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Mathematical studies for a system
describing the double-diffusive convection
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BEHEAZGLHRAENICENT, EH2AEERREE2SD TH A EKIBEERRETH D
Ball, ol vy cIallanwy, WEMSEORK TILE S S Salt
fingering & FEIZ N 2B L RN 100FEU EbainbBlE2Eh TV, 208D XA
= X 5 0F 1960 4 M. Stern (2 KV #) D T S v, % 0 K OV E i E R EM oM A
ERARZOERNTH D Z ENHHLE., —BRICHRENICER R DIEBGEE 2> 2
Ay MIRTE L, MO Z DO MNIIE—F TH DKW THEL DB RIT ZFH KB SR
(Double-diffusive convection) & FE X 4L, Stern o4& BX # 7¢ #f 78 DA B& £k % 72 43 B C #F 70
ENTVWD. LD ZHAEEE RO ZEIEBARIE, LRERT TV, MBAN
DALFRIEET VEORMAEICE >, FICHEHBERMFIES R LR > TWWDL. —JF,
CoBRZEERBRT L TR ZOE AN RICE L TIX, a %o EZEZRRBER
*ﬁ%ﬁ%@iiﬁféﬂ“(b\f:. KX TlE, ZHABEEE T O ZF\EIK B RE S % 7%
BT 5 HBRARICHTHRM T RGO RESANS O EIZONTIRRD.

K%X@%ﬁ&@%%iuT@L W ThD.

F1IETEHZILEHEETO _HIXEBE SR ZICHET I2WHENE &, HFNFIE
WWESSETMEIZODVWTHER, KGXOFE2HELUBRONEZHMEB T 5.

F2ETCHIREUBHWVWDIFRBIEDOERZER OB FHNEARAFHEHNERLNLTWVDS.

FBEIHEUBETEIROGTERERARDBLZIND.

ou =vAu —au —Vp+gT +hC+ f1 (z,t) € 2x][0,5],
(DCEF) HhT +uVT = AT + f, (z,t) € 2x]0, 5],
0C +u-VC = AC + pAT + f3 (z,t) € 2x]0, 9],
Vau=0 (x,t) € Qx]0,95]

*:f,QﬁN&ﬁEMMWWRNW@%WgL SITFHERERTETHTDH
v, HEw = (utu?, - uN) RERIEET, FERECKOE NpIRaEEKTH D .
EFr-BEmoTFT — 2 L LT, v,a, plZ IEER, g=(g", 9% ,9g™), h=(h* A% --- AV)!
BESZ by, fi= (LR ) s S EA N ERTEETH S

B R IX L LE BE b o o % 8 & §C R 97 % Brinkman-Forchheimer J7 2 2 %,
WE BN Lo T TREAL LSO TH DH. gT, hC % Oberbeck-Boussinesq
HPRPICEVENDZBFHNETHY, HITHAEOIIFEMMEZL LR T D4, it #HIZIX
Vu=0DFHERHEILTWL. B, FERICFERBELE L TCBIRE Y- VT,
u-VOCHREENTEY, FEAXARORFHBRB 2 REICT 2K RERER L
BMoTWd., £, HEXRCHRELHEERESEOMAEEN O — > TH D Soret %)
REXRTHPATREENLTWVWD ., ZHINHARICE W TIXIRE EEHREO M
T L2, WEAKZHEKNL T2 Soret I REZEH 52 LT TE RV,

(DCBF) @ # — 3\ 2% Navier-Stokes S R I E A b2 TRARICHL T
W EFEHE ECTCORFGMELE RIET N7 7 % —DOFEIC DWW Tk 7= M
Piniewski(2008) %, BEIC V< S O LT EABF LR TS, Ll Zh b oR%
T X Navier-Stokes F e X O WL Wi Em L E P L THB Y, BiKHE, Soret 2 £ Kk O
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FHBEICERK T2 HEOMPICKH L T bR TRy, RFE TIEZh %
Fz2, LPRTRL AL, i#EERd T 2 A2 B ML 72ET VI
LT, BitH, Soret Zh £ K Wi N E N TR A RO A MEHESH OB EFEICE D X
OREBERIT N ERFNICHMAT L2 L2AELLTND.

