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Large Particle Movement and Drag Coefficient in a Fluidized Bed

Mamoru OZAWA, Hisashi UMEKAWA, Takeshi MATSUDA,
Nobuyuki TAKENAKA, Masahito MATSUBAYASHI and Akira TSURUNO

Flow visualization of the behavior of a large particle in a fluidized bed was conducted using
neutron radiography. The large particle moved according to the bed materials, especially in the
wake of a bubble. When the density of the large particle was high, the particle moved with a velocity
different from that of bubble, and in some cases the particle moved downward through a bubble.
When the density was low enough, the particle moved on the surface of the bubble wake. The drag
force of the large particle immersed in the fluidized bed was measured. The drag force increased with
increase in the volumetric gas flux as well as with increase in the particle diameter. The drag
coefficient was derived and was well correlated on the basis of a two-phase model and experimen-
tally determined effective viscosity of the bed materials.

Key Words: Fluidized Bed, Flow Visualization, Digital Image Processing, Drag Coefficient,
Neutron Radiography
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Fig.1 Experimental setup for flow visualization by
neutron radiography
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Table 1 Bed materials

Mean diameter: 82 ¢ m, Density: 2560kg/m’
Distribution Contents
of diameter

1494m (5.1%) SiO, (91.3%)
105 (10.7)  ALO,  (4.72)
74 (41.7)  Fe,0,  (0.16)

53 (27.3)
below 53 (15.2)

Mean diameter: 218 # m, Density: 2560kg/m’
Distribution Contents
of diameter

s90um (0.1%) SiO, (99.7%))
420 (2.2) ALO,  (0.05)
297 (45.0)  Fe,0,  (0.02)
210 (33.2)
149 (14.9)
105 (4.5)
74 (0.1)
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Fig.2 Average void fraction
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Fig.3 Large particle movement visualized by neutron radiography
(0r=500 kg/m®, dr=38 mm, ds=82 pm, Jc=0.062 m/s, The calibration
of color to void fraction is indicated in Fig. 4)
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White arrow indicates the position of sphere.

Fig. 4 Large particle movement visualized by neutron radiography
(0r=88 kg/m?®, dp =38 mm, ds=82 pm, /c=0.062 m/s)
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Fig.5 Experimental setup for drag force
measurement
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Fig.6 Probability density distribution of drag force
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Fig. 7 Drag force of sphere in fluidized bed
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Fig.8 Drag force of sphere in fluidized bed
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Fig. 10 Effect of particle wake on drag force
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Fig. 12 Effective viscosity at minimum fluidization
velocity
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Fig. 13 Drag coefficient in bubbling fluidized bed
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HEIBERRE . THL LT, KRTESNT:
Jellomr >1.0 OB TOH S0 & KR & > THHE
BCo2HEL.

Co=D/[(1/2)(xd?/4)omfE] «+-eeeereeeeres: (10)
ZOTSIRE Co v 4/ VXK
Rem=di>]cpm///1mf .............................. (11

XL T7ay b LEERMIR BRI TWSE X
12128V T pny DEIGEBA S S5 HBEHKE (BN
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3420 BB SRR T O¥E & HiHRE

T EEH 400 mm T dp=20mm O 7 — 2 %2R
i, KFEBRTHBONLELEALEDT — I BB TR
NBEAL—27Z2DRC L > Thid L{HEENE
Ehbh b,

4. % B

[aAHBEhCE» N ICHAN FOEB 2T S
AT T 4 =W ko THEILL, AN FOEH %
T 2HbDBIKRWV -7 THHZ xR, X
FBRICEE & W AR FICER T 2500 2 lE
L, i RiZ¥EM, SHEHOBRMKE, MFEES
CORERHSHZL, FiIIFEBEEA F—7 ZADRAIK
oTik{tHEITEAZ LERLI.
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