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Abstract— A computational procedure based on the arclength continuation method is designed for finding a se-
quence of solutions on variations of specifications in stagewise separation processes. The arclength continuation
method can be implemented simply with an existing code that solves the modelling equations by Newton-Raphson
method. The procedure is capable of direct handling of functional form specifications as varying variables. In order to
promote the computational efficiency, emphasises are given to generation and handling of Jacobian matrices and cal-

culation of integration step-sizes. The applicability of the designed procedure to the problems with multiple solutions is
shown on numerical examples.
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Table 1. Feed data for example 1 (data from Ellis
et al. [2])

flow rate (Kg- mol/hr) 2722
pressure (atm) 20.4
temperature (K) 404
mole fraction
propane 0.05
i-butane 0.15
n-butane 0.25
i-pentane 0.20
n-pentane 0.35
TITLE
PROBLEM #1
BASE DATA

STAGE 13 COMP 5 PRO 103 I-BU 105 BUT 104
I-PE 107 PEN 106
THERMODYNAMIC OPTION
RKSO
CALCULATION OPTION
HOM4
FEED DATA
STAGE 5 RATE 2722. TEMP 440. PRES 20.4
PHAS L
FRACTION PRO 0.05 I-BU 0.15 BUT 0.25 I-PE
0.20 PEN 0.35
PRESSURE DATA
STAGE 1 VALUE 20.4
PRODUCT DATA
STAGE 9 RATE 136. PHAS L
SPECIFICATION
LFLOW STAGE 1 VALUE 4762.8
DECISION VARIABLE
HEAT DUTY STAGE 1
HEAT DUTY STAGE 13
CONTINUATION DATA
CTARGET 0.5 HSTAR 0.1
CPARAMET TYPE YCOM STAGE 1 COMP 2
GUESS VALUES
DISTILLATE 2450. REFLX RATI 1.9444
ENDJOB

Fig. 4. Input data for example 1.
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Table 2. Feed data for example 2 (data from
Henley and Seader [14])

flow rate (Kg-mol/hr) 362.9
pressure (atm) 27.2
temperature (K) 314
mole fraction
methane 0.2
ethane 0.4625
propane 0.3
n-butane 0.03125
n-pentane 0.00625
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NOMENCLATURE
e : Difference between predicted and corrected
values
F(x) : Mathematical model equations
F; : Feed rate
G(x, p) : Functions defined by Eq. (4)
gx) : Functional form variable
H; : Vapor molar enthalpy
H * Molar enthalpy of feed
h; . Liquid molar enthalpy
h, : Integration step-size
J : Jacobian matrix
L . Total liquid flow rate
M . Number of components
N : Number of stages
p . Continuation parameter
Q; : Heat duty
q : Arclength parameter
r : Ratio of errors defined by Eq. (25)
SL; : Liquid side-draw rate
Sv; : Vapor side-draw rate
u : Unit tangent vector
v : Tangent vector
\/ : Total vapor flow rate
X i+ Vector of solution of F(x)= 0
X : Liquid mole fraction
Yi : Vapor mole fraction
z; : Feed mole fraction
Greek Letters
& : Damping factor
€ : Preassigned tolerance
€ : Ideal tolerance
Subscripts

. Component number

10.

11.
12.

13.
14.

9% Arclength Continuation ¥y 9] o] & 69

: Stage number
: Integration step number
: N-R iteration number
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