SPIS Numerical core
(or SPIS'NUM, or "the solvers")

Control parametersreview

J.-F. Roussel, ONERA / DESP
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Outline /

» How tell the solvers what they must do

» Global control parameters
» Simulation control
» Plasmal/environment
» Poisson eguation
> Bfield
» Spacecraft
» Interactions
» Output control
» Others

» Local data/parameters
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How tell the solverswhat they must do /

»  Through the Java source code:

. directly in the NUM Java source code:

. the most powerful way, rather easy in Java thanks to a detailed documentation of the
Application Program Interface, the API (in Doc/DocSpisNum/API)

. training done 3 months ago (6th SPINE meeting in Kiruna)

. documented in the HowTo pages (in Doc/DocSpisNum/HowTo folder):
«  Javafor NUM: Java basics
. NUM architecture: code architecture)
. NUM integration in framework: practical file integration)

. through a script language (python-jython):

. handling top level objects: spacecraft, plasma, particle distribution, ex:
spacecraft.turnOnPhotoEmission(sunFlux);

. still to be finalised and documented
»  More classically through a user interface (Ul / GUI):

. less powerful, but easier for the user

. a rather detailed Ul developed since last meeting at the demand of the
community

. => this presentation
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Global parameters /

» Where to find them:
e default values:

« in python file SpisUl/DefaultV alues/defaul tGlobal Param. py
 very similar to a list (a dictionary indeed)
* very easy => don't hesitate to modify their default value

* but adding/removing some of them must be taken into account in sources
(but programmers can do so!)

» they can be modified with the GUI.

* Vvia the menu: solver / set global param
 unfortunately, their order is scrambled in the GUI dialog (to be modified)

» Detalls about these global parameters in the documentation
(Doc/DocSpisNum/HowTo/ControIIing NUM from UI. html)

» We review them here as a guideline to discuss most solvers

features
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Global parameters. ssmulation control /

Name Description Default | In
value use
duration Duration of the ssimulation 0.1 Yes
plasmaDt Time step for plasma dynamics 0.0 Yes
(automatic if = 0)

» plasmaDt = time step for plasma integration:
 difficult to estimate (plasma may get unstable)

* hence an automatic assessment is proposed (CFL condition):
* cross only a fraction of a cell for PIC populations
« if cell size < Debye length (user responsibility) => dt < 1 / plasma freq,.

« May yet not be very robust
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Global parameters. plasma-environment

/

Name Description Default value In use
environmentType | Name of the Environment class to be BiMaxwellianEnvi | Yes
used (ex: BiMaxwellianEnvironment ronment
which will use the parameters below, or
WorstCaseGeoEnvironment which will be
self-contained)
electronDensity electron density (1% popul ation) 1.0e6 Yes
electronTemperatu | Electron temperature(1% popul ation) 1.0 Yes
re
electronDistrib Name of the VolIDistrib classto beused | GlobalMaxwellBol | Yes
for electrons tzmannVolDistrib
ionDensity ion density (1% population) 1.0e6 Yes
lonT emperature lon temperature (1% population) 1.0 Yes
lonVXx, lonVy, lon drift velocity along x, y, z axes (1% 0.0 Yes
lonVz population)
ionType First ion population (a string that must be | H+ Yes
found in the particle types filename
below)
ionDistrib Name of the VolIDistrib classtobeused | PICVolDistrib Yes
for ions

... + 2nd populations
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Global parameters. plasma-environment (cont'd) -

» Environment:
- today only BiMaxwellianEnvironment

- otherspossible later: inverted-V population (polar environment), predefined
worst case...

» long/electrons distributions (electronDistrib, ionDistrib...):
- GlobalMaxwellBoltzmannVolDistrib andPICVolDistrib

- when possible prefetlobalMaxwellBoltzmannVolDistrib:
- much faster (analytical!)
- more stable

- conditions: thermal equilibrium of a “closed system”: no attractive potential on
SC, no potential barriers, no drift velocity

- note that these parameters are class names => the selected classis
Instantiated:
- Java introspection capabilities
- very flexible end powerful
- we are re-building a Java interpreter => not go too far in that direction
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Global parameters. Poisson eg. solver

Name Description Defaul | In
t value | use
poissonBCType |0- Dirichlet on SC, Fourier on external boundary using 2 Yes
the local fields defined through GUI (see later)
1- Dirichlet on SC, Fourier on external boundary with
alpha parameter mimicking a 1/r decay (~vacuum)
2- Dirichlet on SC, Fourier on external boundary with
alpha parameter mimicking a 1/r* decay (~pre-sheath)
3- Dirichlet on SC, Fourier on external boundary with
alpha parameter mimicking a 1/r" decay, n being next
parameter (poissonBCParameterl)
poissonBCParam | Parameter that can be used by some BC types (e.g. 1/r" Yes
eterl exponent)
linearPoisson O- no: use non-linear Poisson solver 0 Yes

1- yes: uselinear Poisson solver

» From the Ul, boundary conditions are currently limited to:

- Dirichlet on the spacecraft (fixed potential), the initial potential being
defined in the local parameters (see later)

- Fourier on the external boundary (mixed Dirichlet-Neumann), mostly with
parameters defined so asto give an asym(gtotic behaviour in r"
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Global parameters. Poisson eq. Solver (cont’d) /

> Non-linear Poisson solver:

-Ap=e(n —ny €47) [ &

— major advantage: stable even for cells larger than Debye length

— If the selectedihearPoisson = 0), the electron distribution(s) are
automatically inserted in the non-linear Poisson solver.

