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We project a novel digital control law for continuous stirred tank reactors, based on sampled
measures of temperatures and reactant concentration, as it happens in practice. The methodology
of relative degree preservation under sampling is used. It is proved that a suitably approximated
sampled system, obtained by Taylor series expansion and truncation, in closed loop with the
projected control law, is asymptotically stable, provided that a condition on the sampling period
is verified. Such condition allows for values of the sampling period larger than necessary in
practical implementation with usual technology. Many simulations show the high performance
of the proposed digital control law.

1. Introduction

The control of the operation of chemical reactors has attracted the attention of researchers
for a long time. The underlying motivation relies on the fact that industrial chemical reactors
are frequently operated at unstable operating conditions, which often corresponds to optimal
process performance [1-19]. Polymerization processes [5] and bioreactors fermentors [18] are
important examples of large-scale chemical reactors operated at unstable conditions. As well
known, the measures of the reactant concentration cannot be achieved on continuous time. In
practice, these measures are available at certain time intervals. It is therefore very important to
project control laws which are piecewise constant and are updated at each measures update.
That is, for practical use, a digital control law has to be projected. Applications of nonlinear
digital control theory to some chemical reactors can be found in [20, 21]. In [11] a discrete-
time controller is obtained by linear approximations successively executed at each sampling
time, and an application to a continuous stirred tank reactor is shown.
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In this paper we deal with a novel digital controller design for a continuous stirred
tank reactor, where an irreversible, exothermic, liquid-phase reaction A — B evolves. The
controlled output is the reactor temperature. The jacket temperature dynamics is considered.
The control law is actuated by means of a pneumatic valve which regulates the cooling
water flow rate. This actuation process is easier to implement than the ones based on the
use of the inlet reactor concentration or of the jacket temperature as manipulated inputs.
The model consists of three nonlinear ordinary differential equations. We develop a digital
control law by means of a suitably approximated sampled model, obtained by Taylor series
expansions (see [21, 22]). The preservation of relative degree methodology shown in [22]
is here used. For the underlying continuous time model, the relative degree is not full. The
relative degree is preserved for the approximated sampled model by introducing a dummy
output. Then a feedback control law is projected, by which the approximated sampled
system becomes asymptotically stable. Many performed computer simulations show the
high performance of the proposed digital controller. Saturation effects have been taken into
account in simulations. The convergence of the state variables to the arbitrarily chosen
operating point is always obtained with the many considered system initial conditions (even
start-up initial conditions).

2. The Model of the CSTR

Here we study a CSTR with jacket cooling in which a first-order irreversible exothermic
reaction takes place [23]: A — B (Figure 1).

The liquids in the reactor and in the jacket are assumed perfectly mixed, that is, with
no radial, axial, or angular gradients in properties (temperature, concentrations). This allows
to consider reactor and jacket temperatures and reactant concentrations as space invariant
variables. If physical properties are assumed constant (densities and heat capacities), the
reactor volume is constant and the jacket volume is constant, the mathematical model of the
CSTR is given by the following set of nonlinear functional differential equations:

F(Cap - x1(t))

x1(t) = v -x1 (t)KOe—E/sz(t)’
_ UA; _
X2(t) = w _ .)Lxl (t)KOe—E/sz(t)p—lcp_l _ ](x‘;f:))(jp x3(t)), (21)
ta(t) = HDTein - x3(t) | UAjGat) —x ()

Vi Vip;C; ’

where x; = Ca = reactant concentration (kmol/m?), x, = Tg = reactor temperature (K),
x3 = Tj = jacket temperature (K), u = flow rate of coolant (control input) (m®/s), Ky =
pre-exponential factor (s™!), E = activation energy (J/kmol), R = universal gas constant,
8314]kmol 'K™!, F = flow rate of feed and product (m®/s), p = density of product stream
(kg/ m3), Cay = concentration of reactant A in feed (kmol/m?3), Vi = volumetric holdup of
liquid in reactor (m?), Ty = temperature of feed (K), Cp = heat capacity of product (]kg_lK’l),
A = heat of reaction (J/kmol), U = overall heat transfer coefficient (WK 'm2), A; = jacket
heat transfer area (m?), p; = density of coolant (kg/m?), C; = heat capacity of coolant
(Jkg™'K™), and T, = supply temperature of cooling medium (K).
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Figure 1: Schematic reactor type CSTR.

