FUTSREEAI, 18 S510M (19974F10 ) PRI RB AR

Applied Mathematics and Mechanics E R HIKR#EH K

% F Kuramoto- Sivashinsky 75 2 B9 JE £k 14
Galerkin 757i% ZiEiC

(E R
GHFEEEHEZE, 19954510 F 16 Flg ), 19964E11 7 11 H kB &R

W =

AXHESTFitiek@Kuramoto-Sivashinsky Ry E&MEGalerkindy i, BRATRAT sa
ANINREESBIERE, FAHTREMAER, ST RZMG . SEREBENYBESERTS
TR,

%848 A Galerkin P Kuramoto-Sivashinsky 58 EFHRZIIRSE

— J B

S E M R4 Kuramoto-Sivashinsky 5 #2.
0%u
Ox?
u(x+1,1)=u(x,t)

+"_g%=0 XE(——I— L),t>o ‘l

D} v -2
Ie

ou 0*u
FR

) (1.1)
u(x,0)=uy{x)
Hn>0RARRN, ao(x) RERIME LA,
EYBE BERR(, ) MiEsk] - wHilbertzsmH, ®ATEIE LR RREHH Li—
MR ERITR, ARNBRERHLTT:
H={u|u€L?(=1/2,1/2), vRFFRE}
FAHS — MRS
y=ri(=5. 5)0H
WEAFA(,-)), EENI-L WHRO, DTN
rou--l-vAu—FB(u,u)—l—CiJ:f, u(0)=u, (1.2)

'iXE, HEP%:%AE%A=64/69C4’ E\:%Xﬁy‘j

D(A)=H;(—é, ;)n H

* BRBEBHPESI S FITE
1 B REERR, LiE 201800, LM AZEECER, 240 730000
937



938 M wm T

MB(+y )tV XV >V R—P WEMEHT

/72 av
(B(u,v),w)=s_mu Ix wd x Yu,v,wEl
FH.
62
E F<am
Cu=
0* 6]
LR O

{0, 1<om
vt =" =g/, I>2q

EH o= (x) (S THIRFERE, LRIERETvA+-CrBtite, 8. FERHSER

((vA+Clu,u)>alul?,  Vu€ED(A)

—.E B
s, RENRHTAMSFE R, AFE— BRI, KN

.Awk Akwk
: 0<h <l HAz> 00 (k>o00)
R EREHEwR AN —AERMTERE, T L, RNTEES

Ak=(3k7”»)4,wk=J%_sin2—lj’“x (h=1,2, )

(1.3)

e EEHEmEN, HHiks=s(m)EN R 5mB RN B~ P EERE, FEHBEXRBE
'?-Pm, E@H&%ﬂﬁﬁm/\ﬁﬁmﬁwuwu LW BRI TSR E, ?{El&:; ?ﬁff]ﬂ@f@IEE‘JEIF
&tk Galerkin FEAHEROHBE, RILEANNESBNEOUR SHER, &

118 F IR —FEAgs(m)NNRE s ZRE R, 7RR
ux Yn(t)+2zs(t)

m

Un(t) =3 gsm(t)w,€PnH

g=1
m+S

Za(t)= 2 h_,-m(l‘)ij(P.“m—Pm)H

j=m+1

VL Ry m(t) +24(1) 7 2

Yoy Ayt Pa(B(ysym) +B(yme20) +B(zs ,yn)) +Cyin=Puf

vA2s+ (Psim=Pun)B(YmsYn) +C2e=(Ps.m—Pu) f
Ym(0)=Pnu,
EXV ER= &M RS,
b(u,v,w):(B(u,v),w}V,,V, V4,0, wEV
T AGRE. D)~ )FNT

(2.1)

(2.2)
(2_3)



%?Kuramoto—Sivashinskyj}‘?_?:_ﬁ{]flli%ﬁ(}alerkin?}‘?%.‘zﬁiié. . 939

3 (900 (2AFCIyms0) +b(YmsYms ) +b(Yms2e,0)

+b(2s,ym,v)=(f,v), YvEPnH C(2.4)
((VA+C)2M5)+b(ymaym’§)=(fs'l~)>- VBE(Ps,m—Pn)H (2.5)
(ym(0),v)=(uy,v), VUEPmH (2.6)

BV, JEgkiE Galerkin Wik BT (41R IR, Ha, ANTRNAMIERs=m
B, BEARA, Xl12] (FRX[6]) A HEmp#ER(d—1)m (Ffd>2 )R VN
RESE, A, RMNSHT— M ekl12]15% (6] KB LWHEERA BRI H, Bk, &
TR RmIER MRS s(m), X ARMNBY/T LBRRAENEBOFTRELE, PR
E’l‘%tﬂ&ﬁtbym+zm5ﬁnym+zw_nmfﬁﬁ%ﬁﬁﬁ{uﬁym+2e(m>.

