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Motivation — Outline

m Shear of vij=—E /B — turbulence regulation

— transport barrier
20F [Viezzer 2013] ASDEX-Upgrade
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[Wagner 1982, Itoh 1988]
» Experimentally observed close to separatrix

* Deepens when bifurcating from L- to H-mode
« Some evidence of causal role of turbulence

[Groebner 1990,
Burrell 1992, ...]

[Moyer 2001]

m This talk: « Competition between collisions & turbulence
in flow dynamics

« Dependence on safety factor (plasma current)
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Heuristic dynamical equation on (E ) le=5 !
2| —— auP) [Varennes 2023] | |-
m Poisson equation — exact dynamical equation for === =0 ﬂ GYSELA 1
polarization field at small k p; (parra 2009, Abiteboul 2011] ~
0 1 dP, E
— £, B — L —_ — g N Or—~= -1-
ot Zg: pol,s 7 265N5 dr \ Z: .8
‘ v ’ Radial current density -1 “
Polarization (electric & magnetic drifts) | |
N.Tn apl 0.2 0.4 :
Permittivity = ——— ——* governed by heat eq. ra
V=3 oyl y q
.- . . : . ViR
m Leads to a heuristic equation for (Vgg) =—(FE,)/B — in banana regime v, = ”%/2 < 1:
Ure
(Vi)
9 EO
(1 + CQ ) ., _Vneo(<VE9> — VEQ,neo) — v?‘<H?‘9>
T ot A - -
Renormalized inertia I Turbulent Reynolds stresses
depends on collisionality [Giarlak,on 2002, (Taylor's identity)
L 6 banana Choné 2014]
O~ —— 7 0.7 ¢° T (V.,.N B, Vv, T By
3/2 regime) ~ ” _ ! 1 — _*"KMO v _ =7
‘ a2 v eB{N_I_( B ) T} BVL’Q
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Heuristic prediction for (v;,) — some evidence in experiments
[Dif-Pradalier 2009]
|

. . ope . -
m Prediction at equilibrium: balance between > | -
turbulence & collisions ; \Ey g/\ o
vfr<H7’6’> O =
<VE9> — VEQ,neo — % s | _Ve
Vneo o
Fair agreement in the core % =1R il N
Important role of turbulence at staircase locations O-sx10® | —A—\{eNC . _'_,V" R/ =62+
0.40 0.45 0.50 0.55 0.60 0.65

Normalised radius

n.=2.8 10*m- AUG #36983, 37375
(a) @ same heating

m Experiments yield contradictory information in core [gell
1998, Crombé 2005, Grierson 2013] & edge [Viezzer 2014, Plank 2023]

m Radial force balance (with Vg ..,) not always sufficient
to recover experimental measurement of E,

-
.
e
N
-
-
-

B T Vi(NEO)X B

10 AUG m Other mechanisms than turb. possibly at play in edge:

s - Vipi . .
——unfav.  [Plank 2023] ey e Orbit squeezing [Shaing 1992, Kagan 2009, Landreman 2010]
0.95 Ppol +00 * lon orbit losses [De Grassie 2011, Chang 2017, Brzozowski 2019]
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Turbulent RS not only electric &> diamagnetic component IT

m Two distinct components of Reynolds stress:
Hfré} = 11 + H* [Smolyakov 2000;
/ X McDevitt 2010;
Il =vg, Vs IT* = 0F Uge Ajay JPP 2020]

_ V4oV, Vi Veo
B B eNB B

In ITG turbulence [T & IT" are in phase

(adiab. & kin. electrons) IT" =~ 2xI1 [Sarazin 2021]

m Exp. evidence: something missing beyond IT — IT" ?
[Gerrd 2019]

m Csq: Pressure is NOT simply advected by ExB flow

Opyr +up.Vp, =0 = 1) /{I1)<0

{JJ‘* — Wq — k“’l‘” >
uB Fr

* |Indeed:

« DriftITG: Plkw = < ; ok
W — Wdqd — “I*” v

* Can be captured in reduced transport models
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A A hAhh
Core-edge GK simulations with immersed boundary — plasma-wall interaction

Snapshot of electric potential
m Flux driven global GK simulation — adiab. electrons ; fluctuations

Modelling confined r/a<1 D
& unconfined r/a>1 regions

m Poloidally localized limiter when r/a > 1

m Immersed boundary conditions [Isoardi JCP 2010,
Df Paredes JCP 2014]
[Grandgirard CPC 2016]
Dt = Ceotl + Sheat — V MpLim(r. 9) (f — sz'm) = RE—
Strength of Mask = {0,1} Centered Maxwellian at low Tvre
restoring force — localized limiter — momentum & energy sink

m Modified quasi-neutrality condition for r/a>1 with Boltzmann electrons™*:
Enforced plasma-wall // condition = 6n,./n. = ep/T. — A

