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1 3l

Boussinesq IERME TR —RBENHAHA. T RRKEEY SREFBLTIRGY
B S BERSHH, WEESSSRMA BENN SR A0H8M T Boussinesq 772
u —vAu+ (u-V)u+vp=0f, (z,t) €N x(0,00),

0; — pAO+ (u-7)8 =0, (z,t) € Q x (0,00),

V-u=0, (1.1)
Olt=0 = 0o, ult=0 = uo,

Olaa =0, ulsn =0.

XHE QR R X, RAFRES v = u(z, t) RRRERE, 0 =0(z,t), p=p(z,t) 2
AFRAEBESENRE f = fz,t) AEHIMIEE, uo = uo(z), 6 = bo(z) B HIFRVIIGEE
SYIHERE, F8 v >0, p > 0 53 HIR R B EREM S HERE.

1994 4E, Ponce, Racke, Sideris 1 Titi Y JEBH T =4k Navier-Stokes MR LR
EVE. ITER BN —E R TIER THF KR TER X b Navier-Stokes T REHSREAT 2
%%Eﬁk@@&T:ﬁ%@T%ﬁﬁ:%ﬁﬁméﬁﬁE% PR ENE. =% MHD /74
RIS R SC 2], 7630 (2] P mata e tEn, SEBEGMBSE M T R4 =% Navier-
&&%ﬁﬁﬁﬁﬁgmﬁ%i%?me&w%ﬁFﬁMﬁW&ﬁThiBHL%?%%@
FEME—E BB U AT LS [12-14].

A5 30K Navier-Stokes 5 FRig i & Rfe et B H#E 3] Boussinesq 5. HF Boussinesq
HRAFHE-MHEESHE 0 5 f HRAT, WX —WARER Navier-Stokes 7BEARKEN T &
i, FEEFEN FAGEBEE 4. Kt Boussinesq FTRZHANFEE R E L, Navier-Stokes /752
B 5 MHD FRABHMGFHEILE, FASCER 2 PHFMESRFX—ERP, RITRS
EEINT &M, BASBEMEMSF. XWEET XEE—AFE, B Boussinesq J7 B 4H 87 1IE M
FEEHEBEGTRER.

AR Q C R RZHR 0Q BT C3 X it H BR#E {ue CP(Q), V- u=0} £
L2(Q) 2 &% . 5Z2H Helmholtz #FEHF P : LF(Q)| — H, HITHFEE (1.1) &R (3
HTHEER, AGRv=1,p=1 HHLU ||| TR || l|22)

u + Au+ Plu-)u = POf), (z,t) € Qx{0,00),

6, — NG+ (u- )0 =0, (z,t) € Q x (0,00),

u = Pu, (1.2)

Olt=0 = o, ult=0 = uo,

flon =0, uleg =0
XE A= —PA J} Stokes H T, D(A) = H2(Q)NV, K V =H} N H. BH, #& Q AHE R
HAER—F AR XS, THA Poincare REXBL: MER g€ HH(Q) A

llgll < Cl|Vgll, (1.3)

Hep C HHEEL

AXE ARG ERAR, HIEWPRES =R .
2 FRER

AL FBRERIT:
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EE 1 B veL([0,00), VINLE,([0,00), D(A)), 1€ L5 ([0, 00), Hy ())NLE, ([0, 00), H?)
NI (1.1) B95AE, W v(,0) = v €V, 6:1(-,0) = bho MM f1(,1) € L=(), Hili/2

/ IVo@)[|* + |01 ()] 1dt < oo, (2.1)
0
JillEs]

(1) B QR (1.3) A XA fi € L([0, 00), L>(Q)), BBATFLE 6 > 0, {13 MMR ug € V,
f e L¥([0,00), L*(Q)), #H

Vo — Vg |[* +[| V8o — Vil +/ IVOLIPIS = il @t <6, (2.2)
0
W7 (1.1) fFEME—LL (uo,00) NUHE, f HIMIMIRFEAR, JHFE D M = M(0) A
%8 — 0, M(6) — 0, 5
igg(HVU(t) = Vo@)]] +[IV6(t) - VoL (1)]]) < M(3), (2.3)

il AR (Vo ()1, (V00 (0 1 ()~ f1 (0] oo o) HEEK BB, BB 24 ||Vu()]], |[VO(2)]|
At — oo BFHELAFEBUR B BIE,

