Y32 £ 4R Acta Phys. Sin. Vol. 61, No. 23 (2012) 230204
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Kuramoto-Sivashinsky 77 F£A&—Ff Al LUHIA R AR IS 1) s AL e v A 5 F2. D7 v s 3 500U A7 £E, A8
3L TC R TC Galerkin 792K F i IR 22 IS oR KA 38 T BRI, TR BRB0E Y T — B0 . DRItk ARSCHR T —
il R HSF- 8% 2 T RS B 20K JE R 0T Galerkin J7vE. 545 G800 T Galerkin J7 VA b, %75 VETE J5 12 125 BURHR S8 %
F Galerkin HEAT 258, (HE RN RIE R T 51748 2 T S s B0 B de /s Zafedln AL, 3 3k e EL A AT e AR i
VIS Kuramoto-Sivashinsky J5 F& AT, J01E T A7 ¥R 104G 350

K 8217: JCHIT Galerkin J772%, Kuramoto-Sivashinsky J7F2, “F-4% 22 1 X 5 ph 8, VRN 5

PACS: 02.60.Lj, 03.65.Ge, 94.20.Bb, 05.45.Pq
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i J Kuramoto-Sivashinsky 77 F& [ fi# AT fi# A7
e, 82 38 1 A s o) DA T R S R K A B R
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Sivashinsky 77 F2 ¢ fif A7 fi# fig 7 K & #F 5T, 2000
4, Fanl® 3 H XU IE ) % $075 79 ) T Kuramoto-
Sivashinsky J7 F2 [fI iR A fiF. 2003 4, Pengl®) KT £

Tz 144532 7 Kuramoto-Sivashinsky FIAITfi.
2007 4, Nickel ™) 3@ i 45 & X 1F D) ok K7k fil %
i3 I A543 T Kuramoto-Sivashinsky /5 2 [
— AT P fiE. PR T Kuramoto-Sivashinsky Ji 2 [ fi#
Ar il AR D HAE DL S A7 AR, KEEI 15 DL REREAT
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R 45 B R T SR [RIRE (1) 1) R A A T T4
AR JE A% ik, R i) R, SCHR [13] 4240 T
— TR 22 T URR pR K, K Gz B 33 TR
145 Bl 2 777 (finite cloud method, FCM) H, fi# ¥
T B ST

ST, AR 2 UL e e Y
HH 213 T8 8l d5e /> — Fedli 1) EFG 77, vl
KL S EFG J7 15 B s BOE 1 — B4 A 1) 4,
il R SK il v B 7 R N A8 B 1) R, I B AT AR
FVRVEIL 411 Kuramoto-Sivashinsky /5 F£8E1T T 4%
E AR,

2 EFG 7 i oy 2K 7
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J7 ¥, K R 3l ds /> — 3 T V0 R G e Bk AT 3l
Aol D021 32 0y vk i) T 36 4 I 8 o B B0
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B HOINAL Lo JEECH

N
J = Z w(x — ;) [pT(:I:i)a(a:) — ui}z , (2

Hrp N O SEH, up = u(z;) RIS
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w(x —x;) = w(r)
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0, r > 1.
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Y0 A(z)a(z) — B(z)U =0, 3)
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U= (u17u27"' ’uN>T7
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u'(x) = p*(x) A~ (x) B(x)U
=o' (2)U, (5)
Horp
o' () = (¢1 (), p2(@), -, N ()
=p'(x)A" ! (z)B(x).
— MEAEBLR, B MLS Wi 1T R BAS
/& Kronecker delta 451, Bl o, (z;) # 0,5, i 5

FATFANGE AL S A ST S 22K Lagrange
Fe-yvE DA R HA S 4 A

2.2 ERIAIIEE

FLpR L P (a0) RO 33T bR 5P R B A T
SR, — e rh, SRR PT () — MO IR
2 2 I R AL

@© LM pl(x)=1,2), m=2;
@ k¥ pT(x) = (1,z,2%), m=3;
@ =Wk pl(x)=1,z,2%2%), m=4.

