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de o e
2 = —I + — - + =9 . (20
Llg)= 24 ox 2B dy ( ox* ay’ ) (20)
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a,= —~ exp(Ah) — 25 k2 cosh(B,k) (54)
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a,= fz cosh(4,h) (55)
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B _h—zexp(Amoh)‘PJ k2 exp(B, k) o,— -5 exp(C,l)p,_ =S, (69)
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A=A+ A4, - h? (70)
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AS,. = - {[B3+ <> (B,~B,)]S, (8,~S,)+ 2k2 (5,~2S,+5,)} (78)
1 . Co c, 1
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AS,=AS,, - h®+AS,, - K’+AS,,- ’=)Y ap+). (a, ¢, +a,_e, ) (80)
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C
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a = hC;' exp(—Ah) -2 i" cosh(B,k) -2 i” cosh(C,!) (82)
a2=£:exp( —Bk)— 2f cosh(A4,h) —2 j;’z' cosh(C,l) (83)
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a,= f; exp(th)—Z%cosh(Bsk)—Z% cosh(C,l) (84)
a,= %CXP(Bok)—Z‘j;'—;COSh(Aah)_ZII’TZ cosh(C,l) (85)
a,=—gk—’1'—exp(—B,k)+ fh'z' exp(—A,h) (86)
a;= i’; cxp(—BJk)r+ fh’z‘ exp(A4,h) (87)
a,= i’; exp(B.k) + % exp(Ah) (88)
a,= % exp(Bk)+ j;'zz exp( —A4,h) (89)
a,, = % exp( —C,l) —2% cosh(4,, h)—2 fk‘;‘ cosh(B,. k) (90) -
a,,= ‘3’2’ exp(—Cl)+ fh‘;‘ exp( — A, h) ‘ (91)
a,, = j;'z' exp(— Gl )+ ik‘;—’— exp( - B,k (92)
a., = LI’,Z— expl( - T )y + fT‘i‘ exn’ A, ) (93)
a,, = ];’22 exp(—C,l)+ % exp(B,, k) (94)
a,_ = % exp(Cyl) —2 —f,—:;’— cosh(A4,_ h) -2 % cosh(B,_k) (95)
a,_= i'; exp(C,l )+ % exp(—A,_h) (96)
a, = fl'z' exp(C,l )+ 1}:2—2 exp( —B,_k) (97)
a, = }’;’22 exp(C,l )+ fh‘;z exp(4,_h) (98)
a, = fl'zz exp(C,1)+ %_exp(Bo_k) ‘ (99)
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g,l=% —%th (103)
g.,= 2 +LAOh (104)
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f,.=% —'% B,k (105)
PR Y (106)
fg,=% —%Col : (107)
fgz=% +%C‘,l (108?

T A=B=C=0 Xk h=k=1HRHKEHR, BR(86)BH
240,=2(¢,+ @, + 0+ @, + @5, + 9y ) + (@5 + O+ @+ 9+ @, + @,
o, to to _to, to, _+o,) (109)
B JE =4 Laplace FBH &M B R.
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AX—. = ZABER, FE-RENFEATREGHRE. SFSEARREREX
(oS 5BRNEN ) TR RHETHIE.
SO FRBREATBANL SR bk R, XAy
p' " =0"+ (e "~ o) (110)
P R MRURSE ABN 0.5 ~0.8, T/ F#AE IKRER. ATFAXBANBRERX, ZELEH
REZETEAR AR = AR, EAWEKANREAR, MARESE. EARBRH
0 B A
- " <107° (111)
BH: —EHSHBER_ Burgers R
€ H Burgers H &

ou 1 Olu
“ox " Re ox° (112)
A 50 %
u=C2tanh(C,—%‘—C2x) (113)
RATEE Y R
u=tanh[Te (0.5-x)] (114)

A6, BB (O<Sx<1)#ATHE, RBAEEN 20, MEKENL/19, Re LA
H1~104 SERAAPLEIBRXEFENEFBERGATR, KPR TAOLE, X
Reuh<2 WPHU L ES, BUMBGERNES. B2 4B FE L (Re 42514 10, 20, 100 #
200) THIBMATAAENMERN L, ARERW, Re N 108, FHANBLEEYEHHR
i, Re R 200, WBiRHARAERERHBBY S, MSEBXN (K RRATEPLE
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thr e 0
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S
N s
Lo Ry toe

~

)

(d)}Re™ 200
B 2 Burgers FEIRIBAM (0L ) ST (AU RN IR BOUR S, BRAS SRR ) Xt

#; X Rey 200 B, WUrMBAUBKXSHAR B SHBEAEPROIM B LELHAE
HiRE, BRAIAE, £KH Re T, Burgers FBHEBIEETHMELSH, BXNESR®R
RSB WS . £ Re KT 200 ER T, IHRERUWBHEHUKASHBR B, 1
TERE—-MBALRTRERE, MESEHHERA, 7 Re Hi5 1080, RBRBEE M
NI RE, RAHFBREAN T ABETHA LGN ENES, AEE TREREN &
APHEREHE., ATH - THRUGHAURASERRANESN, BN ZHHBYE
WS, 1AL Re BHT 20 A1200 BRAER THIFABHELRER, RTHEER,
ZhaAsXH R TERER, MR ENAXHBRT BRI,
BH2: HWSEY

HEE
u—a—u—+va—u —(ﬂ+ﬂ)=~(2sin + sinx )cosx (115)
ax 3y axt | ay Y
2 2
u—a—Y— + —6—‘—)— —( ?‘: + 6: ) = — (siny — 2sinx ) cosy (116)
ox dy ax* dy