(i) % Q C R® H—MIKHK, Fi% f1 € L4([0,00), L=(Q)), BATFHE A 6 > 0, FiEamE
ug €V, f € L' N LA([0, 00), L=(Q)), FHELiE 2

||U0—U0f|ip+l|90—910||§11+/0 1020111 = Fullz= oy + 101 1PI1S = il Byt < 6 (2.4)
MIFFRE (L1) TEAEME—LA (uo, 60) KVIE, F Ao 160 4 FARAR, T ELIGTELE M = M(3), % 6 — 0
1 M(8) — 0, 575

sup(fu(t) ~ o)+ 100 = O1(6) ) < M(5) (2.5)
T 2 KRk Q f]éé SIA] R U (1.3) XM =4EXE, BN fL € L2 n L4([0,00
L)), MAFTF 2 (11) SAnaT® 1 sprih (O 3aaR (0, 6,) S, 20
/0 IVo(&)][* + || V6, (1)]|*dt < oo,

x4
v € L([0,00), LP(R))

S EF 24821 3<p< oo,
EH 3 & vo = (vor, vo2) € L'(R?) N HY(R?), 010 = bro(x1,22), WL V-vo = 0. &
f € LY([0,00), L% (R?)) N L([0, 00), LA(R?)), WFFAE—A & > 0, (IR wo € V(R?), By €
H(}(R3)7H
lfwollrs sy +11 Eol 37+ sy + / £ F (0)l[Pde+ / 04 (&)112 o sy || £ (£)— (1)) 2t <,

AL (1.1) FRAEME—LA (uo, 60) = (To + wo, O10 + Eo) AVMEM B, X B
Uo(x1, T2, T3) = (vor(z1,2), vo2 (21, 22),0),
510(x17z23$3) = 9]0(-7:173:2)7

fi(@y, 22, 23)(1) = (fi1 (21, 22)(8), fra(z1, 22)(2),0).
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3 EIEHYIIEA

ATHEEE 1- 3 HiEH. BT EZMEAEM TR Young &R 3t a >
0,b>0Ke>0,F
ab < ea? + C.b9, (3.1)

Hep Cc = (ep)~9/Pq71.
IR 1 BEER  7E uo, 00 A f BUBRRMG T, SHHA T=T(||Vuol|, [|V6o||)>0, & (1.1) 7
TERIERERAE (u,0), Hpt uw € L=((0,T),V)NL2((0,T), D(A)), 8 € L=((0,T), H}(2)) N L2((0,T),
H2(Q)). B, X TREBHR/EEE REEEMNRHEEREL—SEH (|Vu@)|| M

IVO()| BT
HUEE, BT wi=u—v, E:=0-0, B4 w,E HE
we +Aw+ Pllw-Vw+ (w-V)v+ (v Vw]=PESf +6.(f - f1)), (3.2)
E,—AE+ (w-V)E+ (w- V)b + (v-V)E =0, (3.3)

WHES A wo = uo — vo, Eo = 6o — 610.
1E (3.2) ABWFEFELL Aw, FH7E Q LHFFHME
5 IVl + [l dw]? +/QP((w V)w) Aw +/QP((w . V)o) Aw

+ /Q P((v- V)w)Aw = /Q P(Ef +0,(f — f1))Aw. (3.4)

1E (3.3) AFLFFELL -AE, 34 QO E#TFRME
1d ) _
Ea||v13||2+||AE||2’—/Q(w-V)E-AE—/Q(w.vwl.M;—/Q(U.V)E-AE_o. (3.5)

2 (3.4) 5 (3.5) BRAE IS
%%(IIWII2 +[|VE|?) + (|| Aw|? + ||AE[?)

+ /Q P Vpwdu+ A P((w- Vo) dw + /Q Pllo- V)u) o

v

I I2 I3

-/Q(w-V)E-AE—/Q(w-V)ol-AE—/Q(U-V)E-AE

~

v v~

.

N —

14 I5 IG

_ /np(Ef +0,(f — £1) Aw. (3.6)

~ >
Vv

I7
HT it L Ir, RATFE S g € D(A) HRIGEERFR. B3 15, 518 1] 4111634 <
C(||Agl| +[|Vgl]). B4 Cauchy-Schwarz R, 14
1Vgll® = —/QAgg = —/QPAgg <l Agllllgll < I|AglI* + lig]I*. (3.7)

Bk, &AOTH 16%911 < C(I|Agl| + llgll).- (3.8)

