
HAL Id: inria-00073104
https://inria.hal.science/inria-00073104

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Level Kinetic Approach in the Case of Strong
Vibrational Nonequilibrium for a Pure Diatomic Gas

Elena V. Kustova, François Mallinger

To cite this version:
Elena V. Kustova, François Mallinger. Level Kinetic Approach in the Case of Strong Vibrational
Nonequilibrium for a Pure Diatomic Gas. [Research Report] RR-3577, INRIA. 1998. �inria-00073104�

https://inria.hal.science/inria-00073104
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

appor t  
de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Level kinetic approach in the case of strong
vibrational nonequilibrium for a pure diatomic gas.

E. V. Kustova , F. Mallinger

No 3577

1998
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	 ���� 	 � �olUegq�pY{slnpLlUqklnmgq t hjmDq�x.[�{�hjpgpDlU{�i�eYm¢Z'l t�� f�['Z�h0isW � Z�h0isbdª�eY[HpLlneY{)fd[wq � x.lneYfd[.Z'[.m�i�q�[wm
£¬lU{�i t�� q � ª�eYbdfdb�©Y{s[ ¨ bd©Y{�h0isb�lUmYmY[.fMÁSpDlUeY{�eYm���hj¡ pgeY{w«��![�Z'l t Xwf�[H[wq�i t��wt eYb�i t [�frh�ikW � ln{sb�[Hxbdm � isbdª�eY[ t [wq
��hnq�pghj{�frh�Z � isWYl t [ t [ ± WghjpYZ�hnmB²M³¤mgq�®Uln��� � m � {�hjfdbdq � [U«��![wq)xlc[.¶�x.b�[wm�isq t [�ik{�hjmgqkpDlU{�i)q�lUm�i)qklnfdeBikbdlnmDq
t [ q�uBq�ikXwZH[�qoxlUZ'pYf�[.yB[wqolU©Bik[wmcegq t hnmgqoeYm�xwh t {s[)ik{sXwqµ� � m � {�hjfM«���b�� � {k[wmUis[wq�hjpYpY{sl@yBb�Z�hjikbdlnmgq�pYWcuBqkbdª�eY[�q
pL[.{sZ'[ikik[.m�i t�� [.m t��wt egb�{s[ t [wq�q�uBq�ikXwZH[�q�q�bdZ'pYf�[�q�ªUeg[�f � lnm pL[.eYi�{ � qklne t {k[�mceYZ � {sbdª�eY[wZH[wm�i�pLlneY{�eYm�£Öhjbd©Yfd[
x.lneBi�«
� ¾ ��� ¼ ��� 	 � t�� q � ª�eYbdfdb�©Y{s[ ¨ b�©Y{�h0isb�lUmYmY[wfOÁ ± WghnpYZ�hjmB²´³:mgqk®nlU�gÁcxlc[¶ x.b�[wmUi�q t [)ik{�hjmDq�pLln{kiwÁYqkuBqvisX.Z'[wqw«
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egqk[ t"! ��#´Á ! ��#´Á ! ��#´Á ! \�#M«�V�WY[�q�[�Z'l t [.frq:hUqkqkeYZ'[�ikWghjiêikWY[�pLlnpYegfdhjikbdlnmHlj£S[whnx�W ¨ b�©g{shjikbdlnmghnf�fd[ ¨ [.fBbrq t [�qkx.{kbd©D[ t
©cu�h�qvis[wh t uU²Óq�ish0is[ t brq�ik{sb�©YeYikbdlnm¸Á!hji�isWY[H�Uhnqµik[wZ'pD[w{shjikeY{s[�bdm¢ikWY['x.hUq�[Hlj£¤[�ª�eYb�fdbd©Y{kbdeYZ ©L[iv¦�[.[wm¢hjfdf-ikWY[
t [w�n{s[.[�q¤ln£$£¬{k[w[ t lUZ�ÁclU{�hji�h ¨ bd©Y{�h0ikbdlnmDhjfDik[.Z'pL[.{�h0iseY{k[�b�m�ikWY[)x.hUq�[�lj£ ¨ bd©Y{shjikbdlnmghnfDmglnmY[�ªUegb�fdb�©g{kbdeYZ·«%$�eBi
isWYbdq'hUqkqkeYZ'pBikbdlnm	brq�mYlji'hjfd¦�h@uBq ¨ hjfdb t «& Óm pDhj{kikbrxeYfrhj{�Á�bdm¯h¢q�WYlU{�i�{k[wfdhjyBhjikbdlnm�¡.lUmY[�©L[.Wgb�m t ikWY[·q�Wglcx�®
¦�h ¨ [UÁ�¦�Wg[.{s[�isWY[ ¨ b�©Y{�h0isb�lUmghjf t brq�ik{sb�©YeYikbdlnm·bdq�q�ik{slnmg�nfdu t bdqk[wª�eYbdfdb�©Y{�h0is[ t hjm t x.hnm�mYlnio©D[ t [�qkx.{kbd©L[ t ©�u�h
q�ik[�h t u�²Óqvi�h0ik[ t brq�ik{sb�©YeYikbdlnm¸«:`cegx�W�¥gl0¦oq�hn{k[�x�Wghn{shUx,ik[w{kbd¡.[ t ©cu�hHZ'[whjm ¨ bd©Y{shjikbdlnmghnf$xlnfdfdbdqkb�lUm isb�Z'[�lj£�ikWY[
qshjZ'[�ln{ t [.{:hUq-ikWY[ox�WDhj{�hnx,is[.{sbdq�ikbrx¤ikbdZH[�ln£gisWY[�¥gl0¦#hjm t Z egx�W'�U{k[�h0ik[w{-ikWghnm isWY[�Z'[whjmHis{shnmgq�frh0isb�lUmghjfBhnm t
{slji�h0ikbdlnmDhjf¸xlUf�fdbrq�bdlnm�ikbdZ'[wqw«' ´iµbrq�bdZ'pDlU{�i�hjm�i�ikWY[w{k[.£¬ln{s[)ikl x.lnmgqkb t [.{�ikWg[�pDlUpYeYfrh0isb�lUm�ln£ê[whnx�W ¨ b�©g{shjikbdlnmghnf
[wmY[.{s�nu fd[ ¨ [.f¸hUq�hjm�eYmY®cmYl0¦�m·hjm t ikl�egqk[�ikWY[�qklj²Óx.hnf�fd[ t f�[ ¨ [wf¸hjpYpY{slUhUx�W¸«
À hj{sb�lUegq!hji�is[.Z'pgq¸WDh ¨ [:hjfdfd{k[�h t u�©D[w[.m�Z�h t [êiklµq�ike t u){k[�hjfj��hnq$¥Dl0¦oq$egqkb�mY�oikWY[�f�[ ¨ [.fU©cu�fd[ ¨ [.fUhnpYpY{slUhUx�W¸«( ZHlUmY� isWY[ Z'l�qviµ{s[wx.[.m�iwÁL¦�[�Z�h@u�Z'[.m�isb�lUm<¦�lU{k®Bq�lUm ¨ b�©Y{�h0isb�lUmghjf�²Óx�WY[.Z'brx.hjf¸x.lneYpgf�bdmY� ©L[.WYbdm t h�q�Wglcx�®

