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The numerical simulations of the cathode directed streamer propagation in the atmospheric air at the constant
voltage applied to the discharge gap are carried out. It is found an explanation of the streamer stopping possibility at
the given distance from electrodes achieved in experiment. For the streamers, which cross the gap, it is obtained the
transverse ionization wave propagation, which gives a contribution to the second maximum of the total current time

dependence.
PACS: 52.80.Hc

INTRODUCTION

At the constant applied voltage, the positive corona
in atmospheric air usually operates in pulse mode,
through the cathode directed streamers. Experiments
show that in positive corona the energy expense on one
ozone molecule forming is less than in negative corona.
Positive streamer propagation is widely studied [1] and
its study is continued [2, 3]. In the present work, a final
stage of streamer propagation is studied.

Dependently on the discharge parameters, the
streamer can either cross the gap between electrodes or
stop somewhere in the gap. Experiments show that in
the first case there are two peaks in the total current
time dependence, whereas in the second case there is
one peak.

The streamer stopping in the gap far from electrodes
itself at first sight seems surprising phenomenon.
Indeed, if an ionization zone ahead of streamer has
moved sufficiently far from the needle anode after the
beginning of streamer propagation, but it has not come
to a very short distance on the plane cathode, then some
further streamer propagation does not change
considerably the electric field in the ionization zone.
And it may be supposed that all streamers, which have
passed the considerable part of the gap, will come to
cathode. But in the experiments, the ability is
demonstrated to stop the streamer in any position, not
very near to electrodes.

To find out the causes of phenomena observed when
a streamer stops in the gap or comes to cathode, the
numerical simulations were carried out. In the
calculations, there were taken into account drift and
diffusion of electrons and ions, positive and negative,
and the reactions of ionization, recombination, ion-ion
and electron-ion, and attachment. The equations and
some details of calculations are given in [4]. For the
source of electrons necessary to begin the avalanches, it
was taken electron emission from cathode under
different assumption about photon distribution. Namely,
it was uniform over cathode, or it was formed by flow
without absorption parallel to the axial symmetry axis,
or by spherically symmetric flow with absorption.

1. STREAMER STOPPING IN THE GAP

As one of the causes of the streamer stopping in the
discharge gap with a needle anode (together with the
field non-uniformity), it is sometimes proposed the
streamer channel conductivity decrease through electron
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attachment. But in [5], there is detailed substantiation of
formal possibility of the stationary streamer propagation
in the unbounded space with an attaching gas and
uniform external field. The characteristic length of the
well conducting part of such streamer is determined
with the product of the streamer velocity and the
characteristic time of a free electron motion before the
attachment. Farther from the streamer head, the
streamer channel is filled with the positive and negative
ions, which density decrease with time through
recombination. But all streamer characteristics in the
frame of reference moving together with such streamer
and the streamer propagation velocity are constant. In
the real bounded discharge gap with non-uniform field,
the intensive attachment to a certain extent may to
promote the streamer stopping through the conductivity
decrease in the space near the needle anode. The field
strengthening here (caused by the decrease of the
medium conductivity and the ability to screen the field)
leads to the potential drop increase on the streamer
channel and to its decrease on the rest part of the gap,
and so, to the field weakening in the ionization zone.
But if such potential redistribution takes place at the
stage of the streamer propagation when the distances
from the ionization zone to anode and cathode are the
values of the same order then the tendencies, in the
ionization zone, to the field weakening (due to the
conductivity decrease) and strengthening (due to the
streamer movement to cathode) are the factors of the
same order, and so, the streamer channel conductivity
decrease caused by electron attachment hardly may be
decisive circumstance for the streamer stopping far from
electrodes.

One of the possible causes of such stopping is
suggested by the following experimental fact: it is
comparatively easy to stop the streamer in the given
point of the gap by the decrease of the applied voltage
from the values, at which the pulsed mode of discharge
with the streamers crossing all gap had been already
stated, whereas the increase of voltage from the small
values at once gives the streamers, which cross the
whole gap. So, it is natural to pay attention to the
different conditions of the propagation of the first and
next streamers.

Before the first streamer start the distribution of free
electrons and negative ions in the discharge gap is
determined by external sources. If the sources are
uniform then in the gas with low intensity of attachment
the distribution of free electrons is near to linear one and
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the value of electron density near cathode is very small
(in connection with electron drift), whereas in the gas
with high intensity of attachment the similar distribution
is characteristic for the negative ions.

