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il

1 3

AL AT R AL SR ERUIA L /NBE VRN /N AL AR T I 52 1) 8. 2558 T IR 25 ()
{(t,z,y) | t > 0,7 € R,y > 0} FHBEPEA AT AL FIAKIZ ) K Navier-Stokes-Fourier /5 F&:

Ozu + Oyv = 0,

1 1
Opu + u0,u + voyu + ;(%p +vg.(0 —0) = e;(@iu + 85u)7
(1.1)
1 1
00 + udzv + Uay” + ;821]9 + l/gy(e - 900) = 6;(8%11 + 850)7

pc(0i8 + u0,0 + v0,0) = k(020 + 859) +ed(t, z,y),
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EME: IR A S BRI IR AT

bt p FREIE, p BRI, ¢ MECAE, ¢ HRTERML, » AL S 2K FERGREL (1,0, y) 7 XN
(1, 2,y) = 20(9:w) + (9,0)%] + (Dyu + 0,0)”.

vg:(0 — 0s0) F1 vg, (0 — 0s0) KBTFET, 0o AZFHRIE, v FRWEREN 0. BIHIRIZIKREL, g
= (9u, gy) NEITIERE. ARk, ABE (11) T p=c=v =1, 0, NHEH KT (1.1) 41
YIE Sa] 2 DGR (1]

IR AR AN AL S H HUBOIN, IR S A S {y = 0} WYX T T 2 BEE 18U,
I ZN AT AL A0 R Buler J5 FERAIA:

Ozu + Oyv =0,

1
Opu + udyu + v0yu + —0,p + g, (0 — ) = 0,
p
. (1.2)
Ov 4 u0,v + vOyv + ;3?,]9 +vgy(0 —0x) =0,

pc(0i8 + u0,0 + v0,0) = 0.

— MM E, AT {y = 0} BRLX AL AUR A KL, LRI 5 MNP, SR B BE
N MRS S, AT E FEAE L X R A PR AR A, R AE S B R BeAt, ik
YA S DA BE ™ A 10 A Bt 2 (A AL Y PRE A 3 5 PR A DX sl A A A DR AR A, B (A A A T P
AFE. AT H B2 i (1.1) 208§ A ] R RE SRR 2 sh (2 ST e, B4R,
TUARLETD F I VRS 252 BT A AF A, X052 (1.1) REEEEY) (u,v), — RSt fI0 726 1F
NI IL T %At

Uly—o = v|y—0 = 0. (1.3)
T 0f T P 320 S 2% A, — T B4 ) 19 T A A A 3 S AL 2 4 5
0]y—0 = 0(t, 2). (1.4)
FIHh— TG T SRR AR AR SR AT TR e,
(8,0 + b(t,x)0) | =0 = 0. (1.5)

