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LA, ZEAM

( , 453002)
(7K R H)
: r= At/ Ax*= At/Ay?=

A/ A < 172, O(At*+ Ax?)e

0241 CA
ou _ %u Qu, u
o 8x2+ 8y2+ Py (0< x,y,z< L;¢t> 0), (1)
u(x,y.2.0) = ®x.y.z) (0<x,y.z 1), (2)

w(0,y,2z,t) = fi(y,z,t), u(l,y,z,t) = fo(y,z,t) (O<y,z St >O), (3)
u(x,0,z,t) = W(x,z,t), u(x,1,z,¢6) = W(x,z,t) (0 <x,z <1;t >()), (4)
Lu(x,y,0,t) = Yi(x,y,t), u(x,y,1,t)= Yo(x,y,t) (O Sx,y S1pt >0)' (5)

; , [1] [2] .
( O(A’+ A7), 1 r VU6, /2] r S/4
” A[ s’ L]
, , r< 1/2, [1] [2]
1
At , Ax, Ay, Az X,Y, 2 . s M = Ay =
A= /MM )e (1) :
* : 1998 08 03; : 2000_06_08
: (97110007
(1941—), , , : , 20
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A + I'llAtu'ﬁl+ LA, %Qu’fﬁiq+ ﬂ3A[Du}_kl+ rhAtDu'ﬂlz
Tl_g((Si+ 5§+ Sf)ui’}ﬁ 116(83+ 6§+ 622)u'lﬁfl+ rl7[6,f(x O+, 0)+
S(y O, O)+ SO+ 0] ufp+ T/ Se( O+, )+ &(, O+, 0) +

E(: O+ 0)]uli, (6)
wjn u (iv,jAy, kAz, nAt) , A 3 ,&% 5y2 5
x Yy z

Eu}lk: ui’il,,‘+1,k+1+ u?—l,j+1,k+1+ u7+1,j+1,k-1+ u?—l,j+l,k—l+ uﬁl,/-l,k-1+

n n n
Ui—1,j- L k=11 Ui 1j- Lkt 1+ Wi- 1, -1,k 1,
n n n n
<>u,;'k= (x <>+y <>+z <>)u,'jk, Duljk= (XD+),D+ZD)LL§'1;,
n n n n n
x <>uijlc: Wi j+ Lkt Wi,j-1Lk+ Wij kel + Wi k-1,

n n n n n
xDuijkz Wi j+ Lkt 1+ Wi j- L ke 1+ Wi jel, b-1F Wi j-1, k1,

, i~ Tk .
(6) u (idx,jAy, kAz, nAt) Taylor ,
(n
du (1 T ’u
(1+ M+ 6T+ 8Mh+ 121L) S+ [2_ e 6an MG+
4 4 4 4 4 4
20w, Ju, du du du Qu | _
(Tt 4Tb+ 4Th) A [ax” o't ot %t 2502 205000 "
Qu M Mo 2m 2m| o', d'w, du
(Ns+ Tg+ 8Th+ 8Tk) Dttt 3t 3 Ax7l 5 47t 8y4+ -4~
azu 2 a4u a4u a4u
At =5 A
(Mot 8Tk) At 52+ 6(T+ ) 8x’| 525 2% 5.%0.2% 3:%0x) ¥
O(At*+ AtAx+ Ax')e
I+ i+ 6Th+ 8T+ 12Ty = Ts+ T+ 8T+ 8T,
1/2- N/2- 3Th- 47— 6T = - Te— 8T,
7
Mo+ 4T+ 4Th= Ts5/12+ T/ 12+ 2T/3+ 2T/ 3¢ (7)
o+ 4T+ 4T = 3( p+ Tg)e
,(6) O(At A+ AL+ M), O( AtAx”) <max{0(m2),
O(Ax“)}, O(at*+ at)  (7)
Ni=— 1+ 16T+ 12T+ 18Th+ 18T, Th = — 41— 474+ 3Th+ 3T,
1'15: 1+ 101'17+ 18rlg, r].6:— 1+ ]81'17+ 1()1']8-
(6
Si-x Ouiik = = 2x Qujik + y D gk + = Duj,
E‘ﬁx Ouije = — 2 Oujr + Huijre
G = g+ T, (8)

