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A novel one-dimensional CFD-tool for the simulation of the pressure build up during internal arc faults in
long single phase High Voltage SF6 Gas Insulated Switchgear (HV-GIS) is presented in this paper. We do
not use the common empirical thermal transfer coefficient (Kp factor) in our tool. Instead a more physically
motivated approach has been developed and is introduced here. The approach includes important cooling
mechanisms that prevent excess gas/plasma-temperatures and subsequent numerical instabilities. In order
to understand if the approach is valid, we prescribe the arc-energy from a benchmark experiment. Then we
compare the simulated pressure build-up curve with the measured pressure build-up.
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1 INTRODUCTION

Faultarcs in SF6 insulated HV-GIS are rare but
very dangerous events that cannot fully be
avoided. The electrical energy that is released
by the arc heats up the gas and leads to a high
overpressure. Cracks in the metal enclosure of
the GIS can be generated, or the enclosure
could even explode. Parts may fly away into the
installation room and harm personnel. Bursting
disks are therefore integrated into the enclosure
that limit the overpressure and avoid an uncon-
trolled explosion. However hot SF6 gas that is
a big threat to our atmosphere is released also
in case the bursting disks opens in a controlled
way, for example during an internal arc test.
The goal of internal arc simulations [1, 2] is
therefore to predict the transient pressure build
up in order to correctly design the bursting disk
and to reduce the number of experimental tests.
Commonly used are OD-simulation tools [1, 3]
that do not compute a 3D spatial distribution of
the flow quantities like pressure P or tempera-
ture T, but that compute a kind of average value
of each quantity in the entire gas volume.

2 SIMULATION MODEL

A picture of a long single phase SF6 insulated
HV-GIS is shown in Fig. 1 at the end of this
article. It consists of a long inner conductor and
an enclosure that are both to a large extent cy-
lindrically symmetric, and that are made of alu-
minum. The aspect ratio between the length and
the diameter of the HV-GIS is high, larger than
10. After arc ignition cold gas is compressed at
either end of the HV-GIS and hinders the out-
flow of the gas at the bursting disk which is
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usually located there. In order to factor in this
effect, we cannot apply the standard OD-simu-
lation approach. Instead we have to account for
the spatial distribution of the flow quantities
along the principal axial direction. Therefore
we implemented a one-dimensional compress-
ible CFD solver. Flow variations in the radial
direction were neglected, but we accounted for
variations of the flow cross section. A full 3D
CFD simulation of such a complex and long ge-
ometry would be difficult to mesh and would
also be very time consuming (simulation time
at least a week on computer clusters of the cur-
rent generation). Thus such a simulation would
not be feasible in a product design unit. Our 1D
approach in contrast enables to use only a few
parameters to describe the geometry, see Fig.2.
Meshing is automatized and simulation times
are about 6 hours. Thus such a 1D simulation
can also be carried out in a product design unit.
We do not resolve the arc itself in our simula-
tion, because this would require a fine mesh of
the thin arc in order to simulate in a stable fash-
ion the balances between the electrical heating
and the radiation losses, or between the pres-
sure gradient and the electro-magnetic Lorentz
force. Instead we inject the electrical energy in
a volume that is larger than the arc itself. Thus
all gradients are lower than in reality and the
simulation is stable. In this paper we call this
volume the arc-volume. In the standard model
the energy-input is usually scaled by the ther-
mal transfer coefficient Kp that represents the
amount of electrical energy that is used to heat
up the gas. Such an approach is intrinsically un-
stable. The instability can easily be understood:
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The electrical energy-input leads to a pressure
increase in the arc-volume compared to the en-
vironment, thus mass is ejected from the arc-
volume, the density drops, and the temperature
explodes if further energy is injected. In reality
there are cooling mechanisms that limit this
temperature rise. These are radiation and elec-
trode evaporation. Thus we included these
cooling mechanisms into our model.

