
Objectives: The objective is to develop a fundamental understanding of the role of facility effects in electrospray thruster wear tests with ionic liquid (IL) 
and indium propellants with experiments and modeling to enable successful electrospray thruster life tests for high delta-V JPL missions in vacuum 
facilities. The measurements include the mass flux, current and charged particle specific charge from thrusters and beam targets towards the 
electrosprays with indium and ionic liquid through a relevant range of beam current and voltage for propulsion systems.  The measurements also include 
beam current and mass flux distribution and divergence sensitivity to vacuum facility pressure and beam targets.  The modeling includes beam 
scattering and backflow of charged particle trajectories for different beam target configurations using COMSOL Multiphysics software.  In year 2, the 
objective is to apply the results from year 1 to conduct successful long duration ionic liquid and indium electrospray micro and macrofabricated thruster 
tests to verify the developed understanding, predictability and controllability of facility effects on electrospray thruster wear tests for more than 500 h.
Background: Electrospray propulsion is under development to enable revolutionary new control capabilities for small and large spacecraft. However, 
missions are flying systems that have not been flight qualified because failures in ground tests (not at JPL) have been attributable to facility effects and 
there has been a lack in fundamental understanding of how facility effects cause premature failures and how to prevent them. Due to this approach, 
there have been electrospray thruster failures on non-JPL flights.  In ground testing, the conductive liquid propellants can splash and spray back from 
the facility to contaminate the thruster and cause premature failures.  This work is critical to enabling successful flight qualification for JPL missions. It is 
especially important to JPL because JPL missions have high delta-V requirements or long duration missions requiring long duration qualification testing. 
Approach and Results: The fundamental investigation of facility effects in electrospray thruster wear tests includes multiple electrospray sources in 
multiple vacuum chambers with a suite of novel diagnostics and multiple beam targets in the unique Micro Propulsion Laboratory (MPL) class 100 
cleanroom.  The 3 electrospray test facilities are in Fig. 1.  3 different electrospray sources were included in this study: 1) a single capillary emitter 
electrospray for ionic liquid propellant, 2) a UCI microfabricated 64 capillary emitter thruster for ionic liquid and 3) a single indium liquid metal ion source 
needle emitter with indium propellant. 3 beam targets were included: 1) a standard stainless steel plate target, 2) a novel porous aluminum (p-Al) 
geometric black body (GBB) target and 3) an indium and tungsten target, to characterize how they could impact thruster wear tests. Faraday probes 
(FP) and Temperature Controlled Quartz Crystal Microbalance (TQCM) were set-up facing the electrospray sources and the facility beam targets.  The 
electrosprays sprayed at the beam target while the FP and TQCM measured the current density and mass flux, respectively, from the beam targets back 
towards the thruster. Measurements were taken with the beam targets at different distances and biases. Some of the data are included in Figs. 2 and 3. 
The propellant species coming off of the beam target were detected with a residual gas analyzer mass spectrometer.  They show that the complex 
propellant 1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide (C8H11F6N3O4S2), EMI IM, is breaking down at the beam target into atomic and 
molecular constituents. Faraday probes and TQCM were swept through the plume facing the thruster to measure the current density distribution and 
mass flux distribution, respectively, in the thruster plume with different beam target distances and voltages and facility pressures to characterize their 
impact on the mass and current distribution in the plume.  Some of the results are in Fig. 3. They show that increasing the facility pressure from 5x10-7 
Torr to 10-5 Torr resulted in a increase in beam divergence.  The test results showed that the facility beam target biasing significantly affected the beam 
divergence and could affect thruster lifetime.  The results suggest several improvements that can be made in electrospray test facilities to reduce facility 
effects, including using our novel porous-Al GBB beam target to capture beam propellant and minimize accumulation on the thruster, facility walls and 
experimental apparatus.  For the first time, secondary species time-of-flight (TOF) was conducted on an ionic liquid electrospray thruster beam target.  
The charged particle TOF measurements with the primary beam target and on the secondary species from the beam target are included in Fig. 4. 
Measurements of mass flux from an indium and tungsten beam target with an indium electrospray are also included in Fig. 2.
Significance/Benefits to JPL and NASA:
This work will enable the successful qualification of electrospray thrusters for successful NASA/JPL science missions for the first time. These test results 
are directly applicable to enable flight qualification of several ionic liquid electrospray thrusters: Busek CMNT, Busek BETMAX, ACCION and MIT iEPS 
(microfabricated) and the UCI (microfabricated) thrusters for a broad range of smallsat missions. 
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Comparison of primary and secondary target TOF results
Thruster operating at 14 µA
Primary and secondary target at 0 V

