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Issues related to edge turbulence and transport in tokamaks are quite indispensible, as they dictate the
dynamical plasma behavior both in the plasma core and the edge. Edge turbulence may have a
dramatic impact on the fusion reactor operation by causing rapid release of energy and particles
which may produce significant local damages on the first wall. On the other hand, when controlled
effectively, edge turbulence could also play a beneficial role in removing exhaust particles that, if
accumulated, would lead to fuel dilution, quenching the fusion reactivity. Edge turbulence is typically
characterized by very high relative fluctuation levels, leading to strong nonlinear effects and to the

formation of macroscopic field-aligned structures, often referred to as ‘blobs’ (or filaments).

Another important phenomenon is the plasma flow along the magnetic field lines in the scrape off
layer (SOL). It is believed to play a vital role in the regulation of instabilities, turbulent transport and
L-H transition. Plasma flow can attain velocities approaching a significant fraction of the local sound
speed. A number of mechanisms are known to generate parallel flows in the SOL: ionization
imbalances, Pfirsch—Schliiter flows, poloidal transport asymmetries (e.g. ballooning-like transport),
and toroidal rotation. However, experimental evidence of RF-induced poloidal flow is less readily
available. Analytical models and numerical simulations have been proposed to reconstruct observed

flows with, nevertheless, limited success rate due to the complexity of flow pattern.

A two-fold objective is set for this thesis. First, the characteristics of the edge and SOL turbulence and
transport are studied in both slab annular plasma featuring open field lines and Ohmic plasma with
well defined last closed flux surface. Statistical features of the edge fluctuations and physical
mechanisms controlling the generation and propagation of blobs are considered imperative for the
core confinement efficiency and heat and particle transport to the material wall. These issues are
envisaged crucial for the future fusion devices like ITER and beyond. Fluctuations and blob
trajectories can be traced comprehensively in 2D with tangential fast imaging across a wide region in

the SOL. Hence it can provide significant improvements over the single point probe measurements.

The second aspect addressed in this thesis is the characterization of the SOL flow and the associated
mechanisms. This is aimed at gaining knowledge of the flow pattern in the SOL and its impact on the
turbulent transport. Flow generation mechanisms and the physical parameters that can control the
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flow are important as they can provide the necessary knob to regulate the particle exhaust and
turbulence driven transport at the edge. Tangential fast imaging diagnostic along with the
conventional Langmuir and Mach probes in the SOL can provide a wealth of information regarding

the poloidal flow components. This thesis is therefore organized as follows:

In Chapter 2, brief description of the spherical tokamak QUEST is outlined. The fast visible imaging
systems that are used in this study are described. Details of the reciprocating probe system are also
given.

Chapter 3 deals in the edge turbulence and convective intermittent transport in slab plasma. Two types

of slab plasma with different ECR heating are studied.

e In the first part, statistical aspects of the convective transport with respect to the variation in
magnetic field pitch are dwelled upon. Progressive enhancement of fluctuations and consequent
blob generation and propagation are observed with the increase in B, at a constant B,. Amplitude
and waiting time of the blobs attains a maximum for highest B./B, (=7.8%). 2D statistical analysis
of the images enables us to identify blob formation location precisely at the steep density gradient
region. Accelerated radial propagation was observed for large sized blobs.

e In the second part the effect of mirror ratio on turbulence is studied with the change in poloidal
field curvature. Fluctuation characteristics are quite different for the poioidal field coil pairs PF17,
26 and 35 with high, moderate and low magnetic shears respectively. Coherent peak appears for
deep PF well (PF35) beyond B, ~ 13 mT. It was not apparent for either of PF17 and 26.

In chapter 4, plasma turbulence characteristics in the edge and SOL of Ohmic plasma are summarized.
Intermittency, dominated by blobs, is observed in the SOL. A simple parabolic relation exists between
skewness and kurtosis, and the provability density function (PDF) significantly deviates from
Gaussian beyond the density gradient region towards the far SOL. A model has been proposed to
characterize the PDFss in the density gradient and far SOL regions.

In chapter 5, observation of ECW induced SOL flow is reported. Definite flow structures with long
range radial and poloidal correlation and a distinct mode at 781 Hz are observed. Cross correlation of
intensity shows poloidal spin-up and radial out-flow. Also, a novel technique based on particle image
velocimetry using orthogonal dynamic programming is developed to further analyze the flow velocity
of the coherent mode. Increase in H, and ion saturation current suggests strong cross-field transport.
This may be driving the SOL parallel flow under the unique scenario of ECW induced inboard
poloidal null configuration in QUEST

In conclusion, this study has provided deeper insights in the generation mechanisms and propagation
dynamics of the coherent convective structures (blobs). The effect of field pitch and curvature may
provide better controls on the intermittent transport at the edge. Further, characterization of the SOL
flow induced by ECW, which is one of the most common auxiliary heating and current drive systems
in fusion devices, may provide better regulation of instabilities and help in achieving improved

confinement.

— 351 —



WXEEORROEE

KwXiL, TIARREIOEENATYREE S LI, BT AYORKERBOBEBRE— A >
MMETZITVY, TSARRORE - RELHAERSMOEMBEOHBEZASMICL., I 5ITHK
BENRG =2 DBHNS T I AIRNDO RICERBEZRARLSFEEZAFEL TS, NS5 OKRE
3. BREFERNT S ARYBLEICHEET DL IANKEN., o THLE (i) OFM@RIUIHE
TEHHDERDEN .

— 352 —





