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Abstract 
Renal artery stenosis is a major cause of death and permanent harm to the body. The rigidness of the wall of the arteries is the main 
cause of atherosclerosis and renal artery stenosis. Therefore, the purpose of this study was to evaluate the effect of vessel wall 
thickening and renal artery stenosis on the entrance of blood flow through the arterioles of the kidney by using physical modeling, 
second goal of this study was to evaluate the effect of renal artery stenosis on the characteristics of the flow in the downstream and 
also to identify areas prone to congestion in the presence of renal artery stenosis. Actual geometry and boundary conditions was used 
for modeling. In this study, Newtonian and non-Newtonian models was assumed for the viscosity of blood and the results were 
compared to each other. The effect of mild (30%), moderate (50%) and severe (70%) occlusions was studied on the flow parameters. 
The areas which were prone to congestion were identified in occluded and non-occluded geometries and the results were compared. 
The results show that not much difference between Newtonian and non-Newtonian models for blood viscosity is noticed in the 
present geometry and blood can be considered as a Newtonian fluid. Investigation showed that the congestion-prone areas are 
located before and also in the first branch of bifurcation because in these areas the shear stress is maximum. The congestions haven’t 
influenced areas which were prone to occlusion, but the more percentage of stenosis the more there is possibility for occlusion. 
Keywords: Characteristic Blood Flow, Renal Artery, Renal Artery Stenosis, Newtonian and non-Newtonian models. 
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2-2- ��	���J�9-  

��II�	5���II+��: �IIY
�f� >II�� �D�II+  � >II
D�; �II:�D� 6�II5KT�
1����AJ 3�D�� �	��9    >I
D�; .�I+� �I:  6��IF    �J�-I.���8� � H��I5

   �� ��I�8 �IfU �: �����2 1�Q 1���; �IY
�f�     H���� 1���I2 .�I+� ���IA�
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  H��t��°90  �J �� H���5 �5�+ ?����� � ���:°15  �� H���� zf_� 8�
 �,�
 \+�� �;��QE�� ��2  1���; ��
� �����W	+� ��2  �+�]21[. 

1���; ?�4t� H��:� 3�� ��,�� COMSOL �: ���   R�IT �O� .�+� �	��
 ��2 �	��9�h��� H���� �+�  w1�I��; �I�  {K��I�  �YI+��   H���� �� �I	���

    �I+��J >I�� �� 1�IQ �;,
 .=�2�: �	2��μ � 2.9 ' 10#(�). * 
�� �2�:�;��Q H8�� e�2 �� �� �NF ��
� ��.�     �IJ �� ^��I	� .�I2�:

zf_�� �B��� �+� 1���; �: ��A5 �� �fQ H�� �+� ��2  \Q)A-A.(  
?�26 ���� �+��J >
D�; �Y
�f�  1���I�AJ �    �IfQ >�I�XAJ �

�+��: 1� H�� 1���; H�J�	����� �� ��2 �� 1�.� �� ���.�J�  

  
8�� 6-  K/ 5 ���	1A-A �LMN� A�-O, G
���(+� 0�1 ]21[  

  

?�2 7 ?����� �
��_�    \IQ 8� H��I�5 �5�+ H�JA-A   zT�I_� ��
  �I:�D� 6�5KT� �: �� R�	+��� H�0	�� �� �b4	W� �IB���  ��I2   � >I
D�;

 1���II�AJ]21[  1�II.�II�� �II� ��J�II.� .�IIJ� H��II5 ^��II	� �II� ��II2
�II: �II+� ��II��  >���:�II�: ����� �J�-II.���8� 6�II5KT� �II: �:�IIQ S:�IIf�
4t�?�  H��5 H�J�: �+� ���� ?:�U ��A	5� �� .��2�:  

  

  

  

  

  
8�� 7-  R��M� S3�?� �- 0�.J9 G9+� 8�*5+�Ө= 15o )A,(  

 Ө= 30o )B,( Ө= 45
o 

)C(  

  

3 -��*�(�1  

 ��?�2 �J H8  �9 ��t�   �I+��J �� 1�Q 1���; �5�+ z�8�� H  �I:
 E���� 1��8 �� ��t=0.1s  �t=0.8s  1�.�����  ��I2   w�7��I� .�I+�   �I:
��5�+ VW.� ���.�: ��2 ���.  e�_� >��8� 1� �0;     �
�IA	7� e�I_� �I�

��	
J 1���; 1�2 �	N2��� ��AJ� �: ���2�:�� ��J�.� .    �� �I� ��I2
1��8 s1/0 � (R�	
�+) s8/0  >��	.�: (R�	+��� H�0	��) �5�I+  �IJ  ��

 H��	:��� �Q�2 � �Q�2 1��� � R�� H R�1���2  �� ��4���  .��J�  
  

  
8�� 8-  �; �./ ��(+� G9+� S(�.T �.�
�6t=0.1s (B.����)  
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8�� 9-  �; �./ ��(+� G9+� S(�.T �.�
�6t=0.8s (B.���(; 0�
�
-)  

  
8�
���� ��5 ��+�t� H��:� �tNF �  8� ?I�U H -Q�I2��w�  R�� 1���I2 

 �+� ���.�: 1���; �5�+ �� �	A
U �� � ��4� 6���: =�+�� �Yf_�
 }�+ �2>�-���� �5�+  1��8 �� zf_� >�� R�	
�+ .�I���9 ��+�t� 

�� �5�+ ���.�: s1/0 �:��: R�	
�+ 1�AJ ��m/s  88/2   ����I:  �I� ��
�f:�� S�T �
�7 >��) H5(�  8�
���� ��51658  � ���I:   1�I��; ����IAJ 

�+��J �7��� �AJ �� .�+� 3���  
  
)5(  +, � 	

�-

�
�
2.88 ' 1.9 ' 10#(

3.3 ' 10#0
� 1658 

�IIY
�f� H��II� ]22[   �II2�: L�II� �II+��: H��II: 1�II.�II�� �IIJ�� 
���F���  ������ �2�: L�� ��1���2  8� �	.�:Pa 40  ��2 R�4I+  �IJ H
 �4Q��1���2  �9��� E�+ � ��2 H�; E�+� ��g� 1���I2   H,����IQ �

 ?Q�� �:1�9�� �J 1�: H�� ��2 � r5�: 1��� ��;� �: =IQ8  �IJ 1��� ��
J��Q 1���2 .�2 � >���:��:     E�I+ �I� �I+� �4���I5 8� ��� �2�: L��

 1�: <��5 �� 1�Q 1�2 �	W
 � �-	��9 ��D���� .���2  

?�2  H�IJ10  �11    EI���� �I:   L�I� zI�8��   � R�	I
�+ �� �I2�:
�� 1�.� �� R�	+���      rI5�: ��I�8 �I2�: L�I� H��I� �Y
�f� S�T .��J�

 ��D��=Q8 �J �-	��9 C�Y� �� �� ST��� >�� � ��2 1���2 ������ �� ��
 ���U��       � 1�I��; ����I; ��ID�� rI5�: =I� �2�: L�� >��XAJ � �J�

 ��+���K� �J�� <��5 1��� �	W
 ?��.� � ���Q H  ��I2 ]23[  �(I
 �
      1��� �I-	��9 ��ID�� rI5�: �I2�: L�I� 1��: =� =J � 1��: ���8 =J

@� �J �: � �M��21�� �� �J �� ��J�.� .��2   �� �I2�: L�� >��	A� ��2
 �� R�	+��� H�0	����    �I�Y� ��I+� �NF 8� �	.�: ,�� ���_� >�� ��� �J�

 l�J ��7���� �+��J 8� H��     L�I� >�IAJ �I�� ����� ��;� 1���; ����;
 ��+� r5�: =� �2�:��K� �J      �IJ��Q �I-	��9 ��ID�� � 1���I2 1���

 8� ?�U �2�: L�� >��	.�: .�2�Q�2�� �  >�I
�� 1��� >��XAJ � R�� H
�Q�2��  1���2  �� ��4���   �� �5�I+ � �2�: L�� 1��: ���8 >�� �J�

� >���7��  �4Q�� ������ E��W� E�+1���2 =Q8 ��D�� ��� ���J  ��I2
=Q8 >�� �� >�� �J�7���  �-	��9 �Y	
� ���� ���.�  

  

  
8�� 10 - B.���� �; �	T.�
 GD�4 0-+2 ��+2 W	T S(�.T �.�
�6  

  

8�� 11-  0�
�
- �; �	T.�
 GD�4 0-+2 ��+2 W	T S(�.T �.�
�6

B.���(;  

  
  �I+��J /I� �� 1��	: �� 1�Q ����� e�2 ����� ] �I�� �� ����I�  �Ih�

 ���9/g�� ��     8� '�I: �I�J� 1��I:(1/s) 700   �I+� �	I
��� ]24[ 
,�� >�� �	�
�   1�Ig �I
�_� �� '�I: ��J� 1�  1���I�AJ � (1/s) 100  ��

�	��9 �h� �+� ��2 ]19[ ��OP� �+��: H��: .�� ������ R��  �I�]  ����I��
 1�Q �;,
 �� 1���; '�: ��J� �	����� ���: R�� �� >��=J�:   �I
��_�

        '�I: �I�J� �I
��_� H��I: �5�I+ ���I.�: �I: �Yf_� �f+ 8� .���2
  �I� ���N	I+�      �� �5�I+ \I+�	� ?I����� zI�8�� .��I2 R�I�  � ����II��

R�� �J��] H �� ������?�2  12  1�.����� ��2  � �+� 1�IAJ  �I��9   �I�
�� ��J�.� 1��8 3�A� �� ��2  8� �	I.�: '�: ��J� �J(1/s) 700   ���I:
 >���:��: �R��H�J ��] � ������      .�I����� ����I�g 6��IN� 1�IQ ����I��

>���:��: ��  �I+��J �� �� 1�IQ 1���   �IY
�f� ���I�    �I;,
 �I: ����I��  
Pa.s0035/0 ��.���9 �h�  
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 8��12-  �	T.�
 GD�4 0-+2 XMN� SE?� �( �; A+2 Y	1Z ��(�?�

+�[ 5�./ �	T.�
  

  

  

  

  
8�� 13-  0-+2 B.���� �; G9+� S(�.T 0�1�.�
�6(A) 30 �)�*+, %

 �(B) 50 5 �)�*+, %(C) 70�)�*+,  %  

  
  

  

  

  
8�� 14 - 0-+2 B.���� �; ��+2 W	T 0�1�.�
�6(D) 30 � �)�*+, %

(E) 50 5 �)�*+, %(F) 70 %�)�*+,  

  
�R�	
�+ �� �2�: L�� � �5�+ H�J����A�  �� 1�I.�  ��I�J�   e�I_�

 �� ��	
J �-	��9 �Y	
��+��J �J ��-	��9 H���� H�� ?�2  �IJ H13 
 �14  ���.� ����� �:��2 ����� ��J�.� .   1��I: �I+��J ����� �� ��2

 >�
�� 1��� � ?�U �-	��9 C�Y� �� e�_� ��-	��9-Q�2�� 8� �1���2 
 ��4���    ��I2�: �	I.�: R�I� �-	��9 �F�� �g�J � ��2�:    �I2�: L�I�

 ��2 �	.�:�+� u >���:��: I-	��9�   H�IJ    �e�I_� >I�� �� H�I�4� 1���I2 
����8 8��: 8�+-	��9�  ��  �7�����>��  �+���4� 1���2H �� .���2  

 ��?�2  15 L��H�J   �� �I2�:YU�� �I�     H�	I+�� �� bI4	W� H�IJ
 1���;=J�:  �
��_���2 ���       8� ?I�U �I: e�I:�� �I2�: L�I� >��	.�: �
 >�
��-Q�2�� ���:    �I-	��9 H��I: �I�7�� >����Y	
� >���:��: �  1���I2

�H��4�  ��7�� �-Q�2�� >�
���Q�2 �Q�2H�   �� H�IY: �47�� �� .�+�
�+��J �J�-	��9 H���� H� �� ��J�.�   �I-	��9 �IF�� L��,�� �� ��2 
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1�����9 L��,�� r5�: �ID�	��� � ��2 �5�+ H�J   �I2�: L�I�   L��,I��
�� �� �2�: L�� �����T �: �:�� ���9�49�+��J � H���� �� H70   �IF��

 �I+� �-	��9 1��: �
�7 �:��: �� ����_� �2�: �-	��9.    L��,I�� R����I:
 >��: L�� ��2��-	��9 R�A	7� : ��9�49 ��� 6�2 �,��L�  ��.�:��  

  

  
8�� 15-  ]�D5- �- 8J^ 5 ��,.�, �- �C2 ���,.�, �; ��+2 W	T ��(�?�

�)/��5;  

4 - 0+�, ����
  

 >�� 3�D�� 8� [�JLJ�M�  �� 1���; H�J�	����� �+��: 1���I2   �I�4�
 ��7�� ��Q�2 �Q�2      8� �I� �IYU�� R�I� /I� 8� ��h�� >��: �� ��: ��2

 ��A�: /��	��9 ��2  ��:R�� 8�+ H8�� \���2 � ���9 6��F �+��J H
.�2 �	��9 ��A�: 1�AJ 8�  

?�4t�       6��IN� �I� ��� 1�I.� �I-	��9 1��I: �I+��J �� 1���; H�J
 >�: �����gR��H�J ��] � ������ �������;,
 H��:   .����I� ��;� 1�Q

