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Abstract. Nowadays multi-chamber arresters are widely distributed as devices of lightning protection
of overhead power lines. A mathematical modelling of processes in the discharge chamber of multi-
chamber arrester is necessary to carry out in order to improve its breaking capacity. A three-dimensional
mathematical transient model of thermal, gas-dynamic and electromagnetic processes taking place in
the discharge chamber of multi-chamber arrester is presented in the article. Basic assumptions, model
equations, a computational domain and the boundary conditions are described. Plasma turbulence
is taken into account. The results of the calculation i.e. distributions of plasma temperature and
overpressure in the discharge chamber at different time points are shown. The analysis of the results
was carried out. It is shown that the presence of cavities in the electrodes design promotes electric arc
extinction in the discharge chamber of multi-chamber arrester.
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1. 1. Introduction
Protection of overhead power lines and equipment of
electrical substations from a direct lightning strike
requires special lightning protection devices. A new
promising method for such protection is the use of
multi-chamber surge arresters [1, 2] with electrodes
placed into dielectric chamber (see Figure 1 ).
Recently, a series of theoretical and experimental

studies of such arresters was performed. The goal
of those investigations was a choice of electrode and
discharge chamber materials that provide the best arc
extinguishing conditions and a long service life of the
device [3]. Also studies of the electrical strength and
electrical conductivity of plasma near the chamber
outlet during the pulse current through the discharge
chamber were made [4]. Based on the results of those
studies a non-stationary three-dimensional mathemat-
ical model of plasma processes in a discharge chamber
of a multi-chamber arrester was created [5–8].
This article is a continuation and development of

theoretical investigations that has been carried out in
the papers [5–8].

2. 2. Mathematical model and initial
data

A three-dimensional non-stationary mathematical
model has been developed for modeling the processes
in the discharge chamber of the multi-chamber ar-
rester. The model includes the energy equation, the
motion equation, the continuity equation, the electro-

Figure 1. Arc discharge in multi-chamber arrester

Figure 2. Discharge current dependence on time

magnetic equation on the basis of Maxwell’s system.
The details of used mathematical model was presented
in the paper [8]. The main differences between this
model and the model presented in [8] are plasma tur-
bulence and the use of polygonal meshes.
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Figure 3. Investigated designs of the discharge chamber

The turbulence of plasma flow was taken into ac-
count by the SST-model which is a combination of
k − ε and k − ω turbulence models: k − ε model are
used for calculation in the free flow zone while k − ω
model are used in the zones near walls.
The use of polygonal mesh accelerates the conver-

gence of the solution in comparison with the conven-
tional triagonal mesh.

An electrical potential difference is defined on elec-
trodes surfaces as boundary condition for the electro-
magnetic problem so that a discharge current through
the chamber corresponds to the experimentally ob-
tained dependence at each moment of time (see Fig-
ure 2 ).

The properties of gas (plasma) was calculated based
on erosion of the electrodes and ablation of material
of walls of the discharge chamber [5].
The solution was performed using the software

ANSY S Fluent that is used by many researchers
to investigate different plasma processes [9–11].
Two cases of the discharge chamber design shown

in Figure 3 was calculated. The main difference
between cases is the design of the electrodes. A design
with tube electrodes forming cavities connected to
the main volume of the discharge chamber is shown
in the left part of Figure 3 . A design with rod
electrodes (without cavities) is shown in the right part
of Figure 3 .

3. 3. Results
Results of simulation i.e. distributions of plasma
temperature at different points of time are shown in
Figure 4 and Figure 5 for two cases of the discharge
chamber design.
The obtained results show that:
1) In the case of a discharge chamber with tube

electrodes the plasma jet reaches the exit of the cham-
ber gap at time point of 10 µs approximately, and the
chamber outlet – at time point of 30 µs;

2) In the case of a chamber with rod electrodes the
plasma jet reaches the exit of the chamber gap at time
point of 5 µs approximately, and the chamber outlet –
at time point of 15 µs. It means that motion of plasma
to the outlet is approximately twice as high as in the
case with tube electrodes;
3) The maximum temperature at the outlet of the

discharge chamber is 15–20 thousand K, in the first
100–120 µs the plasma jet increases in size, then its
dimensions decrease;

4) The high-pressure zone reaches the outlet of the
discharge chamber earlier than the high-temperature
zone. It means that a plasma heated to a high tem-
perature moves towards the exit and "pushes" cold
gas before itself;

5) The presence of a longitudinal cut in the cylindri-
cal part of the discharge chamber leads to the ejection
of a part of plasma in this direction and to a decrease
in the velocity and temperature of the plasma jet;

6) Analysis of the simulation results shows that the
presence of cavities joined to the main volume of the
discharge chamber by small openings leads to the fact
that at the initial stage of discharge, when pressure
inside the discharge chamber exceeds pressure inside
the cavities, plasma begins to spread into these cavi-
ties. The pressure inside the cavities is increased as
long as it begins to exceed the pressure in the dis-
charge chamber, which is lowered due to propagation
of the discharge towards the outlet of the discharge
chamber. It occurs in about 140–150 µs after the start
of discharge. Thereafter, the gas accumulated in the
cavities with lower temperature than the discharge
core, begins to move in the opposite direction, i.e.
from cavities to the discharge chamber. After 160 µs
it leads to cooling of the central part of the discharge,
which undoubtedly contributes to the extinction of
the electric arc. This conclusion is confirmed by the
results of experimental observations.
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Figure 4. Distributions of temperature (T, K) in the discharge chamber with tube electrodes at different points of
time: a – 2 µs; b – 30 µs; c – 140 µs; d – 210 µs
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Figure 5. Distributions of temperature (T, K) in the discharge chamber with rod electrodes at different points of time:
a – 2 µs; b – 30 µs; c – 140 µs; d – 210 µs
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4. 4. Conclusions
The developed mathematical model allows to ade-
quately simulate the processes occurring in the dis-
charge chamber of the multi-chamber arrester and in
the surrounding space.
Further studies will be devoted to taking into ac-

count in the model the following effects: deformation
of the chamber due to high pressure, transport of
plasma radiation, deionization processes near the zero
of the pulse current.
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