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Abstract

In this paper, we study the multi-grid method for solving the two-dimensional frac-
tional Burgers equation in time: In the discretization process, we use the discretized
fractional derivative of time in the L; difference format, and the Lax-Friedrichs flux
approximation is used for the convection term. Experimental results show that the

proposed method can simulate discontinuities well.

Keywords

Two-Dimensional Time Fractional Burgers Equations, Multigrid Method

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

BY

—t

1. BiIS

ARSCHEFC T 38— 4E 18] 73 Zbfr Burgers J5 2

O%u(x,y,t) n of(u ) of (u)
ot Oz oy

=0. z,y€ Q= (a,b)x (¢,d),t €(0,T] (1.1)
2T RE IR AT

w(z,y,0) = p(z,y) z,y€Q, (1.2)

PLAAERL R EML, Hh o<a< 1, XB f, o &4 ERE, aa“a(fayt) R THE] ¢ 1) Caputo
DEOFE, T & gamma 2L

0%u(-, 1) 1 ! _oOu(-,7)
otr  T(1—a) /0 (¢ =) =g dm (1.3)

Burgers J7 F2 5 F 2 AT R VE N — 4B AT 5 F2, J5 K Lagertrom %5 Al Cheng X
BORAE NS5 B — 4E S ARIZ B B AL TR DA T [1]. IEEesEsk, XTI E 23 E Burgers 77
FEICRAR, CERBET —SRAEHKNTE, W =K b FE4& Galerkin 7775 [2]. ARG 3]

DOI: 10.12677/aam.2024.1312503 5218 L FH B


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.12677/aam.2024.1312503

ZEARIR

BIRZEE (4] ARERRE 5], ARRMEGSE G AL Chebyshev Z2TREE [6]. 2023 FXF 4ER}
(] 7320 B Burgers 7 F2ff HIE4E Galerkin 7715 [7]. 2024 4, X%} Burgers S A EH BIARIE
PR A1) DA OR = o B A R AR LR M AR e 1, RIS ER U A% U =i AS BE (8]

KT HL W T FE5E 2 75, A YER (A 53 20F Burgers 77 B BCUHEBUE ML, E58 3 1Y,
TH O E M S SR B R A O 7RS4 715, e Ak

2. ESFKRN

W Nev N, BN, N4 e IERE: w U R S B EEREK ¢, = nr (n =
0,1,2,--+ ,Ny), Hbr=T/Ny: &AM 2 = a+ih, (1=0,1,2,--+ ,Ny)\ y; = c+jh,
(j=0,1,2,--- ,N,), ZlEPK hy = (b—a)/Ny~ by = (d—c)/Nyo € uf; = u(w;,y;,tn). NTET
Fik, HATH U € RN RN RFIR Q@ BRItk ks, Kb U, ;(i=0,1,--- N,y j=0,1---N,)
WEERAEN A (2i,y;) BRI EXEREN R 241 = a+ (i +5) he (1 = 1,0, | N,)
Yy =t (it 2y G = =10, ,Ny) o AT N+ 1 AR (2 g, ] % |53 0504]
i=0,1,---N.,j=0,1...Nyo XTREF, FALRHWTFHES:

‘Fi—&-%,j,n =F (xz'-‘,-%ayj)tn) 7Fi+%,j =F ('ri+%7yj) . (21)

FELD) I =t (n = 1,2, , Ny), FRFARITRBU BRI 2y, 2y | X [9,-3 9704 ]
IS

oty Z ) (1) g = Py ) b (F W) — P g0) =0 (22)

B iy () = [0 [T ue,y, dady/hahy 5 u(e,y, ) €I [o o] < [y 050
172 T2

A
I 8] 73 3B T 0] AR R A
0% (@i, yjotn) _ 1 /“ o Qu @iy tn)
ot - T(1—a) (b = 7) or dr
1 o[t o (T, te) — w (i, Y, te—1)
= tn -7 d’T
F(]. — Oé) ;/;kl ( ) T
T - l-«a 11—«
_ _ _ _ . ar. _ st
F(? — a) P ((n k+ 1) (TL k) ) (u (Iza ymtk) U (xl, Yjyr Uk 1))
oo n—1
= F(2 — Oé) (u?j - £ (anfkfl anflc) Ui 5 — anlu?J>
(2.3)
Horp
ap=k+1D"* =k (k=0,1,2,--+). (2.4)

