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 ";� spout tube!

�< =>�? �@� AB� C	" ��� ��� D EF1 G  ��	! #$%&� '(� H GI� �JK LM�

N� OP C	 8Q
 RS� TU3	 �V.. ,! �� WX 10 cm
 spout-fluid7 YZ ��� )2[� \J�3, ]

^ C	�_ glass beads! ^`a� b �� cd
 ce� OP '( fgK 8Q hi j� kl�V.. ��	
 '( f

gK 8Q hi�  spout tube@ 12�f, 1� �'%m cd� n`�V.. ��	
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 H  ��	@ o�C	
 CX� �p� C	 qrfg
 3.0',Y
 12�f, spout tube@ 12�f&� \�sIt

a.. Spout tube@ 12�f, uv XE ��	
 '( fg! Iw dp&� ��� H xy1 z.� spout tube
 W
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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 center, using

glass beads as solid particles to be simulated. In the removal of large particles from a fluidized bed, the gas velocity in the spout

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 least 3.0 times higher than the terminal

velocity for the largest particle size of fine particles. The separation efficiency decreased as the portion and the size of coarse

particles decreased and as the fluidization in the bed became worse. It was also found that if the discharge of coarse particles

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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��� �� �! "#$%& '()* +,. -. /�

01& �2, "#)* +�3 �456� 27 89:; <	�=�

��>�� ?��@�� A* +B 	�=� /C��:� 5DE�

� FGH� IA* +,. J DIOS(K)� LM� sinterfeed, J −8 mm

7N� <	�=� >?OPQ& RSFGH: TU VWA* FeOX

� VY��Z [ \]��� �����: 56A� 01�[5] ^P

* HIsmelt(_�)� LM:� −1 mm� <	�=� `�FGH:; V
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Y��Z[ ������ 56A� 01�[2], FINEX(Z/aCbPc)

d FINMET(ef�gh/aCbPc):;� ii −8 mmd −12 mm�

<	�=� 3j� 4j� ,j1 RSFGH:; VW, VY k \]�

�A- ��/Cl�: TU m� ��	� �nlA� 01� $%o

: +,[4, 8].

&dp� FGH ���� $%: +B; −8~−12 mm 	�=� >��

pelletfeedd sinterfeedq r� �s< >�� t +,� u&! &�

�4 �vw9:; oxZ >y�� &d z{| FGl R}� ~�

/ �xA,. K�E�� FGH:; >�)� U�� UN/ Y�E

�K�� A�3 &� H� FGw� 27)� F�A* Y� ���

�FG� ��� /�w& +� U��� �P �r�� AR ��&

,. �h; FGH: �Z �s<� "# �� �Z| UL� /' U

�� FGw� ��A�3 �Z)B +�!, &: �h FG a�/ E

* ^ ��� �=:;N t�E ��� �z1� E�& Y�E �&

A,* � t +,.

^.� ��l ��� pilot plantX� scale-up)* +� 	�=� �

�&� =�� /Cl, "�� �:; >�)� *� U�:� t µm

:;s  t mmX�� </¡�/ ¢ £� <S)B +�! mZ �v

& '()9;N UN¤l/ KB� UN <S� ¤l/ ¥R� |,.

¦§ ¨� �©� 800-1,200oC� *ª:; '()«� <��: ¬


A� �<� �¡�: �� FG: �PZ ��& KB�R ­,. V

q ®9, �<� *ª �v:;� v¯& ­� KB� v¯�/ °w

)! �©�±� L�: �h &®& <�² ��s: ³� ´& <S

)9; µ¶· �¸q /¹a� |,. mZ FGH: 56)� <��

º U�q <»A- K7 ¼R� �½Z [ 56A� )�3 &� �

�E�� º U�� FG& ¾%A� ¿A- <�² sÀ: 7�)9

; *ª� W: �� v¯)R ÁÂ FG Ãl� �Ä& )RN Z,.

