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PRINCE OF SONGKLA UNIVERSITY
DEPARTMENT OF CHEMICAL ENGINEERING, FACULTY OF ENGINEERING

Examination paper: Midterm Exam
Date: July 28, 2008

Subject: 230-425 Process dynamics and control

Semester; 1/2008

Time: 9.00 -12.00

Room: R 300
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1. A simple surge tank with fixed valve on the outflow line is shown in figure below. If the
outflow rate is proportional to the square root of the liquid height, an unsteady-state model

for the level in the tank is given by

dh :
g -C.h?
ik et

As usual, you can assume that the process initially is at steady state
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(a) Find the transfer function H'('s )/ Q;(s). Put the transfer function in standard gain/time
constant form. (10 points)

(b) Find the transfer function Q'('s)/ Q;(s). Put the transfer function in standard form.
(10 points)

(c) If the algebraic function for the outflow rate is linear instead of square root, the level

transfer function can be put into a first order form,
H'(s) B K’
Qi/(s) tv's+1
with K* = IT/E,., t' =V /q,, and V = Ah is the initial steady state volume.

When written this way, 7" is easy interpreted as the liquid residence time at the

nominal operating conditions. What are equivalent expressions for K and T in the part (a)

level transfer function, that is, for the square root outflow relation? (15 points)
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2. Two liquid storage systems are shown in figure below. For system I, the valve acts as a linear
H'(s) 012
Q;(s) 11.28s+1

resistance with transfer function . For system I, variation in liquid level h

H'(s) _0.011
0i(s)

system is initially at steady state with h = 6t and at time ¢t = 0 the inlet flow rate suddenly

do not affect exit flow rate g with transfer function . Suppose that each

changes from 50 to 70 gal/min. For each system, determine the following information:
(a) The transient response h(t). (10 points)
(b) The new steady state levels. (5 points)

(c) If each tank is 8 ft tall, which tank overflows first? When? (10 points)

q; q;

B o

System | System Il
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3. An open liquid surge system (P = constant) is designed with a side tank that normally is

isolated from the following material as shown in figure below.

i rnnnnn] rr s r g s r ]
hy hy
q1 92
D<7
Area = Aq R, Area = Ap R,
Valve 1 Valve 2

(a) What do you know about the form of the transfer function @,(s)/Q,(s) for Valve 1
partially open? Discuss but do not derive. (10 points)

(b) Is the response to changes in q, faster or slower for Case | (Valve 1 is closed) compared
to Case Il (Valve 1 is opened partially)? Explain why but do not derive the response.

(10 points)
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4. If the input Y, to a Pl controller changes stepwise (Y, (s) = 2/s) and the controller output
change initially as in figure below, what are the value of the controller gain and integral time?

(20 points)

p'@) Slope = 1.2 min™!

t—>
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