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e Problem’s background
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energy discharge by electric arc

 Temperature and fluid type influance one
the electric arc ignition

« WUST test setup description
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Problem’s background

080919 incident in the LHC sector 3-4
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Problem’s background
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Schematic view of the electric arc consequence in the KATRIN CPS cryostat [1]
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Problem’s background

Questions to be answered in the cryogenic
systems with the superconducting devices:

« How much energy from electric arc can be deposited in
the helium (or in other cryo fluid)

« How much energy from electric arc can be deposited in
the metal (pipes/ vessels)

e If energy deposited in the metal can perforate the
metal, and, if YES, how big will be the hole in the metal
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Arc power evolution

RL circuit model can be used to calculate power dissipation from coils into surrounding

i(t) L
s RGN o ' Ve Ve Y
u(t)@.) k() R
_wt —RI(_t)t i(t) tin circuit. A
. _ i(t) - current in circuit,
I(t) =1,€ . Ug (t) =UqE ip — current in circuit in t;, A

R(t) - circuit resistance,

R(t)t R(t)t L- (ct;)il imﬁedarycet,hH iy
. . Ug(t) - voltage in the arc circuit in t,
P(t): I(t)°uR(t): lo Uy -€ - e b u, - ignition voltage, V
—ZR(t)t ZR(t)t P - power on the resistor, W
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Arc voltage/resistance
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Arc voltage/resistance [2]

Van C. Warrington

J. Lewis Blackburn

Direct formulas for

Notthingham

Osborne

Rieder and Schneider
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Uarc :A+(I +IB) Kiarc

[- arc length [m]
i -circuit current [A]

A-constant measured in experiment,
C-constant that depends on pressure,
D-constant that depends on temperature,

A - constant measured in experiment
K., - electric field intensity

b - constant that depends on electrodes
material

[ - arc length
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Arc voltage/resistance

There is no universal way to calculate electrical arc resistance.
The only solution is to perform full scale experiment, but ...
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Arc voltage/resistance

There is no universal way to calculate electrical arc resistance.
The only solution is to perform full scale experiment, but ...
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Evolution of resistance of the arc during 080919 LHC incident [3]
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Arc voltage/resistance

There is no universal way to calculate electrical arc resistance.

The only solution is to perform full scale experiment, but
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Evolution of resistance of the arc during 080919 LHC incident [3]
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For:
[ =30 mm
[=8.7 kA

From Blackburn equation:

R, = 4.96 mQ

From warrington equation:
RArc = 2.622 uQ
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Temperature effect on the electrical

breakdown [4]
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. Paschen curve at cryogenic temperatures.
Paschen curve of helium at room temperature. yog P
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Liquid cryogen effect on the electrical

breakdown

« No data avaiable for cryogenic fluids

e |In case of transformer oils the breakdown is of
about 20kV/mm as for dry air is 3kV/mm

e Conclusion: most of energy desipated by

electrical arc is storied in the cryogen then in
the metal structure?
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Vessel perforation by the electrical arc

The hole size propagation in the He vessel d(t) can be calculated from
the following equation

- [;;W(J)

45K

W, (t)- thermal energy transferred directly into vessel wall, J

T - temperature, K 1700K

Cp - heat capacity of the wall material, J/K-kg IcpdT =941kJ/kg
r - wall material melting heat - r=270 kJ/kg 45«

Z - thickness of vessel wall

p - density of vessel well, kg/m3 - 7920 kg/m3
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Vessel perforation by the electrical arc
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Evolution of hole diameter created by electrical arc in KATRIN CPS cryostat vessel [1].
Vessel wall thickness — 5mm, 1.5% of arc energy deposited in the vessel wall



—

5
‘%;J Wroctaw University of Technology

WUST cryostat concept

Insert with position-controled electrodes

Cryostat cross-section
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e The energy deposited in the liquid cryogens and
cryostat metalic structure is a very important
issue for sizeig of the SV for cryogenic systems
that contain the SC magnets

e The electric arc creation and its behaviour in
liquid cryogens is not or poorly investigared yet

« WUST intend to construct the dedicated cryostat
for such investigations
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Thank you for the attention!