FG �©:; v¯�: �Z µ¶·� �": 0�A9; 27| F

G�©� ÅR± F�AR Æ�;� H�� v¯�Ç� FG �©o:

ÈIE�� ÉÊ�Ë� R}� $%& oxA,. UL <Sq Ì*+�

FGH��s � U� <P� FU/C� FÍ� �½Ar� U� F

Êz� ÆÎq Ï ÈIA9 BÐ 7N /�A,. ^.� /C <�²

� >�Z FGH&� spout° FGH:; ¼R/ ,Ñ ÒÓU�� U

�<P: zZ R¬� "# ��q � � º U�Ç� ÈIE ÉÊ�

Æ� FÊz� ÆÎq 7~§ ÈIA� u� >¨� �/�A,. ZÔ,

FGH �vR As: z °¸� FG <PÅÎq �vR� Ks<�

� ÕÎA- E½Z U� FG� K�Ö ÒÓ×o º U�� c��,

Ø� U�� �s �vR H�� &G�Ë� 0
� *Ù� t +,.

Spouting °w� ÆZ *Ú jet/ ÌÛB' jet FGH� ash v¯° =

� /Cl�:; &dp� �E: sÓ)NÜ $%| FGH �vR&

,. ^ �Pq �9, =�� ��:; @Ý)B char U�/ )! &u

& FGH� °wA9; �� k tÞRd �vA- /ClZ,. �v

& '(A- UL& Øc' char� ¥w/C: G�)B �ß� Y�

ÉÊ|,. Y� ÉÊ| char� >&àá ��� S¯A- /Cl�:

��d âã �Bä�! 1,600oC sÀ� *ª:; /ClZ,. =�

o� å<� /Cl�d >&àá >&q `�A9; ³� æE)«�

&q çß� ÉÊ�� Z,. &: FGH� å/ �èA� �vªN�

F�A* åq v¯�Ö �¡A! spout tube� �B éP� FÚ� char

U�� êA�Ë� ë�� v¯å� êAANÜ Õ7A- å<Ç� <

PA� u&,. &dp� <Pz� ÕÎ/ �&A* U�<P: �x

Z /C�� �vR: FU)� /Co Ksq >�� t +* �nU

�o �� U�� �vH�� ,� �� U� wÅ �� �v� çÚ�Ö

�n åtì� íî t +* �n U�� ïi� G�: �ð t +�

!, �©� "ÚlA� u& /�A,� u&,.

ñ "#:;� /C-*� FGH:; �Û° /C<�²� oò:

spout tubeq "� sèA- ��: 56| U�o FG: �Å� ó

MÙ/ +� �¡�d ÅR± *ª �©:; %¥)� v¯�q ÈI

E�� ÉÊA�3 +B; ÅÎd ô?�@: �Ñ U� <P� ¦w

� õ§*� Z,. &q Æ� �L 10 cm� spout-fluid° �ª FGH

�Cö� ÕÎA*, �> U��� glass beadsq >�÷� � �© ¤

t� ¤l: �Ñ ÉÊ ÚNd <P øì �� ùÃAú,.

2. ����	
� �
�� �� �� ��

FUR�� ûü: �� FG�¸:; *�U�/ coating, l� Þ

R Þè(CVD), ýþ(granulation) �� �v: �� �R �vR: T

Uÿ ��, ¼R/ Þ/)r� �<�/ ��, /Cl, �� �� *

ª �v�� v¯)B U�� �FGl � ÅÎ �©� trouble� F%

�ð /�w& +� LM &®� 7��¸� FGH:; "ÚE��

ÉÊ�� Z,. &d p� z³:; ��X� '()Bª "# ���

,�� p,.

? �[3]� U�/ wÅA� "Ú 7��¸ FGH �vR:;� U

� FG� �ª:; �>� t +� �vs FGH As: º �n U

�q È� FÊ� t +� <Pz� ÕÎA- UL<Sq Ì� �vs

FGH U�� <Pq "#Aú,. -R; �vsd <Pz� "�A

� "�z:;� �¾Z U� ÒÓ& <Pz �s� "ÚE U�<P

: oxA!, ¨�: >�Z ¨P� U�� í� U�<Pq Æ�;�

<Pz� /CFÚ�� 0.95<U/Umf<1.15� �x �@& ¬
A! &

LM FGH� ��UL�, º �nU�/ 90%&��� <P/ /�

A,* Aú,.

