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Abstract − Basic filtration characteristics including pressure drop, penetration and fractional collection efficiency were

investigated for sintered metal fiber filters. Two filters were applied. It was found that the porosity, weight and thickness were

same, the air permeability and filtering accuracy were different. The performance test of fabric filter was investigated using a

flat sheet filter testing unit, which can be applied to the filter of 300×300 mm size. The test dust was AC Fine Dust. The pres-

sure drop increased with filtration velocity and dust loading. The initial stage of dust cake formation was a growing process of

particle dendrites on a single filament in the pore and the second stage was a bridge formation process with increasing dust

loading. The final stage was a process of constant deposition of dust on a fabric surface under heavy dust loading conditions.

The penetration sharply increased with filtration velocity in the intial stage of dust loading. It sharply decreased with dust load-
ing, but the rate of decrease gradually diminished under heavy dust loading conditions. The pressure drop and penetration have

been correlated in terms of operating variables such as dust loading and filtration velocity. The pressure drop and penetration

calculated from the correlation equation have been compared with the experimental data and the agreement between the two

data was fairly good. The fractional collection efficiency increased with dust loading.
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� ���� ���� ! "#$ %&'() *%. +,, ��� ��

- ./� ��0 1 ���� 2(� ���� ���3 ��0� 4

5�� 678��9 .:. ��; < 1 =8�� >?@ ����

AB1 �C�) *%. ������D EFGH� I�3 3-� JK

� �L MN OP�) * !, Q R�1� S� T��� U V� &

W X� YZ[5\ ]R1 @ 3-R� ^1 OP�_ ` ab[5

� �c 1 d1e fg[5\ hi 1 @ 3-R� S�� j� �

k�l%. �m n9 op� Bbqr� st�) u�� Ev@ Lw

� * ` x�-r�y ��z{� q'1y AB� ���) *%.

�� �	 "|� }
 fg[5 3-R� ~' ��g, ���Ng, �

�g� ��; �� ��	 ��(back wash)� ��3 ROP� ��
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@ ��[5op� w� ?�D �) *%.

��[5op� R�� ��� �	 ]�����op(sintered powder

metal filter), ����Gop(metal wire mesh filter), ]���[5op

(sintered metal fiber filter) X 1 ��; � *%[1].

]�����op� %qg b�D I�3 �}@ ��� ����

� OP�) * !, op� +g� �	 ��D �{�� �' g��

�` V� ��� ���(  9 8��y ]��3 op\ Bb@%.

����Gop� ���D }r@ ��1 ¡b@ �G\ �P@ op

1y +g� �	 �G� ��� %¢�` ¡bJK� %£ �G\ 3

¤ ¥ ¥¦y OP@%. ]���[5op� ¡§ 5-30µma ��[5

\ OP�3 �¨ ��1 g�@ © �\ ]� ª �Zqr� �' 3

-R1 Bb@ <�%. �� [5� }r@ J«g ¬� ­�y�® �

��� * !, �¯ °9 ±¯ X� 5¯� (Q-RQ ��� §11

op\ ²-�Uy )¯ 67\ 3-�� depth type filter�%. ��[

5op� R�1� �³a{�´� }
µ 1 OP�) * !, Q ¶

�$ �·, ¸¹º, Inconel, Hastelloy X� OP»%. Bb» ��[5

op� R�� �	 �q$� ¼] 30%�y 90%½( �¾I�® b

���¿, =1 ]�����op� §��� �q$� 30-40%, ��

��Gop� §� �q$� 50-60%, ]���[5op� §��� �

q$� 70-90%�%. �q$� À�Á op� EÂ� Ã� �ÄÅÆ�

Ã Ç1 ]���[5op� j� OP�) *%.

Q¤`, (�½(� }
µa fg[5� op� �Tµa ÈÉÊË +

g� �'y� j9 Z��-� �k�l) Ì)�_(�[2-5], ��[5

op� �T ÈÉÊË +g� �'y� �T g�Z�� Í~@ Î�%.

Q �Ï� Z��-� ��U, ����Gopm ]���op� �

bµa ��wD ��Ì� I�3 qÐÑ, ²�$, �q���È, op

ÊË, /Ò�ÈÉ�Ä XD ~ÓÔ�Õ��)[6], ]���[5op t

U� [5�� ��;�Á qÐÑ ª ²�$ Ö×, �q�� Ö× XD

ØÙ���¿, tU� [5�� ��;�Á qÐÑ ª �q��� �®

Ö×� ¬_), ²�$� �® F]�� < 1 `¹Ú%[7]. 

Û Z��y� ]���[5op� �T 3-g� +gD ��Ì�

I�3 �T g�ÆÜLÝ\ �() 3-�$m 2(4��� Ö×�

�£ �ÄÅÆ, 2(²-Ë, 4�ÉÞÊË� +gD ��Ì), 3-�$

m 2(4��� �ÄÅÆ ª 2(²-Ë� ÍÝ� 8ØØß\ )Ù�

3, ÆB ��¯� àÝá op� e�bâ ª àß� oã@ 7�\ B

q; < 1 O�»%.

2. � �

2-1. ����

är op� �ÄÅÆ9 2( åµæ� �@ �ÄÅÆ� ~�3 �^

Ã� AB� �(  (�, �ÄÅÆ� ~Óµ ç9 op� opb¡�

bè�3 2(67é� op� qÐD ê� ë8� ���� ì%. �

1 a�3 �}@ 2(4�� ��3 op b¡� bè�(  ) íg

�® ¡b» op� ~�3 op b¡� bè@ op�y� ç9 �Ä

ÅÆ� ��@%. }
µ 1 opm 2( åµæD ²-�� �¯�

îï 5� 1 2( åµæD �g�� 2(67m 67m opO��

qÐD ²-�® �Ç1 æ#1 »%. �ð ���� �ÄÅÆ9 ²-

�� �¯� 5� °9 5�� ~ñ�3 ��@%.

