Flux driven pedestal formation in tokamaks:
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Ingredients for realistic L mode edge modelling Flux driven pedestal formation above a certain source

Key players for realistic L mode edge [ ]:
- Turbulence drive resistive Drift Waves on which larger
B has a destabilizing impact [ ,
]

- Ex §shear, key in formation of the edge transport
barrier [ ], incl. neoclassical friction and
realistic SOL E, or at least realistic LCFS value for E,

First self-consistent pedestal formation in 3D non-linear

fluid flux-driven simulation including the following critical 0.9 o 095 11.02

physical ingredients: 18

1) resistive electromagnetic Drift Waves and ballooning Y L mode like LeO-ike | 11 mode like
modes 165 %,

2) E, accounting for neoclassical friction on Vo (v*) with . ‘., fd'*&
realistic L mode edge v* from banana to Pfirsch- ‘5}" 1.4 o‘»., SO,
Schluter regimes “*«Q s 9.

As in experiments, the pedestal forms above a certain 1.2 "'n.. [ et ”0

power threshold. As in experiments, this power threshold TQLCO

is lower for Tritium plasmas than for Deuterium plasmas. 1o 20 30 40 50 60 20

So far, flux driven pedestal formation in electrostatic: Q,

EMEDGE3D | ] and BOUT++ [ ] _ . on 1 1

and here electromagnetic EMEDGE3D [ In nonlinear S|mu|at|0n.

]. More flux driven fluid codes should explore!! TexB = Teurb 1€ VE < YViurb YE> Yturb
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flux driven pedestal formation captures isotopic effect
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EMEDGE 3D [Fuhr PRL2008, De Dominici NF 2019]
Charge and energy conservation,

Pressure oc T, i.e. iso-density

Ohm’s law

including electromagnetic and diamagnetic effects

E, such that 0 at LCFS and with neoclassical friction on Vg

Er force balance, role of Vg4 in L mode edge

Example at JET [ ]

P
Zin;

min(E,) see AUG

[ ]
But... from min(E,) to
the LCFS V, (v*) with
v* from banana to P-
S!

, 117 — 0.35.,)
R WP E

2 O T T T

a good proxy for

Er (kV/

AL DBS, ven=0
(1361385 ]

U k Vol
i = k )
i "eB,

-20¢C
3.65

1 1
3.75 3.80

R (m)

1
5 1 3.70
—-21 lfg,r'* —
: 1+,

iy Shot 86470 18
[ 372 3w a6 A 3038 3B Datashifted 2.1 cm radially 3

w

5.295-1¢c

3.85

2.5
2 >
! 0‘
15 ‘..'. - L™
D o'..... ..‘é é"t.@
"y + .y
.o....."nflul"'l-* .o
1 I
5 10 20 30 Q 40 50 60 70
A lower power threshold in T compared to D
1
Qp ~ e witha=1,8+06 | ]
D to T: correlation 55 ¥10° o3 -
length A similar Teurb TA= o -
g turb 3 D=2 I R4 2
i i R R W
Correlation time 25 YT OGWE e
. . = E,
Tiyrp NigherinTvs D &7 e
. 1.5 .
due to higher mass e T e 0015
Q,=10
Hence weaker 05 ° 0.01
. . 2 2.5 3 2.5
turbulence drivein T t(ms) t(ms)


https://iopscience.iop.org/article/10.1088/1741-4326/ab9e15
https://iopscience.iop.org/article/10.1088/1741-4326/ab3ecc/meta?casa_token=2JRrPxwdB70AAAAA:ND24qlU9vNUXbQlxWCOztxI1h8Mnf70uccJV4Xq4LUBpqWyTKhH3JQ2gBcM5k6Vm3aDXV2tm
https://iopscience.iop.org/article/10.1088/1741-4326/ab3ec6/meta?casa_token=91F7yO0tt88AAAAA:SGAV6xampQa59azoPw1XP_udjdX7pdQrsM6BqDuryJPdUGelp8d6PFc1eg-j10OdlMxNYQEG
https://aip.scitation.org/doi/full/10.1063/1.5142734?casa_token=PIihdaBsfTIAAAAA%3AUgEhNpQIoup3p-mPSmRdZJpp4nwvOhACCfSdATuKOcLkWdWd981dreTr6IMtCz-NbbuidsOOeKo
https://doi.org/10.1063/1.4890971
https://doi.org/10.1063/1.4914841
https://arxiv.org/abs/1912.09792
https://arxiv.org/abs/1912.09792
https://doi.org/10.1103/PhysRevLett.116.065002
https://iopscience.iop.org/article/10.1088/1741-4326/ab8777/meta?casa_token=g4S6iB0iq5sAAAAA:ijudnOB7U2tOrK6LPmit1Rv7DktOM-JIc-qfF-P698XpEPZyZbejtBLqb-xckERpjU17xmH-
https://arxiv.org/abs/1912.09792
mailto:Clarisse.bourdelle@cea.fr

