creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 24011- 200000256826

24¢

2012\

i
H)

42189



Chemical Hydride-based Hydrogen Generator for Fuel

Cell Unmanned Aircraft

2012d 249 244

2 A& ny

335 F 3



o
o2 A

7
L3N

M

O

N
)A
o
L
;O_l

I

—

_#Oﬁl
Ho
ol

g
4

10 4

2011



A
E

E

Tor

~

X

Nd

L

o
oF

-

sk= 7] A

¢ 4

+
g

E

o

X

X

Nd

11 4

2011 @



1ii
11

vi
vil

A

A1 A

LIST OF FIGURES
LIST OF TABLES
ABSTRACT
A2d =3 A
1. PEMFC

A1 #

14
17
19

<
mwo
ﬂo

-—

4
+

20
20
23

A34 FA23E A UEF(NaBHy)
A4d A4 HE L e

n...AlO
wjr
=K
N

7

o /=] 2] A Al

=
h

A14

24
25
26

70
wir
oo
T

__m_l
i

b
Ho

1. NaBHy

DERYES:

=

2. NaOH &%= o

2.

28
28
31

JJo

B



32

32

1. 20wt.% NaBH4ell A €]
2. 25wt.2% NaBH,ell A ¢]

34
36
40

W

42

A1 A Aol w

46

48

=
o

3

=
-

2712 NaBH; %o w

A7) 7B

50
51

1

eyl

4
N
i
w

A44 7

54

!

o4

55
56

597}

3

2~ €l
— H

ARAA A

)

A2 5ol w

97

)

w

A6 &

59

3
al7
|

e

ii



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

10

11

12

13

14

15

16

17

18

19

20

LIST OF FIGURES

Operating altitude for UAV classfication .........cccoevieviriinienienieeeeeeeee 2
Global Hawk (HALE) oottt eae v v e 3
MQ-1 Predator (MALE)  .oooiieeeieieee ettt sttt ettt ees 3
Georgia Tech PEMFC UAV ettt 4
Ion-Tiger PEMFEC UAYV ..ottt ettt st 4
NRL(Naval Research Lab) Fuel Cell UAV ..o 5
BlueBird Aero Systems BOOMETang .......ccccccovveriiirieeiiieiieeieesiceeeiee et 5
Horizon 900Wh AETopak ....cocoviiiiiiieiieiieeeee ettt 5
Aerovironment Inc PUMA ..ottt e 5
AV Inc Global ODBSEIVET  ..c.cociriiiiiiiiiiiiiiinicecteent ettt e 6
KAIST PEMFEC UAV ettt sttt 6
Configuration of PEMFEFC ..ot 7
Principles Of PEMEC  ...oooiiiiiiiiiiieeiie ettt e e veeevaeestaeevaeeaseestaeaaveesene s 9
Hydrogen mass denSIty  .....cccccciieerciieiiiieiiiiesieesieeeieeesieeeeseesreesssseessseesssseessneessssesnes 17
Sequence of catalyst COALING  ...cceeceerieeieeieiieeiieieeee et et eie e e e e e e aeeeaeenseeneeas 20
Catalyst coating before and after image ........cccocceeeviiriieienie e 21
EDS analysis of Co-Ni-P-B/Ni foam ......ccccociviiiiiieiieieeeeeceeeeeee e 22
SEM image of Co-Ni-P-B/Ni foam ......ccccoceiiiiiiiiiieeeeceeeee e 22
Schematic diagram of catalyst reaction teSt ........cccccceeereieeeriivieeeriieeeereeeeereee e 23

Effect of NaBH4 concentration on the H, generation volume at the fixed NaOH

CONCENIIATION  1oieieeieeeeeee et e e e ettt e e e e e et e e e e e e e e s e et e e eeseeesseseaaaaaeeeeeeeaas 24

— il —



Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

Fig.

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Effect of NaOH concentration on the H, generation volume at the fixed NaBH4

CONCENITATION  eeouiiiieiieietenitetenteette sttt ettt ettt ettt e et et e st este st e sbe st s enesbeebeetesbeeneennes 25
Durability of the Co-Ni-P-B/Ni foam catalyst ........cccccvviiiiiiieniiiiieeeeeiee e, 26
Cyclic performance of the Co-Ni-P-B/Ni foam .......ccccoceviiiniininiieeeeen, 27
Schematic of the NaBHs hydrogen generator ............cccccccviiimiiiniienieniieeiieeinns 28
Experimental setup for performance evaluation of hydrogen generator ............ 29
Hydrogen generation rate of reaction time at 20Wt.% ..ccoccevierienienienieeieee 33
Hydrogen generation volume of reaction time at 20Wt.% .....cocevvevienieeieennnne 33
Hydrogen generation rate of reaction time at 25Wt.% ..c.cccovrvieiiniiiininienee 34
Hydrogen generation volume of reaction time at 25wt.% .....ccccceviniiniiicenennne 35

SEM images of catalyst before and after the experiments (A: pure catalyst, B, C,
D: NaBO; deposition on the catalyst surface) .........ccccoevievveniieniiiiciencieeeeenene, 37
Reactor and borate temperature as a function of chamber temperature at 20wt.%

and 25wt.% NaBHj solution(A : Reactor temperature, B : Borate temperature) 38

NaBO; deposition on the catalySt .......ccccevvieiieiieiieiieeeieeieee e 39
Catalyst loss and NaBO; crystallization .........cccccecceeviienieniieeniieienieeieeeeiee e 39
Volume of the compact and existing chamber hydrogen generator .................. 40
Schematic of the existing chamber hydrogen generator ..........ccccccoevveriennene. 42
Schematic of the compact hydrogen generator .........ccccccccevververiiiecieenieenivennnens 43

Hydrogen generation & Reactor temperature as a function of reaction time at

compact and existing Chamber(A: Hydrogen generation, B: Reactor temperature) 44

Hydrogen generation as a function of reaction time at Voltage .......c.c.coenen. 47
Hydrogen generation as a function of reaction time at NaBH4 concentration . 49
Schematic of the upgrade compact hydrogen generator ...........cccceccevvvvviercnenen. 50

_iV_



Fig.
Fig.
Fig.
Fig.