¦�h ¨ [ ! �)#´Á ! * #MÁ ! �+#´Á ! ��#´Á ! �,#MÁ ! ��-)#MÁ�lUm [yBpghnm t bdmY��¥gl0¦oq�hjm t mYlU¡.¡wf�[�q ! �n�.#´Á ! ����#´Áolnm h mYlnmY[�ª�eYb�fdbd©Y{kbdeYZ
©LlneYm t hj{su frh@un[.{�mY[�hj{�{s[²´[.m�ik[w{kbdmY��©Dl t bd[wq ! �w��#MÁ ! �w��#MÁ ! �.\,#�hjm t lnm·qkWYlBx�® fdh@uU[.{ ! ����#´«/YlUf�fdl0¦�b�mg�'ikWY[�fd[ ¨ [.f�®�bdmY[.ikbrx�hjpYpg{kl�hnx�W¸ÁcisWY[ {s[wqkeYf�ikbdmY��Z�hnx{slUqsxlUpYbrx�qkuBqvis[.Z Wghnqµ©D[w[.m t [w{kb ¨ [ t bdm ! � * #
bdm�ikWY[�x.hUq�[�lj£�hH{k[�hnx,isb�mg� �UhUq�ZHb�ycikeY{s[nÁBbdmgx.f�e t b�mY� q�ik{slnmg��x�WY[wZHbrx.hnf$mYlnmg[wª�eYbdf�bd©Y{sb�eYZ·«0 Óm�ikWYbrq�pghjpL[.{�ÁB¦�[
¦�bdf�f!{k[�qvis{kbrx,i�lneg{µh0ikik[.m�isb�lUm�isl h�pgeY{k[���hnq�hjm t ÁYegqkb�mg��mYlji�h0ikbdlnmDq�lj£ ! � * #MÁg{k[�x.hjfdfLikWY[ Z'hnb�m�{s[wqkeYf i�q�lj£�ikWY[
�U[.mY[w{shnf�bd¡.[ t ± WghnpYZ�hjmB²´³:mgqk®nlU� Z'[isWYl t «:V�WY[.m!ÁB¦�[ t [.{sb ¨ [��n[.mg[.{�hjf$q�uBq�ik[wZ'q�isl'x.lnZ'pYeBis[�ikWY[�ik{�hjmDq�pLln{ki
x.l�[.¶ xbd[.m�isq+1¸isWY[µqkWY[whn{:hjm t ©YeYfd® ¨ brqkx.lUqkb ivuUÁ0ikWg[�ikWY[w{kZ�hjfDxlnm t egx,isb ¨ b�ivunÁ t b �Segqkb�lUm�hjm t ikWg[.{sZ'hnf t b��LeDq�bdlnm¸«
V�WY[·xlUZ'pYf�[.yBb ivu�lj£�b�mY[wfdhUqvisbdx�xlUf�fdbdqkbdlnm¯x.{kl�qkq�q�[�x,ikbdlnmDq pY{s[ ¨ [.m�i�hnm�u	x.lnZ'pYeBi�h0ikbdlnm¯¦�b isWYlneBi�h tgt b isb�lUmghjf
hnpYpY{sl@ycbdZ�h0isb�lUmgq.«<V�WcegqwÁ�¦�[ pg{klUpDl�q�[ hnpYpY{sl@ycbdZ�h0isb�lUmgq)b�m¯ln{ t [.{�isl�ln©Yishjbdm qklnf ¨ hn©Yfd[�q�uBq�ik[wZ'qw«2 Óm�ikWgbdq
hnb�Z·Áê¦�[�xlUmgqkb t [w{HhnpYpY{sl@yBb�Z�h0isb�lUmgq�egqk[ t ©�u ! �@�+#´Áêbdm ikWg[�xwhnqk[ lj£µh��Uhnq Z'b ycikeg{k[UÁ¤hnqsq�egZHbdmY�<isWgh0i�ikWY[
Z'lnfd[wx.eYfd[wq�h0i�ikWg[ t b �S[.{s[.m�i ¨ b�©Y{�h0isb�lUmghjf-[.mg[.{s�nu<fd[ ¨ [wfdq�©L[.Wgh ¨ [HhUq�ZHlUf�[�xeYfd[wq�ln£ t b��L[w{k[wm�i�qkpL[wxbd[wqw«�V�Wg[