# (1.3) Rz, A 3.7) RAGBRE
llgll + 11Vl < CllAg]|- (3.9)
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M (3.8) ZATLABGH I
18241 < CI| Ag]l. (3.10)
i Fourier A HIRAT A, BAFERIMF2%E R® WA
% g e D(A) B, &fi1h ©
llgllzs < C||Vgl (3.11)
SFARe] =4 XK Q < R #iar.
X2 (1.3) XAYXIE, B Gagliardo-Nirenberg AN%R K (3.10) #1 (3.11) &, 83|
llgllz= < Cligli 21183917 < CllgliallAgli? < Cl|Vg|l || Agl 3. (3.12)
FEH A Calderon IEEEH 16 fi1 (3.8) X, B TRATHEWITA K, TR
lgll = < CllgliZellgllZ < CllglZs(llAgl® + llgli?) < ClIVlF(1Agll + llgl}).  (3.13)
W Q=R SR (1.3) XX, i Gagliardo-Nirenberg A%RA (3.10) &, A

IVgllze < ClIVgl|2(|02gli2 < C[|Vg]|?]|Ag||®. (3.14)
TR AT L, FATRTLAF A Calderon FEREFRAN (3.8) A EF)
IVgllzs < Cl[Vallz(||Agl|? + {|g]|7). (3.15)

(i) FHEAKSEEMER 1, 4 (1.3) 807, Bt Q B8 (3.12) M (3.14) RRTAIKE. Xt
LI, fEittn T
) = l / P((w-V)w)Aw‘ _ \ [ v>w-Aw\ < Clhwll e[V o | 4w
< Cllwl| o (|| V]| 2 || Aw||2)[|Aw|| < C|[Vw]|2 || Aw||?
< Cel|Vwl||® + €] |Aw]|?, (3.16)
/QP((w . V)U)Aw’ = /Q('w Vv - Aw’
< Cljwl[z=||Vol| || Aw]] < CI[Vo|| ||Vw| %] Aw||?
< Ce| |Vl Vuw|[* + €| Awl|?, (3.17)
|Ig|=‘/ﬂP((v‘V)w)~Aw /Q(U-V)w-Awr
< ||vl|ze]| V]| pa||Aw|| < Cl[Vo|| || Vw]|? || Aw|| #

2| =

< CVol[[ Tl + el Aw|?, (3.18)
Ll =| [ @-9)8 - 88| < cluli=19 51128

< C|Vul|} || Aul )} IVEI||IAE|

< GBI Vul? + ZllAwl? + | AL, (3.19)
5 =| [ e AE’ < Cllwllz~ V8| |AE]

< C||Vwl|2 || Aw| |2 ||V6, || | AE|
1
< CelIVO || Vul® + 4|l dwl]® + ¢l | AB]?, (3.20)
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| = /Q v-VE-AE| < Ollellzs|[VE| | AE]
< OVl |IVEIFIAENE < C.IIVolIVE|? + <|AEIP,
17| = /P(Ef+91(f—f1)) -Aw'

Q

< / P(Ef)- Aw| + ‘/ P(0:(f - f1))- Aw‘
Q Q
< |P(ES)|| || Aw]| + |P6L(f — f))Il [|Aw]]
< C||VE||}||AE||2)| £ [ Aw]| + ClI61]| || f = fullze (| Aw]]
< CISIFIVEI + SIAE]? + < Aul?
+Ce|IVOLIIIf = fillFoo + el Aw]®.
YEEL € AN/ (BIIAHEL € = 0.01), ¥ (3.16)-(3.22) fRA (3.6) K, &
%(nwn? +1IVEI[?) + Co(l| Aw||* + || AE|?)
< CllIVwl[® + [|Vo]|4][ V]2 + [ VE|||Vw|[* + V6L ||| Vel |?
HIVolHIVEI? +[|FI*IVEI? + V6L PIIf = fullfee]
< Cl([Vwll? + IVE(2)? + (IIVo|* + [[V8f[* + [1£11*)
(IVl[® + IVEI[?) + [V611%]1f = fillFeo].
2 h(t) = |[Vw(®)|* + |VE(®)|?, 4]
K (t) + Coh(t) < CIH3 (@) + (IIVu(®)I* + I8 )[|* + I F )R (2)
+H|VO@IPIFE) — O]
1‘& 8
X = Csupe™Co*/2 / /2| V0, ()P £(7) = fu(T)|[Fedr,

320
il
A<C / V8L 21F () = Fu(7)] il
0

LIEES

C 3
Vo2 + [V B[ + A < — N (—°) <s
2 max(1, 0 T IOV F IV IR HIF Ty \ 2C

HLSE, MUFEFE 6 >0, % 0 < s <ty B, 4
C 2
IVl + IV < (55)

Fik, (3.24) REWEX s<t1, H

(3.21)

(3.22)

(3.23)

(3.24)

(3.25)

