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Abstract

In this paper, we consider the structure preserving Du Fort-Frankel difference schemes for one
dimensional nonlinear Allen-Cahn equation. The scheme is explicit and unconditionally energy
stable. The numerical solution satisfies the principle of discrete maximum. The convergence order

of the scheme is O(r2 +h*+7?/ hz) under L norm. Finally, numerical examples verify the theo-

retical results.
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u —&’u, =f(u), xeQ, te(0,T),
u(x,0)=uy(x), xeQ, (1.1)
0, te(O,T].
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I R BB R SRR TTVE AL AR S L 2L

AFTEAL IBVP(LL)AH AN EZ R, H—RaeRAaEtt, —4EdR4dt Allen-Cahn J5 R BAT IR
e R PR L

E(u):J'Q%.s2 |Vu|z+%(u2—1)2 dx, (1.2)

R PR BRI (LI R R R BRI AR S B AL I X AT STERR AT Allen-Cahn 7 F2 i
R BUE LRI EEAER .
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#=UEW] T Allen-Cahn 75 R 1) R AL JEU U] S L TE 26 R Aa e v, IREE iR 22404 [11]7 Shen Z588H58 1 A
HAEL ML RN X Allen-Cahn 7782, FES7 T 7R 8] 7 ) 2 B A% =0 58 4 B kg =X [12]% Hou
AP T B 25 18] Allen-Cahn J5 F2 %) — B Crank-Nicolson A R %0k 20, X I TAEM EETTHR . — &
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2. FFS K5I8
(EREST AP RE T, GBI AU RF BAIBIEL, B 5, APRABIIA Q= {(x1)[X, <x<X,,0<t<T}k

T, BUERE K h=(X, - X,)/m(meZ"), x; =X, +jh(0<j<m), HALK=T/N(NeZ"), jk
BIRBERL b =k (0<k <N, XTI I 5 16 A3 1005 16 61 2 TH2 RS PR 52 S
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Q, ={x|X, +jh1< j<m-1
o0, ={x;|j=0mm}
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WL WA
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(Rl)E = C(z’2 +h? +r2/h2).
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(3.2¢)
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(3.2¢)

(3.33)
(3.3b)

(3.3c)

(3.4)

(3.5)

o T2 0% (3.3a) & =R A, OIS O RAVEERE, O 1 )ashBE i, 55 1 )= A AF R LA
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(3.6)

3.7)

15(3.32)~(3.30) M (3.6) #, Z2M& (R), 1 (R) . FIMCMEMR UY AR EREHIMR uf . 19 3032 4 i
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SU — 2570 +(s, +72) 520k +(UF) UF ~UF =0,1< j<m 1<k <N -1 (3.82)
SU -6 -U°+(U) =0,1< j<m, (3.8b)
U?:uo(xj),lsjsm, (3.8¢)
Uf=Uk,=00<k<N. (3.8d)
FasE fL 25 X SP-DFFT-FDMS HUA O(? +h” +(z/h)” ) T kit 2
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max U || <1. (4.1)

R AR, S U0, <1. RESCIRTIO], AT
UF|, <, TR, Ak = N LR
BBk =N I, ir, = g?c/h? , DK %M 5t SP-DFFT-FDMS 1)(3.82) %45 My

2r, (uk +Ul )
k k k k-1 k+1 j+l
f(Uijm'Uj’Ui ):Uj = 2
1+2rx+r+r(Uj)
2 (4.2)
k
Ar ) 1—2rx—r—r(Uj) o
K \2 j+ K2 i
1+2rx+r+r(Uj) 1+2rx+r+r(Uj)
UM A RT UL UL, USROS , B4
auk+1 6ul_(+1
i N 21y >0, (4.3)

ou Jkﬂ Ui, 14or, +r+r(U;‘)2

2
aU:-(ﬂ 1_2rx_T_T(U:‘() 1-2r,—-7-7
T = -2 > 20, (4.4)
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0<j<m, 0<k<N. £
e[ <c (s +n?+22/n?)’. (4.15)
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j ]
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i <c(e2+h?Y, (4.18)

lse[ <2|my
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Hy
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Table 1. The numerical result with different steps for Example 1 ('r = hz/z(g2 +1))
# 1 BTRSKIOBEER (c=h’/2(s*+1))

h LE LR CPU
1/10 1.6329e-04 * 0.0013s
1/20 4.1072e—-05 1.9912 0.0017s
1/40 1.0275e—-05 1.9990 0.0106s
1/80 2.5693e-06 1.9997 0.0493s
] c=0.1 3><10’f4 ' c=’0,l ,
0.98 )
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& 0.92 T 0
0.9 y
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-2
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0.84 : T 3
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t t
] e=0.1 3 x10714 E=‘O.l
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Figure 1. Time evolutions of E¥, F¥ provided by SP-DFFT-FDMs with h=0.1, C=1
1. Blh=01,C=18t, %= SP-DFFT-FDMs Ff{5 EX F* f9BE)E 1t &
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Figure 2. Time of evolution of |U|  provided by SP-DFFT-FDMswithh=0.1,C =1
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THEIA R
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Ho SRMTZAR R TR A — 4R AR Lt Allen-Cahn J7FR,  E 75 2 129 BUm A JE UM 2 B RE A e 1k
Afst—H
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