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Figure 1: A constant volume isothermal continuous stirred tank reactor

Solution (Question 1a)
Doing a mass balance, we know that

Accumulation = in—out + gen

MW% = Mw(FC, -FC,-rV)

r=kC,

Vv ddCtA = FC, -FC,—kC,V

Since Volume = Constant, therefore F = F;



We have that

Y d;:tA = F(C,-C,)-kC,V (Dynamic State Model)
dC,,
\Y arPTab F(Cus —Ca) —kC,V (Steady State Model)

Therefore, the deviation variable model (derived from the steady state model subtracted from the
dynamic state model) is shown below

d
\Y E(CA _CAS) = F(CAi _CAis)_ F(CA _CAS) _k(CA _CAS)V

Let C,, —C,. =Cna
Ca—Ch = Ca
dCa

v e F(Cai—Ca)—kVCa

Taking Laplace of both sides, we have

V[sC e —_%:)] = F(Cai) —Ca) —KVCag)
VsC As) =F (E Ai(s) — C Ais)) —kV EA(S)

VSEA(s) + FEA(s) + kVEA(s) = FEAi(s)
EA(s) [Vs+F +kV]= FEAi(s)
The transfer function model is therefore analyzed below as;

_output  Cag F ~ F
© " input  Caiey VS+F+KV  Vs+(F+kV)




Solution (1bi)

3

Given that V = 2.1m? K = 0.04min *, E = 0.085

min

We have that

. 0.085 _0.085
© " 2.15+(0.085+0.04x2.1) 2.15+0.169

The MATLAB codes, Simulink model and graph for the open loop dynamic response are shown
below;

| processmodel.m [ 4+ |
1= commandwindow
A= clear all
2= clc
4 - bdclose all
g
6 — F=0.085; % m™3/min
T = V=2.1: ¥ m"3
8-  k=0.04; % |pin~-1
9
10 — steptime=0.5
11 = ufinal=1.5
12 - open | 'processmodel=sim' )
13— [C, X, ¥]==im( "processmodelsim", [0 100])
14 — plot (t, V)
15 = ¥label ('Time (min=) ')
16 - ylabel ('Concentration (mol/m"™3) ')
17

» ]
Scope
> F > 0.7542
VsHF+HV)
Step Transfer Fen Display




Figure 1.0: Simulink model for open loop dynamic response
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Figure 1.1: Graphical plot obtained for open loop dynamic response



Solution (Question 1bii)

The MATLAB codes, Simulink model and graph for the closed loop dynamic response are
shown below;

|. processmodel.m | processmodeldynsim.m | + |
1= commandwindow
A= clear all
2= clc
4 = bdclose all
=
& — F=0.085; % m™3/min
T - V=2.1; ¥ m"™3
g — kE=0.04; ¥ min™-1
9 — steptime=0.15;
10 — ufinal=2.5;
11
1z - Fc=0.5;
13 — F=Ec
14 - taul=0.3;
15— taul=0.1;
16 — I=Kc/taul
17 — D=Ec*taul
1z
1ot = open | 'processmodeldyn')
20 — [CeX,¥]==im( "processmodeldyn', [0 150])
21 — plot (t, V)
22 — hold on
23 — gsvalue=ufinal*l
24 — osas=length (v)
25 — ssvalueg=ssvalue*ones (osa=s, 1)
26 — plot (t, =svalueg)
27 — xlabel ("Time (mins=s) ")
28 — vlabel {'Concentration (mol/m™3) ")

29 — legend {'Dynamic response', 'Set point')
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Figure 1.2: Simulink model for closed loop response for the system
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Figure 1.3: Graphical plot obtained for closed loop response for the system.






