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https://youtu.be/KlJsVacOywM
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Romero-Calvo A, Cano-Gomez G, Schaub H., “Diamagnetically Enhanced Electrolysis and Phase Separation in Low Gravity”, Journal of Spacecraft and Rockets, 2021, in press
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Blue Origin’s New Shepard
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Blue Orlgln s New Shepard

USB 3.0 TYPE B connector. Foam
above and RTV siliconeand/or
cable ties will keep it from
backing out. Cord is not shown.

Avionics Box Bumper made of lightweight plastic.

Will take the axial load so that the
USB connector is not overloaded.

Nanolab

Polycarbonate standoffs and Velcro
pile strips will dampen loads and
allow airflow between Nanolabs.

USB Connector
(USB cord not shown)

Payload Locker

NanoRacks Feather Frame New Shepard Payload User’s Guide, Sept 2019
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Scientific Objectives
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Payload Requirements

ASGSR Meeting 2021, Baltimore, MD, November 2-6, 2021 10



Technology,demoenstrator: ASGSRyKen, Souza 2020

—

Objectives: Units in mm

1. Assess the capability of N52 neodymium
magnets to induce liquid/gas phase
separation in low-gravity and to passively
detach H, or O, bubbles from the electrode of
an electrolytic cell.

200

2. Study the impact of magnetic buoyancy on the
performance of an electrolytic cell In
microgravity (voltage & current).

3. Analyze the dynamics of bubbles in low- ’
gravity in the presence of inhomogeneous i Sl Structure
magnetic fields.
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PayloadiRequirements

May contain up to 150 ml of approved non-hazardous liquids —OR- Blue Origin Mini Payload

approved batteries without fluids with 2 containment layers

Contains no significant hazards (chemical, biological, stored energy, or RF transmitters).

Hardware dimensions shall not exceed 10x10x20 cm

Total mass shall not to exceed 0.5 kg.

Blue Origin provides 5V and 0.9 A of power and mission data via USB connector from ~5m

before launch to ~5m after landing

Standard operations:

o Payload shipment to be received no later than L-2 weeks; integration by Blue Origin into the
vehicle on L-4 days

o Removal from vehicle estimated at L+8 hours

o In the event of a launch scrub, payload will remain on the venhicle

o No support services at Launch Site

o Blue Origin to return Mini/Nanolab via ground shipment back to the research team
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EXperiment setup
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Ovenrview

-
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Units in mm
Experiment:

» 3 electrolytic cells Iin 2 cell assemblies

Magnetic PEM » Top cell Is magnetic

» Bottom cell Is non-magnetic

* Non-hazardous K,S0, electrolyte

200

Camera Electronics

Measured variables:
Non-magnetic.PEVI « General visualization of bubbles

» Current (constant) and voltage through each cell

v

~ Sponge

T

Structure  Characteristic I-V curves of each cell
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Magneticiassembly,

Units in mm

(Gas circuit N52 I\/Iagnets

~

50

Phase separator

Electrodes &

Bubble Collector Membranes

32

00
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Rationalevening netic design

Bubble terminal velocity contours [log;o(vy,)] _— _ ; -—
- Goal: Maximize magnetic force with minimum mass & EMI

m
0.02 . .

0 015  Terminal velocities between 0.1 and 1 mm/s and
| maximum gas flow rate between 0.6 and 6 cm?®/min at
0.01y the surface of the electrodes (max production ~2 cm?/min)

0.005¢

O  Mass of 61.4 g (12% total weight)
-0.005¢
Z 001k * 2 modes of operation: normal traction (upper cell) and
0.015! shear force (lower cell)
-0.02} - -
* Phase separators: magnetic buoyancy

-0.025; 4 reinforces conduit geometry
-0.03} T

-0 035+ Bubble Collector |
-0.04¢t . | -

-0.02 m
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Non-magpeticiassembly
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Cell I mplementatien
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(Some) tesis
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Conclusions
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Conclusiens

1. Phase separation accounts for significant mass and
power penalties in low-gravity electrolysis, a problem
that may be addressed using diamagnetic buoyancy

2. The ASGSR Ken Souza 2020 experiment Is a
technology demonstrator aimed at studying this new

approach

3. At the time of writing, the design Is completed, pending
minor adjustments

4. Current efforts are focused on ensuring proper sealing
at 10 PSI while satisfying the mass budget and
maximizing the capabilities of the PCB controller

ASGSR Meeting 2021, Baltimore, MD, November 2-6, 2021 25
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https://youtu.be/BxyfiBGCwhQ

» 1.25 cm radius sphere rotating at ~3.5 rad/s
- Maximum buyoyancy accelerations of ~5 -
10~* m/s* (increases with r2)

» Magnetic acceleration of 1073 — 1074 m/s?

 Should work!
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Phase sepana

len technelegIES

Membranes

M. Sakurai, andT. Terao, Study of Water
Electrolysis Under Microgravity Conditions for
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
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International Space Station
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Nozzle expansion

3 150psi K.P. Doyle and M.A. Peck, Water
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Conduit geometries

single or 2-phase
flow to pump inlet

transparent wedge
test channel (EU2)

injcd 10N

Parallel Light
Source
(PLS)

MSG Camera |

A location (MSG-1)
liquid
from Flow HSHR
Preparation Camera
C Eulmbcr MSG Camera 2
(FPC) %7 gas in (MSG-2)

(cannula)

100% Separation

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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Diamaghetic.appreachiin Lunarenviienment

800
1 mm O, bubble in deionized water at 25° C and 1 atm
4 750
* Magnet with residual magnetic flux density of 1430 mT
4 700
» Lunar conditions (g =~ 1.62 m/s?)
600

A N

6oo§ * Diamagnetism does not determine mass
= transport in a lunar setting®.

550 * However, micro-MHD enhancements may be
induced with suitable electrodes™*

500 \ /

450 * Discarding superconducting electromagnets (30-60 times stronger)

** Farmani and Nasirpouri, “Boosting hydrogen and oxygen evolution reactions on
electrodeposited nickel electrodes via simultaneous mesoporosity, magnetohydrodynamics
400 and high gradient magnetic force”, J. Mater. Chem. A 8, 24782, 2020

0 0.5 1 1.5
I (Cm) ASGSR Meeting 2021, Baltimore, MD, November 2-6, 2021 32



Architecture selection

-

GAS AcCyMuLATOR

NS2 HAGNET

LLAUNCH
(1) With phase separator ACCEL.

(2) Without phase separator V

(1) RedOx cell

(2) Alkaline electrolysis

(3) PEM cell

(1) With stirrer

(2) Without stirrer

o
STEEL

12 Design Options /
o
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Cell design;2
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