Let 5« € [0, 1] be the reaction conversion

L Cay-Ca
- Cao ’

(2.2)

Let »q be the chosen operating point reaction conversion. By (2.2) it follows that the
operating point concentration of reactant in the reactor Cacq is given by

Caeq = Cap(1 - sq)-

(2.3)

From equations in (2.1), setting zero the left-hand side, it follows that the operating point
reactor temperature (Tg,, ), the operating point jacket temperature (T}, ), the necessary coolant
water flow rate (ueq) for the chosen operating point are given by

Tg,, =

Tjeq -

-1
F(—Cap + Ca,
(i -ECERCa) VY
Caqu()Vr
-1
)LC[ZQF%eq B FPCPTO (1 F}feq R!
UA] UA] (1 - J{eq)K()Vr

-1
F
“FpCE(In( 9 ) ) RIuAY,
(1- 5eq) KoV,

-1
_ Ep:1C YT — B Tt B
ueq = uA] EP] C] <Tc11’1 TIe(l) <1n< (]- - J{eq)KOVr R

UA;T],

' PiC; (Tcin - Tfeq> .

(2.4)
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3. Sampled System and Digital Control Law

The system (2.1) is in the form
x(t) = f(x(t) + g(x(t)) - u(t), (3.1)

where the functions f, g can be easily defined by (2.1) as

r F(Cap — x1(t)) — x1 (t) Koe E/Raa®) )
V;
fix(t)) F(Ty - xa(8)) Ry 1 1 UA(2(8) = x3(8))
fx®) = | falx®) | = — v — A1 () Koe E/R20p-1C, 71 - V,pC, ,
3(x(t)) UA;j(x2(t) - x3(t))

! VipiCi .

g1(x(t))
g(x(t) = [&(x(®)| = :
SO i =
: (3.2)

In order to rewrite (3.1) in normal form, as required in [22], let us now consider the following
variables:

g1(t) x2(t) = Tg,,

sty = |a®| = f2(x(®) | =), (3.3)
§3 (t) X1 (t) - Caeq

from which the easy inverse relation holds

'§3 (t) + C[qu

&1(t) + Tk,

x(t) = @7 (¢(t) = . (34)

—ﬁf}” (To- &) - Tx,,)

AV, (§3 (t) + Caeq)KOe—E/R(él (D)+TReq) & (t)VrpCp
i UA; " ua,

+ él (t) + TReq

Let the control input be equal to

u(t) = tteq + v(t). (3.5)
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Let the controlled output be

y(t) = h(§(t)) = &i(b). (3.6)

We want to control to zero this output, which corresponds to drive the reactor temperature
to the reactor temperature operating point Tg,, .
We can write the system equations by using the new variables ¢(t) as follows:

&(t) = pr(é(h) + p2(&()v(t), (3.7)
where py, p; are given by
p11(¢(t))
p1(§(t)) = | pa(s(h)) |,
pa1(é(t))

pu(§(t)) = & (1),

-1 B ueqUAj§1 (t) N ueqFTo
ViVip C, ViV,

pa1(&(t)) = ~AKoFCaoV,pC, ™! (eE/R(§1 (t>+TReq>>

ueqUA]'TReq ueqF§1 (t)
VVip G, ViV,

-1
F A (OKFV, p1C, 7 (eF/ K0T

-1 B ueqéZ(t) + ueqUAchin

+ AKoCaeg FV, 1 p71C, 7 (/R (04 req)
eqd Vr P < > ‘/] ‘/]Vrp Cp

,2_

U FT) UA;é&(t
+ K2 (1) <eE/R(§1(t)+TReq)> pC, 7 - eqF TR,  UA;j&(H)