ärop� 2(� �5�(  9 �¯� ²-; §�, � ð ���

� �ÄÅÆ9 ¡òµ 1 3-�$� ~ñ�Ç1 Darcy� Kó� �

��3 Billing- Wilder[8]� %ô- n� `¹�_%.

(1)

K19 õN�¯� w$m op� +g, ö op� C÷m qÐÑ� �

��! ÆB op ÉÞLÝ�y op 7¯� �@ �ÄÅÆ� �¯ �

ÄÅÆ� 10%��a §��� ­G@%[8].

Williams X[9]- Matteson- Orr[10]� op I� åµ» 2(æ�

�' ���� �ÄÅÆ9 3-�$ ª 2(4�m Øø�3 8�a ~

EÂß�1 ùú�3 %ô- n� `¹�_%.

(2)

opm op I� åµ» 2(æD ²-; ð ���� �¯ �ÄÅ

Æ9 û (1)- (2)14p %ô- n� `¹ü � *%.

(3)

~EÂß�� ÆÜ� �'y �r�!, � ý9 op ÉÞLÝ\ à

Ý�� I' 0ã@ àß7�1þ 3-�$m 2(4�m Øø�3 ÿ

ÞGs ª ÿÞs�� �r� oã@ 0ã@ a7�!, �ÄÅÆD =

��� I' oã�%.

2-2. ���� 	


�Þ�¯� È�» 2(\ op� �' ÈÉ; ð �ÄÅÆ- ÈÉÊ

Ë9 3-Gs� §-�� �	 ���D ÆÜµ 1 6�@ h *%

[11-13]. �¤@ ë89 op [5�U� 2(æ� �g�� 2(æ�

�@ ÈÉ� (�µ 1 �k�(� ðA�%. Q¤` op �U� �

g» �(8�b\ �g�� 2( 67�m �� ª ��� Gs- L

]� �	 Ö�� ðA� ÈÉÊË� ÍÝ� åµ» 2(67é� �

«D =�; �� ¬_%. Payatakes X[14-15]9 2(67� t} [5

�U� ¡ò�t� �@ ÈÉ� (�µa ���y Í�Jrû 'KD

�P�3 2(67� �(8 1 �g�� gL-r� �@ �r�µ

�ëûD S���%. Wang X[16]9 op� �@ 2(ÈÉ�y 2(

ÈÉ -r� ­�I�%) �r�3 t} [5�8� ���) 2�u

µ u²�8a t} [5^I� 2(67� �(8 �g� gL-rD

WO��%.

t} [5 �U�y 2(67é� Øg��- ¡ò�t� �' ÈÉ

�� 2(67é� 4	 �g-r� �(8 ��1 gL�Uy op�

qÐD ê,® @%. �m n� 2(67é� 4	8�� �(8 ��

1 gL� ß��Uy op� [5m [5O�� 2(æD �g�® »

%. �m n9 2(æ� �gD �Ó�g�	) �!, �Þ�¯� �5

» 2(\ op� �@ ÈÉ�y op �U I�y �Ó�g� ��¿

]ã�� Gs9 
 ! 6� 2(�$� �	 ��»%.

2-3. ����


3-È� �@ 2(67� T� ÈÉ �
��9 ¡Èm 4¡È� �

	 %¢® `¹�%. ö ¡È�y� pore O�� t}[5� 2(67

� 4	�3 �Ó\ �g�3 2(æ� �g�� ÈÉÊËD 8�G�

%. 4¡È� t}[5� 67� 4	�3 2(æ� gL��¿ 3-È

�4� 2(67� �6�® �� �43-� §«� *%. Q¤Ç1

3-È� �@ 2(67 ÈÉ T��� Øg��, ¡ò�t ª ���

3"#� 0ã@ ÈÉ �
��� �P� *%) �?�!, ��� r�

�Ä ª 0Ä�´� �«$ �P; §�$ *%.

t}[5� 2(æ� �g�_D §� t}[5� �' 2(67�

ÈÉ�� �
��9 %ôõ� �ë; � *%.

(4)

�ð Dfm9 2(æ� �g�_D §� �Ì� [5 ��¡§�), Sw

� Dfm� �' 2(\ ÈÉ�� �Þ�¯� ����%.

tI4�� [5� ��\ l�	) �U [5�Þæ� Í]C÷ dLf

Pf∆ K1V=

Pd∆ K2VW=

Pt Pf∆ Pd∆ K1V K 2VW+=+=

ηf

Sw

Dfm

--------=
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� *�y �Þ�#�� 2(�$Ö× dCd� %ôõ� `¹ü � *%.

(5)

2(4�� Ã9 §�� *�y� Dfm� Ö×� µ(�, }t Dfm�

Ö×� 2(4�� �@ ÈÉÊË� ��� ∆ηf� È�»%) )��

3 ûD %ôõ� �ë; � *%.

(6)

Lf=0�U Cd=Ci, Lf=Lf�U Cd=Co� §ßbâD µP�3 2(æ�

t}[5 ^I� �g�_D §� 2(æ� �@ t}[5m ÈÉÊË

��� ∆ηf� %ôõ� �ë; � *%.

