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Abstract—The particle entrainment rate was measured and discussed in a cold model fluidized bed(0.1
m-ID, 2.4 m-height) which employed a secondary air injection at a height of 0.2 m above the distributor
plate. Sand particles of mixed sizes under 0.5 mm in screen size were used as bed materials. The particle
size(0.128-0.363 mm), the overall superficial gas velocity(0.76-2.77 m/s), the secondary air fraction(0-0.5),
and the static bed height(0.1-0.3 m) were considered as experimental variables. The entrainment rate increa-
sed with the gas velocity, but with a decrease of particle size. The effect of static bed height was negligible.
The entrainment rate decreased with an increase of the proportion of secondary air. The effect of secondary
air fraction was appreciable for over-bed injection and was reduced as the location of second gas inlet moved
toward in-bed.
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Table 1. Size distribution of sand

o, 0425 -03  —0212 —015 —0.106 —0.075
5 403 40212 +0.15 +0.106 +0.075 +0.

(mm)

Mean size) 363 0256 0181 0128 0091 0033

(mm)

Weight 105 0282 0153 0055 0008 0007

fraction

*Apparent density : 2600 kg/m®
*Bulk density : 1300 kg/m?
*Specific surface mean diameter : 0.247 mm
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Fig. 1. Axial pressure gradient along the height above the
distributor plate with secondary air injection.
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Fig. 2. Total entrainment rate versus fluidizing velocity
with a primary gas input only.
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Fig. 3. Total entrainment rate versus secondary air frac-
tion.

2.44 m/s, E,=3.51 kg/m?s) ¢} v]ws}e], §-30] 22
Qo M= v 23 ffo] Z d Aol A= tha ZR|
frARE 7 gFe] et

FEAE o g Y S o) J gL F
veb}A] edsket. o) Choi S[2]2) 2 5}e) o x)8b=]ut
Baron 5{14]°] Azele t}a ze]7) Adgich 2}
Baron 51419 ®.1o) (% 0.15-0.30 m/s) EFo)
EF ol SS9 vAEEr) 12-28% F71E A
22 wFe] 2 A3y} =R e AL ALEEHICH

Fig. 32 23} 27|17} 4=, 43 F2/504
IAF Folet 23} F)E-Fo] WEHSIS W Fgw
&5 o] Wizlg RHoFch FHu|AEEE 23 37
&0l F7htel el Zpashe ARFE B
AZ Fol7t S5 Zrsldh 18 S 8R4
1.6 m/soll A 23} §7] 882 32 Wuse} Alliston[9]
o] B ool A o nA S x o} HE-5(U=384 mfs,
Ux/U=0-0.301 ciall 4] 2F 542-2.03 kg/m?s) <] of&t <3
g3 Fabstadol ¢H 23 IU|EeY e 24

oluh A% o7t F7heel whet FAs] s

[



23 F717F FHlE=

1.0 - | I )
L — U U:0
- -—-U/U:02 ]
X i N —— U/U:05
05 Hs:01m v .
| U :2o0m/s ]
| o dn ]
0.0 |
0.0 0.1 0.2 0.3 0.4 0.5
dp [mm]
1.0 T T T T ]
i Hs : 0.2m B
X 0.5 DU -
RN
_ SN i
. 2\ i
- “‘~~-~-~ N .
0.0 | | { BRRE
0.0 0.1 0.2 0.3 0.4 0.5
dp [mm]
VO ST l I |
i RN Hs : 0.3m ]
Xos| —
0.0 | L L=
0.0 0.1 0.2 0.3 0.4 Q.5
dp [mm]
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d, :particle diameter [mm]

dy : particle diameter having a terminal velocity that
is equal to the superficial velocity [mm]

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

h  :height above the distributor plate [m]

H, :static bed height [m]

K#* :entrainment rate constant of a particle of i size
[kg/m?-s]

P  :pressure [Pa]

U  :total superficial gas velocity [m/s]

U, :superficial gas velocity by secondary air input
[m/s]

X  :cumulative fraction of particles greater than d,

31528 H|32H H3S 19944 63

2.

3.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

HAF - AtF - AEA

in size [-]

#nEH

. Geldart, D.: in “Fluidization”, edited by Davidson,

J.F, Clift, R. and Harrison, D., Academic Press,
London, 383(1985).

Choi, J. H, Son, J.E. and Kim, S.D.: /. Chem. Eng.
Japan, 22, 597(1989).

Wang, X. S. and Gibbs, B. M.: in “Circulating Flui-
dized Bed Technology III”, edited by P. Basu, M.
Horio and M. Hasatani, Pergamon Press, Oxford,
225(1991).

. Arena, U., Cammarota, A., Marzocchella, A. and

Massimilla, L.: Proc. of the 12th Int. Conf. on Flui-
dized Bed Combustion, 899(1993).

. Arena, U., Marzocchella, A., Bruzzi, V. and Massi-

milla, L.: Preprint Volume for the 4th Int. Conf.
on Circulating Fluidized Beds, 660(1993).

. Baskakov, A.P. Maskaev, V.K, Usoltsev, A.G,,

Ivanov, 1. V. and Zubkov, V. A.: Preprint Volume
for the 4th Int. Conf. on Circulating Fluidized
Beds, 380(1993).

. Brereton, C. M. H. and Grace, J. R.: Preprint Vol-

ume for the 4th Int. Conf. on Circulating Fluidized
Beds, 169(1993).

Cho, Y. ]., Namkung, W., Kim, S.D. and Park, S.:
J. Chem. Eng, Japan, 27, 158(1994).

Wu, S. and Alliston, M.: Proc. of the 12th Int. Conf.
on Fluidized Bed Combustion, 1003(1993).
Kunii, D. and Levenspiel, O.: “Fluidization Engi-
neering”, 2nd ed., Butterworth-Heinemann, 95
(1991)

Zenz, F. A. and Weil, N. A.: AICKE ], 4, 472(1958).
Soroko, V.E., Mikhalev, M. F. and Mukhlenov, L.
P.: Int. Chem. Eng, 9, 280(1969).

Yoon, Y.S.: “Entrainment of Coal in Fluidized-
Beds”, Master Thesis, Korea Advanced Institute
of Science and Technology, Seoul, Korea(1981).
Baron, T., Briens, C. L., Galtier, P. and Bergoug-
nou, M. A.: Powder Technology, 63, 149(1990).
Yagi, S. and Aochi, T.: Paper presented at Soc.
Chem. Engrs.(Japan) Spring Meeting(1955).
Wen, C.Y. and Hashinger, R. F.: AICKE ], 6, 220
(1960).

Tanaka, 1., Shinohara, H., Hirosue, H. and Tanaka,
Y.: J Chem. Eng. Japan, 5, 51(1972).

Merrick, D. and Highley, J.: AICKRE Symp. Ser.,
70, 366(1974).



23 377t FURDE F530A DAYA w4 497

19. Geldart, D., Cullinan, J., Georghiades, S., Gilvray, logy, 38, 223(1984).
D. and Pope, D.J.: Trans. IChemE, 57, 269(1979). 21. Wen, C.Y. and Chen, L. H.: AIChE ], 28, 117
20. Colakyan, M. and Levenspiel, O.: Powder Techno- (1982).

HWAHAK KONGHAK Vol. 32, No. 3, June, 1994



