
HAL Id: inria-00072549
https://inria.hal.science/inria-00072549v1

Submitted on 24 May 2006

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

Derivation of Viscous Saint-Venant System for Laminar
Shallow Water; Numerical Validation

Jean-Frédéric Gerbeau, Benoît Perthame

To cite this version:
Jean-Frédéric Gerbeau, Benoît Perthame. Derivation of Viscous Saint-Venant System for Laminar Shallow
Water; Numerical Validation. [Research Report] RR-4084, INRIA. 2000. ⟨inria-00072549⟩

https://inria.hal.science/inria-00072549v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
40

84
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


THÈME 4

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Derivation of viscous Saint-Venant
system for laminar shallow water;

numerical validation

Jean-Frédéric Gerbeau — Benoît Perthame

N° 4084

Décembre 2000





Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)

Téléphone : +33 1 39 63 55 11 — Télécopie : +33 1 39 63 53 30

���������
	��
��������������������������	������! #"$�%�&	��'�
�!()�*�+�-, �.���0/�	�,1���&	��2��3&	�/�/��54 46	7�
���%8

���&,1��������	�/9�:	�/���;&	7�
�����

<>=@?>A�B�CEDGFIH�FJDLKNMPOQ=JDGRS=@?UTWVYXEZ[=IA�\>]N^`_5=JD�^baE?>cd=Pe[V

f�gihLj�k�l�mon@pqj'risut.vwpyx{z&k�v-xI|#vwpyj�py}~t.v~pqxIz
� k�}w�#}�v~h�j�kL}%��x{j�|isyk��#kL}

���~x���k�v-�Y�I�

�-t�|�|UxI��v � k7�~kL��gikL�~��gik6z>�
lI�I��l�m��
�L��k�j����wk����I�{��m��L�[|�t{�{kL}

�����L �¡.¢i£� I¤¦¥ k � k��~pq§Ik�vwg�k&n#t{pqzJv�¨ª©Ek�zUt�zJv[}w�#}�v~k�j¬«­x{�'vwgik&}�gUt�sysqx.®¯®�t.vwkL�~}�pqzU��syr � pyzi�°}wj)t�sysS«­�~py��vwpyx{z!±
§@py}~��xJ}�pqv���t{z �`² x{�~pqxIsqpu}�¨ª³�x{rU}w}wpqz�kL}~´5«µtI��v~x{� � kL|�t��wvwpyzi�7«­�~x{j6vwgik5�
tb§@pqkL��¨�nJvwxI¶{kG}E}��#}�vwk�j·®%p¸v~g�t7«­�~k�k%j�x.§J¨
pyzi�'�>x{r�z � t��~�{¹�f�gipu} � k��~pq§.t�vwpyx{z��~k�sypqkG}SxIz)vwg�k
g@� � �~xI}�v~t.v~py�
t�|i|��wxb�#pyj�t�vwpyx{z)®%gikL�wk
®ºk5«­x{sysqx.®»v~gik:�wxIsqk
x�«
§@py}~��xJ}�pqv��Qt�z � «­�wpu��v~pqxIzPx{zPvwgik[�>x�v�v~x{j¼¹��-r�j[kL�wpu��t{s+��x{j�|�t{�wpu}�xIz�}-�>k�v�®�k�kLzYv~gik'sypyj[pqvwpyzi�Yn#t{pqzJv�¨ª©Ek�zUt�zJv
}w�@}�vwkLj½t�z �&� pq�~kL��v%�
tb§@pqkL��¨�nJvwxI¶{kG}º}wpqj'risut.vwpyx{z¼t�sysyx.®¾vwx�§.t�syp � t.v~k
v~gipu} � k��~py§bt�vwpyx{z!¹
¿QÀJÁÃÂwÄ�Å ¡.Æ
�I¤ �
tb§Jpyk��w¨�nJvwxI¶{kL}>kG´IrUt.vwpyx{zU}�±.n#t�pyzJv�¨ª©Ek�z�t{zJvÃkG´Jr�t.v~pqxIz�}�±b}wg�t�sysqx.®°®�t�vwkL�L±�«­�wkLkS}�r���«µtI��k{±Gt{}w�@j[|i¨
vwx{vwpu��t�z�t{sq�#}wpy}L±@§@py}~��xJ}�pqv��{±J«­�~py��vwpyx{z

ÇºÈ­É+Ê!ÈÌËPÊ�Í�Î�ÏLÐbÑ�ÒbÎ�Í�ÐbÓ­Ô�Õ>ÖUÓµÍ�×µÑ�Ô+Ø�Ù�ÉÚ�Û Î�Í�ÜÝÑ�É
Í�ÓµÞ-ß�ÜÝÑ�àLÐGá{â�ÓµãÝÑ�ÐbÓäÑ�Õ>å�Ø7Ë



