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Density Limits: Some Basic Aspects

Not a review!

Greenwald density limit:
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Manifested on other devices
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« Often (but not always!) linked to:

— MARFE (radiative condensation instability) <-> Impurity influx
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Fvidence for Confinement Improvement by Velocity-Shear Suppression of Edge Turbulence

Ch. P,

shear close to the outermost

confinement.

PACS numbers: 52.55.Fa, 52.25/Gj

Quantitative comparisons on the |TEXT tokamak
demonstrate that electrostatic fluctuations are a major
cause of the anomalous particle and en¢rgy transport' in
Ohmiclkldischarges as suggested previopsly by other ex-

periments.>> In addition, a radial eletric field E, has
been shown to modify the global confinement* as well as
the edge turbulence and electrostatic-flyctuation-induced
transport.>> Most recently a series of experiments has
been conducted on the Constant Current Tokamak
(CCT), using a highly biased emissive| electrode.® The
biasing triggered a transition to a regime with the
characteristics of the high-confinement mode (H-mode
regime| first reported on ASDEX 7), which is one of the
most successful paths to improve the plasma confinement
in tokamaks. Associated with the transition on CCT was
a mea.Ired increase in E,, and thus in the rotation veloc-
ity veF Vg, xB. Such changes in E, have also been ob-
served on DIII-D, a large tokamak, at|the transition to
the H mode.® Since the physics of H modes is not well
understood, this is a motivation for further experimental
studies.

The |above experiments suggest that one possible
mechanism for improved confinement is a change in the
edge electric field, and concomitant change in the ExB
rotation velocity vg and the fluctuation [levels. Theoreti-
cal work®'* shows that, if changes in rddial electric field
result in an angular-velocity shear, then turbulence can
be reduced leading to a decreased outward transport. In
this paper we examine the theoretical predictions of tur-
bulence suppression by sheared plasma|rotation. Based
on results from TEXT we demonstrate a clear correla-
tion between velocity shear, reduction of the turbulence,
and local improvement of the confinement.

A velocity shear due to a peaking plasma potential
close to the outermost closed flux surface has been
characterized on TEXT'® and other devices.'®'” The
mean velocity of the fluctuations perpendicular to B
measured with a two-point correlation technique in the
laboratory frame of reference,

e X [o/ko(@)ISKk,0)/ T
k>0.0 k>0,

Sk,w),

Ritz, H. Lin, T. L. Rhodes, and A. J. Wootton

Fusion Resedrch Center, The University of Texas, Austin, Texas 78712
(Received 10 April 1990)

The electrostatic fluctuatigns are decorrelated in the region of a naturally occurring E,xB velocity
closed flux surface of|regular Ohmic TEXT discharges. The concomitant
local steepening of the density profile and suppression of the fluctuations are consistent with theoretical
predictions. The high-confingment mode (H mode) found in other tokamaks shows in exaggerated form
similar characteristics and cquld thus be related to the same mechanism leading to a locally improved

© 1990 The American Physical Society

is dominated by vg =E,/B effects,'® as shown i
1(a), where vge is the diamagnetic drift velocity.
contribution to vg from Vp is thus small and only

n Fig.
(The
slowly

varying with radius.) The density and floating potential
fluctuations, 7 and @, are reduced in a region shifted to
larger r/a from the shear region by roughly half|the ra-

dial shear width, as shown in Fig. 1(b). The mean
ty is slightly steepened in the region of maximal sh

tiondir. eg._ (a) 3
‘ 8.
2 S ® T ey 340
T § T
£ o]
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FIG. 1. Radial profiles for a discharge with B,=2 T
current of 200 kA, and chord-averaged density ¢

densi-
ear, as

Phes

Ve cC'F/

Y

plasma
f Hchord

=2x10"> ¢cm 73, (a) Phase velocity of the fluctuations pn

(closed circles), vg,xp plasma rotation (open circles), 4

nd drift

velocity vge. (b) Density and floating potential fluctuations.
(c) Density and velocity shear. The statistical error for indivi-
dual shots is of order the symbol size and shot-to-shot reprodu-
cibility is given by the individual symbols. The systematic er-

ror in the plasma position is 0.5 cm or r/a=0.02.
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shown[ in Fig. 1(c). The steepening is not pronounced,
but co[nsistently found on reproducible discharges.

