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Abstract—The elutriation rate of fine particles were measured in a cold model Two-Stage Swirl-Flow Fluid-
ized Bed Combustor(TSSF-FBC). The range of secondary air flow rate was varied from 0.1 m/s to 0.35 m/s
while the primary air flow rate was kept to a constant value of 1 m/s. It was found that the elutriation rate
of fine particles slightly increased with the secondary superficial air velocity. When the secondary superficial
air velocity exceeded over 0.3 m/s, however, the elutriation rate rapidly increased. The elutriation rate of
fine particles was strongly dependent upon the swirl intensity. It was exponentially decreased as the swirl
intensity increased. The elutriation rate constant increased with the secondary superficial air velocity, and
the critical particle diameters were in range of 83-88 um. Under the experimental conditions, the elutriation
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rate constant of fine particles can be correlated with secondary excess air velocity(U,;-U,,) and d,/dyi0 as

follows;

K‘ ( dp)
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Fig. 1. Shematic flow diagram of the experimental appa-
ratus.
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Fig. 2. Details of standpipe-type swirler and distributor.
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Table 1. Properties and size distribution of particles used
in the experiment

Seive no. dy(mm) X; Vi(m/s)
230-270 0.0580 0.0562 0.258
170-230 0.0755 0.4360 0.351
140-170 0.0965 0.1669 0.520
120-140 0.1150 0.1234 0.677
100-120 0.1375 0.0893 0.871

80-100 0.1630 0.0588 1.089
70-80 0.1935 0.0353 1.343
60-70 0.2300 0.0223 1.631
50-60 02735 0.0118 1.950
d,=0.091 mm
ps=2.62 g/em?
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Fig. 3. Elutriation rate vs. secondary superficial air veloc-
ity in a swirl-flow fluidized bed.
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Table 2. Values of d,i00 for several experimental condi-

tions
Quuai(l/min) 660 688 715 743
U,(m/s) 1.0 1.0 1.0 1.0
Usz2(m/s) 0.2 0.25 0.3 0.35
dp100(um) 82.98 84.69 86.37 88.02
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Fig. 8. Correlation curve of the elutriation rate constant
in a swirl-flow fluidized bed.
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A :cross-sectional area of column [m]

A, :cross-sectional area of swirler nozzle [m]

C, C;, C, C;:constants [-]

d, :diameter of the particle {pm]

dyi0 : cut diameter defined by eq. (7) [um]

E. :entrainment rate of particles at the freeboard
height of infinity [kg/m’s or g/s]

E  :total elutriation rate of particles [kg/s or g/s]

E, :initial entrainment rate of particles at the sur-
face of fluidized bed [kg/m’s or g/s]

g :acceleration of gravity [9.8 m/s?]

h  :axial position in the freeboard [m]

H; :height of freeboard [m]

K*(d,) : elutriation rate constant of particles of size
d, [kg/m’]

K,*(d,) : elutriation rate constant of particles of size
d, at axial position h [kg/m’s]

K.*(d,) : elutriation rate constant of particles of size
d, at infinite freeboard height [kg/m?®s]

n, m, n:constants [-]

Qi, Q;: primary and secondary air flow rate [m'/s]

Qui : total air flow rate [m?/s)

r :radial position [m]

R  :radius of column [m]

R.. :radius of vortex core [m]

S :swirl intensity defined by eq. (1) [-]

t :time to be taken for a particle to move from
column center to the wall [s]

t, :time to be taken for a particle to rise freeboard
[s]

U, :superficial air velocity [m/s]

U,..U, : primary and secondary superficial air velocity
[m/s]

U, :minimum fluidization velocity [m/s]

Vi :radial velocity of particles [m/s]

V, :terminal velocity of the particle [m/s]

Vz :axial velocity of particles [m/s]

x(d,) : weight fraction of particle of size d, in the fluid-
ized bed [-]

y(d,) : weight fraction of particle of size d, in the elu-
triated particles [-]

W :total weight of bed material [kg]

W(d,) : weight of particle of size d, in the fluidized

bed [kgl

W, :tangential velocity component in the swirl flow
[m/s]

aglojA BX}

o :decay constant of entrainment rate of particles

in the freeboard [m™!]
p, :air density [kg/m®]
: particle density [kg/m®]
; air viscosity [kg/m s]
: function defined by eq. (12) [kg/m’s]
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