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The numerical simulations of positive corona at the constant voltage less than streamer mode threshold are carried
out. The pulse mode based on photon generation and photo-ionization is obtained, and its simple analytical model is
proposed. In addition to axially symmetrical process, it is studied the instability of the azimuthal harmonic, in the linear
approximation, on the same two-dimensional mesh. It is noted the possible connection of the first harmonic instability

with the sinuous streamer trace obtained in photo.
PACS: 52.80.Hc

INTRODUCTION

Even if electrode system and gas properties are axially
symmetric the process development may break an axial-
symmetry. For example, there may take place the flashes
by turn in two near areas of the needle anode surface in
positive corona [1].

The numerical simulations of axially symmetric
processes may be carried out on two-dimension mesh.
Three dimension simulations demand much greater
computer power, and it is possible to simulate only
comparatively simple systems now. But to reveal the
instability of an axially symmetric process with respect to
development of the azimuthally non-uniformity, it is not
necessary to carry out three-dimension simulations.
Assuming the non-uniformity small, one can make
linearization of the nonlinear equations for change of the
charged particle densities with respect to the non-
uniformity. And using the independence of the different
azimuthal harmonics in the linear problem, one can
integrate with time the nonlinear equations for the axially
symmetric process and the linear equations for one or
several azimuthal harmonics, on the same two-dimension
mesh.

Such approach was applied to ‘positive glow corona’
mode, which arises at voltage, greater than one sufficient
for the self-consistent discharge operation, but less than
one necessary for streamer formation. Azimuthal
instability of such mode may lead to the sinuous streamer
trace observed on the photo described below.

1. POSITIVE GLOW CORONA

The processes connected with the positive glow corona
develop mainly near the needle anode. Positive glow
corona accompanies with the pulses of total current and
light intensity. In the paper [2], it is well explained the
physical mechanism of the pulses and of the oscillations,
from which the pulses develop. It is worthy to supplement
the explanation with the simple model. Its analysis helps
to find out the influence of the different factors on the
development of oscillations.

For self-consistency, discharge needs in a source of
electrons and in a mechanism of the source feeding with
aid of the available electrons. In air discharge, the source
may be ionization of oxygen molecules, and the photons
necessary for it may be radiated from the exited states of
nitrogen molecules. In the one-component gas, there are
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no states, which energy exceeds the ionization energy, but
it is possible the associative ionization, which lies in the
joining of the exited molecule with another one (not
necessary exited) and the following formation of ion and
free electron. The ionization energy of the joined
molecule is usually less than the ionization energy of the
single simple molecule. In the frames of classical ideas,
this corresponds to the fact that a neutral molecule is or
becomes dipole and attracts to ion. Although the
mentioned three phenomena (excitation of molecules by
electrons, photon radiation, and release of electrons
through photo-ionization) suffice for the discharge self-
consistency, the availability of impact ionization leads to
considerable intensification of electron multiplication and
to decrease of voltage necessary for such discharge.

If voltage value is greater than the self-consistent
discharge threshold then occasional intensification of
ionization leads to increase of positive ion density.
Positive charge weakens the field near anode, and
ionization weakens. Through such degenerative feedback
the discharge can operate in stationary mode, although the
lag of ion charge accumulation from intensive ionization
and the lag of intensive ionization from field
strengthening may promote oscillations with the
characteristic time determined by electron drift to anode.
However, the oscillations may be dumped with relaxation
[3]. Excitation of oscillations may be promoted with the
effect of field strengthening in the space slightly distant
from anode by the positive charge disposed nearer to
anode. The process may be described with the equations

atha +VpaNpa = faNea :atNea +VeaNea _VecNec !
athc +Vchpc _VpaNpa = chec :atNec +VecNec :
In them 0, is time derivative, the indexes e and p

indicate electrons and positive ions, the indexes a and ¢
refer to the space nearer to anode and the space slightly
distant from anode, v, v, v,, and v are the

ea ec pa?