(3.26)

h’(8)+929h(8)50[(ll‘7”(8)|I4+IIV91(S)II4+||f(S)II4)h(S)+1IV91(8)||2||f(S)—f1(S)Il%w], (3.27)

iy Gronwall R&:, X 0<s<t, H

h(s) < o (h(0)+C' /3 ||V91||2||f—f1|I2Loo) % &C [ NIV [+ VoL (D[ +HIF () *dr (3.28)
0
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FRSL. HEMTE (3.25) SUATLARER, XFTA 0 < s <t1, 3% h(s) < $(58)% ML HEAETR (3.26)
SAE h(t) (KA IR BT, T ||V (t)]] + ||V E(t)|| TERMFEEX B PR —80h R 9.

T, Wb (v,01) NI

v+ Av+ Plv-)v = P(01f1), (z,t) € Qx(0,00),
b= D0+ (0-9)8 =0, (.)€ Q x (0,00),
v = Puv,

O1l¢—0 = 010, v|t=0 = vy,

9|3Q = 0, UIaQ =0.

75 (3.29) WEE— M HEFHRTLL Av, 745 Q LB

1d
—2-£||VUH2+||AU||2+/P((U-V)U)~Av:/P(91f1)-Av.
Q Q

15 (3.29) WA HREWAFFLL -A0, FF1E Q LENE
3—d—||v91|l2+||A01||2—/(v-vwlml o,
Q

2dt
¥ (330) A1 (3.31) KA, 79
5 UIT0l? + 1196111 + 11401 + 126,
—{-/QP((’(%V)’U)-AU—/Q('U~V)91A91 :/QP(Olfl)-Azj.
-;: J2 3;

Xt J1-J3 Ve TG
0| = /P((U-V)v)'Av /(U-V)U-Av
Q Q
< Cllvll s ||Vl zs]| Av]| < C||Vol|2 || Av]|?
< Ce||Vo||® + ]| Av]?,
Ja] = ]/(v-vwlael < Ollel| =1 V64 ] 1264
0

< Cel|Voll || Aol IO, + el |26,

1
< Cel[VolPIVO1* + Z 11 Avl? + el | A6, 1%,

Ts] = ’/QP(Hlfl)-Av /Q(()lf1)~Av
< CI(VO|[Fli20 LAl 1 Avl] < Col V8| 1212128 | + el Ao
< CelAIHIVE? + 51246, + el o]
EEL e 7E53 /]y (BIANAGTE € = 0.01), 153
Sl + 1961 + Colll Aol + 1401 1)
< CUIVRIl* + 98,1 + LAl IToIP + 1961 ).

FIH Gronwall A&, &
[Vl + || V6,2 < €€ Jo IVVOIFHIVO @I HIA DI (17y4) 12 4 ||V8y0]2),

(3.29)

(3.30)

(3.31)

(3.32)

(3.33)



178 ¥ %2 % ® vk 53%

B, |[Vo(t)]| + ||V6: (8)]] t—BeRa.
V@] + IV = V() — Vo(t) + Vo] + [IVA() — V8:(£) + V6: (8)]
< Vw@ll + IVE@)| + o)l + Vo 2)] (3.3
AT (V)] +][VO(0)|| FERE R IR —BUA . B e (1.1) 0% (u, 6) 75 (0,00)
ARG B 1 () A TOSRTEE (3.28), (3.33) K (3.34) RME. BN
B, (22) Ko § BARHE (3.25) R,
B, RITEERER (i), X Q ¥E (3.14), (3.12) XWHE. £ (3.2) XMWiLE
Tl w, 4 O LR
Sl + [ vul?+ [ P(w-)0) w= [ PEF -0 ) w,  (335)
Q Q

2dt
XEHE TSR
/ P(w- V)w)-w= / P((v- V)w) - w=0. (3.36)
Q Q
#F (3.3) XFWFEFRL B, F7E Q EHRHE
%%HE[F +|IVE|2 +/n(w-vy91 E=0, (3.37)
XEABTHTEX

/(w-V)E-Ez/(v-V)E-E:O. (3.38)
Q Q

(3.35) &5 (3.37) RAEH, BE

%%mwuu||E||2>+I|Vw||2+||VE||2+£P<(w-v>v>-w+/(w-v>ol E

o - -
v* m—

K, Ko
:/P(Ef+01(f—f1))-w. (3.39)
\Q ___y

K3

5t Ky -Ka fE At
1 3
Kyl < ’/(w-vw-w] < Cllwl el [Voll < ClullF il Vol
Q
< Cljw||}||Vw||3||Vol| < Cel|Vol[4]|w]? + ]|Vl 2, (3.40)
Kol = \ [ w9, E‘ < Clwllze V0L |1Elle
Q
< Cllw||3||Vw||3]| V6| ||E|| 4| VE|| 3
< Clw||?||Vwl| 3|V || + C||E||2||VE|| 3| V6|l
< C.||V8||*]jw][? + & [ V|| + Cc||VOI[4]| | + €l VE|I?, (3.41)

