creative
comimons

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

XS Metok ELIChH

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 Aeles 212 LWS0ll 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/

4r

HARHX|Q ds0 OjX|= S

Effect of Metal Foam Compression on

Performance of Polymer Electrolyte

Membrane Fuel Cell

=
jor
Ho
jol
10f

{0H

Kd



ARHX|2| 450 njx|= <

0
KH

N

<+
g

joO

K

2022 '3 06 &

=
jor
Ho
jor
10f

{0H

Kd



(2

0
KH

Al
SWEE!

2022 4 8
_‘é



ZtALS]

ol

=

]

OF&l [ 77hK|

=
=

ICF =tF DHFOAMFE AL

L

{0

10
oju

Iy

00
T0

|

ok

B XS7K FolM 7t

I+
Joill

=

!

A

Ol Al ZHAF

ol

2Rl

of| A

Al

AlS
=8

P ZALSRILICE A MY SO

| =3

)

==

s0AE HAle

7|

H ojTlolet X =

2y

WA &

AL
T

wfl

L|ct.

Opx|

of

2022 058 MAb IPH2 OFX| O,

10H

T



whde

ol

i[d

| AETX SOAM, 12

=20
o TT—

el o5

o
=

|

=

off LA X

il
[

1o HM 100= O[5te| HIWA T2

A

Zoj A
N B2

= =0 7t |

IH

Xt
~

B JHZ A

o X/

=
[

7|

7IAA ™ Xtole] EEO[ MAIZO 2o, 0|F S=5t1

=
—

2 =X HE

4

el Qo 3 oM =

10

ool MM 2 F=S'EC

U+

=1

O

—

—

&=

pd 0 RALE Olof = Ao M

b

Ct

et

[e)
—

HE HAED dzHX|o A8 HEHS D2igd I, 1 mm O

el &2 FH=z A=TX|of HEHof

.
o

ol
B0
ol

Jo!

% F Y= HE0| 450 ojXl= ol o

0lJ
1o

<qr
o

ol

ool o3l e w20 Z2l= 7t

S
S

Jam B ;‘T‘_-Ol
o= O—

-
St

CC
—_

53

o<

<

—_

jol
14
<

ol

2EOME 7HY

ke

ol

b2 Aol7h 810 =Rt

=4

7
°

=

—

Ol M 62% O W2fCt

=0

otol = YRS AlZHof o

Alzto] 72|

—

+=0 B35 T2 =

At

=
—

FRLE 7
RO, XLl 50%7t BESH=O ZE|



Abstract

Among several types of fuel cells that do not emit greenhouse gas, polymer electrolyte membrane
fuel cell (PEMFC) has attracted attention because it has high power density and operates at
relatively low temperature of 100 °C or less. The flow distributor should transfer efficiently the
reaction fluid to electrode region of fuel cell. Conventional bipolar plate manufactured in the form
of ‘channels/lip’ design have disadvantages such as non-uniform fuel distribution and mechanical
pressure difference. Therefore, numerous research has conducted to find optimal reactant
distribution devices. Metal foam has drawn attention as a replacement for conventional fuel cell
flow distributor because of possible uniform fuel distribution and light weight when applied to
fuel cell.

The metal foam could be manufactured in various thicknesses but should be applied with thin
thickness of 1 mm or less in consideration of fuel cell stack applicability. However, most studies
do not consider the effect of metal foam compression on fuel cell performance. Therefore, the
effect of metal foam compression ratio on fuel cell performance was conducted in this experiment.
Mass transfer resistance was reduced significantly, and voltage loss was minimized in high current
density region with high compression ratio metal foam. In addition, the effect of applied gas
pressure on internal flow path with conventional serpentine flow field was analyzed. The voltage
loss of pressurized serpentine flow field was small in medium current density, but it was increased
in high current density region due to the limit of flow pattern shape. The location of air particles
tracking over time was conducted with computational fluid dynamics. The mass transfer
resistance of copper foam was lower than that of conventional serpentine structure, and it took

62% faster time to escape 50% air particles with copper foam.
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Figure 1. Schematic of a PEMFC and stack components.

Figure 2. Two types of flow distributors in PEMFC. (a) Conventional serpentine and (b) copper
foam.

Figure 3. Flow chart of fuel cell test.

Figure 4. The schematic diagram for copper foam pressing method.

Figure 5. Pore size diameter of compressed copper foam measured with MIP.

Figure 6. SEM images of each copper foam sample. Top view of (a) S1(0.8 to 0.5 mm), (b)
S2(1.6 to 0.5 mm) and (c¢) S3(3.2 to 0.5 mm). Cross-sectional view of (d) S1(0.8 to
0.5 mm), (e) S2(1.6 to 0.5 mm) and (f) S3(3.2 to 0.5 mm).

Figure 7. Computational domain and mesh images of CFD. (a) 5 channel serpentine design and
(b) copper foam with 0.5 mm thickness.

Figure 8. Polarization curve with copper foam.

Figure 9. Fuel cell performance with copper foam at different compression ratio and serpentine
design.

