Computational Study of Parallel Flows Iin High Density Plasmas in HSX
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Motivation for Flows HSX Upgrade

Using 1SS04 scaling, HSX upgrade is expected to allow a 3x increase in ion and electron .
densities. A 70GHz gyrotron allows for a 1.25T magnetic field and higher ion
temperature. To date, ECRH plasmas have used a 28 GHz gyrotron at 1T magnetic field
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Neutral damping expected to
decrease in the upgrade, so peak
parallel flow is expected to increase

ExB shear flows can reduce turbulent behavior of plasma and improve .
confinement. Large flow shear can also stabilize MHD
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parallel flow compared to the
reference case increases
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 Non-symmetric stellarators have large parallel viscosity making flows
strongly damped * DEGAS calculations show atomic hydrogen neutral density is expected to decrease by .

a factor of 5
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 Tokamaks and perfect quasisymmetric stellarators have zero parallel
viscosity in the direction of symmetry and therefore no viscous damping
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e The PENTA code solves 4r

particle flux for r/a = 0.15

momentum balance
equations for flows and radial
electric fields

 Experimentally measured

lon root

flows in HSX are smaller than

flows calculated by PENTA in
the QHS configuration
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Finding Ambipolar Electric Field
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* The ambipolar electric field can be found by equating the ion and electron fluxes

* C(Calculations show ion root appearing in the core with the upgrade profile

 Higher ion temperatures in the upgrade simulations show ion flux dominating

ria

 Higher plasma density, higher ion temperature, and a more negative radial electric field
from the upgrade profile shows lower overall calculated parallel flows for the upgrade

Using upgrade profiles, neutral damping is expected to decrease significantly in the ion
root flow, especially at r/a>0.4
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