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Self-consistent modeling of sheath-waves

Interaction for ion cyclotron resonant heating
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Context: lon Cyclotron Resonant Heating (wo/2m~25-75MHz)
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Wave launched by antenna at the edge, 2
polarizations: fast wave (mainly), slow wave
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Wave absorbed at the ion cyclotron
resonance layer at the plasma center
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Non-linear wave/Scrape-Off Layer (SOL)
interactions lead to

Heat flux ~MW/m?2

Impurity production: Plasma
contamination, reduced performance
Edge density modification

Limit coupled power
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Underlying mechanism: sheath rectification by RF waves |

Sheath: thin (millimetric) layer at plasma/wall interface

Direct Current (DC) sheath formation: different mobility of ion and electron-> charge
separation, negative biasing the wall-> accelerate ions along magnetic field line
1(t)=1,[1-exp(e(V, ~V (1)) /KqT,) |
V;: DC floating potential

Total sheath voltage: V (t) =V . + Vg cos(w,t)
Ve : sheath RF oscillation voltage
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DC biasing is enhanced by radio frequency
(RF) waves via Non-Linear sheath rectification

1, (1 —expBloc Vo Vi),
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V, =Inl,(Vzz) Actas extra DC biasing
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Conventional RF sheath modeling: double | ;- Differential infrared [ECY
probe driven by oscillating voltage Vge picture of Tore Supra ; l
antenna over left/right

Ve = I E, dl dissymetrization; /.: 50
1. E, is calculated w/o sheath B/O' ,L, z
2. Integral along magnetic field line T1 ‘ ‘_,—” o 0
3. Sheath DC potential at 2 extremities I T s S o—— ;
should have varied similarly =71 et j -
Inconsistent with experiment: more
sophisticated sheath modeling needed ! [Jacquot 2014] : o

Self-consistent sheath and waves for ICH (SSWICH) Full wave code

Implementation: COMSOL :

RF wave artificial damping|w/o
reflection (Perfectly Matched
Layer for magnetized plasina)

z, poloidal

z’ \\9| 1

X, toroidal S

Radial coordinate y(m)

2D, radial and toroidal, with curvature components
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Three fields approach in SSWICH-Full Wave code
‘Wide sheath

Asymptotic regime:

to provide first guess
\ E: vectorial fields, full polarization

(fast wave + slow wave)

asymptotic
regime

Excitation: impose curren RF f|eld E
on realistic ICRF antenna
straps or external field
map @ aperture Three modules coupled
together via <sheath
boundary conditions>
RF sheath DC p|asma
Voltage Vre potentlal VDC

Three fields solved in
different dimensions: save
resources

\_jnput density, temperature

profiles for wave coupling

Simulation results on RF wave propagation & DC plasma biasing

Surface: Electric field, y component (V/m)
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1. Reproduced qualitatively the poloidal distribution of DC sheath voltage in Tore
Supra (TS) and Asdex Upgrade (AUG) experiment [Jacquot 2014], [Krivska 2015]

2. Explained contrary sheath oscillations at the two ends of the same magnetic field
line by toroidal proximity effect [Colas 2015]

3. Upgraded the E field module into 3D with realistic antenna models of TS and

AUG. [Jacquot 2015],

Following work

B Continue to test the code in Tokamak Geo

B Interpretative simulations for a dedicated RF
sheath test bed- ALINE. [Faudot 2015]

B Justification/upgrade of boundary conditions
from basic RF sheath physics with tilted B,
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B, tilted in poloidal/toroidal plane
1. RF field £ wave propagatior),
2. Sheath treated as boundary, oscillating sheath

[
Toroidal coordinate x(m)
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