Figure 10. Nyquist plot of copper foam with different compressed ratio. (a) SA condition and (b)
30A condition.

Figure 11. Pressure drops versus cathode inlet gas velocity.

Figure 12. Cell performance of S3(3.2 mm) copper foam and serpentine design.

Figure 13. Effects of applied additional pressure by BPR on fuel cell resistance. (a) Nyquist plot
for 5A, (b) 30A condition and (c) differences on charge transfer resistance and ohmic
resistance for each sample at 30A condition.

Figure 14. Pressure distribution of each copper foam cases analyzed with CFD.

Figure 15. Fuel cell performance difference with polarization curve. Effect of (a) foam
compression and (b) flow distributor.

Figure 16. Air particle track at specified time for two different fuel cell flow distributors. (a) 5
channel serpentine and (b) copper metal foam.

Figure 17. The time needed to escape 50% of air particles in flow field.
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Table 1. Standard condition of unit cell evaluation.
Table 2. Physical property of compressed foam.
Table 3. Physical value of each sample at operating temperature.

Table 4. The pressure difference between experiment and analysis.
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Figure 1. Schematic of a PEMFC and stack components[2].
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conventional anode cathode
- channel/rib channel/rib
serpentine

copper anode cathode

Eoan channel/rib metal foam

Figure 2. Two types of flow distributors in PEMFC. (a) Conventional serpentine and (b)

copper foam.




2. A

Gore Holl& BS ALE3t= 25 cm? HAEO| M8 MEAE ARSI HHQ HzRFX|e

2gS TUASIACL BS= =Hl Xz M ME/E2 2A g4 =22 oA

Meol 8

o
Jp
17}

2 2 ERQCOA° 2| =8
AESHZE O, 2tZE 0.8 mm, 1.6 mm2| FHE Z1, 450 ume| & A7|E Z=Ct Table

10] H2FX 252 M&F WHES ZLSIRAL.

ARMX MES AP BT AAHS A 8

|0

2 FEECH 7HE7](bubble-type

i

humidifierr CNL)E S350 U8 HZQl S7[2F At

i
ne

Mot 222t 2 H o5,
88 ol {FE=2 MOStE FEMOZ|(MFC, Kofloc)?t HEHX[S HFt TS
XM ofste  TXHESH|(electronic load, Prodigit)S AESIRACE AZ  ZH|Ql  USB-

6221(National Instruments)E A&t 2= FH[Q| M E PCeF S4I5HY A OS2,

AZ MO Z2IQl LabVIEW(National Instruments)S S350 MR FX| M3l E3
SM SFI 22 Yo Y Z2EEZE S ASEHCE FYSIULL

CHIEX] des FEES @Ist ¥ 1™ Figure 30| LtERH  Zdnp ZH0|, XK
DS AL 7tAZ 5o #E2 Eyst the MZ =D F, 80 kgfcml EIE
=2EQt HEE MN|ZSIQUCE ol AM AZot B A[AH AASHY A=FX| 23t
1P (activation)2 30812 AIO|E &2 FH™SIRULCE Z+ AO|E2 52 FE

H2| 2 (Open Circuit Voltage, OCV) — 04 V — OCVve| HY AO|EE &5t

2

= S4dS 8510 4 TR 2= FG0M ezl EHHY 95 =Sl o|%

= JHX] ®7|3tst 2o Rl uEHA 228 (Electrochemical Impedance Spectroscopy,

EIS)?t #=2tM U™ F B (Cyclic Voltammetry, CV)2 WonATech?l GWPG 100HPZ



b= HRI0IA 5, 30A2

—~
ZI

0.1 Hz ~ 10 KHz A}0|Q]

=
—

7|42l EAE 100, 500 mL/min 325t 50 mV/s2| scan rateLE2 ™= HEHO

=24



Table 1. Standard condition of unit cell evaluation.

Unit cell specification and

test condition Value
Unit cell CNL cell
Active area(cm?) 25
Membrane Gore
GDL 39BB
Pt loading of anode / cathode (mg/cm?) 04/04
Flow field Serpentine
Copper foam
Tightening torque (kgrcm) 60
Temperature (°C) 65
Stoichiometry of Hydrogen 15
Stoichiometry of Air 2
Relative humidity of Hz / Air (%0) 85/85

10
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Figure 3. Flow chart of fuel cell test.
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Cu metal foam
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Figure 4. The schematic diagram for copper foam pressing method.
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Figure 5.

Pore size diameter of compressed copper foam measured with MIP.
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Table 2. Physical property of compressed foam.

C.R. Porosity Pore size Volume

S#(Thickness)
(%) (%0) (um) (mL/g)
S1(0.8 mm) 37.50 78.12 74.6 0.6301
S2(1.6 mm) 68.75 72.75 59.5 0.4110
S3(3.2 mm) 84.38 58.07 23.6 0.1980

15



Figure 6. SEM images of each copper foam sample. Top view of (a) S1(0.8 to 0.5 mm), (b) S2(1.6 to
0.5 mm) and (¢) S3(3.2 to 0.5 mm). Cross-sectional view of (d) S1(0.8 to 0.5 mm), (e) S2(1.6 to 0.5
mm) and (f) S3(3.2 to 0.5 mm).
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(a)

(®)

Figure 7. Computational domain and mesh images of CFD. (a) 5 channel serpentine design and (b)
copper foam with 0.5 mm thickness.
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Table 3. Physical value of each sample at operating temperature.