(7)

3. ���	 
 ��

3-1. ��� ��

��[5op\ Bb�� I'y� �� uR�a [5\ Bb'�

@%. �³a{� [5\ Bb�� I�3 �é�Þ �fØ9 �4�

�³a{�´ �R� %�(bundle) ��1 �g�� * !, ??� �

³a{�´ �R�  ]´ ¶�1 !¤ "3 *%. ���D &# 1

$���� a� qr� �' �fØ� tU� F]�� �	 �³a

{�´ �R� ¡§� F]�® �!, %�1 �� a�qr © 4û±

D OP�3  ]´ ¶�\ B��® �U �Ûµa ��[5� Bb

� &��!, �ð Bb» �� fiber� ¡§9 5-30µm� »%. a�q

rD �¦ Bb» ��\ tow	�!, �\ 'õ� (¦)9 <D sliver

	) @%. �õ� Bb» ��[5\ op1 Bb�� I'y * 8�

1 �q'�� @%. *9 ´[5\ µ�@ ��1 �t�3 S[ qr

D �¦ �+( ��� U8 1 �q@ <�%. Ì² *9 5Z�) �

,�Ç1 Û| �³a{�´� ��@ g�D -P�3 ).t�R, ]

ôR, op� 0sR1 �P; � *%. �m n9 U8� *D �/�

3 op1y� �}@ ²�g ª 80gD �Ì�� I�3 
1.2

�	� qrD �¦y ¼" op R�1 Bb»%. �ð U8� *æD

1,000-1,300oC� ).�y �/ ]��® �U ]���op� Bb�

&�»%.

Û ÆÜ�y� BO�y Bb@ C "#� ]���[5op\ �(

) �Tg�ÆÜD ÆG��%. Fig. 19 C "#� ]���[5op�

¡b�� ª t}[5� �8D `¹3 <�%. op� R�9 SUS

316 L1 �� * !, [5� ¡§9 5-10µm r$�%. Table 19 ?

op� �Nµ g�D `¹�_�¿, op� C÷, 0�, qÐÑ9 �}

�!, oprè$ ª ²�$� SMF-2� . �%. oprè$� op\

²-�� ¼� glass bead� ��\ �4@ < 1 �} qÐÑD 5)

*.	$ qÐD ²-�� 67��� ��(® �U . j9 EÂD

5® �!, �	y ²�$� ��(® »%. 
�1 qÐD ²-�� 6

7��� 6(U µ9 EÂD 5® �!, ²�$� 6(® »%.

3-2. ��� ��

Û ÆÜ� OP» 2("#� Arizona Test Dust(AC Fine Dust)1þ

}
µ 1 op� �Tg� 7�ÆÜ� j� �P�) * !, 67

��� 1-80µm½( %&�® �È�� *), 7�67��� 9.046µm

�%. Table 2� AC Fin dust� ×8µ bg�È\ ̀ ¹3 <�!, Fig. 2

� ÆÜP 2(� �8D Ì3^) *%.

3-3. ���� � ��

ÆÜP2(� ).âb��y 110oC1 12Gs �Ï ��âb@ ©

8.âb� ��y ÆÜÆ�� .$m n$Á 24Gs 9?�3 OP�

�%.

dC
dLf

--------– CdSwl CdDfmηfl= =

dC
dLf

--------– CdDf ηfo ηf∆+( )l=

ηf∆
πDf

4 1 εf–( )L f

------------------------ 2.303log
1 Eo–( )
1 E–( )

------------------
 
 
 

=

Fig. 1. SEM photograph of sintered metal fiber filter.

Table 1. Physical characteristics of test fabrics

Physical characteristics SMF-1 SMF-2

Filtering accuracy(µm)*1

Mean air permeability (l/dm2/min at 200 Pa)
Thickness(mm)
Weight(g/m2)
Porosity(%)

5
27

0.40
900
72

7
45

0.40
900
72

*1Maximum glass bead particle passed through the filter media

Table 2. Composition of test dust

Chemical Percentage of mass

SiO2 68-76
Al2O3 10-15
Fe2O3 12-5
Na2O 12-4
CaO 12-5
MgO 11-2
TiO2 .0.5-11
K2O 12-5
���� �39� �4� 2001� 8�
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]���[5op� ÈÉÊË +gD �r�� I@ ÆÜLÝ1 Fig.

3- n9 �Tg�ÆÜLÝ� OP�_%. Û LÝ� op� �Tµa

g�D 7��� I�3 op� T� ÉÞÊË, T��ÄÅÆ, 2(4

�bâ�y� �ÄÅÆ, 2(²-Ë XD �r; � *%.

�Tg�ÆÜLÝ\ st, àc�U, )rè$� 2( qú��y

��» 2(� ���\ �¦ 670×�(Kr-85 Aerosol Neutralizer, TSI,

Model 3012)\ ²-�® »%. 670×�� :Ù�� X 1 ���

� 2(67� ���D B��3 �1 a@ 2(67� ÅÆD ;�

), Ì% Ïr» bâ�y ÆÜ� ���$Á @%. 0×�\ ²-@ 2

(67� ��4\ �¦ ÆÜP 3-È�y �4� ÈÉ»%. ÆÜ�

OP» 3-È� ��� 300<300 mm�), 3-È� ÈÉÊËD ��

� I�3 6Ô�� 2(�$\ Aerodynamic Particle Sizer(TSI, Model

3310A)\ �P' �r��), op �Ô©� �ÄÅÆD �r�� I

�3 ��=y� 4	�� *%. ÆÜ� OP» e�¾I� Table 3-

n%.

