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Abstract − A new bag filter system has been developed with tangential inlet and an inner tube. Computational simulation

was performed to suggest an optimum shape of the inner tube which might decrease the loading onto bag filter surface of the

particles entering a filter vessel and the reentrainment of particles from the bottom wall of the vessel. According to the com-

putational results, the particle loading onto the bag filter was reduced by obstructing particles moving directly from the near

wall of the vessel to bag filters when an inner tube was located around the bag filters. The particle loading was lower when an

inner tube covered around the lower part of the bag filters from the turbulent flow recirculating near the vessel wall as the

upper part of filters was not covered. Also, the reentrainment of particles from the bottom wall decreased with an inner tube

covering around the lower part of filters.
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����� �  !"#�$ %�&' ��() *+ ,-. ��� /

" 01�2 34. 5
��
6 789: �; 4< ����� =#

� ��%>8 ?@ �A8 3� BC, ���� DEF ��G� ;H

�IH JKLM( 'H NKOPQ R5=, ��G � S TH U


&' V� �� R5=, ���; W. �X( 'H YZ[\]= �;

^�& D_8 ` aA8 34[1, 2]. ��� bC�� Ic#� ��;

dIS ef 6 gh#i YZOj ^k, DEF ��G lm; n�

X( 'H JKLM; op>� qh ] 32, 8( '#� V� U


rH s
Oj ] 3Xt, V� uv; ws� ;H ���; ]x o

y( '#� ���; W. O
S 	�Oj ] 3Xz( ��� ��

��; R5 � YZ \]=; ws� 8{ ] 34. ��� bC�;

��; dI |�S gh#i #2 �� D#}� wsO~
 T#�

Gregg� Davies[3]� ��� ����; Y�D� |,�� ��#�2,

�[4]� Y��� ��1
� ����X( Y�O� #DY�� ��

������; �� 	�S ]�#�4.

� 	���� Fig. 1� �8 ���(; ��D#}(particle loading)

� q8
 T#� ��(inner tube)� ��H �(R ��; ��Y��

�; ��� ����S ��#�4. ����S �YH 
.YN@ �

�1
; ��D|� T�H �� Y��� �#� Y�F4. Y�F
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��� � hD� ��YN� ���,� ;#� ��1
 ��� �

� �C� DEF � |�G; ��� ;#� ��1
 #D( �	 �

�F4. 6 Z ���@ ���( 8N�¡ ���2, ��� bC�

��F |�G@ ¢£(back pulse jet)S 81H V���� ;#� �

�� bCX(D¤ � F4. � F |�G; ���@ �K� ;#�

1
 ¥¦X( �&F � ¥¦C� ��F P§¨©(scraper)� ;#�

|� w�u( |" !"F4. ��Y���; ������ �D��

; �� ��� ª< Y.YN � �� N; «n ¬­S ®¯#
 T

#� ]�°0(computational simulation)S ]�#�4. ± ²�, ��

�(; ��D#}� ��1
 #D; �& ��; +Y�(reentrainment)

� ³
­ ´ ] 3� ³&; �� ��� �µ#�4.

2. ��� ��

����; ¶
 x·� §
� Fig. 1� 6¸� ¥¹ �8 ��1


¹ 4�; ��� ±"2 ��X( �n�¡ 34. � ]�®¯ 	��

�� ��¹ 
. YN8 �� Y��� �#� 1
 �( Y�F �,

1
 �; YN�� ªº 8N#C� hD ���@ 1
 ��� ��

�C� DE�2 6 Z ���@ °l ��� bCX( 8N#� �

�F42 p�#�4. M�(� hD; ���8 ��� bC� Z6

��� �D »Y �� DE� 6 ���S ��#� ¼½6pZ¾,

*+(� ]�®¯� ��� �D »Y ���; ��; �� *��

�����; YN � ��  N ®¯� NO� °0#� ¿@ ÀU ¡

Á4. rH ��F ��G8 �D YN� Â�� Ã�@ ]�®¯; a

Ä­S T#� ÅO#�4.

�����; Y.YN � �� N� ®¯#
 T#� �1 5, Æ

(±Ç' ÂÈ Fluent0p ��H FLUENT version 5S 81#�4[5].

