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Abstract— A mathematical model of a catalytic reactor system, which produces phthalic anhydride from o-xylene, is
constructed. Based on the mathematical model, dynamic optimisation of the system is carried out. The mathematical statement
of the system is IPDAEs and they are converted into DAFs using MOL. Within the framework of CVP, control variables
can be described in terms of a weighted combination of simple polynomials, and this leads an infinite dimensional dynamic
optimisation problem to a finite dimensional NLP problem. The reformulated dynamic optimisation problem using CVP
can be solved with repeated calculation of the NLP outer loop and the time integration inner loop. Dynamic optimisation
is carried out for various control strategies, and the results are compared. The maximum objective function is obtained for
the 4 step strategy and we compare its results with intuitively chosen control cases. From the comparison, we noted that
the objective function of the optimal case is improved about 3.6-235 %.
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Fig. 1. Control variable parameterisation.
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Fig. 2. Computational scheme for solution of dynamic optimisation
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Table 1. Summary of the dynamic optimisation problem

Summary of dynamic optimisation problem

Objective function :Eq. (23)
Process model :Egs. (19)-(22)
Constraints :Eqgs. (24)
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Table 2. Physical properties and parameter values

Variable Value Variable Value
Cy 992.0 J/kg-K o 19.837
C,. 4200 J/kg-K B 13636.0
D, 10 m/s AH ~1.284x 10° J/mol
D, 10" m/s 3 0.35
' 5%10 ' J/m-K-s Py 1300 kg/m®
k. 5%10°*J/m-K-s Py 1.293 kg/m’
L 1.0m v, [-1, -3, 1]
U 96.0 J/m’-K-s

Table 3. Results of the dynamic optimisation

No. of intervals Objective function Time horizon [sec] CPU time

1 0.973108 133.713 57.2
2 0.973136 434.955 64.7
3 0.969566 115.837 118.0
4 0.973266 123.574 237.2
8 0.973015 96.191 357.8
10 0.973097 91.795 272.0
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Fig. 4. Time transient mole fraction of PA with different optimal
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Table 4. Values of the objective function of PA at steady state

Inlet pressure of oxygen Mole fraction of PA

0.15 0.740422
0.20 0.938626
0.25 0.657419
0.30 0.449388
0.35 0.341357
optimum 0.973266
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ALEI|Z
A :area of the tube in contact with the cooling medium
¢;  :molar concentration of component i
c, :inlet molar concentration of component i
¢, :fluid specific heat capacity
¢, :specific heat capacity of cooling water
D, :radial diffusivity
D. : axial diffusivity
f,  :mass flow rate of coolant
h, :wall heat transfer coefficient
i : component i
k,  :radial thermal conductivity
k. : axial thermal conductivity
L  :reactor length
P : pressure
R :reactor radius
r : radial coordinate
T  :temperature of the reactor
T, :inlet temperature of coolant
T.. :temperature of coolant in cooling jacket
T, :wall temperature
t : time coordinate
ty : final time
U  :overall heat transfer coefficient
v, :axial velocity
z : axial coordinate
az2|0lA 22X}
o :constant
B :constant
AH : heat of reaction
€ : voidage fraction
Ps : bulk density
p;  :fluid density
Y : rate of reaction
V; : stoichiometric coefficient of component i
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