IK3|=|/QP(Ef+01(f—f1))-w‘

/Ef-w /ol(f_fl)'w
Q Q
< CE|Nfl|zeelwl + 62111 f = fullpee|lwl]

< C|| Fllzeo (Jlwl® + | EI[?) + 161l |1 = fillze vilwll? + [ B2 (3.42)

< +
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BEHL € 7853/ (Wﬂﬁuﬂwﬁx e = 0.01), ¥ (3.40)-(3.42) #A (3.39) R, 87|
M(H wll® + [|E|?) + Co(||Vw||® + || VE||?)
< C(||Vol|* + [IV6L[* + || fll o= ([ Jw][* + | EI?)
HIOu11f = fullee /Tl +[[E2. (3.43)
Hi S
—¢||w<t NE+IEGIR < CUIVo@)I* + V0N + 11 £ O] e)VTw (@B + [[EE)]2
+HIB O () = A ()] oo (3.44)

FM A Gronwall A%, &
Vilw@®)|2 + |E@®)]]?2 < eC I5= IV o[+ VO () [|*+]1f ()l oo dT

-<|Iwoll + | Eoll + /OOO 16T 11£(7) = fl(T)IILwdT) (3.45)

XHA t >0 i’]ﬁﬁi
Xt (3.6) K, 3 Q BN, X LT YEI T it

|t o [ o

< Cllw||zs[|[Vaw]| 2 (|| Aw] |7 + [Jw]|2)]]| Aw]|
< Co|| V|| + €] | Aw||? + C.|| V| [*||w]] + €] | Aw]|?
C
< Cel Vol |® + = (19l + [l ) + 2¢] | Aw]
< C(||Vw||® + ||w]|?) + 2¢]) Aw]||?, (3.46)
L] = ‘/ P((w-V)v)-Aw‘ = /(w'V)v-Aw
0 Q
< O||Vol|[|IVw]| % (|| Aw||Z + [Jw]|2)]]| Aw]]
< Ce||Vol[*|| V|| + €] |Aw||? + Ce| |Vl 2| [Vwl| ||w]] + ]| Aw] |2
Ce
< Cel VoIl [Vl |* + 5( 19l wl® + [[w]?) + 26| dw]?
< C(IVullH]|Vewl|? + [Jw]|?) + 2¢||Aw||?, (3.47)
5] = ’/P((vv)w)-Aw‘ _ /(v-ww-Aw\ < 1[ol) o | Vo] s Aw]
Q Q
< C||Vol|[|IVw]| % (|| Aw|| % + [Jw]|2)]]| Aw]]
< C(||Vo|[*]|Vw][? + [[w]|?) + 2¢l| Aw][?, (3.48)

< Cllwl| e [|Vol| | Aw]]

L] = \/ﬂ(w-vw-AE < Ollull = IVE|| | AE]|

< C[||Vuwl|? (|[Aw||? + [|w]|2)][|VE|| || AE]|

< Cel|VE|*|[Vuwl| || Aw|| + el [AE[* + Ce||VE|*||Vuwl| [Jw]| + e[| AE]|?

C

1 .
< C|IVE|IVwl + L [lAwll® + S (IVEIVw] + [Jw?|]) + 26| AE)?

< C(IVEI* IVl + [Jw?]) + iIIAwII2 +2e||AE]?, (3.49)
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) = ' [w-om -AE| < Clullu= V6. |AE])

< Cll|Vu| |2 (|| Aw||? + [jw]|2)]||VéL]| | AE]
< C||V01)12| V|| || Aw]| + e[| AE|? + Cel V0112 V|| ||w]] + ]| AE]?
1 Ce
< G|V Vuwl? + 711 Aw]? + (V61 Vel + ([l ) + 2| A B

1
< C(IV6L|[*lI Vel ® + l[wl®) + 31| Awll* + 26| AB|, (3.50)

Ts| =

[o-vE: AE‘ < ol IVEI|AE]

< C||IVoll[IVE||} (|AE]|? + (|E||)][|AEN
< C.||Vo|[4|VE|[? + €| AE||? + C:||Vo| 2| VE]| || E|| + e |AE|?
< C(||Vo|[*||VE|]? + || E|*) + 2| AE) %, (3.51)

