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A Study on the Corona Discharge Simulation Using FEM-FCT Method
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(Woong-Gee Min - Hyeong-Seok Kim - Seok-Hyun Lee + Song-Yop Hahn)

Abstract - In this paper,

the corona discharge is analyzed by Finite Element Method(FEM)

combined with

Flux-corrected Transport(FCT) algorithm. In the previous papers, Finite Difference Method(FDM) combined with FCT
was used. Usually in the FDM, the region of interest is discretized with structured grids. But to refine local regions with

same resolution, much more grids are required for the structured grids than for unstructured grids.

Therefore, we

propose the FEM-FCT method to simulate the corona discharge. The proposed method has good flexibility in model
shape and can reduce the computational cost by the local refinement where the physical quantities have steep gradients.
Using the proposed method, we study the streamer growth of parallel plate electrodes which is initiated by the low
and high perturbation density. We find that the varying the initial density of perturbation has very little effect on the
streamer propagation. And the corona discharge of the rod-to-plane electrode is simulated. On the surface of the rod
electrode, the high concentration of the electric field gives rise to many number of streamer seeds. The strong axial
streamer propagate to the plane electrode. The weaker non-axial streamer repel each other and stop growing more. The
results are very similar to those of the papers which used the FDM-FCT method on structured grids. Thus we can
conclude that the proposed FEM-FCT method is more efficient than the conventional FDM-FCT method by virtue of the

reduction in computational grids number.
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Fig.1 Discretized model of parallel-plane electrode
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Fig. 2 Variation of electric field magnitude on the axis in
case of high perturbation density 10"[cm™) (t=0.5~
55[nsec], time interval=0.5[nsec])
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Fig. 3 Variation of electron density on the axis in case of
high perturbation density 10'fem™] (t=0.5~5.5[nsec],
time interval=0.5[nsec])

Ion Density {cm™]

0.00 0.05 0.10 0.15 020 025
a2 4 X7 BBUEIE 1x10"em VY o Hatel ol
2le #3} (05nsecoll M 5.5nsec7tAl 0.5nsec 7+A)
Fig. 4 Variation of positive ion density on the axis in case
of high perturbation density 10“fem™ (=05~
55[nsec], time interval=0.5[nsec])
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Fig. 5 Spatial distribution of electron density and equi-field
line in case of high perturbation density 10'[cm™]
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Fig. 7 Variation of electron density on the axis in case of
low perturbation density 10%cm™® (t=0.5~75[nsec),
time interval=0.5[nsec))
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Fig. 9 Discretized model of rod-tol-plane electrode
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Fig.10 Magnitude of electric field on the axis in case of
rod-to-plane electrode with perturbation density
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Fig.11 Variation of electron density on the axis in case of
rod-to-plane electrode with penrturbation density
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Fig.12 Variation of positive ion density on the axis in case
of rod-to-plane electrode with perturbation density
10%em™] (t=1.0~9.0lnsec], time interval=1.0[nsecl)
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Fig.13 Spatial distribution of electron density in case of
rod-to-plane electrode with perturbation density
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