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ARTICLE INFORMATION ABSTRACT

Original Research Paper According to the significant effect of the structure and saturation of cathode catalyst layer (CCL) on the
Received 08 November 2016 operation of proton exchange membrane fuel cell (PEMFC), a pore scale model is presented to simulate
Accepted 03 January 2017 the transport processes in CCL. Using this model, the tortuosity and macroscopic effective diffusivity of

Available Online 22 January 2017 CCL with different porosities and saturation levels were obtained. The water distribution was obtained

by solving two-phase flow equations using volume of fluid (VOF) method. The structure of CCL was

Keywords: . . E .

po?',e scale modelling reconstructed by assuming agglomerates as equally-sized circles and spheres in two-and three-

Cathode catalyst layer dimensional domains, respectively. A sequential algorithm was used to determine the location of

;\g&-%alse flli)w agglomerates in the computational domain with specific overlap. A comparison was made between the
el ce

results obtained for three- and two-dimensional domains which showed 2D assumption results in an
overestimating on effective diffusivity. However, the variation trend of effective diffusivity versus
porosity was about the same. According to the results, due to the blocking effect of water presence in
CCL, the increase of saturation causes less available pathways for gas to diffuse. Therefore, the
effective diffusivity decreases as the saturation level increases. Moreover, the decrease of porosity leads
to the increase of tortuosity which results in lower pathways for gas to diffuse into the domain and
hence less effective diffusivity is obtained. The decrease of oxygen effective diffusivity of CCL causes
a lack of oxygen concentration at the electrochemical reaction sites and leads to the decrease of the
PEMFC performance.
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Agglomerates

Fig. 1 Schematic representation of a cathode catalyst layer in PEM fuel
cell.
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Fig. 2 Flowchart of numerical procedure. S is the total saturation of
CCL.
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Fig. 3 Schema of water exit from the agglomerates toward the pore
spaces

LJL;’ ‘_gLQLanmeo].oyliT)l s.j T ua)ﬁ Ssles uuLu?)JS.m‘:

saY 8 s by i, &5 wols plas [10] oL Kes 5 ax lage
Shge 29 g g0 i) S 4 dly (plad (g 5950
)J‘).i A..S(so )l580°C LsLm) )045605‘4&4\5;)\) “"")J ww‘
B Ceyw g coi e pa Uy gy &5 deb e iy Ca= Uz /o
J10] ohen 5 azjlage oo eluly ool (silss (lyr 0 mle
il 1075 51 1S Jlow ol shls e SO 48 Sioge sae amilis
0 Ol &5 el Gl imes gl g salss rase g5 5 Gz
by Sl mge g9 5l plad (s Jo B g5 s
S by a5 asl g8 lojlasly ab oo a0 (58959 o Sl lade
pole Joe jo ol Sbl [l jlade wluly wiSS z)5 uge Sl
Oy Algt o 45 ael Cewoay 1.6 x 1075 Sgd> ;0 Siuge Sas
o 28 ol edle il o laze )3 Giige Gl 357y soS
Y Cople a5 J 0 00,5 o Cango! (slooaslST sloml el ol
gzg ol il Slas gg5 5l T 0 elal @l,d semg cdeay 495U
saY oog Casgacl b Olas a5 wsls ;les [11] e 5 OM5le
23S xSt b loeglfT S5 oo ol L5 lllS
0o 3k Soge 3 Sl s )l Gl 56 S5e 3945 Jlade
45 00,5 e 0 ol Ol zg B el e o Ol ws (Bl bl slaj e
4z Loy (K o yeslST mhas o5 Olas Gols 4 Of 24,5 jlake
e 000 ) sy E0ge (il s wiy ) 0 Gaasd (pl o a5l 4
S5 U yhe gojl o iz glagliil v a4 oloiws e og diwy
Caols 5l b O moje gogms «s3Bg0 by Vole o Loy
mhw g5, ol Sl (kg Hbya o saelel b el cansay Kioge
yobiteds ¢ 3,5 59500 s gLl o ioliEl el Lo yeglST
05 0t o S JUi selslan 35 s gLl a5 1 sy
i oS eslitul (Sl cV¥olae J> sl [24] Tags ool L e
2 Ol s St b O @l salie bwg J38la 5 ool S
slots, 3l olile s ol o 28] ol 0ass F (ilu pine 5,500 ol
5 Lol OVolre gl (weS o (Sloy Olitie slp bl goae
23,5 oolatul (LY EYolas (sly oo roral woS a5 il ee0
s 929y 5y 50 ly alia o 6550 Ly 51 Q2) sdlobes > 50
il el plp 0,8 oolaiwl e BU lp s g0 byl
4 S bojpe (Bbg oS (2% ol 02 909, 530 93 Sl OS]
D o Bhe dei oy Jaie ol s S LA o Gile 5T Jlasl

Lbd)L..:a\.......: » oo oolazwl Ltho;._al)L 1 Jj-\#
Table 1 Parameters used in simulations.

