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Abstract   
In this research, the effect of plasma induced by electric field over the incompressible fluid in dielectric barrier discharge reactors 
has been simulated numerically. To simulate dielectric barrier discharge, plasma fluid method is used. Helium is used as the 
background gas. Five species and nine Reactions for this gas are applied to the model. For these simulations, conservation equations 
for each species and the Poisson equation for the electric field should be applied. Then, the calculated electro-hydrodynamic force is 
applied as the body force to the fluid flow equations. This simulation determined the various density species of Helium gas. The 
results showed that the chemical reactions taken in to account, give lower generation rate for positive charge species. Hence, charge 
density drops especially in the positive electrode relative to the negative one. Therefore, plasma produced near the negative electrode 
affects the fluid flow more than the positive one. However, considering charge density generated and arrangement of electrodes, the 
overall influence on the fluid flow will be little. 
Keywords: Dielectric barrier discharge, Plasma fluid method, Helium gas, Numerical simulation. 
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)11(  	∇ ⋅ 2ϵE4 = −∇ ⋅ 2ϵ∇ϕ4 = ρ" 
�]@�� �� ��)11 (ϵ � /�	
��� 4� 
@�Vρ"	  ��@ ���0S .
,� ��@ ���0S

 �]@�� �@ h@�]�)12�� ��,�P� ( ��+]1[.  

) 12(  	ρ" =�q�n��
 

Q�
��.�  � ���	
��� 3���� 
C; �@ �� /����������7�	
��� 4�	��

�� ���� >��, �@ >��, �� ��?�� �����@ L��R��+ �]@�� h�	c <�4 

)13( �� ��,�P���+]1[.   

) 13(  	F��89: =	ρ"E��� = −∇ϕ�q�n��
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>��, 3��	? 4�	@ ����1��0
,��� 4 )�]@�� h@�]�14(  �<���� LM��1� �

 
�	O)�]@�� h@�]�15 ( �� �� 
.?x  �y � ��	G �� NO  �@ �?�� �@

 	�a 4�A,B� �� ���������	G�� j�P� 4��� �� <�G 4��� � ����

����1� NO �@ 4<��� 9��	@��@ .
��� >��, 4�	@ 4[	�� 4� 9�� ��j@�� ρ 
 �V .��
�7 >��, 
;	, ���	@ � ���0S `��	� �@ 

) 14(  ∂ρ∂t + ∇ ⋅ 2ρV4 = 0	
����1� �@ �� 	�)��� =��	� 
��O 4�	@ 
�	O �<���� 4����1� 4

	����-y��
,�  L��2 �@ �
,� ��.-��]@�� )16�� 3��@ (.��+ 

)15(  		ρ >∂V∂t + V ⋅ ∇V? = −∇p + 	μ∇AV+ F89:	
         �� 9�� �]@�� p ��-  � μ 
?I� ��
�7 >��, ��������  �F89: 

 �A5O 4�	������� <� �+���A,B� 4 (=5O �O�� 	@) 
,�.  
  

2 -4 -  %$+� J*1+�  

       NO 4�	@)�0
,��� LM��1�1)4[	�� �(8)���	
��� N����
� � (11 (

 4�	@ ��+ �
 	G ���@ �,��7 �� .��+ >�A;� `,��� 4<	� j��	+ ���@

 ��
���/�	
��� 4� �, ��CD� � 4���� ���7� N��U <� 4<	� j��	+ �

4� � ��	
��� \], ��?�	e���7� 4�	@ .���� ��?� /�	
��� j��	+ ��7

 9���� 90A7 4<	��� ��	U ���F
,� ���� 4�7<	� 4�	@ 9��	@��@ .�	�G

 ��<�∇n� ⋅ eB = 0 3�	
��� 4[	�� 4�	@ �∇n* ⋅ eB = 0   N����
� 4�	@ �

 ���	
���∇ϕ ⋅ eB = 0  ��eB .
,� <	� \], 	@ ��A; ��� ���	@  

 6D@ �/�	
��� 4� \], 4�	@ `,��� 4<	� j��	+ <� ���F
,�

����� Y�2�� 4�	@ 4��	z�@ �� .
,� �A,B� 467�8� 	
- Z�5�� 4�7

4<	� j��	+ <� �����< 9�� �� ��+  ���I�  	w� <� �� ��+ ���F
,�

������A� Y�2�� �� �A,B� 4����]21[ N��+ J��� 4<	� j��	+ .

