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What [S; aitechnelogy:demonstiatorn?

@ System proven in operational environment
TRL 8 System complete and qualified
TRL 7 Integrated pilot system demonstrated
TRL 6 Prototype system verified
TRL S5 Laboratory testing of integrated system
TRL4 Laboratory testing of prototype component or process
TRL 3 Critical function, proof of concept established

Technology concept and/or application formulated

Basic principles are observed and reported
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R.J. Erickson et al., International Space Station United States
. _ . Orbital Segment Oxygen Generation System On-orbit Operational
®) Front View Side View Experience, AE Int. J. Aerosp. 1(1):15-24, 2009

H. Matsushima et al., Water electrolysis under microgravity. Part 1. Experimental
technique, Electrochimica Acta (48), 4119-4125, 2003
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Phase sepanation technologies . . ji::;

Membranes Rotary devices Conduit geometries

single or 2-phase
flow to pump inlet

Parallel Light transparent wedge
test channel (EU2)
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d location (MSG-1)
liquid _
from Flow Free Surface HSHR
Preparation (FS) Camera
: Cpambcr MSG Camera 2
M. Sakurai, and T. Terao, Study of Water (FPC) w gas in (MSG-2)
Electrolysis Under Microgravity Conditions for D. J. Samplatsky, and W. Clark Dean, Development 7
of a Rotary Separator Accumulator for Use on the (cannula)

Oxygen Generation — Applied to a Ground
Demonstration system and Development of New
Systems, 46 Int. Conf. on Env. Sys., 10-14 July

2016, Vienna Austria

International Space Station
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Architecture, IEEE ASE Systems
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F. Jenson et al. “Passive phase separation of microgravity bubbly flows using conduit geometry’,
International Journal of Multiphase Flow 65 (2014), 68-81
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https://youtu.be/KlJsVgcOywM



Conceptadiamagnetically, enhancedwelectrolysis

Diamagnetic electrolysis Magnetic phase separation
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A. Romero-Calvo et al., “Diamagnetically enhanced electrolysis and phase separation in low-gravity”, Journal of
‘ ‘ Electrode Spacecraft and Rockets, 2021 (accepted for publication)
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Previousiexpenments: (IRLL 3 =preefiel concept)

x (cm) E. 0.20sec

0.1 0.2
Arc length (m)

N. I. Wakayama, Magnetic buoyancy force acting on bubbles in nonconducting and
diamagnetic fluids under microgravity, Journal of Applied Physics 81, 2980 (1997)
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Simulationatenmingll (Steady-state)velocity

1 mm radius 0, bubble In water in microgravity
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(a) Base configuration (b) Radially extended (¢) Axially extended
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https://youtu.be/BxyfiBGCwhQ

» Magnetic acceleration of 1072 — 1072 m/s?

* 1.25 cm radius sphere rotating at ~3.5 rad/s
- Maximum buyoyancy accelerations of ~5 -
10~* m/s? (increases with r4)

» Should work! (hopefully)

12



Tecnnology demonstrator:
\SGSR Ken Souza program 2020
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Step 15 Reguiements

Blue Origin’s New Shepard mini-payload requirements:

e May contain up to 150 ml of approved non-hazardous liquids

e Contains no significant hazards (chemical, biological, stored

energy, or RF transmitters).
e Hardware dimensions shall not exceed 10x10x20 cm

e Total mass shall not to exceed 0.5 kg.
e Capsule provides 5V and 0.9 A of power and mission data via

USB connector from ~5m before launch to ~5m after landing
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e Payload shipment to be received no later than L-2 weeks
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Step) 2: Anchitectune selection YA
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Table 1: Level-1 requirements

ID Requirement

L1-001 | The mission shall observe the growth and detachment of Hs bubbles from the surface of
a representative electrode subject to an inhomogeneous magnetic field in microgravity
L1-002 | The mission shall record the movement of the Hy bubbles after detachment when subject
to an inhomogeneous magnetic field in microgravity

L1-003 | The mission shall determine whether the Hs bubbles coalesce after detachment when| --------------ccmmmmmmmrmee e~ """ mmmmm e e e e e e e e
subject to an inhomogeneous magnetic field in microgravity

L1-004 | The mission should pursue requirements L1-001-003 for ()2 bubbles

L1-005 | The mission shall measure the time evolution of the electrolytic cell's current in micro-

(1) With phase separator

(2) Without phase separator

(1) RedOx cell

(2) Alkaline electrolysis

gravity.

L1-006 | The mission shall measure the time evolution of the electrolytic cell’s voltage in micro- (3) PEM cell
gravity.

L1-007 | The mission should test the magnetically-enhanced liquid-gas separation using condwit | —~ ~p~—— &=k~ —VJ N\
geometries.

L1-008 | The mission may address the long-term performance of nanostructured electrodes in 1.5 (1) With stirrer

minutes microgravity.

(2) Without stirrer

12 Design Options
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Step) 3: Preliminany,design

GAS AcCyMuLATOR

Ns2 HAGNET

LAUNCH 5
ACCEL.

CAN/

o 0
STEEL / PLEXIGLAS
0

UNOOSA Webinars on Hyper/Microgravity Research — Technological Demonstrators, 02/06/2021 16



Step) 4: Detailedidesign (iterative)

Units In mm USB Port

A

Magnetic PEM ——__

Electronics area

Raspberry Pi Zero
8 Mp Camera

200 /

Mirror

Non-magnetic PEM -
Structure

Sponge
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Electroelyiicicellirationale

Units in mm TP
Gas circuit N52 Magnet Bubble Collector
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Bubble Collector PEM cells |
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) 06 »
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Location eiinen-magnetc cell

Magnetic acceleration contours (log)
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Interestedinmichog vty reseanchi?
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1. Who are you? What do you want to do?

2. Make a plan

3. Join the global microgravity research community

4. Look for hands-on opportunities
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A. Romero-Calvo et al., “Diamagnetically enhanced electrolysis and phase separation in low-gravity”,
Journal of Spacecraft and Rockets, 2021 (accepted for publication)

alvaro.romerocalvo@colorado.edu

https://www.linkedin.com/in/alvaroromerocalvo/

www.researchgate.net/profile/Alvaro_Romero-Calvo

W |\/ore information available at hanspeterschaub.info
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