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Abstract. Wind ions phenomenon has been observed in the high density argon corona
discharge plasma. Corona discharge plasma was produced by point to plane electrodes and high
voltage DC. Light emission from the recombination process was observed visually. The light
emission proper follow the electric field lines that occur between point and plane electrodes. By
using saturation current, the mobilities of non-thermal electrons and ions have been obtained

in argon gas and liquid with variation of density from 2,5 _1021 to 2 1022 cm. In the case of
ions, we found that the behaviour of the apparent mobility inversely proportional to the density

or follow the Langevin variation law. For non-thermal electron, mobility decreases and
approximately follows a variation of Langevin type until the density < 0,25 the critical density
of argon.

1. Introduction

Research on the plasma corona have been carried out both in theoretical , experimental and applicative
purposes [1.2.3]. Corona plasma applications has entered every aspect of the field of food technology
[4]. Effect of ions in the plasma corona wind generated by electrodes on the field of multi - point heat
transfer technology that enables such as drying technology has been done for example by Kim [5].
Technology which produces winds corona corona is often also called "ionic wind" has been used to
reduce dust and oil dirt on insulators, and it has been patented in the U.S. Patent by Gelfan [6]. In the
case of plasma corona, the mobility of ions are very interesting to discuss. Theoretical approach has
been publish by Robinson [7] and Choelo [8]. Plasma corona with point to plane electrodes system
has been used to determine the non- thermal electron mobility in very pure and high density of argon
and nitrogen gaseous [9]. In 1971 Choelo [8] performed an analysis of the relationship corona current,
voltage, distance between electrodes of an electrode system which generates a field is not symmetric.
Under conditions of corona discharge ion flow is one type of ion (unipolar). Unlike the arc discharge
conditions can charge flowing positive ions, negative ions and electrons (bipolar). Unipolar ion current
flowing to the mobility p by charge density p (r,t) and current density j = pv without experiencing
diffusion in an electric field E (r,t) , changes in the charge density (p) along the flow is:

—=—+V.Vp (1
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Obtained from the continuity equation

op op
—+V.(vp)=—+V.Vp+pVv=0
P (vp) p p+p

2)
Then equation 1 can be written
2
d_p =pVNv=—upV.E = —HP
dt & 3)
Equation (3) can be integrated to obtain the
4
R (t-t,)
P p & 4)

Assuming the ions are no space charge effect of the ion flow time (T) , then the equation (9) can be
minimized
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and the meeting called unipolar ion saturation.
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Figure 1. Sketch of a positive corona discharge electrode
configuration hyperbolic (dot) - plane field .

If the ion flow distance (L) in the electric field (E) can be obtained flow time T =L / uE , it is known
that the flow rate of the average ion v=pE = pV / L and ps can be restated as ps = ¢0E / L in order to
obtain the saturation current density
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Equation (6) is called the ion saturation current density .
If given voltage corona (V) the average speed along the field is v=pE = puV /L and flow time L / v
minimum , then
PL =& E/L
= HEo, :,ugoEz IL=]
or
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Equation (7) is called the saturation current density corona . By taking hiperbolid - field geometry
simplification , distribution and utilization of Warburg formulated , and the flow of ions along the
distance between the point and the plane Choelo gain saturation current of

I, ~2ueNV?/d (8)
In experiments, saturation current (I) can be measured for the operating voltage (V ) of a certain
corona discharge formed by the configuration of the field point distance between the point and the
field of d . If the calculated threshold voltage corona Vi then the saturation current to voltage
relationship is shown by the equation :

| Zzﬁi(\/_vi)z

S

9)
Robinson approach [7] through a symmetrical field and Choelo [8] specifically for the hyperbolic
plane electrodes (generally also produce a symmetrical field ) produces the same equation. By using
the experimental data the relationship between current and voltage, and using the formulation
Robinson and Choelo the rate of charge carrier mobility (ion mobility) as well as velosity of ions can
be determined.