Fig. 1��¹ �8 ��� 6 u�X( 6É¡ ��� ��' ^k Ê@

�D Ë, C'(Ì, ��8 ÀÍ) ^k( ��#� ��; Î8¹ T�

� ª< �����; YN� � �� N; ¬­S ]� ®¯#�4.

��� ��� �Y#2 3� 3Ï� �� =JÐn �� YN; Z�

���@ Y.; 	Ñ���, RN}���, �ÒZ���, ��RN�

ÒZ���, ��
,>���� ��; RN� Ó&� 6¸�� Lag-

rangian ��Ó&f&°Ô(particle trajectory tracking model) ���X

( �( ²Õ(coupling)�¡ 3Xt, 8 ��@ NO� Ë,�¡Ö H4.

YN� ®¯ O Y��; ×8ØÙ](Re=ρuL/µ)S 
ÚX( �a® Û

Ü ��YNX( �U�2, �D�� �H �ÝYN8 �Þ�z( ?@

5a¬�ß� 2àH RNG k-ε �� °Ô[6]� áâ#�4. �� �D

; YN� � ��Ó&� Ë,#
 TH Ë, ã�� 
#ä& �u¹

ã� �v1 
Æåæ¡' GAMBIT 1� 81#� =�ç ã�' 0C

., èC., éºÂê�, Æ"ë� ã��( 8ì¡� íîH ��� �

��� �D ã� �uS ¾�ï4[7].

2-1. �� ������ 	
��

���ð =JÐn ��YN� ®¯#
 TH 	Ñ���� RN}

���@ 4ñ� �8 b*F4[8].

(1)

(2)

�
� ui� Y.; ògYÑ, ρ� Y.; óI, p� òg �JK, v�

Y.; G� NAnË], ui'� Y.; �� ôN n|� ;ÂH4. \

OõP§ p�(Bossinesque eddy-viscosity hypothesis)� ;#� ×8

ØÙ öK� �� NAnË]¹; �Ë� 4ñ� �8 b*F4[9].

(3)

(4)

�
� k� ��RN�ÒZ, ε@ ��
,>, δij� Kronecker deltaS

;ÂH4.

bÚ ��°Ô� =#� 
1÷86 Ý5YN� ø ®¯#2 Ë, O

�I &i 
¶�� 8A8 3� RNG ��°Ô; ��RN�ÒZ �

��
,> 5c���@ 4ñ� �4[10].

(5)

(6)

°Ô�� 01�¡� �]�@ Cµ=0.085, Cε2=1.68, σk=σε=0.71798

4. Ë] Cε1@ ��; O� §
(time scale)¹ òg ¬�ß(mean-strain

rate); =' η; �]( b*F4.
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Fig. 1. Geometry of a bag filter system with a tangential inlet and an
inner tube.
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(7)

(8)

�
� η0=4.3882 β=0.0158t, S� À¨¹ �8 �;F òg ¬

�ß ù� Ë]S ;ÂH4.

(9)

(10)

2-2. 
��� ����

��Ó&@ YN®¯8 ú5û ]üF � �nF YN�� ²ÕOý

4O YN�8 ]üþ ÜÿZ �m Ë,F4. � ��; Ó&@ Y.;

w�� �K� 2àH ��RN���� O�� y® &|#� Lag-

rangian ��� 81#� Ë,H4. �W �bË' ^k xn|; RN�

��@ 4ñ� �4.

(11)

�
� FD(up−u)� aT ���}� v1#� Y.; w�K� ;Â

#t, FD� 4ñ� �8 b*F4.

(12)

�
� u� Y. ÑI, up� ��; ÑI, ρp� ��; óI, dp� ��

�^� ;ÂH4. ��¹ Y.�; �yÑI; �]( �;�� �y

×8ØÙ]� 4ñ� �8 �;F4.

(13)

w�Ë](drag coefficient) CD� 4ñ� �8 �;�t,

(14)

Ë] a1, a2, a3� Morsi¹ Alexander[11]; BM��X(D¤ U¡Z�

�84. §
p v@ ��� v1#� �� ôN� ;H ��; �� �

,  N� 2à#
 T#� �Ë&X( ²��� ��ÑI�� 81#

� ��; RN���� Ë,#�4.

