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Abstract—A pressure and flowrate control system for a supercritical fluid extraction process was designed and its
performance was investigated. First, a dynamic model was set up using performance equations of the control valve and
the compressor, and a state equation of the supercritical fluid. From this model, pairs of manipulated and controlled
variables which give least steady state interaction were determined through the relative gain analysis. These pairs,
however, showed significant dynamic interaction when they were connected in closed loops. To solve this problem,
the control pairs by the relative gain analysis were reassessed rigorously using the inverse Nyquist array method and
compensators for noninteracting control system were constructed. Simulation study showed that the resulting compen-
sated system had much better closed loop responses than those by the relative gain analysis.
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Fig. 1. Supercritical fluid extraction process.
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Table 1. Open loop transfer function matrix for the supercritical fluid extraction process
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Table 2. Controller parameters for the system de-
signed by RGA

controller K, T(min) T p(min)
1 4.08 0.03 0.0075
2 -0.308 0.03 0.0075
3 49.6 0.03 0.0075
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NOMENCLATURE

B : input compensator matrix

CV . control valve, valve constant

d . radius of a Gershgorin circle, defined in eq.

sietESh K287 25 1990 4

(34)
D : steady-state gain matrix
F : output compensator matrix
GPM : gallon per minute (liquid)
G, : specific gravity with respect to water
G; : specific gravity with respect to air
. open loop transfer function matrix
. closed loop transfer function matrix
: imaginary number, /A
. controller gain matrix
: controller gain
: process transfer function matrix
: molar flowrates, mol/min
: manual valve, valve constant
: pressure, psi
. transfer function matrix
. standard cubic feet per hour (gas)
: temperature
. derivative time, min
. integral time, min
: manipulated variable
: molar volume of CO,, cm*/mol
. volume, cm®
. controlled variable
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Greek Letters

A . relative gain
A . relative gain array
Superscripts

- . normalized value

- : inversion

Subscripts .

e : extractor

sl . separator 1

s2  : separator2

p : air drive motor
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