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��lpjflp�at:� v:c¥d:e4cihgh4lpx{j£h4c¥hgl�kut:c�kux{t¡�4xst:egh5t:j£d�c�t£cij£r�z�rs|�v:c¥|�rnv:t:j:c¥rs|px{e4h ��t:c¥|mc\d:lm�\v:c
��x�c����ilpc�jMk�vfc�yEe4xskgkgci��cijMk�cih�k\tfj�dCcit#cij�rs��x{jMk��

,�cih�e4Öihgtf|mk�r¡kuh¥d:e4Öi��Öiv:c�j�kgh}xsj�k¥��x{jMkgegÖ���t:c�Û,rsh�kuci�Þv:x{j:jfc7#�dCx{t:e¥|ãíÚÖ��ix{t:|mci��cijMkC#Cv:c�h
h4x{|pt�kulpxsj:h�rsd:d:rsegc�����cijMk���x{o:Öie4cijMkuc�hi��ûRk�rsjMknv:x{jfj:Ö�|pc��irseurs��kuÑ�egc�o:x{��xskgo:Ö�kglp��t:c�v:c�hne4Ö��
h4t:|mkur�kuh�x{�fkgcij�t:h"#�x{j�d�c�tfk5��o:x{lph4lpe'jQíïlp��d�xse4kuc ��t:c�|p|mc�z�rs|mcit:e'dCx{t:e���oYrs��t:j�v:c�h5dYr�eurs��Ñ�kgegcih
hgrs��oYrsjMk�kgx{tfkuc�yEx{lph���t:c�hgl=x{j���o:x{lmhglmk\t:j:c�oYr�tfkuc�t:e¥x{t�t:j���lphgrslp|m|pci��cijMk�kue4x{d�lp��dCx{e4kursjMkuh
xsj/vfx{lmkGh�íÔr�k4kuc�j:v:egc`%�x{�:h4cie�z{cie�v:c�hUe�x{j:c�h�v:c�e4ci�ilmeg��t:|�r�kglpx{jN�¨2¥jð��o:x{lmhglmkGvfx{j:��d�xst:e�|�r
h4t:lmkgcGÝ

Re = 1000

U = 1

h = 0.10

ª Ø
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µq·�³ °2±� � ¬�¶�¸=° Ý

,qr�h4x{|pt�kulpxsj �irs|p��t:|pÖ�cGdYrse `qZ�]�^Q¨'© dCx{t:ent:j:c�v:t:j:c�lp����xs�:lp|mcar�wMrsjMk}Ö�kgÖ�z�rs|mlpv:Ö�c7#
jfx{t:h�dCx{tfz{xsj:ha��rslpjMkuc�jYrsjMkajfx{t:h�lpjMkgÖiegc�hgh4cie;%%|pr%vfw3jYrs��lp��t:c�vfc�|�r%vft:j:c£cij h4lp�atf|�rsjMk
h4x{j#Ö�z{xs|ptfkglpx{jQ�

��EFD Þ.M�¥§��¢�MO��¥§Rß���¤I�¥§K'à�¥§¡©á©«R
�~x{t:h�r�z{x{jfh~Ö��ie4lmkC#�cij�j:x{tfh lpj:h4d:lpegrsjMk vQíït:j�d:egx{�seurs����c�yEx{t:e4j:lQdYr�e�ÕV� ý � ��´â,qrs�{egÖ�c7#

tfj�d:e4x{�Mrs����c cij¤Û �3tflYegÖih4x{tfk�|pc h�w3h4kuÑ���c���x{j:h4kglmkgt:Ö�v:cih'Öi��tYr¡kulpxsj:hi/ ª 0�c�k�/ãÙ-0�c�k��3tflYcih4k
�irsdYrs�f|pc	vfcã_�v:lprs|pxs�{t:cieia�rHzsci� `qZ¥]�^Q¨'© ��,qr¤h4kgegt:��kut:e4c�rs|m�{x{egl�kuo:��lp��t:c\v:ca|îíïcijfhgci�	�:|pc
c�h4k~|�r�h4t:lmz�rsjMkucGÝ

S |pcih}dYrsegrs��Ñ�kue4cihav:c¤��rs|m�it:|�hgx{jMk�|mt:h	d:rsea|pc�d:egxs�{eurs����c�c�j/Û �3tfl cij vfÖiv:t:l�k�t:j:c
yEx{eg��c�v:c�v:t:j:c�lmj:lmkgl�rs|mc

