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Two fluid-dynamic regimes =⇒ two numerical methods
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Continuum regime:
Computational Fluid Dynamics (CFD)

Fluid dyn. PDEs: ∂

∂t
~U + ~∇ · ~F = ~S

Hyper2D (Open Source =⇒ GitHub)

Rarefied regime:
Direct Simulation Monte Carlo (DSMC)

Individual particles

SPARTA (Open Source =⇒ GitHub)
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Lunar lander plumes
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Lunar lander plumes
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Apollo vs Starship-size landers
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Apollo vs Starship-size landers: dynamic pressure
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PITMS lunar mass spectrometer
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Peregrine: external transport or internal di昀昀usion paths?
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Peregrine: Kn and inter-species collisions
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Contamination

Mass-spectrometer measurements on the lunar surface
PITMS was intended to measure lunar volatile species, including H2O.
I The lander plume deposits contaminants on the lunar surface

(H2O and other species) → measurable by mass specs
I Landers execute scheduled venting operations to expell excess fuel
I The lander is a water-vapor source because of outgassing =⇒ to be quantified

Also see:
• Killen et al, Moon: Handle With Care, 2024
• Killen et al, Temporary atmospheres produced by human activities on the Moon, 2025
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儀甀antifying Peregrine’s outgassing rate
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Astronauts might also contaminate scientific measurements

Astronauts deploy instruments!
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