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New Mathematical Model for the Design of Gas-Solid
Fluidized Catalytic Reactors

Haruo KOBAYASHI
Fukashi ARrRAI

Abstract

A new computational model is proposed to describe the kinetics of complex reactions
in fluidized bed. The generalized two phase model, previously reported, for the first-order
irreversible reaction is reviewed and discussed briefly in relation to the new model. The
new model consists of a adequate combination of P«>P or P«C model for taking into
account the characteristic distribution of the fluidized state along the flow axis.

Analytical treatments of this new model are developed for a typical complex reaction

A~>B->S, in which B is the desired product.
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Ceaz(07) = Ceae-n (1)
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Nomenclature

: fraction of catalyst dispersed in bubbles

: Bodenstein number welo/E [dimensionless group]

bubble phase

dimensionless concentration ; ratio of concentration to concentration of reactant in feed gas

(Da)j: Damkéhler number £;CT5 " Lofuo [dimensionless group] (m-th order reaction)

PTS\JQ
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u:
7%
Ump:
V.
Vo
W
X:

INFREE R OB 12

eddy diffusivity [em? sec—1]

emulsion phase

feed rate [cm?® sec—1]

gas cross-low between bubble and emulsion phases [cm® cm~3 sec—1]
catalytic reaction rate per unit volume of catalyst (lst order) [sec—1]
catalytic reaction rate per unit weight of catalyst (1st order) {cm® g—1 sec1]
Distance from the bottom

bed height

cross-flow ratio KLy/u, [dimensionless group]

linear velocity =ug/e [cm sec™1]

linear velocity based on empty tube [cm sec™!]
minimum fluidization velocity {cm sec—1]
volume of catalyst [cm?]

apparent volume of fluid bed [em?]

weight of catalyst [g]
dimensionless distance L/L,

volume fraction of bubbles in the total void volume of fluid bed

void fraction

volume fraction of gas passing as bubbles
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