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Abstract 

Although Dielectric Barrier Discharge (DBD) in air has been applied to a wider range of aftertreatment 
processes for HAPs(Hazardous Air Pollutants), due to its high electron density and energy, its potential use as 
precharging dust particles is not well known. In this work, we measured size distributions of bimodal aerosol 
particles and estimated collection efficiency of the particles by electrostatic precipitator(ESP) using DBD as 
particle charger. To examine the particle collection with DBD charger, nano size particles of NaCl(20 100 �

nm) and DOS(50 800 nm) were generated by tube furnace and atomizer, respectively. For experimental �

conditions of 60 Hz, 11 kV, and 60 lpm, the particle collection efficiency for the hybrid system 
comprising  DBD charger and ESP was over 85 %, based on the number of particles captured.  
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�. ��� �� ��� � �� �� � �  !
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7, O;, /0�� ��� CD, O�.(6)  
�M P� QR# ��1S ��� ��� ��
� NOx M SOx T� �B,U VW*X� YZ 
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Fig. 1 Schematics of experimental set-up 

yK	 z{# �%1� p�(11)� 9m��7v, 
w��7 ��� ��� ��# ��� yK VW 
*X� a� ]^� �J� p���.  
� ]^��� �*,� de$M ?�� yK 
/0*f 
�1S 1 � �1� �� yKE# /
0 k��. ��� ��� ��# ��1S yK
f 1�kl; ��[ '�� �*�9[�� 1
�yKf �91n�. yK� �9��� ��� 
��� ��[M �9[��� �
�, ��� 
�� y�� �� 6CD� �j$� ��1n�. 
|� ��� ��� ��[� ,B7� ()�

� �,�
 �j,  ¡6, �<�¢� �� �9 
��# ��1n�.  
 

2. � 
  

Fig. 1I P� p� +£f ^R1n�. ¤� =
* =¥[(clean air supply)f tI� 
3 =* � 
¦[� yK /0# §B �*,� de$
(electrically heated tube furnace), ?�� yK /0*
(atomizer)� =¥�2 H¨7� /0 yK� ©b
I ªs «� �¬ ­®# §B 
�A�. �*,
� de$�� *j-h3 5	# ��1S /0k
¯ NaCl yK� CD� °) �¬±(laminar 
flowmeter)$ ­®A�. ?�� yK /0*��� 
DOS ²4� 0R�� NaCl yKM ³´�;, ©
b�(diluter)�� ¤�
3=*� �B ªsf t
I1� �¬� �� �µ 200:1 �	� ©bJ$ 
©bA�.  
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/0A �� ¶· yK� ��� ��� ��

(DBD)[M �9[(ESP)$ ^RA ªs$ �yA
�. ��[M �9[f tI� yK� :*?@� 
��� 3/8″� º�» ¼$ef tB 0.3 L/min
�  �¬o$ ��A�. yK� :*?@� ��$
½ �j* (210Po), DMA(TSI model 3080) � 
CPC(TSI model 3022A)$ ^RA SMPS (scanning 
mobility particle sizer) kU¾o$ ��A�.  
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Fig. 3 I-V characteristics under DBD��
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/0 yK� 6CDf CO, ��� ��� gh
*��v �¿� �,��# .� 6CDf CD, 
��� ��� ��[M �9[� �¿� ¶À �
,��# .� CDf CE � - ., ��[�  �
�� yK� �9�� ηDBD � Á(1)$, ��[f 
tI� 1�yK� �9[��� �9�� ηESP � 
Á(2)M P� HÂÃ 6 ��.  

0

1
C
C D

DBD −=η
  (1) 

0

1
C
C E

ESP −=η   (2) 

��� ��� ��[ «� ��� ÀÄ 0.03 
�, ,$ 30 mm, �$ 80 mm� ÅÆ(copper foil)# 

�1n;, %Ç� �� z{$ È¶(mica)f 

�1n�.  
��� 
�� >É� 4 mm�; ��<� 4� 
o$ ^R1n�. ��� ��� gh*$ �,�
� AC �
� 8 12 kV� $ ­®1no2,  ¡6
� 60 1� 20 Hz $ �jk��. Ê  ¡6 aË a
��� �,�
� �� ��� ��� ��[� 
�)¬ �jf Fig. 3�� HÂ«��. �,�
� 
8 kV �	¦ . Us�¨, /012  12 kV �	
� �
� �,�< w:(Arc) ��o$ ��A�. 
|�, �,��  ¡6, Ì,1< ��k �)¬
� Ì,��.   

 ��[f tI1� �< �¢� ¦g4� �*
�9[� �¢� 0.5 2 m/s� � Í(12)# ;Î1S, 
0.64 1.92 m/s (60 180� �  L/min)� �DÏ ­®1n
�. �9[��� �,�
� DC -8 kV ���.  
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    Fig. 4 Collection efficiency for DBD on and  ESP off               

(60 Hz, 60 L/min)��
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Fig. 5 Collection efficiency for DBD on and ESP on    

(60 Hz, 60 L/min)  

 
<, �*+(V/m)� �*, Ì,1S �*+ «� 
yK1� ��� 	Ð��. Ñ�H DBD M P� 
��������� ��� ¦� 6Ò �	� �

� ,BÓ# �Ô Us�¨ cË�� w: �� 
cËo$ ���� 1�[, ¡Õ�Ö$ ×�4� 
��# Ø# 6 �� �,�
� 9 12 kV(Fig. 3�

Ù­) Ú§�� p�# 6m1n�.  
 ¡6f 60 Hz$ ;�1;, �,�
#  9 11�   

 

Table 1 Characteristics of bimodal particles�
��

�

Test Aerosol NaCl DOS
Geometric 

mean  
diameter(nm) 

