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INTRODUCTION TO ELECTRIC PROPULSION

● Advantages over chemical propulsión:

● Higher specific impulse

● Higher efficiencies

● Lower propellant mass.

● Electric Propulsion Devices:

● Mature Technologies:

● Gridded Ion Thruster

● Hall Effect Thruster

● Development:

● Electrodeless plasma thrusters (EPTs)
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ELECTRODELESS PLASMA THRUSTERS

● Operational principle:

● Energizing electrons via electromagnetic waves.

● Acceleration of plasma in a magnetic nozzle.

● Advantages:

● No plasma-wetted electrodes:

● Longer thruster lifetimes.

● Use of alternative propellants.

● Simple electronics.

● Better scalability to lower Powers.

● Expansion of plasma in the magnetic nozzle:

● Convergent-Divergent magnetic field.

● Confinement and magnetic thrust thanks to Lorentz force.

● Convert electron thermal energy into ion kinetic energy via ambipolar electric field.

● Detachment from closed magnetic lines downstream.
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OBJECTIVES

● Ground testing of EP devices induces facility 
effects.

● Effect of background pressure has been 
studied in other EP devices.

● Still poor knowledge of MN response 
to backpressure.

● First assessment of the effect of background 
pressure on MN performance, taking into 
account late ionization in the plume.

● Magnetic thrust.

● Behaviour of plasma properties.
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MODEL
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COLLISION FREQUENCIES
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SIMULATION SETUP
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RESULTS – PLASMA PROPERTIES MAPS 
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RESULTS – AXIAL BEHAVIOUR

● Density at symmetry axis increases.

● Lower final ion velocity with increasing collisionality:

● 50% drop of ion mach number over the tested ranges.

● Lower potential drop:

● 20% drop over tested ranges.
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RESULTS – GLOBAL PARAMETERS
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DISCUSSION

● First step for the study of background pressure on nozzle 
performance.

● Characterization of main effects on total thrust.

● Background pressure, has a noticeable effect ion dynamics.

● Augmented thrust due to background pressure might 
mask in-space behaviour.

● Very low pressures needed for ground testing.

● Limitations:

● Including collisions in electron momentum equations would 
yield lower confinement.

● Non consistent simulation of neutrals:

● Neutral depletion

● Other types of collisions could also play a role:

● CEX, excitation collisions…
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METHODOLOGY: THE DG-FEM METHOD
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