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Abstract—Investigation of the discharges from the artificial
charged water aerosol clouds in presence of the arrays of the model
hydrometeors could help to receive the new data about the
peculiarities of the return stroke formation between the thundercloud
and the ground when the large volumes of the hail particles
participate in the lightning discharge initiation and propagation
stimulation. Artificial charged water aerosol clouds of the negative or
positive polarity with the potential up to one million volts have been
used. Hail has been simulated by the group of the conductive model
hydrometeors of the different form. Parameters of the impulse current
of the main stage of the discharge between the artificial positively
and negatively charged water aerosol clouds and the ground in
presence of the model hydrometeors array and of its corresponding
electromagnetic radiation have been determined. It was established
that the parameters of the array of the model hydrometeors influence
on the parameters of the main stage of the discharge between the
artificial thundercloud cell and the ground. The maximal values of
the main stage current impulse parameters and the electromagnetic
radiation registered by the plate antennas have been found for the
array of the model hydrometeors of the cylinder revolution form for
the negatively charged aerosol cloud and for the array of the
hydrometeors of the plate rhombus form for the positively charged
aerosol cloud, correspondingly. It was found that parameters of the
main stage of the discharge between the artificial charged water
aerosol cloud and the ground in presence of the model hydrometeor
array of the different considered forms depend on the polarity of the
artificial charged aerosol cloud. In average, for all forms of the
investigated model hydrometeors arrays, the values of the amplitude
and the current rise of the main stage impulse current and the
amplitude of the corresponding electromagnetic radiation for the
artificial charged aerosol cloud of the positive polarity were in 1.11.9 times higher than for the charged aerosol cloud of the negative
polarity. Thus, the received results could indicate to the possible
more important role of the big volumes of the large hail arrays in the
thundercloud on the parameters of the return stroke for the positive
lightning.
Keywords—Main stage of discharge, hydrometeor form,
lightning parameters, negative and positive artificial charged aerosol
cloud.
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I. INTRODUCTION

NE of the modern problems that is nowadays in the
consideration in the physics of lightning and lightning
protection is the understanding of the physical mechanisms of
the lightning return stroke formation and the determination of
its parameters [1]-[4]. Thundercloud “microstructure”
(different parts of the thundercloud could contain of the large
volumes of the charged hydrometeors of the different type and
size) could significantly influence on the return stroke
formation when it approaches the thundercloud boundaries
[5]-[7]. Arrays of the large hydrometeors could influence on
the processes of the cloud charge neutralization during return
stroke stage and determine the possibility of the subsequent
formation of the lightning discharge between the thundercloud
and the ground. Moreover, such affection could be different
for the negative and positive lightning [8]. Wide application of
the lightning detection system for the determination of the
return stroke parameters requires the correction of the applied
algorithms due to the possible influence of the thundercloud
hydrometeors as on the frequency characteristics of the
electromagnetic radiation of the channel and cloud discharges
as on the return stroke parameters [9]-[11].
Application of the artificial charged water aerosol clouds of
the negative and positive polarity (artificial thunderstorm
cells) opens the new possibilities in the physical simulation of
the lightning return stroke between the thundercloud and the
ground in the presence of the large hydrometeors arrays and
its possible influence on the return stroke parameters.
II. EXPERIMENTAL COMPLEX
Investigations of the parameters of the main stage of the
discharge between the charged water aerosol clouds of the
negative or positive polarity and the ground in the presence of
the different model hydrometeor arrays have been fulfilled on
the experimental complex described in [12], [13]. Single
charged water aerosol cloud of the negative or positive
polarity has been used in the presented investigation. Cloud
had a volume of some cubic meters and has been situated at
the height of the meter above the ground. During the
experiments, potential of the charged cloud was (the outlet
current of a charged aerosol generator of 110-120 A)
approximately one million volts. The maximal electric field
strength near the bottom cloud boundary could achieve of the
values of 16-18 kV/cm.
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Model hydrometeors simulating the large hail particle have
been produced from the conducted materials. Three forms of
the model hydrometeors have been used in the experimental
investigation: “volume model hydrometeor” (ellipsoid of
revolution, cylinder), and “plate model hydrometeor”
(rhombus). The longitudinal size of the model hydrometeors
was in the range of 3.0-4.0 cm. Each model hydrometeor has
been independently suspended in the gap using the dielectric
strings. Group from four model hydrometeors has been used in
experiments. Distance of the air gap between the neighboring
model hydrometeors was approximately 2.5-3.0 cm. Common
length of the hydrometeor array was 22-27 cm. Disposition of
the model hydrometeor array in the gap “artificial charged
water aerosol cloud of the negative or positive polarity ground” has shown in Fig. 1.
Group of the model hydrometeors has been situated near the
bottom boundary of the artificial charged aerosol cloud when
the upper hydrometeor of the array could partly be inside the
charged aerosol cloud.
A rod electrode (4 in Fig. 1) has been posed on the
grounded plate to register and to analyze the parameters of the
main stage of discharge in the gap “artificial charged water
aerosol cloud of the negative or positive polarity - ground” in
presence of the model hydrometeor array.
Three broadband plate antennas have been used for the
registering of the electromagnetic radiation of the main stage
of the discharge between the artificial charged aerosol cloud
and the ground. First Antenna 1 has been posed near the rod
electrode near the ground level. Second Antenna 2 has been
posed on the height of the model hydrometeor array
disposition at the distance of some meters. Third Antenna 3
has been posed at the distance of some meters from the rod
electrode near the ground level.