(DCBF) @ "] fi# #: (2 B 9~ 2 & B 1%, 3 koo A H 88 5 I T 5 Kk Dirichlet 5 7 5 1 %
L 7o ) B BT R OB Skt A RE R ORI R © — B AF1E & = L 72 K. Terasawa—M.
Otani(2010) 2R & W T 5. = 2 TiE, M. Otani(1982) 12 & % & 4> 1E H #2532
FHEMEHERLZEN T2 LI, MOFER RSN TS, ZOFEFEIT, 3
W It B I F 0 D K s AT R 1 Y R iR Ik C B 5 Navier-Stokes 5 FR 2 o> FE B Y IE (2 8
BT 52BMHEZDCBE) 4R ALTWVWDEWVWIBANDL THIXIEFITHERN D
DThHY, HEAFKRDCBF) OFEICHT 5 HARLERO THEEE RBL TS,

UbZzEisz, H3IEUBETEIKROMELZIND & 5 .

% 3 % Tk 7, K. Terasawa M. Otani(2010) ® T2 L v, 3 koA R LT
O ) B E B 58 R B A F K Neumann B R - fF T T — BRI ATt 2 /5 % &
WORERN REND. BICZOFELZREIYE, 3RILAMEE L TokKHE
] B 2% 7 & Dirichlet 55 4 K& U8 7 & Neumann $= 4 O W H I % L Al gtk 2 5 3 5 & W
SRERMAR SN S, L0 BREMICIE, BAMES NS L7 (DCBF) o 3 B 2 =
12, M. Otani(1984) i L %, AWM AHEME 2 FEH L T HHHAEDHE Z 0 KB
FREAORKHEEHBEO ATMMEOKRELEH T2 2 & CELMOFLEZRIEL,
RO K EHEm T A2 IC XV RHEMNMOGFEENTEND. 22T, M.
Otani(1982)(1984) @ #& % % 3 M 3 % B 12 13 Rellich-Kondrachov 0 & B & % 5 738 K X
<, ZMBEHOARAMETIAENRKRETHDLIZEICHET S .

B4 % T EH RZME I LT o (DCBF) o %) 81 55 5 5 R 5t 2 6T g b
MEBEIND. G O@BEY, H 3 F|ICB T 5 FEZIEA R EE o B EICE B E
T2 L3R ETHD. 22 CHA4ETIE, BanachOo A #Eh G EEH O M2 LV
filg O KERL 2 ATV, ZEM R IE N A 4 LLF 2 2 586 5 Q A% Sobolev @ Hjis & B} OF Laplace
YE F 3 & Stokes 1€ i & o #5 M &L 1 Bl %2 sl vr & ® 5 5 (B 2 1F uniform C?-regular
class) ® F C, Dirichlet 5% #* & { & O Neumann i 5t 55 #F @ ® J5 12 %F L T (DCBF) iZ —
BRIEMPGFET D L0 HEN /R I N DH. Navier-Stokes 5 2 X & bk L 725 &
CORERIE, BIRH O RSN RFES D MR I 4 £ T oA FEME2 Y E,
A NHEONSSIEHZREETICHELNLDE V) HBERVNVIAEZEX TW5.

