Mathematics Process Models

(Mathematics Model)

(Continuous
Stired Tank Reactor (CSTR))
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(Mathematics Model of a Nonlinear-flow Tank for Level Control)
[
Fij Fa
(First-

order Non-linear Process) (Gain)
(Time Constant) 5. -
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FO

(Turbulent Flow)

Ft

FiD

(Nonlinear Dynamic
Model)

A2 +py[h=F, G -)
pvh P = constant (5.1-2)
(5. - (Nonlinear Ordinary
Differential Equation)
2 )

(Numerical Integration)

(Euler Algorihm)

- 4 (Fourth-order Runge-Kutta) 2.

(Linearize Approximation)

(Linearization)
hs (Deviation Variables)
diir., (5.1-3)
X*ir+h=K*-F
rp=2Ayfir P 6. -4
Kr=2"/p (5.1-5)

h'=h{t)~ h, Fr=Ft() - K5



h
F
T (Time Constant)
Kc (Process Gain)
Tp Kc FB
(5.1-5)
Tvdh' = (KvF'-h)d]I
-Tpdh' = [h'-K VvFi)di
dh' v dt
0 ( In¢7" - AipF-)ji~ = =
(h\t)-KrF) - \n(h\(0) - F:Kr) = - (/¢ -
- V a (1-t0)
h’(t0) - K W’ rr
-V
= -(1 - tf)/
Mi0) - K pf: exp [-(I - t{)/ rp]
h*(D)-KrF* = ({('((0) - exp[- (/-/0)/rp]

h\l) = KrF1+( ) - KrF) exp[-(7-/0)/rp]
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/:{(0)=0 /0=0 h'() = KrF; + (o-"pFi') exp[- (f-0)/rp]

h'(t) = KpF'(I-cxp(-t/xp))

h'(t)=h(t)-hs KO =KpFi'(l - e\p(-//Tp)) + % (5.1-6)
(Numerical
Integration) (Euler Algorithm) 5. -) Tl
(5.1-6) A A =10 P=1
hO
3.1623 /=0 3.1623 3.3
2

(Linearized Approximate Model) (5.1-6)

[70 (Nonlinear

Dynamic Model)

5. -2 (5.1-1)
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linearize ookl and nonlinear dynamic mock!

1381

i)

11.5F

105

L
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linearize model

nonlinear dynamic model

5.1-2
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52

(Mathematics Model of a Continuous Stirred Tank Reactor (CSTR))

(Non-isothermal CSTR) (Seborg, 1997)

(Irreversible  Exothermic  Reactor) (Highly

Nonlinear)

(Heat of Reaction, AH )

(Cooling Caoil) Tc

\Y

(Perfect Mix) T

521

Pure A

Cradi, T

Mixture of A and B

(‘\|, q. /q‘

1¢ l¢

5.2-1 (Continuous Stirred Tank Reactor (CSTR))
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2 Cm A
3 Tf A
4, V
5. p
6 Cp
7 {-AH)
8 2
J K
10. UA
11. Tc 1
1. on A
13. T
(W =y(CM-CA)-*,expl-
= —;’_ (7, - e EAD

prr A cxp(~k7)(‘a
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(Step Change)

(Open-Loop Respond)

52-1

100

350
100
1000

0.239
5 X104
8750
7.2 X1010
5 X104
300
0.5

350

5.2-1
! +/- 5 K

5.2-2

64

L/min

mol/L

g/L
J/g-K

J/mol

min'l

J/min-K

mol/L

(5.2-1)

(5.2-2)
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for changein Tc

51 5.2-2 msmavAuasRsszVtsnIudatiagdlagaiunil 7. \Wasuilas +/- 5 K (Open-Loop)

- T

(Step Change) +- 0%
(Open-Loop Respond) 5.2-3

5.2-3 Tf +- 10% (Open-Loop)



52-2 52-3

5 K
354%
(Operating Condition)

Lk

52-3 A

A (7 ) 10 K
Mk 40« 1

A (rf)

350 K 310 K
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hk

1-10%

10 K
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