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THE CORONA DISCHARGE CURRENT
IN FLOWING AIRY

SKALNY, J. D.?), SOBEK, V.%), LUKAC, P.2), Bratislava

The DC corona discharge of both polarities in flowing air (0.08-0.8 ms™")
was investigated. A cylindrical discharge tube consisting of five identical and
electrically separated sections was used. The discharge current in each section
of the discharge tube was measured. A negligible effect of air flow on the
the positive corona properties and the conspicuous increase of negative corona
current at increasing flow velocity of air were observed. A new explanation of
these effects is presented.

I. INTRODUCTION

It is typical for most industrial applications of the corona discharge, that
ambient air is flowing through the corona device. But there have been relatively
few studies of the corona discharge in flowing air. In these works mostly the point-
to-plain configuration of electrodes was used. The gas flow direction was parallel
or perpendicular, to the axis of the electrodes. Conflicting observations have been
made with regard to the variation in the current in flow. At low speed regime
Nygaard [1], Chalmers [2] and Farish and Davidson (3}, [4] found an
appreciable effect of flow on the discharge current within the range of flow velocity
from 0 to 60 ms—!. The increase of current at constant voltage was not higher
than 30%. Also the relative decrease of the Trichel pulse frequency observed by
Nygaard [1] was of the same value. According to the opinions of these authors
the jons are blown downstream causing reduction in ion density and owing to this
the mean current increases. Bortnikov at al. [5] made a comprehensive study
of negative point-to-plain and coaxial cylinders corona in subsonic and supersonic
flow. Also the influence of flow velocity on the breakdown voltage is reported.
Three different effects were observed depending on the type of electrodes or on the
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Fig. 1. Experimental apparatus.

direction of the air stream. In the case of cylindrical coaxial electrodes a conspicous
increase of current at u=290ms~! was registered, for all other flow velocities the

current was reduced. The calculation of the electric field in the corona discharge ,

in the presence of flow has been made by Timosin and Larionov [6).

II. EXPERIMENTAL APPARATUS

The experimental apparatus is shown in figure 1. The ambient air was driven
through the discharge tube (DT), the flowmeter (FM) and the UV spectrometer
(UV VIS) by the pump (PUMP). A cylindrical configuration of electrodes was
used. The discharge tube consists of five identical parts. The inner electrode was
for all parts every time the same, a molybdenum wire with the diameter ¢ 0.1
mm. The outer electrode of each section was a stainless cylinder with the inner
diameter 15 mm and a length 0.2 m. It was constructed so that it was possible to
put together a different number of discharge tube sections to enable us to measure
the dependence of the ozone density in air on the discharge tube length. The
discharge tube sections were connected through nylon ringlets to make possible
the measurement of the discharge tube current from each section separately. The
corona discharge was connected with a high voltage source TuR WPT 4 4/35-GPT
6/45 fy VEB Transformatoren und Roentgenwerk Dresden (GDR). The corona
voltage was measured by a kilovoltmeter, the current from each part of the discharge
tube was measured by a microampermeter. Each microampermeter was protecceted
by a Zenner diode with a resistance, which are not marked on the scheme of the
experimental apparatus.

The flow velocity was regulated by a valve and measured with a flowmeter.
The ozone concentration in air was evaluated from the transmittance of the UV
light, measured by the UV-VIS spectrometer fy SPECORD.

300

20 T T T T 2000 T T ¥ T H u-
-€D 6.5k¥ Lyl -Cp 6.5k¥ s 08
2 w®
30! o “S1s00- ]
< - [m#) r
] . = 08 m a
a - (Y3 o ]
10 s . 2 04 m 1 :M. 1000}
a ° o 02 o = A o 02
4 . a 008 4 ° i
500 . L
4 . o 06 9
. s = o8
; ; £ : _ .
I R w v 1 ] w W v
Fig. 2. Negative corona discharge cur- Fig. 3. The ozone density in air at the end of

rent in discharge tube sections [ - V at  each section I - V for various flow velocities

various flow velocities. of negative polarity.

III. EXPERIMENTAL RESULTS

The air flow velocity within the interval 0.08-0.8 ms™! has no effect on the
corona onset voltage. The corona discharge was started simultaneously in all sec-
tions of the discharge tube. The value of the onset corona voltage was practically
the same for both polarities and this was in good agreement with the theoretical
value 4.16 kV.

The effect of air flow on the discharge current was different for the positive
and the negative polarity. The ozone concentration in air is higher in the case of
the negative corona discharge. The ozone concentration in air was increasing when
the flow velocity was reduced for both polarities,

Negative corona discharge

The discharge current for the applied voltage 6.5 kV in each section of 2.5
discharge tube for various velocities within the range 0.08-0.8 ms~! is shown in
figure 2. It can be seen that the discharge current considerably depends on mrm
flow velocity. At higher flow velocities an enhancement of current in each section
was registered. The absolute values of the discharge current in each section were
reduced down the stream of the air flow. The difference between the discharge
current in two neighbouring sections is also decreasing with the number of the
discharge tube sections.