n� = 0  ��∇n� ⋅ eB = 0  ��e ����� �e	@ 4�	@ 4<	� j��	+ 9�� .
,�

���� �	@���]22[ �A� ���  ��	U ���F
,� ���� ���A; 
��O 4�	@ ������

����� .��	�G/�	
��� 4� \], 4�� �� ���I�  4 �� ^� N��+ �7�

�]@�� 3��� L����; 9�� .
,� ����	O 
;	, � �����V N��G ����1�� 4

4� <	� 4�	@ ���+�� Y�	1� /�	
���.���+  >�A;� 4�	@ 67�8� 9�� ��

6�����A7 � �?���G�� j,�� ��+ ���F
,� j@��� <� 4<	� j��	+]20[ 

 ��+ ���F
,�HI? 4�	@ /�	
��� 4� \], 4�� j@��� 9�� �� 
,� 4�7

 �@ 3�	
��� 4[	�� � �_�e 4�7HI? �
�_� 3�� ��F�� 3�� �3�	
���

]� `��	�) j@��� h@�16(  ) ��20.��
�7 (  

)16     (Γ�� ⋅ eB = 14n� >8k-T�πm� ?
GH − a�γΓ��K ⋅ eB	L

+ 2a − 14μ�n�E��� 
)17(  Γ��M ⋅ eB = 14n�M N8k-TOπm�M P

GH + 2a − 14μ�Mn�ME��� ⋅ eB	
) 18(  Γ��Q ⋅ eB = 14n�Q N8k-TOπm�Q P

GH + aμ�Qn�QE��� ⋅ eB 
) 19(  Γ�!" ⋅ eB = 0 
) 20(  

Γ�* ⋅ eB = −a>52 k-TR�?�γΓ��K ⋅ eB	L
 

						+ >52 k-T�? S14n� >8k-T�πm� ?
GH + 2a − 14μ�n�E��� ⋅ eBT	
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 �� ����2 �� M�@ j@��� ��E��� ⋅ eB < 0  �+�@a = 1  9�� 	�a �� �

 L��2a = 0  y���	�< .
,�uc	  �iK  �iX HI? 4�	@ `��	� �@ 4�7

 ��F�� � 
�_� 3�� �_�eγ  ���e	@ �� 3�	
��� �����V N��G `�	z

3�� � /�	
��� 4� \], �@ �7TR� 3�	
��� �����V 4��� <� �
-G	@ 4�7

	@�	@ �� 
,� \],1ev 
,� ��+ �
 	G 	w� ��]20[ .  

����1� �� �7��	
��� \], 4<	� j��	+ 4�	@ ����
� ���	
��� N

)11���A;� [�
�� 	@�	@ ���	
��� 3��� 4���� ��	
��� N����
� �( ) ��	
���

 ������N�+2( �� >�A;� �� ������ 
�_� ��	
��� ���	
��� 9�� � ��	G

 ��+9��< �@ >�X�� ��	
��� N����
� 4�	@ � )N�+ ��M�@ ��	
���2(  	@�	@

�� >�A;� 	F2��+ �� ������ �F�� ��	
��� ���+ . 4<	� j��	+ 4�	@

� LM��1� �� 
;	,�) y��
,� 	��15 �?�	e � 4���� ���7� �� �(

������ 4�� � 9���� ~	+ ��
���.
,� ��+ >�A;� (Ix� Z�; ~	+ �7 
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3 -1-  E�
K+L  

      3���; �@ =�C7 <�G �>��, 3��	? 	@ �A,B� 	�VW� 4<�, ���+ 4�	@

	w� �� >��,  ��	
��� �� 9�@ <�G 9�� ��+ �	  � 
,� ��+ �
 	G

�� >�A;� N��, =�� /� �� [�
�� � ���� ���O  ��
@� �� >��, .��	G

 �+�� 	��x� ��A,B� 4	�G N�+ � [�
�� >�A;� �@ �� ��+ �	  9��,

6���� [�
�� >�A;� �@ .��+ �D-� >��, 3��	? 	@ �A,B� 4�7

�� Z�5�� ����A�+  	5�� � �	�G �7HI? <� /� 	7 :	X� �� ����� �@

��  4�	@ .��+�+��  <�, <� =�C7 <�G `,��� 4J�� HI?  HeA∗ ،He[∗   ، 

He2+
،He+ �e- ���F
,�  ��+  9�� .
,�J�� 6���� HI? ����F
� 4�7

�� ������ =7�@  4�	@ �� ��+�@ �
+�����,  <�,3� 3��� <� 4 �� ��7

 NA
P� 6����m�D
��  ��+  4� �, ��CD� ��
��� �� 9��TA7 .
,�

 	�a L��2 �@ �A,B� /�	
�������	G �� ��5��  �� >��, 4��� � ��+

�� �U�@ j�P� 4��� ���� �>��, ���I� ��	� ���e 3���� 
@�V 9Az � 

.
��� >��, 4�	@ 4[	�� ����1� 3�	� NO �@ 4<���   
 

3 -2- �*�
�
� %�4 B	01>  

      67�8� 	
-�@ ���7� � ������< 9�� �� �
 	G L��2 <�G <� 4�7

6���� 3�+ 	� ���, � 	
A� 4�7HI? ����� N���@ ���e ���F
,� �7

��.��+ ���	G 	�R N�U 6D@ �� �� ��c 3�A7  <�G 4<�, ���+ 4�	@

 <� =�C7J�� HI?  .
,� ��+ ���F
,� �I?� 9�� �@ j��	� 6���� �� �

HI? 3��I �� 3�+ 	
-�@ `?�� 	0�� 4�76��� 3�+ 	� ��M�c � �7

�� 4��; NO 3��<�� m��? 	
-�@ 
U� `?�� � 	c <� � ��+ .��	G

6���� 9�� �@ ~�@	� 4�7J��  
;	, � ���
,� 4[	�� ��	A7 �@ HI?

