Top sector Energy has 7 TKI's:
Gas
Bio-energie
Wind-op-zee
Smart grids
Zonne-energie
Energiebesparing Gebouwde Omgeving

Energiebesparing in de Industrie

Less TKI's expected in the future

TKI = Topconsortium voor Kennis en Innovatie



CWI theme Energy

Multiscale Dynamics:

Ebert, Hundsdorfer, Camporeale
Scientific Computing:

Crommelin, Witteveen, Batenburg, Oosterlee
Stochastics:

Zwart, Nair, Nunez
Intelligent Systems:

La Poutre, Kaisers, Pauwels, Bosman
Life Sciences:

Merks



plasma dynamics

Fusion energy

ITER




Modeling, analysis,
computing:

Electron-electron (ee)
Bremsstrahlung

Ute Ebert, Willem Hundsdorfer
CWI Amsterdam

Eindhoven University of Technology, Netherlands
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Modeling, analysis,
computing:

Electron-electron (ee)
Bremsstrahlung

Projects on high voltage engineering for energy transport:
STW-10755: a new medium for electric switching

STW-12119: preventing electric flashover

Shell-NWO: electric switching for DC nets

Industrial partners: ABB Corp. Res.,
Siemens, KEMA ...

We have 3 more projects on multiscale plasma modeling.




Failure in high voltage technology

When do discharges | Wh and when are
start “out of nothing”? they attracted to

insulators?
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Stochastic electron motion-..,

‘Monte Carlo or Boltzmann)

_ '

Electron density model
coupled to Poisson equation

!

Model reduction to tree model

Include ion motion,
heating, chemistry ...

c
Collision cross-sections for different gases ®*—¢

Electron-electron (ee)
Bremsstrahlung
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Failure in high voltage technology

When do dischafges
start “out of nothing”?



Electric breakdown of overvolted air (7 MV/m)
with natural background ion density of 103 O,-/cm?3

electron density (10'°m™)

o
o

O

electric field (MV/m)

~

2.67 ns 2.97 ns

Ionization screening time in overvolted air gaps
is similar to streamer formation time.

[Sun, Teunissen, Ebert, Geophys. Res. Lett. 2013]
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Failure in high voltage technology

Why and when are
they attracted to
insulators?



Interaction of discharge
with insulating rod

Stroboscopic imaging,

1 max/5 ns

[Trienekens, Nijdam, Ebert, submitted]

100 mbar
17 kV
50 MHz gating

40 mbar
10 kV
50 MHz gating




Discharge in air

Positive electrode

Electron
density

time



Discharge in pure nitrogen

Positive electrode

Electron
density
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[Dubinova, Teunissen, Ebert, submitted]

time



Modeling, analysis,
computing:

Electron-electron (ee)
Bremsstrahlung

Projects on high voltage engineering for energy transport:
STW-10755: a new medium for electric switching

STW-12119: preventing electric flashover

Shell-NWO: electric switching for DC nets

We can contribute based on our expertise

and continuous method development.



Streamer in nitrogen at 10 MV/m
Comparison of 3D models
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[Li, Teunissen, Nool, Hundsdorfer, Ebert, Plasma Sources Sci. Techn. 2012]

High order fluid model derived from Boltzmann equation:
Dujko, Markosyan, White, Ebert, two articles in J Phys D in 2013



3D particle model
with refined meshes &

L - l.1e+07

Positive streamer B /50106
in 10 mm STP air,
slightly undervolted,

3.8e+06

N, = 50/mm?3 =




Controlling the weights of simulation particles:
adaptive particle management using k-d trees,
J. Teunissen and U. Ebert,

J. Comput. Phys. 259, 318 [13 pages] (2014).

Angular distribution of Bremsstrahlung photons and of positrons

for calculations of terrestrial gamma-ray flashes and positron beams,
C. Kéhn and U. Ebert,

Atmospheric Research 135-136, 432 [34 pages] (2014).

Investigation of positive streamers by double-pulse experiments,
effects of repetition rate and gas mixture,

S. Nijdam, E. Takahashi, A.H. Markosyan, U. Ebert,

Plasma Sources Sci. Technol. 23, 025008 [15 pages] (2014).

PumpKin: A tool to find principal pathways in plasma chemical models,
A.H. Markosyan, A. Luque, F.J. Gordillo-Vazquez, U. Ebert,
revised for Computer Physics Communications [16 pages], PhD Thesis Aram.

Experimental study of the spatio-temporal development
of metre-scale negative discharge in air,

P.O. Kochkin, A.P.J. van Deursen, U. Ebert,

J. Phys. D: Appl. Phys. 47, 145203 [15 pages] (2014).

Growing discharge trees with self-consistent charge transport:
the collective dynamics of streamers,

A. Luque and U. Ebert,

New Journal of Physics 16, 013039 [26 pages] (2014).



Controlling the weights of simulation particles:
adaptive particle management using k-d trees,
J. Teunissen and U. Ebert,

J. Comput. Phys. 259, 318 [13 pages] (2014).

¢ *2 9
Z super-particles
@ o\
X

X




Angular distribution of Bremsstrahlung photons and of positrons

for calculations of terrestrial gamma-ray flashes and positron beams,
C. Kéhn and U. Ebert,

Atmospheric Research 135-136, 432 [34 pages] (2014).
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Explained
by Aram!
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Experimental study of the spatio-temporal development
of metre-scale negative discharge in air,

P.O. Kochkin, A.P.J. van Deursen, U. Ebert,

J. Phys. D: Appl. Phys. 47, 145203 [15 pages] (2014).



Growing discharge trees with self-consistent charge transport:
the collective dynamics of streamers,

A. Luque and U. Ebert,

New Journal of Physics 16, 013039 [26 pages] (2014).



Plasma medicine
Lightning protection -

Electric switching -

Air purification
isinfection
Plasma assisted
« combustion
- aviation



