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Approaching Simulations
• Can the simulation be done?

• What are the smallest and largest length scales involved?

• What about time scales? Are you looking to resolve both ion and electron movement?

• What is the plasma frequency? That affects the size of your time step

• What do those requirements mean for the number of cells, number of time steps and time step length, 

needed to simulate and accurately capture?



• In our case of a Hall Thruster:

• Smallest characteristic length scale is typically a Debye length (LD) ~ (KT/nq**2)  <-

TODO:LATEX

• In the high electron density locations, this can be of order a few tenths of microns (10**-7 m)

• Longest characteristic length is typically the size of the device – say a few 

centimeters (10**-2 m)

• Plasma frequency is of a few GHz (10**9 Hz), 
• Time step is a few picoseconds (10**-12 s) 



• What is the core physics looking to be explored?

• Is it field related, particle-particle collisions, Temperature, Thermal velocity?

• If collisions are important: 

• Compute the collision frequency using the background magnetic field. 

• If the collision frequency is "fc", then make sure time step (DT) is such that DT < 1/fc

• What is the bare minimum required to obtain a physical result?

• Increase complexity from there



Welcome Screen
Welcome Tab

Tabs for navigation:
• Welcome Page
• Simulation Setup 
• Running
• Analysis
• Visualization
• Help

Recent Simulations appear here for easy access



Default Setup View

Elements Tree for 
Setting up simulation

Setup Visualization 
Window for viewing 
geometries, grid, etc.

Select item in 
Elements Tree to 
view Properties in 
this window



Materials Setup View

Elements Tree for 
Setting up simulation

Materials Table 
Window for viewing 
materials’ kind, 
conductivity, etc.

Select item in 
Elements Tree to 
view Properties in 
this window

Button to switch view



Basic Settings

Elements Tree for 
Setting up simulation

Properties of 
Selected Element
(Basic Settings)

Click on Basic Settings element in 
Tree to edit properties here



Surface Meshing Tolerance

• Determines the relative size 
at which small cells from a 
meshed geometry surface 
are dropped. 

• Set to 1.0 for simulations not 
containing any geometries.

Basic Settings



CFL Number

• If time step is set to zero, the 
time step is automatically 
calculated.

• For EM simulations, the time 
step is reduced proportionately 
with the CFL number. 

• The CFL number is the ratio of 
time step to Courant limit.

Basic Settings



Time Step

• If set to a value that is non-zero, 
this will be used as the 
simulation time step.

• If set to zero, the time step is 
calculated for you based on a 
number of factors.

Basic Settings



Number of Steps

• The number of time steps to 
run the simulation.

Basic Settings



Steps Between Dumps

• The number of time steps 
between sequential dumps of 
data to hdf5 format files.

Basic Settings



Dimensionality

• Set to 1, 2, or 3 to indicate how 
many dimensions to run the 
simulation in.

Basic Settings



Coordinate System

• The type of coordinate system 
to work in.
• cartesian
• cylindrical

• For cylindrical coordinates, only 
2 dimensional electrostatic 
simulations are currently 
available in visual setup.

Basic Settings



Field Solver

• The field solver determines 
which equations will be used to 
calculate the fields:

1. Electrostatic
• number of guard cells

2. Electromagnetic
• Cerenkov Filter
• Electromagnetic problems 

allow for the selection of a 
numerical Cerenkov noise 
filter.

Basic Settings



Particles

• Whether or not to include 
particles in the simulation.

1. no particles
2. include particles

• If particles are included in the 
simulation, the following 2 
properties are used to help 
calculate the time step.

• estimated max electron 
density

• estimated min electron 
temperature (eV)

Basic Settings



Collisions Framework

• Whether or not to include 
particles in the simulation.

1. no particles
2. include particles

• If particles are included in the 
simulation, the following 2 
properties are used to help 
calculate the time step.

• estimated max electron 
density

• estimated min electron 
temperature (eV)

Basic Settings



Moving Window

• Whether or not to use a moving 
window which allows the 
simulation window to move at 
the speed of light in the chosen 
direction. 

• Useful for simulations such as 
laser pulse or particle beam 
moving at a velocity close to the 
speed of light.

Basic Settings



Periodic Directions

• The directions of the simulation 
which should be modelled as 
periodic, if any.

Basic Settings



Built-in universal constants:
π, 2π, c, me, e-, mp, etc.

User-defined constants:
lengths, frequencies, etc.

Constants

Right-click on element 
in tree



Derived Parameters

Parameter Name

Parameter Expression VSim calculates the 
parameter value from the 

provided expression



Functions

1. Create your own function.
2. Built-in turn on function.

• The function can contain any number 
of arbitrary arguments and is not 
limited to the default values of x,y.

• The user-supplied expression is a 
function of the arguments given in the 
argument property. 

• The expression can include any pre-
defined Constants, Parameters, or 
Functions, as well as real numbers and 
python operator.



Materials
Material Properties: heat capacity, conductivity, permittivity, thermal conductivity, 
permeability, and resistance.

• See pre-defined materials: switch from 3D View to Database.
• See a wider selection of materials: load the emthermal.vmat file by right-clicking on 

the Materials element and selecting Import Materials. 
• You can also import your own customized material.



Geometries
• Import Files: 

• .stl, .ply, .vtk, .stp, .step, or .p12
• Build complex devices with Constructive Solid Geometries (CSG): 

• sphere, box, cylinder, cone, torus, pipe, wedge, truncated cone



• CSG Primitives can be combined:

1. Subtract
• This will subtract the second selected 

primitive from the first selected primitive. 
2. Union

• This will combine the two primitives into 
a single object. For use if the combined 
object is set to be a particle sink. 

3. Intersect
• This will leave only the volume of the two 

primitives that intersect as an object. 

• Boolean operations may be nested. 

• For use in the simulation, a Geometries part 
MUST have a material assigned to it, other 
wise it is ignored (treated as vacuum).

Geometries



Grid
Determines the simulation size and relationship of physical coordinate to cell indices



Field Dynamics

1. Fields
• Initial conditions can be set. 
• External fields can be added.

2. Field Boundary Conditions
• The field solver determines which 

Boundary Condition are available 
to add to your simulation.

3. Current Distributions
• Dipole 
• Distributed



Field Boundary Conditions

Upper X Upper YLower Y Lower X



1. Types
• Regular: electrons, ions (or other charged 

particles), and neutral particles.
• Test: field-scaled electrons 

2. Loaders & Emitters
• Load within a volume
• Emit from a surface of boundary
• Emission: primary or secondary

3. Boundary Conditions

Particles



Loading Emitting

Particles



Particles



Particles
Fields

Others

Histories



Histories



Visual to Text-Based Comparison



File Formats: .sdf and macro-ized .pre



Text-Based and Visual Side-by-Side



Running the Simulation

Time step (s) automatically calculated IF Not provided from basic settings
Time step (number) from basic settings
Dump periodicity from basic settings



Running the Simulation

Three different Run Modes:
• Serial
• Parallel
• Scheduler

Number of Cores to use.



Analyzing Results
Analyzers, written  in 
python may be used to 
calculate a variety of 
items. Custom scripts 
may be imported for 
easy use and access.

In this case, 
computePtclNumDensi
ty.py is being used to  
calculate the density of 
the electrons (or ions). 
To calculate the 
density of the 
electrons, set the  
speciesName to 
“electrons”.

Click Analyze button at the top right



Visualizing Results

1. Data Overview

2. Field Analysis

3. History

4. Phase Space

5. Binning



Data Overview



Field Analysis


