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Tungsten as a plasma facing component material
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Introduction / Motivation

Tungsten as a plasma facing component material

ASDEX Upgrade

ASDEX Upgrade full W device:

© High Z materials like W low
sputtering yield

© no chemical binding of T

@ strong reduction of energy

confinement time when W penetrates

core region

© High divertor retention

@ danger of melting

/W pin (1x1x3 mm?)
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ASDEX Upgrade

Introduction / Motivation

Experimental results

+ Controlled W-pin melting experiments
+ Laser Blow-off

+ Impact on core concentration

Edge Monte Carlo 3D (EMC3)-Eirene simulations
+ Equations, working principle and input for the code
+ Simulation on the plasma background

+ Simulation of a localized W source

Summary
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Experimental results

Controlled W-pin melting experiments

ASDEX Upgrade

#25514@ 2.14059 s
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Laser blow-off
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Experimental results

Impact on core concentration

ASDEX Upgrade
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Edge Monte Carlo 3D (EMC3)-Eirene
simulations

Equations, working principle and input for the code



EMC3-Eirene Simulations

Braginskii‘s equations

ASDEX Upgrade
EMC3
D background Impurities
Continuity (3D) ‘/ ¢
Momentum (3D) ‘/ (simplified+F+F,+F)
Energy (3D) ‘/ T,=T
Eirene
Neutral H, H2, ...
Kinetic equation (3D) ¢
Target: Particle sink: Heat sink:
I'=n, c, Q=Y T '+ i I

(Bohm-Chodura) Heat sheath transmission factors  y,=4.5 y=2.5



EMC3-Eirene Simulations

Monte Carlo principle

ASDEX Upgrade

Generic form (general diffusion-convection equation):

af o B _ T
oR + po (/=D -Vf)=S , where f= n, Vij, Te or T,
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EMC3-Eirene Simulations

Geometry and grid

ASDEX Upgrade
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EMC3-Eirene Simulations

Atomic data

ASDEX Upgrade
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S. D. Loch et al. Phys. Rev. A 72 (2005) / T. Pdtterich et al., Plasma Phys. Contr. Fusion 50 (2008)
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Edge Monte Carlo 3D (EMC3)-Eirene
simulations

Simulation of the plasma background



EMC3-Eirene Simulations
Simulation of the background plasma A) Attached L-mode

ASDEX Upgrade

#25460 @ 1.7 s



EMC3-Eirene Simulations

Simulation of the background plasma A) Attached L-mode

ASDEX Upgrade
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EMC3-Eirene Simulations

Simulation of the background plasma A) Attached L-mode

ASDEX Upgrade
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EMC3-Eirene Simulations

Simulation of the background plasma B) H-mode

ASDEX Upgrade
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EMC3-Eirene Simulations

Simulation of the background plasma B) H-mode

ASDEX Upgrade
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+ EMC3-Eirene can simulate a (stationary) attached L-mode

+ however, neither the detachment effect, nor the high confinement
regime are described satisfactory so far by the code

0.0 0.5 1.0 1.5 0.0 0.5
s [m] s [m]




"

ASDEX Upgrade

Edge Monte Carlo 3D (EMC3)-Eirene
simulations

Simulation of a localized W source



EMC3-Eirene Simulations

Simulation of a localized W source

ASDEX Upgrade




EMC3-Eirene Simulations

Simulation of a localized W source
ASDEX Upgrade

Ny 8 -3

>1x16m




EMC3-Eirene Simulations

Simulation of a localized W source

ASDEX Upgrade
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+ The divertor retention depends sensitively on the position of injection
and on density and temperature (collisionality)

+ For configuration B (H-mode) the simulated
retention is about R=40 directly at the strike point.

+ Since this result has a very high uncertainty, experiments are planed for 2011 to test
the dependences found in the simulation
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ASDEX Upgrade

Summary & Outlook

+ Controlled W-pin melting experiments were performed sucessfully
+ Discharge survived massive W impurity event

+ Macroscopic transport assists divertor to retain impurities from core region

+ EMC3-Eirene simulations sucessfully performed:
- good agreement attached L-mode
- detachment and high confinement conditions cannot be described well
- W transport: strong dependence on position of injection and on n, and T,
- simulated retention R=40 (x a lot) not inconsistent with experimental one
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Backup slides



Controlled W-pin melting experiments

EMC3-Eirene simulations — Braginskii‘s equations

ASDEX Upgrade

Continuity D oo fopurities

V-(niVybL —Diibib, -Vn;)) =5,

Momentum balance D background

Vi (miniV Vb —nbb-VV|| — Db b, -Vmin;V}|) = =bV-p+ S,

gy A e O —

Energy equation D background

V- (gne TeV|b — kebb-V T — gTeD;bLbLVne — XenebLbl-VTe) =—k(Te — Ti) + See

v. (gn,-T,-v“b — hiebb-VT; — gT,-D,-blenf - x,-n,-bLbrVTJ =+k(Te = Ti) + Sei




Controlled W-pin melting experiments

discharge

ASDEX Upgrade
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Fast framing camera

ASDEX Upgrade
camera (CMOS) resolution (pixel) | max frame rate

800 x 600 6,700 Hz
512 x 512 11,000 Hz
256 x 256 36,000 Hz
128 x 128 89,000 Hz

filte P 64 x 64 143,000 Hz

(14 filtel 32 x 32 190,000 Hz
memory 8GB=75000 f (@ 256x256)

optical head
image

guide
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_ Coupling of EMC3 to Eirene
Eirene EMC3
Pre-determine rate coefficients @ all grid points |(e—— N, Tex T3V,
PWI models & material data < Lo Tow Tiw
| l
sf. particle position and
Starts a neutral particle € >  starting surface
and determine the free path length
based on atomic reaction rates Vi Vi, V,
(CX, ionis., dissoc., el.call. ....)
A | .
trajectory continues
Check Follows particle
AX, cell number
events < to cell boundary or
el. coll. \_ & update surface number a solid surface
lonisation or

Solid surface collision
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Edge Monte Carlo 3D (EMC3) - Eirene

Boundary conditions

ASDEX Upgrade
Target:
limiter
Particle sink: Heat sink:
1—‘:ne Cs Q:ye Te I+ Vi Ti I
Bohm-Chodura Heat sheath transmission factors

Y.=4.5 y=2.5



Simulation of alocalized W source

Force balance

ASDEX Upgrade




