nonlinear process dynamics[1-5]
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A liquid level system has a cross-sectional area of 0.2 m’
Steady state 4= o, =0 = g—Ch{=0
Unsteadly state g-q = A% > q-Ch = A%

Linearizing the nonlinear term, h®, by means of a Taylor series expansion:

f(x) = flx,) + % (x = x;) + (higher order terms)

B = B + 302~ h)



Substituting the linearized term into unsteady state equation;

Unsteady state q— C(h3 +3h%(h —h)) =A%

d(h—hyg)

Unsteady state - Steady state (gq—qs) —C(h2 +3h2(h—hy) —h3)=A —

d(h—hy)

(@ —qs) —3Chi(h— hy) = A——

Introducing deviation variables;

q—qs=Q ; h—hy=H

Q 3Ch2H—AdH
ST dt
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Taking the Laplace transform;
T[sH(s) — H(0)] + H(s) = RQ(s)
H() =h(0)—h, =0

tsH(s) + H(s) = RQ(s)

(ts + 1)H(s) = RQ(s)
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Hes) = 0.28 0.28 -0 [1 1
VT Ts526

s s+5.26

Inverting to time domain;
H(t) = 0.28 [1 — e~>261]
H(t) = h(t) — hy
h(t) =h+H(t) » h=15+0.28[1— e >26]
t =3min - h(3)=1.5+0.28[1— e>26*3]

h(3) =1.78 m



Consider the stirred-tank reactor shown below. The reaction occuring is 24 - B

proceeds at a rate —r, = kC#, k = 1.8 (L/mol min)

Assuming constant density and constant volume.

Steady state qCao, — qCa, + 14V =0 = qCao, —qCa, —kCiV =0
dCy 2 dCy
Unsteady state qCa0 —qCy + 1V = V? = qCuo —qCy — kCiV = V?

Linearizing the nonlinear term, CZ, by means of a Taylor series expansion;

f(x)=f(x,) + % (x — x5) + (higher order terms)

Xs
Ci = Cis +2Ca (Ca — Cyy)
Substituting the linearized term into unsteady state equation;

Unsteady state

dac
qCs0 —qCy — kV (Cfs + ZCAS(CA — CAs)) — Vd_tA

Unsteady state - Steady state

dc
4 (Cao = Caoy) —a(Ca=Ca)) = KV (CE +2C4 (Ca = Ca,) = CR) =V —=

d(C, —C
q (CAO _CAOS) —q( CA _CAS)_ZkVCAs (CA _CAS) =V ( Adt As)

and
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Introducing deviation variables;

Cao — CAOS = CAO ; Ca — CAS = C/’1
, , , dc,

dc, , ,

V——+Ca (g +2KVCa,) = qCho
|4 dc, , q ,

q + 2kVC,_ dt +Ca = q + 2kVC, Cao

dc, , ,

v q

T = R =

aking the Laplace transform;
[s Ca () — 4 (0)] + €4 (5) = R Cyo(s)

Ca (0)= €1 (0) = Cp, =0

sCa (5) + €4 (5) = R Cjo ()

(ts + 1) Ca(s) = RCyo (s)
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Translation of function L {f (t — t,)} = e “%e f(s)
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— Pulse Generator

QOutput pulses:

if (£t =>= PhaseDelay) && Pulse is on
(L) = Amplitude

FPulse type determines the computational technique used.

Time-based is recommended for use with a variable step solver, while
Sample-based is recommended for use with a fixed step solver or
writhin a discrete portion of a model using a variable step solver

Genmll History Grapnies|

[] Limit data points to last: |5000

[v] save data to workspace

Variable name: lSoopeData

Format: IStmcmre with time

—Transfer Fcn

The numerator coefficient can be a vector or matrix expression. The
denominator coefficient must be a vector. The output width equals the
number of rows in the numerator coefficient. You should specify the
coefficients in descending order of powers of s.

— Parameters

e e

Tirme (t): IUse simulation time "I

Amplitude:

— Parameters

Numerator coefficients:

| [0.08]
Denominator coefficients:

[[0.85 1]

Absolute tolerance:

Iauto

State Name: (e.g., 'position’)




