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u(x,l, =0,t) =u(x,l, +0,1) ;
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PiKjvi2 h T PiKj-12 h . (15)
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2 ) ) aS n 82 n a n
i(bl +b2)(u4) +T(l;j +l( +b. )( . j +
24 adgy' ), 2\at ), 4 ).

R 3w )" o , Su )" . )
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1.4 SHELE
BB £, 0, 43 B T ] Ry, v, ] P, MIRTLIBR A L, =, + 6,
L=y, +0,h, P 0<6,,6,<1.%0, =080, =1 L5 [, f5MELES, XA T
Zord B HUG 15 A9 22 0 A% XS 0 05 1 B A T A BR 22 70 B 09T A5 2 22 704 X — B0, W X
FEEFRATA N 18, MEJEH 0 < 0, < 1,[AEEHIE O < 6, < 1.
AFIT 1, R L AR [, v, ) By, ] EEBRED BOREC k(2 ,y) FEEBIASX ]
N A ] IR ATEIXTAN [ 2,y ] Ry, y0 ] PRORIRAP2 R Rk, o IS 2R FHAR 22 X TR] R]

Sk,
1 (i 1 -l 1 (b 1 1 (xin 1 -l
=] — d = — ——dv +— —d )
“”2(h£iMmy>ﬂ ( kom>x+hL me)d

N T PR AR T SR R R T R R 2 2R RO AR SR R AR SOR B = R BE Y
Simpson (AR ) A X H AT

1 4 1
0, + - + -
Kioipn = | — k(%i,y_,-) x; 1 k(ll J,-) +
6

1 4 1 -
-6, " + " +
k(L ,9(,-) A I+, k<xi+1,yj) .
2

ENE IR SRS /s i-172Kjv12 Al K12 u&d) 2 Pisin ’¢j+1/2 Al d)j—l/Z R R 7 ik k4 T
iATs e e g 21 P57 S v i N1 T = 1 (1

it B
k(xiyyj) zk( 2 ’yj]zk(ll ’yj)’
+ ll+ +xi+]
k(L a}’_,‘) =~ k( 2 ayjj = k(xiJrl’yj) .
>|%J:EE‘JEM@1J€/\KW2 LREES
[ 1 -6, )
Kivi2 = (22)
k(x ’yj k<x+l’y7
[FIFEHL, A
i i)
K1 =
” k(xiy ;) k(x 2¥;)
( 1 -6, j
Kivi2 =
! k(x;,y;) k<x Vi)

( 92 I - 92 j
K. = +
j-1/2 k(xi,yj—l) k(xl,yj)

R UEARA DivirsPisie ,ijn/z Al ¢j—1/2 SAEE



139

3
o

% N B0

0, 30, -1 1 -6, 30, -2
PR + .
6 k(xi’yj> 6 k(xi+l’yj)
6, 36, -1 1 -6, 30, -2
b = * ’
6 k(xi-l’yj) 6 k(x,-,,yj)
0, 30, -1 1-6, 30, -2
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0, 36, -1 1-06,30, -2
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u M F &N x 1HE,G, G, &N x N K G MG, EHREESEHN G, =G,
S TR R E N, A A I AN 5
SIFE 1 thaC(23) 45 H AR Mo R TS .
SI3E 2 (Kellogg) W @ > 0,40 G HAEGSLEE, W
(el +G)7" |, <1, (eI -G) (eI +G) ™" |, < L.
B SRAFRIEREY BT (D) PR (19) TTRFFRE.
SE PR 1 IR RH I 75 255 R 3 S rp R 1) — Se 2 AR
1) B PREL F(x,y,t) FEF AL Z RS
2) VR k(x,y) TERATXIEEA TSN 5 4L
ERR A5 ks (19) B R R
G=(+)G) '(I-AG,).
NGB 1 ASIHE 2 A
1G"|,= 1 (T+AG) " |51 (I=-2G,) ||,
XK G, =G,, Frlh
I1G"|,= 1 (T+AG) " |51 (T=-AG)) ||5 <1.
EH 1 ARHIE.

