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Axisymmetric Divertor Heat Load @ W

o Axisymmetric target heat load profile is quantified by power fall-off

length A,and by divertor broadening S.
ASDEX Upgrade, L-Mode, #33180-33183
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« 14 In L-Mode described by the same parametric dependence as in H-
Mode, but with about twice the absolute size.
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 DIlI-D and ASDEX Upgrade are equipped with two rows of saddle coils.

DIlI-D ASDEX Upgrade
— 12 coils — 16 coils
— n=1,2,3 (n=1,2 rotatable) — n=1,2,3,4 (n=1,2,3 rotatable)
— Coll current 7 kAt — Coll current 6.5 kAt

graphite wall
Upper I-coils

126006
3500 ms
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Heat Flux with Magnetic Perturbation (MP) @

ASDEX Upgrade

L-Mode

 L-Mode with slow rigid rotation of external magnetic preturbation to
measure the 2D heat flux pattern on the divertor target.
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 Non axisymmetric heat flux pattern in the presence of MP
« Averaged heat flux described by same model as unperturbed heat flux
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SOL Heat Transport W

L-Mode
* Experiments with n=2 perturbation in resonant, non-resonant, upper and

lower coll only configuration.

Reference Toroidal Average with MP
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« 14 and s are the same within the uncertainty for the toroidal averaged
heat flux profile compared to the reference without MP.

- MP does not change perpendicular heat transport significantly!
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Heat Flux Peaking due to MP (Experiment) W

L-Mode
MP induces local increase of heat flux compared to axisymmetric profile

without MP

ASDEX Upgrade
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e Highest heat flux with MP close to the peak position without MP.
« Relative variation increases away from the separatrix.
« Characteristic reduced with increasing density.
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Discharges focused on achieving the high density
divertor conditions needed for detachment in H-mode
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e This work focuses on inter-ELM divertor conditions
e RMPs reduced average ELM energy by 30%
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Heat flux splitting measured Iin attached conditions

eliminated in strongly detached conditions
Inter-ELM H-Mode
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e Gas puffing used to create matching core density profiles

* Heat flux measured between ELMs using infrared imaging
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At moderate densities perturbations appear in the

electron temperature in the divertor

Electron Temperature  Inter-ELM H-Mode

100 eV
_ With RMPs

1eV
No RMPs

F164721
164722

" Y5388

-1.20 1201

1.40 .50 7,60 1.40
Radius (m)

1.50
Radius (ry

< A secondary region of elevated electron temperature
measured 7 cm away from primary strike point

— T,=20 eV in secondary peak
— T,=10 eV around peak

< \Without RMPs no such structure is seen
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Electron density shows less pronounced structure

than electron temperature
Bl = 0_ | |

1eV 10eV 100 eV
Electron Tem erature

164721

-ELM H-Mode

X102 m?

Z(m)

= Electron density also shows structure which do not follow the flux

surfaces calculated assuming axisymmetry
— Aregion of elevated density is seen on the target just inside the region

where elevated electron temperature is seen
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RMP induced perturbations peel away from the

floor as density Is increased
x100 m3

I 2
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TR e Lower density H-Mode

- 'HighAer density Hgi;
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= Consistent with reduction of heat flux structure as density is increase

e Suggests that reduction in heat flux is likely caused by detachment of
DIII-p the lobe structures, rather than changes in the magnetic structure
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Langmuir probes also show clear secondary

peak only in lower density case

i 164722 n/ng,=0.4 |Inter-ELM
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e Langmuir probes are at toroidal position=172.5°, divertor Thomson
scattering is at 120°

— Secondary peaks are at different radial locations
= At higher density there is not clear secondary peak
DIl-D — J.oe Shows that higher density case is in high recycling regime
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EMC3-Eirene modeling also shows T, structures

move away from the floor as density increases

T, (eV)
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1i4 1:5 116
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= Non-axisymmetric structures in the electron temperature reach
the target in lower densities simulations
< Higher density cases show that electron temperature drops before
reaching the target
e Same magnetic configuration was used at all densities
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Simulations show T, reduction across the

orofile as the core density iIs raised

Inter-ELM
150 ' ' | H-Mode
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. 100! density
>
Q
Q
= 50 |
0 1
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Y

N
At low densities T, within the lobes can be equal to or

greater than T, at the primary strike outer point
= As density is raised T, profile is smoothed
e No recombination in simulations = No detachment
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Peaking at High Density

ASDEX Upgrade

« Characteristic of 2D pattern is reduced with increasing density. L-Mode
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Peaking at High Density N, W

* Increasing S is thought to be
the reason for the reduced

o ASDEX Upgrade
characteristic | p?‘
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* Reduction of toroidal peaking
of the heat flux is described by
the simple model.
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ELM Energy Density fi}) @ W

: . : : H-Mode
» External magnetic perturbation is studied for ELM mitigation.

» Reduction of ELM deposited energy density is often observed to be
correlated with reduction of the pedestal pressure and stored energy of

the plasr ASDEX Upgrade, #32080
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ELM Energy Density
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H-Mode: ELM
« Semi empirical model describes the ELM deposited energy in dependence

of the pedestal pressure. Model gives lower and upper boundaries (3:1).
&) = K émn Pe,ped Rgeo dcyl [K=1-3]
« Available data (JET, MAST, AUG) lies within the model boundaries.

_ ] 10> ASDEX Upgrade, #32080
 ELMs with and without S * P
magnetic perturbation are 1 *
described by the model, e : o
within the scatter of the ST e
available data. —— 10 ﬁ’? |
o[ JErC
£ .1 a AR | . JETILW
£ 107 /”," o AUG-W
 Proposal: Assessment of = P N MAST
ELM peak energy density 102 -7 ,,5" ................................................ n gg; ;_551\:3 |
reduction needs to correct for x . N
3 ; ; ; —
the pedestal pressure loss 10755 T = =3 = 2
due to pump out. €l moder [22]
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« Power fall-off length in L-Mode described by the same parametric
dependence as in H-Mode, but with factor 2 in absolute size.

o 2D heat flux pattern with magnetic perturbation
 L-Mode perpendicular heat transport is unaffected by magnetic perturbation.

» Characteristic of 2D structure is reduce with increasing density, observed in
DIll-D and ASDEX Upgrade.

 Both EMC3-Eirene simulations as well as simple modelling reproduces
reduced characteristic with increasing density / divertor broadening.

* No change in magnetic structure required to describe the observed decrease
of the 2D characteristic.

 ELM deposited energy density is correlated to the pedestal pressure,
which needs to be accounted for in the assessment of ELM mitigation.

“This work has been carried out within the framework of the EUROfusion Consortium and has received funding
from the Euratom research and training programme 2014-2018 under grant agreement No 633053. The views
and opinions expressed herein do not necessarily reflect those of the European Commission.”
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