Lugr= (2— 16T3- 12— 18Th— 18Tk— 60rTy— 108rTs— 61 ) ujjr+



1089

(4T5— 3= 3Tg+ 4T+ 6T+ 18rTk+ r)[% <>u54+
(— I-13+ 3rr17)|z|u;’k— mDu;’k,

T = (16T+ 1204+ 18Th+ 18N5— 108rTy— 60rNs+ 6r— 1) ' +

(~ 4T 4Tt 3T+ 3Tt 187+ 6k— )| 2 Ouli'| +
(Ma+ 3rMg) Bluf '+ N Ouly',

r= At/Ax>
(8)
ur?kl = Y+ Tk, v’ffklz wjr® (9)
Fourier R
wjr = u'exp[i(i0+ jP+ kY) ], vji = vexp[i(i0+ jP+ k)], (10)
i= J- 1,
1 n n
Eouijk = (6— 4s1) ujs,
Blujr = (8- 4s2) ujr, (1)
Du;;?'k = (12— 483) uf}k'
P
s1= sin2§+ sin25+ sinzg €/0,3/,
s2= sin2w+ sin® %—94_ sinzw+ sinzw €/0,4/,
@ @ o _ 9 _
s3= sin’ e+2 + sin’ ; (b+ sin 4)-; 9+ sin’ ) ¢+ sirn’ 0 5t sin’ b > 0 € /0,6/°
(10) (9) (11)
u™ gu g [u” u'
Co e A
v g2 g2 v v
gn= 2- 16— 124-18Ty - 18Tk— 60rT;— 108Ns— 61 +
(4T + 44— 3Ty - 3T+ 6rTh+ 18Tk + r)(6— 4s1)+
(- M3+ 3rTy) (8- 4s2) — (12— 4s3),
gr= — 1+ 16T+ 12T4+ 18T+ 18Tg— 108sT;— 60rTs+ 6r +
(- 4T — 4N4+ 3T+ 3T+ 18rTr+ 6rT8— r)(6— 4s1) +
(T+ 3rTg) (8— 4s2)+ Tu(12- 4s3),
ga= 1, gn=0
G
X- gnl- gn= 0 (12)
119 (12) 1

| gnl S1- gpn <2
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23 (9 (8) G'(s1, 52 53) ((s1, 2, s3) €[0,3] x [0,4]
x[0,6], n= 12 -.)
D N2l SI(h2 (12) )
2 1- %g%lz ghi+ 4gn= 0 (1, 52, 53) ; [0,3] x
[0,4] x [0, 6]
1 (9)
N3+ 3708 <mirg 0, (1- 6r)/16}, n <0,
0< M+ Ty S/4( M+ 3rTg) + 4T+ r]/(3+ 18r)° (13)
g &1 ,1- %g%l: g%l+ 4= 0 (s1, 52, $3) .
1 2, (9)
~ 1+ gn Sgu S1- gp< 2
gn Sl-gn  (8s1+ s2)(Mh+ Ty 20,
N+ Mg 200 (14)
I- gn< 2
-9+ Mg) + si/3(1+ 6r)( h+ Tg)— 4( T3+ 3rTg) — 44— r/+
sa( Th+ 3rMg) + s3Th< O
b+ Tg> 0, (15)
3(1+ 6r)(Th+ Tg)— 4 My+ 3rMg)— 4, - r <O, (16)
N+ 3T <O, (17)
n, <o (18)
- 1+ gn <g11
18T+ M)+ 2s1/r—3(1+ 2r) (T + ) + 4Tu+ 4(T+ 3rTB)/ +
sof3r(Th+ Tg) — 2(Th+ 3rTg)] — 25374 S0 (19)
(15) ~(18) S1, 82, 83 ,
18T+ M)+ 6/r— 3(1+ 2r)(M7+ Tg)+ 4T+ 4( T3+ 3rTk) /] +
43r(Th+ Tg) — 2(TMs+ 3rTg)] — 1204 <1,
6r — 24r( T+ Tg) + 16( Tz+ 3r0g) + 127, <1 (20)
(19) . (15 (18 ., (20 6r+ 16( Tz +
3mg) <1,
N+ 3rTg S(1- 6r)/16° (21)
(16)
Mo+ TNy </4( M+ 3rTg) + 40+ r]/(3+ 18r)° (2)