=] [ PUBS+ 61 - 1) Au]
<|[ P(Ef)-Aw|+‘ / PO(T ~ 1) Au]

< LEf-Aw]+‘Lol(f—f1)-Aw
< C||E|z=IfIl | Awl] + ClI61[ ]| f = full oo || Awl]
< ClIVE||F(|AEIE + B || Awl] + Cl6all 1f — fullze || Aw]]
< C||VE| [IfIPIIAE| + el Awl[® + CIVEN L EINIAP
el | Aw| 2 + Cel 011211 f = fill}ee +ell Awl|®
< CeIfIMIVEI? + inAEn? + %(an‘*nvw + | EI%)
+Cel|BLIPNS — full3eo + 3¢l | Aw|?
< C(IfIMIVEI? + 161l 2IIf = fullFe=) + EHAEH? + 3¢ Aw|[*. (3.52)

PR & A/ (BIIARGER € = 0.01), ¥ (3.46)-(3.52) RN (3.6) X, 17

(IVa|[2 + ([ VE|?) + Co(||Awl|* + || AE|")

< O[|IVull® + (Vo] |4 Vel + IV EI4(Vuwl® + Ve[|Vl
HIVol*IVEN? + [|AIIVELR + ([l + 1B + 1161l Il f = fal 2]

< O[(IIVw|* + |VEI)® + (IVoll* + 1196 1* + [1£11%)
(vl + [[VEI?) + wll® + | BIP + 811*1£ = fullZe]- (3.53)

4
dt

il

V|2 + [IVE|[? < C(| 4wl + [[w]* + | AEI? + 1E]]®), (3.54)
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FItEA
SVl + IVEI?) + Cof| [Vl + |V E|P)
< ClITwl +IVEIR + (190l + 119611 + 1171

UVl + [VBIP) + [l + B + 0P - Al (359)

B h(t) = |[Vw()|[2+|[VE®)|[2, M = eC &~ VeI HIVO @I Miluedr gy (2.4), (3.55) 3,
EEl

(8) + Coh(t) < () + (190(0)I" + 198, ()11 + 1) 1)t
HIB @I E) ~ A + (GM)?) (3.56)

R 6 FEOYHY/D, SR 1 (1) WIERIML, AR ERE 1 () AIER. E 5 1R,
EHE 2 B9IEEA WAVEBIE [ (IVot)l|* +([VOL(0)][*dt < oo AL ST REFE 1 fYIERY,
25 (3.32) K. *f (3.32) AP 0 | ¢ B}, 15

Ve + 198 ) = (19l +[98l) + o [ Ao + 1180, P
<0 [ AT + 190, + 1A DIOUTE + 190,
< sup(I[V) [+ [V, 0F) [ 1Tl + (90, + Al (@57
wwE
[ v + 180, e
< sup(([Vo(0? + IV8(0I) [ I + 90 + A < 0. (358

HEE] (0,00) W (1.2), HENAIRERL A, 12
L O + 16 ) + 201 To(0) 2 + [ 98:()]) < 26161 P £l B + 26]10
Bl e =1/4, MA Gronwall R%K, 15
I+ 1030+ C [ 9o + 19637 dr
< [ AU + 10 Phdr + ol + B30
< sup(Jo(o)? + 10: (1) | A Boedr + ool + 183017
>0 0

< |of N [ 1y )t + 1]l + 0l (3.59)

% p>6, % +% =1 B, B Gagliardo-Nirenberg NE, (3.11) M Holder 5, 4

3

lo(P)|e < ClOZ0()||F % ()| 25 * < C||Vu(r)]12 5 || Au(r)]|2 7,
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oy
| I dr < ¢ [l D ami-dar
0 0

< C(/O ”Vv(7—)||aq(%+%)d7_) & </0~oo ”Av(T)”sz) B, (3.60)
HEa=4 H2<ag(+3) <4 b (3.59) RERHANA

00 )
/ [|Vo(7)|2dT < oo, / || Vo(7)|[4dr < oo.
0 0

e AR T
[ 1vseieetar < oo
0

HRRE (3.58), 8
AlMﬂmw<m. (361)

% p<6, 243 =10 R (3.57), (3.59 RPE
/mmwMLmscfﬂMﬂﬁﬁwwmﬁ“w
4] 0 . -
SCngmergywwmleIWwﬂﬁh<w-@&)
FaEk, qsR v € L([0,00), LP(Q)), 2 + 5 = 1. RfPRHE
/ﬂwmmvﬂwmme<m. (3.63)
0

