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Abstract—A simplified model on particle entrainment was discussed in a cold model fluidized bed with
a secondary air injection. The model considered the one-dimensional equation of motion for the entrained
particles in the freeboard, the entrainment rate at the bed surface, and the rising velocity of the particles
at the bed surface. The model was compared with the measured particle entrainment rate in a cold model
fluidized bed(0.1 m-ID, 2.4 m-height) of sand as a bed material and a secondary air injection at 0.2 m above
the distributor plate. For the total entrainment rate, the model described the effect of the secondary air
fraction well. However, the model predicted the lower entrainment rate than the measured value for the
small particles and vice versa for the large particles. It was thought that the model should consider the
particle segregation additionally for the better prediction.
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Fig. 2. Total entrainment rate versus fluidizing velocity
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A :cross-sectional area of bed surface [m?*]

Cp :drag coefficient [-]

D, :spherical bubble diameter [m]

Ds :Ds at the distributor [m]

D;. :D, at the bed surface [m]

d, :particle diameter [m]

D; :hydraulic diameter of bed surface [m]

E, :total entrainment flux at the bed surface [kg/m?
s]

E: :total entrainment flux at the freeboard gas exit
[kg/m?s]

g :gravitational acceleration [m/s*]

h  :height above the distributor plate [m]

H. :expanded bed height [m]

hy :height above the bed surface [m]

H,; :bed height at minimum fluidizing state [m]

H, :static bed height [m]

K* :entrainment rate constant of a particle of i size

[kg/m?-s]
Nz. :Reynolds number [-]
r  :regression coefficient [-]
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: time [s]

: total superficial gas velocity [m/s]

: bubble rising velocity [m/s]

: bubble rising velocity at the bed surface [m/s]
: superficial gas velocity at minimum fluidizing
state [m/s]

: superficial gas velocity at a height above the
distributor plate [m/s]

: superficial gas velocity by secondary air input
{m/s]

: rising velocity of an entrained particle in the
freeboard [m/s]

1V, at bed surface [m/s]

Vpomes: maximum Vi, [m/s]

Pe
Py

: cumulative fraction of particles greater than d,
in size [-]
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