THRERRMNOES, ST CBRERGETT.

tnf@2 .1

(1) mRl<om, MWYm->colt, ymMzsFEL”(R*;H)NLXRYV)BHER,

(i) fuSRI>2m, MAHERT>0, YUm>oolf, ynflz,EL=(R';H )N LH0. T4V ) iy
5. O

=, EEEBHER

EIE3.1 Eu CHARE, WHEEMS>0, EHYm=mb, WNEMEENs=s(m), FEE
(2.1)~(2.3) BEWE— By (t) +2om (t), 10, Ym>oolf, ymtze FPTFREIXKETF
Kuramoto-Sivashinsky J5 2 &) ffu.

(1) HEBERT> R ISp<<ee, LH0,T V) HLP (0, T H iyn>uz,m > 0E R
BRI 850

(ii) L®(R*;H)hym—>u'52s(m) > 02 FTF*— I K, 7 O
EH3.2 EMeEH(—1/2,1/21d, HEEEEm, AREs(m) B '

pomax{m[a/m], mm* "1} —m (3.1)

(EHy>0R—FH), NHE LRyt 2R 2R R BN, ]

R, A3, 1) Esn, A,

sm=y-max{m{n/m 1, mm*"]}—m (3.2)
Mgz, RO

em=tn(%,t)=tu— (ya+2s) (3.3)

PIF, Bff13(3.2) B s=sn, RATRR(2, )~ (2.3)5(2.4)~(2.6). FaEFAEFH0GE G
HER, (EBRELTHES, c BRESmMEH « TROEL, HEERR QM EL ]
REHE. )
B33 K e HY, M
(i) I<enmiH
lem (1) | <<em™ o)
KFt>0—HpRar.,

lem | Lz(R+;V)<Cm_ (e



810 ' Owm I

(ii) IZ>onptf
lem (= t) | em™ ¢F o)
FFO<t<TRL. .
]|3m|le(g'T;V)<Cm_(4”) O
EIE3. 4 Fu eV, I
(1) I<enB®
. lem( - t) | <Lem™ )
FTFH>0—BURIL.
I Aen | LA(R+; H)<
sup|em(+,t) | <em™ )
FFt>0—BURAL,
(i1) I=2a0}H
lem(+51) | <<em= @+
EFo<t<T—Bmr.
"Aem”LZ(o.T;H)<Cm_(“")
s:lplsm(-,t)]<cm‘<‘+“>

RKTFo<t<T—BUkar, B

Cm—(4+a)

b, — & 5] #

FHTHERE=SFhNERE, RINBEMT —E5H,
313E4.1 mRueEy, W

b(u,u,u)=0 (4.1)
il HEX,
b(u,u,u)=Sl_/:2u—g—;udx=—2b(u,u,u)
BB (u,u,4) =0, O
g]384.2
1b(u,0,w) | <clal Tl T jollwl T jwl®,  Va,0,0er (4.2)
1
W% R 2 K FNavier-Stokes BB N RBAER (Flm, 21 (7] R
[81).
21384.3
| ICu|<clul,  Vu€V (4,3)
B [<2aRbRY L,
[Zon A