B8 T /AT ERsH Navier —Stokes TR T EHERHEH, HE

u(x,y)=—cosxsiny, v(x,y) =sinxcosy (117)
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% 1 Burgers HFRITHE (U, MEMMESEER, U ME_HHEMEINES, U, HESENEN)
SMMM U Ik, Re=20 BSERIDrh LB HER, Re=200 HSERI LR A ER
Re=20 Re=200
x/h
U, v, v v, v, v, v. v,
6 . 998739 . 998692 . 999212 . 998057 1.000000 1.000000 1.000000 .999876
7 . 989695 . 989319 . 993538 . 994003 1.000000 1.000000 1.000000 . 998574
8 .918437 .916040 . 947586 .981763 1.000000 1.000000 1.000000 .983590
9 .432560 .481798 . 609769 . 688391 . -989695 999946 999946 . 813458
10 | —.482560 | —.481798 | —.609769 | —.677322 —.989696 —.999946 —.999946 . 813459
11 |—.918437 | —.916040 | —.947586 | —.895069 | —1.000000 | —1.000000 | — 1.000000 .983590
12 | —.989695 | —.989319 | —.993537 | —.966108 | —1.000000 | —1.000000 { —1.000000 . 998575
13 | —.998739 | —.998692 | —.999212 | —.989083 | —1.000000 | —1.000000 | —1.000000 . 999876
14 | —.999846 | —.999840 | —.999904 | —.996491 | —1.000000 | —1.000000 { —1.000000 . 999989
WREETTE s 5
u 14
ox dy ( )

ARES Wi AR, HREERNEF X 0xx<n, Oy, MAKER A=k
=n/10. R2HHADN x B Lo w H5 0, oWE. SR M. B 46 Bus XA
FLZES A EEFEADT R, R SRES A RARTHROEER, MBS RRE R
XTI Erir e, T vEHSH, FARMBBR, AR EHE.

® 2 ZSRPABF RN (U, SENMEMEIRNX, U HE
ZhrENER, U NP LESEL) SRS U XN

x/n yin U, v, U, U,
03 | o -.18164 —.18140 ~. 18274 ~. 18306
03 | 02 [ -.34549 —.34512 —.34744 ~.34804
03 | 03 | —.47553 —.47501 ~.47809 ~.47891
03 | 04 | —.55902 ~.55837 ~.56195 ~.56291
03 | 05 | —.58779 —.58708 —.59084 ~.59185
0.6 0.1 . 09549 -09535 .09611 .09631
06 | 02 .18163 . 18140 . 18276 .18310
0.6 0.3 .25000 . 24965 .25151 .25194
0.6 | 0.4 .29389 .29344 .29564 .29612
06 | 05 .30902 .30852 .31085 .31134

BB 3 =TSR

iR, TWETEA

” 2 2
u% +vg—: +w% —( gxul + gyl;' + 22;: ) = —cosx[2siny + 2sinz

+sinx (siny + sinz ¥ + cos®y (sinx + sinz ) —cos?z(siny — sinx )] (119)
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av v av &y %y v

u— +v—$ +w—é—z— —( Fp + P + P ) = —cosy[ — 2sinx — 2sinz
+ cos?x (siny+ sinz )+ siny (sinx + sinz ¥ + cos’z(siny —sinx )] (120)
ug—: +v§—;v +w% = g;“; + gi? + g:zv ) = —cosz [ —2sinx+ 2siny
+ cos’x (siny+ sinz )+ cos’y (sinx + sinz ) + sinz (siny — sinx )?] (121)
Ko Hrig
u(x,y.z)= —cosx(siny+sinz) (122)
v{x.v,z)=cosy(sinx+sinz) (123)
w(x,y,z)= —cosz(siny—sinx) (124)
WL
Qu OOy (125)

dx oy dz
AUENZHFNATEEE, TRAXBERNENFEOS<x<r, 0<yga, 0<z<n, W#
KERh=k=I=n/10. BB« WA T L3, SEBUEX N, A0HBEKRLH T
SR EA LR, w3 POl G SO N L,

£ 3 ZHERSRRFED N (U, BEEARESSEX. U N

THEMERN ) SRR U, it
) x/m=0.2 y/n=0.6 x{n=0.8 y/n=0.4
zim
U, v, u, U, U, U,

0.1 -1.01942 - 1.0192% -1.02052 1.01942 1.01928 1.02052
0.2 —1.24495 —1.24468 —1.24637 1.24495 1.24467 1.24637
0.3 —1.42393 - 1.42356 —1.42518 1.42393 1.42356 1.42518
0.4 -1.53884 - 1.53842 ~1.53979 1.53884 1.53842 1.53979
0.5 -1.57844 - 1.57800 -1.57925 1.57844 1.57800 1.57924

2 % x W
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h* EXPONENTIAL FINITE DIFFERENCE SCHEME
FOR CONVECTIVE DIFFUSION EQUATION
Chen Guogqian, Yang Zhifeng *, and Gao Zhi

(Institute of Mechanics, Academia Sinica, Beijiﬁg 100080 )
(*Department of Mechanics, Peking University, Beijing 100871 )

ABSTRACT A kind of exponential finite difference schemes with A* consistency are developed in
this study. The A* scheme is obtained from a second—order modification of the convective
coefficients and the source term in an A? scheme, and the modification could be determined once
and for all from computational information of the A* scheme, which bring great convenience to
the h* scheme. The proposed exponential scheme are unconditionally stable, and show a excellent
accuracy and adaptability to great gradient variation when applicated in illustrative computa-
tions of 1D to 3D fluid flow model problems.

KEY WORDS fluid mechanics, convective diffusion equation, exponential finite difference
scheme.



