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Thermal Flow Characteristics of Gas Circuit Breakers near Current Zero Period
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Abstract - Because the physics occurring
during an interruption process is not well
known, it is not easy to analyze the
characteristics of a  self-blast circuit breaker
neither theoretically nor experimentaily.
Fortunately the available computational power
and the numerical method improved recently
make it possible to predict an interruption
process as precisely and fast as  possible.
Therefore many researches using computational
methods have been done for the interruption
process of interrupters and applied to extend
the information such as thermal and dielectric
reignition. In this paper, we have simulated
the interruption process of SF6  self-blast
circuit breakers with the arc plasma during the
fault interruption of a 10 kA cuwrent. The CFD
program used here is coupled with the
electromagnetic  field  analysis, the radiation
model and the effects of turbulence. Through
this work, we have get further information
about the thermal performance as well as the
behavior of the arc. The results have been
compared with the measured arc voltage.

1. Introduction

Because the physics occurring during  an
interruption process is not well known, it is not

easy to analyze the characteristics of a
self-blast circuit  breaker neither theoretically
nor experimentally. The design and

development procedures of circuit breakers are
still largely based on trial and error through
testing  although the development costs go
higher every year. Fortunately the available
computational power and the numerical method
improved recently make it possible to predict
an interruption process as precisely and fast as
possible. Of course, calculations cannot replace
the tests because all the real processes arc not
taken into account. But the knowledge of the
arc behavior and the prediction of the thermal

flow inside the chamber by numerical
simulations are more useful than experiments
due to the difficulties to obtain  physical

quantities and the reduction of the
computational costs in recent years [1].

Because SF6 is an excellent gaseous dielectric
medium, which has more than twice the
dielectric  strength of air, the most common
type of circuit breakers for high voltage class

has been SF6 puffer circuit breakers since SF6
was discovered in the 1950s [2]. But a
powerful mechanism is required in order to get
blowing~off force, which will blast the arc
between the contacts during the switching
process, through compressing the SF6 gas in
the closed chamber. It is the best way to
reduce the power required to the mechanism for
increasing the reliability and compacting the
sizee of the system. This reduction in
mechanism energy can be realized using the arc
energy itself to assist the blowing force in the
interruption process. It is known that in order
to achieve this reduction there are two main
principles  named  self-blast, or autoexpansion
by the arc energy itself and arc rotation by
coils or magnets, though the various methods
might be used in combination.

In this paper, in order to get further
information into the interruption process of a
self-blast circuit breaker, based on a
combination of thermal expansion and the arc
rotation principle, gas flow simulations with
thermal arc plasma are performed during the
whole switching process, high current period,
pre-cuitent  zero  period, and current  zero
period. Through the work, we will find out the
effective cooling condition of the arc plasma
during the fault interruption and investigate
the thermal performance through the post arc
current just after current zerc. These results
bring us the optimum design of an interrupter
with much higher breaking performance.
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2. Description of the Interrupter

An SF6 self-blast model circuit breaker used

here applies two arc quenching  principles,
thermal expansion and arc rotation, to its
interrupter  (figure 1). This type of circuit
breaker uses a combination of rotary arc and
pressure-rise  inside the autoexpansion volume
in order to extinguish the arc plasma between
the contacts at an appropriate current zero.
The two electrodes, moving contact and fixed
contact, have a hole in their center in order to
exhaust the residual gas during the
interruption process. To rotate and guide the
arc by the radial component and the axial
component of the magnetic field respectively,
the fixed contact contains coils.

3. Governing Equations

The governing equations of a turbulent arc
and its surrounding flow in a cylindrical polar
coordinate system can be written in
conservative  form, as the following time-
averaged Navier-Stokes equations [3]:
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The equations for calculating the electric field
and the magnetic field are as follows [4]:
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To calculate the governing equations with

relevant  boundary  conditions, the commercial
CFD code, which is customized to allow the
inclusion of arc plasma modeling by Fortran
subroutines, uses and interfaces with  user
coded subroutines for considering many physical
models.
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19 2 Schematic diagram of model interrupter
4. Resuits and Discussion

A schematic cross-section through the
interrupter axis is shown in Fig. 2. The filling
pressure of the interrupter is taken to be 2 bar
and the contact speed to be about 25 m/s as
experiments. The dornains for electrostatic
potential and the magnetic vector potential are
much larger than that required flow field for
the stable calculation of the electromagnetic
field. On the cathode, we set =0 V and the
potential on the anode 5 V, which are
changeable by wuser, in order to calculate the
electric potential and the Ohmic heating term.
The AC current has about a peak of 10 kA and
the frequency is taken as 60 Iz [5].