** . . . .
@ LS TTE workehop, Nancy, 20230512 Ongoing work to include kinetic electrons [Munschy 2023] Vsarain | 6



Steep gradients associated to sheared E,

wall

Temperature [in eV]

500

450 limiter b.c.

m Steep gradients in the vicinity

of the separatrix @ r/a=1 :Og L
5 |
* Localized poloidally i |

250

. 200 . D i
imiter 0.94 0.96 0.98 1.00 1.02 1.04 r/a

[Dif-Pradalier 2022]

m Radial electric field E,

« Negative in core (r/a<1) — radial
force balance

—~5000 P

 Positive in SOL (r/a>1) — plasma- 10000

wall interaction physics

—15000

— 1 =0.90 ms —
OO (=130 ms 3
— {—2.00 ms Case-3 ]

« Well at the edge r~a — strong shear ~20000 |-

1 1 | | 1

@ 092 094 096 098 1.00 1.02 r/a
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Build up of E. well dynamically resolved

m Dynamics of toroidally averaged radial vorticity (shear of E,):

1
Other terms count for few % during E. build-up Vi) = ;87‘[7“("')}

1

l ” ” Vo(..) = ~0p(...

8ﬁ<QT> ~ —Vq1(<UET Q?w> _I_ <U?’ Q?w) - <UQ VQE’T'>) <>:/2F(21_90

\ Electric Diamagnetic Poloidal - _vogp/enBz

—OV,.E,.(r,0,1) Reynolds force  Reynolds force  entrainment vy = O.p/enB>
[Smolyakov 2000,

McDevitt 2010, Ajay JPP 2020]

m “Transfer Entropy” — causality (directional net flow of information):  [Schreiber 2000, Van Milligen 2014,
Nicolau 2018, Dif-Pradalier 2021]

* E, well born at limiter poloidal location
« Diamagnetic Reynolds force dominant initially (Dif-Pradalier 2022]
* Poloidal entrainment ensures poloidal homogenization

* Electric Reynolds force dominant downstream & at later time
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Incidence of plasma current |, on confinement... and E,

= Confinement improves with plasma current |, [Goldston 1984,
Petty 2004]]

— Turbulence intensity I, increases with q ~ 1/1, 003
at constant px, vi, 3 000 ]

m Possible explanations: ool
« Growth rate increases with g [Waltz 1995] o

e Threshold ~ s/q [Fourment 2003] 0

» Change in wave nb spectrum [ottaviani 1997, Dannert 2005]
« Effect of GAMs [Angelino 2006]

m Experimentally: edge E, well less deep when q increases

« L-mode (WEST data) [Vermare 2022] g
* H-mode low density branch [Ryter 2014, %
>

Bilato 2020, Plank 2023]

— How does it compare to heuristic prediction?
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GYSELA
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o
|
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 [Vermare 2022]
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q~1/Ip dependence of E. well - different dependence on q
of turb. drive & neo. viscosity

= Qo.5, os = 1.8

m E well less deep when increasing q Safety factor _

—— @10, Qas =3.7
~— Q15, §os =5.5

.0 02 04 06 08 10 12
ria

« Qualitatively consistent with experiments 0.00 bmmmm oo
[Varennes 2023]

» Not observed w/o turbulence (neo. only) ~0.25" GYSELA
~0.50-

& N B o ®

 Although turbulent intensity T with q
S' —0.75{\ 1.5 % 0

v?’<H¢’9> —1.00"

. neo
almost independent of g _150

m Present understanding: (Vo) = Vg neo —

¢V

EO,neo

. les like a2 | 0.7 0.8 0.9 1.0
Viheo SCAlES lIKE (g [Gianakon 2002] ra

« V. (Il,y) scales like g* with a<2 (turb. heat flux ~ q*3)

—> Balance between turbulence drive (Reynolds stresses) and neoclassical viscosity
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Conclusions

m Shear of E, regulates turbulence

m E well at the edge
* Deepens when H-mode transport barrier
« Sometimes inconsistent with neoclassical prediction
— Points towards turbulence, ion orbit losses, ...

m Heuristic E, prediction from balance between turb. drive I, ,, & coll. Viscosity v, .,
m Turbulence drive = electric + diamagnetic Reynolds stresses (in phase in ITG turb.)
m Diamagnetic Reynolds stress key to the build-up of E, well at limiter

m Experimental g-dependence of edge E. well qualitatively recovered with GYSELA:
different dependence on q of I, and v,

m Next : impact of kinetic electrons & of the nature of turbulence ITG/TEM?
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Back up slides
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® — B at time = 72000.0/w, ® — @ at time = 72000.0/w,
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