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Context

• CCN 1 to ESA/ESTEC contract 4000102091/10/NL/AS
• Technical Officer: David Rodgers
• Partners: ONERA, ARTENUM

• SPIS software is used by an increasing community with increasing needs
• Training
• Debugging
• Extensive validation assessment
• Verifying their own developments have no unexpected side-effects

• Objectives of this activity
• Correct bugs reported by ESA 
• Organize a training course at ESTEC : more than 20 people trained last year
• Develop a non-regression procedure � this presentation
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Non-regression procedure

• Objectives
• Test parts of the code.

• Help the developers to verify the non-regression of their contribution.

• Extend the number of simulation cases achieved by SPIS and provide them to the 
community

• Comparison with theory or other codes
• Using Spis 4.3.2

• Delivery of new cases

• Update of existing cases

• Outputs
• Achieved : Technical sheets supplied to European Spatial Agency (ESA) and all the 

interested developers 

• Under progress: automatic procedure to run cases and check non-regression (spis 5)



4

S
P

IS
-M

A
IN

T
E

N
A

N
C

E
, S

P
IN

E
 m

ee
tin

g,
 N

oo
rd

w
ijk

, 1
9/

03
/2

01
3

Spherical probe

Rp/λD →
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Spherical probe

• Potential sweep scenario (0 to +25*kTe/e) for three probe ratios (Rp/ λD = 0,5 top left-
hand corner, 1 top right-hand corner and 5 bottom center).

• Results close to Laframboise (error < 3%) for high Debye lengths, some difficulties for 
small Debye lengths

• Even better with SPIS 5 (see tomorrow presentation)
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Quasi-infinite cylinder probe

� Simulation 
launched for Rp/ λD
= 1 and Rp/ λD = 5.

� Error around 10 %

� but < 1% with next
SPIS version.symmetry for potential and flux

incoming flux
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Floating non-emitting sphere

Probe 
ratio

Floating 
potential

-
Full PIC (V)

Floating 
potential

-
Hybrid 

distribution (V)

Floating potential
-

OML (V)

Rp/λD = 0.5 -1.261 -1.246 -1.25

Rp/λD = 1 -0.509 -0.504 -0.5
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Emission limited by space charge

• Mono dimensional Child-Langmuir configuration

Distance d = 1 cm
Source temperature kTe = 0,2 eV
Potential ranging from 20 V (100kTe) to 0
Source current density = Je max
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Small patch charging on a spherical body

• Comparison with EQUIPOT

� Equipot is a code accessible via html and implemented in 
SPENVIS

� User has access to:
� the environment choice
� the material properties
� the spacecraft illumination

� Supplied results concern
� The steady-state potentials
� The steady-state currents
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Small patch charging on a spherical body

Sunlit patch Shadowed patch
Observables

Part of S/C SPIS 4.3.2 Equipot
Differences / 
Comments

SPIS 4.3.2 Equipot
Differences / 
Comments

Net Photoelectron 
current density 
(A/m 2)

Metallic 
sphere

7.96 E-07 7.94 E-07 0.3 % 8.38 E-07 8.07 E-07 3.8 %

Dielectric 
patch

7.55 E-07
9.47E -07 20.2 %

-8.99 E-08
1.05E -21 ok

Net SEE current 
density (A/m 2)

Metallic 
sphere

4.31 E-07 4.37 E-07 1.4 % 4.11 E-07 4.38 E-07 6.3 %

Dielectric 
patch

3.39 E-07 3.09 E-07 9.6 % 1.17 E-06 1.24 E-06 5.9 %

Aluminum sphere and kapton patch in quiet GEO enviornment

Equipot: 15,1 V

Equipot: 0,94 V

SPIS: 13,8 V

SPIS: 1,00 V

Shadowed patch

Equipot: 15,1 V

Equipot: 18,3 V

SPIS: 12,7 V

SPIS: 13,3 V

Sunlit patch
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Small patch charging on a spherical body

Gold/Teflon configuration in shadow and charging environment 

Observables Part of S/C SPIS 4.3.2 Equipot Differences / 
Comments

Net SEE current 
density (A/m 2)
(collected – emitted)

Metallic sphere 5.60 E-06 5.31 E-06 5.5 %

Dielectric patch 1.56 E-06 1.58 E-06 0.9 %

Net total current 
density (A/m 2)

Metallic sphere 2.69 E-09 -5.00 E-09 J
net

= 0 

Metallic sphere 5.60 E-06 5.31 E-06 5.5 %

Equipot: -5100 V

Equipot: -17700 V

SPIS: -4800 V

SPIS: -20000 V

Potential (V)
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Plasma wake
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Plasma wake - Ion density

Void region

Rarefaction region

Plasma ion density

M = 2   => Θm=30° M = 4   => Θm=14,5 °

M = 20 => Θm=2,9°

Error < 1 % on collected currents vs. theory 

Potential in the wake close to theory (Gauss)
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Particle motion in E cross B field
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Particle motion in E cross B field

Case 1 (ion temperature = 10 eV) Case 2  (ion temperature = 1000 eV)

Ion density (m-3) Ion density (m-3)
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A total of 17 cases

• 4 extra comparisons with EQUIPOT
• Sphere with thin wires

• GEO case
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17 Technical Data Sheets attached to Spis4 projects

Description / Inputs

Outputs / Comparison
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Conclusion and perspectives

• Conclusion
• All the test cases lead to satisfactory results

• The most challenging simulations concern Child Langmuir case and the case with 
small Debye lengths

• Large CPU time necessary for 2 or 3 simulations (PIC population)

• Work pending
• Automation of cases running by non-regression procedure (Spis5)

• Delivery to community

• Perspectives
• Extend the number of cases


