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General context:
Resistive wall modules [1] allow realistic magnetic boundary Thin-shell relations [1] yield:
formulation in most nonlinear MHD codes. 9B 1 [0(rB,) + ) ( Resistive wall time scale Ty (input param.) )
na _ Vi Ty K Tgyn, —  transparent-wall L
: : C e 1 = e dt T or > isti R
However, the fluid boundary is usually simplified: ¥ - 72 = 0, or w . tw = Tdyn. 7 rdeS|s|t|ve|}/vaII
. — ~ Tw > Tgi - Ideal wa
possibly, v -t = v°°. E;q(Bg,vg) = —[R X B]Z W tsim. 43
. . . . . . ’ T .. . .
Such an assuption is both unphysical and inconsistent with the \_ i J \_ Tdyn. = dynamictime-scale; 7y, = simulation length
magnetic boundary. resistive ideal  Enforcing Ohm’s law: External kink 1,1 - scanon 1
n [, e | _

_ _ - _ . E.,,(B,vy)) =—VXB,—v,XB (tw LZayn |
A 3D velocity boundary was identified as crucial for modelling AT 1 vt * 05 f‘ |
Vertical Displacement Events (VDEs) [2] and have been recently e
included in the DEBS [3], NIMROD [4] and JOREK [5] codes for [ ) E,. xB, Purely = 06
better modelling of the scrape-off layer in simulations of VDEs. Fully consistent 3D Va=Via="ps 5 Va=0 :z:’se"d'cmar o

Fluid boundary, ~ 047 T e ]
Despite this, all nonlinear MHD studies on free-boundary modes derived from the The plasma can impinge on / suck particles from the wall N S |
leverage a high-resistivity low-density «pseudo-vacuum» region Ohm’s law ) ’ R nivl
around the hot and denser plasma core, enforcing boundary N ) Fluid BCs could easily adapt to accomodate also finite v , 0.(])6;_8 P R 1'02
conditions at some analytical boundary. t /T,
) J
<

Specific premises:

o o . _ FLAT CURRENT WESS ONESICURREN Two alternative fluid boundaries are compared:
Resistive-wall boundary conditions, with fluid boundary 15| - £ VOO % 04P.V.
consistent with Ohm’s law, have been recently implemented in S 10} L0 /10 5 LM/ q(r) E ~

= = F a
SPECYL [1,6] and PIXIE3D [1,7]. A e i@ 0 "
% 0.0 0.0F ()
— 20 — 500%_ —% —i
A very thorough nonlinear verification benchmark has been = sl : _ w0, %
performed between the two codes [1]. = o E S o] j e
/ 0.0E . . . 3 ]082_ 5
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
ra e Pseudo vacuum (P.V.) {p(r >a) ~ 107 p(0)
best ible, ically stabl ~
4 ) AT CURRENT WESSON'S CURRENT est possible, numerically stable n(r > a) = 500 n(0)
- o o . . sk ' gy | B C | | | c e . . . L e
ThIS pOSterl d prOOf Of prInC|p|e' z 155 Two initial axisymmetric Ohmic equilibria ( J, o< n™1):
_ J, () /1,(0) - _ —  FI()/1(0) -
: : + 5% | SRR 5 1) Flat-current model [9]:
A fully consistent boundary must be capable of reproducing a o = 5 ewimo - = : ) []](0) < g
. . .. —i " | 0SS T e — _ )z ’ =
free plasma-vacuum interface in the «transparent-wall» limit, by N | e : J2(r) = {o, if r>a

| = | AL .

