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CEB 2083

A stirred tank heater system shown in FIGURE Q1 is used to heat up the
process liquid. i, F and Fst are the volumetric flow rates for inlet, outlet and
steam streams, respectively. While, Ti and T are the temperatures for inlet and

outlet streams, respectively.
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FIGURE Q1: A Stirred tank heater system

a. ldentify the controlled, manipulated and disturbance variables in the

system.
[6 marks]

b. Develop the dynamic models for the controlled variables identified in
part (a).
[10 marks]

c. Develop the transfer function model that relates % to Fi. Given F = avh

and the steady state value of zis 3.5 m. All initial conditions are zero.

[9 marks]



a.

b.
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Derive the response of the process as a function of time for a unit step

change in input.

_ _ (+2)

[4 marks]
) _ s(s+1)
. 6(8) = e

[6 marks]

Determine whether the processes are stable with appropriate justification.

. _ 2(s+1)
L G T e
[4 marks]
, _ 2(s—1)
i G(s)= (2s5+1)(s2—45+12)
[4 marks]

For a step change of size 5 in the input, using final value theorem,

determine the final change in the output.

_ 2(s—1)
a. G(s)= (s+2)(s2+85+20)
[4 marks]
2
b. G(s) = =
[3 marks]
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3. A feedback control is used to control a process as shown in FIGURE Q3. A

unit step change in the set-point is introduced.
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FIGURE Q3: A feedback control system

a. Sketch the output responses, C(¥), if proportional (P) and proportional-

integral (PI) controllers are used.

[5 marks]

b. If P controller with ;= 0.1 is employed, determine the controlier gain (X.)
value for a stable closed-loop system.

[12 marks]

G, Estimate the offset of the closed-loop response if a proportional controller
with Kc= 2 is used.
[8 marks]
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The operating conditions of a control valve is given in TABLE Q4a.

TABLE Q4a: Control valve operating conditions

Upstream pressure 75 psi
Downstream pressure 50 psi
Vena contracta pressure 45 psi
Fluid specific gravity 0.75
Normal flow rate 70 gpm
Normal opening range 50% - 70%

I. Select the appropriate size of a full port control valve with flow
characteristics as given in TABLE Q4b in APPENDIX IV.

[7 marks]

ii. Determine the maximum liquid flowrate of the selected valve in
part (i).

[5 marks]

ii.  Identify whether choked flow will occur or not.

[7 marks]

Propose the appropriate fail position of the control valve in the following

services. Justify your answer.

i. A steam flow to a distillation reboiler.
[3 marks]

ii. A cooling water flow to a highly exothermic polymer reactor.

[3 marks]

-END OF PAPER-
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TABLE A1: Laplace transforms for various time-domain functions

1 1@ F(s)
2 5@t (unit impulse) 1
bl e |3
. . |5
S f s:i
6 e (Exponential) . i -
[ sin( wr) o f g
8 cos(a1) = : o
9 e sin( o) (S—Jra)a:Twz
10 e cos(ax) @‘Fz)ﬁ
11 10 | Fs+ay
12 f@—1) timedelay | e™" F(s)
13 de{ SF(s)~ £ (0)
14 ‘2 tf $"F(s)—s" F(0) 5" f P (0)
15 j'f(t)dt Fs)

A N
16 1111_1)100 9 [ final value theorem] ljrfo S
¢ llizlo & [ Initial vale theorem] lsﬁfm[SF(s)]

O — £ 0)
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TABLE A2: Inverse Laplace transforms for various Laplace-domain functions

F(s) fit)
1 1 5 (unit impulse)
1 .
2 = S (unit step)
s
1
3 - t (ramp)
s
1 tnfl
g s" (n-1)
5 1 efa[
s+a
6 Lo 1 (e_azt ot )
(s+a)s+a,) a, a,
7 S+as Ay — 4, _4y + 3 2 _—ayl
(s+a,)s+a,) a, —a, a, —a,
1 tn—l —al
8 - n>
(s+a) (n-1) ( )
9 1 l —t/7
s +1 T
10 l —tl/T
s(zs+1) o
1 1 —t/1 —tit,
11 | —— (e —e
(s +D(z,5+1) 7, -1,
Il 7,5 +1 17— oim +lz’2—r3 T
(r,s+1)(z,5+1) Zimiadin G, T — il
13 1 1 tn—le—tlr
(zs +1)" "(n-1)!
1 2 2
1-¢ S
_ bl .
14 s(12s2+2;’zs+1) 1-e {cos( - tj+ I—g" sm[ - f




APPENDIX I

EQUATIONS

1. Liquid flow across control vaive

’AP
Q = Cv |— where
SG

Cv = flow characteristic coefficient
AP = pressure drop across the valve (psi)

SG = specific gravity

2, Chocked Equation

AP
Km = —2 where
Pl_Pvc

AP, = the allowable pressure drop (psi)
K = valve-recovery coefficient
P; = uptsream pressure (psi)

P,. = vena-contracta pressure (psi)
3. Routh Array

a,s" +a, ;" . fas+ay=0

a, ) 2
a1 a,3 a,s
b, b, b
¢ )
bl _ a, 14, ,—a,a, 3 ¢ = blau—3 ; an—IbZ
a, 1 1
b, = a,10, 4 —a,0, s ey = ba, s ;l ap 1By
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TABLE Q4b: Flow characteristics of a control valve
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