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Introduction

THE ram glow associated with various Space Shuttle flights
has been discussed1 since its discovery on STS-3. Al-

though the glow was not predicted in advance of flight, it has
been suggested that it could be associated with the glow of
satellites such as the Atmospheric Explorer.2 The glow from
the Atmospheric Explorer (AE) has been examined in consid-
erable detail,3 and this information is used here to compare its
brightness with that of the Shuttle.

The Space Shuttle observations have reported4 glows associ-
ated with the thruster firings. The decay of this glow is analyzed
here to indicate a mechanism for the decay.

Results
From the brightness as a function of wavelength data for the

AE (see Fig. 3, in Yee and Abreu3), the total brightness be-
tween 4278 and 7320A can be estimated. For 170-175 km, this
is estimated to be 9.6 kR. On AE the brightness was also deter-
mined as a function of altitude (see Fig. 1, in Yee and Abreu3).
The brightness decreases as the altitude increases. From the
constancy of the slope above 160 km, as well as the constancy
of the spectral distribution at the two altitudes depicted in Fig.
3 of Ref. 3, it is reasonable to assume a constancy of spectral
distribution with altitude for AE. With thisoassumption, the
total brightness, /?, between 4278 and 7320A at any altitude
above 170 km may be estimated by

Total B at altitude =

B @ 7320A at altitude
B @ 7320A at 170km

x total B at 170km

From Fig. 1 of Yee and Abreu,3 the brightness at 170 km is
estimated as 180 R and at 200 km it is 75 R. Thus, at 200 km
this becomes total B = (75 R/180 R)9.6 kR = 4 kR. For com-
parison of the AE's luminosity with the flat surface of the
stabilizer of the Shuttle, Dalgarno et al.5 suggest a correction
of a factor of 2 for the AE surface curvature and a factor of
3 for the AE photometer protrusion. Thus, at 200 km the total
brightness for comparison with the Shuttle becomes
4 kR x 6 = 24 kR. Several points calculated in this manner
have been plotted here in Fig. 1 as a function of altitude. Glow
results from Shuttle flights STS-3, -5, -8, and -41G are also
presented in Fig. 1.
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For the Shuttle, the characteristic length across the vertical
stabilizer and the e-fold of the glow is usually taken as 900 cm
and 20cm, respectively.6 For STS-8, the brightness (R/A) at
four wavelengths between 5577 and 7600A has been deter-
mined by Kendall et al.7 From this data the total brightness
over the 900 cm of the vertical stabilizer of the Shuttle is esti-
mated to be 665 kR. In the ram direction the extent of the glow
is about 20 cm from the stabilizer, and to be comparable to
AE, a photometer viewing normal to the stabilizer would see a
column length of about 20 cm. Therefore, the total glow (for
comparison) is approximately (20/900)665 kR = 14.6 kR, and
this is the point labeled as STS-8 in Fig. 1. Brightness at four
wavelengths has also been determined8 for STS-41G. In a sim-
ilar manner, the estimated total brightness for STS-41G at
230 km is 4.6 kR, and at 360 km it is 1.9 kR. These points are
so labeled in Fig. 1.

For STS-3, Yee and Dalgarno9 estimate the Shuttle glow to
be about three times the Earth airglow appearing in the back-
ground of the photographed Shuttle glow. They take the air-
glow to be 10 kR, which is only the atomic oxygen airglow at
5577A (Banks et al.1). This severely underestimates the pho-
tographed airglow since it consists of all radiating species and
not just atomic oxygen. The airglow has a brightness of
100 kR,1 and, thus, the correct brightness for STS-3 should be
about 300 kR. With the correction for column length, the glow
is estimated as (20/900) 300 kR = 6.7 kR, which is the point
plotted in Fig. 1. By comparing the glow photograph from
STS-3 with the photograph of STS-5, Mende and Swenson4

estimate the glow to be about 1/3.5 times that on STS-3. (Both
photos were made with the same camera/film system and with
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Fig. 1 Comparison of Shuttle glow with AE glow.
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similar velocity vectors of the Shuttle.) This estimate for STS-5
is also included in Fig. 1.

Since the most abundant constituents in the ramming atmo-
sphere are OI and N2, the first suggestion that spacecraft glow
could be caused by a NO and O recombination was made by
Torr10 for the emissions observed on the AE-E satellite. In
a detailed comparison of the continuum emission from the
Shuttle and emission from electronically excited NO2, Swenson
et al.11 "strongly suggest" that the Shuttle glow is a result of the
NO2 recombination continuum. Reference 11 should be con-
sulted for details of this conclusion, where it is pointed out that
temperature effects may be responsible for alternations of ob-
served spectra. Recently in a discussion12 of the effects of vari-
ous materials on glow, it has been suggested that the glow is
probably due to surface catalytic phenomena.

Even with such potential variants, the results depicted in Fig.
1 show remarkably favorable agreement between AE and
Shuttle glow, indicating essentially the same phenomena for
both spacecraft.