�����+���:	7�
������;&� ��(��!���-,1�¬;�� �)	����'�* i"W�%�&	��'�½�)�����[�&�%�����������½/��%�
�%������/��-,1�%���+� /�	�,1���&	������%� �%���%	��	���°�%�
�������.���&;��%��8&�
	�/���;�	��
�����

���¼,����+�����&�


�� ����� � ¤ �5x{r�}S��v�t��isypy}~}wx{z�}L±���|Ut��wvwpy� � kL}S�L´Jr�t�vwpyx{z�} � k5�5tb§@pyk��w¨ n@vwx{¶IkL}Etb§IkL�%}wri��«µtI��k-sypy�i�wkI±{syk5}w�@}�vwhLj�k
� k7n#t�pyzJv�¨ª©Ek�z�t{zIvº|UxIri�SsykL}S�L��xIrisyk�j�k�zJv~}Sk�z�kGt�r#��|>k�r�|i�~x�«­xIz � kG}Ek�z��[pyz���syr�t�zJvº«­�wx{v�vwkLj�k�zJvL±I§Jpu}~��xI}wpqvw�-k�v
��x@k��)��pqkLzJv � k ² xI�wpyx{sypy}�¨ ³ºxIr�}~}�pyzikL}~´>¹ ² k�v�v~k � �L�wpy§.t.vwpyx{z¼kG}�v-«­xIz � �Lk�}�r��-s�� t�|�|i�wxb�#pyj)t.vwpyx{z¼g@� � �~xI}�v~t.v~py´JrikI¹
�!k°}��#}�vwh�j�k°x{�#v~k�z@r kL}�v�§.t�syp � �Yz@rij����~py´JrikLj�k�zJv`|�t{����xIj�|�t���t�pu}�xIz�tb§IkL�QsykY�~�L}wrisqv~t.v � k°}wpqj'risut.vwpyx{zU}
� py�wkG��v~kL} � kG}��L´Jr�t.v~pqxIz�} � k��
tb§Jpyk��w¨�nJvwxI¶{kL}L¹
� Å  L� Â £�� � ��¤ �L´Jr�t�vwpyx{z�} � k%�
tb§Jpyk��w¨�nJvwxI¶{kL}L±G�L´Jr�t.v~pqxIz�} � k5n#t{pqzJv�¨ª©Ek�zUt�zJvL±.}wri��«µtI��k�sqpy�i�~k{±�t{z�t�sy�#}�k�t{}w�@j[|i¨
vwx{vwpu´Jrik{±i§@pu}w��xI}wp¸v~�{±J«­�~x�v�v~k�j�k�zJv�}



