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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 s 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?
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* |In our case of a Hall Thruster:

» Smallest characteristic length scale is typically a Debye length (Lp) ~ (KT/ng**2) <-
TODO:LATEX

* Inthe 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),

e Time step is a few picoseconds (10**-12 s)
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 What is the core physics looking to be explored?
* |sit field related, particle-particle collisions, Temperature, Thermal velocity?

 |f 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
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Welcome Screen

Welcome Tab

KA vsim - =] X
File Edit Tools View Help Window

X VSim

Recent Simulations

Welcome!

VSim is a flexible, crossplatform,

h ion f

oduing syetame moting i Recent Simulations appear here for easy access
electromagnetics, electrostatics, and/or

charged or neutral particles.

Please click below for more
information.

Getting started

The following are the links to our
youtube tutorials.

www youtube. com/user/TechXCorp/videos
www. youtube. com/user/TechXCorp/
featured

*  Welcome Pag
* Simulation Se
*  Running
* Analysis
* Visualization

L] Hel p I o Welcome: NO SIMULATION Open a new simulation by choosing New From Example in the File menu or double-dlicking item in Recent list. Show Log
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Default Setup View

VSim - Cylindrical Hall Thruster

File Edit Tools View Help Window
Editor

cylHalThruster.sdf

Simulation

Description

[#] Constants
Parameters
Basic Settings
Functions

[*#] SpaceTimeFunctions
Materials

[*] Geometries

[#] Grids

[#] Field Dynamics

[#] Particle Dynamics

[#] Histories

Elements Tree for
Setting up simulation

Visualize

?

Undo | Add Multiple | Remove

| Value

Select item in

Elements Tree to Setup Visualization
view Properties in Window for viewing
this window geometries, grid, etc.

o Setup: COMPLETED Click run to continue
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Materials Setup View

VSim - Cylindrical Hall Thruster . . - [m] X
File Edit Tools View Help Window Button to sw.tCh V|ew
Editor
“ @ Ssimulation Setup isReady Save and Setup
: IHallThruster.sdf HallThruster.pre HallThruster.in
Welcome Simulati
Loz v | Selected Material: Add To Simulation
Description
[#] Constants conductivity | elative permittivit | elaxation functior| ermittivity functio| ntz oscillator strerl lorentz frequer
Parameters
Basic Settings Alumina dielectric 0.00135184 9
L Functions
i - [#] SpaceTimeFunctions

Custom dielectric 0 1
Materials I I I
[*] Geometries

[+] Grids
G) [*] Field Dynamics

DebyelorentzM... | Debye-Lorentz . . [alphaFunction...

DrudelorentzM... | Drude-Lorentz [alphaFunction...

»
[#] Particl i
Amalvz )] H?sr::riee?ynam'cs PEC conductor
Y Sapphire dielectric
Elements Tree for
Visualize

Silica dielectric
Silicon dielectric

5 Setting up simulation

Help Undo I Add Multiple | Remove

Vacuum dielectric

absorbium article absorber
| Value | P

bottle glass dielectric 0.00135184

resistive damper | dielectric 0.1

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

Select item in
Elements Tree to
view Properties in
this window

@ setup: COMPLETED  Click run to continue Show Log
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Elements Tree for
Setting up simulation

Properties of
Selected Element
(Basic Settings)

X Tech-X

Basic Settings

Simulation

Description
[*] Constants
Parameters

Functions

[#] SpaceTimeFunctions
Materials

[*] Geometries

[+] Grids

[+] Field Dynamics

[+] Particle Dynamics

[*] Histories

Click on Basic Settings element in
Tree to edit properties here

Undo | Add Multiple Remove Add |
Property | Value l;
surface meshing tolerance 0.5
cfl number 1
time step 3.7251800000e-13
number of steps 6000
steps between dumps 1000
dimensionality 2
grid spacing uniform
restore geometries True
MPI decomposition default
length unit meter
precision double
use GPU (if found) false
verbosity information T
coordinate system cylindrical
[=] field solver electrostatic
number of guard cells 2
[=] particles include particles
estimated max electron densitv 1.e20 L‘
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Surface Meshing Tolerance

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

e Set to 1.0 for simulations not
containing any geometries.

X Tech-X

Basic Settings

Property Value
'surface meshing tolerance | 0.5
cfl number 1
time step 3.7251800000e-13
number of steps 6000
steps between dumps 1000
dimensionality 2
grid spacing uniferm
restore geometries True
MPI decomposition default
length unit meter
precision double
use GPU (if found) false
verbosity information
coordinate system cylindrical
[=] field solver electrostatic
number of guard cells 2
[=] particles include particles

estimated max electron density
estimated max electron temperature (eV)

dump nodal fields
collisions framework
moving window
periedic directions

1.e20

1.0

True

reduced

no moving window
no periodicity
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CFL Number

* |f 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.

X Tech-X

Basic Settings

Property Value
surface meshing tolerance 0.5
1
time step 3.7251800000e-13
number of steps 6000
steps between dumps 1000
dimensionality 2
grid spacing uniferm
restore geometries True
MPI decomposition default
length unit meter
precision double
use GPU (if found) false
verbosity information
coordinate system cylindrical
[=] field solver electrostatic
number of guard cells 2
[=] particles include particles

estimated max electron density
estimated max electron temperature (eV)

dump nodal fields
collisions framework
moving window
periedic directions

1.e20

1.0

True

reduced

no moving window
no periodicity

SIMULATIONS EMPOWERING YOUR INNOVATIONS




Time Step

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

* |f set to zero, the time step is
calculated for you based on a
number of factors.

