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Ignition capability of liquid pulsed plasma thruster
injected by electro-spray using ethanol
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Abstract (HEE)

The space engineering laboratory in University of Yamanashi, we have been started to study about pulse plasma thrusters using
liquid propellant. It aims to reduce loss of propellant by rate-time ablation and to apply chemical propellants such as HAN-based
propellant in the future. In this research, we proposed a propellant feeding system with electrospray and confirmed whether
discharge control can be performed. We employed Ethanol as liquid propellant, and experimented some combinations of capillaries
and PPT heads. We confirmed the occurrence of PPT discharge with electrospray when droplets were applied to a 30 pm capillary.
Also observed increase the impulse Bit of about 20 uNs due to discharge.
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Fig.1 Overview of Electrospray
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Fig. 2 Constitution of Experimental system
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Table 1 Specification of capillary

Inner diameter Model
610pum Pico Tip Emitter FS360-20-10-CE
$30um Pico Tip Emitter FS360-50-30-CE
$100pm SUS 304T Pipe
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Fig. 5 Parallel plate thruster head
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Fig. 6 Electrothermal thruster head
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Table 3  $100 pum capillary discharge experiment

Configration Electro spray. Discharge
&
" Occurred Uncontrollable
<GB
7
\ Unstable Uncontrollable
pa
\ Unstable Uncontrollable
\\
\ Occurred Uncontrollable

RED electrode = Anode
Parallel plate electrode distance = 10 [mm]
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Table4 $30 um capillary discharge experiment

Configuration Electrospray Discharge

Unstable No discharge
Controllable
Occurred (Add droplet)

Uncontrollable No discharge

Controllable

(Add droplet)

Occurred

Controllable

(Add droplet)

Occurred

Unstable Uncontrollable

Controllable

(Add droplet)
Occurred =

Uncontrollable
(Charring)

i3s0000

Controllable

Unstable Add droplet

Red Electrode = Anode
Parallel plate electrode distance = 10 [mm]
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Fig. 7 Droplet on capillary

- I0pum F Y T U —
FEERHERIZOWT Table 5 1279, ATERO—ETE
T AT ORE L7 R T L —ORERIT X T2
olle®d, KEERET D, FHEIZOWT FRREE SV
ZAEIZONWT, =LY b RAF L —EFE ONJOFF ¥ 4 BE<0
LY MRS L — EREIELEFTORETITHIC
RETHEREME Lz, F72, AT PARBLCIX B R
% 5 [mmIZ L7 i AU FERCEN R A L 72D o T2 N BB
Hi (R B Y — R) ClE 20 [mm] O FERG R HEE C 3=
RBENFEA L., ZHIEF Y ET Ik ) BEEEOK TN
FAELRLT L RoTWnENHEEZEZLND.

Table5 ¢10 um capillary discharge experiment

Configuration Electrospray Discharge
@ :
Occurred No discharge
G
\* No Occurred No discharge
N N/A No discharge
e
% N/A No discharge
\ Occurred Irreqular
®
\Q Occurred Irregular

Red electrode = Anode
Parallel plate electrode distance =5 [mm]

Capacitor voltage [kV]

Capacitor voltage [kV1
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Fig. 8 Electromagnetic PPT Time vs Capacitor voltage
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Fig.9 Electrothermal PPT Time vs Capacitor voltage
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Table 6 Average Impulse Bit (Electromagnetic)

Electromagnetic Coaxial Electrospray  Electrospray
(Average) [uNs] perpendicular  horizontal
Discharge 49.0 46.5 22.7

Electrospray. only 22.7 21.0 -
[1Ns] [1Ns]
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*
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perpendicular
0.0 0.0
0o 5 10 0 5 10
Shot No.
Fig. 10 Impulse Bit / shot (Electromagnetic)
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Table 7 Average Impulse Bit (Electrothermal)

P

Electrothermal
(Average) [uNs]

Electrospray
horizontal

Electrospray
nozzle side

37.4
33.4

143.7
126.4

Discharge
Electrospray only
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[ |
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L |
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Impulse bit
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50.0
E.S.

25.0 nozzle side
0.0

0 10
Shot No.

Fig. 11 Impulse Bit / shot (Electrothermal)
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