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Table 2 Maximum error L, and mean square root error L, of 2CDS,4DPS and 8DPS solving Burgers equation

2-CDS 4-DPS 8-DPS
N
L error L, error L error L, error L error L, error
40 — — 0.58150 0.14282 0.70359 0.35940
80 — — 0.609425 0.08358 0.515178 0.116082
160 — — 0.802481 0.0651318 0.869026 0.0692375
320 0.64667 0.0515445 | 0.0042642 | 0.000375375 | 0.0315352 | 0.00249175
640 0.127819 | 0.00780553 | 0.0403525 | 0.00237591 | 0.0422261 | 0.0024999
1280 0.0243933 | 0.00157757 | 0.0097397 | 0.0006008 0.0098386 | 0.0006075
2560 0.0057826 | 0.00037746 | 0.0024385 0.0001473 0.0024437 | 0.0001477
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Table 2 Maximum error L and mean square root error L, of 2CDS, 3DPS and SWENO solving Burgers equation

N 2CDS 3DPS SWENO

R

© L, L L, L L, L,

20 --- - 0.2300  0.3087e-1 0.9388e¢-1 0.9522¢-2
0 |- 0.7812¢-1 0.4350¢-2 0.1310  0.7276e-2
80 | — 0.3288¢-1 0.8569¢-3 0.8761e-1 0.3325¢-2

oo | 160 | 0.6978c-10.1899¢.2 | 0.2686e-10.5975¢-3 0.1494e-1 0.5572¢-3
320 | 0.1431e-104386e3 | 0.5908e-20.1433¢-3 0.2892¢-2 0.1057¢-3
640 | 0.3180e-209435¢4 | 0.1106e-2 0.2625¢-4 0.7987¢-3 0.3229¢-4
1280 | 04231¢30.1200e-4 | 0.2195¢-3 0.1027¢-4 0.4442¢-3 0.1812¢-4




20 - - 0.6328  0.1983 0.5089¢e-1 0.4939¢-2
40 - - 0.4754  0.5554e-1 0.6180e-1 0.3104e-2
80 - - 0.2884  0.1120e-1 0.8334e-1 0.2166e-2
500 | 160 - - 0.1216  0.1794e-2 0.1208  0.1657e-2
320 - - 0.3723e-2 0.4160e-4 0.1170  0.9597e-3
640 0.1270  0.6249¢-3 0.3973e-1 0.1745¢e-3 0.2782e-1 0.2224e-3
1280 0.2386e-1 0.1407¢-3 0.9222e-2 0.4660e-4 0.3596e-2 0.3136e-4
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Table 2 Mean square root error L, and accurate order of 2CDS, 4DPS, 8DPS and 12 DPS solvingl-D linear

convective diffusion equation (15)

N 2CDS 4DPS 8DPS 12DPS
L,error | Order L,error | Order L, error Order L, error Order
20 — — 6.9202e-2 | 1.5100 | 0.214603 1.224 0.51585 0.1254
40 — — 1.5748e-2 | 2.1717 | 6.0288e-3 | 5.1897 | 1.2761e-3 | 8.6591
80 — — 1.7906e-3 | 3.1367 | 4.1862e-5 | 7.1701 | 3.9799e-5 | 5.0029
160 — — 1.2477e-4 | 3.8431 1.8111e-7 | 7.8526 | 1.8054e-7 | 7.7843
320 | 1.1886¢e-3 — 7.6455e-6 | 4.0285 | 6.9406e-10 | 8.0276 | 6.9392e-10 | 8.0233
640 | 2.9035e-4 | 2.0334 | 4.7125e-7 | 4.0201 | 2.6749¢-12 | 8.0195 | 2.6746e-12 | 8.0193
1280 | 7.2112e-5 | 2.0095 | 2.9322¢e-8 | 4.0064 | 1.0328e-14 | 8.0211 | 1.0525e-14 | 7.9894
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Table 4 Maximum error Loo and mean square root error L2 of 2CDS, 4DPS I 8DPS solving 2-D convective diffusion equation

N*N Error 2-CDS 4DPCS 8-DPCS
L, — 0.16584 5.35478e-3
10*10
L, — 5.57123e-1 4.38512¢-4
L, — 7.10012e-1 8.12541e-5
20*20
L, — 6.32148e-2 7.06837e-6
L, 28.2941 6.16652e-2 6.67173e-7
50*50
L, 2.81677 5.89201e-3 6.03354e-8
100*100 L, 7.23446 4.108e-3 2.87218e-9
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Higherﬁ order accurate, non’ oscillatory, three nodes central difference scheme

for the convective diffusion equation constructed by using physical viscosity'’

Gao Zhi”
(State Key Laboratory of High Temperature Gasdynamics, Institute of Mechanics, Chinese Academy of Sciences,

Beijing 100190, China)

Abstract: Several higher-order accurate, non-oscillatory, three-nodes central difference schemes for the
convective-diffusion equation are given by perturbationally reconstructing the diffusion scheme in the
second-order accurate central difference scheme(2-CDS). Excellent properties of higher-order accurate and high
resolution of the present new schemes(call them diffusion perturbation scheme, DPS) are verified by analyses and
three numerical tests which include one-dimensional linear and non-linear and two-dimensional
convective-diffusion equation. In all numerical tests, the 2-CDS oscillates and diverges on coarse grids, while part
of DPS do not oscillates and can capture discontinuities with high resolution. The mean square root L2 errors of
all DPS are greatly less than those of 2-CDS in all numerical tests. The DPS are results of introducing
diffusion-motion law(i.e. physical viscosity smoothing out space-distribution of diffusion quantities) into 2CDS.
The present method is obviously different from the well-known those of constructing high-order accurate and high
resolution schemes. In addition, we prove that DPS are completely consistent with those result scheme of
introducing convection-motion law(i.e. law of that the downstream does not affect the upstream) into 2-CDS, that
show that the perturbational operation to 2CDS not only raise scheme’s accurate and stability but also reveal
intrinsic relation between the convective discrete scheme and diffusion discrete scheme and that the
upstream-downstream splitting is a very useful method for reconstructing high-order accurate, high resolution
CFD scheme without artificial viscosity or limiter.

Key words: computational fluid dynamics, numerical perturbation algorithm, high-order accurate and

non-oscillatory scheme, convection-diffusion equation
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