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Abstract—We present experimental data on the distribution of energy deposition along the discharge chamber
of a multichamber lightning protection system at the initial stage of a discharge process modeling a lightning
current pulse with 10 kA amplitude. The multichamber system comprised serially connected gas-discharge
chambers. The breakdown between electrodes situated on the bottom of a channel in each chamber induces
the formation of a shock wave. Subsequent energy evolution during the development of discharge proceeds
in the entire volume bounded by the shock wave.
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Aerial power transmission lines are protected from
lightning-induced surges by complexes of special
devices [1–3]. The main elements of these complexes
are overhead ground-wire systems [1–3], overvoltage
limiters based on nonlinear resistors [2], and gas-dis-
charge gaps of various types [2, 3]. Protective devices
of all types are being continuously improved [2–4],
their elements are being modified, and new
approaches to protecting power transmission lines
against lightning are being developed [3, 4].

Modern surge protective gas-discharge gaps
employ discharges of various types [3, 5–9]. New
methods of limiting overvoltages in power transmis-
sion lines have been recently developed [3, 5–9], in
particular, based on controlled gas-discharge trigger-
ing systems [5–7]. The most promising surge sup-
pressing elements for lightning protection systems
include multichamber discharge gaps developed at the
Streamer Electric Inc.  (St. Petersburg, Russia) [10],
taking the form of serially connected two-electrode
discharge chambers embedded into a profiled silicon
rubber matrix [3, 8, 9].

The performance characteristics of these devices
obey all modern requirements to lightning protection
[11], and the Streamer products are frequently pre-
ferred in designing and constructing new power trans-
mission lines [3, 10].

This Letter presents experimental data on the dis-
tribution of energy deposition along a discharge cham-
ber of the multichamber lightning protection system
[9]. The development of new lightning protection sys-
tems is a difficult and expensive task. To optimize the
approach to designing these systems, there have been

attempts to formulate physico-mathematical models
of discharge and calculate the parameters of a medium
in discharge chambers [12, 13]. The present investiga-
tion was inspired by discrepancies between the results
of modeling [13] and theoretical estimations [14] of
the parameters of gas f low and the experimental data
[14]. Indeed, the calculated values [13, 14] of the
shock wave propagation velocities are much lower
than those observed in experiment [14].

When lightning strikes an aerial power transmis-
sion line, sequential breakdowns take place in dis-
charge gaps between electrodes situated on the bottom
of a channel in each discharge chamber serially con-
nected into a multichamber lightning protection sys-
tem. The shock wave formed at the breakdown stage
pushes a significant amount of gas out from the dis-
charge chamber. After the passage of a current pulse
and the reduction of pressure in the discharge volume,
external air refills the discharge chamber. The rate of
deionization of the discharge gap is determined by the
rate of refilling and, hence, depends on the amount of
gas pushed out by the shock wave. Thus, parameters of
the shock wave and gas f low at the initial stage of dis-
charge determine to a large degree the performance
characteristics of the multichamber lightning protec-
tion system and its ability to quench the accompanying
current passage from the power transmission line.

The experiments were carried out in a setup
described in detail elsewhere [15]. The methods of dis-
charge plasma diagnostics were recently briefly
reviewed in [16]. In this work, we have studied the pro-
file of energy deposition in a single discharge chamber
of the multichamber lightning protection system [9].
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Figure 1a shows a schematic diagram of one dis-
charge chamber of the multichamber lightning protec-
tion system under consideration. The model chamber
was made of a silicon rubber. The discharge volume
represents a 2-cm-long narrow gap with rectangular
cross section (1 cm high, 0.1 cm wide), which is open
to atmosphere at one end. Figure 1b shows the current
and voltage waveforms measured in the discharge gap.
A current pulse with an amplitude of 10 kA and an ini-
tial ramp of ~109 A/s was generated using a ~30 μF
capacitor charged at a voltage of 18–23 kV and dis-
charged to a single discharge chamber via a 2 Ω resis-
tor. Thus, the current amplitude was determined by
this resistor, the time constant of the discharge circuit
was ~60 μs, and the energy deposited in discharge was
~200 J.

