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u, +au, - Bu,, = f(x,t),x € (a,b),t € (0,T], (1)
u(x,0) = o(x),x € (a,b), (2)
u,(a,t) =0;u,(b,t) =0,t e (0,T], (3)

Hr: o, HEE,HB > 0.
u, +ov - Bu, =f(x,t),x e (a,b),t e (0,T], (4)
v, +au, - Bv, = f(x,t),x € (a,b),t € (0,T], (5)
u(x,0) = ¢p(x);0(x,0) = ¢dp'(x),x € (a,b), (6)
v(a,t) =0;v(b,t) =0,t € (0,T], (7)

Lo(x,t) = u, (x,0) TR SRR (4) R R (1) 6F 2 R—H RECH TR (S). FRE(4) ~
(7) "G, 5(1) ~ (3) 5.
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HUIE 4680 m 02 BB K SIS R AN h = (b-a)/myr = T/nx, =a+ih,(0<i<m),t, =
kr, (0 <k<n). X0, ={x]0<ism| 0, ={(x,1,) |0<i<m0<k<n| Fx,t,) N, IF

W00 <i<m0<ks<nl B0, FHORKERL, ST
vi‘”” = %(Uf + 1}?”) 16xvf+1/2 = 17(“:‘”1 - 1} ) 6 1}1 1/2 = ;(Uf - yf—l)yD‘Zy = ﬁ(vwl - vf—])v
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EI;S Vi 1 =0,
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O
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o2
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m-1 m hz
(u,v) = (uovo +22uv +u,v,),(8,u,8,v) = hz(&um/z)(&%uz) lulli= lul’ -1 el "

lul . = max Ju |, Jul = V), Joul = /(5ubu),
(8u,8,0) = h[;(aiu(])(aivo) + 3 (8u) (80) (8, (820, .
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Taylor B H HO<i<sm,0<hk<n-1,1%
k+1/2 k12 B u ou _ (1
arU', +aV' _7[72(96'9%») +72(x'9tk+l>J _f(xtyllwl/z) +R'A» ’ (8)
1 1 2 ax 1 i ax i 1 i i

2
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Lt o'u ' 9'u
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2 240 9x 240 9x 2 240 9«
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1o)X m,4i =0,0<k<n-1H

"I<sC(F AR 0<ism-10<k<n-l

2 2
ASUY @AV - DA T (i) + AT S Gt ] = Aiostia) + AR (14)
NFHGIEE S B (14) B
b+ + 2 u(x ,l) _u(x ’t-) ou h 83u h3 85u 3

AS, UL + qAVE”? —g{f — - L - 5, (tost) ] —gg(xo,zk) +%ax5(§s,tk) +
2 ulx b)) —ulxy,t,,,) ou h ’u B o’u
7[ i h e _87<x°’tk+l)] —gg(xo,tm) +%§(§6Jm)f =
Af(xg ) + ARy 0 < kE<n-1,x, <&, <x,. (15)

i 1, "
axl;(xo,tk) = [%u,(xo,tk) - ,[%f<x0’tk> - 7fx(x0’tk> 0<ks<n, i‘

B (1) KT o0 KT B 1 2 A0 s
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0<<k<n-18,0015KHkLN

A6LU3+1/2 + aAVgn/z %B UA+1/2 B Zhﬁa Uf;zl/z = Af(xy,t0.,) + %ﬁ)n/z " h (fx)gn/z p(();) . (16)
Hrh. o0 n ,Bh ou ,Bh O u ,87' hBu 1 ozThau @y . )
/\EF‘-POk AR, 180 (f , L) 180 9x° (f ’ A+]) 144 35 ( %o Lon )3ty < Lo s
(P <t KM, M = m,0<k<n-1BH

ABUL AV = B U BB UL = A ) - AT - UOE el ()

heo° h o’ ho ho’
Ho:pll) = AR - BL T ) + BL T2 ) - Brhou , () -orndu

(2)y . 7.
180 9 180 § 48 9x A 144 g \SnoEm ) 3%, <&
58 < x50 < f,(n?,f(mzk) < lpyy- }nuﬁf%&c >O C >O’f§’f
PV < C(F +R),0<k<n-1, [pP|<C(F+k),0<k<n-1,

HAAIHG 261 (6) 3, 13 v(x,0) = @' (x),a < x < b,#E(12) ~ (13) X, (16) ~ (17) X wg /MR p!)
pl2 pl D A IR uh ot AR UL VE, AT AR R 25 A A X

ASu ™ 4 aADT? - BT = Af(x ) 0<ism-1,0<ks<n-1, (18)

