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Very-low Earth orbits
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The new space economy is determining a significant increase in
the number of satellites deployed in Low Earth Orbits (LEOs),
enabling transformative applications but also raising concerns
about space debris

Lowering the spacecraft altitude below 450 km, in Very-low Earth
orbit (VLEO), would provide significant advantages for

• Communication and connectivity

• Earth observation and monitoring

• Space and Earth science

• Satellite constellations

At the same time, the presence of a residual 
atmosphere offer

• Low radiation levels 

• Rapid debris decay

• Automatic spacecraft re-entry 
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Air-breathing Electric Rocket (AER)
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State of the art
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AERs combine an electric thruster with an air intake, thus bonding propulsion, platform, and environment.

Several researchers1 investigated the concept feasibility, which relies on the minimization of platform drag
and the optimization of available power, as well as on the AER performance.

1 Andreussi et al. (2022), A review of air-breathing electric propulsion: from mission studies to technology verification, Journal of Electric Propulsion 1



A single constraint
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𝜂𝐴 =
𝐴𝑖
𝐴𝑡

AER performance relies on:

• How efficiently we use
the total (drag-inducing)
frontal area to collect
propellant

• How efficiently the
intake collects the
propellant and transfers
it to the thruster

• How efficiently the
thruster uses the
available power to
generate thrust
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A single constraint
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State of the art
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• The AER efficiency requirement becomes more
relaxed as the altitude increases.

• However, effective propellant ionization requires
a density much higher than that available at
feasible altitudes.

• The concept feasibility critically relies on an
effective air compression (passive or active) in the
intake.

• Passive compression relies on the different
conductance of slender ducts for aligned or diffuse
flows. However, higher compression factors
implies lower collection efficiencies.



State of the art
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• The VLEO flow conditions are challenging to
recreate on ground.

• Intake performance are typically assessed through
numerical simulations (TPMC and DSMC).

• Thruster operation with atmospheric propellant is
often characterized in stand-alone condition.

• Modelling of propellant collection, thruster
discharge, and intake + thruster coupling requires
experimental validation.



State of the art
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Three end-to-end test campaigns have been performed, highlighting criticalities in the
VLEO flow representativeness, diagnostics, and concept performance

JAXA BUSEK SITAEL



AER open issues

1018 – 1019 m-3

1015 – 1016 m-3
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BREATHE project

Funded by the European Research Council with a Consolidator Grant,
BREATHE is a 5-year research project aimed at

increasing the understanding of air-breathing electric propulsion to pave 
the way toward the in-orbit demonstration of the AER concept. 
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BREATHE project
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WP2 - Environment

• Realization of a test facility to
simulate VLEO conditions

• Setup of diagnostic system 
(thrust balance, plasma 
probes, RGA and pressure 
sensors)

• A mixed proof of concept

WP3 - Prototypes

• Systematic investigation of 
different ionization (DC, RF, 
ECR)… 

• …and acceleration strategies 
(grids, ExB discharges, nozzled
expansion) 

• Scaling down toward 
miniaturization and in-orbit 
demonstration

WP1 - Modelling

• A virtual laboratory to study
AER behavior1

• Mission and flight environment 
integrated with thruster 
operation

2 Preliminary modelling results of an air-fed 
Hall thruster in Ferrato, …, Andreussi (2022) 
Plasma Sources Sci. Technol. 31 3 Romano (2021) PhD Thesis
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BREATHE Virtual Lab
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A multi-physics modelling suite for AER-based systems, missions, and operations.



Miniaturization and scaling laws
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• The BREATHE project will identify the core scaling laws
of AER candidate technologies,

• Focusing on the miniaturization and optimization of the
system at CubeSat-scale:

• Rapid and cost-effective In-orbit experiment of the
technology.

• Reduce cost and improve accessibility of VLEO
assets.

• Smaller platforms provide intrinsic system-level
advantages in the trade-off between air-breathing
and traditional propulsion systems.



QUESTIONS?
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