W E SRR 2 H Prandtl T 1904 FEAESCHR (2] T2 . 6T 2 TE i B4 AR AS
PG F RN AN AT R R AR, Prandtl 75 2] — MBI 77 12 SRR DT RS 77 R, R
) Prandtl J7FERIIA L A Z N HARIZE). B Prandtl 472052 H DOK, 1R 2807 TAE#
HTF e RBCFE. B A TR R R [3,4]) 5T 4 Prandt]l J5 72 R AR i BLE D) [
IV A) A i AR LR B I KB NI IS 51N Crocco AR5 B Joyid e . Bt 78 b L AR
W, SCHk [5,6] 700 R RERER 77543 8 T 4 Prandtl 7 F27EA FRFY Sobolev 7 [a] A 11 oy 5 i 5 .
Prandt] WL&<3, 7E MR G T, R RAMNR R 2%, B il 5t E 407 Buler it HE 1 R 7E 4 5+
ST SR D) A e B T R, A S E 2 LR E . Xin A Zhang [TV AT IXFIMEEAS R T
Prandt] J7 2 AR IAAAENE. WS =48 Prandtl 2532 (0] ) FE 3 0¢ TV A AN 2 S R,
M} Prandtl J7 FEAEMENT R B EL Gevery KA — L85 #F & @ 45 R . X7 i 72 1 Sammartino 1
Caflisch 8] FFH#h % ) Cauchy-Kowalevski EI Xl bT HIE A3 2 1) Ji0iE @ M. V= F] Prandtl 7772
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(3R Al 1 B A AE S T B PIIA1 75 1], Lombardo 25 91 4 SCHiR [8] FF A93E 5 M R AT O 35Kk
JiTE BN T o Tl A BP0 A1 AR B AT . B X T U0 1 AR B AT NIME, B — 2855 Prandtl
5 FE B K A) P 1 B AR (2 SR [10,11]). BRAEHTISF TS LA, Bt — 5% h & B AE
SENE TAERAE Gevrey 2B BTTI, 2 WCHA [12-14]. MM, 7E 4k Prandtl i 542 V) ) # E%A
BB, 5 AE G BRI Sobolev 2% [B] HHANE & SR R B 125 51, 2 ILSCHR [15-17). ix kgl
TR W) 160 3o P 3 P B PR T BE S —4E Prandtl J7FEAE Sobolev 4% 1A] & 5 (R 0 4. % T =
Y Prandtl 527 FEHE B A — 228, 2 0LSCHR [18,19] K& S % k.

PSEH R R 2 BA #E S0, R #uE S 3 MRk it 7 B B B B SR N T 5
AR SCH A G BT FRA TR A #0500 AN T R 0 P A A 20 S AT I — e s B A Bk
Me, BRAOTEH S TR IA R4 (1.3) A1 (1.4) 8 (1.3) M1 (1.5) MIASA]JE Navier-Stokes-Fourier
R (1.1) 7R3V R A0S #VE 5 R BRI T 2R (30 52 BTt A2 A4 1) R0 DA R R R R e PR B . N
TREREZSEEZIMEER, 22308 RERTERE ¢ FVEF R « NR—ERNEEEK
HHATITE.

AL ZH R 5 2 W R 2 REENEHESH (1.1) " ft otk (1.3) 1 (1.4) 51
& (1.3) 1 (1.5) M R E DR, T DUR 2 2 50 5 2 BAR TIPS, SRISTEEE 3 i, 3841
TED 1) 38 B 37 56 T 1) A8 5 P A B R B R R Croceo A8 # K g &7 1543 210 2 T FRAEH
PR 6 bR P 1 o 33 e 1. TR D) IRl B 3% 0 T2 ) AR B R — s B, 26 4 1R Littlewood-
Paley Hi845 21 52 77 FEAE X T S D) 1A R S A s B 1 R i@ e v, e 7858 5 1 Hp, X
T2 U)o Tk i AR AR S R WA, BATN A — AR BRI T a4 R, 1X—45
S B 112 52 5 FE IR AR AT A — A R SR AR .

2 BAERFRENSFE

RATRAE R R IE R BN 7 REII N e IIIETE, 45 i FL 261 (1.3) A (1.4) B (1.3) AT (1.5)
MR (1.1) WIfEMERE RS, FIH 2 REEJNER BRI,

WNSCiER 2], W AT RE (1.1) RIS FEROTOC T e RS, AR B AR S iR 5
EEAHFEIREN O(Ve). NI (1.1) MffA %R
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H, % e—0, W17

pul0 + 9,010 =0,

B0 + w09, ul® 4 u109,u 0 4 9,pl0 4 g, (0190 — 0.0) =0,
D0 4 ul 09,010 1 109,010 4 9,10 4 g, (610 — 6.0) = 0,
010 4 100,010 1 u109,10 = .

