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Abstract— Generalized model correlations which can be used to predict the particle entrainment rate at the freeboard
gas exit of bubbling and circulating fluidized beds have been proposed on the basis of previously measured entrainment
rates. Gas velocity, column diameter, column height, properties of solid and gas were considered as variables. Particle en-
trainment rates predicted from proposed correlations agreed satisfactorily with values measured in cold- and hot-model bub-
bling fluidized beds and with values measured in circulating fluidized beds over the wide range of operating condition.
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Table 1. Summary of previous studies in bubbling fluidized beds considered in present model correlations for the elutriation rate constant

Authors Particle p,lkg/m’] ap[mm] D/[m] Hjfm] U, {m/s} Ufmy/s] T,['C]
Choi et al.[2] Sand 2630 0.255 0.38 9.1 0.11 0.38-2.01 30, 45
0.342 0.086 0.95-2.44
Choi et al.[7] Sand 2598 0.247 0.1 2.4 0.09 0.81-2.8 AC.
Choi et al.[8] Sand 2509 0.178 0.1 21 0.028-0.04 0.65-2.3 20-600
0.109 0.1 21 0.009-0.015 1.0 20-600
0.276 0.1 21 0.054-0.093 1.5 20-600
Ryu and Choi[9] Emery 3918 0.145 01 21 0.0319-0.0433 0.8-2.2 12-600
Cast iron 6158 0.110 0.0388-0.0597 0.8-2.2 12-600
George and Grace[10]  Sand 2630 0.08 0.25x0.43 3.0 0.015 0.2-1.2 27, 162, 172
Gugnoni and Zenz[11] Glass bead 2400 0.073 0.91 8.6 0.003 0.152-0.626 AC.
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Table 2. Summary of previous studies in circulating fluidized beds considered in present model correlations for elutriation rate constant

Experimental . Particle density Particle diameter Gas velocity Solid circulation flux
Authors mparatus Do M gy (um) (mis) (kg/m’ - 5)
Li and Kwauk[12] 0.09m LD, iron ore 4510 105 55 135
8m high alumina 3090 81 56 73
FCC 1780 58 20 16
pyrite cinder 3050 56 3.0 129
Arena et al.[13] 0.041m 1D, glass beads 2600 88 5.0 390
6.4m high 7.0 382
Yerushalmi and 0.152m LD, FCC 1070 49 39 115
Avidan[14] 8.5m high 51 120
Hartge et al.[15] 04m 1D, quartz sand 2600 56 5.0 65
7.8m high
Kato et al.[16] 0.097m 1D., FCC 1700 61 44 50
3m high
Bader et al.[17] 0.305m LD, US-260 Eq. 1714 76 9.1 147
12.2m high catalyst
Li et al[18] 0.09m LD, FCC 9255 54 1.52 14.3
10m high 2.10 241
Herb et al.[19] 0.15m LD, FCC 970 68 3.8 16
10m high
Rhodes and Geldart{20] 0.152m LD., 9G 1800 64 25, 35 34, 67
6m high 45 86, 107
Kato et al.[21] 015m LD, FCC 1770 74 24 16
3m high 44 17
Arena et al.[22] 04m LD, Ballotini 2543 90 4.9-5.1 114
10.5m high
Grewal et al.[23] 02m LD, silica sand 2540 330 54 21.8
5.966m high 2667 181 35 16.0, 144, 13.7
2690 162 39 19.6, 18.1, 17.2
steel shot 7324 253 7.7 93.6
7.8 71.6
Bai et al.[24] 0.140m 1D., FCC 1545 54 523 120, 89, 62
10m high 7.04 118, 103, 78
silica gel-A 706 280 433 47
6.14 45
silica gel-B 710 165 433 47
6.14 45
0.186m LD., silica gel-A 706 280 47 40
8m high
Wong et al.[25] 0.05m LD, - 2500 174 4.0 123
3.0m high 717 126, 75
Adanez et al.[26] 0.1m LD, sand 2600+ 30 60-300 4.0 74.8
4m high 300-500 55 69.2
500-630 55 320
630-800 6.5 38.0
coal . 1400+ 25 300-500 49 59.0
Jiang et al.[27] 0.102m 1D, FCC 1153 89 1.7 58
6.32m high Polyethylene 660 325 2.7 74
Namkung et al.[28) 0.1m LD, FCC 1720 65 3.0 30.0
5.3m high 25 25.0
F23 250 zs)e] ez ok 2l Uehie 2wt o F,=C, p,U/2 (3b)
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Fig. 1. K.../C,p,U vs. C,p,U’/2. BFB(bubbling fluidized bed) data.
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Fig. 7. Comparison between measured external solid circulation fluxes and values calculated from present correlations.
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velocity [-]
: patticle diameter [m]
: mean particle diameter [m]

: column diameter [m]

: drag force, C,p,U’/2 [N/m’]

: Froude number, C,p,(U - U,)/p,d.g [-]

: gravitational acceleration [m/s’]

: external solid circulation flux [kg/m’s)

: height above the distributor plate [m]

: static bed height [m]

: column height [m]

: particle elutriation rate constant at a height above the distri-

butor [kg/m’s]

: particle elutriation rate constant below TDH or cluster flux

(ke/m’s]
particle elutriation rate constant above TDH or disperse non-
cluster flux [kg/m’s]

: exponents [-]
: particle Reynolds number, d,Up,/u [-]

HWAHAK KONGHAK Vol. 36, No. 2, April, 1998



HAF - RS - AT o - £ - IAE

274
r : regression coefficient {-]
T, : bed temperature [C]
U : superficial gas velocity [m/s]
U, : minimum fluidizing velocity [m/s]
az2|0|A 21t
o, : parameter defined as Eq. (5b) [-]
1! : gas viscosity [Pa s]
Ps : gas density [kg/m’] ’
Py : apparent particle density [kg/m’]
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