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Project Objective To develop and demonstrate an advanced thermal mining prototype capable of collecting 1 kg of ice in
approximately 11 hours from icy Lunar regolith that integrates engineered extraction, vapor ionization and electrostatic transportation of sublimated vapor to
a cold trap, and deposition of water vapor on an engineered cryogenic heat pipe with periodic delamination of ice, and system-level scale-up analysis.

Introduction Vapor Sublimation from Icy Regolith Engineered Heat Pipe

The ongoing in-situ resource utilization (ISRU) project at | This task focuses on the experimental characterization of vapor sublimation rate from | This work focuses on developing a LN, heat pipe utilizing
cSETR is focused on the design, development and | the icy lunar regolith. Experiments are performed in the cSETR Thermal Vacuum (T-Vac) | the 3D printed titanium micro-scale surface engineering.
demonstration of a lab-scale advanced thermal mining | chamber (Fig. 2a) at 10~ Torr base pressure and -100 °C temperature. 1000 grams of Engineered

prototype. There are significant uncertainties in estimating | JSC-1A is uniformly mixed with 64 grams of water (6 wt.%) and placed inside the T-Vac <:| :> ,Condenser » |
the thermophysical properties of icy Lunar regolith such as | (Fig. 2b). Patch heaters underneath a 23 cm x 23 cm wetted lunar regolith sample * High
effective specific heat and thermal diffusivity. Moreover, | controls vapor sublimation (Fig. 2c) rates. The test results are compared with the pure Ambient < Radiator 5;2?::,2
the vapor sublimates in an ultra low-pressure environment | ice model in Andres (2007) model in Fig. 2d. Average sublimation rate was achieved as

that makes it difficult to transport the rarefied vapor to the | 5.95x10~ kg/m?s.
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from capture tent and thermal drill simulators, and FlgureZ (a) cSETR T-Vac, (b) icy regolith sample in T-Vac, (c) vapor sublimation, and (d)

presents the design, development and demonstration of an | syplimation test results compared with Andres (2007) model.
advanced thermal mining prototype that integrates vapor

ionization and transportation to the cold trap by

Vapor lonization and Transportation

electrostatic field, and re-capture 1 kg of ice on the | The rarefied vapor transportation system focuses on the ionization of sublimated low- Cu Plate and load-cell.
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evaporator of an engineered cryogenic heat pipe. Figure 1 | pressure vapor and transportation to the cold trap in three different electrostatic field:

presents cSETR advanced thermal mining concept. (i) a tungsten filament electron emitter (Fig. 3a), (ii) a radio-frequency plasma source,
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stages during this test campaign. tungsten emitter, (b) analytical, and (c) experimental ionization rate.

project is now at the engineered heat pipe design and
testing, and exploration of various ionization systems stage.