HE #HE
n—Av+(v-V)v+vp=6f (3.64)

BT o KRS, REEHA Helmholtz B HT P FH I, BEMNFERL o0, 3 Q LR
18

%%”61‘17”24‘ IV = - /Q (Biv - V)v-Biv + /Q P(8i(61£1)) - B;v. (3.65)
Ffltt, I T AR

01 — D01 + (v- )01 =0,

Hihit

l1d
53;”‘91‘91||2 +[Vaibi||? = —/(8,~v - V)6, - 8;61. (3.66)
Q

# (3.65) 5 (3.66) AN, 13

1d
5%(”@””2 +118:6111%) + ||VO:|[* + || V8;6: ]2

= — / (Biv . V)’U - Gv— / (Biv . V)91 - 0;0; +/ P(8,(01f1)) -0;v. (367)
o 0 N Q Q P

o N

v -~

Ly Lz Ls
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R Holder A%, &

|L1|:]—/Q(8iv~V)v-8iv < /S;(v-V)BiU'Biv + /Q(vV)v-aiaw
< Clplles Vo]l 25, [| D] (368)
FHE Gargliards-Nirenberg K45 ||Vol|, s, < C||D%]|7]|V]|'™5 il Young F%3, 78
Ll < el Dol + Celoll Vo (3.69)
Hi%(bh, 4
|Laf = ‘ - /Q(az'v - V)61 01| < el D*01[* + Cellvll, I VOLI, (3.70)
K

Ll = ' [ PO o [@on)-00] = | [ 05000
< IOl |1 fall=1D%]| < Cl|V6 211 ]2 + €l D0l 2.
SRIR & 3B % /b, 551 EfEH R (5.67) ReEPIHET i M1 31 3 /0, 03]
& (190(e)| + 1198, () + Co1D% + |64 )

< C(llL, + 11AlE=) Vol + V8,12, (3.71)
A H Gronwall AZER, H
VoI + V8 0112 < C(ITuol? + [[V0ro][2)efs WO AN Ewar — (379)
sl
|19 + 193
<suplv)lP [ IVe(r) P +sup 96,0 [ 1960(7)Par < . (379
EF 2 EEE

EIE 3 BUIEER 1% v = (v1,v2), 61 A4 Boussinesq JRRZAAFENIE N
v = (vo1,v02) € V(R?) N LY (R?), 610 € HJ(R®) N LY (R?)
RSN A fi(z1, 22, 23)(t) = (Fir(z1,22)(t), fia(z1,22)(t),0) € LA3(R?) %A FRoTRM, IRLH
v € L2([0,00); V) N Lo ([0, 00); D(A)),
61 € L>([0,00); Hy(R?)) N L}, ([0, 00); H*(R?)).
J#it Boussinesq 77 BRI PERTAIHL, XTETA t > 0, #4E Av(t) € LE(R?), A01(t) € L2(R?).
BITEHIE f7° ||Av(n)|Pdr < oo, [i ||A6y(7)][2dr < oo. FFHIFX LA HFMRA R MIER 19,
e
1020(8)]| Lo (rey < C(L+1)"% |8261(t)]iLe(re) < C(L+1)7%,

He
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TRA
/0 V006 s < 00, [ 108 Ex s < o0 (3.74)

/0 l[0(8)][700 (rayds < oo, /0 1161 ()13 oo (2yds < 0. (3.75)
TEEBESIEN v =0+w, 0 =0, + E HLREM, XE 5= (v1,0,0), 6 = 0,, HH w
V(R®) 1R/, E # H}(R®) F1R/N. F4 w il E R T FE
w; + Aw + Pl(w - Vw + (w- V)i + (5- V)w] = P(Ef + 6,(f — f1)), (3.76)
E—AE+ (w-V)E + (w- V)b, + (0 V)E =0. (3.77)
HEEREFRR (3.76) F w(t) € V(RY), (w-Vw, (w- V)5, - V)w & Ef +6,(f - fi) 4
t >0 IR T L2(R%). H# Helmholtz B HFERE TN AR Y. M Holder RERE
(@ - V)w|| < [[v]|LeoreyIVl], [1(B- V)E|| < [|v]|Leorn)|[VE]|.
ST (w- V)5 M (w- V)0, BiftiHIRp, BITHE 21,22 f 23 HFFHIE, B
{(w - V)5||Z2 g2y < w(:, 23136 p2) V0l Za(p2),
[(w - V)01 [72r2y < [w(-,33)||Fa(ray | V01l a2y
1 48 Gagliardo—Nirenberg ANZER, 157
lw(-, z3)|2e(rzy < [Vay,zw(, z3)|l|w(:, 23)l[2(R2),
HEFET z3 B FHFH Cauchy-Schwarz A& 7[R
1w - V)ol| < [Vl llwl3[Volliag, 11(w- V)81l < [Vl /2 [w] 2|V Lo(re)-
BT w MR (3.76) 7 V(R®) FRFBIAEN, E WENHE (377) £ Hy(R®) FERK
WarRe, RATRFER |lwt)llmas) B EQ®)] | g (rs) HIFERATHEIATIER E 2.
£ (3.76) FRERBHTEU w, 7 (3.77) FEAWAFEL E, REE R® LB, EENHE
oL AR, 155

