.21 10 (2000 10 )
Applied Mathematics and Mechanics

:1000_0887(2000) 10_0991_11

Burgers

TER, FEME

(1 . 200072;
2 , 119260)
(B 5RIE )
Burgers . s
Runge_Kutta . 10 .
. Burgers
; Runge Kutta ; Burgers
0351.2 DA
Morlet L1
[1~ 8],
, ( orthonormal wavelets) * Haar 191
. Haar ,
© Mallat''™ 1987 ( multiresolution analy-
sis) * ) ,
(orthonormal scaling function) .
Wei (1

(regularization procedure)*

B B

[12]

, (quasi_scaling function),

* ©1999.09 06
(1967—), . . ,
991
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( quasi wavelet) * .
Burgers s
. Burgers
, ) . Burgers
. 1 ,
;0 2 Burgers , Runge_
Kutta ) 3 ’ ’ 4
1
-2, |lx=b
bi(x) = a T T (1)
a . b . (1) ; a
, f(x) . Mallat (o1
( orthonormal scaling function) . ,
, Dirichlet delia ( Dirichlet’ s contin-
uous delta sequence kernels) =3 ,
1 in( ox )
b(x) = &(x) = ;chos(xy)dy = M (2)
, a= T, Shannon (Shannon’ s wavlet scaling
function) (2) , P(x)
P(0) = J.¢(x)dx= 1, (3)
P ¢ . Dirichlet delta
(2 Hilbert . , f(x)
0O 00 . a _ 2
fer= |t vuriay - I_ws—wm’“_ TS0y, V) € Ba (4)
Vf € Ba fEL, /- a q 0 B
Hilbert Paley_Wiener * Paley Wiener Hilbert L*(R)
. Hibert . Paley_Wiener R

(sampling scaling function),

S k= Gi(x— wp) = Sﬂ(]%c(x__—x:)kll' (5)

4 (5 B f(x)
flx)= 20 &(x = w)f (x), (6)

{xl} | (- oo o) .
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(6) , a . a 3,
, , a= T/ A(A
) Nyquist : . (5 (6) . S(x)
N sin(Wx— xk)/A]
flx) = 2uftw) 500 (7)
Nyquist a= T A , f(x)
A * (7)
f(x) {rx0))
&(x) o ©) = X-aa,
Sa(x)  Sui(x) . Gi(x)
Gur(x) : [11] , Wei
(regularization procedure) * Ro(x) u( ©)
Go,o(x) = &i(x)Ro(x)® (8)
6(1, 0( (*)) , 6(1,0(95)
Ro(x) ( )
limRo(x) = 1. (9)
J‘lingoﬁl(x)RO(x)dxz Ro(0) = 1° (10)
Gauss [12],
Ro(x) = exp(- x2/202j, 0> 0, (11)
0 ( )e , 0= rA(r
22 4.0 ), . ,(11) Gauss
(9) (10) . (5) (8) (11) Nyquist
Gauss ,
. 2
Sa,0(x ) = Sﬂ%e}(p[— zx_oz] . (12)
, Gauss s
. (3)
*° o o
Ba, 0(0) = .[OO’SA, o(x)dx = er{JE_A] = 1- erfc[J?j , (13)
erf(z) = JL_]'[JZG_ tzdt, (14)
(13) , erfe . A 0> 0, erfe(T0/,[2A)
> o~ 0, 6 0(0) I , s r= O/A
>J—2/T[, erfc(JTO/JEA) 0 , Gauss

(12) 6 ., (9
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flx)= 22 8o(x= xilf (xi) = D5 Balx = w) Ro(w = xi)f (x2)" (15)
(15) (= oo ),
Gauss ,
x 2W(W 235)
X, ,(15)
F1 () = 28 (x = ) (), (16)
(n) x n 2W+ 1
(16) , A o
(16)
(16) S(xk) [a. b]
) S(xr)
Sf(x) Dirichlet ,
Sf(xk) fla) f(b); Neumann
f(x) Sia) Fb)
flxk) .
(12) (16) , 2W+ 1
S4Vo(x ) 8o )
/cos(ﬂx/A] exp(— x2/20q sin(ﬂx/g exp(— xY 20%
x - JTxZ/A B
(1) _ . 2
6po(x ) = sm(JTx/ A]ﬂezizg;&— X /202] (x Z0), (17)
0, . (x= 0);
Sl ) ol 4
AS]Il A exp - 202 COS A exp - 02
X B 2 xz B
Selg] %] ]
cos| — | exp|- =2 sin| — | exp|—- =2
’ Aoz 202+2 Anx3 20 |
6%(x ) = A
I R i L e
sin| — exp - 2 xsm| — exp -
: 0%y 2 : 16" 22, ’ (v 70),
A A
2 <2 2
. 3+331+/A (x= 0)
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Burgers . Burgers , ,
) ; Burgers ,
21
I  —#% Burgers 7 42
Burgers
du du_ 1 0u S
0tt “ox = Reon® x €/0,2],t 20, (19)
u(x,t) 1 , Re .
Gibbs .
u(x,0) = sin(Tx ), u(0,6)= u(2¢)= 0 (20)
Burgers , Cole Hopf
[15] .

