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» First fully turbulent SOL simulations self-consistently coupled to a neutral model. Kinetic equation with Krook operators
» A Kinetic equation with Krook operators for ionization, recombination and charge-exchange processes 8—f” +V- 8—f” = — Uiy — VexMn ( f — fi) + vrecf; (1)
is solved for the neutral species. ot X Mn N
» Two fluid drift-reduced Braginskii equations are solved for the plasma. Vi, = Neliy = Ne(Veoiz(Ve)), Vox = Nifex = Mi{Vrelex(Vrel))s  Vrec = Nelrec = Ne{Veorec(Ve))
» First results from the GBS simulations show interesting interplay between neutral and plasma physics.
» The details of the model can be found in [C. Wersal and P. Ricci, submitted to NF 2015]. Boundary conditions are particle conserving and are defined as
n(Xp, V) = (1 — arefi) out(Xp) Xin(Xp, V) + orefiln(Xp, V — 2Vp) + fi(Xp, V — 2vp )] (2)

with oyt the ion and neutral particle outflow, o . the reflection coefficient, vy the velocity

Complex Interaction between neutrals and plasma perpendicular to the wall. The distribution function of absorbed and re-emitted particles is

3 m? mv?2
Xin(Xp, V) = ET—COS(Q) exp (—2—7-b) (3)
b

with 6 the angle between v and the normal vector to the surface, and Ty, the temperature of the wall.

>‘mfp, neutrals < LH,pIasma-

The method of characteristics

The formal solution of equation (1) within these two approximations is

lonization , _

b | S(X/,, V) 1 (L
Neutrals fn(X |, V) = / L2 4 0(r) = rip)h(X| V)| exp | —— Vef(X] )dr’| |dr} (4)
o | VL ] - ViJo |
N = N N
_ o _ _ o _ ) ST S(X, V) = vex(X)Mn(X)Pi(X, V) + vrec(X)fi(X, V)
Convection limited regime Conduction limited regime Detached regime X o——vf" Veff(X) = Vig(X) + vex(X)
» Low plasma density » High plasma density » Very high plasma density = |x — x|
> Long Ay for neutrals > Short Amfp » Friction drag important
» lonization in the core ~ lonization close to targets » Volumetric recombination A linear integral equation for the neutral density is obtained by integrating equation (4) over v.
» Heat ~ particle source » || Temperature gradients form » Very low ion and energy flux to
» Q is mainly convective » Q is mainly conductive the target Nn(X ) = /dv fn(X |, V) = /D nn(xl)ucx(xi)Kp%p(xL, X' )dA’ + nn rec(X 1) + np was(XL) (5)
Ko—p(X |, X, ) /Oo1q> (X, v )exp | —— /rL (x”)dr”_dv (6)
. . . . — | . ”
Turbulent simulations of the SOL including neutrals POPRL AL Jo PR ELIEIR T [ VefRLIEL L
» Two fully consistent simulations with the code GBS and the neutral model have been performed with The kernel Kp—p only depends on plasma quantities. Equation (5) together with the boundary
two different densities (ng =5 x 1018m=3 and ny = 5 x 1019m=3). conditions are spatially discretized, leading to a linear system of equations in the form
Normalization: vo = cg, Tno = 10eV, L | = pg, 1 _ 500
0=2Cs Ip L = Ps) Px [ M ] _ [KIHP Kb_>p] | [ N ] [ Nn rec ] 7)
[out Kp%b Kb—>b [out r-out,rec + rout,i
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which can be solved with standard methods. n, can then be used to compute the distribution function