4. 
� 
 ��

4-1. ����

op� ��3 2(� ÈÉ�� op I� 2(æ� �g�U �ÄÅ

Æ� ���® �Ç1 ÉÞ b�D 0(�) åµ» 2(æD op�

y >� �� ÿÞD �® ��¿, ��¯� e��) *� 3-ÉÞL

Ý� §� 7� 150 mmH2O r$1 e��) *%. �ÄÅÆ� 150mmH2O

�8�y� op� ´$E�m ?ê@(pore blinding) ë8� ���3

AB�� ]ã �Ä� j� ]ã�!, �\ J(�� I'y� op I

� åµ» 2(æ� �@ �ÄÅÆ� 3-�$ ª 2(4�� Ö×�

�£ ÆÜ�-\ C�1 =�; oã� *%.

4-1-1. 3-�$� �«

²�$� opD¯� �@ q�� ��EÂ� ��1 �ë»%. �	

y ç9 ²�$� q�� �� EÂ� ÃôD �Í�!, Ã9 ²�$�

q�� �� EÂ� ç%� <D �Í@%.

Fig. 4� 2(\ E6�(  9 är ]���[5op� §�� *�

3-�$� Ö×� �£ �ÄÅÆD `¹3 <�%. 3-�$� ���

� �	 �ÄÅÆ$ ¡�µ 1 ~ñ�3 ���� < 1 `¹Ú%.

Table 1� ²�$�y F � *G� SMF-1� §� 27l/dm2/min�),

SMF-2� §� 45 l/dm2/min1 SMF-2� q� ��EÂ� SMF-1� ~

�3 �� ðA� �ÄÅÆ� . �® ̀ ¹�%� <D =�; � *%.

4-1-2. 2(4��� �«

Noll[17] X- Spaite[18] X9 3-È� ¡bJû� �£ g�ÆÜ�

-� ��U 2(æ�g T�tß�y� 2(ÈÉ� ÞH�Uy 3-

È� pore��y t}[5 ^I� 2(67� -É�� �(8 ��1

4	�g�), 2(4�� ���U 2(67� -É� �@ �Ó� �

g�� ðA� �ÄÅÆ� ú�, ���%� �î r$� 2(æ� �

g�U �ÄÅÆ� }r�® ��@%) Ì)@ h *%.

Fig. 5� 3-�$� Ö×m 2(4�� ��� �£ �ÄÅÆ� Ö×

\ `¹3 <�%. 2(4�� ���� �	 �ÄÅÆ �� �I��

3-�$� îï §��� �® ���(  J `, 3-�$� ���

Fig. 2. SEM photograph of AC Fine Dust(1,000�).

Fig. 3. Schematic diagram of flat sheet filter testing unit.

Table 3. Experimental conditions

Filtration velocity 1-5 m/min
Inlet dust feed rate 1.0 g/m3(0 oC, 760 mmHg)
Filtration area 0.09 m2

Dust loading 1-200 g/m2

Fig. 4. Pressure drop vs. face velocity.
HWAHAK KONGHAK Vol. 39, No. 4, August, 2001
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n

Uy �® ����%. V@ 2(æ� �g� �@ �(8 �g ª 6

7� �Ó �g� ÞH�� T�tß�y� 3-�$� ��� �	 �

ÄÅÆ �� �I�� �® ���� !, 2(4�� ���� �	

w�µ 1 ���I�� F]��%. SMF-1� §� T� 2(æ�g

tß� 40 g/m2 ��1 Kr�!, SMF-2� §� T� 2(æ�gtß

� 60 g/m2 ��1 Kr»%. � �8� 2(4� bâ� �} 2(æ

�gtß1 Kr�!, � �8� 2(4� bâ�y SMF-19 3-�$

3-5 m/min ¾I�y �ÄÅÆ �� �I�� �� ~L�® `¹Ú%.

SMF-2� §��� 3-�$� 6��Á �} 2(æ �g �8 ¾I

�y� �ÄÅÆ ���I�� . 6(� < 1 `¹Ú%. SMF-1�

§� 3-�$� 1 m/min�y� 0-140 g/m2 ¾I½( ����¿ �Ä

ÅÆ9 5-74 mmH2O½( ���� !, 3-�$� 5 m/min} §��

� 28-417 g/m21 �® ����%. SMF-2� *�y� 3-�$� 1 m/

mina §� 0-140 g/m2½( ����¿ �ÄÅÆ9 2.5-62 mmH2O½(

���3 SMF-1- ~L�® ���� < 1 `¹Ú), 3-�$�

5 m/min� §� �ÄÅÆ9 13.3-354 mmH2O½( ����%.

4-1-3. 8ØØßû

Ikemorim Kosakai[19]� 4¡È op(felt fabric)� �@ 2(ÈÉ Æ

Ü�-\ C�1 M �ÄÅÆ� �@ är op� �ÄÅÆ~� 2(

4�m (��� Øß� *%) �r�3 %ô- n9 8ØØßûD B

G��%.

(8)

Û ÆÜ�y� ]���[5opa SMF-1, SMF-2\ OP��D §

� 2(4�� Ö×� �	 �ÄÅÆD �r@ �-\ Ikemorim Kosakai

[19]� BG@ JKD C�1 Table 4 õ� 3-�$ ª 2(4���

�	 û (9)4p (16)½(� 8ØØßûD $�; � *_), Table 4�

��� �G» �4Î�\ 5� < 1 `¹Ú%.

