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Oving 10 — 2022

Oppgave 1: Dynamic model

Figure 1 shows a tank of constant area, with liquid flowing in and out. The flow into the tank g¢;(t)
is unpredictable, while the flow out ¢,(t) goes through a control valve with the following relation
between differential pressure and flow:
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Figur 2.2: Vaesketank

Figure 1: Liquid tank [1]

a) Suppose that the coefficient of resistance for the valve is adjustable (C =( (t)) Show that that
the differential equation for the liquid level h with respect to time can be written:
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b) Identify which of the variables in equation 2 playing the roles of output y(t), disturbance v(t),
and control signal u(t).

¢) Equation 2 can be discretisized, and solved with respect to future values of the the liquid level
h:

h(ti) = h(ti—l) + (@ - % Kv(ti—l) h(ti_l)) - At (3)

At tg = 0, the liquid level is 2 m. For a tank area A = 1 m?, zero inflow (¢; = 0), and the
coefficient K, set to 0.25, what is the liquid level 1 second later (At = 1s) ?
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Oppgave 2: Simulation

In an Excel worksheet, set up 3 columns; one for time (¢), one for inflow (¢;(¢)) and one for the liquid
level (h(t)). Also supply cells containing the area, and a constant value for K, see Figure 2.

Use At = 1 s, and let the time run from 0 to 30 s. In the interval t = 7 — 20 s, give the in-
flow ¢;(t) the value 0.5 m3/s, otherwise it is zero.

Run a simulation to see how the level will vary with time;
a) What is the maximum liquid level in the time period, and when does it occur ?

b) What happens if the time is extended to, say, 35 s ?

P-regulator; (optional):

Add two additional columns, one for the error, e(t) = hgp — h(t), and one for the control signal,
u(t) = Kp - e(t). Also supply cells holding values for the controller gain K, and the set point hgp.

Then replace the constant value of K, in equation 3 with the control signal u(t). This is the feedback,
making the valve opening a function of the error. Use K,, = 0.6, and hgp = 1.5 m.

a) Will this strategy succeed in maintaining the level at a desired value of 1.5 m ?

b) If the set point is altered to a level higher than the initial value of 2 m (say, hsp = 3 m) the
control signal u(t) will attain negative values. What is the physical significance of this, and is
it realistic 7
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Figure 2: Simulating tank level in Excel
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