Vive  VipiC

-2 tHF
+ )LKOZCaeq <eE/R(§1 (t)+TReq)> p_l Cp*1 - ézg/)
r

-2 -1
— & (H)AKES; (t)p_l Cp—l R <§1 (t) + TReq) <eE/R(§1 (t)+TReq)>

-2 -1
- (t))LKoECaeqp_l Cp—lR—l <§1 *) + TReq) <eE/R(§1(t)+TReq)>

UAj&(t) UAFTy  UAjF&(t) UAjFTR,

+
VirCp  VipiGiVe  VipiGiVe - VipiGiVe

-1
~UAAKo& ()Y p G p7 Gy <9E/ K <t)+TRe“)>

-1
~UAjAK¢CacV; ' pi ' Ci 7 p7'C, ! <eE/R<§1<t>+TReq>>
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-1
— UegAKo&a(H)V; ' p71C, <eE/R(§1 <t>+TReq>>

- e\ KoCaeqVj 7€, 7 (/R <t>+TReq>>’1,
P (E(E)) = F(Cay - é‘sf(t) -Cacq) (&(f) + Categ) Koe E/RGOTRS),
pr2(§(t))
p2(s(t) = [p22(5() |,
p32(&(t))

p12(§(t)) =0,

p (é(t)) TCInUA] + FTO Fél (t) FTREQ UAlgl (t) TReq UA] gz (t)
22 = - - - — _
ViVipG, ViV, T ViV, T ViV, T ViVipG, VivieG, Y,

~ AKoda ()Y p1 Gy ( B/ REO T )
~ AKoCaeqV;'p'C,p 7! <eE/R<§1<t>+TReq>>‘1/

pa2(&(t)) = 0.
(3.8)

Cae,
Since ¢ = 0 corresponds to x = [TRec? ], it follows that p;1(0) = 0. The introduction of
]e
the new variables allows to obtain the CSTR equations in normal form [22], and the origin is

an equilibrium point. Therefore, the stability of the origin for the system described by (3.7) is
equivalent to the stability of the chosen operating point for the system described by (2.1). Let
us now sample and approximate, by Taylor series expansion and truncation, the system (3.7)
as follows: setting v(t) = v(k6) = vk, k6 <t < (k+1)6,k=0,1,2,..,,

62

["?] (k+1)6) = [1 6] H (k) + | 2 | Ro(k6),
2 0 111]& 6 (3.9)

~ ~ ~ 2 ~
E((k+1)6) = &(kD) + 6 (£0k5)) + %-q(E(k6) ),

where §~ (ko) is the approximation of ¢(k6); Ry is given by (Lie derivatives are used),

R(k6) = &, h(§(k6)) + LIy, h(§(K6) ) (Kb);

_ o n(ke)) 3 oh(&(ks)) .
lilh(e;(ké)):Wm(g(ka)); l,ilh((;(ka)):ﬁm(g(k&)); 10
ol, h(&(ké .

bl h((K6) ) = — ) (§k5));

o))
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q(¢(k6)) is given by

Ops1 (&(k6
q(5(k6)) = %pl (§(k5)),

q<§(k6)> — _KoE& (k6)HR™ (El(ké) . TReq>_2 <eE/R(§~1(k6)+TReq)>*1

~ g -2 3 h
— KoE¢& (k6)CaeqR™! (§1(k6) + TReq> (eE/R@1(k6)+TReq)> (3.11)

_FCay P4 FlCay
AR VA V,?

