








Helimak

Probe plate connections
Movable probe
Vacuum Vessel

Toroidal field coils

Vertical field coils
Magnetic probe
Microwave feed
Magnetron
Amplifiers and A/D

Scale

Optical Vertical View



Plates with
surface probes
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Typical Density, Temperature, and Floating Potential Profiles
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General Features of Power Spectra P(w)

Based on 100,000+ spectra from all observable conditions

1. At high frequency, P(w)xw™, 2<k<5
2. Absolutely nothing else!

e Examine individual spectra

» Optional inertial range,
P(w)=constant at low w

e Optional peak at finite ®

e Optional intermediate power
law, P(w)xw, s<k

e Great variation in power law
exponents

* Never a good fit to an
exponential
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Power Spectra P(w)

* No inertial range
e No middle range
e Power law,
2+ decades,
various k

* Exponential fits
limited, ~1 decade
* Wide T range

e Lorentzian (tail)
T << Autocorr T
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Turbulence Levels

An/n Connection Length 400 m
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Turbulence Levels

Levels increase

slightly with power

(density)
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Density increases
strongly (almost
linearly) with power
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Annlication of Bias

» Field lines terminate on
1solated end plates

» Biasing one set (set 2 for
data shown) with respect to
others biases annulus of field
lines, imposes radial electric
field, current

» Other plates and vessel
grounded
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Simple Phenomenology

I, (t) -- < n(t) -- from probes across radial profile
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Profile Changes with Bias

Positive, Negative, Zero Bias
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» Temperature ~ constant; density changes modest

» Effects extend outward from plate, esp. negative bias
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Density Fluctuations
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» Reduced across plate
» Effect extends outward,
strongly for negative bias




Turbulence Reduction -- Density
Reduction = An/n(B1as)/ An/n(Grnd)

2 F Reduction Factor Bias Voltage
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Suppression largely completed by -25 V




Turbulence Reduction: Positive Bias

2

Weak dependence =
on connection
length
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Weak
dependence on
collisionality




Turbulence Reduction: Negative Bias
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Turbulence Reduction: Power
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Change in Radial Correlation Length

Ratio
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Change 1n radial correlation length generally
follows change in turbulence level
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Spline fits with data points for O bias case



|Shear]
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Measured Flow Shear
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hear increases greatest for + bias > +10 V
hear not greatly increased for - bias until -20 V

hear often not at locations needed






Decorrelation Rate vs. Shearing Rate
(All radii, all bias voltages)

Decorrelation Rate
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Shear often sufficient to stabilize turbulence in
theory, but all combinations actually observed






Shear Magnitude vs. Density Fluctuations
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» No evidence for a general physical relation
» Turbulence reductions even at low shear
» High turbulence may persist at high shear



Shear vs. Radial Correlation Length

Radial Correlation Length
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» No evidence for a physical relation
» No trace of inverse trend



Density Fluctuations vs. Radial Correlation Length

Lr
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Trend correct, but large scatter and modest significance



Turbulence Reduction vs. Change in Length

Radial Correlation Ratio ,
R? = 0.57

1.5 r

0.5 r

0 0.5 1 1.5 An Reduction 2 2.5

Change 1n radial correlation length roughly
correlated with change in turbulence level







Relations Between Turbulent Fields

e No strict covariance,
as in a simple linear
theory, but all levels
comparable.

e Density fluctuations

“independent” of others.

e Temperature and
potential most closely
related, but temporal
cross-correlation
negative.
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Fields from 3-D Calculation

1 m X 2 m cross-section
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Flow and Flow Shear -- Normal, +Bias

Flow (V)

Flows modified,
especially near plate <
boundary

Flow Shear

Shapes change, but
significant increase

only for + bias, the case
of weaker suppression
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Radial Flows

Radial Cross-correlations: /\

No indication of mean 7&

flows

Time delays from 1 ms sub-samples

Time sequence
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V., (Poloidal) Flows -- Zonal Flows

Theory and simulations == Turbulence “interchange-like™:
Zero frequency, non-propagating in plasma frame ==y
Apparent propagation indication of flow

V_ inferred from density fluctuations at probe pairs Az=
0.04 m at top and bottom for various R: Cross-
correlation and cross-phase over 10s sample, and cross-
correlation over sequence of 1 ms sub-samples.

Zonal Flows
» Flow “m=0; ®=0" Same at top and bottom

» May vanish over 10s (~10* Ty o relation)

» Should be clear and slowly varying in sequence of 1
ms subsamples



e, . Density gradient region

R=1.24m

At

0.0001 r Top

0.0000

» Clear mean flow -- well-defined delay time At,
consistent top/bottom

» No secular variation

» Small, fast random variations about mean -- local
turbulence
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Near Density Peak (R =1 m)
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No mean flow; only local turbulent fluctuations.
Fast, random variations in delay times; top and

bottom independent.
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Near Density Peak (R =0.9 m)
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Bottom

Some clustering at At=0 (V, ~ 0), but mostly fast-
changing, random turbulent variations with top and

bottom independent.



Near Density Peak (R =0.9 m, + Bias)
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Some clustering at V, ~ 1000 m/s, but methods
and top/bottom differ somewhat, and substantial
fast, random scatter.
==) Strong turbulent modification of mean flow.



General Flow Characteristics

» In the density gradient region (R = 1.2 m), well-defined
mean bulk flows <V_(R)> ~ 1000 m/s,
consistent top/bottom by all measures with no secular
or shot-to-shot variation and small, fast random
variations about mean in the sub-samples.

» Near the density maximum (R < 1.2 m), flows less well-
defined. Most often, no mean flow, no top-bottom
consistency, and random fast variation in sub-
sample times -- flows are local turbulent eddies.

» Never a characteristic zonal flow -- a clear flow but
with secular or shot-to-shot variation. All flows are
mean equilibrium bulk flows.







Gradient Region
Propagation with high coherency
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Correlation Lengths

Perpendicular
correlation lengths
comparable with
scale lengths;
small compared
with plasma size

Parallel correlation
length comparable
with connection
lengths; waves
coherent over L,
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