31 213

Geometric 
standard 
deviation 

1.47 1.88

Concentration 
(#/cm3) 8×105 3.5×105
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kV $ �jkl<� 1�[M �9[� �9��
# Fig. 4 I Fig. 5� HÂ«��.  
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yK� �9��� Ow7��, �Í� /0 ��
� CD, Ow7< 1�[f 7H� yK� 1� 
��� Ì,1;, 1�yK, �*+« �Å� 6
��Üo$ �Å1� W�, Ì,1* .Ý��.  
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3.2 ��� ��� �� 	
�� 
Fig. 6 I Fig. 7 � ÊÊ  ¡6 �j� �� �
�� ��� ��[M �9[��� �9��# 
ÞSÒ�. 1�[f tI1� =*� �<�¢�
0.64 m/s (60 L/min)�;, ¸ 15 W � �ß¬# � 
7� 	��� p�1n�. � .  ¡6� �� 
�,�
I �)� à�9�. ()�*+�  ¡
6� 60 Hz�� 120 Hz�7 �jkl<� 1�[
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5

M �9[� �9��# ��1n�. Fig. 6 � �
Ô 1�[� �,��  ¡6, Ì,-6Ï �9
��� Fig. 7 � �9*��� ÑÍÞ� á ¥¢
â %µ1� Í# ã 6 ���, Qâ 80 Hz �� 
120 Hz � �Ô 60 Hz � JB 1�[��� �9
��� 5�1� %µ1� Í# ä�1n�.  60 
Hz� �Ô �
� ¸ 11 kV(rms, 1.4 mA)� g<, 
80, 100, 120 Hz� �Ô ¸ 10 kV(rms)�* .Ý� 
yK� 1�[ �9���  ¡6� Û6�*Þ�
� �,�
� �B cÜ# :� å# Ío$ æ
�- 6 ��. |�  ¡6, Ì,1< 1�[� 
�� => «�� yK� �ÅW�, �w7* .
Ý� yK, ��[� [çè äéD %µ��. 
Fig. 7� �9��� êI |�  ¡6, 80 Hz �
	�< 	a4o$ ��� %µ��. yK� �Å 
6� �Ü� �ÅW�� �*+� �*M yK 1
�¬� �� à�7Ö$  ¡6Þ�� �,�
� 
�*, 1�[� yK[ç� cÜ� :�.  
�

3.3 
� ��� �� 	
 ����

��� ��� ��[f tI1� �¬# 60, 
120, 180 L/mino$ �ë1<� �9��# ��1
n�. ÊÊ� �¬# �<�¢(face velocity)o$ 
ìk1< 0.64, 1.28, 1.92 m/s , A�. �,�
� 
10 kV �;  ¡6, 60 Hz � �Ô ��[M �
9[��� �9 �� �jf Fig. 8 M Fig. 9 � 
ÊÊ HÂ«��.  

Fig. 8 � �¬� Ì,-6Ï ��[� �9�� 
yK, %µ1� �Ü# ÞSÒ�. Fig. 9 � ��
[f tI� yK� �9��D �¬� Ì,� �
� %µ1� �Ü# Þn�. 180 L/min � �Ô 1
�[�� VW�7 í� yK� a[?�  �9[
��D VW�7 í; tIî�. �¬� Ì,-6
Ï �9[f 7H� yK� �)k>� ï�E* 
.Ý� yK, ��*ß� �B ��[H �9[
� �9�* �� tI- äé� Ow7* .Ý�
�.  
 

4. � � 

� ]^��� ��� ��� ��# ��1� 
�*�9*� �9QR# p�# tB ;ð1n�. 
y� 30 nm 1 � � Ú§� yK� �9��# ��
� ��� ��� �,1� �
(9 11 kV), �  ¡

6(60 120 Hz) � � ñ��¬(60 180 lpm)� � aB 
��1n�. ¶ò �Ô�� �9[� �,�� �


� DC - 8 kV$ 1n�.    
(1) ��� ��� ��# ��1S �* �9

*f ^R- �Ô yK� �9��� �<�¢ Ú
§, 0.64 1.92 m/s� ¦ ., ¸ 80 45 %� $ �<�
¢ Ì,� �9��� %µ1n�. �<�¢ Ì,
� �� yK� �9��� %µ1� Í� 1�[
M �9[��� yK� �)k> %µ� �� Í
o$ æ�- 6 ��.  

(2) �<�¢� 0.64 m/s $ �7�� ��� �
�� ��[� �,�� �
# 9 11 kV � Ú§$ 
�jk�# ., yK� �9��� �� ¸ 
70 85 % � ���. �,�
 Ì,� �� �9��
� Ì,1� Í� �,�
 Ì,� �� 1�[ 
«� �*+ �*� Ì,$ yKM ��I� óô
äé� Ì,1* .Ý��.  

(3) �<�¢� 0.64 m/s $ �7�� ��� �
�� ��[� �,��  ¡6f 60 120 Hz� $ 
�jk�# �Ô, yK� �9��� �� ¸ 
85 75 % � ���.  ¡6� Ì,� �� �9��
� %µ1� Í� P� �ß¬ ­õ��  ¡6 
Ì,� �� �,�
� %µ�� �*4 ö�» 
5	� �B���. ê÷, �9���  ¡6� Û
6�*Þ�� �,�
�  :� cÜ# å� Ío
$ æ�- 6 ��.  

� � 

� øÝ� ë�[�� 7¿1� q�aùúë�
*X IV (IVûü: 2002-2-0498)I �µ*ý¤�
� 7¿1� �µ*ý*Xþ��/
ý IV(IV
ûü : 2002-2-0332)� �1S 7¿���.  
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