5 -1 : -2
+2FKoCaeqV, ™ (eE/R@l(k‘s)*TReq)) + Ko*Caeq <eE/R(§1 <k5)+TReq)>

~ 5 -1
+2FKoés v, (eE/R(§1 (k6)+Treq ))

_ g B 5
— FK,CaoV,™ <eE/R<§1<k5)+TReq)> + & (k6) K2 (eE/R(gl(k6)+TReq)> '

The approximated sampled system (3.9) is obtained by exploiting the normal form
of (3.7) (see [22]) and by neglecting, in the Taylor series expansion, the terms which are
0(6%) in the expression of ¢;((k + 1)6) and in the expression of ¢ ((k + 1)6), and the terms
which are 0(6%) in the expression of &((k + 1)8) (see terms Nf, s in [22, Proposition 3.2]).

Notice that, since (dp31(é(k6))/0&(k6))p2(£(k6)) = 0, the inclusion of a term which is 0(52)
in the approximation of &((k + 1)) does not cause a new presence (besides the one in Ry)
of the control input vx. As well, neglecting terms which are 0(6%) in the expression of & ((k +
1)6) avoids to have further terms (besides Ry) which involve the control input. This fact is
instrumental for building the digital control law here proposed, as will be shown below.

The approximated sampled system (3.9) admits relative degree equal to 1, thus not
preserving the relative degree equal to 2 of the original continuous time system (2.1) with
respect to the output x,(t) (reactor temperature). Thus, a digital input/output linearizing
feedback control law built up on the basis of the given output (3.6) yields a further internal
dynamics. In order to preserve the relative degree, let us introduce the dummy output as
proposed in [22],

6] [ & (k6)
koé) = —11._ p 3.12
Ys (ko) [1 2] I:éz(kts)] (3.12)
and let us define the variables
x1(k) Y5 (ko)
x(k) = |2 | = |ys((k+1)6) [ = ME(KS), (3.13)

x3(k) &(k6)
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where the nonsingular matrix M is given by

o
1 —=
> 0
M = BN E
1 5 0
0 01
Let M; be the upleft submatrix of M
4
M, = .
1 0
2

We obtain, from (3.9),
k+1 16 k &
alk+Dl M u® vz Ro(k5),
2(k+1) 01 2 (k) 5
2

Xotk +1) = (k) + 6 (M7 x(8)) + & (M7 x(0),
where Ry, rewritten with the variables y, becomes
Ro(k6) = 1§1h<M-l x(k)) + lpzlplh<M‘1 X(k))vk.
Theorem 3.1. Let

I =l I] eR™

(3.14)

(3.15)

(3.16)

(3.17)

(3.18)

be chosen such that the matrix [ | has eigenvalues inside the open complex unitary circle. Let the

sampling period 6 > 0 satisfy the following inequality:

2
(F/Vy) + Ko /R

6< 6max

Then, the following discrete time feedback control law

_ 1(k) 1(k)
o = ~I; (M y(K)) N [1*2][§z<k> +F[§z<k>
lpzlplh(Mflx(k)) Szlpzlplh(Mflx(k))

(3.19)

(3.20)
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is such that the trivial solution of the closed-loop system (3.16)—(3.20) is asymptotically stable.

Moreover, the eigenvalues of the Jacobian (evaluated at 0) of the right-hand function describing

the closed-loop system (3.16)—(3.20) are given by the eigenvalues of the matrix [ ] and by the

eigenvalue

F 82/ F 2
1- 6(71, + KoeiE/RTReq> + E <Vr + KoeiE/RTReq> ’ (321)

which takes its minimum, equal to 1/2,at 6 = 6a,2 =1/((F/V;) + Koe_E/RTReq).

