Laure Saint-Raymond

Hydrodynamic Limits
of the Boltzmann Equation

@ Springer



Contents

1 Introduction . . T T T LTI |

L1 'l"l.w!i.ﬂ.hhﬂlhuul.'lllllul. Febdahanine 1
Ll T Mk harnigilionld 1k -l'lh .n\!.lllnn.

ol Phorsless .oooiciines b i Ern s 1

1.1.2 Hm\ﬁtmnpirmhm hnm'lnnl .......... F 4

1.2 Tl Soeafy of they Trwmsitions . R

Li| Scalinss . e iy 3

1.2.2 | irui -

.. 4 1 -

L3l The Foler Liomig -, ,0coeaeeis : - B

. - i '3 i T

14 'The Anabvtle Apgroach . AR Bk L}

Ll memm prEEE R E R - B

142 Commvergrnes Prify ﬂmﬂdlm -\a_'flngl.nth FIII‘I-I'I.HI'-' i

L Convergenoe Proofs Hmdmalmmlﬂuultu i

144 A Program of Deciving Weak Solwibons. . cwdeea A0

2 The Bolizmmnn Eqmthnandilﬁ!hr_]ﬁydmdynlﬂt
Limlis . Ve . - |
&l i'urmﬂlth- lﬂ‘l l"‘unl.lmmtll I.‘npnth‘.l

il Vi Doltsmismm Eagatlon - 15

10 The Halbzminn h-llhnlnﬂltm'ﬂ] 15

213 Lawesd Conserywtion Lows . ....ocoiaiiimiiiineias 19

2.1.3 Bolrrmann's H Thearom s T | |
23 Owders ool Magniituale mim] ualiastive Erll.u'rluul

af the Belirmman Eqpintion . r - -

2321 Mﬁlﬂulﬂnmdlhﬂrﬂml:qmﬂm -

2,22 Hydoohmnamic Flegimes o..oooooviiiisnriasisncace M

2,20 Corroctions to Hydrmodymamée Approsimtions ... ... 27

334 "l'-.lh‘hiuhmmtl‘lnth-uh:)' " ]



Cantexts

23 Mathemationl Thearies for the Doltzmann Eqostion ...,
a1 PLL‘.LI.IIDI.ELI'.‘L Framewurk @ Glubnl Esxisteas of Sepoth
233 Fh_'tnl.1.| ]!’IIJII':"“J:IFL‘. l'::]l.lb.u.] Existence

Aan

1]

of ez |.r.|.r|:t.:|lla-n|.‘i|.|]ul.|u||: gt e R TP PR | |
2301 Forther Hesults in Ome Spoee I:I||||rau-se:uL RIS CrR T LN, b
Mathematical Tools for the Derivation of Hydrody namibc
Limits . o AT
4.1 P'Lwnl.i ||J u l"rlurl I‘_‘1r|l:|.1.I'I.|I."'| Dl IJr.ulIuIl ul' SIJIIn.|.||| Flu:n.'l'.luu.n]
b 11T L P IRy I PR R W R RIS RS Y Y |
311 'lhﬂl.utm‘mrﬂ-uund verierirgesres e ienrns 4B
A LT The I'M-rr-m:--ﬂlllrmn] Turnrmw-u: SPITIRTILT Nl
203 The Entropy Dissipation Bewed ..., I
42 Propertles of the Collision Cperator ﬂr].rum'l.l.l.ll.l Tkwm.nh
Faguilibrinm and Regularization in e Yarables . ... oo o0 hifi
321 Spme Hesalts in the Non Pertarbative Fromowork ... 56
A2 Corrrivity of the Lineariasd Collision Chperador. ... ... 58
323 Improving Integrabiliny with Respoct
o Elee o Wardaliles o000l P 1 |
33 Properties of the Free Transport ﬂ|.||.r||-1||r
Dhspension md Averaging Lesamaa, .. oo oo oo B
51 A Averaging Lemmas ..o isa e [
302 [Dspersive Propertics of the Froeo-| Ir'tnspnrr
Cipwersior , A . . TN
asds L' nxnu,uuglmum. i TR
334 The Case of a Spatlal Domaln '.».]rJl ﬂ-.‘num{arl.eﬁ ....... Th
The Incompressible Navier-Stokes Limit .. ..., ... ... T
L1 Chovergernes Hisult @ Froom the Baltmom Equoation
to the Incompressible Navier-Stokes-Fourder System .0 000000 70
411 Mathematieal Theorles for the Teongeressible
Navler-Slokes Eguontions. SRR i |
412 Anadogies with the Scaled Hrll.hr.'lrm.l:u:l l.qal..nlll:lu ....... 4
4,113 Statement of the Resalt ... ooianinianiioriareaanin &0
L2 The Moment Method . e A B R i e ) )
401 Dhaseription of rim SLTuIm'L' i Al
1.2.2 E'umugeu.ceud’:hLLm&m'aunuDefMu.... Vr i an e B2
423 Decomposition of the Flux Term . ooooiiioiaiiiiiais 7
43 Stady of the Convection amd Difhision Teoms ..o, oL ... 100
441 Sputin] Hegularity Coming, fron ‘|.'|.1|J'.|||:|;|.1|.'.qI
Lemmeas.. ... .. e g e e 1 |
3.2 Filtering of A.-:u:-u.st:lr “'R'I.'W v R | |
444 Comvergenem of the "illl:llllll.lu |._'I|I|w| I ||l|1 Tl T (1]
434 Coovergeoce of the Diffusbon Term ... .00 . 108



