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Enhancement of the scrape-off layer (SOL) heat flux width has been observed in the ADITYA-U Tokamak

following the injection of short fuel gas pulses (~10'7-10*® molecules). A notable reduction in parallel heat
flux (g;) near the last closed flux surface (LCFS) is observed after each pulse. The measured global cross-field
diffusion coefficient is increases and closely matching the Bohm diffusion coefficient during gas pulse injection.
Comparative analysis indicates that pulsed fuelling is more effective in mitigating heat flux with improved core
confinement than continuous gas feeding via real-time density control. Simulations with UEDGE code suggest
that an increase in both cross-field diffusion coefficient and inward pinch velocity is necessary to replicate the
experimentally observed broadening of the heat flux SOL width. These findings provide insights into efficient
SOL heat flux control strategies for future fusion devices.

Effective heat flux management is crucial for protecting plasma-facing components (PFCs) and ensuring the
safe long-term operation of tokamaks. A key parameter in this context is the scrape-off layer (SOL) heat flux
width (4,) which determines how rapidly heat flux decreases from the last closed flux surface (LCFS) to the
vessel wall. Studies indicate that A, decreases with increasing plasma current and density, posing a significant
challenge for larger tokamaks during initial phase of plasma current ramp-up in limiter configurations. A
broader 4, is desirable as it reduces the localized heat load on limiters and divertors. Several heat flux
mitigation strategies have been investigated, including impurity seeding [1], which increases SOL resistivity
through radiative cooling. The effect of impurity seeding in different divertor configurations is also studied [2].
The real-time divertor heat flux control is achieved in COMPASS tokamak using impurity puffing with
Langmuir probes and ball-pen probes [3]. Recent findings also suggest that high-frequency turbulence in
quiescent H-mode plasmas can broaden A, [4], offering potential pathways for heat flux mitigation. Building
upon these insights, in this article, our new findings report an optimized strategy for heat flux mitigation with
improved core plasma confinement.

To study the effect of pulsed fuelling on edge heat flux, experiments are carried out with periodic short gas
pulses and continuous gas feed by real time density control in plasma current flat-top of a single discharge (in
different time window). A triple Langmuir probe (TLP) is used for measurement of heat flux with simultaneous
measurement of ion saturation current and plasma temperature at normalised radius p = 0.992. It is observed that
in the case of continuous gas fuelling there is steady heat flux of around 0.7 Mw/m? at edge in flattop of plasma
discharge, whereas in case of pulsed fuelling there is periodic suppression of heat flux with average level of 0.4
Mw/m? (shown in figure 1). Our findings also indicates that pulsed fuelling is more efficient in controlling heat
flux along with improved core confinement than the continuous gas fuelling. Further, SOL heat flux profile and
heat flux SOL width are measured with an array of Langmuir probes. It is observed that immediately after each
gas pulse SOL heat flux profile becomes flatter (i.e. 4, increases). Assuming the simple SOL model,
perpendicular particle flux into SOL can be equalled to parallel particle flux in SOL. This gives the
relation between heat flux SOL width (4,) and cross-field diffusion (D),

Where, 1, is connection length and c; is ion sound speed in plasma. The effect of gas pulse on 4, and D, are
shown in figure 2.
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Figure 1: (a) Measurements of edge (1) density (1) temperature and (I11) heat flux from TLP at p = 0.992 in shot 34647. (b)
Variation of heat flux SOL width and cross-field plasma diffusion measured with Rake Langmuir probes in shot 36496. The
orange vertical lines show time of gas pulses. The red dotted line in figure 1(a) shows the end time of continuous fuelling
through real-time density control.

Thus, the increase in A, during pulsed fuelling can be explained in terms of increase in cross-filed diffusion
from edge to SOL plasma. For validation of experimental results simulations have been done with UEDGE code
taking the cross-field diffusion coefficient and inward pinch velocity as input. Taking D, of 0.2 m?/s and inward
ware-pinch velocity, V, of 1.5 m/s simulated profile matches with edge density profile as experimentally
measured before gas pulse. Simulation results show to match the experimental density profile after gas pulse
increase in pinch velocity is needed along with the increased value of D,. The most close match with
experiments is found with D, = 0.6 m?/s (same as measured experimentally) and V, = -5 m/s.
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Figure 2: Density profiles from Simulation with UEDGE code (a) Before gas pulse results (dotted lines) with experimental
data points (b) After gas pulse results (dotted lines) with experimental data points. Red dotted lines show the position of
LCFS.

In conclusion, an application of short fuel gas puff results in increased cross-field diffusion to SOL along with
increased inward pinch velocity. This leads to a broadening of SOL heat flux width subsequently resulting in an
improved core confinement.
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