
Code Saturne ���������	��
���������	���������	��������
 !�
�"�#�%$	�&
�'
�(�#�)�*�,+-�!�/.	�	�0�1�#
324�!56�#�%$!�7�98:8�0.	�(�;���(�=<>8@?

24�!�A�!84
�/�(�B�DCE$	$	���(56�'
�0���!8

FHGJIK�L IK G0MON&P*G�N0Q4RTS&U K RTV7WYX#RTSARTZ K&[ IK N0Q4M]\_^`VYRJW [ RaG0NcbJRadJM]e
f7gihDj*klgnmohqpsrTtvuxwzy�{�|`}�~�tv{_�x}�~�u��*y�}��n�T��}�~`�O�(y0�=g#y���}��_���xy0~��

� m1��r�}�ti�!}���tvy0��m1���0������mi�Y|`}�����ram7hH��}�~�{�y
�O�� �¡` 0��¢¤£¦¥ §¦��£�¨�§¦©*ª� �§¦«�¬= �¡a�¥ �O��®�¯�§¦©°§�¯` �¥ ©x �£�¨�¢²±�³¦«�§a¬= �¡a�¥ �O��®T©°§¦��£¦¥ ´�§�µa¢¤¶�¬= �¡T�¥ �O�

·¹¸»º�¼�½�¾4¿`¼
À ¨`¢Á´�Â�§�Â� 0�Ã¡T �´�£(��¢Äª� �´�±�¨` �Å�¯�¢²±� �Æ¦³�ÇÄ«`©x �©x (±�¨`³T¡È¢Ä©xÂ`Ç¤ 0©x �¯�±� �¡È¢¤¯
Code Saturne ÉÊ ®nËÌ Ç¤ �£(±���¢¤£0¢²± Ë 6¡T 9Í`��§�¯�£( 6Î¦ �¯` 0��§�ÇÄÏ�Â`«`��Â�³Ð´Ñ �£(³�©#Â�«T±�§�±�¢¤³¦¯�§¦ÇaÒ�«`¢Á¡¡TÓa¯�§�©x¢Á£1£0³a¡` 9�O³¦�lÇÁ§�©x¢Ä¯�§��»§¦¯�¡x±�«`��ª�«`ÇÄ �¯Ð±»Ò�³�Ô9´q¢Ä¯&£(³¦©xÂ`Ç¤ (Õx±Ôl³�Ï§�¯�¡x±�¨`�� 0 (Ï
¡T¢¤©# �¯�´�¢Ä³�¯�§�Ç#Î¦ �³¦©x (±���¢¤ �´�¥ À ¨` Ö£(³T¡T ×¢Á´z«�´Ñ �¡Ø�O³¦�¹¢Ä¯�¡T«�´Ñ±���¢¤§¦Ç#§¦Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´
§�¯�¡!�� �´� �§¦��£�¨c§¦£(±�¢¤ÆÐ¢Ä±�¢¤ �´1¢Ä¯A´� 0Æ� 0��§�Ç�Å� �Ç¤¡`´1�� �Ç¤§�±� �¡Ù±�³� 0¯� 0��Î¦Ó�Â`��³T¡T«�£(±�¢¤³¦¯×ÚO¯a«TÏ
£(Ç¤ �§¦�4Â�³�Ôl 0�4±�¨` ���©°§�ÇÄÏ�¨ÐÓT¡T��§�«�ÇÄ¢Á£0´�®0ÎÐ§¦´4§¦¯�¡n£(³Ð§�Ç�£0³¦©�ª`«�´Ñ±�¢¤³¦¯4®�±�«`��ª�³¦©°§¦£�¨`¢¤¯` ���Ó�®
¨` �§�±�¢¤¯`Î�®TÆ� 0¯Ð±�¢¤ÇÁ§�±�¢¤³¦¯!§�¯�¡c§¦¢Ä�6£0³¦¯�¡T¢Ä±�¢¤³¦¯�¢Ä¯`Î�¥Ä¥¤¥ÜÛ_¥
À ¨` Ù´� (±#³��6 �ÝÐ«�§�±�¢¤³¦¯�´�£(³¦¯�´Ñ¢Á¡T 0�� �¡Þ£0³¦¯�´�¢¤´Ñ±�´*³���±�¨� &ß1§�Æa¢¤ 0��Ï�àa±�³¦µ� �´i �Ý�«�§�±�¢¤³¦¯�´
�O³¦�°¢¤¯�£(³�©xÂ`�� �´�´�¢¤ª`ÇÄ &Ò�³�Ô9´x£(³�©xÂ`ÇÄ 0±� �¡áÔ6¢Ä±�¨Ö �ÝÐ«�§�±�¢¤³¦¯�´��O³��x±�«`��ª`«`Ç¤ 0¯�£0 !©#³T¡aÏ
 0Ç¤ÇÄ¢¤¯`ÎÖÚO �¡`¡TÓÐÏ�Æa¢Á´�£0³�´�¢²±ÓÞ©x³T¡T 0Ç6§¦¯�¡á´� �£0³¦¯�¡â©x³�©# �¯Ð±x£0ÇÄ³Ð´Ñ«`�� �Û�§�¯�¡â�O³¦�x§¦¡�¡T¢²Ï
±�¢¤³¦¯�§¦Ç7´�£�§�ÇÁ§���´�ÚO±� 0©xÂ� 0��§�±�«`�� �®H 0¯Ð±�¨�§�Ç¤ÂÐÓ�®4£(³�¯�£( �¯�±���§�±�¢¤³¦¯A³¦�»´�Â� �£(¢¤ �´�®/¥Ä¥¤¥ÜÛ_¥ À ¨� 
±�¢¤©x (Ï�©x§¦��£�¨�¢Ä¯`Îâ´�£�¨` 0©x 	¢Á´�ª�§�´Ñ �¡D³¦¯ã§ÞÂ`�� �¡T¢Á£_±�¢Ä³�¯D³¦�nÆ¦ 0Ç¤³T£(¢Ä±Ó×�O³�ÇÄÇ¤³�Ô» �¡áªaÓ
§cÂ`�� �´�´�«`�� °£(³¦���� �£_±�¢Ä³�¯ä´Ñ±� �Â4¥ Ì ÝÐ«�§�±�¢¤³¦¯�´'�O³��i±�«`��ª`«`Ç¤ 0¯�£0 �§�¯�¡¹´�£0§�ÇÁ§���´i§��� x�� 0Ï
´Ñ³�ÇÄÆ� �¡!´� 0Â�§¦��§�±� 0Ç¤ÓÙ§��]±� 0��Ô�§���¡`´0¥ À ¨` *¡T¢Á´�£(�� (±�¢¤¶�§�±�¢¤³¦¯!¢¤¯A´ÑÂ�§�£( n¢Á´9ª�§�´Ñ �¡c³¦¯c±�¨` 
�O«`Ç¤ÇÄÓÙ£0³¦¯�´� 0��Æ�§�±�¢ÄÆ� ¦®¦«�¯�´±���«�£_±�«��� �¡°Å�¯`¢Ä±� iÆ�³¦Ç¤«`©x 9�O��§�©x 0Ôl³¦��µJ®�Ô6¢Ä±�¨c§B�O«`Ç¤Ç¤ÓÙ£(³¦Ï
ÇÄ³T£�§�±� �¡x§�����§¦¯`Î¦ �©# �¯Ð±o�O³��q§�Ç¤Ç`Æ�§���¢¤§¦ª`Ç¤ �´�¥:àaÂ� �£0¢²Å�£� 0å�³��Ñ±/¨�§¦´7ª� 0 �¯°Â`«T±/¢¤¯�±�³i±�¨` 
£(³�©#Â�«T±�§�±�¢¤³¦¯c³��Î¦��§¦¡T¢¤ 0¯Ð±�´�§�±6£0 0Ç¤ÇY£( �¯Ð±��� �´�¥
æ ¯�¡T«�´Ñ±���¢Á§�ÇY§¦Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´�¢ÄÇ¤ÇÄ«�´±���§�±� n¢¤©#Â�³¦��±�§¦¯Ð±1§¦´�Â� �£_±�´�³¦�7Â`¨aÓa´�¢Á£0§�ÇH©x³T¡T �ÇÄÇ¤¢Ä¯�Î
´Ñ«�£�¨c§�´l±�«`��ª`«`Ç¤ 0¯�£0 �ÚO«�´�¢¤¯`Î�ç6 0Óa¯`³�Ç¤¡�´Ï�è9Æ� 0��§�Î¦ �¡�ß1§�Æa¢¤ 0��Ï�àa±�³¦µ� �´» �ÝÐ«�§�±�¢¤³¦¯�´�³��
é §¦��Î�  Ì ¡`¡TÓ-àT¢Ä©�«`Ç¤§�±�¢¤³¦¯�Û(®9£(³�©*ª`«�´Ñ±�¢¤³¦¯Y®l£0³¦¯�ê«`ÎÐ§�±� c¨� �§�±°±���§¦¯�´Ñ�O 0�zÚ�£(³¦«�Â`ÇÄ �¡
Ô6¢²±�¨�±�¨` A±�¨` 0��©°§�Çi£(³T¡T ¹àaë'ç À6ì1Ì à�ÛÙ§¦¯�¡DÒ�«`¢Á¡aÏ�Â�§���±�¢Á£(Ç¤ ä£0³¦«`Â�ÇÄ¢¤¯`ÎáÔ6¢Ä±�¨,§
Ç¤§¦Î¦��§�¯`Î�¢¤§¦¯c§¦Â`Â`��³�§�£�¨4¥ À ¨� �´� B (Õ`§�©xÂ`Ç¤ �´1§�ÇÁ´Ñ³�¡T �©x³¦¯�´Ñ±���§�±� n±�¨` �£0§�Â�§�ª`¢¤ÇÄ¢Ä±Óc³��
±�¨` i£(³T¡T 9±�³B±�§¦£�µaÇ¤ =§BÇÁ§���Î¦ 6Æ�§¦��¢¤ (±Ó#³��4©x �´�¨` �´»§¦¯�¡�£( �ÇÄÇ�Î¦ �³¦©x (±���¢¤ �´�®Ð¢Ä¯�£0ÇÄ«�¡T¢Ä¯�Î
¨aÓÐª���¢Á¡Ù©x �´Ñ¨` �´�Ô6¢²±�¨A§���ª`¢Ä±���§���Ó#¢¤¯Ð±� ��Ñ�v§�£( �´�¥
í	îÐïñð*ò�ó�ô:õ3ö ß1§�Æa¢¤ 0��Ï�àa±�³¦µ� �´�®¹Å�¯`¢Ä±� �Æ¦³�ÇÄ«`©x �®×«`¯�´Ñ±���«�£_±�«`�� �¡÷©x �´Ñ¨4®
£(³¦Ï�Ç¤³T£0§�±� �¡"§�����§¦¯`Î¦ �©x 0¯Ð±�®xÎ¦��§¦¡`¢Ä �¯�±â£0§¦Ç¤£0«`ÇÁ§�±�¢¤³¦¯Y®°±�«`��ª`«`Ç¤ 0¯Ð±âÒ�³�Ô9´�®°¢¤¯�£(³�©�Ï
Â`�� �´�´Ñ¢¤ª`Ç¤ iÒ�³�Ô9´0®�ç6 0Óa¯`³�Ç¤¡�´Ï�è9Æ� 0��§�Î¦ �¡Ùß=§�ÆÐ¢¤ 0��ÏàÐ±�³�µ¦ �´� �ÝÐ«�§�±�¢Ä³�¯�´0® é §¦��Î�  Ì ¡`¡TÓ
àa¢¤©*«`ÇÁ§�±�¢Ä³�¯4®�Â�§¦��§¦ÇÄÇ¤ 0Ço£(³¦©xÂ`«`±�¢¤¯`Î�®�¯Ð«�£(Ç¤ �§��6Â�³�Ôl 0��®`Î�§�´9§�¯�¡	£0³�§¦Ç4£(³¦©�ª`«�´Ñ±�¢¤³¦¯4®
Code Saturne



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

� 24�#
�7���A�!5l
�0���
��� K Gx\(Q K
	 R��_\ L4K N�R LHK W�'^`S 	 VH\(Ra\(MO^`Z4R��»F��OVYM L���� Z4RTSAMON�������sF�� � ���#Q4R��*U K N�^`S K RTZDMOZ��
N�G K R��(MOZ�� � � �_\(RTZ L RaG L MOZ L V!�(\_G0MOR��!�(MvS&V!�vRa\(M]^`Zz\_^�^ �#"�^TG LHK �(M$�`Z7W 	K G%"�^TG0SARTZ4N K MOS 	 G(^ � K S K Z�\
RTZ L RTZ4R�� � �(M&�i^�"�^ 	K G0Ra\(MOZ!�AN�^`Z L M]\(M]^`Z'�("�^TG K Z � M]G(^`Z4S K Z�\(R��7RTZ L �(R)" K \ � G K R��_^`Z!�*�ibJV4N�QâRTZ
K � ^ �OVH\(M]^`Z,Q4R��ÙU K�K Z�SzR LHK+	 ^ �%�(MOU'� K U � "�RTN�\_^TG,���(V4N�Q R��&\(Q K SAR��%�0M � K MOZYN�G K R�� K MOZ N�^`S��
	 VH\ K G*N�R 	 RTN�MO\(M K �BRTZ L \(Q K MOS 	 G0^ � K S K Z�\n^�"6MOZ��ÑQH^`V!� K RTZ L N�^`SAS K G0N�MOR��-��sF�� � �.�_^�"�\0/iRaG K �

Pi\ I12� K N�\_G0MON�M]\�IK&L4K FHG0RTZ4N K �31 � F4��W L4K � K �]^ 	 S K Z�\*^�"6MOZ��ÑQ4^`V!� K N�^ LHK ��QYR��nU K�K ZáRAG K �_^ �OVH\ K
�_\_G0Ra\ K �`MONxN0Q4^`MON K "�^TGiS	^TG K \(Q4RTZ65!"�\ K�K Z �TK RaG,�*�87�Z 	 RaG(\(MON�V'�ORaG�W9"�^TG 	 G(^TU'� K S+�9G K*: V4M]G0MvZ��;�]^)�
N�R��»\(Q4G K�K � L MOS K Z'�(M]^`Z4R��/RTZYR�� � � K ��/*MO\(Q×G K 5YZ K�L�< ^=/3SA^ LHK �>�OMOZ��HW'� 	:K N�M&5YN K@? ^TG(\#QYR L U K�K Z
	 VH\!MOZ�\_^ÖMOZ��ÑQ4^`V!� KBA � K Z K G�R�� 	 VHG 	 ^ � K C�sFD� � �6N�^ LHK �%EF�(V4N�Q R��!XCG`bH�011FJIK(L#PNM�O=PBRTZ L
1'b�Q�1DQ(�ÑP°b�Q�R�7 � I [ P8QNM�O=P��S7�ZUT*M�M�V�WW1 � F MOZYM]\(MORa\ K�L R 	 G(^��TG0RTS \_^ V4Z4M$" � \(Q KX	 ^)�
\ K Z�\(MOR��vM]\(M K �'^�"q\(Q K � K \0/'^ 	 G(^ L V4N�\%��/*M]\(Q4MvZA\(Q K �(RTS K �(^�"�\Y/'RaG K W Code Saturne Z[ �87�Z LHK�K�L W
X�G`bH�01=F'WÐRTZcV4Z!�_\_G�V4N�\(VHG K�L 5YZ4M]\ K9K � K S K Z�\lN�^ L4K W`N�^`V!� L \(RTN0d\� K N�^`S 	 � K@] � K ^`S K \_G0M K ��W�/*Q4M&� K
1'b�Q�1DQ(�ÑP°b�Q�R�7 � W7R^�_\_G0V4N�\(VHG K�L 5oZ4M]\ K � ^ �OV4S K N�^ LHK W 	 G(^ � M LHK�L G K 5YZ K�LF	 Q � �(MON�R���S	^ L �
K �&�OMOZ����_7�Z R L4L MO\(M]^`Zã\_^-SzRad�MOZ!�áR � RTM&�ORaU'� K \_^-V!� K G,��\(Q K S	^ �_\cR L � RTZYN K�L N�R 	 RaUoM&�OM]\(M K �x^�"
\(Q K � K \Y/=^	N�^`S 	 � K S K Z�\(RaG �`	 G(^ L V4N�\%��W�M]\4/iR��=R��&�(^&RÙN�^`Z � K Z4M K Z�\�/'R � \_^ÙU K Z K 54\2"�G(^`SE\(Q K
G K N K Z�\cR L � RTZ4N K �ÙMOZ L4K �(M$�`Z7W��(^�"�\Y/'RaG K¹LHK � K �]^ 	 S K Z�\�W 	 G(^��TG0RTSzSAMOZ��âRTZ L S K �(Q4MOZ��Þ\ K N�Q��
Z4M : V K ��WHZ�VYS K G0MON�R��a�(N�Q K S K ��RTZ L^	 Q � �0MON�R��7S	^ LHK �&�OMOZ!���

Code Saturne
M&��/ K �&���(V4M]\ K�L "�^TG*\Y/=^)�nRTZ L \(Q4G K�K � L MOS K Z'�(M]^`Z4R��7N�R��ON�V'�ORa\(M]^`Z!�n^�"4�(\ K R L�� ^TG

\_G0RTZ!�(M K Z�\b�(MOZ�� � K � 	 Q4R�� K W7MOZ4N�^`S 	 G K �%�(MOU'� K Wc�vRTSAMOZ4RaG#^TG°\(VHG(UYV'� K Z�\ < ^d/����e7�\b�(V 	!	 ^TG(\%��\0/'^
R K�� ZH^ � L �f�ÑP � K G0R)� K�L X�R � M K G%��b�\_^Td K ���3Re�sPe�sX
�Äb.���9S	^ L4K �&��g»Rb�(\(RTZ L RaG L+h(i+j RTZ L Rb� K N�^`Z L
S	^`S K Z�\lN��]^ �0VHG K I klR�RSm)n=P��8QBQ KD< ^d/��0�_^ � � K G6M&�/UoR�� K�L ^`Z!R�5YZ4M]\ K � ^ �OV4S K R 	!	 G(^`RTN�Q7W�/*M]\(Q
R�"�V!�>� � N�^)�0�]^JN�Ra\ K�L RaG(G0RTZ!� K S K Z�\�"�^TGBR��&� � RaG0MORaUc� K ���8QBQ K \(MOS K°L M>�(N�G K \(M]e�Ra\(M]^`ZâM>�=UoR�� K�L ^`Z
R 	 G K�L MON�\_^TGo�ÑN�^TG(G K N�\_^TGp�(N0Q K S K "�^TGÙ\(Q K X�R � M K G%��b�\_^Td K � K*: V4Ra\(MO^`Z!���ÞP�Z�MvS 	 ^TG(\(RTZ�\�R��,� K \
^�"

Code Saturne
G K �OM K �*MvZáM]\%��RaUYM&�OM]\ � \_^ LHK R���/*M]\(Q-RTZ � dJMOZ L ^�"9S K �(Qq��Q � U4G0M L WYN�^`Z�\(RTMvZ��

MOZ��äRaG0UYM]\_G0RaG � MOZ�\ K G%"�RTN K �@r#RTZ L RTZ � \ �\	K ^�"9N K �&�s�t� � Ra\(R¹SzRTZ4R)� K S K Z�\xM>� K Z!�(V4G K�L U � RTZ
E�11Z � K �]^ 	K S	^ L V!� K E�\(Q4Ra\9R��&�_^°R��&�]^=/��6N�^`SAScV4Z4MON�Ra\(MO^`Z!�-/*M]\(Q L M ?K G K Z�\�S K �(Q���� K Z K G0Ra\_^TGt��W
	 ^ �(\f� 	 G(^JN K �%�_^TG,��RTZ L ^T\(Q K G
�(^�"�\Y/'RaG K /*Q K ZãN�^`V 	 �OMOZ��âM&�°G K*: V4MOG K�L �s"�^TG K@] RTS 	 � K WqN�^`Zvu(V��
�`Ra\ K Q K Ra\ä\_G0RTZ!�o" K GzM&�AG(^`VH\(MOZ K N�R��ON�V!�ORa\(M]^`Z \(QHG(^`V��`Q N�^`V 	 �OMOZ��w/�M]\(QØ\(Q K \(Q K G0SAR��BN�^ LHK
bHxCR�Q�L�1'byI z211X{M mdP(I R(|�z}M�M=Ps�t�

Code Saturne
M&� LHK � K �]^ 	K�L U � 1 � F�V4Z L4K G : V4R��OMO\ � R��,�(VHG0RTZ4N K RTZ L M>�#V'� K�L Ra\;1 � F�MOZ

� RaG0MO^`V!��MOZ L V!�_\_G0MOR��-5 K � L �;�(V4N�Q R��&Z�V4N�� K RaG&R 	!	 �vMON�Ra\(M]^`Z!��W 	 G(^JN K �%� K Z��`MvZ K�K G0MOZ��B� 	 �OR��(SARJW
K � K N�\_G0MONBRaG�N���W9� �OR��,�4"�VHG0Z4RTN K ��W�R K G0RTV!�OMON�����Q K Ra\(MOZ��HW � K Z�\(M&�vRa\(M]^`ZARTZ L RTM]G1N�^`Z L MO\(M]^`Z4MOZ��HW 	 ^ �~�
�OVH\(RTZ�\ L M&� 	K G,�(MO^`Z7WoN�^`Z�\(RTSAMOZ4Ra\(MO^`Z�MOZãS K�L MvN�R�� 	 G K SAM&� K �*�$�$����WqRTZ L N�^`S&UYV!�_\(M]^`Z��s�`R��&RTZ L
N�^`R���"�VHG0Z4RTN K ���t� Code Saturne

T)�K�¹Q4R��BU K�K Z � R��OM L Ra\ K�L RTZ L G K � K R�� K�LáK RaG,� � MOZ�O)����T)��14"��
"�^TG(\%��/ K G K \(Q K Z MOZ � K �_\ K�L L V4G0MOZ��D^`Z KX�TK RaG¹MOZ�\_^�R : V4R��OM&5YN�Ra\(M]^`Z!� 	 G(^JN K �%�`"�^TGzZ�V4N�� K RaG

���@�����=�����0�,�����K���������$�,�f�f���(���������������D�W�f���v���#�K�����v�K�0���s�.���=�f�K���*�����d�����=�(�f�t�*�����t  ¡@�� K�v�W����¢=���=�t���=�f��£
�������,���K ��C���)�%���4�D���v�t K�4�~�t�f�2�,�)¢����f���v�,���)�o¡@�������W�W�����o¢d���f���t��¡@�������K�f���f¤

¥v¦�§ �)�, K�K¨v�o�,���K�t�v�-�K���f�W©= K�%�@�o¢8�v�����c���2���v�c���f�v���c�t�)¡t�t K��¢v�%���K�����t�(���)�%�����%�+�,�)¢4��©��f�f��¨)�c�0�t�v�t�#�t�=���o�t �£
 K���~�a�K�v¢=�v�3�������, *�t©v©= K���f�,���K���=�!�������D�,�����f�����K���D¢=��¡@�t���o¢��������v�'�W�����v�*¢8�f�W©= ��o���f¢8�����f�t�)¢=�=�����3���v¢=�K�f�fª%���l���=�
« �v�t K���s�C�,�����v�����f���= ����-���d�0�t�K�v�f¢b�t�)¢����(���v�f���l ��K�W���0�,���K�t�v�����K���C������©��f�������(���v�4�t�����K�f�K©)�%���o¢C�f�=���K�v�f�Y�����=�
�=����¤

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º O



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

�(MOZ�� � K � 	 Q4R�� K \(Q K G0SAR��$�ÑQ �JL G0RTV!�vMON�����QBQ K Z K@] \BG K � K R�� K ^�" Code Saturne
M&� L V K U � O)�������

QBQ4M&�6RaG(\(MvN�� KW	 G K � K Z�\%�6\(Q K N�^`Z�\(MOZ�VH^`V!� K*: V4Ra\(M]^`Z'��W`\(Q K M]G L M&�(N�G K \(M]e�Ra\(MO^`Z	MOZ!\(MOS K RTZ L � 	 RTN K
RTZ L \(Q K R��%�_^JN�MORa\ K�L U^`V4Z L RaG � N�^`Z L M]\(M]^`Z'���lP#ZÞ^ � K G � M K / ^�"-� K � K G0R��a�_\(V L M K �iM&� 	 G(^ 	 ^ � K�L
\_^-M&�&�vV!�_\_G0Ra\ K �_^`S K MOZ L V!�(\_G0MOR���R 	!	 �OMvN�Ra\(M]^`Z!�x\(Q4Ra\ÙRaG K U K MOZ��âN�RaG(G0M K�L ^`VH\;/*MO\(Qã\(Q K N�^ LHK
� � K Z�\(M&�vRa\(M]^`Z �_\(V L�� MOZ,Q4^ � 	 M]\(R��&��W��,�OR)���`MOZ��ãMOZ RÖN�^`R��("�VHG�Z4RTN K W 	 ^ �&�OVH\(RTZ�\ 	 G K�L MON�\(M]^`Z MOZ
R��`R��A\(VHG(UYMOZ K W : V4R��OM&5YN�Ra\(M]^`Z "�^TG	\(Q K G�SAR��(�(N0QH^JN(d MOZØR 	 G K �%�(V4G K /iRa\ K GAG K RTN�\_^TG � K �,� K ��W
kqRaG%� K 1 L4L�� bJMOScV!�ORa\(MO^`Z R 	!	 �OM K�L \_^,\(Q K G0SAR���"�Ra\(M&�`V K �t�}1 � K Z�\(VYR��&� � W 	K G,� 	K N�\(M � K ��"�^TG
"�VH\(V4G K�LHK � K �]^ 	 S K Z�\*RaG K U4G0M K�<!�6	 VH\W"�^TG%/iRaG L �

� � ���%�1�!59�(�'
7�!�7�
����� 	�
��������������
���
������
���
k K \ � RTZ L"! U K � K N�\_^TG,�ÙRTZ L"# R � K N�^`Z L ^TG LHK G°\ K Z!�_^TG*�
QBQ K M]G#G K � 	K N�\(M � K N�^`S 	 ^`Z K Z�\%�
RaG KÙLHK ZH^T\ K�L ��$�W ! $�RTZ L%# $'&)�47�ZÞ\(Q4M&� 	 R 	K G�WJ\(Q K "�^ �&�]^d/�MOZ��	ZH^T\(Ra\(M]^`Z!��/*M&�&�:U K V!� K�L g

())))* ))))+
, �`G�R L � - $.& / 0 ��$0�1 &, L M � � # � - $ / 0 # $'&021 &I � 3 ! P $'& / ��$ ! &

�fTd�

4"M]\(Q×\(Q K � K ZH^T\(Ra\(MO^`Z!��W!/ K Q4R � K g
I L M � �5� 3 ! �0P $ / 0 �5��$ ! &=�0�1 &

QBQ K N�G(^ �%� 	 G(^ L V4N�\i^�" � K N�\_^TG,�6� RTZ L7! M&�nZH^T\ K�L � 8 ! �
���9� :�;=<>��?@
A�CB=D�
EGF�H�F h G K " K G,� K M]\(Q K GB\_^ � K N�\_^TGJI�\ K Z!�_^TG°N�^`S 	 ^`Z K Z�\%�n^TGB\_^äR	N K �>�/Z�VYSÙU K G

���9K :�;=BL�2
A��?@
A�CB=D�
M \_G�RTZ!� 	 ^ � K
�5Nl� NPORQ!\(MvS K �_\ K�	
���RS T6���UD%VXWY�Z���[<LVX���
\^] � 	:K N�M&5YNxQ K Ra\_A` M LHK Z�\(MO\ � SARa\_G0M ]a"b E�ced�f � E � � K \B^�"6N K �&�&� H �(Q4RaG0MOZ!�!Ra\�� K R��_\*RTZ×MvZ�\ K G%"�RTN K � EGF�H �(/*MO\(QâN K �&� Eg 	 G K �%�(VHG Kh R K�� Z4^ � L �W�_\_G K �,�B\ K Z!�_^TGhi$'& E5H ORQ N�^`S 	 ^`Z K Z�\W"�^TG6h

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º G



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

� $'& �0VHG%"�RTN K ^�"JMvZ�\ K G%"�RTN K � EGF�H �/N�^`SzS	^`Z°\_^�N K �>�&� E RTZ L H � 	 ^ �(M]\(M � K � R��OV K �
��� �(^`VHG0N K \ K G0S�G K �ORa\ K�L \_^A\_G�RTZ!� 	 ^TG(\ K�LX: V4RTZ�\(M]\ ���

� �0N�R��ORaG : V4RTZ�\(MO\ �
� $ L M&�(N�G K \ K � R��OV K ^�" � R��%�_^JN�MORa\ K�L /*MO\(QâN K �&� E
h \(V4G(UYV!� K Z�\id�MvZ K \(MON K Z K G%� �N $.& VYZ4M]\ � K N�\_^TG	ZH^TG0SAR���\_^DMOZ�\ K G,"�RTN K � E F�H �ÙN�^`SAS	^`Z�\_^-N K �&�&� E RTZ L H

RTZ L ^TG0M K Z�\ K�L "�G(^`S�N K �&� E \_^d/iRaG L �*N K �>� HM \(MvS K� � K �O^�N�M]\ � � K N�\_^TG��$ E ORQAN�^`S 	 ^`Z K Z�\�"�^TG6�
� SzR��%���_^`VHG�N K \ K G0S
� $ � ^ �vV4S K ^�"6N K �&� E ��^�"6S K R��0VHG K	� � $ � �

 $.& ��G(^`Z K N(d K G LHK �]\(R
j L M&�%�(M 	 Ra\(M]^`Z¹G0Ra\ K ^�"l\(VHG(UYV!� K Z�\idJMOZ K \(MON K Z K G,� �
� \(Q K G0SAR��/N�^`Z L V4N�\(M � M]\ �
 L!� Z4RTSzMONxS	^ � K N�V!�ORaG � M&�0N�^ �(M]\ �
� dJMOZ K SzRa\(MON°S	^ � K N�V!�vRaG � M&�0N�^ �(M]\ �
� L4K Z!�(M]\ �# SA^ � K N�V!�ORaG�z1G0RTZ L \%�~��bHN0Q4SAM L \'Z�V4S&U K G# �(\_G K �%�n\ K Z!�(^TG# O \(V4G(UYV!� K Z�\Wz9G0RTZ L \%�~��bJN�Q4SAM L \iZ�V4SÙU K G
� � M&�(N�^`V'���_\_G K �%�B\ K Z!�_^TG

� R K�� Z4^ � L �nR � K G�R)� K ^�" : V4RTZ�\(MO\ ����� FYR � G K R � K G0R)� K ^�" : V4RTZ�\(M]\ ���
��� < V4N�\(V4Ra\(MOZ�� 	 RaG(\nG K �ORa\ K�L \_^z\(Q K R K�� ZH^ � L � LHK N�^`S 	 ^ �(M]\(M]^`ZÞ^�" �
��� � < V4N�\(V4Ra\(MOZ�� 	 RaG(\nG K �ORa\ K�L \_^z\(Q K F4R � G KcLHK N�^`S 	 ^ �(M]\(MO^`ZÞ^�" �

� �"�#�#
�����!���!8����&�!�'
�(�#�!8
K���� � VX�>�Z��
�� � D�CV � ����� �
4 K N�^`Z!�(M LHK GB\(Q K "�^ �&�]^=/*MOZ���� � �_\ K S�^�"6N�^`Z�\(MOZ�VH^`V!� K*: V4Ra\(M]^`Z!��"�^TG�SAR��%�BRTZ L S	^`S K Z�\(V4S
I F-1DR M�M=P�g ()))* )))+

0 �0 M�� L
M � � � � � / �

00 M
� � � � � L M � � � � 3 � � / L M � � # � � � �

��O �

7�Z�\(Q K RaU^ � K-K*: V4Ra\(MO^`Z!����O ��W � M&�A\(Q K�< V4M LØLHK Z!�0M]\ � RTZ L � \(Q K � K �O^�N�M]\ � � �@RTZ L � �
G K�	 G K � K Z�\+�_^`V4G0N K \ K G0S�� � � � R��&�_^ MOZYN��OV LHK �c\(Q K SA^`S K Z�\(VYS �_^`VHG�N K M&�%�(VYMOZ��F"�G0^`Sñ\(Q K
SAR��%���_^`VHG0N K \ K G0S!���t� # �_\(RTZ L �D"�^TG1\(Q K �_\_G K �%�1\ K Z!�_^TG�WJN�^`Z�\(RTMvZ4MOZ���\(Q K*K@?K N�\=^�" 	 G K �%�(VHG K

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º �



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

g	W4RTZ L � M>�(N�^`V!�(�_\_G K �%� � �9P��%�(VYSAMOZ�� # M>�'R�� � SAS K \_G�MON*\ K Z'�_^TG�W�/ K QYR � K W!"�^TGBX K /*\_^`Z4MORTZ
< V4M L �b��\_^6/*Q4MON�Q / K G K �_\_G0MON�\n\(Q Kb	 G K � K Z�\*N�^`Z!�(M L4K G0Ra\(M]^`Z!�t�tg

()))))* )))))+

# / � i g _ `
/*MO\(Q � / O �� i ��� M d � � � _A`

RTZ L � / T
O �s��G0R L � � O ��G0R L � �

��G �

7�Z K*: V4Ra\(M]^`Z ��G ��W  G K�	 G K � K Z�\%��\(Q KAL�� Z4RTSAMON!S	^ � K N�V'�ORaG � M>�(N�^ �(M]\ � RTZ L � � / O
G  M&�x\(Q KUYV!�]d � M&�0N�^ �(M]\ � �>_A` M&�i\(Q K M L4K Z�\(M]\ � SARa\_G�M ] �

7�ZãR L4L M]\(M]^`Z-\_^áSAR��%�°RTZ L SA^`S K Z�\(VYS K*: V4Ra\(MO^`Z!��Wa/ K N�^`Z!�(M LHK Gx\(Q K "�^ �&�]^=/*MOZ�� K*: VYRa\(M]^`Z
"�^TG*RTZ � MOZ�\ K Z!�(M � K �(N�R��vRaG 	 G(^ 	K G(\ � � g

00 M
� � � � � L M � �o� � � � � � / L M � ��� �v� � � � �5�H�

/*Q K G K � �cM&�*\(Q K � K N�\_^TG < V ] ^�"4�(N�R��ORaG¦W'/*Q4MvN0Q7WYV'�(MOZ��	\(Q K F�MON(dH�ÑFH^`VHG0M K G��ORd/3N�RTZDV!�(VYR��&� �
U K°K@]�	 G K �,� K�L R���g

� � /�� � �TG0R L � ��n �
/*M]\(Q � � �_\(RTZ L MOZ���"�^TG*\(Q K S	^ � K N�V!�vRaG L M ? V!�(M � M]\ ��	K G(\(RTMOZ4MOZ!�&\_^ � �

