CM 416 First Exam (Open-book open-notes)
December 16, 1999 7-9pm

Name: Box No.

1. (20 pts) A cooling process is known to obey afirst order process with a time constant
of 2 hours. Further, the external effect Q isheld constant. The model is given as

dT 1
— = -=-_T+
dt 2 Q

Starting at initial condition of T(0)=150°C, the temperature was found to be 80°C
after 2 hours has elapsed from the starting time. Estimate the value of Q.

2. For the system described by the following equations

o = -03x+y+0.1u
dt
ﬂ = 0.1x-0.1u
dt

aproportional controller was implemented with u = K¢( Xset-X ) -

a) (15 pts) Show that with the controller in place, the resulting characteristic

equation for the system is given by

& + (03+0.1k;)s-01(1+ks) =0

b) (5 pts) Determine the stability of the system under proportional control,
When kc = O, kc = '15 and kc = '40



3. (20 pts) The following equations represent the jacketed CSTR process (Figure 1)
linearized around the operating conditions,

dC

- 9G-0)-pCc-nT

dT

E: y(Tin_T)-l-/JC_K (T_Tcool)'l'ET

where C isthe concentration in the reactor, T is the temperature of the reactor, Ti, is
the temperature of the feed, Ci, isthe concentration of the feed, T iSthe
temperature of the cooling water.
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Figure 1. Jacketed CSTR

Suppose the parameters have been found to have the following values:

1.0
0.5
10
0.1
2.0
5.0
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The parameter k contains the heat transfer coefficient of the cooling jacket.
Determine the minimum value of k for which the system will be stable.



4. A second order process described by

d[,dq _ (oo
dtg?dtwq@wq (R-127

has a response shown in Figure 2 in which g(0)=10 and dg/dt(0)=0.
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a) (20 pts) Determine the parameters R, a and 3.
b) (Bonus.5 pts) Isthe system underdamped or overdamped ?

5. (20 pts) Obtain a linearized equation for the process described by

dT 1.23P
— 4T =
dt T+2

around T=T,=50 and P=P,=1.5.
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