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Development and Demonstration of 150W Fuel Cell Propulsion
System for Unmanned Aerial Vehicle (UAYV)
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Abstract >> Long endurance is a key issue in the application of unmanned aerial vehicles. This study presents
feasibility test results when fuel cell system as an alternative to the conventional engine is applied for the power
of the UAV after the 150W fuel cell system is developed and packaged to the 1/4 scale super cub airplane. Fuel
cell system is operated by dead-end method in the anode part and periodically purged to remove the water droplet
in flow field during the operation. Oxygen in the air is supplied to the stack by the two air blowers. And fuel
cell stack is water cooled by cooling circuit to dissipate the heat generated during the fuel cell operation. Weight
balance is considered to integrate the stack and balance of plant (BOP) in package layout. In flight performance
test, we demonstrated 4 times standalone take-off and landing. In the laboratory test simulating the flight condition
to quantify the energy flow, the system is analyzed in detail. Sankey diagram shows that electric efficiency of
the fuel cell system is 39.2%, heat loss 50.1%, parasitic loss 8.96%, and unreacted purged gas 1.67%, respectively
compared to the total hydrogen input energy. Feasibility test results show that fuel cell system is high efficient
and appropriate for the power of UAV.
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Nomenclature ur : fuel utilization
LPM : liter per minute
BOP : balance of plant

A : stoichiometric ratio

n : cell number
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Fig. 1 Stack design
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Fig. 3 MEA(Membrane electrode assembly)
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Table 1 Leak test results

Leak test Cross over leak Reference
Fuel to sir < 0.1 ml/min MK705Manual
Fuel to water < 0.1 ml/min MK705Manual
Air to fuel < 0.1 ml/min MK?705Manual
Air to water < 0.1 ml/min MK?705Manual
Water to fuel < 0.1 ml/min MK?705Manual
Water to air < 0.1 ml/min MK705Manual
External leak < 0.01 bar/min MK705Manual

" MK705: Ballard 5kW stack manual.
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Table 2 Power analysis of the system Table 4 UAV weight breakdown
Items Power (W) Parts Weight (kg)

Hydrogen input (2.353L/min) 394.48 Hydrogen tank 1.18
Stack power (22.1V x 8.6A) 190.06 Stack 0.92
System power (22.1V x 7.0A) 154.7 Humidifier 0.08
Unreacted purged H, (40cc/min) 6.5938 Purge solenoid valve 0.02
Parasitic loss (22.1V x 1.6A) 35.36 Water pump 0.22
Heat rate 197.83 Radiator 0.72
Air blower 0.76
DC/DC converter (I) 0.24
71AE 8.96%, AAHl A7|a-E 39.22%, H|HRS- v DC/DC converter (IT) 0.14
20 1.67%, QUL 50.15%E UERd 2= 9lck Fusclage 3.0
ARAA) 285l A7 FE 2T ER: 7] Wings 2
WA 896% = A|9J3E SR AR A AEO] oH A Battery(Li-polymer) 0.7
B Aux. battery 0.12
71882 39.22% B2 4 Flgy7|9] clxoz A Motor 054
S5 23 TRl lRe] B8l 13% 5} oF 3 ESC 0.08
o A= okt U-bec 0.04
Propeller 0.05
3 ﬁﬂf_xl _’:‘_Ix_l _?_ ||;||3°7|°| I-“-?-:I Servo.motor 0.25
- Switch 0.02

3.1 7|x|(Fuselage
I ge) 3.2 7|A|(Fuselage) 24 2%

RAFEING 7 71 o Super cb)  ARMANLHL 7 AR FA B
14 ZawEe Agolc dai) A2del 48 of Faeln YRRl fPEE FRAYE =
F 7]41¢] A€ Table 33} Lt 33 Folskyr|o AA FAE 11.46kgoltt. Fig.

130 A=®a 5l AEe FA S fAAR B

Table 3 UAV specification

Super cub 1/4 scale Specification
Wing span 2,640 mm
Wing area 102 sq.cm

Fuselage length 1,725 mm

Fuel cell (PEMFC) 150 W

Hydrogen tank 1.18 kg
FC system (stack + BOP) 3.1 kg

Fueselage + Wings 5.38 kg

Battery (Li-Polymer) 0.82 kg

Propulsion system 0.98 kg

Total weight 11.46 kg Fig. 13 Fuel cell system package
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Fig. 14 Fuel cell powered UAV (Super cub 1/4 scale)
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Fig. 17 Flight test of UAV
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Table 5 Fuel tank vs flight time

Tank weight (kg) Volume (liter) Flight time (hours)

1 1.1 2.37
2.7 2.17 4.67
2.14 3.1 6.68

" 200W fuel cell powered UAV system.

4o 2
Lol rr Lo

)
H
=
e
i3

H
9‘1"
E
%0
o
o
N,
o
gt
b
pae)

ER G E RISRSERE

RES
NI s
o
-

i)
12
ot
N
o
2
oN
~
>
ne
i
ACh
N
r
Ty
ol o
N

2
=

4
N
o
~
rE
>
[>
ui)
ol
i)
O
)
dr o
o
1o
=}
rlo
oy
1%
o

5

o

i} —
229

1. Vicki P. McConnell, Fuel Cells Bulletin, Volume
2010, Issue 5, May 2010, pp. 12-17.

2. Fuel Cells Bulletin, Volume 2010, Issue 1, January
2010, p. 4.

3. Fuel Cells Bulletin, Volume 2007, Issue 6, June
2007, p. 3.

4. Fuel Cells Bulletin, Volume 2009, Issue 10, October
2009, p. 6.

5. Fuel Cells Bulletin, Volume 2006, Issue 10, October
2006, pp. 9-10 (Georgia tech).

6. Thomas H. Bradley, Blake A. Moffitt, Dimitri N.
Mavris, David E. Parekh, “Development and
experimental characterization of a fuel cell power-
Issue 2, 27 September 2007, ped aircraft” Journal of
Power Sources, Volume 171, p. 793-801.

7. Fuel Cells Bulletin, Volume 2010, Issue 6, June
2010, pp. 4-5.



TGP/ 150WF R B AL 2 A

8. T. G. Kim, H. C. Shim, S. J. Kwon, “Small Fuel

Cell System as a Power Source for Unmanned
Aerial Vehicle” Proceedings of the Korean Society
of Precision Engineering Conference, 2007.6, pp.
3-875.

. C. Cadou, T. Sookdeo, N. Moulton, T. Leach,
Proceedings of the AIAA First Technical Con-

ference and Workshop on Unmanned Aerospace

10.

olN

309

Vehicles, Portmouth, Virginia, May 20-23, 2002,
2002-3448.

S. G. Kang, B. G. Kim, H. S. Kim, “Experimental
Study on the Characteristics of Heat Exchanger
of 1 kW PEMFC System for UAV” Trans. of the
Korean Hydrogen and New Energy Society, Vol.
22, No. 6, pp. 819-826.

A23H8 A4z 20129 8




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