(2.2)

SEER R ] FE A4 Buler J772, SR TE AN 5 ).
BRI (2.2) RNE] (11),, 717

AP0 =0,
FH limy 00 0708, 2,Y) = 0, 155

WP =, (2.3)
ML A& (1.3) 1 (2.3), 153

v10(t,x,0) = 0, (2.4)

XAk SR AEAS AT TR ARS8 Euler J7FE (2.2) KL A4t
BIJEIF (2.1) ARNE] (1.1)s, HAIH (2.3), BATH

aypB’O =0

i limy 0 pPO(t,2,Y) = 0, 135
pBOt,x,Y) =0. (2.5)
FIA (2.3) 1 (2.5), HIEREIF (2.1) FIHFE (1.1), A] LIAS

uP(t,2,Y) = uP Ot 2, Y) + u0(t,2,0),
vP(tz,Y) = 0Bt 2, Y) + ol (¢, 2,0) + YO0l O(t, x,0), (2.6)
0P(t,z,Y) = 089, 2,Y) + 010t 2,0)
T 2 IR SR TT
OzuP + Oy vP = 0,
DuP 4 uPdyu? + vPOy uP + 0, P + g, (0P — 0o) = 3uP, (2.7)
40P + uPOLOP + vPOy 0P = O2.0P + (OyuP)?,

Horp P(t,2) = p"0(t, 2, 0) 24MHH) Euler i (2.2) 1 (2.4) #i€ KL #RAEL 5 L HI1E.
AR MR RO HTIL T (2.1), FA G H:
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(1) FEHFE (1.1) IBFZAN (1.3) F1(1.4), W (2.7) HA 0N H30 R 4% A

uPly—o=0, vPly_g=0, OP|y_o=70,

lim u? = u!0(t, x,0), (2.8)

Y —oco

Yh_r)n 6P = 070(t, z,0);
2) HHRE (1.1) A EAE N (1.3) A1 (1.5), W (2.7) KA R 1R

uP ly—o =0, v'|y—0=0, 0yb’|y—o=0,

lim w? = u?0(t, z,0), (2.9)

Y —oo

Jim 67 = 070(t, 2,0).

i LTS, FATE W R4
WEL 2.1 R (1.1) ok =e, WTE e — 0 B, HME (u,v,p,0) B FEREHF R

u(t,z,y) = ulO(t, z,y) + uP (tx\%) +O(Ve),

olte) =9t + ¢ (o4t + 07 (10 2 ) ) 4O
p(t,z,y) = p"°(t, z,y) + O(Ve),
O(t,z,y) = 670(t, z,y) + 65° (t z, \[> + O(Ve),
LH (uB0 0B 0B (t,2,Y) £ Y — oo B PUE TR EZE.
(1) (ul0, 010 ph0 910y i il FL oAt (2.4) B Euler J7#2 (2.2) I
(2) (uP,vP,60P) = (2.6) & XMIAFZEREL, B ELRZETRE (2.7), FFHY (1.1) R %0
J& (1.3) A1 (1.4) B, (uP, 0P, 0P) ML F M (2.8) RZIHE, 24 (1.1) FILA %42 (1.3) 1 (1.5) A,
Hh R4 (2.9) RZImH.
2.1 MR (L) B W IX IR AR RS, FRATTAT AR SCHER [20] A7 VAR S B IR
FIZTTFE.

—~

3 MRBHREERARFHESIEEM

AT AT . Navier-Stokes-Fourier 58 (1.1) FH AR ZE e, RV M ECT1a 7
V25 ) A R P FRLUR 38 G (1) R B T ) R I E M. B S E IR B (1.1), AR A TR AT (1.3)
A (1.5) M. X g, = 1, AL 2.1 AT, SR/ NEEEA NG T REORER i N il 52 7 72
F € i I A 2 1
Ozu+0yv=0, t>0, ze€R, y>0,
Oru + u0,u + voyu = aju — 0P — (0 —0),
00 + udy + v, 0 = 20 + (9yu)?, (3.1)