Basic Settings

estimated max electron density
estimated max electron temperature (eV)
dump nodal fields

collisions framework

moving window

periedic directions

Property Value
surface meshing tolerance 0.5
cfl number 1
3.7251800000e-13
number of steps 6000
steps between dumps 1000
dimensionality 2
grid spacing uniferm
restore geometries True
MPI decomposition default
length unit meter
precision double
use GPU (if found) false
verbosity information
coordinate system cylindrical
[=] field solver electrostatic
number of guard cells 2
[=] particles include particles

1.e20

1.0

True

reduced

no moving window
no periodicity
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X Tech-X

Number of Steps

The number of time steps to
run the simulation.

Basic Settings

Property Value
surface meshing tolerance 0.5
cfl number 1
time step 3.7251200000e-13
[number of steps ] 6000
steps between dumps 1000
dimensionality 2
grid spacing uniferm
restore geometries True
MPI decomposition default
length unit meter
precision double
use GPU (if found) false
verbosity information
coordinate system cylindrical
[=] field solver electrostatic
number of guard cells 2
[=] particles include particles

estimated max electron density
estimated max electron temperature (eV)

dump nodal fields
collisions framework
moving window
periedic directions

1.e20

1.0

True

reduced

no moving window
no periodicity
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Steps Between Dumps

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

X Tech-X

SIMULATIONS EMPOWERING YOUR INNOVATIONS

Basic Settings

Property Value
surface meshing tolerance 0.5
cfl number 1
time step 3.7251800000e-13
number of steps 6000
[steps between dumps J 1000
dimensionality 2
grid spacing uniferm
restore geometries True
MPI decomposition default
length unit meter
precision double
use GPU (if found) false
verbosity information
coordinate system cylindrical
[=] field solver electrostatic
number of guard cells 2
[=] particles include particles

estimated max electron density
estimated max electron temperature (eV)

dump nodal fields
collisions framework
moving window
periedic directions

1.e20

1.0

True

reduced

no moving window
no periodicity




Dimensionality
e Settol, 2, or 3toindicate how

many dimensions to run the
simulation in.

X Tech-X

Basic Settings

[=] particles

estimated max electron density

estimated max electron temperature (eV)

dump nodal fields
collisions framework
moving window
periedic directions

Property Value
surface meshing tolerance 0.5
cfl number 1
time step 3.7251800000e-13
number of steps 6000
steps between dumps 1000
{dimensionality ] 2
grid spacing uniferm
restore geometries True
MPI decomposition default
length unit meter
precision double
use GPU (if found) false
verbosity information
coordinate system cylindrical
[=] field solver electrostatic
number of guard cells 2

include particles
1.e20

1.0

True

reduced

no moving window
no periodicity
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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

estimated max electron density
estimated max electron temperature (eV)
dump nodal fields

collisions framework

moving window

periedic directions

Property Value
surface meshing tolerance 0.5
cfl number 1
time step 3.7251800000e-13
number of steps 6000
steps between dumps 1000
dimensionality 2
grid spacing uniferm
restore geometries True
MPI decomposition default
length unit meter
precision double
use GPU (if found) false
verbosity information
| coordinate system | cylindrical
[=] field solver electrostatic
number of guard cells 2
[=] particles include particles

1.e20

1.0

True

reduced

no moving window
no periodicity
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1.

2.

X Tech-X

Field Solver

The field solver determines

which equations will be used to

calculate the fields:

Electrostatic
*  number of guard cells

Electromagnetic
* Cerenkov Filter

Basic Settings

Property Value
surface meshing tolerance 0.5
cfl number 1
time step 3.7251800000e-13
number of steps 6000
steps between dumps 1000
dimensionality 2
grid spacing uniferm
restore geometries True
MPI decomposition default
length unit meter
precision double
use GPU (if found) false
verbosity information
coordinate system cylindrical
[=] electrostatic
number of guard cells 2

* Electromagnetic problems

allow for the selection of a
numerical Cerenkov noise
filter.

[=] particles

estimated max electron density

estimated max electron temperature (eV)

dump nodal fields
collisions framework
moving window
periedic directions

include particles
1.e20

1.0

True

reduced

no moving window
no periodicity
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[y

X Tech-X

Particles

Whether or not to include
particles in the simulation.

no particles
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

=) partices |

estimated max electron density

estimated max electron temperature (eV)

dump nodal fields
collisions framework
moving window
periedic directions

Property Value
surface meshing tolerance 0.5
cfl number 1
time step 3.7251800000e-13
number of steps 6000
steps between dumps 1000
dimensionality 2
grid spacing uniferm
restore geometries True
MPI decomposition default
length unit meter
precision double
use GPU (if found) false
verbosity information
coordinate system cylindrical
[=] field solver electrostatic
number of guard cells 2

include particles
1.e20

1.0

True

reduced

no moving window
no periodicity
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[y