Choud Uang[1]� /C/ ��s�Ç û	� dead-zone& +� <

�²� #YZ FGH& 
N m� UL& �&Z U�� <P: øì

E�� �ú,. 56 /C� FÚ, 56 U�� �w, dead-zone� �

L� ÆÎ: �h <P øì& �
�  �3, dead-zone� �L� <

�² �L� 0.5ÉK � � 95%� <Pøì& /�Aú,.

Koya �[6]� �<	�=� o�F� �¡ pelletlA- /C���

FGH ���� As: ÕÎZ screw(screw� �: #�& �� °¸)�

å?� &�A- �¡�Ç� ÈIE�� ÉÊA� R}� �2÷,. É

Ê#�� /CFÚ� Þ�: �h <6�& Þ�)! <6� 100% N

�: �xZ /CFÚ� ÉÊ U�� ]� ÚN: À>â� õ�,.

Zhang �[9]� <�²� oò As: venturiq ÕÎA- t�° spout

/ °w)� *Ú jet° FGH� &�A- �¡�� <P ÉÊ: +B

; jet� °¸, jet FÚ k UL� 
N: �Ñ ÉÊÚNd <Pøì �

� "#Aú,. �R <PÚN, UIJd �ç <PÚN, UCJ>&: �¡

�/ 27)� ÉÊÿ t +� /CFÚ, UJ/ ¬
A! �¡�� 2

7| ÉÊÚN� (UIJ−UJ): Y�A- Þ/�� �*Aú,.

3. ���� � ��

Fig. 1� ñ ¨�:; >�| �ª spout-fluid FGH�� ¼� FG

H ñ�d 5R�æR k FÍ�B �Cö, >&àá ^P* �¡��

ÉÊR� #w)B +,. FGH� �L 10 cm, í& 130 cm� c¼�

t�� ¨�� z� �s: �L 25 cm, í& 40 cm� �z� ��s

<& "�)B +B �¡�� Y� ÉÊ&  �)NÜ Aú,. /C<

�²:� �L 2 mm� #�& 7>i°($#Y=0.02)�� ÉW| 45o �

Û° C!"C� ²� >�Aú,. /C<�²� oòs:� �z�

spout tube/ ÕÎ)B +�! spout tube� #s<:� �¡�� S¯

D& "�)B +,. FGl /C�� 5Rq >�Aú�!, 5R�æ

R:; 56| 5R� oil filterq D��Ö t<� $�, oil �� �r

A* pressure regulator:; K7 �%�� �7| [ FÍçq LFA
���� �39� �4� 2001� 8�
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� )B +,. 5R� ii /C<�²� spout tube� s<�� <P

)B 56)NÜ )B +,. /C<�² oòs�s  � 25 cm� Æ

Î: N&'°� /C 56Rq ÕÎA- spout tube�� /C 56&

�KA� )NÜ Aú,. /C<�²�� /CFÚ� 0.26-1.65 Nm/s,

^P* spout tube� /CFÚ� 4.1-22.2 Nm/s� Aú,. FGH�:

; RS� wÅ�  �A* /C<�²� #�� D� U�/ (��

u� 0�AR Æ�; <�² ): 200 mesh� C!"C� *� +ú,. 

U��� 
N/ � 2,500 kg/m3Ä glass beadsq >�Aú�!, �

¡���� 710-990µm, 991-1,397µm, ̂ P* 1,500-2,500µm� �

]Ýq, ^P* �¡���� 212-425µm� Z]Ýq IAú,. Table

1� ñ ̈ �: >�| glass beads(#°N=0.8)� UL� \�FGl Ú

Nd ]�ÚN� ç� ,� �-. u&,[7].

¨� ¤t�� /C <�²� spout tube� /CFÚ� �¡�� U

Lß: �¡ glass beads: �Z �¡ glass beads� �R ÒÓ�, �¡

glass beads� ÅUÍ, ÉÊ�±, ̂ P* spout tube� �L� IAú�

! ¨� �@� Table 2:; �� /d p,.