2-3. ����

Y��S �#� �}Y} 0.05 kg/s; �
p aC&8 (150 mm×36.7

mm)' Y�C� ]�#i Y��z( Y����; ògYÑ@ 7.5 m/

s84. � ��C&8 1.45 m28z( ��� bC��; òg CÑI�

1.7 m/min84. ��� ����� �� JK ^Ëu�� 01#�4.

�C��; �� ���; ^Ëu�@ ò���	(equilibrium law of

the wall)� &1#�2, Y����; �� �I� 1%, 
ÚybÎ8�

100 mm( Z�#�4. °
 �C��� Y.� �Zu�(no-slip condition),

��� DE(trap)u�� &1#�2, �C� DE�Z �H ���@ °

l ��� bC�� DEF42 p�#�4. ��1
 ���; �� 

N@ �^8 1µm82 óIp 1,550 kg/m3' ��� y#� Ë,#�4.

2-4. ��� �� ��

Fig. 1� 6¸� ¥¹ �8 Î8 700 mm, �^ 156 mm' 4�; ��

� ���p ��1
; ��Ð� 
ÚX( y·X( T�#2 34.

FLUENT 5��� YN�� p(�
 �+#� 4�n ��@ bÚ Y

.YN ���; RN} ���(source term)�� 2à�I� °Ô��

¡ 34. ���@ À¨¹ �8 An� ;H LM�� �n� ;H L

M�; ÕX( b*F4.

(15)

�
� Dij¹ Cij� �� An�� �n�; ��n �å�PS ;Â

#2, gh 4�n ��' ^k� ��� Å�#z( 4ñ� �8 b

*þ ] 34.

(16)

�
� α� ��ß(permeability)82, C2� �nw�Ë]84.

���@ 4< !" ��X() Y.ÑI; ���(power law)� ;

#� 4ñ� �8 b*þ ]I 34.

(17)

�
� C0� C1@ 4�n ��; �a� �"� CÑI� yH JK

LM «n ��X(D¤ ^�&X( ²�F4. � 	��� 01��

���; CÑI-JKLM «n M��X(D¤ C0=600,00082 C1=

184.

3. 	
�� 
�

3-1. �� ��  !" �#$ % �
 
�& '# (� )*

�w ��8 �����; YN�� Â�� Ã�� �À\
 T#�

��8 �� ^k¹ 3� ^k� yH Ë,� ]�#� ± ²�S =W

#�4.

Fig. 2� ��8 �� ̂ k; ��1
 �D; ògYÑ(mean velocity),

��ÑI(rising velocity), ��RN�ÒZ(turbulent kinetic energy), �

�AI(turbulent viscosity) |�S \�Ú4. ����� ªº Y��S

�#� Y�F Y.� Y( aC&; �ãH �y(sudden expansion)�

;#� YÑ8 ws�C�, ��1
 ��� ªº ��� �ÝYNX(

�5F4. �ÝYN@ ����(  
7' Ã¢� �!H 6 Z Ã¢

� �" ��1
; ��ÐX(D¤ B^��X( 	Ñ&' ÑI|�

; ¬­S p�4. �Ý�; hD� 1
 ��� ªº #�#2 6 Z

� ��#C� 1
 5. �C� ªº ��� �� Ä#YN8 �nF

4. 1
 �C� ªº ��� ��
�¹ #�
�� �#D $�C(end-

wall)� ;H $�C %�( '#� YN ��8 ¢�#� ��i F4.

