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A COMPACT FOURTH-ORDER UPWIND FINITE
DIFFERENCE SCHEME FOR CONVECTION
DIFFUSION EQUATION

Chen Guo-gian Gao Zhi

(Instituie of Mechanics, Academia Sinica)

Abstract

A compact fourth-order upwind finite difference scheme, which takes classical
first-order upwind scheme as basic representation and thus has no grid Reynolcjs—'i
mumber limitation, is developed for the convection diffusion. equation with the
help of a perturbation technique. Numerical examples 1nclud1ng mibddel equations
of fluid flow and a problem of hlgh Rayleigh-number natural convection with
boundary-layer effect are given to ‘illustrate the excellent behavior of the present

scheme. L
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w1 Burgers FEROG.DNBRALER (Re=5, h=1/10)

f ] u, “, u, uy

.1 C.76159 .76153 .7615 .7525

.2 .63515 .63508 .6353 .6206

.3 146212 .46206 .4626 .4479

.4 24492 .24489 .2455 .2364

.5 .00000 .00000 .0000 .0000

.6 —.24492 —.24489 —.2455 —.2364

.7 —.46212 ) —.46206 —.4626 —.4479

.8 —.63515 —.63508 . —.6353 —.6206

.9 —.76159 —.76153 —.7615 —.7525
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0.7 0.1 .18163563 .18163480 .18162271 .1824 1779 15.6
0.7 0.2 .34549150 .34548964 .34546315 .3467 .3377 15.2
0.7 0.3 .47552827 .47552%70 47549064 .4770 L4646 14.6
0.7 0.4 .55901700 .55901423 [ . .5589773i .5608 5465 14.1
0.7 0.5 .58778524 .58778249 .58774698 .5898 .5752 14.0
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10%, 10° 70 10° ZREBLHEAT. HEDRGEBER—F, HEPNBEEHER»$. =
R, BORMRE, n 20 1; 24 R, HEiK 10° K, » 342 15 HEL 0.45 AOM AR B 2 EA
Wk, £ 3ZE 5 FIHETHRENTESERHMLL de Vabl Davis B “FRiERE"DIRLE, I
haFE(DFBRR A ENRERE, QBEIoREEX B, CIKFRIELEEK Y
B,(4)FR * =0 LFH Nusselt 3, 5)iLF * =0 LEKRRSHE/N Nusselt HRHAL
B, AhRXEREMAEORBEEIENNEHS AALTH, MFEEH Nusselt HRZT

lg =

UMM ZEER, ERTRENBRERMEEPIMERS  BREE S RN,
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0.1,0.2 #1 0.3,

B3 FRE/MYBABSRITNER (P, =071, R, =10%)

10° =M ERToBIA-T

u Ymax Numax Numin
h Waiel | y(x 25y | 2y =0.5) Nuo y(z=0) | y(z=0)
1/10 1.1789 3.6634 3.7210 1.1159 1.5101 0.6931
0.8120 0.1805 0.0702 1
1/20 1.1759 3.6517 3.6999 1.1165° 1.5082 0.6924
0.8127 0.1792 0.0829 i
1/30 1.1747 3.6511 3.6981 1.1173 1.5057 0.6922
0.8131 0.1781 0.0880 1
BMS 1.174 3.649 3.697 1.117 1.505 0.692
0.813 0.178 0.092 1
B BMS BRI
B4 FEORMEANSHINER (P, = 0.71, R, =109
Uy [ Numax Numin
b (il y(x=0.5) | 2(y=0.5) Nub yx=0) | y(x=0)
1/10 5.0941 16.2615 19.4201 2.3021 3.6912 0.5945
0.8220 0.1301 0.1723 1
1/20 5.0732 16.1860 19.5529 2.2316 3.5340 0.5894
. 0.8219 0.1187 0.1559 1
1/30 5.0720 16.1828 19.6301 2.2364 3.5170 0.5857
0.8240 0.1193 0.1421 1
BMS 5.071 16.178 19,617 2.238 3.528 0.586
0.823 0.119 0.143 1

%6 BRA R, WFIBERAE & — 1/30 Wi A S5 RS SRR i R
INFHRBERE, ERE R, = 10° i “FREMT R & = 1/40 1 1/80 pUHH16: R
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25 FEAAWMRAVSHIYER (P, =071, R, =10°)

75 Vmex Numax Numin
b 1fmial ¥z =0.5) | =(y =0.5) Nu0 y(x=0) y(x=10)
1/10 9.4001 39.017 56.263 4.7603 8.7981 0.7429
0.8619 0.0811 0.1346 1
1/20 9.2230 36.198 63.570 4.6981 | 8.3212 0.7301
0.8563 0.0682 0.1011 1
1/30 9.1201 34.821 68.743 4.5198 7.9510 0.7280
0.8543 0.0674 0.0812 1
BMS 9.111 34.73 68.59 4.509 7.717 0.729
0.855 . 0.066 0.081 1

B6 FRARMNAONTANBSYUUTHEEASFRAB ZEHRBTHE

Rl h |¢’mldl Hmax Ymax Nu0
1000 1/10 0.42 0.39 0.65 0.10
1/20 0.16 0.07 0.08 0.04

1/30 ' 0.06 0.06 0.03 0.03

10000 1/10 0.46 0.52 1.00 2.86
1/20 0.04 0.05 0.32 0.29

1/30 0.02 0.03 0.07 0.07

100000 10 3.17 12.34 17.97 5.57
1/20 1.23 4.23 7.32 4.19

1/30 0.10 0.26 0.22 0.24

T EFIMETS , BAX W R AEE S AIRERBRASEENER, AKTEITHE
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