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Abstract: Dust Mitigation Methods with Applications to Human and Robotic Lunar and Martian Missions

This summer I worked with Dr. Juan Agui on two projects concerning lunar and Martian dust: one involved mitigating the detrimental affects of dust; the other involved exploiting dust as an in situ resource.

The first project I worked on was building an experimental apparatus to do abrasion testing on an electrostatic coating. The coating is designed to bleed charge off of solar panels and reduce dust adherence. The objective was to characterize the optical and electrostatic properties of the coating—supplied by Paul Hambourger of Cleveland State University in the form of a thin translucent layer on glass slides—before and after the application of a known frictional force between the coating and simulant dust particles. I designed, ordered, manufactured, and calibrated the components of the experimental set-up, which is essentially a force gauge made from a translating stage and stepper motor, flat steel leaf spring, and eddy-current displacement sensor. By matching the test results for glass-on-glass with expected theoretical behavior I attempted to confirm the fidelity of the system’s measurements. All components are now set-up and ready for Dr. Agui to conduct abrasion tests on coating samples once Paul Hambourger has perfected a process to measure the pre- and post-abrasion properties of the coating.
The second project I worked on was using software to model the three-dimensional dynamics of dust particles in an oscillating environment. A group at Glenn is attempting to extract oxygen from lunar regolith by heating an oscillating canister; the oscillations induce convection, which transports heat from the canister walls to the particle mass. This phenomenon has been observed with 3 mm diameter glass beads in a beaker on a vibrating plate, and my objective was to reproduce it with PFC3D software and ascertain whether the software is a useful tool for modeling this mode of heat transfer. I created cylindrical geometric models with 700 to 2300 spherical particles ranging from 3 mm to 5 mm in diameter, which were shaken at frequencies ranging from 30 Hz to 90 Hz and amplitudes from 2 mm to 10 mm. The particles were color coded by region so their motion could be observed over time. Although I observed fingering patterns, I observed more particle disturbance during the initial phase of compaction than during the extended oscillation phase, and I observed no actual convection. The PFC3D software has several problems, the most inhibiting being the long computing time. Because it can take over 24 hours to run a simulation that lasts a sixth of a second, this software is not useful for identifying the conditions that produce convection; it could potentially be useful observing in detail the energy exchange between the particles at known physical conditions.