Fig.

41 Compare Of teSt TESUIL ...oociiiiieiieiieiee et 52
42 Silica gel case of after the test  ....cooooiiiiiiiieeee 53
43 Fuel Cell SYSIEIM  1iiiiiiiiiiieee ettt e e ettt e e et e e e e e s etaaeeee e e eensbaaeeeeas 54
44 Fuel cell system test TeSUIL  ..ocoooiiiiiieiieieeieeeeee e e 55
45 1hr fuel cell system test TeSUIL .......cccooviiiiiiiiiiiierieeee e 56



Table

Table

Table

Table

Table

Table

Table

Table

LIST OF TABLES

Types Of FUCL COIL  .ouioiieiieiiceeeee ettt et et 13
Hydrogen storage methods —.......occooiiiiiiiiiiiiieie ettt 15
TESt CONAIIONS .ottt ettt ettt et sae b 31
Reactor and Borate separate cartridge Temperature ..........ccccoceeeeeverenenenreennns 37
Test result of compact and existing Chamber .........c.ccccoceevvieriieniierienieeneenieennens 45
Test result Of VOItAZE  .oovvieeiiiieee ettt et 47
Test result of NaBHs cONCentration .......cc.ccoceevereeieninieienienieneeeniceeeeeee e 48
TEST TESUIL oottt st nbe e ebeeneen 51

_Vi_



ABSTRACT

Chemical Hydride-based Hydrogen Generator for Fuel Cell Unmanned
Aircraft

by Park, Daeil
Advisor : Prof. Kim, Taegyu, Ph. D.
Department of Aerospace Engineering,

Graduate School of Chosun University

Unmanned Aircraft utilizing electric motors have various advantages and
disadvantages. Electric motors are superior to internal combustion engines in that
they are quiet and are free of unwanted vibrations. However, electric motors offer a
shorter flight time due to the battery’s low energy density. To solve this problem,
various studies on fuel cells are currently in progress. This study considers the
application of an efficient hydrogen supply system and the PEMFC system to
UAV’s power system with low mass and stable operation. sodium borohydride
(NaBH4) has been intensively studied as a hydrogen storage material because of its
advantages of nonflammability and stability in air, easily controlled hydrogen
generation rate, side product recyclability, and high H: storage efficiency. In this
study, Co-Ni-P-B catalysts supported on Ni foam were prepared using electroless
plating. The surface morphology of the catalysts/Ni foam was observed using SEM
and EDS analysis. Also, the characteristics of hydrogen generation with
Co-Ni-P-B/Ni foam catalyst was investigated at the variety of NaBH; and NaOH
concentrations. Durability test was performed, resulting in the stable hydrogen
generation for long hours.

Secondly, Performance of a hydrogen generator for a fuel cell unmanned aircraft

- Vil —



was evaluated as the change of temperature environment. The hydrogen gas was
generated by the hydrolysis reaction using a catalytic reactor. Reaction chambers
were set up with the range of temperatures from -20 to 40 °C. The hydrogen
generation rate and temperatures changes of reactor and separator were measured
at the NaBHy concentrations of 20 and 25wt.%.

Finally, performance of two kinds hydrogen generator for under the same
conditions was evaluated. Based on this, performance of one chamber for the fuel
concentration, pump voltage and so on such as hydrogen generator was evaluated.
And high efficient and a lightweight fuel cell system for application as the

propulsion system for a UAV was to utilize its safety and stability in a

long—term bench test.
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Fig. 2 Global Hawk (HALE)
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Fig. 4 Georgia Tech PEMFC UAV Fig. 5 Ion-Tiger PEMFC UAV
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Fig. 6 NRL(Naval Research Lab) Fig. 7 BlueBird Aero Systems
Fuel Cell UAV Boomerang
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Fig. 16 Catalyst coating before and after image
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Fig. 30 SEM images of catalyst before and after the experiments (A:
pure catalyst, B, C, D: NaBO deposition on the catalyst

surface)
HS 7| 22|7|
M 2T
e e
(°C)

(°C) (°C)
20 104.7 53.1

20Wt.%
W 20 99.9 83.4

NaBH4
40 100.4 76.0
20 108.6 542

25wWt.%

NaBH;
20 1083 736

Table 4 Reactor and Borate separate cartridge Temperature
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Fig. 32 NaBO, deposition on the catalyst

Fig. 33 Catalyst loss and NaBO: crystallization
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compact Chamber

existing Chamber

NaBHss = (Wt.%)

20wt.% NaBH4 + 5wt.% NaOH

a7 (ml/min) 3.54 3.37
Y FAMEF (ml/min) 1655.2 1420.5
HetE(%) 89.8 827

g2 Fof #E7|2 % (°C) 102.9 99.9

Table 5 Test result of compact and existing Chamber
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Fig. 42 Silica gel case of after the test
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