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Linear Control Theory

4

Fig. 1 shows a stirred tank. The tank is fed with two incoming flows with time-

varying flow rates q; [m®/sec] and g, [m3/sec]. Both feeds contain dissolved material with
constant concentrations ¢; and c;. Assume that the material is stirred instantaneously
and the time-varying concentration ¢ [mol/m?®| of the solution in the tank is uniform. The
cylinder-shaped tank has constant cross-sectional area A [m?]. Assume further that the
outgoing flow f [m®/sec] obeys the Torricelli’s theorem, namely, f = S+/2gh, where S
[m?] is the cross-sectional area of the flow, g [m/sec?] is the gravitational acceleration,
and h [m] is the height of the liquid.

Let h = hg and ¢ = ¢ be the height and concentration of the solution in equilibrium
when the incoming flows ¢; = g1 and g» == go o are constant. The values of the constants
are given in Table 1. Answer the following questions.

(i) Calculate the height and the concentration of the solution in equilibrium.

(ii) When the constant incoming flows g1 and gop are perturbed by u and v, i.e.,
g1 = quo+u and g = go0 + v, the height and the concentration of the solution
become h = hp + = and ¢ = ¢y + y, respectively. Consider the approximated linear
model around the equilibrium point calculated in (i). Derive the transfer functions
from u to z, u to y, v to z, and v to ¥.

(iii) Determine the set of stabilizing gains (k1, k2) when the linear feedback control law
u = —kiz and v = —kyy is applied to the approximated linear model derived in (ii).
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Fig.1: Stirred tank