h TN A O Ak 23 7 R B 4% 3R AT VR A 1 B A
BAEL, 5 BLRFH ik 22 10 X o B0 A 0 ek B3 AT
HAFE 2T T2 R R v A B ) IR, — R S 1)
T e o PSS AT 1 AU . SR 4 SR FH 3 o
J B, ERBOET T — Bk 4 pF 18], S8 4
R EL TR [13] EFXF RS T R 2
T O pR £, s 08 B S T AZ T B FCM, fi
YT TR — SOPE ) L AR SOR-T B 2 T b
e N B TR 3R/ — iz L) EFG Jri.
— Y7 rh, PR 2 IR R O A

© g pT(z)=(1,2-2),
@ U pl(x) =12 -z, (z—2)°),

@ =W pl(x)= 1,z -z, (z —1)?
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I, JE R HO L — SRS AFRE oL, R 1 e T =
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WE D0ty =1 L yant? =2 2040000 =6
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M b M ax )
<32¢1 52(;52 5‘2</>N(x)>
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i=1,2,---,N, 135
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ARLAEIN (g )+ AT QN I ABLREAT et AL
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(uug[;)”Jrl "+1u" +uul T —utul, (16)

¥ 9), A1) F (16) AN (15) 2, 743
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+(R+ W)U =0, 17)

L R W 4 N x N REFE, L85 i 47, 28 4 400t
EVSHID]
o, U™
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ij

5 KEEF

AR 5L EFG U7 vk, 4y T B AT
W f# 1Y) Kuramoto-Sivashinsky 77 F2 [15) FIVR N %
) Kuramoto-Sivashinsky!'5! 75 Fib47 T Hfli 145

h T HERARCTTERTEERE L, 5l Ly

1/2
Lz—||u—uh||2—<[2<u—uh)2> . (18)

HH1 ZEFEOG Pa=-1,b=1M11%
ot BRI 5 FE LA A7 fi 1)

u(z,t) =c+

191\/5E [—3tanh (k (z — ct — z0))
+tanh® (k (z — ¢t — 0))],
Horbe, k, wo A HWHL ¢ IEBEE, k ZBHL, 20 A
GREIL A
VRS P A7) AN S (L T R B A A e A 5 2.
(R AN G2 AR [ 30 30] E"ﬁrﬁliﬂilj\]i’]’j

g3, ISR KHCA 0.05 s, & 1 A& 2 zm EFG J5i%
BB ¢ =5, k = 1/2V19, o = —10 [MEE
Was K. HICERE RAATHA, R 2450 TS
B c = 0.2, k = 1/2/19, zg = —10 i}, EFG J5ik
FISCHR [14] HRH E A IR (multi-quadtic, MQ) B
B, FE4CHE (spline basis, SP) B4, HAFES: (thin
plate spline, TPS) p& £ F1 = # (Gaussian, GA) bR 4
IX PU 4% [a) B R 45 (radial basic function, RBF) J7v%
TR 2.

HH & 1 AT 5N, A SCHE ) EFG U712 3K 45 1 4L
B 5 A A 55 W) &, i HL3E W] U H AH AR I
Z0 3 B 8] PR AR RF — 2, IS IE T AR LA E 2
THPE 1) A A8 B A 36 ] DARI TP A I 21 2
) (1) 7K~ BE g o S O R B 5, X B UK
e =5 M5 B 2 WoRx T A EFG Tk g%
AR 47 AL Kuramoto-Sivashinsky 5 2 ik i 51
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B RE, 1y HAE AR IR B AR L AN K
AR K 2 T Lo R ZE VAT S, 5 RBF J7

5.2

ot=1s
At=2s
>t=3s
Oot=4s
vVi=>bs
O t=6s

etk AR
A8 5 HfEE

-30 —-10 -—-20 0 10 20 30

T

Bl 1 AFIEZEFG J5 ik i k- A e L 42

Kl 2 ARIEZEFG JiEHUE iR FEE AL

AR L, ASSCHE 1 BFG J5 i B AT 3 v IR A fi ok
SHNEEL.

