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Abstract 
In this article, the lattice Boltzmann method combines the immersed boundary technique to simulate the behavior and deformation of 
red blood cells with the primary different shape. Also, the blood flow inside an artery is simulated and some phenomena such as 
emboly and drug delivery have been analyzed. The results show that damage to the arterial wall will cause vortex flow and blood 
clotting. The quality of the drug injection in the arterial branch that is very impressive. Finally, comparing the results with other 
results show that the simulation accuracy is acceptable. 
Keywords: Red blood cell, Lattice Boltzmann method, Immersed boundary method, Drug delivery. 
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���5 9�� �� �� �
5�� �� �YO =� �	� �6 =� �	�  ���<� 9�� /� ,/�*

��5 ���B
*�   .
*�  

  

 3-��1- �J* �* 1�0�A� - �?1'�/���  6	fg ?�@* y�X5  20	fg ?���� 	Y>  

1.2 ×10
-3 

dyn/cm �
���
*a� ?��� ) �5	6Es(  

4.2 s
-1

 ) '	6 �	�hi(  

1.26 ×10
-4

 Re fj = 6	cp fl = 1.2	cp 

5 G = fjfl 
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3L�� n��S�  =�5 .��5�65- � 2� =�5 	��A� K��
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3 -  81�4 ���'� - P!*  

     	��A� � ��5 �	  �G�6 C��V �6 ?�@* ����� =�5 =�> ]S6 ��

 C��V �6 ?�@* �X>�� =�5 .
*� ��5 ����<� �M06 K��
� �6 +� =�5

�� ) ��J��Biconcave( �� +��6 	�/ ����X� Z*�� �� .��5  

)13(  

no = 0.5�1 − �̅-�8.q�
8 + 
^�̅-+ 
-�̅/�															 −1 O �̅ O 1;	
8 = 0.207, 
^ = 2.002, 
-= 1.122 
  

     ,�	6 � +��6 �	6���	� 
@Q �6 :�� ,�	��� ?�� ?�� �� 9�� 	6 ��.Q

���5 ��5 	�o '�� 
�@6�> +�1�  ���� .
*� ��5 ,/�* =�5 	��A�

�*��D  ?��F) �5	6 +��	F 
J� :�	> ?��@4 ?�@* C��B
� ����� ,�D

1 =�5 �� (6  ���L6�F �6 ��	ND =�5 	��A� 9��MND .d�� ���� ]��N�

 =�5 �� ?���� 2� �� :�	> ?��@4 ?�@* 2�7  .
*� ��5 ���� ]��N�

 =�57  �*��D �6 ?���� 2� �� :�	> ?��@4 ?�@* 
�	- � =�5 	��A�

������ ]��N� �� ��J���� �  9�� � � n�� 
N�> +��� C��B� .�D�

�� ?�@* ,	�4 ��	> ��J� �� =�5 �� ��D�1� �����Y��ND .�5�6  ���5

 =�5 ��6-  �
 	4 ��	> +��	F 	��� �� ,��NQ C��V �6 ?�@* n��

 =�5 �� ������V �� 
*�6- �� �< � C��V �6 :�	> ?��@4 ?�@* �

.
*� ��5 �J� +��	F 	���  

n��  

U = const. 

U = const. 
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	7- 3���@ �� �0 ����*�� &�R ��12 3)+�4 5
	 1��67  

      � ��:L� ���� ���O +��	5 2� =O�� +��	F ���3
�� ]S6 ��

 ,�	6 .
*� �
 	4 ��	> =�@J� �� +��	F ,/�* ���5 
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 =�5 .
*� ��5 �
 	4 	k� �� ���M�� �*��D �6 �O�5 �� +��	5 2�

8- �*��D �6 ���O s� 2� ���N� +���Q �6 ������� +��	5 �*��D n��

�� +�1� �� ���M�� .�D�   =�5 ��8- s� 9�� =O�� +��	F ^�YO �

�� ��D�1� =6�> ���O  .�5�6  

     ,�	6 fY<� �* �� 
Q	* ,�D =� �	� K��
� 
JV /� +���N7�

9�
*� Z*�� ��5 '��:4 K��
� �6 ��5 �S1� +����ND � +��D]20[   

 =�5) 
*� ��5 ����<�9�� ��D�1� �����7�ND .(  ,�D =� �	� ��5

 �����O	6 �D�01���/� K��
� �6 ����> =6�> T6�Y� /� ���� 
*�6 
Q	*

�� �5�6 

  

 
(n��) 

 
(�) 

 5
	8–  (O(/)��/)R1G ��7-��@ S��1	 �0 S��1� T)UV (L) -  

  

     =�5 �� �����Y��ND9  s� 9���� /� 
�	- �6 �
*� ��D�1� =6�>

 W	7 �6 
Q	* =� �	� ���1�6 �Y<� K���� �6 ��X1�� 
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 ���3� fY<� �� 9��MND .
*� ��5 ���1� 
*�� 
N* ��X1��

�� ��D�1� �� 
Q	* =� �	� �� ��5  /� 	� �Y�� �R 
N* ��X1��

�� 
*�� 
N* ��X1�� �6 ^�6	� =� �	�  /� �X6 
N�> 9�� �� .�5�6

 � +�O +��	5 ������ �0��0R ��5 ����� ,/�* ���5 
JV �����

���� 9��MND .
*� �
 	4 ��	> =�@J� � ��:L� ���� ���*�  

     +� 	k� ���� 
 �6 ���5 n>�
� ���O ,�D s� �� +�O +��	F 	4�

�� 9�6 /� +c���� ���N� 	U� ��  �,�F ,�D dO/ /� H� 	4� .���

�N� n>�
� +�6 /� x��O �� +�O +��	F  ,:�	��O 	U� �� �	  2� ��5

�� 
*� /� �� ��O +�F  �	Q �� ,:�	��O a�NX� �?�- 9�� �6 .���

�� n>�
� '	6 /� H� �<�>� ��R �� +�O �C�>�� �D�4 .��5  �� �����

�� ����O ,�D s� 	�8 ���� 	U� �7�X�  � +�O �� ����5�� *�;�  
 �6

� +�O +�5 �
S� ?	
�� =���Q �� �<� ���4 	D .��5 �
S�����
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5�� ��	ND �6 �� +�O +�5 �
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-� ]D��

�9� *� ]S6;� 	5 
 �6+��  =�5 ��10 �5�� /�*,  .
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*�	6� >�T� �9� U�� =�5	� 	5 ������+�� U�� �	� �� 	6 +�, 	F+�� 

6�O �6 �� +�O� �N�]� �� �D���Y��ND .��� � ��D�1�� ��5  ������

��	� � PQ�6��L� 	F+�� 6��	4�  � +�O +�5 �
S� ?�N
-� � ��5�� 

�3
 �6 fNL�, 6	R� � ��9� �: � �� T7���]� �� �D�.  
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A  ���- � 
*�� 
N* ��X1��70 '	6 9�6 ��5 �D� C��o %,A B 
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� 9�� .����

�� +�1� �� +��	5 9�� �� ���� T��:� �<Y�� ?	
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