 �� 6����>��?1 .
,� ��+ �����  j@��� h@�]�)3 -5 �( 4�	@

��,�P� ���@ HI? 	7 4�	@ ��+ 4 ��-
�� `�	z � 4	�)� p	P� `�	z 

�� 9�� .�+�@ �D-� HI? 	7 HI? <� /� 	7 4�	@ `�	z �� ��?�� 4�7

>��? L��2 �@ =�C7 <�G2 �� ��,�P����+]11[.  
  

3 -3- �#�������� % ��M< %  

     6���� <�>��? 4�71 ��,�P� 4�	@�CA? 4 LM��1� �� �A-S 4

3�	
��� 4[	�� � �0
,����� ���F
,� �76���� .��+ 4�7)1-5(�  �@

�]@�� �� 9��	@��@ 
,� ��	A7 3�	
��� �@ ���e	@ 4�	@ �A-S L���; 4

����1��� ��	U ���F
,� ���� 3�	
��� 4[	�� 4�A-S �CA? .��	�G 4

HI? 4�7e ،He[∗ ،He+
 ،He2+ � HeA∗ �]@�� <� ���F
,� �@) 42 `��	� �@ (

) j@��� h@�]�21) �� (25�� ��,�P� (.���+ 

)21( S� = kAn�n9� + k\n�n9�]∗ + k^_n9�]∗ `A − kan�n9�Q 

) 22( 
S9�]∗ = kbn�n9� − k\n�n9�]∗ − kcn�n9�]∗  										+ka2n�4An9�Q − k^_n9�]∗ `A − kdn9�]∗ 2n9�4A 

)23( 
S9�Q = kAn�n9� + k\n�n9�]∗ − ka2n�4An9�Q 												+k^_n9�]∗ `A − ke2n9�4An9�Q 

)24( S9�HQ = ke2n9�4An9�Qkdn9�]∗ 2n9�4A 
) 25(  S9�H∗ = −kfn�n9�H∗  

    ��,�P� 4�	@ b�  j@��� �� n9�   �]@�� <�	�<  ���F
,�����+.  

)26( PV = n9�K-T 
  

 (>��1- 3
�4 $�5 %���I� �*�
�
� %�4 B	01>]23[  

  6���� >����  K 6���� ^	� 
@�V[\R    4[	�� 

(ev) 

1  e + He → e + He[∗  3/2 ij0/31exp(
	X2/29	×	10

5

mn )× 10
X16

 82/19  

2  e + He→ 2e + HeK 
5/2 ij0/68exp(

		X2/85	×	10
5

mn )×
10

X18
	
 

58/24  

3  e + He[∗→ 2e + HeK 

6/4 ij0/6exp(
		X5/546			×	10

4

mn ) 

×	10
X16

	
 

78/4 

4  e + He[∗ → e + He 099/1 ij0/31 ×	10
X17

	
 8/19- 

5  e + HeA∗→ e + 2He 
2/1 ij0/71exp(

		X3/945	×	10
4

mn ) 

× 10
X18

	
 

9/17- 

*6  2e + HeK→ e + He[∗  6 × 10
X32

 78/4 -  

7  He[∗ + He[∗→ HeK + He + e 2/7 × 10
X16

 8/15 -  

*8  HeK + 2He→ He + HeAK 1/0 ×	10
X45

 0 

*9  He[∗ + 2He→ He + HeAK 1/3 × 10
X45

 0  

`�O	@ 6���� 
;	, �7 6���� 9�� �� * (m6/s)  .
,� 

Te .
,� 9��C� `�O	@ 3�	
��� 4���  
  

 (>��2- �	
�$ $�5 �& ��M/�1 P*+K > %+*Q� R+�- P*+K %

3
�4]11[  

HI?   4	�)� p	P� `�	zo  2mA V. s⁄ 4  
 ��-
�� `�	zr  2mA s⁄ 4  

e −0/1132	 s760 t⁄ u   0/1737 × > mn
17406	?	>760v ?   

HeK 	1/482 × 10
X3 	s760 t⁄ u   5/026 × 10

X5 s760 t⁄ u   

HeAK 2/403 × 10
X3 	s760 t⁄ u   8/148 × 10

X5 s760 t⁄ u   

He[∗  − 
4/116 × 10

X4 s760 t⁄ u   

HeA∗  − 
2/029 × 10

X4 s760 t⁄ u   

He − 
1/075 × 10

X4 s760 t⁄ u   

P   ��� `�O 	@ ��CD� ��-(Torr)  �Te 9��C� `�O 	@ 3�	
��� 4��� 
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�,��7 <� 4<�, � |��7 j,�� ���F
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