100} and any of its moments using equation (4).
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10 1% Hoa T The Global Braginskii Solver (GBS) code
-200¢ -200¢ 1 -200}
200 0 200 - The drift-reduced two-fluid plasma model is derived from these kinetic equations for ions and
electrons
of of of A
200¢ 2007 200/ a—; + V- & +a - a—‘; = Vizfn — VCXnn (FI — n—?}) — Vrecfi -+ C(f|) (8)
1007 ] 1007 100 !
0. of of of fo f
N 0 o8 N 0 N 0 5,—? + V- 8_; +a- 8_\7 = VjzNn [2¢e(Vn7 Te,iz) ne] + Venln [q)e(Vn, Te.en) — n—ee — vrecle + C(fe), (9)
- 0.6
™ | 0.4 ™ " with ®¢(v, T) a Maxwellian distribution, Tg i, = Te/2 — Ejz/3 + MeV§ 2/6 — mgv/3, and
200! - -200} -200 Te,en = Te + me(Ve2 — Vr%)/3-
-200 0 200 02 : ' -200 0 200 _ _ R _
R — Ry R— Ry R~ Ry Two fluid drift-reduced Braginskii equations [Ricci et al., PPCF 2012], k >> k ,d/dt < wg
» The top row ghovys anpshots.of plasma density, electron temperature, and thg electric? po’FentiaI.for on 1% il + i[C(pe) — enC(6)] — V;(MVje) + Da() + Sn + Muviz — Mo (10)
the low density simulation, while the lower row shows the same plots for the high density simulation. g}‘ /13 - .
» Time- and space-averaged poloidal profiles during the quasi-steady-state phase of the two simulations: a—‘? =— gl 8] - vivi© + —Vufu - —C(p) Ds(®) — %ucxw (11)
Ve €0V 1 & e Te 1.71
Ta me at ~ ~ BL? Vel = VieVivie i o Vie = VI = e Vi Te Pyl Vie) (12)
1 2 1) 0.5 + 0 (ven + 202) (Vo — Vie)
n
8v,- 1 n
) 05 ’A o = w, il = ViV Vi~ VP DVH,(vH,) L) (13)
5, aT, 4T Te 2T, [0.71_ .
v E[cb, Tel = vjeVyTe + 32 [ C(n) + §C( Te) — GC(¢)] + 35 [ 5 Vil - ”V|V|e] (14)
‘/HG Te H N 2 4 Nn 2
2 - 0 0 +Dr.(Te) + Dr,(Te) + St + o Viz [—gE.z — Te + MeVje <V|e - §Vn>] - ;Venmegvue(vun ~ Vie)
800 0 800 0 800 0 . o7 F s o7 1
y y 5 = gl» Tl —viviTi+ 35 [C(T ) +—-C(n) —5C(T) - eC(¢)] 35 [ Vil — ”V|V|/] (19)
- 1
2 2, 2 +Dr(T;) + D”Ti(Ti) + St + F(uiz + Vex) [Tn —Ti+ §(vHn — Vi)z]
Vig=w, p.=ps/R, Vif=by-Vf, & =w+7ViT, p=n(Te+7T)
0 1 1
VH . T g » These equations are implemented in GBS, a 3D, flux-driven, global turbulence code with circular
0 D ! 0 ! 0 i geometry including electromagnetic effects
0 800 O 800 O 800 O 3800 » A set of fluid boundary conditions applicable at the magnetic pre-sheath entrance where the magnetic
y y Y Y field lines intersect the limiter is used [Loizu et al., PoP 2012]
| | | | | | N Some achievements of GBS (see also http://crpp.epfl.ch/research_theory plasma_edge):
> TES s:mL:Iratrllonr?dsh%V\; Crlnearrcr;apges In behavior of plasma density, electron and ion parallel velocities, . SOL width scaling as a function of
jT_h E_ei o(I) and 1o Ie 'pe ahu es. o th uetion mitad rec o dimensionless/engineering plasma parameters
g terrel elgaturinsrlgyd?elrr?tl; ation shows properties of the conduction limited regime (e.g., paralle » Origin and nature of intrinsic toroidal plasma rotation
P 9 ' » Non-linear turbulent regimes in the SOL
» Mechanism regulating the equilibrium electrostatic potential
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