Figure 2 shows a series of three frames from a high-
speed video recording in the side projection of dis-
charge development, each measured with a 15-ns
exposure at the time moments 3, 5, and 10 μs after dis-
charge initiation. For video recording in the side pro-
jection, the discharge chamber case was cut out up to
the boundary of discharge gap and the wall was

replaced by a rigidly fixed plate of transparent polycar-
bonate. Using a discharge gap of planar geometry, it is
possible to reconstruct the field of energy evolution in
the discharge volume from the data of high-speed
video recording.

In the object under consideration, the gas medium
density was ρ ~ 1.2 kg/m3, the characteristic size of jet
f low was L ~ 2 × 10–2 m, the f low cross-section area
was S ~ 10–5 m2, and the characteristic energy depos-
ited at the initial stage was within Win ~ 10–25 J. After
breakdown of the interelectrode gap and subsequent
formation of the discharge channel, energy Win ~ 10–
25 J is deposited within several microseconds in a rel-
atively small region, so that a shock-wave front is gen-
erated.

For mass m ~ 0.25 mg of gas in the discharge cham-
ber, the deposition of energy Win into this whole
amount changes the gas pressure and temperature to
p ~ 7–15 MPa and T ~ 10 000–20 000 K. The velocity
of sound in this medium is c ~ 2.5–4 km/s. Under
these conditions, discharge plasma can be consid-

Fig. 1. (a) Schematic diagram of one discharge chamber of
the multichamber lightning protection system: (1) elec-
trode, (2) discharge volume, (3) discharge chamber case,
and (4) output cross section of the discharge gap. (b) Typ-
ical waveforms of the discharge current (J) and voltage (V).
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Fig. 2. High-speed video recording frames of discharge chan-
nel at the time moments (a) 3 μs, (b) 5 μs, and (c) 10 μs after
discharge initiation: (1) electrode contour; (2) dielectric pro-
trusion on the bottom of discharge volume.
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ered transparent, at least during an early stage prior
to mass supply of the chamber wall material to the
discharge volume at relatively small current densities
(~104 A/cm2).

The average gas eff lux velocity (at an efficiency of
χ ~ 0.5) can be estimated from the relation

which yields

The characteristic times of heat transfer can be
estimated as L2/4a ~ 0.1 s and l2/4a ~ 250 μs, where
a ~ 10–3 m2/s is the thermal diffusivity of air and l ~
10–3 m is the size of the wave front. Thus, it can be sug-
gested that heat is transferred together with the gas
flow and transport phenomena can be ignored.

High-speed video recording was carried out in a
relatively narrow spectral interval of 550–650 nm lim-
ited by optical filters. For the above estimation of
plasma temperature, the spectral emissivity in this
spectral interval is directly proportional to the tem-
perature as Iλ ~ T [17]. Then, assuming that local
energy evolution at a given point is spent on increasing
the temperature (to within the kinetic energy of the
gas), we conclude that the obtained optical image
reflects the field of energy deposition in the discharge
volume with a f lat geometry as
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where P(t) is the power deposited in discharge, J(t) is
the discharge current, V(t) is the voltage drop on the
discharge gap, Pxy(x, y, t) is the spatial distribution of
specific power in the f lat geometry, Δz is the discharge
gap width, and Iλ(x, y, t) is the field of emission inten-
sity from the discharge gap at a given moment of time.
In fact, Iλ(x, y, t) field corresponds to the distribution
of emission intensity on the high-speed video record-
ing at this moment of time.

Using the images obtained by high-speed video
recording, it is possible to reconstruct two-dimen-
sional fields of energy evolution in the discharge volume.
However, in the given case, a more illustrative pattern is
provided by one-dimensional profiles of energy deposi-
tion Px(x, t) along discharge axis Ox (Fig. 3):

As can be seen from Fig. 3, energy deposition
during discharge development takes place over the
entire volume limited by the shock wave. High-speed
video recording in the side projection of discharge
development shows that the emission field occupies
the entire space from the discharge chamber bottom
up to the propagating shock-wave front.

Therefore, the propagating shock wave obtains
additional energy from discharge. This conclusion
confirms the suggestions made in [14]. The data pre-
sented above can be used in the formulation and cor-
rection of physico-mathematical models of discharge
in analogous surge protection systems.
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