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Thermal Mining for Water on Lunar Regolith
Part 2 - Thermal Analysis of Icy Regolith with calculation of
Condensation and Solidification
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ABSTRACT

Thermal mining, which directly heats lunar regolith and captures water vapor, has
been proposed as a method for mining ice in permanently shadowed regions (PSRs) on
the lunar surface. This method has a problem: it is difficult to heat the deep layer because
the effective conductivity of the regolith is extremely low. Therefore, we devised an
original method for mining ice in PSR includes the following steps: heat the deep layer of
the lunar regolith with a heater, and create a closed space surrounded by a thin ice wall
that acts as a shell for water vapor, fill the inside of the shell with high-temperature inert
gas to promote heating the icy regolith through convection and sublimate the ice, insert
a straw into the shell and suck up the water vapor and condense on the lunar surface. We
are currently investigating the feasibility of the above method from various perspectives.
As one of these, we examined the feasibility of forming an ice wall through numerical
analysis. First, by customizing OpenFOAM, we made it possible to simulate heat transfer
in the lunar icy regolith. Next, we used this customized solver to simulate heat transfer
when icy regolith was heated with a heater. As a result, ice sublimated quickly in the
regolith within 2-3 mm from the heater, and a dry region appeared. The water vapor
moved outside the dry region, recondensed, and solidified, forming an ice-rich region (ice

wall). Finally, we could quantitatively understand the mechanism of ice wall formation.
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