X Tech-X

Collisions Framework

Whether or not to include
particles in the simulation.

no particles
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

[=] particles

estimated max electron density

estimated max electron temperature (eV)

dump nodal fields
[collisions framework
moving window
periedic directions

Property Value
surface meshing tolerance 0.5
cfl number 1
time step 3.7251800000e-13
number of steps 6000
steps between dumps 1000
dimensionality 2
grid spacing uniferm
restore geometries True
MPI decomposition default
length unit meter
precision double
use GPU (if found) false
verbosity information
coordinate system cylindrical
[=] field solver electrostatic
number of guard cells 2

include particles
1.e20

1.0

True

reduced

no moving window
no periodicity
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Basic Settings

Property Value
surface meshing tolerance 0.5
Moving Window cfl number 1
time step 3.7251800000e-13
. number of steps 6000
* Whether or not to use a moving steps between dumps 1000
window which allows the dimensionality 2
simulation window to move at grid spacing uniform
restore geometries True
the speed of light in the chosen MP| decomposition default
direction. length unit meter
precision double
use GPU (if found) false
* Useful for simulations such as verbosity information
laser pulse or particle beam coordinate system cylindrical
) ) [=] field solver electrostatic
moving at a velocity close to the number of guard cells 2
speed of light. [=] particles include particles
estimated max electron density 1.e20
estimated max electron temperature (eV) 1.0
dump nodal fields True
collisions framework reduced
[moving window] no moving window
periodic directions no periodicity
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X Tech-X

Periodic Directions

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

Basic Settings

estimated max electron density
estimated max electron temperature (eV)
dump nodal fields

collisions framework

moving window

\periodic directions |

Property Value
surface meshing tolerance 0.5
cfl number 1
time step 3.7251800000e-13
number of steps 6000
steps between dumps 1000
dimensionality 2
grid spacing uniferm
restore geometries True
MPI decomposition default
length unit meter
precision double
use GPU (if found) false
verbosity information
coordinate system cylindrical
[=] field solver electrostatic
number of guard cells 2
[=] particles include particles

1.e20

1.0

True

reduced

no moving window
no periodicity
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Built-in universal constants:
R, 2R, ¢, M, €, m,, etc.

User-defined constants:
lengths, frequencies, etc.

Right-click on element |-
in tree

X Tech-X

Descr

_<

_<

Add User Defined

Constants

———

Constants

Pl

ML

Simulation l;

Description
[=] Constants

L
PIO2
TWOPI
LIGHTSPEED
MU0
ELEMCHARGE
ELECMASS
PROTMASS
MUONMASS
KB
EPSILONO
c2
ELECCHARGE
ELECMASSEV
BO
anodeV
channelEndZ
innerRad
maxXeGasDens
outerRad
rMax
Min
xeMaxDensity
xenonCharge
xenonMass
zMax
zMin

Parameters

Basic Settings

Functions LI

Undo Add Multiple | Remove | Add |

Property I Value |

kind Pl (built-in)
value 3.14159265358979
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Derived Parameters

phasedArrayAntenna.sdf | phasedArrayAntenna.pre ] phasedArrayAntenna.in I

Simulation l;

Description
[*] Constants
[=] Parameters
—
Parameter Name L —
LENGTH_ANTENNA
RADIUS_ANTENNA
T_OFF
NTSTEPS
OMEGA
AMP_GAUSS
SPACING
CYLO_XY
Basic Settings
[+] Functions —
[+] SpaceTimeFunctions
[+] Materials
E (qumetnes ~|

Undo I Add Multiple Remove Add |

Property | Value |
kind User Defined
description

i ression PI/4 i
Parameter Expressnon — SZFL?” 0.785398163397448 4 VSim calculates the

parameter value from the
provided expression

3 V4 |
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1.
2.

XTech-X

Functions

Create your own function.
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.

phasedArrayAntenna.sdf I phasedArrayAntenna.pre | phasedArrayAntenna.in

Simulation

Description
[*] Constants
[+] Parameters
Basic Settings
[=] Functions
dphiFunc
ampFunc
PhiFunc
xMask
yMask
currFunc
thetaFunc
[+] SpaceTimeFunctions
[*] Materials
[+] Geometries
[*] Grids
[+] Field Dynamics
[#] Histories

Undo I Add Multiple Remove

add |

Property |Va|ue

kind User Defined
description dphiFunc
arguments t
expression Pl/4
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X Tech-X

Materials

Material Properties: heat capacity, conductivity, permittivity, thermal conductivity,

permeability, a

nd resistance.
pre | in

df |

|

Simulation

Description
[#] Constants
[#] Parameters
| Basic Settings
[#] Functions
[#] SpaceTimeFunctions
[=] Materials

[#] Geometries
[# Grids

[#] Field Dynamics
[#] Histories
Undo | Add Multiple | Remove Add

Property [vatue

kind conductor

color [

heat capacity 100000

thermal conductivity 0

resistance 0

z
2
=
a
a

| Materials Database

Materials Database File: [DEFAULTS v | Selected Material: Add To Simulation
Name [ kind | conductivity |lative permittivi elaxation functio| rmittivity functi itz oscillator stre | orentz freque
Alumina dielectric 000135184 9
Custom dielectric 0 1
DebyelLorentzM...| Debye-Lorentz 1.0 10 [alphaFunction... |[frequencyFun
DrudelorentzM... | Drude-Lorentz [alphaFunction... |[frequencyFun
PEC conductor
Sapphire dielectric 87e-10 99
siica dielectric 0 203
Silicon dielectric 0 12,11
Vacuum dielectric 0 1
absorbium particle absorber
bottle glass dielectric 000135184 37
resistive damper | dielectric 01 1
< | 2