2. Experimental Set up

The electrical measurements (current, pulse pause time) are performed by a device developed in the
laboratory. The high voltage generator was provided by a stabilized DC voltage 0, + 20 kV (Spellman
RHSR/20PN60) connected to the point (tip) while the electrode plane was grounded. The intensity of
the average current has been measured either by means of a galvanometer (Sefram Vérispot) a
Keithley electrometer (Model 610C). The current pulses were visualized using a set preamplifier
followed by a Tektronix oscilloscope (model 7633). In the field of pulse current, the pulses of light
emitted were simultaneously detected using a photomultiplier tube (model DARIO 56AVP) with a
spectral response of between 300 and 650 nm (maximum sensitivity at 400 nm) and the pulse current..
Our experimental set up is shown in the figure 2.
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Figure 2. Sketch of experimental set up

3. Result and Discussion

The study of transport of charge carriers in a corona discharge in argon has been curried out from 0.5
MPa to 9,7 MPa. Before presenting the experimental results, we recall that the corona discharge, in
our experimental conditions (ie very small radius of curvature of the tip and high density of the fluid)
can be decomposed into two distinct regions: a region of ionization confined near the tip and a
transport region. These two regions have the following characteristics. Region of ionization is very
bright, its maximum length measured by visualization is about ten times smaller than the distance
point-plan and the calculation shows that the entire charge is created in this region. The temperature
Tp of the region similar to a plasma is unknown. By cons its pressure equals the pressure P, gas or, in
the case of a liquid, the hydrostatic pressure applied on it (for a stationary corona discharge, there is no
pressure difference between the area ionization and the surrounding environment). The plasma density
Np can be calculated after determining a value of Tp. The transport region shows no luminescence
except in the case of argon gas to a point where a very small negative luminescence is observed. No
measurable charge is created in this area. Under these conditions, temperature and pressure correspond
to the temperature T oo and the pressure P oo of the test. The density N,= f (T, P) is known and
calculable. The two regions of discharge and their conditions of temperature and pressure are
presented in the figure 3. Discharge in argon gas, has been created in the range of pressure (P,,) from
0.1 MPa to 10 MPa.
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Figure 3. Sketch of region in the corona

3.1 Current-Voltage Characteristics

In all our experiments with purified gas well (= 20 successive passes through the purification system),
a current is always observed beyond the threshold voltage Vs corresponding to the onset of corona
discharge process. Indeed, for VV = Vs, the current rises abruptly from a value not detectable (<10
A), reaching about 10 pA. lonic wind phenomenon has been cause of light emission from the
recombination process between electron and ions. The light emission proper follow the electric field lines that
occur between point and plane electrodes. To illustrate this phenomenon, we present patterns of events in
figure 5 and the corresponding photographs in figures 4.

light emission plane

black net

light emission

Figure 4. Photo of a negative corona discharge Figure 5. Detailed diagram of the

continues in pure argon. P = 1,2 MPa, T = 297 corona of the photo in the figure 4

K, 1=110uA and V = 2,5 kV. The black line is
not visible in the photo.
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The typical shape of the current, depending on the voltage applied to tip, is shown in figure 6. The
typical shape of the current-voltage curves in the argon gas is presented by scheth in the figure 7. In
zone A, the measured current is always lower than the saturation current of Sigmond [10], so it is an
unipolar current. After the transition in discharge region C, the current becomes bipolar and, in
extreme cases, an arc current is directly detected. Since region A is that we can be analyzed according
to the gas density, we will restrict the following presentation to the study of this part of the
characteristics I(V). Firstly, the current increases steadily with V (area A) then becomes
approximately constant (area B) and increas sharply (zone C). The value of current, there is the
pseudo-saturation depends on the density of gas. In zone A, the very bright area is confined near the
tip. When discharge condition with current in the area C, we found forms a bright discharge channel
that completely crosses the space between the two electrodes (point and plane).
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Figure 6. Characteristics 1-V for argon gas at . .
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Another important aspect to consider is the role that impurities (N,, O, ) in argon gaseous . Weislers
observed a continuous glow discharge in contaminated by at least 0,3% nitrogen while it has obtained
the same result with a content of 10% nitrogen in argon. In our case, we use a very pure gas whose
nitrogen content is less than 0,3 ppm-volume before passing through the purification system. We have
also used a titanium purifier that completely eliminates the residual nitrogen or desorbed from the
walls . The glow discharge that we obtained in our experiments is therefore not the result of a residual
nitrogen. In the presence of oxygen ( > 0,1%), Weislers got a pulse discharge rate Trichel type and
also a very significant reduction of the current. We also obtained this result using a gas and its supply
circuit unpurified. In figure 8, we show the variation of I/V versus V at different pressures. We can
see that the voltage V (which is the value of V extrapolated to zero current) does not depend on the
pressure. For all pressures studied, we note that Vo = 400 volt. This value is low compared to the
values of the corresponding threshold voltages. For example, a pressure of 1 MPa, Vieshold
=900 volt volt and at a pressure of 9,7 MPa, Vinresnoid 1S €qual to 2500 volt. In this case, the discharge
rate is close to a current region limited by space charge [10].
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Figure 8. Curves I/V(V) to the argon gas in negative polarity at

different pressures.