Il 1% E Burgers 7 #2

Burgers
2
%—;H (v+ u) %: égj%, v €70,2], 1t >0, (21)
v= 1.0
u(x,0) == tanh(2Re(x — 0.25)); u(0,¢) = 1.0, u(2,¢)=- 1..0° (2)
u(x,t) =— tanh(2Re(x — vt — 0.25))° (23)
22
(16) , Runge_Kutta
. Burgers Burgers
, Burgers , Burgers
x , Ax = 2/N(N [0, 2]
), xi=1M(i=012 -.N), Xi— xivk = — ke
Xi U ui® , (19)
2
o ’ 24
aui aui 1 azui . ( )
IR M Eax_z (i=012 ...N)*
dyr dr
-0 - =S (>5)
dyio  Ouwi 1 Q%wi  Qu .
dt = 0t~ Re ox?  Mox T /™% (i=012 N, (%)

Y= {yj}= (¥ ¥2 ¥3, s YNe2) = (L, wo, w1, -5 UN), (j= 12 -wN+2), (27)
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F={f}= (frfafs wfr) (= 12 N+ 2)e (28)
(2) (28) Burgers
dY dy; )

- = = . = ees i 29
Qi F T fis (j L2 -sN+ 2) (29)
(25 yi= o fi= 1 (20 . y2= yve2= 0

. (26) (27)
2
10y Oy .
= —_ /7 = .es ?{)
ﬁ Re axZ Yi ax 5 (] 25 37 s N+ 2) s ( )
y] = uj—z = Ui, (l = 07 17 b N;J = 27 37 ) N + 2)‘ (31)
, (29) Burgers  (19) . (29)
, Runge_Kutta "
Vs e K 2Kiow Ws Kia), (= L23 N+ 2), (%)
Ki1= Ki2= Ky 3= Kya= 1, (33)
Ki.i= fi"; Ki2= f"2; Ki.s= f"3; Kja= f4, (=23 N+ 2) (34)
T=0 Re=100 T'=0.4 Re=100 T=0.8 Re=100
1 1 1
0.5 0.5 0.5
0 0 0
-0.5 -0.5 -0.5
-1 -1 -1
0 1 2 0 1 2 0 1 2
T=1.2 Re=100 T=1.6 Re=100 T=2 Re=100
1 1 I
0.5 0.5 0.5
u 1] 0/\/ 0/\/
-0.5 -0.5 -0.5
-1 -1 -1
0 1 2 0 1 2 0 1 2
T=2.4 Re=100 T'=2.8 Re=100 T=3.2 Re=100
1 1 1
0.5 0.5 0.5 )
-0.5 -0.5 -0.5
-1 -1 -1
0 1 2 0 1 2 0 1 2
x
1 Burgers (Re = 100)
n , At . t= nAt(n= 0 t= 0,

)* (34) . (30) (31, Jiin
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finfis  fla(j= 23 N+ 2)

W
n 1 n n n
Kjﬁ 1= fj, 1= R_ =Zﬁ(2)(,(kAx)yj+ E— Y A»:ZWS(A’UG(kAx)yH E=

w w
RLZ ol k) ua = s 0ol k), (35)
w w

Kio= fila= o 50 o(kAx)[yﬁw%MJ— I (kAx){yﬂw%KMJ:
-W
W

1 ; A " a
e Z (Z)o(kAx)[u, %kt thj}k,l]— w2 Z5A0(kAx)[W—2+k+ EtKJ'*k’J’
e 1 h=— W
(36)

W W
n 1 At n At
Ki.3= fi'3= Ek:z;l’/f) o(kAx)[j+k+ ?Kj.;.k’z]— Y 26 (kAx)[ Yivk + EKJM,J =
-

R_le (2)(km)[uj %kt % 1+k2] LL, 2 Z‘S (kAx)[lL]"iAk'F %Kﬁk’z] ’
k= -
(37)

w w
Kia= fila= Rie Z&f)o(km)[yj’iw AiKj k,3]— ¥ Z(S(A,I)O(kAx)(yﬂrk'F K. k,3] =
= - W k=— W

W W
R—le Zﬁg?)o(km)[u;im+ AtKjs k,3] - us Zﬁg})o(km)[u}i2+k+ AtKjy k,g ,(38)
k=-W k=-W

[~ W, W] , W 35 .
, . o 8 (17) (18)
(200 Woul(n=0)
yi= wlo= sifWj- 2)A].  (j= 23 - N+ 2 (%)
: (a) yi=1t=0 yl(j=23 - N+2)
yi(j= 123 - N+ 2), (35) (38) , fi
fiafis fils ; (b)) (33) (34) (32) n+ 1y =
L2,3, N+ 2 (¢ (20) . ya= ye2= 0, L ub'=
uf =0 (d) (31) . W= yHa(i= 1,23, oy N= 1); (e)
yiti= 123 N+ 2) y2= yve2= 0, :