S `qZ�]�^Q¨'© egÖih4x{tfk5|îíïÖi��x{t:|pc���c�jMk c�j�kuc�jYrsjMk,��x{��dfkuc~v:c\|pr�yExseg��c~vfc\|�r�v:tfj:c�yEx{tfegj:l
dYrse |pc�dfegx{�{egrs����c¥c�j*Û

S |îíïÖi�ixst:|pc���c�j�k~Ö�k�rsjMk¥�irs|p��t:|pÖ(# `qZ�]�^Q¨'© hurst�z{ci�{rsegv:c	hgcih���rsegrs��kgÖie4lph4kglp��t:c�h4/E��oYrs��d
v:c�z�l�kuc�hghgc(#Jd:egc�hghglmx{j#hgt:e�|pc�h4x{|x#�yEegxsk4kuci��cijMk�dYr�eglpÖ�k�rs|&0�vYr�j:h�t:j#§:��o:lpc�e

S |pcad:e4x{�{egrs����cncijVÛ×egcidfegcijfvV|pr¤�¤r�lpj%c�k���r�|p�itf|pcat:jfc�j:x{tfzsci|p|mc	yEx{e4��c}v:c�v:t:j:c;%dYrse4kglpe,vfcn|prayEx{eg��c¥d:e4Öi�iÖ�v:cijMkgc	c�k~v:t�yEegx�kgkuc���c�jMk yEx{t:egjfl�dYrse `qZ¥]�^Q¨�©
S |pc�d:e4x���cihgh4t:h~egci��x{����c�j:�icnr�z{c��}t:jfcnvft:j:cn|pÖi�sÖiegc���c�jMk���x3v:lm§:Öics�,�c�hg��ofÖi��r�æ�lm�{t:e4c ª ØaegcidfegÖih4cijMkucn�icn��x�v:c\v:c�yEx{j:��kglpx{jfj:ci��cijMk��

Frottement

pariétal

Profil initial

Paramètres
Nouveau profil

de la dune
Programme C CASTEM

Sauvegarde profil,

vitesse et masse

dans des fichiers

V.WYX[Z ª Ø S �3kgt:��kgt:egcnv:t#d:egxs�{eurs����c

ª Ü



��Ex� äÁMO����Rå��Ræ��çr�m¬�è���R:¬�¢3Rß��R:Q½���»é)�9¥�R:¬.MOQêI�¡'¥�¡©«P3MO¥�R:Q
�~x{t:h}rHzsx{j:h}c�ü�ci��kgt:Ö�v:lmü�Öie4cijMkuhn��rs|m�it:|mh�cijV��x3v:lm§YrsjMkÐ%���o:rs��t:c�yEx{lmh�t:jd:rseurs��Ñ�kgegc

r¡§Yj�vNíÚc�j�v:Ö�kuc�eg��lpj:c�e |îíïlpjf�Ytfcij:��cnh4t:e�|pc�h hgx{|mtfkulmx{j:h x{�fkgcij�t:c�hi�
,�c�h~xs�3�4ci��kulmyEh�v:c���c�kgkgc�Ö�kutfv:c}Ö�k�rslmcijMk�v:l�üNÖ�egcijMkgh~h4t:lmz�rsjMk~|pc�h dYrsegrs��Ñ�kue4cih��ix{jfhglpvfÖiegÖ�h�Ý

S d�x{tfe,|pc�h,�ix3c����ilmcijMkuh vfcih Öi��tYr¡kulpxsj:hÐ/ τS

xst
Λ
dYrse,c¦¢�ci��d:|pcC0�#flmj:�ixsj:j�t:h�%ad:eglmx{egl�#�lp|

hiíÚrs�{lph4hursl�k�vQíïcij%vfÖ�kuc�eg��lpj:c�e�t:j:c�zsr�|pcitfe)/Ex{t%tfj:c}df|�rs�{c�vfcnz�rs|mcit:e4h10,��t:lqv:x{j:j:cnv:c�h
egÖih4t:|mkur�kuh~rs���ic�dfk�rs�f|pcih3T

S d�x{tfe�|mcihqdYrsegrs��Ñ�kue4cihqv:c���rs|m�it:|�/Èk�rslm|p|mcRv:tndYrsh�v:c�kgci��d:h$#Hvft:egÖ�c5v:c�|�r dCÖie4lpx3v:c'vQíÚÖ�z{x��|ptfkglpx{jn��rs|m�it:|mÖic(#�d:e4Öi��lphglmx{j	vfta�¤r�lp|p|prs�{c��i�i�o0�#i|pcih=d:egc���lmcie4h=�irs|p��t:|ph�Ö�kurslpc�j�k�v:cih�kulmj:Öih�%
j:x{t:hRe4cij:h4cilm�{j:cie�hgt:eR|pr~z�rs|mcit:e�%\v:x{j:jfcie�%\��cihRd:rseurs��Ñ�kgegc�hRr�§Yj�vNíÚx{d�kulp��lph4cieq|pc�hR��r�|��
�it:|mh5h4t:lmz�rsjMkuh�cij�egÖ�v:t:lphgrsjMk,|mc�kgci��d:h�v:c��irs|p��t:|J�¤r�lph�cij��ix{jfhgcie�z�rsjMk,|pc~d:o:Ö�j:x{��Ñij:c
Ö�kutfv:lpÖ�vYrsjfh~|mc�v:x{��rslpjfc¥vQíïÖ�kutfv:c¨T