» Other parameters to control the maximum iteration number
or tolerance of the conjugate gradient Poisson eguation
solver, rather for specialists
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Global parameters. B field /

Name Description Default | In
value use
BXx X-component of the magnetic field 0.0 Yes
(uniform over the computation box)
By y-component of the magnetic field 0.0 Yes
Bz Z-component of the magnetic field 0.0 Yes
» Uniform magnetic field from Ul

» Loca magnetic field supported by the solver => possible via the source

code, maybe one day via GUI (the local field exists)
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Global parameters: the spacecr aft

/

Name

Description

Default value

In use

electricCircuitlntegrate

Flag controlling SC electric circuit integration:

- 0: do not integrate (constant initial
potentials)

- 1. integrate

1

Yes

CSat

Spacecraft absolute capacitance

1.0e-9

Yes

el ectricCircuitFilename

Name of the file describing extra electric devices
between electric (super-)nodes (RLCV)

circuit.txt

No

sourceType

Name of the SurfDistrib class to be used for an
artificial source on the spacecraft (ex:

L ocalMaxwell SurfDistrib, which will use the
“source flux”, “source temperature” and “sourc
Mach” user-defined local fields, whereas a
specific EP model could only use the “source
flux” and define internally its velocity
distribution)

LocalMaxwel
ISurfDistrib

e

No

sourceParticleType

Type of particles (a string that must be foung

I Xe+

the particle types)

» The SC capacitance, CSat, may also be considered as arelaxation
parameter towards steady state (smaller => faster)
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Global parameters. the interactions

/

Name Description Defaul | In
t value | use
photoEmis |- if O, no photo-emission 0 Yes
sion - if 1, photo-emission isturned on with the sun direction defined
below (no shading for now)
- if 3, photo-emission isturned on with the sun direction defined
below and photo-electron dynamicsis modelled (PIC)
- if 5, photo-emission is turned on with a sun flux defined locally
(local parameters)
- if 7, photo-emission is turned on with a sun flux defined locally
(local parameters)and photo-electron dynamics is modelled (PIC)
NB: note each bit meaning: bitO=>on, bitl=>local sun flux,
bit2=>dynamics of photo-electronsis modelled
» If photo-electron dynamicsis not modelled (option 1), photo-emission
results in a constant emission current and the potential may go up
Indefinitely => option 3 may be preferred
» Photo-electron dynamics is modelled through PIC method => very small
Integration time step (may be automatic) when on (option 3)
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Global parameters: the interactions (cont’d) -

electronSecondaryEmis | - if 0, no secondary emisson under dectronimpact |0 | Yes
son - if 1, secondary emission under eectron impact is
turned on
- if 2 or 3, secondary emission under eectron impact
Isturned on and secondary el ectron dynamicsis
moddlled
protonSecondaryEmiss |- if O, no secondary emission under proton impact 0O |No
on - if 1, secondary emisson under proton impact is
turned on
volumeConductivity - If 0, no volume conductivity O |No
- if 1, volume conductivity isturned on
InducedConductivity |- if O, no induced conductivity 0O |No
- if 1, induced conductivity isturned on
surfaceConductivity - If 0, no induced conductivity O |No
- if 1, induced conductivity isturned on
unX, sunY, sunZ X, Y, Z-components of sun direction 0,0,1 |[Yes

» Secondary emission includes backscatterring, cf next presentation
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Global parameters: outputs /

Name Description Defa | In
ult use
scPotMonitorStep time step for goacecraft ground potentid {00 | Yes

monitoring (0.0 => none, -n => n times)

scPotMapMonitorSep time step for Spacecraft loca potential 00 |Yes
monitoring (0.0 => none, -n => n times)

scCurrentMapMonitorStep | time step for goacecraft loca currents 00 |Yes
monitoring (0.0 => none, -n => n times)

plasmaPotMapMonitorSe | : time sep for plasma potentia 00 |Yes
P monitoring (0.0 => none, -n => n times)

denstiesMapsMonitorStep | : time step for denstiesmonitoring (0.0 (0.0 | Yes
=>none, -n => N times)

particleTrgectoriesNb number of particletrgectories per PIC 0 No
population

meteria PropertyPlots plot materid properties? 0 Yes
O0=no, 1=yes
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Global parameters: others /

Name Description Default |In
value use
verbose Verbosity level (level of screen messages about | 3 Yes

code execution):

O =no print at all

1 = prints errors and warnings only

2 =1+ minimal information

3 =1 + more information (remains yet readabl e)
4 = even more information

... (next levels for debugging)

poissonVerbose

Same as verbose, but specific to Poisson sc

lver

3
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L ocal parameters /

» Each field is defined on 1 of the 3 meshes. volume, spacecraft,
or external boundary

» Each has a given centring/localisation: O=node, 2=surf, 3=cell

» How to define them:;

e Through the group editor of the GUI => same value over each group
» Cf previous presentations on the GUI

» Details about these local parameters in the documentation
(Doc/DocSpisNum/HowTo/Controlling NUM from Ul. html)

» We review them here more briefly than global ones, since they
are closer to data than control flags

ONERA e
\%:“.'_l?; 7' g



Most important local parameters /

» Material modd Id:
« only O today: basic model based on NASCAP properties
» other values possible when next models available

Material Id (within the material model): as of today selects one of the
NASCAP properties set (19 properties)

Material thickness (overrides the one in NASCAP properties list)
Temperature

Sun flux

Poisson eq. Boundary Conditions data (potential on SC...)
Particle source data

A\

V V.V V V

cf documentation
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