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L3, pde 1.4, pde 11.2, pde I1.3, pde I1.4, pde I11.2, pde I11.3, pde IV.2, pde IV.3
and pde IV.4. All these (pde) have been considered with constant coefficients.

Further more we illustrate a non linear pde I1.2 for modelling a column
of isotopic separation N'°, then two control systems of some processes defined
by pde I1.2 and pde I1.3, and finally a systems made of two (pde), each one of
the second order. The chapter ends with two examples containing a ode II, as
well as a pde 11.2, solved with the methods Taylor series and the Taylor series-
L.LL., underlining some comparative aspects that practically certify the same
results.

Chapter 9: “Cases for establishing the M4, matrix” refers to a
usually and simple control system, with a PID controller for three distributed
parameters processes, defined by pde IT'4, then pde I3 and pde II'2. The
systemized and unitary character is being underlined for the stages of
establishing the Mpg matrix.

It needs to be noted that all (ode) and (pde) have proved either general
solutions, or particular solutions, and the singular solutions have not been taken
into consideration. The particular solutions have been considered in exponential
or polynomial variants, used in technique. With these solutions we were able to
establish the initial conditions and the final conditions. Also we were able to
establish the performances of numerical,integration, using the indicator called
“cumulative relative error in percent” (crep), which in most examples was
between the limits (10° = 10‘2}%, a fact that certifies the accuracy of the
method and the programs. _

The entire paper has been elaborated by Tiberiu Cologi. This paper
could not be published without the qualified and collegiate support of all
authors.
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Some examples and programs have been elaborated and included in year
the projects and diploma papers of the students of the Faculty of Automation
and Computer Science within the Technical University of Cluj-Napoca.

Prof. Tiberiu Colosi expresses his thanks and gratitude to Alexander von
Humboldt Foundation in Bonn-Germany, for the given material support as well
as to Prof Eng. Rolf Unbehauen, PhD from the Institut fiir Allgemeine und
Theoretische Elektrotechnik der Universitat Erlangen-Niirnberg-Germany for
the professional support and the co'llegiate atmosphere he enjoyed in this
university collective, during twenty months,

The authors
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e II" PART
 PROCESSES WITH DISTRIBUTED PARAMETERS

Chapter 4
LINEAR PRDCESSES WITH DISTRIBUTED PARAMETERS

b

4.1. Introduction

It is known that the usual analytical modelling of linear processes with
distributed parameters can be expresses using equations or equation systems
with linear partial derivatives, homogeneous (without a free component) or non
homogeneous (with free component). The category of equations with linear
partial derivatives (pde), to which this chapter refers to, is presented in the
following examples:
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All coefficients (a...) are considered to be constant or variable, and o(t,
). ¥(t, P), 9(t P, 9), ¥(t. B, @), O(t, p, G, ) and y(t, p, @, ), fuifil the continuity
conditions in the Cauchy sense. The independent variables (t), (p), and (q)
could represent the time (t), respectively the spatial abscise (p), and (q) defined,
for instance, in Cartesian coordinates.

The initial conditions (IC) are considered to be known, and other
explanations could be added, from case to case, for boundary conditions (BC)
and final conditions (FC).

4.2. Sttﬁ-variablu, initial conditions and final conditions
Introducing the notations:

aT+P ;
oy | 49).
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(forT=0,1,2,..;P=0,1.2,..;Q=0,1,2,..5R=0,1,2, ...) the ten pde,
that is (4.1), (4.2), ..., (4.8) can be rewritten as:

or

BgoXgg + A1gXyg + 9 Xg; = Pgo : : (4.11)
000X 000 + Br00X 100 +Bo0X 10 + 901X o0 = Poos 4.12)
AgoXpg +B1gXyg + 8 Xy +B30X30 + 8, Xy + 251X = Poo (4.13)
800X 000 + A300X 200 T Bp20X 020 + Bo0rXoaz = Pooo (4.14)

Bg00X 000 + Ay00X100 + 10X 010 + 001X 001 T B200X 200 + 119Ky pp +

(4.147)
Fag0X020 T 8011 X011 T 800y XKooz + 8301 X101 = Pos

Ag000X 0000 *+ 31000% 1000 T Bp100% 0100 T Boor0X oot + 2ooo1 X000 +
F82000X 2000 +81500% 1100 T Be200X 0200 + Aor10X 0110 + Boz0X o020 T+ (4.147)

.
20011 %0011 + 30002 %0002 T 81001 %0001 T AgiorXeior T R1a10X 1010 = Poono

BooXoo + 839X 50 +803Xes = Pg ' (4.15)
800X o00 + B309X 300 + Bg30X g0 + 3003003 = Pose - (4.16)
BgpXpg +8X g + 8 X0y = Poo (4.17)
Ag00X 000 + B 400X 400 + AguoXpup + Bg0eXoor = Pooo (4.18)

In the hypothesis of integration with respect to the time (t), the elements
of the state vectnr (x), which. carrespondgto the pde (1), (2), ...(8) are presented
in Table 4.1..
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Table 4.1
pde 41142 |43 | 44 (44 |44° [ 45| 46 | 47 | 48
Notation | 12 | I3 | II2 | 13 | 3 | 14 | m2 I3 | v2 | Iv3

p Xoo | Xooo
Xoo | Xooo
x X
Xoo | Xooo | X00 | Xooo | Xooo | xooog| | | Mo | Xieo
STATE Xio | Xp00 | X100 | X000 1 o
X20 | X200
VECTOR 0
X | X3o

The notation (n “v) in line 2, Table 4.1, underline by n=1L II, Il and IV
the order of pde, and by v =2, 3 and 4 the number of variables, respectively 2
for (t, p), 3 for (t, p, q) and 4 for (t, p, q, ).

The state vector is presented in Table 4.2 for the initial conditions (xic)
and for some possible boundary conditions (xpc), respectively the final
conditions (xrc), where (0) and (f) underline the initial and final values.

Table 4.2
Xic XBC Xrc
x(to, p) x(t, po); x(t, pr) x(t, p)
x(to, p, @) x(t, po, ) x(t,p,qo) | x(tpp,q)
x(t, pr. @) x(1, p, qr)
x(to, p, q.1) | x(t, po,q, 1) x(t, p, qo.r) | x(t, p,q, 1)
x(t, pr.q, 1) x(t, p, gr 1)

4.3. The complete method of the Taylor series for the approximation of the
vector (xi). The definition of the matrix My,

It is based on the"iterative use of the Taylor series, included in a table
structure, dependent on the form pde.
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