To zero at 40 ms

Secondary Time-of-Flight Test Setup

Beam Voltage [V]

Charge to Mass Ratio - 

Ions/Clusters [C/kg]

Charge to Mass Ratio - 

Average [C/kg]

Time at which 99% of 

mass is collected [μs]

1700 6.6E+04 1025 520

1800 7.3E+04 1145 510

1900 8.4E+04 1192 490

2000 9.0E+04 1260 460

2100 9.7E+04 1290 450

2200 1.1E+05 1297 440

Primary TOF Results - 64 Emitter Thruster, 14 μA

Target 
Voltage [V]

Screen 
Voltage [V]

Charge to Mass Ratio - 
Ions/Clusters [C/kg]

Time at which ion peak is 
collected [μs]

Time at which approx. all 
mass is collected [ms]

500 0 9.8E+05 9.7 40
400 0 1.1E+06 9.8 40
300 0 1.5E+06 9.9 40
200 0 2.3E+06 9.9 40
100 0 4.7E+06 9.9 40
100 200 9.7 40

0 0 9.9 40
0 -11 9.8 40
0 -30 9.8 40

-100 -200 10 40
-100 0 4.0E+06 10.6 40
-200 0 2.0E+06 10.6 40
-300 0 1.4E+06 10.4 40

Secondary TOF Results - 64 Emitter Thruster, 14 μA

Figure 1. 3 test facilities and electrospray sources used.

Figure 2. Beam target test results.

Figure 3. Mass flux distribution in the plume 
of a single emitter spraying EMI IM at 2 
current and facility pressure levels.

Figure 4. Primary and beam target secondary species time-of-flight data 
for a UCI 64 emitter thruster operating on EMI IM propellant. 
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 249 nA (336 ng/s),  1.6 kV (5e-7 Torr)
 negative angle profile

Integrated mass flux: 210 ng/s (-37.5%)
 Mass flow fraction

1/2 angle (+side): 13.9° (95%), 15.1° (99%)
1/2 angle (-side): 14.2° (95%), 15.9° (99%)
 

 249 nA (336 ng/s),  6 kV
 negative angle profile

Integrated mass flux:  200 ng/s (-42.7%)
1/2 angle (-side): 8.6° (95%)
very dry propellant
 

 250 nA (349 ng/s), 1.6 kV, High Pressure (1e-5 Torr)
 negative angle profile

Integrated mass flux:  217 ng/s (-35.4%)
1/2 angle(+side): 14.5° (95%),   16.4° (99%)
1/2 angle(-side): 15.7° (95%),   17.5° (99%)
 

 ACCEL ( 1 pg/s target)
TQCM temperature: 0°C
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 545 nA (1609 ng/s), 1.6 kV   (5e-7 Torr)
 negative angle profile

Integrated mass flux: 1715 ng/s (+6.5%)
 Mass flow fraction

1/2 angle(+side): 30.4° (95%), 33.3° (99%)
1/2 angle(-side): 31.5° (95%),  34.5° (99%)
 

 549 nA (1634 ng/s), 6 kV 
 negative angle profile

Integrated mass flux: 1539 ng/s (-5.8%)
1/2 angle(+side): 18.4° (95%),    25.2 (99%)
very dry propellant
 

 549 nA,  1.6 kV,  High Pressure (1e-5 Torr)
 negative angle profile

Integrated mass flux: 1690 ng/s (+3.5%)
1/2 angle(+side): 30° (95%),    32.5° (99%)
1/2 angle(-side): 32° (95%),    34.9° (99%)
 

 ACCEL ( 1 pg/s target)
TQCM temperature: 0°C
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