S cij �icG��t:l�|pc�h¥dYrsegrs��Ñ�kue4cih�d:e4x{d:e4cihÐ%£|îíïÖi�ixst:|pc���c�j�k;/?d:e4xs§Y|Rlmj:lmkgl�rs|qv:c�|pr�v:t:j:c(#�hgx{|v:t:e¥x{t ��cit:�f|pcs���i�o0�#�lp|�j:x{t:h�c�h4knrsd:d:rsegt�lmj�kgÖie4cihghgrsjMknvQíÚÖ�kut:vflpcie\|pcitfe¥lpjf�:t:cij:��c�hgt:e
|îíïÖ�z{xs|ptfkglpx{j�r�§:j#vNíÚc�hghur�wscie¥vQíïcij�kulmegc�e v:cih��ixsj:�i|mt:hglmx{j:h c�¢�d:|mx{lmkurs�:|mcihi�

\ d:egÑ�h r�z{xslpe'egÖirs|plmhgÖ ��t:ci|m��t:cih���rs|m�it:|mh'r�z{ci�~t:j��iegl�kuÑ�egc v:c~�ix{jMzscieg�scij:��c
ε0

zsr�|�rsjMk
10−5jfx{t:h5rHzsx{j:h5�ix{j:h�k�r�kgÖ\��t:c~|pc kuc���dfh5j:Ö��ic�hghur�lpegc�d�xst:e'�ix{��d:|pÖ�kuc�e�tfj¤dYrsh�v:c�kuc���d:h�jQíïÖ�kurslmk

d:rsh=��x{��dYr�kulm�:|pcRrHzsci�5|pcRkuc���dfh=v:xsj�k�j:xst:h=vflphgdCx{h4lpx{j:h��&��x{tfh�r�z{xsj:h=vfx{j:����o:x{lph4lMvQíïlp��d�x{h4cie
ε0 = 10−4

#�|�r�dYrse4kglpc¤Ó*r�wMrsjMk���x{jMkue4Ö¤��t:c£�ic�kgkgc�d:egÖ��ilmhglpxsj�hgtf��hgrslmk�dCx{t:e}x{�fkgcij:lme	v:c�h
e4Öih4t:|mkur�kuh r��i�ic�dfk�r��:|pc�h hgt:e t:jfc��{eursjfv:c¥dYrse�kulmc\v:t�v:x{��rslmj:cs�3��xst:h�r�z{x{j:h dft#jfxskuc�e,��tQíÚc�j
��x{�a�:lmjYrsjMk}�ic�k4kuc��ix{j:vflmkulmx{j v:c���x{jMz{c�eg�{c�j:�ic�r�z{c���|pc�h}��x{j:v:l�kulmx{j:h�d�xse4k�r�j�k}hgtfe	|�r£k�r�lp|p|mc
vft�v:xs�¤rslmj:c¥c�k�|�r�d:egÖ��ilmhglpxsj£v:t���rslm|p|�r��{c7#�|pc�h ��rs|m�it:|mh$#:c�üNc���kgt:Öih~hgt:e�|mcih x{e4v:lpjYr¡kucitfegh v:c�h
hgrs|p|mcih�lpj�yEx{eg��r�kulm��t:cih�v:c�|îíÚû��ix{|mc ý x{|mw�kuc���o:j:lm�3tfc¤v:x{jfjYrslpc�jMk	v:c�h	e4Öihgtf|�r�kgh}c�j�v:cihnkuc���d:h
egrslph4x{j:jYr��:|pc�h�Ýfk�w3d:lp��t:c���c�j�k$#Jt:j�d:rsh�v:c�kuci��d:h�d:e4cij:v#t:j:c�v:lÔe�rslmj:c�v:c���lmj�tfkuc�hi�

,�cihn�ixst:eg�Ccih�d:e4Öihgc�jMkuÖic�havYrsjfhn��c�k4kuc�dYrse4kglpc�e4cid:e4Öihgc�jMkucijMk	|îíïÖ�z{xs|ptfkglpx{j*kgci��d�x{e4ci|m|pcav:c
|pr�v:tfj:cs�Nû'|m|pc�h�h4x{jMk¥�ixsj:h4kgegt:l�kucih\dYrse~hgt:dCcie4d�x{h4lmkglpx{j�v:cih¥dfegxs§Y|mh\v:tfjYrslpe4cih\rst�¢�v:lmü�Öie4cijMkuh
d:rsh�v:c�kuci��d:h��

Â ¯mà9¯?Ã � ¼¡½�ë�Æ,Á?º=ÁÈ»&ÁEÅYÆ'¾�Ê%Æ?Å ¾�¿=ºqÊ
ý x{t:e�kgx{tfkgcih~j:x{h~hglp�	t:|�r�kglpx{jfh$#fjfx{t:h\jfx{t:h~hgx{����c�h�|plp��lmkgÖih[%�v:cit3¢�yExseg��cih�v:cnv:t:j:c�h

vflmü�Öiegc�jMkucihnÝ
S hgx{l�k�t:j:c�yEx{eg��c�cij#�ixshglpj�t:h

f(x) =

{

h0(1 + cos(2π
x − x0

Lb

)
hgl
|x − x0| < Lb

2

0
h4lpj:x{j

S hgx{l�k�t:j:c�yEx{eg��c�cij#�Mrstfhghglmcij:jfc

f(x) = h0 exp(−π
(x − x0)

2

L2

b

)
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r�zsci�
h0

oYrst�kucitfe~vfcn|pr�v:t:j:c(#
Lb

hurGv:c���lô��|�r�eg�{c�t:e c�k
x0

|îíÚrs�:h4�ilmhghgc�v:c�h4x{j�h4x{����c�k��

,�cihGæ=lp�{t:e4cih ª Ü%c�k ª ß%egcidfegÖih4cijMkuc�jMk�|mcihae4Öih4t:|�r�kghax{�fkgcij�t:hGcij jfc£��oYrsj:�{cirsjMkG��t:c£|�r
yExseg��c lpjflmkulprs|pc'v:c |�r\�Cx{hgh4c �¤r�lph�d:rshR|�r�oYrstfkgcit:ei/Ed�x{tfe�rs��Öi|plmx{egc�eq|�r\|mlphglm�:lp|mlmkgÖ7#�|mcih���x{t:e4��c�h
xsj�k~h4t:�:l�t:j:c�v:lm|�r�kur�kulmx{j¤zscie4kglp�irs|pcC0��

VWYX[Z ª Ü S æYx{eg��c¥lpjflmkulprs|pcnÝY�ixshglpj�t:h

VWYX[Z ª ß S æYx{eg��c�lpj:l�kulprs|pcnÝ:�Mrstfhghglmcij:jfc

,qr |pc���kutfegc�v:c�h���x{t:e4��c�hQy?rslmkqr�d:dYrsegrslmkgegc�tfj:c�z�l�kuc�hghgc'd:|mt:hQlm��dCx{e4kursjMkucRdCx{t:eN|îíïÖ�z{xs|ptfkglpx{j
vfc¥|�r	vft:j:c¥vYr�j:h,|pc\��rsh,vfc¥|�rn�Mrst:h4hglpc�j:j:c���2¥j�d�c�tfk c�j#xstfkue4c\�ixsj:h4kur�kuc�e t:j�r�üNrslph4hgci��cijMk
df|pt:h�eur�d:lpv:c�v:rsj:h�|pc��irsh�v:t���x{hglmj�t:hi�

ª å



\ lpj:h4lx#MhglCvYrsjfh |pc�h5vfcit�¢���r�h5x{j�x{�fkglpcijMk5v:cih5hgx{|mtfkulmx{j:h'lpjMkgÖiegc�hghgrsjMkucih"#fj:xst:h,r�z{xsj:h d:e4lph
|pr vfÖi�ilmhglmx{j vfc�jQíïtfkglp|plmhgc�e$#RdCx{t:eG|�r hgtflmkuc�v:c#j:x{h�hglm�at:|pr�kulmx{j:h$#��3tfc�v:c�h¤v:tfj:cih]% d:e4xs§Y|
�{rst:hgh4lpc�j�dCx{t:e v:c�t�¢#eur�lphgxsj:h�Ý

