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Abstract

This paper presents a numerical investigation of the thermal interruption capability for the gas
circuit breaker (GCB) adopting CO2/O; mixture. The ohmic loss of the insulation gas is calculated
from current continuity equation, and is utilized as a heat source for thermal fluid analysis. In order
to accurately estimate the thermal interruption capability of a GCB adopting CO2/O, mixture, we
proposed an electric arc plasma model combining electric model and thermal fluid dynamics model.
The validity of the proposed electric arc plasma model is verified by comparing it with
experimental data. Subsequently, interruption indices are predicted using the calculated parameters
to estimate the thermal interruption capability.

1 Introduction

In recent years, there has been growing concern about global warming, leading to increased
interest in SFe free GCBs. Therefore, research on SFs free GCBs is essential for replacing the
existing SFe GCBs currently in use.

The interruption capability of GCBs can be classified into two types: thermal interruption and
dielectric interruption capabilities. The thermal interruption capability is estimated by using
interruption indices such as Gaoo, Which represents the arc conductance just before the arc is
extinguished at 200ns from the current zero crossing, and post arc current (PAC), which represents
the arc current within a few microseconds after the current zero crossing. On the other hand, the
dielectric interruption capability is estimated by using a breakdown index based on the dielectric
strength of the high temperature insulation gas in the region of maximum transient recovery
voltage after arc extinction. In particular, in order to evaluate the thermal interruption capability of
a GCB, it is essential to solve the complex physical problem arising from the arc plasma during
the interruption process.

This paper deals with the numerical investigation of the thermal interruption capability for a
72.5kV GCB adopting CO2/O2 mixture. To estimate the thermal interruption capability of a GCB
adopting CO./O. mixture, we proposed an electric arc plasma model that integrates an electric
model and a thermal fluid dynamics model. The proposed electric arc plasma model calculates
various parameters, including pressure, temperature, arc voltage, and other relevant parameters
during the interruption process. Subsequently, in order to predict the thermal interruption
capability, the interruption indices such as Gzo0 and PAC are predicted by utilizing the calculated
parameters.

2 The Electric Arc Plasma Model

In order to calculate the arc plasma in the GCB during the interruption process, it is essential to



determine the heat source of the arc energy. the electric field problem required for calculating the
heat source can be solved from the current continuity equation using electrical potential and
electrical conductivity [1].

V:(=oVp) =0 1)

The fluid flow, pressure, and temperature distribution in the GCB are calculated using three
governing equations such as continuity, momentum, and energy equations [2].
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In this paper, we deal with the electric arc plasma model of a 72.5kV GCB adopting CO2/O>
mixture. The calculated pressure rise and arc voltage obtained from the proposed electric arc
plasma model are compared with experimental values as shown in Figure 1 and Figure 2,
respectively. In order to estimate the thermal interruption capability, G200 and PAC are predicted
using arc characteristic parameters.
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Figure 1: The pressure rise Figure 2: The arc voltage

3 Conclusion

This paper deals with the numerical investigation of thermal interruption capability for the
72.5kV GCB adopting CO2/O> mixture. We proposed an electric arc plasma model that combines
an electric model and a thermal fluid dynamics model. To increase the accuracy for estimation of
the thermal interruption capability, we calculated the ohmic heating considering the electric
conductivity that varies with pressure and temperature. In order to verify the validity of an electric
arc plasma model, the calculated arc voltage was compared with the experimental values.
Furthermore, we estimate the thermal interruption capability of a GCB adopting CO2/O. mixture
by utilizing interruption indices that are predicted using the calculated parameters. The numerical
investigation of the thermal interruption capability will be useful for the interrupter design of the
GCBs adopting CO2/O2 mixture.
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