B5HETIEAZHERY Lo (DCBF) O R E A MM EN BRI T 5. A& R
REEA N, KEEHEEICE L T% Large data (4 I/ S S 25 3 2 0)
Wxt T A RIS S S, Loy L, FEA FE B oo IR A R BE © Large data
Wt o RSB T S R RIXIEF IS A . IEA SR EE R T o R E W E o
Al g ML, ) 21X Navier-Stokes 75 # 12 % L Ti&, P. Maremonti(1991), H. Kozono-M.
Nakao(1996) I B W CTEEIZHE SR T WD . 2 b O3 TIE, fif Ok 12 % KT Bl



EFRHWTEY, ZOWRKEZRIAETL2HEH DHEHONS ST ARENEMHE LR T
Wb —J7, K JE R O Large data 12 x93 2 B ME M 1, B B B G o8 R 7 RR oK
DB TEL DR ERELNL TS, L2ALIADLDOHmTTIE, ZHERNA
RThrZ a2 fMELESRME (FIZIXHEMOIERFICHT 20 ENEKOEEKIC
I 2a> X7 ME) O FTTERMARINTEY, EEREHOLAEICZ L EHE
AT 22 3WNETHL. ZoXo10, FHRFEDHHW VT, v -VC % & T ity W
A TH 5 (DCBF) IC x4 2 RY E oo W5 [ & ) i 8 o Large data ( xt 3 % #] fig 1k
WZoWTI, RfTMMEOFENEHZEAL KT, TILWVWT e —F R LEE RS,

BHEETIE, UTOFEICKIVNMEMMOMEREIT ). ST 2EME B
O CTCEEHBA-ELUMELZELZT 5. AREK EOMBEIXEITHIRICENT
BICEBERZRINTBY, EOREIOANNEHICH T H2MOBERNFARECTH SH. K
WEnIZH LTELNEME O TRERNZEDOn = o0l B 5 MERA, Ascoli D & H %
WHLEZRBFBRN R, G ARmEEH VDI EICE v 2ZMIcBT SMEVDSH
BARER2FZ2 7T, ZOBICEUBO —RAREEZT 70U &V FAHIC LD K
LN, T TEo/hSSIFEHBEINRY. LEDOFEICXY, ERHKC
W N =3,40% &, Large data (2 %t 9 % (DCBF) o I [ J& # fif D FF1E DR S 00 5 .

%6 BTk, AAMEE Lo (DCBF) O fig o R KRIkB 28 2, Rik7 ~7 27 % —
LOEHT NI 72 —DOHFELVIBRNPLEEINTWVD . KL T
NENREICKEFELZNES (ABR) 20 TELEINLTWVWD. T M7 7 4% —
DOERITHEROBRICESWTITORD. IBHEAEO AR O RICHE DX
EEEND LSO 0 (WMMEICLEER B OMZ IS S ¥ 25/ E) T L, K
W7 hT s (ETOMNEEZS ST DLary s VEATRIDOLD) OFF
X, 58 SH)0ERmELE a7 NENES (BFEORFREA»OHEL -
fRELEZ AR T EADES) OFEICIVRIEEND. EHEHT VT 7
A= (777 ZNVRIEVPART, 5|l FRABOEENELBEENTHIES) OFF
f£ 1%, Smoothing property & FEIZ AL D2 E AWz D 2 LI XV RIESI N D.

M. Piniewski(2008) TIZ 2 R D H{BERFBLZ SN T WL A, 3RLU EDOHEIZ
i, =287 FRINE S O 1FEFE M O Smoothing property & B EE 9 5 412, BIE £ T
WERINRD2P o X0V EWEAMERICET 2FMMEZIT O LB, T0OFIET
+aTciERw. FeETITINEMRT DA, EREEERFELLHIIBNTE
<H BN TWDH Brézis(1973) ® Fikz & B, L R LM ERE AL TWVWD . Z
N& 7= 5l H & LT, Kk Dirichlet 5 % 4 {F % # L 7= (DCBF) (= % 4 % K 7 b
T =R OERT T —DFEN, BEKR TP AL TOHACRENS.

F-E6ETIEH, FRNeumann A FH AR L2 HZEIC OV THEELEI L TW
% . Z @ FT,C X Mass conservation property # jii 72 ¢ 4, @ EH O EWK TOT K7 7
=X FELEGRY. T2 TIEHAHMEEATHEICHRER T Z LTI OB EE MR
WL, —ibENnN~=T7 N7 77 —DFEENPTRIND.



