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Some open issues, Ongoing works:

ABSTRACT / \

Sections color code Visco-Resistive 3D nonlinear MHD provides a fruitful global description of relaxation-reconnection features

Macroscopic helical self-organization occur in pinch configurations:
Eminently in Reversed Field Pinches, and in Tokamak scenarios too, for example when dynamo/flux-pumping effects play a role. 4 Introduction
Main achievements in 3D nonlinear MHD have been obtained within visco-resistive full-MHD (SpeCyl and PIXIE3D codes) [2,3] Experimental refined and extended modelling: Address momentum transport impact and estimate

1) Transition to Quasi Helical regimes in RFP (QSH)[6,7]; Motivation o . - - _ ]
experimental effective Hartmann H = 172
ii) Boundary Conditions extension toward realistic RFX-mod2 front-end (RFP and Tokamak) [10,11]; Upgrade toward realistic Boundary Conditions Mc?mentum transport in plasmas is a Iongs’far‘l/ZI?ir)lg open issue

consistent with several aspects typical of both RFP and Tokamak configurations. Several aspects await for

iii) Formation of Internal Transport Barriers in RFP (eITB), (Lagrangian Coherent Structures)[4,8]; - mm———— Verification SpeCyl — PIXIE3D (Chacon-LosAlamos) S e
. : : o . Toy model for helical . : Heuristic approach proposed in:
iv) Large scale modes (dynamo/flux pumping effect), their control and characterization of plasma flow: I . bl | proof of principle studies on free-boundary modes Terranova, Bolzonella, Cappello et al PPCF 2000
Magnetic Reconnection: RFPs and tokamaks, interplay with Alfvén waves (possible RFP ion heating mechanism) [9]; | _ Sel-orsa EZEE'O_n n_, Spinicci, Bonfiglio et al, AIP Advances (2023), J. Plasma Phys. (2024) Scaling of m agnetic flu (‘:tu ations in the REX reversed field pinch
Then 4 Vivenzi, Spi '
e - o o _ o . - , Spizzo, Veranda et al, Theory Fusion Plasmas 2022 JPCS
significant steps forward have been achieved within reduced-MHD JOREK code applications, important in view of DTT: SpeCyl numerical model Further develop ar_‘alc_)gms RFP — Tokamak _ - Vivenzi,Veranda, Cappello Bonfiglio PoP 2023
v) Assessment of Shattered Pellet Injection to mitigate disruptions, and comparison vs the MGI approach (extending JET applications [5,12]); _ 3D no.nl'mear Alfven waves excitation at sawtoothing (ohmic)
vi) Initial assessment about ELM physics and correlation with 3D fields. [13] | visco-resistive MHD Kryzhanovskyy,Bonfiglio et al, Nuclear Fusion 2022, What i1s the mechanism of “anomalous” ion
These lines of research are naturally interconnected with nonlinear MHD activities under EUROfusion (TSVV, WPTE) programmes. SpeCyl results for RFP ] Non resonant Alfvén wave particle interaction
L1205 NF Bty M, dipions ndconvapysis T = Assess magnetic topology characterization (and related transport) - | Veranda, Sattin et al in preparation
. = ade/a ) ) ) [8,2020 NF] Veranda etal Helically self-organized regimes and magnetic chaos healin . . . .
][)2(])1191?).611(\)1gg?oaé)nge};(;?g;s()lje;r/r;gséeconnecttm‘1prO%esses‘ and scaling laws in RFP MHD | [19)7()2%12(3‘11\;);]8121;1:1;3()2‘/(;@3;?; ;ObalAjvénicmojes o olmic zgokamakfollowingnignetic reconnection events SpeCyI results for TO ka mak Lag ranglan COherent Stru Ctures (LCS) Va.l |dat|0n On experlmental eITB |_I_H IS CON FERENCE
[3]2010 PoP Bonfiglio etal Nonlinear 3D verification of the SPECYL and PIXIE3D MHD codes for fusion DOI 10.1088/1741.-4.132.6/ad1df2 . .I:OIIOW u Of Veranda et al NF 2017
DOI 10.1063/1.3462908 ) ) ) [10, 2024 JPP] Spinicci et al Impact of a free normal velocity boundary on external MHD modes p ' - -
[4] 2019 PPCF Pegoraro etal Coherent magnetic structures in self-organized plasmas DOI 10.1017/S0022377824001247 L Carr‘aro Spettroscopla Come flnestra
][)5(])1233.111(3;8;;(3)511—16;82171/20332REK p onded MHD code and anfications o1 scale instabili [11, 2024 JPP] F. Galeazzi Qevelopment of resistive wall'bozfnda‘ry'c‘onditions in t{1e nonlinear MHD code SpeCyl Extended mOdeI i n to be addressed With the . .
ond e conrot s el conin o o o * 1153536 Xl Ful Bt o "Valdaton of 3 54D simalson o/ Ne 02 mied hatered plle e { PIXIE3D & JOREK ] 9 _ sul plasma: diagnosi e trasporto delle
[6, 2004.1PPCF] CappelloBQ‘itrcat[on in the MHD behaviour of a self-organizing system: the reversed field pinch Z[}I;]EZY(;Z52-02286PT1111)01;;r1(:)]L'1§é?nCZI(::2g21?3‘]‘LodelingofELMphysicsandcorrelationwith 3D fields in view of DTT” / 3D COdeS: PIXI E3D and, pOSSIny, JOREK impu rezze 5 febbraio 10 40
DOI 10.1088/0741-3335/46/12B/027 (Consorzio RFX Supervisors: Bonfiglio!? and Pigatto?) '
INTRODUCTION RFP SAWTOOTHING: nearly periodic relaxation — reconnection events 3D Current Sheets (CS) formation: all of the modes contribute
b) sS=10" P=10 Typical sawtoothing for different
0.4 ;NMM»-W\\M :: :2 F - - = 1'(7 ' ' ' Pinch Parameters
. 0.2F T . ®=1.6 - See fig. 2 of Cappello PPCF 2004
RFP experiments: at high current <> ordered KINKED plasma F(t) oot o a(a) P R e e L AT _
b = ’ SpeCyl: visco-resistive 3D nonlinear MHD code 02 014 o | s w1 CSs form especially at crashes
advanced Operatlon with Boundary Control P y ’ . . Mode v /""" -« /] V0HM/ T ‘ Contour plot and flow pattern from Simulation S,%7 : S= 3x104, P=1
describes helical regimes amplitude % 10 F . 02 of Cappello & Biskamp Nucl Fus 1996 (see fig 6 and 7)
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P e Local buldging

Alfvén Eigenmodes: GAE and the 15t CAE are DR Vgt 1 i : Plasmoids formation along the ~ Asymmetric up-down initial perturbation

. . . elongated current sheet leads to complete reconnection
excited by magnetic reconnection event. (expected for S > 107)
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Alfvén waves spectrum (m=1, n=0) r= 0,6a

Intermittent Quasi Helical Regimes develop at high Ip,

RFX-mod when feedback coils scheme system aims at Br(a) = 0
RFP OVERVIEW

——

T., n, get a helical shape - elTB formation
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Exper:menta/ly observed in RFPs
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Model equations transformed: | N€ Hartmann number

I After kinking The MP threshold needed to excite a QSH regime decreases with H,
i.e. with increasing plasma current, as observed in experiments. " " I "
to f:ﬁt =0y ' Preliminary study in preparation of
R : 4 m =0 modes e -
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