Jlade s>l Al
353 [16] (K) T
1.5[16] (atm) p
100 (nm) dy
0.275 [17] (cm’s™  Do,-n,
6.395 x 10® [18] (cm%™) Dy,
42.785 [19] HE:
0.063 [20] (Nm™) o

ol 3 soby liniss 53 0 silwaned | Sl o2 s 5l ool
$b g 950 slul s Pluwe )5 (55l Lz Vol o sln g,
5 Shwgm Yolee ol> s e [2221] codl sns S sslizul
S dske 20 mle 5B pame G jslateds (1) salolac) pgiinge
e @ el e w0 s S Jo Sleele 4SS
ot 7l ol i e o Syl o 5 T G g5
S o ol Ko ol g oo sl 5 o b sl Jsbo
5 Ao e @ ke s sk Jold | lam ol S it e saml
ilan o ool b Glyie |, St e ol 352k
23,9] Cowdds 5 O jgots & (gl Jla!
oa
at
5o s S mhv Cepw Ur g s3les Glyr e U oS
3955 e ol |y Gl oyents @ by 5 (6) slobas Jyf salor
A S dber onl 008 o Jlasl lsa-l St 5re p S salex
“o wolR ) SE S e e 92y (el &5 WS (e sbml ) (S8
500b Jo oy slir g potiege SVolee Jlws px> g, o (23] wiles
st B, = aVioy & g0 Slaslxe Joko 12 30 () aule 51 oz
GRS S ey Ol o el Sl Jske 0 Veen o5 il 0
Wl oo Comddy 55 O ygod (1) (salolas 10 oois o) Lil e
F, = ok(x)n 0
g Sl Iy 0l S e mhaw p dgee Jlop N dolee ol o oS

R g

+V-Ua)+V:(a(1—a)U) =0 ®)

n % ®

O ) O ygody a5 Cewl S e mhaw bl K o(7) gddolee o
035 (o0

k(x) =V.n ®

o7 (6 yS Sl 31 (L) dolee yo oud oolaiwl Jluw oles
Iz Je sl e sty Sluslms Jsbo 50 50 Jlw 50 ols>
N
p=ap,+(1—a)p, a0

alie jsba 5 coryl aiien OF 5 lp S8 iS4 Py 5 Pa &S
Sgdse Jol>

Lol iU sla 28Ty bags oad wlgs Ol oo cnl o
O oy Cwons & opeolST a1 Ol zg)2 (23 5 eolind
zorr P8 "3 USE" o )S Jae i ogae 5 Zol Lo L o jaglST
Ao s Sileds ebas |y boyeslsT 51 ]

? OpenFOAM

13

* Volume of Fluid Method

2 o)laids 17 095 1396 i)l (oo Suille wise


file:///C:/Users/Desert%20Rose/dropbox/MME/Dey%2095/0295/Enew%20170295A.DOCX%23_ENREF_16
file:///C:/Users/Desert%20Rose/dropbox/MME/Dey%2095/0295/Enew%20170295A.DOCX%23_ENREF_16
file:///C:/Users/Desert%20Rose/dropbox/MME/Dey%2095/0295/Enew%20170295A.DOCX%23_ENREF_17
file:///C:/Users/Desert%20Rose/dropbox/MME/Dey%2095/0295/Enew%20170295A.DOCX%23_ENREF_18
file:///C:/Users/Desert%20Rose/dropbox/MME/Dey%2095/0295/Enew%20170295A.DOCX%23_ENREF_19
file:///C:/Users/Desert%20Rose/dropbox/MME/Dey%2095/0295/Enew%20170295A.DOCX%23_ENREF_20
file:///C:/Users/Desert%20Rose/dropbox/MME/Dey%2095/0295/Enew%20170295A.DOCX%23_ENREF_21
file:///C:/Users/Desert%20Rose/dropbox/MME/Dey%2095/0295/Enew%20170295A.DOCX%23_ENREF_22
file:///C:/Users/Desert%20Rose/dropbox/MME/Dey%2095/0295/Enew%20170295A.DOCX%23_ENREF_23
file:///C:/Users/Desert%20Rose/dropbox/MME/Dey%2095/0295/Enew%20170295A.DOCX%23_ENREF_10
file:///C:/Users/Desert%20Rose/dropbox/MME/Dey%2095/0295/Enew%20170295A.DOCX%23_ENREF_11
file:///C:/Users/Desert%20Rose/dropbox/MME/Dey%2095/0295/Enew%20170295A.DOCX%23_ENREF_24
file:///C:/Users/Desert%20Rose/dropbox/MME/Dey%2095/0295/Enew%20170295A.DOCX%23_ENREF_25
https://dorl.net/dor/20.1001.1.10275940.1396.17.2.23.5
https://mme.modares.ac.ir/article-15-4546-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1396.17.2.23.5]

Obed 9 XIS (s

2350 3985 b 9 3 9 g Jole G 9liieds Hlind B9 S 55K 9 LS a1V 5195mwg )Sae silw 3o

0.10
0.09 |-
0.08 -
0.07 -
Q |

0.06 -
0.05

0.04 |-

003 I 1 | 1 1 1
0 025 050 075 1.00 2.00

L (um)

Fig. 4 The investigation of domain size on the results of the
simulations. The computational domains in simulations are squares
with the length of L and the porosity of 0.42.
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Fig. 5 The comparison between the results of two- and three-
dimensional simulations.
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Fig. 6 The comparison between the results of three-dimensional
simulations and the results obtained by Bruggeman correlation [6] and
Lange et al. [5]
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Fig. 10 The comparison of normalized effective diffusivity obtained by
our model with and without Knudsen effect with the results of Moldrup
et al. [30] model. Simulations were performed for a layer with the
porosity of 0.50. Horizontal dashed-line shows the effect of Knudsen
diffusion versus the impact of liquid water presence.
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Fig. 7 The distribution of liquid water in a cathode catalyst layer with
the porosity if 0.50. Water is in black, air is in gray, and agglomerates
are in white.
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Fig. 8 The distribution of a) liquid water, and b) oxygen concentration
in a cathode catalyst layer under the porosity and saturation level of
0.50.
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Fig. 9 A surface fitted on the results of the simulations which shows the
variation of normalized effective diffusivity versus saturation and
porosity.
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