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Requirements for analysis of Runway Electron
Effects on Plasma Facing Components

Runaway Electron (RE) U High Energetic electrons accelerated by
high voltage during the Plasma disruption in the tokamak device
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- Heat Sink
Structural material Volumetric Heat Generation by RE
Plasma Facing Component '

It is necessary to estimate in RE phenomena,;

[0 Melting depth of armor material and heat sink,
[0 Detachment of armor from heat sink, and

[0 Burn-out at cooling tube.




Previous analysis of RE effects on
Plasma facing components

Distribution of Heat generation of RE with 50 MJ/m? RE
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Estimation of Temperature rise at
the joining interface in adiabatic condition:

AT = Qre/p C =900 °C Melting of Heat Sink ?
p :density[kg/m?3], C : specific heat [J/kg/K]

Issue of this analysis :
To deal with time and spatial variation of incident flux of RE




Incident Conditions of Runaway Electrons

[1 Incident conditions : ITER disruption condition

— Impact angle: 10> ~ 1 deg,

— Energy density : 10 ~ 50 MJ/m?2

— Energy distribution : ng(E) ~ exp(-E/E,), E> E_ (= 12.5 MeV)

— Time and spatial distribution: Ng(X, ) ~ exp(-(X - X)?/X,,f - 1?4/ Tz?)
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X, :distance of movement (~ 0.5 m)

X, - poloidal width of RE incidence (~ 0.15 m)

Tz - time constant of RE incidence (~ 0.15 sec)



Numerical analysis of Runway Electron effect
onto Plasma Facing Components

[l RE behavior inside PFC :
EGS-4 (Electron Gamma Shower Ver.4)
— 3D Monte Carlo simulation code of the coupled transport of electrons
and photons in case of kinetic energy above a few keV up to several TeV.
— Estimation of volumetric heat generation by physical processes;
1. lonization loss,

2. Bremsstrahlung.
— Re-entry motion of scattered electrons by toroidal magnetic field.

Toroidal magnetic field
[1 Thermal Response of PFC: <
ABAQUS (general purpose finite element code) * - RE
— Solve the heat conduction equation in PEC with : '
the volumetric heat generation as a boundary

condition.

Finite Element Model




Numerical Models of PFC based on ITER design
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[0 Analytical conditions
— RE analysis : periodic condition in y-direction.
— Thermal response : No phase change,
Use thermal properties at T, in the region of T> T, and
Adiabatic at sidewall and bottom surface.




Dependence of Volumetric Heat Generation on
Impact angle of RE

RE conditions : 50MJ/m2, 6T
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Acute angle: Large heat generation
near surface
— Small penetration depth of electrons
— Re-entry of scatted electrons
due to the toroidal field




Thermal Response of FW model

RE conditions:

Temperature [°C]
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_ Maximum temperature is reached
Time[sec] at 50ms after start of RE phenomena.
In this case, T, > T, of Be (=1290°C).




Estimation of Melting Depth of FW model

Temperature [°C]
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Summary of Runaway Electron Effects on PFCs

RE conditions of 0.01deg and 6T

FW model Divertor model Divertor model
with Be armor with CFC armor With W armor
Heat Sink No damage No damage No damage
and Heat sink : 260 °C Heat sink : 210°C Heat sink : 550°C
Cooling Tube | Cooling Tube:250 °C | Cooling Tube:350°C | Cooling Tube:300°C
Armor Melting Max.Temp=2300 °C Melting
at 50MJ/m? At 75MW/m?® at 20 MJ/m?
Melting Depth 0.5mm 0.3mm

of armor




Summary

[1 Numerical analyses of Runaway Electrons (RE) onto the plasma facing
component(PFC)s were carried out. In this analyses, the effect of time
and spatial variations of RE incident based on the disruption conditions

were took into account.

[0 Melting depths of the armor tiles of Be, CFC and W are estimated in
conditions of the incident angle of 0.01deg and the toroidal magnetic
fields;

— 0.5 mm at the energy density of 50 MJ/m2 for Be,
— 0.3 mm at the energy density of 20 MJ/m2 for W, and
— Max. surface temperature of 2300 °C at 75 MW/m? for CFC.
— There is no damage in the heat sink and the cooling tube.
[J Future issuers:
Numerical analyses will be carried out;
— with the different incident conditions (angle, energy density),

— to estimate a limitation of amount of armor erosion to avoid
melting of the heat sink in the RE phenomena.