	� >�� H��: ���� �� �T�2 �: ^��]���  1��I� C�I� �����  �I;,
   1�IQ
B���) ��: ���� �1��: �	�g��  8� '�: ��J�(1/s) 700( =J  .���� ����IQ

 R�� �� �� �2 ��J�.����� �Y
�f�     ���I7 �� '�I: �I�J� >��	A� 

(1/s) 2500 �� �2�:.  
 �� �-	��9 �Y	
� ST�����>��  �+�1���2     >I�� H�IY: [�IJ ��4�

VW.� .��: �Y
�f�     >�I�XAJ � �-Q�I2�� >�I
�� 8� ?�U �7��� �� �2
�-Q�2�� >�
�� 1���  H�I�4� 1���2      �I2�: L�I� >��	I.�: H���� �I�

   1��� �9��I� � =IQ8 ��D�� H��: 1��: �Y	
� E�+ �: ��	
J 1���I2  �
 1�Q �	W
 ��D���: 6�2     >��IQ� >�I�XAJ .��	I
J �-	��9 C�Y� ��

�2��-QyK� ��+� ��D�� R�A	7� � �2�: L�� 1��: =� E�+ �: �  �IJ
.�+� �-	��9 C�Y� �� H�Y: �47�� ��  

 �� ��� 1�.� ^��	��� >�
�� 8� ?�U �7���   H�IY: �47�� �� � �-Q�2
 >��Q� >��XAJ � ���8 �2�: L�� 1��: ���� ?�
� �: ��9�49 -Q�I2�� �

    w�I2�: L�I� 1��I: =I� E�+ �: ����t��   �I;��Q >I���    �Y	I
� e�I_�
�+��J �� �-	��9����: ��
�� �-	��9 �: ���J     ^��I	� �:�I.� ^��I	� >I�� .

�: �+� ���� �� �(
 � ���: �-	��9 1��: �+��J ��    �I��9 �ID�	� 1��I�
� ��       �7��I� 1�I�� �I: H��OPI� �I-	��9 ��I;� 3�I5 �� ��;   C�IY� ��

.����� �-	��9  
 �-	��9 ��OP� �� �2 ��J�.�H��4� 1���2  L�I� �:    ���I9�49 �I2�:

 ���
:?:�U �;��  ���:�: ���9 �      �I� �	
�I7 �� �I2�: L�I� �I� H  1���I2
 H�I�4�  H����70  �II2�: �I-	��9 �IIF���   1��II: �II
�7 �I:��: �� ���II7

  .�+� �-	��9  
 �A
U ����>��  ��9�49 �+� �I	��  �I	��      >�I: �I2�: L�I� [K	IQ�

�+��J 1��: �+��J �: 6��N	� H�J�F�� �: �-	��9 H���� H�J �-	��9
�7��� ���A� �� .�+� ��2 =��      �I-	��9 H���� �I
�7 �� �I2�: L�I�

�� 1�.� ��� >�� � ���: �-	��9 1��: �
�7 8� �	.�:   �I+��J �I� �IJ�-

 �-	��9 H���� H�J�: E����    �I-	��9 � 1�IQ �	W
 ��D�� H��: ���Y	
�
.��	
J  

 ���A� ���+��J �J�     �I�7�� �� 1�IQ 1�I��; ��I�5 �5�+ ���.�: H�
 >�
�� 8� ?�U-Q�2�� >���:��: u��: �8� �D����    1��I: �I
�7 �� 1���; ��

 ���A� �� �-	��91��8 �J    [K	IQ� � ���I: 3��� �+��J e�_� ���A� �� �
�+��J �� H���5 �5�+ ?�����   �I+� ,�g�I� ��7�� >�� �� b4	W� H�J

�� �+��J 3�A� �� �� ���9 �D�	� 1���  �I��; ,I�� �-	��9 H���� H�J 1
��i H�  � ���:Jl�    �I+��J �� �	NI2� 1���; ��9 ���I�  �IY
�f�   ��J�I.�
.�.�  
  

5- �1;��
 

vm ���; \+�	� �5�+ (m/s) 

v  �5�+  (m/s) 

g  �.���9 ��	2  (m/s2) 

P  ��.�  Pa  

t  1��8  s  

D  �fU1���2 m  

ρ �
�-g (kg/m3) 

µ  �������� �;,
 (kg/m.s) 

υ  �����A��+ �;,
 (m2/s) 

345 L���;,
 H�J  (Pa) 

3 �2�: L�� (Pa) 

σ L�� (Pa) 

��  '�: ��� (1/s) 
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