Trans. of the Korean Hydrogen and New Energy Society(2014. 8], Vol. 25, No. 4, pp. 393~404

I DOI: http://dx.doi.org/10.7316/KHNES.2014.25.4.393

ARAA F91%

=] a
YR

.’F_ a

r*ﬁ 0x
e r.?.L
r

e u 714

RAN AT, ‘T

ISSN 1738-7264
eISSN 2288-7407

18}2719] ot A2 A7l chat
A A7

=41,2 1,21 1,2 =1
BT AEE . oteyE
7|e A st ten Aoy )75t

Research Trend and Analysis of Altitude and Endurance
for Fuel Cell Unmanned Aerial Vehicles

SEONGHYUN CHO"?, MINJIN KIM"2, YOUNGJUN SON"2, TAEHYUN YANG'"

'Fuel Cell Research Center, Korea Institute of Energy Research
?Advanced Energy Technology, Korea University of Science and Technology

Abstract >> Unmanned aerial vehicles (UAVs) have been applied to not only military missions like surveillance
and reconnaissance but also commercial missions like meteorological observation, aerial photograph, communication
relay, internet network build and disaster observation. Fuel cells make UAVs eco-friendly by using hydrogen. Proton
exchange membrane fuel cells (PEMFCs) show low operation temperature, high efficiency, low noise and high
energy density and those characterisitcs are well fitted with UAVs. Thus Fuel cell based UAVs have been actively
developed in the world. Recently, fuel cell UAVs have started to develope for high altitude UAVs because target
altitude of UAVs is expanded upto stratosphere altitude. Long endurance of UAVs is essential to improve effects
of the missions. Improvement of UAV endurance time could be fulfilled by developing a hydrogen fuel storage
system with high energy density and reducing the weight of UAVs. In this paper, research trend and analysis
of fuel cell UAVs are introduced in terms of their altitude and endurance time and then the prospect of fuel cell

UAVs are shown.
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Fig. 1 Elbit systems - Skylark I-LE

Fig. 2 BlueBird Aero Systems - Boomerang
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Fig. 7 Internet network building method by using UAV

T2 o8l AR AR} HoFAR] 3o ARAR], )
G, HiE ] sto|HeE ALHS F2 =T

o} 1A% FolgkEy|e aubAel g3y mE o]

Qo= HgPA, 7| moFe] HIPAE HutE| L
3,5,6,8,9,27,28,32)

Tk

2,4 10k AZMX| FASSI| L ST

kA Thales Alenia Space= T}E Q] Airbus
Defence & Space, Zodiac Marine, CEA-Litenx} 317
F3E FQIH|3 Al StratobusE 7 Fofl it} o]
HJ3A2 of 20km 52 ASHS Hik= slof 54
2 A7AE & dlFgolth Bl AIeL wiE e, A=
X ] slolHP|E AlAE| o7 2fo] H ofom
57 A7 A5 $15le] Regenerative Fuel Cell
system (RFC)2 LEQJsto] Yol ez z|of A A/d=

8 T A2 EH< o83t A=FA|NA 44

e 397

Fig. 8 Thales - Stratobus Design

Fig. 9 Boeing - Solar Eagle

H 85& ) efsol drdAs esked e
o ARG BEF o Folct R8I 200kgo] M,

20149 7|Z&0 2 53 Qo] A WA AAZ g
=gz sl 9Jrp”. Fig 872 Stratobus®] T]z}2l
welolc,
DARPACO|| A Vulture II program Aol wh& 2=
A 43tal =] Boeing A2}t F=12] QinetiQAM}
2 Foll x= Solar Eagle BjFHIA|2}F A=m7dA]
sto|EeE A|A”loR o|FolA Q). AmidA|
SOFCE ARESF A1 &lo) 9l RFC System= £
5SQ oo A71AlE Y Ak 20km A5 HIR=S
F 2 3} Qlth Solar Eagle2 GVl oF 122m, &
Fal0 oF 453kg® 2014W0] A3 M| Exe
sta Y. Fig. 9= Solar Eagle®] m<5o|ch
Table 1> SrojlAl 273t ARHA] FRIFdE71E

o 7|22l HuE foket Zolt.

7
°

m:‘?l:'fdlrl_.::,mo

ox |
o

|

A25H8 A43 20149 8Y



398

AmdA =

Table 1 Fuel Cell UAV Summary
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Low Altitude Fuel Cell UAV

UAV Nation Year Flight Time Altitude Fuel Power Source Etc.
Horizon Aeropak |UAV can launch by
SkyLark I-LE Israel 2010 3 hr About 300m Hydrogen PEMEC 900Wh/l hands
Optimum_ Altitude
AGL 1000m Horizon Aeropak | First commercial
Boomerang | Isracl | 2009 0 Vaximum Altiude | 1Y9OM | pEMEC 900Wh | fuel cell UAV
ASL 10000m
Protonex Pulse
Puma USA 2008 9 hr About 30~150m | Hydrogen pEMEC | UAY C*}‘l‘;nlgs“mh by
Li-Ion Battery
ScanEagle USA 2012 2 hr 30 min - Hydrogen | 1.5kW PEMFC -
XFC USA 2009 6 hr - Hydrogen | Protonex PEMFC Tubé—launch, .
Launch in submarine
. 23 hr 19 min 550W Protonex
Ton Tiger USA 2009 26 hr 1 min About 600m Hydrogen PEMFC -
Chemical Horizon Aeropak
KIST UAV | KOREA 2013 1 hr About 200m He dri(cie 200 W PEMFC Ammonia Borane
Y Li-Po Battery
. . Horizon
KAIST UAV | KOREA | 2011 | I hr3lmin - Chemical |5\ pEMFC NaBH4
1 hr 57 min Hydride .
Li-Po Battery
Horizon 200W Target stratosphere
EAV-2 KOREA 2012 22 hr 8 min About 600m Hydrogen | PEMFC Li-lon g altitu dep
Battery Solar Cell
High Altitude Fuel Cell UAV
UAV Nation Year Flight Time Altitude Fuel Power Source Etc.
Plan to make
Stratobus France - Target 5 years Target 20km Hydrogen SolarFfeTllCI:ﬁittery prototype within 5
years, RFC
USA Plan to test flight in
Solar Eagle England - Target 5 years Target 20km Hydrogen | Solar Cell SOFC 2014, RFC
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Table 2 Hydrogen Storage Technologies

Technolo Gravimetric Volumetric
£y density’ (wt.%) | density’ (kg/m’)
Compressed
hydrogen 2.5-4.0 40
Liquefied
hydrogen 5.0-7.0 70
Metal hydride 2.3-3.0 60
Chemical hydride 4.0-7.0 110

* Hydrogen weight fraction to the total storage system.
" Hydrogen weight per unit volume of the storage system.
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3.2 Regenerative Fuel Cell system
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