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SUMMER EXAM PROCESS CONTROL PRCCHB3 NOVEMBER 2019

QUESTION 1

You have been provided with your BEng Tech project. Discuss the disturbances that you have
identified and explain how you managed to cancel them. Be more specific. This question will
be marked as per your methodology submitted through the assignment

[16]

QUESTION 2

You are dealing with a leaching process with three tanks in series as per the sketch below. The
three heights and cross-sectional areas of the three tanks are different as indicated on the sketch.
It is said that all the flow rates are volumetric. The flow rate FS is constant and does not depend
on h3 while all other effluent flow rates are proportional to the corresponding hydrostatic liquid
pressures that cause the flow.

F1 v

-

F3
1.1 Develop a mathematical model of the leaching process as above (GA1) (10)
1.2 Design a COMPLETE control configuration that allows you to properly control the entire
process (GA3) 10)
1.3 Design the Bloc diagram of the process 10)
[30]
QUESTION 2 (GA1) >

The following Laplace Transforms have been calculated and have to be assessed whether their
time functions would representing a stable process or not. Use any of the methods learnt in
class to discuss the stability of the process:

%' 2.1 L[e™sin(w)] = w/[(s+a)” + w?]

&,

2.2 L{e™sin(wt)} = (s+a)/[(s+a)? + w?]

o
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QUESTION 3 &

You are dealing with a process where exothermic reactions take place (producing water using
Oxygen and hydrogen) in a reactor. During the process, you realize that the temperature is
increasing due to the heat of reaction as it is exothermic, Due to the increase of temperature,
you realize that you collect water gas and not liquid. Your aim is to produce water liquid, not
gas. It is alleged that the temperature need to be decrease to satisfy your need. Making use of

number of moles of reactants:

& 3.1 Establish a rough mathematical model knowing that heat needs to be removed to keep the
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temperature at the correct level to collect liquid water (GA1) (10)

41 3.2 Design a complete control configuration of the process (GA3) (10)
%% 3 3 Design a Block diagram of the process (10
[30]

QUESTION 4 <

You are given a function whose Laplace Transform is:

X(s) =1/ (s-1)*(s+3)

=" 4.1 Calculate the time function of the above

4.2 Using the pole criteria to determine whether the process is stable or not, conduct the

qualitative analysis of the process and comment.

L
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TABLE 7.1
LAPLACE TRANSFORMS OF VARIOUS FUNCTIONS
146 Analysis of the Dynamic Behavior of Chemical Processes Part I
. Time function (¢ > 0) Laplace transform
2.Compute the values of the constants C,, Cs,..., C, from ,
¢q. (8.6). . . i
3. Find the inverse Laplace transform of every partial fraction. Then Unit impulse, 5(1,) 1 e Area= |
the unknown function x(t) is given by
t=3¢
0= C] oGl oG] T
ri(s) ras) Ta($) 4
where L' symbolizes the inverse Laplace transform of the Unit pulse, &, (1) ‘% ! ‘:"‘ = ! P
expression within the brackets. The inversion of each fraction can o
be done rather easily by inspection using tables of Laplace 4
transforms for typical functions such as Tables 7.1 and 8.1 ;
Unit step 1 [
TABLE 8.1 g
INVERSE LAPLACE TRANSFORMS OF SELECTED EXPRESSIONS $
Laplace transform: f{(s) Time function: f{r)
1 LAl
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where cos ¢ = - ' |
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sin (wt)

cos (wi) .

sinh (wt)

cosh (wr)

e~ sin (wit)

e~ Mcos (wi)

TABLE 7.1 (cont.)

(s+ayt!

52 + w?

s? + w?

52 - w?

§° W

s +a? +o?

(s +a)
(s +a)? + w?

—

7.3 Laplace Tran rms of Derivatives

[‘W )] (s) - fl0) (7.14)
where f(s) = LLf(1)].
Proof:

£[ﬂt_)}= ("0 oy

@ ar [e"’f(t)]3°+J; se™ f() dt

= [0-101+5 [0 dt = s7(s) - O

Similarly, it can be proved that

2 .
L[i%}szf(s)-sfw)—f'w) (1.15)
where f(0) = df(2)/dt evaluated at ¢ = 0. In general,
[ d d{f”] (5= A0 - Q) = - - - - fA0) - £NQ)  (1.16)

From eqs. (7.14) through (7.16) we notice that in order to find the
Laplace transform of any derivative, we need to have a number of
initial conditions. To find the Laplace transform of an nth-order deriv-
ative, we need n initial conditions,

f0), f©, [, ---, [0

7.4 Laplace Transforms of Integrals

L [J;’f(t) dt] =%f(s) (7.17)
where f(s) = L[f(1)].

Proof:
.C[ J; A dt]= J; ” [ fo o) dt]e"‘ dt