Comrenitn b1
4.4 Taking o Account Bowsbary Conditeons , . R — L ]
bl A Priei Estimmtes Coming from il Illlllll' 12
L2 A Prior Esthootes Coming from tse Boundary. ., 115
43 The Limiting Bowslary Condithoes .. ooovvnenoniinis s
O  The Incompressible Euler Limit WP | o |
51 Copvergraoes Hesult : I‘mihnﬂ-nlt:h-l Hqultlun
tan Ve Bocosspressilale Euler Systainn o oooooiiiiin ]
5121 Hﬂ.ﬁenullr.l'ﬂru’uﬁl‘ib[lﬂnpnﬂﬂk%l
Egabions ... ... .o 1m
5.1.2  Anabaries with the Semled Boltemsnn Eoguation .. ... 126
5L The (*nmmm-mrl'hnlhh“‘-’hll-l’tﬂ-mf Inikial
e 197
A ’lhll‘um'rgwneh:ull&wt}m-lmunl[m 120
52 The HBelathve Entropy hetbod Yyt .. |
21 Drrnrtlrrnrlffh'Shntrm' ------------.-I!Ell
522 'The Seakslity leopulity iulllr Fr-m-u-ri
ol Heswrnial o] Seduthonn ... . .- 184
Sdd  The Stabilicy Ineguality Under the .P.ﬂdltiﬂnﬂ
Titesgralidlily Assamgitbon . .............. BRI S 136
53 The Coee of “Well-Pripased” Initial Dt . . .. . 130
5401 Gl of e Flux Term ..o RS -
502 Proof of Thesrem 508 and l.ﬂulhrvl!u]li ........... il
5.4 Taking it Acconnt Anemstic Waves .. ccovs iirrssosnenianis 148
G40 Costretion of Appraginids ﬁluln-ﬁ ]l_u' " Flllnruu:
Alethund o 146
5.2 l.'i:uml-nl'llu F]u.'lhfmmd l"lml’d(anmr 151
A% Tling e Aecommnt (he Koadwen Toges ..o ...Hll'll
G0l The Beliped] Stadaliny Inesgiendidy . R ......I.'lﬂ
S mmmdﬁnﬁmm&iutm ............ 158
553 Comrol of the Fiox Term apnd Proof of Comerrgenee . . . 160
o The Compressisbe Eulor Limii Lk
al lmllﬁmlhll'l'hnwlﬂhthn(nm:n-ibhl"ulﬂh‘liﬂu 1
6.1.1 Lol Bmooth Soletioms ., .oocvecirrrerrosnresnianes MH
6.1.2 Woak amd Entropie Solutions ... ..oooviieieiannanis 165
1.4 Glodwml Entrople Sehetioos o Ohse Spt nh-_m ]
62 Som lerspectives , crerm A BT
621 ﬂmﬂwnTu-\li‘iuuml]t ‘ilhtlm... ........... 7
622 ﬁ.-nmm Towards Wenk Solufinns
in Ume Space DHmension ... . T PRI | 1 |
A Sont Cumemnpimsioes oof Famow's Thewes ., ..o ... 104
A1 The Proghect Lies TRSORm .. oooevvrromsmmnnaairs e
A2 An Asymptotic Bemilt of Yariabls Separnting - ... .. 1



xl  Comsents

I (!hndml'l‘rmﬁunhlmlh&ahlmr[w
Bquistiots . BN
b1 Duﬂujr.’ﬂtnfﬂr'ﬂm ............................. 172
B2 Free Transport with Reflection ab ile Boundary . -172

C  Somw Comseruonoes of Chacon's Biting Lemma ... ........ 17
€1 From Hepormlises] Comvergener o e 's

Lonvergenee . SRR i |
€2 A Remult of Partisl Equiintegyability ................. 17

L T 1T e TS | |



	1
	2
	3
	4
	5