2 B fH & B

Bl BRI (1) B E fiff ]
TR

1, (x,y) € [0,0.5) x[0,0.5),
0.5, (x,y) € [0.5,1] x[0,0.5),
0.5, (x,y) € [0,0.5) x[0.5,1],
1, (x,y) € [0.5,1] x[0.5,1].

k(x,y) =
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Wbk 51
sin Twxsin Ty, (x,y) € [0,0.5) x[0,0.5),
2sin Txsin Ty, (x,y) € [0.5,1] x[0,0.5),
u(x,y,0) =9 . .
2sin mwasin Ty, (x,y) € [0,0.5) x[0.5,1],
sin Txsin Ty, (x,y) € [0.5,1] x[0.5,1].
JaI
0, (x,y) € [0,0.5) x[0,0.5),
- 2m%e *sin wasin Wy, (x,y) € [0.5,1] x[0,0.5),
f(x’y7t) = 2 272 . .
- 21 e " 'sin wasin Wy, (x,y) € [0,0.5) x[0.5,1],
0, (x,y) € [0.5,1] x[0.5,1].
NG
U(O,y’t> = 07 u’(l’yst> = 0’ u(xaoat) = 07 u(xylvt) = O'
LR
e >™sin mwasin Ty, (x,y) € [0,0.5) x[0,0.5),
2e ™sin mwasin Wy, (x,y) € [0.5,1] x[0,0.5),
w(x,y,t) =y,
2e¢ " "sin wasin wy, (x,y) € [0,0.5) x[0.5,1],
e >™sin masin Ty, (x,y) € [0.5,1] x[0.5,1].

& M)A BRAR TR i SR SO ik i T e, [R5 HORTR ARG B, 5 2R 1~ % 8
Fi7R.
F1 %1 =0.0025,h =0025 1 = 0.10F, PIFPJ7kp2s SRR B4 LLEL (9 85(20, 21) (21, 20))
Table 1  Results of the two methods in comparison with the exact solution(nodes(20, 21), (21, 20)),
t =00025, h=0.025 1 =0.1

t=0.0025 h=0025 A =01

method
nodes(20, 21), (21, 20) relative error & absolute error Au
exact solution 1.994 455 254 766 29 - -
classical solution 1.994 344 454 406 76 5.555 419 669E-5 1.108 003 595E-4
present solution 1.994 441 960 195 78 6.665 765 240E-6 1.329 457 051E-5

R2 1 =00025, h=0025 A =010, FFJEEERFRHE LA (FR(20, 20) (21, 21))
Table 2 Results of the two methods in comparison with the exact solution( nodes(20, 20), (21, 21)),
t =0.0025, h =0.025, A = 0.1

t=00025 h=0025 A =01

method
nodes(20, 20), (21, 21) relative error & absolute error Au
exact solution 0.997 227 627 383 14 - -
classical solution 0.998 458 798 533 32 0.001 234 593 904 5 0.001 231 171 150 18
present solution 0.998 458 666 988 11 0.001 234 461 993 5 0.001 231 039 604 97

R3 L1 =00025, h=0025 A =050, FFJEESSRFHE L (FR(20, 21) (21, 20))
Table 3 Results of the two methods in comparison with the exact solution(nodes(20, 21), (21, 20)),
t =0.0025, h =0.025, A = 0.5

t=00025 h=0025 A =05

method
nodes(20, 21), (21, 20) relative error & absolute error Au
exact solution 1.984 637 257 447 77 - -
classical solution 1.984 102 831 285 29 2.692 815 326E-4 5.344 261 624E-4

present solution 1.984 586 243 108 69 2.570 461 624E-5 5.101 433 908E-5
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4 M =00025,h =0.025 1 = 0.50F, BFhIrLRZERFREHE R (520, 20) (21, 21))
Table 4 Results of the two methods in comparison with the exact solution(nodes(20, 20), (21, 21)),
t =0.0025, h = 0025, A =0.5

t=00025 h=0025 A =05

method
nodes (20, 20), (21, 21) relative error & absolute error Au
exact solution 0.992 318 628 723 89 - -
classical solution 0.998 459 320 814 51 0.006 188 226 153 243 6 0.006 140 692 090 62
present solution 0.998 458 667 470 36 0.006 187 567 751 666 6 0.006 140 038 746 47