Thruster firings on the Shuttle create a great deal of observ-
able light, and there is a marked enhancement of the glow on
the engine pods. A collage of television monitor photographs
has been published,4 along with the integrated video signal
plotted by a chart recorder for STS-3 and -8. The video trace
figures were photo-expanded and the decay of the glow, begin-
ning at time t = 0, was analyzed. The analysis for STS-8 is
depicted in Fig. 2. The analysis for STS-3 is similar but, of
course, with different time constants. The analysis for both
flights shows two decays, both of which are first order (in
chemical kinetics terminolgy) where the rate of reaction of
cbc/dx = kx, i.e., proportional to the first power of the concen-
tration of the reacting species. For STS-8, the time constants,
&, are 0.77s"1 and 0.16s-1, and for STS-3, 6.9s-1 and
1.7 s"1. The television photographs4 show a large glow obvi-
ously taking place in the gas phase with a rapid decay and a
more persistent glow on the engine pods. Thus, in Fig. 2 the
more rapid decay (k = 0.77 s"1) can be associated with the gas
phase glow decay, and the slower decay can be associated with
the surface glow decay. Similar considerations hold for the
results for STS-3. It can be noted that the time constants on
STS-3 (240 km) are about 10 times those for STS-8 (220 km).
An understanding of this can be obtained from the following
considerations. The gas phase glow cannot be a simple quench-
ing of an excited species, C*, from the thruster that decays
spontaneously, i.e., C* -* C = hv. If this were so, then the rates
of decay should be independent of altitude, depending only on
the luminescence lifetime of C*. It cannot be quenching of an
excited C* from the thruster by a second body, i.e., an ambient
constituent, A, by a reaction such as A + C* — A + C + hv. If
this were so, then the time constant of STS-8 at the lower
altitude would be larger than that for STS-3 at the higher
altitude where the number density of A is smaller. It is known
from laboratory studies that time constants for quenching ex-
cited species are proportional to the number density of the
second body.

Most probably, the glow arises from a neutral specie from
the thruster reacting with an ambient specie A + C -» hv. Such
reactions have been studied with respect to the creation of
ionospheric "holes" (i.e., depletion of atomic oxygen and elec-
trons) due to rocket firings.13 Consider a possible reaction of
the type

A+C: (1)

hv

For such a reaction, it can be shown14

Rate of reaction = k3[AC]* «(k lk3/k2)C = kC (2)

which is directly proportional to the concentration of C and is
of first order in [^C]*, just as found in Fig. 1 (and for STS-3).
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Fig. 2 Analysis of thruster glow of STS-8.

The time constant determined by analysis in Fig. 2 is, thus,
composed of several k's and should not be considered as a
lifetime of [ylC]*. For the suggested reaction, k2 would be
associated with a vibrational coordinate and will most proba-
bly be much larger than k3. Further speculation here is not
warranted. However, from the experimental fc's it is instructive
to consider what the rate of reaction at 220 km would be at
240 km. This normalization leads to

:20
1^3/^2)240 £-240

= 1 (3)

From Fig. 16 of Mende and Swenson,4 it can be noted that
the burning time at 220 km is about 10 times longer than the
time at 240 km. Then, it is reasonable to assume that the con-
centration of C at 220 km is 10 times the concentration of C at
240 km or C220 = 10 C240. Insertion of the appropriate values
into Eq. (3) gives (0.77) 10 C240/6.9 C240 = 1.12, or very nearly
1 as required by Eq. (3). This result is an ex post facto justifica-
tion for the concentration assumption made for the two alti-
tudes.

Consider now the slower surface associated glow decay
where at 200 km, k = 0.16 s"1 and at 240 km, k = 1.69 s"1. It
is reasonable to assume that adsorption of the ambient, A,
exists on the surfaces of the spacecraft, and thruster specie C
arriving at the surface reacts with the adsorbed material to
produce the glow. The kinetics of such a heterogeneous reac-
tion (of two gases on a surface) is given by4

Rate of reaction = k(Pc/PA) (4)

where PA is the pressure or number density of A adsorbed on
the surface and Pc is that for the thruster effluent. Equation (4)
is, thus, the rate of formation of the excited specie [AC]* on the
surface and for a stationary concentration of [AC]* is equal to
the rate of decay of [AC]*. The glow decay is, therefore, con-
trolled by the slowest step in the reaction, i.e., the formation of
[AC]* on the surface. This is first-order kinetics in C as re-
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quired by the results of Fig. 2. Normalizing as before for the
gas phase leads to

- = 1 (5)

From the burning time, as for the gas phase reaction,
CPc)22o = 10CPc)24o- From the standard GOES A atmosphere,
(P4)220 — 1-6(^4)240- Insertion into Eq. (5), along with the ap-
propriate k, leads to 0.16(10 PCPA)/1.1( 1.6 PAPC) = 0.6 in rea-
sonable agreement with the requirement of Eq. (5).

The foregoing discussion appears to be in good agreement
with the observations of the glow on spacecraft. Although it
has been implied before that agreement should be evident be-
tween AE and Shuttle glow in their total brightness and alti-
tude dependence, the results here give, for the first time,
validity to the suggestion. The results of the thruster glow
analysis show the one-to-one correspondence between the TV
pictures and the integrated video signal. It also gives an indica-
tion of the possible mechanism of glow production arising
from thruster firings.

Also, the results obtained here for the time constants of the
gas phase glow and the surface glow for STS-3 are in good
agreement with those from individual pixels as determined by
R. R. Herm and G. C. Light [Aerospace Corp., Report TOR-
0084 A (5464-04)-]. In Table 8 there, for pixels viewing just the
gas phase the average of eight values is 5.9 s"1, and for pixels
viewing the surface glow the average of three values is 1.1 s"1.
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