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A Allows secondary payloads to
launch with asafe, storable,
non-toxic propellant: water

A Fuel cell electrolyzes water
Into oxygen and hydrogeon-
orbit

A Modular design affords
scalability to meet a wide
range of mission and design
Imposed requirements

HYDROS 1U Engineering Unit
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A High performance
bipropellant thruster " L s58vya0
capable of providing S " ToDate

up to 1 N of thrust at Thrust (Max) 1N 08N

300 seconds of specifi
impulse Min. Bit Impulse

A Current total Specificlmpulse
propulsion system

volume 1U, including Power Required | 0.5-10wW | 0.5-10W
control electronics

HYDRO®erformance Metrics
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SpacecraftMass

—5kg HYDROS provides orbit
—10kg agility for both CubeSats

15 kg and smallsatellites
—25 kg

—=50 kg
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A Electrolyzer
I Generates gaseous 02 and
H2 onorbit

A Gas Volumes
| Store evolved gases for use

Thruster

in bipropellant thruster  csvoume

A Thruster Electrolyzer ° 4 -
i Bipropellant 1N thruster ... ... S
capable of 300s]

A Water Tank Current1U H\:(DROS Architecture
I Scalable to meet mission
performance requirements

|  [HvDRrOS
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A Developed HYDROS thruster prototype
under a NASA SBIR
I Phase |. Proebf-Concept
I Phase Il: Technology Development

A Electrolyzer and thrustedeveloped in

parallel efforts

I Extensive prentegration test
campaigns conducted for both sub
systems

I Vacuum and gravity antagonistic
testing used to validate design

HYDROS Thruster Tdsfforts
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A Initial integrated prototype designed for
0.5U footprint
I No avionics integration
I Length constrained for 3U+ volume
A9f SOUNRTt &l SNJ I yR
Improve performance

I Gas generation rate doubled

A Improved system architecture
Incorporates improvements and provides
expanded gas storage s

A Engineering unit deliveredo AFIT
I Testing by AFIT and TUI matudesign
to TRL 5

HYDROS Y2 UDesign
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A Testing conducted ifhouse
pr

dzii A £ Al Ay 3d ¢
and thrust stand

A Vacuum Chamber
| Lifetime testing

I Thruster/Electrolyzer
characterization

A Thrust Stand
I Torsion balance

ASub mN-s resolution

AMeasures thrust events up to
500 mN-s
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AThrust and Isp values are
determined from impulse and
pressure measurements

ACalibration
I Thrust stand and pressure

Thrust Sensor

transducers are calibrated [ g
~

prior to data collection * \_ ‘

AError Analysis o
| Calibration and measurement ropoown view of the Torsional Thrust Stand
errors propagated to
characterize total error

A ~6% error with given test
configuration

Counterweight
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A Verify analytical models
of electrolyzer
performance

I Time required to
pressurize gas volumesy
I Current and power .

i Tank Pressures during Electrolyzer Operation and Pressurization
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A Understand how power ; . i
levels and wetting of theo |
electrolyzer impact |
performance T e

500 1000 1500 2000 2500 3000
Time (s)
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Understand driving
oroperties ofelectrolyzer -—
performance i —
i Maximumelectrolyzer i |
performance requires =
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Tank Pressures during Electrolyzer Operation and Pressurization
T T | I T T T I T T

Time (s)

Proton Exchange
Membrane o ——
" Dropin current draw
correlates to reductio
In gas evolution rate _
and indicates Oy T oAb B W W R 0 @0 E

inadequate wetting o

Electrolyzer Power Data during Pressurization
I I T T | I
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Power consumption testing:

Time to electrolyzelO0Oml of water

AFuel cell gas generation rate as a functionagfplied
power
I Used to refine analytical models for system and
mission design efforts
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