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The dynamics of tubular reactors are governed by nonlin-
ear partial differential equations (PDEs) derived from mass
and energy balance equations. This includes plug flow and
axial dispersion reactor models for which convection and/or
diffusion are of interest. Nonlinearities in the dynamics are
typically located in the kinetic terms and are based notably
on the Arrhenius law for nonisothermal reactors, see [1].
Here, we are interested in tubular reactors involving a chem-
ical reaction of the form A — B where A denotes the reactant
and B the product. In the model, the state components are
defined as the temperature (7 [K]) and the concentration of
reactant (C [mol/l]).

The equations of a nonisothermal tubular reactor are di-
rectly deduced from mass and energy balances on a slice
of infinitesimal thickness dz during an infinitesimal time dt.
They are given by
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where T'(t,z) and C(t,z) denote the temperature in the re-
actor and the concentration of the reactant respectively, in
the reactor at time ¢ and position z. Such equations are usu-
ally called convection — diffusion — reaction equations. See
[1], [4] for the description of the parameters. To the PDEs
(1), we associate specific boundary conditions, known as

Danckwerts’conditions, which are given by ,fgap %—f(l,O) =
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and %—S(I,L) = 0. The variable T,, is due to a heat exchanger
that acts along the whole spatial domain. Furthermore, the
boundary variables Tj,(¢) and C;,(¢) can be fixed at the inlet
of the reactor.

From [2], tubular reactors are known to be well-posed, i.e.
there exist unique state trajectories describing the temper-
ature and the evolution of reactant concentration. Such
considerations are based on state space and semigroup ap-
proaches.

The existence, the multiplicity and the stability of equilib-
rium profiles have been widely studied over the years, ei-
ther on the nonlinear model with only the convection phe-
nomenon or on the linear one involving mass axial disper-
sion.

More recently, in [3], an analysis of the multiplicity of equi-
librium profiles of a tubular reactor with equal energy and

mass Peclet numbers was performed. These are dimension-
less numbers representing the ratio between the convection
transfer and the conduction transfer (thermal Peclet number,
%) or the ratio between the convection transfer and the

diffusion transfer (mass Peclet number, L). Here, the main
contributions are the extension of this s{f;dy to the case of
different or close Peclet numbers, see [4], and the statement
of sufficient conditions for the equilibria to be exponentially
stable in the case of equal Peclet numbers.

The aim of this research is to study the existence of equi-
librium profiles for nonisothermal tubular reactors, to de-
rive multiplicity criteria for these equilibrium profiles and
to study their stability properties. It is shown that such re-
actors can exhibit different numbers of equilibrium profiles
depending on parameters of the system, particularly on the
diffusion coefficient, see [4]. Furthermore, it is shown that in
the case of only one equilibrium profile, the latter is always
exponentially stable and if three equilibria are exhibited, the
pattern “exponentially stable — unstable — exponentially sta-
ble” is highlighted.

Acknowledgment

This research was conducted with the financial support of
F.R.S-FNRS. Anthony Hastir is a FNRS Research Fellow
under the grant ASP/DM - A676, FC 29535. Frangois Lam-
oline is a FRIA Research Fellow under the grant F 3/5/5-
MCEF/BC. The scientific responsibility rests with its authors.

References

[1] 1. Aksikas, J.J. Winkin, and D. Dochain, “Optimal
LQ-feedback regulation of a nonisothermal plug flow reac-
tor model by spectral factorization”, IEEE Transactions on
Automatic Control, vol. 52, pp. 1179 — 1193, 07 2007.

[2] M. Laabissi, M. Achhab, J.J. Winkin, and D. Dochain,
“Trajectory analysis of nonisothermal tubular reactor non-
linear models”, Systems and Control Letters, vol. 42, no. 3,
pp. 169 — 184, 2001.

[3] D. Dochain, ”Analysis of the multiplicity of
equilibrium profiles in tubular reactor models”, IFAC-
PapersOnLine, vol. 49, no. 18, pp. 903 — 908, 2016, 10th
IFAC Symposium on Nonlinear Control Systems NOLCOS
2016.

[4] A. Hastir, F. Lamoline, J.J. Winkin and D. Dochain,
”Analysis of the existence of equilibrium profiles in non-
isothermal axial dispersion tubular reactors”, submitted.