Fig. 69 SMF-1 ª SMF-2� �@ ÆÜÝm 8ØØßû 14p ß

�» ß�Ý\ ~Ó�3 `¹3 < 1 QN�y Ì� hm n� ÆÜ

�- 8ØØßû� O }Ý�D � � *%. �	y, ]���[5op

� 2(æ� �g�_D §� �ÄÅÆD 2(4�m ZØ(� (��

�1 `¹ü � *ôD �a��%.

4-2. ����


op ÉÞLÝ�y 2(²-Ë� =�9 %£ ÉÞLÝm PN D�

�$�(� ÈÉ2(� �g- b�bâD r�, QR@%U �� �

@ ÆÜ�-\ C�1 ÈÉÊË� =�� ���%. Q¤Ç1 ÆÜÆ

SW� op g�ÆÜ�y op ÉÞLÝ� àÝßT� oã@ 7�\

TU�� I'y� ÈÉ; 2(m op\ �r�3 V9 ¾I� e�

¾I�y ÆÜD �H�3 Q �-\ C�1 ÆBLÝ� ßT� -P

'�� @%.

4-2-1. 3-�$� �«

T� 2(²-Ë9 2(²-Ë- 2(4�� Øß� �@ ÆÜ7�

\ C�1 Qï Q|��y 3-�$� �	 Q�Þ W�D ¶XK�

�' ZLGY 2(4�� 0a w� ýD Z�y �@ ý- 2(4�

� [ 1.0 g/m2 bâ�y ? 3-�$� �	 �r@ ÆÜýD �P�

� JK� *%. Û ÆÜ�y� ©7� JK 1 2(4�� [ 1.0 g/

m2� ý� �� \ò@ bâ�y �r@ ÆÜýD �P��%.

Fig. 79 SMF-1 ª SMF-21 AC Fine Dust\ ÈÉ; ð 3-�$�

Ö×� �£ T� 2(²-ËD `¹3 <�%. 3-�$� ����

�	 T� 2(²-Ë9 ���� !, SMF-1� §� 3-�$� îï

bâa 1.0 m/min�y� T� 2(²-Ë� 8.7%�_), 3-�$� ]

Pt∆
Pf∆

-------- exp C1W
k( )=

Fig. 5. Effects of dust loading on the pressure drop at different face velocity.

Table 4. Correlation equation of pressure drop

Face velocity Dust loading Correlation eguation Standard deviatio

SMF-1

Vf =1.0 m/min W<40 g/m2 ∆Pt=∆Pf exp(0.5288W0.3815) (9) 0.07043

W>40 g/m2 ∆Pt=∆Pf exp(1.0387W0.2061) (10) 0.02801
Vf =3.0-5.0 m/min W<40 g/m2 ∆Pt=∆Pf exp(0.2W0.6528) (11) 0.12263

W>40 g/m2 ∆Pt=∆Pf exp(0.7083W0.2845) (12) 0.07638

SMF-2

Vf =1.0 m/min W<40 g/m2 ∆Pt=∆Pf exp(0.202W0.7072) (13) 0.14767

W>40 g/m2 ∆Pt=∆Pf exp(1.265W0.1933) (14) 0.02942
Vf =3.0-5.0 m/min W<60 g/m2 ∆Pt=∆Pf exp(0.5099W0.4169) (15) 0.08710

W>60 g/m2 ∆Pt=∆Pf exp(1.0919W0.2288) (16) 0.02028
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£ bâa 5.0 m/min�y� T� 2(²-Ë� 19.9%1 îï 3-�$

bâ� ~' [ 2.3�r$ ç® ̀ ¹Ú%. �¤@ ë89 3-�$� ]

¢U 3-�$� îï bâ� ~' 2(67� op�y ÈÉ�(  

) j9 &� op� qÐD ²-@%� < 1 Kr; � *%. V@

SMF-1� �' AC Fine Dust\ ÈÉ; §� 2(ÈÉ T�tß�) 3

-�$� 1.0 m/min bâ�y 2( ÈÉÊË9 91.3%1 Kr�), 3

-�$� 5.0 m/min bâ�y� 2( ÈÉÊË9 80.1%1 Kr; �

*%.

SMF-2� §��� SMF-1� §�� ~�3 T� 2(²-Ë� �®

`¹Ú), 3-�$� 1.0 m/min bâ�y� T� 2(²-Ë� 10.9%

�_), 3-�$� 5.0 m/min bâ�y� 35.7%1 `¹` îï 3-

�$ bâ� ~' [ 3.3�r$ ç® `¹Ú%. �	y, SMF-2� 2(

ÈÉ T�tß�y� 3-�$� 1 m/mina §� 2( ÈÉÊË�

89.1%�!, 3-�$� 5 m/mina §� ÈÉÊË� 64.3%a < 1 ̀

¹Ú%.

�õ� SMF-1- SMF-2� T� 2(²-Ë� ��� *� <9 ²

�$ �� ª pore size �� X� ��3 ì® � � *%.

Mekenna X[20]- Peterson X[21]9 67��� 0.1-10µma NBS

(National Bureau of Standards) Õ ^\ ÆÜP 2(1 OP�3 5N

[5 op� 2(²-ËD ÆÜ@ �-� ��U, 2(²-Ë9 3-�

$� ��;�Á ��@%� <D �a��%. V@ Leithm First[22]

� 67��� 0.5-40µma Õ ^\ ÆÜP 2(1 OP�3 polyester

needled felt op� 2(²- +g� �@ ÆÜ�-, ]£ 3-�$ b

â�y 2(²-Ë9 îï 3-�$ bâ�y 2(²-Ë� ~' [ 4

� ç® `¹Ú%. �m n� 3¤ Z�7é� ÆÜ�-\ ã[' ÌU

¡È` 4¡È� �' 2(\ ÈÉ; §� 2(ÈÉ T�tß�y� 2

(²-Ë9 3-�$� ���� �	 ��@%� < 1 _`l !,

Û ÆÜ�-$ n9 ë8� `¹`� <D �a��%.