± ²�, ��ÑI §
 |��� Û ] 3� ¥¹ �8, ��1
 �D

� +Ä#�(recirculating flow)�( 8ì¡� ÀU íîH YN�8 �

nF4. ±%�� ��ÑI |�p 6¸6Z &@ �'(void) D|@ #

�ÑI Ã¢� 6¸(4. ���; JKw�(pressure drag)� ;#� Y

.YN@ ���08; ��� �#� ��Ð� ªº #�#� 
�S

�nH4. 8 #�
�� ��� bCX(D¤ V�F ���; ��1


 ¥¦CX(; 8N� �)#i ´ ¿84. �����; �JK |

�; Ë, ²�, ��� �a� �DS �!H yD|; Ã¢��� �

JK; Ï8p  ; 6¸6Z &� ¿� � ] 3ï4. ��RN�ÒZ

|�� 6¸� ¥¹ �8, 1%; ���IS p� Y.YN8 Y��S

Z6 ��1
 �( Y�þ Ü, Y�� �C ^ËG��; ÑI���

;#� ��RN�ÒZp op#2, Y��� 1
 �C8 ¾6� °�

" D|�� ` ÑI Ï( '#� ?@ ��RN�ÒZp �ÞF4. 1


 ��� ªº h�  "S Z� � ��
,� ;#� ��RN�Ò

Cε1 1.42
η 1 η η0⁄–( )

1 βη3+
----------------------------–=

η Sk
ε

------=

S 2SijSij=

Sij
1
2
---

∂ui

∂xj

-------
∂uj

∂xi

-------+ 
  2

3
---

∂um

∂xm

---------δij–=

dup

dt
-------- FD up u–( ) gx 1 ρ ρp⁄–( ) Fx+ +=

FD
18µ
ρpdp

2
----------

CDRep

24
----------------=

Rep

ρdp up u–

µ
------------------------=

CD a1

a2

Rep
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a3

Rep
2

---------+ +=

Si Dij µuj Cij
1
2
---ρ uj uj+=

Si
µ
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1
2
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Zp s*�2, ��1
; �#D� 8S]� s
#i F4.

Fig. 1��; �^ 650 mm; �� 3, 4, 5, 6+X( �nF ��(8�

‘Inner Tube 3456’X( b
�)8 ��1
 �� ��F ^k; YN�

Ë, ²�� Fig. 3� �4. Fig. 3��I Fig. 2��¹ ,-pZ(, Y�

�� �#� Y�F YN8 �ÑH �y� ;#� 1
 ��� ªº Y

Ñ8 �, wsF4. ±
6 ��; ÏaX( '#� �� �D¹ !D

08�� YÑ |�; a.8 �+�� � ] 34. Y�YN� ;#�

ÞnF �Ý�; �� 
�¹ #� 
�p $�C %�� ;H +Ä#

YNX( '#� ��1
 �D; YN�@ ÀU íîH |�S 8ì

2 3Xt, ��ÑI |�� 6¸� ¥¹ �8 ��8 �� ^k¹ =

W® Û Ü /�; Ï8p 3ñ� � ] 34. «û ��1
; ��Ð

� ª�� #�
� |�p ��8 �� ^k¹� c" ��Ð� 
Ú

X( µ�&' y· �uS 8ì2 34. ��8 �+#� ^k; �J

K|�; Ë, ²�, ��8 �JK|�� Â�� Ã�@ ÀU ÂÂ�

� � ] 3ï4. ��1
�; ��RN�ÒZ� ��8 3� ^k 1


 ��� �� !�� ªº ��� Ä#�� ;#� Þn�Z¾, ��

8 �� ^k� =#� �y&X( ��«nÎ8(turbulent length scale)

p v
 Ü0� ��
,>8 op#� �� �C� ª�� ��RN

�ÒZ; s
>8 op#� ¿� � ] 34[12]. ±"2 Ä#�� ;

#� ÞnF ��; �,8 ��� ;#� Ïa�
 Ü0� �� �D

; ��RN�ÒZ¹ ��AIp ��8 �� ^k� =#� e@ ¿

� � ] 34.

�� ‘Inner Tube 3456’8 ��� bC��; ògYÑ, ��RN�

ÒZ, ��AI, �� dI |�� Â�� Ã�� y#� Fig. 4�� 1

2\34. Fig. 4��; ‘line 1, 2, 3, 4’; T�� Fig. 1� bOF ¥¹

�8 ��1
 ��Ð� 
ÚX( ��� bC; ³!4 ]��� ;

ÂH4. ‘wo’� ��8 �� ^kS, ‘w’� �� ‘Inner Tube 3456’8 3

� ^kS ;ÂH4. ‘line 1, 2, 3, 4’ ����; ògYÑ@ ��8 3

� ^kp ��8 �� ^k� =#� ��X( ÏaF Ã¢�� 5 e

À�4. 8¿@ ��X( 'H Y.; y� 5c8 Ïa�
 Ü084.

