
Exercise 1

a) MV : Manipulated variables are variables
we can adjust , usually to counteract
disturbances to keep controlled
variables at desired values

DV : Disturbances
,
Variables we can't control

CV : controlled variables
,
variables/outputs

we want to control /keep at a
desired level

.

Assuming that reactant B is pure :

DV : Flow rate of reactant A
, possibly also temperatures of inflows

CV : Concentration of A in inflow to reactor, temperature of the reactor , temperature

in the mixer
, liquid level in mixer , liquid level in reactor, concentration of

B in reactor (relative to flowrate of A from mixer) , ratio of A/water in
mixer

MV : Values 1-7 : I = pure water into mixer

2-- pure water mixed into outflow from mixer
3 = outflow from mixer
4 = cooling of outflow from mixer
5 = cooling of mixer

6 = flow rate of reactant B
7 = outflow from reactor
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• Feedforward on the mixer and reactor, TR - f) 0

can't measure concentration in mixer, and as

a reactor uses reactants
,
concentration measuring is HR (t) (t) + 0 0 + -

not viable

• Using close pairing , the feedbacks are determined

= feedback
= feedforward

• Control structure : (9*19%0) , (not sure if I should have more or less FC.at/ parameters are flows,

g.
so I feel like it could be understood from context

.
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We know that : hA) = hltref) + fire, ↳ IT)dT

Enthalpy balance

dd-t.it ≥ Hin - Hout +Q +Ws - Ipex-p) +V

It is given that Ws --0,2=0 ,
= 0 (perfect LC) , dd¥ = 0 (assuming open tank as in

figure)
we are left with :

dd¥ = Hin - H out

There are no reaction and no phase transition

⇒ m -Cplt) = Fins jcpltldt - Fout J%%pA) dt
We have constant Cp ,

and as the level is constant
, Fin -- Fout =F

M Gp did = F. Gp . ( tin -Tff) -F. xp /Tout -Tied

m
= FIT in -Tout

,
Tout = T ; m=fV ; Tin --To

= # (To -T)



- - - - - - - - - - - - - - - - - I used pink for visibility
• Due to the long pipeline these is a delay 10-1 before we see an effect

of the change.

•The temperature will increase quickly in the beginning, and slow down
in when it approaches Tf , then the temperature will stabilize on Tf

as there is no control to counteract the change.

Delay : The time it will take for the water to travel through the entire pipe :
Volume flow : of =g- = ¥114,1m, = 0,01 m%

The speed of the flow : v.¥ = 8,8%1 = Im Is

Time to travel through the pipe : ① = & = 100s

Gain : k .
0TH

= 1 IT and Tf will be equal at steady state , as long as Q is turned off)
01-8

Time constant : Rearranging the previously derived equation for d¥ :
¥ ¥1 = Tin -T

comparing this to the general equation U
-
-Tin and y=T :

T Ht = -y -1 ku

we see that T = 8¥ = 10%82 = 20s
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Ideal control : Delayed detection of disturbance, immediately brings the system under control

after detection (which will take in total -1=20 due to delay in pipe)

;
i.
- - - - - - - - -

If we instead measure To , the controller detects the disturbance before the pipe, and
can negate it before the temperature of the tank changes.

It should also be possible to counteract the disturbance so that the temperature in the tank is

kept constant .



Looks like it becomes unstable at 14=1,1



Te =P = 100s
,
I = 20s

,

k = I

≈
Kc = & -

e. + ⑦
=

t.io?I-o--:---o.i~i.---min(T,4(Tc+0-))=min(20,4001=20

This has already been done in
previous problems .


