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1 r=h T=1 CN 2
\ CN
L, L, L, L
1/5 1.100( -5)  8.176( - 6) 5.758( —6)  4.281( - 6)
1/10 3.921( -6) 2.773( - 6) 1. 560 3.926(-7) 2.776( -7) 3.947
1/20 1.033(-6) 7.306( - 7) 1.924 2.460( —8) 1.739( - 8) 3.997
1/40 2.614(-7) 1.848(-7) 1.983 1.538(-9) 1.087( -9) 4.000
1/80 6.554( —8)  4.634( - 8) 1.996  9.611( - 11) 6.796( — 11) 4.000
1/160 1.640( -8)  1.159( - 8) 2.000  6.007( - 12) 4.247( - 12) 4,000
17320 4.100( -9)  2.900( - 9) 1.999  3.750( - 13) 2.652( - 13) 4,002
1/640 1.025( - 9) 7.248( - 10) 2.001  2.167( - 14) 1.532( - 14) 4.114
2 T=02 CN . 2
h ! ' CN 5 CN 5
0.012 500 00 3.2 16 5.356( -4)  3.464( —4) 3.787( -4) 2.450( - 4)
% 0.006 250 00 1.6 32 7.959( -4) 8.527(-5) 5.628( -4) 6.029( - 5)
0.003 12500 0.8 64 8.609( —4) 2.004(-5) 6.088(—4) 1.417(-5)
0.006 250 00 6.4 32 1.334( -4) 8.686( —5) 9.436(-5) 6.142( - 5)
3% 0.003 12500 3.2 64 1.986( —4) 2.163(-5) 1.404(-4) 1.530( - 5)
0.001 56205 1.6 128 2.149( -4) 5.328( -6) 1.520(-4) 3.767( - 6)
0.003 12500 12.8 64 3.333(-5) 2.173(-5) 2.357(-5) 1.537(-5)
61—4 0.001 56250 6.4 128 4.963( -5) 5.428( -6) 3.510(-5) 3.838( -6)
0.000 78125 3.2 256 5.371(-5) 1.352(-6) 3.798(-5) 9.559( -7)
2 : 0.5)*/a(4t +1) 1.
[@_aai; P 00<a<21>0 2 3 a =0.01
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(a)p=1T=1257=625x10" N =31
CN 9.540( - 2) 5.062( - 2)
EHOC 1.395( - 2) 6.322( - 3)
3.506( - 3) 1.549( - 3)
(b)p =10 T=1.25x10" 7 =6.25x10° N = 51
CN 3.433( - 1) 1.526( - 1)
EHOC 7.904( - 2) 3.091( - 2)

(_
2.002( - 2) 7.131( - 3)
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, CN
L, L, L, L,
1/5 7.604( - 1)  7.363( -1) 1.807( - 1) 1.310( - 1)
1/10 2.881( 1) 1.916( - 1) 1. 942 1.197( -2)  7.639( - 3) 4.100
1/20 9.315( -2) 4.860( -2) 1.979 8.224( —4) 4.791( - 4) 3.995
1/40 2.488( -2) 1.215( -2) 2. 000 5.280( -5) 2.991( - 5) 4. 002
1/80 6.359( -3) 3.037( -3) 2. 000 3.328( - 6) 1.869( - 6) 4.001
1/160 1.604( —3)  7.592( - 4) 2. 000 2.087( -7) 1.168 ( -7) 4,001
1/320 4.024( - 4) 1.898( - 4) 2. 000 1.306( - 8)  7.300( - 9) 4. 000
1/640 1.008( —4) 4.745( - 5) 2. 000 8.165( — 10) 4.568( - 10) 4. 000
5 r=rk” T=02 CN 2
h B r L L.
CN CN
0.012 500 00 3.2 16 1.588( —2) 1.944( -4) 1.509( -2) 1.661( —4)
11—6 0.006 250 00 1.6 32 1.583( -2) 1.233(-4) 1.504(-2) 1.053( -4)
0.003 12500 0.8 64 1.581( —=2) 1.055(-4) 1.502( -2) 9.008( -5)
0.006 250 00 6.4 32 5.122( -3)  3.666( - 3.891( -3) 2.586( - 5)
é 0.003 12500 3.2 64 5.103( -3)  1.481( - 3.877( -3) 1.044( - 5)
0.00156250 1.6 128 5.099( -3) 9.345( - 3.873(-3)  6.591( - 6)
0.003 12500 12.8 64 1.502( -3) 8.237( - 9.813( —4) 5.486( - 6)
61—4 0.001 56250 6.4 128 1.496( -3) 2.433( - 9.776( —-4) 1.620( - 6)
0.000 78125 3.2 256 1.495( -3) 9.815(-7) 9.767( -4) 6.537( -7)
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A Rational High-Order Compact Difference Scheme for
the 1D Unsteady Convection-Diffusion Equation

ZHAO Fei CAI Zhi-quan GE Yong-bin®
( School of Mathematics and Computer Science Ningxia University Yinchuan Ningxia 750021 China)

Abstract: A two-evel rational high-order compact difference scheme for solving the 1D unsteady convection-diffu—
sion equation is proposed. The local truncation error of the scheme is O( h* +7°) . It is proved that is unconditionally
stable by von Neumann analysis method. Because only three points are used at each time level this difference
scheme can be solved by the method of forward elimination and backward substitution. Finally numerical experi—
ments for three test examples are carried out to demonstrate the accuracy and the effectiveness of the present meth—
od. It is found that the present method is not only easy to be implemented to solve the 1D unsteady convection—dif-
fusion problems but also can be used to solve the unsteady pure convection problems or the pure diffusion prob—
lems. And the computed results are better than Crank-Nicolson ( C-N) scheme and the exponential high-erder com-
pact ( EHOC) difference scheme.

Key words: unsteady convection-diffusion equation; rational type; high-erder compact difference scheme; uncondi-

tionally stable