AS 0+ aafuf*”z - B8V = Af(x,,0.,,),0<is<m-10<k<n-1, (19)
AB il G = B = A ) + G (D0 S k<0 -1, (20)
MBS el = B 4 T = At — G - GO S kS -1, (2D)
.—(b(x),vl—d)(x)o i< m, (22)

vy = 0308 =0,0<k<n, (23)
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” uk ” i) ;D2 _ _B(Siukn/z k+l/2> ,3 ” 5 k+1/2 H z;D3 - _ OC(A’UkH/Z,ukH/Z) < ‘a‘ ” Uk+l/2 “ 2 + ‘OL‘ .
4
”ukn/z H2_D _ E[ _ g(aukn/z) + g(ﬁn/z) (f )k+l/2:| kel2 E[ g(éukﬂ/z) _ g(fkn/z)

s P4 T 12 B 1“0 B 0 12 B t“m B m
G0N 1 = R+ I 17 e 1)+ (Rl + GO aa™™) + ()]
bl—6 [( (f)k+l/2)2 i (h(ft)iz+]/2)2] n 60(2 ” Um]/z ”2 L6 H Afmn/z ”2 _ ,3(5 k+l/2 5[uk+l/2);D5 -
(Afm]/z uk+l/2) $ L[B || 6 uk+]/2 H 2 + (L + 1 ) || uk+]/2 || 2 + L H uk+l/2 || 2 + LI: (hAJAw-]/Z)Z

’ 2 : B b-a 4 4 0
(hAfl;:l/Z)ZJ + h”i (Aff+l/2)2
i=1
% D,,D,,D,,D,,D, XA D, +D, =D, + D, + D, 15
1 k+l ) 2 ko2 ﬁ k172 02 2 k+172 ) 2 \a\ 1 1 \a\ 1
— — i il < 6 J— JE S
Sl 1 = \|A>+2 1847717 < Clal +6a) ™2 17 + [ 4 o+ 25 + en 6 )

L[(hAngO)Z + (hAfZH/Z)ZJ +

kel oy 2 ko2
Clu™ 7+ |

[(h(f)LH/Z) +(h(f;)il+l/2>2] +
S o

+1/2N 2 k+1/2 k+1/2 +1/2 2
B3 (AL - poa ™ 8.8u ™) + 6 I AST P+ (g
B (19) WA R BT LA hol ™, b i B m - 1 SR FIF B
hmzl (A(S k+l/2> k+1/2 mazl (52 I+l/2 A+]/2 — h'"zl (A (f )A+]/2 k+l/2 hz (52 k+l/2 I+l/2 (32)
(32) KI5 LI 2 TN

h«z (A5 k+l/2) k+1/2 — (AS,U“VZ,UA’H/Z) —

+*)[(hf§”/2) + (b)) (31)

1 E+l oy 2 oy 2
5, [ A R O

m-1

_th (52 k+1/2 k+1/2 _ _B(aivk+l/2,vk+l/2) — B ” aka+l/2 || 2.
(32) XA AR 1 35 2 5350 0A



I3

55 4 1) BAZ 5 WA Neumann 05 A T K7 A269 7 B % 2 o X 55

m-1

m-1
hz (A (f;)j”l/z)vfﬂ/z < ” Umuz ” 2 1 hz (A (ﬂ)fu/z)v?n/z’
= i1

+ —
4
m-1 ‘OL ‘
_ ahz (5zuf+l/2)yf+]/2 - _ a(aiuf+l/2 ’vlm-]/Z) <e¢ ‘ @ ‘ || 5)‘1}1;+]/2 || 2 + 48 || 8xuk+l/2 || 2 ,
i=1

Hipe =-p/|al, %13k 4 TR A(32) X1

1 ki + 3 az P+ P+ 1 - P+ k+
5, AN N K PR 48 Fou ™ 7+ o +Th; (A (L)) (33)

laf 1 1 laf 1, T 4R W ‘
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HAPTF I8 22 4 s 3 B e S, T AR B2 00 2 (18) ~ (23) 56 T MM 1 i

FE4 Bl o |0<sism0<k<nl BESHEL(8) ~ (23) XKW, & a0
k< nl dREMER(22) ~ (27) RIOMW,iLel =al —ul gl =0l -l gl =f -f0<ismO<ks<n,

WD < Por A A 2at 50 4 187 v 20 e e P
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m-1
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Tab.1 Errors and convergence rate under different steps

E(h,4 E(h,4
(h.1) B (b N EGAD (h.1) 1E] . (B | ECh,47) |
(x,1) Il E, (h/2,7) | . (x,1) Il E,(h2,7) | .
w1 _ RN S = _
(00°10" 0. 002 449 (10700 000 2.001 262 x 10
w L w1 -6
(300°30" 0. 000 613 3.992 6 (20706 600 1.251 774 x 10 15.987 4
1 m 1 5
(300°70" 0. 000 153 3.998 2 (30700 600 7.823 052 x 10 16.001 1
(%,61—0) 0. 000 038 3.999 6 (%,m) 4.865 686 x 10°° 16.078 0
S 3k
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A Two-level Finite Difference Scheme for Convection Diffusion
Equations with Neumann Boundary Conditions

SHENG Xiulan'?, WEI Zhen' , WU Hongwei'
(1. School of Mathematics, Southeast University, Nanjing 210096 , China
2. School of Ceneral Education, Jiangsu Open University, Nanjing 210036, China)

Abstract: A two-level finite difference scheme was established for the initial-boundary problem of con-
vection diffusion equation with Neumann boundary condition. A prior estimate could be got by using the
discrete energy analysis. Simultaneously,the uniqueness, convergence, and stability of difference scheme
were analyzed. The convergence order of the difference scheme in maximum norm was O(7° + h*). And
numerical results were conducted to illustrate the theoretical results of the presented scheme.

Key words: convection diffusion equation; Neumann boundary value; difference scheme; prior esti-

mate; convergence; stability
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