3.2 Nonthermal electronic Mobility

They are derived from tests where negative polarity of the voltage on the tip is applied (negative
corona discharge). This corresponds to the creation and transport of electrons (or if the medium is
impure to negative ion transport). Using spectral analysis, we measured the maximum length of the
field glow discharge (ionization zone, excitement, creation of non-equilibrium plasma). It is at most
1,5 mm to the lowest pressures used. Under these conditions, the transport area and being close to the
curves VI(V) are all straight , we can calculate the "apparent" mobility of charge carriers. They were
calculated from the slope of the lines VI(V), using the model Sigmond. In Figure 9 we can observe the
evolution of this "apparent” mobility with the gas density. Mobility decreases and approximately
follows a variation of Langevin type until the density N / Nc < 0,25 ( here Nc is the critical density of
argon). Values mobility obviously can not be attributed to thermal electrons . Indeed, the reduced
electric field (E/N) in our experiment was too high for it to strike a balance between the gas and
electrons. For point-plane geometry, the actual field in the transport can be approximated by the value
of the mean field V/d, and the reduced field can be written as E/N = V/ND. However, V may be
varied between the threshold voltage (Vi) and the breakdown voltage (V,) , and Vb and Vth as
similarly depend on the density of the gas , wherein the field can vary the field is reduced very limited
and it is practically independent of the density . For all ranges of density of our experiments, the
reduced field varies only slightly between 0.5 x 10" and 3 x10™" Vem?® We note in figure 9 , our
results are in good agreement with those obtained by a direct method and Prew Allen [12] and Dutton
[14] for non- thermal electrons in the same field reduced field. Therefore, in our case, we can say that
our charge carriers are non- thermal electrons . We also present the results obtained in argon using a

cell placed in a cryostat [11] and where it was possible variation of density from 2,5 1021 to 2 1022
cm® (liquid state near the triple point) . It is noted that these results are far from those achieved when
Dutton the highest densities. One suspects that, in our case, the low mobilities observed are the result
of argon purification still insufficient. The higher impurity content should be low to achieve the same
result at lower density .
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Figure 9. Mobilities depending on the density of negative charges.
o K_gas, our results. o | the thermal electron in Ar
o K _app. gas and liquid [11] gas and ArL [13].
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3.3 Mobility of lons

In the positive polarity, we studied positive corona discharge plasma which
generation of positive ions. In argon, beyond the threshold voltage Vy, a DC was recorded. The
measured values of the current are very low compared with those obtained in negative polarity of the
point (at least in the most pure gas). The threshold voltage increases with gas density. Characteristics I
(V) being straight, the "apparent" mobility of the charge carriers was calculated from the measurement
of their slope again using the model Sigmond [10]. In Figure 9, the behaviour of the apparent mobility
with the gas density is presented. The apparent mobility inversely proportional to the density or
follow the Langevin variation law [17]. On the same graph, we also present the results obtained by
Freeman [13] and Hornbeck [15 ] . In both cases, these authors have performed a direct measurement
(time of flight) of the speed of positive carriers between flat parallel electrodes.

corresponds to a
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Figure 10. Mobility of positive ions depending on the density.
8 Kapp 9as, our results.

o K, liquid [11]

+ K, liquid [16].

A K, gas [13].

m K, gas [15].

- Kinar theoretical curve according to the theory of Langevin
corrected[17]

We can see that our values are in good agreement with measurements of others authors [13,15,16]. On
the other hand if we consider that the charge carriers are ions Ar" and its evolved the Langevin model
corrected [15,16], for the effect of charge transfer resonance is applied. We can see that the theoretical
curve and the calculated mobility overlaps substantially all of our experimental values and those of
Freeman and Hornbeck [13,15]. It seems that the charge carriers in these conditions are well Ar+ ions.
The results obtained in the liquid argon are also shown in figure 10. These results show that when the
density exceeds the critical density (Nc), the apparent mobility no longer follows the law of variation
of Langevin. The same behavior is shown by the results of Davis [16].

4. Conclussion

In the very pure argon, corona discharge plasma can produce ionic wind phenomenon that has been
shown by light emission from the recombination process. The light emission was observed visually
and proper follow the electric field lines that occur between point and plane electrodes. Our results on
mobility of charge carrier, we found that non-thermal electron, mobility decreases and approximately
follows a variation of Langevin type until the density < 0,25 the critical density of argon. In the case
of ions, we found that the behaviour of the apparent mobility inversely proportional to the density or
follow the Langevin variation law. Determination of mobility of charge carrier of corona discherge

plasma can be done with variation of density from 2,5 1021 to 2 1022 cm,
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