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f8ghf i7jVkNlEmKkNn;o]lNprqts'uTj1v�uTq8sKsKwxj1vzy;v�l{o]n�pr|rphlEw g}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg �
f8g � �;prs�w1o]kNp�vEo1lEphq8s gdg~gdg}gMg}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg fV�
f8g � �;qT�Vo1|rp�vNo]lNprq8s g}gdg~gdg}gMg}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg f8f
f8g�� ��s*jV�TjV���K|hj��8|���w1�Zm;o]lNprq8s�uWjd��mKkE�tjVk{v g}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg f �

� ��� [�XT0]^�2;_:9a6Z9�.1R PT�
�Wghf ���T�;jVkEn;q8|hp��zphlEw}uTj1vFv���v�lN�V��j1v�|rprs�w1o]phkEj1v'g}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg f �

�Wghf8ghf ��s;o]|h�Kv�jduWjdv�l{o1nKpr|hprlNw*gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg fz�
�Wghf8g � ��lNm;uWj�v��;j1�zlNk{o]|hj g}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg f]¡
�Wghf8g � i�|hm;v��¢mKjB|��¤£T�T�/jxkEn;q8|hp��zphlEwZghgrg¥gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg fV¦

�Wg � ���T�;jVkEn;q8|hp��zphlEw}uTj1vFv���v�lN�V��j1v§�¢m;otv�p©¨�|hprsKw1o1prkNj1v�gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg fV�
�Wg �Wghf ª�wz«;sKphlEphq8s gdg}gMg}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg fV�
�Wg �Wg � ¬sT®to]kNp�o]s¯�zj}�;o]k��{£;o]s��8jV��jxsWl°u±�¤phs;�zq8s�sWmKj²v³gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg �8�
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� ghf ª�wz«¯sKprlNprq8s¯v¹gMg}gdg~gdg}gMg}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg � �
� ghf8ghf ���Zm;o1lEprqts'�;o1k{o1n/qt|rpº�¢mKj�g}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg � �
� ghf8g � »Zq8|hmKlEphq8s;v�¼½o]phnK|rj1v��;qtmKk�|hj1v���kEq8n�|r�V��j²v��;o1k{o]n;qt|rp��ZmKj1v gMg}gdg~g}gdg~gdg}gMg �]�

� g � »Zqt|rmKlNprq8s¯v°¼½o1prnK|hj1v¶g~gdg}gMg}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg �8¾
� g �Wghf ¿�v�lEph�*o]lNprq8s¯vFoM�KkEphq8kEpÀgMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg �8Á
� g �Wg � ��s*lE£KwVqtkE�V�Âj}u±�¤jx�Wpºv�lEjxs;�zj�jVl�u±�¤m�sKp��zphlEw g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg �8¦

� g � Ã wV�8mK|ºo]kNprlEwduWj²vFv�q8|hmKlEphq8s;v g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg � �
� g�� ���K��|rp��xo]lEphq8s}��v���v�lE�x��j1v�£T�T�/jxkEn;q8|hp��ZmKj1v�v��W�ÂwVlEkNp��ZmKj1v gMg}gMg}gMg}gdg~g}gdg~gdg}gMg � Á
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�Kg � ��o1lEmKkNjMuTm'�KkNq8nK|h�V��j�g}gMg}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg � �

�Kg �Wghf ��s��Vo8vF|rph��prlNj��8|rj��������	��
������
������ ����gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg � �

�Kg �Wg � �§o8v�uWm v��Kv�lE�V��j�prs�prlEpºo]| gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg �W¡
�Kg �Wg � ��q8s;�z|hm;v�phq8s gdg}gMg}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¾ �

�Kg � ��s��Votv �K|hm;v��8wxsKwVk{o1|Z�;uWjVm��¹�K£¯o8v�j²v��zqt���KkNj1vEv�prnK|hj1v g}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¾ �
�Kg � ghf Ã jz¼:qtkE�\mK|�o1lEphq8s gMg}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¾ �
�Kg � g � ��lNm;uWj�v��;j1�zlNk{o]|hj g}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¾8¾
�Kg � g � ��q8s;�z|hm;v�phq8s gdg}gMg}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¾¢¡