{s[wqkeYf�ikbdmY��q�uBq�ik[.Z�q�hn{k[�£¬ln{sZ�hjfdf�u�q�bdZ'b�frhj{�ikl'isWYlUqk[ t [.{sb ¨ [ t bdm ! �w�,#$£¬ln{�pLlnfduUh0islnZ'brx���hnq�Z'b yciseY{k[�q.«3 4 �����·/&���6587 ���¸����%����:9������ ����3���� �!���+���
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� [¤xlUmgqkb t [w{SikWY[�q�[wZHb�²Óxfrhnqsq�brx.hnf)$�lUf is¡.Z�hjmYm)[�ªUeDh0ikbdlnm�hUqkqklBxbrh0ik[ t isl�ikWY[ t bdq�ik{sbd©YeBikbdlnm�£¬eYmDx,ikbdlnm<;,=?>�@ �BA �CAEDEF Á
¦�WY[w{k[ ikWY['qkeY©gqsx{sb�pBi�qHG�hjm tJI�t [.mYlnik[�{klnish0isb�lUmghjf-hjm t ¨ bd©Y{�h0isb�lUmghjf�[.mY[w{k�Uu�fd[ ¨ [.frqo{s[wqkpD[�x,ikb ¨ [wf�u·hjm t ikWY[
hn{k�UeYZ'[.m�isq t [.mgljik[�ikWg[ ¨ [.fdlcx.b ivu � ÁcikWY[)qkpghnx.[�x.lj²´ln{ t b�mDh0ik[ � hjm t ikWY[�ikbdZ'[ D «êV�Wghji�[�ª�egh0isb�lUm�brq�¦�{sb�i�ik[wm
hUq K ;�=?>K DML � K ;�=N>K �PO QRTSVU�W�X=N> L SVY[Z=?>\] ��^
V�WY['xlUf�fdbrq�bdlnm�lUpD[w{shjiklU{sq SVU�W�X=?> Á S Y[Z=?> qkb�Z�eYfdhjik[�{shnpYb t hjm t q�fdl0¦ pY{klBx.[wqsq�[�q.ÁL{k[�q�pL[wxikb ¨ [wf�uU«)V�Wg[ pghn{shnZH[.ik[w{R O`_ U�W�X a _ Y[Z bdq!ikWY[�{shjikbdl�lj£BisWY[¤Z'[whnm�xlUf�fdbdqkbdlnm)ikbdZ'[¤ln£BikWY[¤£¬{k[�ªUeg[.m�i�hjm t {shn{k[:x.lnfdf�brqkb�lUmgq.«�V�WY[:pghn{shnZH[.ik[w{R bdq�qkZ�hjfdf$eYm t [w{�ikWY[�WcucpLljikWg[wqkbdq�isWgh0i _ U�W�X bcb _ YdZfe g A] ��^
¦�WY[w{k[ g brqoh'x�Wghn{shUx,ik[w{kbrq�ikbrxoisb�Z'[�ln£�isWY[�¥gl0¦�« ( qkqkeYZ'bdmY� qvis{klUmY� ¨ b�©Y{�h0isb�lUmghjf$mglnmY[�ªUegb�fdb�©g{kbdeYZ·ÁY¦�[�Z'h@u
¦�{sb is[ SVU�W�X=N> O Sfh Z=N> L S U=?> Á S YdZ=N> O SVi =kj U=N> ÁD¦�Wg[.{s[�xlUf�fdbrq�bdlnm<bdm�ik[.�U{shnfdq SVh Z=?> Á S U=?> Á SVi =lj U=?> Á$xlU{k{s[wqkpDlUm t ikl�[.frhnq�ikbrx
x.lnfdf�brq�bdlnmDq-hnm t ikWYl�q�[�b�mDxfde t bdmY��{klnishjikbdlnmghnf�hnm t ¨ bd©Y{�h0ikbdlnmDhjf�[.mY[w{k�Uu)ik{�hjmgq�£¬[.{�q-{k[�q�pL[wxikb ¨ [.fdun«-V�WY[�xlUf�fdbdqkbdlnm
lUpD[w{shjikln{�£¬lU{�{shnpYb t pY{slBx[wqsqk[wq�Z�h@u ©D[�¦�{sb�i�ik[wm<hnq