FGH� /C<�²� spout tube� K7 FÍ� 5Rq 56A-

27| �¸q F�Z �¸:; 7Í� �¡�q <� 56z� D�

ÅUA* 0 [ �¡�q Û/� 56A� 01� IAú,. �¡�X

� 1? 56Z [ spout tube� #s<� �¡� S¯#>&: ÕÎ

| 23q WB K7 �±G2 U�q ÉÊAú,. &d p& ÉÊ| U

�� �Í� UN<Sq 87A- ÉÊÚNd <Pøì� ç�Aú,.

-R; ÉÊÚN� ÉÊ| 4� ÉÊ�±�� �5 ,��, <Pøì�

ÉÊ| 6 U�o �¡�� ÅU| U�� �Í <ì� 7�Aú,.

4. �� � ��

4-1. Spout tube� �� ��� ��

Fig. 2� �¡�� 221-425µm� glass beads, �¡�� ÅUÍ� 1,500 g,

�¡�: �Z 991-1,397µm �¡ glass beads� �R ÒÓ�� 0.1,

ÉÊ�±� 3< ^P* /C<�²�� /CFÚ� 0.26 Nm/s� Õ7

A* �L 2.0 cm� spout tube� /CFÚ� 4.1-14.4 Nm/s� 7Æ:

; ¤l�8� � �¡�d �¡�, ^P* &®� ÓZ 6 U�� É

ÊÚN� ¤lq �-. u&,. -R; spout tube� /CFÚ� \9

, 4.1 Nm/s� ñ ̈ �:; �¡�� >�Z glass beads� \� U�, J

425µm glass beads� ]�ÚN, 2.55 Nm/s� � 1.55É: �:)� ,

&,. Spout tube� /CFÚ& Þ/)9; 6 ÉÊÚN/ ;�)� L


� �&�3 spout tube� /CFÚ 7Æ: �h ¼� 3/�� �

��� <Ýÿ t +,. <=, spout tube� /CFÚ& � 7 Nm/s&A

:;� spout tube� /C FÚ� ;�: �h �¡ k �¡�, ^P*

Fig. 1. Experimental apparatus.
1. Compressor 16. Conical distributor
2. Pressure regulator 17. Spout-fluid bed
3. Flow meter 18. Feeder
4. Coarse particle collector 19. Cyclone
5. Spout gas inlet 10. Fine particle collector

Table 1. Calculated Umf and Ut with respect to diameter of glass beads
used in this study

Particle diameter(µm) Umf(Nm/s) Ut(Nm/s)

*212
** 318*
*425
*710

** 850*
*990

*1194*
1397
1500

*2000*
2500

0.10
0.22
0.39
1.05
1.15
1.24
1.36
1.47
1.53
1.76
1.97

1.34
2.00
2.55
3.66
4.10
4.49
5.01
5.47
5.69
6.65
7.48

*Average diameter of particles

Table 2. Experimental conditions

Diameter range of fine particle
Diameter range of coarse particle

Gas velocity in distributor
Gas velocity in spout tube
Initial ratio of coarse to fines
Inventory of fines
Discharging time
Diameter of spout tube

212-425(:318*) µm
710-990(:850*), 991-1397(:1194*),
1500-2500(:2000*) µm
0.26-1.65 Nm/s
4.1-22.2 Nm/s
0.05-0.2
1,000-2,000 g
2-7 minute
1.0, 1.3, 2.0 cm

*Average diameter of particles

Fig. 2. Effect of gas velocity in spout tube on discharge rate.
HWAHAK KONGHAK Vol. 39, No. 4, August, 2001
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6 U�� ÉÊÚN/ 6>§ Þ/)�3 ¦§ � 6 Nm/s&As �

�¡�� ÉÊÚN Þ// �9�¹ �¡�� ÉÊÚNq ��A� �

� ? t +,. &�s  spout tube� /CFÚ& �¡�� >�Z

glass beads� \� U�, J 425µm glass beads� ]�ÚN: À�,

J Zhang �[9]& 7�Z �ç<PÚN: �ÀA� )9 ÉÊÚN/

6>§ Þ/)9; �L& �Z| spout tube� U�� ûü& plugging

�¸q �&9; ÉÊ& 7�ÿ t +� u&,.

