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Introduction: One of the unique aspects of design-
ing a spacecraft that will enter the Martian atmosphere
is that the vehicle will encounter dust during atmos-
pheric entry. Small dust particles are present even under
quiescent conditions, and the level of dust significantly
increases when a major dust storm occurs. During or af-
ter a dust storm, the dust can extend to altitudes as high
as 80 km. Because planetary missions to Mars take
years from initial design to arrival at Mars, and because
of the unpredictability of major global dust storms, the
design of the thermal protection system (TPS) of a Mars
entry vehicle requires an estimation for the potential
damage caused by dust particle impacts on the heat-
shield. Dust particle erosion can increase the required
TPS thickness and/or increase risk due to leaner mar-
gins.

Palmer, et al. [1] provided an overview of the equa-
tions and modeling assumptions that go into an analysis
of heatshield erosion due to dust particle impacts during
a Martian entry. The equations for determining the size
distribution and number density of dust particles as a
function of altitude based on observations taken at Mars
were presented as well as the governing particle trajec-
tory equations using the Lagrangian framework. These
equations were implemented into a 2-D standalone par-
ticle trajectory code and applied to estimate the heat-
shield erosion due to dust particle impacts for a hypo-
thetical case of the ExoMars Schiaparelli capsule enter-
ing the Martian atmosphere during a major regional and
global dust storm.

The purpose of the current research effort is to take
the equations presented in Ref. [1] and incorporate them
into the US3D CFD flow solver [2]. The integrated code
will allow higher-fidelity modeling of particle-fluid in-
teractions and allow for the simulation of physical ef-
fects such as surface heating augmentation due to parti-
cle impacts. The key elements underpinning the current
work are a robust tracking algorithm that can identify
the encompassing mesh elements for individual parti-
cles and a point to point MPI framework. These devel-
opments combined with accurate property models and

high-order time-stepping deliver realistic simulations
on larger computational grids for a wide range of parti-
cle mass loadings. The coupled US3D-particle code will
be applied to the Schiarparelli capsule and Earth-based
experimental test cases.
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