ou
ICul < |55

+| ¢ So-|+147al
doHItE (B151) KRSobolevEi AR BEF(4.3), | O



L % FKuramoto-Sivashinsky 5 #agiEkik GalerkinF ik > ki1 o1
31584.4((7](8)) | _
clul Flal Tl ¥ (401, vuer,veD(4) (4.4)
Bao)l<{
| clulF | du) ¥ o, Vu,0€D(4) (4.5)
O
31324.5([1102))
IAulz"%
|B(uw,0)1<c(1+logarz) lullel,  Vu€D(A) 06 (4.6)
0
5134.6([14]) .
1B@0) | <e(3- 2 juiol,  (2>0)
V4ED(A) ,0EV (4.7)
O
gl384.7
b(ymszssym) +0(2s,UmsYm) +6(Ymsyms2s) =0 (4.8)
EW XA S EETTE(4,8), O
311248 mRy(1)>0 (4(0)=0), x(1)>0, g(t)>0RA(1)>0M 2
() +x(D<gOy®) +h(D), Y0 (4.9)
Il
y®)+ x(mdr<§ nwexp| | g(s)ds |a (4.10)
EY 7 (4.9) R LE T
exp| ~| g(s)ds]
ELE:
Slvtrexp] = aw)ds]|+xmrexn [ g(s)as]
<h(tyexp| —{ a(s)ds]
# LRSI R AR
y(yexp| = g(s)ds]+{ x(r)exp] —{ g(s)dsar
<{. a(myexp| —{ g(s)ds Jae
B Ut
y(t)+S:x(r)dr<y(t)+S:x(r)exp[8:g(s)ds]dr
<{. m(myexp[{ g(s)ds [ar u

51184.8 mBacHG(=1/2,1/2), W



042 - R N

l4—Poti| Sem™*|d7u/dx"] (4,11)
O
iEB  HpEutyFourier B 3.
u—Zuksmzk;” (4.12)

k=1

<eme j;.’,‘ 0
BIE4.10([15]) WEM RS>0, BAIA
’Z"|<C(Am+11m)’ az”l (4m+1m) (4.13)
O
3|34, 11 1<2nﬁﬂ‘#z’£'§$é&ﬂ>0ﬁ$§
das | d*u
S E R T I . VuED(A) (4,14)

R AR (4.12) 7%

e 3;:>=é,;;w{<2—f;i>-=—<f—'zl>s«}
Bo=(2a—1)(2a+l)/4n*, EHEFPE(0,0). O
mE (4] Al 141 FrR, BATTRLER RSB, SRR IR ES 2iEH . &
Fiib, FAIETEH BB E B3 SRIE B3 4,
B, Sffent
em(%,8)=DP(x,1)+0(x,1) (4,15)

o |
P(%,1) =t~ Ps 4 mlhy O==0 by
01=Pn U==Ym, 0= Ps +mth— Pptt — —2s,

BB X A0 (x, 1) # 2

a6 m 0Ym 9
A0+ COu+ P —( yadd s, OUn 4y, 225 )) o (4.16)




T RKuramoto-Sivashinsky FiRp 44 Galerkin ik 2 FEiT 943

602 . ou aym 0zs. —
994 4 40,4+ COrt (Psym —Pa) (u o =Y o2 )+ (4.17)

KTIEHEHS. 3, RITE(4.16) 50AR, HEED

0 6 m 0z d + d
Jm ym +Z? y +Jm s“—(ym'l' 2 ) (Umaxzf ) =2z, —%’"

aX{I(%I |02I}<l91</\/191l +19212

w5 "‘MF\ ﬁé’%ﬁ

3 Liaalo:

-

90, |

< (suptitumtan IHam (a1 | a6

ax,

dx)

lr2
AR
~ls2

<%||01[|2+ {suplu+ym+.av [2(1ef2+101* )+8 NESH IAdx}
X4 ELMRT A
AL TAE

i
B

a0 9
<L suptlutynlHu—uml [ 52| +| % 10
— T “
<2102+ < sup {|s+y |2}iu—u|2+ﬁn9u2+9~625"2
Sy R o g MEETem Jm 4 "R 4\ ot

, zs.
<100+ E{sup [utyn 21012+ 10124 219 +| T2

HEMmERER
2%(. 10:12+16:12) +a (10012 [0:]2)

< Qubymtze, 24 lutynlt+ bz [ (101241012

tlzslt )+ %]
TR 5 T4 BT A, J:’1l<2nﬁﬂ, SRR 91> 0— B e 3

st

IOIU)IL+19At)P-Pas:(MBMr)HL+H9AT)W>drs;mn‘Z“*”
HEE | o A R R T AR
len| <NV TPPPHTOTE s lemlpacpe iy <N 1P Ragpe.ry T 10 M apsp)
RAVESER T I<onf§IE THYIEMH,
IZ2x B BI45E T AR5 3L 1,
FEFEHES AN, BER(4,16)5A0MABRE(4,17) 540 9RR, ERBXER
ts2 du Gym By 9zs,
S—z/z uT?; —(” s, + Ym )}Agxdx




i W L

=Sl_/:,2{<“—(ym+2s‘)) + (Ym+ )( 6(ym+2s ))

