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Introduction: The Helium Extraction and Acquisition
Testbed (HEAT) is a laboratory prototype volatiles ex-
traction system constructed to demonstrate a process for
acquiring solar wind volatiles such as helium-3 (*He)
from lunar regolith. The *He could be used to fuel fu-
ture fusion power plants that would produce little to no
radioactive waste and efficient rockets for Solar System
travel [1], [2]. Hydrogen, helium-4, carbon dioxide, car-
bon monoxide, methane, nitrogen, and water (from hy-
drogen reduction of ilmenite) are also products of the
process. These volatiles could be very important in sup-
porting the propellant and/or life support needs of peo-
ple in space (space stations, lunar outposts, Martian out-
posts) for extended periods of time [3]. In the present
research, helium is implanted into <100 pm JSC-1A
regolith simulant using a device called the Solar Wind
Implanter (SWIM). The HEAT system is used to extract
up to ~50% of them by heating the material to 450 °C
within a heat pipe heat exchanger. In this paper, key
aspects of the flow and heat transfer modeling for the
HEAT device are presented along with the modeling
results.

Helium extraction & acquisition testbed design:

The Helium Extraction & Acquisition Testbed (HEAT)
is an experimental lunar volatiles extraction system de-
signed to bring recuperative heat pipe heat exchanger
(HPHX) technology for regolith to a Technology Read-
iness Level of 4 [4]. Figure 1 illustrates the concept of
the HEAT project and a model of the HEAT hardware
inside of a vacuum chamber. The components of the
HEAT system are designed to control the inlet and out-
let flow of regolith simulant through a HPHX, as illus-
trated in .

Figure 1. The HEAT system is a testbed for heat ex-
changer technology for lunar solar wind volatiles sys-
tems like the Mark-3 Miner (miner credit: Gajda
2006[5])
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Figure 2. HEAT system components

JSC-1A simulant flow and heat transfer modeling

A standard heat pipe heat exchanger design approach,
used in industrial multi-stage heat pipe heat exchangers,
is used for the modeling of the HEAT system [6]. The
heat transfer coefficients used in this modeling approach
heavily depend upon the flow patterns of the heat trans-
fer fluid passing over the heat pipes, <100 pm JSC-1A
regolith simulant in this case. The modeling of the flow
patterns is based on an approach developed and vali-
dated by Niegsch, illustrated in Figure 3, that takes into
account the stagnation and void zones that develop due
to the frictional properties of granular materials [7].
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Figure 3. Three section flow channel between adjacent
pipes and the sectional thermal resistances (adapted
from Niegsch et al.)
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The nominal HEAT HPHX was designed to be a cost-
effective proof of principle system that fit within labor-

atory geometry constraints. The nominal HPHX con- Figure 4
figuration for extracting 50% of helium from 7 g/s of

processed JSC-1A simulant is shown in Parameters Values
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Figure 4. Illustration of the heat pipe heat exchanger
configuration for the HEAT system using 5 rows of
flattened 6 mm heat pipes and 4 rows of 4 mm O.D.
cartridge heaters in a staggered 1 mm column spacing
arrangement. The actual HEAT copper heat pipes are
shown to the right.

Table 1. Parameters of the HEAT heat pipe heat ex-
changer, as illustrated in
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