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PLASMA FLOWS ARE A STAPLE OF MANY IMPORTANT PLASMAS

2

Baalrud et al., PSST 29 (2020) Goebel and Katz., John Wiley 
& Sons, Incorporated, 2008. How does a flow affect the 

current collected by a biased 
probe?

Bias Probe



OBSERVATIONS INDICATE THEY DO 
AFFECT PROBE MEASUREMENTS
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Li et al., PSST 29 (2020)

Hypothesis: ion flow changes sheath expansion



PRIOR SHEATH PHYSICS STUDIES USING ALEPH
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Scheiner et al., Phys. Plasmas 
23 (2016)

Beving et al., PSST 31 (2022)



ALEPH CAN EXTRACT DETAILS THE PARTICLE DATA
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Scheiner et al., Phys. Plasmas 
23 (2016)

Beving et al., PSST 31 (2022)



USING SIMULATIONS TO MODEL SHEATH EXPANSION IS NOT NEW: 
SHERIDAN'S SHEATH EXPANSION MODEL
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Sheridan et al., Phys. Plasmas 7 (2000)

• Simulations used Boltzmann electrons and particle 
ions with a flux condition at distant boundary

• Sheath edge → where ions reached sound speed

What we will add to the bigger picture: 
how plasma flows affect these results 
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2D SYMMETRIC DOMAIN WITH ABSORBING WALLS AND A SPATIALLY 
UNIFORM SOURCE MODELS A MULTIDIPOLE CHAMBER
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• Sheath perimeters (red dashed 
line), fluxes, and VDFs are 
measured within a small region 
near the probe.
• VDFs are measured upstream 

(right side of lower plot) and 
downstream (left side) of the 
probe, indicated by the white 
dashed boxes

Two sets of simulations were 
done, (1) with the probe situated 
as above and (2) with the probe 

situated at (2).

Probe (1)Electrode

 (2)



WE CAN MOVE THE PROBE RELATIVE TO THE ELECTRODE IN OUR 
SIMULATIONS TO STUDY THE EFFECTS OF AN ION FLOW
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Brown = no probe
Green = probe in bulk
Blue = probe in flow



SHEATH EXPANDS FOR ANY BIAS AWAY FROM 
THE PLASMA POTENTIAL, BUT DEFORMS MORE 
IN A FLOWING PLASMA
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The red dashed line is 
the sheath edge.



SHEATH EXPANSION LOG PLOT WITH EXPONENTS ON ION SHEATH 
AND ELECTRON SHEATH VALUES
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IV TRACE SHOWS SIGNIFICANT DIFFERENCE BETWEEN BULK AND 
FLOWING PLASMAS
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IVDFS IN A BULK PLASMA
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IVDFS IN A FLOWING PLASMA
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EVDFS IN A BULK PLASMA
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EVDFS IN A FLOWING PLASMA

16

up
st

re
am

do
w

ns
tr

ea
m

-10V Bias (13.6V PP) 15V Bias (14.5V PP)



Acknowledgements

17

• This material is based upon work supported by the U.S. Department of Energy, Office of Science, 
Office of Fusion Energy Sciences under contract number DE-NA0003525. This research used 
resources of the Low Temperature Plasma Research Facility at Sandia National Laboratories, which is 
a collaborative research facility supported by the U.S. Department of Energy, Office of Science, Office 
of Fusion Energy Sciences.

  
• Sandia National Laboratories is a multimission laboratory managed and operated by National 

Technology & Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell 
International Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under 
contract DE-NA0003525. 

Plasma Research Facility