SVU�W�X=N> Onmo Z >�p Z p�qsr ; =N> p ; o Z p�t => t oZt =>�p t oZ pvu ; =N> ; o ZxwzyB{ > p Z p=N> o Z0|�}�~v| ���,A] ��^
¦�WY[w{k[ { > p Z p=?> o Z bdq�isWY[�b�mg[.frhnq�ikbrx�x.{kl�qkq�²Óq�[�x,ikbdlnm�lj£!isWY[�xlUf�fdbrq�bdlnm�f�[�h t bdmY�HiklHikWg[�x�WghjmY�U[�ln£!is{shnmgq�frh0isb�lUmghjf$hnm t{slji�h0ikbdlnmDhjfê[.mg[.{s�nunÁ%� brq)ikWg[ {k[wfdhjikb ¨ [ ¨ [.fdlcx.b ivu�lj£�Z'l t eYf�eDq y Á | } ~ O t Gd��� | R | � brq)isWY[�qklnfdb t hjmg�nfd[nÁ%�hnm t R hj{s[�isWY[�pLlnfrhj{�hjm t hj¡wb�Z�eBikWghnf t [.¥g[wxikbdlnm§hjmY�Uf�[�q.ÁShjm t t => brq�ikWY['q�ish0isbdq�ikbrx.hnf!¦�[.bd�nW�i�ln£:{klnishjikbdlnmghnf
ï�ï ÛT����� ���
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[wmY[.{s�nu�f�[ ¨ [wf I £¬lU{µh�Z'lnfd[wx.eYfd[�b�m ¨ bd©Y{�h0ikbdlnmDhjf$fd[ ¨ [wffG�«�V�WYbdqµb�m�is[.�n{�hjf t [wqsx{sb�©L[wq�ikWY[�[.frhnq�ikbrx�xlnfdfdbdqkb�lUmgq�bdm
isWY[�x.hUq�[ I O I�� Á�� O � � «
V�WY[�xlnfdfdbdqkb�lUm	b�m�is[.�n{�hjf SVi =kj U=N> b�mgx.f�e t [wq À V_hnm t	À�À pY{slBx[�qkqk[wqw«��o[w{k[UÁ:V�� À pY{slcx.[wqsq�[�q�hj{s[ mY[w�nfd[wxi
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Unit é de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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