Uly=0 = V]y=0 =0, 0yf|y=0 =10, ulysec = Ur, 6 ly—oo = 0",

U =0 = ug, 0 li=0 = bo,
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H UB(t,x) 0F(t,2) I P(t,x) 43 BIFKNH Buler ¥ (2.2) M (2.4) #i V) R EE . A ESRTE
L5 ERAE, AT 2
HUE +UP0,UF = -0,P — (07 — 0), (3.2)
PAR
00F + UP0,6% = 0. (3.3)
FALT- 22 M Prandt] J7 2, WEFCIAEE (3.1) AU EME, FENMER E T REAGRICIE . R EEmM
RAEYE BT (3.1) FERAEE v KT o FIFERIL, 1M o 8T (3.1), FIERRN
v(t, z,y) / Oudy’,

N SR B B Al TR BT b L, — R TG AR X — I O T S IRIX — R, AR SR (5] 1Y
B, FEVIBRIE u(t,z,y) KT y BRI BRI E R R AE .
BB BEHMER Euler ANt & an T 5 i
UE(t,z) >0, wuo(z,y)>0, Vte[0,T], z€R, y>0,
Oyuo(z,y) > 0, Yy > 0.
TESRE TR, IR Crocco A8 #t:

_u(t,r,y)
- UEB(t,x)’

&R NSRS
Oyu(t,z,y) _ 0t z,y)
?sz(it’x)a S(Tafvn)* HE(t,x)'
B (3.1) FERIA (3.2) A1 (3.3) T%u, (w,s) £ Qr = (0,T) x Q 2 {(1,&,n) |0 <7 < T,6 € R,
0 <n< 1} F 2 a0~ PIRIIAAE in) @

w(r,&,n) =

9E
Orw + nUEagw + A0yw + Biw = w2a§w — ﬁw&,s,
UE?
0,8 + nUEags + A0ys + Bas = w2825 + Q—Ew2
3.4
0F 3§P+900 (3:4)
woyw — ﬁs = UE Onsly=0 =0, wlp=1=0, s|p=1 =1,
n=0
. 8yu0 90
wr=o = wo := E slr=0 =50 := 75,
i E O.UE By, 9F
0;-U U U
A=1-1)oU" + (1—n) UE B :7785UE+W, By =(n—-1) 95 .

XFF A (3.4), 92
wh(&,m) = (0Iw)(0,&,m),  sh(&m) = (815)(0,€,m), VjeEN.

AR, wl K s ATLAHAIME wo AT so L (3.4) M S . N TEEIM (3.4) KIEENE, FXHYIME
FHANAAE — € [P :
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FERBE HE 496 E2 W

Ri% 3.1 XHMEERE k> 5, RN (3.4) HHME SN LT 2%

(1) UE(t,x)« P(t,x) 1 0F(t,2) 7£ [0, T) x R HEAER k+2 BriA R348, Hike UE(t,z) > 0,
0F (t,z) > 0;

(2) FEAE—NER L 5, MARIE (6,n) eRx (0,1), H

w(E,0) > 20, s(E,m) > 25;
(3) (wo,So — 1) S

H* Q) H wi, s) € H*Q), 1<
SRR M, {75

J <k, WAMAAERBT (wo, so — 1) 1 H3*(Q)

k
lwoll s (@) + 10 = Ulreq) + Y (lwhlla @) + lIsbllzxq)) < M;
j=1

(4) A (3.4) WIAME AL 2 B E] k B s 21

XFT R (3.4), FIFHZ M) Picard AR K REEANTHI 77, FTRAR R a0 45 5L

EIE 3.1 MK 31 R, AE—ANEFR 0 < T < T MBS (3.4) £ Qr- LAFEM—HZ
A (w, s), BATA BB M iEgsf 7548, ik

w(r,&mn) >0, nel0,1), s(r,§,n) =46, nel01].