®5 Y1 =00025 h=0025 A = 10, PIFNrEmER RS RR{E LR (195020, 21) (21, 20))
Table 5 Results of the two methods in comparison with the exact solution(nodes(20, 21), (21, 20)),
t =0.0025, h =0.025, A =1

t=00025 h=0025 A =1

method
nodes (20, 21), (21, 20) relative error & absolute error Au
exact solution 1.972 579 840 136 85 - -
classical solution 1.971 795 083 179 64 3.978 327 980 6E-4 7.847 569 572 1E-4
present solution 1.972 508 745 128 65 3.604 163 783 6E-5 7.109 500 820 1E-5

®6 M1 =00025, h=0025 1 =18, PIFhJ7kmEs R AR 606 LA (19 60(20, 20) (21, 21))
Table 6  Results of the two methods in comparison with the exact solution(nodes(20, 20), (21, 21)),
t =0.0025, h =0.025, A =1

t=00025 h=0025 A =1

method
nodes (20, 20), (21, 21) relative error & absolute error Au
exact solution 0.988 975 429 674 13 - -
classical solution 0.997 253 881 263 76 0.008 370 735 350 18 0.008 278 451 589 63
present solution 0.997 253 442 053 65 0.008 370 291 243 99 0.008 278 012 379 52

R7 %1 =00025, h=0.025 A = 10HF, PFIFERERARHRE L (520, 21) (21, 20))
Table 7 Results of the two methods in comparison with the exact solution(nodes(20, 21), (21, 20)),
t =0.0025, h =0.025, » =10

t =0.0025 h=0025 A =10

method
nodes(20, 21), (21, 20) relative error & absolute error Au
exact solution 1.963 824 796 044 53 - -
classical solution 1.963 000 156 232 02 4.199 151 646 1E-4 8.246 398 125 1E-4
present solution 1.963 743 701 036 33 4.129 442 115 4E-5 8.109 500 820 1E-5

£8 Mt =00025, h=0025 1 = 108, PIFHIrEmE AR B0 LA (1560(20, 20) (21, 21))
Table 8 Results of the two methods in comparison with the exact solution(nodes(20, 20), (21, 21)),
t =0.0025, h =0.025, A =10

t =0.0025 h =002 A =10

method
nodes (20, 20), (21, 21) relative error & absolute error Au
exact solution 0.987 425 796 471 82 - -
classical solution 0.997 001 210 155 94 0.009 697 350 138 44 0.009 575 413 684 12
present solution 0.997 001 197 109 77 0.009 697 336 926 14 0.009 575 400 637 95

T 1~ LK PHET 4 DMK S IIFEIIEDL, X 4 RIS S F LA T A FLRASE Y 4 4
TS AL, Hod p5(20,20) 545 (21,21) T R 32 S AXTFR, £5(20,21) 545(21,20) %F
U AE S ARG, LB AT S RAH A8 DA TP A A T4 A =0.1,4 =0.5,A =
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LARIA = 10 B 4 A PUAR T2 R B A X R 2 A4 X i 2 6 Ll LAFR AR ST YA RE S A 4

SRR AR &

, TERIRREE L it A BRAA RS R .
iEQ L= 0001, A = 0.1 0, PIFRIT S REH0 AR I UR2E LA X TR 22 HOMCSUST
Table 9  Absolute errors of the two methods compared with the exact solution and

the orders of absolute errors, t = 0.001, A = 0.1

classical method

present method

N error Au order n error Au order n
20 1.401 2E-3 - 1.201 4E-3 -
40 4.201 6E-4 1.736 4 3.678 7E-4 1.705 8
80 1.457 8E-4 1.527 1 1.246 7TE-4 1.561 1
160 5.012 4E-5 1.540 2 4.127 3E-5 1.594 8
®9 WK ¢ =0.001,A4 = 0.1 B3I FRS I 5 B9 A SORS SUFE L,- JBCT AR

