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What are arc chutes?

splitter plates (deion plates)
e Arc chutes normally

consist of the following
parts:

— switch

— arc chamber A5
— splitter plates arc chamber

actuator for switch

switch (not visible) 10cm
http://www.vossloh-kiepe.ch/images/Schuetz_LSG_5_G.jpg
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What are arc chutes?

e Arc chutes are used to extinguish arcs that occur in
switching devices.

o Extinction carried out by increasing arc voltage over
the value that can be provided by the power supply.

" $ % & #( )*



TECHNISCHE L
@ UNIVERSITAT C F :
DRESDEN Beriin

How to simulate arc chutes?

« Material properties

* Physical models
— electro-magnetics
— sheath regions
— voltage drop

 Boundary conditions / Initial conditions
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How to simulate arc chutes?

* Electro-Magnetics:
— beta-Feature since ANSYS CFX 11

— Magneto-hydrodynamics for coupled simulation of flow and
electromagnetic effects needed for arc simulation

— Detailed information in the presentation:
,Electric Arc Simulation with Electro-Magnetics beta-Feature
of ANSYS CFX* at 16:20 in session ,Fertigung*
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« Material properties:
— For arc simulation the material data must be provided for
wide temperature range.
density specific heat thermal conductivity viscosity
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temperature temperature temperature temperature

— LTE data from Tony Murphy, CSIRO, Australia
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How to simulate arc chutes?

« Material data is pre-calculated assuming LTE!

e Arcroots are nonLTE:

— High gradients occur due to low wall temperature of
electrodes.

— Near wall LTE electrical conductivity is too low for current
conduction.

— Current conduction takes place due to other processes.
Special treatment for these sheath regions is needed.
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How to simulate arc chutes?

« Sheath regions:
— Lindmayer et al. suggest a model for arcs in arc chutes

— They assume the electrode walls adiabatic.
Arc roots can be assumed in LTE.

« Voltage drop in sheath regions needs to be specified
manually.
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How to simulate arc chutes?

* Voltage drop: 12000

— Lindmayer et al. use a layer around
the electrodes with decreased
electrical conductivity.

10000 ~
8000 -

6000 -

— We use an electrical resistance

decreasing with the wall distance. 4000

2000 +

electrical resistancein m

— In ANSYS CFX 12, voltage drop
was also implemented via an .
electrical contact resistance. o 005 o1 o015 02

Wall distance in mm
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How to simulate arc chutes?

* Voltage drop:

— For voltage drop over current density, we use different
functions found by Lindmayer et al. to fit simulations with
experiments.

AN Arc splitting and parallel
arc roots shall be
reproduced.

voltage drop in V

current density in A/m?2
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How to simulate arc chutes?

e material air

splitter
plate

e Surrounding temperature
300 K arc

chamber
* no buoyancy symmetry
plane
e net emission radiation half arc
model chute
full arc )
. . . Chute 1<‘r
e transient simulation: 2000 .

steps a 0,5 us
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How to simulate arc chutes?

constant current of
50 A for 3D-mesh

external magnetic field to | voltage set
force arc towards splitter = ©#¢"°
plate

current density
of 33.3 A/m?

z
b
0.01 (m) k}{
05

arc ignition via initialization
with hot channel between  hotchannel
rails
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Results

« Comparison of different U-J curves:

— degressive

— peak 17.1V

— peak 19.7 V

— peak 22.3V
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I

voltage drop in V

Berlin

20000 40000 60000 80000 100000
current density in A/m?
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» for degressive U-J curve
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White line represents
temperature of 10000 K

Current Density
{Contour 1)
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Results

CFX¢?
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current flows through splitter plate
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Results

o for U-J curve with 17.1 V peak
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Results

White line represents
temperature of 10000 K

current flows through splitter plate
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voltage drop in V

Results

for U-J curve with 19.7 V peak
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Results

White line represents
temperature of 10000 K

current flows through splitter plate
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voltage drop in V

Results

for U-J curve with 22.3 V peak
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Results

White line represents
temperature of 10000 K

current flows through splitter plate

\
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Summary

« Voltage drop is successfully implemented by
Increasing the electrical resistance near walls or with
an electrical contact resistance at the walls.

« Arc splitting and parallel arc roots were reproduced in
simulations.

« Arc root model of Lindmayer et al. is completely
transferred to ANSYS CFX with integrated electro-
magnetics.
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Further Information

* “Implementation of Lindmayer Sheath Model for Arc
Simulation using ANSYS CFX”,
Martin Lohse, TU Dresden,
contact:

o CFX Berlin Software GmbH,
contact Dr. rer. nat. A. Spille-Kohoff

« Electric Arc Simulation with Electro-Magnetics beta-
Feature of ANSYS CFX" at 16:20 in session
,Fertigung*
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