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English

Preliminary Test Results from the Helium Extraction and Acquisition Testbed

At the University of Wisconsin­Madison, research is ongoing to develop a prototype lunar volatiles extraction system that will demonstrate a process for acquiring
valuable volatile gases that can be used for power, fuel or life support in space. The prototype system is called the Helium Extraction and Acquisition Test bed
(HEAT) and is based on past lunar volatiles miner designs that were developed at the University of Wisconsin Fusion Technology Institute. Testing of HEAT is
focused on measuring the rate of gas extraction from the processed lunar simulant and measuring the thermal energy recovery can be achieved in this kind of volatile
extraction system with the use of a heat pipe heat exchanger. Preliminary results of the testing of the HEAT system will be presented. 
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Outline

Background: Research at the Fusion Technology Institute

Motivation and Context for the Presented Research

Overview of Research to Demonstrate Lunar Volatiles Extraction 

Helium Extraction and Acquisition Testbed (HEAT)

Solar Wind Implanter (SWIM)

Conclusion: Progress and Future Work
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Fusion Technology Institute
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ITER, 2016Neutronics, Materials & Radiation Hydrodynamics for ITER & NIF



Fusion Technology Institute
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FTI IEC Lab, 2016Neutron sources for drones to detect weapons & resources



Fusion Technology Institute
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Tri Alpha Energy, 2016Analysis & testing for commercial fusion projects



Fusion Technology Institute
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Schmitt and Olson, 2013
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Helium-3 & Lunar Volatiles for Fuel & Life Support



The Moon has retained over 1 million tonnes of 3He

7

L.J. Wittenberg, J.F. Santarius, and G.L. 

Kulcinski, “Lunar Source of  3He for 

Commercial Fusion Power,” Fusion 

Technology 10, 167 (1986).

0.002% 3He++
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Heating Regolith Releases 3He
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Heating Regolith Releases a Number of Valuable Volatiles
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Three Iterations of Helium-3 Miners Designed at the UW FTI 

Illustration by J. AndrewsA.D.S. Olson     CIM-PTMSS     5/2/2017
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Research Toward Demonstration of Volatile Extraction

 A testbed for 3He and volatile 

extraction inside of a heat pipe heat 

exchanger

 Laboratory scale (TRL 4)

A.D.S. Olson     CIM-PTMSS     5/2/2017

Helium Extraction & 

Acquisition Test bed 

(HEAT)

Mark 3 Lunar Miner, Credit: M. Gajda



The Heat Pipe Heat Exchanger is a Key Part of the Miner

 85% energy recovery by using heat pipes

 12.3 MW from solar collector (70 MW reduction)

 Heats 157 kg/s of regolith from 30 °C up to 700

°C to release 85% of embedded 3He

 Evolves 16.7 g/hr of 3He (66 kg in 3942 hours of

mining)

 Working fluid – heat pipe material combinations

 Water in copper pipes: operating up to ~250 °C

 Mercury in stainless steel pipes: operating between

250- 500 °C

 Sodium and or potassium in stainless steel pipes:

operating above 500 °C
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This Research Will Demonstrate 3He Extraction
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Mark II

 Heats regolith from 30 °C up to 700 °C to 

release 86% of embedded 3He 
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This Research Will Demonstrate 3He Extraction
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Construction of the HEAT Device
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HPHX Design: Staged Counterflow HX Analysis

 Energy balance on cold and hot streams of regolith

 Effectiveness – NTU method

 Stage temp., effectiveness, conductance determined

 Stage change in regolith temperature determined

 HX surface area determined

Q = Ch Thi − Tho = Chεh Thi − Tp = Cc Tco − Tci = Ccεc Tp − Tci

εh =
Thi − Tho
Thi − Tp

= 1 − e−NTUh εc =
Tco − Tci
Tp − Tci

= 1 − e−NTUc

NTUh =
hhAh

 Ch
NTUc =

hcAc
 Cc

Credit: Des Champs Labs,1993
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HPHX Design: Moving Bed Flow and Heat Transfer

