
 Quantifying the effect of neutral damping
- Neutral density measurement and control (vacuum bakeout, wall 

conditioning, modeling).
 Understanding the mechanism of toroidal flow generation by ECH 

driven currents
- Modeling of ECH driven torque using GNET code.
- Experiments with X and O- mode ECH discharges, configuration 

dependencies. 
 Improving diagnostic capability

- A Motional Stark Effect polarimetry has been built to measure Er and 
bootstrap currents

- An alkali neutral beam is being considered for measuring time evolution 
of flows and Er

 Demonstrating the effect of parallel 
flow on the ion resonant Er

(D. Michaelides et.al. BO08.00002)
 Measurements at 1.25 Tesla, 

70 GHz ECRH
- Higher plasma density, lower 

neutral density, reduced flow damping
- Higher ion temperature,

low collisionality regime. 
(see B. Geiger et.al., BO08.00001)
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Overview of neoclassical flows and electric field studies in HSX

1. Quasi helically symmetric magnetic 
geometry allows HSX plasmas to 
exhibit large flows.
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3. Inconsistency exists between 
experimental results and neoclassical 
modeling.

5. Measurements and modeling are 
underway to refine our understanding 
on flows and electric field in HSX.

6. Conclusions

2. Reduced parallel viscous damping is 
experimentally demonstrated in HSX.

4. Multiple mechanisms are 
responsible for the inconsistency.

Conventional Stellarators 
have high flow damping due 
to large variation of |B| in all 
directions

Quasi symmetric stellarators 
have a direction in which 
plasma is free to flow, like in a 
tokamak

Edge biased experiments showed that 
QHS geometry exhibits large flows and 
slow damping compared to a symmetry 
degraded geometry (‘Mirror’)

Charge exchange spectroscopy 
measurements showed that 
intrinsic plasma flows are in the 
symmetry direction.

 Neoclassical calculations are done using the 
PENTA code.

 Radial electric field and parallel flow are obtained 
from Pfirsch-Schluter flow measurements using 
charge exchange spectroscopy.
Inconsistency:

 Measured radial electric field is close to ion root, but 
parallel flows are close to electron root at the core.

 Large electron-root electric field calculated by 
PENTA is not observed in experiment.

(a) Neutral friction can significantly damp plasma 
flows when neoclassical viscosity is low as in 
QHS.  Dobbins et.al, [2019]

(b) ECRH driven radial 
current (supra thermal 
electrons) can exert a jxB
torque and drive flows.       

Yamamoto et.al., [2020]
Calculation with 
self consistent V||

Understanding flows and electric field is crucial in achieving improved 
confinement regimes. Significant progress has been made in HSX. More in 
the pipeline.

|B| Contours on a flux surface

Gerhardt et.al., [2005] Alexis et.al., [2012]

(c) Large parallel flows can shift ion 
resonant electric field and change 
ambipolar solutions (see D. Michaelides
et.al. BO08.00002)

Calculation with V|| = 0
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