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An unsteady modeling of the Teflon Ionization
for a Pulsed Plasma Thruster Performance
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ABSTRACT

A teflon ionization modeling has been conducted to predict the performance of a
PPT(Pulsed Plasma Thruster). One dimensional unsteady circuit model and Teflon ablation
model were implemented. The Saha equation was adapted to predict the ionization of
Carbon and Fluorine gas. The lumped circuit model including a resistance and a
inductance model of a plasma was adapted to predict the magnitude of a discharge
current. Numerical simulation results had good agreements with pervious research. The
degree of current change according to PPT operating voltage was examined.
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Nomenclature ¢p : Magnetic flux (Vs)
11y : Magnetic permeability of free space(/N/A?)
a; : ion current normalised by the arc current I : Ton erosion rate (kg/C)
ratio A, : Cross area of Teflon (m?)
0 : correction factor B : Magnetic field (T)
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Cppr : Capacitance of the PPT (F) Ignitor

E, : Ionization energy (eV) 1 Roeae]

h : Separation distance between electrodes(m)

: Planck’s constant (J's) —
I : Current (A) Capacitor Propellant
) ) —

] : Current Density (A4/m?) ;

k : Boltzmann constant (J/K) e

L ypeitor + Inductance of the capacitor (H) I \ —

L i : Inductance of the circuit (1) Magnetic field

L sma © Induct f the pl H . ;

pasma * Inductance of the plasma (H) Fig. 1. Schematics of a PPT

m : Mass (kg)

m : Mass flow rate (kg/ sec) As BAE Y3 £ HAdd AFE st

n : Number density (1/m?) ReH[3-5] FH71¢8 FAAT 5 ATFE A8l

P : Pressure (Pa) Aoz wegst ndol AF HIUAMe, 7).

T : Temperature (K) 7] 548 AT WS A dAkd A 2

v : Velocity (m/sec) o] Bf fFEalld 2ol nlsl g a4 Ate

V, : Voltage applied across the Capacitor (V) 71 Ahg 24 W] mE sde] golstARt 5

SEPNE! 3 =3= ) 2)

R : Plasma radius (m) jc:; o%"% =] ‘1‘3 ol q]fj_‘::_ j]';;-‘i] Loo = Efa a9
= 3 =R 2. A %

Rpitor  Resistance of the circuit (£2) OToﬂ_L _OH q e Ade JdA =4 el

o e ciredit (0 Aut g & glrks wiol gtk

R it Res?stance of the circuit ({2) B odTo A 2Es] Ansa @ AE =

Rplasma : Resistance of the plasma (Q) % O] —C:’_Hs}':ﬂ_ _E’_HZ\:]' EEJ%-O/] t‘-ﬂ‘%‘/‘é% gi_al_7*|

S : Plasma cross area (m?) o3 ol&2alo] Hre T g9 A wdS A

x : y-direction Distance (m) Aty 7= Ag A7 AHde|et A AAE

Z : Atom distribution function v W 3te] A=At
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Table 1. PPT specifications

High Voltage Capacitor

Capacitance (uF) 4.06
Charging Voltage (V) 596
Cap. Inductance (nH) 310
Cap. Resistance (m<) 33
Electrode

Width (mm) 20
Thickness (mm) 10
Discharge Channel length (mm) 60
Separation (mm) 30
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