Spout tube� /CFÚ& 7-12 Nm/s� 7Æ:;� /C FÚ� Þ�

: �h �¡�� ÉÊÚN� � 27 g/min:; � 18 g/min� ;;§

;�)�3 Y� �¡�� ÉÊ� @�ÿ 7N� ��Aú,. -R;

spout tube� /CFÚ 7-12 Nm/s� �¡�� >�Z glass beads� \

� U�, J 425µm glass beads� ]�ÚN, 2.55 Nm/s� 2.64-3.77 É

: �:|,. ZÔ spout tube� /CFÚ& 12 Nm/s&��� íc�

9;s � �¡�� ÉÊÚNN 6>§ ;�)B � 14.4 Nm/s� /

CFÚ:; �¡�� ÉÊÚN/ � 2 g/min: ^Î� � �¡�d �

¡� �A� ÉÊÚN/ 6>§ óB®� |,.

Fig. 3� Fig. 2� ¨��@:; <Pøì: �Z spout tube� /C

FÚ� �
� �-. u�� -R; ÉÊ�±��� 3<ß: 5<�

LMq Û/Aú,. Spout tube� /CFÚ& � 8.4 Nm/s &�:;�

<Pøì& � 96%&��� ? t +,. ZÔ /CFÚ& &�, B

c�9;� spout tube� /CFÚ� ;�: �h <Pøì& �ÈE

�� ;��� �&* +,. -R; /CFÚ& �¡�� >�Z glass

beads� \� U�, J 425µm glass beads� ]�ÚNd pc�9;

<Pøì� � 10%X�, J FGH: ÅU| �¡�: �Z �¡��

�R ÒÓ�Ä 0.1, J 10%: �ÀA� )B �¡�� <P ÉÊ& �

/��C� V�� t +,.

4-2. 	
�� 
� 

�� �� ���� ��

Fig. 4� �¡�� 221-425µm� glass beads, �¡�� ÅUÍ�

1,500 g, �¡�� 991-1,397µm� glass beads, ÉÊ�±� 3<, ^P

* /C<�²�� /CFÚ� 0.26 Nm/s, �L 2.0 cm� spout tube�

/CFÚ� 7Æq 6.9-10.3 Nm/s� Õ7A* �¡�: �Z �¡��

�R ÒÓì� 0.05-0.2� 7Æ:; ¤l�8� � �¡�d �¡��

ÉÊÚN� ¤lq �-. u&,. �¡�: �Z �¡�� �R ÒÓ

�& Þ/)9; �¡�� ÉÊÚN/ Þ/)�3 &� �¡�: �Z

�¡�� �R ÒÓ� Þ/: �Ñ �¡�� ÉÊÚN Þ/� spout

tube� /CFÚ& Ø�tÜ 6>§ ícC� �&* +,. j, spout

tube� /CFÚ& &@ B� )9 �¡�N �:< p& ÉÊ)� �

�³& +,.

Fig. 5� Fig. 4� ¨��@:; <Pøì: �Z �¡�: �Z �¡

�� �R ÒÓ�� �
� �-. u��, �¡�: �Z �¡�� �

R ÒÓ�& Þ/�: �h <Pøì& Þ/�� ? t +,. &� spout

tube� /C FÚ& 8.3 Nm/sd 10.3 Nm/s� í� LM:� ñ ¨�7

Æ:; 90%&�� í� <Pøì� �&�3 Y� /CFÚ& 6.9

Nm/s� B� LM:� <Pøì& 9A)! ¦§ �¡�: �Z �¡

�� �R ÒÓ�& B� )9 <PøìN 6>§ 9A�� �&* +,.

4-3. 

