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Abstract

The SuperCam Mars 2020 Microphone, a collabora-
tion between ISAE-SUPAERO, IRAP in Toulouse and
the Los Alamos National Laboratory (LANL), will
record sounds from the surface of Mars in the audible
range. It will support SuperCam Laser-Induced Break-
down Spectroscopy (LIBS) investigation by recording
LIBS shock waves but it will also record aeroacoustic
noise generated by wind flowing past the microphone.
Here we use Computational Fluid Dynamics to study
the interaction between the wind and SuperCam, by
means of Direct Numerical Simulations. The goal is
to understand how the microphone signal can be used
to determine the wind speed and direction on Mars.

1. Introduction

The SuperCam instrument suite selected for the NASA
Mars 2020 rover will include as an add-on, the Mars
Microphone developed by ISAE-SUPAERO in part-
nership with IRAP and LANL, which is designed and
tested to record Martian sounds from 100 Hz up to
10 kHz [1]. It will help to document SuperCam LIBS
targets by inferring hardness and laser pit depth [2].
It will also contribute to basic atmospheric studies as
the Martian environment is subject to variable wind
speeds [3]. This suggests complex interactions be-
tween the flow imposed by the wind and SuperCam.
Vortices or turbulent structures generated in the wake
and around the instrument can impact acoustic mea-
surements, depending on the positioning of SuperCam
relative to the wind, by imposing fluctuations of the
pressure field in the vicinity of the instrument. A com-
prehensive understanding of the interaction between
wind and the instrument could also help us to deter-
mine wind speed and wind direction, which are of
great interest to atmospheric sciences.

2. Objectives and Challenges

We propose to study the incompressible unsteady, low
Reynolds number flow generated in the close environ-
ment of SuperCam under the influence of the Mar-
tian wind. The specificity of the environmental con-
ditions representative of the Martian surface - atmo-
sphere composed of 96 % CO2, average density of
0.02 kg/m3, pressure of about 600 Pa and temper-
ature of 210 K, variable wind speeds, raises many
questions about the flow regimes induced past the Su-
perCam instrument.

Their prediction is, however, important for a full un-
derstanding of the acoustic measurements performed
in situ by the microphone. It also paves the way for the
definition of a potential experimental protocole able to
provide information about the wind speed and direc-
tion as a function of the signal acquired.

3. Methods

In this context, we analyse the flow around the in-
strument under Martian environmental conditions by
means of Direct Numerical Simulations.

The Navier Stokes equations are solved with a fi-
nite volume approach [4]. The impact of the instabil-
ity modes generated past SuperCam instrument on the
pressure field exerting on the microphone is evaluated
as both the direction and the velocity of the wind are
gradually varied.

4. Results

The numerical results reveal the occurence of com-
plex instability modes in the close wake of SuperCam,
as the Reynolds number (i.e. the flow velocity) is
progressively increased. Figure 1 depicts the vortical
structures, identified as iso-contours of Q criterion [4],
around and in the wake of SuperCam when it is facing
abm/s wind.



Figure 1: Upper view of the vortical structures, col-
ored by velocity amplitude, past and in the wake of
the SuperCam instrument, for a 5 m/s wind facing
the front face of the instrument.

Interestingly enough, the analysis of the time histo-
ries of the pressure signal measured at the location of
the microphone (Figure 2) highlights different trends
as a function of the direction of the wind. These trends
are confirmed whatever the velocity of the wind.
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Figure 2: Time histories of the pressure variation sig-
nals (relative to ambient pressure) at the location of
the microphone, for a 5 m/s wind velocity. Green,
red and blue curves correspond to the wind facing the
front, lateral (close to microphone) and back face of
the instrument, respectively.

The direction of the wind impacts the mean value of
the pressure signal at the location of the microphone.
While the mean (resp. rm.s.) pressure is obviously
reaching a maximum (resp. minimum) value when the
microphone is facing the wind (green curve on Fig-
ure 2), the mean (resp. rm.s.) pressure measured at
the location of the microphone tends to be minimum
(resp. maximum) and almost equal, when the flow is
facing either the lateral (red curve) or the back face
(blue curve) of SuperCam, since the microphone is im-
mersed in a massively separated region of the flow. Fi-
nally, while the temporal variations of the pressure sig-

nal are very low when the microphone faces the wind,
the spectral content of the pressure fluctuations is en-
riched and spreads to lower scales as SuperCam is ro-
tated and the microphone is moving downwind (red,
then blue curve). This is driven by the inception of
vortical structures of much more various scales in the
separation zone located in the wake of SuperCam, in
comparison with the ones promoted in the separation
zones located on the lateral sides of the instrument.

5. Summary and Conclusions

In this paper, a numerical analysis of the flow regimes
promoted around and in the close wake of the Super-
Cam instrument has been conducted. Different insta-
bility modes have been identified, depending on both
the direction of the Martian wind and its speed. A pro-
tocol might then be been developed to use the signals
acquired by the microphone to determine both the di-
rection and the speed of the wind relative to the instru-
ment, when SuperCam is rotated by 360°. It should
consist in identifying both the maximum variation of
the mean pressure during the rotation, giving access to
the amplitude of the speed, and in locating the angular
positions of the Supercam when the spectral content
of the fluctuating pressure is minimal, then maximal,
giving access to the direction of the wind.
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