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Abstract 

Dielectric Barrier Discharge (DBD) in air, which has been established for the production of large 
quantities of ozone, is more recently being applied to a wider range of aftertreatment processes for HAPs 
(Hazardous Air Pollutants). Although DBD has high electron density and energy, its potential use as 
precharging nano and submicron particles are not well known. In this work, we measured I-V characteristics 
of DBD and estimated collection efficiency of the particles by DBD type 2-stage ESP. To examine the particle 
collection with various applied voltage waveforms of DBD for nano and submicron sized, bimodal particles 
were generated by a electrical tube furnace and an atomizer. 
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��� yKf a	
o$ 6m���.(11) 1 � �1� ��yK � 0.3 
� �1� H� :* yK� a� ]^� Kang (12)

T� �B pk���. ��H ��� ]^E� 
9m�� �� ��� ��� ��# J�� ��
����f ��� �B,U VW*X�� B�B
� - �VE� 0���. Q  �*4 �¡� �
¢ �£¤¥M ���� ¦��� �6� gh�
� §1� gh� V�� �¨©� �� [iz 
0R � ª)� a� �V, a«4��. �B,
U� VW¬­, �£¤¥ � [iz /0� a� 
a® ]^ � 1H$ �}�� ¯,�
� °�# 
�"� �	o$ ±jk²# ³´ �B,U� V
W QR, �£¤¥ QR � [iz /0� a� 
]^E� 9m���. �B,U VWM [iz 0
RQR� �� ]^� ³´� Ogata(13) T� �B   
,U	 z{� µ5, 
¶, ·¶ � ¸x°�� p
k���. |� �£¤¥� ³´� ��� ��� 
����� ¬­4 ¹µ� �� ¦�� Feng(14) 
T� �B, °� º»� �� �£¤¥ ¼½� �
� ¦�� Scholfield(15) T� 6m���.  
� ]^��� ��� ��� ��*X# �B
,U � ��yKf �k� VW1� *X# �¾
¿«$ - . �� a� *À ]^ � yK�9� 
a� ¦���. 2 �� �*�9*�� ��� �
�� �� +Áf yK� 1�+Á$ 
�1n# 
.� �9¬­# ¯,�
 °�� �� ¹µ1; 
yK� �9¬­� 7�4¯ cÂ# Ã� ¯Kf 
Ä¯1n�. yK� �9¬­� ��� ��� �
�[� ,B7� ()�§� ¯,�
, Ã°6, �
<�Å� ±j� �� ¹µ1n�. 
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Fig. 1 Experimental Set-up 
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3. �� � �� 
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Fig. 3 Electrical characteristics (I-V curve) 
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 Fig. 4 Collection Efficiency (at 60 Hz, 0.5 m/s) 
 
Ø¦��. ¯,�
� �¢ �)� Ã°6f 60-
120 Hz $ ;µ1S ¹µ1n�. Ã�9 Ã°6 
áÊ�� ¶ °� ºÈ� aB �
# ¯,1n# 
³´ =t4o$ ��� �F�7� �
� 7.5 
kV �	�; ��� ®µ4o$ �7�� �a 
�
� 8.5 kV ���. 60 Hz ºÈ��� ��cå 
áÊ�� µ5, 
¶, ·¶ °� ¶¶� �)� 
0.35-0.5 mA, 0.60-0.70 mA, 0.63-0.75 mA$ µ5°, 
,+ æ; ·¶°, ,+ O� �R���. g<, 
90 I 120 Hz ºÈ��� µ5°, ¶¶ 0.65-0.98 
mA, 0.95-1.89 mA, 
¶°, 0.75-1.28 mA, ·¶°
, 1.70-2.70 mA $ 
¶°, ,+ æ; ·¶°, 
,+ O� �R���. Ã�9 ¯,�
 áÊ�� 
Ã°6f 60-120 Hz $ ±³1n# . ���), 
°��$ �ç� HØHè$ ¤¥�� �£� �
8# Ä¯1n�.  

