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Experiences concerning the composition of a
spacecraft generated atmosphere from

Rosetta/ROSINA
1. How?
2. What?
3.Measures to reduce contamination hazards
Focus on outgassing of condensable and
non-volatile compounds from spacecraft

ROSINA provides an excellent diagnostics to
identify and study such compounds
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ROSINA package on the

Cometary Explorer

Rosetta
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Thruster Firings

Hydrazine properties:
3N,H, - 4NH, + N, N

N,H, > N, + 2 H,

Rosetta: Monomethylhydrazine + Oxidizers
CHgN,

Boiling point (at 1 atm) 91 °C

Heat of vaporization 40.4 kd/mole
(Water 40.7 kd/mole)



SCHLAPPI ET AL.: SPACECRAFT OUTGASSING
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Figure 13. Pressure during and after thruster firing. Multiple thrusters have been activated in this case,
which yields pressure peaks of almost three orders of magnitude above the background level. The pres-
sure decreases at the end of the firing within minutes to the 10" "' mbar range but stays above the back-
ground level (dashed line) for more than 1 h.
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Diffusion of hard spheres in a cloud:

<y>
D=i-<vy>=——
no

D: Diffusion “coefficient”, depends on density !
A:  Mean free path

<v> : Average thermal speed
n: Particle density

Lo Collision cross section of hard spheres

Spherical cloud:

an(r,,t)= D, 0 2 an(r,t)
ot r2dr n(rt)ar

Spherical cloud, expanding and moving away



Modeling Thruster Firings
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“Evaporation” of outer
atmosphere where

[ collisions among molecules
are much rarer

Atmosphere has become
3 dilute, diffusion is efficient
and the density profile
becomes flat
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SCHLAPPI ET AL.: SPACECRAFT OUTGASSING
List of (toxic) chemicals detected by ROSINA

Hydrocarbons PAH C-O0 C-N N-O N-H Fluorine
CH Ci CsHio CegH coO CoH5 05 CN NO N F
CHs C4H CsHiq CgHo CO2 CsH3 05 CHN CNO NH HF
CHs; C4H> CsHio CgHs HCO CoH405 CH>N HCNO NH- CF
CHi C4H3 CgHa CH,;0 CH3N HsCNO NH3
C4H4 C6H5 CH30 C4H4O CHg,NH N02 N2 Sulfur
Co C4Hs CeHe CH40 C4H50 CHsNH» HNO» S
CQH C4H6 CH50 C4H60 CH3N2H H4NOQ Oxygen NQS
C2H2 C4H7 C7H3 C4H7O CH3N2H2 HQNQO O SOQ
CsHs C4Hs C-Hy C;0 C4HsO CHsNoH3 OH
C2H4 C4H9 C7H5 CQHO CHNOQ Hgo Chlorine
CoHs  C4Hio C-Hg CoH-0 CoHaN CH3NO5 DHO B
CoHg C7H~ CoH30 CoHsN CH4NO, Hs:2%0 | *7a
Cs C-Hs C2H4O CoH4N CoHgNO o) H3°Cl
Cs CsH CoH50 CaN>O H37Cl
CsH CsH» CsHio CsH4N CoHN>O Cdl
CsH» CsHs C3H-0 CsH5N C2HsN>O CCls
Cs3Hs  CsHyg CoHi2 | CsH3O CsHgN CaH3zN2O
CsHy CsHs C3H40 CsH~N CaHsN-O
CsHs CsHg C3H50 CsHgN CaHgN-O
C3Hg CsH~ C3HgO C2H7N>O
C3sH~ CsHsg C3H-7O C4H4N2 CoHgN>O
CsHs  CsHg

Figure 6. Detected species and fragments in the vicinity of Rosetta.
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Vacuum Grease
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Measures to reduce contamination hazards
(lessons learned so far)

Thruster firings produce atmospheres of condensable

organic contaminants, which can last for hours in the vicinity
of the spacecraft!

Spacecraft design might require new (expensive) standards

Careful choice of location of instrument apertures on
spacecraft, venting of all instruments at appropriate places!

Modeling of contamination risks might help to mitigate the
problem

Keep surfaces near instrument apertures warm - also when
shaded, to avoid condensation of contaminants.

Duplicate instrument with spare instrument for calibration
purposes
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