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E Outline

Context;

Characterize and understand the dynamics of the
radiative collapse observed in WEST operation;

 Reproduce the rapid collapse of central temperature
using an integrated model framework to understand
which are the actuators that lead to the observed
dynamics;

Conclusions.
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WEST: superconducting full W environment
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E Plateau Statistics Reduced L-mode Database

* The database contains the mean values and the standard
deviations of different diagnostic measurements at each
plateau (quasi-steady-state).

» The plateaus are identified intersecting the total power
plateaus and the plasma current plateaus.

* There are 285 discharges with 732 plateaus in the database.
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Two different confinement states coexist in
WEST operation
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Central electron temperature radiative
collapse
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Two questions arise from this analysis:

« Why are there two branches;

« Why the 25% of the discharges in the hot branch collapse.
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E Outline

« Context;

« Characterize and understand the dynamics of the
radiative collapse observed in WEST operation;
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Characterizing the T,(0) dynamics in the
database

Automatic identification of radiative collapses within plateaus:
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Three categories identified:

unstable plateaus where a collapse takes place, cold stable plateaus
and remaining plateaus called stable hot.

Commissariat a I’énergie atomique et aux énergies alternatives

US-EU Joint Transport Task Force 07/04/2022 n



Unstable plateaus consistent with W cooling
factor unstable range
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The unstable plateaus range between 1.5 keV and 3 keV. In
this range, a decrease of electron temperature leads to an
Increase of radiative losses for the same W content.

25% of the hot branch is affected by a rapid collapse of the
central electron temperature.
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E Collapsing discharge description
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This complex interplay requires
integrated modelling.
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E Integrated modelling settings

The 1D transport code RAPTOR is used |TeandT; | Predicted

: [F. Felici NF 2018] using
to simulate the collapse. OLKNN-10D
The transport coefficients are =
. eysson
computed using the 10D Neural Network | “t#ee HOKE  Est 201
version trained on QuaLiKiz. e o [ ne interpretative
shot 55025 ,
3 Ny Interpretative,
based on
44 bolometry
Te [keV] inversion
3_
Prad Consistent with

ADAS database

j(r) predictive

equilibrium | Self-consistent
inside a fixed
I] 1 L] 1 T T 1 1
0 2 4 6 8 10 12 14 LCFS
Time [s]

Commissariat a I'énergie atomique et aux énergies alternatives US-EU Joint Transport Task Force 07/04/2022




EThe T.(0) collapse is captured by the modelling

T ——experiment
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We will now investigate the role of two key ingredients: the W
profile evolution and the LHCD power absorption evolution.
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E The T, collapse is captured by the modelling

t = 9.5s (start of collapse)
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1.2

RAPTOR profiles

LHCD deposition is computed with the LUKE
code rpeysson FsT 2014

The power deposition in the very core
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W profile obtained using bolometry
measurements
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W peaking during central T, collapse captured
by reduced neoclassical T; screening
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W peaking increases strongly due to a core T, flattening,
leading to T, flattening by equipartition, hence reducing the
neoclassical T screening effect.
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Tungsten peaking and LHCD core absorption
reduction are both needed for the collapse
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ECollapse reproduction in discharge 54802
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The same procedure was carried out for the 54802 discharge.

The temperature collapses are associated to variable
contributions of LHCD core heating depletion and tungsten

peaking.
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E Conclusions

* In the database, L mode plateaus where T,(0) rapidly
collapse are identified in the range of 1.5 keV and 3 keV.

« Time sequence of T,(0) collapse acceleration:

« The slight density rise leads to less on-axis LHCD
power deposition enhancing the central T, reduction;

« T flattening in core leads to a reduction of W core
temperature screening hence core W accumulation

« Core electron heating is essential in a W environment.

Note: ECRH will be installed on WEST in 2023 to mitigate core
LHCD deposition sensitivity
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Cea
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H, est fOr quantifying the quality of the
confinement time
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E WEST database aligned with ITER96L
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Filter:

« Small reconstruction errors;
» Diverted plasma,;

* L-mode plateaus;

« LSN

* Only deuterium shots
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Bolometry tomography to compute the power
emission density profile
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Tungsten density profiles from the inverse of
bolometry

T =  Above the
o s IS the
Tl 7% Assuming that all the

comes
A f oo from the , LIS
possible to use the inverse
of bolometry to compute

at each layer.

3
&
&
E
wm oz

Commissariat a I'énergie atomique et aux énergies alternatives US-EU Joint Transport Task Force 07/04/2022



E — for hot and cold branches and collapsing
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P;y and n, ,,; for hot and cold branches and
collapsing discharges
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E W neoclassical transport

W neoclassical transport (in absence of poloidal asymmetries)
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E H mode

The plateaus in H mode in C4:

* In USN 4 plateaus

* In LSN 10 plateaus

Max duration of H mode on WEST 4 s.

The transitions are observed in the hot and cold branches.

The transitions are unstable because P, increases when the
pedestal is formed and so the power that crosses the separator is
reduced and we go back to L mode.

In C6 we will raise the density to high power because we think we
were on the low density branch of the L-H transition.
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