The dependence of the ozone density in air on the discharge tube length can
be seen in figure 3. The ozone concentration in air grows monotonously, nearly
linearly, with the discharge tube length. As it was said above the smaller velocities
are more effective for the ozone production in air.
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Fig. 4. Positive corona discharge cur- Fig. 5. The ozone density in air at the end of

rent in discharge tube sections I- V at  each section I - 'V for various flow velocities
the flow velocity 4 = 0.8 ms™!. of positive polarity.

Positive corona discharge

The discharge current for the applied voltage 6.5 kV in each section of the
discharge tube for the flow velocity u=0.8 ms~! can be seen in figure 4. The
flow of air has practically no effect on the discharge current. In the first section
the discharge current is slightly lower when compared with other sections of the
discharge tube, where the discharge current is approximately the same. For another
flow velocities the current in each section is the same as that observed at the flow
velocity 0.8 ms™!, the values are equal with the accuracy of +5%.

The dependence of the ozone concentration in air on the discharge tube length
1s qualitatively the same as in the case of negative polarity. But the absolute values
of the ozone density in air for the corresponding flow velocity are approximately
one order lower compared with the negative polarity, as it can be seen in figure 5.

IV. DISCUSSION

From the experimental results shown in figure 2 there follows a significant
influence of the air flow velocity on the negative corona discharge current. The
enhancement of the flow velocity caused. the increase of the discharge current in
each section of the discharge tube. The most significant increase was observed in
the first section, the lowest in the last. The apparent tendency of currents to one
limit value is evident from figure 2.

The experimental results cannot be explained by the theory based on the effect
of blowing out the space charge of negative ions from the drift region. If this model
Is correct, then the current in the last sections should not depend on the flow
velocity. The effect of the flow on the negative ion motion could be observable only
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in the first section as it follows from the next ooum.aa_.m.son.r Let us consider e%o
negative ion placed in a position characterized v« the noanwaom (z,¥) Ammc_nm : ).
The motion of the ion is influenced by the electric field and air m.oi. .H..rm vel .On:am.
in the direction of the electric field is v(z) = E(z).b, Srono. @Aav is the 502.55% o
the electrid field in the distance z and b is the mean Eov;—@.oﬁ” the .:om_m.a-.,\ﬂ _MM.
Suppose further that velocity in the direction of the air ?.ui is _awba_ow M.Enr e
flow velocity of neutral molecules v(y) = u. Let the electric field in the isc Mww
tube be equal to the electric field in a cylindrical condenser. Then the electric fie

intensity E(z) at the distance z is given by the formula
mor 1)

B(5) = =57,

where E, is the intensity of the electric field on the surface of the central electrode

i i the inner electrode.
m:m‘m.osww M”:MMHMMMH.@: ions are created on the border of the .—o:.manmou mrmw.ar.
then the space must exist at the inlet of the discharge ncvw from which all Mwmw%é
ions are removed (see figure 6, hatched part). H,.rm equation of the .om=<or ~<_~..Em
both regions (with and without ions) can be derived 9.0.5 z:.w QH.EQSOM t w.e mE—_M
necessarry for the ion to reach the outer a_mneaom.m due to its drift in the e mne:M. m».
must be the same as the transport time of the ion needed to reach the coordinate

\m cﬁu\,mwwum_ ©)

o

y = L (see figure 6)

where R is the radius of the outer electrode and r; is the radius of the ionization

sheath (ry'= 7r0).
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L [10™* m] 1.8 4.5 9.0 13.5 18.1
From (2) it follows that
2
L= :£ 1
b @o o ’ va

Considering b = 2m?V~1s—1 from ry|y;
velocity u was calculated (see table 1).

It is evident that the length L is negliy:.1.. ;
. gible in comparison with the length
section. Therefore changes of the space 2:=mw density can hardly rmaw 5 MMM:&MMMWM

on the discharge current. The change of
. Spa, T .
account only in the first section, ce charge distribution can be taken into

of ions is not influenced by the fl
- {4] the current should be the
effect was not observed, so that

on (3) the dependence L on the flow

it m ; ;

ow MMM: that in the next sections the distribution

sl According to the previous explanations [1]
M all sections expect in the section I. This

another ¢ .
. ~" "xplanation has to be sought for.
A conspicuous effect of flow velocity the ozone concentration was observed

MMMMOMMM“~Q>WV, Ma nmﬂ vﬂ mow—a ﬁvmm. 9ZOle concentration is increasing in the flow
- According to the theoretical cangigerytion published in [7] the electrons

and negative ions are drifting to the out,
‘ or el i
is the sum of electrons and negative ion ectrodle. Thie tokel dischmcge 2upramt

In pure air only the negative ions 0~
in the vicinity of the ionization sheath

urrents.
hre created by a dissociative attachment

®+ONIOI+O. AAV
which are changed to CO3 ions. A small

three body collisions bart of free electrons is attached also by

e+0:2+tM-— 07 1M . (5)
In air containing ozone molecules also t ; S
b o orpme T dlilcs e following dissociative attachment ef elec-
m+OuHﬁO:+Om (6)
07 +0 (M
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Table 2

DT section I i1 11 Iv A"
u = 0.8ms™!

