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Development of Regenerative
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Fuel Cells

Fuel Cell : An electrochemical cell that converts the chemical energy from a fuel into electricity through
an electrochemical reaction of hydrogen fuel with oxygen or another oxidizing agent
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Pros. : Higher Energy Density(vs. battery), Low Operating Temperature, No exhaust
except pure H,O, Low Noise, Fast Recharge, Human Friendly
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Energy Density

Energy Density : the amount of energy stored in a given system or region of space per unit volume
= J/m3, Whr/L (Volumetric Energy Density)

cf.) Specific Energy : the amount of energy stored in a given system or region of space per unit mass
=>» J/kg, Whr/kg (Gravimetric Energy Density)
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Energy Solutions

Comparison of specific power and specific energy
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Ref.) Overview of current development in electrical energy storage technologies
and the application potential in power system operation, 2015, Applied Energy 4/26
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Fuel Cell, Why?

2hours

Li-lon Drone (DJI Mavic 3 pro) Fuel Cell Drone(with LHZ2, taVista)
Flight time(Hovering): 45min Max Flight time(Hovering): over 1
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'a Special-Purpose FC

Uncommon purpose, Power pack with special
purpose = Very Unigue Requirement needed

For Remote Area — , For Disaster
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) Aerial Platform

High Specific Energy[Whr/kgl, High Specific Power
[Rotary wingl, Regenerative[LE-UAV]

/T\

UAM Multi-Rotor UAV Fixed-Wing UAV

June 7, 2003

Interstellar, 2014, Paramount Pictures Helios Prototype, 2003, NASA/AeroVironment
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HALE Development

High-Altitude Long Endurance Unmanned Aerial Vehicle

- —

Solar Impulse 2
72 m

Helios, (NASA/AeroVironment)
WSP: 75.3m
Weight: 600kg

Solara 50 SolarEagle Odysseus PHASA-35 Caihong T-4 HAWK30 Aquila Zephyr-S
(Google/Titan  (Boeing/DARPA) (Aurora Flight (BAE Systems) (CAAA) (AeroVironment) (Facebook/Ascenta) (Airbus)
Aerospace) WSP: 120m Science) WSP: 35m WSP: 39m WSP: 79m WSP: 42.7m WSP: 24m
WSP: 50m Weight: 900kg  WSP: 74m Weight: 149kg  Weight: 400kg  Weight: ND Weight: 400kg Weight: 72kg

Weight: 90kg Weight: 1133kg
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B Long Endurance

uv
Visible light

mesoshpere

\ stratosphere
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‘ Altitude 500km ~ 36000km
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HALE vs. Satellite
1/20 cost
1/30 altitude = powerful
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I} How RFC works?
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[RFC working mechanism]
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F) How RFC works?
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[RFC working mechanism - Day]
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F) How RFC works?
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" Project name : Development of RFC system for HALE
PrOIECt Summary 2013.12 ~ 2017.12

10,623,000,000 KRW

=AM 7l= Al'E | X|AF A B 7]
Fuel Cell + Solar Cell Fuel Cell + Electrolyzer + Fuel Cell + Electrolyzer +

Solar Cell EC pump
WS: 21m, MTOW: 150kg MTOW: 500kg

WS: 7m, MTOW: 20kg
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Project Summary
FC stack design and Production ELZ stack design and Production
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Stack Design
Stack design for Aircrafts:

Stack design for Experiments:
Below 200 W/kg Over 1kW/kg

Current
Collector

Stack Design issues
Cooling method | Gasket fine optimization

Gasket-Line

LINEEES

2824 g

AA Zt2 20| [mm]

- Serpentine lmm -
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Stack Design - Bipolar Plate

. coolant
Anode Flow Field

hydrogen
Cathode Flow Field

Sensor hole

Align hole
Gasket Line
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Stack Design — Results
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Current Collector =
Bipolar Plate n*ﬂ

Active area: 20cm2, 26 plates
200W PEMFC stack

Active area : 45cm?, 20 plates
600W PEMEFC stack

1kW PEMFC stack

PEM Electrolyzer
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In-situ current distribution measurement
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Pressed Area : 27761 (mm )
Ave. Pressure : 0.77 Mpa

Max. Pressure : 3.06 Mpa
Load : 21321 N

Fuel Cell Stack
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Current distribution test
of large scale single cell
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In-situ current distribution measurement

< Single cell test environment >
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Current distribution studies

2. Fuel injection composition
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System Development
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WS: 7m, MTOW: 20kg

Test Flight - SA7|
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Test Fllght - AIEIJI WS: 21m, MTOW: 150kg
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JMST. (2016), Cha and Kim et al.
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Conclusion

> Regenerative Fuel Cell System for Deep Space

Spacecraft
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