Fig. 2. Distributions of (a) mean velocity, (b) rising velocity, (c) turbulent kinetic energy, and (d) turbulent viscosity inside a filtration vessel without an
inner tube.

Fig. 3. Distributions of (a) mean velocity, (b) rising velocity, (c) turbulent kinetic energy, and (d) turbulent viscosity inside a filtration vessel with an
‘Inner Tube 3456’.
HWAHAK KONGHAK Vol. 39, No. 4, August, 2001
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��� bCX(; ���, �I� ��RN�ÒZ¹ ��AI; §


 |�(D¤ � ] 34. ��� bC��; ��RN�ÒZ¹ ��

AI §
� ��8 �� ^k Y��8 T�#� ]òaC Ã¢ 6!

(Z=400 mm)�� p� ?4. ±
6 ��8 3� ̂ k� �� YN8 �

�� ;#� Ïa�
 Ü0� ��� �� D|�� ��RN�ÒZ¹

��AIp p� e4. Fig. 4� Y����; ��; ògdI( 6É

¡� ��� bC��; ��dI(normalized concentration, Fig. 4� C/

C0( b
�¡ 3ñ) |� rH \�Ú4. ��8 �� ^k, ��; 5

c8 ��� bC; ��D|X( )�û 8ì¡Zz( ��; dI |

�p ��� ��D|�� p� ?4. ±
6 ��8 3� ̂ k�, Y�

�� �#� Y�F ���; ��� ��X(; ��&' �,8 �

�� ;#� Ïa�2, ��X( Ïa�Z &@ ��1
; �[#D

Ã¢�  " ���8 5c�
 Ü0� ��� �[#D bC�� �

� dIp ?i 6¸�4. rH ��8 3� ^k Y��� �#� Y

�F ���8 ��1
 �D¹ ��; �C� DE�
 Ü0� ��

� bC��; ��dIp 5B&X( eÀ�4.

3-2.�� +,  !" -./� �0 �#$ % �

�& '# (

� 12

Fig. 1��; �� 1+D¤ 6+ÿZ; uÕ� ª< ���(; ��D

#>; ¬­S Ë,H ²�� Fig. 5¹ �4. ���(; ��D#>(8

# ‘��D#>’( ·�)@ ����; Y��S �#� Y�F ���

� ���� �; �C� DE�Z &2 ��� bCÿZ Ic#� �

��; =>( �;#�4. ��8 �� ^k(w/o Inner Tube) ��D

#>8 9.5%( p� ?2, ��8 1+D¤ 6+ÿZ °l �+#� ^

k(Inner Tube 123456) ��D#>8 3.4%( eÀ�4. ‘Inner Tube

123456’�� 6+ ��D¤ Ï7( � 8� ªº ��D#>@ op#

2, 1+ ��¾ 9@ ^k(Inner Tube 1) ��D#>8 ��8 �� ^

k; ��D#>� 6�#� ¿� � ] 34. 8� B#� ‘Inner Tube

123456’�� 1+ ��8 � F ^k(Inner Tube 23456) ��D#>@

1.7%( p� eÀZ2, ± 4ñ 2+ ��D¤ Ä�y( � 8� ªº

��D#>@ AÏ opH4.
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Fig. 4. Profiles of the mean velocity, turbulent kinetic energy, turbulent viscosity and normalized particle concentration on the surfaces of bag filters
with and without an ‘Inner Tube 3456’.

Fig. 5. Particle loading rate onto bag filters for the different types of
inner tubes.
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Fig. 6. Distributions of velocity vector for the different types of inner tubes.

Fig. 7. Distributions of the normalized concentration of particles entering the vessel for the different types of inner tubes.
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vessel for the different types of inner tubes.

Fig. 9. Distributions of the normalized concentrations of particles reentrained from the bottom wall of the vessel for the different types of  inner tubes.
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