") Check for updates

Journal of Hydrogen and New Energy, Vol. 36, No. 3, 2025, pp. 249~258 .IHNE
DOI: https://doi.org/10.7316/JHNE.2025.36.3.249 pISSN 1738-7264 + elSSN 2288-7407
OjM| 7ISSS Zefet PEMFCY| il £ et 2doiMe] R3 2 &
M= BN
OO -1

== . AXI2 . 1. 1. 3
Yse' - a5 Uy - uzy - Ay’

‘el ekl § 1A Sl Pa el 7 AR, RlafataL 71 A g el

Analysis of Flow Distribution and Performance of Variable Relative
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ybkim@hanyang.ac.kr Abstract >> This study analyzes and compares the performance of a micro po-

_ rous layer (MPL) applied in the gas diffusion layer (GDL) of polymer electrolyte
Egszzzd gé ii?i?gg’z?% membrane fuel cells under various relative humidity conditions. To analyze the
Accepted 4 June, 2025 impact of relative humidity, other operating conditions were controlled, and the

humidity was set to 50%, 60%, 70%, 80%, 90%, and 100%. This study numeri-
cally simulates hydrophobic characteristics and capillary pressure, confirming
that the integration of a MPL results in higher water removal characteristic than
when only a GDL is present. Under high relative humidity of 100%, there was a
4.89% performance improvement with the MPL; however, under low relative hu-
midity of 50%, the insufficient hydration within the cell led to a 3.93% perform-
ance decrease.

Key words : Micro porous layer(O|M| 7| &%), Polymer electrolyte membrane fuel
cell(D2X M A ?jEEII), Relatlve humidity(At] &%)
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Table 1. Geometrical description 2.2 X[HY drXAl
Geometrical parameter Value Unit
MEA Catalyst 10 pm | A o R ARHR] 9G-S HAFS mjjo
thickness Loy 7] ey WA Ale] "asich B alTto)A]
Membrane 00w £ drdA) g Eahshs 33 A%F 4
ickness
o13] RleF HZ °FARA] Q@ =8k 1= HEAJA] 1=
Bare GDL GDL thickness 250 pum Flote] A HE AN, 25 HE A, oY
o &L= =
MPL-intergrated GDL thickness 200 pm A & A S Eefste] Akttt 2t Z]uj
GDL MPL thickness 50 pm AL ohet A2 AR FEY o] Qo ¢
Serpentine (anode  Channel width 1 mm BAA WSS 53] BASE] YSt 7A@ oA
and cathode) Channel height 1 mm O] AL WA At HE 9 Ad WA So] ARE-
Rib width L mm gErh ARAA W BA] DRt A5E Table 2
BP thickness 2 mm of fokstat)
Reaction area 77 mm’
Table 2. Parameters used in PEMFC and the equations
Description Value Unit
; RT P H,
Open circuit voltage v, =1.220—0.8456 <10~ * (7—298.15) + S5 s Y4
Pg?
. . . aaFna (1 au)Fna 3
Anode current density J.= (lfs)y[mexp(ﬁ) —exp(— BT ) A/m
. ) ) a B, (1*0@1‘7’1/(3 3
Cathode current density j. = (1=s)j,..exp( Vi )—exp(— =7 ) A/m
Effective gas diffusivity D, =e?(1—5)""D, m’/s
P,
Water activity a= 12 -
Psat
_ 2 3
Membrane water content Ma) = {(1);1043+ 17.81a—39.85a" +36.0a”, gi‘ll <1 -
1 1
Proton conductivity (membrane) = (0.005139A —0.00326) exp (1268 (—— 303 7)) S/m
-2 0
Capillary pressure P, = — 27087 Pa
Tess
. P, 1,0 3
Water phase change (condensation) S = Gond = Yeona (1= 8)( 5 1) kg/m’s
sat
. Pro 3
Water phase change (evaporation) 8= Govap = Vevaps (1~ 5 ) kg/m’s
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Fig. 2. Water saturation contour at the interface between the cathode catalyst and the GDL of the only GDL model under 0.5 V con-
dition with varied relative humidity (a) 50%, (b) 60%, (c) 70%, (d) 80%, (e) 90%, and (f) 100%
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