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Abstract — Reduced order steady state models for separation columns are developed. The accuracy and efficiency
of the reduced order models are also demonstrated by comparing the simulation resuits obtained by using the reduced
order models with rigorous tray by tray calculations.
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Fig. 1. Simple absorber.
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Table 1. Comparison of various models
7 Liquid Compositions at Collocation points
Rigor ROM1 ROM2 ROM3 ROM4
0 0.15 0.15 0.15 0.15 0.15
0.5 0.70235 0.962055 0.65175 0.915788 0.64713
1 0.88687 0.871822 0.88942 0.875488 0.88932
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Fig. 3. Multicomponent absorber.
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Table 2. Operating conditions of example 1

No. of Stages 25
No. of Components 5
Pressure (1 bm/in?) 250
Mole Fractions Liquid Vapor
Comp. I(Cy) 0.049 0.0284
Comp. 2(Cy) 0.895 0.4003
Comp. 3Cy) 0.066 0.4586
Comp. 4(Cy none 0.1061
Comp. 5(Cs) none 0.0066
Flow Rate (kmol/hr) 1000 1800
Feed Temperature (°F) 122.07 21543
1
0.8
g 4
g 0.64
=
E J
§ 0.147 = =
N
0.2 v T
0 r T v ' T T T r r
0 (.2 0.4 0.6 0.8 1

7(Normalized distance from top)
Fig. 4. Steady-state profiles of gas and liquid
compositions for example 1.
+ liquid, & vapor, —— Rigorous model
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Table 3. Operating conditions of example 2-3 10.4 —.———r/——‘_—/_‘_\‘\
1 -
Example 2 Example 3 g 0-
< 9.6
No. of Stages 25 25 % hj
No. of Components 3 3 g 9.2+
Pressure (mmHg) 1000 1000 ‘.; 3 Sj
Mole Fractions in Liquid Feed X b
2 8.41
Comp. 1 0.61875 0.61875 % 4
Comp. 2 0.29914 0.29914 s 8
Comp. 3 0.08211 0.08211 2]
& 7.6
Liquid Feed Flow 1.008 x 107 1.008 x 107 V_,_/—"~_/_‘—“\]\
Rate (mol/min) 7.2 S S S L LS
Liquid Feed 10 110 0 vz 04 06 038

. . Z(Normalized distance from top)
Temperature (°C})

Mole Fractions in Vapor Feed

Fig. 8. Steady-state profiles of gas and liquid flow
rates for example 3.

Comp. 1 0.2832 0.2832 + liquid, a vapor,—— Rigorous model
Comp. 2 0.18473 0.18473
Comp. 3 0.53207 0.53207
Vapor Feed Flow  0.73920x 107 0.73920x 107 SAFh. ebA ghp7h el & 18} malel abraras
Rate (mol/min) 2ul g g5 Ao] o wighalehs o 4 gl
Vapor Feed 117 117 Example 3 v Example 2 2 312 4259 $47)
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Abz} bAoA oS- e ks o 4 glgieri[5], ol % : vapor flowrate
g B4 xa|elo] A} A=Al oS- 288 Ao V, : vapor flowrate on j-th plate
o} X; : liquid mole fraction calculated by ROM

9 wele oale] M5l collocation Al Ald X; : E]cz::;d mole fraction of first component o j-th
of Adsl FTade & 4 Atk T vk Fe x; : liquid mole fraction of i-th component on j-th
o} Apgtandle sk ¢ A2 collocation BE-% plate
AHEsle] Yt A S W s Fojof gtk o] & X, : liquid mole fraction calculated by rigorous
AAAE & 20E T oA S AL S 30E model

; : vapor mole fracti irst j-th

% Srivastava 2} Joseph[6] ol A5tz ok, 7 Yi p]zie raction of first component on i
7]-21 £ Al EAel A A} ohghAl el Alee]c, y; @ vapor mole fraction of i-th component on j-th
2 oAl A= Jacobi T3S }3-“3 +dl, Hahns plate
o] t}gAls ALEE 4 g}, m gl wie 7] AElw] Z : normalized distance from top
Aoz e A e, 4% :

collocation HE¢ uletalg 92 Asl= 7ol
o] 7ALoll dutE o2 wrl vl o] 713 FHo
collocation 5] ol AXHEE o, g5 Adsh

o] A=l glei(6].

NOMENCLATURE
Ay @ numerical value of 1,(z,-6z)
hj . liquid enthalpy on j-th plate
H; : vapor enthalpy on j-th plate
K : vapor-liquid equilibrium constant
1, : Lagrange polynomial for collocation point z,
L : liquid flowrate
L . liquid flowrate on j-th plate
n : number of collocation points
N : total number of stages
P, : Jacobi polynomial

. reduced order model

31etDe H28H FI3S 199011 6%
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. Drozdowicz, B. and Martinez, E.: Comput.

: weighting factor of Jacobi polynomial
: weighting factor of jacobi polynomial
: standard deviation

REFERENCES

. Cho, Y.S. and Joseph, B.: AIChE J, 29(2), 261

(1983).

Cho, Y.S. and Joseph, B.. AIChE J, 29(2), 270
(1983).

Amundson, N.R. and Pontinen, AJ.: I&EC, 50(5),
730 (1958).

and
Chem. Engng, 12(6), 547 (1988).

. Cho, YS. and Joseph, B.: Comput and Chem.

Engng., 8(2), 81 (1984).
Srivastava, R.K. and Joseph, B.: Comput.
Chem. Engng., 9(6), 601 (1985).

and



