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Introduction

IN a previous paper1 we reported on the observation and
analysis of strong visible and ultraviolet signatures due to

solar scattering by condensed argon attitude control system
(ACS) jet plumes. In that paper, based on extrapolations of
available laboratory jet condensation data2 and solid particle
optical properties,3 we predicted that nitrogen ACS plumes
would produce scattered solar signatures similar to those of
argon. However, a review of the available laboratory jet
condensation data2 and solid particulate optical properties of
neon1'4 led us to conclude that ACS jets utilizing neon as a
propellant should exhibit solar scattering signatures more
than two orders of magnitude smaller than those due to
similar jets employing argon. *

Neon was substituted for argon in the target module at-
titude control and settling jets for a flight of the U.S. Air
Force's Multispectral Measurements Program (MSMP)
subsequent to the flight report in our previous paper.1 This
note reports that no observable solar scattered signals from
the neon ACS jet exhaust plume were observed above the
experimental background level. This lack of observed jet
plume signatures is consistent with the predictions presented
inRef. 1.

Experimental Description
The MSMP TEM-3 experiment reported here was similar to

the TEM-2 experiment described in Ref. 1. The target module
ACS and settling jet characteristics are presented in Table 1.
Ultraviolet signature observations were performed from an
off-board sensor module containing two digicon
photometers, also described, in Ref. 1. Wavelength band
isolation for the 10x10 pixel digicon instruments was ob-
tained by using interference filters. Visible observations
utilizing a television recording system with an RCA type V
vidicon were also performed. Further details on the in-
strument characteristics and their calibration can be found in
Refs. 1,5, and 6.

Experimental Prediction
The major difference between the target module control jet
systems on the TEM-2 and TEM-3 flights (besides the sub-
stitution of neon for argon as the propellant) was a slightly
higher source pressure on the later flight.
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Fig. 1 Comparison of observed background intensity to neon cluster
solar scattering model predictions for the settling jet plume.

Table 2 contains predictions based on the laboratory ob-
servations of Ref. 2, the equivalent nozzle theory of Ref. 7,
and the methodology of Ref. 1 for the control jet plume
condensed cluster size (atoms per cluster) and cluster diameter
for the TEM-2 and TEM-3 flights. As Table 2 indicates, the
mean cluster diameters predicted for the TEM-3 neon jet
plumes are about one-quarter of those predicted for the TEM-
2 argon jet plumes.

The most intense solar scattering is expected to be
associated with the settling jets because they produce the
largest clusters and have the largest mass flow. Therefore, the
remainder of the quantitative discussion will consist of solar
scattering predictions for the settling jets.

Solar scattering by a single neon cluster of diameter D is
calculated in the Rayleigh limit using

=—(l + cos26)D2QscatI0(\) (1)

where 0 is the solar scattering angle, I0 (\) is the incident solar
flux, and

\4\rn2 -1
/ m2+2 (2)

where m is the refractive index of solid neon and X is the
photon wavelength. The solar flux used in this analysis for the
spectral interval between 100 and 200 nm was obtained from a
correlation related to solar cycle suggested by Hinteregger8

based on the 10.7/mi flux. Between 200 and 300 nm, the fluxes
recommended by COSPAR are used9 since the solar in this
wavelength region is virtually independent of solar cycle. The
refractive index of neon is 1.07 ±0.02.1)4 The solar scattering
angle for the flight experiment presented here was ap-
proximately 56 deg. Values of S (56 deg) are given in Table 3.

The final portion of the intensity calculation -is an
estimation of the total number of neon clusters within the
fields of view of the photometers. As with the argon analysis,
all of the neon is assumed to condense and the cluster spatial
distribution is characterized by the Brook Vacuum Expansion
Model.10 The result is that for both the MSP and HSP
photometers there are 1.2x 1019 neon clusters within the field
of view of each instrument. The neon source spectral
radiances are then obtained by multiplying this number by the
single particle source intensities listed in Table 3. The results
are depicted in Fig. 1. The calculated neon settling jet signal
levels per unit length of plume are over 100 times smaller than
those due to argon settling jet scattering observed in TEM-2,1
which has 6 x 1017 clusters within the field of view. The TEM-
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Table 1 Target module ACS and settling jet source characteristics

Nominal Nominal
Throat source source

Cone Area diameter, pressure, temperature,
half-angle, deg ratio mm bar K

Pitch, yaw ACS
Roll ACS
Settling jet

15
15
15

47:1
23:1

15.5:1

4.8
1.6
4.8

15.6
15.0
17.8

300
300
300

Table 2 Neon and argon cluster size information

Target Module

Pitch, yaw ACS
Roll ACS
Settling jet

Jet source
pressure,

bar
TEM-2 TEM-3

14.6 15.6
14.0 15.0
16.7 17.8

Atoms per cluster
NAr

TEM-2

7.0 xlO5

1.2xl05

9.0 XlO 5

NNe

TEM-3

2.2 xlO4

3.7 xlO3

2.8 XlO 4

Cluster diameter,/n
DAr

TEM-2

0.038
0.021
0.042

DNe

TEM-3

0.0105
0.006
0.0114

Table 3 Predicted single particle scattering
intensitites for the TEM-3 flight

Filter

HSP-1
MSP-1
MSP-2
MSP-3
MSP-4

Wavelength S (56 deg)
region, nm (photons/s/sr/nm/particle)

160±15
210±15
230±13
258 ±10
280 ±5

4.1x10
6.1x10
9.7x10
1.0x10
3.0x10

-8
-7
-7
-6
-6

3 field of view is larger than that in TEM-2, resulting in a
larger background signal.