� ��� ��

Fig. 6� �¡�� 221-425µm� glass beads, �¡�� ÅUÍ�

1,500 g, �¡�: �Z �¡�� �R ÒÓ�� 0.1, ÉÊ�±� 3<�

5<, ̂ P* /C<�²�� /CFÚ� 0.26 Nm/s, �L 2.0 cm� spout

tube� /CFÚ� 6.9 Nm/sd 8.3 Nm/s� Õ7A* ÉÊA*� A� �

¡� glass beads� UL� 710-990µm, 991-1,397µm, 1,500-2,500 µm

� � ]Ý� ¤l�8� � �¡�d �¡�� ÉÊÚN� ¤lq �-

. u&,. �¡�� UL& ØcC: �h �¡�� ÉÊÚN/ 6>§

;�)�3 Y� �¡�� ÉÊÚN� ÒÓ| �¡�� �L:� @z

A! j� spout tube� /CFÚ:Ç �
  �� ? t +,. 

Fig. 7� Fig. 6� ¨��@:; <Pøì: �Z �¡� UL� �


� �-. u��, spout tube� /CFÚ& 8.3 Nm/sÄ LM �¡�

UL& 1/2&A� ;�)BN <Pøì� � 7-8% ;�A�3 ^D,.

^.� spout tube� /C FÚ& 6.9 Nm/s� Bc�� )9 �¡� U

L� ;�� <Pøì& �9§ Ãl�� �&* +,. J, �¡�d

�¡�� UL �&/ Øc�tÜ í� <Pøì� ER Æ�;� spout

tube� /CFÚ& í� F�)B� â� ? t +,.

Fig. 3. Effect of gas velocity in spout tube on separation efficiency. Fig. 4. Effect of initial ratio of coarse to fines on discharge rate.

Fig. 5. Effect of initial ratio of coarse to fines on separation efficiency.
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4-4. ����� ��

Fig. 8� �¡�� 221-425µm� glass beads, �¡�� ÅUÍ�

1,500 g, �¡�� 991-1,397µm� glass beads, �¡�: �Z �¡�

� �R ÒÓ�� 0.1, ̂ P* /C<�²�� /CFÚ� 0.26 Nm/s,

�L 2.0 cm� spout tube� /CFÚ� 6.9 Nm/sd 8.3 Nm/s� Õ7

A* ÉÊ�±� 2, 3, 5 ̂ P* 7<�� ¤l�8� � �¡�d �

¡�� ÉÊÚN� ¤lq �-. u&,. ÉÊ�±� Þ/: �h �

¡�� �� ÉÊÚN� ;;§ ;�)�3 Y� �¡�� ÉÊÚN�

K7A� F��� ? t +,. �R �@:; <Pøì& �¡�: �

Z �R �¡�� ÒÓ��, F�§ íR ��: H�: Gc +� �

¡�� ÒÓ�� ;;§ ;�A� )!, & ��: 4-2½ �¡�: �Z

�¡�� �R ÒÓ�� �
:; Õ�Z /d p& �¡�� �� ÉÊ

ÚN/ ;�)� u&,. Fig. 9� Fig. 8� ̈ � �@:; <Pøì: �

Z ÉÊ�±� �
� �-. u��, spout tube� /CFÚ: zçQ&

<Pøì� ÉÊ�±� L�: �h ;;§ ;�â� ? t +,. & �

� 4-2½ �¡�: �Z �¡�� �R ÒÓ�� �
:; Õ�Z /d

p& H�: Gc +� �¡�� ÒÓ�& ;;§ ;�)R ��&,.

4-5. �� 	
� �� ��

Fig. 10� �¡�� 221-425µm� glass beads, �¡�� 991-1,397µm

� glass beads, �¡�: �Z �¡�� �R ÒÓ�� 0.1, ̂ P* /

C<�²�� /CFÚ� 0.26 Nm/s, �L 2.0 cm� spout tube� /C

FÚ� 6.9 Nm/sd 8.3 Nm/s, ÉÊ�±� 3<� 5<�� Õ7A* H

�: �R ÅU| �¡�� 4� 1,000 g, 1,500 g ̂P* 2,000 g��

¤l�8� � �¡�d �¡�� ÉÊÚN� ¤lq �-. u&,.

