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Europe, USA, Japan, China, Russia, S-Korea and India

A Brandstof alom VOorradlg
A Geen prghferatle |ssue

Nadeel... Fusie is onmogelijk

NASA
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Verhitting hoog
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De Torus
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Plasma verhitting
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Onderzoek aan magnetische opsluitingsconcepten

THE MAGNETIC MIH




1960 1970 1980 1990 2000

The winner:
the tokamak
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Spherical Tokamak
(MAST, UK)




Progress In fusion

Reactor '
Conditions 4
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Emphasis on physics
understanding






1960

stored energy

1970

total heating power

temperature (keV)

2000

plasma radius




1960 1970 1990 2000

stored energy
temperature (keV)

Additionele verhitting R

P
<

total heating power plasma radius



Gyro code; Jeff Candy (GA)
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Transport
Gyrokinetic Simulations d O0r
of Plasma Microinstabilities
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simulation by ﬂ uctuaties
Zhihong Lin et al.
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Science 281, 1835 (1998)
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Turbulentie controle
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Turbulentie controle
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Excitatie en onderdrukking van een
Instabiliteit
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Rolls Royce Trent 900 ITER steady-state ITER transients
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Plasma wand materialen: vele uitdagingen
Erosie
Redepositie
Tritium retentie
Smelten
Plasmavervuiling
Materiaalkeuze: Koolstof, Wolfraam, Beryllium.

Belangrijke randvoorwaarden: neutron fluentie
activatie
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Reflectivity for eroded mirrors
V.Voitsenya Rev. Scinstrum 76 (2005) 083502.
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First super-conducting linear plasma simulator: steady state 3T

Water cooled target (100 kW)
Water cooled wall (50 kW/m?)
Modular plasma source

10 MW/m?
G,=10%* m2 s

Large targets (60 x 12 cm)

Roots blowers:
up to 100 kg

60000 m3/h _
Turbo: Separate target analysis chamber
4400 I/s In-situ transfer from exposure to analysis

chamberin 30 s



MAGNUM-PSI




MAGNUM-PSI

Superconducting Magnet Diagnostics

Plasma beam Target position

Movable source

RF heating | Thomson Scattering:
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Magnetic coils

A Radiation Induced
Conductivity (RIC)

A Radiation Induced
Electric Degradation
(RIED)

A Radiation Induced
Electromotive Force
(RIEMF)

Neutron cameras

A Noise due to gray,
proton, a

A Radiation damage
on solid state
detectors

Bolometers

A RIC

A Nuclear Heating

A Sputtering

A Contact degradation

A Differential swelling
and distortion

Optical diagnostics

Mirror

A Deposition, erosion

A Swelling, distortion

Window

A Permanent transient
absorption

A Radioluminescence

A Swelling, distortion

Pressure gauges
ARIC

A RIED

A Filament aging

Impurity monitoring

Mirror and windows

A same as above

Fibers

A Permanent transient
absorption

A Radioluminescence




Stralingsgeinduceerde absorptie en emissie

HfO3 / SiO3 layers on Sapphire
Tilted Flat

1x1018 n/em2

400 500 600 700
Wavelength (nm)




Transmutatie was een
ISSue voor weerstands-
bolometers met Au
meanders (transmutatie
naar HQ)

Goede resultaten met Pt
meanders
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radiation damage (dpa)

Gen |l Fission

ITER

Gen |V Fission

0

Temperature (C) 1200



IFMIF - International Fusion Materials Irradiation Facility
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Superconducting cables













ITER Is een wereldwijd project

Bouwkosten: 12 miljard Euro
Eerste experimenten: 2020
Energieproductie: 500 MW

Energievraag: 50 MW






Aziatische landen hebben zeer agressief
programma

Power Plant
* H P .
l@ m INEST - USTC L B

Proposed Roadmap of Hybrid System
Application

* Waste Transmutation
* Fuel Breeder
* Energy Production

ADS: CLEAR-I
~2017
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The End

Dank aan:
Niek Lopes Cardozo
Gieljan de Vries