III. EXPERIMENTAL RESULTS AND DISCUSSION
Experimental investigations of the parameters of the main
stage of the discharge between the charged water aerosol
clouds of the negative or positive polarity and the ground in
the presence of the different model hydrometeor arrays have
shown the significant influence of the charged cloud polarity
and the model hydrometeor form on the return stroke
parameters.
Characteristic picture of the main stage of the discharge in
the gap “artificial negatively charged water aerosol cloud ground” in the presence of the model hydrometeor array is
shown in Fig. 2.

Fig. 2 Formation of the main stage of discharge in the gap
“negatively charged aerosol cloud – ground” in the presence of the
array of the hydrometeors of ellipsoid form

Fig. 1 Disposition of the hydrometeor array 2 and the rod electrode 4
in the gap “artificial charged aerosol cloud 1 – ground 3”

Common picture and dynamics of the return stroke
formation on the model hydrometeor array of the different
forms in the gap “artificial charged water aerosol cloud –
ground” and the peculiarities of the preceding discharge
processes have been registered using digital photocamera
DMC-50 and fast programmable nine-frame CCD camera
K011.
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Fig. 3 Formation dynamics of the main stage of the discharge
between the artificial thunderstorm cell of negative polarity and the
ground in presence of the group of the model hydrometeors of
cylinder form (frame size 85*85 cm, frame duration 2.5 µs, interval
between frames 0.1 µs)

Typical dynamics of the final stage of the discharge from
the artificial cloud of the negatively charged water aerosol,
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when the model hydrometeors participate in the channel
discharge initiation and propagation, are shown in Fig. 3.
Characteristic oscillograms of the current of the main stage
of discharge between the negatively charged aerosol cloud and
the grounded rod electrode beneath it passing through the
model hydrometeor array and of the corresponding

electromagnetic radiation registered by the plate antennas are
shown in Fig. 4.
Characteristic picture of the main stage of the discharge in
the gap “artificial positively charged water aerosol cloud ground” in the presence of the model hydrometeor array near
the cloud boundaries is shown in Fig. 5.

Fig. 4 Oscillograms of the discharge current (curve 1, shunt 0.5 Ohm), of the signal registered by the plate antennas A1 (curve 2, shunt 0.5
Ohm), A2 (curve 3, shunt 0.5 Ohm), A3 (curve 4, shunt 0.5 Ohm) for the main stage of discharge in the gap “negatively charged aerosol cloud
– ground” in the presence of the array of the hydrometeors of ellipsoid form

Fig. 5 Characteristic picture of the formation of the main stage of
discharge in the gap “positively charged water aerosol cloud –
ground” in the presence of the array of the model hydrometeors of
cylinder form
Fig. 6 Formation dynamics of the main stage of the discharge
between the artificial thunderstorm cell of positive polarity and the
ground in presence of the group of the model hydrometeors of
ellipsoid form (frame size 85*85 cm, frame duration 2.0 µs, interval
between frames 0.1 µs)
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Typical dynamics of the formation of the main stage of the
discharge between the artificial thunderstorm cell of positive
polarity and the grounded rod on the plate beneath the charged
cloud in presence of hydrometeors group are shown in Fig. 6.
Characteristic oscillograms of the impulses of the current
and of the electromagnetic radiation registered by the plate
antennas for the main stage of discharge in the gap “cloud of
the positively charged water aerosol – ground” for the case
when the discharge passes through the model hydrometeor
array are shown in Fig. 7.