JHIE Crocco 22#e, FIAH wHE 3.1 BIATAR 2 jm) @ (3.1) B3 e
EIE 3.2  REYIE wo M s WL

Oyup >0, Vy =0,

(uo(,y), 0(z,)) *== (U"(0,2),0%(0,2)),

=z

HAR® 3.1 Bor, MIAFATE 0 < T < T 3R (3.1) 7E [0, T%] x R2. FAFAEME—FR (u,v,0), W2
(1) SHMEE y > 0 F u(t,2,y) > 0, SHMEE y > 0 F dyu(t,x,y) > 0, HAFIEREIEF L 60 50T
BEy=>0MH 0(txy) >

(2) (u, 9) A1 (0yu, 8,0) 7£ [0, T,] x RZ HEESA
() ‘ayu*DWE[OT]XR2EP $4 G
nwﬁ’hﬂﬂhﬂif@fﬂfﬂﬁ 1) gy

4 BEBRHBREARFETHEREEE

RAMESTHR [16,21] S5 rh 3 RIRI 2 801 —4EATT K Prandtl 75 RE AT E MEEL G, XA FET7
FE (3.1), ARG A B 37 0% TR AR SRR, EAEA IREY Sobolev A5 [8] 1 — B A€ . A7
IIMTIAFIRTTRE (2.7) FEMRHT )RR R A R 3 E E

EIER2 =R, x R PR (1.1) R F 5604 (1.3) M1 (1.4) BB, K g, = 1, B35 2 5

) Wang Y G, Zhu S Y. Well-posedness of thermal Prandtl system with monotonic initial data. In preparation
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[T AT AN N R S5 /N Bt T RO PR T B34 Y2 B ) )
Ozu+0yv=0, t>0, ze€R, y>0,

Oru + u0,u + voyu = 8§u — 0, P— (0 —0),

010 + ud.0 + v0,0 = 970 + (9,u)?,

U |y:0 =v |y:0 =0, 0 |y:0 = ga u |y—>oo = UE, 0 |y~>oo = 0E7

U |t:0 =ug, 0 |t:0 = 0o,

Hrp UB(t,z) 0F(t,z) F1 P(t,z) 5 (3.1) 4 FIFE RN R E—FE, W2 (3.2) A1 (3.3).

1)
N T AE Sobolev JEEUT iR 1) B, & ) F 4l B R 20K In) R (4.1) 786 55 12 Ak 1) 30 F7 A 55 IR

. %

ot y)U"(t, x),
ot y)(OF (t,x) — O(t,x)) + O(t, x),

> =
® »
—~ o~
S+ S+
& &
& =
[

o(t,y) = Erf<4(f+1))

St 7 R 4 L
6 — 926 =0,

¢|y:O = 07 ¢|y~>oo =1,

¢ |t:0 = Erf(g) ’

Hr Erf(z) = % [Ze " ds.

Bu=u +W M 0—0, =0°+S ARNFHN (4.1), FFIH (3.2) F (3.3), 7713 (W, S) T2 Tk 7] 8

Y
W + (W + u®)0 W + Wau® — / 0, (W + u®)dy' 9y (W + u*)
0
=W =S+ (1-9¢)F(t,z,y),
Yy
S + (W +u*)d, S + Wd,0° — / 0 (W + u®)dy'8,(6° + S)
0

=025+ (O,W + UP9,0)* + (1 — 9)G(t, z,y),
w |y:0 = 07 S ‘y:O = 07 w |y—>o<> = O; S ‘y—>oo = 07
w |t:0 = WO = Ug — El”f(g) U(O, 3:),

Sle-0 = S = 0o ~ O ~ Bt § ) (©7(0.2) - 6(0.)) - 6(0.),

J
|

F(t,z,y) = UF0,UY —0,P — 0O, G(t,x,y) = ¢UF(0,60F — 9,0) — 9,0.
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XTI (4.2), ansCER [11], 7TBARIA Littlewood-Paley HHif i 7 J5) e i P45 R B e BUOGH
PR o AT o, 2

