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Abstract

We propose a new approach to unambiguous determination of parameters of positive and negative electric streamer discharges
(streamers). We derive several relations between streamer parameters which allow us to express them in terms of the streamer
length L and the external electric field E_e, as functions of streamer radius a. In particular, we find that the streamer velocity
V(a) has a maximum at a certain value of radius a_s. We interpret the streamer as a nonlinear instability, whose behavior is
determined by maximizing its growth rate, proportional to V. The radius of the streamer is therefore hypothesized to be equal
to a_s, which fixes all streamer parameters. Thus, for the first time (to our knowledge) we prove that the streamer parameters
are completely determined by E_e and L and suggest a simple way to calculate them that does not require hydrodynamic
simulations. The parameters of streamers in air at sea level conditions, calculated in the proposed way, are compared and
found to be compatible with experimental data [e.g., velocities obtained by Allen and Mikropoulos, 1999, doi:10.1088/0022-
3727/32/8/012 and radii seen on the photographic images of Kochkin et al, 2016, doi:10.1088/0022-3727/49/42/425203], as well
as with results of hydrodynamic simulations [Lehtinen and @stgaard, 2018, doi:10.1029/2018JD028646]. We also reproduce the

correct values of streamer threshold fields of ~0.45 MV /m for positive streamers and ~0.75-1.25 MV /m for negative streamers.
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WHAT IS A STREAMER? STREAMER MODEL AND RELATIONS BETWEEN PARAMETERS THE CALCULATED PARAMETERS FOR LAB CONDITIONS

Electric streamer discharges are ionized columns in gas (or liquid) [Kochkin et al., 2014, Fig. 8] 0 . We compare to experimental result of Allen and Mikropoulos [1999].
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Figure 1* Positive streamer [Raizer, 1991, . 335] Figure 2- Negative streamer [Raizer, 1991, p. 338] EQUATION 3: IONIZATION FRONT EQUATION 4: PHOTOIONIZATION Figure 15: Results for negative streamers (Same lab ConditiOnS).

Note: the avalanches started by photoelectrons
are directed outward, but the streamer moves so O~
fast that it catches up with them. /

STREAMER THRESHOLD FIELDS [RAIzER, 1991, p. 362]

To identify physical principles that determine and to calculate streamer radius, speed and other
parameters (e.g., field in front of the streamer and inside the channel)

Interestingly, the physical reason for the minimum external field E¢ = E_; at which the streamer still can propagate
Is different for different streamer polarities.
Positive streamers: As the external field E¢ decreases, the internal field Eg also decreases, and the three-body
attachment becomes increasingly important. The number of attachment lengths determines the threshold
E.; ~ 0.45 MV/m. The threshold is lower for shorter streamers.

Negative streamers: a — oo at threshold E_; ~ 0.75-1.25 MV/m. The threshold is higher for shorter streamers.

This task had not been solved before now. Another important unsolved task in streamer physics is
understanding the physical principles of streamer branching.

Figure 12: The streamer model (photoionization)

Figure 11: The streamer model (the front)
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Thus, we relate V, Ef and app, ~ a. and radius, on the basis of the given external electric field and the streamer length.

Possible future directions:
@ More comparisons, with both experimental data and hydrodynamic simulations.

SYSTEM OF EQUATIONS FOR Es, Ef, @, N, V @ Hydrodynamic simulation study of the parameter stability.
l.e., try to vary the parameters and see if they come back to the fixed value.

@ An electrostatic model determines relation between Eg and Es, E; © Nonuniform fields and branching.

@ The ionization ns is related to velocity V: the current flowing in the streamer channel (x ns) is equal to “flying charged rod” current < V The presented theory produces no branching in uniform fields.

© The ionization ns is related to E; by the results of the flat front theory [Lagarkov and Rutkevich, 1994]. © What happens when the streamer becomes too wide (nothing/branching/something else)?

© Velocity V is related to the radius a (and field Ey) through the photoionization mechanism [Naidis, 2009; Pancheshnyi et al., 2001].

We notice:
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