�Kg�� »Zqt|rmKlNprq8s¯v �;q8m�k�mKs�v��Kv�lE�V��j��¶�¢m;o1lEkNjMw1�Zm;o]lNprqts;v gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¾8¦
�Kg��Kghf �§o8v�uWm v��Kv�lE�V��j�����
������ ���Çg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¾8�
�Kg��Kg � �§o8vF�8wVsKwxk{o]| g}gMg}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg Á �
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¾Wghf �Kq8kN�¹mK|ºo]lNprq8s g}gdg~gdg}gMg}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg Á �
¾Wg � �;prs�w1o]kNp�vEo1lEphq8s gdg~gdg}gMg}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg Á¢¡
¾Wg �Wghf �§o8vFq �"!dj1v�lF|hj}®Zj1�zlEjxmKk�sTmK|*gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg Á8�
¾Wg �Wg � �§o8vFq �"!dj1v�lFs�q8s'sTmK| g}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg Á8�
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ÁWghf i�kEw1v�jVsTl{o]lNprqts'uTm'��qTuW�x|rj}g}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¡8¡
ÁWghf8ghf �§o8v�u±�¤mKs+*;mKpºuWj��;o1k�¼½o]phl gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¡8¡
ÁWghf8g � ,�n�lEjVsTlEphq8s�uWm*��qTuW�V|hj"g}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¡1¦

ÁWg � ��o1lEmKkNjMuTm'�KkNq8nK|h�V��j�g}gMg}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¡1�
ÁWg �Wghf ��£Kq8ph�'uTj1v�w1�Zm;o]lNprq8s¯v g}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¡1�
ÁWg �Wg � ��q8sW¨½£T�W�;jVkNn/qt|rpº�zprlNw}uWm v��Kv�lE�V�Âj gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¦Wf
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¡Zghf i�kEw1v�jVsTl{o]lNprqts'uTm �Votv�lEj1v�l�uWm'kNq8nKphsKjVl�uWj Ã o]s;v�q8�Êgdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¦ �
¡Zg � ��lEm;uTj¶uWm*�;jVkE��o]sKjVsTl gMg}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¦ �
¡Zg � Ã w1v�mK|hl{o1l{vFsWmK�ÂwVkEpº�¢mKj²v�gMg}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¦8¾
¡Zg � ghf i�kNw1v�jxsWl o]lEphq8s�uWm vE�{£KwV�*o g}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¦8Á
¡Zg � g � / k o]prlNjV��jVsTl§uWj1v��zq8s¯uWprlNprq8s¯v�|rpr�ÂprlEj²v gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg ¦¢¡
¡Zg � g � 0 m�jV|��ZmKj1v�kNw1v�mK|hl{o1l{v gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg �Wf
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�Mgrf ¿�v�lNpr�*o1lEprqts;vFu±��wVsKjVkN�8prj gMg}g}gMg}gMg}gMg}gdg~gdg}g~gdg}gMg}gMg}gMg}gdg~g}gdg~gdg}gMg �¢¡
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� o¹��qTuWwx|rp�vNo]lNprq8s�u±��w1�zqtmK|rjV�ÂjVsWl�jVs*��w²�Vo]sKpº�¢m�j}uWj1v *;mKpºuWj1vF�8wVsK�xkEj}mKs sKqt�¹nKkNj�pr�Â�/qtkEl o]sTl�uWj
�KkNq8nK|h�V��j1v��;q8kNl{o1sWl}v�mKk}uWj²v�v��Kv�lE�V��j²vFu±�¤w1�Zm;o1lEprqts;v�o]mK� uWwVkEph®ZwVj1v��;o1kElNprjV|h|rj1v-g ��jV�;jVs;u�o]sTlVy;|��¤wxlEm;uWj
�8wxsKwVk{o1|rjduWjd�zj1v§v���v�lN�V��j1v§uWjV��jVm�kEjZy �M|���£KjVmKkNj}o8�-lEmKjV|h|rjZyTmKs*�KkEqtnK|r�x��j�qtmK®ZjVkNlVg
¬�|Ko�o1|rqtk{v�v�jV�¹n�|rw�k{o1p�v�qtsKs;o1nK|rj�uWj°v�ph���K|rp©«;jVk |rj1v�w1�Zm;o]lNprq8s¯v7kEjVs¯�zq8sTlEkNwVj1vzgZ� o��KkNjV��ph�VkEj�jxl7|ºo��K|rm¯v