3 8
supp@C{7€R‘4§T|<3}, suppd)C{TG]R

4
r<sh
3
P&
Y(r)+ > e =1, VreR
>0
YHEE f € S'(R), FI AU FHIFEFFIX Littlewood-Paley 43 fif:

= Af,

keZ

b
|

Arf =0, k<=2,
A f = F [ (©)FIf],
Apf =F He@"OF[f]l, k=0,
KB F=F, ¢ BRKT x LR Fourier 24,
FASTHR [11], € SCUTT Y BR A (A
EX 4.1 (1) R s e R, j HAEFAEER. MMEE u(z) € S'(R), v(z,y) € S'(R2), LA ERDL
WAL U(y), &

J
lu|lgs :== Z QkSHAkuHLg, HUHB;,J' = Z Z 2k5||eq’Ak8;U||L2+.

kEeZ 1=0 kEZ
E X
B*(R) := {u € §'(R) | |lullp- < o0}, By’(RY):={veS'RL)||vllgss < o0}.
(2) 455E p e [1,+0c], j NAEFEERL. SRR ¢ > 0, X LP(B%(R)) N C([0,t]; S(R)) HKiEH

t :
folligory = X2 ([ 18wte)igar )

kEZ

)57 #e Ak 25 1] KT LA BRI R BT W (t,y), 5 X LP(BSY (R2)) A C([0,t]; S(R2)) ik

]
J t 5
lollzs sy =23 2’“(/ le¥ Ardyv()17, dt’)
i=0 keZ 0 -
e A, Hodt p = oo HIIETRARIEH 177 54T 58 L.
(3) g AR R f € LL (Ry), j AARTEEEL. XHMERLE & PO RE U (t, y), & AL Chemin-
Lerner 540001 F:

i 1
4 P

t
Hu”if,f(Bijj) = ZZT“(/O f(t’)|e\PAk8;u(t’)||’£idt’) ,

i=0 k€Z

Horb p = oo WIHTEALIE S 177 64T 7 X
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N EALIAE (4.2) BOIEENE, EHUBRE ¢ N

1492
U(t,y) = 601+ 0"’ (4.3)
Hr k> 2 NS KIIERE. SHEEREA RwE o, 2 X
up = F e O Flul(t, &, y)].
AT R (4.2) H 7R R PR EUE S AR S B R A K, RN @
®(t,8) = (1 — Ap(1))(€), (4.4)
Horb (&) =14 1€, p(t) Hn R i) i
p= <t>%(||5yW<1>(t)||B%,o + ||8yqu>(t)||B%,0 + ||6<D>UE(75)||B%)
+ <t>%(||8y5<l>(t)”B%,o + ||e<D>@E(t)||B% + ||e<D>@(t)||B%)
+ <t>%\|e<D>UE(t)||f3% + )P UE)]|%: + ()2 (|ePIOF (1)[1%: + |eP1O(1)|1%:) (4.5)
+ <t>%(|IW¢>(t)|IQB$o + ||S<I>(t)||123\11;0) + ||W<1>(t)||2%,0 + ||3qu>(t)||;,o,
pli=o = 0.

TN ] (4.2) HARLYETIE FH Bony 20, R REE 575 0T DA R W0 R & e 45 3R, TE4HIE
W25 ] 2 LE 2):

EIE 4.1 B U(t,y) B @, &) ARl (4.3) f1 (4.4) X, H & A X 7840 K. 5 Euler Hix 3
AT >0 2

PIUE PQF oP)@ e L¥(B3(R)), P10, P e?)8,0 c L5 (B'(R)).
A (4.2) HHIME (Wo, So) 2
PIWy e By, oSy € BYY,
Ht W = w(0,y), MAFAE 0 < T < T, 43R (4.2) 7E (0,T.) bAFEME—E (W, S), T2

EPIW e LR (By'), *P)S e L (By),

Hrh D XIRKT 2 B Fourier e+

F 41 (1) FERRINE (4.2) RIS TS, @it (4.5) nTUMS R p B9 ST, AR (4.2)
fRRT o BN EAR 00N FAbTh. e AR e 1 R ] REAEAE I AE A X [A].