Inertial Viscous Air density Air viscous
S#(Thickness) resistance C, resistance % at 65 °C coefficient at 65 °C
x 10 (1/m) x 10719 (1/m?) (kg/m>) x 10° (Pa.s)
S1(0.8 mm) 1.56 0.248
S2(1.6 mm) 0.642 1.15 0.95 2.06
S3(3.2 mm) 6.88 3.46
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Figure 8. Polarization curve with copper foam.
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Figure 9. Fuel cell performance with copper foam at different compression ratio and serpentine

design.
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Figure 10. Nyquist plot of copper foam with different compressed ratio. (a) SA condition and (b) 30A
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Figure 11. Pressure drops versus cathode inlet gas velocity.
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Table 4. The pressure difference between experiment and analysis.

Pressure results

S#(Thickness) (F2) E(ﬁz)‘;r
Test Analysis

$1(0.8 mm) 10,840 11,745 8.35

$2(1.6 mm) 33,370 33,671 0.902

$3(3.2 mm) 116,420 114,287 1.87

35



pressure

[Pa]

1745
10766
9788
8809
7830

pressure
33672
30866
28060
} 25254
22448
19642
16836
14030
11224
8418
5612
2806
o
[y Qo1 02 m
— — [Pal

S1(0.8 mm)

o oot 0o m)
— — [Pa]

S2(1.6 mm)

pressure
1

114287
104763

o on 002 m)
05 oo

S3(3.2 mm)

Figure 15. Pressure distribution of each copper foam cases analyzed with CFD.

36




YA

-
o

EHO| Cotaf &+

4

o

-

PR M7 Al

e
(<]
—_

JEofl CH
o g2

o

Z+Zt
o e

-
[

3.3.2. #&2
Figure 160]

1

£ 9 ¥ F w ~ M o - o R F M gy = K o o
o o S 8 H kK o o N <X 2 T 3 2 K K K
- ol om___A_ = oy o5 M = Sy, K % ol wm _m_u.__ r+
: 2 ol o = . _
oomw W oo @z X K Z o8 Mo oB o K 4 o#H ot B R
5 m g :® o o3 &R oy W og 3 08 <
(%] . —
5 SO | = @ w o ®m c & &= & v 5 _
6 K -
B2 SIS o ul M o = o I =
L L » L I -
o5 N T oW S T oy o N RS g o
W S <X W o# oz T oS o £ 0 g o S § zm gz 0
m o |_._.H_._._ UA| 7; |_ﬁlg 10 J— L||_ - o iy _|h_
oF S o o of = T L # o M =z ol Mo GH
o — ' —— IA —_
oy oK T B W K g Mo DI - on
N w O B © s Y T T T g N
< M g wo ¥ R0 = - gl
of o Ko H =& 2 o 4 b . oM _ =
W gr T o oo S = W B B oH o, 8B & 5 O
K = fo- o N i o SR (TR I =S S - < K o3
oF K K ) — K < 3 © oJ ol opm oY
ol _|_H_ o~ oF o3 ~ ~ _ _ o i -
— ml_ o ol = F 1T o ~n 0 = ~ %) S ~ . o =
ol K = — o K T = <z o w =
Kool 4 S f o mp koo o i s SR "B
ol _ 2 — [ =0 oF H Q K N o _ %
moo T on oo Zogom @S M LR T
LI A T S R T S B
—_ —_ X o {0 J—
H o= O om M n T S X X ohox K 2 o
S R R OM g " K = W
T - B B oo 3 ol g B g W@
N s K & & R ° - i ~
< o Honow ¥on 2K - 5 8" w5
w2 on 5 N o4 o= o g M g z K K N
o< g ° Zl o= U o) 3 ol o T = W
~ _ W0 1o 5 - D U 2 o
H o ©°© o = _ X K o i@ g 8 m R .
m . & - Ju o & ol uu > N g B o ol
K ow c_ AR A L R TR
mox Hx - M3 W _ 0 = ®| g o o
T A - A I - G- S (-
v S x o R g X o O 7 ¥ of ~N I = o o
LHo W - - 3 K ™ #0 T o K o K g =2 o N
T2 N f & o ™ omo R @ - %oww @ 9

ol A

20t 30, Ol 2= 1

!

o

=)
37

X



t=0.005s t=0.025s t=0.050s Velocity

146

131

(a) 5ch n7

Serp. 10.2

8.74

7.28

583

H 4.37

291

(b) Metal

foam 1.46

0.00
(m/s)

Figure 16. Air particle track at specified time for two different fuel cell flow distributors. (a) 5
channel serpentine and (b) copper metal foam.
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