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Abstract

In this paper, a novel higher order iterative operator splitting method is presented for the 2D
convection diffusion equation with the variable coefficient. The proposed scheme combines the
classical iterative scheme and Zassenhaus product formula for the temporal discretization. And
Fourier pseudo spectral method and dimensional splitting scheme are applied for the spatial op-
erators. The numerical results verified that the proposed method can get second order accuracy
by weighted iterative scheme. Besides, the new method not only can reduce numerical error but
also save a lot of CPU time than the classical iterative method.
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AR AR BB IR BT R
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u(x,0)=uy(x), xeQ,
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du (t) = Au; (t)+Bu;, (t)+ f (), 4, (tn) =un

dt
dui-¢-1 (t)
dt
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du(x,y,t)
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u (1) = exp(Ar)u, (t")+ exp(At"*l)Lnﬂexp(—As) f (s)ds, (5)
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Ut (X, ¥, 1) = €Xp(—t)cos(2nx)cos(2my), X,y €[0,1]x[0,1],
BWELZIER T =1 6% u, (X, y) = cos(2nx) cos(2my) » HEIRZEMH L, {EH0BA, &L, i
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5.1. #ESEH 1

XA EAEH T, B RO RY BT, 3R EBUER ©, = «, = 0.1, RAHE AR
Bt vt .

1R RIRMBUEARSEERIRZE , FHRARBEER v, (X, y) = -3+ X, v, (X, y) =-3+y , LA HTE
MN =16, I RPKEBUNE & & P K

%2 B HZENERZE, I RUEEUN =16, XA RBUER v, (X, y)=1-X—y,v,(x,y)=1-x-Y,
PRILEAIE 1 h—RERIm K

%3 W B RINBGEAREIL R ZEN, MR RBIEFE v, (X, y) =1+ X v, (X, y)=1+y, [ SA55R%
BN =16, BEZSKAME 2 [FD.

4 BIBCEREIEK CPU I ILLEL, EFEAF A A, WK =
vi(Xy)=v, (X y)=1-x-y, HEBAMB, — S IBoR w2 s e .
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Table 1. Weighted iterative numerical error comparison. v, (x,y)=-3+X,v,(x,y)=-3+y,x, =k, =0.1
&=L MBUERBEIRELR. v,(xy)=-3+x1,(xy)=-3+y K, =x,=0.1

1/ BRI EL TEImAL 1 AR 2 AL
200 2 2.16E-02 9.50E-04 6.58E—04
400 2 1.11E-02 2.38E-04 1.61E-04
800 2 5.69E-03 5.93E-05 4.20E-05
1600 2 2.87E-03 1.48E-05 1.04E-05
Table 2. Comparison of weighted scheme error. v, (x,y)=v,(x, y) =1l-x-y,x,=x,=01
2. MBERRELE. v,(xy)=v,(xy)=1-x-y,& =K, =01
1/ AR oA 125 2 35 AL
200 2 4.31E-03 5.20E-04 1.66E-04
400 2 2.18E-03 1.46E-04 3.44E-05
800 2 1.09E-03 4.75E-05 7.36E-06
1600 2 5.48E-04 9.48E-06 1.64E-06
Table 3. Weighted iterative numerical error comparison. v, (x,y)=1+Xx,v,(x,y)=1+Y, x, =x, =0.1
=3 MBUERBEIRELLR. v,(xy)=1+xv,(xy)=1+y &, =x,=0.1
1/ AR To AL 125 2 35 AL
200 2 1.04E-02 2.75E-04 2.90E-04
400 2 5.28E-03 6.88E—05 7.29E-05
800 2 2.65E-03 1.72E-05 1.83E-05
1600 2 1.33E-03 4.30E-06 4.58E-06
Table 4. CPU time comparison of weighted iterative. v,(x,y)=v,(x,y)=1-x-y,x, =«,=0.1
4. MBUARKHE) CPU BFEIEEE. v (X,y)=v,(xy)=1-x-Yy,x,=x,=01
10 16
TR 18.0134s 152.5261s
1 B 18.2848s 164.1404s
2 3B 19.1191s 168.0754s
Table 5. Comparison of weighted iterative error. v, (X,y)=-3+X,v,(x,y)=-3+Yy, x, =k, =0.0001
5. MBUERRELE. v, (xy)=-3+X1,(X,y)=-3+Y, x, =, =0.0001
1/ AR To AL 125 2 35 A
200 2 5.01E+04 8.02E-03 1.52E-03
400 2 3.55E-01 2.01E-03 3.66E-04
800 2 4.71E-02 5.05E-04 8.80E-05
1600 2 2.46E-02 1.28E-04 2.12E-05

)
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Table 6. Comparison of weighted scheme error. v,(x,y) =v,(x,y)=1-x-Y, k, = k, =0.0001
6. MBERIRELE. v (xy)=v,(xy)=1-x-y, x, =x, =0.0001

1/ BRI EL oA 1 AR 2 AL
200 2 8.39E-02 9.14E-04 4.64E—04
400 2 428602 2.32E-04 1.12E-04
800 2 2.16E-02 5.72E-05 2.82E-05
1600 2 1.08E-02 1.45E-05 7.10E-06

< e S

Figure 1. Error chart. v;(X,y)=-3+X,v,(X,y)=-3+Yy,x,=x,=01 N =20,7 :47(1)0

B 1 OREE. v(xy)=-3+xv,(xy)=-3+y,xk =x,=01LN :20,1:&
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Figure 2. Error chart. v, (x,y)=v,(x,y)=1-x-y, &, =x,=0.1
B2 REE. v,(xy)=v,(xy)=1-x-Yy,& =x,=01
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Table 7. Comparison of weighted iterative error. v, (x,y)=1+x,v,(x,y)=1+Yy, k, = &, = 0.0001
=7 MBUERBEIRELLR. v,(xy)=1+Xv,(xy)=1+Y, x, =x, =0.0001

1 eV ¢ Tt 18 2 5T
200 2 7.20E-02 1.66E-03 6.17E-04
400 2 3.72E-02 4.15E-04 1.51E-04
800 2 1.90E-02 1.04E-04 3.76E-05
1600 2 9.64E-03 2.59E-05 9.36E-06

Figure 3. Error chart. v,(x,y)=-3+X,v,(X,y)=-3+Y, , =, =0.0001
B 3. REE. v,(xy)=-3+X1,(xy)=-3+Y,x, =x,=0.0001
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Figure 4. Error chart. v,(x,y)=v,(x,y)=1-x-y, x, =&, =0.0001
B 4. REE. v,(xy)=v,(xy)=1-x-Y, & =x,=0.0001
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