quantities reciprocal to the characteristic time of
removing of relevant particles from relevant spaces, f,
and f, are ionization frequencies., N,,, N, N, and
N, are densities. The frequencies f, and f_ are
assumed to be dependent on the charge densities,
fa = fa(Npa - Nea7 Npc - Nec) )
fc = 1:C(Npa - Nea’ Npc - Nec)'
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Let us introduce the designations f© and f© for the

stationary values of the functions f,(N,,N.,) and
f.(N_,N,), and the designations &, & 6 & and

f® for the values of the derivatives with respect to
charge densities at the stationary values of the densities
(the second index at the bottom indicates the space, with
respect to the density in which the derivative is taken). It
may be sought that inequalities % <0, f® <0,
f&>0,and f¥ <0 are held. They mean that positive

charge weakens the field in the space of its disposition
and in the space nearer to anode and it strengthens the
field father from anode, with relevant consequences for
ionization frequency. A non-stationary solution is
searched in the linear approximation,
N =N, +N,exp(vt), where the indexes 0 and 1

indicate a stationary value and a small perturbation,
respectively, and other indexes are not written. With usual
method, one can get the equations for the stationary
values, the linear equations for the perturbations, and the
conditions of their nonzero solution existence. In

particular, there are held the equalities f® =v_ and
C,N_, =v.N,,. where C,=v_,—f®. Taking into

account that ion velocity is much less than electron one,
for the perturbation increment v one gets

~-Cy* —-Cv*-Cv—-C,,

where
Cl = NeaO[C (f(l) f(l)) ea ag)]
C oC (- f(l)C _f(l)f(O))
C =y NZOC (f(l)f(l) (1)f(l))

Supposing that ionization coefficient in the space a
achieves the saturation, so that f{’ and f% are very

small, in comparing with % and f{, one can obtain

cc !

the relationship v=-C,/C, (for one very small
increment) and the relationship
—Co[v* +N_ (fO - f D)+
+Nea0 (_ fc(cl)co - fc(al) fa(o) )]

(for three other increments). If ionization takes place
mainly in the space a, so that C, <<v,, ~ f?, then for

the  mentioned three  increments one  gets
VP 2 CyNo fPv,,. One of them is positive. It

corresponds to monotonous instability. Two other
increments are complex conjugated. They have negative
real part, which means the dumped oscillations. In the
case of small C;, the very small increment mentioned

above is also positive. It corresponds to the monotonous
instability with very slow development.

2. RESULTS OF NUMERICAL SIMULATIONS

If one is interesting in common features of corona
discharge then it is expedient to consider the space
bounded by prolate ellipsoid of revolution and by
electrodes, hyperboloids of revolution with the same
focuses, and to use hyperboloidal coordinates. Potential in
such space may be obtained with the expansion in terms
of eigenfunctions of relevant problem for the coordinate,
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which is constant at hyperboloids. In the linear
approximation, potential and densities of harmonic with
the number m depend on polar coordinates (p, ) near

axis through the factor o™ cos(mg). It is expedient to

remove relevant factor in hyperboloidal coordinates and
to write the equations for the coefficients at it.
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Fig. 1. Positive ion density and field strength with time
step 50 ns; the quantities are logarithmically
distinguished by color (range at the bottom) in intervals
107...10"" cm~ and 10”...10° V/cm; relevant time
dependence of total current (within 200 ns) is in right plot
at the top; left plot includes 2 xs; anode and cathode are
right and left hyperboloids

The simulations were carried out for the electrode
spacing near 1 mm and constant voltage. The obtained
pulse mode is approaching to the periodic one. In result of
every pulse the perturbation amplitudes for the first
(m=1) azimuthal harmonics get some factor greater than
unit, which means instability development. A typical look
of the formed positive ion bunches is shown in the Fig. 1.
Also, at successive pulses, the azimuthal harmonic of the
charge in the half-space cosg >0 obtains the different

signs by turn, which means divergence of positive ion
bunches in opposite directions.

ISSN 1562-6016. BAHT. 2014. Ne6(94)



Fig. 2. Photo of streamers trace near anode with
exposition 2 minutes; anode (oval) and a probable
disposition of positive bunches just before streamer start
(circles) are sketched

