-

View metadata, citation and similar papers at core.ac.uk brought to you byf: CORE

provided by CW!I's Institutional Repository

Topic number: 6

MODELS OF INTERACTING STREAMERS

A. Lugue’? F. Brau! and U. Ebert?3
1 CWI, P.O. Box 94079, 1090 GB Amsterdam, The Netherlands
2A. Luque@wi . nl
3 Dept. Physics, Eindhoven Univ. Techn., The Netherlands

Streamers are transient, thin plasma channels that prgiagaa non-ionized medium due to
the self-enhanced electric field at their tip. They are widglcountered in nature where they play
an important role in building up lightning strokes, they alg encountered as electric discharges
called sprites [1]. Streamers are also of industrial releea their applications include ozone
generation and the treatment of polluted gases.

Streamers most frequently appear aggregated in buncheseaeihl observations [2] indicate
that the interaction between them plays a significant rolth@ir propagation. However, until
recently streamer theory has focused almost exclusiveth@propagation of single streamers.

We present here two complementary approaches to the igaésti of interacting streamers:
first we analyze the three-dimensional interaction betvegeair of streamers and then an idealized
system of infinitely many streamers propagating in parallel

The numerical investigation of a pair of interacting streasrposes several difficulties and only
recently has it been viable, thanks to the increase in coatipntl power and the development of
improved algorithms. Adaptively refined grids [4] are desid to handle the multi-scale nature
of streamers; a transformation from an integral formutatio partial differential equations [5]
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pa [pm-bai] ? Jpm-baa] due to the charge in their heads. Taken from [3].
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simplifies the calculation of the non-local photo-ionipatisource and, finally, a pseudo-spectral
method allowed a three-dimensional code to take advanfagelt-processor machines [3].

There are two possible outcomes of the interaction betweenstreamers: they can repel
electrostatically or they can coalesce due to the photizddion of the space between them [3].
Which process is dominant is decided by the interplay ofotsriparameters such as gas compo-
sition, pressure and distance between the streamers.

On the other hand, since streamers often appear in bunatathea approach to understand
the effect of interactions between them is to model theselmes as regular arrays of identi-
cal streamers [6]. This description is particularly corieensince the effect of all neighbouring
streamers can be summarized by boundary conditions thusféraning a multi-streamer model
into a single-streamer one. The system thus formulatedgiyaesembles other systems studied
in pattern formation physics and fluid dynamics, such as{3law flows and kinetic undercool-
ing. To further stress this connection we initially focused2D (planar) systems.

Also in this model the interaction of streamers strongleeiff their propagation, which now
shows remarkable properties: (1) For any localized initiaization seed, after a transient time the
streamer reaches a state of uniform propagation, whichiemphat (2) the electric field behind
the front is completely screened. (3) The profile of the umifly translating front is that of a
Saffman-Taylor [7] finger whose diameter is always half & tlistance to the next streamer.

We have shown two approaches to the study of interactingrstees which, provide a first in-
sight into this phenomenon. Many extensions and improvesreme currently being investigated,
such as the extension to 3D streamer arrays, and the extesioteractions between the head
of a streamer and the tail of another. Work in these direstiwill provide crucial insights into
multi-streamer discharges.
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