(15 (17 (18) (21) (2,

N3 Ty, Ty, Tk (13) :
I) 1-6r 20 r<V6 |, (13) , N+ 3,7k <0,
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N+ 3rlg= 0; (13) 0< Ty+ Ng S(40+ r)/(3+ 18r),
Mo+ Tg= (4W+ r)/(3+ 18r), 4N+ 1> 0 (13) , - r/4<
n, <0
2 (8

b+ 3rlg= 0, y+ Ms= (4Tu+ r)/(3+ 18r), y= 1T

wi_ 2= 56r’= 8(3+ 10r) 0,  8r’+ 4(2r - 1)r1[L<> ,}]Jr P4 Amg

ik = 1+ 6r tikt 1+ 6r 7 Qui |+ e Bk
N0ul + 6r — 1+1$4(61— 6r)r1n_ [ Ou,l-}_’_ un,ﬁl’ (3)
r <116, - r/4< N1 <0 , O(AM*+ Ax)e
I 1-6 <0, r 21/6 , (13) N+ 3T <(1- 6r)/16,
. Th+ 3k = (1- 6r)/16; (13) 0< Th+ Ty S(1- 2r+
16T /( 12+ 72r), . Tyt Tg= (1- 2r+ 16T4)/( 12+ 72r), 1- 2r+ 16T4>
0, 160> 2r- 1; (13) r< 1/2,(2r- 1)/16< T <O

3 (8
N+ 3rTs= (1= 6r)/16, Th+ Tg= (1- 2r+ 16T)/(12+ 72r), Ty= 10

w1 20r°+ 8r— 1— 16(3+ 10r) N v 2r— 4r’+ 4(2r- lm[iou”-;]+
i3

wik = 2(1+ 6r) Uik 1+ 6r
28 + 4r— 1+ 16/1 n 36r°— 24r+ 3+ 48(1- 6r)0 o
o(1v ) T e 21+ 6r) e
5 Oul!| + 166rmu’;,-k + N0 (%)
V6 <r< /2, (2r- 1)/16< 1 <0 , O( A"+ M)
(2B3) (24), 0< r< 1/2 O( at*+ Ax')
. r= 16 , .
4
2
aal; gxu aayl;+ 587120’ (0< x,y,z2< L;e> 0),
u(x,y,2,0) = sin(x+ y+ z), (0 <x,y,z <1),
u(0,y,z,t)= exp(— 3t) sin(y+ z),
_ (0 <y,z <1t 20),
u(layazﬁ t): eXp(_ 3t)S]I1(1+ y+ Z)J (25)

u(x,0,z,t)= exp(— 3t) sin(x+ z),
u(x,1,z,t)= exp(— 3t) sin(x+ 1+ z),

u(x,y,0, 1) = exp(— 3¢) sin(x+ y),
u(x,y,1,t)= exp(— 3t) sin(x+ y+ 1),

M= A= A= 1/10,At= rAx’= /100, r= 1/8,1/4,3/8,1/2 < (25
u(x,y,z,t) = exp/— 3t/ sin(x+ y+ z) u}jk, (23) (24)(

(0<x,y <1;t 20)°
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N= 0) n= 200 le
1
r= V8 r= 1/4 r=3/8 r= 12
(i.j, k)
(23) (24) (24) (24)
(LL,1) | 0139594 | 0139594 | 0.065940 | 0065940 | 0031147 | 0.031147 | 0.014 713 | 0.014 729
(3,3,3) | 0370018 | 0.370017 | 0.17478 | 0 17478 | 008256 | 0.08562 | 0.039 00 | 0.039 156
(5,5.5) | 0471184 | 0471183 | 0.22571 | 022571 | 0105135 | 0.105135 | 0.049 662 | 0.049919
(7,7,7) | 0.407 751 | 0.407751 | 0.192608 | 0192608 | 0090981 | 0.090981 | 0.042 977 | 0.043 142
(9,9,9) | 0.201 880 | 0.20180 | 0.005361 | 0005361 | 045045 | 0.045045 | 0.021 278 | 0.021 298
. s r= 1/2 ,
,
[ ]
(1] (J]. , 1992, 18(4): 20 —25.
(2] [J]. , 1998, 19(5): 465—
469.
(3] [J]. , 1991, 13(1): 38—44.

A Family of High Order Accuracy Explicit Difference

Schemes With Branching Stability for Solving 3 D

Parabolic Partial Differential Equation
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Abstract: A family of high_order accuracy explict difference schemes for solving 3_dimension parabol-
ic P.D. E. is constructed The stability conditionisr = At/Ax?= At/Ay?= At/Az?< 1/2, and the

truncation error is O( At + Ax4) .
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