K��9� 	�����
� ���X��
��
 �� ���;�� D�CV �=�
7�Z-N�R�� K ^�"�\(VHG(UoV!� K Z4N K WH\(Q KÙK*: V4Ra\(MO^`Z!�*Q4R � K \_^äU K R � K G0R)� K�L � K Z!� K S&U'� K R � K G0R)� K �t�*FH^TGxR
: V4RTZ�\(M]\ � � WH\(Q K F4R � G K R � K G0R)� K I FJP�� m)V=Pa/*M&�>�YU KxLHK ZH^T\ K�L �� RTZ L \(Q K R K�� ZH^ � L �iR � K G�R)� K
� �iF��OV4N�\(V4Ra\(MvZ�� 	 RaG(\%��/*M&�&�:U KÙLHK ZH^T\ K�L � � � RTZ L � � G K � 	K N�\(M � K � � �=4 K Q4R � K \(Q K "�^ �&�]^=/*MOZ��
G K �ORa\(M]^`Zag

� � / � �� ��V �
QBQ K FYR � G KâLHK N�^`S 	 ^ �(M]\(M]^`Z ^�" � RaG�MORaU'� K �&MOZ S K RTZØRTZ L < V4N�\(VYRa\(MOZ�� 	 RaG0\%�&M&�&R 	!	 �OM K�L \_^
� K �]^�N�MO\ � � RTZ L �(N�R��ORaG,� � ��4�M]\(Q � �_\(RTZ L MOZ���"�^TG*RTZ � ^�"l\(Q K � K � RaG0MORaUc� K ��W�/ K Q4R � K g

� / �� � � � � ��m��

\(Q K R K�� ZH^ � L � LHK N�^`S 	 ^ �(M]\(M]^`ZâM>�nR 	!	 �OM K�L \_^ LHK Z!�(M]\ � RTZ LX	 G K �%�(V4G K g
g / g � g � RTZ L � / � � � � ��� �

4"M]\(Q-\(Q K � K ZH^T\(Ra\(M]^`Z'��Wo\(Q K �_\(Ra\(M&�(\(MON�R��»R 	'	 G(^`RTN0Q-\_^¹\(VHG(UYV!� K Z4N K R 	!	 �vM K�L \_^ ��O ��RTZ L �5�H�
	 G(^ L V4N K � K*: VYRa\(M]^`Z!�("�^TG0SAR��&� � M LHK Z�\(MvN�R��o\_^	\(Q K M]G 	 RaG K Z�\%��W K@] N K�	 \W"�^TGn\(Q K R 	!	K RaG0RTZYN K ^�"
\(Q K \(VHG(UoV!� K Z4N K N�^TG(G K �vRa\(M]^`Z!� � h / ���� � � 3 � � � / � � � � 3 � � � RTZ L ���� � � � � � / � � � � � � � � 4�M]\(QN�^`Z!�_\(RTZ�\¹S	^ � K N�V!�ORaG < VYM Lq	 G(^ 	K G(\(M K �X� � W  �!RTZ L ^`SAM]\_\(MOZ!�ã\(Q K ^ � K Gt�OMOZ K "�^TGzUYG K � MO\ � W

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º n



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

K@] N K�	 \�"�^TG*\(VHG(UYV!� K Z�\W�(N�R��ORaG < V ] W�\(Q K "�^ �>�]^d/*MvZ��`� � �(\ K S�M&�n^TU4\(RTMvZ K�L g
())))))))* ))))))))+

0 �0 M�� L
M � � � � � / �

00 M
� � � � � L M � � � � 3 � � / i �TG�R L � g
� � L M � � � i � h � � � �

00 M
� � � � � L M � �o� � � � � � / L M � ��� � i � � � � � � � � � � �

��M �

QBQ K SAR��%� K*: V4Ra\(M]^`Z�M>�#V'� K�L \_^ K@] QYM]UYM]\�\(Q K \(MOS K	LHK G0M � Ra\(M � K ^�"=\(Q K � RaG�MORaU'� K � � RTZ L � �4"M]\(Q � �_\(RTZ L MOZ!�p"�^TG*RTZ � ^�"»\(Q K � K � RaG�MORaU'� K ��W�/ K Q4R � K g

00 M
� � � � / � 0 �0 M � � 0

�
0 M

/ � 0 �0 M i � � L M � � � � � i �-�
�fT��9�

QBQ K � K N�^`Z L \ K G0S�^`Zâ\(Q K G0M$�`Q�\f�ÑQ4RTZ L �(M LHK N�RTZ×U K MOZ4N��OV LHK�L MvZ ��� R���g
� �� / ��� � � � L M � � � � � i ��� �fT�Td�

b � �(\ K S ��M �iU K N�^`S K ��g
())))))))* ))))))))+

0 �0 M�� L
M � � � � � / �

� 0 �0 M � L
M � � � � 3 � � / i �`G0R L � g
� � L M � � � i � h � � � � �

� 0 �0 M�� L
M � �o� � � � � � / L M � ��� � i � � � � � � � � � � ��

�fT*O �

K��9K � ;�
< ;=�C���=?@� � V �=��������� 

Qq^×N��]^ � K � � �(\ K S �fT*O ��W»\(V4G(UYV!� K Z�\xN�^TG(G K �ORa\(M]^`Z'�°Z K�K�L \_^×U K S	^ L4K �&� K�L �eQ*Q K 54G,�_\°S	^ LHK �
\(Q4Ra\6Q4R��lU K�K Z!MOS 	 � K S K Z�\ K�L MvZ Code Saturne

M&�»\(Q K`A �_\(RTZ L RaG L E#Q4M$�`Q��0R K�� ZH^ � L �f�ÑZ�V4SÙU K G
hXiSj S	^ LHK �i^�"�k»RTV4Z LHK GARTZ L b 	 R�� L MvZ�� I k»PW| mZ�)P�� X K � K G(\(Q K � K �%��WiZH^ K�L4L�� � � M>�(N�^ �(M]\ �
S	^ L4K ��W9QH^d/ K � K G K �ORaU^TG0Ra\ K W1N�RTZ RTN�N�^`VYZ�\`"�^TG	RTZ4M&�_^T\_G(^ 	\� ^�"�\(VHG(UYV!� K Z4N K W�/*Q4MON�Q,SAM&�`Q�\
	 G(^ � K ^�"qSzR=u�^TGiMOS 	 ^TG(\(RTZ4N K MOZzSzRTZ � R 	'	 �OMON�Ra\(M]^`Z'�1MOZ4N��vV L MOZ��°N�VHG � Ra\(VHG K W LHK Z'�(M]\ � �(\_G0Ra\(M~�
5YN�Ra\(M]^`Z	^TG��o/*M]G,���qFH^TG1\(Q4^ � K \ �\	K �6^�" < ^d/���W�R;� K N�^`Z L S	^`S K Z�\1N��]^ �(V4G K �3R K�� ZH^ � L �=bJ\_G K �%�
[ ^ LHK ����N�RTZ � M K � L	LHK N�M&�(M � K U K Z K 54\%��g�/ K Q4R � K R L ^ 	 \ K�L \(Q K�	 G(^ 	 ^ �(R��JU � kqRTVYZ LHK G�W9R K�K N K
RTZ L RB^ L M4I klR�R m)n=P��
QBQ K N�^`Z�\(MOZ�VH^`V!� K*: V4Ra\(M]^`Z'�&^�"�\(Q K¹K�L4L�� � � M&�0N�^ �(M]\ � S	^ L4K �'RTZ L ^�"*\(Q K � K N�^`Z L S	^`S K Z�\
N��]^ �(VHG K MOS 	 � K S K Z�\ K�L MOZ Code Saturne

RaG K �(MOS 	 � � G K N�R��&� K�L Q K G K R)"�\ K GX� K*: VYRa\(M]^`Z!� �fTdm��
RTZ L �fT � �o�t���'^T\(QâS	^ L4K �&�=RaG K ^ 	K G0Ra\ K�L /*M]\(Q_�]^��)�0�ORd/W�UYR�� K�L /iR��&�c"�V4ZYN�\(M]^`Z!��� �#K \(RTM&�&�iN�RTZ
U K "�^`V4Z L MvZÞ\(Q K R 	!	K Z L M ] �3� K N�\(M]^`Z T�Td�t�

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º V



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

K��RS T ��
 
 ��� � ��� :���� ;=��� D���VX�
P 	 RaG0\;"�G0^`S�\(Q K S K \(Q4^ L � 	 G K � M]^`V!�%� �X	 G K � K Z�\ K�L W»\_^�/*Q4MvN0QÖ^`Z K G K " K Gt�°\_^áR��pR K�� ZH^ � L �
P � K G0R)� K X#R � M K Go��b�\_^Td K �ÞS K \(QH^ L ���3Re�sPe�sX
�Äb.�iS K \(QH^ L �t��W Code Saturne

SzR � R��&�_^ LHK R��
/*M]\(Q	\(VHG0UYV!� K Z�\ < ^d/��9V!�(MOZ!�;kqRaG%� K 1 L4L�� bJMOScV!�ORa\(MO^`Z �3k2�K1��Äb.����I k�1ib`M mdPW�I z � z ���vP��2QBQ K
MOZ!�_\(RTZ�\(RTZ K ^`V!�#X�R � M K Go��b�\_^Td K � K*: VYRa\(M]^`Z!�#RaG K ZH^T\#R � K G0R)� K�L RTZ � S	^TG K W:UYVH\*RaG K � 	 Ra\(MOR��>� �
5'�]\ K G K�L RTZ L \(Q K G K "�^TG K G K�	 G K � K Z�\n^`Z!� � \(Q K �ORaG,� K G��(N�R�� K �n^�"l\(Q K \(VHG0UYV!� K Z�\nS	^T\(M]^`Za�9P��BR
G K �(V!�]\�W�\(Q K�L M&�%�(M 	 Ra\(M]^`Z L V K \_^&\(Q K �(SAR��&� K GD�(N�R�� K �'Q4R��1\_^&U K SA^ LHK �>� K�L �lQ*Q4M&�9M&�'RTN0QYM K � K�L
V!�(MOZ��#RC�(VHU!�TG0M L � M>�(N�^ �(M]\ �  O W`MOZÙRC�(MvSAM&�ORaG�/iR � R��-"�^TG�\(Q K \(VHG(UoV!� K Z�\ � M&�(N�^ �(M]\ � ^�"4\(Q K�h8i
j
S	^ L4K ��W�UoVH\�/*M]\(Q�\(Q K1K �%� K Z�\(MOR�� L M ?K G K Z4N K \(Q4Ra\�W`MOZ°\(Q K �ORa\_\ K G�R 	!	 G(^`RTN�Q7W  O G K�	 G K � K Z�\%�»\(Q K\(VHG(UYV!� K Z�\ L M&�,�(M 	 Ra\(M]^`Zc^ � K G1\(Q K /�QH^ � K � 	K N�\_G0V4S�^�"\(Q KW< VYN�\(V4Ra\(MOZ���S	^ � K S K Z�\�W\/�Q K G K R��
\(Q K k4�K1��Äb.���(VHU!�TG0M L � M&�(N�^ �(MO\ � ^`Z'� � RTN�N�^`V4Z�\%�4"�^TG6\(Q KnL M&�%�0M 	 Ra\(M]^`Z L V K \_^°\(Q K ZH^`Z��G K �_^ � � K�L
�(N�R�� K ���AF�M$�`VHG K T��(QH^=/��°\(Q K �TG0R 	 QÖ^�"iRâN�^`SzS	^`Z K Z K G,� � � 	K N�\_G0VYS "�^TGeL�^`S	^�� K Z K ^`V'�
7��_^T\_G0^ 	 MONWQlVHG(UYV!� K Z4N K W � K�	 RaG0Ra\(MvZ��°\(Q K �(MvS&V!�vRa\ K�L e�^`Z K � K@]�	 �OMON�M]\%� � N�R��ON�V!�ORa\ K�L U � �_^ � � MOZ��
\(Q K G � MvZ!�_\(RTZ�\(RTZ K ^`V!�C5'�]\ K G K�L-K*: V4Ra\(M]^`Z'�t��RTZ L \(Q K e�^`Z K S	^ LHK �&� K�L \(QHG(^`V!�`QDR^�0VHU!�TG0M L
� M&�0N�^ �(M]\ � �

FlM&�`VHG K T)g��#G0R 	 Q-^�"1R¹N�^`SAS	^`Z K Z K G%� � � 	K N�\_G0V4S "�^TGCL*^`SA^�� K Z K ^`V!�C7f�_^T\_G(^ 	 MONpQlVHG(UYV��
� K Z4N K g9G K �(^ � � K�L RTZ L SA^ LHK �>� K�L e�^`Z K �*MOZ^k2�K1��Äb.�
� Z K ^�"i\(Q K d K�� " K Ra\(VHG K �ÙMvZwk4�K1��Äb#�qM&�°\(Q KAL4K \ K G0SAMOZ4Ra\(MO^`Zã^�"=\(Q K �(VHU!�TG�M L � M&�0N�^ �(M]\ �  O �QBQ K bJSAR)�T^TG�MOZ!�_d � S	^ LHK � 	 G(^ � M LHK �nR	UoR��(MONxR 	!	 G(^`RTN�Qag

 O / � � \���� � �	� O � $'& � $'& �fT*G �

/*Q K G K \�� M>�lR°N�^`Z'�_\(RTZ�\��3���&T �b"�^TG4L*^`S	^�� K Z K ^`V!�47f�_^T\_G(^ 	 MvNWQ»VHG0UYV!� K Z4N K ��W � M&��\(Q K � K Z��T\(Q
�(N�R�� K ^�"6\(Q K 5'�]\ K G���V!�(V4R��>� � � / O�� � � � � r�
� /*Q K G K � � � M&�*\(Q K � ^ �OVYS K ^�"6\(Q K N K �&���t� [ ^TG K
R L � RTZYN K�L S	^ L4K �&�2"�^TG  O RaG K R��>�_^cR � RTM>�ORaU'� K MOZ Code Saturne

�3�_^)�ÑN�R��&� K�LqA_L�� Z4RTSAMON#S	^ L �
K �&�%EJW4\(Q4Ra\�R��&�]^d/>RTZ×RTVH\_^`SARa\(MONÙN�^`S 	 VH\(Ra\(M]^`Zá^�"lR+�]^�N�R�� � R��OV K "�^TG \ � �t�
b 	K N�M$5YNnR��$�T^TG0MO\(Q4S��6Q4R � K R��&�_^ÙU K�K ZzMOS 	 � K S K Z�\ K�L MOZ Code Saturne

\_^�G K RTN�Qz\(Q K Z�VYS K Go�
MON�R��/RTN�N�VHG0RTN � Z K�K�LHK�L "�^TG�k4�K1��Äb.�4N�^`S 	 VH\(Ra\(MO^`Z!���
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Code Saturne
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Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

K���� � VX��B>��� D�� � � D VXWY?@VX� D����;�V ;=� ���;=��D��VX�=�
FlMvZ4R��&� � W K*: V4Ra\(M]^`Z!�W"�^TG�SzR��%��W4S	^`S K Z�\(V4S�RTZ L �(N�R��ORaGBG K R L g
()))))))))* )))))))))+

0 �0 M � L
M � � � � � / � �fTJ��� � �

� 0 �0 M � L
M � � � � 3 � � / i �TG0R L � g
� � L M � � � i � h � � � � � �fTJ��� c �

� 0 �0 M � L
M � �o� � � � � � / L M ��� � � � �  O# ��� O �Y�TG0R L �	� � � �� �fTJ����
*�

QBQ K�	 G K � K Z�\'N�^`Z'�(M LHK G0Ra\(MO^`Z!�1RaG K G K �_\_G�MON�\ K�L \_^�ETMvZ4N�^`S 	 G K �,�(M]U'� KW< ^d/��%EJW LHK 5oZ K�L R�� < ^=/��
"�^TGD/*Q4MON�Q	M]\9M&� 	 ^ �%�(MOU'� K \_^ L G(^ 	 \(Q K \(MOS KBL4K G0M � Ra\(M � K MOZ	\(Q K SAR��%� K*: V4Ra\(M]^`Z �fTJ���sR9�8/*QYMON0Q
M&�n\(Q K ZâG K�	 �ORTN K�L U � g

L M � � � � � / � �fT*n �
QBQ K ^TG K \(MON�R��>� � \(Q4M&�qG K �_\_G0MON�\%�»\(Q K V!� K ^�"4\(Q K R��$�T^TG0M]\(Q4S3Q K G K R)"�\ K G�\_^#N�^`Z!5!�`VHG0Ra\(M]^`Z'��/*MO\(QÙR
LHK Z!�(M]\ � N�^`Z!�_\(RTZ�\9MOZ&\(MOS K RTZ L � 	 RTN K �1b�\(M&�&�W�U ��K@] \ K Z!�(M]^`Z7W`MO\lM&�lR��&�_^xR 	!	 �vM K�L \_^;�(MO\(V4Ra\(M]^`Z!�
/*Q K Z � M&�iR�"�V4Z4N�\(M]^`Zä^�"l�(N�R��vRaG,� � �3�(VYN0QâR��i\ K S 	K G0Ra\(VHG K ^TG�� 	:K N�M K �'SzR��%�("�G�RTN�\(M]^`Zc�1UYVH\
L ^ K �1ZH^T\ LHK�	K Z L ^`Z	\(Q K�	 G K �%�(V4G K �lL K Z4N K W�\(Q K � K Z K G0R�����V'� K Go� LHK 5YZ K�L � K*: VYRa\(M]^`Z	^�"#�_\(Ra\ K
/*M&�&�:U K�LHK ZH^T\ K�L g

� /� � � � �fT*V �
QBQ K°K*: V4Ra\(M]^`Z!�W"�^TGB\(Q K \0/'^äR L4L MO\(M]^`Z4R�� � RaG�MORaU'� K �i^�"�\(Q Keh�iyj S	^ LHK �7RaG K g
()))))* )))))+
� 0 h0 M � L

M ��� � � h�i �  �  O#�� � �TG0R L h�� / � ��� i � j � � ��
� 0 j0 M � L

M � � � � j�i �  �  O#�� � �`G0R L j � / \ � � jh I � � �fT i \ ��� � � P
i � \ � ¥ j �h � � ��

�fTdm��

QBQ K K*: V4Ra\(M]^`Z'��"�^TGD\(Q K � K � K Z3R LYL M]\(M]^`Z4R�� � RaG�MORaU'� K �á^�"A\(Q K � K N�^`Z L S	^`S K Z�\DN��O^ �(VHG K
�3R;�Äb.� [ ���iG K R L g
())))))* ))))))+

� 0 h $'&0 M � L
M � � � � h $'& i  �`G�R L h $'& � / � $.& ��� $'& ��� $'& �����  i � j �  �"! ��  

� 0 j0 M � L
M � � � � j�i  �TG�R L j � / � � �$# �&% j' I � �(� � P

i � \ � ¥ j �h � � ��
�fT � �

QBQ K�L M ?K G K Z�\i\ K G0S��i^`Zâ\(Q K G�M$�`Q�\f�ÑQYRTZ L �(M LHK ^�" K*: V4Ra\(MO^`Z!�;�fTdm��nRTZ L �fT � �nRaG K°K@]\	 �OMON�M]\ K�L
MOZÞ\(Q K R 	!	K Z L M ] W�� K N�\(M]^`Z T�T)�

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º �



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

� +��0�%���A�(8:56�7��
���6�'
�0���
QBMOS K9L M>�(N�G K \(M]e�Ra\(M]^`Zx^�"�\(Q K MvZ4N�^`S 	 G K �,�(M]U'� K X�R � M K Go��b�\_^Td K � K*: V4Ra\(MO^`Z!�/M&�7RTN�Q4M K � K�L \(Q4G(^`V��`Q
RC"�G0RTN�\(MO^`Z4R����_\ K�	 �(N0Q K S K �oI �(R�1 M�T�PlIKWL � V �=PlI Q�1 [ m)M=Ps��W�\(Q4Ra\6N�RTZ	U K R��,�_^�N�MvRa\ K�L /*M]\(Q
\(Q K b\7 [ z2k�1(�R��$�T^TG0MO\(Q4S I �C12R M�n=P�� � K N�RTV'� K ^�"�\(Q KcLHK�	K Z LHK Z4N K ^�"6\(Q K;< V4M LâL4K Z!�(M]\ �
^`Z \ K S 	K G0Ra\(VHG K MvZ SARTZ �q	 G0^TU'� K S��c\_G K Ra\ K�L U � Code Saturne

W'\(Q K G K �_^ �vVH\(M]^`ZØ^�"#\(Q K
�(N�R��ORaG K*: V4Ra\(MO^`Z!��M>�B\_G K Ra\ K�L R��#RA\(Q4M]G L �_\ K�	 MOZ×\(Q K R��$�T^TG0M]\(QYS^�nFH^TGx\(Q K �(Rad K ^�"9N��ORaG0MO\ � W
\(VHG(UYV!� K Z�\i\ K G0S��*RaG K ZH^T\B\(Rad K Z-MOZ�\_^zRTN�N�^`V4Z�\*MOZÞ\(Q K R��&�T^TG0M]\(Q4S LHK \(RTM>� K�L Q K G K R)"�\ K G*�

k K \*V!�*N�^`Z!�(M LHK Gn\(MvS K �_\ K�	 N6W K@] \ K Z L MvZ���"�G(^`S M / M������ \_^ M / M��	��
 r � �
� � ����� L4K ZH^T\ K �B\(Q K � R��OV K ^�"6R � RaG0MORaU'� K � � M �iRa\B\(MvS K M / M��	��� �
� � M / M�����
 r � i M������ M&�B\(Q K � 	 G K�LHK \ K G�SAMOZ K�L ^TG#V!� K Go� LHK 5oZ K�L �1\(MOS K �_\ K�	 � R��OV K �
� QBQ K SA^`S K Z�\(VYS;M&�� ����� / � � � � ����� �
� QBQ K�	 G K �%�(VHG K M&�Lg ����� �
� P L4L M]\(MO^`Z4R��#�(N�R��ORaG,�BRaG KÙLHK ZH^T\ K�L � ����� �s"�^TG K@] RTS 	 � K WH\ K S 	K G0Ra\(VHG K M&��� ����� �t�
� QBQ K!L4K Z!�(M]\ � M&� � ����� / � � � ����� ����M]\°Q4R��°U K�K Z 	 G K�L4K \ K G0SAMOZ K�L V!�0MOZ��¹\(Q K	K*: VYRa\(M]^`Z
^�"��_\(Ra\ K �fT*V �t�

� bJMvSAM&�ORaG,� � Wq\(Q K ^T\(Q K G 	 Q � �0MON�R�� 	 G(^ 	K G(\(M K �&^�"*\(Q K_< V4M L � L�� Z4RTSAMON � M>�(N�^ �(M]\ � W1N�^`Z��
L VYN�\(M � MO\ � RTZ L � 	K N�M$5YN&Q K Ra\t��Q4R � K U K�K ZDN�R��ON�V!�ORa\ K�L U K "�^TG K Q4RTZ L RTZ L RaG K \_G K Ra\ K�L
K@]�	 �OMON�MO\%� � ��Q K ZYN K W�\(Q K �5Nl�8�(V 	K G,�0N�G0M 	 \�G K " K G(G0MOZ!�°\_^Ù\(MOS K �_\ K�	 /�M&�&��U K*L G(^ 	!	K�L "�^TG
\(Q K � Kb	 G(^ 	K G(\(M K �t�t�

���������
QBQ K 54G,�_\��_\ K�	 N�^`Z!�(M>�_\%��MOZ&R 	 G K�L MON�\(M]^`Z&^�"4\(Q K � K �]^JN�M]\ � WH�_^ � � MOZ�� K*: V4Ra\(M]^`ZX�fTJ���ÜU#��W /*M]\(QcRTZ
K@]\	 �vMON�M]\ 	 G K �,�(VHG K �TG0R L M K Z�\��'P��>�7\(Q K �_^`V4G0N K \ K G0S+�
��MOZ4N��vV L MOZ��!MOZ 	 RaG0\(MON�V!�ORaGB\(Q K � M>�(N�^`V!�
\ K G0S�� LHK�	K Z L MOZ!�â^`ZB�TG0R L O � �ÙQ4R � K U K�K Z N�^ �&� K N�\ K�L MOZ�\_^ � �� � QBQ4M&�&N�^`S 	 ^ �(M]\ K �(^`VHG0N K
\ K G0S�M&�D/BG0M]\_\ K Z � �� /�� ��� �.� W��_^c\(Q4Ra\BM]\iN�RTZ 	 RaG(\(MOR��&� � U K SAR LHK MOS 	 �vMON�M]\��lQ»^	SARad K M]\
	 ^ �,�(M]U'� K \_^��_^ � � K \(Q K°K*: V4Ra\(M]^`Z!�("�^TGn\(Q K \(QHG K�K N�^`S 	 ^`Z K Z�\%�i^�" � K �]^�N�MO\ � � K�	 RaG0Ra\ K � � W � M&�
L MOR)�T^`Z4R��/RTZ L \(Q K N�^`Z � K N�\(M � K SzR��%� < V ] M&�i\_G K Ra\ K�LáK@]\	 �OMON�M]\%� � �
QBQ K � R��OV K ^�"xRTZ � � RaG�MORaU'� K�� ^TU4\(RTMOZ K�L Ra\A\(Q K×K Z L ^�"#\(Q4M&��5YG,�_\��_\ K�	 M>� LHK ZH^T\ K�L � � �
L K Z4N K Wo\(Q K � � �_\ K S 5oZ4R��&� � G K R L ��g
())))))))* ))))))))+

 � i  �	���
� M � L M �"! � � 3# ����� i  �TG0R L � ��$ / i �TG�R L g ����� � � �	��� �%� ����� �.� �

g � / g �����
� � / � �����

/�M]\(Q7� � /  �
� � /

 �
� �	���

�fT*M �

�������'&
QBQ K � K N�^`Z L �_\ K�	 N�^`Z!�(M>�_\%�»MvZ&RxN�^TG(G K N�\(MO^`Z&^�"o\(Q K�	 G K�L MON�\ K�L � K �]^JN�M]\ � \_^x\(Rad K MOZ�\_^xRTN�N�^`V4Z�\
\(Q K�	 G K �%�(V4G K � RaG0MORa\(M]^`ZÖMOZq�fTJ���ÜU.�t�ÙPi\x\(Q4M>���(\(R)� K W7\(Q K � RaG0MvRa\(M]^`ZD^�"9\(Q K N�^`Z � K N�\(MO^`Z�RTZ L

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º M



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 
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L M ? V!�(M]^`ZD\ K G0S��&M&��Z K � � K N�\ K�L �_Q»^ K Z�"�^TG0N K SAR��%�ÙN�^`Z'� K G � Ra\(M]^`Z7W K*: V4Ra\(M]^`Z}�fT*n �°M&��\(Rad K Z
MOZ�\_^äRTN�N�^`V4Z�\���QBQ K � � �_\ K S�M>�n\(Q K G K "�^TG K g
())))* ))))+

 � � i  � / i � M �TG0R L � g � � i g � � ��O)� � � �
L M � �  � � � / � ��O)� � c �
� � � / � � ��O)� ��
*�

7�Z 	 G0RTN�\(MON K W�\_^ LHK G0M � K R�� � �_\ K S "�^TG 	 G K �%�(VHG K � RaG0MvRa\(M]^`Z7W�^`Z K \(Rad K �!\(Q K¹L M � K G%� K Z4N K ^�"
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 r ��������	� RaG K`	 G K �
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S	^�� K Z K ^`V!�cX K VYSARTZ4Z�N�^`Z L M]\(M]^`Zc�t�¹FH^TGcN�^`S 	 VH\(Ra\(M]^`Z ^�"'\(Q K+	 G K �,�(VHG K �TG0R L M K Z�\ÙMvZã\(Q K
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\(Q K Z4^TG0SAR��#�TG0R L M K Z�\*M>�ie K G(^H���

�	��
��� ���³�¶�®$´ ¯&® �o�t�=�v�t�����.�v���f¢8���t����� ��	� � �����o�t�=���.�����K���a�~�v�=�����K���2�t��� 
��� ���³�¶�®$´ ¯&® ¤����)¢d�f�o¢9ª,¢d�v�!�������=���l�f�v���,�v����t�v�v¢v�,�����f�t�)¢d�K���K�t�C��� ��ª!� 
��� ���³�¶�®$´ ¯>® �K��� « �)�, 9���"� 
�#� ���
�
$ ª=���=�K�Y�����K K \�t�v ������8�o�t K�f�= ��,���o¢C ��,���Y�o¤

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º T �



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

� 	 G K �%�(VHG K �TG0R L M K Z�\DZ4^TG0SAR��&\_^ U^`V4Z L RaG � �o�s�`G0R L � g
�o���  N �×M&���`M � K Z ��V!�(V4R��>� �
e K G(^HWiUYV4\zRTZ K@]�	 �OMON�M]\ K@] \_G0R 	 ^ �ORa\(M]^`Z \(Q K � R��OV K ^TU4\(RTMvZ K�L MOZ \(Q K U^`V4Z L RaG � N K �&�
�o�s�`G�R L � g
�o��$  N �iSAR � R��>�_^	U K V!� K�L �t�

FH^TGlN�^`Z � K N�\(M]^`Z&\ K G0S���WÐ\(Q K U^`V4Z L RaG � � R��OV K "�^TG  ������  / �5� ��� �  N � � � M&���(MOS 	 � � � K \q\_^*e K G(^��
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�+"�^TG9\(Q K � K �]^�N�MO\ � N�^`S 	 ^`Z K Z�\=ZH^TG0SzR��H\_^�\(Q K U:^`VYZ L RaG � W � ��M&�4� K \9\_^Ùe K G(^ ��N�^`Q K G K Z�\
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�äM$"/R!X K V4SARTZ4ZÞN�^`Z L M]\(M]^`Z¹R 	!	 �OM K �=\_^ � W�\(Q K U^`V4Z L RaG � � R��vV K M>� K@] \_G0R 	 ^ �ORa\ K�L "�G(^`S
\(Q K U^`V4Z L RaG � N K �>� � R��vV K V!�(MOZ!�!R�54G,�_\n^TG L4K G*R 	!	 G(^ ] MvSARa\(M]^`Z×MOZ^� 	 RTN K �DQBQ K �(RTS K
\_G K Ra\(S K Z�\nM&�'V!� K�L "�^TG'\(Q K�	 G K �%�(VHG K �TG0R L M K Z�\iR 	!	K RaG0MOZ��cMOZA\(Q K S	^`S K Z�\(V4S K*: V4Rv�
\(M]^`Z��4L K Z4N K WoM$"(�s�TG�R L � � �  N � � M&� 	 G(^ � M LHK�L Ra\B\(Q K U^`V4Z L RaG � W�/ K Q4R � K g

� ) / � $ � � _ � � �s�`G�R L � � �  N � � ��n�n �

Qq^U�_^ � � K \(Q K zl^`M&�%�(^`Z K*: V4Ra\(M]^`Z{"�^TG 	 G K �%�0VHG K N�^TG0G K N�\(M]^`Z7W!\(Q K U^`V4Z L RaG � � R��OV K ��"�^TG
� M �s��G0R L � 
 g
�  N �'RTZ L �  �  N �iRaG K � K \B\_^Ae K G(^��
FlMvZ4R��&� � W`\(Q K S	^`S K Z�\(V4S N�^TG(G K N�\(M]^`Z¹Ra\iN K �&�YN K Z�\_G K �'G K*: V4M]G K \(Q K N�^`S 	 VH\(Ra\(MO^`Zz^�"7\(Q K N K �&�
� R��OV K "�^TG��TG�R L � 
 gp�t� QBQ K U^`V4Z L RaG � � R��OV K "�^TG 
 g M&�!^TU4\(RTMOZ K�L "�G(^`S \(Q K N K �&� � R��OV K
V4Z LHK G'\(Q K R��%�(V4S 	 \(M]^`ZA\(Q4Ra\ � M �s�`G0R L � 
 gp�  N � / �cV!�(MvZ��&R
54G,�_\=^TG LHK GiR 	!	 G(^ ] MvSARa\(M]^`Z
MOZ^� 	 RTN K �

����� � VX;=B>����� 
 � � D�� D �=�2
A���P� ?@V �=� :���� �	� � :
QBQ4M&�D� K N�\(M]^`Z LHK �(N�G0MOU K �1\(Q K S K \(QH^ L V!� K�L \_^!R 	!	 � � Rp� 	K N�M$5YN � MOG0MON0Q'� K \=N�^`Z L M]\(M]^`Z ��
ã\_^
\ K S 	K G0Ra\(VHG K Ra\��_^ �OM L /iR��&�&���

7�Z L4K�K�L W/MOZÖSARTZ � R 	!	 �vMON�Ra\(M]^`Z!��W\(Q K!K@?K N�\�^�"2/iR��&�&�xQ4R��x\_^âU K \(Rad K Z MOZ�\_^âRTN�N�^`V4Z�\ 	 G K �
N�M&� K � � W K � 	K N�MOR��>� � /*M]\(Q,G K �`RaG L �c\_^Ö\(Q K G0SzR��'MvZ K G(\(MOR��FQBQ K G K "�^TG K W Code Saturne

N�RTZØU K
N�^`V 	 � K�L \_^ã\(Q K 1 � F>\(Q K G0SzR��nN�^ LHK bHxbR�Q�L�1'b �oI z21=X M mdPWbI R(|�z M�M=Ps�
/*Q4MON�Q �(^ � � K �
\(Q K \ K S 	K G0Ra\(V4G K MOZ�R�� 	K N�M$5 K�L �(^ �OM L�L ^`SzRTMOZa�Þb\xCR�Q�L�1'bãG K �OM K �°^`Z R^5YZYM]\ KAK � K S K Z�\
\ K N0Q4Z4M : V K \_^_�(^ � � K \(Q K � K Z K G0R��lQ K Ra\ K*: V4Ra\(M]^`Zq��n�V ��/*Q K G K R��&� 	 G0^ 	:K G0\(M K �BN�RTZ-U K \(MOS K W
� 	 RTN K ^TG�\ K S 	K G0Ra\(VHG K�LHK�	K Z L4K Z�\��

� \^] 0 �0 M / L
M � � h � �TG0R L �C� ��� � ��n�V �
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�"M&�6\(Q K \ K S 	K G0Ra\(VHG K W M \(Q K \(MOS K W � � R � ^ �vV4SAMONW�_^`V4G0N K ^TGD�0MOZHd:W � RTZ L \ ] W�G K � 	K N�\(M � K � �\(Q K×LHK Z!�(MO\ � RTZ L \(Q K � 	K N�M$5YN¹Q K Ra\�� h � ��RÖ\ K Z'�_^TG`/*Q K ZØ\(Q K SzRa\ K G0MOR��iM&�	RTZ4M&�(^T\_G(^ 	 MONd�
LHK �(M$�`Z4Ra\ K �z\(Q K N�^`Z L VYN�\(M � K U K Q4R � M]^`VHG	^�"#\(Q K S K�L MOV4S^� R�R L MORa\(M]^`Z 	 Q K ZH^`S K Z4RF"�G(^`S
/'R��&�Y\_^e/iR��&�4N�RTZ¹R��&�_^&U K \(Rad K ZÞMOZ�\_^ÙRTN�N�^`V4Z�\��1FH^TG'^ 	 \(MOSzM]e�Ra\(M]^`ZAG K R��_^`Z!��W�^`Z!� � z�T��ÑM&�(^ z�T
K � K S K Z�\%�#QYR � K U K�K ZáG K \(RTMOZ K�L ��VzZ4^ LHK � 	K G*\_G0MORTZ!� � K MOZ O � W�T��zZ4^ LHK � 	K G*\ K \_G0RTQ K�L G(^`Z
MOZBG � �t� [ ^TG KäL4K \(RTM&�&�°^`Zã\(Q K�	 ^ �%�(M]UYM>�OM]\(M K ��^�"i\(Q K 5YZ4MO\ K	K � K S K Z�\ÙN�^ L4K bHxbR-Q�L�1ibÖN�RTZ
U K "�^`V4Z L MOZqI z211X M mdPWDI z21=X M �=P1RTZ L I R(|�z M�M=P��
k»M]d K Code Saturne