K 4

N o.

BERERZE #t (B FHUHEF REERE
A

% El

(2016 = 2 H 10 HHL(E)

il

A F# - FATHHRGE JEIR « FATHH . wEaE (REEAET)

24
i)

(ARLA)

(A M)

([E ERHF 52
£ER)

O 1. The existence of periodic solutions of some double—diffusive convection system
based on Brinkman—-Forchheimer equations, Adv. Math. Sci. Appl. vol.23 no.1
pp 77-92, 2013 4F, RAIEAH - WHER.

O 2.Global solvability of some double-diffusive convection system coupled with
Brinkman-Forchheimer equations, Lib. Math. (N.S.) vol.33 no.1 pp 79-107,
2013 4%, REOULHF - WHIE.

O 3. Attractors for autonomous double-diffusive convection systems based on
Brinkman—-Forchheimer equations, to appear in Math. Meth. Appl. Sci.,

REIEAE - WHE.

O 4.Global solvability for double-diffusive convection system based on Brinkman—
Forchheimer equation in general domains, to appear in Osaka J. Math. vol. 53 no. 3,

REJEH - WHIE.

5 . Periodic solutions of some double—diffusive convection system based on
Brinkman—Forchheimer equations, ZXFEMEMTATZERTEEZEE: 1792 FE M IERIEIR S D
iRt —I R TR DS H— pp 18-29, 20124E5 H, WNHE - KENKFE.

6. Global existence results for some double—diffusive convection system based on
the Brinkman—Forchheimer equation with homogeneous Neumann boundary

conditions, ZEMATAFZE AT ZCEE 1892 S MIFE R T REX D H 7= 70 DK E—# 2 D
sy HREN A 285 6— pp 1-12, 2014 4-4 H, PNHE.

1. Periodic solutions of some double—diffusive convection system based on Brinkman—
Forchheimer equations, RIMS #fFZE4E5 @ FEVHrIERRIZ BLG: O fifAT—38 I 2D T
s (BAfEH : 5D, 201145 10 A, WHIE - KK,

2 .Periodic solutions of some double—diffusive convection system based on Brinkman—
Forchheimer equation, 9™ AIMS International Conference, Dynamical Systems,
Differential Equations And Applications (BEf@Hh : —F K, T XA VU ),

2012 -7 H, WHEZ.

3. The solvability of double—diffusive convection systemwith Soret’ s coefficient
depending on the concentration of solute, 5% Polish—Japanese Days on Nonlinear
Analysis in Interdisciplinary Sciences (BEfEHI : FUER), 2012 411 H, WNHE.

4. The global solvability of some double—diffusive convection system with the
homogeneous Neumann boundary condition, One Forum, Two Cities 2013: Aspect of

Nonlinear PDEs (BE{#Ht : B050), 20134F 9 H, NH{E.




BERERZE #t (B FHUHEF HREERE

il

A R - FATIHRGES | JEIR « FATHH . HEAE (FREEAT)

R E]
([EIERAFFE
£

10.

11.

12.

13.

14.

15.

. Global existence results for some double—diffusive convection system based on

the Brinkman—Forchheimer equation with homogeneous Neumann boundary conditions,
RIMS AFFC4E L : IR IR TR D H 7= 70 D BEN—E 2 ORIy 7 R =2 i3 5 8
R H— (PR - R, 2013 4F 10 H, NHTE.

. Non—negative solution of double—diffusive convection system based on Brinkman—

Forchheimer equation, Conference on Partial Differential Equations 2014

(BiffEt - » J7» > =T, A X V7)), 201445 A, NHE.

. Large time behavior of solutions for double—diffusive convection systems based

on Brinkman-Forchheimer equation, 10™ AIMS Conference on Dynamical systems,
Differential Equations and Applications (BfEHE : =~ KU v K, ZA~XA ),
2014 4F- 7 A, WHE.

