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HYDROS Overview 

ÅAllows secondary payloads to 
launch with a safe, storable, 
non-toxic propellant: water 

 

ÅFuel cell electrolyzes water 
into oxygen and hydrogen on-
orbit 

 

ÅModular design affords 
scalability to meet a wide 
range of mission and design 
imposed requirements 
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HYDROS 1U Engineering Unit 
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HYDROS Overview 

ÅHigh performance 
bipropellant thruster 
capable of providing 
up to 1 N of thrust at 
300 seconds of specific 
impulse 

 

ÅCurrent total 
propulsion system 
volume 1U, including 
control electronics 
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Metric Goal 
5ŜƳƻΩŜŘ  
To-Date 

Thrust (Max) 1 N 0.8 N 

Min. Bit Impulse 0.1 mN·s < 0.75 mN·s 

Specific Impulse 300 s 258 s 

Power Required 0.5 -10W 0.5 -10W 

HYDROS Performance Metrics 
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System Performance Estimates 
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HYDROS provides orbit-
agility for both CubeSats 

and small satellites 
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HYDROS System Architecture 
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Current 1U HYDROS Architecture 
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ÅElectrolyzer 
ïGenerates gaseous O2 and 

H2 on-orbit 

ÅGas Volumes 
ïStore evolved gases for use 

in bipropellant thruster 

ÅThruster 
ïBipropellant 1N thruster 

capable of 300s Isp 

ÅWater Tank 
ïScalable to meet mission 

performance requirements 
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Design History 
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HYDROS Thruster Test Efforts 
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ÅDeveloped HYDROS thruster prototype 
under a NASA SBIR 
ïPhase I: Proof-of-Concept 
ïPhase II: Technology Development 
 

ÅElectrolyzer and thruster developed in 
parallel efforts 
ïExtensive pre-integration test 

campaigns conducted for both sub-
systems 
ïVacuum and gravity antagonistic 

testing used to validate design 
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Design History Cont. 
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Initial HYDROS Prototype Unit 

HYDROS ½ U+ Design 
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ÅInitial integrated prototype designed for 
0.5U footprint 
ïNo avionics integration 
ïLength constrained for 3U+ volume 

Å9ƭŜŎǘǊƻƭȅȊŜǊ ŀƴŘ ǘƘǊǳǎǘŜǊ ŘŜǎƛƎƴǎ ǊŜǾΩŘ ǘƻ 
improve performance 
ïGas generation rate doubled 

ÅImproved system architecture 
incorporates improvements and provides 
expanded gas storage 

ÅEngineering unit delivered to AFIT 
ïTesting by AFIT and TUI matures design 

to TRL 5 
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HYDROS Test Program 
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¢¦LΩǎ ±ŀŎǳǳƳ Chamber and Thrust Stand 
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ÅTesting conducted in-house 
ǳǘƛƭƛȊƛƴƎ ¢¦LΩǎ ǾŀŎǳǳƳ ŎƘŀƳōŜǊ 
and thrust stand 

ÅVacuum Chamber 
ïLifetime testing 
ïThruster/Electrolyzer 

characterization 

ÅThrust Stand 
ïTorsion balance 

ÅSub mN·s resolution 

ÅMeasures thrust events up to 
500 mN·s 
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Test Configuration and Error 
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Top-Down View of the Torsional Thrust Stand 

Linear Displacement 
Sensor 
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ÅThrust and Isp values are 
determined from impulse and 
pressure measurements  

ÅCalibration 
ïThrust stand and pressure 

transducers are calibrated 
prior to data collection 

ÅError Analysis 
ïCalibration and measurement 

errors propagated to 
characterize total error 

Å~6% error with given test 
configuration 



Transformational Technologies 

for Space, Sea, Earth, & Air 

Electrolyzer Characterization 
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ÅVerify analytical models 
of electrolyzer 
performance 
ïTime required to 

pressurize gas volumes 
ïCurrent and power 

levels 
 

ÅUnderstand how power 
levels and wetting of the 
electrolyzer impact 
performance 
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Electrolyzer Characterization 
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ÅUnderstand driving 
properties of electrolyzer 
performance 
ïMaximum electrolyzer 

performance requires 
adequate wetting of 
Proton Exchange 
Membrane 
ïDrop in current draw 

correlates to reduction 
in gas evolution rate 
and indicates 
inadequate wetting 
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Electrolyzer Characterization 
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Power consumption testing: 
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ÅFuel cell gas generation rate as a function of applied 
power 
ïUsed to refine analytical models for system and 

mission design efforts 
 
 

Time to electrolyze 100ml of water 


