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DISCHARGE IN DIELECTRIC LIQUID :

STREAMER−ELECTRODES−LIQUID INTERACTION
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Plasmas generated in dielectric liquids are mainly studied for materials

machining (known as Electrical Discharge Machining or EDM) and for

electrical insulation in high voltage technologies. In order to understand

fundamental mechanisms governing these media, we made micro-gap

discharges in a highly dielectric liquid: heptane.

Applying a high voltage between pin and plate electrodes with micrometric

gap distance, allows us open a channel of plasma (streamer). It propagates

in the medium and interacts with electrodes. Optical Emission Spectroscopy

(OES), by using black-body emission, has shown that plasma gas

temperature is about 5000 K. Lifetime of plasma was estimated several

hundreds of nanoseconds using ultrafast video camera. From high time

resolution movies, we characterized the interaction between the streamer

and the liquid phase. The formation and oscillation of a bubble are observed

after the propagation of the streamer. By using two fast-video cameras, we

determined the 3D trajectory of bubbles. It helped us estimate the pressure

in the plasma which was found to be around 200 MPa.

Hot single streamer interacts with surfaces of electrodes and creates impact

at the cathode and at the anode. The dimension of the craters was studied

as a function of the gap distance and the applied voltage. It increases

linearly below 4 kV and remains constant above. The morphology was also

obtained by using Atomic Force Microscope (AFM). The shape of the impact

consists of an outer bead attributed to Marangoni forces, the plasma

pressure release leaving a bump in the center of the structure. The physical

chemistry of a single feature was obtained by nano-SIMS analysis. Two

different situations were pointed out: (i) when the surface is strucked by a

small number of streamers (~10 streamers), we find matter of the pin

electrode (platinum) deposited outside the impact area. (ii) when the

surface is strucked by a large number of impacts, we find matter deposited

inside the impact area.
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