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Thruster Plume Induced Contamination (PIC)

§ Reaction control thrusters eject gas 
(expected!), but potentially also liquid and 
solid matter

§ “Contamination”: plume effluents impair 
function of a surface or purity of a natural 
environment.
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§ Alteration of surface properties
(through deposition, erosion or etching)

§ Degradation of instrument performance

§ Sample invalidation

Manifestations of PIC



Thruster Plume Induced Contamination
Challenges in ground-based testing

§ high-vacuum required for free plume expansion (pb < 10-5 mbar)

§ Thruster mass flow rate: few gram per second!

§ Must prevent molecular backscatter
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DLR High-Vacuum Plume Test Facility “STG-CT”
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• Test section: 5.2 m ⨉ ⌀1.6 m
(Vacuum vessel: 7.6 m ⨉ ⌀3.3 m)

• LHe-cooled cooper walls (Twall = 4.2K)

• Background pressure during thruster 
operation: pb < 10-5 mbar

Image: J. Vetter / DLR

Image: DLR

Image: DLR



DLR High-Vacuum Plume Test Facility “STG-CT”
Typical instrumentation
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Mass spectrometer QCMs Material witness samples High-speed camera
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MONOPROPELLANT THRUSTERS
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ESA “PhobosSR”
1N - Hydrazine
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§ European thruster
§ Experiments:

§ Pitot pressure measurements
§ In-situ mass spectrometry
§ Regolith sample contamination

(Analysis: The Open University, UK)
2. Monopropellant Thruster 16

Figure 2.5.: Measured angular and temporal variation of ammonia
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saturated cryo-pump. Towards the end of the experiment, the hydrogen content increases,
as the liquid helium used to cool the cryo-pump is spent. While m/z = 28 can be taken
to be entirely representing nitrogen, peak 17 must be corrected for the water-contribution
(see above) to arrive at the ammonia background.

In an attempt to construct the angular distribution of plume species in the far field, indi-
vidual pulses have been recorded with the thruster nozzle axis set at an angle to the line of
sight of the mass spectrometer. In Figs. 2.5 and 2.6 we give the instrument’s signal at five
points in time over each pulse. The profiles appear slightly skewed, with their perceived
center shifted towards the negative angles. Numbers above the data points indicate the
sequence in which the pulses were recorded. Note the offset in the repeated measure-
ments on the center line. While the measurements of ammonia yield the expected angular
profile shape, the nitrogen profile develops two distinct maxima at around ±20 o as the
plume develops.

Considerable variation in the temporal evolution of the detected plume species concentra-
tion, especially for m/z = 28 (nitrogen mother ion, cf. Fig. 2.6) was observed, particularly
near the plume center line. As Figs. 2.7 and 2.8 show, it appears that the recorded signal
increased in overall intensity over the course of the test day, viz. higher count rates are ob-
tained for pulses measured later in the experiment. This observation prompted a repetition

DLR
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2. Monopropellant Thruster 24

Figure 2.13.: Mass spectrum accumulated at the plume centerline during one pulse
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Table 2.2.: Relevant spectral ranges for plume species detection

m/z candidate species

1 2 . . . 4 He, H2
2 14 . . . 18 N2, NH3, N2H4
3 25 . . . 33 N2, N2H4, C6H7N (aniline)
4 37 . . . 43 C6H7N

(or its settings, at least) are exactly the same.

For analysis of potential contamination, spectral information on plume species composition
is surely of interest. With quadrupole mass spectrometers one must sacrifice time resolu-
tion for spectral resolution. We monitored the four groups of mass to charge ratios listed
in Tab. 2.2 along with the species whose footprint would fall into the respective group.
About 200ms are required for a full cycle over the 27 ratios m/z (bins), and the detected
signals at each bin are accumulated over more than 30 cycles, during which a standard
pulse of ton = 2.5 s was fired. Figure 2.13 shows a typical spectrum obtained after one
such measurement (normalized here to the highest peak, with background subtracted).
The rather strong peaks at m/z = 14, 16 and 29 are unexpected. Even after subtracting
the standard fragmentation patterns [7] of nitrogen, ammonia and water, significant con-
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2. Monopropellant Thruster 23

Figure 2.12.: Recorded ammonia and nitrogen signals over a single pulse at differ-

ent times during KFV229
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JPL / NASA “EPIC”
5N - Hydrazine
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§ U.S. thruster
§ Experiments:

§ Contaminant flux
§ Non-gaseous effluents
§ Plume composition
§ Permanent contamination

3 2



JPL / NASA “EPIC”
18N - Hydrazine
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§ U.S. thruster (qualification unit)
§ Experiments:

§ Contaminant flux
§ Non-gaseous effluents
§ Plume composition
§ Permanent contamination
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BIPROPELLANT THRUSTERS

§ Campaign 1:)
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ESA “Green Propellant Plume Contamination”
20N - Propene / N2O
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§ 3D-printed
§ Experiments:

§ Contaminant flux
§ Non-gaseous effluents
§ Plume composition
§ Permanent contamination
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ESA “PhobosSR”
20N - Hydrazine / MON3
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§ European thruster

§ Experiments:
§ Pressure and heat flux
§ In-situ mass spectrometry
§ Shadowgraphy
§ Witness materials
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Outlook: ESA “Bi-Prop Contam” + JPL / NASA “EPIC2”
10N - MMH / MON3
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§ European thruster(s)

§ Experiments:
§ Pressure and heat flux
§ In-situ mass spectrometry
§ Shadowgraphy
§ Deposition and 

evaporation rates
§ Witness materials
§ FORP resistivity
§ Plume gas sampling

§ Numerical modeling

Expect updates at the next workshop!



Thank you!
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Contact

martin.grabe@dlr.de

DLR – German Aerospace Center
Institute of Aerodynamics and Flow Technology
Spacecraft Department
Göttingen

mailto:martin.grabe@dlr.de

