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Summary of thesis contents

The objective of this thesis is to study the dynamics of the 3D radiative
structures in the Large Helical Device (LHD) during the resonant magnetic
perturbation (RMP) assisted plasma detachment experiments. Plasma detachment is
foreseen as an important operational regime for future fusion devices. This
inevitability is due to the ability of detached plasmas to keep the overall heat loads on
the plasma facing components within the engineering design limits, eventually
prolonging the lifespan of those expensive components. Plasma detachment is a
phenomenon with a rich mix of diverse physical processes. The RMP assisted plasma
detachment experiment carried out on LHD has shown a modification in the edge
radiative structures, once the discharge enters in to the detachment phase. The
dynamics of the radiative structures in LHD are studied in two dimensions (2D) using
an Infrared imaging Video Bolometer (IRVB). The plasma edge of LHD is modelled
using the EMC3-EIRENE code which, qualitatively, shows trends similar to the
experimental observations. Quantitatively, there is a disagreement between the
experimental and the modeling results which will be addressed as a part of this
research project.

This thesis has two broad themes. Firstly, the IRVB diagnostic has been
improved in terms of its sensitivity and signal to noise ratio, calibrated thoroughly to
quantify the measurements and several validations and noise estimations are carried
out to gain confidence in the analyzed data. The quantitative results, the first of their
kind, are presented and compared with the modeling results from EMC3-EIRENE.
Secondly, the dynamics of the plasma radiation are experimentally studied and a
quantitative comparison with the modeling is attempted. Such a quantitative
comparison is a first step towards establishing and validating a set of free parameters
used in the EMC3-EIRENE transport code and will improve the assumptions made in
the transport model. The IRVB installed at the top diagnostic port of LHD was chosen
to be upgraded since it offers a unique view of the toroidal and radial extent of the
plasma. An infrared periscope was designed and built to increase the sensitivity and
the signal to noise ratio (SNR) of the diagnostic. Addition of the periscope to the IRVB
led to a theoretical improvement of the sensitivity by 1.4 times and the SNR by 4.5
times. The effective SNR has actually increased by a factor > 4 after this upgrade
which matches closely with the theoretical estimate.

Along with the improvement in SNR and sensitivity of the diagnostic, the
calibration of the IRVB platinum foil is also necessary to accurately estimate the
spatial variation of the thermophysical properties of the foil. A calibration method
previously used for estimating the thermal diffusivity of the thick plates, was adopted
and applied to a thin bolometer foil for the first time. The heat diffusivity estimated for
the Pt foil using this method was found to be 2-2.5 times lower than the literature value.
This was attributed to the effect of the graphite coating applied to improve the
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emissivity of the foil. The decrease in the thermal diffusivity also explains the higher
sensitivity of the platinum foil versus the gold foil. This method is independent of any
assumptions and fast enough to calibrate the entire foil and analyze the data in < 6
hours.
The improved and calibrated IRVB was used during the 17th experimental campaign to
study the RMP assisted detachment. The merits of the diagnostic upgrade are evident
from the qualitative comparison of the experimental results with the modeling results.
Modeling predicted a flip in the radiation from the RMP X-point to the O-point during
detachment, at higher densities. This fact was confirmed, for the first time,
experimentally by using the improved IRVB diagnostic. The IRVB was for the first
time brought to a stage by all the improvements and calibration that it can confidently
quantify the radiation emitted by the plasma. These quantified experimental results
serve as a guideline for choosing the correct impurity diffusion and sputtering
coefficient which can improve the match between the radiation estimated by the
EMC3-EIRENE model and the experimental observations. In an attempt to establish a
better match between the experiment and the modeling, firstly, the impurity diffusion
coefficient was changed from D =1 m?/s to D,=2 m?/s which spreads out the radiation
distribution to better match the experiments. The quantitative comparison is attempted
using the normalized integrated power from the experiment and the modeling. The
comparison signifies that the model still predicts more power than the experiment,
especially after the detachment, which is indicative of a reduction in the sputtering
coefficient after the plasma detaches. The sputtering coefficient is therefore reduced
from 1% to 0.5% after the discharge goes into the detachment to establish a better
match between the experiments and the modeling. This significantly reduces the
amount of radiation estimated by the code and the resulting modeling results are in
better agreement with the experiments. Such a comparison is an ongoing process and
would result in a set of parameters for which the model and experiments would
converge. Hence the improved and calibrated IRVB serves as a guideline for
fine-tuning the model assumptions. The thesis is organized as follows.

Chapter 1 provided a brief overview about the divertor and its operational
regimes.

Chapter 2 reviews the process of detachment in further detail, gives a brief
introduction about LHD and various diagnostic systems and describes the detachment
experiments on LHD with relevant observations.

Chapter 3 gives a brief introduction to the IRVB diagnostic used to study the
radiation during the detachment experiments on LHD and elaborates on its figure of
merits and the necessity for improvement in its sensitivity.

Chapter 4 gives a brief description about the infrared periscope along with the
radiometric considerations and evaluation of the optical performance of the periscope.
This chapter also compares the experimental data with and without the periscope and
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justifies the improvement in the signal to noise ratio and the sensitivity improvement
with the addition of the periscope.

Various calibration techniques, used for determining the thermophysical and
optical properties of the IRVB foil material, are reviewed in Chapter 5 and in light of
their drawbacks, a new photo thermal technique is introduced for determining the
thermal diffusivity of the IRVB foil. The merits of this technique are also discussed
along with other interesting observations that affect the sensitivity of the IRVB.

After improvising the diagnostic sufficiently and having calibrated the IRVB
foil, the data analysis procedure is reviewed and validated for confidently quantifying
the measured radiation from the plasma using the IRVB in Chapter 6. The noise
estimates are also reconsidered in Chapter 6.

The quantified results from the IRVB diagnostic are then compared with the
results from the EMC3-EIRINE code in chapter 7 and an attempt is made to improve
the correlation between the experiment and modeling by varying the free modeling
parameters in the EMC3-EIRINE code.

Chapter 8 concludes the thesis with an outlook on the future prospects of this
study.
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