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The Problem of Exhaust: Heat Flux ) EUROfusion
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The Problem of Exhaust: Erosion
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The Problem of Exhaust: [yvs. Ty @) EUROfusion W

A key question for ITER & DEMO:

How are heat and particle fluxes distributed over the various plasma facing
components?

In the SOL of a tokamak, this is strongly affected by the competition between parallel
conduction and perpendicular convection.
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Shoulder formation ) EUROfusion
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A well known experimental fact in tokamaks:

O. E. Garcia et al, INM, (2007)

In L-mode, SOL density profiles flatten over a certain density threshold.

An increase of I', associated to a filament transition has been proposed as the
explanation in the literature.
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Filaments and Shoulder
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Filaments and Shoulder @) EUROfusion

=
100t @ AUG (ohmic) 1250 ® AUG (ohmic) ! 77
£ 80 ALRS (OO0 KUV) 1200 ,, 45 AUG (800 kW) :
= S AUG Seeding (ref)
i.N‘i- 60} {150 40} AUG Seeding (gas) ; s
: 2 JET |
2 4} J100 £ 391 O COMPASS ; 2T
k| 5 E :
i z ~_ 30} i
= ]
20} {50 5| i
D. Carralero et :
ok o al., PRL, (2015) 201
10
- , , 15}
‘ ': : | ——SL(E=0)
0.2p1 Sheath P p— SL(,=3) 10}
' Limited ——N(=0)
! B (- IN (x, = 3)

0.15}]

Inertial A4, scaling of the shoulder formation has been
demonstrated on the COMPASS-AUG-JET ITER
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Evolution of particle transport @) EUROfusion
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The filament transition has clear effects on filamentary transport:

» Packing fraction, f;;; and amplitude of fluctuations n;;/n,.., substantially increased

D. Carralero et al. Kyoto, 19th October 2016 4/11



Evolution of particle transport @) EUROfusion W
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The filament transition has clear effects on filamentary transport:
» Packing fraction, f;;; and amplitude of fluctuations n;;/n,.., substantially increased
» [, across the separatrix is increased by a factor 3-4

»  Simmilar results reported from JET (Guillemaut PSI 2016)
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Thermal evolution of the SOL
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Electrons and ions show very different behaviour through the transition:

- T,

e

i~ 1.2 Tg packo Te roughly constant across the SOL.

»  Tis~ Tipack = 25 €V for high Ay, > 1. Fast radial decay, A; ~ 10 mm.
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Evolution of heat transport
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Heat transport is not affected by the transition

» 0,5 near the wall are simmilar. Agreement with JET (Guillemaut, PSI 2016)

» Amaximum in g,y is reached around the transition.

» Good agreement with IR measurements of the g, at the manipulator.
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EMC3-EIRENE Simulations /@} EUROfusion W
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EMC3-EIRENE Simulations /(@} EUROfusion
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EMC3-EIRENE code is used to simulate Ay, > 1 and
Ay, < 1 scenarios

1.0} Outer midplane » No thermalization mechanism can reduce T,

region as observed in the experiment.

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 » An ionization front builds In front of the
RIm] limiter shadow in the Ay, > 1 case.
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ExB Analyzer experiments

250 ——————————————————h———— 1
il ﬁ} g :
200 T & § 0.8
150 q S 0.6
3 o
\._..v_ =
™ 100} 8 0.4}
—— §o.
O Toroidal CXRS|§ }i A
50t| O Poloidal CXRs| . 0.2} S e E
— RFA (i T )I: TR, P i
T e ‘ e
~—— RFA(back) |1
$97 098 099 1 101 102 103 104 % 50 100 150 200
Pp Ti [eV]

ExB analyzer experiments are consistent with RFA measurements

» Ay, <1-> Monoenergetic distribution with a positive tail, consistent ~ with T, .
and T, 4.

» Ay, > 1 > Two-energies distribution with cold ions around the F.C. T
not necessarily greater than T, ...
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Looking ahead: H-mode @) EUROfusion

20 T T T T T 1

10

10

. 5 : --—31977 Low D, High D,
i . [--—33055 Hi
: . igh N
T—d R . |--—233056 9N rate
--— 33059
. . . ?
=)
o 0
ST Y SCHUNNRE SRR O, WA N SO SR 2 10
o !
A <
| [0.98:1.01] 5
A <
----- Type | ELM phase | \i\ 4 Low Drate
— High A ph : M 10 ¢
10l 1gh A phase ; Bty B Low Nt Low Ny
0.94 0.96 098 1 102 1.04 1.06 1.08 0 5 10 T >0 o
P D__(10%'s™
rate

D. Carralero et al, PSI, (2016)

Equivalent experiments have analyzed the shoulder formation on inter-ELM H-mode plasma:

» A simmilar shoulder has been observed.
» An equivalent filament transition takes place for Ay, > 1

» Ay, > 1is anecessary but not sufficient condition. A minimum level of D fueling is
also required. This is consistent with L-mode experiments in TCV [N. Vianello, this

conference, EX/P8-26].
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Looking ahead: DEMO
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Looking ahead: DEMO

Several scenarios can be proposed for DEMO:

Worst case (No shoulder formation):
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Looking ahead: DEMO /(@} EUROfusion
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Summary and Conclusions @) EUROfusion W

L-mode experiments on AUG, JET and COMPASS have shown the relation between a
filament transition and the shoulder formation. This process is triggered by the A, > 1
thresshold.

The transition increases I',., by a factor 3 after the transition, while q,.,, remains roughly
constant due to the drop in T,.

Simulations indicate that ion cooling is not the result of thermalization, but of the
lonization of cold, recycled neutrals in front of the limiter. This is consistent with the

observation of a cold ion population for Ay, > 1.

H-mode experiments indicate that a shoulder can form also between ELMs.
Ay, > 1 is a necessary condition, but sufficient D fueling level is also required.

The shoulder is probably the result of a feedback loop between increased I’ wall

recycling and ionization of reflected neutrals, leading to ever increased transport.

perp’

Are @nd Ay are decoupled, which could lead to enhanced %, under certain conditions in
DEMO. Also, there is arisk of high T, D*ions arriving to the first wall.
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A mechanism for shoulder formation @) EUROfusion W
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C. Guillemaut, et al., PSI Rome, (2016)
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Evolution of particle transport
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Evolution of

heat transport
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Probe head designed to measure ion energy distribution in real time.

Collaboration between AUG and COMPASS teams.
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Series of Ay, sweeps with the same magnetic configuration (LSND Edge optimized) and
parameters (B, = 2.5 T, I, =800 kA, qq; = 4.85) as L-mode.

Enough P, t0 access H-mode, but avoid damage to the manipulator. Ay, > 1, is
achieved using N seeding and/or large D fueling.
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H-mode: Filament transition @) EUROfusion
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H-mode experiments: Scenarios
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To achieve different levels of Ay, and disentagle the contributions of D,
4 different scenarios are defined, based on P,., and the relative amplitude of D

fueling and N seeding.

To quantify the degree of shoulder formation, A

n,far

Is defined in the far SOL.

Some scenarios develop a clear shoulder, some others do not.

and N

102104106108
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H-mode experiments: ELM synchronizatio @} EUROfusion W
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During H-mode phase, ELM ejection causes a major,
intermittent perturbation of SOL conditions.
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O

9]

The beginning of the pre-ELM phase is considered to be a
good approximation of inter-ELM conditions

Divertor current (kA)
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