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e Variability in part caused by the transition from static to dynamic
behavior

* How does this transition from static to dynamic depend on material
composition and gravity?



Simplified model of a granular material

Study the interplay between gravity and material properties in a simplified Molecular
Dynamics (MD) model of a prototypical granular system

Ozaki, S. npj Microgravity (2023)

Prototypical experiment

Psuedo-2D hour-
glass

Filled with various
sands

Hour-glass is flipped
and flows are
recorded

Simple MD model

2D Funnel

Filled with a
monolayer of
polydisperse spheres
Funnel is unplugged
and grains flow out



Simplified model of a granular material

Forces between particles i and j follow the DMT
style:
Fij = F, + Fi, normal force + tangential force
0 ri—71;>R; + R;
Fn = {Fspring o Fdamp —Fpw Ti— rj <R; + Rj
F, = — min(uF,;, Feq amp) , coulombic friction

Fspring = —krizi , hormal spring
Fgamp = —ym;;Vjj , normal dashpot damper
Fypw = 4m®R;;, cohesive VDW like force
4 key variables : k,y(€), u, @
k,y(€), u are easily determined by material properties
¢ is not so easily measured
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Simulation procedure

1. Funnelis empty and filled from top
randomly with 1500 polydisperse spheres,
R=(0.001mm-0.1mm).

Spheres pack randomly into plugged funnel
Plug is removed

Grains flow out

A T

Flow pattern changes with variation in ¢.



Calibrate ¢ with a simple experiment

Micro rheology experiment

45mm

1. Laser cut micro-2D hour-glass

2. Spherical regolith simulant: Mars
Wind-drift

3. Grain detection and tracking
algorithms

4. Match flow in experiment to
simulation

¥ ) 15mm




Flow profiles in experiment and
simulation
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Extrapolate conditions in simulation.

With fixed ¢ we are free to vary G and other parameter in the simulation




Tracking clogging/jamming onset
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Funnel clogg

Increasing Cohesion (@) —

ing in the G-¢ phase space
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Trend is generalizable to lower G

Increasing Gravity —

Increasing Cohesion (@) —
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