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1. OBSERVATIONS OF SHEARED FLO\W IN BLAAMANN AND IMPACT ON
COHERENT STRUCTURES

In the simple magnetized torus Blaamann, caltesguctures are known to exist, and their
features are reported in preus papers [1, 2]. Monopolaand dipolar structures are
rotating in the poloidal cross-section wiExB velocity. Generally, in Blaamann, the
plasma is rotating like a rigid body in most of the cross- section. However, in some
localized regions a strong velocifear is present. Fig. 1 shosvsolor plot of the absolute

values of the velocity shear.
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Figure 1. Absolute value of velogitshear derived from outer rim. The line contours

avergle plasma potential in coloplot. Low value structuresplotted onto the color-coded
along the rim are artifacts from the derivative ot/

Overlayed line contour plots the conditionally averged shear plot, depict the time frame
fluctuations in the electron satuien current taken 16 ms prior

to the condition fulfiled at reference probe. Red lined the 2D conditionally
correspond to positive structure.

averaged fluctuations [1, 2] in
the electron saturation current (ESC), taken at timerlag-16 usec with respect to the
minimum of an average negative floating pai@nstructure on the reference probe. (The
condition to pick a structure is thas iamplitude is more negative than -&;50 being the
standard deviation.) The plot illustrates hpasitive and negative vortical structures in the
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Density spectra at x= -4.7 cm density fluctuations propagate away from the
y (cm) o velocity shear, ie. in the regions with constant
: ool background velocity, while they are strongly
damped and partially fragmented across the shear.
- This is also evidenced in the power spectra of the
010 |
M E density fluctuations. In Fig. 2, spectra at x=-4.7cm
0,01 , and at four different vertical positions are shown.
_ oo The spectra at y=0.7, 2.0, and 3.4 cm are all
o s outside the shear boundary (on the low-field side),
. and they all feature a prominent peak at about 10
- o1l kHz, providing signatures of coherent structures
~ 3
with a periodicity of ~100 usec, as previously
oot TS reported in [2]. On the other hand, the y= 4.7 cm
Frequency (Hz) position is situated in a region of maximum shear,

Figure 2. Power spectref fluctuations in and here the peak in the spectrum has vanished,
the electron saturation current, taken at

radial position -4.7 cm and four verticaleaving only the features of developed turbulence.
positions, from 0.7 to 4.7 cm . L .
Looking at statistical moments of the fluctuations,
we observed low variance, negative skewness, and high kurtosis values across and towards
the high-field side of the shear region. In this work, we will focus our attention on the
analysis of the dynamical evolution of the structures in the presence of sheared flow

regions.

2. STATISTICAL ANALYSIS

Statistical analysis suggests, according to numerical papers [3], that vortical structures are
stretched and fragmented into smaller scale structures in the proximity of sheared velocity
regions. Here we apply a percolation-type of cluster analysis to obtain statistics of their
size, position, and polarity. Also, information on rotational speed was obtained with this
analysis. As a starting point of the analysis, 8 usec resolution time frames of average
structures in the electron saturation current were obtained by standard conditional averaging
technique [1]. In Fig. 3, the time frame at 7= -16 usec has been sorted into positive (full red
squares) and negative (open blue squares) values of the ESC, each representing one probe

position, called a site. There are 225 sites in the full poloidal plane. A cluster of sites is
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defined as the structure of connected sites having the same sign. Two sites are said to be

connected if they are nearest neighbour to each other.

Applying a percolation-type of cluster
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oL DD%ESEEDU E enumeration (see e.g. [5]), we identify all the
oL gEO000OROEEEE _ _
£ .=E%%§====%===. 7 clusters present in the poloidal plane for each
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S “‘Ea===5agg========‘ statistical analysis of their spatial extensions
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a2k DDB%%EUDD ] clusters separately, that the largest cluster
| | 7 WY S SRS S T U i | | 1]
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Figure 3 The frame at t= -1quSecfor the than a factor four for the positive structures,

conditional sampling of ESC fluctuations in;,q by the same factor between -80 and
Blaamann. The squares represent the positions

(in normalized units) on the poloidal plane. Thg24( usec for the negative ones. Fig. 4
full (red) squares correspond to positive ESC

values, while the open (blue) ones to negatidepicts the center of mass of the positive
ones. Single positive sites are indicated with a +, ) ) )
while single ngative ones with a triagle down clusters for all the time frames. It is evident
symbol.

from the Figure that the largest clusters are
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b ® e
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T T A similar, but less clear result was found for
-2 8 <6 -3 0 3 6 @ 12
x [em] the negative clusters.

Figure 4. The positions of the center of maky relating the cluster size, denoted as N, to
(circles) for the largest four positive clusters fq&le
all the temporal frames. The I=1 indicates the

largest cluster (black), I=2 thd'®2largest, and 1 X
S0 on. vV=—->1v,

1

background  velocity  given by

we can investigate whether the positioning of the structures are related to the velocity of the

clusters.We find that for the larger cluster sizes, say for Ni > 70, the values of v, tends on

average to be small, while for small cluster sizes, e.g. N; < 50, v, is significantly larger.
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Finally, we calculate the rotational speed of the signal, by finding the ‘dipole’ moment of
1 & 1 &
the signal according to, =— =
g g P ]Z = jZ

Where §; is the value of the ESC fluctuation at site j with coordinates (x; y;) and N=225.
Since, by definition, p, = pcos(#), p,=psin(¢), where p=.p’+p’, we can
determine the temporal evolution of the phase velocity #. The results are plotted in Fig. 5
in the form of a phase portrait, i.e. p, versus p,, which displays clearly the rotational

character of the coherent fluctuations. In Fig. 6, we plot the actual phase velocity $ as a

function of the temporal frame. One can see that for frames in the range 25 < j < 65 the
mode rotates with an approximately constant speed ~ 0.5 [rad/frame], ie. ~10 kHz, which is

the frequency also seen in the spectra.
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Figure 5 Dipole moments diagram plotted §> pFigure 6The phase veloo;t of the dipole
vs pc for the 80 temporal frames of the noment of the imagg [rad/frame] as a
conditional sampling images (circles). The red
circles indicate temporal frames in the range 2!
< j < 65, corresponding to rotational speed:s
which are roughly constant (see Fig. 6). The bluc
circle corresponds to the ®5frame, and the
vellow one to the 65one.

function of temporal frame.
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