setting: [ ' ] 2) Wesson’s model [10]:
. ] £ 300 = 300° _ 2 : <
[analytlcal domain = plasma boundary] = rfggé J,(r) = {{)2(0)[1 (r/a), g 7’: ;Z
(()).0 0:2 0:4 , 0.6 0:8 ((}).O 0.2 0.4 ) 06 0.8
W.r.t. the pseudo-vacuum approach:
1) More robust convergence (asymptotic!!) to analytical models Convergence study for q,=q,=1.5 Convergence study for q,=1.8 (Wesson) Robust convergence
| icabili initi ilibri 0.04 ¢ | 0015 — ] “
2) Wider applicability to §everaF |n|t!al eqU|I|b.r|a : : ; Flow3D: asymptotic convergence to
3) No waste of computational time in modelling vacuum ) 0.03 - . E _0010  ©® e . Theory Veheory
| o f. """""""""""""""""""""""" . """""""""" . """""" — | o * . ‘ 3D Flow
£ 0.02 P o , - » : ® o o .-
o ] ] o : ' o, o ‘ D e [ Y. A . ——11 e ) .
Limitation:  plasma surface deformation must be negligible for =il it € ] a - ¢ PR FlowlD+PV  “crosses” Yineory and is
: : : o E i ® Stability (y< 0) asymptotically stable
the dynamics = we study linear perturbations 0.00 ; 0.000 & — _ y
N Y ' | ' ‘ | |
10° 10* 100 10° 100  10° 10* 10° 10° 10" 10° 10° 10" 10" 1 1
effective S=M ideal MHD effective S=M ideal MHD 5= 5; M = v
A PV. in the core PV. in the core
( \ . . . . (N ) .
The SpeCyl code [1,6] advances in time ¢ the magnetic field B External kink 2,1 - flat current External kink 2,1 - Wesson’s model Wide range of initial equilibria
SPELyl ’ 0.8 T 15 I A - ~
and the velocity v, according to a visco-resistive scheme: ' 4 2: : L Flow3D: sticks to theoretical expectations
0.6 | ~ 0 f
— Theor 5 [ ® ] 10
p0, v+ pv-Vv =] XB—pv Vv 3{ : ] ’ { gl i SHFewmEsisdln) Elow1D+PV. can only deal with a flat current.
© 04" ® 3D Flow (S=M=10) g | | e IDFlow+PYV. (“crossing” point) Finite d,.n inside the plasma
= — — * S : : n
0:B Vx(nJ—-vxB) = £ 00 . (5=M=10,2=03881,) & completely spoils the stability
— V B V B = O = ® 1D Flow + P.V. > gl | e 1DFlow+P.V. . .
g J=VX B = ) s 02 (S =M= 10°, a = 0.885,) ; (S=M=10°,a=088 1, Flow1D+P\V. boundariesin the Wesson'’s
= : ® 1D Flow +P.V. -0.1° AP S (more conductive) equilibrium case study.
Main assumptions: 0.0 (5 =M=10'2=08850 L4 16 18 20 22 \ J
. ' T q(a)
1. Cylindrical geometry S T T . .
2. Negligible pressure gradients (8 — 0) 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 Ta/€ = R/v, toroidal Alfven time
- . L L q@) . .
3. Time-const. density p(7), resistivity n(r) and viscosity v + r PV. is not a reliable vacuum
s A
L. . . 3D Flow 1D Flow + P.V. 3D Flow 1D Flow + P.V. . . . .
The new and more realistic boundary will be crucial for proper W s o s | s “viarea ' Flow3D: sticks to theoretical profiles (-—)
modelling of reversed-field pinch helical states [6,8]. S o8 aw=15 |} 1@~13 | R J [ a@=18 (little disturbed by larger negge in
> 06! AT T > , A Wesson's case study).
e / £ 04 vl 0”7 _’505 .
> 02 in the P, S 00 [es” \a":;f:;t' FlowlD+P\V. competition between MHD
. 0.0 5 - (“crossing” point) jdeality in the core and effective
oy RO 1T reliable inci 1. wrong _ | vacuum behaviour of the P.V.
Sos e e S |argA
S ; 0.6 " variation § il effect | In the Wesson’s case there is
straight tokamak = R > a (cylindrical approx.) . 04 e o ~// pitch variation 7\ evidence of a spike in J5' at
= 02 ' Sl = J21 #0 resonance radius (inside PV.!11)
= no pressure dr|Ven dynamlcs 00 02 04 06 08 1 0 02 04 06 08 1.0 00 02 04 06 08 1 0 02 04 06 08 1.0 N rq=2 ~ 1105 a y
r/a r/a r/a r/a
ideal MHD = 1n,v — 0 inside the plasma Scan on ideal wall proximity - Flat current model, q(0) = 1.1 IN CONCLUSION:
0.4 = oMo _c .
v ~ ° E Stabilising effect of an ideal wall " PV. is unavoidable when the boundary )
- v External mode (vedge n#0) 03 * Ee ) conditions are not fully self-consistent
: Only for the flat-current model: > 3
v Needs vacuum outside the o 02 j Clow3D: sticks to th - , Our fully consistent boundary conditions can
external kink mode ) plasma to get unstable 5 E OWsL: j:fh?nt: ;;?;T;Zi;xpedatlons} | reproduce a free boundary when 7, < Tqyn
(m Tl) = (2 1) T ol . - o _ 4
g g . : ] S0, convergence is more robust and general
v’ Linear perturbation m = 2 on ] Flow1D+PV. Sticks to theoretical expectations, > - 4
top of axisymm. equilibrium: " e : (“crossing” point) within a 15-20% tolerance. Thorough modelling of vacuum: as we know,
~ iz ¢ IDFlow+P.V. 4 \ ) the first time with a nonlinear MHD code!
i20-z-iwt, g (—iw) = o ) . 6 8 ) ’
X e ; e(—iw) =y 4
y J
N
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