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The results of numerical simulations of the propagation of a positive streamer in air are presented. The positive
streamer dynamics in the strongly non-uniform electric fields in air was investigated for wide set of applied voltages
and needle radii. It is shown that qualitatively the dynamics of positive streamer in air does not differ from the
negative streamer dynamics in nitrogen. Namely, streamer velocity has the same behavior in time during
propagation in discharge gap, and the same trends with applied voltage increase and with decrease of needle radius.

PACS: 52.80.Mg, 52.80.Tn

INTRODUCTION

A systematic study of the influence of radius of the
needle on the speed of the positive streamer (PS) is
conducted in [1]. But in [1] the simulations were done
for different needle radii, and just for single case of
applied voltage. In the present paper the PS dynamics in
the strongly non-uniform electric fields in air was
investigated for wide set of applied voltages and needle
radii. It is shown that qualitatively the PS dynamics in
air does not differ from the negative streamer (NS)
dynamics in nitrogen [2, 3]. Namely, streamer velocity
has the same behavior in time during propagation in
discharge gap-a sharp drop at the beginning of the
movement, a propagation with nearly constant velocity,
a region of the first (low) acceleration, and a region of
the second (strong) acceleration at the approach of the
streamer head to the anode. The PS velocity has the
same trends with increase of applied voltage and with
decrease of needle radius-the PS velocity increases with
applied voltage, and with decreasing radius of the
needle. The growth of the PS speed, with decreasing of
the needle radius, is stopped when the needle curvature
radius reaches a certain critical value.

1. MODEL

The simulation model for the PS dynamics in air is
discussed in [1]. It consists from the coupled continuity
equations (in the drift-diffusion approximation) for
densities of electrons, positive ions, negative ions, and
Poisson equation for electric field potential. The
collisional ionization, photoionization, attachment,
electron-ion recombination, and ion-ion recombination
are included in the model. Fig. 1 shows the simulation
domain and boundary conditions. Initially, particles are
located at the anode with densities:
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electrons, p — positive ions, n — ntgative ions. Anode
voltages are V, = {8, 10, 12, 15} kv, L, = 2mm,
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L, =0.5 mm, needle radius is one of R ={0.25, 0.5, 1.0,
2.0} H 4, needle height is H,,=0.3125 mm. In the

case of plane - to - plane geometry R +H ,,=0.
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Fig. 1. Simulation domain and boundary conditions
2. UNIFORM ELECTRIC FIELDS

Fig. 2 shows the dynamics of PS in the homogeneous
fields for V, =12kV, which corresponds to the

Laplacian (vacuum) electric field of 60 kV/cm. The
initial conditions are chosen to avoid the avalanche
stage, when the Laplacian electric field is not disturbed

by the generated space charge field — &, , oc 10 cm”.
Fig. 2 shows distribution of the space charge density
p(r,z;t) in {r,z} at different times. The arrows in

Fig. 2 shows the electric field E(r,z;t) . After a short

initial stage (< 1-10™°s), a PS is formed. It moves in the
direction of the applied Laplacian field. For t > 1.10°s
the electric field is substantially enhanced in front of the
PS head, and attenuated behind it. After an initial rise,
the electric field in front of the PS head slightly
decreases as it moves toward the cathode, and then
increases when the head of the PS approaches the
cathode (also Fig. 3). It is clear from Fig. 2 that after the
formation of the PS head, the streamer radius first
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decreases and then increases as it moves to the cathode,
creating a constriction on the body of the PS.

Fig. 3 shows the electric field ‘E(r =0, Z;t)‘ on the

axis at different times. After a rapid rise in the initial
stage, the electric field at the PS head decrease. When
the PS head approaches the cathode, the local electric
field in front of the streamer head is increased. This
leads to the growing impact ionization rate and the rate
of photoionization. This, in turn, leads to an increase in
the densities of charged particles, and the rise of the
space charge density. As the PS moves to the cathode,
its head is broadened in the longitudinal direction,
which is associated with the presence of
photoionization. It is clearly seen from the space charge
density distributions at different times (see Fig. 2). This
behavior differs from the movement of the NS in
nitrogen [2, 3], where there is no photoionization, and
the NS head, as it moves towards the anode, shrinks and
increases in magnitude.
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Fig. 2. Space charge density p(r,z;t)

Fig. 4 shows the velocity of |I§(r =0,z;t) |™
versus time, which is the PS velocity — V (t) for V, =