DOI: 10.12677/aam.2024.1312503 5219 L FH B


https://doi.org/10.12677/aam.2024.1312503

2RI

R (2.2) HhidmER] PLga il

f(Wit1y2,jn = F (UZE ” Uln;%r]) ) (25)

357

FWiorjzjm ~ F (U,"q U j) , (2.6)

1= 3,] =3,

F@igeon = F (UL UE ), (2.7)

fWij—1/20 = F (UZJ'-:%a Uinjt%) ) (2.8)
URT (250 B, U2y U A BER u (e, g tn) TEAT i BEZEATRIRMAE ML . HCl
Bliik=s

F (U unt ) = F(V,) + (Vi) oty (

it3,07  itg.d 9 9

Ut Uty ) (2.9)

i+3. i+3.

#& Lax-Friedrichs #fE. R ", B " = kmaxyep |f/(w)] (D 2BEH Ui =0,1,...,N, I

Z_;'_% 2,97

e/ NAIX A, NI Lax-Friedrichs &N RERE. X8 £ > 1 20N HHL
AICK Uy AU AU R LIRS

n n
UvT =U" + 5Ui7j Uttt o —pyn . 6Ui+1,j
itg.d 0 9 7 Tt i+l 2

50 § e R L IR B U (AR ST 1 XN 00, = o (U, — UL, Ul s — UT,)
(8U/h R AR LB U HIRRIE [ry 20y ] ) | B0 HONRRIREIR. 297

»J :

(2.2), (2.3) F1 (2.9, FRAE 3B Hkg =

hohy7= [ & . o
ﬁ (Ui,j - Z (an,k,1 - anfk) U@j - anflULj

~F (U_”’* Lyt )) (2.10)

i=0,1,...,Nyz; j=0,1,...,N,;s n=12,..., N, HAEEWIUHEFKMF

DOI: 10.12677/aam.2024.1312503 5220 L FH B


https://doi.org/10.12677/aam.2024.1312503

ZEARIR

3. ZEMIEE
BB =AIEEE N, Ny, level i & T =

N = NO % 2level —1

W — AR R (T BB Ty A KA hyy = hes hy, = by X
T k=23, level, Ty IR KANA h,, = 25 h,, hy, = 28"'h, , i N, = N, /21,
Ny, = N, /281 FoR Ty BIMA&EE, FXh S Ty ARIEL B by MBS, Ut

AR L, X BRI AR B) AUB AR R A

(hmk hy, At

Nk | Vi = phe o \he gy, 70
F(2—a) + k) i,j Tij T kVig

— by (F (Vi vl ) —F (Vi vie) oy

=357

_ hi— v+ | _ hi— v+
e (P (Vi Vi) — P (V5 Vi)

Ir'(2—a)

HH KB AU AT TH AU, AP O —A> BEAS DRAE IS AT IS Sk A A & R IR
T2 2 A o AR R AT BR A R R

FE G R ey, R PO 51 200 Ak ) 4 A T T R AR AT 2 MRS E T BLE =,y P
AT 1) o3 AT A A 2

S gl = DA (S (0t — ) VE+ana VP) Ve A VR B kR R

K7 [a] A e
U24,25 = Vi,j
1
U24,254+1 = 5 (Ui,j + v 5+41)
L= EEAEGTIER

Ugit1,25 = (Vij + Vig1,) /2

Uit1,2j41 = (Vij + Vig1,j + Vij1 + Vig1,j41) /4

gk, MRS BRI ET R2D = 112DT(1/4 WHEBER 1 - 1) « EAEREIRB
Hi 1,8, 15 4G B AR AR T A0 9 sUIBCFYS, K 1
1 1

s j ZZU%% + §<U2i—1,2j + Ugip1,25 + U2i 241 + Uij—1)

+ 6 (U2i—1,2j+1 + U2i—1,2j—1 + Uit1,2j+1 + U2it1,2j—1)

DOI: 10.12677/aam.2024.1312503 5221 L FH B


https://doi.org/10.12677/aam.2024.1312503

2RI

1/8
/16 ¢ ® ® U6
uZl,Z/’4
1/8 @ ‘ @ 18
1/8
1/16 @ ‘ ® 1/16
2i-1 2i 2i+1

Figure 1. Matrix legend
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Figure 2. a = 0.3
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Figure 3. o = 0.5
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Figure 4. a = 0.7
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