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Group Classification of Finite Difference Scheme

PAN Shu-qin, RAN Zheng
(Shanghai Institute of Applied Mathematics and Mechanics, Shanghai University, Shanghai 200072, China)

Abstract; This paper presents an analysis on the group structure of finite difference scheme in
computational fluid dynamics using the Lie group analysis method, together with the invariant solutions of

the traditional schemes. The study will help understand the differential effects of discreteness on numerical

dissipation and dispersion.
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Table 1 Lie algebra of the first order scheme

v, v, v, v, A
V 0 V, —LV V. LV 0 1% 0
1 A 27y 76 4
1 1 1
Vo Vieg Vs 0 v, -5V Vo0
1 1
Vi Vo=t Ve v, 0 -V, 0 0
1 1 1
v, 0 - 7V4 - 7V5 0 - 71/6 0
1 1
Vs V4 7‘/5 0 - Vs 0 0
Ve 0 0 0 0 0 0
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Fig.1 Comparison of two different solutions at # =1,c =0.5
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Table 2 Group classification of the second order scheme

( strong symmetries)

v, v, Vs
v, 0 0 3V, +2V,
v, 0 0 v,
v, 3V, +2V, v, 0
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Fig.2 Periods and amplitudes for three different

solutions at ¢ =2
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vV, =U,,
V= Ua (22)
V, = U, +2i(U, -U,),
V, = U, —4(U, +U,).
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(Vi,V,] = 9,0,
(V,,Vy] =0,[3t, + (x +2t)a,] -

[3t, + (x +2¢)d, ]9, = 30, + 319, +

20, + (x +2¢)0d, —3t9, + (x +2t)9, =

39, +20, =3V, +2V,, (24)
[V, Vo]l =a,[(-4t+x)a, -3t9,] -

[(-4t+x)o, -39, ], =—40, + (-4t +x)0, -

39, = 3td, — (-4t +x)9, +3td, =

-49, -39, = -4V, -3V,, (25)
[Vy,Vi] = 9,[3t9, + (x +2t)0,] -

[3t9, + (x +2t)d, ]9, =3td, +9, + (x +2t)9,, —
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[(-4t+x)ad, —3t0,][3t9, + (2t +x)a,] =
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Table 3 Group classification of the second order scheme

( weak symmetries)

Vi v, A Vv,
Vi 0 0 3V, +2V, -4V, -3V,
Vv, 0 0 v, v,
v, 3V, +2V, v, 0 -2(V,+V,)
V, -4V, -3V, V,  =2(Vy+V,) 0
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