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s Motivation

L . v, measurement with Doppler
== LH transition is affected by velocity shear L : PP
[Burell 1997]  [Connor 2000]  [Wagner 2007, 2018] reflectometry in WEST

= Ripple : magnetic field toroidal modulations o [®-#55732]

due to finite number of coils N, ;< g 1

=
Typical values of ripple amplitude §: 4-2

>
- JET:0.08% < 6pax <1.5% _3
- ITER : 8,,4x~0.5% (expected)

-4 A 2 H
- Tore Supra: 8,,4,~6.0% 0.85 0.9 0.95 1 1.05
. WEST: & ~2.0% P [Courtesy of M. Peret]
. max .

Question : How ripple impacts flows in WEST and does it
2 iﬂﬂuence | -H tranSition ? [C. Fenzi 2011] [E. Trier 2008] [B. Chouli 2014]




Cea Ripple effect on trajectories

Magnetic field amplitude : B « 1 — £cosf + 6cos(Npi1s®)

Primary dcos(No) gcos(0)
perturbation Magnetic wells Banana trapping
Secondary gcos(0) écos(Ng)
perturbation Vertical drift Drift of bounce points

+ Collisions



Ripple induces toroidal magnetic
— braking

éRfm

== Without toroidal constraint <> no neoclassical prediction on E, and vy

= Ripple - toroidal magnetic braking / friction v,

avT VT aET' _ NC
i —v<p< — ko BBQ) & o = el’;'* (E,, vr)
>\ /v [X. Garbet 2010]

[J. W. Connor 1973]
[K. C. Shaing 1986]
[L. M. Kovrizhnykh 1998]
[A. B. Mikhailovskii 1995]

- Predicted by neoclassical theory with ripple
- Depends mainly on g and v*

WEST / Tore Supra : Neoclassical +

avT VT .
- = —V, — kg — °B, - Counter-rotation (depends on §)
- Gyrokinetic codes : both effects X Kim 20141

[S. Matsuoka 2018]

4 taken into account [E.J. Paul 2017]



Cea Simulations conditions

= GYSELA : full-F gyrokinetic semi-lagrangian code solving :

avy oF

: . OF axi rip
Vlasov equation : > T (v" tvp tv, + ”E)-VF LPT v,

= C(F)

+ Poisson equation Gaussian ripple map &(r, 9)

== Current version : boundary condition acting as

momentum sink
== First step : trial with radially gaussian ripple

== Realistic T, N and g profiles (similar to WEST)

- v,(a/2) =0.14;p; = pﬂ = 250

l

6max



CZa Ripple makes plasma counter-rotate

Activation of ripple on weak

turbulent equilibria

Counter-rotation of plasma with
ripple (as observed in JET and
JT60)

[M.F.F Nave 2010]
[H. Urano 2011]

Competition between ripple NC

effects and turbulence

Increasing of |E,| as predicted

by theory

Long relaxation time v, * of

toroidal velocity

éRfm

Time evolution of vy and E,. for
0.45< p<0.55
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The relaxation time is long for realistic

a ripple

Time evolution of vy without
turbulence

le3

= Without turbulence, v; « (1 — eVe?)

== Simulations without turbulence > Q.7, ~ 830 x 10°

-1 _ -1

== Convergence time for low (realistic) ety 310 X 10

No ripple

ripple requires important 51| — ey = 1% T, ~ 180 x 103
. ——— Bmax = 3% =~
computational resources 6 5 - 6%
20 40 60 80 100 120 140

Q.t le3



C22 What about realistic ripple perturbation ?  &&fm

== AS expected, long convergence of v,

Tore Supraripple amplitude
P PP P == INcreasing of E, amplitude observed

| (2] . .
\ Time evolution of vy and E,. for
0.75 < p < 0.85 (6~1%)

______ 1e3 Toroidal velocity evolution

—— Noripple —— Tore supra
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le3

,,,,,,,,,

Radial electric field evolution

_________

— No ripple —— Tore supra

£ E
0.02 0.04 0.06 2 5]
< i

[P.N. Yushmanov 1987] —61
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CZ4a Conclusion and perspectives

== AS observed experimentally, ripple induces counter-rotation
= Competition between turbulence and ripple neoclassical effects
== \Weak ripple does increases |E,| = potential effect on LH threshold ?

== LONg relaxation time requires heavy computational resources

Work in progress
== Quantify ripple impact for strongly turbulent plasmas

= Better assesment of neoclassical flows in GYSELA
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CEa Turbulence intensity
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Turbulence intensity

- Experimental

= GYSELA




Cea Theoretical model of flows with ripple  J&fin

Goal : Obtain theoretical predictions for E,., vp, vy

Step 1 : Derive the distribution function F satisfying VB and ripple constraint

Stationnary guiding-center Vlasov eguation : (v" + v“x‘ rlp) VF = C(6F)~> Basically
intractable

v FX! 5 banana trapped
(v” + P ).VF = C(6F) » PP

v'gp FT? — magnetic wells

Different regimes:
(v" n vrlp V(Faxi + 0F ) = C(6F) (v" + vaxl) (VFrlp +6F) = C(an)

Ripple-plateau regime Local trapping regime
Banana patrticles perturbed by ripple Locally trapped particle drifting verticaly
—> drift of bounce points

11 + mixing with collisionality regimes




Cea Example : prediction of E,

Step 2 : Use the ambipolarity constraint

=\ 2 )
HE:,.. .,.1 r_f? l ’) +00 , 400
+0o0 3
[\/7 / due “u? Ko 1 (1, 1) (u — E)
N\ Play e 1 :
+— — ﬁ-f due "u’? — U — E
9 \7 _ v* /o () 2
2\*? 2 1 [te T 3
- Tue “u®?—IK,; u— —
* (r) Nal\) 7 T ) (-3)]}
1 oo oo 3
— E{ gf due " u Ko 1 (7, u \/7/ due “u® m,,;(?g u) ('u, — 5) }
0

[X. Garbet 2010]

[
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C2a Energy trapping conditions

Trapping cones
V)
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Cea Simulations ressources

= Simulation time : ~2 000 000h monoprocessor on 12288 processors
= Grid: Nr* NO « No * Nyy * Nu = 511 * 1024 = 64 * 127 * 47 ~ 10

= ~6 days to run
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