Credit: Niegsch et al.,1994

1-Phase - Analytical 2-Phase - CFD Discrete Element Method (DEM)

Credit: Baumann et al.,2014
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HPHX Design: Moving Bed Flow Model

α =
π

4
+ φe

β =
1

2
cos−1

1 − sin φe

2 sin φe
+ sin−1

sin φw

sin φe
+ φw

 The granular friction properties influence the flow channel shape

 The Niegsch model (Niegsch et al., 1994) incorporates the stagnation and void areas of flow

Credit: Niegsch et al.,1994
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HPHX Design: Moving Bed Velocity Field Solution

 Steady 2D flow, material is described as an isotropic, incompressible continuum fluid

Credit: Niegsch et al.,1994
Credit: Niegsch et al.,1994

Wall CenterSection I

Section II

Section III
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HPHX Design: Moving Bed Heat Transfer

Credit: Niegsch et al.,1994

 Thermal resistances vary by section

 Section II has the greatest influence

 Surface heat transfer coefficient

 Heat penetration into the bulk
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HPHX Design: Moving Bed Experimental Results

𝒉𝐥𝐨𝐜𝐚𝐥 =
𝐪𝐭𝐮𝐛𝐞,𝐥𝐨𝐜𝐚𝐥
′′

𝐓𝐛𝐮𝐥𝐤,∞ − 𝐓𝐭𝐮𝐛𝐞,𝐨𝐮𝐭𝐞𝐫

Credit: Niegsch et al.,1994

 Niegsch Model matches experimental results

 Heat transfer coefficients measured with a steam heated 

tube with thermocouples on its inside and outside surfaces
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JSC-1A Lunar Regolith Simulant Will be Used

Property Range Value/Function Used

Density 1400 – 1800 [kg/m3] 1700 [kg/m3]

Mean particle size 180-200 μm 185 μm

Mean particle size (<100 μm) 50-70 μm 60 μm

Specific heat 700- 1400 [J/kg-K] 1047.41 log(Temp) – 1848.15 [J/kg-K]

Thermal Conductivity @20 kPa 0.15 - 0.40 [W/m-K] 3.9e-4(Temp) + 0.1588 [W/m-K]

Cohesion 1 kPa 1 kPa

Angle of Internal Friction 40-55 degrees 45 degrees

Thanks to Dr. James Mantovani for 

8kg of JSC-1A from NASA KSC 

JSC-1A Merriam Crater Cinders (left) and ground regolith simulant (right), Credit: ORBITEC

Chemical 

Composition
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Solar Wind Implanter (SWIM) Objectives

Implantation Goals

 Implantation energy: ~1 keV/amu (solar wind)

 Aim for 20 ppb 4He concentration


4He diffuses out of regolith like 3He (use 4He 

for cost)

Implantation Characterization

 Helium release vs. temperature

 Measure the released helium relative to any 

background 4He concentration
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SWIM Concept and Components
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SWIM: Acceleration Grid Assembly

Anode  - Cathode 

Grid Assembly

Hopper/Feeder Orifice Plate

3.4cm

4.8cm

17.8cm

12.1cm

Threaded Ceramic 

Standoffs

Ceramic Spacer

Ceramic 

Strut

5mm
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SWIM: Acceleration Grid Electrostatic Potential

Helium 

Ion Flow
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SWIM: Setup at NASA KSC ESPL

 HV amplifier (±10kV,10mA)

 HV input power supply

 Filament bias power supply 

(600V, 1.7A)

 Filament power supply 

(30V,4A)

