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Experimental investigation characteristics of leader-streamer transition in conditions of high stress
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The breakdown of air insulation does not occur usually until streamers close a pair of electrodes and low-temperature plasma of streamers turn to high-temperature plasma of a spark channel. Also if voltage is high enough (a threshold value about 300 kV is mentioned in literature) streamers may turn to leaders "on the run" when the streamers did not reach the opposite electrode yet. The sphere-plane electrode system was exposed by the standard "lightning" pulse of voltage. The rising front of the pulse was 1.2 μs long and the falling front of the pulse was 50 μs long. Photographs of various streamers are presented: streamers closing the pair of electrodes; the so-called explosive streamers which may turn to a leader "on the run" - avoiding closing the pair of electrodes. Oscillograms of streamer current are presented along with photographs. Particularly the oscillograms of closed and unclosed explosive streamers and current impulses of the streamer-to-leader transition have been analyzed. Explosive streamers have branching points from which the tens of channels go while the usual streamers' channel branches on two or three channels only. Current impulses of explosive streamers are longer than ones of the usual streamers and have additional peaks. These peaks may be associated with strong heating of some channels which may cause conduction increasing. Current of usual streamers decreases fast due to plasma degradation processes - recombination and attachment. It is revealed also that explosive streamers occur on the rising edge of the voltage impulse while usual streamers may occur on the long falling edge as well as on the short rising edge of the voltage impulse. Heating of the streamer channels was estimated. Characteristic time values of streamer plasma degradation are presented. The precondition of the transition of unclosed and explosive streamers to leader are considered. The influence of solid dielectric insulation on streamer structure and the streamer-to-leader transition are considered.
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