v�ph���K|hj}uWj\�zj1v�v�ph���K|hp « �Vo1lEphq8s;vF�zqts;v�pºv�lNj¶jVs'|ºo¹|rphsKw1o]kNp�vNo]lEphq8s�y;|���wVlEm¯uWjduWj¶�zj²v�|rphsKw1o]kNp�v�wVj1vFv�jx�¹nK|ºo]sTl
o]|hq8k v mKsc�KkNwV|rph��prs¯o]prkNj¶s;o]lNmKkEjx| � �zjV|r|hj*uWj*��qTuW�x|rj1v}�8wVsKwxk{o]|hjV��jVsTl�sKqts
|hprsKw1o1prkNj1vzg��;j1v¶kEw1v�mK|rl o]l v
q8n�lEjVsTm;vFq8sTl�jVs;v�mKprlNj~wxlEwMwxlEjVs;uTm;v�o1mK�'�ÂqTuW�V|rj²v�prsKphlEp�o1|rjV�\jVsTl§�zq8s;v�p�uWwxkEw1v�oV®Zj1���K|rm;vFq8m �Âq8prs¯vFuWj
kEwxm;vEv�prlEj g

	 o]pºv�kNjV®ZjVsKqts;v���|½�¤wVlNm;uWj\uWj1v��KkNq8nK|h�V��j1v�|rprs�w1o]kNp�v�w²v�
��zjV|h|rjz¨�zp5j1v�l}��ph�WlNjZyKjV|h|rj¶�;q8kNlEj+�*|�o¹¼:q8pºv
v�m�k�mKs�otv��;j1�zl�lEj1�{£KsKpº�¢m�j��2� � 
���9� � ������� �����9�����;� ����� � ��������� ��� ���~jVl�v�mKk�mKs otv��;j1�zlF�K|hm;vF�Kk{o1lEp��ZmKj��
� � ����
! � � � �����Wg ��j1v*uWjxmK�Ço]�K��kEqT�{£Kj1v�qtsWl*sKw²o]sK��qtprs;v¹¼½o1prl�o]�K�¯o]k{o�"rlNkEj@mKs�j sKqtlEphq8s%�zq8���\mKsKj��
�$# % � � �&��'�� ������� �	�}uTj1v�v��Kv�lE�V�Âj1v�u±�¤w1�Zm;o1lEprqts;vFo]m��'uTwVkEph®ZwVj1v��;o]kNlEphjV|r|hj1v��zqts;v�pºuWwVkNw1vzg

