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��2��34�-������5$�768��
)��������9�:�4�<;=��#)>4����#�#�?@3� !��
A���B�:�C;D���>��2��# 0
�HX � � 8"������C/B�%?= %/��$&�Q0#6�X2X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �

�HX �HX � � 8"��*T%/�-, & �&0Z,T< %/B4B@= %/��$&� 0 X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �
�HX �HX � � 8"������C/B�%5,L� �@,T< %/B4B;= %/��$&� 0 X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �
�HX �HX � J $&%_%@8"������C1%5,LF ��B4� �1= 8"�#�M� %/��$&� 0 X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �

�HX � � %16�$ ! �,%1%+= %/��$&� 0#6 X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �
�HX � X �  (�����,%54�� %/��$&� 0#6�X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �
�HX � X � 7 = �Q����$&%108��8"������C/B�%V. P 0 �,�Q0 P �98"=>��C16 X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E

�HX � < ���&C/B4<&6������FX2X+X2X+X2X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �

& FG>��!HI6KJL M�B�>4�2�ON * � * �%������
)��PQ>��	���%�"'���#,������������� 0�R
� X � C;B4<#��0E0 ��6,C/�,%/����6 8"�������E�4� 7 �^.W!.����= 8"B4��6�= X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���

� X �HX � 7 �'.W�98"������C/B�%?0#%-L&�#�4������� X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X �HX � ��$KP 6���CD8"B7SH8"B4<&%16 8�6,6��4GH�&%10F�,� �&<#��0O�98"������C/B�%16 X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���

� X � � 8"��$&%/= 8"����CD8"B@! ����= 8"B4��6�= X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X � X � . %D8"���3�"!���$&%+= %/��$&� 0 X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X � X � J7� 8"�&6��4������� �,� 8>0 ��6,C/�,%/�,%20#��= 8"�4� X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � a � 8�0 ��%/�K���"!�8A6,CD8"B 8"�3L9%/B�0
X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X � X � � �4ST%/��GT%/�&C1%?�"!�8AST%1C/�,���3L9%/B�0 X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
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� X � X �  (%1C/�,���3GH� 8�0 ��%/�K� 8"�&0O�,%/�&6,��� 0 �4ST%/��GT%/�&C1% X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X � J $&%+*T%/���&%/B ! <#�&C/������� X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���

� X � X � C#<#�&0&8"= %/�K� 8"B �#�,����%/������%16 X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X � X � < ��=>�98�C/� 6�<#�#� �����EX+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � � 4#8"=>�#B�%16 �"! *T%/���&%/B X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � 
+%/���&%/B;8�C1C/<#� 8�C/PF8"�&0F6�� 8":#�4B4�4�UP X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X � X � 
+%/���&%/B@C1�����,%1C/������� X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � J $&%26�= � ����$#�4�#G>B�%/�#GH��$� X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �-E

� X � C;B4<#��0F= %1C,$98"�#��C16�%1JK<98"�������&6 �4� 7 �'.N! ����= 8"B4��6�= X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X �&X � J $&%2C1���K���4�Q<#�4�UPF%1JQ<98"������� X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X �&X � J $&%2%1JK<98"������� �"! = ��������� X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X �&X � ���,%16,6�<#�,%20#%/�,%/��=>�4�98"������� X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �-E
� X �&X � � � SQ�4�#G 7 �^.W�98"������C/B�%16 X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �

� X � J@%/=>� ��� 8"B@�4�K�,%/GH� 8"������� X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � J �4= %26��,%/� X2X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � J@%/=>� ��� 8"B@�4�K�,%/GH� 8"������� 6,C,$&%/= %16�X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���

� X � �U�#�4��� 8"B7�98"������C/B�%?0 ��6������4:#<#������� X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � < ��=>�#B�%/�,%56��,� C,$98�6�����C+0 ��6,�����4:#<#������� X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � � ST��B4<#�������E= %1C $98"�#��6�= �,� ' 8"�,0#6 8A6��,%D8�0 P 6,� 8"�,%�X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ��E

� X � Y 8"B4B7= �Q0#%/B4B4�4�#G X+X2X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ��E
� X � X � I %/�#<#B�6��4ST%�!.���,C1%�X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � �E�4���,���3�98"������C/B�%16EX2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���

� X E 7 �'. �K<#= %/����CD8"B@�4�&6,� 8":#�4B4�4����%16 X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X E X � J $&%+�,%/�&6��4B�% �4�&6�� 8":#�4B4�4� P X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X E X � I %/= �DS �4�#G ��$&%+�,%/�&6,�4B�% �4�&6�� 8":#�4B4�4�UPRX2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X E X � � <#= %/����CD8"B7�4�&6,� 8":#�4B4�4����%16 0 <&%+�,�>�,%/�#<#B�6,�4ST%+' 8"B4B !.���,C1%16 X+X2X+X2X5X+X2X+X2X+X2X � �

� X � 7 �'. 8"�&0 � <#B�%/��� 8"�E= %/��$&� 0#6 X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � 7 �4=>�4B 8"���4����%16 X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � 7 �'. 8�0 SH8"�K� 8"GT%16 8"�&0F0 � 8D'�:98�C,* 6OX2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X � X � < ��=>�#B�%/= %/�K� 8"���4�UP X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���

( FG>�� �234 M��
A�	���:�O�B�2��� H2P4��
)$����34#�� &�� ��(
� X � C#<#�&0&8"= %/�K� 8"B�%1JQ<98"�������&6+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �

� X �HX � J $&%2C1���K���4�Q<#�4�UPF%1JQ<98"������� X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X �HX � J $&%+= ��= %/�K��<#= %1JK<98"������� X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X �HX � � 4 �,%/���98"B7! ���,C1%16	X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
� X �HX � 7 � 8"�,%2%1JK<98"������� X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X �HX � � 8"������C/B�%5���H6��4������� X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �

� X � 
+%/���&%/B�6 X2X2X+X2X+X2X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
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 4 �4�4�
� X � J �4= %56��,%/�E8"�&0O�,%/=>� ��� 8"B7�4�Q�,%/GH� 8"������� X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �-E

� X � X � J �4= %26��,%/� X2X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �-E
� X � X � J@%/=>� ��� 8"B@�4�K�,%/GH� 8"������� X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �-E

� X � # �#���4=>��6 8"������� 8"�&0E8"B4GT�����4��$#= 6�����<&C/��<#�,% X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �-E
� X �&X � % �4�#* B4��6,� X+X2X5X+X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X �-E
� X �&X � �;%/����� 0 ��C5C1���&0 �4�������&6 X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X �&X � & 6�P =>= %/������CD8"B7�#���4�&C/�4�#B�%16 X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
� X �&X � < �Q0#%+6�����<&C/��<#�,% X2X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �

� � �: M�%����
 �%���B�" !P�
)��#$#�� * �	������� #��% 34����������4# ���	�> H2P4��
)$����34#�� &�� ��(
�&X � 7 � 8"����C2�#$98�6,% �4� 8� �N! �,%1%26�<#� ! 8�C1%+C,$98"�#�&%/BAX+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �

�&X �HX � J $&%1���,%/����CD8"B@�4�KST%16,���4GK8"�������RX2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X � �
�&X �HX � 7 P 6��,%/=�= � 0#%/B4B4�4�#G X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
�&X �HX � 7 �4=5<#B 8"�������E�,%16,<#B4�,6 X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X ���
�&X �HX � � 8"����� 8"B C1���&C/B4<&6������FX+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E��

�&X � %@8"=>�4�98"���9� 'W�4�E8� � ! �,%1%+6�<#� !.8�C1%+C $98"�#�&%/B X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E��
�&X � X � J $&%1���,%/����CD8"B@�4�KST%16,���4GK8"�������RX2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E �
�&X � X � 7 �4=5<#B 8"������� C1���&0 �4�������&6 8"�&0O6�P 6��,%/=�= � 0#%/B4B4�4�#G X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E��
�&X � X � 7 �4=5<#B 8"�������E�,%16,<#B4�,6 X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E �
�&X � X � � 8"����� 8"B C1���&C/B4<&6������FX+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E��

�&X � %@8"=>�4�98"���9� 'W�4�E8� ��$#�4B4B@C $98"�#�&%/BAX+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E �
�&X � X � a %1��= %/����PO�"! ��$&%+6�P 6��,%/= X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E �
�&X � X � 7 P 6��,%/=�= � 0#%/B4B4�4�#G X+X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E-E
�&X � X � 7 �4=5<#B 8"�������E�,%16,<#B4�,6 X2X+X2X2X+X5X+X2X+X2X2X+X2X+X5X+X2X2X+X2X+X2X5X+X2X+X2X+X2X E �
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Definition of the geometry:
Distribution of the fluid and wall particles

Definition of the initial conditions

Determination of the links
between particles

Determination of the time step

Determination of the particle density

Determination of the particle pressure

Definition of the calculation domain boundaries and
the physical and numerial parameters in a parameter file

loop
Time

Particle displacement

Computation of the kernel derivative 
relative to each particle pair

determination of the new velocity of each particle

Application of repulsive wall forces if selected

Calculation of the linear momentum and
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� � � ��F * � " ���:� * �J���0&).�	+, C &),+, C �2&5C � &).K���-.KF\� � ,;
'� * F($�.���	�F�B/,�& � (���Gc� � , C � �!& * ,�&>�-F�	,� $&E & * �* �-.>&), � ���-.�
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the physical and numerial parameters in a parameter file
Definition of the calculation domain boundaries and

Definition of the geometry:
Distribution of the fluid and wall particles

Definition of the initial conditions

Definition of the initial fixed grid

loop
Time

Determination of the links
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Computation of the kernel derivative 
relative to each particle pair

Application of repulsive wall forces if selected

Computation of the velocity gradient
and the rate of strain tensor components
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Computation of the eddy viscosity
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Calculation of the linear momentum and
determination of the new velocity of each particle

Determination of the time step

Particle moving

Determination of the particle density
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Temporal and spatial averaging
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