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Abstract—This paper presents the steady state multiplicity for single column distillation. A continuation
method which is adequate to implement the multiplicity of separation precesses including distillation is em-
ployed. Tight design specification, especially concentration specification, causes most of multiplicity of the
solutions and this takes a role of deteriorating the flexibility of process operation. In case of having severe
nonideality in the thermodynamic properties, the column internal flow rates may have multiple solutions.

But, not all the variables have multiplicities.
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Fig. 1. Equilibrium stage model.
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Component material balance
CM,/ = L] - 1X,, o+ V, i 1Y,’) a+ LFIXFi, + LFJYFU
—(L;+SL)X;— (V4 SV)Y; (2)

Equilibrium relation

El/ = Ylj - Kijxtj (3)

Summation equation
S,:Z XU“‘Z Y,, (4)

Enthalpy balance
H,=L;,- HL, +V,.,HV,.;+ LEHLF,+ VEHVF;
—(L+SL)HL,~ (V;+SV)HV,—Q (5)

QOverall material balance
OM,=L, +V,s,+LF+VF,—L-SL—-V,—SV; (6)

*i . Component index
j : Stage index
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Table 1. Specifications of examples for continuation
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& At mable] JHdlE 2o dehdgch
EA7)e o131 A Ak (specification) 3 3ltel o
3}e] parametric continuation-& -?-i HEglo] x|
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e AbEAbe] 9]g uwlelo g 14]’}}(interpolation)
=& 9J4k(extrapolation) & k= WhAlo]w, o} & slhe
Aol 8lslo] o] FojA wpA o2 o] the 3
1=

7143 H4e] FE BEE JIHLE 8 A
e vedH SEHE A F g FAA
2ste] whfjoll 4] FAF o2 A st

T="Touws+ (Tiw= Tou) (D/F) (22)

7] 714t Qe 24 e HRE Es} Foi A

LA

Condenser

Feed conditions

Ex.#  Configuration (P in Bar) Specifications [Stage, Temp., Rate(Kmol/h)] Reference
1. N=21 Total Dcl=0507 1 Liquid 11,330.7 K, 100 [19]
P=1.013 B=75 Acetone 0.3
Chloroform  0.47
Methanol 0.23
2 N=12 Partial R=180 1 Liquid 53643 K, 100 [20]
P=1013 D=5=>90 n-Butanol 0.13
n-Propanol 0.22
Water 0.65
3 N=15 Partial R=60 = 100 1 Liquid 8,3355K, 100 [19]
P=1.013 D=50 Acetone 0.5
Furfural 0.05
Water 0.45
4. N=21 Total R=1125 1 Liquid 11,3519 K, 100 [20]
P=1.013 D=80= 35 Ethanol 0.25
Methanol 0.25
n-Propanol 0.25
Water 0.25
5. N=13 Total Set 1. 1 Vapor 5404 K, 100 (6]
Ny=9 P=204 R=200 Propane 0.05
P=5 i-Butane 0.15
D=5=> 95 n-Butane 0.25
i-Pentane 0.2
Set 2. n-Pentane 0.35
D=5
P=40
R=5 = 500
Set 3.
D=5
P=40

D<,7B,,):0.16 =05

R=Reflux rate, D=Distillate rate, B=Bottom product rate, P=Side product rate, Di=Mole fraction of component

i in distillate, Np=Index of side product stage.

istast 31 H1E 19934 23
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Fig. 2. Homotopy path of reflux rate of Ex 1.
(Spec.: B=75 Kgmol/h, Dg;=0.507)
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Fig. 3. Homotopy paths of concentrations of Ex 1.
(Spec.: B=75 Kgmol/h, D¢ =0.507)
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Fig. 4. Steady state multiplicity of internal liquid flow of
Ex 2.
(Spec.: R==180 Kgmol/h, D=5 = 90 Kgmol/h)
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Fig. 6. Steady state multiplicity of internal liquid flow of
Ex 4.
(Spec.: R=112.5 Kgmol/h, D=80 = 35 Kgmol/h,
L.: Internal liquid flow rate of i-th stage)
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Fig. 7. Steady state multiplicity of Ex 5.
(Spec.: P=5 Kgmol/h, R=200 Kgmol/h, D=5 =>
95 Kgmol/h)
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Fig. 8. Steady state multiplicity of Ex 5.
(Spec.: P=40 Kgmol/h, D=5Kgmol/h, R=5 =
500 Kgmol/h)
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Fig. 9. Steady state multiplicity of Ex 5.
(Spec.: D=5 Kgmol/h, P=40 Kgmol/h, D¢5.,=0.16
= 05)
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AREIIE
C, :traget value for parametric continuation
D :distillate flow rate

F : feed flow rate

K  :curvature

s : arclength

p  :parameter

p. :selected parameter for continuation
T  :unit tangent vector

t : artificial continuation parameter
w  :variable vector=[x, t]”

X : variable vector

a :feasibility coefficient

0 : turning angle

A :damping factor

AHXL

k : continuation step index

id :ideal value

SHMX}L

) : Newton iteration index
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TITLE 'EX5 : PARAMETRIC MUTIPLICITY OF HY-
DROCARBON DISTILLATION'
COMPONENT PRO 103/I-BU 105/N-BU 104/1-PE

3petast M31A 1S 19933 22

A -

% - &4

107/N-PE 106
PROPERTIES SRK

CONFIG
NSTAGE=13
FEEDS=1, 5

PRODS=1, 1/1, 9/1, 13
STREAM DATA
FEED 1 FLOW=100, TEMP=404, PRES=20.4&
FRAC=0.05 0.15 0.25 0.2 0.35
PRODS 1 FLOW=5 TYPE=2
PRODS 2 FLOW=40 TYPE=3
PRODS 3 FLOW=55 TYPE=1
COLUMN SPEC
PRESS 1, 1. 204
DESIGN SPEC
SPEC 5 COLU=1 STAGE=1 TYPE=2
SPEC 50 COLU=1 STAGE=1 TYPE=1
VARI COLU=1 STAGE=1 TYPE=1
VARI COLU=1 STAGE=13 TYPE=1
SIMULATION OPTION
ALGORITHM=1, CORRECTOR=1, DIRECTION
=1, ERR1=1, & ERR2=001 STEP=0.3 MXST
=0.3 PRST 0.05
CONTINUATION SPEC 2 TARGET .1
TRACK COLU=1 STAGE 1 TYPE 1
TRACK COLU=1 STAGE 13 TYPE 1
TRACK COLU=1 STAGE 1 TYPE 5 COMP 1
TRACK COLU=1 STAGE 1 TYPE 5 COMP 2
TRACK COLU=1 STAGE 1 TYPE 5 COMP 3
TRACK COLU=1 STAGE 1 TYPE 5 COMP 5
TRACK COLU=1 STAGE 1 TYPE 8
TRACK COLU=1 STAGE 13 TYPE 8
RRATIO 1, 5, 40
END



