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Electric field strengths can grow quite large dur-
ing terrestrial dust devils, ∼ 10 kVm−1 [1]. This
compares to the breakdown electric field on Earth
(∼ 3000 kVm−1 in the laboratory, but 300 kVm−1

within thunderstorms [2]), and exceeds the break-
down electric field in the martian atmosphere, ∼
5 kVm−1 [3]. Electrical discharge in martian dust
devils is therefore a distinct possibility, with con-
sequences for atmospheric chemistry on Mars (e.g.,
nitrogen fixation [4]) and human exploration of Mars.
Charging of dust may affect its ability to coat solar
panels [5], and it is worth noting that a nighttime
winds probably dislodged dust adhered to the so-
lar panels of the MER Spirit on Sol 420. For these
reasons it is important to understand how dust is
electrically charged, and transported, in dust devils
on Earth and Mars. In this abstract we describe:
a model for charging of saltating and wind-blown
particles; an experimental design to test this model;
and a numerical simulations of dust dynamics and
electrical charge in dust devils. The ultimate aim of
these investigations is to determine whether electri-
cal discharge can take place in terrestrial or martian
dust devils.

Underlying Theory
During terrestrial thunderstorms, water droplets

and ice particles are primarily charged by a pro-
cess related to the freezing of supercooled water
(see [6]). This process is not responsible for the ob-
served charging of rocky particles in volcanic erup-
tions [7], dust storms [8], and of agitated martian
regolith simulants in laboratory experiments [9], in
which water is absent. Instead, we propose that
rocky particles in martian and terrestrial dust dev-
ils are charged by the process described in Desch &
Wilson (1997) [10] and Desch & Cuzzi (2000) [11].
Particles exchange charge when they come in con-
tact with each other, both because the total charge
must be redistributed according to the mutual ca-
pacitances of the two particles, and because compo-
sitional differences may lead to an electric potential
difference ∆Φcp between the particles. If the two
particles are conductors, this electric potential dif-
ference is immediately understood as the difference
in work functions of the two materials; the existence

of the triboelectric series [12] demonstrates that
similar relations hold even for non-conducting par-
ticles. Desch & Cuzzi [11] considered the case where
the charging occurs between free-floating particles
in the solar nebula, some composed of metal and
others of silicates. They concluded charge separa-
tion could occur that could lead to electrical break-
down. Desch & Wilson [10] considered the case
where a distribution of saltating silicate particles of
various sizes interacted with a surface (the ground)
of a different composition. They concluded that re-
peated interactions with the ground should lead to
a dependence of particle charge Qp on particle size.
Specifically, they predicted

Qp(a) ∝ ∆Φcp acrossa − a2,

where across is a factor of order unity times an av-
erage particle size. The sign of the constant of pro-
portionality depends on ∆Φcp and therefore on the
relative contact potentials of the saltating particles
and the ground, but large particles (a > across) will
be oppositely charged with respect to small (a <
across) particles. This prediction is consistent with
observations made during terrestrial dust storms,
which show that large and small particles gener-
ally exhibit different signs of charge, with the cross-
over size across close to the mean size of particles
[13]. The underlying charging mechanism described
here, based on differences in effective work func-
tions between particles of different compositions, is
supported by experiments [14], but detailed experi-
mental tests of our model of charging of an ensemble
of dust particles have not yet been made.

Experimental Verification
We are currently conducting experiments at the

Arizona State University Planetary Geology Labo-
ratory (Planetary Aeolian Facility) to test the charg-
ing model of Desch & Wilson [10]. We allow sand
particles with a distribution of sizes (diameters tens
to ∼ 100 µm) to saltate over a surface of uniform
composition (which varies from one experiment to
the next). The charges and masses of each particle
can be measured in situ as the particles saltate, us-
ing the Particle Charge Spectrometer (PCS) instru-
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ment [15]. This instrument is capable of simulat-
neously measuring the charge and mass of particles
that pass through its sensor head. It has been used
to measure charges on particles in a Nevada dust
devil and has found a correlation between mean
particle charge and particle diameter. With the
experiments we are conducting, we will determine
whether a charge-size correlation exists for particles
in a laboratory environment, and we will investigate
the dependence of this correlation on particle and
ground compositions, and particle size distribution.
The observed charging properties will be used as in-
puts to numerical calculations of the transport and
charging of dust particles in dust devils.

Numerical Modeling
We are currently constructing a numerical model

to follow the transport and charging of “dust” (and
saltating particles) in martian and terrestrial dust
devils. So far, few models have considered both
processes simultaneously in a combined numerical
model. For example, Melnik & Parrot (1998) [16]
considered only suspended particles, that are al-
lowed to charge each other through an unspecified
mechanism, and which settle under the assumption
of zero wind. Since large particles settle first, they
can carry charge to the ground and lead to large ver-
tical electric fields that can trigger discharge; these
calcuations are not pertinent to charging during a
dust devil itself. Likewise, Farrell et al. (2003) [17]
considered a one-dimensional model in which arbi-
trary vertical velocities of particles are maintained
by the dust devil, and in which partilces charge each
other according to the charging mechanisms of [11]
or [16]; they also included a neutralizing current.
They likewise found that electric discharge is pos-
sible, but these calculations are likely affected by
the one-dimensional assumption and the lack of a
specified dust transport mechanism. Real dust dev-
ils contain both suspended and saltating particles,
and are three-dimensional in structure; it is worth
noting that by ≈ 90% of lightning strikes in terres-
trial thunderstorms occur between charge centers
within the clouds [6], and would not be predicted
by a one-dimensional model.

Our numerical model is three-dimensional, us-
ing on the order of 300 zones in the x and y direc-
tions and 1000 zones in the vertical direction, giving
1-m resolutions near the dust devil vortex. We do
not calculate gas motions ab initio, rather impos-
ing a vortex (e.g., Rankine vortex) plus horizontal
wind. Into this wind profile we introduce a popula-
tion of particles of different sizes and compositions.
The dust particles are treated in the fluid approxi-
mation; the transport of each family of particles is
determined by copmuting the drag force, gravita-
tional force, and electrical forces on the particles.
We also allow for a distribution of saltating parti-
cles near the ground. The thresholds for saltation
and suspension, and the fluxes of particles lifted off
the ground are parameterized using the results from
the literature and ongoing laboratory experiments
at ASU. Particles charge each other by mutual colli-
sions according to the model of [11] or suitable sub-
stitute. We also account for photoelectric charging
and a neutralizing current in the air. Given the spa-
tial distribution of charged particles and the charge
on the ground we compute the electric field. Key
quantities to be determined are the charge distri-
bution on particles, and whether the electric field
exceeds the breakdown electric field.
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