Yz "’gj; }401dx

R S A }Af’zdx

™ T Hx

l/Z

((nmie) 2t (S -2 ) 122 s

-172

E%EE%’IELHEEHE@

LL(101+10,1%) +B(] A0 |*+ | 46,1*)

aZs

<é(max{”“"2’“yil slzsa P (1P 1612+ 25, 0%) 4| =5~

)

M91(t>!12+||02(t>||2+ﬁ§:(IAa,(r)l2+|A02(r)12)dr<cm- o)

ERRFHIFES0—BRor, FREMNTRT HiLHiEH,
%%‘EIEﬁ@iﬁa‘?ﬁﬁx‘fﬁﬁi&ﬁ]I%A?ﬁ&ﬂ‘)%tb?i%ﬂlﬁﬁ].

[1]

[2]
[31]
[4]

5]

[6]
(7]

(8]

9]

3 ¥ x ®

C. Foias, O, Manley and R, Temam, Modelling of the interaction of small

and large eddies in two dimensional turbulent flows, RAIRO Math, Model,

Numer, Anal,, 22 (1988), 93—118, .

C. Foias, O, Manley, R, Teman and Y, Tréve, Asymptic analysis of the
Navier-Stokes equations, Physica D, 9 (1¢83), 157—188, '

J. L. Lions, Quelques Methodes de Reésolution des Problémes aux Limites Non
Linéaires, Dunod, Paris (1969),

M. Marion and R, Temam, Nonlinear Galerkin methods, SIAM J, Numer,
Anal,, 26 (1989), 1139—1157,

B. Nicolaenko, B, Scheurer and R, Temam,6 Some global dynamical properties
of the Kuramoto-Sivashinshy equation: nonlinear stability and attractors,

Physica D, 1g (1985), 155—183,

], Shen, Long time stability and convergence for fully discrete nonlinear
Galerkin methods, -Appl, Anal, , 38 (1990), 201—229,

R. Temam, Ngvier-Stokes Equations, Third edition, North-Holland, Amster-
dam, New York (1984),

R. Temam, Navier-Stokes £Equations and Nonlinear Funciional Analysis,
CBMS-NSF Regional Conference Series in Applied Mathematics, STAM, Phila-
delphia (1983).

R. Temam, Infinite Dimensional Dynamical Systems in Mechanics and Physics,
fxg?l‘ Math, Sci, 68, Sgriqggr—vqua%, Berlin, New York (1988),



*%FKuramoto-Sivashinsky ¥ BayiEskikGalerkin k2 #iE 945

[10]

[11]

[12]

[13]
[14]

[15]

R. Temam, Variétés innertielles approximatives pour les équations de Navier-
Stokes bidimensionnelles, C. R, Acad. Sci., Sér. I, 306 (1988), 399—402,

R. Temam, Induced trajectory -and approximate inertial manifolds, RAIRO
Math,. Model, Numer, Anal , 23 (1989), 541—561,

R. Temam, Dynamical systems, turbulence and the numerical solution of the
Navier-Stokes equations, in; D, L., Dwoyer and R, Voigt, eds, The Proceed-
ings of the Eleventh International Conference on Numerical Methods in Fluid
Dynamics, Lecture Notes in Physics, Springer~Verlag (1989),

WL, XTHECURMER R ERE R BN, J%ER, 24 (1994), 145153,

Y. J. Wu, A nonlinear Galerkin method with variable modes for Kuramoto-
Sivashinshy equation:analysis and computation, J, Comput, Math, ,(to appe-
ar),

Z, H, Yang, A, Mahmood and R, S, Ye, Fully discrete nonlinear Galerkin
methods for Kuramoto~Sivashinsky equation and their error estimates, J.
Shanghai University (English Edition), (1) (1997), 20—27,

Remarks on Nonlinear Galerkin Method for
Kuramoto-Sivashinsky Equation

Wu Yujiang

(Department of Mathematics,, Shanghai University, Shanghai 201800,
Department of Mathematics, Lanzhou University,
Lanzhou 730000, P R, China)

Abstract

R .
This paper is concentrated on a nonlinear Galerkin method with s, small-scale

components for Kuramoto~Sivashinsky equation, in which convergence results and
the analysis of error estimates are given, The conclusion shows that this choice

of modes is efficient for the method modified,
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