A series of experiments not less than thirty experimental
approaches has been carried out for every configuration of the
model hydrometeor array, the polarity of the artificial charged
water aerosol cloud.
The following parameters have been determined and
generalized: maximal current steepness am (a30 - measured on
the levels of 0.3Im and 0.9Im), current amplitude Im, charge Qm
neutralized during the main stage of discharge, duration Ti of
the main discharge current impulse, maximal amplitude of
signal registered by the antennas Am, duration of the signal
registered by the antennas Tai.

Fig. 7 Oscillograms of the impulse of the discharge current (curve 1, shunt 0.5 Ohm), of the signal registered by the plate antennas A1 (curve 2,
shunt 0.5 Ohm), A2 (curve 3, shunt 0.5 Ohm), A3 (curve 4, shunt 0.5 Ohm) for the main stage of discharge in the gap “positively charged
aerosol cloud – ground” in the presence of the array of the hydrometeors of ellipsoid form

Results of the influence of the model hydrometeor form on
the parameters (average meaning of measured values and their
range) of the impulse current of the main stage of the
discharge in the gap “artificial charged aerosol cloud of the
negative or positive polarity - ground” and the corresponding
electromagnetic radiation of the discharge have been
generalized in Tables I, III and Tables II, IV for the negatively
and positively charged aerosol clouds correspondingly.
Analysis of Table I has shown that the array of
hydrometeors of the cylinder revolution form has in average
more high values of the current amplitude (in 1.3-1.8 times),
maximal current steepness (in 1.1-1.7 times), and charge
neutralized during the main stage of the discharge between the
artificial charged water aerosol cloud of the negative polarity
and the ground (in 1.35-1.65 times) than the model
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hydrometeors of other form. At the same time for the main
stage of the discharge between the artificial charged water
aerosol cloud of the positive polarity and the grounded
electrode (Table II) more high values of the current amplitude
(in 1.25-1.85 times) and the maximal current steepness (in 1.31.7 times) have been observed for the array of the model
hydrometeor of the plate rhombus form.
It could be seen from the comparison of the experimental
data received for the artificial charged water aerosol cloud of
the negative or positive polarity that the parameters of the
main stage of discharge in the presence of the array of model
hydrometeors of the different forms in common have the
higher values for the artificial positively charged water aerosol
cloud than for the negative charged aerosol cloud. Such
difference could exceed the 1.5-1.9 times. These results
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correlates with the data for the natural lightning where the
return stroke for positive lightning could more powerful that
the return stroke for negative lightning [1], [8], [14], [15].

Moreover, the large volumes of the hailstones presented in the
thundercloud could strongly modify the parameters of the
return stroke current [4], [7].

TABLE I
PARAMETERS OF CURRENT IMPULSE OF MAIN STAGE OF DISCHARGE BETWEEN ARTIFICIAL CHARGED WATER AEROSOL CLOUD OF NEGATIVE POLARITY AND
GROUND IN PRESENCE OF ARRAY OF HYDROMETEORS OF DIFFERENT FORM
Form of Hydrometeors in Array

Parameters of the current impulse of the main stage

Ellipsoid of revolution

Cylinder of revolution

Plate rhombus

33.2 (5.1 - 117.1)
0.49 (0.02 - 3.13)
10.37 (1.44 - 17.22)
2.12 (0.52 - 5.22)

57.4 (34.7 - 124.2)
0.83 (0.27 - 3.0)
12.98 (8.4 - 18.97)
0.97 (0.29 - 2.62)

46.2 (17.6 - 182.4)
0.75 (0.13 -4.56)
9.92 (5.69 - 21.69)
0.7 (0.29 - 1.45)

Current amplitude (A)
Maximal current steepness measured on the levels of 0.3Im and 0.9Im (A/ns)
Charge being neutralized during the main stage (C)
Duration of the main stage (s)
(Average Meaning of Measured Values and their Range)
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TABLE II
PARAMETERS OF CURRENT IMPULSE OF MAIN STAGE OF DISCHARGE BETWEEN ARTIFICIAL CHARGED WATER AEROSOL CLOUD OF POSITIVE POLARITY AND
GROUND IN PRESENCE OF ARRAY OF HYDROMETEORS OF DIFFERENT FORM
Form of Hydrometeors in Array

Parameters of the current impulse of the main stage

Ellipsoid of revolution

Cylinder of revolution

Plate rhombus

69.3 (13.2 - 145.4)
1.59 (0.15 - 6.46)
11.61 (1.96 - 17.52)
1.22 (0.35 - 1.88)

102.0 (23.8 - 193.6)
1.95 (0.22 - 12.95)
14.36 (1.17 - 24.51)
0.47 (0.19 - 1.28)

