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Streamer breakdown in needle-sphere (a, b, c, 

d) and needle-needle (e, f, g, h) electrode gaps, 

10 mm apart.  

Streamer/surface 

flashover initiation 

on the 

perpendicular 

[panels (a), (b)] 

 and parallel 

[panels (c), (d)] 

immersed dielectric 

interfaces.  

Needle-sphere electrode geometry used for streamer 

simulation purposes as described in IEC 60897 standard. 

Streamer stochastic branching caused by microscopic 

perturbations distributed by a normal Gaussian function.  

Finite element modeling of positive and negative 

streamer initiation, propagation, branching, and 

interaction with various pressboards having 

different permittivities immersed in transformer oil 

are presented. Effects of applied impulse voltage 

polarity, peak, and rise-time on breakdown 

phenomena are investigated through the analysis of 

streamer shapes, charge distributions, and streamer 

velocity. Breakdown voltages and delay times can 

be predicted for a needle-sphere electrode geometry 

using the results obtained from the model.  

Grounded electrodes’ total current through 

different gaps and geometries at their own 
breakdown voltages. 

FIGURE 3-4. The measured 

breakdown voltages & electric 

field distribution for 4 pairs of 

electrodes. A high voltage 

impulse (30kV) was used and 

electric field strength from charge 

injection are plotted. 

 

No space 

charge 

Electric field is 

uniform at E0.  

Unipolar positive (+) or 

negative (-) charge 

injection:  

Electric field is reduced 

at one electrode and 

enhanced at the other.   

Bipolar homocharge 

injection 

Electric field is reduced 

at both electrodes and 

enhanced in the central 

region. 

Bipolar heterocharge 

injection:  

Electric field is 

enhanced at both 

electrodes and 

depressed in the 

central region. 

FIGURE 2. The Kerr Cell test setup for high voltage measurements and breakdown testing. 
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The primary focus of Prof. Zahn’s research group is the development of theory and applications that combine electromagnetism and other 

disciplines. Examples of the research include smart electric and magnetic liquids (electrohydrodynamics and ferrohydrodynamics respectively) for 

microfluidic, biomedical and even oil spill disaster recovery; using nanoparticle technology  to improve high-voltage performance of electric power 

apparatus; modeling of electrical streamer initiation and propagation leading to electrical breakdown; Kerr electro-optic field and space charge 

mapping measurements in high-voltage stressed materials; and for the development of model-based interdigital dielectrometry and 

magnetometry sensors for measurement of dielectric permittivity, electrical conductivity, magnetic permeability, and volume charge in flowing 

liquids, with applications to nondestructive testing and evaluation measurements and for the identification of metal, low-metal content, and 

dielectric landmines and unexploded ordnance. 
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