Formerly, it was obtained the photo (Fig. 2) of positive
corona in the streamer mode with exposition, during
which the streamers were formed hundreds of thousands
times. According to the photo, every streamer has left
approximately the same trace; its form near anode is
sinuous. So, the streamer, as by inertia, continues to
change the direction of its movement and tends to move
not by the shortest way to cathode, but somewhat
sideway, whereas at atmospheric pressure the usual
mechanical inertia is dumped through collisions. To
explain such streamer behavior, it may be supposed that
before the start of every streamer, at the end of
destruction of previous streamer channel, the field
strength near anode increases up to the value sufficient for
the pulsed positive glow corona mode. In connection with
its azimuthal instability, there is the appointed succession
of the positive bunches situated by turn near anode just
before every streamer start. Namely, the nearest bunch
and the streamer are opposite with respect to symmetry
axis, and the next bunch is opposite to the previous one
(as it is sketched in the Fig. 2). The field in the space
between the formed cathode-directed positively charged
streamer and any positive ion bunch is weakened through
the opposite directions of their field strength. So, the
streamer almost does not develop in the bunch direction

and goes round bunch. Also, there is great probability of
every streamer start from the determined space near
anode, which is distinguished by local field enhancement.
These three things (appointed disposition of bunches,
trying of a streamer to go round bunch, and appointed
space of streamer start) certainly determine the sinuous
streamer trace.

CONCLUSIONS

In the work, the axially symmetric simulations of
positive corona at the constant voltage less than the
streamer mode threshold are carried out, and the linear
stage of the azimuthal harmonic instability development
is studied. The pulsed mode based on photon generation
and photo-ionization is obtained, and the simple analytical
model clarified its mechanism is proposed. It is pointed
out the possible connection of the first harmonic
instability with the sinuous streamers trace observed on
photo.
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ABUMYTAJBHASI HEYCTOMUYUBOCTHh UMITYJbCHOM MOJOXKUTEJILHON KOPOHBI
M U3BUJIMCTBIN CJE] CTPUMEPA

O. bonomos, B. I'onoma, b. Kadonun, B. Ocmpoywko, U. llawenxo, J1. 3asada

BBIIONHEHO YHCICHHOE MOJEIHPOBAHKE MONOKUTEIBHON KOPOHBI IIPU MMOCTOSHHOM HAIPSHKEHUH, MCHBIIEM, YeM
HOPOr Il CTPUMEPHOrO0 peXuMa. IloJydeH WMITYJIbCHBIM DEKHM, OCHOBAaHHBIH Ha TIeHepauud (DOTOHOB U
(OTOMOHU3ALMH, ¥ TPEIJIOKEHa ero MpOCTasi aHAMTHIECKas: Mo/ielb. KpoMe akcuaabHO-CHMMETPHYHOTO IIPOLEcca,
HCCIIEyeTCs HeYCTOWYMBOCTD a3UMYTAIBHBIX TapPMOHHK B JINHEWHOM NPUOIIIKEHUH HA TOW K€ JBYMEPHOM CETKe.
VYKka3aHO Ha BO3MOXXHYIO CBSI3b HEYCTOMUMBOCTH IEPBOM I'APMOHUKH C M3BUIMCTBIM CIEJOM CTPUMEPA, IOJYyYEHHBIM
Ha (oro.

ABUMYTAJIBHA HECTIMKICTh IMITYJIbCHOI IO3UTUBHOI KOPOHU TA 3BUBUCTHUM CJIIJ
CTPUMEPA

O. bonaomos, B. I'onoma, b. Kadonin, B. Ocmpoywko, 1. Ilawenxo, JI. 3asada

BukoHaHO uYHCIOBE MOJEIIOBAHHS MO3WTHBHOI KOPOHM TNpM TNOCTiIHHIM Hampysi, MeHIIH Bix mopory Juis
cTpuMepHOTo pexumy. OTpUMaHO IMITYJIbCHUH PEXHUM, KU I'PYHTYeThcs Ha reHepaunii GoToHiB Ta QoToioHizawii, i
3alPONIOHOBAHO HOT0 TMpOCTy aHAMTHYHY Mozenb. KpiM akcialbHO-CHMETPUYHOTO MPOLECY, JOCHIKYETHCS
HECTIMKICTh a3MMYTaJIbHUX TapMOHIK y JiHIHHOMY HaOJIVDKEHHI Ha TiM ke JBOBUMIpHIH Mepexi. BkaszaHo Ha
MOXJIMBHH 3B’ 30K HECTIHKOCTI IEPIIOT FapMOHIKH 31 3BUBHCTHM CIIiIOM CTPHMEpa, OTPUMaHUM Ha (oTo.
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