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e INTRODUCTION

Near the poles of the Moon, there are permanently shadowed craters whose surface temperatures never exceed 100 K. Craters within craters, commonly referred to as double-shaded craters, have ar
many cases, temperatures that should never exceed 50 K. The presence of water ice possibly existing in permanently shaded areas of the moon has been hypothesized, discussed, and studied since
ice on the moon. Ingersoll et al. [2] estimated that the maximum sublimation rate for ice is less than 1 cm per billion years for these types of environments. These potential ice stores have many uses|
precious water and rocket fuel for any human exploration or future colonization.
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The temperatures within these regions offer unprecedented high-vacuum cryogenic environments, which in their natural state could support cryogenic applications such as high-temperature superco
derived. The potential application of naturally occurring cryogenic environments in conjunction with simple methods to augment these environments to achieve even colder temperatures opens the
techniques. Besides ice stores and the potential for continuous solar illumination for power production, the unique cryogenic conditions at the lunar poles provide an environment that could reduce ]
have to be carried from the Earth to the Moon for lunar exploration and research.
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Figure 1 shows a schematic of a lunar base that is exploiting single-shaded and =5 Our analysis reveals that thermal shielding within shaded
double-shaded craters. Since we are near the poles, the sun is shown low in the craters could create an el several Kelvin above absolute zero.
horizon for two positions in the sky. Within single-shaded craters, some areas e Within the double-shade ispended thermal shield would
are shaded from all positions of the sun. Estimates by Carruba and Coradini o] gt — reflect the nominal 50 K hdiation back towards the lunar
indicate that the temperature ranges of single-shaded craters are in the L R surface. A simple metho bven a relatively large object would
83-103 K range [3]. They also show that double-shaded craters can have s s be to use a low thermal i spension structure that would hold
temperatures in the 36-71 K range. These temperature ranges represent both N i ’ both the thermal shield a t above the thermal shield. The
the natural environment that is achievable and the types of cryogenic devices I i ool naturally existing enviro levitate a thermal shield using
that can be used at these temperatures. s g on, 13 & b ne - i1 high-temperature superc agnetic levitation, using the
y i s 1 $ Meissner Effect as show b.
i . This would minimize the| br (conduction and radiation)
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if e Figure 2. Various cryogenic devices and cryogens for natural and augmented thermal
? e s environments. Lide [7], Canfield and Bud'ko [8], and Carruba and Coradini [3].
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! - Figure 3. Thermal shield m| vitated with a superconducting toroid.
?,.m,,,,.m,, freir ) Table 2 lists the expected temperatures for solar illuminated, permanently ¥
)| single-shaded craters, double-shaded craters, and two augmented architectures. ~
The first augmentation is thermally isolating a device from the gray body SU M MA RY ’O N CL USI
Figure 1. Schematic of polar single-shaded and double-shaded craters and - i e P [ i
associated thermal sources. ” ‘ ; g. . 4 ) . Lunar exploration and h: abilities would significantly benefit
= I In elffect, in a single- or double-shaded crater, if an Qb]ect was isolated from a if permanently shaded cr. nted with thermal shielding, were
TH EO RY o variety of thermal sources and was ?119wed to radiatively 0091 to space, the used to support a wide v: bgenic applications. This could be
l achievable temperatures would be llmltgd only by43 K cosmic b.acl.(ground and accomplished by using s to enable the operation of near
Table 1. Heat sources and their magnitude. The temperature on the anomalous solar wind that would strike the object, thereby limiting the absolute zero instrument: an array of cryogenically based
e e temperature to 10 K when the solqr wmld strikes Fhe obje.cl. To get cplder propulsion, energy, com sensing, and computing devices.
® Fluxw, vl s e o temperatures, a §econd augmentation Wlth an active cooling device is added to By exploiting the unique ics of permanently shaded regions
Acrate] the passive cooling architecture to achieve near absolute zero temperatures on the Moon, the power. total mass that are required to
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can achieve temperatures even lower than those that naturally exist.
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