By, WRFRRTLIE ), Bi5ik S S 07 a2 Be B RS R, BRI IA

T I MSCBIC 58 B P — 4,

2y

_‘I:/\
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& 3 FIE 4 25 = 0.0025,h = 17404 = 0.1 WA SCT7 v AR08 1A Rk fe five 1) /2.
& 5 K 6 25 A4 1= 0.001 ,h = 1/60,A = 1 A SO v BR800 TR RIS ff ik %) 1. 8 4 [81 %o
FEANHE T HH AR S 1 BB AR e e 8 300 1

12 25 REAE B 1 AL T ] BT 2 B0 kBRI R G 1 L.

PR

L, (x,y) € [0,0.5) x[0,0.5),
5% 107,  (x,y) e [0.5,1] x[0,0.5),
k(x,y) = ,
5x 102,  (x,y) e [0,0.5) x[0.5.1],
I, (x,y) € [0.5,1] x[0.5,1].
WIhh 551
sin mxsin Ty, (x,y) € [0,0.5) x[0,0.5),
10sin xsin wy, (x,y) € [0.5,1] x[0,0.5),
u(x,y,0) = . :
10sin mxsin my, (x,y) € [0,0.5) x[0.5,1],
sin mwasin Yy, (x,y) € [0.5,1] x[0.5,1].
a5
0, (x,y) € [0,0.5) x[0,0.5),
- 1972e >"sin mwasin Ty, (x,y) € [0.5,1] x[0,0.5),
flx,y,t) = Y o ,
- 1977e " "sin mxasin Ty, (x,y) € [0,0.5) x[0.5,1],
0, (x,y) € [0.5,1] x[0.5,1].
N
u(O,y,t) = 07 u(l’y’t) = O’ u(xaoyt) = 05 u(xyl’t) = O'
Ko hy
e >™sin mwasin Ty, (x,y) € [0,0.5) x[0,0.5),
10e >™"sin mwasin Ty, (x,y) € [0.5,1] x[0,0.5),
u(x,y,t) = ,
10e *™'sin mwasin my, (x,y) € [0,0.5) x[0.5,1],
e >™sin wasin Ty, (x,y) € [0.5,1] x[0.5,1].

[l E b, 28 B A BRAARFR 5 1 5 A SO 5 b A7 e, RISl 4 HEORS Bff i AE 6T R, 265
ke 10~ 14 FiR,

10~ 14 2 Y [A] Wy REW BRER B 1 35— D EGE g5 TS 45 R 0 % 1~ 14 ieF
HR 20T T R BRIk BRI DA s 48 M7 R FRAR S i AR T LA G b 3 G A i, 0% 22 RIS SR
A K I H A ST EMRIR B2 05 7 TR 1.

F10 %t =0.0025, h =0.025, A = 0.1 B, PRI M4 R ARG ELER (19 40(20, 21) (21, 20))
Table 10  Results of the two methods in comparison with the exact solution( nodes(20, 21), (21, 20)),
t =0.0025, h=0025 12 =0.1

t =00025 hA=0025 A =01

method
nodes(20, 21), (21, 20) relative error & absolute error Au
exact solution 9.898 731 988 164 36 - -
classical solution 9.898 607 398 550 96 1.247 478 937E-5 1.245 896 134E-4

present solution 9.898 717 962 795 64 1.404 318 673E-6 1.402 536 872E-5
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F11 2t =00025, h = 0.025, A = 0.1 0F, PIFIJ5IEmMS5 ARG (E L (194020, 20) (21, 21))
Table 11  Results of the two methods in comparison with the exact solution(nodes(20, 20), (21, 21)),
t =0.0025, h =0.025, A = 0.1

t =00025 h=0025 A =01

method
nodes (20, 20), (21, 21) relative error & absolute error Au
exact solution 0.989 873 198 816 44 - -
classical solution 0.987 219 535 670 72 0.001 343 066 357 49 0.001 327 684 514 22
present solution 0.987 221 241 553 41 0.001 341 340 711 35 0.001 325 978 631 53