We compared the arc voltage of chamber with
experimental data in Fig 3. Through the first
high current period the arc voltage is about
above 100 V and in the second half cycle it is
approximately above 200 V, which is reasonable
values in comparison with experiments.
Therefore it can be said that the methods and
the approximations wused in this study are
applicable to the calculation of the interruption
process of a self-blast circuit breaker.
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219 3 Comparison of calculated arc voltage with
measured one
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219 4 Pressure-rise during switching process

The pressure is monitored inside the chamber
close to the outer wall and at an axial position
level with the initial position of the moving
contact during the switching process, as a solid
circle is shown in Fig. 2. As shown in Fig. 4,
the maximum overpressure rise of chamber is
about 015 MPa and this value is almost the
same as the theoretical result of reference [6].
During high current period (about to 4 kA
before the second current zero), the pressure
continues to rise though the peak current
passes. The peak pressure usually will never
happen at the same time as the peak current
occurs. The delay between the peak current
and the peak pressure is due to the clogging by
thick plasma with the peak of arc energy. It
means that the arc energy used for increasing
the pressure is penetrated as long as possible.

In case of a sufficient cooling of the post arc
by the blowing-off force at this moment, the
post arc cuwrent will be interrupted within a
few microseconds, otherwise a thermal
reignition will occur under the stress of the
rate of rise of recovery voltage (RRRV) above
the critical value. To investigate the thermal
recovery capability of chamber, the post arc
current is  calculated as RRRVs change. As
shown in Fig. 5 the thermal performance of
the interrupter with  chamber predicts the
critical RRRV  of about 15 kV/s. This value
can be the criteria for designing this type of
interrupter.
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In case of a sufficient cooling of the post arc

by the blowing-off force at this moment, the
post arc current will be interrupted within a
few microseconds, otherwise a thermal
reignition will occur under the stress of the
rate of rise of recovery voltage (RRRV) above
the critical value. To investigate the thermal
recovery capability of chamber, the post arc
curtent  is  calculated as RRRVs change. As
shown in Fig. 5, the thermal performance of
the interrupter with  chamber predicts the
critical RRRV of about 15 kV/s. This value
can be the criteria for designing this type of
interrupter.

5. Conclusions
The results are summarized as follows:

1) The maximum pressure-rise of chamber used to
experiments is 015 MPa and it shows almost the
same value as the existed theoretical result. And the
calculated arc voltage of chamber M between the
contacts is about above 100 V through the first high
current period and 200 V in the second half cycle,
which are reasonable values in comparison with
experiments.

2) At pre-—current zero period, the good designed
chamber makes the arc plasma thin and the
pressurized gas flow smoothly toward the outlets,
And it is important part in the interruption capability
that how high and how long the pressure rise
continues. Therefore the pressure-rise and the ramp
of the pressure to current zero should be a good
criterion to decide the thermal performance of
interrupters

3) Using the simulation tools, the critical rate of rise
of recovery voltage (RRRV) can be determined. The
thermal performance of this interrupter predicts the
critical RRRV of about 1.5 kV/s.

&2 g sl

[1} H. Rachard, P. Chevrier, D. Henry, and D.
Jeandel, “Numerical Study of Coupled
Electromagnetic and Aerodynamic Phenomena in  a
Circuit Breaker Electric Arc”, Int J Heat and Mass
Transfer, vol. 42, pp. 172371734, 1999

{21 H J. Lingal, A. P. Strom, and T. E. Browne,
“An Investigation of the Arc-Quenching Behavior of
Sulfur Hexafluoride”, AIEE Trans., vol. PAS 72, pp.
242 246, 1963

i3) J. L Zhang, J. D. Yan, and M, T. C. Fang,
“Investigation of the effects of pressure ratios on arc
behaviour in a supersonic nozzle”, IEEE Trans. on
Plasma Science, vol. 28, pp. 1725 1734, 2000

[41 C. M. Dixon, B. W. lee, J. M. Seo, and M. T.
C. Fang, “Numerical simulation of a hybrid rotating
arc/auto  expansion interrupter”, Proc. o the XIIT
Int. Conf. on Gas Discharges and Their Applications,
Glasgow, UK, vol. 1, pp. 206 208, 2000

[5] I. C. Lee, ]J. S. Kang, B. W. Lee, I. S. Oh, and
Y. J. Kim, “Calculation of switching arc in SF6 gas
circuit breakers”, Proceedings o the XIV Symposium
on Physics o switching arc, Brmo, Czech Republic,
vol. I, pp. 134 138, 2003

[6] R. D. Garzon, High Voltage Circuit Breakers:
Design and Applications, Marcel Dekker, 2002

- 1774 -



