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Recently, Cui et al. reported results of the measurement of the
electric field inside negative corona discharges in an axially symmetric
wire-cylinder gap, performed using the modern electric field-induced
second harmonic (E-FISH) diagnostics.l Based on these results, it was
concluded that the electric field at the wire surface is proportional to
the current density of the corona discharge with a negative constant of
proportionality or, in other words, appreciably decreases with increas-
ing current, contrary to the classic Kaptzov assumption, which states
that the steady state electric field at the conductor surface remains at
the corona onset value. Note that this assumption can be traced back
to the foundational work of Townsend of 1914” and is a cornerstone
of the corona discharge theory.

In this comment, we do not question the importance of the
experiment,’ which constitutes a significant advance and may be used,
in particular, for validation of various corona discharge models.
Moreover, the distribution of the electric field in the drift region, given
by numerical modeling in the framework of a steady-state one-dimen-
sional (1D) model, is in good agreement with experimental values,’
which shows that this model provides a reasonably accurate averaged
description of a negative wire-cylinder corona and, in particular, justi-
fies the use of this model for the interpretation of experiment as done
in Ref. 1. However, we show that the conclusion that the electric field
at the wire surface decreases with increasing current stems from a mis-
interpretation and there are no reasons to doubt the validity of the
Townsend-Kaptzov assumption.

Values of the electric field reported in Ref. 1 have been measured
in the range of axial distances r from 0.25 cm to 2.5 cm, while the wire
radius was ry = 0.1 cm. In order to estimate the electric field value at

the surface of the wire, the measurements were extrapolated with the
use of the well-known approximate equation (e.g., Ref. 3) describing
the distribution of the electric field in coaxial wire-cylinder corona dis-

charge gaps,
I[ 1’2 EO 1o 2
E(r) = (1 - —0) <— . 1
(r) 2meg r? * r M

Here, I; is the corona current per unit length, p is the mobility of the
ions that are believed to dominate current transfer in the drift region
(mobility of the negative ions was assumed in Ref. 1), and E, = E(r)
is the electric field at the wire surface. Based on this extrapolation,
the authors' estimated E,. For example, the value of E, obtained
for I=0.45mA, which was the highest discharge current reported in
Ref. 1, was approximately 44 kV/cm. The distribution of the electric
field in the discharge gap calculated by means of Eq. (1) with the use
of this value and p equal to 2.2cm? V™' s~ is depicted by the dashed
line in Fig. 1.

There is a grave problem with these data, which can be explained
as follows. The value of E at inception, given in Ref. 1, is approximately
63kV/cm, and the corresponding value of the ionization integral K
(that is, the integral of the effective ionization coefficient over the ioni-
zation region), evaluated in terms of the Laplacian distribution of the
electric field, is 9.58. For I = 0.45 mA, the value of K, evaluated with the
use of Eq. (1) with the above-mentioned value E, = 44 kV/cm, is 1.85,
i.e, much lower, and hence, the condition of reproducibility of charges
in the ionization region is grossly violated; such discharge would not be
self-sustained.
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FIG. 1. Electric field distributions in the gap evaluated under various approxima-
tions, | =0.45mA.

One should suspect that Eq. (1) cannot be used for extrapolation
in these conditions. Another indication in the same direction is sug-
gested in Fig. 1: the slope of the electric field distribution, given by Eq.
(1), is different from that revealed by the experimental data.

Equation (1) is an approximate relation obtained from the ion
transport equation coupled with the Poisson equation, and in
order to analyze its validity, one should resort to a more accurate
theoretical model, comprising these and other relevant equations.
A number of such models are described in the literature. In this
work, the model described in Ref. 4 was used. The results below
refer to ry = 0.1 cm, the inner radius of the cylinder is equal to
3 cm, and the secondary electron emission coefficient is equal to
10~°. The computed distribution of the electric field in the gap is
in good agreement with the experimental data,' as exemplified by
the solid line in Fig. 1, and the computed values of the inception
field and discharge voltages for different currents conform to the
experimental values, given in Ref. 1, to the accuracy within approx-
imately 3%. This attests to the suitability of the model” for the dis-
charge conditions considered.

In Fig. 2, the computed contributions to the current transport of
the electrons, positive ions, and negative ions are shown for
I=045mA. It is seen that the main contribution in the range of
r=0.2-0.6 cm is made by the electrons, with their mobility being by
several orders of magnitude higher than that of the ions. It follows that
Eq. (1) with the negative ion mobility does not describe correctly the
electric field distribution in the region r > 0.2 cm. The latter is indeed
the case, as shown in Fig. 1: the distribution of the electric field given
by Eq. (1) and depicted by the dotted line deviates for r > 0.2 cm from
the solid line, which represents the modeling results. It is unsurprising
that, therefore, no choice of E, allows bringing Eq. (1) into agreement
with experimental data obtained over a wide range of r values, as
exemplified by the dashed line in Fig. 1.

This explains why Eq. (1) cannot be used for the extrapolation
of the experimental data to the wire surface. In fact, such extrapo-
lation gives values of the surface electric field that are significantly
lower than those given by the modeling, as exemplified in Fig. 1.
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FIG. 2. Contributions of various charged species to the current transport,
|=0.45mA.

Note that the field at the wire surface, given by the modeling,
varies by not more than approximately 1% over the whole current
range considered. In other words, the electric field at the wire
remains at the corona inception level, in agreement with the
Townsend-Kaptzov assumption. This is consistent with the fact
that the computed electric field in the ionization region is very
close to the Laplacian field at the inception (dotted-dashed line in
Fig. 1), i.e., is not perturbed by the space charge.

It is well known that the negative DC corona in air frequently
operates in a pulsed regime: the current waveform reveals the so-
called Trichel pulses. Moreover, negative wire coronas are in many
cases three-dimensional: bright spots appear on the wire surface.
These spots, which are sometimes called ’tufts’, represent a self-
organization phenomenon and do not necessarily appear on the
whole wire, e.g., Fig. 10 in Ref. 5 and its discussion. Neither the
images of the negative corona wire nor the waveforms of
the corona current are given in Ref. 1, and it is possible that the
Trichel pulses and tufts were present in these experiments. If the
latter is the case, the agreement between the modeling and experi-
mental data seen in Fig. 1 shows that a steady-state 1D model pro-
vides a reasonably accurate averaged description of current
transfer in the drift region of a pulsed negative wire-cylinder
corona, sufficiently far away from the highly transient near-
cathode layer. In particular, this justifies the use of the steady-state
1D model for the interpretation of measurements performed in the
drift region, as done in Ref. 1.

It is useful to emphasize that while the dependence of the wire
surface field on the DC corona discharge current in axially symmetric
wire-cylinder gaps is weak, in other corona configurations, e.g., in
point-plane gaps, the field at the stressed electrode can vary substan-
tially with the current due to a redistribution of the current density
over the electrode surface with the increase in the applied voltage. This
topic requires special consideration.
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