The next streamers are propagating in the gas with
the particles, formed by the previous streamers. There
are exited particles and negative ions, which may be
ionized due to interaction with other exited particles or
by photons or electrons having comparatively small
energy. In the time intervals between streamers, the drift
and recombination make the negative ion distribution in
the gap non-homogeneous along the field direction.
Nearer to anode the negative ion density is greater, and
here, the more favorable conditions for the streamer
propagation are formed. At such distance from anode,
where the negative ion density is too small, so that
relevant source of free electrons is too week, the
streamer stops. The dependence of the quasi-stationary
streamer propagation velocity on the average field
strength for the different background electron density is
shown in the Fig. 1. Streamers cannot propagate with
too small velocity.
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Fig. 1. Quasi-stationary streamer propagation velocity
for the different background electron density
(10°...10° cm™, from right to left)

For the streamer, propagating in the bounded gap,
the electric field strength in ionization zone has a
tendency to increase, as the charge of the streamer head
is gathered with aid of charge displacement on the
increased streamer length. But the transverse streamer
dimension is not fixed. The approximately determined
quantity is the electric field strength value in ionization
zone. It is determined with the characteristic type of the
dependence of the ionization coefficient on the field
strength. Namely, the strength in ionization zone
approximately corresponds to such values, the decrease
from which leads to considerable decrease of ionization
coefficient, whereas increase from which leads to only
small ionization coefficient increase. And the value of
transverse streamer dimension, for the given potential of
the streamer head with respect to cathode, should give
the required field strength value in ionization zone. As a
result, with the increase of the streamer length at the
beginning of its propagation, the transverse streamer
dimension increases, with approximately constant
values of the field strength and the densities of electron
current, leading to the increase both the displacement
current and the conductance current. The streamer
stopping gives the decrease of the total current for a few
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orders. The total current time dependence for the
streamers stopping in the discharge gap far from
electrodes has one maximum.

2. STREAMER STOPPING NEAR CATHODE

If the voltage applied to the gap is sufficiently large
then the pulsed mode of positive corona takes a form of
streamers, which cross the whole gap. The streamer
approach to cathode is accompanied with increase of the
field strength in ionization zone and with intensification
of impact ionization and radiation of photons able to
cause ionization in gas or electron emission from
cathode. The conductivity and displacement currents
considerably increase. But subsequent movement of the
streamer head to cathode leads to decrease of dimension
of ionization zone. Though this decrease is accompanied
with the field strengthening, the local intensity of
photon radiation and electron multiplication almost does
not enhance, as relevant coefficients for radiation and
ionization are almost independent on the field strength
at such strength level. So, the total rate of ionization
decreases, leading to the conductivity current decrease.
Also, due to ionization and the charged particle drift, in
the space very near to cathode, the density of positive
ions non-compensated by electrons is increased,
enhancing the tendency to the potential redistribution,
accompanied with some decrease of the rate of near-
cathode field strengthening, and so, with the
displacement current decrease.

The described processes give maximum in the total
current time dependence. But after the total current
decrease, its new increase takes place. It is connected
with the going out of large amount of positive ions to
cathode and with transverse ionization wave
propagation over the cathode surface. Usually, the
number of electrons knocked out from cathode by
photons generated in gap by one electron is much less
than the number of ionization acts made by the same
electron. Also, the ion-electron emission coefficient is
usually small. As a result, the total positive charge
going out to cathode is only slightly less than the total
negative charge going out to anode. Positive ion
distribution formed by avalanches near cathode is
characterized by so small distance of density doubling,
that the ion going out may give nanosecond time of the
total current doubling.

Fig. 2. Electron density distribution in the near-cathode
space at the time near maximum of total current for the
different variants of photoemission (in the text)

Further positive ion density increase in the space

very near to cathode leads to further potential
redistribution with the field strengthening in the
253



streamer channel, field weakening near cathode, and
with end of the transverse ionization wave propagation
(as potential values in the different points of the near-
cathode space become approximately equal to one at
cathode). The electron density distribution in the near-
cathode space at the time near maximum of total current
is shown in the Fig. 2 for the cases of photoemission
based on the photons non-absorbing in gas with uniform
distribution over cathode (left) and on the photons with
absorption length 10 um (right); the right boundaries are
cathodes, the horizontal pictures dimensions are
0.5 mm, the color range (at the top, from white to black)
corresponds to (10%...10'®) cm™ (in logarithmic scale,
with taking the color for the nearest lesser value).
Having passed the second maximum, the total current
begins to decrease.