. Periodic solutions of double-diffusive convection system in the whole space,

RIMS #F4E4E4s « FERIB BB DOfENT ~DIGH & L C o3RRG O B
(BRffEHt - ZTER), 2015 4F 10 H, NH{Z.

. Periodic solutions of some double—-diffusive convection systems based on

Brinkman-Forchheimer equations, HABZFERKFRAE RIS (B - FINKE),
2011 4E 9 H, WHIE - KRR

The solvability of double—diffusive convection systems based on Brinkman-—
Forchheimer equation with some perturbations, HAIFEES

(BRMEH - BRTERARLRSE), 201243 A, WHE - KEXE.

The solvability of double—diffusive convection systemwith Soret’ s coefficient
depending on the concentration of solute, HAIFESKERE DB

(BRfEEHN - JUMIR2E), 2012459 H, NHE « KEGE.

The solvability of double—diffusive convection system coupled with Brinkman—
Forchheimer equations under the Neumann boundary condition, HAEZFSFKZHE

Gt (Bt - 2R, 20134E9 H, WHE - KR

The solvability of double-diffusive convection system in general domains,

AAKF R (BB - FEBERT), 2014453 7, NHEE - REER.

Global attractor of some autonomous double—-diffusive convection system,

AARS TR G (B KBRS, 2014469, NHEE « REEE.

Exponential attractor of some autonomous double—diffusive convection system,

AAREC AR (B - BITRRT), 2015 4R 3 1, WHIE - KR,




BERERZE #t (B FHUHEF HREERE

il

A R - FATIHRGES | JEIR « FATHH . HEAE (FREEAT)

R E]
(H A%

2)

(Z D,
[E N R TE)

16.

17.

18

19.

20.

21.

22.

23.

24.

25.

26.

Periodic problem for double-diffusive convection system in R'N with N = 3, 4,
A AR 43 2015 AR EERK TR G oo Bl (Bl - nRREZERY:), 2015 4E 9 H,
NH® - REHR.

The solvability of double—diffusive convection systems based on Brinkman-—
Forchheimer equation with some perturbations, % 19 [\l HA#RATHIIES
RV L (BRAfEM  BfE), 2012423 A, NHE.

. The solvability of double—diffusive convection systemwith Soret’ s coefficient
depending on the concentration of solute, % 38 [AIF&RETEERMZFES
(BifeEHE © A ARZFKT), 20124F 12 H, WHE - K&K

The existence of non—negative solutions of double-diffusive systems with
variable Soret coefficient, &% 20 [ElHAfRMTIIIEES S iR T A
(BHfEEHE - /NEJED, 2013 423 H, WNHE.

— % fEk T T EIRNBOHE RO "R OWT, 8 39 R R SIS
(BRfEEHL © A A% 7R, 2013412 A, WHE - KAJLHE.

Global solvability of a system describing double—-diffusive convection
phenomena, 2f 6 [BIF5 A BTy R Ze4E S (BRMEHE  BAERS),
2014 -1 H, WNHE.

RO G AR — il B2 38 1T 2 R ORISR D AFAEIC OV T,
55 21 USRI ZE R > ARy D o (BAMEM : 4H1R), 2014 423 A, HHE.

CHEIEBOHR RO T T 7 2 —IlZonT, 540 IR GRA S
(BRfeEHl © B ARZFK7F), 2014 4F 12 A, WHEZ - KRR,

CEPHGHEARAOIET N T 7 =20, 22 RS ATt S Y AR Y
v o (BRfeett - BafE), 201543 H, WHE.

472 oo T B EEoS T RE R 69 A R JE B AR D FEALEIZ DN T
5641 MRS (B © A AL 7 R5), 2015 4 12 H,
WHIE - RAEEER.

TEIEEoHTRB S A R 5 FREAROAZER FIC i) A R E B EEIZ oW T,
BRI LD RaE ANt E S Bl 45 =), 2016 /£ 1 H, WHI{E.




