Linear process dynamics [1-5]
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Thermometers in liquid




Taking the Laplace transform of both sides of the equation, we get;
[sT (s) =T (0)] +T '(s)= T, (5)

T@Q)=T@0O)-T, =0

ST (S)+T (s)=T,(s)

T(s) 1
T.(s) rs+1

T, (t) = (80—30) u(t)

T,(t)=50u(t) — T,(s) :%

1
75+1
T'(s):@ 1 _ 50/t :é+ B
s rs+1 s(s+1l/7) s s+(l/7)

T (5)=T,(s)

A:{ (50/1)3} 5 | B{(solr)(sm/r))} _ 5
s(s+(1/7)) |, s(s+(1/7)) oy



50/z 50 50

T)= s(s+(1/7) s s+@/7)

T'(t) =50@—e " )u(t)
TEA)=TEA)-T,=T(t)-30
T(t)=30+T (t) =30+50(1—e “")u(t)
t—>o0 T(x)=30+50(1—e"")=80°C

Simulink model:
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Simdlink plot

As can be seen from the figure; t > T (c0) =50(1—e ") u(t)=50°C
T(t)=30+T (t)
t—>o T(w)=30+50=80"C

in deviation variables

Thermometer reading
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The first order reaction occurs in two noninteracting reactors connected in series

Assumptions:

F : Volumetric flow rate
P mixture - CONStant

T mixwre - CONstant

Vieactor - COnstant (V,=V,)

m [=] mol A/min

Cho [=] mol A/m?3
Cuo [=] mol A/m3
(m/pp <<F)

+Reactor 1:
Unsteady state

dC,, m

V =FC,-(F+—)C, -kC,V+m
dt Pa
Fr Dl oF
pA dc

VTM+(F+k1V)CA1 =FC, +m



Steady state 0=FC,, —{F + m_] Co—kCV+m’

P

(F+kV)Cp =FCp +m’




Reactor 2:

Unsteady state V % =FC,—FC,,—k,C,V

dC
v ?AZ =F (CAl_CAZ )— kchzv

Steady state  0=F (C,,°~C,,°)—k,C,,°V

Unsteady — Steady state

d(cC,, -C; 0 o o
v ( A;t ) = [(CAl_CAl)_(CAZ_CAZ )]-kV(Cy,-C,,)

CA1 - Cga = CA1 ; CAZ - sz = CAZ



dC
V=2 =F (Cu=Cu)—keCpV
dC,,
dt

V%+(F+k2V)CA2 =FC,,

\Y =F C,—FC,,—k,C,V

Dividing the equation by (F+k,V);

V dC F
- +CA2 = CAl
F+kyV dt F +k,V

dC 1
z-ZTAZ"_CAz :—V Cu
1+k, —
F
Taking the Laplace transform;
1
7, 5Caz(8) =C,, (0) ]+ Cpp (8) =———7 Chu(s)
1+k, —
F
1
[z,5+1]CL,(s) = — Cu (s)
1+Kk, E

cM(s):l/(mz 3 Cou ()

7,5+1



Substituting Cas(s) we obtain;

o 1/(1+k2 %) 1/(1+k1 %) CAO(S)+1/(F (1+|<1 %n e

7,5+1 r,S+1 r,S+1

Noninteracting systems (Systems with no internal interacting )

Here, the second system cannot affect the first
system while the first one affects the second system.



A1=A2=A=2

dh; 1
Tank 1: q—q1=A1F q1 = R—l(h1_h2)
dh, h;
Tank 2: q1—q2=A2E q; = R_z
Steady state: q; —qis =0
dis —d2s = 0
dH1 Hl - HZ
Tank1l: Q—Q; = A, I Valve 1: Qq = R,
dHZ HZ
Tank2: Q; —Q, = A, R Valve 2: Q, = R,
Tank 1: Q(s) — Q1(s) = A;s H1(s)
Tank 2: Q; (s) — Qz(s) = Azs Hy(s)
Valve 1: R; Q;(s) = H1(s) — Hy(s)
Valve 2: R, Q,(s) = Hy(s)
H;{(s H, (s
Tank 1: Q (s) — 1C )+ 2(5) = A;s H{(s)
Rq R4
H;,(s H, (s H> (s
Tank 2: 1(s)  Hp(s) Hz(s) — Ays Hy(s)

R4 Ry R
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From Tank 1: R;Q (s) —H;(s) + Hy(s) = R; A;s Hi(s)
R1Q(s) + Ha(s) = (Ry Ags +1)H;(s)
R1Q (s) + Hz(s)

Hl(S) - R1 Als + 1
Hi(s) Hy(s) Hy(s)
From Tank 2 R, = R, + R, + A;s Hy(s)
H, (s) 1 1
= Hy(s)|—+—+A
R Z(S)[R1+R2+ 25]
H> (s
0+ _
=H,(s)|—+—+A
R, As ] z(s)[R1+R2+ 25]
T1 = RiA4 T, = RyA;
Q(s) l 1 1
—+A +—t—
T1S + 1 2( ) erls Rl 25 R1 Rz
Q() [ T1s+1 ’C15+1l
=H ——+4A A
Hz( 2( ) + 2’[715 + 2S + R1 + R2
H, (s R/R
o 2 ) _ iR,

Q (S) B —R2 + R1R2A2T152+R1R2A25 + Rz’ElS + RZ + Rl'L'lS + Rl



_Hy(s) Ry

G(s) = =
() Q(S) T2T152+T25+T15+R2A15+1
T1=R1A1=1*2=2 T2=R2A2=1*2=2
G(s) _Ha(s)/Ry  Qa(s) 1 _ 1
T Q@) Q(s) 2%2%xs242s+2s+1%2xs+1 4s2+6s+1

A=b% —4ac=62%2—4%4%1 =20
—-bFVA —6F+/20

S1,2 = 2a =T %4 s; = —1.30 s, = —0.19
Q2(s) 1 0.25
Q(s) 4s2+6s+1 sZ+1.5s+0.25
1 1 1 0.25
Q2() = 37 6s+ 1 ssZ+ 155+ 025
0.25 A B C

S(s2+ 1554025 s [ (s+130)  (s+019)
To obtain A, multiply equation by s and sets =0
0.25 A B C

SSG+130)(5+019) s *G+130)  *G+0.19)
A=1
To obtain B, multiply equation by (s + 1.30) and set s = -1.30
0.25

(s + 1.30) GT130)(1019) (s + 1.30)m+ (s + 1.30)m
B = —0.225
To obtain C, multiply equation by (s + 0.19) and set s = -0.19
(s + 0.19) 0.25 =(+019)—————+(s+0.19) ————

(s + 1.30)(s + 0.19) (s + 1.30) (s + 0.19)
C = 0.225

0.225 0.225

1
QO =5-5+130) T 5019

Q,(t) =1 —0.225e 130t + 0.225e7019¢



