
 
 

Delft University of Technology

Novel coupling methods for fluid and kinetic solvers in the numerical modeling of helicon
plasma thrusters

van Lynden, W.; Souhair, N.; Andriulli, R.; Magarotto, M.; Andrews, S.; Cervone, A.; Ponti, F.

Publication date
2023
Document Version
Final published version
Citation (APA)
van Lynden, W., Souhair, N., Andriulli, R., Magarotto, M., Andrews, S., Cervone, A., & Ponti, F. (2023).
Novel coupling methods for fluid and kinetic solvers in the numerical modeling of helicon plasma thrusters.
Abstract from 74th International Astronautical Congress, IAC 2023, Baku, Azerbaijan.

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.
For technical reasons the number of authors shown on this cover page is limited to a maximum of 10.



74th International Astronautical Congress 2023

IAF SPACE PROPULSION SYMPOSIUM (C4)
Electric Propulsion (2) (6)

Author: Mr. Willem van Lynden
Delft University of Technology (TU Delft), The Netherlands

Dr. Nabil Souhair
Alma Mater Studiorum - University of Bologna, Italy

Mr. Raoul Andriulli
Alma Mater Studiorum - University of Bologna, Italy

Mr. Shaun Andrews
Alma Mater Studiorum - University of Bologna, Italy

Dr. Mirko Magarotto
University of Padua, Italy

Dr. Angelo Cervone
Delft University of Technology (TU Delft), The Netherlands

Prof. Fabrizio Ponti
Alma Mater Studiorum - University of Bologna, Italy

NOVEL COUPLING METHODS FOR FLUID AND KINETIC SOLVERS IN THE NUMERICAL
MODELING OF HELICON PLASMA THRUSTERS

Abstract

Helicon Plasma Thrusters (HPTs) are electric propulsion systems that offer many advantages over
other systems, such as simplicity, flexibility, longer operational lifetime, and the ability to produce high-
density plasma. Accurate modeling of plasma transport throughout the HPT is crucial to improve the
understanding of physical phenomena within the plasma flow, optimize HPT design, and enhance thruster
performance.

However, existing models for helicon sources and magnetic nozzles are separate, and coupling the two
accurately is challenging. The plasma flow behaves differently in the source chamber and the magnetic
nozzle, and the transition between these regimes is not well understood. To improve the accuracy of HPT
modeling, a study is conducted to evaluate different coupling methods between fluid and Particle-In-Cell
(PIC) solvers, with a focus on the 3D-VIRTUS numerical suite [M. Magarotto, S. Di Fede, N. Souhair,
S. Andrews, F. Ponti, Numerical suite for cathodeless plasma thrusters, Acta Astronautica, Volume 197,
2022]. Two methods are investigated for mapping the transition between the fluid and kinetic regimes:

1. The first method involves finding the transition surface by analyzing the behavior of specific tran-
sition parameters, such as the plasma density and potential, which may vary depending on the
particular HPT design and operating conditions. This method requires pre-modeling the entire
thruster in the fluid model and mapping the transition surface to minimize the computational cost
of applying the PIC model downstream of it.

2. The second method involves creating an artificial buffer region around or near the throat of the noz-
zle, where both fluid and kinetic regimes are solved simultaneously. This method requires iterative
runs of the models with an updated plasma profile in the buffer zone.

Numerical simulations of plasma profiles of a real HPT thruster will be compared to experimental
measurements for the different coupling approaches and analysed in terms of accuracy and computational
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burden. Finding the best coupling method will not only improve the 3D-VIRTUS numerical suite’s
capability to simulate HPTs in an accurate yet computationally efficient fashion, but it will also provide
insight into coupling other RF or microwave source chambers with magnetic nozzles in general.
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