(2) HHMERT v B EHA S I B2 s A R, AT RS T v BEB AR
AF . B 1 DU 4

2) Wang Y G, Zhu S Y. Well-posedness of thermal Prandtl system with analytic initial data. Preprint.
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5 BFREHEZHMBAVRH

XTI FZ TR (2.2), 75 FTH P TR EAT A2 W e 114G D) 1) 38 5 6 132 1n) AR R P
ARG, WE 7R PREY Sobolev 7 [A]HHAZTE & Bl il an S e IWIHMEL DG T i S DI 1) A8 & 2 AT 1, Tl
BAE R T ) ) AR S AR AT 1) pR s (B R AR, — N EAR I I, X RE AR T KB (R AR, AR
(2 H B2 UE XX S S 72, a0 RAIE & AR R 5% T U0 AR B R AR AT 0, B g —
TEA BRI Sobolev 7% [A] H1 7EAG B B 1] P4 5 A ARk

FERRUN N E XAE {(t,z,y) |t > 0,2 € R,y > 0} I FZ T FEMIA)AAE 1] 7L

Ozu + Oyv = 0,
Ot + udyu + voyu = 8§u —0,P— (0 —0),
0,0 + 10,0 + v0,0 = 926 + (Jyu)?, (5.1)

Uu |y:0 =v |y:0 = 07 0 |y:0 = éa Uu |y—>oo = UE, 0 |y—>oo = 9E>

U |¢=0 = ug, O |i=0 = bo,

H UB®t,z). 0F(t,z) F1 P(t,z) 5 (3.1) 4 H BN R E—FE, W2 (3.2) F (3.3).
X HEAN T >0, H

UP,0% € CH[0,T] xR), U" =0 =0, (0" +8;P)|s=0 = e,

(5.2)
at[(amp)z] ‘z:O = Oa ameE ‘z:O > 0.
BN, BRI (5.1) HRAIE S a2 A8 23 00 2
ug, 00 € C'(R?), g [g=0 =0, (0o + 9 P(0,7)) [z=0 = Ooo, (5.3)
8xu0 |x:0 < 07 39590 |w:0 2 Oa '
PA K
0cCH[0,T] xR), (04 0uP)|s—0 = bOoo, 020]s—0 > 0. (5.4)

XF B (5.1), FATA T T E B
EIE 5.1 fE (5.2)-(5.4) KR T, M (5.1) MIZBUERLEA PRIN H] A ERA.
U B IR A 2 W R SOk [17) B RERSEZEL. 38 0(t, 2, y) = 0(t, x,y) — Ooe + DL P(t,0),
I
w(t,y) = u(t,0,y), s(t,y) =0(t,0,y),
NI (5.1)-(5.4) AJ %0,
Oyw + woyu(t,0,y) +v(t,0,y)0yw = 8510 -8,
Ors + wdy0(t,0,y) + v(t,0,y)dys = Ops + (Oyw)?,
w |y:0 =0, s |y:0 =0, w ‘y%oo =0, s ‘y%oo =0,

Wwli=0 =0, =0 =0.
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EME: IR A S BRI IR AT

LA (5.1) 76 [0,T)] LAAE—ANSRIME {u, v, 0}, WIEFEE 70T LUE R (5.5) 76 [0,7] EX
AEM. NI, ut,z,y) |emo = O(t, 2,Y) lamo = 0, HANKIHLF R NI R A

u(t,z,y) = —zw(t,z,y), é(t,x,y) = —z3(t,x,y). (5.6)
IeAh, BT UF o= = 0, #FRIFEATH
UE(t,x) = —aUP(t,z), 0,P(t,x)— d,P(t,0) = —aP(t,x). (5.7)