Proof. By the form of the matrix M, the following equation holds for y; and for y», in (3.16)

k+1 01 k 0
e+ L 0 R k6. (3.22)
Y2(k+1) -1 2] [y2(k) 5%
Notice that, by construction, such subsystem (and thus the overall system (3.16)) admits

relative degree equal to 2, in a neighborhood of the origin, with respect to the dummy output
x1(k). Indeed, taking into account of the form of Ry(kd), we have

_Xl(k + 1) = Xz(k + 1),
x1(k+2) = ya(k +1) = [-1 2] x(k) (3.23)

+ 62(lf,1h<M*1 x(k)) + lpzlplh<M’1 x(k))v(ké)),

and the term multiplying v(k6) is nonzero in a neighborhood of the origin, since
l,,zlplh(M’1 Xx(k)) is smooth in a neighborhood of the origin and I,,1, h(0) #0. Therefore,
taking again into account the form of R, the proposed discrete-time feedback control law
yields the following equations for the closed-loop-system (3.16), (3.20)

[Xl(k+1)] _ [0 1] [Xl(k)]
vk+1)] |0 o et ]

xalk+ 1) = xa(k) + & (M (k) ) + %2q<M’1x(k)>.

(3.24)

In order to show the asymptotic stability of the nonlinear system (3.24), it is sufficient to show
that the linear system obtained by linearizing (3.24) is asymptotically stable. The Jacobian, at
zero, of the function in the right-hand side of (3.24) is given, taking into account of p3; and of

g, by

0 10
J=|I1 Iz Of, (3.25)
a py
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where

F &5 (F z
y=1- 5<V + Koe‘E/RTReq> s (7 + Koe ®/ RTReq) (3.26)
r r

and a, p are suitable reals. Given the triangular structure of the Jacobian J, the eigenvalues are
given by the eigenvalues of the matrix [ || | and by y. The eigenvalues of the matrix [ (]
are inside the open unitary circle. The eigenvalue y is always positive (for positive sampling
period), and is inside the open unitary circle if the inequality (3.19) is satisfied. Moreover, by
using the derivative of y with respect to 6, we obtain that y takes the minimum value, 0.5, at
6(1/2)- O

Now, going back to initial variables x, by means of the (approximated) relation y (k) =~
M@ (x(k6)), the digital feedback control law here proposed is given, for k& < t < (k +1)§,
k=0,1,2,.., by

‘/]Vrp CPTReq 1"1

-1
u(t) = 4V,AKoFCag(Tein — x3(k8)) U A; ™ <eE/ sz<’<5>> +2 BT~ 72 (k) UA
can ]

ViFx,(k6) VipC,F*Ty ViV,pCpx2(k6)
— + —
(Tein — x3(k6))Vy  (Tein — x3(k6))UA;V, 6%(Tein — x3(k6))UA;
Vix2 (ko)

-1
e oy o ~177-1 4 -1 ( _E/Rxy(k5)
ST ey~ 2V KoFx1(k0) (Ten = x5 (k6)) U4 (e )

-2
- V"/f/\KOle (k6) (Tcin - X3(k6))_1u_1A]-’1 <eE/Rx2(k6)>
-1
+ V;FToAx1 (k8)KoE(Tein — x3(k6)) U A7 R x (k6) <eE/Rx2<k5)>

-1
— VjAKoFx1 (k6)E(Tein — %3 (k6)) U™ A x5 (k) R (F/ Rk
1
Rox2 (k6)

V,-V,pC,,Fl X2 (k6)
62 (Tcin — X3 (k&))UA]

-2
= V,ViA2x (k8) Ko E(Tan — x5 (k8)) U™ A7 p7'C, 7! (eF/ R0k

-1
= Vidx1(k6)Ko(Tein - X3(k5))71p’1cp’1 (eE/sz(k5)> _9

-1
— VjAx1 (k8) KoE(Tan — x3(k6)) ' p'C, 2 (k6) 'R <eE/ Rx2<k5>>

+
(Tein — x3(k6))Vyp Cp - (Tain — x3(k6))Vy

‘/]FTO V]PCszxz(k(S)
+ —
(Tcin - X3(k6))Vr (Tcin - x3(k6))UAjVT

-1
+ Vx5 (k8) Ax1 (k6) KoE (Tein — x3(k8)) " p7'C, 'R x5 (k6) 2 (eE/sz<’<5>)
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L VUARGKS)  UAXKD  UAxk)
(Tein = x3(k6))VipCp  (Tain — x3(k6))p;C;  (Tein — x3(k0))p;C;
~ Vix3 (ko) . ViVipCplk,,
6(Tein — x3(k06)) 6%(Tein — x3(k6))UA;
VipC,FTy VipCpFx; (ko)

