
Introduction: Surface discharge initiation and

propagation on the surface of an insulating solid

immersed in a dielectric liquid were examined

numerically and experimentally. To establish a

generalized numerical technique for evaluating surface

discharge phenomena using the electrohydrodynamics

(EHD) approach, we employed the governing equations

of EHD, including the Navier–Stokes equations. To these

coupled governing equations, we added a temporal

surface charge equation for charge accumulation on a

dielectric liquid–solid interface, as well as terms for

ionization, dissociation, and recombination effects. To

validate our numerical technique, we compared

numerical solutions for breakdown voltage and current

with the results of experimental tests of a needle-bar

system with a dielectric liquid–solid interface. The

calculated propagation speeds of surface discharge

were compared with experimental values reported in the

literature and were found to be in good agreement.

Generalized EHD model:

Results: Some functions and user defined

equations were added via COMSOL Multiphysics

and the detailed numerical setup was

implemented in that program.

Conclusions: The results of this study confirm

the validity of the numerical and experimental

approaches used to modeling surface discharge and

tracking in dielectric liquid with a solid insulator. A

fully coupled finite element model was developed

and validated using an experimental setup. A needle-

bar electrode system was tested with a dielectric

liquid–solid interface. The numerical results were

found to be in good agreement with the experimental

results. The simulated speed of surface charge

propagation was found to be in good agreement with

experimental results reported in the literature.

Fig. 5. Distributions of temporal electric field intensity as surface plot and space charge 
density as contour plot for various time steps
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Fig. 1. needle-bar electrode system Fig. 2. Snapshot of surface discharge
in dielectric liquid

(a) Sliding streamer on the pressboard

(b) Breakdown on the pressboard

Fig. 3. breakdown voltage versus gap distance Fig.4. Comparison of surface discharge current

(a) 100ns

(b) 250ns

(c) 500ns

(d) 500ns (e) 1 μs (steady-state)

Table 1. Comparison of average breakdown velocity with solid insulator
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