ÅU| �¡�: �� 0.1� K7 Yì� �¡�q �R: ÒÓ÷R �

�: �¡�� �R ÅUÍ� Þ/: �h �¡�� ÉÊÚN� spout

tube� /CFÚ: zçQ& ;;§ Þ/�� �&* +,. Fig. 11�

Fig. 10� ¨��@:; <Pøì: �Z H�: �R ÅU| �¡�

4� �
� �-. u��, <Pøì� �R ÅU| �¡�� 4:�

¼� �
  � ë�� ? t +,.

Fig. 6. Effect of diameter of coarse particle on discharge rate.

Fig. 7. Effect of diameter of coarse particle on separation efficiency.

Fig. 8. Effect of discharging time on discharge rate.

Fig. 9. Effect of discharging time on separation efficiency.

Fig. 10. Effect of inventory of fines on discharge rate. 
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4-6. Spout tube ��� ��

Fig. 12� �¡�� 221-425µm� glass beads, �¡�� 991-1,397µ
m� glass beads, �¡�: �Z �¡�� �R ÒÓ�� 0.1, ̂ P*

/C<�²�� /CFÚ� 0.26 Nm/s, spout tube� /CFÚ� 6.9

Nm/s, 8.9 Nm/s, 11.9 Nm/s, 14.4 Nm/s, ÉÊ�±� 3<�� Õ7A*

spout tube� �L� 1.0 cm, 1.3 cm ̂ P* 2.0 cm� ¤l�8� � �

¡�d �¡�� ÉÊÚN� ¤lq �-. u&,. /C<�²�� /

CFÚ& 0.26 Nm/s, spout tube� /CFÚ& 6.9 Nm/s, 8.9 Nm/s, 11.9

Nm/s, 14.4 Nm/sK � spout tube� �L& 2.0 cm, ̂ P* FGH�

�L& 10 cm� LM /C<�²�� /CFÍ� 20.4 Nm3/s, spout

tube�� /CFÍ� ii 21.7 Nm3/s, 27.9 Nm3/s, 37.4 Nm3/s, 45.2 Nm3/s

� �:Í� /C/ spout tube� 56)B� â� ? t +,. &�

spout tube�� /C/ H� �v: �xZ /C&* /C �%� ªN

/ �v�@: EÓZ LM:� /C<�²�� /CFÚ& FGH A

s� FG: �Å� ��ë� 7NÇ )9 º ��/ Q,. ^.�

spout tube�� /C/ �vw /C/ cHr� ^ ��� ªN� �%

& �v �@�, Bc �v: �Å� ��� /�w& +� LM:�

spout tube� /CFÚ� F�A) spout tube�� /CFÍ� \��

 ���Z,. &I z³:; spout tube� �L� ó-/9; �¡�

� ÉÊ¦w� JK�L,. Spout tube� �L& 2.0 cm:; 1.3 cm ̂

P* 1.0 cm� æ�)9 GKZ spout tube� /CFÚ� F�A�3

�xZ /CFÍ� 42% ̂ P* 25%� óBM,. &� spout tube�

�L& 2.0 cm:; 1.3 cm ̂ P* 1.0 cm� æ�ÿ � spout tube� /

CFÚ& 6.9 Nm/sd 8.9 Nm/s� B� LM:� ÉÊÚN, ¦§ �¡

�� ÉÊÚN/ 6>§ ;�)N�Ç spout tube� /CFÚ& í�

LM:� spout tube �L� �
& ��O,. �¡�� ÉÊ� /CF

Ú& 6.9 Nm/s� B� LM: spout tube� �L& 2.0 cm:; 1.3 cm

� æ�ÿ � ÉÊÚN� ;�/ +N�Ç spout tube� FÚ& í�

LM:� �¡�� ÉÊ ÚNN BL�Ç ^ , ��/ spout tube�

�L�� @zAú,.

