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Modeling Hypersonic Reentry from the  
Martian Thermosphere down to the Troposphere

Maximilian Maigler, Institute of Plasmatechnology (UniBw M)
Valentina Pessina, Institute of Plasmatechnology (UniBw M)

 
 
Abstract
Our research is dedicated to establishing a computational framework that allows 
accurate and efficient modeling of hypersonic reentry into the atmosphere of Mars. In the 
upper atmosphere (thermosphere), rarefied gas phenomena dominate the governing flow 
physics and the Direct-Simulation Monte-Carlo (DSMC) method is employed. This regime 
is located above 80 km altitude, and the flow starts to become transitional between 60-80 
km while becoming entirely continuous below 60 km altitude. Here, a continuum Navier-
Stokes based solver is utilized, as the DSMC method greatly exceeds computational 
feasibility in this regime. The solvers (PICLas for DSMC, OpenFOAM for CFD) are extended 
with multitemperature, chemistry and surface interaction models to improve capturing 
the complex physical phenomena taking place in hypersonic (rarefied) fluid dynamics.

Project Results
The computational framework is evaluated with real flight data from the Viking 1 mission 
in 1976. During reentry, acceleration sensors in all three cartesian directions recorded 
the acceleration. From the mass of the spacecraft, the forces and finally the aerodynamic 

lift coefficients can be derived from the flight 
data. In the simulation, the pressure on the 
surface of the spacecraft is used to derive the 
forces. Excellent agreement of the lift, drag 
and moment coefficients could be achieved 
with an average deviation of 1-2% from the 
flight data (see left figure). The chemistry 
and multi-temperature modeling give in 3D 
with a very high time-resolution (down to 1 
ns / timestep) allow a detailed analysis of the 
flow physics. In particular, the strong shocks 
around the spacecraft and high temperature 
due to compression (up to 20,000K, see 
figure below) can be better understood 
using the simulation results in making future 
spacecraft designs and predictions about 
the reentry trajectory more reliable and safer.

Figure 1: Comparison of predicted drag and lift 
coefficients with in-flight measurements  
and predictions from LAURA
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Outlook
In summary, a significant contribution to computational analysis of reentering spacecraft 
into Martian atmosphere has been achieved. All employed codes are open source and 
the setup and validation may help other institutions around the world to research these 
types of flow problems. Furthermore, hypersonic reentry into Martian atmosphere is 
characterized by differences in chemistry, as the composition and properties of it are 
vastly different than the one of the Earth, making experimental wind tunnel setups very 
expensive and complex. 

Figure 2: Contours of translational temperature at  
140 km altitude in the rarefied flow regime 


