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EFFECTS OF CRYODEPOSITS ON SPACECRAFT
THERMAL CONTROL SYSTEMS

Dudley G. McConnell

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio

As space missions involve in-
creasing amounts of astronaut extra-
vehicular activity, and even space-
craft operating in close proximity to
one another, the likelihood of cryo-
deposition increases. This note con-
siders the effects of cryodeposits on
spacecraft thermal control systems
from two points of view; first, the
intentional use of cryodeposits as a
means for beneficial modification of
surface radiative properties, and
secondly, the effect of deposition on
the inner surfaces of a shadow shield
array.

Before consideration of the effects
of cryodeposits on thermal control
systems, a few words of background
are in order. The first in-flight ob-
servation of cryodeposit material
was made by Astronaut Col. John
Glenn during the flight of MA-6[1].
Col. Glenn observed luminous parti-
cles in the vicinity of his craft when

emerging from the night side of the
orbit. Because of the apparent size
and luminosity of these objects,
Glenn called them ''fireflies''. Sub-
sequently, similar particles were
observed by Astronauts Carpenter
and Cooper. Carpenter [2] demon-
strated that the particles could be
generated from the exterior bulkhead
of the craft itself; Cooper observed
similar particles emanating from an
attitude control thrustor. O'Keefe
[2] suggests that the majority of these
particles were crystallized steam.

In the first case, the steam which
crystallized resulted from the direct
disposal to space of the water used
in the spacecraft life-support system
and in the second case, from the atti-
tude control thrustor propellant
H202. In addition to these flight ob-
servations, there have been labora-
tory observations of H20 and 002
cryodeposits under high vacuum con-
ditions. These observations have
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been reported by Cunningham et al.
[3] and Caren et al. [4]. At Lewis
Research Center, J. T. Cassidy re-
cently observed an H2 cryodeposit.
Thus, there is evidence to show that
condensed gases can remain stable
on a surface exposed to a space en-
vironment and, as a result, may
possibly alter the radiative proper-
ties of surfaces that are critical to
the thermal design of the spacecraft.
This possibility is examined below.

McConnell [5] has investigated
the conductive heat transport within
a nonopaque solid such as frost. The
nonopaque solid (cryodeposit) covers
the exterior surface of a cryogenic
reservoir, such as a fuel tank, and
is exposed to incident thermal radia-
tion, as shown in figure 1. The
analysis was made for several frost
thicknesses and took account of the
ability of the frost to lose heat by
sublimation. Figure 2 presents the
total heat transported to the sub-
strate (fuel tank) as a function of
cryodeposit depth. In this and suc-
ceeding calculations, the deposit is
assumed to be H20 for which the ra-
diative properties are available. The
total heat transport is the sum of the
heat conducted by the deposit to the
substrate plus the radiant heat trans-

mitted through the deposit to the sub-
strate, namely,

%ot = 9cond * Yrad

This sum is nondimensionalized
through division by the incident ra-
diant energy. In figure 2, it is read-
ily apparent that the presence of an
H20 deposit on a highly reflective
surface has a detrimental effect, for
the heat transport is thereby in-
creased. For an optical thickness

of 1, which for solar radiation cor-
responds to a frost thickness of about
33, the heat transport to a reflec-
tive substrate is increased by a fac-
tor of 8; whereas, the heat transport
to the less reflective substrate is
increased by only 2 percent. Fur-
thermore, at an optical thickness of
5 (corresponding to a frost thickness
of 0. 15 mm), the heat transport to
the less reflective substrate is de-
creased by 30 percent from the
amount when no deposite is present.
For optical thicknesses greater than
4, the heat transport is independent
of substrate reflectance, the primary
mode being conduction from the de-
posit. The total heat transport ratio
apparently approaches a limiting
value of 0.15. Thus, the presence
of a deposit always increases the
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heat transported to a highly reflec-
tive substrate (p > 0. 85), whereas
for a less reflective substrate

(p < 0. 85) the deposit may decrease
the total heat transport. This may
be significant for an initially reflec-
tive surface which becomes less re-
flective because of exposure to mi-
crometeoroid impaction. In such an
instance, a deposit produced either
naturally or artificially could have
the beneficial effect of decreasing
the heat transported to the surface.
On manned missions, the HZO and
CO, available as by-products of the
spacecraft life-support systems
could perhaps be used to produce
such a deposit. Since the exposure
time for impaction degradation is
still subject to question, the impor-

tance of this problem is not yet clear.

A cryodeposit can also have a
significant effect if it grows on an
interior surface of a shadow shield
array used to reduce solar heating
of a cryogenic fluid. Several illus-
trative cases are presented in fig-
ure 3, wherein the calculated net ra-
diant heat flux arriving at the cryo-
reservoir is shown for various cryo-
deposit locations. In these calcula-
tions, it was assumed that the depos-
it (e. g., H20) increases the emit-

tance of an aluminum surface from

0. 045 to 0.090. (As shown in [5],
the actual overall emittance would

be a function of deposit depth, and

an emittance of 0.1 would correspond
to a deposit depth of only 3u.) Fig-
ure 3 shows that in those cases in
which a deposit is present, the heat
flux to the cryogen is increased by
over 30 percent. This result indi-
cates that provisions should be made
for the avoidance of such deposits,

if possible, or for the removal of de-
posits which do occur.

The preceding calculations show
that the effects of cryodeposits on
spacecraft thermal protection sys-
tems can be large, and that the ef-
fects can be either beneficial or del-
eterious. Spacecraft designers
should, therefore, take steps to
avoid such deposits where they may
have an undesirable effect and per-
haps to enhance their formation
where the effect is advantageous.
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Figure 1. - Cryodeposit-substrate complex.
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Figure 2. - Heat transport through 250° K H,0 deposit for 290° K blackbody radiation and solar
radiation. Gyt = @cong *Irad)/Arad incident
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Case 1. - No cryodeposits present. Case 2. - Deposit on inner shield
Incident flux, 0. 14W/cm?; sofar absorp- and reservoir. Assumed emittance of
tance, 0.15 for first shield; emittance, deposit coated surfaces, 0.090; net boil-
0.045; net boiloff flux, 2. 68x10-4 wicm2; off flux, 3. 52x10-4 W/cm2; middle shield
middle shield temperature, Tp, 272° K. temperature, T,, 246° K.
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Case 3. - Deposit only on reservoir.
Assumed reservoir emittance, 0.090;
net boiloff flux, 3,50 W/icm?; middle
shield temperature, Ty, 268° K.

Figure 3. - Effect of cryodeposition on shadow shields.
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