4-2-2. 2(4�� �«

AC Fine Dust\ SMF-1, SMF-21 ÈÉ; §� 3-�$m 2(4�

� ��� �	 2(²-Ë� ÍÝ� �«D �r�3 Q �-\ Fig. 8

� `¹�_%. �î op` 2(æ� �g�� T�tß�y� 2(4

�� ��� �	 2(²-Ë9 ú�, F]�� §«D `¹3%. �

¤@ ë89 2(67 op 7¯� ÈÉ�(  ) op I� �g» å

µæ� �' (�µ 1 �k�() *%� <D Kr; � *%.

C "#� op�y� 2(²-Ë- 2(4�m� Øß\ ÌU 2(

4�� 30-40 g/m2 ��� ¾I�y� 2(²-Ë� ú�, F]��

Fig. 6. Comparison of pressure drop between experimental results and
calculated values.

Fig. 7. Initial penetration as a function of face velocity.

Fig. 8. Effects of dust loading on the penetration at different face veloc-
ities.
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), 2(4�� 40 g/m2 �8 bâ�y� 2(²-Ë� F]§«� �

� }r�® `¹Ú%. �� 3-ÈI� åµ» 2(æ� �î r$ C

÷� �g�U 2(²-Ë� 2(4�� �«� �® ÍÝ(  ôD �

� * !, �¤@ ÆÜ�-\ C�1 ÌU ÆB 3-ÈÉÞLÝ�y

�î r$ 2(4��y 3-ÈI� åµ» 2(æD >� �� ; <

a( =�� ���® »%.

Viner X[23]- Dennis[24]� Í�  Z]Jû� P� 40 MW� Kramer

(USA) ×Ä��]�y ���� Õ ^\ ÆÜP 2(1 OP�3

Teflon B1 �UõN» 5N[5 op� 2(²-Ë� �@ ÆÜ�-�

��U, op I� 2(åµæ� �g�� G��� T�tß�y� �

4�� 2(67é� op\ ²-�3 2(²-Ë� Ã® `¹Ú(�,

3-Gs� §-�3 op I� 2(åµæ� C÷� �î r$ �g

�U 2(²-Ë9 (���µ 1 ú�, F]@%) Ì)��%. �

m n9 �-� Û ÆÜ�y$ �a�_�¿, op� �@ 2(ÈÉ9

op 7¯� 1� ÈÉÊËD ��GH( a�), 2(åµæ� �@

2(ÈÉ� �4� }�` ÈÉÊË ��� �® �«D ÍÝ� < 

1 Kr�!, ÆB op ÉÞLÝ� e��y 0ã�® ùú'� ; ã

]�%.

Fig. 89 SMF-1- SMF-2� �@ AC Fine Dust� ÈÉ�y 3-�$

� 1.0-5.0 m/min ¾I� bâ�y 2(4�� ��� �	 2(²-Ë

� ÆÜ�-\ `¹3 <�%. SMF-1� 2(²-Ë9 SMF-2� 2(

²-Ë� ~' Ã® `¹Ú !, SMF-1� §�� 3-�$� �«�

.: bc�® `¹Ú%.

SMF-19 3-�$ 1.0 m/min�y 2(4�� 15 g/m2�y 125 g/m2

½( ����¿ 2(²-Ë9 0.02%�y 0.002%1 F]�� !,

SMF-2� §��� 1.24%�y 0.09%½( F]��%. ö 3-�$�

îï bâ�y SMF-2� 2(4�� ���3$ ÈÉÊË9 99.9% �

89 ���(  (�, SMF-1� 99.998% r$� ÈÉÊË 5(� �

�@ < 1 dt»%. 3-�$� 3 m/min} §��� SMF-1� §�

2(4�� 15 g/m2�y 125 g/m2½( ����¿ 2(²-Ë9 0.02%

�y 0.003%1 F]�� !, SMF-2� §��� 2.57%�y 0.16%½

( F]��%. 3-�$� 5 m/min} §��� SMF-1� §� 2(4

�� 15 g/m2�y 125 g/m2½( ����¿ 2(²-Ë9 0.06%�y

0.004%1 F]�� !, SMF-2� §��� 3.01%�y 0.27%½( F

]��%. �	y SMF-2� §�� *� 3-�$� 3 m/min ��1 6

(® �U 2(4�� ���3$ 99.8% r$� ÈÉÊËD e( a�

Ç1 3-�$\ Ã® '�( )ÊË� ÈÉÊËD eD � *ôD �

� *%.

SMF-19 2(4�� ��� �@ 3-�$� îï bâ- ]£ bâ

�y 2(²-Ë� ��� SMF-2� ~' bc�® `¹Ú%. �<9

SMF-1� SMF-2 Ì% [5 fgd� . rÓ�) op� qÐ���

�� op �¯U� }r�® �g�� åµ2(æ� �}@ �È\ �

(Ç1 3-�$ Ö×� �	y 2(æ� �@ 2(67� ÈÉ���

bc�® �k�(� < 1 Kr»%.

4-2-3. 8ØØßû

Ikemorim Kosakai[19]� 4¡È op� �@ 2(ÈÉ ÆÜ�-\ C

�1 2(²-Ë� �@ %ô- n9 ÆÜûD BG��%.