6.32 6.16 5.11 4.51 4.03
b[10*m?2V~is™!]
u = 0.08ms™"

3.22 2.82 2.62 2.53 2.50

b [10~*m*V~1s7)

is effective. As it was proved by mass-spectrometric measurements the first reaction
channel (6) is dominant [8].

Due to these reactions the number of free electrons is reduced, it means that the
mean mobility of the negative particles is reduced too. Therefore with increasing
ozone concentration the discharge current is decreasing.

These effects are in agreement with the theory of two currents mentionend
above. From this theory it follows that the change of ozone density brings about
the change of the discharge current. That means the change of the ozone density
induced by the flow velocity leads to the change of the discharge current. This effect
is more marked in the sections closer to the discharge tube inlet. The decrease of
flow velocity and the corresponding increase of ozone density have an inluence on
the mean mobility of the charged particles, i.e. electrons and negative ions. These
values calculated by Towsend’s formula from the CV characteristics [9] for each
section. They are shown in table 2 for the voltage U = 6.5 kV and the velocities
u=0.08 and 0.8 ms~!.

From the calculated values it follows that for low ozone concentrations, i.e.
higher flow velocities, the electron component of the current is considerable. The
calculated mean mobility value b = 6.32 x 107 *m?V~'s~! in the first section of
the flow velocity 0.8 ms™! is nearly four times higher than the mobility of negative
ions in air & = 1.7 x 10~*m2?V~1s~1 [10]. For higher ozone concentrations the
values are calculated from the experimental results closer to the value given in [10].
Thus it can be concluded that the number of free electrons in the drift region is
substantially reduced.

No influence of the flow velocity on the positive corona discharge was observed.
The currents were the same in all sections although the dimensions of the space at
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the inlet of the discharge tube from which the ions are removed is practically the
same in the case of a positive and a negative corona discharge. This is also one
evidence of the discrepancy of previous theoretical explanations [1] - [4] and our
experimental results. The difference in behaviour of the positive and the negative
corona discharge can be explained by a different rule of the electron attachment
at different polarities. In the case of a negative corona the attachment is effective
in the whole drift region, whereas in the case of a positive polarity the negative
lons can be found only in the Hermstein sheath [9]. So the change of the ozone
concentration can have an influence on the processes of the electrons’ attachment
only in this sheath. The thickness of this sheath is less than the thickness of the
lonization sheath. Moreover, according to the figure 5, the concentration of ozone
created in the positive corona discharge is one order lower than in the case of
negative polarity. The ozone can influence the processes only in the depth of the
lonizing sheath of a positive corona, i.e. those which can influence only the onset
corona voltage. An increase of the ozone concentration could cause an increase
of the onset voltage. The mobility of charged particles in the drift region, i.e.
positive ions, is not influenced by the presence of ozone molecules, as there do
not arise positive ions. The small decrease of current observed in the first section
cannot be explained by any of the mentioned considerations.

V. CONCLUSIONS

The negative corona discharge current in flowing air is increasing within the
interval of air velocities (0.08 - 0.8) ms~!. No apparent effect of air flow velocity
on the positive corona current has been found. The changes of the current of the
negative corona discharge cannot be explained on a basis of air stream force acting
on the negative ions. The changes of the ion distribution in the drift space of the
discharge are negligible, thus not important. The main reason for the observed
effects are the changes of the ozone concentration in the discharge space which is
influenced by the air flow velocity.
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TOK KOPOHHOTO PA3PSAJIA B IPOTEKAIOMEM BO3OYXE

B paboTe mccnegyeTcs NOCTOAHHBIH TOK KODOHHOT'O paspajfa %monxaﬂ“ﬂawwo””“””

A ¢). lenanppEIeckas paspagHas Tpyba coc .

B IUTIRE SRy (0880 z\< HEI TOK KOTOPHIX HOMepAeTca OTAenbHo. Buma

s moora 50 nm_”ﬂ“ ”w MHMMME NONOXHETENHHOH KOPOHHBI MOKA3allo HESHATH-

AN =o.~.o~oﬂwo“,~w. B OTPENATENBHON KOPOHE BIBAHEE CEOPOCTH MOTOKA BOJNYXa
MMHH“NO MWWMMMva:%E 3apECAMOCTH. [IpHBefieHo MoAcHeHHEe HaGmMIONAEMOrO.
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