&(Tan — x3(KO))UA; * * 6(Tan — x3(k6))UA;

-1
+ 2V, Vjdxy (k6) K06~ (Tan — x3(k6)) U A; ! <eE/ Rxﬂ’@) .
(3.27)

The digital control law (3.27) is applied to the CSTR system, described by the
differential equations (2.1), by means of a zero-order hold device. Such control law can
be easily implemented on a microprocessor. It is a static feedback control law, that is, no
dynamics are involved. The control law has to be computed at every sampling period which
is very much larger than the computation time (many minutes versus some seconds at
maximum). The great advantage of this digital control law is also given by the fact that only
sampled-data measures, provided by a suitable device, are necessary. Take into account that,
in practice, continuous time measures are difficult to obtain, or even impossible. The feedback
control law here presented is therefore easily realizable. The closed-loop system (2.1), (3.27)
(with the zero-order hold) is simulated in the following section.

4. Simulation Results

Simulations, using MatLab (The MathWorks, Inc.) Software Package, have been carried out
to verify the effectiveness of the proposed method. The values of the model parameters used
in simulation are given in Table 1 (taken from [23]). In all the carried out simulations, a
minimum and a maximum value for the input u, specifically the volumetric flow rate of the
refrigerant, is imposed, to take into account of the actuator saturation. It is considered:

F]min < u(t) < F]max (41)
with the following acceptable physical values for a control valve

Fjmin = 0.002m>/s = 7.2m%/h,
(4.2)
FJmax = 0.08m®/s = 288 m® /h.

With these parameters, Omax in condition (3.19) is equal to 0.57 h, which corresponds to about
34 min. The value of 6(1/2) is equal to about 0.28h which corresponds to about 16 min.
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Table 1: Reactor and controller parameters values.

Ko =747 x100h™! Cag = 8.01kmol - m™3
E =69.71 x 105 - kmol ™! F=1576m3 -h!
p=801kg -m Ten = 294K

R =8314] -kmol ! - K! To = 294K

pj = 1000kg - m™ Aj=452m?
C,=3137] - kg -K! V, =30.3m?
C;=4183] kg - K! V;=9m?

A =-69.71 x 10°] - kmol I =-6-10"°

U =3.0636x10°]-h™!-m2.K™* Ip=-5-1073

Table 2: Process parameters of Simulation 1.

Reactor operating point Initial state
Xeq = 85%
6 =0.1h =6 min Calt =0) = Cay
C,. =1.2015kmol -m™

“ Tr(t=0) =T
Tg,, = 350K T)(t=0) =T,
Ty, = 312K ST e

Ueq = 69.86m® -h”'

Parameters mismatch: absent

We performed several sets of simulation runs and all showed the high performance of the
digital control law here proposed. We choose the reactor conversion ».q = 0.85, to which
the following unstable operating point corresponds: Caeq = 1.2015kmol/m?, Tz, = 350K,
Ty, = 312K, ueq = 69.86m°/h. In the simulations here presented, the process is initially
assumed to be at the start up, that is x;(0) = Cap (concentration of reactant in feed) =
8.01 kmol/m3, x2(0) = Ty (temperature of feed) = 294K, x3(0) = Tun (supply temperature
of cooling medium) = 294 K. This means that the reactor is very far from the operating
point.

In Simulation 1 (see Table 2, Figure 2) we consider the reactor at nominal parameters
values (see Table 1), without any uncertainty. Figure 2 shows the evolution of the reactant
concentration, of the reactor temperature, of the jacket temperature, and of the piecewise
constant control signal, respectively, with sampling period equal to 10~ h (6 min).

