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IPF Outline

Why Turbulence Investigation in 3D?

Turbulence Experiment TJ-K

Experimental Results |: Turbulent Transport Measurements

Experimental Results |l: 3D-Shape and Dynamics of Turbulent Structures
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Drift-wave turbulence: a 3D phenomenon

[GENE, F. Jenko et ai., Phys. Plasmas F (Z000)]

» Elongation, triangulation vs. confinement

» Poloidal transport asymmetries: influx into SOL and divertor
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Drift-wave turbulence: a 3D phenomenon

E.g.: Optimization criteria for W7-X:

» “good” vacuum flux surfaces (small
islands)

high B

high MHD-stability

small neoclassical transport

small bootstrap-current

good alpha particle confinement

modular coil design

. il A e S

[ IFF, Greifswald, wwiw ipp mpg.de]

Missing: minimization of turbulent transport!
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Drift-wave turbulence: a 3D phenomenon
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* [Mynick, Pamphrey, and Xanthopoulos, PRL 105 (2010)]
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Turbulence Experiment TJ-K

Stellarator TJ-K
- Major plasma radius: = =B
= Minor plasma radius: =
(= Magnetic field: Agml = A= 300mT
> Electron temperature: T,=10eV
B lon temperature: T;=1eV
" Electron density: I A
> Gases: H, D, He, Ne, Ar
s lota: 013-04

l Langmuir-probes accessible to the whole confinement region

l Discharges dimensionally similar to fusion edge plasmas
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Turbulence Experiment TJ-K

B-field and curvatures for TJ-K:

|B] normal curvature local magnetic shear

l How does drift-wave turbulence behave in 3D?
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Measurements at a Poloidal Cross Section

» Fluctuations:

e

» lon-saturation current: I gat ~ N

» Floating potential: n_.m__: ~ m__.f

» Transport: HJ — Am@tﬁv
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64 Langmuir-probes at one toroidal position
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IPF Turbulence Experiment TJ-K

Simultaneous measurements at 128 positions on a flux surface
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Turbulent Transport Measurements

Turbulent transport:
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iPF

Turbulent Transport Measurements

Turbulent transport:

Normal curvature:
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Turbulent Transport Measurements

Turbulent transport:

Normal

cunvature:
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Top Port Array (TPA)
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Turbulent Transport Measurements

Comparison with growth
rates from a drift-fluid model:
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Normal curvature K,=K'n
Geodesic curvature K, = M.Amxmv

Integrated local
magnetic shear

Local
magnetic shear
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IPF 3D-Shape of Turbulent Structures

Cross correlation detects coherent structures:

(z(t) y(t + At))
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IPF 3D-Shape of Turbulent Structures

Cross correlation detects coherent structures:

((t) y(t + At))
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IPF 3D-Shape of Turbulent Structures

Cross correlation between both arrays:
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IPF 3D-Shape of Turbulent Structures

Cross correlation between both arrays:
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IPF 3D-Shape of Turbulent Structures

Cross correlation between both arrays:
TPA

OPA
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IPF 3D-Shape of Turbulent Structures

Position in the ¢—6—plane of a fluxsurface:

TPA
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IPF 3D-Shape of Turbulent Structures

Position in the ¢—6-plane of a fluxsurface: fieldline
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IPF 3D-Shape of Turbulent Structures

Crosscorrelation, He, +B, #6750
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IPF 3D-Shape of Turbulent Structures

. Perp. Correlation Length
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3D-Shape of Turbulent Structures

Local magnetic shear:

rm_ﬁhuumuﬁu -

Aﬂbxmv.ﬂx ?bxmv
Vp!'

[5. Miedner, PhD, 2002]
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l Magnetic shear tilts/deforms turbulent structures
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IPF 3D-Shape of Turbulent Structures

perp

| . dominated by local magnetic shear?

TPA:

OPA:
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IPF Dynamics of Turbulent Structures

Cross correlation between both arrays:
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Dynamics of Turbulent Structures
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Dynamics of Turbulent Structures
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Dynamics of Turbulent Structures
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Dynamics of Turbulent Structures

Perpendicular
velocities:

TPA:

OPA:
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IPF Dynamics of Turbulent Structures

Parallel velocity:
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Dynamics of Turbulent Structures

v, (km/s)
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Parallel propagation velocity for helium:
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Dynamics of Turbulent Structures
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Parallel propagation velocity for helium:
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Dynamics of Turbulent Structures

Parallel z
velocity: =
Perpendicular
velocity:
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IPF Summary

3D-Effects on turbulence:

» Pronounced turbulent transport maxima
found in bad curvature region

» Perpendicular correlation lengths reduced in
regions with high local magnetic shear

» Structure and dynamics of quasi-coherent
modes in agreement with drift wave theory

» Surprising: change of direction of parallel
and perpendicular propagation

l Only 3D investigations reveal complete dynamics of turbulence

Gregor Birkenmeier, TTF, San Diego 2011
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