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Introduction
• MOMA is an ion-spectrometer for the ExoMars Rover mission

– Collected Martian soil sample delivered into a UltraClean Zone (UCZ), 
maintained at ambient atmospheric pressure (~0.6 kPa/4.5 Torr)

– UCZ separated from a vacuum cavity, housing a quadrupole 
mass spectrometer, by an aperture valve (APV) assembly

– The main feature of the APV is a 3 cm long / 1.3 mm ID 
sectioned ion guide tube

– A sliding mechanism aligns the middle section, allowing the ambient 
CO2 to flow into the vacuum cavity

– After a short interval to establish steady flow, the sample illuminated 
with several laser beam pulses

– The desorbed ions become entrained in the CO2 flow and are transported to the mass spectrometer
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Objective
• Ground testing at NASA Goddard indicated dependence of ion signal on: 

1) the ambient pressure and 2) the APV applied voltage 
• Numerical investigation thus desired to obtain insight into ion dynamics

UCZ

vacuum 
cavity

valve

sim.domain



45th International Conference on Plasma Science (ICOPS 2018), Denver, CO

Simulation Approach
• The simulation needs to consider both plasma and gas dynamics
• Due to low operating pressure, ions and neutrals treated with a kinetic approach: Particle in Cell (PIC-MCC) for 

plasma and Direct Simulation Monte Carlo (DSMC) for gas
• Geometry exhibits axial symmetry, a 2D axisymmetric code used to reduce computational time
• Two phases: 1) DSMC simulation to establish steady-state CO2 flow and 2) ion transport with “frozen” ambient gas
• Using a 2D, open-source Java code Starfish: Brieda, L. and Keidar, M., “Development of the Starfish code...”, 48th AIAA JPC, 2012
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APV Bias Potential
• The APV voltage can be biased positive or negative
• Initially hypothesized that negative bias potential could increase ion signal, experimental and numerical results 

indicate not to be the case
– Negative bias potential results in a “plasma lens” at the entrance diverting ions towards the wall
– Positive bias repels ions from the inlet
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Additional Studies
• Valve thru-hole not completely axial due to clearance 

between the upper and lower ion tube segments 
– Maximum rotation 1.6 degrees
– No-longer axi-symmetric, simulated as a 2D XY slice
– DSMC simulation does NOT indicate presence of vortices 

or similar flow feature that would inhibit ion flow 

• Also interested in surface charging
– Of interest is the lubricant used on the sliding mechanism
– Small charge buildup (<=1V) sufficient to restrict the ion flow, complete blockage with 3 V 
– Self-consistent surface charging algorithm (not available) needed to estimate

local surface charge
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