 Multimeters to measure output 

voltage and current

 AdAware radiation monitor

 Varian 301 turbo pump, gate 

valve, and controller

 Scroll pump

 Extorr 300 RGA

 18”x30” bell jar and 8-port 

feed through collar

 Helium K bottle

 Baratron gauges

 Ion gauge

Filament PSRad Monitor

Bias PS

Input PS

Multimeters

Vacuum 

Chamber

GoPro Hero 4 

Session

Hopper/Feeder

Anode

Cathode

A.D.S. Olson     CIM-PTMSS     5/2/2017



28

SWIM Setup Replicated in FTI Lab for Continued Testing

Particle Energy 

Analyzer

18” O.D, 22” 

Cylindrical Chamber

Power Supplies and 

Instrumentation

V250 Turbopump

4He Tank
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SWIM: Initial Device Operation

Filament on only Action cam image Filament on and discharge 

(side view)

Discharge (front view)

Tungsten 

Filament

5 mil diameter wire

Funnel

Cathodes

Anode
Anode

Pressure = 0.08mTorr 4He

Grid Voltage = 8kV

Grid Current= 4.96mA

Filament Voltage = 19.9V

Failament Bias = -300V

72.3 g of <100 micron 

JSC-1A simulant 

implanted

A.D.S. Olson     CIM-PTMSS     5/2/2017



30

SWIM: Initial Device Operation

Filament on only Action cam image Filament on and discharge 

(side view)

Discharge (front view)

Tungsten 

Filament

5 mil diameter wire

Simulant 

Flow

Cathodes

Anode
Anode

Pressure = 0.08mTorr 4He

Grid Voltage = 8kV

Grid Current= 4.96mA

Filament Voltage = 19.9V

Failament Bias = -300V

72.3 g of <100 micron 

JSC-1A simulant 

implanted
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SWIM: Initial Device Operation

Filament on only Action cam image Filament on and discharge 

(side view)

Discharge (front view)

Funnel

Cathodes

Anode
Anode

~20 mTorr 4He

~1.5 kV and ~8mA
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SWIM: Initial Device Operation

Filament on only Action cam image Filament on and discharge 

(side view)

Discharge (front view)



Helium Release vs. Temperature Samples
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~92 μg in Pt foil

Sample wrapped 5mm x 5mm Pt foil
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~92 μg weighed in Pt foil

 Data from 6 samples wrapped in Pt foil

 Nominally 100μg (63 μg min, 214 μg max)

 Heated for 10 seconds in steps:

 25, 360, 660, 900, 1120, 1270, 1400, 1510°C ±30°C

 Mass spectrometer data (counts/sec): 5 scans of 2 second integration time
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SWIM Sample Results: Helium Release vs. Temp
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HEAT Lunar G HEAT Pilot Volatiles Extractor

Phase 1: Lab Phase 2: Lunar G Phase 3: Lunar Surface

Potential Path of Research and Development
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Application to General Space Resources Field 

SWIM
 Implantation of other volatiles

 Simulation of space weathering effects

HEAT
 Heat recuperation with heat pipes

 Granular flow in heat exchangers

 Volatile gas release measurement with 

residual gas analyzers

JSC-1A Lunar Simulant 

(Credit: Orbitec)
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Conclusion: Progress and Future Work

 Conclusions

 HEAT granular flow system in construction

 SWIM designed and can produce implanted simulant

 Samples release helium vs. temperature similarly to Apollo sample 

10084-48

 Possible to implant to and above 20ppb of helium

 Up Next:

 HEAT HPHX modeling, assembly and testing

 Gas release testing (RGA He vs. time measurements)
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Mining 3He Could Happen Sooner than you Think 

38

“Space travel is utter bilge.” –Dr. Richard Wooley, Astronomer Royal, 

space advisor to the British government, 1956

1957 1972
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Fusion Could Happen Sooner than you Think 

39

“Anyone who looks for a source of power in the transformation of the [nucleus of the] atom is talking 

moonshine.” –Ernest Rutherford, 1933

First Nuclear Power Plant in the U.S. Shipping 

Port in 1957

Laboratory Scale Demonstration of D3He Fusion 

in 1999
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Questions/comments to: 
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