 

3.2 	
��� �
� �� ���� 
�����* ���=*���Å#������+&��Ã°6f

'��()$�;µ1;�¯,�
#�!���#$�������#$

$�º»1n#�.���9¬­#�HØ¦����¯,

�
��°�����
�¯,Ï#�±jk²#�.��

9QR��¥Õ�
������f�*éo$�y³��ê�ë�

�e��:��cåI�y³��ê����H��cå�

¥Õ����9¬­��ä,â#�Ä¯1n���1�

[M��9[f�?�1S�yKf��91��� ���

�9+Á��³´�1�[M��9[,�âì�íÁA�


 ����9*M���ç��,������1��[?1��

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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8.5 kV $ ä,1n# ³´ �)Ï� µ5°�� 
,+ æ; ·¶°�� ,+ O��, �
� �)
f õ� ö� �£o$ �� "D �)QRI �
�â# ÷ 6 ��. Fig. 4 � �I� ��� �£
QRI 	h1S ¯,�
# º»1n# ³´ �
9¬­� µ5°�� ,+ æ; ·¶°, ,+ O
ô�.  
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Fig. 5 Collection Efficiency (at 8.0 kV, 0.5 m/s) 
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Fig. 6 Collection Efficiency (at 8.0 kV, 60 Hz) 
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� %¤*ü*M W� ��1S � y³ cå� 
���� *ü*, þv� ½�ý½ QR# ïn
�.  
 

4. � � 

� ]^��� 2 �� �*�9*�� ��� 
��� �� +Áf yK� 1�+Á$ 
�1n
# .� �
-�)QRI �9¬­# ¯,�
 °
�� �� ¹µ1; yK� �9¬­� 7�4¯ 
cÂ# Ã� ¯Kf Ä¯1n�. yK� �9¬­
� ��� ��� ��[� ,B7� ()�§� 
¯,�
 (7.5-8.5 kV), Ã°6 (60-120 Hz), �<�
Å (0.5-2.5 m/s)� ±j� �� ¹µ1n�. 
� ������������������� 60 Hz ºÈ��
� ��cå áÊ�� µ5, 
¶, ·¶ °� ¶¶
� �)� 0.35-0.5 mA, 0.60-0.70 mA, 0.63-0.75 mA
$ µ5°, ,+ æ; ·¶°, ,+ O� �R
���. g<, 90 I 120 Hz ºÈ��� µ5°, 
¶¶ 0.65-0.98 mA, 0.95-1.89 mA, 
¶°, 0.75-
1.28 mA, ·¶°, 1.70-2.70 mA$ 
¶°, ,+ 
æ; ·¶°, ,+ O� �R���.�
����	
�����
������ ��� ���*4�

QR���'��()�ºÈ�� ¯,�
# 7.5 kV �� 
8.5 kV $ ä,1n# ³´ �)Ï� µ5°�� 
,+ æ; ·¶°�� ,+ O� ³Â� 	h1n
�.�

(3) Ã°6� �¢ �9QR� Ã°6f�'��()

$�1n#�³´����9¬­��µ5°���,+�

æ;�·¶°���,+�Oú#�Ä¯1noH��Ã°

6,�-��()M�
���()�����9¬­��
¶°�

��,�+�æ;�·¶°���,+�Oú#�Ä¯1n

������Ã°6�;�QR�����-��()��	��

��µ5°,�
¶°�ï���)Ï��:è$����

£��ä,1*�.����9¬­��ä,1n#�ø

o$�û¹A���

  (4) �Å� �¢ �9QR� �Å�������+& �

���
������f�*éo$��ï��y³�����H

��cåI�y³��ë��e��:��cå����9

¬­�� ä,1��QR#� ïn���g<���Å��


����+&���.���
������f�*éo$��9¬­

���e��:��cå��ä,1H�H� cå� ä
,1* ó; Y ¨ Éã  %¤1� ³Â# HØ
¦��. |� �Å� 2.5 m/s � .�� 100 nm f 
*éo$ �9¬­� �e��:� cå��� ä
, *ü*, þvB7; H� cå |� Éã  
%¤1� ³Â# HØ¦��. 

 

� � 

�������³[���7§1��q�a���³

*X�IV��IV��.����,����',,�M�i�K§[

���7§1��=t��*X¼/�IV�IV��.�

���,������
����1S�7§������%
�Ö�

�����

 

���� 

(1) Penetrante, B. M. and Schultheis, E. S., 1993, “Non-
Thermal Plasma Techniques for Pollution Control,” 
Springer-Verlag Berlin Heidelberg, Germany, pp. 1~2.  

