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Chemical reactor safety — a study to find the start bifurcation point
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Abstract

Chemical reactor is an important unit of the chemical process. When the exothermic reaction occurs
heat generation and the heat will not remove feasible, the reaction system will occur unstable, heat
uncontrollable, moreover, the reactor explosion and the accident happen. This study suggests three methods
to overcome the shortcoming of the tangent analysis method which cannot find the bifurcation start point.
This paper uses a simulated example of a gas-solid exothermic catalytic reaction with two components to
prove that our method is workable. Additionally, this study compares the advantage and disadvantage of
three methods.
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q * Gas flow rate
C.0, Cai, Cpo, Cpi ¢ Reactant concentration in the
solid phase, at the reactor inlet, in the gas phase,
and dimensionless reactant concentration in the
solid phase respectively
k., k, : Mass transfer coefficient between the gas
phase and the solid phase
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A : Mass transfer or heat transfer areca between the

gas phase and the solid phase

Cp : Specific heat

V : Volume of solid catalysts

H : Heat transfer coefficient between the gas phase

-AH : Heat of reaction

R : Reaction rate

As : Frequency factor

E : Activation energy

T : Temperatures in the solid phase, of gas feed, in

the gas phase, of the coolant

U : Heat transfer coefficient between coolant and

gas phase
n ~ m : Reaction order

X ¢ Conversion of reactant in the solid catalysts
o - Dimensionless activation energy

: Dimensionless heat of reaction

: Damkohler number

: Density of gas
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