{8, 10, 12, 15} kV. The behavior of the velocity has, as
in the case of NS in nitrogen [2, 3], the characteristic
regions: the sharp drop of the velocity at the beginning
of the movement, the propagation with nearly constant
velocity, the area of the first (low) acceleration, and the
region of the second (strong) acceleration at the
approach of the streamer head to the cathode. In contrast
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to the NS [2, 3], the region of constant velocity can not
be identified as the initial linear stage of the avalanche,
when the space charge is small, and the external electric
field is practically not distorted by it.
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Fig. 3. Electric field ‘E(r =0, Z;t)‘ at different times
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Fig. 4. Streamer velocity V, (t) versus time

3. NON-UNIFORM ELECTRIC FIELDS

Fig. 5 shows, as an example, the simulation results of
the PS propagation through the discharge gap with non-

uniform electric fields. V,=12 kV, R = 0.25-Hndl. The

initial and boundary conditions are the same as in
Section 3. Fig.5 presents the space charge density

p(r,z;t) at different times. The arrows indicate the

electric field. The dynamics of the streamer passage
through the discharge gap is changed in comparison
with the case of the uniform field. These changes are
due to increased Laplacian electric field on the needle
and the appearance of the radial electric field. The
increased Laplacian electric field on the tip causes
movement of the streamer, at least at the initial stage, in
higher fields as compared with the plane-to-plane case.
Which in turn, leads to an increase in its speed (Figs. 6,
7), and a decrease the time of the streamer formation.
The radial electric field increases the transverse
dimension of the streamer in comparison with the plane
- to - plane case.

After a short initial stage (< 1-10°s), a PS is
formed. For t > 1.10 s the electric field is enhanced in
front of the PS head, and attenuated behind it. After an
initial growth, the electric field in front of the PS head
decreases as it moves through the discharge gap, and
then increases when the head of PS comes close to the
cathode. It is clear from the Fig.5 that after the
formation of the PS head, the radius first decreases and
then increases as it moves to the cathode, creating a
constriction on the body of the streamer. As in the plane
case, the generation of the electrons due to
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photoionization has a maximum in the vicinity of the
streamer head, where is maximal impact ionization.
Photoionization region is always wider than the area of
impact ionization, which leads to the birth of the
electrons in front of the PS head.
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Fig. 5. Space charge density p(r, Z;t)

Fig. 6 shows the PS velocities V(t) for different

values of the needle radii R = {0.25, 0.5, 1.0, 2.0,
inf}- H, 4, at anode potential V, = {10, 12} kV. The R
= inf means uniform electric field. As seen from Fig. 6,
the PS velocity versus time V (t) behaves as a speed of

the NS in nitrogen [2, 3]. There are four characteristic
regions: the sharp drop of the velocity at the beginning
of the movement, the propagation with a nearly constant
velocity, the area of the first (weak) acceleration, and
the region of the second (strong) acceleration at the
approach of the PS head to the cathode. As seen from
Fig. 6, the PS velocity increases with decreasing radius
of curvature of the needle at a predetermined potential
on the anode. This increase in the velocity goes up to a

certain radius (in this case R =0.5-H ), after which

the growth of the PS speed is cuted off. It is also seen
that the velocity in a non-uniform field is higher than
the speed in an uniform field. Fig.7 shows the PS
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velocities V() for different applied voltages V, = {8,

10, 12} kV at constant needle radii = {0.25,
2.0} H.4 . As seen from Fig.7, the PS velocity
increases with increase applied voltages.
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Fig. 7. PS velocity vs time for different applied voltages

Fig. 8 shows the PS mean velocity <V > as a function

of the needle radius. <V > is defined as
<V, >=L,/7,, where L, is the discharge gap length,
T, is the passage time of the streamer through the discharge

gap. It can be seen that the <V > slightly increases with

decreasing R . Starting from some R, the growth of
the speed stops. Fig. 9 shows the <V, > as a function of
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the applied voltage for different needle radii. It can be
seen that the <V, > increases approximately linearly

with applied voltage.
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Fig. 9. <V, > vs applied voltage V,,
CONCLUSIONS

The results of numerical simulations of the propagation
of a positive streamer in the atmospheric pressure air in
the uniform and strongly non - uniform electric fields are
presented. It is shown that the velocity of the positive
streamer versus time behaves as a speed of the negative
streamer in nitrogen [2, 3]. There are four characteristic
regions: the sharp drop of the velocity at the beginning of
the movement, the propagation with a nearly constant

velocity, the area of the first (low) acceleration, and the
region of the second (strong) acceleration at the approach
of the streamer head to the cathode.

