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Introduction:   
 
Recent observations and simulations showed the 
importance of the upper atmosphere/ionosphere in 
the escape processes at Mars (Lundin et al. 2008). 
The solar wind interacts with the Martian ionosphere 
leading to an ionospheric outflow into the Martian 
induced magnetosphere. One of the goals of the He-
liosares project is to simulate this ionospheric out-
flow, by coupling a GCM-Ionospheric model, an 
exospheric model and a Mars-Solar wind interaction 
model for different solar conditions. In this presenta-
tion, we will present the 3D dynamical ionospheric 
core implemented in the Martian GCM model devel-
oped at LMD (Forget et al. 1999, Gonzales-Galindo 
et al. 2009). This core solves the ions and electrons 
dynamics equations (5 moments) including the inte-
raction with the neutral atmosphere. The grid for 
discretization of the plasma dynamics is similar to 
the neutral grid with a shifted grid between scalars 
and wind velocity / electric field components (Fig.1). 

 
Fig. 1: Spatial grids for ions and neutral variables in 

the GCM-Ionosphere code. 
 
The continuity equation is solved using a finite vo-
lume sheme based on a Van-Leer method (Hourdin 
and Armengaud 1998) while the dynamics and the 
energy equations are solved using finite difference 
scheme. To fulfill the CFL condition, the time step 
of ion dynamics (~ 50 ms) is reduced compared to 
neutral time step. As shown from first preliminary 
tests, the neutral collisions are dominant at pressure 
level ~ 10-6 Pa and control the ion velocity and tem-
perature while at pressure levels ~ 10-8 Pa, the diffu-
sion becomes important (Fig. 2). Mathematical and 
numerical models, as well as first validation tests and 

results without magnetic field will be presented. 

 
Fig. 2: Evolution of the ionospheric plasma zonal 

velocity (2a) and temperature (2b) during 1 neutral 
time step at three different atmospheric pressure 

levels (P ~ 10-6 Pa in red, 10-7 Pa in green and 10-8 
Pa in blue) at a given latitude/longitude position. 
Solid line represents the plasma parameters while 
dashed line represents the neutral parameters. The 
dot-dashed line on Fig. 2a corresponds to exponen-
tial variations neglecting all forces except the neu-
tral collisions in the movement equation. For tem-

perature evolution, the neutral  collisions term is the 
only diabatic term included in this first test. 
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