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GSI models use a set of average 
phenomenological coefficients to 
define the amount of momentum 
(σ) and energy (αT) exchanged 
with the surface:

Some sources of uncertainty ho-
wever exist:

Aerodynamic control methods can thus 
be developed to take advantage of the 
environment for:

On-Orbit Demonstration: 

Aerostability & Drag-based Orbit 

Control Manoeuvres 

Satellites in VLEO experience increased 
aerodynamic perturbations resulting 
from the interaction between the exter-
nal surfaces and the residual atmo-
sphere. 
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1. Aerostabilisation; 
2. Attitude Control and Momentum Mana-
    gement;

3. In-plane/Out-of-plane Orbital Manoeu-
    vres. 

1. Density variations; 

2. Gas-Surface Interaction (GSI);

3. Satellite relative velocity;

4. Reference area determination. 

1. Contaminated surfaces: diffuse
    scattering (unitary/nearly unitary 
    accommodation coefficients);
 
2. Clean surfaces: quasi-specular 
    lobal patterns (low accommoda-
    tion coefficients).

Uncertain accommodation 
coefficients estimation

Uncertain aerodynamic 
forces estimation
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Revolutionizing Earth Observation with 
sustained operations at lower altitudes 
than the current state of the art.

Stability/Agility Variation through Centre of 
Pressure (CoP) - Center of Gravity (CoG) 

Relative Position

Structural Flexibility Impact on Stability Characteristics

Aerodynamic 
Forces/Torques 

for Control 
Purposes in 

VLEO

Review paper: Modelling Aerodynamic Forces and Torques in VLEO 

1. Uncertainties in aerodynamic forces and torques estimation (upper
    atmosphere, GSI models, reference surface definition);

2. Results provided by gas-beam experiments on clean and contami-
    nated surfaces;
   
3. Experimental-based and theory-based GSI models comparison;

4. Current challenges in GSI characterisation.

1. Scattering velocities and distri-
    butions characterisation;

2. Time scale variations of surface
    accommodation.  

3. Aerodynamic properties of a ro-
    tating cylinder in Free Molecular 
    Flow;

4. Inverse Magnus-like force expe-
    rimental validation;

Experimental Gas-Surface interaction Characterisation Through Rotating Surfaces 

Aerodynamic Attitude and Orbit Control Manoeuvres
Demonstration 

Algorithms for orbit\attitude determination, control and 
data management for SOAR (3U CubeSat for orbital and 
aerodynamic research). The objective is to demonstrate 
on-orbit  aerodynamic:

1. Reaction/momentum wheel desaturation;
2. Detumbling;
3. Coarse pointing performance;
4. Re-entry interface location control;

Application: aerodynamic correction of nodal regression 
rate drift in Sun-Synchronous orbits (SSO).

Specific SSO constellations configurations seem to 
provide temporal resolution performances comparable to 
those obtained at higher altitudes.  

  

5. Modulation of the secular rate of the right ascension of
    the ascending node.  

   

1. Robust aerodynamic control 
    under varying environmental 
    conditions; 
2. Agility/stability variation 
    achievable if required;   
3. Aerodynamic Trim;
4. Efficient desaturation of mo-
    mentum exchange devices.

 Movable aerodynamic surfaces 

   

Aerodynamic torques  can be 
changed in magnitude by varying 
the CoP - CoG relative distance 
with null impact on orbital decay 

The increased aerodynamic for-
ces may induce deformations 
on the external surfaces. 

Consequent variation in the 
CoP - CoG relative distance 

Additional torques affecting the 
dynamics of the satellite in orbit
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