* 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.
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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

phasedArrayAntenna.sdf I phasedArrayAntenna.pre ] phasedArrayAntenna.in I

Simulation l: Properties ||ViewSoIids LI Clip | Show Scale || Perspective |+z 2

Description
[#] Constants
[+] Parameters

Basic Settings
[+] Functions
[*] SpaceTimeFunctions
[=] Materials

PEC

[=] Geometries

[=] M4 ¢cs6

[¥] M cylinderDArray

2

L

I Materials Database I 3D View

O
(el
. 1>
5]
o
w

[=] Field Dynamics
[#] Fields
[#] FieldBoundaryConditions LI
= o~ A

Undo | Add Multiple Remove Add | nﬂn rﬂl

A F”W |11ﬂ

Property | Value | ““ ““‘
kind Cylinder “ ‘
material ‘
length LENGTH_ANTENNA
radius RADIUS_ANTENNA
angle 360
x position CYLO_XY
y position
z position
axis direction x
axis direction y
axis direction z
surface area

Reset View

color
tessellation 0.000206285411994678

v
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XTech-X

Geometries

CSG Primitives can be combined:

* This will subtract the second selected

primitive from the first selected primitive.

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

* 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

have a material assigned to it, other
wise it is ignored (treated as vacuum).

[=] Geometries
EIMcse
[Viwire1

Boolean [Yperation *

wire2 _ wirel

dielectricSubstrate
GND_Plane
wire2
[+ [] archSpiralGeom
[+ [v] archSpiral_rotGeom
[+] Grids
[#] Field Dynamics

wire2 U wirel
wire2 n wirel

[+] Histories
Remove Add

Property Value

kind Cylinder

material PEC

length SHORT_ROD_LENGTH

radius WIRE_RADIUS

X position 0.00105

y position 0.0

Z position .00005

axis direction x 0.0

axis direction y -1.0

axis direction z 0.0
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Grid

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

cylHallThruster.sdf I cyHalThruster.pre I cyHallThruster.in I

Simulation

| Properties ||ViewSoIids LI Clip | Show Scale | Perspective | |+z 7

Description
[#] Constants
Parameters
Basic Settings
Functions
[#] SpaceTimeFunctions
Materials
[*] Geometries
[=] Grids
[l ™ Grid
plane
[*] Field Dynamics
[#] Particle Dynamics
[#] Histories

| Add Multiple Remove

Add

0.0012

T

[ Materials Database [ 3D View

Property | Value
kind CylCoord2D
zMin zMin
zMax zMax
Min rMin
rMax rMax
zCells 128
rCells 80
color |

0.0D0514286

Reset View

0.0008

XTech-X
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Field Dynamics

1. Fields
e |nitial conditions can be set.
e 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

X Tech-X

cylHallThruster.sdf I cyHalThruster.pre | cyHallThruster.in |

Simulation l.:l

[*] Geometries
[*] Grids
[=] Field Dynamics
[=] Fields
Charge Density
Electric Field
Phi
[=] FieldBoundaryConditions
bottomWall
topWall
rightWall
leftBottomWall
leftWall
leftTopWall
PoissonSolver
[+] Particle Dynamics

[*] Histories 2
Undo | addmuitiple | Remove add |
Property I Value |
kind External Field
field type magnetic
[=] field specification function defined
description Functionally defined field seperate from the norm...
component 0 0.0
component 1 By
component 2 0.0
time dependent False
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Upper X

[=] Field Dynamics

[#] Fields
[=] FieldBoundaryConditions
pecO
CurrentDistributions
RCSBox
[#] Particle Dynamics
Histories
Property Value
kind Perfect Electric Conductor
surface upper X

XTech-X

Field Boundary Conditions

[=] Field Dynamics
[#] Fields

Add FieldBoundaryCondition * Boundary Launcher

iFieldBoundaryConditions

CurrentDistributions

RCSBox
[#] Particle Dynamics Open
Histories Perfect Electric Conductor
Perfect Magnetic Conductor
Perfectly Matched Layer
Port
f Port Launcher
Property Value Rectangular Waveguide
kind Field Boundary Condition Group
Lower Y Upper Y
[=] Field Dynamics = F'e"? Dynamics
] Fields I8 Ednicts
e g [=] FieldBoundaryConditions
[=] FieldBoundaryConditions peco
pecO pect
pecl pec2
CurrentDistributions CurrentDistributions
RCSBox RCSBox
[#] Particle Dynamics [#] Particle Dynamics
Histaries [#] Histories
Property Value Property Value
kind Perfect Electric Conductor kind Perfect Electric Conductor
surface lowery {surface luppery