It is shown that the propagation velocity of the
positive streamer in a non — uniform electric field is
higher than its velocity in an uniform field at given
voltages on electrodes. It is shown that with decreasing
needle radius velocity of the streamer is increased at
given voltages on electrodes. This growth continues
until a critical radius, after which the growth of the
positive streamer velocity practically stops. It is shown
that with increasing applied voltage the streamer speed
is increased.
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KOMIBIOTEPHOE MOJAEJINPOBAHUE JTUHAMMWKH NOJIOKUTEJBHBIX CTPUMEPOB
B CUWJIBHO HEOJHOPOJHBIX SJIEKTPUYECKUX MMOJIAX B BO3AYXE. BJIUAHUE
HNPUJIOKEHHOI'O HAITPSI)KEHUSI HA CKOPOCTBb CTPUMEPA JJIA PA3JIMYHBIX PAINYCOB
HUIJIbl

O.B. Manyiinenxo, B.H. I'onoma

[IpencraBneHsl pe3yabTaThl YUCICHHOTO MOAEIMPOBAHUS PACHPOCTPAHEHHS IOJIOKUTEIHHOTO CTpHMEpa B
Bo3ayxe. JlMHAMHKa MOJIOKUTEFHOTO CTpUMEpa B CHIIBHO HEOTHOPOIAHBIX MIEKTPHUECKUX MOJISAX UCCIIEAOBAHA IS
IIMPOKOTO Habopa NPHIOKEHHBIX HANpPSKEHWMH W paguycoB HIIbl. Iloka3aHo, YTO KadeCTBEHHO JMHAMHUKa
HOJIOKUTENBHOIO CTPUMEPA B BO3AYXE HE OTINYAETCA OT JUHAMUKU OTPHLATENBHOTO CTPUMEPA B a30Te. A HMEHHO,
CKOPOCTB IOJI0XKUTEIBHOTO CTPHIMEpPa B BO3/LyXe IIPU PACIPOCTPAHEHUHN Yepe3 pa3psAHbIH IPOMEXKYTOK BEJET ceOs
BO BPEMEHM TaK K€, KaK U CKOpPOCTh OTPHLATEIBHOIO CTpUMEpa B a30T€, KPOME TOro, CKOPOCTb CTpHUMEpa
YBEJIMYHUBAETCS ¢ YBEIMUEHHEM MPUIIOKEHHOTO HANIPSHKEHUS U C YMEHBIIEHUEM PaInyca UTIbL.

KOMII''OTEPHE MOJIEJIFOBAHHSI IWHAMIKH NO3UTUBHUX CTPUMEPIB Y CHJIBHO
HEOJHOPIJHUX EJIEKTPUYHUX MMOJISAX Y ITIOBITPI. BIIVIMB TIPUKJIAJTEHOI HATIPYTH
HA MIBUAKICTb CTPUMEPA JJIs1 PI3BHUX PAATY CIB I'OJIKA

O.B. Mamnyiinenko, B.1. I'onoma

[IpencraBneHO pe3yabTaTH YHCIOBOTO MOJETIOBAHHS IOIMIMPEHHS IMO3UTHBHOTO CTpUMepa B MoBiTpi. JnHamika
MO3UTHBHOTO CTPHMEpa B CHIIbHO HEOJHOPIMHHMX EJNeKTPHUYHMX MOJSIX JOCHI/DKeHA MAJisi IIHPOKOro Habopy
NPUKJIAJAEHUX Hanpyr i paxiyciB rosku. [lokasaHo, 1o SKiCHO AWHaMiKa MO3WTHBHOTO CTPHMEpa B IOBITpi He
BiZIPI3HSIETHCS BiJl TUHAMIKK HEraTMBHOTO CTPUMeEpA B a30Ti. A came, MIBHIKICTh ITO3UTHBHOTO CTPUMEpPA B MOBITPI,
NP MOLIMPEHH] Yepe3 pOo3psiAHUH POMDKOK HOBOJMUTHCS y Yaci Moi0HO IO MIBHIKOCTI HETAaTHBHOTO CTPHMEpa B
a30Ti, KpiM TOTO, HMIBHAKICTH CTpUMEpa 30UIBIIYETHCS 31 30UIBIICHHAM NPHKIAJCHOT HANPYrH 1 31 3MEHIICHHAM
paniycy roiku.
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