The (one-point) correlation time 7,®® of the fluctua-
tions measured in the laboratory frame of reference is
obtained from the e-folding time r of the autocorrelation
function R(z,r)=(x(s,r)x(t+7,r)). | The fluctuation
quantity x(¢,r) is the ion saturation cufrent (proportion-

al to density) and the angular brackets represent averag-

ing over a temporal interval large compared to 7 and en-
semble averaging over several realizations. From Fig. 2

we find 7*®=10+1.5 us behind th

e velocity shear

(r/a=t1), 2£0.4 us at the location df maximal shear,

and 5

Sim

functign between two points r and r+ o,

(71,

where

C(rr,60)=(x(t,r)y(t + 7,r + 1)) .

By varying the Langmuir-probe separa
the correlation lengths in the radia
toroidal directions from the separatio
peak values of y(z,r,8r) decrease to 1/,

ér =0,

plasma side of the velocity shear

flarly we compute the normalized

the cross-correlation function is

The resulting correlation leng

1 us on the bulk plasma side of the shear layer
(r/a=0.95).

cross-correlation

or)=C(z,1,6r)/[R(z=0,r)R(z=0,r+6r)] /2,

tion 6r we obtain
1, poloidal, and
ns for which the
e of the values at
ths on the bulk
r/a=0.95) are

0,=0.5 cm, 6o=1 cm, and 0,==100-200 cm.'® To

study the dependence of the correlation
locity shear we measured the fluctuatio
with an array of four probes separat
toroidally by a fixed distance of 6r =3

Fig. 3|the peak values of the norm
relation function decrease in the shear |

to the

loidally

values on either side for both

more, the v dependences of ¥(z

length on the ve-
s simultaneously
poloidally and
m. As shown in
lized cross-cor-
ayer with respect
radially and po-

separated probes. (The decrease is not large
since tt[]c probe spacing is within a cor

relation length.)
r,6r) in the po-

d radial directions are similar in the shear layer.

1.2 e oe ] v/a=0.98
= i
% 0.8 =58 | "= 2us
S04 .
& :

0.0 =2 1}

01 1 10100 1 10 100 1 10 100
T [us]

FIG. 2. Normalized one-point correlation function for two
positions| on cither side of the shear layer and in the velocity
shear. Dotted curve is the absolute value. Arrow indicates e-
folding time 7/2®,
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The turbulence is thus isotropic perpendiculaﬁ to the
magnetic-field direction, in contrast to the turbullence on
cither side of the shear layer where the decorrelation is
faster in the radial direction than in the poloidal direc-
tion, consistent with the correlation-length measure-
ments.

Relating the experimental observations to theoretical
models, we can form three groups of questions: (i) What
causes the peaking plasma potential leading| to the
strongly nonuniform electric field? (ii) Can the |free en-
ergy in the velocity shear drive instabilities? (jii) Can
the velocity shear suppress turbulence and thus mprove
the confinement? The first two questions are only briefly
addressed for completeness.

On TEXT the width of the plasma potential peak
which is connected with the velocity shear is ty ically 2
cm and thus approximately of the width of a polgidal ion
Larmor radius (banana orbit width) for the hottion tail
with v*(v) < 1. The positive peak of the plasma poten-
tial causing the nonuniform radial electric field|is thus
possibly due to a differential orbit loss mechanism at the
outermost closed flux surface.!!2%2! Mechanisms caus-
ing a nonambipolar transport may also generate such
effects.

For the strong velocity shear measured here, the
Kelvin-Helmholtz (KH) instabilities>® must be| exam-
ined. The radial extent over which significant flugtuation
levels are observed experimentally is much larger than
the velocity-shear region. Further the fluctuation|level is
reduced and not enhanced in the velocity-shear |region.
Based on these experimental results, the KH in tability
is not expected to dominate the edge turbulence. A
theoretical study also comes to the conclusion that the
edge plasma of TEXT is KH stable because of the stabil-
izing role of the magnetic shear.’

Before the velocity shear is sufficient to destabilize KH
instabilities it is already capable of reducing the ambient
turbulence level due to the fissuring of fluid elements
subject to a velocity shear:'> A nonuniform radial elec-
tric field (E; =8E,/dr=0) causes in a slab a velodity dif-

-
e e
—_ Lo c ]
E ool ® o ol
o r 0 ]
E
04t ]
% C =
5 02 F e | @ redial |
4 r %///l///% Ol poloidal |
095 0.975 1 1.025

r/a

FIG. 3. Peak values of the normalized two-point correlation
function for poloidally and radially separated probes with fixed
separations of ér =3 mm.
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