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Three dimensional analysis of adding a hydrophobic porous layer on water
saturation at the cathode of a PEM fuel cell
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, the effect of adding a hydrophobic micro porous layer (MPL) at the cathode side of a PEM
Received 21 July 2016 fuel cell on the cell performance is investigated. For this purpose, a three dimensional two-phase non-
Accepted 05 October 2016 isothermal simulation of cathode side layers of a PEM fuel cell which includes gas channel, gas

Available Online 14 November 2016 diffusion layer (GDL), hydrophobic micro porous layer (MPL) and catalyst layer (CL) has been

performed. The governing equations of fluid flow in the fuel cell are solved with a multiphase mixture

ggmer? ‘Electro,yte Membrane Fuel Cell model via developing a code and distribution of velocity, pressure, temperature, species concentration
Two-Phase Simulation and liquid water saturation at the various layers of the cathode side of fuel cell are obtained.
Hydrophobic Porous Layer Furthermore, the effect of physical and wetting properties of MPL including thickness, porosity, contact
Fuel Cell Performance Curve angle and permeability on saturation level and performance of the fuel cell are studied. The results show

Liquid Water Saturation that by adding an extra micro porous layer between GDL and catalyst layer because of differencing in

the wetting properties of the layers, a discontinuity appears in the liquid saturation and species
concentration at the contact surface of them. In addition, according to the obtained results, increasing
the MPL porosity causes liquid water saturation to decrease and improves the cell performance. While
increasing the MPL thickness decreases the cell performance. In order to validate the results, the
performance curves calculated by single and two-phase simulations were compared with experimental
results and good agreement was found between them.
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Initialization of flow field variables

:

Iy Set activation overpotential
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Fig. 5 Comparison of polarization curves from single and two phase
simulation with experimental results [28]
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Fig. 9 Comparison of oxygen concentration variation at the cathode
width for two cases: without MPL and with MPL
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Fig. 12 Contours of water saturation in XY plane for two cases a)
without MPL, b) MPL with thickness of 0.06 mm
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Fig. 13 Contours of water saturation in YZ plane for two cases a)
without MPL, b) MPL with thickness of 0.06 mm
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Fig. 10 Contours of oxygen mass fraction in YZ plane for two cases a)
without MPL, b) MPL with thickness of 0.06 mm

5 MPL g0 (il el g0 6l YZ amian jo o5enST clale jeuls 10 S
yiowlis 0.06 cls 4 MPL L (o

X_H20

. 109
(a) Z )

0.8

0.75
0.7
0.6
0.55
0.5
0.45
(LR}
0.35
03
0.25
0.2
015
0.1
0.05

(a) )
b)

Z
(=)

0.7
0.65
0.6
0.55
0.5
0.45
0.35
03
0.25
0.2
0,15
0.1

X_H20

| 0.8
1 0.7
0.65
0.6
0.55
0.5
0.45
0.35
0.3
0.25
0.2
0.1

(b) Z (=)

Fig. 11 Contours of water mass fraction in YZ plane for two cases a)
without MPL, b) MPL with thickness of 0.06 mm
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Fig. 17 Effect of MPL porosity on polarization curve of the cell
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Fig. 14 Comparison of water saturation variation at the cathode width
for two cases without MPL and with MPL
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Fig. 21 Effect of MPL contact angle on polarization curve of the fuel
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Fig. 18 Effect of MPL thickness on water saturation at the gas diffusion
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