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Research frontier and importance of the scientific challenge  
 
Contraction of the gas discharge, when current contracts from a uniform volume of weakly ionized 
plasma into a thin arc channel, was attracted attention of scientists for more than a century. Studies of the 
contraction mechanism, besides carrying interesting science, are of practical importance, especially when 
contraction should be prevented as in powerful gas lasers. Current contraction is a typical example of self-
organization phenomena in weakly-ionized plasma. Previous research has examined the build-up 
dynamics of the contracted state. The experiments show that the formation of the contracted state occurs 
nonuniformly. This process involves growing the current filament from one electrode to another, and like 
a streamer, the filament eventually crossconnects the electrodes of discharge gap. A number of questions 
arise such as: is the growing filament analogous to the ionization wave type of a “thermal” streamer? 
What are the plasma properties behind the front of the rising channel? Does the field strengthening and 
increasing current which occur at the filament tip play an important role for the channel expansion? Those 
questions were discussed in literature, where analytical and numerical calculations were conducted mostly 
for non-self-sustained discharge. However, up to now, for self-sustained discharge, there is no presently 
comprehensive understanding of the dynamics of non-uniform contraction including formation of the 
steady state. In addition, the questions of why the nonuniform contraction occurs and what are the 
required conditions have never been asked. 
 
Interest to study of the transition from volumetric to constricted gas discharge forms is stimulated by the 
fact that there are large number of experiments on the dynamic contraction of a glow discharge in 
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• We developed simplified 2D model of contraction. Analysis of the current contraction in the gas 
flow is laborious since the discharge channel is always 3D due to the presence of the gas flow. 3D 
computer modeling is more adequate 

• 2D and 3D stability analysis 
• Role of near-electrode sheaths in contraction development, especially for hysteresis regime 

Experimental studies:  
• Controllable contraction stimulation in molecular gas flow 
• Contraction and ignition in air-fuel mixtures 
• Apply modern laser-based diagnostics to study instantaneous nonequilibrium plasma parameters, 

such as local plasma components distributions, translational, vibrational and electron 
temperatures  

 

The impact of this research on plasma science and related disciplines and any potential for societal 
benefit 

Intellectual Merit and Broader Impact: Theoretical and computational studies of the thermal-ionization 
instability in weakly ionized plasma will contribute to the understanding of the formation and evolution of 
current channel in gases. In particular, the effects of varying discharge geometry, density gradient, gas 
composition, pressure, temperature, and external circuits will provide a deeper understanding of gas 
discharges. Potential applications include: extending fundamental knowledge in the physics of gas 
discharge and weakly ionized plasma and influencing the design of powerful lasers and plasma chemical 
reactors through a quantitative understanding of current contraction. In particular, the models of current 
contraction may have direct relevance to the recently discovered atmospheric phenomena of Blue Jets, the 
narrowly collimated beams of blue light propagating upwards from the top of thunderstorms. It is broadly 
accepted that Blue Jets are produced by a lightning leader running upward in the nonuniform atmosphere, 
which is governed by the current contraction [5].  
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