Positive ions go out comparatively quickly from the
space, where the field strength is large. In the case when
the ionization intensity is not sufficient to keep the
positive ion number in the gap, the boundary of quasi-
neutral plasma is moving from cathode. Electrons and
negative ions also go out from the gap, but the field near
anode remains sufficiently strong for intensive
ionization. An accidental ionization enhancement here
leads to weakening of the field and ionization intensity,
and this end of the streamer channel stays near anode.
Through recombination and attachment, the channel
conductivity decreases and the potential drop on the
channel increases. So, at this stage, the field near the
cathode end of the channel is weaker than one at the
stage of streamer propagation, and it is not sufficient to
renew the propagation. The channel destruction or the
considerable decrease of its conductivity gives the
possibility for the near-anode ionization to form the
space charge, sufficient for new streamer development.

In the other case (for the sufficiently large applied
voltage), when the ionization process is quasi-
stationary, the gas heating usually leads to the spark
formation.

CONCLUSIONS

In positive corona the cathode-directed streamers
may cross the discharge gap or stop in it. The possibility
of the streamer stopping at the given (hot too small)

distance from cathode is connected with the presence of
negative ions and exited particles, which have remained
after the previous streamers and play a role of additional
source of electrons on the way of new streamer. The
streamer stopping here is connected with the
considerable decrease of negative ion density nearer to
cathode.

When the streamer crosses the whole gap, there are
two maximums of the total current. The first maximum
is connected with the stopping of ionization wave. The
second maximum is connected with the positive ion
going out of the gap and with the ionization wave over
the cathode surface. The characteristics of this wave are
dependent on the intensity of electron emission from
cathode. The time of its propagation is bounded with the
time of the considerable increase of the positive ion
density near cathode, which leads to essential potential
redistribution.
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KOHEYHAS CTAAUS PACITIPOCTPAHEHUSA KATOJOHAITIPABJIEHHOT'O CTPUMEPA

O. Bonomoes, b. Kaoonun, C. Manvkoeéckuii, B. Ocmpoywiko, H. Ilawenxo, I'. Tapan, JI. 3asaoa

BbINoOMHEHO YHCIEHHOE MOJENUPOBAHHE KaTOJOHANPABICHHOTO CTpUMEpa B aTMoc(epHOM BO3IyXe IIpH
IIOCTOSIHHOM HAIIPSDKEHUHU, IPUIOKEHHOM K paspsaHOMYy MNpOMEXYTKy. HaliieHO NosCHEHue BO3MOKHOCTH
OCTAHABJIMBATh CTPUMEP Ha JAHHOM PACCTOSIHMM OT 3JIEKTPOJOB, JOCTUTHYTOH B dKCIEpUMeEHTe. i CTpUMEpOB,
KOTOPBIE TNIEPECEKAIOT MPOMEXKYTOK, TOIYYEHO IMONEPEYHOE PACIPOCTPAHEHHE BOJHBI MOHHU3ALMH, KOTOPOE HAET
BKJIaJ] BO BTOPOH MaKCUMYM 3aBUCUMOCTH IIOJHOI'O TOKAa OT BPEMEHHU.

KIHIHEBA CTAAISA HOIMUPEHHA KATOAOCIHPAMOBAHOI'O CTPUMEPA

O. bonaomos, b. Kaoonin, C. Manwvkoecvkuii, B. Ocmpoywiko, 1. Ilawenko, I'. Tapan, JI. 3asada

BuxoHaHe 4mCIOBE MOJENIOBAHHS KaTOIOCTPSAMOBAHOTO CTPHMEpa B aTMOc()EepHOMY MOBITPi MPH MOCTiIHHIN
Hanpy3i, JOKJIaJCHIH 10 PO3PSTHOTO MPOMIXKKY. 3HaleHe MOSICHEHHS MOJJIMBOCTI 3yMUHATH CTPUMEDP Ha JaHiid
BIJICTaHi Bifl €JEKTPOJIIB, JAOCITHYTOI y eKCmepuMeHTi. [lng cTpumepiB, SKi MEPEeTHHAIOTH MPOMIKOK, OTpUMAaHe
TOTIepeYHe MOIIMPEHHS XBWJI 10HI3aIlil, SKe Ja€ BHECOK Yy APYIMH MaKCHUMYyM 3aJIe)KHOCTI HOBHOTO CTPYMY BiX
yacy.
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