S |îíÚr�üQr�lphgh4ci��cijMk�Ö�k�r�j�k\��xslpj:v:e4c7#Jx{j*dCx{t:e4eur¤xs�:hgc�e4z{c�e¥t:j:c	Ö�z{xs|ptfkglpx{j�hgt:e¥tfj:c	d:|prs�{ckuci��dCx{egc�|p|pc�d:|ptfh~lm��dCx{e�k�rsjMkuc(#
S |�raz3lmkuc�hgh4c	cih�k\df|pt:h~lp��d�xse4k�r�j�kgc�c�k�v:x{j:�n|pc�h�d:o:Öijfx{��Ñ�j:cih�vQíïÖ�z{xs|ptfkglpx{j#hgc�egx{jMk�d:|pt:hrslph4Öi��cijMk�x{�:h4cie4z�rs�f|pcih��

Â ¯mà9¯mà � Å:¼&ÅYÎVÍ�»�¼¡Ê
τS

,�cihGæ=lp�{t:e4cih ª å%c�k ª ç*egcidfegÖih4cijMkuc�jMk�|mcihae4Öih4t:|�r�kghax{�fkgcij�t:hGcij jfc£��oYrsj:�{cirsjMkG��t:c£|�r
z�rs|mcit:e vft���x�c�����lpc�j�k

τS

�

V.WYX[Z ª å S ûRz{xs|ptfkglpx{j�vQíït:j:c�v:t:jfc}dCx{t:e τS = 0.2

V.WYX[Z ª ç S ûRz{xs|ptfkglpx{j�vQíït:j:c�v:t:jfc}dCx{t:e τS = 0.6

ª ç



��tfe\�ic�h\��x{t:eg�Ccih"#�xsj%�ixsj:h4kur�kuc}�3tNíÚt:jfc}z�rs|pc�t:e�v:c
τS

Öi|mc�zsÖic	h4c}kgeursv:tflmk~dYrse~t:j%Ö�k�rs|mc��
��cijMk�vfc,|�r\vft:j:c c�kRt:jGr�üNrslph4hgci��cijMk�e4ci|pr�kul�z{ci��cijMk�|pcijMki�{Û c��il:c�h4k'�ixso:Öie4cijMk'��rse�lp|3cih4kRd:|pt:h
vflm���ilm|pcnvQí&_�rsegegrs��o:cie�a�v:cih\�{eurslmj:h\vfc	hur��:|pc}|px{e4hg��t:c

τS

cih4k¥Öi|pc�z{Ö��Qû�j�x{tfkgegc7#C|�rGz3lmkuc�hgh4c
vfcnvfÖid:|prs�ic���c�j�k~v:c�|prav:t:j:cnhgc��a�:|pc�*�kue4cn|pr��+*���c¥v:rsj:h�|pc�h~vfcit�¢#�irshi�

Â ¯mà9¯ Â � Å:¼&ÅYÎVÍ�»�¼¡Ê
Λ

,�cihGæ=lp�{t:e4cihGÓ ê c�k�Ó ª egcidfegÖih4cijMkuc�jMk�|mcihae4Öih4t:|�r�kghax{�fkgcij�t:hGcij jfc£��oYrsj:�{cirsjMkG��t:c£|�r
z�rs|mcit:e vft���x�c�����lpc�j�k

Λ
�

V.WYX[Z�Ó ê S û�zsx{|pt�kulpxsj#vNíÚt:jfcnvft:j:cnd�x{tfe Λ = 0.5

V.WYX[ZNÓ ª S ûRz{x{|mtfkulmx{j�vQíït:j:c�v:t:j:c�dCx{t:e Λ = 1

Ó ê



,qrG|pci��kut:e4c�v:c��icih���x{t:eg�Ccih�y?rsl�k�rsd:dYr�eursl�kuegc�tfj:c�z�l�kuc�hghgcnv:c�v:Ö�d:|�rs��ci��cijMk~d:|ptfh Öi|pc�z{Ö�c
dCx{t:e�t:j

Λ
y?rslp�f|pcs�QÛ ci��l�dCcit�k	h�íÚlmj�kgcie4d:egÖ�kuciendYrse�|mc�y?rslmk���t:c�|pcGhgrs�:|pc�c�h4k}d:egc�|pc�z{Ö�hgt:en|�r

dCcijMkgc�rs��xsj�k	v:c�|pr�v:t:jfc£d�x{tfe)*�kgegc£c�����cij:Ö�hgt:e	hur*dCcijMkuc�r�z�rs|pc��¨2¥e
Λ
��x3v:Ö�|plph4c�tfj

c�üNc�k,v:c��{eur�z3lmkgÖ�vfx{j:�\df|pt:h5lp|Ycih�k,Ö�|pc�zsÖ7#�d:|pt:h�|pc�yEegx�kgkuc���c�jMk dYr�eglpÖ�k�rs|Jv:xslmk*�kgegc\lm��dCx{e�k�rsjMk
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