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wes  Non-linear benchmark - HYMAGYC

PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

Status for HYMAGYC simulation at 2022.12.21:

I8! tw= 500.00 (5,007 Mog=11x 1440, twy= 500.00 ‘W= 500.0 . Apiude
| | | | :; 3 Q)O/(;ADSum c:ver rn:'| [ ;’nnl quﬁ_—’i‘BW‘ § nH VS S § 10
_g -1,-8 @ =
10 g frequenicy sp speetiﬂm |
0.2 -11 0.25 3
. .- \5 °7 { 5
: 5 I 6 E |
r 1‘ | Q Hos | ®
0.1 ' % /\/V [ oa % '§
3.0.25] =3 Q L ™ I B B
" W \_/—\f :‘: = @ 1000 1500 2000 2500 0
0 g -05 2 :
z- ° = x .
ey d=o120E+0004 0’6 Sos :. =Y GMALQSDE%OA, 0’6 o 8 % 0.2 04 06 08 . « "HYMAGYC, simylarly to MEGA and
16 1Pma(S) o 700.00 16(5 jg" 1 ‘(‘“’0' — /v tom= 700.0 ORBS, shows, ddring the linear
e _ @/ @, Surm over myn l—min,|—max= ¥ 17 =
o s R 601 S TR 2 phase, the most unstable mode
?’Zl“ L ! located clgse to the magnetic axis,
0.3 2, -11 Q.25 I_ 5 . .
‘ 8 S z with pogitive real frequency.
£ i 5 Z . . .
0] }-: 5o n /\ * Duripg nonlinear saturation, a
%’O o b 3 segOnd, subdominant mode appears
0.1+ 9.0.259 @ S . . .
L ) 2 ose to the edge, rotating in opposite
2, § <
3 ) = . .
scqg—gield=0120E+%6‘- 0.6 08 éscale—%eld 12DE+006‘- O 6 O & N "0 02 04 06 98 - dlreCtlo-n. e 29 .
® i—omego-MARS= | o » Saturation leads to “fill” the energetic
|¢m"<s)| twap= 2000.0C lp(s,w)F iwa=11x144.0, t_w,, 2000.00 /Mo ta=20004G . . .
oS s o/ sutum o m g opgs mﬂ‘ z ; partlcle densﬁy profile in the
0.3] R w 8 = innermost region of the radial profile.
N ™ ] [ | . .
3:-3 11 0.251 ;:j ! 5 Results shown are from a simulation
0.2 b1 .@_/M . 2 N including FLR effects; FOW
6, 4] i oo 5 5 5 5
é;: e é 3 simulations show similar results but
3 @ .
o 80.25] n 3 ©  more noisy...
= 2
o1 {n
0 —0.5 g 0 §
scale—?ield=0120E+00 S scale—] [%eld 120E+006" 0 6 0 8 T © 02 04 06 238
i—ormega—MARS= 1 | ] |

Fusion Unit

G. Vlad et al. HYMAGY C-nonlinear-benchmark-new-material-for-IAEA23-2023.07.05 2 EUROfusion




Improved pressure tensor evaluation

Energetic Particle pressure tensor I1; in HYMAGYC is computed on the usual
curvilinear flux grid (s, y), with s \propto sqr#(i)) and y the generalized poloidal angle
(here obtained by equal arc length condition imposed in the Jacobian...).

An alternative approach has been recently implemented in HYMAGYC (thanks to S.
Briguglio), in order to be able to compute the Energetic Particle pressure tensor in (R,
7)) coordinates.

This second approach looks to avoid the excitation of small radial scale perturbations
which tend to be developed during the saturated phase when computing I1;; using the
(s, x) grid, in particular when considering only FOW limit.

Note that including the FLR effects is beneficial to smooth out the short scale

excitations coming from the coupling terms between the girokinetic and field solvers
(V-1).
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AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

FOW limit, computation 1n (s, y) mesh

Energetic Particle pressure tensor /1;; in HYMAGYC computed on the

usual curvilinear flux grid (s, ) (grid points 181 X 120)
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AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

FOW limit, computation in (R, Z) mes

Energetic Particle pressure tensor I1; in HYMAGYC computed on (R,Z) mesh
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e FOW limit, computation in (R, Z) mesh

PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

Energetic Particle pressure tensor I1; in HYMAGYC computed on (R,Z) mesh

(R, Z): 361 X 361
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e FOW limit, computation in (R, Z) mesh

PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

Energetic Particle pressure tensor I1; in HYMAGYC computed on (R,Z) mesh

(R, Z): 181 X 181
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AGENZIA NAZIONALE

PER LE NUOVE TECNOLOGIE,
E LO SVILUPPO ECONOMICO SOSTENIBILE

Energetic Particle pressure tensor I1; in HYMAGYC computed on (R,Z) mesh

LENERGIA

FOW limit, computation in (R, Z) mesh

(R, Z): 121 X 121
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wmweyy [ LR limit, computation 1n (s, y) and (R, Z) meshes

PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE
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PER LE NUOVE TECNOLOGIE, LENERGIA FLR limit’ Computation in (S9 X) and (R9 Z) meSheS

E LO SVILUPPO ECONOMICO SOSTENIBILE

Energetic Particle pressure tensor I; in HYMAGYC computed on (s, ) mesh

(s, x): 181 X 120
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FLR limit, computation 1n (s, ¥) and (R, Z) meshes

AGENZIA NAZIONALE

PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

Energetic Particle pressure tensor I1; in HYMAGYC computed on (R, Z) mesh

(R, Z): 361 X 361
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FLR limit, computation 1n (s, ¥) and (R, Z) meshes

AGENZIA NAZIONALE

PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

Energetic Particle pressure tensor I1; in HYMAGYC computed on (R, Z) mesh

(R, Z): 121 X 121
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