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Soil erosion, in which a fluid removes grains
from a granular bed, is the first part of the more
complex soil transport process that includes
suspension, saltation and deposition. A vertical
jet of gas scours out a crater over a spatial
extent smaller than the saltation length so the
erosion rate can be measured apart from these
other complexities. The crater deepens until its
outer wall collapses to the angle of repose. The
inner parabolic crater then persists at constant
size throughout the experiment at the bottom
of the conical outer crater as shown in Fig. 1.

Figure 1. Crater forming behind window;
jet pipe is centered on cutout in window.

All erosion takes place along the upper rim of
the inner crater, which is constant in size and
geometry throughout the experiment,
successfully isolating the soil lifting process
from most of the geometry. The depth of the
crater is plotted for every frame of the
experiment’s video and found to nicely fit a
straight line against the log of time as shown in
Fig. 2. The slope L and the intercept L log(1/T)
identify characteristic length and time scales L
and T. The mass erosion rate scales as L3/T.

Figure 2. Crater depth versus log time.

The physical parameters (sand grain diameter,
mineral density, gas density, gas velocity, jet
diameter, and height of the jet’s exit plane) are
varied to determine their scaling behavior. The
experiment was repeated in a reduced gravity
aircraft to determine the scaling with gravity, g.
Preliminary results show L ~ g-1/4 and T ~ g+1/4 so
that L3/T ~ 1/g. However, some soils with finer
particle sizes diverge from this scaling in T at
lower gravity, presumably due to cohesion. An
example is Martian soil simulant JSC-Mars-1A,
shown in Fig. 3. It follows the 1/g mass scaling
until lunar gravity (0.16 gee), implying the
dominance of cohesion in that regime.

Figure 3. Scaling of mass erosion rate with
gravity for JSC-Mars-1A.