���������
	
����

��
�����������
�������	
�����! 
"#����	
�$�%�'&(���)��* �

+ , �'�����);��&���+�����- zdvwgikG}�k&zix{vwkL}L±E®�k��~kL�Lt�sysºgix.®¯v~x � kL�wpy§{k`vwgikYn#t{pqzJvw¨N©EkLz�t�zJv[}w�#}�v~k�j¼±EpyzIv~x � r���k � pyz/.1032ª±E«­�~x{j vwg�k
�5tb§@pyk��w¨ n@vwx{¶IkL}�}w�#}�v~k�j «­x{��pyz���x{j�|i�~kL}~}�py�isyk54�x.®-}�®%pqvwgdtQ«­�wkLk�j�x.§Jpyzi�Q�>x{riz � t��~�{¹Yf�gipu} � k��~pq§.t.v~pqxIz py}
��sut{}~}wpy�Lt�s!®%gikLz¼vwgik�§Jpu}~��xI}wpqv��`pu}-zikL�{sykL��v~k ��6 }�kLk ¥ gipqvwg�t{j7.y�38
2N±�9{xIgiz�}wx{z:.y�G��2ª±>nJv~x{¶Ik��;.y�(0(2�<���r#v5v~gipy}5py}
riz�}~t.v~py}�«µt{��vwxI�w� 6 }wk�k�³�k��~z�t�� � p@t�z � ��py�wxIzizikLt{r=. l�2><�¹?- z � k�k � ±.«­xI� � t{j �i�~kLt{¶@}�x{��g@� � �~t{risypy�!��rij�|�}�p¸v � x@kL}
zix{v�t{sqsyx.®»vwx
��r�}�vwpq«­��j)t.vwg�k�j)t.v~py�Lt�sysq��v~g�t.v�vwg�k
�~pq�IgJv
��rij�|�}�t{�wk
vwgixJ}�k:x{�iv~t�pyzik � r�}wpqzi�'vwg�k:j�xIj[kLzJvwrij6 t{z � zix�v�v~gikQ§{kLsqx#��pqv��@<[t{}[vwg�kY��x{zU}�kL�w§.t.v~pq§Ik�§.t{�wput��isyk¼®%gipu��g¦sykLt � }[vwx � pBAÃk��~k�zJv`�-t�z�¶J�@zik�¨DC5ri�{xIzipyx�v
��r��w§IkL} 6 }�kLk'�:t.«­k��~j�xI}E. �(2ª±!n@k��~�~k=.q�G�(2><�¹GF5sy}wx�±U«­x{�
zJr�j[kL�wpu��t{s�|ir��w|>xI}wk�pqv:��t{zY�>k�r�}wk�«­ris
vwx�riz � kL�~}�v~t{z �
|i�~kL��py}wk�sy��vwg�k � k��~py§bt�vwpyx{z[pqzU��syr � pyzi��§@py}~��xJ}�pqv���pyz[xI� � k���vwx��~kLt{sqpIH�k�v~gik-��xIri|isypqzi���>k�v�®�k�kLz[vwgik�v�®�x7j[x � kLsy}6 }wk�kKJ�x{�~j�t{�{�Ipyt�±ML:kL�w�>kLt{r!±i�-xI�ipysqk�t�z �ON rUt��wvwk��~x{z�pP. �
2!«­xI�%pqzU}�v�t�z���k�<�¹C-kL�wkI±E®ºk&}�v~r � � v~gik`«­r�sqs � kL�wpy§.t.vwpyx{z pyz9v�®�x°}�vwkL|�} 6 p�<�®�k`�~kL��x.§{k���vwgik&§@py}~��xIr�}'n#t{pqzJvw¨N©EkLz�t�zJv[}w�#}�v~k�j
pyz���syr � pyzi�Yt¼}�j)t{sqs�«­�~py��vwpyx{z°vwkL�wj�xIz�vwgik��>x�v�v~x{j 6µ� kLzix�v~k � �@�RQ��UkLsqx.®G<�± 6 pqp�<:®ºk � kL�wpy§{k)t¼��xI�w�~kL��vwpyx{z
vwx`vwgik�S�j�x{vwpyx{zQ�@�&}wsypy��kL}�T 6 vwgik'gix{�~pIH�x{zJv�t�s!§Ik�syx@��p¸v�� � x@kL}5zix�v � k�|>k�z � ri|>x{zQv~gik'§Ik��wvwpu��t{s���x@x{� � pyz�t.v~k�<�¹
f�gipu}%�~py}wkL}�tKS�§@pu}w��x{r�}%n#t{pqzJvw¨N©EkLz�t�zJv�T�}��#}�vwkLj «­x{�-}wg�t�sysyx.® ®�t.vwkL�~}�riz � k���v~gik7«­x{�~jUVVVVVW VVVVVX

Y[ZY#\^] Y_Za`Y�b ced$fY[Za`Y#\ ] Y[Zg`#hY#b ]7ij Y[Z$hY�b clk Q `m ] Q Zn�o ]qp o YY#bsr Z Y#`Y#but�v 6 �(<
f�gipu}E|�t{|UkL�Epy}�xI�w�Jt�zipIH�k � t{}+«­xIsqsyx.®-}L¹w- z)}�kG��v~pqxIz��i±�®ºk%�~kL�Lt�sysJvwgik-�
tb§Jpyk��w¨�nJvwxI¶{kL}+}w�@}�vwkLj·t{z � v~gik-��syxI}wri�~k
|i�~x{�isyk�j0t�z � pyzQ}�kG��vwpyx{zQ�'vwg�k�g@� � �wxJ}�v�t.vwpu�7t�|i|��wxb�#pyj�t�vwpyx{z!¹Ef�gik�nit�pyzIvw¨N©EkLz�t�zJv5}w�#}�v~k�j)}%®%pqvwg&«­�wpu��v~pqxIz
t�z � §Jpu}~��xI}wpqv��dt��~k � k��~py§{k � pyz }wkL��v~pqxIz»ldt�z � z@rij�kL�wpu��t{s-�wkG}�r�s¸v�}�t��~kY}�g�x.®%z�pyz¾}wkL��v~pqxIzsx°vwx9|�r#v�pyz
k�§@p � k�zU��k:vwgik�k�A>kG��v-x{«
v~gik���xI�w�~kL��vwpyx{z�v~x[vwgik�j�x�v~pqxIz��@�&}�sypy��kL}L¹
y z 3��|{¬	-�)������ Ã�[�
�K}��%� �!()�*�+�-, 	���; ���
�½��/����
�`���

¥ k � k�|Ut��wv)«­�wxIj vwg�kP�5tb§@pyk��w¨ nJv~x{¶IkL}�}��#}�vwkLj ®%pqvwg¾t �{��tb§@p¸v�� 6 }�kLk �!pyx{z�}~.q�G�(2�<)pqz ®%gipu��g�vwgikR�9t.�#pu}
�~k�|i�~kL}wk�zJv~}%vwgik�§Ik��wvwpu��t{s � py�wkG��v~pqxIz!±Ut{z � «­x{�5vwgik[}wt{¶{k�x�«�}wpqj�|isypu��pqv��{±>®ºk��~kL}�vw�~pu��v%vwx`v�®ºx � pqj�k�zU}�pyx{z�}5pä¹ k{¹b^��� � t�z � v~gik[vwx{|>x{�I�~t{|ig@�¼py}7zix{v�}�v~r � pyk � �����3���;� b#��� d ¹5C-x.®�k�§{kL�L±>«­xI�7}w|>kL��pB�U��t�|�|isqpu��t�vwpyx{z�}L±*«­xI�pyz�}�v�t�z���k=4�x.®-}�pqz¦�wpy§{kL�~} 6 }wk�k���������L:�~t�«5t�z � F-sqvwpyz�t�¶.t���. 8
2><�±�vwg�k�§@pu}w��xI}wp¸v��°vwkLz�}�xI�'�Lt�z v�t�¶{k`§bt{�wpyx{rU}
«­x{�~j)}�pqz�x{� � k��ºvwx � kL}~���~py�Uk
«­x{��pyz�}�v�t�z���k5v~ri�~�irisyk�zJv%§Jpu}~��xI}wpqv��{¹�Jix{��}wpqj�|isypy��p¸v��I±@vwgik � kLz�}wp¸v��)®%pysqs*�>k:¶{k�|iv
��xIz�}�v~t�zJv�t�z � kL´Jr�t�s@v~x�x{zik�v~gi�~x{ri�Igix{r#vEv~gik%|�t{|UkL�L¹?- z�t_����}�vS}�vwkL|[®�k�vwg�k��~k�«­x{�~k%��xIz�}�p � kL�Evwgik�«­xIsqsyx.®%pyzi�
�{kLzik���t�s*�Lt{}wk�� Y#`Y#b�] Y#�Y � ced@fY#`Y#\�] Y�`�hY#b�] Y#�O`Y � ] Y��Y�b�c Y#���3�Y�b ] Y#���3�Y � fY#�Y#\l] Y#`G�Y�b ] Y#�GhY � ] Y��Y � clk i ] Y#���'�Y#b ] Y��$�'�Y � f

6 ��<
t�z � ®�k���xIz�}�p � kL�ºv~gipu}-}��#}�vwkLj «­x{�\�� d@f b���� � f d5  �   Z � \ f b#� f
®%gikL�wk Z � \ f b�� �~k�|��wkG}�kLzIv�}�v~gik7gik�py�{gJv%x�«�vwgik7®�t.vwkL�L¹Ef�gik:k��#|isypu��pqv�«­xI�wj x{«�v~gik7§Jpu}~��xI}wpqv��'v~k�z�}wx{� � py}�zix{v
«­riz � t�j�k�zJv~t{s!pyz`v~gik�����}�v5}�vwkL|�}�x�«+vwgik � k��~pq§.t.v~pqxIz`�>k�syx.®�±i�ir#v-xIzik���t{z�¶Ik�k�|&pyz&j�pyz � t'«­x{�~j�risut[sqpy¶{k�$��� c j oG¡3¢¡ � f �$��� c o � ¡�¢¡ � ] ¡�£¡ � � f� �'� c j o ¡�£¡ � f � �'� c o �3¡�¢¡ � ] ¡3£¡ � � v 6 ��<

Ê�Ê0Ò�¤M¥�¦�§'¥



l ���I ������g�������'	����
	G���g������
@	�*5�
¥ k � k���z�k7vwgik7v~x�v~t{s!}�v~�wkG}w}�v~k�z�}wx{�

��� clk �G��� ] r ���3� ���3����'� ����� t�v 6 l�<
¥ kP��xIj[|�sqk�vwk¼vwg�py}�}��#}�vwk�j ®%p¸v~g �UxIriz � t{�w����xIz � pqvwpyx{z�}L¹��
z�vwg�kQ«­�wkLkP}wri��«µtI��kI±º®�kYt{}~}�r�j[k¼v~gikQv�®�x
zix{¨ª}�vw�~kL}~}���x{z � p¸v~pqxIz�}��#sqk�v�� � kLzix�v~kL}�v~gik7x{r#v�®�t�� � zixI�wj)t{sÃvwx[vwgik7«­�~k�k�}wri�w«µt{��k����� � ced$f ��� � c Z � \ f b�� v 6 x�<�
z&vwgik��Ux{v�vwxIj¼±i®ºk���x{z�}wp � k��-t)�
tb§Jpyk��-��x{z � p¸v~pqxIz&®%pqvwgYt[«­�~pu��vwpyx{zQ��xJk�����pyk�zJv QQt�z � t�z�x�¨ª|UkLzik�v~�~t�vwpyx{z
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