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What is Lunar Water?

Frozen water deposits can be found
underneath the moon’s surface within lunar
dust and rock (regolith).

Water can be extracted from the Permanently
Shadowed Regions of the moon’s south pole.

Pure water can be outputted by adapting
filtration methods to the lunar environment to
remove water from regolith and contaminants.

Figure 1: Possible Deposits of Ice Water on the Moon’s South Pole
from NASA’s Lunar Reconnaissance Orbiter Credit: NASA




Objective and Execution

Lunar Water Process

Water is extracted at extremely cold
The objective of this project is to temperatures from lunar regolith
create a filtration system part of a
larger lunar water processing plant :
capable of producing 2500-10,0000 L Wa}[ter 's transported jco afn it
of pure water. Water is filtered from a autonomous processing faciiity
95% lunar regolith and 5% pure water

mixture which can be sold for fuel or
consumption.

@ Water is de-frosted and filtered

Materials are stored and then sold
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Why Develop Water on the Moon?

Demand Our Value
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$206 Billion Economic growth Affordable rocket Potable water for
USD m'arket for in the space fuel extracted from lunar habitants
water In space industry including pure water

over the next tourism

30 years
(Plate, 2019)




Design Specifications

Constraints
Environment Design

Extreme Temperature Range Weight Constraint of 1000 kg
of -232 °C to 127 °C

Power Constraint of 10 kW

f\ '\ Ambient Pressure of O Pa

of 450 m3

Limited Maintenance to 2x a
year
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Performance

Water Quality

pH of 6.5-8.5

Total Dissolved Solids (TDS)
Reading of 500 ppm or less




Filtration System
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Design Features

Double filtration methods ensure
higher water quality

Automatic testing ensures clean
water is not contaminated

Lunar vacuum atmosphere utilized to
reduce power consumption

System operates underground to
mitigate adverse temperature changes

Refrigerant 22 (R22) is used as the
coolant for the condenser

Batches of mixture ensure optimal
water recovery




Filtration Process
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Vacuum the system while
the lunar regolith water
mixture is prepared.
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Vacuuming the system cleans
it after each batch and aids in
distilling the water
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Filtration Process
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Water is evaporated and
separated from the
mixture while the
condenser is cooled.
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The vacuum decreases the
pressure and evaporates the
water. R22 fills the outer tank
of the condenser to cool the
vapor.
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Filtration Process
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R22 lowers the
temperature, so the water
vapor condenses to a
liquid in the inner tank.
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R22 enters at -4°C to cool
down the system. Water
enters into the inner cylinder
to be cooled.
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Filtration Process
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Liquid water is pumped to
the Carbon Block Filters
to be further purified.
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An additional filter is placed in
case of failure. R22 is
removed from the system
after the water condenses.
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Filtration Process
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Water is tested. If it meets

the pure water

requirements it is flown to

the primary storage tank.
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Water that is not clean, flows

to the secondary storage tank
and is filtered again or

removed.
Valve Valve
Open Closed




Conceptual Design Conclusions

Results

D Simulation filters all regolith and \

outputs 100% water

Legend

A: Top Distillation Column

B: Bottom Distillation Column
C: Mixer and Plug Doors

D: Condenser

E: Inner Condenser Tank

F: Outer Condenser Tank

G: Carbon Block Filters

H: Primary Storage Tank

I: Secondary Storage Tank

iy ol E‘,} Power consumption is 6.4 kW
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9 Shipping volume is 95 m3
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Additional pipes and doors creates
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Exceeded weight limit so assembly
A=t

can withstand wider temperature
range

Figure 2: Conceptual Design Magnified with Cross Sections
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Prototype and Experiment Conclusions
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Figure 3: Prototype SolidWorks Model with Labels

Deviations from the Conceptual Design

ﬁ Temperature driven distillation
column

% Ice water coolant
\_ J

Note: Deviations made since testing was not completed in a
13 lunar environment
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