Fig. 13� Fig. 12� ¨��@:; <Pøì: �Z spout tube �L

� �
� �-. u&,. Spout tube� /CFÚ& ñ ¨��@:;

8.9 Nm/s&�, J �¡� glass beads� \� ULÄ 425µm� ]�Ú

N� � 3.3É&�Ä �@:;� spout tube� �L: zçQ& <Pø

ì� 95%&��� r� K7Z �9 /CFÚ& B� LM:� spout

tube� �L& ~�)9; <Pøì& ;��� �&* +,. &� spout

tube� /CFÚ& B� LM �¡�� ÉÊ ÚNq BÐ tP�� F

�A�3 ��/ Q,9 spout tube� �L� æ�A� u& <P ø

ì� í§*N spout tube�� /C 56Í� ;��Ë� ø�/ +�

� ��Z,.

4-7. ������� ����� ��

Fig. 14� �¡�� 221-425µm� glass beads, �¡�� 991-1,397µm

� glass beads, �¡�: �Z �¡�� �R ÒÓ�� 0.1, spout tube

� �L� 1.0 cmd 1.3 cm, spout tube� /CFÚ� 8.9 Nm/s, ÉÊ�

±� 3<�� Õ7A* /C<�²�� /CFÚ� 0.26 Nm/s:;

0.48 Nm/sX� ¤l�8� � �¡�d �¡�� ÉÊÚN� ¤lq

Fig. 11. Effect of inventory of fines on separation efficiency. 

Fig. 12. Effect of diameter of spout tube on discharge rate.

Fig. 13. Effect of diameter of spout tube on separation efficiency.

Fig. 14. Effect of gas velocity in distributor on discharge rate. 
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T/
�-. u&,. &� H�� FG�¸: �ÉE ��� A� /C<�

²�� /CFÚ& ÉÊÚN: BQ �
� ó uÄ/q ùÃAR Æ

Z u&,. Spout tube� �L: zçQ& /C<�²�� /CFÚ&

Þ/)9; �¡�� ÉÊÚNN Þ/, J FG�¸/ ¾%��9;

HAs: ÕÎ| /C<�²� oRs: +� spout tubeq DZ ÉÊ

N �¾�C� ? t +,. &q ��� ¥iA9 spout tube� /CF

Ú� �¡�� ÉÊ: EÓA� Õ7)BN /C<�²�� /CFÚ

& &@ Bc FG& ¾%Î ¿A9 ÉÊ& 2ÿ t +,� u� ��

Z,. ñ ¨�:; IZ 8.9 Nm/s� spout tube� /CFÚ:; �¡

�� ÉÊÚN� /C<�²�� ?� FÚ7Æ:; r� @�ÿ 7

Nú,.

5. � �

/C-*� FGH:; �Û° /C<�²� oò: spout tubeq "

� sèA- ��: 56| U�o FG: �Å� ó MÙ/ +� �

¡�q ÈIE�� ÉÊA�3 +B; ÅÎd ô?�@: �Ñ U�

<P� ¦w� õS ñ "#:; EB' �á� ,�� p,. 

(1) �¡�� ÉÊÚNd <Pøì:� spout tube� /CFÚ& /

Å �ÉEÄ ¤t� Ø�Z,. �¡�� <Pøì� 90%&��� F

�A� 3� �¡�� \�U�� UL� RPZ U� ]�ÚN� 3.0

É&�� /CFÚ& spout tube� /CFÚ�� Õ7)B� ÷,.

(2) spout tube� /CFÚ& B� LM �¡�� ÉÊ ÚNq BÐ

tP�� F�A�3 ��/ Q,9 spout tube� �L� æ�A� u

& <Pøì� í§*N spout tube�� /C 56Í� ;��Ë� ø

�/ +N,.

(3) �¡�: �Z �¡�� �R ÒÓ�& Bc�tÜ, �¡�� U

L& Ø�tÜ ^P* H� FGw& TB�tÜ �¡�� øìE <

P/ BÙÂC �� FGH 57� Õçd ¨� �©:; U<§ *Ù

�� Z,.

 !�"

UCJ : critical separation velocity [m/s]

UIJ : initial separation velocity [m/s]

UJ : jet velocity [m/s]

Umf : minimum fluidization velocity [Nm/s]

Ut : terminal velocity [Nm/s]
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