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Abstract - In a fluidized-bed operation, unwanted particles larger than a designed size can be introduced unexpectedly or
form during the operation in a reactor. These large particles should be removed from the bed during the operation, otherwise a
long-term stable operation is impossible due to defluidization phenomena caused by them. For this purpose, the present study
examined a spout-fluid type fluidized bed reactor of which conical gas distributor had a spout tube(outlet) in its cgnter, usin
glass beads as solid particles to be simulated. In the removal of large particles from a fluidized bed, the gas velepibyin the
tube was found to be one of the most important factors. In order to obtain more than 90% separation efficiency of unwanted
coarse particles from fine particles, the gas velocity in the spout tube had to be kept at teass 3igher than the terminal
velocity for the largest particle size of fine particles. The separation efficiency decreased as the portion and theusiee of co
particles decreased and as the fluidization in the bed became worse. It was also found that if the discharge of cosrse particle
through the spout tube was not affected by the decreation of inner diameter of the tube, the smaller inner diameter of the tube
showed the better separation efficiency at a low gas velocity in the tube.
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Fig. 1. Experimental apparatus.
1. Compressor
2. Pressure regulator
3. Flow meter
4. Coarse particle collector
5. Spout gas inlet

6. Conical distributor

7. Spout-fluid bed

8. Feeder

9. Cyclone

10. Fine patrticle collector
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Table 1. Calculated Usand U, with respect to diameter of glass beads
used in this study

Particle diametep(m) U(Nm/s) U(Nm/s)
212 0.10 1.34
318* 0.22 2.00
425 0.39 2.55
710 1.05 3.66
850* 1.15 4.10
990 124 4.49

1194* 1.36 5.01
1397 1.47 5.47
1500 153 5.69
2000* 1.76 6.65
2500 197 7.48

*Average diameter of particles

Table 2. Experimental conditions

Diameter range of fine particle 212-425(:318) um
Diameter range of coarse particle 710-990(:850), 991-1397(:1193,
1500-2500(:2000*um

Gas velocity in distributor 0.26-1.65 Nm/s

Gas velocity in spout tube 4.1-22.2 Nm/s
Initial ratio of coarse to fines 0.05-0.2
Inventory of fines 1,000-2,000 g
Discharging time 2-7 minute
Diameter of spout tube 1.0,1.3,2.0cm

*Average diameter of particles
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Fig. 2. Effect of gas velocity in spout tube on discharge rate.
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Fig. 4. Effect of initial ratio of coarse to fines on discharge rate.
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Fig. 6. Effect of diameter of coarse particle on discharge rate.
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Fig. 7. Effect of diameter of coarse particle on separation efficiency.
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Fig. 8. Effect of discharging time on discharge rate.
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Fig. 9. Effect of discharging time on separation efficiency.
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Fig. 13. Effect of diameter of spout tube on separation efficiency.

7o) Mg ot FA3] AAE AR T spout tubd] 7h2frEo] =&
A9 spout tuber] 2] Qo] Skl ATt mIPALe] WEL ThA
o] 6.9 Nm/s2 ¥-& Z-$-9] spout tub&] &7o] 2.0 cn¥ilA] 1.3 cm
Z4d o wiEEz0] vt AUAT spout tubd] f&o] E2
SollE mgAe WiE S5 B9 2 gk AA7F spout tubg)
A

o
e A,

oo iy

Fig. 13 Fig. 122] Az Adx Ee]as<] I3 spout tubez 7
o] @S P Zlolth. Spout tube] JhAfrEe] B AN
8.9 Nm/®|}, & "4} glass beadd Hui Y7320 425pume] &<
%9] ¢ 3.3 o)) 2AdAM = spout tubg] FAAd AAGle] EelE

£2 950 oz AL 4Agg v siafgre] e Aol spout
tube?] 27 o] FH WA EE]| T go] 7ag-g Beo| itk o] spout
tubel] 7t2frdro] WS AL QYA W& £ E o] FEoR f
AsteH 4171 glrbd spout tubg] A8 Sashe Zlo] £ &

2o =315 spout tub&e] 71~ FTHFES a7 ) o

< o)t}

=

4-7. 7ta iR JAREo| HE

Fig. 14= ®]@A= 221-425um¢] glass beadsll ¥ A2 991-1,397um
9] glass beads] @At &k YgAre 27] EFE-L 0.1, spout tube
9] 7742 1.0cn#t 1.3 cm, spout tub 7F=5-45-2 8.9 Nm/s &4
7He 3207 A PAEARRY JFAR4-2 0.26 Nm/siA
0.48 Nm/gt<] WA S W thE At v HAPE mjE45e] Wsls

Discharge rate (g/min)
S

8F Dia. of spout tube] ]

6 F Coarse : 991 - 1397 pm (cm) E

4 [ Fines inventory : 1500 g 1 13 | ]
Initial ratio of coarse to fines : 0.1 Coarse O .

2F Ggs velopity ip spout !qbe 16.9 Nm/s Fines ) = E
Discharging time : 3 min

0 Lo A A1

0.20 0.25 0.30 0.35 0.40 045 0.50

Gas velocity in distributor (Nm/s)

Fig. 14. Effect of gas velocity in distributor on discharge rate.



B tigiAie) A9

2 she PR

HeRd Zloft}, ole Fule] 5 dEd AwA A

B2 o] Mg ol 9L F AWNE sete]

o 7401E‘r Spout tub@] %173011 A gle] 7}é% N o] TRAfol

e 7 2 ‘:‘E%HX]‘?W

sl 4 2
.SH;Q S o _/‘r: 911;]_ o]% Q_O_E /xgzlé]—

EAbe] HiEol] A

o 50l B
g8

spout tubEH 7}&

3 0 o IR B R ST R et ) g SR
w3 ol <12 % ke g 9
9 NmM/$] spout tube] 7Hf-&o A H Y

9]

2]

g
A0
=

9 J)’ l-rl 01}1'

ELA:
A B Aol |

Ao MESEE Aapane] A 2NN A A8 4
=Arh.
5d £

A dexoz HH%%}%EH deiA A9k Az AA we YA)
Fale) 548 ¥l 2 A7 dojxl A8

(1) A BEs4E 2o 7}
A AAHY R A8-dn. A £ asS 00w 3=
Aste He vdahl Jdate] 94L 7188 94 $245%22] 3.0
o] Ao 7F2~f-40] spout tubd] 7haf-4o 2 A sjojok T,
3% HEA] w2 $=5 o

Ee &89 spout tubel 7}

(2) spout tubd] 7tf&o] W A

szoz HA5=H 2471 uhd spout tubg) AL =
o] He|a &S ¥3 A% spout tub& 9] 7k FHHE TAATE E

#7h 9%t
(@ vRA) tet tRAe] 27 EfE] B, g
Aol Ae5% 723 B f5Ae] oldrs vgAel Hen B

Z7h ol A T2 S TR0 dAs dA 24

437

oA SE3] e

3ok @k,
==
Uc; :critical separation velocity [m/s]
U, s initial separation velocity [m/s]
U, : jet velocity [m/s]
Un  :minimum fluidization velocity [Nm/s]
U, :terminal velocity [Nm/s]
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