As can be seen, all the state variables converge to the operating point ones in a
very good fashion, without dangerous oscillations. The reactor temperature settling time is
estimated from plots to be about 6 h, the steady-state error is equal to 0.

In Simulation 2 (see Table 3, Figure 3) we consider again the reactor at nominal
parameters values (see Table 1), without any parameters mismatch, and a sampling period
equal to 0.25h (15min) is considered. The same desirable convergence to the operating
point is achieved, with a reactor temperature settling time of about 8 h. Again no dangerous
oscillations appear and the reactor temperature is driven in a very good fashion to the
operating point, with steady-state error equal to 0.

In Simulations 3, 4 (see Table 4, Figure 4, and Table 5, Figure 5, resp.) we consider the
reactor whose parameters are uncertain, with sampling time again equal to 0.1h and 0.25h,
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8 . . . . . 500
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Figure 2: Results of Simulation 1.
Table 3: Process parameters of Simulation 2.
Reactor operating point Initial state
Xeq = 85%
6 =0.25h =15 min
3 Ca(t =0) = Cq
Cq,, =1.2015kmol - m
Ty, = 350K Te(t=0)=To
Rea = Tj(t=0) =Ty
T), = 312K (#=0) = Tem
Uoq = 69.86m> - h”!

Parameters mismatch: absent
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respectively. We apply the controller obtained using the nominal values of the parameters
(see Table 1), to a reactor whose parameter values are different with respect to the nominal
ones as reported in Table 5. In this case we observe a reactor temperature steady-state error
of about 5K. Take into account that the parameters mismatch has been deliberately chosen
very critical, in order to show the robustness of the proposed controller.

The performed simulations show the high performance of the proposed controller,
as evidenced, in the case the reactor parameters are exactly known, by zero steady state
error, no dangerous oscillations, good settling time. When parameters mismatch occurs, the
proposed controller yields a very good behavior for the reactor, evidenced by small steady-
state errors, no dangerous oscillations, and good settling time. We stress the fact that the
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Figure 3: Results of Simulation 2.
Table 4: Process parameters of Simulation 3.
Reactor operating point Initial state
Xeq = 85%
6=0.1h =6 min
. Ca(t=0) = Cq
Cq,, =1.2015kmol - m
Ty, = 350K Tat=0)=To
Req =
d T](t = 0) = Tein
Ty, = 312K

Ueq = 69.86 m3 . h_l

F=F/13,Ty=T,-1.05;
Parameters mismatch: Cqy = Cqy /1.1, Tein = Tein - 1.03
uUu=0.8-u

proposed controller allows for sampled-data measures of the state variables, which is very
useful in practical applications.

5. Co

In this

nclusion

paper we have presented a digital control law for a continuous stirred tank reactor,

constructed on the basis of an approximated sampled model and of the preservation of the
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Table 5: Process parameters of Simulation 4.

Reactor operating point Initial state
Xeq = 85%
6 =0.25h =15 min
C,(t=0)=C,

C,.. =1.2015kmol - m™ (t=0) .
Te. = 350K Tr(t=0) =Ty

~_ T](t = O) = Tcin
T, = 312K

Ueg = 69.86m° - h™'

F=F/13,Ty =Ty -1.05,

Parameters mismatch: Cqy = Cgy /1.1, Tein = Tein - 1.03,
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Figure 4: Results of Simulation 3.

relative degree methodology. The proposed feedback control law is easy to implement and
simulations show high performance. A condition on the sampling period is found, by which
the asymptotic stability of the closed-loop approximated sampled system is proved. Such
condition is verified by sampling periods belonging to feasible sets, allowing for values larger
than necessary in practical implementation. Future work will concern the construction of a
discrete-time observer, in order to avoid reactant concentration measures, which are difficult
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Figure 5: Results of Simulation 4.

to do and expensive (see [24-27]). Another topic which will be investigated is the problem
arised by the recycle time-delay (see [21, 28-31]), on the basis of the results in [32].
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