SIMULATIONS EMPOWERING YOUR INNOVATIONS

Coaxial Waveguide
Matched Absorbing Layer

Lower X
laserLauncher
CurrentDistributions
RCSRox
Property Value
kind Boundary Launcher
field Electric Field
[=] applied fields transverse-F lower x
Fylx,y, z t) 0.0
Fz(x,y,z t) laserPulse




Particles

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

[=] Particle Dynamics

[=] KineticParticl Add ElectronEmitter v |
Add ParticleBoundaryCondition * / e \
) Add ParticleLoader D Boundary Absorb and Save
L Show/Hide All Boundary Accumulate
. RegucedCollna-uvvn Boundary Diffuse Reflector
[*] Histories v
| Cut-Cell Absorb and Save
Undo Cut-Cell Accumulate [
' Interior Absorb and Save L
Property Value Interior Accumulate
kind Electron: Interior Diffuse Reflector
nomlinal depsity NQM‘Dl Interior Partial Transmitter
particle weights variable ' i
particle dynamics relativisti \Specular Reflecting

computed weights

& [=] weight setting
X — macroparticles per cell 4.0
I s == e icise e e RING

[*] Geometries
Meshes

[*] Grids

[*] Field Dynamics

[=] Particle Dynamic:

=l electrons0 |

Add ParticleSpecies

Add TestParticleSpecies *

Show/Hide All

g Charged Particles

Electrons
Neutral Particles

Fluids

RaduradCallicinne

pa rticrervauer

Undo Add Multiple Remove Add
Property Value
kind Kinetic Particles Group
1*| Field Dynamics
[=] Particle Dynamics
Add ElectronEmitter 4 Secondary Emitter
[=] :electrons - -
- Add ParticleBoundaryCondition * Shape Settable Flux
particle i
Eluids Add ParticleLoader 4 Slab Settable Flux
ReducedCollisio ___>noW/Hide All I
[# Histories
Undo Add Multiple Remove Add
Property Value
kind Electrons
nominal density NOM_DEN_E
particle weights variable weights
particle dynamics relativistic
[=] weight setting computed weights
—macroparticles per cell 4.0
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[=] Particle Dynamics
[=] KineticParticles
[=] electrons0

Loading

settableF luxShapeElectronE mitterVV\W

particleLoader

Undo Add Multiple Remaove
Property Value
kind Particle Loader
description
[=] load density relative density

— relative density
particle load placement
[=] load duration
start time
stop time
load after initialization
— load upon shift
[=] velocity distribution
ud
ul
—u2
[=] volume
¥Min
xMax
yMin
yMax
zMin
zMax

X Tech-X

1.0

bit-reversed
repeat loading
0.0
3.40282e+038
true

true

functional velocity
0.0

0.0

0.0

cartesian 3d slab
-0.5

0.5

-0.5

0.5

-0.5
0.5

J

Particles

Emitting

[=] Particle Dynamics
[=] KineticParticles
[=] electrons0

isettableFluxShapeElectronE mitterVW

particleLoader

[=] emission specification
emission current density
velocity coordinate system
mean velocity 0
mean velocity 1
mean velocity 2
thermal velocity 0
thermal velocity 1
thermal velocity 2

[=] emission surface
emission offset
object name

[=] macroparticle emission
macroparticle rate
macroparticle emission profile

SIMULATIONS EMPOWERING YOUR INNOVATIONS

emission current density
1.0

global

0.0

0.0

0.0

0.0

0.0

0.0

shape emitter

0.1

please select
macroparticle rate
1.0

1.0

Undo Add Multiple Remove
Property Value
kind Shape Settable Flux
description
start time 0.0
stop time 1.0




e

[=] Particle Dynar @

Pt A

iKineticParti

Fluids

Add ParticleSpecies i’
------- Add TestParticleSpecies *

Charged Particles
Electrons

—ReducedCollisions

Histories

[=] Particle Dynamics

[=] KineticParticles
electronsO
Fluids
ReducedCollisions
Histories

Neutral Particles

" Property Value
kind Electrons
inominal density NOM_DEN_E
particle weights variable weights
particle dynamics relativistic
[=] weight setting computed weights
macroparticles per ... 4.0

X Tech-X

SIMULATIONS EMPOWERING YOUR INNO

\EP

B Rl I r e

article Dynamics

ReducedCol
Histories

Add ElectronEmitter

Add ParticleBoundaryCondition *
b Particle Loader
Particle Loader from File

Add ParticleLoader
Turn Off/On

»

[=] Particle Dynamics

[=] KineticParticles
[=] electronsO

IparticleLoader

Fluids
ReducedCollisions
Histories

Property

load density

Value

relative density
particle load placement

[=] load duration

start time

stop time

load after initializat...
load upon shift

[=] velocity distribution

u0
ul
u2

[=] volume

xMin
xMax
yMin
yMax
zMin
zMax

Particle Loader

relative density
rampUpRelDensity
bit-reversed
repeat loading

0.0

3.40282e+038
false

true

functional velocity
0.0

0.0

0.0

cartesian 3d slab
0.0
ENDX_LOADER
BGNY

ENDY

0.0

0.0




Fluids

¥ | paluuIcLuUauci

Add ArrayHistory
Add ComboHistory
Add FieldHistory
Add LogHistory
Add ParticleHistory

