volume AV
am
Moa _ £ g 4AR (4.23)
dt
(1)
am
T = Finxi,in - Fout Xi,out + RI (424)
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R=60xv, xr,xW v,

W (kg)

(Qr)

AH =(Zvi -AH ?.J

product

d(MtotaJ H)
dt

4.8

4-8

PID

" (derivative kick)

(algorithm)

- ~[Zvi~AH?‘iJ

|
fi (Mo ekg cat - sec)
r =|R-AH (4.25)
= I:inHin - I:outHout +|R|'Aern (426)
PID

reset-feedback algorithm
(teset windup)
(reset-feedback algorithm)
10

0O<u(t)<l1 "

PID

Astrom and Hagglund (1995)
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Set

Point

EU

Transmitter
Gain

PID Control Algorithm

%

= K

Proportional

A

1+ 178

Limiter

Derivation

%

,. Control

Valve

Disturbances
Manipulated Controlled
Variables Variables
» Process >
EU EU

EU : Engineering Unit

PID
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4.9

stiffness
implicit stiftness
At
At
03 0.6
explicit  4th-order Runge-Kutta
0.01 0.6 stiffness

4th-order Runge-Kutta
y' = f(t,y)
yn+1 = yn + Ay

1
Ay = E(Ayo + 24, + 24y, + Ay;)

AY, = f (tm Yn )At
Ay, = f(t, +At/2, y, + Ay, /2)At
Ay, = f(t, +At/2, y, +Ay, /2)At

Ay, = 1:(J[n+1’ Yn +AY, )At
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4.10

VLE (vapor-liquid equilibrium)

( Eq4.7)
dM X
d]t —= Li—lxi,j—l +Vi+1yi,j+1 - Lixi,i _iji’j + szi’j * RJ
dx. . dM
e, (4.29)
Eq 4.6
dx; .
dtJ - [Lj—l(X| ERRN )+Vj+1 (yi,i+1 =X 1) VJ (y' i~ % J)R !
( o (4.30)
+F Az X )l
i -1 J MJ
(Eq4.12)
dM H*:
G;t - = Lj—lHJ!_—l +Vj+1H\j/+1 - LjHJ!- _ViH\i/ + FiHiF Qe
L dM dH
=H; +M;
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Bq 4.6 V.

(1)

(2)

(3)
(4)

(dH‘/dt)

LH(H o —H J'L)+Vi+1 1

(HV HjL)+ Fi(HjF _H:_)+QRJ

V. =
’ HY H
4-9
(VLE)
(Eq4.1 Eq4.2)
(Eq 4.12)
4th-order Runge-Kutta (Eq 4.7)
(Eq 4.6)
Franks (1972)
4-10

(4.32)

VSTRM (IS,IP) LSTRM (IS,IP)
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FSTRM (IS,IP) STRM (IS,IP)

IS  stream number [P

property Franks (1972) 4.1
4.1 (IS,1P)
Location IP Property

1->10 Composition 1 = 10 generally mole fraction X; = X

11 Flow rate (mol/min)
12 Enthalpy (J/mol)
13 Pressure (kPa)

14 Temperature (K)
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Phase Split ?

Yes

XX
VLE VLLE —
.| Mixing liquid T Y o
density pm Vi
A 4
/™ Mixing liquid | Mixing vapor
enthapy H'n, T T enthapy H',
| |
H'm H'm
, v
Liquid flow rate Lj | Vapor flow rate V;
L .| Integrate liquid holdup |_ Vi
" dwv;/ dt )
M
M M
y A y y
Integrate liquid compostion
dx;/ dt
Xi
4-9

45




CONDENSER

vy
| DECANTER 1 |

!

|Organic Phase| [Aqueous Phase|
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T Level Control Level Control

DIVIDE

STGF 11

_—
/\:/

v ot
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- T~
- T

EE
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Level Control
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cVeE ontro

o
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eative

illato
Y 7
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I—>|REBOILER 27 —»{Level Control —»{DIV
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STAGE 19
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Level Control
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IDE]
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v
[ Pre-Reactor #—— Mixer |¢&—— Fya.

4-10

Feton
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