W»bHxbR�Q�L�1ib-Q4R��
U K�K ZáN0Q K N0d K�L \(QH^TG0^`V��`Q!� � R)�`RTMOZ!�_\ K@]�	K G0MOS K Z�\(R��7RTZ L RTZYR�� � \(MvN�R��7\ K �_\*N�R�� K �*�
QBQ K \(Q K G�SAR��1N�^`V 	 �OMOZ��âU K \0/ K�K Z,U:^T\(Q,N�^ L4K �&M&� K@]\	 �OMON�M]\�RTZ L M&� 	K G%"�^TG0S K�LãK � K G � \(MOS K
�_\ K�	 ��k K \ � 
 U K \(Q K \ K S 	:K G�Ra\(VHG K ^�"H\(Q K �_^ �OM L Ra\»R��_^ �OM L Z4^ LHK U K �O^`Z��`MOZ��n\_^#\(Q K MvZ�\ K G%"�RTN K
U K \Y/ K�K Z \(Q K`< V4M L RTZ L \(Q K �_^ �OM L W7RTZ L � # \(Q K`< VYM L \ K S 	K G0Ra\(VHG K Ra\�\(Q K N K Z�\_G K ^�"'\(Q K
< V4M L N K �&�1R L u_RTN K Z�\�\_^-\(Q K /iR��&���APi\Ù\(MvS K M �	��� W�bHxbR�Q�L�1'bF� K Z L �°\_^ Code Saturne

\(Q K
� R��OV K ^�" � �����
 �

Code Saturne
\(Q K ZÖN�R��ON�V!�ORa\ K �#\(Q K �]^JN�R��»Q K Ra\ K@] N0QYRTZ�� K N�^ K�� N�M K Z�\�� �����

��N�^`Q K G K Z�\
/*MO\(Q�\(Q K \ K S 	K G0Ra\(VHG KzL M ?:K G K Z4N K � �	���# i � �����
 �°RTZ L � K Z L ��\(Q K MOZ�"�^TG0SARa\(M]^`Z
��� ����� F � �����

#
�9\_^	b\xCR�Q�L�1'b.�\|��0MOZ�� � �	���
 RTZ L � �	��� W Code Saturne 	 G(^�N K �,� K �=RTZ4^T\(Q K Gi\(MOS K

�_\ K�	 RTZ L N�R��ON�V'�ORa\ K � � ����
 r �#
�W7�Z 	 RaG�R��&� K ��W�/*MO\(Q"� �	���

#
RTZ L � ����� W/bHxbR�Q�L�1ibâV 	7L Ra\ K �*\(Q K

�_^ �OM L \ K S 	K G0Ra\(V4G K RTZ L N�R��ON�V'�ORa\ K ��� �	��
 r �
 �2QBQ Kb	 G0^�N K�L V4G K N�RTZ×\(Q K Z^�T^z^`Za�

� � �7�n5l
7�(56�B�D�!8o� �����18: )�%�B�!���*�1�%�1�#

� ��� �Z� D�
V �=;>? D���VX�
7�Z L V!�_\_G0MOR�� 	 G0^TU'� K S�� K Z4N�^`VYZ�\ K G K�L MOZ 	 ^d/ K G�� K Z K G�Ra\(M]^`ZáMOZ L V!�_\_G � RaG Ke: V4M]\ K ^�"�\ K ZáN�Q4RaGo�
RTN�\ K G0M]e K�L U � RâN�^`S 	 � K@] � K ^`S K \_G � \(Q4Ra\ÙZ K�K�L �x\_^×U K RTN�N�^`V4Z�\ K�L "�^TGÙMOZÖN�^`S 	 VH\(Ra\(MO^`Z!���
QBQ4M&� 	 G K G K*: V4M&�0M]\ K Q4R��!U K�K Z,d K�	 \AMOZ SAMOZ L "�G(^`S \(Q K ^`VH\%� K \c^�" Code Saturne 	 G(^vu K N�\��
7�\�Q4R��°VYZ L ^`VHU4\ K�L � � U K�K ZÖ^`Z K ^�"'\(Q K G K R��_^`Z'�x\(Q4Ra\�MOZ L VYN K�L \(Q K N�QH^`MON K "�^TG�R_"�V!�>� � N�^)�
�]^�N�Ra\ K�L RaG(G0RTZ�� K S K Z�\6� 	 G K � M]^`V'� K@]�	K G0M K Z4N K Q4R L �0QH^d/*ZÖ\(QYRa\;�_\(R)��� K G K�L RaG0G0RTZ�� K S K Z�\%�
SAR LHK \(Q K � K Z K G0Ra\(MO^`ZÞ^�"»N�^`S 	 � K@] �TG0M L � : V4M]\ K \ K�L M]^`V'�t�t� �iVH\BRaU^ � K R��&��WJM]\nQ4R��iU K�K Z¹\(Q K
� K G � S	^T\(M � Ra\(M]^`ZS"�^TG LHK � ^T\(MOZ�� � 	K N�M$5YN×Ra\_\ K Z�\(M]^`Z"\_^B� K ^`S K \_G0MON�R�� L Ra\(R SARTZ4R)� K S K Z�\��
QBQ K E�11Z � K �]^ 	K EáSA^ L V'� K ^�" Code Saturne

Q4R���U K�K Z LHK � K �O^ 	:K�L RTZ L N�^`Z�\(MOZ�V4^`V!�%� �-K Z��
G0MON0Q K�L \_^^� K G � K \(Q4M&� 	 VHG 	 ^ � K ��7�\#Q4R���U K N�^`S K ^`Z K d K�� R��%� K \x^�"9\(Q K N�^ LHK W7R��&�]^d/�MOZ��+"�^TG
K@] RTS 	 � K g

�z\(Q K \_G K Ra\(S K Z�\#^�"6RaG(UoM]\_G0RaG � MOZ�\ K G%"�RTN K �*\(Q4Ra\�"�RTN�M>�OM]\(Ra\ K �*S K �(QX� K Z K G�Ra\(M]^`Z�/�M]\(QH^`VH\
L M>�_\_^TG(\(MOZ�� K � K S K Z�\%�B^TG LHK SARTZ L MOZ��c\_^�^zSzRTZ � N K �&�&� �

�z\(Q K�L ^`SARTMOZ 	 RaG(\(MO\(M]^`Z4MOZ���"�^TG 	 RaG0R��>� K �N�^`S 	 VH\(MOZ!���
P>UYG0M K "»M>�&�OV!�_\_G�Ra\(M]^`ZäM>� 	 G(^ 	 ^ � K�L MOZÞ\(Q K "�^ �&�O^d/*MOZ!��� K N�\(M]^`Z!���
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<>�CD�
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�� ��� D��2
W �P?@���
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	 G(^ L V4N K \(Q K M]Gb�TG0M L �#V'�(MOZ�� � RaG0MO^`V!�°N�^`SAS K G0N�MvR��8�_^�"�\Y/'RaG K ��R��b70� � 1=Pxb:Wa7%(1 [ ��iF � ^TG
b\7 [ P�7�k��l\(Q4Ra\1RaG KnK S 	 �]^ �TK�LäLHK�	K Z L MOZ!��^`Z	\(Q K V!� K G
	K� K@]\	K G(\(M&� K RTZ L ^`ZzQ4M>�8� 	K N�M$5YNiR��f�
� K \%���4L K Z4N K W�MO\1M&�9MOS 	 ^TG0\(RTZ�\6\_^&U K RaUc� K \_^&MvS 	 ^TG(\�W`N�^`Z4Z K N�\'RTZ L V!� K �TG0M L � 	 G(^ L V4N K�L U �
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RTZ � ^�"q\(Q K � K�	 RTN(daR)� K �W/*M]\(QH^`V4\9U K MOZ��e�(V4U�u K N�\ K�L \_^��_\_G0MOZ�� K Z�\=N�^`Z'�_\_G0RTMOZ�\%�iRa\'MOZ�\ K G%"�RTN K ���
QBQ K V'� K ^�"�ETRaG(UoM]\_G0RaG � MOZ�\ K G%"�RTN K �%EcM&�1R 	 ^ �%�(M]U'� K �(^ �OVH\(M]^`Za�8ETP�G(UYM]\_G�RaG � MOZ�\ K G,"�RTN K �%E&G K " K G,�
\_^zMOZ�\ K G%"�RTN K ��"�^TG�/�Q4MON0QÞ\Y/=^äZ K M$�`Q�U:^`V4G0MOZ��cN�^`Z�\_G(^ � � ^ �OV4S K � L ^AZH^T\BZ K N K �%�(RaG�M&� � �0Q4RaG K R
/*QH^ � K "�RTN K RTZ L SzR � ZH^T\*Q4R � K N�^`SAS	^`Z K�L � K �B^TG � K G(\(MON K ��WYR���M&�&�OV'�_\_G0Ra\ K�L ^`Z^5!�`VHG K ���
FlMvZ4M]\ K � ^ �OV4S K \ K N0Q4ZYM : V K �9UYR�� K�L ^`Z�"�RTN K�< V ]JK �1RaG K�: VYM]\ K Z4Ra\(VHG0R��>� � R 	'	 �OMON�RaU'� K \_^ 	 ^ � � �
Q K�L G0R��nN K �&�>��/*M]\(QØRaG(UYM]\_G�RaG � MOZ�\ K G%"�RTN K ���q7�Z LHK�K�L W1^`Zq5'�`VHG K �HW1\(Q K MOZ4M]\(MOR��=G K N�\(RTZ��`V'�ORaG
N K �&�&�i\(Q4Ra\BQ4R � K U K�K ZÞN�^`Z4Z K N�\ K�L RaG K RTN�\(VYR��&� � \_G K Ra\ K�L R��BM$"q\(Q K�� QYR L 5 � K "�RTN K ��Wc�_^	\(Q4Ra\
ZH^ S	^ L M$5YN�Ra\(MO^`ZØ^�"#\(Q KáL M&�(N�G K \ K S K \(QH^ L M&�	G K*: V4MOG K�L RTZ L \(Q K UYR��(MONâN�^ L MOZ��ãG K SARTMOZ!�
	 G0RTN�\(MON�R��&� � V4ZYN0Q4RTZ�� K�L W 	 G(^ � M LHK�L �TG�R L M K Z�\%�BRaG K N�^TG(G K N�\%� �ÞK � R��OVYRa\ K�L �

First sub−face

Second sub−face

F�M$�`V4G K ��g'b�d K \(N�Qá^�"�RTZ×RaG(UYMO\_G0RaG � MOZ�\ K G,"�RTN K �
P>S	^TG K MvS 	 ^TG(\(RTZ�\ K@? ^TG(\BQ4R��iU K�K Z 	 VH\nMOZ�\_^ L Ra\(R	SARTZ4R)� K S K Z�\*RTZ L V4Z LHK G,� � MOZ��e�(\_G0V4N��
\(VHG K �F�3� 	K N�M$5 K�L V'�(MOZ���^TU�u K N�\f�^TG0M K Z�\ K�L RTZ4R�� � �(M>�t�t� QBQ KDLHK 5YZ4M]\(MO^`Z ^�"e�]^JN�R��*\_^ � K G0RTZ4N K
	 RaG0RTS K \ K G,�¹Q4R��äR��&�_^�U K�K Z Z K N K �,�(RaG � \_^ LHK N�M LHK /*Q K \(Q K G � K G(\(MON K �¹Z K�K�LHK�L \_^ U K N�^ �~�
�OR 	 � K�L W K�L � K ��MvZ�\ K G,� K N�\ K�L RTZ L "�RTN K �#S K G%� K�L �(Q*Q4M&�i\(R��_d LHK SzRTZ LHK�L � 	:K N�M&5YN°Ra\_\ K Z�\(MO^`Z7W
K � 	K N�MOR��&� � U K N�RTV'� K \(Q K RaG0UYM]\_G0RaG � MOZ�\ K G%"�RTN K �&RaG K ZH^T\&R��$/'R � � 	 �ORTZ K RTZ L�L ^áZH^T\&Z K N K �f�
�(RaG0M&� � SARa\(N0Q 	K G%" K N�\%� � "�^TG*MOZ L V!�_\_G0MOR��o\(QHG K�K � L MOS K Z!�(MO^`Z4R��.�TG0M L ���

QBQ K N�^`Z!�(\_G0V4N�\(M]^`Zz^�"7\(Q K � K ^`S K \_G�MON�R�� L Ra\(Re�_\_G0VYN�\(VHG K M>�9N�RaG(G0M K�L ^`VH\=MvZAR 	 G K � 	 G(^JN K �%�(MOZ��
	 Q4R�� K RTVH\_^`SARa\(MON�R��&� � N0Q4RTMOZ K�L \_^¹\(Q Kp< ^d/{�_^ � � K GxM]\%� K �$"���QBQ K d K�� M LHK RäN�^`Z!�(M&�(\%��MOZ-N�^`Z��
�_\_G0V4N�\(MOZ!� �(\_G0V4N�\(VHG K �x\(QYRa\�RaG K UYR�� K�L ^`Zã\(Q K "�RTN K �\_^)�ÑN K �&�1N�^`ZYZ K N�\(M � M]\ � �zbJMOZYN K R "�RTN K M&�
R��$/'R � � LHK 5YZ K�L R��ÙRX�0VHG%"�RTN�MON K Z�\(MO\ � \(Q4Ra\cQ4R��°\0/'^ÖZ K M$�`Q�U:^`V4G0MOZ��ÞN K �&�&��W»\(Q4M&�°\ K N�Q4Z4M : V K
SARad K ��RaG(UYMO\_G0RaG � MOZ�\ K G%"�RTN K � : V4MO\ K �_\_G�RTM$�`Q�"�^TG%/'RaG L \_^ LHK R��-/*MO\(Qa� ��K \(RTM>� K�L MOZ�"�^TG0SARa\(M]^`Z
RaG K �`M � K Z×MvZâ\(Q K N�^ LHK SARTZ�V4R��&�;I F � Te� G=P»RTZ L I F � O�� G=P��

P��xRTZDM&�&�OV!�(\_G0Ra\(M]^`Z7W�5!�`V4G K n+�(QH^d/��#RäN�^`S 	 VH\(Ra\(MO^`Zq�3� K N�^`Z L SA^`S K Z�\xN��]^ �(V4G K W 	 RaG0R��&� K ���
^`Z R×Q � UYG0M L S K �(Qa�67�\&Q4R��°U K�K Zw� K Z K G0Ra\ K�L U � N�^`Z4Z K N�\(MOZ���ETRaG(UoM]\_G0RaG0M&� � E¹\_^áRTZ,MOZ4M]\(MOR��
S K �(Q���N�^`Z!�(M>�_\(MOZ��¹^�"1\ K \_G0RTQ K�L G0R9��R^�(MOS 	 � K R L4L MO\(M]^`Z4R�� 	 RaG(\�� 	 G0M&�0S��t�W�(^ÞR��x\_^ L M&� 	 �ORTN K
\(Q K U^`V4Z L RaG � N�^`Z L M]\(MO^`Z "�VHG0\(Q K G L ^d/�Z!�_\_G K RTS^�
P � K N�^`Z L-K@] RTS 	 � K M&���(QH^d/�Zá^`Z�5!�`VHG K V\�W7�\�G K�	 G K � K Z�\%��\(Q K S K �0QáV!� K�L "�^TGxRA\(Q K G0SAR��~�
Q �JL G0RTV!�vMONxZ�V4N�� K RaG��_\(V L�� MOZÞ\(Q K V 	!	K G 	 � K Z�V4S ^�"6R 	 G K �%�0VHG K /'Ra\ K G�G K RTN�\_^TG*�(L K G K W4\(Q K
V!� K ^�"'RaG0UYM]\_G0RaG � MOZ�\ K G,"�RTN K ��SzR LHK N K �&���(M]e K RTZ L S K �0Q : V4R��vM]\ � N�^`Z�\_G(^ �1S&V4N�Q K R��(M K G;"�^TG
\(Q K T��p� K�	 RaG�Ra\ K�	 RaG0\%�1^�"/\(Q K N�^`S 	 V4\(Ra\(M]^`Z4R�� L ^`SARTMOZa��7�\=Q4R��iR��&�(^ÙU K�K Z 	 ^ �%�(MOU'� K \_^c\ K �_\
L M ?K G K Z�\W�TG�M L G K 5YZ K S K Z�\%�("�^TG*R`�`M � K Z 	 RaG(\n^�"l\(Q K S K �(Q^/�M]\(QH^`VH\nS	^ L M$5YZ!�&\(Q K ^T\(Q K G,���
1 � K Z�\(V4R��&� � W:R L4L M]\(M]^`ZYR�� <4K@] MOUYM&�OM]\ � Q4R��*U K�K Z 	 G(^ � M LHK�L U � \(Q K "�RTN�\*\(QYRa\B\(Q K T�� 	 RaG(\%�B^�"
\(Q K S K �(QáN�^`V!� L U K � K Z K G0Ra\ K�L MOZ LHK�	K Z LHK Z�\%� � RTZ L �_\_^TG K�L MvZ^� K�	 RaG0Ra\ K 5c� K ���

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º O�T



Code Saturne
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Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

FlM&�`VHG K n\g2L K �OMOV4S`�� � � MvZvu K N�\(MO^`ZâMOZ� � � g4� K N�^`Z L S	^`S K Z�\BN��]^ �(VHG K W4Q � U4G0M L S K �0Q^/*M]\(Q
RaG(UYM]\_G0RaG � MvZ�\ K G%"�RTN K ��W 	 RaG0R��&� K �/N�^`S 	 VH\(Ra\(MO^`Za��Q»^ 	 �0k K "�\�g LHK \(RTM&� K�L � M K /@^�"6\(Q K RaG(UYM]\_G�RaG �
MOZ�\ K G,"�RTN K � Q»^ 	 �0R*M&�`Q�\�g�N�^ �O^`VHG,�âM LHK Z�\(M$" � \(Q K Gq�0VHU�� L ^`SARTMvZ!� LHK 5YZ K�L U ��[áK QBM�b "�^TG
	 RaG0R��&� K ��N�^`S 	 V4\(MOZ���� �'^T\_\_^`S^g8� � SAS K \_G �e	 �ORTZ K ^�"Y\(Q K N�^`S 	 VH\(Ra\(M]^`Z4R�� L ^`SARTMvZcN�^ �O^`VHG K�L
U � L K �OMOV4S SAR��%��"�G0RTN�\(MO^`Za�

FlM&�`VHG K V\g�| 	!	K G 	 � K Z�V4S�^�"R°Z�VYN�� K RaG 	 G K �%�0VHG K /'Ra\ K G1G K RTN�\_^TG��fT)�.�cSAM&�&�OMO^`ZÙN K �&�&���t��FYRTN K �
N�^`Z4Z K N�\ K�L \_^zRaG(UYM]\_G�RaG � MOZ�\ K G%"�RTN K �*RaG K SzRaG(d K�L MOZÞG K�L RTZ L �TG K�K Za�

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º O�O



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

� �9K 	 � 
A�����C���i?@VX��B>;�D���� 

Code Saturne

T)�&T M&� 	 RaG0R��&� K ��RTZ L G0VYZ!�â^`Z L M&�_\_G0MOUYVH\ K�L S K S	^TG � RaG�N0Q4M]\ K N�\(V4G K ��� 7�Z��
LHK�K�L W�MvZ L V!�_\_G�MOR���R 	!	 �OMON�Ra\(M]^`Z!�6RaG K S	^TG K RTZ L S	^TG K S K S	^TG � RTZ L (z2|��\(MOS KBLHK SzRTZ L MOZ����
L K Z4N K WH"�^TG=RC�TG(^d/*MvZ���Z�VYSÙU K G�^�":V'� K G,��W`SARadJMOZ��°\(Q K U K �(\l^`V4\6^�".z( N��OV!�_\ K G,�6SzM$�`Q�\6U K R
/'R � \_^zG K \(RTMOZÞG K R��_^`ZYRaU'� Kb	K G%"�^TG0SARTZ4N K /*M]\(Q4^`VH\nQ4R � MOZ��ARTN�N K �%�*\_^AG K �ORa\(M � K � �zK@]�	K Z!�(M � K
�(V 	K G0N�^`S 	 V4\ K G,���

QBQ K \ K N�Q4Z4M : V K � K S 	 �]^ �TK�L MOZ Code Saturne
G K � � ^`ZÙR�E�bJMOZ�� � K z9G(^��TG0RTS � [ V!�]\(M 	 � K8� Ra\(R�E

R 	!	 G(^`RTN�Qa�`QBQ K 54G,�_\C�_\ K�	 N�^`Z'�(M&�_\%�°MOZ 	 RaG0\(M]\(M]^`Z4MOZ!�z\(Q K S K �0Qa�
Q»^ L ^X�_^HW/\(Q K N K �>�&�°RaG K
54G,�_\iRaG(G0RTZ�� K�L MvZ�\_^�� K�	 RaG0Ra\ KXA �0VHU�� L ^`SARTMvZ!�%E6�s�TG0^`V 	 �i^�"qN K �&�>�t�D�_^&\(QYRa\ K RTN0QâN K �&�:U K �]^`Z��
\_^c^`Z K RTZ L ^`Z!� � ^`Z K �(VHU!� L ^`SARTMOZa��11RTN�Q �(VHU�� L ^`SzRTMOZAM&�=\(Q K Z¹R��%�_^JN�MORa\ K�L /*M]\(QzRcV4Z4M : V K
	 G(^JN K �%�!^�"�\(Q K^	 RaG0R��&� K � � M]G(\(V4R��iSARTN�Q4MOZ K � FH^TGz\(Q4M>� 	 VHG 	 ^ � K W6\(Q K /*M LHK � 	 G K R LØ[áK QBM�b
�OM]U4G0RaG � I ��P�R M �=PWlM>�#R 	'	 �OM K�L \_^â\(Q K ��N K �&���ØN K �&����N�^`Z4Z K N�\(M � M]\ � �TG�R 	 Qa� 4 K "�^`VYZ L \(Q4Ra\
\(Q K �(VHU�� L ^`SARTMOZ!�p� K Z K G0Ra\ K�L \(Q4M&�p/iR � / K G KX: V4MO\ K / K �&�iUYR��vRTZ4N K�L RTZ Lq	 G(^ � M LHK�L �T^�^ L
	:K G,"�^TG0SzRTZ4N K �

QBQ K � K*: V K Z�\(MOR��nR��$�T^TG0M]\(QYS G K*: VYM]G K �	SAMOZ4^TGAN0Q4RTZ�� K �z\_^ãU K^	 RaG0R��&� K �vM]e K�L � Q*Q4M&�!\(R��_dØM&�
RTN0Q4M K � K�L U � LHK 5YZ4MvZ�� A QYR��]^ EãN K �&�&�!\_^ L V 	 �OMON�Ra\ K¹K R��(M&� � Z K N K �%�0RaG � L Ra\(R 	:K G0\(RTMOZ4MOZ��D\_^
A Z K M$�`Q�U:^`V4G0MOZ�� E 	 G(^JN K �%� K ���cR��&M&�&�OV'�_\_G0Ra\ K�L ^`Zw5!�`VHG K mH�+QBQ K N�^`SAScV4Z4MON�Ra\(MO^`ZãG K*: V4M]G K�L
"�^TG-\(Q4M&� 	 VHG 	 ^ � K M>�×RTN0Q4M K � K�L /*M]\(Q RTZ [ z27_�vM]U4G0RaG � �J7�Z 	 RaG(\(MvN�V!�ORaG�W L Ra\(R Z K�K�L �×\_^
U K&K@] N�Q4RTZ�� K�L /*Q K Z-Z K M&�`Q�U^`VHG0MvZ��AN K �&� � R��OV K ��RaG K G K*: V4M]G K�L � < V ] N�R��vN�V!�ORa\(M]^`Z7WSARa\_G0M ] �
	 G(^ L V4N�\��$�$���;^TG6/�Q K Z�� �]^TUoR�� : V4RTZ�\(MO\(M K �ARaG K Z K N K �%�(RaG � � L ^T\ 	 G0^ L VYN�\�W'SAMvZ4MOScV4SñRTZ L
SAR ] MvS&V4S � R��OV K ���$�$���t�

5

6

7

8

1 3

42

Halo cell

Domain partitioning 

5

6

7

8

1 3

42

Data exchange

on first process

Sub−domain Sub−domain
on second process

Initial domain

FlM&�`VHG K mHg=b�d K \(N0Q×^�"lQ4R��O^p�_\_G�V4N�\(VHG K "�^TGBR
5oN�\(M]\(M]^`V!� L ^`SARTMvZ¹SzR 	!	K�L ^`ZÞ\Y/=^ 	 G(^�N K �,� K ���
� Ra\(R < V ]JK �nU K \0/ K�K Z��(V4U�� L ^`SARTMOZ'�'RaG K G K�	 G K � K Z�\ K�L �

[ ^TG K*K@? ^TG(\%�=MOZ LHK 5YZYMOZ�� L Ra\(R;�_\_G0VYN�\(VHG K �6Q4R � K U K�K Z	G K*: V4M]G K�L "�^TG2�_^`S K � 	K N�M$5oN'N�R 	 RaUYM&�~�
M]\(M K �(�(V4N�Q¹R�� 	K G0M]^ L MONBU:^`VYZ L RaG � N�^`Z L MO\(M]^`Z!��g-5!�`VHG K �cM&�&�OV'�_\_G0Ra\ K �1R �)� 	 G0^�N K �%�(^TG 	 RaG0R��&� K �
N�^`S 	 VH\(Ra\(M]^`Z�^�"iRâN K Z�\_G0M$"�V��`R�� 	 V4S 	 ��\(Q K Z�V4S&U K G°^�"iN K �&�&�ÙQ4R��°U K�K Z � ^ �OV4Z�\(RaG0M&� � d K�	 \
�(SAR��&�#"�^TGB\(Q4M&� LHK S	^`Z!�_\_G�Ra\(M]^`ZâN�R�� K �t�

� ¦ �-�����t�*�����=���K�=���C©d�����f�f�����f�D�,����¢d��¨)�=�o¢e������� ���v�����t©v©=�K�v���t�f�v�Y�0�,���o¢��%�2¢=�t���t�K�p©v�,���������K���v�K�=�;�t�
©d�����f�f�����f���v�t�3���K�v�W�v�����t�*�����=���K�=�(�f�f K K�f¤

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º O�G



Code Saturne
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Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

FlM&�`VHG K �\g� K Z�\_G0M$"�V��`R�� 	 V4S 	 �2k K "�\�g � K �]^�N�MO\ � 5 K � L ^`Zá\(Q K N�^`S 	 � K \ K;	 Q � �(MON�R�� L ^`SzRTMOZ �
R*M$�`Q�\�gqN�^`S 	 V4\(Ra\(M]^`Z4R�� L ^`SARTMOZ 	 RaG(\(M]\(M]^`Z4MvZ��(� K Z K G0Ra\ K�L U �Ù[áK QBM�b�/�M]\(Q 	K G0M]^ L MONlU^`V4Z L �
RaG � N�^`Z L M]\(M]^`Z'���

� CE$	$	���(56�'
7�(���È���&�B�%$	�0�98
����� �����P��B>��� V W ;=� � V W

Code Saturne
�P�%�P� V BL��� B �C� D�W V 
A�

P��]\(Q4^`V��`QD\(Q K R��$�T^TG0M]\(Q4SÃ^�"
Code Saturne

QYR���U K�K Z LHK G0M � K�L "�^TG�MOZ4N�^`S 	 G K �%�(M]Uc� Kb< ^d/���W
\(Q K N�^ L4K M&�iR��&�_^AV!� K�L R��BRTZÞ^ 	K ZÞG K � K RaG0N0Q×RTZ LâLHK � K �]^ 	 S K Z�\ 	 �ORa\o"�^TG0S "�^TGB^T\(Q K Gn\ �\	K �
^�"�R 	'	 �OMON�Ra\(M]^`Z'�'MvZ � ^ � � MOZ��	Z�V4S K G0MvN�R��a� � �(\ K S�� � K G �ÞL M ?K G K Z�\BMOZâZ4Ra\(VHG K �

FH^TG K@] RTS 	 � K W(/=^TG(d QYR��AU K�K Z�N�RaG(G�M K�L ^`VH\ä^`Z�R,S&V!�O\(M L MOS K Z'�(M]^`Z4R��'ZH^`Z�N�^`Z'� K G � Ra\(M � K
S K \(QH^ L "�^TG»N�^`S 	 G K �%�0M]U'� K�< ^=/��a/*M]\(Q°RW� K N�^`Z L S	^`S K Z�\qN��O^ �(VHG K "�^TG/\(VHG(UYV'� K Z4N K I zP�Lq���vP��

7�Z L4K�K�L W6\(Q K �_\(RTZ L RaG L h^iSj S	^ L4K �D�(V ?:K G,���OMvSAM]\(Ra\(M]^`Z!�e"�^TG	RÖZ�V4SÙU K Gc^�" < ^=/���W K � 	K �
N�MOR��&� � \(QH^ � K#K ZYN�^`V4Z�\ K G K�L MOZz\(V4G(U^`SARTN0Q4MvZ K G � R 	!	 �vMON�Ra\(M]^`Z!��WH/*Q4MON�QÞR��&�_^c\ K Z L \_^AMOZ4N��OV L4K
N�^`S 	 G K �%�0M]UYM&�OMO\ �AK@?K N�\%���ib K N�^`Z L S	^`S K Z�\*N��]^ �0VHG K � 	 G0^ � M LHK �_^`S K MvS 	 G(^ � K S K Z�\nUoVH\nG(^)�
UYV!�_\(Z K �,�Ù^�"B\(Q K R��$�T^TG�M]\(Q4S SAM$�`Q�\&U K �vMOSAM]\ K�L U � G K R��vM]e�RaUYM&�OMO\ � N�^`Z L M]\(MO^`Z!�ÙRTZ L U � \(Q K
	 G(^`SAMOZYRTZ�\nQ �H	K G(U^ �OMON#Z4Ra\(VHG K ^�"l\(Q K � � �(\ K S^�

4"M]\(QYMOZz\(Q K �0N�^ 	:K ^�"/\(QYM&��/=^TG(d:WHR��(MOS 	 �vM$5 K�L � K N�^`Z L S	^`S K Z�\iN��O^ �(VHG K Q4R��'U K�K Z¹N�^`Z'�(M L �
K G K�L W L G0^ 	!	 MOZ����_^`VHG�N K \ K G0S��B\(QYRa\�/ K G K�K@]\	K N�\ K�L \_^äQ4R � K R��_\(RaUYM&�vM]e�MOZ�� K@?:K N�\�g

())))))))))))))* ))))))))))))))+

0 �0 M � L
M � � � � � / �

00 M
� � � � � L M � 
 � � 3 � � g _A` ��� � / �

0	�0 M � L
M � 

�
� � I g _A` �
� PR� � / �

0 � $'&0 M � L
M � � � $'&J� � � a \ � $'& / �

��n m��
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Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

/*M]\(Q
()* )+
a \ � $'& / � $ � 0 � &021 � ��� & � 0

��$
0�1 � ZH^`Z×N�^`Z!� K G � Ra\(M � K�Af	 G(^ L V4N�\(M]^`Z�� LHK �_\_G0V4N�\(MO^`Z!Ec\ K G0S

� / � h RTZ L � /
g

� i T �
T
O � � � � � � T

O � � �
��n � �4"M]\(Q�� LHK ZH^T\(MvZ��ä\(Q K N�^`Z!� K G � Ra\(M � K � � � RaG0MORaU'� K � � K N�\_^TG ��� / � � F � � F � F � � O ��W \ \(Q K

� 8���SARa\_G0M ] G K �ORa\ K�L \_^zZH^`Z×N�^`Z!� K G � Ra\(M � K \ K G0S���W!� � �(\ K S ��n m��nN�RTZ×U K /*G0M]\_\ K ZâR���g

0 �0 M � L
M � ��� ��� �o� � \ ���{�  �`G0R L ��� � / � ��n�M �

X*^`Z-N�^`Z!� K G � Ra\(M � K \ K G0S+�BRaG K R 	!	 G(^ ] MOSARa\ K�L "�^ �&�]^=/*MOZ��XI �(R(| ���vP�g� ��� \ ���{�  �TG0R L ���{� ` � � \ ���"$0�  ��� � �TG0R L ���{� ` � ��V)�9�

'^`Z!� K G � Ra\(M � K \ K G�S��BRaG K N�^`S 	 VH\ K�L V!�0MOZ��!\(Q K R�V!�(RTZH^ � �(N�Q K S K �D7�\*M>� � K G �ÞK R�� � \_^zMOS��
	 � K S K Z�\BMOZâR!\(QHG K�K � L MOS K Z!�(MO^`Z4R�� K Z � M]G(^`Z4S K Z�\eI �(12R � O=P»RTZ LÞK Z'�(VHG K �n\(Q Kb	 ^ �0M]\(M � M]\ � ^�"
\(Q K�LHK Z!�(MO\ � �4L�^d/ K � K G�WoM]\n\(V4G0Z!�'^`VH\n\_^	U Kb: V4MO\ KxL M ? V'�(M � K WHRa\�� K R��_\BS	^TG K�L M ? V!�(M � K \(Q4RTZ
\(Q K R 	'	 G(^ ] MOSARa\ K �#^ L V4ZH^ � �(N0Q K S K'LHK Z4^T\ K�L �xF�RB^ K �ÑZ4N � I �(|�F ���vP�I �xP�k^� O=P�I �xP�k^� G=P��

QBQ K S K \(QH^ L V!� K�L \_^q�_^ � � K \(Q K Q �H	K G(U^ �OMvN^� K \ä^�" K*: V4Ra\(MO^`Z!�äMvZ�\_G(^ L V4N K �äR,N�^`V 	 �OMOZ��
U K \Y/ K�K Zá\(VHG(UYV'� K Z4N K WHSAR��%��W4SA^`S K Z�\(VYS�RTZ LÞK Z K G%� � /*Q4MvN0Q 	 G(^ � M LHK �nRTZ K Z4Q4RTZYN K�L �_\(Rv�
UYM&�OM]\ � R��&N�^`S 	 RaG K�L \_^DS K \(Q4^ L � LHK N�^`V 	 �vMOZ�� K*: V4Ra\(M]^`Z!�
"�^TG&\(VHG0UYV!� K Z4N K W K � 	K N�MOR��&� � "�^TG
< ^d/��iRa\iQ4M$�`Qz\(VHG(UYV!� K Z4N K � K � K �&�'MOZzMvS 	 MOZ�� K S K Z�\9G K �`M]^`Z!�=^TGiR)"�\ K G(U^ L M K ��W�R��'\(QH^ � K ^�"�\ K Z
K Z4N�^`V4Z�\ K G K�L MvZã\(VHG(U^`SARTN�Q4MOZ K G � �ÞP 	!	 �OMON�Ra\(MO^`ZÖ\_^á\(Q K6< ^d/ ^ � K G	R��(N K Z L MvZ����_\ K�	 �&RTZ L
RaG(^`V4Z L R!\(V4G(UYMOZ K U'�vR LHK Q4R � K U K�K ZáN�RaG(G0M K�L ^`VH\*\_^zM&�&�OV'�_\_G0Ra\ K \(Q K S K \(QH^ L �

[ ^TG K&LHK \(RTM&�&�BN�RTZ×U K "�^`V4Z L MvZÞ\(Q K R 	!	K Z L M ] W�� K N�\(M]^`Z T*n\�

���9� � �=� � ;=�C��
�� T ��
 
A��� 
 � ��B=B>
V �P? � D�V D;�
< ;=�C���XD7BLVX�C� �>��� BL�2
A� �� D �7V��B �=��� �	�>V � �

� & � � ���:¼¦½�����»¿T¼������
QW/=^)� 	 Q4R�� K;< ^=/��nRaG K V4UYM : V4M]\_^`V!�'MOZâSARTZ � MvZ L V!�_\_G�MOR�� 	 G0^�N K �%� K �n^TG K Z � M]G0^`Z4S K Z�\(R��/N�^`Z��
N K G0Z!���1P � K G � MOS 	 ^TG0\(RTZ�\nG K �`MvS K ^�"�\0/'^)� 	 Q4R�� K;< ^d/���M&�nN0Q4RaG�RTN�\ K G0M]e K�L U � \(Q Kb	 G K � K Z4N K
^�"6^`Z Ke	 QYR�� K W K MO\(Q K G��_^ �vM L W'�OM : V4M L ^TG � R 	 ^`V4G�WYR���� K�	 RaG0Ra\ K MOZ4N��OV'�(M]^`Z!� K S&U K�L4LHK�L MvZâ\(Q K
^T\(Q K G 	 QYR�� K �SQBQ K � K^< ^d/��zRaG K N�R��&� K�L�L M&� 	K G,� K�L \(VHG(UoV!� K Z�\c\Y/=^)� 	 Q4R�� K�< ^d/��ARTZ L \(Q K
\0/'^ 	 Q4R�� K �°RaG K G K " K G(G K�L \_^áR���\(Q KzL M&� 	:K Gt� K�L RTZ L \(Q K N�^`Z�\(MOZ�V4^`V!� 	 Q4R�� K G K � 	K N�\(M � K � � �
QBQ K	L M&� 	K G,� K�L G K �`MOS K M&�xR��$/iR � �°S K \C/*Q K ZD\(Q K	L M>� 	K G,� K�LX	 Q4R�� K M&�xSAR LHK V 	 U � �_^ �OM L
	 RaG(\(MON�� K �_�3�_^ �OM Ly	 RaG(\(MON�� K �ÙMOZ R^�`R��c^TGcR��OM : V4M L \(VHG0UYV!� K Z�\ < ^d/C�t�_7�\&M>��^�"�\ K Zy"�^`V4Z L "�^TG
�OM : V4M LDL M&� 	K G,� K�L R��;� K�	 RaG0Ra\ KäL G(^ 	 � K \%�°MOZãRX�`R�� < ^=/ �3� 	 G0R � �;"�^TG K@] RTS 	 � K �#^TG;"�^TG�\0/'^
MOSASAM&�0N�M]U'� K �OM : V4M L ���
7�Z�\(Q K 1=V!� K G Ivk»R)�TG0RTZ�� K R 	'	 G(^`RTN0Q/WB\(Q K-L M&� 	K G,� K�Lq	 QYR�� K M&�6�(MOScV!�ORa\ K�L U � \_G0RTN0d�MOZ!�,R
�ORaG%� K Z�V4SÙU K G�^�"YG K�	 G K � K Z�\(Ra\(M � K�	 RaG0\(MON�V!� K �l\(QHG(^`V!�`Q&\(Q KW	 G K � M]^`V!�%� � N�^`S 	 VH\ K�L�< ^=/�5 K � L
I [ 7�X ��T�P�I [ 7fzJ��T�P�� QBQ K ^TU�u K N�\(M � K M&�z\_^ "�^ �&�]^=/;\(Q K MOZ L M � M L V4R��'RTZ L MOZ'�_\(RTZ�\(RTZ K ^`V!�

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º O�n



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

Q4M&�_\_^TG � ^�" K RTN0Q 	 RaG(\(MON�� K�	 G K � K Z�\iMOZA\(Q K N�RaG(G � MOZ!� < ^d/e�4L*^=/ K � K G�WH\(Q K Q4M>�_\_^TG � ^�"/R
�`M � K Z
	 RaG(\(MON�� K M>�nR	G K �_\_G0MvN�\(M � K MOZ�"�^TG0SARa\(MO^`Z7WHRTZ L � K Z K G0R��&� � ^`Z K /*M&�(Q K �i\_^z^TU4\(RTMOZ L Ra\(RA^`Zâ\(Q K
/*QH^ � K ^�"'\(Q K`	 RaG(\(MON�� K N��O^`V L RTZ L \(Q�V!�x^�"=\(Q KAL M&� 	K G,� K�L�	 Q4R�� K �q\(Q K � K MvZ�"�^TG�SARa\(M]^`ZÖRaG K
LHK \ K G0SAMOZ K�L U � �_\(Ra\(M&�(\(MON�R��/R � K G�R)� K ^`Zâ\(Q K�K Z�\(MOG K ^TGB^`ZáR 	 RaG(\n^�"�\(Q K;	 RaG(\(MvN�� K N��]^`V L �
QBQ K R 	!	 �OMON�RaUoM&�OM]\ �ÞL ^`SARTMOZ-^�"9\(Q K 11V!� K G IvkqR)�TG0RTZ!� K R 	'	 G(^`RTN0QÖM&��/*M LHK �bL*^=/ K � K G�Wq\(Q K G K
M&�BR��TG(^=/*MOZ��AMOZ�\ K G K �_\BMvZÞ\(Q K;	 RaG(\(MvN�� K°LHK�	 ^ �(M]\i\(Q K SARa\(MON)�DQBQ K G K "�^TG K W4MOZÞ\(Q4M>�W� K N�\(M]^`Z7W!/ K
"�^JN�V!�B^`Z-R��(Q L4K�	 ^ �0M]\BMOZ×RTZDMOZ L V'�_\_G0MOR�� 	 V!� � K G�M]e K�L N�^`R��l"�VHG�Z4RTN K WYMOZâ\(Q K �(N�^ 	K ^�" 	 ^d/ K G
� K Z K G0Ra\(M]^`Z-MOZ L V!�(\_G � �


� & � & � ����� ��½(��� � ��¿ �o¾���� �»½��»¾4¿ �Öº	��¾�
�
�� ��

P��(Q LHK�	 ^ �(M]\�MOZ�bV)���v�\ �\	K6	 V'� � K G0M]e K�L N�^`R��$��54G K�L U^`M&� K G,�b� K R L �&MOZ 	 RaG(\(MvN�V!�ORaG�\_^ �]^d/ K G
K�� N�M K Z4N � �D7�\BM&� L V K \_^ LHK�	 ^ �(M]\n^�"�N�^`R�� 	 RaG(\(MON�� K �n^`Z��(Q K �&� 	 �ORa\ K ��RTZ LÞK@] N0Q4RTZ�� K Gt���DQW/'^
\ �\	:K �9^�":R��(Q L4K�	 ^ �0M]\%�6RaG K ^TU'� K G � K�L W LHK�	K Z L MvZ��*^`Z 	 Q � �(MON�R��JRTZ L N�Q K SAMON�R��4S K N0Q4RTZ4M>�(S���g
A �%�OR)���`MOZ�� Ec^JN�N�VHG,�iMOZz\(Q K G0R L MORa\(M � K e�^`Z K ^�"/\(Q K U^`M&� K G�W.��� � � �1\(Q K UYVHG0Z K G=G K �`M]^`ZÞRTZ L \(Q K
QH^ 	!	K G���W /*QYM&� K`A "�^`V'�OMOZ�� Ex^JN�N�VHG,�=MOZ	\(Q K N�^`Z � K N�\(M � K e�^`Z K Wa��� � � � K �%� K Z�\(MOR��&� � Ra\ K@] N0Q4RTZ!� K G
� K � K ���t�

7�Zâ\(Q Ke	 G K � K Z�\��(\(V L�� WH^`Z!� � �%�OR)���`MvZ��zM&�BMvZ � K �_\(M&�`Ra\ K�L I � P�k ��T�P��D7�Z LHK�K�L W4M]\�/iR��BU K�� ^`Z L
G K RTN0Q \_^ãG K�	 G K � K Z�\�/*M]\(Q �(V � N�M K Z�\!G K 5YZ K S K Z�\c\(Q KâK@] N0Q4RTZ�� K Gt��W1\(Q K UYV4G0Z K G,�cRTZ L \(Q K
UYVHG0Z K G6G K �`M]^`Z�/*MO\(Q4MOZc\(Q K �(RTS K \(QHG K�K � L MvS K Z!�(M]^`ZYR��HN�R��ON�V!�ORa\(M]^`Z�� [ ^TG K ^ � K G¦W L4K�	 ^ �0M]\ L V K
\_^DMOZ K G(\(MOR��6MOS 	 RTN�\ÙM&��\(Q K ^`Z!� � "�RTN�\_^TGc\(Rad K Z MOZ�\_^-RTN�N�^`V4Z�\^� 	 Q K ZH^`S K ZYRX�(V4N�Q R��&\(Q K Go�
S	^ 	 QH^TG K �0M&�nRaG K Z K � � K N�\ K�L �t�

iR��ON�V!�ORa\(MO^`Z6/�M]\(Q
Code Saturne 	 G(^JN K�K�L �nMOZÞ\Y/=^��_\(R)� K �*�DQBQ K 54Gt�_\i^`Z K N�^`Z!�(M&�(\%�'MvZâN�RaGo�

G � MvZ��x^`VH\9Rb�(MOScV!�ORa\(M]^`Z&^�":\(Q K UYVHG0Z K GlG K �`M]^`Z�/*M]\(Q!RTZ�1=V!� K G0MORTZcR 	!	 G0^`RTN0QAR 	!	 �OM K�L \_^°\(Q K
K*: V4Ra\(MO^`Z!�l^�"4\(Q K SAM ] \(VHG K ^�"!�`R��6RTZ L
	 RaG(\(MON�� K �W��QH^`SA^�� K Z K ^`V!�6R 	!	 G0^`RTN0Qc�t�8Q K S 	K G0Ra\(VHG K
RTZ L < ^d/�5 K � L ^TUY\(RTMOZ K�L U � \(Q4M&��/'R �-LHK 5YZ K \(Q K N�RaG(G � MOZ�� 	 Q4R�� K MOZ�\_^_/*Q4MON�Q 	 V'� � K G0M]e K�L
N�^`R�� 	 RaG0\(MON�� K �1RaG K MOZvu K N�\ K�L RTZ L \_G0RTN0d K�L MvZ L M � M L V4R��>� � /*M]\(QzR&Q4M$�`QARTN�N�V4G0RTN � kqR)�TG0RTZ!�`MORTZ
R 	!	 G(^`RTN�Q �s5!�`VHG K M �t�

QBQ K k»R)�TG0RTZ��`MORTZ�R 	'	 G(^`RTN0Q \(Rad K �!MOZ�\_^-RTN�N�^`V4Z�\
/'R��>�~�ÑMOZ�\ K G0RTN�\(M]^`Z!���6zlRaG0\(MON�� K �;"�^ �&�]^=/*MOZ��
\_G0R=u K N�\_^TG�M K �!\(Q4Ra\�� K R L \_^ãRX/iR��&�=U K N�^`S K6	 ^T\ K Z�\(MOR��1N�RTZ L M L Ra\ K �&\_^ �,�OR)���`MOZ���� 4"Q K Z R
	 RaG(\(MON�� K N�^ �&�OM L4K ��/*M]\(QÙ\(Q K /iR��&��WTM]\%� 	 G(^TUYRaUoM&�OM]\ � "�^TG�G K SARTMOZ4MvZ��BRa\_\(RTN0Q K�L	L4K�	:K Z L ��WaRTS	^`Z��
^T\(Q K Gx\(Q4MOZ�� ��WY^`Zá\(Q Kp	 RaG(\(MvN�� K � 	K�K�L RTZ L RTZ�� � K ^�"9MOZ4N�M LHK Z4N K W4^`ZDM]\%� � M&�0N�^ �(M]\ � W:\ K S 	K Go�
Ra\(VHG K W2�(MOe K RTZ L �(V4G%"�RTN K \ K Z!�(MO^`Z R��p/ K �&�iR��c^`ZØ\(Q K �0VHG%"�RTN K N�^`Z L M]\(M]^`Z,^�"*\(Q K¹K@] M>�_\(MOZ��
LHK�	 ^ �(M]\i^`Z×\(Q K /iR��&���

FlM&�`VHG K T��ÙG K�	 G K � K Z�\%�=\(Q K#L M>�_\_G0M]UYV4\(M]^`Z!^�"7\(Q K �%�OR)���`MOZ��!SAR��%� < V ]zL4K Z!�(M]\ � N�R��ON�V!�ORa\ K�L ^`Z
\(Q K "�VHG0Z4RTN K MvZ4Z K G(/'R��>�&���2QBQ K�L M&�_\_G0MOUYVH\(M]^`Z¹M&�nG0Ra\(Q K G�Q K \ K G(^�� K Z K ^`V!��W'/�M]\(QâRaG K R���/*Q K G K
�%�OR)���`MOZ��äM&� 	 RaG(\(MON�V'�ORaG,� � QYM$�`QB��V 	 \_^_n)� � � f�� r � � � �d�t�2QBQ K � K RaG K R��*N�^TG(G K � 	 ^`Z L \_^ 	 G�M � �
M&� K � K�L G K �`MO^`Z!�n^�"�MOS 	 RTN�\n^�"6N�^`R�� 	 RaG(\(MON�� K ���8QBQ K�� RaG K �]^�N�Ra\ K�L g

�qRa\9\(Q K UYVHG�Z K G,��W)/*Q K G KW	 RaG(\(MON�� K � L MOG K N�\%� �ÙK SzM]\_\ K�L "�G0^`S �_^`S K UYV4G0Z K G,�lRaG K "�^TG0S��
MOZ�� : V4R��(M~�ÑQH^TG�M]e�^`Z�\(R��a� 	 ^T\%��W

��Ra\&\(Q K \_^ 	 ^�"n\(Q K UYVHG�Z K G,�xe�^`Z K W�V4Z LHK GÙ\(Q KAK@] N0Q4RTZ�� K G�� � �_\ K SâW-/*Q K G K /*M LHK G
� 	 ^T\%�BN�RTZ×U K ^TU'� K G � K�L �

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º O�V



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

F�M$�`VHG K M\g �°R���Q K S 	K G0Ra\(VHG K � � K � � MOZ.�8��zlRaG0\(MON�� K �n\_G0R=u K N�\_^TG0M K �

QBQ4M&���_\(V L!� M&�&�OV'�_\_G0Ra\ K �&\(Q K V!� K ^�"*\(Q K k»R)�TG0RTZ��`MORTZ�R 	!	 G(^`RTN�Q R��AR 	 G K�L MON�\(M � K \_^�^ �n\_^
MOZ � K �(\(M$�`Ra\ K U^`M&� K G LHK �0M$�`Z /*M]\(QâG K � 	K N�\n\_^+�%�OR)���`MOZ!���

���9K 	 VX����;�D��P�XD ������� ����VX� B>
��>��? D�CVX� W V 
 
 �P� D;�
< ���=�
F4RTN�MOZ��DS	^TG K RTZ L S	^TG K �_\_G0MOZ�� K Z�\ K Z � MOG(^`Z4S K Z�\(R��9G K*: V4M]G K S K Z�\%�ÙRTZ L \(Q K /*M&�&�l\_^D^ 	 \(M~�
SAM]e K�	K G%"�^TG0SARTZYN K ^�"7\(Q K G0SzR�� 	 ^d/ K G��(\(Ra\(M]^`Z!��W�1 � F L4K N�M LHK�L \_^ K*: V4M 	 \(Q K S+� K � � K ��/*M]\(Q
Rw�(MOS 	 � K6	 G K�L MON�\(M]^`Z,\_^�^ ��"�^TG`�`R��	\(V4G(UYMOZ K_	 ^ �&�OVH\(RTZ�\ K SAM&�%�(MO^`Z!���BL�^d/ K � K G�WnS	^ LHK �&�OMOZ!�
	 ^ �>�OVH\(RTZ�\;"�^TG�SARa\(M]^`Z,G K*: VYM]G K � L Ra\(R�/*QYMON0Q RaG K � K G � L M � N�V'�]\�\_^D^TU4\(RTMOZ "�G(^`S �`R��c\(VHGo�
UYMOZ K ^ 	K G0Ra\_^TGt��^TGxN�^`Z!�_\_G�V4N�\_^TG,����QBQ4Ra\�M>��/*Q � M]\�QYR�� 	 G0^ � K�L 	 RaG(\(MON�V'�ORaG,� � V!� K "�V!�7\_^_�T^
\(QHG(^`V��`QDR¹\(QHG K�K � L MOS K Z!�(M]^`Z4R��qN�^`S 	 VH\(Ra\(M]^`ZF�_\(R)� K MOZ-^TG LHK G#\_^Þ^TU4\(RTMOZ-G K � K � RTZ�\ L Ra\(RÞMOZ
�`R��=\(V4G(UYMOZ KW	 ^T\%�=RTZ L \_^
"�^TG�S&V!�vRa\ K R��%�(VYS 	 \(M]^`Z!�9U K \_\ K GiR L R 	 \ K�L /*M]\(Qz\(Q K �(\(V L�� ^�"7\(Q K
"�^TG0SzRa\(M]^`Zâ^�" 	 ^ �&�OVH\(RTZ�\ K SAM&�%�(MO^`Z!���
7�Zä\(Q K�	 G K � K Z�\��(\(V L�� W�\(Q K N�R 	 RaUYM&�OM]\(M K �9^�" Code Saturne

Q4R � K U K�K Z¹V!� K�L \_^cSA^ LHK �:R
�`R��
\(VHG(UYMOZ Kb	 ^T\��(MOSAM&�vRaGn\_^z\(Q K ^`Z K MOZ!�(\(R��&� K�L MOZâ\(Q K \(Q K G0SAR�� 	 ^d/ K G 	 �ORTZ�\B^�"4R�M]^ �'G0R � ^ÞMOZ
[×K@] MON�^��2QBQ K \(QHG K�K � L MvS K Z!�(M]^`ZYR��HG K �(V!�O\%�1Q4R � K \(Q K ZäU K�K ZzV!� K�L \_^&G0V4ZzRcN0Q K SAM&�_\_G � N�^ LHK
MOZÞ^TG LHK GB\_^z^TU4\(RTMOZ×X � ] G0Ra\ K�K SAM]\_\ K�L U � \(Q K \(V4G(UYMOZ K �

[×K �(QYMOZ���/'R��*\(Q K 54G,�(\(�(\ K�	 \_^`�T^A\(QHG(^`V!�`Qa�4QBQ K N�^`SAS K G�N�MOR��/S K �(Q � K Z K G0Ra\_^TGxb\7 [ P�7fk
Q4R��ÞU K�K Z"V'� K�L \_^ N�G K Ra\ K "�^`VHG^� K�	 RaG0Ra\ K S K �(Q K ��W�/*M]\(QH^`V4\¹MOS 	 ^ �0MOZ�� 	 RaG0\(MON�V!�ORaGÞN�^`Z��
�_\_G0RTMOZ�\%��Ra\xMOZ�\ K G%"�RTN K ��� Code Saturne

Q4R��#N�^`Z4Z K N�\ K�L \(Q K "�^`VHG 	 RaG(\%��W LHK R��vMOZ��zRTVH\_^`SzRa\f�
MON�R��&� � /*M]\(Q RaG(UYM]\_G0RaG � MvZ�\ K G%"�RTN K �cRTZ L N�^`S 	 VH\(Ra\(M]^`Z!�&Q4R � K U K�K Z,N�RaG0G0M K�L ^`V4\&V!�(MvZ��â\(Q K
N�^`S 	 ^ �(M]\ K S K �0QâM&�&�OV!�(\_G0Ra\ K�L ^`Z^5!�`VHG K T�T)�
|��(MvZ��Þ\(Q K �(RTS K \ K N0QYZ4M : V K W/R^� K N�^`Z L S K �(QDG K�	 G K � K Z�\(MOZ��Þ^`Z K	K M&�`Q�\(QÖ^�"=\(Q K � K ^`S K \_G �
Q4R��AU K�K Zq� K Z K G0Ra\ K�L /*M]\(Q 	K G0MO^ L MvNzU^`V4Z L RaG � N�^`Z L MO\(M]^`Z!��� bJRa\(M>�o"�RTN�\_^TG � G K �(V!�]\%�	Q4R � K
U K�K Z×^TU4\(RTMOZ K�L Ra\�RAS&VYN0QX�]^=/ K G#N�^ �_\B\(Q4RTZX/*M]\(QÞ\(Q K N�^`S 	 � K \ KÙL ^`SzRTMOZa�

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º O m



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

F�M$�`VHG K T���g � M&�_\_G0M]UoVH\(M]^`Zä^�"l\(Q K �%�OR)���`MOZ!�ASAR��%� < V ]¹LHK Z!�0M]\ �

'^`S 	 VH\(Ra\(MO^`Z!��/*MO\(Q Code Saturne
Q4R � K U K�K ZáN�RaG(G0M K�L ^`VH\�/*M]\(Qâ\(Q K UYR��(MONe1 L4L�� �'G K Rad

| 	 N�^`S&UYV!�_\(MO^`Z S	^ L4K �C��RTZ�R L R 	 \ K�L � K G,�(MO^`Z LHK R��OMOZ�� /*M]\(Q � RaG0MORaU'� K �`R��zN�^`S 	 ^ �(M]\(M]^`Z
Ra\¹\(Q K MOZ'� K \%�t�t� 7�Z!� K \_�o/*M]Gt�*RTZ L 5'�OS N�^�^ �OMvZ��,Q4R � K U K�K Z \(Rad K Z MOZ�\_^ RTN�N�^`VYZ�\×MOZ�\(Q K
U:^`VYZ L RaG � N�^`Z L M]\(MO^`Z!���âF�M$�`VHG K T*O 	 G K � K Z�\%�cR��0Z4R 	 �(QH^T\e/*M]\(Q N�V4\_\(MOZ�� 	 �ORTZ K �ÙN�^ �O^`VHG K�L
U � SAR��%��"�G0RTN�\(MO^`Zâ^�"lN�^`S&UYV!�(\(M]^`Z 	 G(^ L V4N�\%�*�
7�Z-\(Q K �OR��_\��(\ K�	 ^�"9\(QYM&���_\(V L�� Wo\(Q K
	 Q � �(MON�R�� L ^`SARTMOZáQYR��*U K�K Z 	 RaG(\(M]\(M]^`Z K�L MOZ�\_^äR¹Z K \f�
/=^TG(d°^�"4Q4^`S	^�� K Z K ^`V!�»G K RTN�\_^TG,��W`V'�(MOZ��BN�G0MO\ K G0MORnUYR�� K�L ^`ZÙ\ K S 	K G0Ra\(VHG K RTZ L "�V K �~�ÑRTM]GqG0Ra\(M]^��
b�^`S KxLHK � K �]^ 	 S K Z�\ L M]G K N�\%� � MOS 	 � K S K Z�\ K�L MOZ�\_^ Code Saturne

�_\_G0VYN�\(VHG K SAR L4K \(Q4M>�9\(R��_d
G K �ORa\(M � K � � �_\_G�RTM$�`Q�\o"�^TG%/iRaG L RTZ L R��&�]^=/ K�L \_^ K@] \_G0RTN�\
"�G(^`S�\(Q K \(QHG K�K � L MOS K Z!�(MO^`Z4R���N�^`S��
	 VH\(Ra\(M]^`Zâ\(Q K Z K N K �%�(RaG �¹L Ra\(R�"�^TG#R	N0Q K SAM>�_\_G � N�^ LHK \_^�5YZ4R��&� � ^TU4\(RTMOZâ\(Q K G0Ra\ K ^�"�X � ] �
QBQ4M&�#R 	!	 �OMvN�Ra\(M]^`ZáM&�#Rä\ �\	 MON�R���M&�&�OV'�_\_G0Ra\(M]^`Zâ^�"1\(Q K N�R 	 RaUYM&�OM]\(M K �B^�" Code Saturne

"�^TGx\(VHGo�
UYV!� K Z�\	G K RTN�\(MOZ�� < ^d/��zMOZ N�^`S 	 � K@] � K ^`S K \_G � � 7�\zR��&�_^ 	 ^`MOZ�\%�	^`VH\z\(Q K MOS 	 ^TG(\(RTZ4N K ^�"
N�^`Z4Z K N�\(MOZ��	\_^�� K \(Q K G L M ?K G K Z�\W� K � K �&�'^�"lSA^ LHK �>�OMOZ���glR	SAR=u�^TG�R��%� K \n^�"q\(Q K R 	!	 G(^`RTN�Q×Q4R��
U K�K Z×\(Q K N�^`S 	 � K S K Z�\(RaG0MO\ � ^�"»\(Q K \(QHG K�K � L MvS K Z!�(M]^`ZYR��:N�^`S 	 VH\(Ra\(M]^`Z!��"�^TGBG K RTN�\(MOZ�� < ^=/��
RTZ L ^�"�\(Q K G K 5YZ K�L N0Q K SAM>�_\_G � RTZ4R�� � � K �n^`Z��0MOS 	 � K Z K \Y/=^TG(d��B^�"6QH^`SA^�� K Z K ^`V!�BG K RTN�\_^TG,���

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º O �



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

�

FlM&�`VHG K T�T)g8'^`S 	 ^ �(M]\ K S K �(Q&^�"H\(Q K �`R��»\(VHG(UYMvZ K8	 ^T\���N�^ �]^`VHGt�qG K�	 G K � K Z�\ L M ?K G K Z�\/U^`V4Z L �
RaG � N�^`Z L M]\(M]^`Z'�t�

FlM&�`VHG K T*O\g [ R��%��"�G0RTN�\(M]^`Zc^�"YN�^`S&UYV!�_\(M]^`Z 	 G0^ L VYN�\��3� K "�\t���#z=Q � �(MON�R�� L ^`SARTMOZ 	 RaG(\(MO\(M]^`Z4MOZ��
"�^TG*N�Q K SAM&�(\_G � RTZYR�� � �0M&�;��G0M$�`Q�\t�t�

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º O�M



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

���RS ����� D������D��VX� �P� � �P�C
 ?@VX� �=� D��VX�=��� 
 ��� �=VX� B>�CD��P���
7�Z-QH^ � 	 M]\(R��>�nRTZ L S	^TG K;	 RaG(\(MON�V'�ORaG,� � MOZâ^ 	K G0Ra\(MOZ��	\(Q K Ra\ K G,��WRTM]G : V4R��OM]\ � M>�BN�G0V4N�MOR����(MOZ4N K
SARTZ � MvZ�" K N�\(MO^`Z!�9SAM$�`Q�\9U K \_G0RTZ!�0SAM]\_\ K�L � MOR°\(Q K RTM]G(U^TG0Z K G0^`VH\ K �2��sF�� � �JR��&�]^=/��6\_^cRTZ4R��~�
� � K \(Q K RTM]G < ^d/ 	 Ra\_\ K G0Z ��G K N�M]G0N�V!�vRa\(M]^`Z!��W 	 RaG(\(MON�� K �°\_G�R=u K N�\_^TG0M K ���$�$���"RTZ L N�RTZ 	 G(^ � K RTZ
K�� N�M K Z�\B\_^�^ �q\_^ LHK \ K G0SzMOZ K e�^`Z K ��/�Q K G K N�^`Z�\(RTSAMOZ4Ra\(M]^`Z×G0M&�_d��nRaG K;	 ^T\ K Z�\(MOR��&� � Q4M$�`Qa�

QBQ K N�^`S 	 VH\(Ra\(MO^`Z4R�� L ^`SARTMOZÖM&�&�vV!�_\_G0Ra\ K�L MOZ 5!�`VHG K T*G¹G K�	 G K � K Z�\%�°RTZÖ^ 	K G0Ra\(MvZ��ä\(Q K Ra\ K G
/*M]\(Q-\(Q K S K�L MON�R��-�_\(R ? RTZ L \(Q K�	 Ra\(M K Z�\��bQBQ K R L � RTZYN K�L VYZ!�_\_G0V4N�\(V4G K�L S K �(Q-N�R 	 RaUYM&�OM~�
\(M K �n^�" Code Saturne

R��&�]^d/ \_^AQYRTZ L � K \(Q K N�^`S 	 � K@] M]\ � ^�"»\(Q K � K ^`S K \_G � �3� K�K \(Q K°LHK \(RTM>�&�
^�"=\(Q K ^ 	K G0Ra\(MOZ!� �vRTS 	 RaG0S�MOZ 5!�`VHG K T*G �t��L K Ra\(MOZ!�HW � K Z�\(M>�ORa\(M]^`ZãRTZ L RTM]G�N�^`Z L M]\(M]^`Z4MOZ!�
K@?:K N�\%���3L ��P���iRaG K RTN�N�^`V4Z�\ K�L "�^TG�MOZ¹\(Q K �(MOScV!�ORa\(MO^`Z!��g�Q K Ra\*M&� K SAM]\_\ K�L U �_	K ^ 	 � K RTZ L
K*: V4M 	 S K Z�\�W»N�� K RTZ�RTMOGÙM&��MOZ�\_G(^ L V4N K�L \(QHG0^`V��`Q�MOZ!� K \%�;�]^JN�Ra\ K�L Ra\Ù\(Q K N K M&�OMOZ�� /*QYM&� K N�^`Z��
\(RTSAMOZ4Ra\ K�L RTM]GBM&� K@] \_G0RTN�\ K�L Ra\��TG(^`V4Z L � K � K ���

bJMOScV!�ORa\(M]^`Z!�¹MOZ L MON�Ra\ K \(Q K �0M$�`Z4M$5YN�RTZ�\ÞMOZ < V K ZYN K ^�"&^ 	:K G�Ra\(MOZ�� �ORTS 	 �¹^`Z�\(Q K RTM]G < ^=/
	 Ra\_\ K G0ZâRaU^ � K \(Q K ^ 	K G0Ra\(MOZ��c\(RaU'� K �87�Z LHK�K�L W�� K � K G0R��:G K N�M]G0N�V!�vRa\(M]^`Z!�'RaG K U:^`VYZ L \_^ L G�R*/
\_^A\(Q K;	 Ra\(M K Z�\*RTMOGn\(Q4Ra\*Q4R��BR��OG K R L�� N�M]G0N�V!�ORa\ K�L MOZÞ\(Q K G(^�^`S �s5!�`VHG K TJ�H�t�
QBQ KcK@?:K N�\%�x^�"9^ 	K Z4MvZ��A\(Q K!L ^�^TG#\_^¹\(Q K ^ 	K G0Ra\(MOZ��¹\(Q K Ra\ K G°Q4R � K R��&�(^äU K�K Z �(MOScV!�ORa\ K�L �
iR��ON�V!�ORa\(MO^`Z!�8�(QH^=/ \(Q4Ra\9\(Q K N�^`Z�\(RTSAMOZ4Ra\(MO^`Z�� K � K �HMOZ!\(Q K � MON�MOZYM]\ � ^�":\(Q KW	 Ra\(M K Z�\9G K SARTMOZ!�
�OMOSAM]\ K�L � � Zz\(Q K ^`Z K Q4RTZ L W�\(Q K "�RTN�\1\(Q4Ra\'\(Q K�	 G K �%�(VHG K MOZ	\(Q K ^ 	K G0Ra\(MOZ���\(Q K Ra\ K G'M&�1d K�	 \
�%�OM$�`Q�\%� � Q4M&�`Q K Gn\(Q4RTZâMOZ¹\(Q K N�^TG(G�M L ^TGBZ4Ra\(VHG�R��&� � �OMvSAM]\%�=\(Q K;: VYRTZ�\(M]\ � ^�"�N�^`Z�\(RTSAMOZ4RTZ�\BMOZ��
\_G(^ L V4N K�L MvZÙ\(Q K G(^�^`S^� [ ^TG K MOZ�\ K G K �_\(MOZ!��M&�»\(Q K "�RTN�\�\(Q4Ra\l\(Q K N�^`S 	 VH\(Ra\(M]^`Z'��W 	:K G�SAM]\_\(MOZ��
\_^ LHK \ K G0SAMvZ K \(Q K �]^�N�R�� < ^d/ 	 Ra\_\ K G0Z/W'�(QH^=/ \(Q4Ra\n\(Q KXA N�� K RTZ!E	RTMOG < ^d/ ^TG�M$�`MOZ4Ra\(MOZ!�
"�G(^`S
\(Q K MOZ!� K \%�b�]^�N�Ra\ K�L Ra\�\(Q K N K M&�OMvZ��âM&�b�(V � N�M K Z�\°\_^ 	 G(^T\ K N�\�\(Q K ^ 	K G0Ra\(MvZ��Þe�^`Z K �+L K Z4N K W
\(Q4M&��S K \(QH^ L ^ �]^�� �;	 G(^ � M LHK ��R�/'R � ^�" K � R��OV4Ra\(MvZ���\(Q K'K�� N�M K Z4N � ^�"Y\(Q K N K M&�OMOZ�� � K Z�\(M>�ORa\(M]^`Z
LHK � MvN K MOZÞ\ K G0S��B^�"-�(R)" K \ � "�^TGB\(Q Ke	 Ra\(M K Z�\��

FlM&�`VHG K T*G\g(L ��P� MOZÞ^ 	K G0Ra\(MvZ��	\(Q K Ra\ K G*��'^`S 	 V4\(Ra\(M]^`Z4R�� L ^`SARTMvZ7W4S K �(Q×RTZ L×LHK \(RTM&�7^�"
\(Q K ^ 	K G0Ra\(MOZ����vRTS 	 RaG0S^�

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º G)�



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

FlM&�`VHG K TJ��g2L ��P�"MOZä^ 	K G0Ra\(MOZ��&\(Q K Ra\ K G;g�\ K S 	K G0Ra\(VHG K 5 K � L RTZ L_	 RaG(\(MvN�� K �1\_G�R=u K N�\_^TG0M K �
^TG0M$�`MOZ4Ra\(MvZ���"�G(^`S;RTM]G*MOZ!� K \%�nV4Z LHK Gi\(Q K N K M>�OMOZ����

����� � D����2
 � �P�"� ��V�?� ���=�P� ������� W V 
 ��;=? �C��� 
 B=
A����� ;=
� � � D��2
 
�2�P? D�V 

�X����� ���


� 
�� � ���:¼¦½�����»¿T¼������
QBQ4M&��� K N�\(M]^`ZÖM&�&�OV!�(\_G0Ra\ K � 	 RaG(\*^�"9\(Q K
: V4R��OM&5YN�Ra\(M]^`Z 	 G0^�N K �%��^�" Code Saturne

"�^TGxZ�VYN�� K RaG
�(MOZ�� � Ke	 Q4R�� K \(Q K G0SAR��~�ÑQ ��L G0RTV!�OMON��W�(\(V L M K ���bI [ P�R � O=P 	 G(^ � M L4K �BRzS	^TG KÙK@] \ K Z!�(M � K RTZ4R��~�
� �(M>�n^�"»\(Q K N�^`Z�5!�`VHG�Ra\(M]^`Za�

Qq^áMvZ4N�G K R�� K R K RTN�\_^TGpz1G K �%�(VHG K � K �,� K ���3R�z �;�C�OM$" K \(MOS K WqM]\�M>�x^�"iSzR=u�^TGÙMvS 	 ^TG(\(RTZ4N K \_^
R��%� K �%�'\(Q K MOZ�\ K �TG0M]\ � ^�"/\(Q K � K �%� K �#�_\_G0VYN�\(VHG K �0VHUYSAM]\_\ K�L \_^!R 	 RaG(\(MON�V!�ORaG=\ �\	K ^�"/\(Q K G0SAR��
�(QH^JN(dâ\(Q4Ra\�/'^`V!� L ^�N�N�VHG L VHG0MvZ��	R A �(SAR��&�qU4G K Rad�E��]^ �%�B^�"9N�^�^ �ORTZ�\�RTN�N�M LHK Z�\p�b �(k � iPb�
R��9RxG K �(V!�O\l"�G(^`S�\(Q K Z K N K �,�(RaG � N�^ � L /'Ra\ K GD�(R)" K \ � MOZvu K N�\(M]^`Za��| 	 \_^�ZH^=/�W`\(Q K R��,� K �%�(S K Z�\
^�"=\(Q K F4G K Z4N0Q�G K RTN�\_^TG � K �%� K �1MOZ�\ K �TG�M]\ � Q4R��xU K�K Z 	K G%"�^TG�S K�L /*M]\(QÖR^� 	K N�M$5YNcR 	!	 G(^`RTN�Q
LHK G0M � K�L "�G(^`S \(Q K N�^ L M&5 K�L "�R��_\C"�G0RTN�\(VHG K RTZ4R�� � �(M&���3R�� [ N�^ LHK ��UoR�� K�L ^`ZDR^� K � K N�\(M]^`Z
^�"��(VHU7N��OR LäLHK " K N�\%�iRTZ L Rp� K \i^�"��]^`R L MOZ��&\_G0RTZ!�(M K Z�\%���6P \(Q4G K�K � L MOS K Z'�(M]^`Z4R��oR 	!	 G(^`RTN�Q6"�^TG
LHK \ K G0SAMOZYMOZ���\(Q K \ K S 	K G0Ra\(VHG K RTZ L Q K Ra\i\_G0RTZ!�o" K GiN�^ K�� N�M K Z�\ L M&�_\_G�M]UYVH\(M]^`Z'�6M&�=R&G(^`VH\ K \_^
RáU K \_\ K G!d�Z4^d/�� K�L � K RTZ L RDS	^TG K G K 5YZ K�L,LHK �(N�G0M 	 \(M]^`Z�^�"B\(Q K \_G0RTZ'�(M K Z�\&N�^�^ �OMOZ��-^�"B\(Q K
� K �%� K ��� � K "�^TG K �(\(RaG(\(MOZ��äG K RTN�\_^TG°N�^`S 	 VH\(Ra\(M]^`Z'��WoR 	 G K �OMOSzMOZ4RaG �+: V4R��OM&5YN�Ra\(M]^`Z 	 Q4R�� K /iR��
Z K N K �%�(RaG � \_^ L4K S	^`Z!�_\_G0Ra\ K \(Q K N�R 	 RaUYM>�OM]\(M K �x^�" Code Saturne

\_^��0MOS&V'�ORa\ K \(Q K�	 Q � �(MON�R��
N0Q4RaG0RTN�\ K G�M&�_\(MON�� K ZYN�^`V4Z�\ K G K�L MOZD\(Q4M&�#dJMOZ L ^�"D�(N K ZYRaG0MOM��eQ»^âG K RTN�Qã\(Q4M&�#^TU�u K N�\(M � K W»R_/ K �&�
L ^�N�VYS K Z�\ K�L&K@]�	:K G�MOS K Z�\(R��9� K \f�ÑV 	 Q4R��»U K�K Ze�(MOScV!�ORa\ K�L WÐZ4RTS K � � \(Q K (R�11P�R�1qTUI)n��(N�R�� K
SAM ] MOZ��`"�RTN�M&�OM]\ � g=\(Q K � K ^`S K \_G � W7MOZYN��OV L MOZ!�cRäN�^ � L � K �äRTZ L R 	 �ORTZ K�L ^=/*Z4N�^`S K G¦W:M&���(V � �
N�M K Z�\%� � N��O^ � K \_^&\(Q4Ra\9^�"/R;R�z � "�^TG=\(Q K�	 G K � K Z�\1R 	!	 �OMvN�Ra\(M]^`Za��QBQ K Z�V4S K G0MvN�R����(MOScV!�ORa\(M]^`Z

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º G�T



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

\(Rad K �zMOZ�\_^�RTN�N�^`V4Z�\A\(Q K \_G0RTZ!� 	 ^TG0\!RTZ L SAM ] MOZ��D^�"#N�^ � L /iRa\ K GzMOZØ\(Q K �G K �ORa\(M � K � � �ÙQH^T\
K Z � M]G(^`Z4S K Z�\°\(QHG0^`V��`Qã\(Q K R L SAM&�%�(MO^`Z � K �B��^TG A N�^ � L E�� K �H�xRTZ L \(Q KäL ^d/*ZYN�^`S K G*�+Q K S��
	:K G�Ra\(VHG K \_G�RTZ!�(M K Z�\lM>�»N�^`S 	 RaG K�L \_^ K@]�	K G0MOS K Z�\%�qRa\8� K � K G0R�� 	 G0^TU K �]^JN�Ra\(M]^`Z!�»^`Z&\(Q K /iR��&�&�
G K�	 G K � K Z�\(Ra\(M � K ^�"»\(Q K N�^TG K UYRaG(G K �7RTZ L ^�"l\(Q K � K �%� K ���_\_G0V4N�\(VHG K �


� 
�� & ��� ������¼¦½���� � ����¼���¾��'¾ ��� ¸ ��� ���l¾4½�� ¿ ����� ��¼���� �qº���� � � �	�l½��
� ��½�¼�����º
QBQ K�K@]�	K G0MOS K Z�\(R��-(R�11P�R�1 TUI)n+�0N�R�� K "�RTN�M&�OM]\ � I R � Q ��O=P6N�^`Z!�(M&�_\%�*^�"9RzQH^TG�M]e�^`Z�\(R��l� K �
��G K�	 G K � K Z�\(Ra\(M � K ^�"»\(Q K G K RTN�\_^TG A N�^ � L E`� K �H�=N�^`Z4Z K N�\ K�L \_^AR � K G0\(MON�R�� 	 �ORTZ K � K N�\(MO^`Zy��G K�	 �
G K � K Z�\(Ra\(M � K ^�"*^`Z K \(QYM]G L ^�"�R LHK � K �]^ 	K�LØL ^d/�Z4N�^`S K G�� K N�\(M]^`Z.�t� QBQ K �(R)" K \ � MOZvu K N�\(M]^`Z
	 M 	K M&�nN�^`Z4Z K N�\ K�L \_^z\(Q K N�^ � L � K �ARa\�RTZ×RTZ!� � K ^�"4V)� LHK �TG K�K �p�s5!�`VHG K T*n �t�

7�Z4MO\(MOR��&� � WT\(Q K \ K S 	K G0Ra\(VHG K ^�":\(Q K�< V4M L N�^`Z�\(RTMOZ K�L MOZA\(Q K N�^`S 	 V4\(Ra\(M]^`Z4R�� L ^`SARTMOZAM&��V�n\��n
LHK �TG K�K �� K �&�(MOV!�*� [ R��%� < ^d/ G�Ra\ K M&�ie K G(^��

Qq^AS	^ LHK �:\(Q KxK@]�	:K G�MOS K Z�\(R��:N�^`Z L M]\(M]^`Z!��W�\(Q K "�RaG K Z L ^�"q\(Q K N�^ � L � K �!M>�=G K�	 G K � K Z�\ K�L ^TU��
\(VHG0Ra\ K�L RTZ L R¹\_G0RTZ!�(M K Z�\ < V4M L \ K S 	:K G�Ra\(VHG K M&�xMOS 	 ^ � K�L �b'^`Z!�_\(RTZ�\�\ K S 	:K G�Ra\(VHG K �fTdmH� �
LHK �TG K�K �
 K �>�(MOV!�t�nRTZ L � K �]^JN�M]\ � �3���&T*O�nâS Iv�t��RaG K�	 G K �0N�G0M]U K�L Ra\°\(Q K �(R)" K \ � MOZvu K N�\(M]^`ZDMOZ��
� K \��+QBQ K ^`Z'� � ^`V4\%� K \�^�"'\(Q K N�^`S 	 V4\(Ra\(M]^`Z4R�� L ^`SzRTMOZãM&�;�]^JN�Ra\ K�L Ra\Ù\(Q K U^T\_\_^`S�^�"i\(Q K
L ^d/*ZYN�^`S K G*�2QBQ K ^T\(Q K G*U^`V4Z L RaG0M K �'^�"»\(Q KÙL ^`SARTMOZâRaG K \_G K Ra\ K�L R���MOZ!�(V'�ORa\ K�L /'R��&�>���

4�Ra\ K G 	 G(^ 	K G(\(M K �=RaG K°LHK \ K G�SAMOZ K�L Ra\nR 	 G K �%�0VHG K ^�"�T#UYRaG*� ��� ZYRTSAMON � M>�(N�^ �(M]\ � WJN�^`Z L V4N��
\(M � MO\ � RTZ L � 	K N�M$5YN!Q K Ra\ÙRaG K R��%�(V4S K�L \_^×U K N�^`Z'�_\(RTZ�\%�e/*Q4M&� KcLHK Z'�(M]\ � M&�°R "�V4Z4N�\(M]^`ZÖ^�"
\ K S 	K G0Ra\(VHG K ^`Z'� � �


� 
�� � � � � ��½���¿`¾�� ������ �
QBQ K �TG�M L W��(QH^d/�Z MOZB5!�`VHG K T*n�W9QYR��ÙU K�K Z 	 G(^ L V4N K�L R��!R×G K �0V!�]\�^�" 	 G K � M]^`V'�;�TG0M L � K Z��
�(M]\(M � M]\ � RTZ4R�� � � K ��� 7�\äN�^`Z�\(RTMOZ'��T*M)� ����� N�^`Z�\_G(^ � � ^ �OVYS K ��� Qq^�U K \_\ K G¹R L R 	 \A\(Q K �(M]e K
RTZ L ^TG0M K Z�\(Ra\(M]^`ZA^�"N K �>�&��W Code Saturne

N�R 	 RaUYM&�vM]\ � \_^ LHK R���/�M]\(QARaG(UYMO\_G0RaG � MvZ�\ K G%"�RTN K �'Q4R��
U K�K Z K S 	 �]^ �TK�L ��Q*Q K S K �(Q!Q4R���U K�K Z�� K Z K G0Ra\ K�L MvZcR°ScV!�]\(MOU'�]^JN��ÑV4Z!�_\_G0VYN�\(VHG K�L /iR � W\/*M]\(Q
� 	K N�M$5YN�G K 5YZ K S K Z�\iN��]^ � K \_^	\(Q K MOZvu K N�\(M]^`ZÞRTZ L Ra\'\(Q K N�^`ZYZ K N�\(M]^`ZÞU K \0/ K�K ZÞ\(Q K N�^ � L � K �
RTZ L \(Q KÙL ^d/*Z4N�^`S K G*�2QBQ K V'� K ^�" A � ���TG0M L �,E	MOZÞ\(Q Kb	 M 	K �nR��&�O^d/ K�L \_^zN�^`Z�\_G(^ �/\(Q K S K �(Q
: V4R��vM]\ � N��]^ � K \_^z\(Q K /'R��>�&���
QBMOS K SARaG0N�Q4MOZ��ÖN�^`S 	 V4\(Ra\(M]^`Z!�	Q4R � K U K�K Z N�RaG0G0M K�L ^`VH\AV!�(MvZ��-\(Q K^hXiSj SA^ LHK ���BQBQ K
\ K S 	K G0Ra\(VHG K \_G0RTZ!�(M K Z�\%�l^TU4\(RTMOZ K�L Ra\ L M ?K G K Z�\ 	 G0^TU K �]^JN�Ra\(M]^`Z!�lQ4R � K U K�K Z&V'� K�L \_^°R��%� K �%�
\(Q K \(MvS K �(\ K�	 MvZ < V K Z4N K g � K G � �OM]\_\%� K � RaG0MvRa\(M]^`Z,QYR��&U K�K Z,^TU'� K G � K�L ^`ZØN�^`S 	 V4\(Ra\(M]^`Z4R��
G K �(V!�]\%� 	 G(^ L V4N K�L /*M]\(QâR	\(MvS K �_\ K�	 G K�L V4N K�L U � R`"�RTN�\_^TG#^�"�O\�


� 
��� � �»¾�� ��¼¦¾H¼���� �×½���º � ��¼¦ºz¾ �»¾����/º ��º
P�� K@]�	K N�\ K�L WJ\(Q K N�^ � L MOZvu K N�\(M]^`ZäN�G K Ra\ K �BR��_\_G0Ra\(M$5YN�Ra\(MO^`Z¹MvZz\(Q K N�^ � L � K ���4Q*Q K MvZ�\ K G%"�RTN K
U K \Y/ K�K ZÞN�^ � L RTZ L QH^T\ < V4M L	K@] \ K Z L �=\_^d/iRaG L �'\(Q KxL ^=/*Z4N�^`S K GiRTZ L \_^d/iRaG L �'\(Q K "�RaG K Z L
^�"=\(Q K � K �B�s5!�`VHG K T*V �t�AP���M]\xG K RTN0Q K �°\(Q KAL ^=/*Z4N�^`S K G�W»R^� K�	 RaG0Ra\(M]^`Z�^�N�N�VHGt��gx\(Q K N�^ � L
/'Ra\ K G�u K \1M>� L G0M � K Z!R)�`RTMOZ!�(\9\(Q K N�^TG K UoRaG(G K �JRTZ LAL ^ K �6ZH^T\9G K SARTMOZ!Ra\_\(RTN0Q K�L \_^�\(Q K � K �,� K �
�(M LHK �8kqRa\ K G�R��o^ �0N�M&�&�ORa\(M]^`Z'�9N�RTZ¹U K ^TU'� K G � K�L MOZz\(Q K#L ^d/*Z4N�^`S K G�W\�(\_G0RTM$�`Q�\=V4Z L4K G1\(Q K N�^ � L
� K �+�s5!�`VHG K Tdm��t�4Q*Q K�� ^TG�M$�`MOZ4Ra\ K MOZ!V4Z'�_\ K R L��!LHK \(RTN0Q4S K Z�\�W�G K N�M]G0N�V'�ORa\(M]^`Z!��RTZ L UoVH^ � RTZ4N �

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º G�O



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

F�M$�`VHG K T*n\g((R�11P�R�1�g � M K /��i^�"l\(Q K � K ^`S K \_G � RTZ L �TG0M L �

K@?:K N�\%���

P�Z�\(MON�M 	 Ra\(MvZ��&^ � K G�"�VH\(VHG K G K RTN�\_^TG��0MOS&V'�ORa\(M]^`Z!�2"�^TG K � R��OV4Ra\(MOZ!�c\(Q K G0SAR��#�]^`R L MOZ!�HW�M]\iScV!�_\
U K ZH^T\ K�L \(Q4Ra\ < ^d/{� K�	 RaG0Ra\(MO^`Z L G0M � MOZ��AN�^ � L /'Ra\ K GDu K \#Rd/'R � "�G(^`SÃ\(Q K � K �,� K ��/iR��&�lRTZ L
^ �(N�M&�&�ORa\(MO^`Z!�7^�"��ORaG%� K �(\_G0V4N�\(VHG K �qMOS 	 G(^ � MvZ��W/'Ra\ K G�SAM ] MOZ��nRaG K \0/'^#MOS 	 ^TG0\(RTZ�\ 	 Q K ZH^`S K Z4R
\(Q4Ra\��(Q4R��&�o\ K Z L \_^!G K�L VYN K \(Q K � K � K G0M]\ � ^�"q\(Q K \(Q K G0SAR��a�(QH^JN(d¹V4Z LHK G,�T^`Z K U � \(Q K � K �,� K ���

FlM&�`VHG K T*V\g'b�\_G0Ra\(M&5YN�Ra\(M]^`Z¹\_G0RTZ!�(M K Z�\ 	 G(^��TG K �%�iMOZÞN�^ � L � K �	RTZ L_< ^d/ � K�	 RaG0Ra\(M]^`ZâMOZ L ^=/*Z��
N�^`S K Ge� L ^`SARTMOZ¹M&�'N�^ �]^`VHG K�L U � \ K S 	K G0Ra\(VHG K MOZ^ K �&�(MvV!��WH�0Z4R 	 �(QH^T\%�'Q4R � K U K�K Zä\(Rad K Z×Ra\
n	RTZ L O�n`� K N�^`Z L �BR)"�\ K G�MOZ)u K N�\(M]^`Z^�(\(RaG(\ K�L �t�


� 
�� 
 � �»¾ �:¼���¼¦¾4¼������×½���º�����¼¦ºA¾��q¾����/º ��º
b�^-R��Ù\_^-R L4L R : V4RTZ�\(MO\(Ra\(M � K �(M LHK \_^á\(Q K_: VYR��OM$5YN�Ra\(M]^`ZÖ^�" Code Saturne

Wl\ K S 	:K G�Ra\(VHG K
\_G0RTZ!�(M K Z�\%�*QYR � K U K�K Z×N�^`S 	 RaG K�L \_^ K@]\	K G0MvS K Z�\(R�� L Ra\(RA^TU4\(RTMvZ K�L ^`Z×\(Q K (R�1=P�R�1S"�Rv�
N�M&�OM]\ � � 4 K /*M&�&�6N�^`Z4N K Z�\_G0Ra\ K Q K G K ^`Z R^" K / 	 G0^TU K ��^`Z!� � �oI [ P�RJ� O=P 	 G0^ � M LHK �ÙRáS	^TG K
LHK \(RTM&� K�L RTZ4R�� � �(M&�#RTZ L N�^`S 	 RaG0M>�_^`Z!��\_^ä^T\(Q K G
C�sFD� � �7N�^ LHK �t�t�bQBQ K �(VHU'� K*: V K Z�\�N�^`Z'�(M L �

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º G�G



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

FlM&�`VHG K TdmHg � �0N�M&�&�ORa\(M]^`Z'�ÙMOZ \(Q KâL ^=/*Z4N�^`S K GX� L ^`SARTMvZ M>�cN�^ �O^`VHG K�L U � \ K S 	K G0Ra\(VHG K MOZ
 K �&�(MOV'��Wv�0Z4R 	 �(QH^T\%�lQ4R � K U K�K Z&\(Rad K Z	Ra\��9n�W\mv�xRTZ L T����b� K N�^`Z L ��R)"�\ K G�MvZvu K N�\(MO^`Z
�_\(RaG0\ K�L �t�

K G0Ra\(M]^`Z!�D/*M&�&�JU K UoR�� K�L ^`Z6�TG0R 	 Q'� 	 G K � K Z�\(MOZ!� < V4M L \ K S 	K G0Ra\(VHG K �� K �&�(MOV!����R)�`RTMOZ!�_\=\(MOS K
�3� K N�^`Z L �t�i^TU4\(RTMOZ K�L Ra\*\(Q K �]^JN�Ra\(M]^`Z!���0QH^d/*ZÞ^`Z�5!�`VHG K T �\�

1

1

15

20 20

15

88

View from above

Probes locations

F�M$�`VHG K T �\g�k/^JN�Ra\(M]^`Zâ^�"8�_^`S Kb	 G(^TU K �e��\(Q K G0S	^JN�^`V 	 � K �t�t�

Pi\ 	 G(^TU K TaW85!�`V4G K T*MDMOZ L MON�Ra\ K �&\(Q4Ra\!\(Q K \_G�RTZ!�(M K Z�\ 	 G(^��TG K �%�c^�"B\(Q K �_\_G�Ra\(M$5YN�Ra\(M]^`ZØMOZ
\(Q K N�^ � L � K �,M>�`/ K �>�BG K�	 G0^ L VYN K�L � Pi\ 	 G(^TU K ��Wn\(Q K \_G�RTZ!�(M K Z�\äM&�zMOZ �T^�^ L R)�TG K�K S K Z�\
/*M]\(Q K@]\	K G0MOS K Z�\%��g!\(Q K N�^ � L < V4M L MOS 	 RTN�\&^`Z \(Q K N�^TG K UYRaG K �&�W»U K �]^=/ \(Q K N�^ � L � K �HW6M&�
N�R 	 \(VHG K�L �9Pi\ 	 G(^TU K ��T*ncRTZ L O)�JW��3�]^JN�Ra\ K�L Ra\nR��]^d/ K G 	 ^ �(M]\(M]^`ZäMOZ¹\(Q K#L ^d/*Z4N�^`S K G���WH\(Q K
\ K S 	K G0Ra\(VHG KÙL4K N�G K R�� K M&�nR��>�_^�/ K �&� 	 G K�L MvN�\ K�L �


� 
���� � ���»¿ � �qº�� � �qº
QBQ K N�R��ON�V!�ORa\(M]^`Z'� 	 G K � K Z�\ K�L Q K G K M&�&�vV!�_\_G0Ra\ K \(Q K MvZ�\ K �TG0Ra\(MO^`Z ^�"&Rq��sF�� � �i\_^�^ �xMOZ RTZ
MOZ L V!�(\_G0MOR���R 	!	 G(^`RTN�QB/�M]\(Q�Z�V4N�� K RaG
�0R)" K \ � Ra\
�_\(Rad K �XQ»^-N�^`S 	 � K \ K \(Q K_: VYR��OM$5YN�Ra\(M]^`ZÖ^�"
Code Saturne

"�^TG1\(Q4M&��N�^`Z�5!�`VHG�Ra\(M]^`Z7W`R L4L MO\(M]^`Z4R���� K Z!�(MO\(M � MO\ � \ K �_\%�1Q4R � K U K�K Z!N�RaG(G0M K�L ^`VH\
RTZ L G K �(V'�]\%�°Q4R � K U K�K Z N�^`S 	 RaG K�L \_^á\(QH^ � K�	 G0^ L VYN K�L U � ^T\(Q K GÙN�^`SAS K G0N�MOR��9N�^ LHK �;"�^TG
SARTZ � S	^TG K�	 G(^TU K �]^JN�Ra\(M]^`Z!���_QBQ4M&�C/'^TG(dãQ4R��e5YZ4R��&� �-LHK S	^`Z!�_\_G�Ra\ K�L \(Q K N�R 	 RaUYM&�OM]\ � ^�"
Code Saturne

\_^ãG K�	 G K � K Z�\`�_^`S K MvS 	 ^TG(\(RTZ�\ 	 Q K Z4^`S K Z4RD\(Q4Ra\AZ K�K�L \_^ãU K RTN�N�^`V4Z�\ K�L
"�^TGx\_^ K � R��OVYRa\ K RTN�N�V4G0Ra\ K � � \_G0RTZ'�(M K Z�\�\(Q K G�SAR��l�O^`R L MOZ��A^`ZFR�z �EMOZ��(SAR��&�qU4G K Rad��O^ �%�*^�"
N�^�^ �ORTZ�\�RTN�N�M LHK Z�\�N�^`Z L M]\(M]^`Z'���

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º G �



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´
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Exp.
Code_Saturne
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Fluid Temperature at Probe 8

Exp.
Code_Saturne
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Fluid Temperature at Probe 15

Exp.
Code_Saturne
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Fluid Temperature at Probe 20

Exp.
Code_Saturne

FlM&�`VHG K T*M\g^WR�11P�R�1 "�RTN�M&�vM]\ � �0MOS&V'�ORa\(M]^`Za�ãF��OV4M L \ K S 	K G0Ra\(VHG K \_G�RTZ!�(M K Z�\cRa\�� K � K N�\ K�L
	 G(^TU K �W�]^JN�Ra\(M]^`Z!���

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º G�n



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

��� � T ��
 
 ��� � ��� :���� ;=��� D���VX� ��B>B>������ D�V D�����
A�����iW � D�� 
X;��

���� � ���:¼¦½�����»¿T¼������
QBQ K G0SAR��\"�Ra\(M$�`V K ^�":\(Q K N�^�^ �vRTZ�\1N�MOG0N�V4M]\%�l^�" 	 G K �%�(V4G K /iRa\ K G9G K RTN�\_^TGC�3z-�.4 �KRe��� 	 �ORTZ�\%��M&�6R
SAR=u�^TGBM>�%�(V K "�^TGBZ�V4N�� K RaG��0R)" K \ � �DQBQ KC	 G0^TU'� K S M&� K � 	K N�MOR��&� � RTN�V4\ K MOZÞSAM ] MOZ��Ùe�^`Z K ��W!�OM]d K
Q(�~u_VYZ4N�\(M]^`Z!��Wl/*Q K G K R��ORaG%� KäL M ?K G K Z4N K ^�"(/iRa\ K Gc\ K S 	:K G�Ra\(VHG K U K \0/ K�K Z,\(Q K \0/'^ K Z�\_G �
U4G0RTZ4N�Q K �=RTZ L \(Q K Q4M$�`Q+� K � K �Y^�"7\(VHG0UYV!� K Z4N K N�RTZ_� K R L \_^
�ORaG,� K \ K S 	K G0Ra\(VHG K�< V4N�\(VYRa\(M]^`Z!�
Ra\Ù\(Q K /iR��&���_|�Z�\(M&�6G K N K Z�\%� � W��_\(V L M K �°^`Z�\(Q K SARa\_\ K G!Q4R L U K�K Z�\(RTN0d\� K�L Ra\
1 � F@V!�(MOZ��
�_\ K R L�� Re�sPe�sX
�Äb.�JS K \(QH^ L ��g�\(Q K�< V4M L�< ^d/ M&���_^ � � K�L /*M]\(Q¹R�C�sFD� � �HN�^ LHK V'�(MOZ��ÙRTZÞR � K Go�
R)� K�L S	^ LHK ��W)/*Q4MON�Q
� K R L �l\_^#\(Q K dJZH^=/�� K�L � K ^�"Y\(Q K S K RTZc\ K S 	K G0Ra\(V4G K RTZ L \ K S 	K G0Ra\(VHG K
� RaG0MvRTZ4N K Ra\ K RTN�Q 	 ^`MOZ�\n^�"»\(Q K /'R��&��� �'R�� K�L ^`Z×\(Q K � K G K �(V!�O\%��WJ\(Q K G0S	^`S K N�Q4RTZ4MON°N�^`S 	 V��
\(Ra\(M]^`Z!�1RaG K�	K G%"�^TG�S K�L \_^Ù^TU4\(RTMvZ	\(Q K V!�0R)� K "�RTN�\_^TGd�4L*^=/ K � K G�WJ\(Q K � K S K \(QH^ L �6^TU'�vM]\ K G0Ra\ K
RTZ � < V4M L V4Z!�(\ K R L���K@?K N�\%���3�OM]d K 	 QYR�� K �OR)�ãMOZ \(Q K \ K S 	K G0Ra\(VHG K ^ �(N�M&�>�ORa\(M]^`Z!�cU K \0/ K�K Z
\0/'^ 	 ^`MOZ�\%��Wl/*Q4MON�Q N�RTZ � K Z K G0Ra\ K MOS 	 ^TG(\(RTZ�\e�_\_G K �,� K ��W�^TG&\(Q K Q4M$�`QB"�G K*: V K ZYN � 5c�]\ K G0MOZ��
K@?:K N�\Þ^�";/iR��&�B\(Q K G0SAR��#MOZ K G(\(MORJW(/*QYMON0Q ZH^T\(MON K RaU'� � N�Q4RTZ�� K � < VYM L ��/iR��&�nQ K Ra\¹\_G0RTZ!�o" K G��t�
L K Z4N K W4R!Z K / S K \(QH^ L ^ �]^�� � ^�"»N�Q4RTMOZ K�L N�^`S 	 VH\(Ra\(M]^`Z!�iQ4R��iU K�K Z 	 G(^ 	 ^ � K�L W�\(Q4Ra\nR��&�]^=/��
\_^¹\(Rad K MvZ�\_^ÞRTN�N�^`V4Z�\#\(Q K � K V4Z!�_\ K R L�� RTZ L \(QHG K�K � L MOS K Z!�0M]^`Z4R�� K@?K N�\%���b7�\#QYR���U K�K ZDR 	 �
	 �OM K�L \_^!R�R K �(M L V4R��cL K Ra\WR K S	^ � R��4�3R�L�R��D� � �_\ K S /*Q K G K N�G0RTN0d\�nQ4R � K U K�K Z+"�^`V4Z L RTZ L
M LHK Z�\(M$5 K�L R��B^TG�M$�`MOZ4Ra\(MOZ!�`"�G(^`S�\(Q K G0SAR��a"�Ra\(M$�`V K � Code Saturne

M>�BV!� K�L \_^¹N�^`S 	 VH\ K \(Q K
< V4M L+< ^d/U/*MO\(QäRpk4�K1��Äb.�HS	^ L4K ��W9/*QYMON0Q6�`M � K �nRTN�N K �%�n\_^!\(Q K MOZ!�(\(RTZ�\(RTZ K ^`V'�i\ K S 	K G0Ra\(VHG K
< V4N�\(V4Ra\(M]^`Z'��� Code Saturne

M&�nN�^`V 	 � K�L \_^A\(Q K \(Q K G0SAR��/N�^ LHK b\xCR�Q�L�1'b:W�/*QYMON0Q 	 G(^ 	 Rv�
�`Ra\ K �B\(Q K \ K S 	K G0Ra\(VHG K�< VYN�\(V4Ra\(M]^`Z!�iMOZ�\_^!\(Q K /'R��&�o\(Q4MON0d�Z K �%���4QBQ K Z/W�\(Q K MOZ'�_\(RTZ�\(RTZ K ^`V!�
\ K S 	K G0Ra\(VHG K 5 K � L MOZ'�(M LHK \(Q K /'R��>�qM&�*\_G0RTZ!�o" K G K�L \_^ Code Aster

Wa1 � F \(Q K G�S	^`S K N0QYRTZ4MON
N�^ LHK W\_^ 	K G%"�^TG�S;S K N�Q4RTZ4MON�R��lN�^`S 	 VH\(Ra\(MO^`Z!�xRTZ L�� M K � L \(Q K MvZ!�_\(RTZ�\(RTZ K ^`V!�xS K N0QYRTZ4MON�R��
�_\_G K �%� K �&V4Z LHK G,�T^`Z K U � \(Q K Q(�~u(V4Z4N�\(MO^`ZãRTZ L \(Q K "�^ �&�]^=/*MOZ�� K �]U^=/;��QBQ K G K �0V!�]\%�x^�"'\(Q4M&�
54G,�_\e�(\(V L�� RaG K+	 G0^`SAM&�(MOZ!�HW/R��]\(QH^`V��`Q \(Q4M&��S K \(Q4^ L M>�e�_\(M&�>�8�ORaG%� K � � V4Z LHK G LHK � K �]^ 	 S K Z�\
RTZ L � R��OM L Ra\(M]^`Z��9b K�K;	 R 	K GeI z21=X � G=Pl"�^TG�"�V!�&� LHK \(RTM>�&���


���� & � ����� 
 �q½Ð¾H¼���� �
QBQ K � �]^TUYR��;� K ^`S K \_G � ^�"!\(Q K R�L�R%N�M]G�N�V4M]\âM&� 	 G K � K Z�\ K�L MOZ 5!�`VHG K O)��� � V K \_^ \(Q K
L M � N�V!�O\ � RTZ L \(Q K N�^ �_\B^�"�R6��sF�� � �YR 	!	 G0^`RTN0Q×V!�0MOZ��`kqRaG%� K 1 L4L�� bJMOScV!�ORa\(M]^`Z7W�^`Z!� � \(Q K
�(SAR��&� 	 ^TG(\(MO^`Z;�(VHG(G0^`V4Z L MOZ!�=\(Q K �]^�N�Ra\(MO^`Z;/*Q K G K N�G0RTN(d��lQ4R � K ^�N�N�VHG K�L Q4R��qU K�K Z
�(MOScV!�ORa\ K�L
��G K�L G K N�\(RTZ�� � K MOZ 5!�`V4G K O)�9�t�
7�Z¹\(Q4M&��� 	K N�M$5YN��_\(V L!� W�\(Q K QH^TG�M]e�^`Z�\(R��QH^T\'U4G0RTZYN0QÞRTZ L \(Q K � K G(\(MON�R��N�^ � L U4G0RTZYN0QÞRaG K � K \
G K � 	K N�\(M � K � � Ra\!R×\ K S 	K G0Ra\(VHG K ^�";T*V � LHK �TG K�K �` K �&�(MOV'��RTZ L �!T LHK �TG K�K �` K �&�0MOV!��� QBQ K
\_^T\(R�� < ^d/�G0Ra\ K M&��� K \#\_^¹U K T������ � ��� �ÖRTZ L \(Q K � K �]^JN�M]\ � G0Ra\(M]^¹U K \0/ K�K ZÖ\(Q K N�^ � L�< ^=/
U4G0RTZ4N�Q RTZ L \(Q K \_^T\(R�� < ^d/ G0Ra\ K M&�`O)���_��FH^TGA\(Q K /*Q4^ � K �(\(V L�� W6\0/'^�S K �(Q K �cQYR � K \_^
U K×L4K �(M$�`Z K�L gÞ^`Z K "�^TGA\(Q K^< V4M LØL ^`SARTMOZ/W1RTZ L \(Q K ^T\(Q K G�"�^TGz\(Q K �_^ �OM LØL ^`SzRTMOZa� QBQ K
< V4M L S K �(Q,N�^`Z�\(RTMOZ!� � ��TP�Hm)ODQ K@] R K�L G0MvNzN K �&�&��Wl/*QYM&� K \(Q K �_^ �OM L S K �(Q N�^`Z�\(RTMvZ!�`V � �4G�O)�
\ K \_G0RTQ K�L G0RJW#/*MO\(QáR � K G � 5YZ KcL M&�(N�G K \(MOe�Ra\(M]^`ZáZ K RaGx\(Q K MOZ4Z K G�/'R��>��WoMOZá^TG LHK G#\_^ 	 G(^ 	K G,� �
N�R 	 \(VHG K \(Q K MOZ!�_\(RTZ�\(RTZ K ^`V!�*\ K S 	K G0Ra\(VHG K � RaG0MORa\(M]^`Z'���


���� � � ��� � �q¼¦¾H¼�� � �q¾��9½���º � ��¼¦º
QBQ4M&�7N�R��ON�V'�ORa\(M]^`Zb�`M � K �»RTN�N K �%�»\_^*V4Z!�_\ K R L!� G K �0V!�]\%�7^`Z°\(Q K9K Z�\(MOG K �_^ �OM L RTZ Lb< V4M LxL ^`SzRTMOZ!���
T���� K N�^`Z L �»^�" 	 Q � �(MvN�R��`\(MOS K Q4R � K U K�K Ze�0MOS&V'�ORa\ K�L Wv/*Q4MON�Q&R��]G K R L�� N�^TG(G K � 	 ^`Z L �/\_^xR � K G �
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cold branch

hot branch

Modelled zone

FlM&�`VHG K O)��g1b�d K \(N0Qz^�"o\(Q K R�L�R�Ra\�iM � RTV ] T;�s"�^TG�S K G1N�^`Z�5!�`V4G0Ra\(M]^`Zc�lRTZ L S	^ L4K �&� K�L e�^`Z K

�ORaG%� K N�^`S 	 VH\(Ra\(M]^`Z4R�� K@? ^TG(\���RaG0^`V4Z L T�O)����Q4^`VHG,��^�"�(z2| ^`ZAR�FYVvu_MO\%�(V ��zDzDn)����� � K N�\_^TG
SARTN0Q4MvZ K �t�&P��&�l\(Q K G0SAR���G K �(V!�]\%�xRaG K�	 G K � K Z�\ K�L MOZÖZH^`Z�� L MOS K Z!�0M]^`Z4R�� � RaG0MORaUc� K � ��� K \ ��� � 
 !RTZ L � Q���O U K \(Q K N�^ � L RTZ L QH^T\	\ K S 	K G0Ra\(V4G K �	MOZ \(Q K U4G0RTZYN0Q K ��W1\(Q K ZH^`Z�� L MOS K Z!�(M]^`Z4R��
\ K S 	K G0Ra\(VHG K M>�nN�R��ON�V!�ORa\ K�L R�� � � ! $ � � � RaG � MOZ��!U K \0/ K�K Z��ARTZ L Td�tg

� � ! $ � /
� i ���

�

 !� Q�� O i ���
�

 !

