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Motivation
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 What drives rapid changes in the rotation at the sawtooth crash?
 What drives the continuous flow?
* Fluctuation induced non-linear torques play important role
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Outline
MST

* Introduction: Madison Symmetric Torus

* Bulk ion flow measurement techniques

« Relaxation of parallel plasma momentum during sawtooth crash
« Momentum equation and force balance in the core

 Maxwell and Reynolds stresses in the edge

e Summary

Theoretical work will be covered in the next talk by F. Ebrahimi




Madison Symmetric Torus Reversed Field Pinch P

» Toroidal, current-carrying

e Density, n~ 1013 cm—3

« Temperature, T,; ~ 1-2 keV
- «B/B~2% (B 05T)

MST was run at reduced

parameters for probes:
|, ~ 200 kA

n, ~ 1088 cm-3

F~-0.2




Measurements of bulk flow velocity
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« Rather challenging task:
— Bulk ion flow. Measurement over entire radial extend.
— Measure all the vector components of the flow.

— Doppler spectroscopy characterizes minority ions which might or might
not represent the parallel bulk flow.

 Core flow measurements
* Rutherford scattering — poloidal flow.
local measurement; utilizes scattering of mono-energeti c He beam
(17 kV) from bulk plasma ions (D).
 Mode rotation - toroidal flow.
from the toroidal array of 64 magnetic pick-up coils.

 Edge flow measurements
e Mach and optical probes.




Parallel momentum profile flattens at the sawtooth c rash
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Parallel momentum profile
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Parallel momentum balance equation
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Maxwell stress is large and opposite to the flow ch ange in the core N
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Viscous damping measured using plasma biasing
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Flow dumping after bias is
turned off is governed by:

Expectation: possible x10
increase during reconnection

A.F. Almagri et al., PoP, 1998




Is Maxwell stress balanced by Reynolds stress?
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Local balance requires

Measured (CHERS, Mach)
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Spatial scale of velocity fluctuations




Maxwell and Reynolds stresses are measured by probe s inthe edge

Maxwell stress
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Reynolds stress

See posters by T. Tharp and M. Miller for more details




Maxwell and Reynolds stress balance in the plasmae  dge
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Flow dynamics is similar to the current dynamics

Ohm’s law: —
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W.X. Ding et al.,
PRL, 2004

Change in current is small — Electric field is balanced by Hall dynamo!




Summary

» Relaxation of the parallel momentum carried by the bulk ions is measured in the
core and in the edge of the MST RFP plasma through the sawtooth crash. The
parallel flow profile flattens in the core similar to the electrical current.

 Maxwell stress is about 10 times larger than the inertial term and is in the
opposite direction in the edge and in the core.

* Inthe core, equating the Reynolds and Maxwell stresses results in a spatial
scale of the velocity fluctuations of about 2cm.

* Inthe edge, probe measurements show that Maxwell stress is balanced by the
Reynolds stress.



