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Introduction Simulation results on C3 antenna: power scan

Backround Simulation parameters Scaling over density
« Lower Hybrid (LH) waves of a few GHz - The most efficient non-inductive method to generate current in a tokamak Physics
» Fisch efficiency scales as /V,,~2 - Most of the power is in low V), (where V= c/v,,) - Initial density: 73, = 3:10% m~3 Density acts like a scaling factor :
- But, spectral power density extend far from V,, ~ +2 (resonant with electrons of ~ 80 keV) - Electrons of cold edge plasma « Initial temperature: 7, = 10 eV M = LS n
(10 — 100 eV) are accelerated Numerics 4= 170
 Interaction between electrons and the antenna electric field is stochastic (in Chirikov sens [ Fuchs, 1996, PoP3]) - Part of « Number of electrons: M= 39221 « M: number of electrons.
electron population is spread out in velocity space = Their distribution function carries a strong heat flux, few MW.m 2 [Ritz, « Nomber of time step: R = 24760  [: length of simulation domain.
2013, FEDSS8] « Time step: At = 27-10-12s « S: transverse surface of simulation domain.
Goal - Simulation time: 0.67 ps * 11 initial density.
+ Compute heat flux carried by electrons > write a code to simulate acceleration of electrons in edge plasma * Averaging time: 0.33 ps |
. 800 =4 | . Transit time of an electron through the domain: 0.33 ps
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» Previous work: 1-D electrons test code developed by V. Fuchs et al., [ Fuchs, 1996, PoP3] and [ Fuchs, 2003, NF43].

. CALVA starts from the 1-D electrons test code from [Fuchs, 1996, PoP3] and [ Fuchs, 2003, NF43]
. (/) The boundary conditions, (/) the coupling with ALOHA and (/i) outputs have been improved.

. Computation time has been reduced by a factor 7 (typically a few minutes instead of twenty).

. Interaction with antenna electric field only, integration of Newton's law:
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PAM: Passive-Active Multijunction FAM: Full Active Multijunction o | | | o // \\\M f ( \M ( \\H
[ Guilhem, 2011, FED86] [ B/bt, 2000, FED51] [ Lianmin, 2010, PST12] [./T/u‘a, 2013, PST15]
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« Modulation in density, in front of the grill is observed
» Next step: Take into account ions using a fluid description - expected to limit the density depletion and smooth the

modulations
varalle heat fiux,ttal power on antemnas: 2 MW . Conclusions
20 ALOHA: 2 evanescent TM modes I Active # active WG d:z":ie" . The code CALVA has been de_v_eloped and |mp_ro_ved, starting from the 1-D test electrqn code by Fuchs et al.
! ! ! ! surface WG width ¢ I\:Vv;, « With the new boundary conditions, more realistic values of parallel heat flux are obtained.
— 15f--® » > - a - * heat flux is lower on PAM than on FAM launchers. Probably linked to the larger width of the waveguides.
= 5 § < 4 m i 108/ « Recent investigations reveal density modulations in front of the grilll, correlated to the antenna electric field.
= 0 R " -------------- oo f ----- S 7 Tore-Supra, C4 0,107 16 14,65 18,7 * A new version of CALVA is currently made with a simple model to take into account ions.
=P <« Heatflux, Tore-Supra, C3 0.161 48 8 12,4
: : Ieft <, rlght >
TS, C3 TS, C4 EAST EAST EAST, 4.6 GHz 0,173 48 6 11,6 Pe rS ’ ect“’es
FAM PAM ~ 2.45GHZ 4.6 GHz » Take into account ions using a fluid description > expected to « Parallelisation over electrons (which are independent)

limit the density depletion observed in current version of « Relativistic correction
CALVA, and to smooth the density modulations.  Take into account collision over electrons

Lower heat flux with PAM C4: power density is higher but waveguides are wider



