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excellent mass transfer characteristics of fluidized beds, concentration polarization (i.e.
mass transfer limitation) can be overcome and the production capacity of membrane-
assisted fluidized bed reactors could be further improved by maximizing the installed
membrane area per unit volume, leading to the concept of a micro-structured mem-

Iﬁg;:g:g;‘e brane-assisted fluidized bed reactor. In this study, numerical simulations have been sys-
Discrete particle model tematically carried out with a discrete particle model to investigate in detail the effects
Micro fluidized beds of gas addition and extraction through the confining porous membrane walls on the hydro-
Gas permeation dynamic characteristics of a single membrane-assisted micro fluidized bed compartment.
Gas by-passing In particular, the effect of the permeation ratio (amount of gas permeated through the

membrane relative to the amount fed) and the installed membrane area on the hydrody-
namics was investigated. Gas addition or extraction via the porous membrane walls
confining the emulsion phase was simulated via inward or outward directed fluxes of
the gas phase, which was found to have a very pronounced influence on the bed hydrody-
namics. The effects of gas permeation on the solids circulation pattern, solids holdup dis-
tribution and porosity probability density function in membrane-assisted micro fluidized
beds have been discussed in great detail. It has been found that gas permeation can have
an adverse effect on the bed expansion caused by gas by-passing either through the bed
center for the case of gas extraction or close to the membrane walls for the case of gas addi-
tion. In addition, the formation of densified zones (increased solids holdup) close to the
membrane wall that was observed in case of gas extraction may increase the bed-to-mem-
brane mass transfer resistance. These effects may strongly decrease the gas-solid contact-
ing and the gas residence time, which may deteriorate the reactor performance. On the
other hand, it is shown that these problems caused by gas permeation may be avoided
by properly tuning the gas velocity through the membrane via membrane area and other
design parameters and operating conditions.
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Nomenclature

dp particle diameter (m)

D distribution function

en, et normal and tangential coefficient of restitution
f volume fraction

fa volume fraction of a particle in a grid cell

Feontacta  contact force of particle (N)

g gravitational acceleration (m/s?)
H bed height (m)

H rotational matrix

I moment of inertia (kg m)

| unit matrix

kn normal spring stiffness (N/m)

ke tangential spring stiffness (N/m)
Ky number of steps during one contact
Mgp effective mass (kg)

Mg particle mass (kg)

Ny normal unit vector

Va particle volume (m?)

M, molar mass of gas (kg/mol)

N number specified by subscript
Pg gas pressure (kg/m? s)

Q mass flux (kg/m? s)

r position (m)

R gas constant (J/mol K)

Re, particle Reynolds number

Sy particle drag source term (N/m>)
taw tangential unit vector

t time (s)

Tg gas temperature (K)

T, torque (N m)

Ug superficial gas velocity (m/s)

Ug, Vg gas and solid velocity (m/s)

Vab relative velocity at the contact point (m/s)
Vel volume of the cell (m?)

Greek symbols

B inter-phase momentum exchange coefficient (kg/m? s)
o displacement (m)

€ volume fraction

n damping coefficient (N s/m)

g gas phase bulk viscosity (kg m/s)
Hg gas phase shear viscosity (kg m/s)
u friction coefficient

0 density (kg/m?)

10} angular velocity (rad/s)

Subscripts

0 prior to collision

a,b,p particle

cell computational grid cell

g gas

n normal direction

t tangential direction

Abbreviations

CFD computational fluid dynamics
DNS direct numerical simulation

DPM discrete particle model
MAFB  membrane-assisted fluidized bed
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