(9)

V@ T�2(²-Ë Pno� 3-�$m %ô- n9 Øß� gh�

� <D BG��%.

(10)

û (9) ª (10)�y BG» C1, C2, m, n X� 8�ý9 2(4��

ª 2(²-Ë� ÆÜ�-\ C�1 �'(� ÆÜý�%.

Û ÆÜ�y$ 4¡Èa ]���[5op� �@ AC Fine Dust�

ÈÉ�y 2(²-Ë9 Ikemorim Kosakai[19]� BG@ 5O@ JK

 1 2(4�m (��� Øß� *%) �r�3 AC Fine Dust\

SMF-1, SMF-21 ÈÉ��D ð 3-�$m 2(4�� Ö×� �	

2(²-ËD �r@ �-\ C�1 %ô- n9 8ØØßûD eD

� *_%.

SMF-1�y�

(11)

- n9 8ØØßûD eD � *_), �4Î�� 0.001571 `¹Ú%.

SMF-2�y�

(12)

- n9 8ØØßûD eD � *_), �4Î�� 0.129011 `¹Ú%.

8ØØßû� µP ¾I� 7�67��� 9.046µma AC Fine Dust

\ SMF-1 ª SMF-2 C "#� ]���[5op1 ÈÉ; §� 3-

�$� 1-5 m/min�!, 2(4�� 15-125 g/m2� e�bâ�%.

Fig. 9� ÆÜ�y e9 ÆB 2(²-Ë �rÝm 8ØØßû� �'

e9 ß�Ým� ~Ó\ `¹3 <�%. QN�y Ì� hm n� ÆÜ

�-m 8ØØß�y e9 ß�Ý� O }Ý�D � � *%. SMF-1�

§��� 8Øß�� 0.94611 `¹Ú), SMF-2� §��� 8Øß�

� 0.9603 1 `¹Ú%. �	y Û ÆÜ�y OP» ÆÜP opm 5

O@ �Nµ +gD �() *� op\ ÉÞLÝ� µP; §� ÆÜ

Pn Pno C2Wm–( )exp=

Pno C3Vn
=

Pn 8.72V0.523 4.211W0.1409–( )exp=

Pn 11.746V0.7286 1.033W0.3311–( )exp=

Fig. 9. Comparison of penetration between calculated value and exper-
imental value.
���� �39� �4� 2001� 8�



�������� 	
 �	 453
�-\ C�1 BG@ 8ØØßûD �P�3 ÈÉÊË� Kr� ��

; < 1 O�»%.

4-3. �����


op ÉÞLÝ� D� Í�@ 2(67½( ÈÉ� ��@ )g� É

ÞLÝ�%. Q¤` 2(67 ��� �£ ÈÉÊË, ö 4�ÉÞÊË

9 op� �g, ÈÉ2(� +g, õN�¯� +g ª e�bâ� �	

%¢%. Q¤Ç1 op� g�D ��Ì� I�3 op� ÉÞLÝ�

56�� �Þ�¯� �5» 2(� 6$�Èm op� �' 2(� È

É� » © õN» �¯�� �5» 2(� 6$�È �r� D� 0ã

�%[25-26].

Û ÆÜ�y� 0.54-30µm ¾I� 67�� �r� ��@ Aerodynamic

Particle Sizer(API, 3320)\ OP�3 3-�$m 2(4�� Ö×� �

	 ÆÜop� 4�ÈÉÊËD �r��%.

Fig. 109 ]���[5op SMF-1\ OP��D §� 3-�$�

1.0 m/min, 3.0 m/min, 5.0 m/mina bâ�y 2(4��� Ö×� �	

4�ÉÞÊËD `¹3 <�%. QN�y Ì� hm n� 2(4��

���� �	 4�ÉÞÊË9 ���� §«D `¹�) *%.

3-�$� 1.0 m/min bâ�y 2(ÈÉ T�bâa 2(4� 12 g/

m2�y 67��� 0.5µma 2(67� [ 98.5% ÈÉ�_ `, 2(

4� 50 g/m2�8 bâ�y� 99%�8� ÈÉ�� < 1 `¹Ú%.

V@ 2(67 ��� 1.0µm�8a §��� &�ÈÉ� ��@ < 

1 `¹Ú%.

3-�$� 3.0 m/mina bâ�y� 2(4�� 12 g/m2} ð 0.5µm

67� 4�ÉÞÊË� 98.1%1 ̀ ¹Ú), 3-�$� 5.0 m/mina b

â�y� 2(4�� 12 g/m2} ð 4�ÉÞÊË� 97.7%1 ̀ ¹Ú%.

Fig. 119 ]���[5op SMF-2\ OP��D §� 3-�$�

1.0 m/min, 3.0 m/min, 5.0 m/mina bâ�y 2(4��� Ö×� �	

4�ÉÞÊËD ̀ ¹3 <�%. 3-�$� 1.0 m/min bâ�y� 0.5µm

a 2(67� 97.8% 4�ÈÉÊËD `¹�_ !, 3.0 m/min�y�

96.5%½( F]��), 5.0 m/min 1 ���U 4�ÈÉÊË� 88.4%

½( �® F]�� < 1 `¹Ú%.

Fig. 10 ª 11�y F � *G� 2(4�� Ã9 bâ- ç9 bâ�

y 2(67��� �£ 4�ÈÉÊËD ~Ó' ÌU 2(4�� ç9

bâ� 2(4�� Ã9 bâ� ~' 4�ÈÉÊË� ij ç® `¹

Ú%.

