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Abstract

In this paper, a new second-order accuracy, linear, decoupled and unconditionally
energy stable time-stepping numerical scheme is constructed for the phase field mod-
el with charge transport. Firstly, an ordinary differential equation with zero energy
contribution feature is introduced to handle the nonlinear coupling terms. Second-
ly, the scalar auxiliary variable method is used to deal with the nonlinear potential
function in the Cahn-Hilliard equation. The second-order backward differentiation
formula is used for temporal discretization. We strictly prove the unconditional ener-
gy stability of the proposed scheme and provide a detailed decoupling implementation
process. Finally, several numerical experiments are carried out to verify the accuracy

and effectiveness of the proposed scheme.
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Table 1. Temporal errors and convergence rates ( hy = hy, = 2.5 x 107%)

F 1. WRREFSN (he = hy = 2.5 x 1077)

At lesll2 EOC lep. [l EOC lev |2 EOC
1/8 3.53e—04 - 3.15e—04 - 3.14e—04 -
1/12 1.57e—04 2.007 1.40e—04 2.007 1.38e—04 2.019
1/16 8.80e—05 2.005 7.84e—05 2.005 7.72e—05 2.030
1/32 2.20e—05 2.004 1.96e—05 2.004 1.83e—05 2.075
2 T
At=1e1 € At=1e1
I e i |
% At=8e4 % At=8e4
15F b
3 1251
% (e} R e e B S S R B B B S R B B R B B B IR S R S S I B B R S B
E %v | 0.75
B
\ 05r
’ K\\“%m}%_ﬁ
S e | 0.25
9.5 : ! : 5 i 0
0 3 6 9 12 15 0 3 6 9 12 15
Time Time
(a) (b)

Figure 1. (a) The evolution of the discrete total energy for different time steps (b) The evolution of the
variable @ for different time steps
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Figure 2. Snapshots of phase function ¢ at different times ¢
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Figure 3. Snapshots of phase function ¢ at different times ¢ with ¢. =0
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Figure 4. Snapshots of phase function ¢ at different times ¢ with ¢. = 0.5
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Figure 5. (a) The evolution of total energy with different initial values (b) The evolution of the variable Q
with different initial values
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