( t=t+ At,n= n+ 1),

3
Burgers Burgers . DEC/
Compaq .
31 Burgers
Burgers , , Re= 100 10 000° ,

W= 35, 0= 3.2A° ,
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u u . Re= 100 , N = 200,
At = 0.000 4 Re = 10000 ) N = 1000, At = 0.000 02
T=0 Re=10000 T=0.2 Re=10000 T=0.4 Re=10000
i I 1
0.5 0.5 0.5
0 0 0
-0.5 -0.5 -0.5 .
-1 -1 -1
0 1 2 0 1 2 0 1 2
T=0.6 Re=10000 T7=0.8 Re=10000 T'=1.4 Re=10000
1 1 1
0.5 0.5 0.5
u 0 0 0
-0.5 -0.5 -0.5
-1 -1 -1
0 1 2 0 1 2 0 1 2
T=2 Re=10000 T=26 Re=10000 T=3 Re=10000
1 1 1
0.5 0.5 0.5
0 0 /\/ 0 /1/
~0.5 0.5 0.5
-1 -1 -1
0 1 2 0 1 2 0 1 2
x
2 Burgers (Re = 10000)
1 Burgers Lo 2 Burgers L o
' Re = 100 Re = 10 000 t Re = 100 Re = oo,
04 2.45% 107 ¢ 6 27x 1077 0.4 7.26x 107 8 1. 3% 10710
08 1. 68x 10- 6 3 04x 107 0.8 2 82x 10~ 8 1. 10x 10- 10
20 4.19x 1077 L 53x 107 8 1. 6 542x 107 ° 3. 7% 107!
1 Re= 100 , Burgers 9
. 2 Re = 10 000 . s
. , x= 1.0 , .
s s Gibbs ( ),
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0.6 , , ) , :
Basdevant (5 . 1
. [ 14] Cole_Hopf
, (40) S
Loo= max | uf™ = w6120/ 1 uf™ 1+ (40)
T=0 Re=10 T7=0.2 Re=10 T'=0.4 Re=10
1 1 1
0.5 0.5 0.5
0 0 0
-0.5 -0.5 -0.5
-1 -1 -1
0 1 2 0 1 2 0 1 2
T=0.6 Re=10 T7=08 Re=10 T=1 Re=10
! 1] 1
0.5 0.5 0.5
u 0 0 0
-0.5 L -0.5 -0.5
-1 -1 -1
0 1 2 0 1 2 0 1 2
T=1.2 Re=10 T=14 Re=10 T=1.6 Re=10
1 1 1
0.5 0.5 0.5
0 0 0
-0.5 -0.5 -0.5
-1 -1 -1
0 1 2 0 1 2 0 1 2
x
3 Burgers (Re = 10)
3.2 Burgers
Burgers . , )
Re= 10 ( , )e , W= 35 0=
3.2Ae s s u
T Re= 10 , N = 400, At = 0.000 3; Re = oo ),
N = 2000, At = 0.00001°
3 Re= 10 Burgers .
4 Re = oof ) . ,
v , , . ,
Gibbs .

, Vasilyev
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L]

2 (40) L ,
(23) . , .
T=0 XK T=02 XK T=0.4 XM
B I 1
0.5 0.5 0.5
0 0 0
-0.5 -0.5 -0.5
-1 -1 -1
0 1 2 0 1 2 0 1 2
T=0.6 XK 7=08 Xt T=1 X%
1 1 1 K
0.5 0.5 0.5
u 0 0 0
-0.5 -0.5 -0.5
-1 -1 -1
0 1 2 0 1 2 0 1 2
T=12 X% T=14 XH T=1.6 XM
i 1 1
0.5 0.5 0.5
0 0 0
-0.5 -0.5 -0.5
~1 ~1 — -1
0 1 2 0 1 2 0 1 2
x
4 Burgers (Re= o, )
Burgers y ,
, Runge Kutta .
Burgers Burgers .

) Burgers
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The Study of Quasi Wavelets Based Numerical
Method Applied to Burgers’ Equations

WAN De cheng', WEI Guo wei’
(1. Shanghai Institute of Applied Mathem atics and Mechanics, Shanghai
University, Shanghai 200072, PR China;

2 Department of Com putational Science, National University of Singapore, Singapore 119260)

Abstract: A quasi_wavelet based numerical method was introduced for solving the evolution of the
solutions of nonlinear partial differential Burgers’ equations. The quasi wavelet based numerica
method was used to discrete the spatial deriatives, while the fourth_order Runge Kutta method was
adopted to deal with the temporal discretization. The calculations were conducted at a variety of
Reynolds numbers ranging from 10 to unlimited large. The comparisons of present results with analyti-
cal solutions show tha the quasi wavelet based numerical method has distinctive loca property, and is
effident and robust for numerically solving Burgers equations.

Key words: quasi wavelets; Runge Kutta method;, Burgers' equations



