Additional Elements of Math. Models

Transport rate equation

Transports phenomena (mass, energy, momentum)
- Q (ex. supplied by team ) = UA(T,,— T)
- mass N,=Ka (C,—C,)

- Kinetic rate equation -r, =kC, =k e ¥R C,
Phase Equilibrium

Equation of state

Dead time



Pure time-delay systems

Plug flow e Many real systems do not react

Incompressible fluid immediately to excitation (as first order
systems instead do)

e The time needed to “transport” a fluid
property change from the inlet to the
outlet is:

td:£ : dead time or

V. time delay

Examples: transportation lags (e.g. due to pipe length, to recycle, ...);
measurement lags (e.g. gaschromatographs)



Pure time-delay systems  (cont'd)

4 The process output is simply shifted by t,

t
y(£) units in time with respect to the input

Recorded output
Models

Time domain :

| time
0 , 1<t
x(t—t,), t=2t,

u(l‘)A y(t) =

Applied input

0 time



Degree of Freedom (f) & Process Control

 f isthe number of independent variables that must be specified in
order to define the process completely.

f=V-E
f=0 Exact solution ( unique sol.)
f>0 Multiple solution

f<O ore we No solution
objective is to make f=0

Number of Variables is fixed. We need to add f equations for exact

solution. Sources of equations are:
1- External world

2- Control system



Linearization of a Function




Linearization

m First order Taylor series expansion

1. Function of one variable
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2. Function of two variables
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3. ODEs
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Exam pIe, Liquid storage

F l

l
h
F#
dh
pAz=sz — Pl = pF; — fh
'OAdh:QP}—h
L de [
dh