F12 M = 00025, h =0.025, A = 10 WF, PIRPI7 a2 RARS 0 (B LLEE (198120, 21) (21, 20))
Table 12 Results of the two methods in comparison with the exact solution( nodes(20, 21), (21, 20)),
t =0.0025, h =0.025, » =10

t =0.0025 h=0025 A =10

method
nodes(20, 21), (21, 20) relative error & absolute error Au
exact solution 9.984 586 668 665 64 - -
classical solution 9.983 550 242 951 36 1.038 025 657 6E-4 1.036 425 714 3E-3
present solution 9.984 471 454 298 12 1.153 922 253 8E-5 1.152 143 675 2E-4

RA13 M1 = 00025, h =0.025, A = 10, PiFPJrkmgs LA ELE (77820, 20) (21, 21))
Table 13 Results of the two methods in comparison with the exact solution( nodes(20, 20), (21, 21)),
t =0.0025, h =0.025, A =10

t=00025 h=0025 A =10

method

nodes(20, 20), (21, 21) relative error & absolute error Au
exact solution 0.998 458 666 866 56 - -
classical solution 0.988 213 302 145 22 0.010 261 180 619 02 0.010 245 364 721 34
present solution 0.988 696 125 472 05 0.009 777 611 951 78 0.009 762 541 394 51

F14 M1 = 0001, A = 0.1 HF, BRI EERT00ME 001522 LR 20 X 22 i i sy
Table 14  Absolute errors of the two methods compared with the exact solution and

the orders of absolute errors, ¢t = 0.001, A = 0.1

classical method present method
N error Au order n error Au order n
20 1.486 4E-4 - 1.302 4E-3 -
40 5.031 2E-4 1.562 8 4.136 9E-4 1.654 5
80 1.827 8E-4 1.460 8 1.434 6E-4 1.527 9
160 6.387 6E-5 1.516 7 4.856 1E-5 1.562 7

B3 B RERE 1 A E] By AR RO R PR T — RO L L.
PHER

L, (x,y) € [0,0.5) x[0,0.5),
5% 1077, (x,y) € [0.5,1] x[0,0.5),
k(x,y) = o
5%x107,  (x,y) € [0,0.5) x [0.5,1],
1, (x,y) € [0.5,1] x[0.5,1].
Wk 551
sin wasin Ty, (x,y) € [0,0.5) x[0,0.5),
10°sin mwasin wy, (x,y) € [0.5,1] x[0,0.5),
u(x’y’o) =
10°sin wasin wy, (x,y) € [0,0.5) x[0.5,1],

[0.5,1] x [0.5,1].

m

sin Txsin Ty, (%,y)
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el
0, (x,y) € [0,0.5) x[0,0.5),
- 1997%e > sin wasin Wy, (x,y) € [0.5,1] x[0,0.5),
CRIOE o
- 1997°e” " "sin wasin Wy, (x,y) € [0,0.5) x[0.5,1],
0, (x,y) € [0.5,1] x[0.5,1].
AT
u(O’y’t> = 07 u’(l’yst> = 0’ u(xaoat) = 07 u('x’l?t) = O'
KA
e >™sin masin Ty, (x,y) € [0,0.5) x[0,0.5),
10%e ">sin mwasin Ty, (x,y) € [0.5,1] x[0,0.5),
u(x,y,t) = ,
10°e ™" sin mwasin my, (x,y) € [0,0.5) x[0.5,1],
e > sin masin Ty, (x,y) € [0.5,1] x[0.5,1].

