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Abstract— A new strategy for the optimal design of a distillation column is developed. Major difficulties in the op-
timal design of a distillation column are such facts that the number of stages is discrete and the total number of model-
ing equations varies with the number of stages. In this study, Two-Tier Approach in which both rigorous and reduced
model exist is applied to solve such difficulties. Reduced model is composed of equations only and the numbers of
stages in the column sections are treated as real variables. In these respects, optimization calculation is performed with
reduced model and rigorous simulation follows on the basis of the results obtained. The recursive execution of the
above mentioned optimization and simulation step results in the optimal design of distitlation column. ODDS (Optimal
Design of Distillation System) system which implemented Two-Trier Approach is developed. ODDS system is proved

to be effective by case studies though not perfect yet.
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Fig. 2. Structure of two-tier approach.
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Fig. 3. Reduced models for distillation column and degrees of freedom analysis.
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Table 1. The result of short-cut design with
ASPEN+
Distillate Temperature ( °K) 293.208
Bottom Temperature { °K) 326.332
Minimum Reflux Ratio 0.59853
Actual Reflux Ratio 1.19705
Minimum Stages 7.44879
Actual Equilibrium Stages 12.5032
Number of Actual Stages Above Feed 4.67902
Distillate vs Feed 0.89999
Condensor Duty {cal/sec) -203,886
Reboiler Duty (cal/sec) 168,031
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Table 2. The results of ODDS: case study 1 Table 3. The result of ODDS: case study 2
Feed Qreb  Reflux Feed Reflux 3

N1 N2 Location(MMcal/hr) Ratio Cost($) N1 N2 Location Ratio Cost ($)

Initial > 4 6 516700 1 18836 Initial 15 18 16  6,6000 70620

Optimization 1 4 4 5 491,700 0.93617809 Optimization 1 16 17 17 63869 69149
Iteration Iteration

Optimization 2 3 4 4 476,900 0.88217175 Optimization 2 17 17 18  6.3887 69165
Iteration ) Iteration

Optimization 3 2 4 3 465,500 0.837 16674 Optimization 3 18 16 19 6.4512 69707
Iteration Iteration

Optimization 4 2 4 3 452,700 0.794 16149 Optimization 4 19 18 20 6.0257 67081
Iteration Iteration

Optimization 5 2 4 3 432,700 0.739 15344 Optimization 5 17 20 18 59877 66748
Iteration Iteration

Optimization 6 19 20 20 5.7977 65787
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Appendix

1. Reduced Model of Flash Unit

1) Component material balances: NC
i=1, NC
l+V~f=0

2) Energy balance: 1

(Z £)-H(T,)+Q- (£ 1)H)

NC
~ (£ V)HT)=0
3) Constitutive and phase equilibrium equations: NC
i=1, NC
Vi1-8)—a, K, 1,-8=0
4) K, and T, P relation: 1
In(K,-P)-A-B/T=0

5) Vapor fraction equation: 1

ﬂ(:é £)- (£ V=0

—o] 2ol A, B¥ ¥4 B3} %4 29S Base
Point o4} A2)4]7]7] $1& w7 Hao|w, o+ A
s, g¥ 7] ¥-824 Base Pointoll49] F=
A4k ARz Adslo] Ack(AnTRAH 2o} A
A HEE L 4 e,

2. Reduced Model of Absorber
1) Component material balances: NC
i=1,NC
Qua=low) = (Vi =Viuit) =0
2) Energy balance: 1

NC NC
(Z L HT) + (Z Viwo) H(Tur)

¢ 3739

HA dA d=% 243

- (X I, H(T,) -

=1

(X V. HT,) =

3) Equilibrium constant models: 2

—Top stage In(K,,-P)=A,+B,(1/T,=1/T*)
—Battom stage In(K,p-Py)=Ay+ By(1/Ty-1/T5)
4) Constitutive and phase equilibrium equations: 2
—Topstage 3V, (1/e,K,)~1]+0
i=1
C
—Bottom stage % (K, ay— 1)1, =0
b

5) Kremser separation equations: NC

i=1,NC
(VuvH'Hto [1— (.31 ]+l;o[(ﬂt b
-8.-S b] - t.N[l— (ﬂt' b)Nﬂ]zo

—A, Ay, By, By, BT w7

<
—

Folod o= A Fw

z A

T AT +4L Palel ATuIE
b fgol & ke =2,

Aol 74

NOMENCLATURE
A A, AN B, B,, By: Parameters for reduced model
f; : Component flow rates of feed stream in Flash
H(T) : Enthalpy as a function of T
K, : Reference equilibrium constant
K, : Reference equilibrium constant at jth stage
L; : Component flow rates of liquid output stream

in Flash

l;; : Component flow rates of liquid stream in Ab-
sorber ( ith component, from jth stage)

N : Number of stages

NC : Number of components

P, . Pressure of jth stage

S, . Reference Stripping factor

T . Temperature of Flash drum

T* : Reference temperature

T, : Temperature of feed stream in Flash

T, : Temperature of jth stage

V; : Component flow rates of vapor output stream
in Flash

V,; : Component flow rates of vapor stream in Ab-
sorber (ith component, from jth stage)

a; : Relative volatility in Flash
a; Relative volatility (ith component, jth stage)
s : Vapor fraction
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oo

: Parameter for ith component in absorber

model
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