120.8 (8.0 - 180.8)
2.56 (0.11 - 5.87)
13.13 (0.79 - 22.04)
0.32 (0.2 - 0.49)

Current amplitude (A)
Maximal current steepness measured on the levels of 0.3Im and 0.9Im (A/ns)
Charge being neutralized during the main stage (C)
Duration of the main stage (s)
(Average Meaning of Measured Values and their Range)

TABLE III
PARAMETERS OF ELECTROMAGNETIC RADIATION OF MAIN STAGE OF DISCHARGE BETWEEN ARTIFICIAL CHARGED WATER AEROSOL CLOUD OF NEGATIVE
POLARITY AND GROUND IN PRESENCE OF ARRAY OF HYDROMETEORS OF DIFFERENT FORM
Model hydrometeor form
Hydrometeor of ellipsoid revolution form
Hydrometeor of cylinder revolution form
Hydrometeor of plate rhombus form

Signal Amplitude (A)

Impulse Duration (s)

Antenna 1

Antenna 2

Antenna 3

Antenna 1

Antenna 2

Antenna 3

4.05 (1.39-7.36)
5.30 (1.76-12.8)
5.56 (1.39-7.36)

0.84 (0.31-1.38)
1.25 (0.32-3.89)
1.37 (0.22-7.11)

0.67 (0.31-1.18)
0.96 (0.45-2.72)
0.65 (0.16-3.08)

1.63 (1.12-2.12)
1.80 (0.58-2.68)
0.85 (0.17-2.33)

0.60 (0.15-1.27)
0.51 (0.10-1.42)
0.44 (0.10-1.18)

1.48 (0.81-2.40)
1.60 (0.69-2.30)
1.17 (0.17-2.20)

(Average Meaning of Measured Values and their Range)
TABLE IV
PARAMETERS OF ELECTROMAGNETIC RADIATION OF MAIN STAGE OF DISCHARGE BETWEEN ARTIFICIAL CHARGED WATER AEROSOL CLOUD OF POSITIVE
POLARITY AND GROUND IN PRESENCE OF ARRAY OF HYDROMETEORS OF DIFFERENT FORM
Model hydrometeor form
Hydrometeor of ellipsoid revolution form
Hydrometeor of cylinder revolution form
Hydrometeor of plate rhombus form

Signal Amplitude (A)

Impulse Duration (s)

Antenna 1

Antenna 2

Antenna 3

Antenna 1

Antenna 2

Antenna 3

4.09 (0.54-14.6)
7.87 (2.40-23.0)
14.6 (0.39-29.5)

1.46 (0.19-4.08)
2.60 (0.56-8.13)
4.59 (0.39-7.11)

0.99 (0.11-4.12)
1.88 (0.64-4.93)
2.42 (0.28-5.32)

1.13 (0.23-2.28)
1.32 (0.75-1.97)
1.23 (0.12-2.56)

0.77 (0.24-1.87)
0.54 (0.30-1.02)
0.73 (0.28-0.98)

1.04 (0.40-1.99)
0.97 (0.25-1.46)
1.64 (0.88-2.52)

(Average Meaning of Measured Values and their Range)

Analysis of Tables III and IV has shown that the
electromagnetic radiation from the main stage of the discharge
has been high (up to some times) for the artificial charged
water aerosol clouds of the positive polarity that for the clouds
of the negative polarity for all considered forms of
hydrometeors. It is necessary to take such results into account
in the lightning detection system operation when they analyze
the registered signals and determines the proposed parameters
of the return stroke [4], [10], [11], [16].
IV. CONCLUSION
Influence of the arrays of the model hydrometeor of the
different forms on the parameters of the main stage of the
discharge between the artificial positively and negatively
charged water aerosol clouds and the ground has been
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established.
It was established that the array of the model hydrometeors
of the cylinder form gives the maximal values (up to some
times) of the parameters of the main stage of the discharge
between the negatively charged cloud and the ground.
Analogues influence has been found for the positively charged
water aerosol cloud and the model hydrometeors of the
rhombus form.
It was found that parameters of the main stage of the
discharge and of the corresponding electromagnetic radiation
are high for the positively charged cloud than for negative one
for all investigated forms of the model hydrometeors. Such
result could be useful for clarification of the return stroke
parameters especially for powerful thunderstorms with the
prevailing of the positive lightnings. Received results could be
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used and for the lightning detection system improvement: for
correct separation of the cloud and channel lightning
discharges and modification of algorithms of the data (signals
registered by the antennas) processing.
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