/ qtmKl�u±� o]n;q8k u±yKpr|Àvz� o1�8phl�uWj}vEoV®Zqtprk�v�p |rj1v���qTuW�V|hj1v��¢m�j�|���q8s��zq8s¯v�p�uT�VkEj}v�q8sTl�'�� ����(� � � �Bq8m*�K|rm¯v
jV��o8�zlNjV��jVsTl5v�p�|rj1v7��kEq8n�|r�V��j²v7uWj��§o1m;�{£W�dq8nKlNjVsWm¯v ���;o1kElNprk§uWj��zj1v uWjVkEs�prjVk v�v�qtsWl�nKphjVs¶�;qZv�w²vzg 	 o]pºv
�ZmKjdv�pr�tsKp «¯j�'�� ��� �(� � �*)d¿�s�¼½o]phlVy;�;q8mKk�kNw1v�qtm;uWkNjM|rj²v�w1�¢m¯o]lEphq8s;v�o]m��'uTwVkEph®ZwVj1v��¯o]kElNprjV|h|rj1vF�ZmKp�sKqtm;v
prsTlEwxkEj1vNv�jVsTlVyKph| ¼½o1mKl��KkNw1�zp�v�jVk�|��¤j²v��;ot�zj¶uKo1s;v�|rj1�ZmKjV|�s�q8m;v�kEj²� £Kjxk{�{£Kq8s;vF�-j1v�v�qt|rmKlNprqts;vzy��-j¶�ZmKp7sÀ�¤j1v�l
�;otv~lEqtm�+Eq8m�k{v~wx®WpºuWjVsTlVy;sKq8l o]����jxsWlBuKo]s¯v~|rjÂ�Votv~uTj�v��Kv�lE�V��j²v�sKq8sT¨��zqts;v�jxkE®to]lNp ¼½vzg5¬�|§v�jV�\nK|hjMo1|rqtk{v
s;o1lEmKkNjV|�uTj\uWjV�*o1s;uWjVk�o1mK� v�q8|rm�lEprqts;v�uWjdkEj1v�lEjVkBuKo1s;v}�zj1vFj1v��;ot�zj1v�jxl�|½�¤q8s�q8nKlNprjVsTl�mKsKj\uWwz«¯sKprlNprq8s
uWj1v��KkNq8nK|h�V��j1v�nKprjVsI�;qZv�w1v-,½�8g ¼Nghy±�;o]kdjV�TjV���K|hjZyK|�o*uWwz«¯sKprlNprq8s uWj\|���£W�T�;jVkEn;q8|hp��zphlEw�uWq8sKs�wVj¹�¯o]k¶ªdg
»ZjVkNkEj/. »ZjVk �8Á�021{g°¬|��;jVmKl*o1m;vEv�pdv�jV�\nK|rjxkMs;o1lEmKkNjV|}u±��wVlEjVs¯uWkEj �zjVlElNj'sKqtlEphq8s%uWj v�l{o]n�pr|rphlEw�sKq8sÇ�K|rm¯v
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jVl�otvEv�m�kEj¶uTq8s;�}�ZmKj}|rj1v�wV®ZjxsWlNmKjV|r|hj1v7q vE�zph|r|�o1lEphq8s;vFuWj}|ºo¶v�q8|hmKlEphq8s�sWmK�ÂwVkEpº�¢mKj�v�jVkEqtsWl�o1lElNwVsWm�wVj1vzg

��jV�;jVs;uKo1sWl§lEqtmKlEj1v§�zj1v�wVlNm;uWj1v§v�q8sTl�j�<±j²�zlEmKwxj1v�v�m�kFuWj1v�|rphsKw1o]kNp�vNo]lEphq8s;v�jVl°uWj1v�kEw²v�mK|hl{o]l v�kNw1�zjVsTl{v
��qtsWlNkEjVsTl��ZmKj |hj1v¹j�< jVl v�u�?;v+� |ºo@sKq8sÇ|rphsKw1o]kNprlNw'�;jVmK®ZjVsTl��;o1k�¼:qtp�v*�zq8�Â�/jxs;v�jVkÂ|rj1v¹phs;v�l o]nKph|rphlEw1v

¾



Á �����������
	��������

o]���;o]k o]p�vNvEo1sWlÂv�mKk\|rjÂ|rprs�w1o]phkEjZg5��g��5g���jV�Z«;l��9,.���jV���8� 0 1}��qtsWlNkEj\sKq8l o]����jxsWlxy�v�mKk¶m�s
��qTuW�x|rj
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|rjxmKk¹k��8|hjIuKo]s;v\|��¤wxlEm;uWj uWj1v¶��qTuW�V|hj1v¶sKq8s"|hprsKw1o1prkNj1vzg ��qtm;v�jVs"uTw1uWmKpºv�q8s¯v¹mKsKjIuWw-«;sKprlNprqts"uWj |ºo
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Taux de Vide : T=0.5, 100 points

Schema explicite
Solution exacte 
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Vitesse du liquide : T=0.5, 100 points

Schema explicite
Solution exacte 
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