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ABSTRACT

An improved and flexible matrix algorithm for solving
interlinked separation problems which is based on the
homotopy continuation method has been developed. A flexible
model of the interlinked stream in standardized matrix form
and JACOBIAN generation algorithm for hommotopy
continuation are suggested. Also DOF analysis is performed
for easy-understanding of equation based simulation of
complex column systems.

The Algorithm is

interlinked separation processes and some of results are

tested on several problems of

documented.
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Vi, Y13 Lj-1,X13-1
SV;
Jth Stage —— VF;,YFij
LF; XFij— TPy H—Q;
—— SLj
Vi+1,Yij+1 Li,Xij

Model Equations
Mij=Lj-1Xij-1 + VjaYiys1 + LFjXFij + LFjYFij
-(Lj + SLj)Xij (Vi + SV;)Yij
Eij =Yi; - KijXi;
Sj =% Xij -2 Yi;
H; =L;j-1HrLj-1 + Vj+1Hvj+«1 + LFjHLFj + VF;
Hvry -(Li + SLj)HL; (V5 +SVj)Hvj - Q;
OM;=Lj-1 + Vj«1 +LF; + VF; -L;j -SL; - Vj -SV;j

a8 1 Eyget =2y
Fig. 1. Equilibrium Stage Model

Vi Li-1 V; Lj-1
SVi SV; ’
VFi VF;
LFi | Mtt Column Nth Column

Jth Stage

Ith Stage —_—
Qi Qi
SLi SLj

Vi Li

Vi1

Connection Equations
Compositons: Xmi(Ynj) - XFnj(YFai)= 0
Flowrate 1 SLi(SVy) - LFj(VFi) =0
Temperature : Ti(Tj) - TFj(TF;:) 0
(a) Material Stream Connection

Heat Exchanger

nnection ion
Heat Flow : Qi - Q; =0
(b) Thermal Stream Connection

2% 2. BH 2Eq] 2y
Fig. 2. Modeling of Interlinked Stream
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x1 = [Xij, Yij, L,V,T]T s a2 N EE Aae AL Moot
Prameters [P,Q,SL,SV,TF,PF,LF,VF,XFi;,YFij] qhEe] FAAlo] Al slojo} yirh. FFAL WEZE I

Total Variables : (2C+3)NM EL oAE 7] FAHRSE A7) JUZ gl A7)
Equations : 2C+3)NM
Parameters : (2C+8)NM AL & Ao s A 2 BN 27| F
DOF 0 a4t ohd RE @4 4AFAY 4 oc)
2) &4 8F 2EY A7lol oyt ¥y
fa(x2) = 0
f2 = Connection Equations
x2 = [XF(YF),LF(VF), TF|T
Parameter [SL(SV)] B C
A B C 1st Column
Total Variables : (2C+3)NM+(C+2)N¢ A B C .
Equations : (2C+3)NM+(C+2)Nc
Parameters : (2C+8)NM-(C+2)Nc afy/axc | afy/ad (f1(x10)
DOF : 0 A B C
(3) (§ %‘rer ./:__E:“ﬁ %‘7}’0“ EHQ —E%&ol Mth Column A B C
fa(x3) = 0 A B
f3 = Thermal Connection Equations
x3 = [Qi,Qs]
Parameters None afc/ax) ofc/axe | afc/axs |fc(xe0)
Total Variables : (2C+3)NM+(C+2)Nc+2Nq S/
Equations  : (2C+3)NM+(C+2)Ne+Ngq /o 38/0% | 88/axs | S(xo)
Parameters : (2C+8)NM-(C+2)Nc-2Ng
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(4) dA +84 (Design Specifications) J
S =0 where  xc: Connetion Variables [x2,x3]
t : Artificial Continuation Variable
Total Variables : (2C+3)NM+(C+2)Nc+2Ngq s+ Arc-Length of Continuation Path
Equations : (2C+3)NM+(C+2)Nc+Ng+Ns
Parameters : (2C+8)NM-(C+2)Nc-2Ng 238 3 F7s 23] e 1z
DOF : Ng-Ns

Fig. 3. Structure of Augmented Jacobian Matrix
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Table 2. Specification and Results of Petlyuk System

L v L v D RR BEN TOL XYL
50 27.59 162.4 40 40 6.45 0.9078 0.8104 0.9305
50 28.34 161.7 40 40 9.25 0.9317 0.8642 0.9537
44.33 6.55 152 27.40 37.64 9.94 0.93 0.86 0.95
55.49 -2.78 153.2 12.02 37.74 10,57 0.93 0.8 0.95
71.33 32.51 149.6 44.45 36.68 10.02* 0,93 0.9 0.95

Flow : Kgmol/h

: Specifications

* . Specify Liquid flow of 1th stage
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