3-�$� 6(U 4�ÈÉÊË� ÍÝ� 2(4�� �«� bc

�® `¹`), 3-�$� ���Ç1y ²-�� 2(67��� �

�(� < 1 `¹Ú%.

Im n9 ë89 op I� 2(æ� �}�® �g�U �9 Í�

@ 2(67é9 2(æ� �' ÈÉ�), }4�� ²-�� < 1

Kr»%. +,, 3-�$� îï bâ�y� Í�@ 2(67é� o

p I� åµ» 2(æD ²-�� Gs� �� ðA� 2(æD �g

�� 67é- y1 �Ó�g� P��3 �4�� ÈÉ»%) Kr;

� * `, 3-�$� ]¢U 2(æ �\ ²-�� Gs� 
� Í�

@ 2(67é9 2(æ� �' ÈÉ�(  ) Q�1 ²-�� < 

1 F � *%.

Firstm Leith[22]� polyester needle felt op� �@ Õ ^ ÈÉ Æ

Ü�y Õ ^ 67� åµ2(æ- op\ ²-�� ��\ Sc@

Ì)� ��U, 3-�$� 3.0 m/mina bâ�y op I� åµ» 2

(æ� C÷� ���� �	 ¡²(straight though)� �@ 2(²-

�3Ë� �L ç® `¹`(�, /�`F(seepage)� �@ 2(²-

�3Ë9 �® `¹`(  J%) ��%. Q¤` 3-�$� 9.0 m/

mina bâ�y� 2(ÈÉ T��� ¡²� �@ 2(²- �3Ë�

ç® `¹`%� 2(æ C÷� ���Uy ú�, F]�� !, 


U� /�`F� �@ 2(²- �3Ë� ú�, ��@%) ��%.

�m n9 �-\ C�1 Û ÆÜ bâ�y� AC Fine Dust 67é�

opm 2(æD ²-�� ��� ¡²� �' �� �k�Þ%) K

r»%.

Fig. 10- 11D ~Ó�3 ÌJD ð, 3-�$m 2(4�� ����

�	 SMF-1m SMF-2� 4�ÉÞÊË9 bc�® ��� Ú !, SMF-

2� ~' SMF-1� . ç® `¹Ú%. �¤@ ë89 SMF-1� SMF-2

Ì% 3-g�� ���3 op I� åµ2(æ� op �¯U� �

}�® �g�� 2(67� ÈÉ� 2(æ� �' �4� �k�(�

ðA�	) F � *%.

Fig. 10. Fractional efficiency for SMF-1 at face velocities.
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e,

e,
5. 
 �

Û Z��y� ��g, ���Ng, ��g� ��; �� ��	 �

�� ��3 ROP� ��@ ]���[5op� �@ �T3-g�

+gD bO��), %ô- n9 ��D eD � *_%.

(1) 3-�$ ª 2(4� Ö×� �£ �ÄÅÆ Ö×\ ��ÌJ),

T� 2(æ ª �} 2(æ� �gkD �a; � *_%.

(2) 2(4�� Ö×� �£ �ÄÅÆD ß�; � *� 8ØØßû

D $���), �ÄÅÆ ÆÜÝm 8ØØßû� �@ ß�Ý\ ~Ó�

3 O }Ý�D �a; � *_%.

(3) SMF-1 ª SMF-2� ��[5op� �@ 2(4�� 40 g/m2 �

8 bâ�y� 2(²-Ë� F]§«� }r@ < 1 `¹Ú), 3-

�$\ 3 m/min ��1 '�( 99.9% �8� 2(ÈÉÊË 5(� �

���%.

(4) 3-�$ ª 2(4�� Ö×� �£ 2(²-ËD ß�; � *

� 8ØØßûD $���), 2(²-Ë ÆÜÝm ß�Ý\ ~Ó�3

ÌJD ð O }Ý�� <D �a; � *_%.

(5) SMF-1� §� 2(4�� Ã) 3-�$� ç9 §��$ 1µm

��� Í�2(67� 4�ÉÞÊË� 97.5%1 ~Óµ g�� ��@

< 1 ̀ ¹Ú(�, SMF-2� §��� 2(4�� Ã) 3-�$� ç

9 §��� 1µm Í�2(67� 4�ÉÞÊË� 95% ��1 Ã®

`¹` ��@ 3-�$\ Ã® 5(' ^�� @%.

� �

Û Z�� l§4 �$�mS�O�a l§�mZ�S�O�� }l

 1 �H�_n�%. Z�~ (u� FOoh�%.

����

Df : single fiber diameter [µm]

Dfm : apparent diameter of single fiber with dust loading [µm]

C, Cd : dust concentration of dust laden gas [g/Sm3]

Ci, Co : dust concentration of inlet and outlet, respectively [g/Sm3]

C1, C2, C3, k, m, n : experimental values

E : collection efficiency [%]

Eo : initial collection efficiency [%]

K1 : resistance of filter media [mmH2O/m-min]

K2 : specific resistance coefficient [mmH2O/m-min]

l : fiber length [m]

Lf : filter thickness [mm]

Pn : penetration [%]

Pno : initial penetration [%]

∆Pd : pressure drop through dust layer [mmH2O]

∆Pf : pressure drop through filter media [mmH2O]

∆Pt : total pressure drop [mmH2O]

Sw : fluid streamline width of dust laden gas [m]

Vf : face velocity [m/min]

W : dust loading [g/m2]

����  !

εf : porosity of filter 

ηf : collection efficiency of single fiber [%]

ηfo : collection efficiency of clean filter [%]

����
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