2 w(t,y) = w(t,0,y), 5(t,y) = 5(t,0,y). HT {u,v,0} AR (5.1) FEHEAME, THEA1E (0,3)
B IR ]
O — w? 4 v(t,0,y)0yw = O
D5 — w3 +v(t,0,y)9,5 = 975, ) (5.8)
Wly—0 =0, W|ysoo =UE,0), §lymo0=—0.0(t,0), 3|ymoo =—00F(t,0),

@ — P(t,0) — 3,

W |¢=0 = Wo, 5 |t=0 = 50.

X IR 5(t,y) BOREUE AR EE AT, & (0,5) 2Rl (5.8) N dLfE, WAE 0,7 x Ry BA
5(t,y) <0.
HT @ AlReR A, N T @ #iEAER Lyapunov 2 B8, WISCHR [17], F-ATX FFIn— AN & T+

Cp = — inf min{U¥(t,0),0}, Cp= sup max{P(t,0),0}.
t€[0,T) t€[0,T)

0 @(t, y) N IR 1] E H A
atQS - a§¢ = OPa
Gly=0=0, ¢|ys00c =Cr+ Cpt,
¢ |t:0 = CEEI'f<Z>,
o Brf(z) = 2 [ e ds. & a(t,y) = a(t,y) + o(ty), W a(t,y) 2L Tk i E:
dia — dja = a® — 9, adya + Lla] + G,
a|y=0 =0, a\y_,oo = Cpf+CE+UE(t,O), (59)

a |t:O = ao,

Hor
Lla] = —2a¢ + 8, ' ¢dya + 8, adyp, G =¢* — 0, ¢dy¢ + Cp — P(t,0) —

XA (5.9) i FARME R B v 15 4 a(t,y) JE#E (5.9) 78 [0,7] ERIL M, HXHMER vy e (0,9) A
ao(y) > 0, MAE [0,7] x [0,00) FH a>
K R B R a(t,y) ESCF IR Lyapunov 2R

o) - | " alt. ) V(w)dy,
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b y(y) il e

y = 07 y ‘y:O = y |y:oo = 0)
Y'<0, Vye (o),
Y'=20, Vyel0,a]U[y,o0),

Je oA — 226 F3) X B 0 < o <y < 0.

W ERATED, WATEE () e

G'(t) = CoG? — C1G,

Horp Co A1 Cy AP IR E. B E RS 2 T 1 0 € 2

EIE 5.2 fE (5.2)-(5.4) RN, X—RYME (@0, o), HE (5.8) KL (0,T) WERE

R

HEZE VR R EAEIE B W] 25 ILIAIE 3).
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Mathematical analysis of boundary layers in two-dimensional
incompressible viscous heat conducting flows

Yaguang Wang & Shiyong Zhu

Abstract This paper is to review our recent study on the well-posedness and blowup of the boundary layer
equations in small viscosity and heat conductivity limit for the two-dimensional incompressible viscous heat
conducting flows near a physical boundary. In the case that the viscosity and heat conductivity have the same scale,
first we derive the boundary layer equations of the viscous layer and thermal layer for the incompressible Navier-
Stokes-Fourier equations by multi-scale analysis, and then we shall review a well-posedness result established
under the monotonicity condition of tangential velocity by using the Crocco transformation and the energy
method. After that, when the tangential velocity does not satisfy the monotonicity assumption, we shall present
a well-posedness result when the data are analytic with respect to the tangential variable, by using the Littlewood-
Paley theory. We also present a blowup result in a finite time by introducing a Lyapunov functional, when the
monotonicity condition is violated for the initial velocity. This shows that the analytic solution which we obtained
exists in a finite time only in general.

Keywords Navier-Stokes-Fourier equations, viscous layer and thermal layer, well-posedness, blowup of
solutions
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