FlM&�`VHG K O�Te�`M � K ��R+�(Z4R 	 �(Q4^T\B^�"6\(Q K;< VYM L MOZ!�_\(RTZ�\(RTZ K ^`V!�*\ K S 	K G0Ra\(VHG K 5 K � L MOZ×\(Q K � � S��
S K \_G �y	 �vRTZ K Ra\!\(Q K+	 Q � �(MON�R��1\(MOS K M / � f � � Z K SzR � ZH^T\(MvN K \(Q K � K G � N�^`S 	 � K@] QH^T\
RTZ L N�^ � L �(\_G0V4N�\(VHG K ��WJRTZ LzK � 	K N�MOR��>� � \(QH^ � K N�G K Ra\ K�L Ra\i\(Q K \(Q K u(V4Z4N�\(MO^`Zz^�"/\(Q K \Y/=^�u K \%��W
RTZ L N�^`Z � K N�\ K�L "�VHG(\(Q K GBR*/iR � �nF�M$�`VHG K O�O`�0QH^d/��B\(Q K MOZ!�(\(RTZ�\(RTZ K ^`V'�B\ K S 	K G0Ra\(VHG K MOZÞ\(Q K
�_^ �OM L W/R��>�_^âRa\�\(MOS K M / � f ��7�\xM>�°N�� K RaG�\(Q4Ra\°\(Q K 5 K � L M&�°S&VYN0Qy�(SA^�^T\(Q K G°\(QYRTZ�MOZD\(Q K
< V4M L WJU K N�RTV!� K ^�"�\(Q K �(\_G(^`Z��zRa\_\ K Z�V4Ra\(M]^`Z L V K \_^A\(Q K \(Q K G0SAR��/MOZ K G(\(MORc^�"�\(Q K /'R��>���

F�M$�`V4G K O�T)g27�Z!�_\(RTZ�\(RTZ K ^`V!� < V4M L \ K S 	K G0Ra\(VHG K 5 K � L MOZÞ\(Q K � � SAS K \_G �6	 �ORTZ K � M / � f �
7�Z \(Q K �_\(V L�� ^`Z,\(Q K G0SAR��D"�Ra\(M$�`V K W9\(Q K Q K Ra\!\_G0RTZ!�o" K G�"�G(^`S \(Q K_< V4M L \_^Ö\(Q K /'R��&�iM&�cR
N�G0M]\(MON�R���M&�%�(V K �}QBQ K G K "�^TG K W(/ K �(Q4R��>�BZH^d/ "�^JN�V!�z^`Z 	 ^`MOZ�\%�+�]^JN�Ra\ K�L Ra\ä\(Q K�< VYM L Iv�_^ �OM L
MOZ�\ K G,"�RTN K �AF�M$�`VHG K O�GâN�^`S 	 RaG K ��\(Q K`< V4M L RTZ L �(^ �OM L \ K S 	K G0Ra\(VHG K`	 G(^�5'� K �xRa\ÙMvZ�\ K G%"�RTN K
	 ^`MvZ�\�CT*O���N@"Y��5!�`VHG K O�O �t�(7�\BG K � K R��&�B\(Q K �_\_G(^`Z��äRa\_\ K Z�V4Ra\(MO^`Zá^�"�\(Q K /iR��&�q\ K S 	K G0Ra\(VHG K
�(M$�`Z4R��lN�^`S 	 RaG K�L \_^Þ\(Q K � K G �X< V4N�\(VYRa\(MOZ��A\ K S 	K G0Ra\(V4G K �0M$�`Z4R��/^�"1\(Q K
< V4M L MOZ-\(Q K Z K RaG
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F�M$�`VHG K O�O\g47�Z!�_\(RTZ�\(RTZ K ^`V!���_^ �OM L \ K S 	:K G�Ra\(VHG K 5 K � L � M / � f �
/'R��&�JG K �`M]^`Za��QBQ4M&��Ra\_\ K Z�V4Ra\(M]^`ZzM>� L V K \_^°\(Q K \(Q K G0SzR��HMOZ K G(\(MOR�^�":\(Q K /'R��>��RTZ L M&�8�_\_G(^`Z�� � �
LHK�	K Z LHK Z�\Ù^`Z \(Q K "�G K*: V K Z4N � ^�"�\(Q K_< V4N�\(V4Ra\(M]^`Z'����QBQYM&� LHK�	K Z L4K Z4N K M&�cZ4Ra\(VHG�R��&� � G K �
	 G(^ L V4N K�L U � ^`VHGAVYZ!�_\ K R L�� �(MOScV!�ORa\(M]^`Z'��W8/*Q K G K R��zM]\AM&�!\_^T\(R��&� � V4ZHG K RTN0Q4RaU'� K \(Q4G(^`V��`Q
R 	!	 G(^`RTN�Q K �BUYR�� K�L ^`Z�R K�� ZH^ � L �f�ÑR � K G�R)� K�L X#R � M K Go��b�\_^Td K � K*: VYRa\(M]^`Z!�e�3Re�sPe�sX
�Äb.���t�
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Section C1 : Fluid and solid temperature (internal side) upper elbow

"sol_C12" u 1:4
"flu_C12" u 1:4

FlM&�`VHG K O�G\g1F��OV4M L �s�TG K�K Zc�=RTZ L �_^ �OM L ��G K�L �9\ K S 	K G0Ra\(VHG K�K � ^ �OV4\(M]^`ZÞRa\ < V4M L Iv�_^ �vM LHK MOZ�\ K Go�
"�RTN K Ra\ 	 ^`MOZ�\�CT*O

QBQ K G K �(V!�O\%�x^�"=\(Q K � K �(MOScV!�ORa\(M]^`Z!�#N�RTZ�R��&�(^âU K N�^`S 	 RaG K�L \_^ K@]�	:K G�MOS K Z�\(R�� L Ra\(RÞ\(Rad K Z
"�G(^`S ^`Z��0�0M]\ K S K R��(VHG K S K Z�\%���F7�\p�(Q4^`V!� Ly�TK \!U K VYZ LHK G,�OMvZ K�L \(Q4Ra\!^`Z��0�(M]\ K G K N�^TG L MOZ��á^�"
\(Q K \ K S 	K G0Ra\(VHG K MvZ!�(M LHK \(Q K`	 M 	K M&�xZH^T\ 	 ^ �%�(M]Uc� K �eL K Z4N K Wq\(Q K S K R��(VHG K S K Z�\%�°^�"'\ K S��
	:K G�Ra\(VHG K MOZâ\(Q K;	 M 	K Ra\B\(Q K;< V4M L Iv�_^ �vM L MvZ�\ K G%"�RTN K RaG K MOZ^"�RTN�\*^TU4\(RTMOZ K�L MOZ L MOG K N�\%� � "�G(^`S
LHK "�^TG�SARa\(M]^`Z 	 G(^TU K �B^`Z×\(Q K ^`VH\%�(M LHK;	 RaG(\*^�"6\(Q K /iR��&���iP��>�_^HWY\(Q K N0Q4RaG0RTN�\ K G�M&�_\(MON���^�"6\(Q K
^`Z��0�(M]\ K N�^`Z�5!�`VHG�Ra\(M]^`Z L M ?K GD�%�OM&�`Q�\%� � "�G(^`S \(Q K �(MOScV!�ORa\(M]^`Z ��O�O\��O � ^`Z��0�(M]\ K � K �]^JN�M]\ � G0Ra\(M]^
MOZ!�_\ K R L ^�"�O)��� RTZ L T�� O�n � � � � ^`Z��0�(M]\ K6< ^d/ MOZ!�(\ K R L ^�";T������ � � � �c�t� [ ^TG K ^ � K G	\(Q K
�]^�N�Ra\(MO^`Z!�B^�"6\(Q K
	 G(^TU K � L M ?:K G��%�OM$�`Q�\%� � W!�(MOZYN K M]\*M&��MOS 	 ^ �%�(MOU'� K ^`Z��0�(M]\ K \_^äMOZ!�(\(R��&� 	 G(^TU K �

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º G �



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

^`Z�\(Q K � � SAS K \_G ��	 �ORTZ K �äF�M$�`V4G K �eO ���(Q4^d/��Ù\ K S 	K G0Ra\(VHG K`	 G0^�5'� K �+��^ � K G�G^� K N�^`Z L ��^�"
	 Q � �(MON�R��Y\(MOS K �l\(Rad K Z_"�G(^`S K@]�	K G0MOS K Z�\(R�� L Ra\(RÙRTZ L "�G0^`S÷\(Q K �(MOScV!�ORa\(M]^`Z7W`Ra\ 	 ^`MOZ�\�CT*O\�
7�\iR 	!	K RaG,�9\(QYRa\=\(Q K \(VHG(UoV!� K Z�\ < V4N�\(V4Ra\(MvZ�� 	 Q K Z4^`S K Z4Re� K�K S \_^cU K / K �&�YN�R 	 \(VHG K�L W�\(Q4Ra\
< V4N�\(V4Ra\(M]^`ZâRTS 	 �OM]\(V L4K � K�K S��B\_^	U K ^�"»\(Q K G0M$�`Q�\i^TG LHK GnRTZ L \(Q4Ra\n\(Q K°K@]�	K G0MOS K Z�\(R��RTZ L
�(MOScV!�ORa\ K�L �(M$�`Z4R��&��� K�K S \_^âQ4R � K �(MvSAM&�ORaG�"�G K*: V K Z4N�M K �*�°bJMvSAM&�ORaGBG K �(V!�]\%�#RaG K ^TU4\(RTMOZ K�L ^`Z
\(Q K ^T\(Q K G#S K R��(VHG K S K Z�\ 	 ^`MOZ�\%���
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Section C1 : Computed and experimental temperature (internal side) upper elbow

"sec1_cal" u 1:4
"sec1_exp" u 1:2

FlM&�`VHG K O ��g;1 ]�	K G0MOS K Z�\(R����s�TG K�K Zc�xRTZ L �(MOScV!�ORa\ K�L ��G K�L ���_^ �OM L \ K S 	K G0Ra\(VHG Kp	 G(^�5'� K �xRa\
< V4M L Iv�(^ �OM L MOZ�\ K G,"�RTN K WYRa\ 	 ^`MvZ�\�CT*O

1 � K Z�\(V4R��&� � W-�(MOZ4N K \(Q K R 	'	 G(^`RTN0Qy�`M � K �ÙRTN�N K �%�Ù\_^×\(Q K MvZ!�_\(RTZ�\(RTZ K ^`V!�°\ K S 	K G0Ra\(V4G K	K � ^)�
�OVH\(M]^`Z7WY^`Z K SzR � R��&�_^¹R 	!	 � � V!�0V4R���� 	K N�\_G0R��lRTZ4R�� � �(M&���nF�M$�`VHG K O�n 	 G K � K Z�\%�*\(Q K b 	K N�\_G0R��
��K Z'�(M]\ � zl^d/ K G9^TU4\(RTMOZ K�L "�G(^`S K@]�	:K G�MOS K Z�\(R��\�0M$�`Z4R��&�(��^`Z��0�(M]\ K RTZ L R°S	^JN(dH�ÑV 	 �»RTZ L "�G(^`S
\(Q K k2�K1��Äb.�oR 	!	 G(^`RTN�Q�"�^TG#\(Q Ke	 G0^TU K �]^�N�Ra\ K�L Ra\#\(Q K �_^ �vM L I < V4M L MOZ�\ K G,"�RTN K Ra\ 	 ^`MOZ�\�1���T
��N@"Y��5!�`VHG K O�O �t��QBQ KäK@]\	K G0MvS K Z�\(R��2� 	K N�\_G0V4S � K�K S��p�%�OM$�`Q�\%� � �(S	^�^T\(Q K G*��QBQYM&�ÙM&� L V K
\_^×\(Q K "�RTN�\°\(Q4Ra\�\(Q K!K@]�	:K G�MOS K Z�\(R��1b � z Q4R��°U K�K Z L ^`Z K ^`Z�RXV)��� f 	K G0M]^ L /�Q4M&� K \(Q K
k4�K1��Äb!^`Z K M&��UYR�� K�L ^`Z!� � ^`Z	R
G f \(MOS K MvZ�\ K G � R���W�/*QYMON0Q�"�^TG(UYM L �»\(Q K V!� K ^�"RTZ � R � K G0R)�`MvZ��
� 	K N�\_G0R��:\ K N0Q4Z4M : V K �9X K � K G(\(Q K � K �%��WH\(Q KxL M ?K G K Z�\ 	 G0^�5'� K ��� K�K S�MOZ6�T^�^ L R)�TG K�K S K Z�\�WYRTZ L
ZH^`Z K ^�"�\(Q K S �(Q4^d/��BRTZ � � 	K N�M$5YN�"�G K*: V K Z4N �6	K Rad.�


����� � ���»¿ � �qº�� � �"¾ ���	� ��½�º � ��¿`¼�������º
7�Z3\(Q K �_\(V L!� 	 G K � K Z�\ K�L Q K G K W Code Saturne

Q4R��DU K�K Z V!� K�L \_^ 	 G K�L MON�\-\(Q K \(Q4G K�K �
L MOS K Z!�0M]^`Z4R��1VYZ!�_\ K R L�� \ K S 	K G0Ra\(V4G K6< V4N�\(V4Ra\(M]^`Z!�cMOZ R�QW�~u_V4ZYN�\(M]^`Z,V'�(MOZ�� kqRaG%� K 1 LYL��
bJMOScV!�ORa\(M]^`ZF"�^TGÙ\(Q K+< V4M LãL ^`SzRTMOZ�RTZ L R^"�V'�&�6N�^`V 	 �OMvZ��^/*M]\(QÖ\(Q K G�SAR��1N�^ LHK bHxbR�Q�L�1'b
\_^ 	 G(^ 	 R)�`Ra\ K \(Q K \ K S 	:K G�Ra\(VHG K MvZá\(Q K /iR��&�/\(Q4MvN(dJZ K �%����QBQ K � K �_^ �OM L \(Q K G0SAR��l5 K � L ��/*M&�&�
\(Q K ZÞU K#K@]�	 �]^`MO\ K�L /*M]\(QÞR!S K N0Q4RTZYMON�R��7\_^�^ �\_^	^TU4\(RTMOZÞ\(Q K G0SzR��&� � MOZ L V4N K�L �_\_G K �%� K �*�2QBQ K
k4�K1��Äb#�4R 	!	 G(^`RTN�QX� K�K S�� � K G �_	 G(^`SzM&�(MOZ��
/*Q K ZâN�^`S 	 RaG K�L \_^ K@]�	:K G�MOS K Z�\(R�� L Ra\(RJW4\_^`� K \
RâU K \_\ K G�V4Z LHK G,�(\(RTZ L MOZ��ÞRTZ L dJZH^d/�� K�L � K ^�"'\(Q K MOZ!�_\(RTZ�\(RTZ K ^`V!�x\(Q K G0SAR��8�]^`R L �e� K�K ZÖU �

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º G�M



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

FlM&�`VHG K O�n\gD1 ]\	K G0MvS K Z�\(R��RTZ L k4�K1��Äb#�!�_^ �OM L \ K S 	K G0Ra\(V4G K b � z�Ra\ 	 ^`MOZ�\�1���T

	 M 	K /=^TG0d\��WHR��]\(Q4^`V��`Q×M]\BM&���_\(M&�&� � K G � N�^ �_\%� � MOZÞ\ K G�S��n^�"2(z2|3RTZ L N�^`S 	 VH\(MOZ��AS K S	^TG � �
F4VHG(\(Q K G��_\(V L M K �nRaG Ke	 �vRTZ4Z K�L Ra\�1 � F \_^zMOS 	 G0^ � K (zD|�R�� 	K N�\%�*RTZ L N�^`Z!54G0S�^`Zá^T\(Q K G
MOZ L V!�(\_G0MOR��/N�^`Z�5'�`VHG0Ra\(M]^`Z!�#\(Q K RaUYM>�OM]\ � RTZ L \(Q K Q4M&�`Q-MOZ�\ K G K �_\x^�"=\(Q K \(Q K G0SAR��&� � N�^`V 	 � K�L
R 	!	 G(^`RTN�Q 	 G K � K Z�\ K�L Q K G K �

� � �1�!�1�7�B�°56���!59���!8:�0���!8��B�!��$¹�9�78:$¹�95l
7���#�98 ����� Code Saturne
4 K Q4R � K�LHK �0N�G0M]U K�L \(Q K 5oZ4M]\ K � ^ �OV4S K S K \(QH^ L MOS 	 � K S K Z�\ K�L MOZ Code Saturne

"�^TG(�vRTSAM~�
Z4RaGqRTZ L \(V4G(UYV!� K Z�\ < ^d/��qMOZ°N�^`S 	 � K@] \Y/=^)�RTZ L \(QHG K�K � L MOS K Z!�0M]^`Z4R��v� K ^`S K \_G0M K �*�-7�Z°\(MOS K W�R
	 G K�L MON�\_^TG%�ÑN�^TG(G K N�\_^TGnS K \(QH^ L M&�'V!� K�L "�^TG'\(Q K X�R � M K G%��b�\_^Td K � K*: VYRa\(M]^`Z!���8QBQ K � 	 Ra\(MOR�� L M&�f�
N�G K \(M]e�Ra\(M]^`ZäM&�6UYR�� K�L ^`Z	\(Q K "�V!�&� � N�^`Z!� K G � Ra\(M � K WJV4Z!�(\_G0V4N�\(VHG K�L 5oZ4M]\ K � ^ �OV4S K "�G0RTS K /=^TG(d:W
/*M]\(Q�R "�V!�&� � N�^)�0�]^JN�Ra\ K�L RaG(G0RTZ�� K S K Z�\_"�^TGÞR��&� � RaG0MORaUc� K ��� Q»^ S K�K \ä\(Q K G K*: V4M]G K S K Z�\%�
^�"�\(Q K MOZ L V!�_\_G0MvR��6\(RaG%� K \zR 	!	 �OMON�Ra\(M]^`Z!��W9R��$�T^TG0M]\(Q4S+�
"�^TGAS K �(QØSARTZYR)� K S K Z�\äQ4R � K U K�K Z
LHK � K �]^ 	K�L \(Q4Ra\�R��&�]^=/3\_^âV!� K Q � UYG0M L S K �(Q K �xN�^`Z�\(RTMOZ4MOZ��ÞRaG(UYMO\_G0RaG � MOZ�\ K G%"�RTN K �°RTZ L RTZ �
d�MOZ L ^�"�N K �>�&���4L K Z4N K Wc� 	K N�M$5oN K@? ^TG(\#Q4R��BR��&�_^zU K�K Z L4K � ^T\ K�L \_^zMvS 	 � K S K Z�\��(Ra\(M&�%"�RTN�\_^TG �
�(N0Q K S K �»\_^°N�^`S 	 VH\ K �TG�R L M K Z�\%�»Ra\�N K �&��N K Z�\_G K ��^`ZcR�/*M LHK G�RTZ�� K ^�"oV4Z!�_\_G0VYN�\(VHG K�L S K �0Q K ���

bJMOZ4N K O)�����JW9\(Q K N�^ LHK M&�&U K MOZ��áV!� K�L "�^TGcMvZ L V!�_\_G�MOR��6R 	!	 �OMvN�Ra\(M]^`Z!�ÙRTZ L G K � K RaG0N0QØRTN�\(M � M~�
\(M K �9MOZ`� K � K G�R��!5 K � L ��G K �ORa\ K�L \_^ K Z K G%� ��	 G(^ L V4N�\(M]^`Z^��Z�V4N�� K RaG 	 ^d/ K G1\(Q K G0SAR��~�ÑQ ��L G0RTV!�OMON���W
�`R��ARTZ L N�^`R��BN�^`S&UYV!�_\(MO^`Z7W1\(VHG0U:^`SzRTN0Q4MOZ K G � W9Q K Ra\(MOZ��HW � K Z�\(M>�ORa\(M]^`Z RTZ L RTM]G	N�^`Z L M]\(M]^`Z��
MOZ��H�t�4QBQ K G K*: V4M]G K S K Z�\�"�^TGnMOS 	 G(^ � MOZ��&G(^TUYV!�(\(Z K �%�iRTZ L_	 G K N�M&�0M]^`Zz^�"lZ�VYS K G0MON�R��.�(N0Q K S K �
U K N�^`S K �cR��>�1\(Q K S	^TG K R 	!	 RaG K Z�\!R��&\(Q K N�^`S 	 � K@] M]\ � ^�" 	 Q � �0MON�R��=SA^ LHK �>�OMOZ��âMOZ4N�G K R�� K ���
P 	 RaG0\+"�G(^`S "�V4Z L RTS K Z�\(R���/=^TG(dØ^`Z G(^TUYV!�(\(Z K �%�ARTZ LS	 G K N�M&�0M]^`Z �s"�^TG K@] RTS 	 � K "�^TG_�TG0Rv�
L M K Z�\ÞN�R��vN�V!�ORa\(M]^`Z�^`Z RaG0UYM]\_G0RaG � S K �(Q K �t��WC"�VH\(VHG KÖLHK � K �]^ 	 S K Z�\%�X/*M&�&��"�^JN�V!�Þ^`Z k»RaG%� K
1 L4L�� bJMOScV!�ORa\(MO^`Z7W K � 	K N�MOR��&� � "�^TG*VYZ!�_\ K R L�� \(Q K G0SAR�� K@?:K N�\%��^`ZX�_\_G�V4N�\(VHG K �e��\(Q K G0SAR���"�Rv�
\(M$�`V K WnN�G0RTN(d��OMOZ!�H�t�"X K � K G(\(Q K � K �,��WWR;�sP
�sXe�Äb.�'S	^ LHK �&�OMOZ!��/*M>�&�iG K N K M � K "�VHG0\(Q K GARa\_\ K Z�\(MO^`Z
� � Ov"6I � |�R M�G=P+I k�7 � M�V=PW h�i�� I [ 1=X M �)PWxb4b � Isb4b � M�T�PW
�$�$���t� [ ^ LHK ��RTZ L N�^ LHK
N�^`V 	 �OMOZ!�×RaG K R��&�(^ L ^`SARTMvZ!�°^�"BMOZ�\ K G K �_\&\(Q4Ra\
/�M&�&��G K*: V4M]G K Ra\_\ K Z�\(M]^`ZU�3� � �YG � N�^`V 	 �OMOZ��HW
L�� ZYRTSAMON*RTZ L \(Q K G0SAR�� < V4M L �0�(\_G0V4N�\(VHG K MOZ�\ K G�RTN�\(M]^`Z7W�e�^`Z4R��S	^ L4K �&�OMOZ��&N�^`V 	 � K�L \_^&G K 5YZ K�L
�(MOScV!�ORa\(M]^`Z7W�k2�K1��Äb.� IvRe�sPe�sX
�Äb.�oN�^`V 	 �OMOZ��HW�11V'� K G IvkqR)�TG�RTZ�� K N�^`V 	 �vMOZ��H�t�
1 � K Z�\(V4R��&� � W�\(Q K V!� K ^�" Code Saturne

R��=R;� K Z K G0R��$� 	 VHG 	 ^ � K ��sF�� � ��N�^ LHK "�^TG 	 G(^ L V4N�\(M]^`Z

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º � �



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

RTZ L R��°R LHK � K �]^ 	 S K Z�\ 	 �vRa\o"�^TG0S /*M>�&�qU K "�V4G(\(Q K G K@] \ K Z LHK�L \_^×RâN�^`SAScV4Z4M]\ � ^�"=MvZ L V!�f�
\_G0MOR�� 	 RaG(\(Z K G,�'RTZ L V4Z4M � K Gt�(M]\(M K � LHK \ K G0SAMOZ K�L \_^ 	 RaG(\(MON�M 	 Ra\ K MvZ+R�� � /'^TG(dA^`ZÞZ�VYS K G0MON�R��
�(N0Q K S K �*RTZ L^	 Q � �(MON�R��7S	^ LHK �&�vMOZ����

Qq^X�(V 	!	 � K S K Z�\#\(Q K�	 RTZH^TG0RTSARJW»M]\°M&� 	 ^`MvZ�\ K�L ^`VH\x\(Q4Ra\b"�^TG�Q4M&�(\_^TG0MON�R��lG K R��_^`Z!��W/\(Q K	L ^)�
SARTMOZâ^�"6R 	!	 �vMON�Ra\(M]^`ZâR L4L G K �%� K�L U � Code Saturne

M&� K �,� K Z�\(MvR��&� � �OMOSAM]\ K�L \_^_�(MOZ�� � K � 	 Q4R�� K
< ^d/���W�/*M]\(Q K@] \ K Z!�(M]^`Z'�x\_^×S&V!�O\(M 	 Q4R�� Kp	 G(^TUc� K S���/*Q K G K QH^`SA^�� K Z K ^`V!�ÙR 	'	 G(^`RTN0Q K ��RaG K
� R��OM L � 	 V!� � K G0M]e K�L N�^`R��4"�^TG K@] RTS 	 � K ��^TGe"�^TGb/*QYMON0QÖR^kqR)�TG�RTZ��`MORTZ�S K \(Q4^ L M&�°MvZ L MON�Ra\ K�L
� 	 RaG(\(MON�� KÞLHK�	 ^ �(M]\(MO^`Zw"�^TG K@] RTS 	 � K �t�ÖX K � K G(\(Q K � K �%��W Code Saturne

M>�&R��&�(^-\(Q K UYR��(M>�e"�^TG
Mercure Saturne

W-1 � F �_^�"�\Y/'RaG K "�^TG&Ra\(S	^ � 	 Q K G0MON+�(MOScV!�ORa\(M]^`Z!�*� [ ^TG K ^ � K G�W9\(Q K �_\_G0V4N��
\(VHG K ^�" Code Saturne

RTZ L \(Q K d K�� " K Ra\(VHG K �¹^�"°\(Q K R��$�T^TG0MO\(Q4S QYR � K U K�K Z"V!� K�L R��ÞR
�_\(RaG(\(MOZ�� 	 ^`MOZ�\p"�^TGARTZ�1=V!� K G0MvRTZ,ScV!�]\(M 	 Q4R�� K � K Gt�(M]^`Z7W Saturne Polyphasique

��QBQ K �ORa\f�
\ K GAQ4R����(MOZ4N K \(Q K ZØU K Z K 54\ K�L "�G0^`S RF�(V'�_\(RTMOZ K�L LHK � K �]^ 	 S K Z�\ K@? ^TG(\�� Pi\	\(Q K_	 G K � K Z�\
\(MOS K W Saturne Polyphasique

N�^`Z!�_\(M]\(V4\ K �z\(Q K UYR��(M&�+"�^TG¹\(Q K G K 5YZ K�L \(QHG K�K � L MOS K Z!�(M]^`Z4R��
\(Q K G0SAR��~�ÑQ �JL G0RTV!�OMvN4�_\ K RTS���/iRa\ K G < ^=/q�0MOS&V'�ORa\(M]^`Z!��/*M]\(Q4MOZe1 � Fl��(11Pwu�^`MOZ�\ LHK � K �]^ 	 S K Z�\
	 G(^��TG0RTSAS K6A X�12z2Q�|�X�12E+I � 1Dk�� G=P4IK(L�P�� G=P4I [ 1((� G=P��4QBQ K N�^ LHK R��&�_^ÙN�^`Z�\_G0M]UYV4\ K �9\_^
\(Q K G K � K RaG0N�Q^/'^TG(d¹N�RaG0G0M K�L ^`VH\nRa\B\(Q K 7�Z!�_\(M]\(V4\ L4K°[ IK N�RTZ4M : V KÙLHK �nF��OVYM LHK � LHK Qq^`V'�]^`V!� K
^`Z � RaG0M]^`V!�nScV!�]\(M 	 Q4R�� KC< ^d/���W�/*M]\(Q �`R��*^TG��_^ �OM L MvZ4N��OV!�(MO^`Z!��IsbYb � ���)PWI F�z'b ���)P��
��� CE5��*�=<3�0�9� �*�=���1�#
8
QBQ K RTVH\(QH^TG,�C/'^`V!� L �OM]d K \_^âV4Z LHK G,�vMOZ K \(Q4Ra\x\(Q4M>� 	 R 	:K GxM&�#UYR�� K�L ^`ZÖ\(Q K /'^TG(d×^�"'SARTZ �
^T\(Q K G=N�^`Z�\_G0M]UYV4\_^TG,��W "�G(^`S L4K � K �]^ 	K G9\_^ K Z L V'� K G�W�\_^e/*QH^`S \(Q K�� RaG K S	^ �_\4�TG0Ra\ K "�V!��W�RTZ L
K � 	K N�MOR��&� � g&b�^�5YRTZ K � K Z4QYRTSAR L ^`V4N�Q K W-k»V L ^ � MON �zIK Z4M]\_^HW�P�� K@] RTZ L G K�� R � G(^`V ] WlP�� K@] RTZ��
L G K+� ^`V4N K W�P��vRTMOZy12�0N�RTMON0Q7W�x � RTZ F4^`VHG0Z4M K G¦W �'G0M$�`M]\_\ K � K �_\�WlP��ORTMOZ [ RaG(\(MvZ7W �xVYM&�&�ORTV4S K
zcIK G0M$�`RTV L W�� K RTZ��0k»V4NbRB^`V'�%� K \*RTZ L |��T^¹bHN0Q	�V4N0dc�
QBQ K RTV4\(QH^TG,�xR��&�_^6/*M&�(Qá\_^ K@]�	 G K �%��\(Q K M]GC�(MOZYN K G K �TG0Ra\(MO\(V LHK \_^
� K RTZ�� [ RaG0N�LâIK G0RaG L W � ^)�
SAMOZ4M : V K kqRTV4G K Z4N K W�� K RTZ��0z=M K G(G K=[ MOZ4M K G�W)iQ4G0M&�_\_^ 	 Q K z!IK Z4M$�`V K ��W)z1M K G(G K z2�vM]^`Z�RTZ L bHRTZ L G(^
� R���b K N�N�^�"�^TGB\(Q K M]G 	:K G0\(MOZ K Z�\iR L � MON K �
1 � K Z�\(V4R��&� � W=\(Q K RTVH\(QH^TG,��/'^`V!� L �OMOd K \_^ 	 ^`MOZ�\!^`VH\	\(Q4Ra\	\(Q4M>�
/'^TG(dØQ4R��!U K�K Z 	 ^ �%�(M]U'� K
\(Q4RTZHd��x\_^X1 � F �_\_G0Ra\ K �`MON	N�QH^`MON K ��RTZ L R�� � "�V4Z L MOZ��6"�^TG LHK � K �O^ 	 MOZ��X��sF�� � ���_^�"�\0/iRaG K
RTZ LâK@]�	:K G0\(M&� K ^`Z×Z�V4S K G0MvN�R��7S K \(QH^ L ���

��� C $	$¹�1�!�A� � CÃ�÷56���x
�0�Ù�!���!8 ���Ù�!�'
7�(���!8 ����� 
�!�/.	�	�0�1�!56�
�%���	�1���0�0� �

� �P��� �Z� D�
V �=;>? D�CVX�
Qq^DN��]^ � K � � �_\ K S �fT*O ��W�\(VHG(UYV'� K Z�\�N�^TG0G K �ORa\(M]^`Z!�&Z K�K�L \_^-U K S	^ LHK �&� K�L �¹PJ"�RTMOG,� � �0MOS 	 � K
UYVH\8/*M L4K � � V!� K�L R 	!	 G(^`RTN�Q�"�^TG=MOZ L V!�_\_G0MvR���R 	!	 �OMON�Ra\(M]^`Z!��G K �OM K ��^`Z K�LYL�� � � M&�(N�^ �0M]\ � S	^ LHK �&���4 K*LHK �(N�G0MOU K Q K G K R)"�\ K G9\(Q K�A �(\(RTZ L RaG L E°QYM$�`Q��0R K�� ZH^ � L �f�ÑZ�VYSÙU K G hDi`j S	^ L4K �J^�".k»RTV4Z LHK G
RTZ L b 	 R�� L MvZ���I kqPW|JmZ�)P���X K � K G(\(Q K � K �%��W7ZH^ K�L4L�� � � M>�(N�^ �(M]\ � S	^ LHK ��WoQ4^d/ K � K G K �ORaU^TG0Ra\ K W
N�RTZ RTN�N�^`V4Z�\
"�^TGÙRTZ4M>�_^T\_G(^ 	\� ^�"'\(VHG(UoV!� K Z4N K W�/�Q4MON0Q SAM$�`Q�\ 	 G(^ � K ^�"'SzR=u�^TGcMOS 	 ^TG(\(RTZ4N K
MOZ-SzRTZ � R 	!	 �OMON�Ra\(MO^`Z!�*MOZYN��OV L MOZ!�AN�VHG � Ra\(VHG K W LHK Z!�(MO\ � �_\_G�Ra\(M$5YN�Ra\(M]^`ZD^TGb�o/*M]Gt���#F4^TG°\(QH^ � K
\ �\	:K �#^�" < ^d/���WR_� K N�^`Z L S	^`S K Z�\°N��]^ �(V4G K N�RTZ � M K � L-LHK N�M&�(M � K U K Z K 54\%�#RTZ L \(Q K � K N�^`Z L