%2 EFG Jji:5 RBF JriEAEAN RN ZI 1 iR 22

I} THl/s 0.1 0.3 0.5 0.7 1.0

EFG Lo 7.761x10~7 1.627x10~6 2.185x10~6 2.615x10~6 3.127x1076
MQ

Lo 1.706x 104 2.649x10~4 3.422x10~% 6.156x 104 5.049x 104
SP

RBF Lo 9.787x107° 8.515x107° 7.271x107° 2.662x107° 4.585x107°
TPS

Lo 1.649x 1073 3.971x1073 6.879x1073 1.057x10~2 1.675x10~2
GA

Lo 6.781x10~3 1.745x10~2 2.622x10~2 3.389%x 1072 4.501x10~2

BHl 2 HETFEOG) Fa=1,b=1KHK0N,
K SCHR [15] 45 1) Gauss WA ST 4l 41

u(z,0) = exp(—x?),
u(a,t) = u(b,t) =0,

PSR B ) DX B S BRI % T B
X A% A A SR AR X 4k [—30, 30] N HAI A 201 A
WA, BAIC E R = A Gauss B4y, TEIE K
Bk 0.1 s, tHEE R 3— & 4 Fow.

1.2
t=0s t=5s

0.8 0.8

s s 0.4
0.4

0.0

() —0.4 (b)
0.0
—20 0 20 —20 0 20 —20 0 20
x €T €T

K3 EFG JHEEAFINZIFRIF ()t =05 (b)t =5s;(c)t =205
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4 EFG J5IEAEAN RN 296 T i I 225t i

K 345 T EFG J7ikArE t =0, 5,20 s I ZI1F)7E
AR, I 4 451 T EFG J7EAEAN ]I VR o i 1 I
SRR, 3. B 4 Al g0, B IR

HAE A 12 W ORI 5, WoR T SR IR AT A
H T SSRGS FLER R, B 5 RN 6 4 T SR [15]
R H RBF ik vk 45 8, b8 5 2 RBF 5
HEAE L =0,5,20s N ZI R, B 6 4 RBF J7
VRAE AN [ I 221 VR el At ) I 25 s A o . K T 3 A
5. K 4 FE 6 BEATXT L, AT AIASC EFG 7k
SCHK [15] 1 RBF J7 43 2 MR TEIL S W &, A A
5 EFG J7EM B E RS, R34 Tt =5,
10 #1115 s I, EFG J732:41 RBE J i iH 845 3.
% 3 4N, EFG Jriih 5 45 L 5 RBF J7ikmit
HAERWA.

1.0 1.2
t=0s t=5s

0.8 0.8
0.6 0.4
0.4

0.0
0.2

(a)| -04 (b)
0.0
—20 0 20 —20 0 20 —20 0 20

|5 RBF JEENFNZIMEIEM (@t =0s;(b)t=5s;(c)t=20s

6 RBF JyVEAEA [l I 23R el A 1) i v AL A

A HE— 20 73 B I TR A R EAT O, B 7 45

T EFG J5i5k4E t = 50, 100, 200 s s Z1 K]y vili
filt, K8 &5t T AR [R] X [A] 24 [100 s, 200 s], EFG
T3 R I B 2 A

e B 7 m A, R A S TR R A, VR VAR A O YT
T AgoE”, BIAEA R 2 1) X3, T i i T 46 [
58 o = 0 WS B ik, HAR G IR K B0 € 7877 7]
X Ik [—3, 3], L BEALME R AR R iz 5). & 8
T T b ks T A I TR A S TR 1R JE R R
PEASRAFEAE AT — 5 BEALYE, AR IX R JCRIZ 5
FHAEAEL .

L UL
Iy

K7 EFG JiEfEAFNZIFRAEMR (@)t =50s;(b)t =1005s; (c)t =200
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%3 EFG J7ikY5 RBF JikAEA RN ZIA v H 45 R
t=35s t=10s t=15s
’ EFG RBF EFG RBF EFG RBF
-15 0.0115 0.0116 0.01293 0.0152  -0.4332 -0.4256
—12 -0.0424 -0.0424 02334 -02357  -0.4998 —0.5086
-9 01068 0.1062 05273  0.5274 12123 12170
-6 -0.1249 -0.1234  —0.6283 -0.6278  —1.6440 —1.6457
-3 03348 -0.3365  -0.6533 -0.6536  -0.0602 -0.0556
0 06407 0.639%4 0.0522  0.0492  -0.4692 -0.4700
306153  0.6177 1.7267  1.7250 03740  0.3643
6 -0.4063 -0.4061  -0.7864 -0.7862 1.8335  1.8439
9 01827 0.1829 03488 03526  -1.1055 -1.1041
12 -0.0508 -0.0511 0.2069  0.2026 1.6621  1.6619
15 0.01073 0.0110  —-0.1784 -0.1756  -0.7048 —0.7100

