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Identification and Significance of Innovation
• Current models of lunar soil erosion and transport ignore essential 

physics peculiar to lunar environment:

Lunar Soil Grain
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- Rarefied plume surface layer flow; wake/turbulence effects from 

surface obstacles; lift from collisions in high particle loading
- Drag/lift of highly irregular grain shapes in mixed rarefied flow
- Granular stress models entirely based on empiricism for mono-

dispersed spherical particles; ignore shape and size mix
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Irregular Lunar Soil Grain

NASA and Non-NASA Applications

Expected TRL Range at the End of Contract (1-9): 4

• Reduce erosion modeling uncertainties by deriving first principle 
physics sub-models applicable in lunar flow environment

Technical Objectives
• Apply innovative concepts/tools for rarefied flow irregular grain NASA and Non NASA Applications

• Robotic and manned Moon landing
• Robotic and manned Mars landing
• Dust generation environment during ISRU operations 

(rovers, excavation, mining, etc.)
• Brown-out during desert helicopter and aircraft take-off

• Apply innovative concepts/tools for rarefied flow, irregular grain 
shape particle aerodynamics, collision effects, granular stresses 

Work Plan
• Characterize mixed rarefied-continuum surface layer flow in lunar 

vacuum environment using Unified Flow Solver (UFS) 
• Use adaptive mesh and algorithm refinement (AMAR) in UFS for 
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aerodynamic data generation of highly irregular lunar grain shapes

• Apply Lagrangian particle interaction simulation tool for particle 
collisions, impact, rebound, scattering in dense particle streams 

• Apply innovative approach for constructing irregular shapes from 
linking/overlapping spheres and directly predicting constituent soil 
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NON-PROPRIETARY DATA

stress characteristics; overcomes current empirical approaches
• Formulate newly derived sub-models for insertion in existing soil 

erosion simulation tools