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º �!T



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´
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¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º �9n



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

� �P��� :�?@�P��� 
 � ; � ��V ����������� 

Q»VHG0UYV!� K Z�\W�(N�R��ORaG < V ] M&�BSA^ LHK �>� K�L MOZ Code Saturne

U � R+�(MOS 	 � K �TG0R L M K Z�\�Q �\	 ^T\(Q K �(M&��g

i � � � � � � � /  O# � � O �`G0R L � ����O �

/*Q K G K # � � O M&�n\(Q K \(VHG(UYV!� K Z�\Wz9G�RTZ L \%�~��bJN�Q4SAM L \'Z�V4S&U K Gd�
� � C $	$¹�1�!�A� � � �á8�0� �	��
�B�!�9���!8;�7�98o�#�0�&
7�(��� �*� 
�!�/.	�	�0�1�!56�

� �Ù�!�'
�0���!8����*�3
7 !�������÷�%���	�1�
FH^TG=\(Q K�h�i_j S	^ L4K ��W K*: V4Ra\(M]^`Z!�2"�^TG h RTZ L�j RaG K �_^ � � K�L �(MOScV!�]\(RTZ K ^`V!�,� � MOZA^TG LHK G1\_^ 	 RaGo�
\(MOR��&� � \(Rad K MOZ�\_^!RTN�N�^`V4Z�\i\(Q KxK*: V4M&�OMOU4G0MOV4S3U K \0/ K�K ZÞ\(Q K � K \Y/=^ � RaG0MORaU'� K �*��Q*Q K R��$�T^TG�M]\(Q4S
M&� L M � M LHK�L MOZâ\(Q4G K�K �_\ K�	 ���
k K \*V!�BG K /BG0M]\ K \(Q K � � �(\ K S �fTdm��iR���"�^ �&�O^d/���g

()))* )))+
� 0 h0 M / � � h � ��� � � h F j �
� 0 j0 M / � � j � ��� � � h F j �

����G �

� M&�c\(Q K N�^`Z � K N�\(MO^`Z�I L M ? V!�(M]^`ZØ^ 	K G0Ra\_^TGd� � � ��G K � 	 � � � �&RaG K \(Q K �_^`VHG0N K \ K G0S+��"�^TG h
��G K � 	 � j ��WYMOZ4N��vV L MOZ�� 	 G(^ L V4N�\(M]^`ZÞRTZ LáL M&�%�(M 	 Ra\(M]^`Z¹\ K G0S������������� g K@]�	 �OMvN�M]\iG K �_^ �OVH\(MO^`Z
QBQ K � � �_\ K S;M>�W�_^ � � K�LâK@]�	 �OMON�MO\%� � W � M K � L MOZ�� h " RTZ LXj " g()))* )))+

� �	��� h " iBh �����
� M / � � h �	��� � ��� � � h �	��� F j �	��� �

� �	��� j " iwj �	���
� M / � � j �����Y� ��� � � h ����� F j �����f�

��� �H�

�������'& g1N�^`V 	 �OMOZ��!^�"l\(Q K�K*: V4Ra\(M]^`Z!�B\(QHG(^`V��`Qâ\(Q K �_^`VHG0N K \ K G�S��
QBQ K �_^`VHG�N K \ K G0S��BMvZ K RTN0Q K*: V4Ra\(MO^`Z×RaG K /BG�M]\_\ K ZâR���"�^ �&�]^=/���g

()))* )))+
� �	��� h � O i h �����

� M / � � h ����� � ��� � � h � O F j � O �
� �	��� j � O iBj �����

� M / � � j �����Y� �	� � � h � O F j � O �
����n �

/*Q4MON�Q � M K � L ��W��(VHU4\_G�RTN�\(MOZ������ �H�("�G(^`S ����n �tg

()))* )))+
� ����� h � O iBh �	���

� M / � �	��� h " iBh �����
� M ��� � � h � O F j � O � i � � � h ����� F j ����� �

� ����� j � O iyj �����
� M / � ����� j " iyj �����

� M ��� � � h � O F j � O � i � � � h �	��� F j �	��� �
����V �

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º �9V



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

QBQ K Z7WH^`Z K N�RTZ^/BG0M]\ K �s"�^TG�� / h ^TG j �tg

��� � h � O F j � O � i ��� � h ����� F j �����Y� � � h � O i h �����Y� � 0 ���0 h �
�����
� � j � O iyj �����Y� � 0 ���0 j �

����� ��� m��

/*Q K G K

� 0 � �0 h �
����� / 0 � �0 h � h �	��� F j �	��� � RTZ L � 0 � �0 j �

�	��� / 0 � �0 j � h ����� F j ����� �
4"Q4MvN0QX� K R L �n\_^zR+O 8XO��OMOZ K RaG�� � �_\ K S�\_^äU K �(^ � � K�L MOZ K RTN�QáN K �&��g����
�
� �	���
� M i � 0 � �0 h �

�����
i � 0 � �0 j �

�����

i � 0 � �0 h �
����� � �	���

� M i � 0 � �0 j �
�����

�	���

 � � h � O iBh ����� �

� j � O iyj ����� � � /
��
� � �����

h " iyh �	���
� M

� �	��� j " iyj �	���
� M

�	�


��� � �������� � g1MvS 	 �OMON�MO\1\_G K Ra\(S K Z�\*^�"6N�^`Z � K N�\(M]^`ZDRTZ L×L M ? V!�(MO^`Z

QBQ K "�^ �&�O^d/*MOZ!�
� � �_\ K S�N�^TG(G K � 	 ^`Z L �1\_^ K*: V4Ra\(M]^`Z!�b�fTdm���W�/*Q K G K \(Q K N�^`Z � K N�\(M]^`Z�I L M ? V'�(M]^`Z
^ 	:K G�Ra\_^TG�M&�("�V!�&� � MOS 	 �OMvN�M]\ K�L WJRTZ L \(Q K �_^`V4G0N K \ K G0S�� 	 RaG(\(MOR��&� � MOS 	 �OMON�M]\ K�L g

()))* )))+
� ����� h �	��
 r � iBh �����

� M / � � h �	��
 r � � ��� � � h � O F j � O �
� ����� j ����
 r � iwj �����

� M / � � j �	��
 r ��� ��� � � h � O F j � O �
����M �

/*Q4MON�Q �`M � K ��g
()))* )))+
� ����� h �	��
 r � iBh �����

� M / � � h ����
 r � � i � � h �	��� � � � ����� h
� O iyh �����
� M

� ����� j ����
 r � iwj �����
� M / � � j �	��
 r � � i � � j �	��� � � � �	��� j

� O iyj �	���
� M

��M)�9�

QBQ K � K �OR��_\ K*: V4Ra\(M]^`Z!�iRaG K �(^ � � K�L � K�	 RaG0Ra\ K � � RTZ L V!�(MvZ��Ù\(Q K �(RTS K R��$�T^TG0M]\(Q4S+�=R��("�^TGn\(Q K
K*: V4Ra\(MO^`ZX"�^TG��(N�R��ORaG,�*�

� � C $	$¹�1�!�A� � ���â���	�%�9�/�(56�B��� �c$¹�9�/�0�%�1�#
8E����� �	��
�9�/�%���!�=?

7�(�#�)�*�����7�	�9�÷�0�È8$!�n56�

��K���� �Z� D�
V �=;>? D�CVX�
QBQ K ^TG L4K GB^�"6N�^`Z � K G%� K ZYN K MOZ�� 	 RTN K ^�"�\(Q K �TG0R L M K Z�\*N�R��ON�V!�vRa\(M]^`Z×S K \(QH^ L � L4K �(N�G0M]U K�L MOZ
� K N�\(M]^`Z�n\��GBM&� K � R��OV4Ra\ K�L "�^TGlR�zl^`M&�%�(^`Z K*: V4Ra\(M]^`Z�^`Z K � K S K Z�\(RaG � N�^`S 	 V4\(Ra\(M]^`Z4R�� L ^`SzRTMOZ!���
P3SA^TG K�LHK \(RTM&� K�LáLHK �(N�G0M 	 \(M]^`Z¹^�"l\(QYM&�(/=^TG0d¹SAR � U K "�^`V4Z L MvZyI � P�L ���vP��

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º �Hm



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

��K��9� � ;=���2
A��?@��� D����ZD ?@�P�Z��� ����� �=�CD�CVX�
QBQ KnK*: V4Ra\(M]^`ZAN�^`Z!�0M LHK G K�L Q K G K M&��\(Q K "�^ �&�]^=/*MOZ��Czl^`M&�%�_^`Z 	 G(^TU'� K SâW`MvZ	Rx\0/'^)� L MOS K Z!�0M]^`Z4R��
N�^`Z�\ K@] \�g �

L M � �s�`G0R L c � / �
� M]G0MON�Q!� K \nN�^`Z L MO\(M]^`Z!�("�^TG c Ra\*U^`V4Z L RaG�M K � ��M�Td�

|��(MvZ��cZ4^T\(Ra\(M]^`Z!� LHK 5oZ K�L MvZ_� K N�\(M]^`ZXn\��O�W4\(Q K°L M&�0N�G K \ K "�^TG0S ^�"(��M�Td�iM&�'\(Q K "�^ �>�]^d/*MvZ��_�s"�^TG
\(Q K �(Rad K ^�"6N��ORaG�M]\ � W4U^`V4Z L RaG � "�RTN K �*RaG K ZH^T\*N�^`Z!�(M LHK G K�L �tg

%& & ' " $ ) * � � $ � � � � $'& � c � � $'& / � � $ � � $ ��M�O �

P��°MOZ L MON�Ra\ K�L � K N�\(M]^`Zwn\��O�W/\(Q KcK@]\	 G K �%�(M]^`Z "�^TG � � � $'& � c ��MOZ � ^ � � K � � $o� c �p�s�TG0R L M K Z�\°Ra\°N K �&�
N K Z�\_G K ���t� QBQ K Z�V4S K G0MON�R��=\ K �_\%� 	 G K � K Z�\ K�L Q K G K QYR � K U K�K ZØN�RaG(G0M K�L ^`VH\�/*M]\(Q,\(Q K \0/'^
S K \(QH^ L �6R � RTM&�ORaU'� K MOZ Code Saturne

"�^TG9N�^`S 	 VH\(MvZ�� � $f� c �(��\(Q K � K S K \(QH^ L ��RaG KnLHK �(N�G0M]U K�L
MOZ^� K N�\(M]^`Z n\��G	RTZ L G K " K G(G K�L \_^zR�� A �_\(RTZ L RaG L EARTZ LSA � K R��_\�� : V4RaG K �,E	S K \(QH^ L �����
L*^=/ K � K G�W2"�^TGc\_G0MORTZ��`V'�ORaG&S K �0Q K ���ÐW6M$"i\(Q K N K �>�1N K Z�\_G K �!RaG K \(Q K N�M]G0N�VYSAN K Z�\_G K ��W�\(Q KäK@] �
	 G K �%�(MO^`Z "�^TGB\(Q K �TG0R L M K Z�\BRa\*N K �&��"�RTN K ��R L ^ 	 \ K�L Q K G K�LHK � K Z K G0Ra\ K �*\_^�g

� � � $'& � c � / c & i c $
� _ � F N � ��M�G �

QBQ4M&�6M&�1R 	 RaG(\(MvN�V!�ORaG,� � MOZ�\ K G K �_\(MOZ�� 	 G0^ 	:K G0\ � �(MOZ4N K "�^TGD�(\_G0MON�\%� ���#K �ORTV4Z4R � S K �(Q K � � W�MO\1Q4R��
U K�K Z L4K S	^`Z!�_\_G0Ra\ K�L \(Q K ^TG K \(MON�R��&� � \(Q4Ra\i\(Q K N�^`Z � K G%� K Z4N K ^�"»\(Q K �_^ �OVH\(MO^`Zz^TU4\(RTMvZ K�L /*M]\(Q
\(Q4M&���(N�Q K S K M>��54G,�_\	^TG L4K GzRTZ L WD"�^TG K*: V4M&�vRa\ K G0R��i\_G0MORTZ�� � K ��W�� K N�^`Z L ^TG LHK GzU K N�RTV'� K \(Q K
R 	!	 G(^ ] MOSzRa\(M]^`Zá^�"1\(Q KcL M ? V'�(M]^`Z < V ] M&�B\(Q K ZF� K N�^`Z L ^TG LHK G��3� K�K I 14x [ ���vPW2I 18x [ ��T�PW
I L�1DR{M�n=Ps�t� [ ^TG K ^ � K G�Wc"�^TG��a�;�_^ �vVH\(M]^`Z!��W4Z�V4S K G�MON�R�� K@]�	:K G�MOS K Z�\%�*MOZyI ��(L ���vP6R��&�_^ K@] �
Q4M]UYM]\ K�L � K N�^`Z L ^TG LHK G�N�^`Z � K G%� K ZYN K ^`ZáZ4^`Z�� �#K �ORTV4Z4R � S K �0Q K ���

QBQ K N�^`S 	 VH\(Ra\(M]^`ZYR�� L ^`SzRTMOZ!��� K � K N�\ K�L "�^TGi\(Q K zl^`M&�%�_^`Z 	 G(^TUc� K SERaG K RTZ K*: VYM&�ORa\ K G0R��:RTZ L
R;�(N�R�� K Z K \_G�MORTZ�� � K W9�0QH^d/*Z!^`Z�5!�`VHG K O�V\�411RTN�Q��TG0M L N�^`Z!�(M&�_\%��^�":\_G0MORTZ!�`V!�ORaG9N K �&�&��^TUY\(RTMOZ K�L
U � R 	!	 � � MOZ��cRp�0N�R��OMOZ��p"�RTN�\_^TG*\_^	\(Q K \_G0MORTZ�� � K G K�	 G K � K Z�\(MvZ��&\(Q K N�^`S 	 VH\(Ra\(M]^`ZYR�� L ^`SARTMOZa�
QBQ K Z�V4S K G0MON�R��»\ K �_\%�°Q4R � K U K�K ZDN�RaG(G0M K�L ^`VH\#^`Z �TG0M L �#N�^`Z�\(RTMvZ4MOZ�� �HW8T*V�W�V �HW�O�n�V�W2T�� O �
RTZ � � M�V-\_G0MvRTZ�� � K � ��\(Q K R��,�_^�N�MvRa\ K�L �(N�R��OMOZ���"�RTN�\_^TG,�	RaG K O�W��HW ��W�T*V�W2G�ODRTZ L V �H�t�wQBQ K
N�^`RaG,� K G��TG�M L �nRaG K �(Q4^d/*ZÞ^`Z^5'�`VHG K O�Vp"�^TGB\(Q K \0/'^äN�^`S 	 VH\(Ra\(M]^`Z4R�� L ^`SARTMOZ!���4Q*Q K \(QHG K�K
54G,�_\W�TG0M L �nRaG K �(Q4^d/*ZÞ^`Z�5!�`VHG K O m�"�^TGB\(Q K°K*: V4M&�vRa\ K G0R�� L ^`SARTMvZa�
QBQ K N K �&��N K Z�\_G K �°V'� K�L MOZ Code Saturne

U K MOZ!�z\(Q K SAR��%�xN K Z�\_G K �x\(Q K�� RaG K R��&�_^¹\(Q K N�M]Go�
N�V4SAN K Z�\_G K �2"�^TG1\(Q K*K*: V4M&�ORa\ K G0R��YS K �(Qa� [ ^TG K ^ � K G�W4MO\1M&� 	 ^`MOZ�\ K�L ^`VH\=\(Q4Ra\1\(Q K*K*: V4M>�ORa\ K G0R��
S K �(QØM&�cR 	 RaG0\(MON�V!�ORaGcN�R�� K ^�"��_\_G0MON�� �y��K �vRTV4Z4R � S K �(Qa�FQBQ K G K "�^TG K W6^`Z,\(Q K¹K*: V4M>�ORa\ K G0R��
S K �(Q7W!� K N�^`Z L ^TG LHK G�N�^`Z � K G%� K ZYN K��	��
 �7U K G K RTN�Q K�L �
FH^`VHG L M ?K G K Z�\�"�V4Z4N�\(MO^`Z!��QYR � K U K�K ZDV'� K�L "�^TGx\(Q K G0M$�`Q�\f�ÑQ4RTZ L �(M L4K � ^�" K*: VYRa\(M]^`Z���M�Td�t�
QBQ K�� RaG K �OM&�(\ K�L MOZÞ\(RaU'� K G	R���/ K �>�7R��B\(Q K N�^TG(G K � 	 ^`Z L MOZ��!RTZ4R�� � \(MON�R����(^ �OVH\(M]^`Z!� �c �
�� �t���t�f�v���0�,  « �)�t¢d�0�,�v���= ��,���W�f���v���fª=������� �. -������ ª��  ��� ����� �t�v¢��  � ������� ���t�l���=�t�W©= ��t¤ �"!*�����K���� ���#��� ��,�v�v�o�d�������~���������l�W�f���v�f�������v���K�3���K�v�-�t�v�������,�v�� K�f�����t�!���v�K�0�(�t K =�t�=�� K�f�'�,���#�3�����K���� ��2 K�o�#���

���v�t� �%$ ³ ¤

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º � �



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

X

Y

O
0.5 1

0.5

1

Scalene triangle

X

Y

O
0.5 1

0.5

1

Equilateral triangle

FlM&�`VHG K O�V\g('^`S 	 VH\(Ra\(M]^`Z4R�� L ^`SARTMOZ!�nRTZ L N�^`RaG,� K G�S K �(Q K ���

�zN K �&�&� T*V	N K �&�&� V �zN K �&�&�
F�M$�`VHG K O mHg2Q*QHG K�K 54G,�(\W�TG0M L �nV!� K�L "�^TG*\(Q K°K*: VYM&�ORa\ K G0R�� L ^`SzRTMOZa�

N�R�� K � �
)

T � 1 ��i �
O � 1 � � � �G � G 1 � �pi � �� i O f E N2� 1 � � � f E N2� 1 � � �

Q»RaU'� K G\g�1 ]\	 G K �%�(M]^`Zá^�"6\(Q K "�^`VHG#G0M$�`Q�\f�ÑQ4RTZ L �(M LHK � � RTZ L ^�"6\(Q K R��%�_^JN�MORa\ K�L RTZ4R�� � \(MON�R��
�_^ �OVH\(M]^`Z'� �c \_^ä\(Q K zl^`M&�%�_^`Z K*: V4Ra\(MO^`Za�

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º �9M
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� MOG0MON0Q'� K \�N�^`Z L M]\(M]^`Z!� � QYR � K U K�K Z-R 	!	 �OM K�L R��#U^`V4Z L RaG � N�^`Z L M]\(M]^`Z!��"�^TG c ��QBQ K MOG � R��OV K �
Q4R � K U K�K Z K � R��OV4Ra\ K�L Ra\&\(Q K N K Z�\_G K �Ù^�"n\(Q K U^`V4Z L RaG � "�RTN K �&V!�0MOZ��×\(Q K RTZ4R�� � \(MON�R�� K@] �
	 G K �%�(MO^`Z!�("�^TG*\(Q K �_^ �OV4\(M]^`Z � c �
Qq^;�(VYSASARaG0M]e K WT\(Q K Z�V4S K G0MON�R���\ K �_\%� 	 G K � K Z�\ K�L Q K G K "�^TG6\(Q K zl^`M&�,�_^`Z 	 G(^TUc� K S>QYR � K U K�K Z
N�RaG(G0M K�L ^`V4\�g

�z^`Z K*: V4M&�vRa\ K G0R��7RTZ L �(N�R�� K Z K S K �(Q K � �
�+/*MO\(Q^�(M ] G K 5YZ K S K Z�\�� K � K �&� �
�+/*MO\(Q "�^`VHGnG�M$�`Q�\f�ÑQYRTZ L �(M L4K �iG K �`V!�ORaGW"�V4Z4N�\(M]^`Z'� �
�+/*MO\(Qá\(Q K �(\(RTZ L RaG L RTZ L \(Q K � K R��_\;� : V4RaG K �#S K \(QH^ L �C"�^TG�N�^`S 	 VH\(MOZ��_�TG0R L M K Z�\%�°Ra\
N K �&�7N K Z�\_G K ���

��K��9K � VX� �X��
 
 ���>?@� 
A����;=� D�
19G(G(^TGt�cQYR � K U K�K Z K � R��OVYRa\ K�L "�^TGAN K �&�$�ÑN K Z�\_G K � R��OV K �c^�"*\(Q K �(^ �OVH\(M]^`Z7W8"�^TG!\(Q K �TG0R L M K Z�\
N�^`S 	 VH\ K�L Ra\iN K �&�oN K Z�\_G K �iRTZ L "�^TG'\(Q K �TG0R L M K Z�\iZH^TG0SAR��Y\_^
"�RTN K ����4�M]\(Q � 
 G K�	 G K � K Z�\(MOZ��\(Q K � R��OV K ��^�"1\(Q K � K`: VYRTZ�\(M]\(M K �#N�^`S 	 VH\ K�L ^`ZÖ\(Q K M]GxR��%�_^JN�MORa\ K�L � K ^`S K \_G0MvN�R�� K Z�\(M]\(M K � �



��N K �&�&�n^TG�"�RTN K �t�iRTZ L /*M]\(Q �� ���(���_\(RTZ L MOZ!�p"�^TGB\(Q K N�^TG0G K � 	 ^`Z L MOZ!�cRTZ4R�� � \(MON�R�� K@]�	 G K �,�(M]^`Z7W
K G(G(^TGib�� � � M&� LHK 5oZ K�L R���g

b�� � � /
�������
� �
	 � � 
 i �� ����� � �

� � 	 �� ����� � ��M �H�

Pq� �]^TUYR�� �(VYSASARaG � \_^*\(Q K=L M ?K G K Z�\»N�^`S 	 VH\(Ra\(M]^`Z'�qM&��WÐR�� K@]�	K N�\ K�L Wa\(Q4Ra\q\(Q K N�^`Z � K G%� K ZYN K
^TG LHK GâM&�¹R 	!	 G(^ ] MOSzRa\ K � � Oy"�^TGÞ\(Q K �_^ �OVH\(M]^`Z c W
T�"�^TG¹\(Q K �TG0R L M K Z�\+��G0R L c RTZ L T�"�^TG
\(Q K �TG0R L M K Z�\âZH^TG0SAR��#\_^�"�RTN K ��� 4"MO\(Q�\(Q K S K \(QH^ L V!� K�L W�\(Q K � K N�^`Z � K G%� K Z4N K ^TG LHK G,�
RaG K \(Q K U K �_\�\(QYRa\xN�RTZÖU K!K@]�	:K N�\ K�L �3� K N�^`Z L ^TG LHK G;� 	 Ra\(MOR��»R 	'	 G(^ ] MOSARa\(MO^`Z!�xQ4R � K U K�K Z
K S 	 �]^ �TK�L �t�
[ ^TG K`	 G K N�M&� K � � W#/*MO\(Qá\(Q KyA �(\(RTZ L RaG L E6�TG0R L M K Z�\°N�R��ON�V!�vRa\(M]^`Z7W\(Q K ^TG LHK Gx^�"'N�^`Z � K G%� K ZYN K
��N�^`S 	 VH\ K�L ^`Zä\(Q K G K �(V!�]\%�=^TU4\(RTMOZ K�L ^`Z¹\(Q K "�^`VHGD5YZ K �_\D�TG0M L �t�9M&�=U K \Y/ K�K ZFT � � �	RTZ L O	�K���
"�^TG&\(Q K �_^ �vVH\(M]^`Z c RTZ L U K \Y/ K�K Z � ��M�V-RTZ L � ��M�MX"�^TG&\(Q K �TG0R L M K Z�\&Ra\Ù\(Q K N K �>�1N K Z�\_G K ���)�
QBQ K ^TG LHK G6^�":N�^`Z � K G%� K ZYN K ^TU4\(RTMOZ K�L "�^TG6\(Q K ZH^TG�SAR��\�TG0R L M K Z�\6M&�6R��$/iR � �8�_\_G0MON�\%� � �(V 	K G0M]^TG
\_^ T ��U K \0/ K�K Z T � � �¹RTZ L O	��O �Þ^`Zá\(Q KÙK*: V4M&�ORa\ K G0R�� L ^`SARTMOZ.�nRTZ L U K \Y/ K�K ZqT ��n �¹RTZ L T ��mv�
^`Z×\(Q K �(N�R�� K Z KÙL ^`SARTMvZa�=bJMOSAM>�ORaG=^TUc� K G � Ra\(M]^`Z!�BQ4R � K U K�K ZÞG K�	 ^TG(\ K�L MvZyI �WWL ���vP��'F�M]G,�_\
^TG LHK GnM&�9\(Q K ^TG K \(MON�R��&� �+	 G(^ � K ZÞMOZ I 18x [ ���vPW!� K N�^`Z L ^TG L4K G=^`Z K*: VYM&�ORa\ K G0R��:S K �(Q K �'M&� L V K
\_^A\(Q K � K N�^`Z L ^TG LHK G*N�^`Z'�(M&�_\ K Z4N �ÞK G(G0^TGB^�"»\(Q K;< V ]JK ���

�� �v�#���,�W�a�f���=�f K�v���K���=�'���t�'�f���*¡@�Y�����f�=�f�a�t�0¢d�����!�)�o¡@�#���f���(���d�0�t�K�v�o¢2���K���D�����=�)¢v�%���2�f���v¢=�����K���v�'�f�t�=£
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b�^ �OVH\(M]^`Z
b�\(RTZ L RaG L S K \(QH^ L k K R��_\�� : V4RaG K �BS K \(QH^ L

nR�� K 1 : V4M&�vRa\ K G0R�� bJN�R�� K Z K 1 : V4M>�ORa\ K G0R�� bJN�R�� K Z K
T T ��M m T � � � T ��M � T � ��V
O O	�K��� T ��M�V O	�K��� T ��M�n
G T ��M�M T � � � T ��M�M T ��M�T� T ��M�M T � � � T ��M�M T � � �

�#G�R L M K Z�\
b�\(RTZ L RaG L S K \(QH^ L k K R��_\�� : V4RaG K �BS K \(QH^ L

nR�� K 1 : V4M&�vRa\ K G0R�� bJN�R�� K Z K 1 : V4M>�ORa\ K G0R�� bJN�R�� K Z K
T � ��M�M � ��M�M � ��M�M � ��M�M
O O	�K��� � ��M�M O	�K��� T � � m
G � ��M�M � ��M�V � ��M�M � ��M�V� � ��M�M � ��M�V � ��M�M � ��M �

X�^TG0SAR��a�TG�R L M K Z�\
b�\(RTZ L RaG L S K \(QH^ L k K R��_\�� : V4RaG K �BS K \(QH^ L

nR�� K 1 : V4M&�vRa\ K G0R�� bJN�R�� K Z K 1 : V4M>�ORa\ K G0R�� bJN�R�� K Z K
T T � ��M T ��mv� T � ��M T ��V �
O O	��O � T ��V)� O	��O�n T � � �
G T � � � T ��V�n T � � � T ��m)n� T ��M�T T ��n � T ��M�T T ��m\T

Q»RaU'� K ��g � G LHK G,�¹^�"&N�^`Z � K G%� K Z4N K ^TU4\(RTMOZ K�L "�^TGâ\(Q K �_^ �vVH\(M]^`Z7WB\(Q K �TG0R L M K Z�\âRTZ L \(Q K
ZH^TG0SAR����TG0R L M K Z�\�W4/�M]\(Q \(Q K �(\(RTZ L RaG L RTZ L \(Q K � K R��_\`� : V4RaG K �	S K \(QH^ L ��W8"�^`V4G L M ?:K G K Z�\
G0M$�`Q�\f�ÑQ4RTZ L �(M LHK �C��N�R�� K �;T#\_^ �	MOZ¹\(RaU'� K G �'RTZ L \0/'^ L M ?K G K Z�\ L ^`SzRTMOZ!�C� K*: V4M>�ORa\ K G0R��RTZ L
�(N�R�� K Z K �t�

FlMvZ4R��&� � W1MO\!M>� 	 ^`MOZ�\ K�L ^`VH\	\(Q4Ra\	\(Q K � K R��_\`� : VYRaG K �	S K \(QH^ LØK@] QYM]UYM]\%�c\(Q K �(RTS K ^TG LHK G,�
^�"�N�^`Z � K G%� K Z4N K R��*\(Q K�A �_\(RTZ L RaG L E`�TG0R L M K Z�\�N�R��ON�V!�ORa\(M]^`Z�� �iVH\*Z4Ra\(V4G0R��&� � WH\(Q4M>� L ^ K ��ZH^T\
MOS 	 � � \(Q4Ra\i\(Q K ����� ��� �����xM&�'\(Q K �(RTS K ^`ZÞR
�`M � K Z¹S K �(Qw� K � 	K N�MOR��&� � ^`ZÞR : VYM]\ K6A N�^`RaG,� K E
^`Z K W�R���MOZ L V'�_\_G0MOR��`S K �(Q K �l^�"�\ K Z!\ K Z L \_^xU K �t��QBQ K ^TG LHK Gl^�"oN�^`Z � K G%� K Z4N K M&�»U K \0/ K�K Z^T � � �
RTZ L O	�K���`"�^TGn\(Q K �_^ �OVH\(M]^`Z c RTZ L U K \0/ K�K ZX� ��M�V	RTZ L � ��M�Mp"�^TGB\(Q K �TG0R L M K Z�\ r 
 �4Q*Q K ^TG LHK G
^�"=N�^`Z � K G%� K Z4N K "�^TG#\(Q K Z4^TG0SAR��l�TG0R L M K Z�\#M>��U K \Y/ K�K Z T � � �¹RTZ L O	��O�n¹^`ZD\(Q KcK*: V4M>�ORa\ K G0R��
L ^`SARTMOZ×RTZ L U K \Y/ K�K Z T ��V �ARTZ L T � � �	^`Zâ\(Q K �(N�R�� K Z K�L ^`SzRTMOZa�
� � C $	$¹�1�!�A� � � �z.¹���	�!�	�n��� 56�#�!�A��
7�(���!8������3
�!�/.	�	�0�1�!56�
� S���� �Z� D�
V �=;>? D�CVX�
QBQ K Q4M$�`Q��0R K�� ZH^ � L ��R 	!	 G0^`RTN0Q 	 G K � K Z�\ K�L Q K G K M&�&UYR�� K�L ^`Z,\(Q K V!� K ^�"�/iR��&�D"�VYZ4N�\(M]^`Z!�
\_^ãU4G0M L � K \(Q K � M&�0N�^`V!���(VHU'�OR �TK G	RTZ LØLHK \ K G0SAMOZ K �(Q K RaG��(\_G K �%�^I kqPW| mZ�)P��BQBQ KÞLHK "�RTV!�]\
����� �v�����b�%���C�����W�����d�f�f©=���K�t�v�fª��,�(�~�t�����=� ¦ �3�0�,�)¢=�,�0¢=�p�W�����v�*¢�	����v���t�0¢d�����t�8�����*¡@�����t�f�v�f���t�����=�

�,�0��¢d�����*�4�t�=�0�,���=�o¢b���K���e���v�2���f�f�t�)¢e���K�t�*��£>�v�t�)¢b����¢=�D�~�v�=�����K���e�K� ��� $�$ �t�e���=��� « �=�� ��%�����0�t '¢=�t���t�K�
�t�)¢� � 
�� �������v�����o�, K�f�v�2¢=�t���t�K�
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R 	!	 G(^`RTN�Q¹M>�1UYR�� K�L ^`Z¹R
�(^)�ÑN�R��&� K�LqA \0/'^)�0�(N�R�� K S	^ LHK �&�vMOZ�� EJW /*MO\(QzRp�]^��`RaG0M]\(Q4SzMON��ORd/ ror "�^TG
\(Q K \(RTZ�� K Z�\(MOR��=N�^`S 	 ^`Z K Z�\%�Ù^�"n\(Q K � K �]^JN�M]\ � �×bHMOSAM&�ORaGC/iR��&�8"�V4Z4N�\(M]^`Z'��RaG K V!� K�L "�^TG&\(Q K
�(N�R��ORaG,�+��\(Q K R 	!	 G(^`RTN�Q 	 G(^ 	 ^ � K�L U � P�G 	 RTN�M6RTZ L kqRaG,� K Z�I P�R�z � �)P=Q4R���U K�K ZãR L ^ 	 \ K�L
"�^TGB\ K S 	:K G�Ra\(VHG K �t�

L K Z4N K WT\_^#RTN�N�^`V4Z�\l"�^TGq\(Q KD	 Q � �(MvN�R�� 	 Q K ZH^`S K Z4RnG K �ORa\ K�L \_^*\(Q K /iR��&� �OR �TK G�WTM]\qM&�»Z K N K �%�(RaG �
\_^zS	^ L M$" � \(Q K /iR��&�U^`V4Z L RaG � N�^`Z L MO\(M]^`ZÞ\_^zN�^`S 	 V4\ K g

� L M � � � O � / L M � � � i � h �W"�^TG#\(Q K N�^`S 	 ^`Z K Z�\%��^�"�\(Q K � K �]^JN�M]\ � \(RTZ�� K Z�\�\_^ä\(Q K /iR��&�
��S	^`S K Z�\(V4S K*: V4Ra\(MO^`ZB�fTJ���ÜU.�o�

� L M � � � � / L M � � � � � �  O# � � O �Y�TG�R L ��� "�^TG��(N�R��ORaG,�
� K*: V4Ra\(MO^`ZB�fTJ���sNd�o�
QBQ K R 	!	 G(^`RTN0Q-M&� 	 G K � K Z�\ K�L "�^TG L M � � � O �'^`Z!� � �47�\%� K@] \ K Z!�(MO^`Z×\_^ L M � � � �iM>�BZ4Ra\(VHG0R����(MOZ4N K\(Q K "�^TG0S&V'�ORa\(M]^`Z "�^TG � M&���0MOSAM&�ORaG'\_^A\(Q4Ra\�"�^TG � O /*M]\(QÞ\(Q Kph�iyj SA^ LHK ���

[ ^TG K ^ � K G�W9U^`V4Z L RaG � \_G K Ra\(S K Z�\!R��&�_^áZ K�K�L \_^áU K � 	:K N�M&5 K�L Ra\&MvZ!� K \%��RTZ L Ra\e/iR��&�&�;"�^TG
\(Q K \ K G0S��1R 	!	K RaG0MOZ��xMOZ K*: V4Ra\(M]^`Z!�8"�^TG � RaG0MORaU'� K � h W j RTZ L hi$'&)�6Pi\9^`V4\%� K \9RTZ L � � SAS K \_G �
	 �ORTZ K ��W�\(Q K �_\(RTZ L RaG L \_G K Ra\(S K Z�\ L4K �(N�G0M]U K�L "�^TGW�(N�R��ORaGt�C�3� K N�\(M]^`ZXV �=R 	!	 �OM K �'RTZ L /*M&�&�oZH^T\
U K G K N�R��&� K�L Q K G K �

1 � K Z�\(V4R��&� � W�MvZÙ\(Q4M>�lR 	'	:K Z L M ] R��6MOZc\(Q K SARTMOZ�� K N�\(MO^`Z7W�N LHK ZH^T\ K ��\(Q K V4Z4MO\ � K N�\_^TG1Z4^TG0SAR��
\_^#\(Q K U^`V4Z L RaG � RTZ L ^TG0M K Z�\ K�L ^`VH\0/iRaG L ����4�Q K Z!M]\�M&�qG K*: V4MOG K�L ��Ra\8/iR��&�&�t�7\(Q K \(RTZ�� K Z�\(MOR��
� K �]^�N�MO\ � M&� LHK 5oZ K�L R���g � O�� / � i �5�  N ��N
RTZ L \(Q K VYZ4M]\ � K N�\_^TG M \(RTZ�� K Z�\B\_^z\(Q K U:^`VYZ L RaG � M&��g

M / � O��
� � � O�� � �

� S��9� � �P��� <LVX;>� ����
�� ?@VX� �=� D��VX� W V 
"D���� ��VX����� D;=� ���;�� D�CV �
FH^TG=\(Q K N�^`S 	 VH\(Ra\(M]^`Zz^�" L M � � � O ��W�R°U^`V4Z L RaG � � R��OV K M&�9G K*: VYM]G K�L "�^TG=\(Q K \_^T\(R��'/'R��&�'�(Q K RaG
�_\_G K �%��g � 
 / � � � � O N �  M � � �i4�M]\(Q-\(Q K
	 G K � MO^`V!� L4K 5YZ4M]\(M]^`Z'��W4\(Q K "�^ �>�]^d/*MvZ��zS	^ LHK �&�OMvZ��AM&�
R L ^ 	 \ K�L g

� 
 / � � � � � ��M�n �
/*Q K G K � � RTZ L � � RaG K "�G0MON�\(M]^`Z � K �]^�N�MO\(M K � L4K \ K G0SAMOZ K�L "�G0^`S � RaG0MORaU'� K �B^TU4\(RTMOZ K�L N��]^ � K \_^
\(Q K /iR��&��W4Z4RTS K � � \(Q K \(V4G(UYV!� K Z�\id�MvZ K \(MON K Z K G%� �Xh RTZ L \(Q K \(RTZ�� K Z�\(MvR�� � K �]^JN�M]\ � � � � O�� � � �[ ^TG Kb	 G K N�M&� K � � W�� K \nV!�iR��%�0V4S K \(Q4Ra\n\(Q K � K ^`S K \_G0MvN�R�� 	 ^`MOZ�\ _ � �s5!�`VHG K G �'M&�(�]^JN�Ra\ K�L Ra\BR
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��TUIv��TUIv� G�GIÐPÙWqMvZâFHG K Z4N�Q
I � P�L ���vP � R � G(^`V ] P
�]W=P�G0N0QYRTSÙU K RTV F��]WDLâIK G0RaG L ��� � [ �]W���O)�����9��W�E�Q K �_\%�AZ�V4S,IK G0M : V K �
�(VHG : V K � : V K �#S IK \(QH^ LHK � LHK G�IK �_^ �OVH\(M]^`Z L 	sVYZ K IK*: V4Ra\(M]^`Z LHK!L M ? V!�(M]^`Z K Z � ^ �OVYS K ��5YZ4M&�%EJW
1 � Fl�0R�� � MvZ�\ K G0ZYR��G K�	 ^TG(\�W!L�7Y����GIv���AIv� O m�IÐP&W/MOZâFHG K Z4N�Q
I � 1Dkw� G=P �#K �]U K N : �!� � [ �]W �iRTZ4Z K G � �]W���O)��� G ��W!E�1 � F 	K�(1 ]�	K G0M K Z4N K /*M]\(Q¹bHV 	K G0N�^`S 	 VH\f�
MOZ��ÖRTZ L iQ4R��&� K Z!� K �cP#Q K R L � Qq^=/'RaG L �!\(Q K×[ V!�O\(M 	 Q � �(MvNARTZ L [ V!�]\(M&�(N�R�� K P 	!	 G(^`RTN�Qa�KEJW
'^`Z�" K G K Z4N K ^`Z,bHV 	K G0N�^`S 	 VH\(MvZ��äMOZãX#V4N�� K RaG&P 	!	 �OMON�Ra\(M]^`Z!��W#z�RaG0M>��WqFHG0RTZYN K W6b K�	 \ K SÙU K G
O�O=�YO �HW#O)��� G
¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º n�M



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

I � zDRU��T�P � VHG0UYMOZ`z-�sPe�]W�z K \_\ K G,�_^`Z R K M$" ���sP
�]W���O)����Td��W'E�b�\(Ra\(M&�(\(MON�R���QBQ K ^TG � RTZ L-[ ^ LHK �~�
MOZ��`"�^TG�Q»V4G(UYV!� K Z�\iF-�O^d/�� EJW��T^`Q4Z74�M&� K�� �Eb�^`Z'�
I � |�R M�G=P � VHG(UYMvZ+z-�sPe�]W��fT*M�M�G ��W A P R K�� ZH^ � L ���_\_G K �,�'SA^ LHK �'"�^TGnZ K RaG%��/'R��&�o\(VHG(UoV!� K Z4N K EJW
�T^`VHG0ZYR��^�"�F��OVYM Lâ[×K N�Q4RTZ4MON���W 	!	 � �9V�n=�C�9M �\�
I 18x [ ���vP!1 � SARaG L Re�]W �xR��&�]^`V �K \8Qb�]WHL K G(UoMOZ
Re�]W'��O)�����9��W\E�Q*Q K FlMvZ4M]\ K �6^ �OV4S K S K \(QH^ L EJW
MOZ A L#RTZ L U^�^Tdä^�"6X�V4S K G0MON�R��7P#Z4R�� � �(M&� EJW-z-� �p�8iMORaG,� K \xRTZ L ���Kk2��kqM]^`Z'�b1 L M]\_^TGt��WqX�^TG(\(Q
L*^ �&�vRTZ L W 	!	 �cm\T*n=�,T�� O�O\�
I 18x [ ��T�P�1 � SARaG L R;�]W �xR��&�O^`V �K \lQb�]W)L K G0UYMOZ;Re�]W���O)����Td��W9ETF�MOZYM]\ K �6^ �OV4S K R 	!	 G(^ ] MvSARa\(M]^`Z
^�" K �>�OM 	 \(MON 	 G0^TU'� K S��7RTZ L N�^`Z � K G%� K ZYN K ^�"HRTZÙR 	'	 G(^ ] MOSARa\ K �TG0R L M K Z�\%EJWÐP 	!	 �vM K�L X�VYS K G0MON�R��
[ Ra\(Q K SzRa\(MON���W�6^ ���cG m�W 	!	 �'G�T��Yn�G\�
I F�PpTXM�O=PBF4RTM&�&� K 7��]W��fT*M�M�O ��WDETP '^`Z�\_G0^ � �6^ �vV4S Kâ[×K \(QH^ L \_^ b�^ � � K RTZ 1D�&�OM 	 \(MON`1 : V4Rv�
\(M]^`Z�^`Z RXQW/'^)� � MOS K Z!�(MO^`Z4R��87�G(G K �`V!�ORaG [×K �(Q'EJW4i^`S 	 VH\(Ra\(M]^`ZYR�� [×K \(Q4^ L �
"�^TG&P 	!	 �OM K�L
[×K N�Q4RTZ4MON�R��l11Z��`MOZ K�K G0MOZ��HW �6^ ����T����JW 	!	 �!O m)n=�YO�M)�
I F�PCO^M�O=P9F4RTM&�&� K 7��]W8�fT*M�M�O ��W-E [ ^ L IK �OM&�0Ra\(M]^`ZDUYM L MOS K Z!�(M]^`Z4Z K �&� KxLHK �vR+� K Z �K � K	K \ LHK �OR¹SAM~�
�TG0Ra\(M]^`Z L4K �zQ ��L G0^�N�RaG(UoVHG K � L RTZ'�AV4Z UYR��,�(MOZ ��IK�L MOS K Z�\(RTM]G K EJW�z1Q � QBQ K �(M&��W�|�Z4M � K G,�(M]\�IK
�T^ � K�	 QáFH^`VHG0M K G����#G K ZH^TUc� K TaWYMOZâFHG K ZYN0Qa�
I F�P�� m)V=P=F4R � G K P
�]W �°^ � R��(e�Z4R � k4�Äb.� ���]W � V4SAR��;Re�]W �xR � M$� �OM]^ �!�]W-'^`RTZ�\(MON [ �]W��fT*M m)V ��W
E�kqR	\(VHG0UYV!� K Z4N KxK Z×S IK N�RTZYM : V KÙLHK � < VYM LHK � EJW �xRTVH\(QYM K Go� �xM&�&�ORaG,��WJMvZâFHG K Z4N�Q
I F-1DR M�M=P�F K G(e�M$� K G ���KL
�]Wvz K G0M�IN [ �]W!�fT*M�M�M ��W E9'^`S 	 V4\(Ra\(M]^`Z4R�� [áK \(QH^ L �W"�^TG#F��OV4M L ��� ZYRTS��
MON�� EJW:b 	 G0MOZ�� K G�W�G ��M 	 �
I F � T(� G=PJF4^`VHG0Z4M K G�xp�]W'��O)��� G ��WHE

Code Saturne
� K Gt�(M]^`Z_T)�&T�gl�`V4M LHK4	 G0Ra\(M : V K9K \l\(Q=IK ^TG0M : V K

L V×S	^ L V!� K 11Z � K �]^ 	!	K EJW'1 � F��0R�� � MOZ�\ K G0Z4R��G K�	 ^TG(\�W!L�7Y����GIv� GIv���9m�IÐPÙWqMvZâFHG K Z4N�Q
I F � O � G=P9FH^`VHG0ZYM K G�xp�]W2��O)��� G ��W�E

Code Saturne
� K G,�(M]^`ZqT)�&T_g�SARTZ�V K ��MOZ�"�^TG0SARa\(M : V K&L V

S	^ L V!� K 11Z � K �]^ 	!	K EJW!1 � Fl�0R�� � MOZ�\ K G0Z4R��G K�	 ^TG(\�W!L�70����GIv� GIv��� �IÐP&W/MOZ×F4G K Z4N0Q
I F-zib6���)PF K�L4K z-�]W�z�Ra\(MOZH^ �p�]WYbJMOS	^`ZYMOZ � �]W���O)�����H��W!E [ V'�]\(M < V4M Lz[ ^ LHK �OMvZ���^�"/\(Q K 1 ?K N�\
^�"�7�Z�\ K Go�0z�RaG(\(MvN�� K '^ �&�OM>�(M]^`Z!�9MvZ6zl^ � �JL M&� 	K G,� K�L �xR��o��b�^ �OM L Q»V4G(UYV!� K Z�\=F��]^=/��%EJW!�(V4UYSAM]\_\ K�L
\_^ Q*Q4M]G L 7�Z�\ K G0Z4Ra\(M]^`Z4R��6b � S 	 ^ �(MOV4S�^`Z�QW/'^)�0z1QYR�� K F-�O^d/ [ ^ LHK �&�vMOZ��ARTZ L 1 ]�	K G0MOS K Z��
\(Ra\(M]^`Z7W'z=M&�(RJW�7�\(R�� � W:b K�	 \ K S&U K G�O�O=�YO �HWaO)�����
I �xP�k � O=P �xR��>�]^`V �K \�Qb�]W!LâIK G0RaG L �!� � [ �]Wb K �`V4MOZâX
�]Wl��O)��� O ��W#E�b�^`S K G K N K Z�\�5YZYM]\ K � ^ �OV4S K
�(N0Q K S K �x\_^×N�^`S 	 VH\ K 11V'� K G K*: V4Ra\(M]^`Z'�#V'�(MOZ��äG K R��-�`R��;1 � b�EJW.7�Z�\�� ���#"�^TG°X#V4S^� [áK \(Qa�
MOZâF��OV4M L ��W �6^ ���cG�M=�,T*O�W 	!	 ��T��9m)G=�,T�T*G �\�
I �xP�kS� G=P �°R��&�]^`V �K \bQb�]W#LâIK G0RaG L �!� � [ �]W»b K �`V4MOZáX
�]W4��O)��� G ��WlE � Z-\(Q K V!� K ^�"2�_^`S K � � S��
S K \_G0M]e�MOZ!� � RaG0MvRaU'� K �i\_^ LHK R���/*M]\(Q � RTN�V4V4S�EJWciP�k- � k � �6^ ����� �v�YG�WY\_^zR 	!	K RaG*�
I �C1'b
� O=P � K �_\ ���]W`P�G0N�Q4RTSÙU K RTVcF��]W �AIK N�Q4RTV L ��]W � K Z4Q4RTSAR L ^`V4N0Q K b.�]W�bJRadJM]e [ ����O)��� O ��W
E � ^JN�V4S K Z�\(Ra\(M]^`Z�\(Q=IK ^TG0M : V KâK \AMOZ�"�^TG0SARa\(M : V KÞL VØZH^ � RTV LHK Code Saturne

T)�&T�EJW(1 � Fl�
R�� � MOZ�\ K G0Z4R��G K�	 ^TG0\�W!L�7Y����GIv� OIv��� �IÐPÙW/MvZâFHG K Z4N�Q
I ��7 � m)V=P �xM]U'�_^`Z [ � [ �]W�k»RTV4Z LHK G ���K1��]W
�fT*M m)V ��WCE � Z \(Q K N�R��vN�V!�ORa\(M]^`Z�^�"ÙQH^TG0M]e�^`Z�\(R��
\(VHG(UYV!� K Z�\p"�G K�K �0Q K RaG < ^d/�VYZ LHK G��TG0R � M]\(Ra\(M]^`ZYR��nMOZ < V K ZYN K EJW9Pxb [ 1 �!��L K Ra\+Q»G0RTZ!�o" K G�W
�6^ ���cM �aNaW 	'	 ���T���� m
I L�1DRJM�n=P�L K G(UYMOZBR;�]W��fT*M�M�n ��W2ETP#Z 11G(G(^TG
1D�_\(MOSARa\ K "�^TG&RDFlMvZ4M]\ K � �6^ �OV4S K bJN0Q K S K "�^TG
R � M ? V!�0M]^`Z���'^`Z � K N�\(M]^`Zwz9G0^TU'� K S ^`ZãR QqG0MvRTZ��`V!�ORaG [×K �0Q!EJWqX#V4S K G0MON�R�� [áK \(QH^ L �bz�RaG(\��
� M ? V!�0M]^`Z^1 : V4Ra\(M]^`Z7W �6^ ����T�TaW 	!	 ��T*V�n=�,Tdm)G
I ��P�R M �=P ��RaG �\	 M&� �p�]W���V4SzRaG �p�]W��fT*M�M � ��WDE [áK QBM�b

�

PÃb�^�"�\0/iRaG K z�RTN(daR)� K "�^TG�z�RaGo�
\(M]\(M]^`Z4MOZ!�6|#Z!�_\_G0V4N�\(V4G K�L �xG0R 	 Q!��Waz�RaG(\(M]\(MO^`Z4MOZ�� [×K �(Q K �°RTZ L i^`S 	 VH\(MOZ!�äF�M&�&�~�0R K�L V4N�MOZ!�
� G LHK G0MvZ�� ��^�"#b 	 RaG,� KÞ[ Ra\_G0MvN K �

�

� K G,�(MO^`Z ���K��EJWD|�Z4M � K G,�(M]\ � ^�" [ MvZ4Z K �_^T\(RJW=b K�	 \ K SÙU K G
T*M�M �

¬K�®$¯�°�f±3®$² ³��±�´�µ�³�¶f°~f±�´@³�#·�² f² ®$¯ ¸*³�´ ¶f¹�¯>º V)�



Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

I kqPW| mZ�)P�kqRTVYZ LHK G ���K1��]WBb 	 R�� L MOZ�� � � ���]W;�fT*M mZ�H��W�E�QBQ K X#V4S K G0MvN�R��Wi^`S 	 VH\(Ra\(M]^`ZØ^�"
Q»VHG0UYV!� K Z�\nF-�O^d/�EJW.i^`S 	 � [áK \(Qa�1MOZâP 	!	 ��� [áK N0Qa�'P�Z L 11Z��`Z!���]W �6^ ���cG�W 	!	 �'O�V�M=�YO ��M
I k�1'b�M mdP�k K �(M K VHG [ �]W8�fT*M�M m���WaE�Q»VHG0UYV!� K Z4N K MOZâF��OVYM L � EJW �;�vV9/ K G�P#N�R LHK SAMON
z1VHUc�OM&�(Q K Gt��W
� ^TG L G K N0Q�\
I k�7 � M�V=P8kqM K ZDF��Äb.�]W � VHG0UYMOZXz-�sP
�]W8�fT*M�M�V ��W A X*^`Z��0�vMOZ K RaG h+iBjCi ! � SA^ LHK �vMOZ��`/*M]\(Q-R 	 �
	 �OMON�Ra\(M]^`ZÞ\_^AQYM$�`Q��0�OM$"�\%EJW' K Z�\ K G�"�^TG�QlVHG(UoV!� K Z4N K R K R�� K RaG0N0Q7WKz1G(^JN K�K�L MOZ�� �n^�"l\(Q K �0V4SAS K G
�(N0QH^�^ � 	 G(^��TG0RTSâW 	!	 �'n=�YO�n
I k�R�RUm)n=Pck»RTV4Z LHK G ���K1��]W�R K�K N K �p� ���]W\RB^ L M@4 �]W.�fT*M m)n ��W�E�z9G(^��TG K �%�1MOZ!\(Q K��#K � K �]^ 	 S K Z�\
^�"oRCR K�� ZH^ � L �o��b�\_G K �%��QlVHG(UYV!� K Z�\8(�]^ �(VHG K EJW��!�TF-�vV4M L&[áK N0Q��]W �6^ ��� V ��W 	 RaG0\8G�W 	'	 �)n�G md�Yn�V�V
I [ P�R � O=P [ RaG(\(MOZØPe�]W � K �>� K \	b#�]W���O)��� O ��W(E9nF � �0Q»^�^ �("�^TG`QBQ K G0SzR��~�0L �JL G0RTV'�OMON��;z1G K �f�
�(VHG0M]e K�L QBQ K G0SAR��*bHQH^�N0d P�Z4R�� � �(M>��� xV4R��vM$5YN�Ra\(M]^`ZØ^�"

Code Saturne
�KEJWWz1G(^�N K�K�L MOZ�� �	^�"

z9G K �%�0VHG K � K �%� K �qRTZ L z1M 	 MOZ���'^`Z�" K G K Z4N K W2�)���zP�V!�`V!�_\�O)��� O�W�9RTZYN�^`V � K G
I [ P8Q M�O=P [ Ra\_\�IK M �!� � �]W°bJMOS	^`ZYMOZ � �]W
�fT*M�M�O ��WCE�k/^��`MON�M K ��1ib�Q�12Q;� [ RTZ�V K ��\(Q=IK ^TG0M : V K
LHK �OR � K Gt�(M]^`ZSG\�&T)�UQ»^`S K 7�� [ ^ L IK �OM>�(Ra\(M]^`Z!� 	 Q � �(M : V K �%EJW(1 � Fl�0R�� � MOZ�\ K G�Z4R��nG K�	 ^TG(\�W
L�14�C��� I)M�O\��G �IÐPÙW/MOZâF4G K Z4N0Q
I [ 1(q� G=P [ IK N�Q4M]\_^`V4R&Xe�]W �'^`V4N(d K G [ �]W\kqR � M�IK � M&�&� K ���]WHLâIK G0RaG L ��� � [ �]WHz=M$�`Z � b.�]W�b K G0G K �p�]W
��O)��� G ��WHETP#Zp|#Z!�_\_G�V4N�\(VHG K�L FlMvZ4M]\ K �6^ �vV4S K bJ^ � � K G�"�^TG�QW/'^)�0z1Q4R�� K 4�Ra\ K G I �9R 	 ^`VHG9F��]^=/��
[ ^ LHK �&�OMvZ�� �iR�� K�L ^`ZØRTZ 1D�&�OM 	 \(MvN � G0M K Z�\ K�L F4G0RTN�\(M]^`Z4R��Bb�\ K�	 [×K \(Q4^ L EJW=X�|�R�1DQ�L T��JW
T�� ��� 7�Z�\ K G0Z4Ra\(M]^`ZYR�� [áK�K \(MOZ��Ö^`ZØX#V4N�� K RaG`R K RTN�\_^TG�QBQ K G0SAR��~�0L ��L G0RTV!�OMON���W6b K ^`V'��W1b�^`VH\(Q
�°^TG K RJW � N�\_^TU K G�n=�YM�W.O)��� G
I [ 1=X M �)P [áK Z�\ K GiF��KR;�]Wa�fT*M�M �H��W!E�QW/'^)� K*: V4Ra\(MO^`Z K�L4L!� � � M&�(N�^ �(MO\ � \(VHG(UYV'� K Z4N K S	^ LHK �&�8"�^TG
K Z��`MOZ K�K G0MvZ��	R 	!	 �OMON�Ra\(MO^`Z!�%EJW4P�7�P#P �`^`VHG0Z4R��W 	'	 ��T*n�M �=�,T*V)� n
I [ 7�X ��T�P [ MOZ4M K G����Kz-�]W8��O)����Td��W#E�z1G(^TUYRaUYM>�OM&�_\(MONxR 	!	 G(^`RTN0Q-\_^z\(VHG0UYV!� K Z�\n\0/'^)� 	 Q4R�� Kp< ^=/��
S	^ L4K �&�OMOZ��cRTZ L �(MOScV!�ORa\(MO^`Zag»\(Q K ^TG K \(MON�R��/RTZ L Z�V4S K G�MON�R��M&�%�(V K �,EJW [ ^`Z�\ K ��iRaG,�]^ [áK \(QH^ L �
RTZ L P 	!	 �OMON�Ra\(MO^`Z!��W �6^ ���cm���G=�C�H��W 	!	 �2O�M�n=�YG�T��JW�O)����T
I [ 7fz ��T�P [ MvZ4M K G����Kz-�]W\z K MOG0RTZH^e1��c��O)����Td��W�E�QBQ K z � FãR 	'	 G(^`RTN0Qz\_^Ù\(VHG0UYV!� K Z�\ L M&� 	K G,� K�L
\0/'^)� 	 Q4R�� K
< ^d/��,EJW'z1Q � �0MON���R K�	 ^TG(\%��W �6^ ���DG�n�O�WoZ � T��YG�W � N�\_^TU K G�O)����T
I [ � z M �)P [ ^`Q4RTSzSAR L M ���]W�z=M]G(^`Z4Z K RTV � �]W;�fT*M�M �H��W�ETP#Z4R�� � �(M&�i^�"�\(Q K �C�01 	 �(M&�O^`Z_QlV��
G(UYV!� K ZYN K°[ ^ LHK � EJW��`^`Q4Z74"M>� K�� � b�^`Z!�
I [ |°bBM�V=P [ V!�(R)" K G0M u(R-b.�]W �#^ �(SARTZ � �]W��fT*M�M�V ��W2ETF�MOZYM]\ K � �6^ �OV4S K iF � z9G(^JN K�L VHG K RTZ L
P L R 	 \(M � K 19G0G(^TG�'^`Z�\_G(^ �:bJ\_G0Ra\ K � � "�^TG �#G0M L ��^�"/P*G(UoM]\_G0RaG � Qq^ 	 ^ �]^�� � EJW �!�\'^`S 	 �-z=Q � ���]W
�6^ ����T*G ��W 	'	 �cm)V�V=��m � m�W-T*M�M m�W�(z�M m ��n�G
I X�P � mv�vPqX#Ra^T\ � �]WobJQ4R � M]\iP
�]W 4ã^ �$"s�0Q�\ K MOZ [ �]W��fT*M mv�9��WcE)7�Z�\ K G�RTN�\(M]^`Z!�nU K \0/ K�K ZâN�^`S 	 ^)�
Z K Z�\%�*^�"»\(Q K \(VHG(UYV'� K Z�\ � K �]^JN�M]\ � \ K Z!�(^TG,EJW'7f�_G0R K ���!�'Q K N�Qa�]W��6^ ��� ��W 	 �'O�n�M
I z:P�L ���vP4z!IK G0M&�`RTV L ���]W:P�G0N0QYRTSÙU K RTVÖF��]W.LâIK G0RaG L ��� � [ �]W4��O)�����9��W�E [ IK \(QH^ LHK �°ZH^`ZDN�^`Z��
� K G � Ra\(M � K �=ScV!�]\(M L MOS K Z!�0M]^`Z4Z K �&� K � 	 ^`VHG1SA^ L �K � K�LHK \(VHG0UYV!� K Z4N K RTV6� K N�^`Z L ^TG L G K �KEJW\1 � Fl�
R�� � MOZ�\ K G0Z4R��G K�	 ^TG0\�W!L�7Y����GIv���AIv� O �IÐPÙW/MvZâFHG K Z4N�Q
I z211X M mdP8z!IK Z4M&�`V K �-��]W.R*V 	'	 7t�]W8�fT*M�M m���W A '^`V 	 �vMOZ���L K Ra\b'^`Z L V4N�\(M]^`Z×RTZ L R*R L MORa\(M]^`Z
MOZqi^`S 	 � K@] O � RTZ L G � � K ^`S K \_G0M K �%EJW�z9G(^JN K�K�L MOZ!�DX#V4S K G0MvN�R�� [áK \(QH^ L �!MOZ Q*Q K G0SAR��
z9G(^TU'� K S���Wob\/iRTZ!� K R��
I z211X M �=P�z!IK ZYM$�`V K �8��-�fT*M�M � ��W A L K Ra\x\_G0RTZ!�o" K GC�(MOScV!�ORa\(M]^`Z^"�^TGxMOZ L V!�(\_G0MOR��7R 	!	 �vMON�Ra\(M]^`Z!��g
Z K�K�L ��W��vMOSAM]\(Ra\(M]^`Z'��W K@]\	K N�\(Ra\(M]^`Z!�,EJW�7�Z�\ K G0ZYRa\(M]^`Z4R�� �T^`VHG0ZYR��*^�"eL K Ra\âRTZ L F-�vV4M L F��]^=/�W
�6^ ����T*M�W 	'	 �WT�� O=�,T������
I z211X � G=Pbz!IK Z4M&�`V K �CC�]WBbHRad�M]e [ �]W � K Z4QYRTSAR L ^`V4N�Q K b#�]W�b�\�IK�	 Q4RTZ ��� [ �]W �#MOZ LHK M]G0MOZYQH^
��]W���O)��� G ��W�E�z1G K � K Z�\(Ra\(M]^`Z-^�"9RäX#V4S K G0MvN�R���G � P 	!	 G(^`RTN�Qá\_^ QlRTN(d�� K Q*Q K G0SAR��»bJ\_G0M 	 MOZ!�
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Code Saturne
ö §#Í:¢¤¯`¢Ä±� ��7³�ÇÄ«`©x ��»³T¡T i�O³¦��±�¨` ��»³¦©xÂ`«`±�§�±�¢Ä³�¯&³¦� À «`��ª`«`Ç¤ 0¯Ð± æ ¯�£0³¦©xÂ`�� �´�´Ñ¢¤ª`Ç¤ 

Í:Ç¤³�Ô9´lÏ æ ¯�¡T«�´Ñ±���¢Á§�ÇYè1Â`Â`Ç¤¢¤£�§�±�¢¤³¦¯�´

MOZ�R z=4}R�X#V4N�� K RaGXQW� �`V4Z4N�\(MO^`Za�KEJW�z9G0^�N K�K�L MvZ�� �¹^�"&P°b [ 1 z ��zlW �`V'� � O)�v�YO �HW;O)��� G�W
(� K � K �ORTZ L W!|xbJP
I z � z ���vP-zl^ 	K b.� ���]Wl��O)�����9��W.E�QlVHG(UoV!� K Z�\iF��]^=/�� EJW.nRTSÙU4G�M L � K |#Z4M � K G,�(MO\ � z1G K �%�
I R�L�7 � �)PCR*Q4M K �� [ �]W�iQ4^d/ 4 �Kk4�]We�fT*M ��G �+ETX�VYS K G0MON�R���bJ\(V L�� ^�"°RyQlVHG(UoV!� K Z�\!F��]^=/
	 R��_\ÞRTZ"P#M]G%"�^`M&�W/�M]\(QSQ»G0RTM&�OMvZ��B1 L � K b K�	 RaG0Ra\(M]^`Z!EJWBP�7�P#P �`^`VHG0Z4R���W �6^ ���(O�TaW#X*^��CT�TaW
	!	 ��T*n�O�n=�,T*n�G�O�W7X*^ � K SÙU K G�T*M ��G
I R � � � �)P RB^ L M 4 �]W �fT*M � �H��W E�QlVHG(UYV!� K Z4N K�[ ^ LHK �&�nRTZ L \(Q K M]GBP 	!	 �OMON�Ra\(MO^`ZâMOZ^L � �
L G0RTV!�OMvN�� EJW4�(\(Ra\ K �^�">�\(Q K �ÑRaG0\ 	 R 	K G 	 G K � K Z�\ K�L U � \(Q K 7�P�L�RW��b K N�\(M]^`Z ^`ZØF4VYZ L RTS K Z�\(R��&�
^�" � M � M&�(MO^`Z67,7tg!1 ]\	K G0MOS K Z�\(R��7RTZ L×[ Ra\(Q K SARa\(MvN�R��»F��OV4M L_��� Z4RTSAMON��
I R � Q n�T�P`RB^T\_\(R ���]W6�fT*M�n�Td��W�E�b�\(Ra\(M&�(\(M&�(N0Q K QBQ K ^TG�M K Z4MON�Q�\(Q4^`S	^�� K Z K GFQ»VHG0UYV!� K ZHew7fEJW

�-�!z1Q � �*�]W��6^ ����T*O�M�W 	 �'n �Hm
I R � Q ��O=PeRB^T\(Q K z-�KLe�]WxP#N(d K G,�_^`Z [ �sF��]W`�fT*M ��O ��WCETF��OVYM L RTZ L Q*Q K G0SAR�� [ M ] MOZ!� MOZ"R
[ ^ LHK �;'^ � L k K �ØRTZ L � ^d/*Z4N�^`S K G 4"M]\(Q}k/^�^ 	 F��]^d/�EJW#X�z4�YO�G�T*O�WbR K � K RaG0N�Q z9G(^vu K N�\
G �Hmd�,TaWc7�Z�\ K G�MOS R K�	 ^TG(\�WYP 	 G0M>�-T*M ��O�W 	 G K�	 RaG K�L U � (R�11P�R�1�7�Z4N)�8"�^TG�12zDR�7��
I R�|�z M�M=P�R�V 	!	 7��]W!zcIK Z4M$�`V K ����]W��fT*M�M�M ��W A '^`V 	 �vMOZ��
L K Ra\�'^`Z L V4N�\(M]^`Z7W�R*R L MORa\(M]^`ZÞRTZ L
'^`Z � K N�\(MO^`Z�MOZy'^`S 	 � K@] � K ^`S K \_G0M K �%EJW�7�Z�\�� �T^`VHG�Z4R��q^�"'X�VYS K G0MON�R�� [áK \(QH^ L �C"�^TG;L K Ra\
RTZ L F��OV4M L F��]^=/�W��6^ ���cM=�YG�W 	!	 �!O � �v�YO�n�V
Isb4b � M�T�P#b 	K e�MOR�� K �� �p�]WnbJRaG(daRaGzb.�]W �xRa\%�_dJM�Qb� ���]WC�fT*M�M�Td��W A([ ^ LHK �&�OMOZ!�á\(Q K 	 G K �,�(VHG K �
�_\_G0RTMOZâN�^TG(G K �ORa\(M]^`Zâ^�"l\(VHG(UYV'� K Z4N K g6RTZ×MOZ � RaG�MORTZ�\ L�� Z4RTSAMvN�R��a� � �(\ K S�R 	!	 G(^`RTN�Q!EJW��`^`VHG0Z4R��
^�"�F��OVYM Lâ[×K N�Q4RTZ4MON���W 	!	 �'O �9n=�YO m)O
Isb4b � ���)P»bJRTV!�OZYM K GD��]WYbJMOS	^`ZYMOZ � �]W �×IK�L G0MvZ K�� �]Wa��O)�����H��W'E�11V'� K G0MORTZ [ V!�O\(M 	 Q4R�� K#[ ^ LHK �~�
MOZ��A^�"6F K�K�L 7�Zvu K N�\(MO^`Z×RTZ L �9R 	 ^TG0M>�(Ra\(M]^`ZáMvZ×Fl� R*M&� K G�R K RTN�\_^TG,EJWa�(VHUoSAM]\_\ K�L \_^_QBQ4M]G L
7�Z�\ K G0Z4Ra\(M]^`ZYR��Jb � S 	 ^ �(MOVYS�^`Z
QW/'^)�0z1QYR�� K F��]^=/ [ ^ LHK �&�OMOZ!�BRTZ L 1 ]\	K G0MvS K Z�\(Ra\(MO^`Z7Wvz=M&�(RJW
7�\(R�� � Wb K�	 \ K S&U K G�O�O=�YO �HW#O)�����
I Q�1 [ m)M=PlQ K SARTSNRe�]Wl�fT*M m)M ��W A X�R � M K G%��b�\_^Td K ��1 : VYRa\(M]^`Z!��W!QBQ K ^TG � RTZ L X�VYS K G0MON�R��
P�Z4R�� � �(M>� EJW'1 L �9X�^TG(\(Q��0L�^ �&�ORTZ L WHP�S��(\ K G L RTS^�
I ��1DRJM�n=P � K G,�_\ K�K �FL
� �`�]W [ R��OR��vR�� K d K G0R 4 �]W��fT*M�M�n ��W A P#ZáMOZ�\_G(^ L V4N�\(M]^`Z¹\_^_'^`S 	 VH\(Rv�
\(M]^`Z4R��/F��OV4M L_��� Z4RTSAMON��*g4QBQ K F�MOZ4M]\ K �6^ �vV4S KÙ[áK \(QH^ L EJWHk/^`Z!�`SARTZäbJN�M K Z�\(M$5YNnRTZ L Q K N�Q��
Z4MON�R����
I ��7 � � �=P �xM]^ �&� K \ z-�Kk2�]W+�fT*M � � ��W
E � Z \(Q K Z�V4S K G0MON�R��°S	^ LHK �&�OMvZ��,^�"��_\_G0Ra\(M&5 K�LU< ^=/��%EJW
z1Q � �(MvN�R�� 	 G(^JN K �%� K �'MOZ K �_\(V4RaG0M K ��W#� �!� � G(^`ZHd K G,�'RTZ L 4 � � RTZ_k K V'�%� K Z+1 L �t��W 	!	 �HO�n md�YO m�m�W
b 	 G0MOZ!� K Go� � K G,�OR)�
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