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Abstract—Study on the characteristics of the Martian
atmosphere, selecting the appropriate calculation method,
combined with FLUENT fluid finite element calculation software,
a simulation of the multiple steady internal flow field of
environment box in the Mars atmospheric environment
conditions were analyzed. At the same time, the air flow
experiment system has been established. The results show that
the simulation results are in good agreement with the
experimental results. The experimental system and simulation
method will provide technical support and reference for the
design of the Mars atmosphere simulation box.
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I. INTRODUCTION

Mars exploration is the hot spot in the world of deep space
exploration. Mars surface environment is characterized by
complex and diverse, and the Earth's environment and space
environment are very different. The harsh environment will
have a significant impact on exploration activities. This
requires a simulated surface composite environment to meet the
needs of type testing [1].

At present, the research and application of simulation
technology in space environment [2-10] is very large. However,
the simulation and experimental study of the Earth's orbit
environment is still inadequate in simulating complex and ever-
changing environments such as Mars surface temperature,
gravel, solar radiation and the atmosphere. In order to meet the
requirements of the follow-up Mars exploration model test, it is
necessary to carry out Mars ground environment simulation
research [6]. In this paper, a simulation method is established.
By selecting the process simulation method suitable for the
Martian atmosphere and experimenting on the simulation
results, it is of great guiding significance to the design of Mars
atmospheric simulation environment box.

II. THEORY FOR THE MARTIAN ATMOSPHERE
ENVIRONMENT SIMULATION BOX

The Martian atmosphere is much thinner than the Earth's
atmosphere, and the sparse properties of the Martian
atmosphere must be considered in the selection of flow
modeling computations, and the Knudsen number [3] is usually
used to characterize a meteorological sparsity in lean gas
dynamics theory. Knudsen Number of gas molecules mean free

path A flow characteristics of the length of the ratio of L,
especially the expression:
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The average free path of the gas molecules inside the
environment box being calculated according to the given
temperature and pressure ranges is a maximum of 8.357 X 10-5
m, and a minimum of 2.235 X 10-6 m, with the Knudsen
number range of 2.235X10-6~8.357 X 10-5. The flow field
inside the environment box belongs to a continuous flow field

range, and the N-S equation is applicable in the range of gas
conditions under which the environment box is situated.

III. THE SIMULATION METHOD FOR THE MARTIAN
ATMOSPHERE SIMULATION ENVIRONMENT BOX

A. Simulation Method

Lean airflow simulation module is based on Fluent CFD
simulation and calculation tools developed for low temperature
and low voltage closed-loop fan drive circuit for a variety of
environmental chamber program given steady-state or non-
steady-state results, including box pressure, temperature and
speed vector distributed.

B. The Boundary Condition

FLUENT software only adds the same amount of
momentum load to the specified area. The corresponding user-
defined functions are available through the software's UDF
interface. Calculate each cell in the area and apply the
corresponding momentum load based on the distance from the
center of the cell to the axis of rotation of the fan.

C. The solution and result output

The FLUENT solver calculates the flow field based on the
Navier-Stokes equations. The law followed by fluid motion is
the three laws of conservation of physics, namely the law of
conservation of mass, the law of conservation of momentum
and the law of conservation of energy. The mathematical
descriptions of the fluid laws of these three laws form the basic
equations of fluid mechanics. The flow field control equation
includes continuous equation, momentum equation and energy
equation, and the flow field inside the environmental chamber
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is obtained by solving N-S equation of viscous flow or non-
adherent Euler equation. The general form of Navier-Stokes
equations and Euler equations is:
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Considering U, F, G, H and J as vectors, we can represent

the Navier-Stokes equation and the Euler equation described
above.

J ()

IV. SIMULATION OF THE MARTIAN ATMOSPHERE
SIMULATION ENVIRONMENT BOX

A. Physical Model and Geometric Model

The geometric dimensions of the ambient box in the
ambient box fig.1. The mixed gas component content shows
95% carbon dioxide, 3% nitrogen and 2% argon.

The simulation model of the environmental box is shown in
Fig. 2, taking into account the symmetry of the environmental
box to reduce the computational load. The flow field
calculation grid of the environmental box is shown in Fig. 3,
where the yellow part represents the application area of the
momentum source for simulating the ducted fan while the red
area represents the test part, which monitors the wind speed of
the test part during the calculation.
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FIGURE I. SIZE OF THE ENVIRONMENT BOX
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FIGURE II. THE SIMULATION CALCULATION MODEL OF THE
ENVIRONMENT BOX
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FIGURE III. THE FLUID CALCULATION GRID OF THE
ENVIRONMENT BOX

B. Simulation of the Environmental Box

We have selected 1500Pa as the typical operating
conditions to simulate the interior flow field of the cylindrical
environment box. The environment is -60°C, and the speed
conditions are 2-16m/s.

The velocity vector distribution and the pressure
distribution of the cylindrical under typical operating
conditions are shown Fig. 4 and Fig. 5. It can be seen from the
figure that the test section basically forms a vortex at the edge
of the middle laminar flow area at a constant velocity laminar
flow area and the air intake of the fan rotor disk is formed near
the negative pressure area because of the suction force of the
fan, The nip will appear where the fan accelerates air flow to
the tank wall due to the fact that the air flow in the zone is
retarded and thus increases the pressure and the rest of the
pressure, especially the test section, remains at a relatively
consistent level.
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FIGURE IV. THE VELOCITY VECTOR DISTRIBUTION OF THE
ENVIRONMENT BOX
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FIGURE V. THE PRESSURE DISTRIBUTION OF THE ENVIRONMENT
BOX
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Streamline distribution of environmental box shown in
Figure 6, from which we can see that the environmental box of
the return air flow along the wall of the box mainly cylindrical
environment. This reduces the interference of the laminar flow
in the test section, which not only improves the stability of the
laminar flow in the test section but also reduces the fan power
requirement in this case.
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FIGURE VI. THE STREAMLINE DISTRIBUTION OF REFLUX
AIRFLOW OF THE ENVIRONMENT BOX

V. EXPERIMENT AND COMPARISON

A. Experiment System Development

According to the low Reynolds number high-efficiency fan
design parameters designed by the design software of low-
pressure wind speed generator, the processing of the airflow
simulation device is completed and the gas flow test system is
established to verify the application performance of the wind
speed generator at low pressure, as shown in Fig. 7 and Fig.8.
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FIGURE VIII. THE DEVICE OF THE CYLINDRICAL ENVIRONMENT
BOX

B. Test Result

The test result of 1500Pa was obtained through the test of
the low-pressure wind speed generator, and obviously that with
the speed of rotor increases, the wind speed also increased
accordingly.

Finally, the simulation results are compared with the test
results, as in Fig.9. The comparison results show that the
simulation results agree well with the experimental results. The
results show that the design of low pressure wind speed
generator design is reasonable and has certain guiding
significance for the design of low pressure fan.
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FIGURE IX. COMPARISON OF SIMULATION RESULTS WITH
EXPERIMENT RESULTS IN 1500PA AMBIENT PRESSURE

VI. CONCLUSION

In this paper, the calculation method and calculation model
of Mars atmospheric environment box are selected, and the
simulation method is established. The simulation was done by
using the existing commercial finite element software
FLUENT. At the same time, an air flow experiment system
was set up, including the development and processing of low
Reynolds number high efficient fans, the construction of the
platform, the installation of the test device, the final data test
and the satisfactory test results. The results show that the
simulation results agree well with the experimental results. The
establishment of calculation methods and test methods has
provided support for the application of Mars atmosphere
simulation box in the future.
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