Figure 1 also contains the effective background source
intensity, that is, the measured background intensity treated
as if it arose from the immediate vicinity of the target module.
Clearly, solar scattering by neon clusters is much too weak a
source to account for the observed background signal, unlike
argon cluster solar scattering observed during TEM-2.1 This
result is fully consistent with the fact that observed UV
photometer and visible vidicon background signals are not
correlated with either target module settling or ACS jet ac-
tivity for TEM-3.

Conclusions and Discussion
As predicted in Ref. 1, the observation reported here clearly

proves that scattered solar radiation from control jet planes
can be substantially mitigated by substituting neon for either
argon or nitrogen as the cold gas propellant. This mitigation is
extremely important for satellite systems wishing to maintain
low background levels of scattered light contamination in the
visible and ultraviolet spectral regions.

As discussed in Ref. 1, other methods of reducing con-
densed particle sizes, and therefore scattered light signatures
for a given propellant, include heating the propellant, in-
creasing the nozzle half-angle, decreasing the nozzle diameter,
or decreasing the jet source pressure. There is a clear need for
a coupled laboratory and theoretical analysis program to fully
characterize nozzle condensation mechanisms and rates for
common control jet and small rocket motor plume species.
Such a program could provide satellite designers with the data
and algorithms necessary to design an efficient control system
while minimizing optical contamination effects.

Acknowledgment
Work at Aerodyne Research, Inc. was supported by the Air

Force Geophysics Laboratory under contract F19628-78-C-
0145.

References
'Kolb, C.E., Lyons, R.B., Elgin, J.B., Huffman, R.E., Paulsen,

D.E., and Mclntyre, A., "Scattered Visible and Ultraviolet Solar
Radiation from Condensed Attitude Control Jet Plumes," Journal of
Spacecraft and Rockets, Vol. 20, July-Aug. 1983, pp. 383-389.

2Hagena, O.F.,and Obert, W., "Cluster Formation in Expanding
Supersonic Jets: Effect of Pressure, Temperature, Nozzle Size and
Test Gas," Journal of Chemical Physics, Vol. 56, March 1972, pp.
1793-1802.

3Gibson, E.P. and Rest, A.J., "The Determination of the
Refractive Indices of Frozen Gas Matrices at 12 K by Emission
Spectroscopy," Chemical Physics Letters, Vol. 73, July 1980, pp.
294-296.

4Bondybey, V.E., Vaughn, C.T., Miller, A., English, J.H., and
Shiley, R.H., "Spectroscopy and Decay Dynamics of Several Methyl
and Fluorine Substituted Benzene Radical Cations," Journal of the
American Chemical Society, Vol. 103, Oct. 1981, pp. 6303-6307.

^Huffman, R.E., Paulsen, D.E., Larrabee, J.C., Baisley, V.C.,
LeBlanc, F.J., Frankel, D.S., and Gersh, M.E., "Vacuum Ultraviolet
Airglow and Stellar Observations on the MSMP/TEM-1 Rocket
Flight," AFGL-TR-80-0278, Air Force Geophysics Laboratory,
Bedford, Mass., 1980.

6Russak, S.L., Flemming, J.C., Huffman, R.E., Paulen, D.E.,
and Larrabee, J.C., "Development of Proximity and Electrostatically
Focused Digicons for UV Measurements from Sounding Rockets,"
AFGL-TR-79-0006, Air Force Geophysics Laboratory, Bedford,
Mass., 1979.

7Hegena, O.F., "Condensation in Supersonic Freejets," in
Rarefied Gas Dynamics, Vol. II, L. Trilling, and H.Y. Wachman,
eds., Academic Press, New York, 1969, pp. 1465-1467.

8Hinteregger, H.E., Fukui, K., and Gilson, B.R., "Observational,
Reference and Model Data on Solar EUV, from Measurements on
AE-E," Geophysical Research Letters, Vol. 8, Nov., 1981, pp. 1147-
1151.

9Delaboudiniere, J.P., Donnelly, R.F., Hinteregger, H.E.,
Schmidtke, G., and Simon, P.C., 1978 Inter comparison I Compilation
of Relevant Solar Flux Data Related to Aeronomy, COSPAR
Technique Manual Series No. 7.

10Brook, J.W., "Far Field Approximation for a Nozzle Exhausting
into a Vacuum." Journal of Spacecraft and Rockets, Vol. 6, May
1969, p. 626.


