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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.
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Deuterium flows measured in the scrape-off layer (SOL) in the region vertically opposite
from the x-point, here defined as the crown, of low-confinement (L-mode) plasmas in DIII-D
show a marked dependence on the ion VB drift direction with little sensitivity to core plasma
rotation. In contrast, the parallel flow of low charge state carbon ions in the SOL was meas-
ured to be independent of both the ion VB drift direction and core plasma rotation, and thus
appear to be de-coupled from the deuteron flow. These studies provide new insight into SOL
flows, which play a key role in the migration of eroded material in the main and divertor
chambers, playing an important role in T retention in co-deposited (C + T) films.
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and away from the divertor x-point in USN VB |
low density plasmas, n/ngw ~ 0.3. Are- '
ciprocating Langmuir probe located at
the bottom of the DIII-D tokamak was
used to measure the deuteron Mach
speed parallel to the magnetic field, B,
at the crown. Parallel flow velocities of
singly and doubly charged carbon ions
parallel to B were inferred in the SOL
from Doppler spectroscopy of CIlI and
CIII emission lines. Analysis of images
of the Cl and CII emission at the crown, 1.0 Ram B 10 Ram 8
e.nhanced by toroidally Sy.mmEtr.IC Injec- Fig. 2. Poloidal emission profiles of CI-910 nm (a,c)
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of the observed CII centroid relative to tion. The arrows indicate the poloidal shift of the peak
the ClI centroid indicate significantly ~ Cllemission vs Cl emission.
higher flow velocities toward the inner divertor when the configuration has the ion VB drift
away from the divertor. These observations are qualitatively consistent with the direction of
the ExB cross-field drift at the crown due to the presence of a radial electric field in the SOL.

Reversing the core plasma rotation in low-density L-mode plasmas does not affect the
flow of deuterons and carbon in the SOL. Varying the core plasma rotation with neutral beam
injection from co- to counter-plasma current caused no changes in the flow velocities of the
deuterons and low charge state carbon ions (Fig. 1). Similarly, the poloidal flow of singly
charged carbon ions does not change with core rotation. In contrast, just inside the separatrix,
both the carbon and deuteron flow respond to change in applied torque. For these studies,
neutral beam injection was switched from co-current to counter-current injection at a roughly
comparable torque value of ~1.2 N-m, causing the toroidal rotation of fully stripped carbon
ions in the edge region to reverse from 15 km/s co-current to 20 km/s counter-current.

Scrape-off layer transport simulations with the UEDGE code for the L-mode plasma with
the ion VB drift toward the x-point do not consistently predict the measured deuteron and
carbon flows at the crown. This highlights the need for improved SOL models and their
thorough validation to adequately predict the divertor performance and impurity migration in
future devices. In these simulations we assumed diffusive radial transport with ad-hoc,
radially varying diffusivities and cross-field drifts due to ExB and BxVB; poloidally varying
radial transport coefficients were not imposed. Impurity transport is included by solving a
force balance equation for each ionization state in the parallel-B direction, cross-field drifts,
and ad-hoc diffusion in the radial direction. Plasma pressure imbalance between the high
field and low-field x-point regions, and the crown can produce significant deuteron flows in
the SOL; however, at the crown the flow becomes stagnant because of radial, ion BxVB-
induced particle drift across the separatrix. Low charge state carbon ions at the crown are
predicted to flow in the direction of the outer divertor, opposite to the observation. On the
other hand, higher charge state carbon ions, carrying the bulk of the total carbon flow, are
calculated to flow toward the high-field divertor.
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