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* SPI module
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frmax

Sampling fragments

relative probability

* Parks’ fragmentation model
[P.B. Parks, GA Report (2016)]
[T.E. Gebhart et al., IEEE TPS (2019)]

0 dmax . .
fragment diameter ° Fragment speed and direction

[T. Peherstorfer, MSc thesis (2022)]
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1) Background and motivation

Objectives
* Set up DREAM simulations modelling SPI in ASDEX Upgrade (AUG).
* Validate simulations with experiment.

* Assess impact of the statistical variation of the fragment distribution.
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2.1) Modelling disruptions — MHD mixing

* Plasma current - via a mean-field equation [A.H. Boozer, NF (2018)]
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2.1) Modelling disruptions — MHD mixing

* Enhanced transport — Coefficients: Y € {x., D;, A;, A}.

y(t) — exp ( . t — trelax

Tdown

Jet = b

0 2 4 6
(t = trelax)/ Tdown
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* Relaxation trigger criterion — We set #.q1ax to the time ¢ at which the electron
temperature T, < 10eV for any radial point within the ¢ = 2 surface.



2.1) Modelling disruptions — MHD mixing

* Enhanced transport — Coefficients: ) € {x., D;, A;, A}.

Y(t) exp ( _ ﬂ) Ot — trelax)- (4)

Tdown

ymax

* Relaxation trigger criterion — We set #.q1ax to the time ¢ at which the electron
temperature T, < 10eV for any radial point within the ¢ = 2 surface.
* Free parameters

® Tdown = lms.
* Xemaxs Dimax = 10°m?/s, A; max = —10*m/s [O. Linder et al. NF 2020]
* Amax = 1075 Wb?m/s matching with experimentally observed I, spikes.



2.2) Modelling disruptions — Input data
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* Reference AUG shot #40665 @t = 2.305s.

* Ohmic current as total current, not modelling NBCD & bootstrap current.
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* Input equilibrium and profiles from IDA.
[R. Fischer et al. Plasma Phys. Control. Fusion (2010)]

* Non-negligible population of non-Maxwellian fast ions due to NBI.
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* Input equilibrium and profiles from IDA.
[R. Fischer et al. Plasma Phys. Control. Fusion (2010)]

* Non-negligible population of non-Maxwellian fast ions due to NBI.

* We assume an instantaneous thermalisation of all fast particles at ¢ = 0.



2.3) Modelling disruptions — Example simulation
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2.3) Modelling disruptions — Example simulation

* Fragment arrival, dilution cooling.

* Radiative cooling, cold front forms.

¢ Cold front reaches resonant surface.
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3.1) Experimental comparison — Plasma current
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3.1) Experimental comparison — Plasma current

* 6 AUG shots, varying fye.
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3.2) Experimental comparison — Radiated energy fraction
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* Saturates at fxeo ~ 10 %.
* Strongest impact of statistics at 0.17 %.
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Agrees well with experimental estimates.
[P. Heinrich et al., NF paper in preparation]

Saturates at fxeo ~ 10 %.
Strongest impact of statistics at 0.17 %.

Underestimates for pure Do pellets.
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4.1) Neon fraction scan — Plasma current and thermal energy
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4.1) Neon fraction scan — Radiated energy fraction
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4.2) Injection speed scan — Plasma current and thermal energy
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4.2) Injection speed scan — Radiated energy fraction
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4.2) Injection speed scan — Radiated energy fraction
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Conclusion

1 Modelling AUG SPI disruption discharges with DREAMsimulations.

[ Good agreement with I, compared to experiment, except for the lowest neon
fractions.

1 Good agreement with experimentally measured f..q and its scaling with fye.

( Small impact of the statistical variation in the shard size distribution on f;.q,
except for cases with trace amounts of neon.

1 Negligible amount of RE current observed, consistently with experiment.



Outlook

O Investigate effect of impurities.
[J. Walkowiak et al., NF (2024)]

[ Scan injection parameters, e.g. injection speed, plume spread. ..

( Use experimental fragments distributions.
[J. Hlerhaus et al., J. Fusion Energy (2024)]

( Include plasmoid drift model.
[O. Vallhagen et al., JPP (2023)]

Verification/Validation:
0 JOREK (W. Tang), INDEX (A.H. Patel)
(d Compare P,,q with bolometry data.

1 Compare n, with line-integrated density measurements.
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Combining thermal and fast ions

* Thermalisation of fast ions:

n; T; = n; Ty + py (5)
* Assume pure Dy plasma and quasi-neutrality:

n; = mn; + ng = ne (6)

Together, these assumptions yields the following rescaling in ion temperature:

:T{:(1+”f>ﬂ+” (7)

Ne Ne



Sampling shard velocities p

For each shard, a velocity vy, is assigned.

* Speed v = |Vfag| follow a Gaussian
distribution.

* Direction Ugag = Vfrag / Ufrag
distributed on the unit sphere within
an elliptical cone.

[Hall, CPC (2017)].

* Spatial spread from lab data.
[Peherstorfer, MSc thesis (2022)]

source: Hall 2017
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DREAM: - SPI module
* Neutral Gas Shielding model [Parks & Turnbull, PoF (1978)]]
i oc =g P Tl (8)

* Deposition of ablated material into the plasma [Vallhagen et al., NF (2022)]

8nl(j) dk 47Trs2k7;s,kpmassNA
= —do; : H(r, ps,r) (9)
ot |spr / ; M i



DREAM - Runaway electrons

* Continuity equation — n

ome _ 10
ot V'or

ony
l:VIDrea_re] + YDreicer + Yhot—tail + I avaTire (10)

¢ Dreicer mechanism neural network
[Hesslow et al., JPP (2019)]

* Hot-tail mechanism
[Svenningsson, MSc thesis (2020)]

* Avalanche generation
[Hesslow et al., NF (2019)]



DREAM - Thermal particles

* Energy balance — n, T,

30neTe 1 0 [3n. ., 0T.
- = — Pq — Pr Pre et 11
2 ot V’@r[2 Xar]+9 it Potd Qa (1)
* Quasi-neutrality — n,
Z ,
ZZ Zojni(j) — Ne — Mye = 0. (12)
i j=1
* Collisional heat exchange — W;
oW,
5y = Qie T > Qi (13)

i'i



DREAM - Ion charge states

* Continuity equation —- ni(j )

on? 1o (. g omd\  oand ont)
ot _VEV <141nZ +DZ or >+ ot ionis+ ot SPI

¢ Jonisation & recombination

ant?
ot

— o [Z5 0007 1 (@9 4 RO + RIFD I ]

ionis

* Deposition of ablated material

N,
= 47TT krs kpmassNA

= - O] Z H(rvps,k)

(14)
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