
Author’s Accepted Manuscript

Modeling of gas ionization and plasma flow in
ablative pulsed plasma thrusters

Tiankun Huang, Zhiwen Wu, Xiangyang Liu, Kan
Xie, Ningfei Wang, Yue Cheng

PII: S0094-5765(16)30607-5
DOI: http://dx.doi.org/10.1016/j.actaastro.2016.09.025
Reference: AA6014

To appear in: Acta Astronautica

Received date: 28 June 2016
Accepted date: 25 September 2016

Cite this article as: Tiankun Huang, Zhiwen Wu, Xiangyang Liu, Kan Xie,
Ningfei Wang and Yue Cheng, Modeling of gas ionization and plasma flow in
ablative pulsed plasma thrusters, Acta Astronautica,
http://dx.doi.org/10.1016/j.actaastro.2016.09.025

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/actaastro

http://www.elsevier.com/locate/actaastro
http://dx.doi.org/10.1016/j.actaastro.2016.09.025
http://dx.doi.org/10.1016/j.actaastro.2016.09.025


1 
 

Modeling of gas ionization and plasma flow in ablative pulsed plasma thrusters 

 

Tiankun Huang, Zhiwen Wu
1
, Xiangyang Liu, Kan Xie, Ningfei Wang, and Yue Cheng 

School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, People 's Republic of China 

 

Abstract 

  A one-dimensional model to study the gas ionization and plasma flow in ablative pulsed 

plasma thrusters(APPTs) is established in this paper. The discharge process of the APPT used in 

the LES-6 satellite is simulated to validate the model. The simulation results for the impulse bit 

and propellant utilization give values of 29.05Ns and 9.56%, respectively, which are in good 

agreement with experimental results. To test the new ionization sub-model, the discharge process 

of a particular APPT, XPPT-1, is simulated, and a numerical result for the propellant utilization of 

62.8% is obtained, which also agrees well with experiment. The gas ionization simulation results 

indicate that an APPT with a lower average propellant ablation rate and higher average electric 

field intensity between electrodes should have higher propellant utilization. The plasma density 

distribution between the electrodes of APPTs can also be obtained using the new model, and the 

numerical results show that the plasma generation and flow are discontinuous, which is in good 

agreement with past experimental results of high-speed photography. This model provides a new 

tool with which to study the physical mechanisms of APPTs and a reference for the design of 

high-performance APPTs. 
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1.Introduction  

 

Ablative pulsed plasma thrusters(APPTs) have been studied and applied for over fifty years. 

They are reliable, relatively simple, inexpensive, and able to operate at less than 10W, making 

them useful for applications such as altitude control for satellites and propulsion for 

microsatellites and nanosatellites [1, 2]. In the last 5 years, the APPT has remained an important 

electric propulsion system, and is still being used in space missions [3, 4]. 

The schematic of a parallel-plate APPT is shown in Figure 1. The main capacitor is fully 

charged before spark-plug ignition. Once the ignition signal is sent, the spark plug starts to work 

and produces the initial plasma. This plasma triggers the breakdown between the electrodes of the 

APPT, causing the main discharge. After the main discharge begins, the solid propellant is ablated 

by an arc and provides neutral gas. If certain conditions are satisfied, this neutral gas is ionized to 

produce plasma. This plasma maintains the main discharge and is accelerated by electromagnetic 

and pressure forces to generate thrust. 
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