®

SORZIO RFX

Forma; I az

CON

Momentum transport in RFX-mod

Piero Martin

Consorzio RFX- Associazione Euratom-ENEA sulla fusione, Padova, Italy
Department of Physics — University of Padova

Max-Planck Institut fir Plasmaphysik, EURATOM Assaociation,
Garching bei Miinchen, Germany

Presented on behalf of the authors at the

CMSO general meeting — University of New Hampshire, 4-6/06-07

P. Martin — CMSO general meeting — 04-06/06/07



Authors of this talk CONSORZIO RFX

N. Vianello, V. Antoni, E. Spada, R. Cavazzana, E. Martines, M.
Spolaore, G. Serianni, M. Zuin

Consorzio RFX — Associazione Euratom-Enea sulla fusione, Padova, Italy

H. Bergsaker, M. Cecconello, J. R. Drake

Alfvén Laboratory, Royal Institute of Technology, Stockholm, Sweden

P. Martin — CMSO general meeting — 04-06/06/07



Reference papers CONSORZIO RFX

e Experimental results in this talk have been taken from the following
papers:

— N. Vianello et al., PRL 94 135001 (2005)

— N. Vianello et al., NF 45, 761, (2005)

— N. Vianello et al., PPCF 48, S193 (2006)

— V. Antoni et al., PPCF 47, B13 (2005)

— N. Vianello et al., 2006 EPS conference, paper P. 5-085

P. Martin — CMSO general meeting — 04-06/06/07



Edge region in fusion plasmas UORAORZID PR

Ricerca Formazione Innovazione

¢ The edge region in fusion plasmas plays a crucial role for energy and particle
confinement

— H-mode pedestal in tokamaks

— Edge gradients in the RFP o007
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Role of turbulence CONSORZIO RFX

Ricerca Formazione Innov

¢ Turbulence is responsible for anomalous transport.

¢ When turbulence is suppressed, regimes with enhanced confinement are obtained.

¢ Example: magnetic turbulence in the RFP plasma core (OPCD)
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Magnetic turbulence and self-organization in the RFP CONSORZIO REX

e Magnetic turbulence causes anomalous transport in the RFP plasma core, but at the
same time , Which sustains and heats the plasma.

» Self-organization between two competing processes.

* The goal: find the conditions where the plasma keeps the magnetic turbulence self-
organized threshold as low as possible

e Inthe RFP:
— Naturally, via low-chaos helical states (Single Helicity)

— Driving the dynamo field by external means (current drive)
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Electrostatic turbulence CONSORZIO RFX

Ricerca Formazione Innovazione

Anomalous transport
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Self-organization for electrostatic turbulence CONSORZIO REX
EXTRAP T2R
e Spontaneous self-organization by which @ 5{}; +¢ + E
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Self-organization for electrostatic turbulence: universal process

CONSORZIO RFX

Ricerca Formazione Inno)

» The spontaneous shear is marginal according to turbulence decorrelation criteria
(BDT), which says that turbulence can be radially decorrelated if the shearing frequency

o, IS larger than the ambient turbulent spectrum width A,
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Momentum conservation equation IR

d 1, _
mn(a— + V- T)V = —Vp+ #[TEV + ET{T . \*']'J +J X B+ F"
r

» For a constant density incompressible plasma

(%+V-V)V:—Vp—|—J><B+1/V2V
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Momentum conservation equation - 2 CONSORZIORE

e Ensemble averaging:
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Goal: measure Reynolds stress

CONSORZIO RFX
Ricerca Formazione Innovazione

Maxwell stress

» Velocity fluctuations have been approximated by E x B drift velocity fluctuation

— (E x B toroidal in a RFP)
» Works on parallel flow on-going
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Devices used for this study CONSORZIO RFX

o EXTRAP T2R (Stockholm, Sweden)

- R=124m,a= 0.183m
— Ip~60 kA, ne~1x10" m-3

e RFX-mod (Padova, ltaly)
- R=20m,a= 0457 m
- Ip~1.2 MA, ne~1-8x10"¥ m-3
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Diagnostics for Maxwell and Reynolds stresses CONSORZIO RFX

» Different probes used in the two experiments,
but based on the same principle.

In RFX-mod:

» Two 2D arrays of electrostatic pins:
— 5 (toroidal) x 8 (radial)
—  Ar=6mm - A@=6mm - pin $=3 mm
* Two arrays of 7 (B,,By,B ;) magnetic probes:
— size: 7mm X 6mm X 8mm
—  Ar=6mm

— 5 MHz sampling rate.
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Reynolds and Maxwell stress in Extrap T2R i
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Reynolds and Maxwell stress in RFX-mod SndoRo

Forma; Innovazi

s Results are consistent with those obtained in EXTRAP T2R
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Time resolved measurements in RFX-mod CONSORZIO RFX

e Correlation between plasma acceleration and ERS gradient evident
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Electrostatic turbulence plays a double role

\\
R

CONSORZIO RFX

Electrostatic turbulence

-/

-

Momentum transport
(Reynolds stress)

~

P. Martin — CMSO general meeting — 04-06/06/07

\

Particle transport




Different origin for the two mechanisms ?

CONSORZIO RFX

The Fourier spectra of

~electrostatic Reynolds stress
*particle flux

peak at different frequencies EXTRAP T2R
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Momentum equation in stationary condition com%o RFX

icerca Formazione Inne pvazione
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It is possible to evaluate the kinematic viscosity
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The viscosity is anomalous CONSORZIO RFX
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Experimental viscosity is more than 1 order of magnitude larger than classical
FBS

V-n

Same order of magnitude of the effective diffusion caused by electrostatic particle

flux

VAR Degp = Dey =
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The viscosity is anomalous CONSORZIO RFX
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Momentum transport is anomalous and viscosity consistent with anomalous
particle transport

Electrostatic fluctuations:
flow driving through ERS
flow damping  through anomalous viscosity
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Conclusions CON

e Reynolds stress measured in RFP.

¢ Reynolds stress is mainly driven by electrostatic turbulence although ERS and MS have
the same sign.

» Electrostatic turbulence is responsible for flow driving and flow damping
» Electrostatic part of RS is the main driving term of the flow shear
e \/iscosity is anomalous and linked to turbulence

e More work on-going in RFX-mod

e For more info: vianello@igi.cnr.it
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