R o3 A v SR DX SO VR AT A  sg e, ]9 4
H T HEIX 8 [-50,50] W, EFG J5¥44E t = 50, 100,
200 s W ZI PR EME, K10 45 H T E X3 [—70, 70]

W, EFG J7:4E ¢ = 50, 100, 200 s I ZI (1 Vi

100
8  EFG J7iLAEF A X (8] 4 [100 s, 200 s) (B I 1) i 1) 35
i e

W 7, B9 MK 10 JEAT X ELmT %, Bl A F 5
DX 5l 0 385 DK, VR YRl 35 %) 90 T s A K, O HLAiE
TR T34 AR, M TRl e 3% 2% 0 b 0 fon J 271,
XRS5 SR [16] 2 RTINS Y

t=100s

t=200s

)

N T
T

TR
TV

(b) (c)

—40 —20

0 20 40 —40 =20 O 20 40

x x

9 EFG Jii3AEARFRI ZIRHf#  (a) ¢t =50s;(b)t =100s; (c) t =200s

2.5 2.5

0.5

t=200s

AL

2.5

I . .

(R i

—1.5 —1.5
(a) (b) O
—3.5 —3.5 —3.5
—70 =30 10 50 —70 =30 10 50 —70 =30 10 50
T T T
10 EFG J7iEAEA RN ZI R I# ()t =50s; (b) ¢ = 100s; (¢) ¢ =200s
6 % % N4

AR SL T AT R 2 AU iR £ EFG
Jr i, ok EE oK R B A AT B AR I B
] Kuramoto-Sivashinsky 75 F£ W /™ & %1, £33 1

(1) 5 R %40 2 1 A5 o6 50 BFG 5 VA
b, SR 2 I 2 s 31 EFG 7302 T B R
O — S0k, DR T AR 48 BFG U7 VSR g N B
PRHOET —BU T F BN 4 R R I
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(2) R P 2 1 UK b8 $00 BFG U5 i AMA
Al HA AT 3 A ) Kuramoto-Sivashinsky /7 FEEAT
KA B AL, ARG iR T 7 RE I sl Ak
2, A HH 98 DA 0 3l A B 1 2548 i HLw] AR

1 Kuramoto-Sivashinsky /5 F2H 1) & 22 IV TEIL S ;

(3) 5 RBF JriAH L, KA -8 2 1 X0 ok £
] EFG J7 753K f# Kuramoto-Sivashinsky /5 #2, 1%
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The element-free Galerkin method based on
the shifted basis for solving the Kuramoto-
Sivashinsky equation™

Feng Zhao Wang Xiao-Dong Ouyang Jie

(Department of Applied Mathematics, Northwestern Polytechnical University, Xi’an 710129, China)

(Received 30 March 2012; revised manuscript received 11 June 2012)

Abstract

The Kuramoto-Sivashinsky equation is a kind of high-order nonlinear evolution equation which can describe complicated chaotic
nature. Due to the existence of high-order derivatives in the equation, the shape functions violate the consistency conditions when using
traditional element-free Galerkin method which adopts high-order polynomial basis functions to construct the shape functions. In order
to solve the problems encountered in the traditional element-free Galerkin method, a kind of element-free Galerkin method adopting the
shifted polynomial basis functions is presented in this paper. Compared with the traditional element-free Galerkin method, the Galerkin
principle is still used to discrete the equation in this method, but the shape functions are constructed by moving least squares based on
the shifted polynomial basis functions. Numerical results for the Kuramoto-Sivashinsky equation having traveling wave solution and

chaotic nature prove the validity of the presented method.

Keywords: element-free Galerkin, Kuramoto-Sivashinsky equation, shifted polynomial basis functions, chaotic
nature
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