A sketch of the most important effects is given
in Fig. 3. The arc attaches at the inner conduc-
tor and at the enclosure that are both made of
aluminum. The aluminum evaporates at the arc
roots during arcing [4]. The evaporation tem-
perature is approximately 3500 K, significantly
lower than the arc-temperature. That’s the rea-
son why electrode evaporation is a cooling
mechanism. The evaporated aluminum mixes
with the SF6 gas and the important exothermal
reaction between SF6 and aluminum [5] has to
be included in the energy balance. This is ac-
complished by simulation of the movement of
the evaporated aluminum in the SF6 gas and
minimizing the free Gibbs energy with respect
to the resulting spatial concentration under the
assumption of local thermal equilibrium [6].
Radiation transport is another cooling mecha-
nism that we solve by using a 1D-Discrete Or-
dinates Method (DOM) into the principal direc-
tion. We neglected the energy loss by heat con-
duction through the enclosure, thus we used ad-
iabatic boundary conditions for the CFD solver.
We also neglected the electro-magnetic Lo-
rentz-forces for simplicity. However we did in-
clude arc-movement into the simulation: We
averaged the gas velocity in a volume (diameter
30 cm) around the arc and moved it with this
average velocity. After the opening of the
bursting-disk the arc moved into the direction
of the bursting-disk, because there is a strong
flow in this direction. When the arc reached a
spacer we artificially reduced the arc-velocity
about a factor of 5 in order to mimic the perva-
sion of the arc through the spacer. To summa-
rize, we modelled the process by using the fol-
lowing ingredients:

e Compressible 1D-CFD
¢ Radiation transport

e Electrode evaporation

e Aluminum species transport

P, T, concentration dependent material data
Arc-movement

3 RESULTS

In order to check if the approach is valid we
simulated the case that is depicted in Fig. 1. An
internal arc test has been carried out with this
device and the transient pressure build-up at the
two ends of the GIS has been measured. The
volume of the GIS was 0.38 m® and the rated
short-circuit current of 50Hz/65kA (RMS) re-
leased an electrical power of 28 MW during
342 ms of arcing. The initial filling pressure of
the SF6 gas was 5.3 Bar, and the bursting disk
that was located at the left end of the GIS with
an outflow area of 86 cm? opened at an absolute
pressure of 12.2 Bar after 102 ms. The absolute
peak pressures were 21.6 Bar and 24.5 Bar and
were reached after approximately 270 ms.

In the simulation we discretized the 5.5 m long
GIS with 2750 elements in the axial direction.
The time-step size was chosen as 50 ns. The
simulation was stable (also with alternative ge-
ometries, e.g. without spacers). It took 6 hours
for 0.5 s. We used a discharge coefficient of 0.8
for the bursting disk. This value was extracted
from a stationary 3D CFD simulation of the
bursting disk and the exhaust that has been car-
ried out beforehand. The arc was ignited at a
distance of 2.1 m from the left end, next to a
spacer at 2 m with 120 cm? opening. It took
some time for the arc to pervade the spacer.
The simulation nicely reproduced the measured
pressure build-up at both ends. The burst disk
opened after 90 ms, and the overshooting of the
pressure was also fairly well reproduced. Note
that the simulated pressure started to drop be-
fore the arc-extinction. Only the time to reach
the peak pressures was slightly delayed about
approximately 80 ms. Fig. 5 gives an impres-
sion of the spatial distribution of the tempera-
ture and the density after 300 ms. Note that the
temperature is realistic and not extensively
high even at the arc position at 2 m where the
arc stays at the spacer in this moment. As men-
tioned the cold dense gas is compressed at both
ends of the GIS and blocks the outflow through
the burst disk that is located at the left end of
the GIS at 0.3 m.
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4 CONCLUSIONS

We implemented a stable 1D-CFD tool for sim-
ulation of internal arcs in long single phase SF6
insulated HV-GIS. Stability is achieved by tak-
ing into account cooling mechanisms. The us-
age of a thermal transfer coefficient Kp was
avoided. A first benchmark showed convenient
agreement between simulation and measure-
ment. Further benchmarks are necessary to
confirm the validity of this approach.
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Fig.2: Parameters for the geometrical definition of a 1D-simulation of a long single-phase HV-GIS
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Fig.3: Sketch of the effects during an internal arc fault
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Fig.4. Pressure build-up at the two ends of the long HV-GIS. Comparison Experiment vs Simulation
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Fig.5. Spatial distribution of the simulated temperature T in [K] and density rho in [kg/m®] after 300 ms
along the principal direction [m] of the 5.5 m long GIS
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