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Counterflow Regolith Heat Exchanger
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A problem exists in reducing the total
heating power required to extract oxy-
gen from lunar regolith. All such
processes require heating a great deal of
soil, and the heat energy is wasted if it
cannot be recycled from processed ma-
terial back into new material.
The counterflow regolith heat ex-

changer (CoRHE) is a device that trans-
fers heat from hot regolith to cold re-
golith. The CoRHE is essentially a
tube-in-tube heat exchanger with inter-
nal and external augers attached to the
inner rotating tube to move the re-
golith. Hot regolith in the outer tube is
moved in one direction by a right-hand -
ed auger, and the cool regolith in the

inner tube is moved in the opposite di-
rection by a left-handed auger attached
to the inside of the rotating tube. In this
counterflow arrangement, a large frac-
tion of the heat from the expended re-
golith is transferred to the new regolith.
The spent regolith leaves the heat ex-
changer close to the temperature of the
cold new regolith, and the new regolith
is pre-heated close to the initial temper-
ature of the spent regolith. Using the
CoRHE can reduce the heating require-
ment of a lunar ISRU system by 80%, re-
ducing the total power consumption by
a factor of two.
The unique feature of this system is

that it allows for counterflow heat ex-

change to occur between solids, instead
of liquids or gases, as is commonly
done. In addition, in variants of this
concept, the hydrogen reduction can
be made to occur within the counter-
flow heat exchanger itself, enabling a
simplified lunar ISRU (in situ resource
utilization) system with excellent en-
ergy economy and continuous non-
batch mode operation.
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minimally-actuated Axel rover. Axel is a
two-wheeled rover platform with a trail-
ing boom that is capable of traversing
undulated terrain and overcoming ob-
stacles of a wheel radius in height. It is
operated by four motors: one that drives
each wheel; a third that controls the ro-
tation of the boom, which orients the
body mounted sensors; and a fourth that
controls the rover’s spool to drive the an-

tenna roller. This low-mass axle-like
rover houses its control and communica-
tion avionics inside its cylindrical body.
The Axel rover teleoperation software

has an auto-spooling mode that allows a
user to automatically deploy the thin-film
antenna at a rate proportional to the
wheel speed as it drives the rover along its
trajectory. The software allows Axel to de-
posit the film onto the ground to prevent

or minimize relative motion between the
film and the terrain to avoid the risk of
scraping and antenna with the terrain.
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This device takes advantage of the
centrifugal forces that are generated
when a coring bit is rotated, and a gran-
ular sample is entered into the bit while
it is spinning, making it adhere to the in-
ternal wall of the bit, where it compacts
itself into the wall of the bit. The bit can
be specially designed to increase the ef-
fectiveness of regolith capturing while
turning and penetrating the subsurface.
The bit teeth can be oriented such that
they direct the regolith toward the bit
axis during the rotation of the bit. The
bit can be designed with an internal
flute that directs the regolith upward in-
side the bit. The use of both the teeth
and flute can be implemented in the
same bit. The bit can also be designed

with an internal spiral into which the
various particles wedge.
In another implementation, the bit

can be designed to collect regolith pri-
marily from a specific depth. For that
implementation, the bit can be designed
such that when turning one way, the
teeth guide the regolith outward of the
bit and when turning in the opposite di-
rection, the teeth will guide the regolith
inward into the bit internal section. This
mechanism can be implemented with or
without an internal flute.
The device is based on the use of a spin-

ning coring bit (hollow interior) as a
means of retaining granular sample, and
the acquisition is done by inserting the bit
into the subsurface of a regolith, soil, or

powder. To demonstrate the concept, a
commercial drill and a coring bit were
used. The bit was turned and inserted into
the soil that was contained in a bucket.
While spinning the bit (at speeds of 600 to
700 RPM), the drill was lifted and the soil
was retained inside the bit. To prove this
point, the drill was turned horizontally,
and the acquired soil was still inside the
bit. The basic theory behind the process
of retaining unconsolidated mass that can
be acquired by the centrifugal forces of
the bit is determined by noting that in
order to stay inside the interior of the bit,
the frictional force must be greater than
the weight of the sample.
The bit can be designed with an inter-

nal sleeve to serve as a container for

Acquisition and Retaining Granular Samples via a Rotating
Coring Bit
This device is used in granular sample handling, and as a stand-alone regolith acquisition bit.
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