1d \ ) -
2 ol +1ER) + [l + VB + [ P 9)0)-we [ w93 B

=P(Ef+6,(f - /1)) - w, (3.78)
EEE

/ P((w- V)w) - vdz
R3

< lollzee ([l V]| < ClivllE o (g2 lw]]? + &l V2] 2,

/ P((w-V)?) - wdz
R3

AR
< Cl|01l1F . [lwl]? + €l VE|?,

/ (w- V)b, - Edz
R3

PES +8.(f — ) - < |/Q(Ef)-w~+l/951(f—f1)'w
< Cllfllm (ol + LEI) + Cllful o)l - Foll ol
< Ol Il (1ll? + 1EI2) + Cl181] Boo oyl 2 + OIS = Fol1?
< O il + 1621 Boe rny) (ol 2 + 1EIP) + CIIF = Rl
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S5 ¢ 34 (BRI < = 0.00), KA TEEIAFAhiF
& Ul -+ 11 + CollI T + [V EI)
< ol ety + 1631 Bom y + 1) Il P+ LEN) + Ol — Fall,
ENEGIEES
I+ 1EGIF < (P +1EO) + [~ 156 - Foas)

e I I e ) 103 ) e )+ ooy ds (3 70)

F—HH, (3.76) KPR Aw(t), 7 (3.77) RFeLd ~AE(), L RS LRSS, RFrinss
AR

| s

(IVwl® + IVE|) + 1| Aw||® + | AE|? + /RS P((w- V)w) - Aw

N
u

t

+/RSP((w-V)f})-Aw+/R$P((f;-V)w)~Aw—/Q(w~V)E-AE

- (w-V)él-AE—/ (E-V)E-AE:/P(él(f—fl))-Aw. (3.80)
R3 R3 Q
HATH WM T M

/ P({w - V)w) ~Aw’ < Cl|\Vuwl|[® + €| Aw||?, (3.81)
R3

< ||Vl [Jw]|}[[Vol| o ray || Aw]|

/ P({w-V)?) - Aw
R3
< Cllwll? + ClIVol|Lagay [Vl ? + €] Awl [, (3.82)

P((5- V)w) - Aw
RS

/ (wV)E-AE‘ < clfullo=[IVE| | AE]

< ClIol[Loo oy IVl |? + €| Aw] 2, (3.83)

< OVl || Aul| 2|V E|[ |6 B < C.IIVEIP |Vl | Au]] + el AE]?

< CVE(|Vul? + 74wl + | ABIP, (3.89)
[ AE| < Tl ol 983 e 15

< Cllwl|® + ClIV 8|1 mey [Vl * + || AE)?, (3.85)

[ 5B BE| < [ VB + B, (3.86)

AP(Ef+él<f—fl>>-Aw‘s /QP(Ef)-Aw’Jr [ P )

< C||VE|2|AE[2 | £ || Awl] + Cell0r]|2 o oy 1 f — FlI + el) Aw]?
< C|IVE( IFIPIAE] + €| Awl[? + Cel181] 2 o ey |1 f — FilI? + ]| Aw] 2

< ClfIFIVEIP + iIIAEII2 + CellO1lLoe oy £ = Full? + 2| Aw| > (3.87)
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B e ROHUD (BIIALE e = 0.01), 55
dit(HVsz +IIVE|?) + Co(ll 4wl + |AE|?)
< CUlIVwI + [IVEIP) + (vl fee(ray + V0l fa(ra)
H101 Il (r2) + [1VBLII a2y + IFII)UIV® + [VE|?) + [w]? + || E|J?). (3.88)
Hre# 1(ii) BHEREBAZEE, R |lwollm + || Eollar FEH/D, 711
IVw(®)|* + IVE®)]*
KTHHE t —BCRRF, IATERE 3 IEE.
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