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Introduction:  This project’s aim is to model 

NASA’s platform for aerial exploration of Mars, 
A.R.E.S., or Aerial Regional-scale Environmental 
Survey.  This Mars Scout Mission candidate lost the 
initially bidding for the Scout Mission to fly in 2007 to 
the lander Phoenix.  Computational Fluid Dynamic 
(CFD) modeling of ARES allows the platform to be 
flown in a simulated Martian atmosphere.  This atmos-
phere has an air density one-hundredth of Earth’s, tem-
peratures averaging –60 degrees Celsius and a 
composition 95% carbon dioxide [1].  The atmospheric 
as well as geologic data that could be revealed by an 
aerial platform has kept this interesting Scout candi-
date in the running.  This platform could also discover 
and investigate areas with higher methane concentra-
tions and conduct crustal magnetism measurements 
[7].  In order to perform an aerodynamic study on this 
candidate, a model had to built using a grid generator.  

FELISA (Finite Element Langley Imperial Swan-
sea Ames) is a grid generator developed at the previ-
ously listed institutions and is part of the STARS 
package that Oklahoma State University uses to model 
aeroelasticity for NASA Dryden.  Three input files 
must be constructed for the FELISA grid generator to 
run, these are the surfaces, boundary conditions and 
background files.  FELISA’s grid output from these 
three files and a controls input file allow the fluid 
solver Euler3d to simulate a variety of atmospheres, 
free stream speeds, and directions of air flow over an 
aircraft.  

 

 
Figure 1. Orthogonal view of ARES Platform from 

NASA Langley’s Proposed Mars Scout Mission web-
site, http://marsairplane.larc.nasa.gov/multimedia.html 

 

 
Figure 2.  Colorbars view of different Mach 

speeds over ARES.  Image generated with Glplot3d, 
part of the STARS package. 

 
Methodology:  The most difficult part of the CFD 

process is the programming of the plane’s surfaces to 
be analyzed.  This modeling is done through the sur-
faces file and is a list of x, y and z-coordinates that 
comprise 74 segments and 36 surfaces.  Each surface 
is identified by the segments that comprise it in a 
“right hand rule” fashion.  The surface is broken into 
parallel segements and each segment is listed from 
right to left as to orient the surface “out.”  The surfaces 
file for ARES is copied from an Excel spreadsheet that 
is linked to another sheet dictating placement of the 33 
airfoils in the wing and 13 airfoils in the stabilizer.  
Each airfoil exists as a set of 98 x,y-coordinate points 
from the UIUC airfoil database.  The collection of air-
foils, given the added dimension of depth in the 
spreadsheet, make the surfaces file over 7000 lines 
long.   

A pullout scenario of the ARES deploying straight 
down was ran in Euler3d (Figure 4).  The computed 
lift coefficients, along with constants such as ARES’s 
weight on Mars, gave a height requirement for de-
ployment.  This scenario also provided a glide dis-
tance, if for some reason ARES’s liquid rocket propul-
sion system malfunctioned. 

Results and Conclusions:  The CFD solver 
Euler3d outputs the total forces on the plane in the x,y 
and z dimensions and the total moments on the plane 
along the x, y and z-axes.   

Some steady data was taken for ARES using the 
makecut3d utility.  It allows the Mach numbers and 
coeffiecients of pressure to be taken for each coordi-
nate point along a surface of the plane.  A similar util-
ity in the Glplot3d program plots the calculated values 
along with ARES (Figure 5).  The Glplot3d program 
allows a number of interesting visuals to be con-
structed that provide greater insight into where prob-
lems of turbulance arise.   
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Computational fluid dynamics is allowing planes 
like NASA’s ARES to be designed for optimum flight 
in alien atmospheres.  Atmospheres one-hundredth the 
density of our own and consisting nearly entirely of 
carbon dioxide [1].  These properties combined with 
strange temperatures in the negative fifties give Mars a 
low Mach number velocity, 241 m/s [2]. This furthur 
complicates flight with the intoduction of shocks at 
slower speeds.  The most accurate way to replicate all 
of these interesting flight dynamics is through CFD.  
This developing technology will allow planes to be 
optimally designed for future missions on Mars and in 
other alien environments. 
 

 
Figure 3.  Top view of ARES showing the back-
ground file grid and the density of nodes along the 
leading edge.  Image generated using GLplot3d ver. 
6.55, part of the STARS package.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  Pullout trajectory of ARES at varying rud-
dervator deflections upward.  Graphed using Microsoft 
Excel. 

 
Figure 5.  Velocity vectors cut made two centimeters 
behind trailing edge of wing.  At this distance vortices 
can be seen to be forming. 
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