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Abstract — Van de Vusse reactors show the maximum points in input-output steady state maps and dramatic changes
in their dynamic characteristics around those maximum points. According to their operating regions, there appear sign
changes in steady state gains and nonlinear characteristics such as non-minimum phase dynamics which cause
difficulties in applying controllers. Many nonlinear controllers that are available and newly designed are applied to these
Van de Vusse reactor processes and their performances are tested. Reactor examples with real reactions have been
reported. However, due to difficulties in constructing and operating chemical reactor systems, they are not adequate to
be used for real applications of control experiments and hence most of results are based on simulations studies. Here, we
propose a liquid level system that realizes most of the steady state and dynamic characteristics of Van de Vusse reactor,
and two nonlinear control methods that can be used as base methods to compare nonlinear controllers newly designed.
Liquid level experimental system and two nonlinear control methods are very simple and can be used to test

performances of nonlinear controllers in practice.
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Fig. 1. A liquid level system realizing Van de Vusse reactor dynamics
(P: Pump, Ty~T;: Tanks, PV,~PV,: Pinch valves, L: Level sen-
sor).

Arhy(t) = *312\/25%111 - 313\/2g(h1(t)+ &) +301u\/2g(§1 —h(®)u(t)
AThz(t) = a12\/2ghl(t) —an; \/Zghz (t) —an, \/Zghz (Du(t)
y(t) = ¢sh, (1)

)
o714,
h;(t) : liquid levels of tanks (0-30 cm)

& :liquid level offsets due to tank locations (&;=35 cm, &,=0 cm)

A; :cross-sectional tank area (A;=19.625 cm?)

a; :orifices of tubes between tanks (a;,=0.0157 cm?, a;;=0 cm?,
2,3,=0.00785 cm?)

ay, :orifices of tubes through pinch valves (aj,=0.0314 cm?,
2,3,=0.0157 cm?)

g :gravitational acceleration (980 cm/s?)

u(t) : manipulated variable (0-5)

C, :sensor gain

y(t) : process variable
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Fig. 2. Series of experimental step responses for the liquid level sys-
tem of Fig. 1.

Fig. 3. Steady state input-output map for the liquid level system of
Fig. 1 (ui and y  are steady state values of u(t) and y(t),
respectively).
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Fig. 4. An experimental step response and its first order plus time
delay (FOPTD) model response of the liquid level system of
Fig. 1.
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