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Abstract 

Applying Roe’s scheme to solve the MHD equations leads to reduction of the numerical viscosity and growth of the accuracy. 

By increasing 2
disI mɺ  in MPD thruster that accompanies strong expansion near the electrodes tips, Roe’s scheme has failed. In the 

zones where need more numerical viscosity, hybridizing Roe’s scheme with HLLE method provides a stable solution and limits the 
numerical viscosity in the other zones. To achieve a high-resolution method, new modification of MUSCL technique has been 
employed. This method is called OMUSCL2 technique which has lower dispersion and dissipation errors. For validation of 
developed algorithm, the Princetonfull-scale benchmark thruster, with cathode length of 7.62cm, mass flow rate of 6gr s  and 

total discharge current of 15.3kA , has been simulated.The comparison of the predicted results of magnetic field and enclosed 

current with the measured data shows good qualitative and quantitative agreement.The calculated thrust is 52.67 N which 
showsabout6% difference compared with measured value. Furthermore, this simulation properly predicts the experimentally exhaust 
plume structure. 
Keywords: Plasma flow, Magnetohydro dynamic (MHD) equations, Riemann solver, Thrust, Numerical Model
ing. 
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3 Micro-instabilities 
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1 Self-Consistence 
2 Saha’s Equilibrium Ionization Model 
3 Multi-block Arbitrary Coordinate Hydro-magnetic (MACH) 
Simulation Tool 
4 Lax–Friedrichs Method 
5 Roe’s Scheme 
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6 Magnetohydrodynamic (MHD) Equations 
7 Madrane-Tadmor 
8 Villani 
9 Harten, Lax, van Leer and Einfeldt 
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	�k �
�+ (�� �� .��
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 =>��-� �* I�*�� =�
v�" MHD�� � � N� �� ��0 ����7�  .��#�
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  ,���/ �(���*��* =>��- MHD 8*�4

�
�+ ] ��
	 &N� 4 u�" KN�	 T�> (�� N� ,��� �R�"�. �* .[
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2��<�3 &�#����� �� �(  �� ��'" ���V� �
��� �	��N
W�B  �� �O�� &���� N�� ���E� ���� �U� &�#  (�� P"� &��* .���%

������ T
BC� ,���/ ���V� 8�'� ,�6
� �* �	��N ����� �# �� ��
mA 20  ���$	 ���V� �* �E���� ��2 �* �� ��+ ���� 5��6"�disI 
.� �*  

O��� ���V� �� (�� �* �/�� �*T  ������ &�� �7�  gY  �* ��G7
�� �O. �*��* �#�������  ���'" =����7 N� �
L �* (���*���* ���+�*
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���� ����)�2
0/ 2mp p Bθ µ= + ����* �� =����7 ���  ���V� (
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,��* 89 �� �*�� ] ��+9�� .[ �� u�" �5#�l� (��  &�#������� ��+

���� &�	� � ��	�G# �	� � ����  8G7 W��� �����  �������� ,��
� �D�
�� ��"�% �R	 �� �O. �*��* N�� &�� �* � �G� ] ��+5 &��� (

-� .[

 W�V�	� T���-� 89 S6B��� ��#������� gY ���%  �#������� ������ ��
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d
� 5��6"� :7�* J�v�� (�� .�+�*

 mBL� ��	�G# �v�9 5#�l� �� ���� (�� N� b���/� �$/ .�+
5#�l�  �#������� gY  &�� ��� ���V� ����V� 5C* �� ��+ ��n &�#

,� b�n &��� N� ��G� ���	� .� � ��+ ��"�% �R	 �� �#  
�� �E	� N�  ��&���'
�  ,��V� ��U� &�� �* � ���� ������� ���V�

+ �7� �7�-� .�� �O� �+�* �'" =���7 N� �
L �*�) ��
��� � ��p (
�*�/ ��+ ����* �� =����7 ���  ���V�  �7�-+ ���/ 6
	 .� � �O. �*��*

,��* 89 T���� N� �&6��� o0 &�� �* ��
��� � ��'"  �*���� ��+.  N�
� & ���) �� �*
8 ���% ��/� S�7�,� 7�-+��  W�V�	����%  u�7 ��

��( G	 =��. N��� %
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Q V���
Q �2�8 
��  �� �	���
,�� 2��<�
�,� 6��� �� � � � �O. �*��* u�" (�� �* .

� ��� N� ���O� � �*
m * ,�	�4
�-�~�� � ����  T� �U� &��* ��N TY*�� �
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4- �
%� ��	���%&'( ) 21�' 2?��  

���� �U� �� �E� ����7� ��R�� �* ��"�� �- �� 5���N� �)'	�� �
] 8��* o �� ��+17�
�+ [  .� � ��+ &N�  �ROU� ��-*� �N��	�

 8�+ �� �#������� J�-+ � W�2 �N��	� ���G# �* �)'	��3  ���� ,�'	
.� � ��+ ��+ ���O� � ���-�� �0����� ���+ 3� N� 5#�l� (�� ��
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