3

.3

Histories

Property

X Tech

Particles

-X

Absorbed Particle Current
Absorbed Particle Power
Emitted Current

Number of Macroparticles

Add ArrayHistory
Add ComboHistory
Add FieldHistory
Add LogHistory
Add ParticleHistory

»

>

>

>

>

Adi

L Property

MNumber of Physical Particles F|e|ds
Particle Energy
Particle Energy Change from Boundary

ridmas

- Reducedg Add ArrayHistory L Far-Field Box Data
i Add ComboHistory * Far-Field Observation
numMacrt  Add FieldHistory Field Slab Data
numPhyst Add LogHistory 5 Particle Momentum
Add ParticleHistory * I Undo || Add Multiple | Remo
Property Value
Others

SIMULATIONS EMPOWERING YOUR INNOVATIONS

~

/ Accelerating Voltage
EM Field Energy

Electric Field Energy
Field at Position
Magnetic Field Energy
Poynting Flux
Pseudo-potential

Pseudo-potential at Coordinates
\ Pseudo-potential at Indices




Fluids

Add ArrayHistory
Add ComboHistory
Add FieldHistory
Add LogHistory
Add ParticleHistory

X Tech-X

v

v

Histories

[=] Histories
—inumMacroPtclsO
Undo
l —
Property Value
kind Number of Macroparticles

— particles

| 1[I 1

Absorbed Particle Current
Absorbed Particle Power
Emitted Current

Number of Macroparticles
Number of Physical Particles
Particle Energy

[=] Histories

— numPhysPtclsO

electrons0

numMacroPtclsO

Particle Energy Change from Boundary

— particles
SIMULATIONS EMPOWERING YOUR INNOVAIIONS

Value

Number of Physical Particles
electronsO




Visual to Text-Based Comparison

’
XTejh -X SIMULATIONS EMPOWERING YOUR INNOVATIONS




File Formats: and|macro-ized .pre

VSim8 - Cylindrical Hall Thruster -
File Edit Tools View Help

VSim8 - Coaxial Cylinder
File Edit Tools View Help
Editor

coax.sdf coax.pre coax.in

+/ Simulation Setup is Ready

Simulation
L cylHallThruster.sdf cylHallThruster.pre cylHallThruster.in
Description 146
[# Constants 147

[+] Parameters
Basic Settings

150

Functions 151 addEsNeumannBC (bottomWall, 0., lowerR)
[# SpaceTimeFunctions 152 addEsDirichletBC (leftBottomWall, 0.0, [0, 1, 0], [1, 13, 1])
) 153 addEsDirichletBC (leftTopWall, 0.0, [0, 73, 0], [1, 80, 1])
Bl Materials 154 addEsDirichletBC (leftWall, anodev, [0, 13, 11, [1, 73, 1]) \ 4
[#] Geometries 155 addEsNeumannBC (topWall, 0.0, upperR)
[# Grids 156 addEsDirichletBC(rightWall, 0.0, upperZ)

157
158
159
160 ¢
161

162 addPoissonSolver (relPermFunc)
163
164

[#] Field Dynamics
[#] Particle Dynamics
[# Histories

168 addrarticleSpeciesSink (bottomElectronAbsorber, electrons, absAndSav, cylindrical, [-5.468750000000001e-06, 0.000695], [0.000503125, 0.0007025])

169 addParticleSpeciesSink (bottomFaceElectronAbsorber, electrons, absAndSav, cylindrical, [0.000503125, 0.0004925], [0.00050859375, 0.000695])

170 addInteriorSecondaryElectronEmitter (bottomIonSecElecEmitter, electrons, copper, 1.e 1, positive, 0.0007025, bottomIonAbsorber)

171 addParticleSpeciesSink (bottomOuterElectronAbsorber, elec ns, absAndSav, cylindrical, [0.00050859375, 0.0004925], [0.00070546875, 0.0005])

172 addparticleSpeciesSink (leftElectronBbsorber, electrons, absAndSav, lowerz)

173 addParticleSpeciesSink (rightElectronAbsorber, electrons, absAndSav, upperz)

174 addParticleSpeciesSink (topElectronAbsorber, electrons, absAndSav, cylindrical, [-5.468750000000001e-06, 0.000995], [0.000503125, 0.0010025])

175 addParticleSpeciesSink (topFaceElectronAbsorber, electrons, absAndSav, cylindrical, [0.000503125, 0.0010025], [0.00050859375, 0.00110751)

176 addInteriorSecondaryElectronEmitter (topIonSecElecEmitter, electrons, copper, 1.e20, 1, negative, 0. 95, topIonAbsorber)

177 addParticleSpeciesSink (topOuterElectronBbsorber, electrons, absAndSav, cylindrical, [0.00050859375, 011], [0.00070546875, 0.0011075])

178 addParticlespeciesLoadﬂF (particleloader, electrons, repeatLoading, 0.0, 1.0, true, false, relativeDensity, 1.0, grid, [1, 1, 1], functionalVelocity, velocityFunctionZ,
velocityFunctionR, velocityFunctionR, [0.00039%0625, 0.0007], [.0005164, .001])

179 addParticleSpecies (electrons, relBoris, ELECCHARGE, ELECMASS, 1.el8, constantWeights, explicitlySetWeights, 1.0e5)