# 15~19 W B2 YA W R A BREREL ] 2 FE8G I — 8 9 i 45 RN R T RE S
F th, [A] T 2R B0 B BR AR B TS B S el AN S AR K, T L A 5 2 Ak S DR o XA
i B 28T, B A SO R B BR AR R ) 1 00 0 BB A B b Ah 2L
F15 M1 =0.0025, h = 0.025, A = 0.1 B, BRI ILMEE RRREHH(E L (374020, 21) (21, 20))
Table 15 Results of the two methods in comparison with the exact solution(nodes(20, 21), (21, 20)),
t=0.0025,h =0025 A = 0.1

t=00025 h=0025 A =01

method
nodes(20, 21), (21, 20) relative error & absolute error Au
exact solution 98.987 311 988 164 3 - -
classical solution 98.984 993 702 850 2 2.342 002 492E-5 2.318 285 314E-3
present solution 98.987 068 375 378 1 2.461 050 626E-6 2.436 127 862E-4

F16 Mt =0.0025, h =0.025 A = 0.1 0, PRI mZ5RFREHE LI (75020, 20) (21, 21))
Table 16 Results of the two methods in comparison with the exact solution( nodes(20, 20), (21, 21)),
t =0.0025, h=0025 12 =0.1

t =0.0025 h=0025 A =01

method
nodes(20, 20), (21, 21) relative error & absolute error Au
exact solution 0.989 873 198 816 44 - -
classical solution 0.987 223 465 137 86 0.002 676 841 520 46 0.002 649 733 678 58
present solution 0.987 258 912 674 51 0.002 641 031 341 24 0.002 614 286 141 93

F17 M+ =00025, h =0.025, A = 10 B, BRI A4 R ARG HIE A (19 81(20, 21) (21, 20))
Table 17  Results of the two methods in comparison with the exact solution(nodes(20, 21), (21, 20)),
t =0.0025, h =0.025, A =10

t =0.0025 h=0025 A =10

method
nodes(20, 21), (21, 20) relative error & absolute error Au
exact solution 99.845 866 686 656 4 - -
classical solution 99.835 679 853 287 3 1.020 255 891 2E-4 0.010 186 833 369 09

present solution 99.844 675 914 836 7 1.192 610 029 0E-5 0.001 190 771 819 67
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#z18 M1 =0.0025, h = 0.025, A = 10 iF, PR ik Ao4s AR B A L (15 45( 20, 20) (21, 21))

Table 18 Results of the two methods in comparison with the exact solution( nodes(20, 20), (21, 21)),
t =0.0025, h =0.025, A =10

t=00025 h=0025 A =10

method
nodes(20, 20), (21, 21) relative error & absolute error Au

exact solution 0.998 458 666 866 56 - -
classical solution 0.988 185 697 321 84 0.010 288 828 056 31 0.010 272 969 544 72
present solution 0.988 671 347 825 71 0.009 802 427 847 68 0.009 787 319 040 85

R19 M1 =0.001, A = 0.1, PIFFJT 55 RTH AR A4 1522 LA KA X DR 22 BB Y
Table 19  Absolute errors of the two methods compared with the exact solution and

the orders of absolute errors, t = 0.001, A = 0.1

classical method present method

N

error Au order n error Au order n

20 1.126 3E-2 - 1.012 4E-2 -

40 3.841 2E-3 1.5519 3.437 3E-3 1.558 4
80 1.379 4E-3 1.477 5 1.212 6E-3 1.503 2
160 5.132 6E-4 1.426 2 4.452 7TE-4 1.445 4
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A Modified Finite Volume Approximation of
2-Dimensional Diffusion Equation With
Discontinuous Coefficients

XU Xiao-lei, FENG Xiu-fang
(School of Mathematics and Computer Science, Ningxia University,
Yinchuan 750021, P.R.China)

Abstract: A new modified finite volume method was presented to solve the 2-dimensional dif-
fusion equation. Through improvement of the methods for solving the flux function and harmon-
ic average coefficient, a new difference scheme was obtained for the diffusion equation with
discontinuous coefficients. This scheme was an implicit difference scheme and was uncondition-
ally stable. Subsequent numerical tests show that the presented method is more accurate than

the classical finite volume method.
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