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The sheath determines how the plasma and wall 
interact
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We will use a single fluid model 
to calculate each property



Also, experimental validation for these 
models is focused on relatively low pressures
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Different definitions of the sheath edge location 
leads to inconsistency between models
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(1) Extract all sheath edge properties using a 
single fluid model and sheath edge def. 
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(3) Test the viability of the model with particle-
in cell simulations

(2) Provide simple expression for sheath edge 
properties using the fluid model

My goals are:



The fluid model uses a constant volumetric 
source and constant collision frequency 
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Analytic expressions can be derived using 
approximations of the fluid model
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Particle-in-cell direct-simulation Monte Carlo 
simulations can be used to test our model
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• 1D-3V simulations using Aleph

• 1 cm domain 

• 500 to 5,000 cells to resolve  

• Absorbing boundary condition

• Constant and uniform volumetric source

• He ions (He+), electrons (e-), and He atoms

• Isotropic ion-neutral collisions with from lxcat

• And elastic electron-neutral collision model from lxcat
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The fluid model is consistent with simulations
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Next are the results where
 
represents data from PIC simulations,

represents the numerical solutions to the fluid model,

represents the analytic approximations to the fluid model, 
with modifications based on PIC, and

represents PIC data where the sheath edge location was 
varied to the left and right



We observe a collisionally modified Bohm criterion
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PIC

Fluid

Approx.



The edge-to-center density ratio decreases
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The sheath becomes wider and can be 
modeled with the Child-Langmuir law
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Child-Langmuir Law:
PIC

Fluid

Approx.



Conclusions
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The PIC friction force is accurately described by 
the model, except at low pressures
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Also, each model makes different assumptions 
based on a general fluid model
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PIC simulation data
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The model is easy to integrate because of S
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Electron temperature remains relatively 
constant in PIC
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Ion temperature increases near sheath edge 
caused by instabilities and collisions
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The model also lacks kinetic effects, specifically 
the depletion of high energy electrons
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At low pressure the flux is 
determined from Bohm’s 

criterion
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The friction force is represented by a 
constant collision frequency model
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