180

181 addParticleSpeciesSink (XePlusabsorbingLeft, XePlus, absorber, lowerZ)

182 addParticleSpeciesSink (XePlusabsorbingRight, XePlus, absorber, upperZ)

183 addParticleSpeciesSink (XePlusabsorbingBottom, XePlus, absorber, cylindrical, [0.0, 0.000695], [0.000503125, 0.00070251)

184 addParticleSpeciesSink (XePlusabsorbingBottomFace, XePlus, absorber, cylindrical, [0.000503125, 0.0004925], [0.00050859375, 0.000695])

185 addParticleSpeciesSink (XePlusabsorbingBottomOuter, XePlus, absorber, cylindrical, [0.00050859375, 0.0004925], [0.00070546875, 0.00051)

186 addParticleSpeciesSink (XePlusabsorbingTop, XePlus, absorber, cylindrical, [0.0, 0.000995], [0.000503125, 0.0010025])

Remove Add

Property Value

Simulation is setup.
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Text-Based and Visual Side-by-Side

e,

- <XSim Block>
coax.sdf  coax.pre  coax.in -basic description of simulation

Simulation
<XVars Block>
-sets the knobs you can turn w/out making big changes to simulation

[#] Constants

3
4
[+] Parameters 7 |$ Constants & $ Variables
Basic Settings \ -built-in (mathphys)
9

Functions -Simulation variables: dump periodicity, NPIM, particle depositors
[# SpaceTimeFunctions 10 —Gridf beginning, end, nun1l?er of cells ]
[ Materials if -physics: debye length estimate, cyclotron frequency, thermal velocity...
[*] Geometries 13 s imports
|[#] Grids 14 -macros..werhosity. ..
[=] Field Dynamics 15

[# Fields 16 <Grid Block>

[=] FieldBoundaryConditions 17 - cylindrical/cartesian

lowerXwaveLauncher . L8 - variable/uniform

CurrentDistributions
I Particle D - <Decomp Block>
artl_ce . ynar_nlcs —usually boring, but Jets vou manually assign MPT distribution of grid to CPUs
[=] KineticParticles
[#] electrons

<Multifield>
-’1Sets up fields and how they are updated (includes setting up the solver)
-E, B, rho, phi

-Boundary Conditions

-Types of Fields: Edge, Nodal (used to push particles), Face

-This is generally the 'work-horse/heavy-lifting/beefiest' block

[#] Histories

30 <Species> & <Fluid>

31 -Adds particle species or fluid background gas to simulation
Add 32 -either explicity modeled kinetically, or implicitly modeled as background fluid
33 -Sets up sources and sinks
Property Value ™ 34 -Also can be a heafty block
5 35
::bi;?y(lffound) ::;Zermation <Monte Carlo Ir}teraf:tions> )
ey 3 -sets up particle interactions ) )
. . B -can set cross-sections from external data files (Hayashi dl, and others)
grid spacing uniform
reuse geometry files on restart  true 4 “ <Historiess
cpordlnate system cartesian . 41 -Data to be recorded at every time step
[l field solver electromagnetic 42 -Currents into/out of surface, number of particles, field at a point
Cerenkov filter none 43 ~lots of options
periodic directions no periodicity
[=] particles include particles
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Running the Simulation

VSim - Cylindrical Hall Thruster

File Edit Tools View Help Window

Runtime Options Logs and@¥put Files

Parameters | Run Mode I Run Dump and Stnpl Force Stop | p—
W:IL mﬂ%ﬁdwswwﬂm poks e Engine Log I File Browser | —I

e | Time step (s) automatically calculated IF Not provided from basic settings

OB onber ofsteps [e000 Dt Valte il Time step (number) from basic settings
E ey [ oo e Dump periodicity from basic settings

Restart at Dump Number

v Dump at Time Zero

I No Particle Sorting

I Disable Per-Rank Output

@ Custom Run Options

Visualize Reset to Setup Values

o Run: READY Click run to continue Show Log

XT@h -X SIMULATIONS EMPOWERING YOUR INNOVATIONS




Running the Simulation

VSim - Cylindrical Hall Thruster

File Edit Tools View Help Window

Runtime Options

Parameters  Run Mode |

Mode: |ZIElE] 57

Engine Log [ File Browser |
N Three different Run Modes:

Physical Cores on Machine 4

Licensed Cores

Number of Processes
Host File
Other MPI Options

8

Logs and Output Files

Run | Dump and Stnpl Force Stop |

Clear Log

e Serial
* Parallel
e Scheduler

Number of Cores to use.

o Run: READY Click run to continue

Show Log

XTech-X
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Analyzing Results

Click Analyze button at the top right

VSim - Cylindrical Hall Thruster

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,
computePtcINumDensi
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”.