(2) Falkenstein, Z., 1998, "Application of Dielectic 
Barrier Discharge," 12th Int. Conf on High-Energy 
Particle Beams, Beams'98, Haifa,, Israel, June 7~12.  

(3) Penetrante, B. M. and Shultheis, E. S., 1993, “Non-
Thermal Plasma Techniques for Pollution Control,” 
Springer-Verlag Berlin Heidelberg, Germany, pp. 
274~286.  

(4) Pashaie, B., Sankaranarayanan, R. and Dhali, S. K., 
1999, "Experimental Investigation of Microdischarges 
in a Dielectric-Barrier Discharge," IEEE 
Trans.  Plasma Sci., Vol. 27, No. 1, pp. 22~23.  

(5) Mizuno, A., 2000, "Electrostatic Precipitation," 
IEEE Trans.  Dielectrics and Electrical Insulation, Vol. 
7, No. 5, pp. 615~624.  

(6) Kang, W. S., Kim, Y. H. and Hong, S. H., 2002, 
"Spatio-Temporal Image of Single Streamer 
Propagation in Dielectric Barrier Discharge," IEEE 
Trans.  Plasma Sci., Vol. 30, pp. 166~167.  

(7) Breault, R. W. and McLarnon, M, 1992, "Reaction 
Kinetics for Flue Gas Treatment of 
NOx,"  Proceedings of NATO Advanced Research 
Workshop on Non-Thermal Plasma Techniques for 
Pollution Control, Cambridge, pp. 239~256.  

(8) Higashi, M., Uchida, S., Suzuki, N. and Fujii, K., 
1992, "Use of Silent Electrical Discharges For 
Environmental Remediation," IEEE Trans.  Plasma 
Sci., Vol. 20, No. 1, p. 1.  

(9) Yamamoto, T., Okubo, M., Nagaoka, T. and 
Hayakawa, K., 2000, "Simultaneous Removal of NOx 
and SOx in Flue Gas Emission using Plasma-chemical 
Hybrid Process," Industry Applications 
Conf.,  Conference Record of the 2000 IEEE, Vol. 1, 
pp. 641~647.  

(10) Rosocha, L. A., Coogan, J. J. and Kang, M., 1994, 
"Use of Silent Electrical Discharges for Environmental 
Remediation," IEEE Int. Conf., p. 88. 

(11) Kawada, Y., Kubo, T., Ehara, Y., Ito, T., Zukeran, A., 
Takahashi, T., Kawakami, H. and Takamatsu, T., 1999, 
"Development of High Collection Efficiency ESP by 
Barrier Discharge System," Industry Applications 

대학기계학회 2004년도 춘계학술대회 논문집

 1265



 
 

Conference IEEE., Vol. 2, pp. 1130~1135.  
(12) Kang, S.H., Ji, J.H., Byeon, J.H. and Hwang, J., 

2003, “Collection Efficiency of Nano Particles by 
Electrostatic Precipitator using Dielectric Barrier 
Discharge,” Korean Society of Mechanical 
Engineering, Vol. 27, No. 11, pp.1542~1547. 

(13) Ogata, A., Miyamae, K., Mizuno, K., Kushiyama, S. 
and Tezuka, M., 2001, “Decomposition of Benzene in 
Air by Plasma Reactor –Effect of Reactor Type and 
Operating Conditions-.” Industry Applications 
Conference, Vol. 1, pp. 686~692. 

(14) Feng, R., Castle, G.S.P. and Jayaram, S., 1998, 
“Automated System for Power Measurement in the 
Silent Discharge,” IEEE Transaction on Industry 
Applications, Vol. 34, No. 3, pp. 563~570. 

(15)  Scholfield, D.W., Gahl, J.M. and Shimomura, N., 
1998, “Effective Field for Arbitrary Waveforms,” 25th 
Anniversary of IEEE Plasma Science Conference, pp. 
309. 

대학기계학회 2004년도 춘계학술대회 논문집

 1266


	INDEX
	제1발표장
	제2발표장
	제3발표장
	제4발표장
	제5발표장
	제6발표장
	제7발표장
	제8발표장
	제9발표장
	제10발표장
	제11발표장
	제12발표장