X Tech-X

File Edit Tools View Help Window

Search: | computePtdiumDensity.py 3 |
\"
[ROBSS  Available Analyzers: Open Analyze Stop Clear Output
iesWithKi Outputs
addSpecl:.s Vl\gg\KLlpEnrglnEpr = simulationName [cylHaIl‘I'hrustef
annotatefieldOnLine.py Loading Analyzer: C:\Program Files\Tech-X\VSim-11.0.1\Contents\engine\bin\computePtclNumDensity.py
P annotateSpeciesAbsPtclData2.py Done..
annotateSpeciesDataOnPlane.py species [electronsl
3 compareFields.py
R i . . :
Y5 compute2DantennaGainAndPhase.py avahix [ Command Line Usage: computePtclNumDensity.py [options]
- computeAED.py
— computeBeam2ModeCoupling.py This analyzer generates particle number density fields based on particles data
" computeCavityG.py iterateAvg [ files.
A computeCumulativeSumHistory.py )
computeDebyelength.py R [ Opticns: ) .
Analyze computeEmittanceFromDump.py --help, -h Show this help message and exit.
computeEmittanceOnPlane.py --simulationName=SIMULATIONNAME, -s SIMULATIONNAME
& computeFarFieldFromKirchhoffBox.py maxDumphum | P, Name of the simulation.
computeFieldCrossProduct.py ~species=SPECIES, -5 SPECIES
5 . . o The particle species to analyze.
Visualize computeFfeIdMaxAmp}|tud.e‘py Vel - avQNAN=RVGNKN, -N AVGNHN
computeFieldRelintensityHilbert.py Spatial Average over NuN cells, weighted. Set to 1 for
? computeGradient.py no average.
computelnverseQ.py --iterateAvg=ITERATEAVG, -i ITERATEAVG
Help computeMassFlux.py Number of iterations for spatial average. Ignored if
computePtclBalance.py avgNx=N = 1.
computePtclimpactSpectrum.py —-minDumpNum=MINDUMPNUM, -m MINDUMPNUM
computePtclLimits.py Minimum dump number to process.
computePtcINumDensity.py —-maxDumpNum=MAXDUMPNUM, -H MAXDUMPNUM
computeS11Parameters.py Maximum dump number to process.
computeSParamsFromHists.py -—overvrite, -w ) .
computeSParamsViaOverlaplntegral.py Whether a dataset or group should be cverwritten if it
computeSpectrogram.py already exists.
computeThrust.py =

Analysis &Controls

computeTimeSeriesAmplitude.py
computeTimeSeriesFrequency.py
computeTransitTimeFactor.py
computeWaveguideModes.py
convertFieldComponentCartToCylX.py
convertFieldComponentCartToCylZ.py
convertPtclComponentsCartToCylX.py
convertPtclComponentsCartToCylZ.py
convertSlabToPointHistories.py j

rresteDarticlaTrarke mie

Import Custom Analyzer |

Analysis &Results

[m] X

The following variables can be used in the above analyzer options:

This analyzer outputs particle number density data as fields. These density
fields can help to analyze the particle distribution results in the simulation
domain.

o Analyze: ANALYZER READY Configure analzyer and dick analyze button.

Show Log
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. Data Overview
. Field Analysis
History

. Phase Space

i & W N =

. Binning

( Tech-X

Visualizing Results

VSim - Cylindrical Hall Thruster - [m] X
File Edit Tools View Help Window

Add a Data View Reload Data

Add a Data View
Data Overview
Field Analysis
History

Phase Space
Binning

Visualization Results

[~Variables

Particle Data
Scalar Data
Vector Data
Meshes

ERERERE

Welcome to the data exploration tool. This tool allows you
to combine plots of field variables, meshes, vectors, and
partides into a single image.

To begin, choose a variable from the list on the left side of
the screen.

Dump: 0
I

Annotation Level: |Axes &Legends %

| @ visualize: READY Visualization available Show Log
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Data Overview

o X

VSim - Cylindrical Hall Thruster
File Edit Tools View Help Window

Add a Data View Y.

Data Overview m I
Visualization Controls Visualization Results

Reload Data

2d
~Variables Save Image | Labels | Limits | Rendering | ResetView ||~ Preserve AspectRatio | Auto Reset
[=)- Particle Data -
[ electrons
[+ electrons_transform .
XePlus Ver xePs
XePlus
O XePlus_r
O XePlus_transform
[ XePlus_uphi
[ XePlus_ur
[J XePlus_uz "
[ XePlus_z »
@ YeDlue rancfarmn L‘ -
=
3
™
{
Size: 1 < °
~
Symbol: Point > ~
[
opscty !
W userlatcolor [ setcobor...
Reset to Default
v b b b b v Lo d i e bis e i
00
Z (10%-6 units)
Dump: 6
Annotation Level: |Axes &Legends 7 | 6 5'
Show Log |

I O\nsualize: READY Visualization available
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XTech

[\ ——

Field Analysis

- 8 x
File Edit Tools View Help
At Daaview + Reond ata
Feld prayss 03
20 neou
i ||| Sovemmge] (o] s Rasstvie] 1 i Fame () o et Sove mage] Lol [Reset Vi | ) ot Frame () o st
0] tog cale cotor Tl
Lneou setings
Verbal | Horzotal | Adanced
s00-
sunx o
sunv [0
200}
enax (17000
s P
ey [0 3 4
perform Lineout - s
you: by sde 2414 B
-200}-
—s00l-
s s n L L , | , s " " " | |
35 140 Tis 150 155 160 Te: s Tio is 150 155 Téo T
X (10°6 unies) Distance (10°-6 units)
oump: 20
I e v
Aonotoson Leve: mesitegends ||| |0 =
@ vielze: READY visulasion sisie Showtag

AN
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