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Abstract: A new three-dimensional numerical model of a polymer electrolyte fuel cell (PEFC) with a single
straight channel has been developed to primarily investigate the important impact of the double-sided
microporous layer (MPL) coating on the overall performance of the fuel cell and the distribution of the current
and the oxygen concentration within the cathode gas diffusion layers (GDLs). Realistic experimentally
estimated interfacial contact resistance values between the gas diffusion layer and each of the bipolar plates
and the catalyst layer values were incorporated into the model, and parametric studies were performed. The
results showed that the double-sided MPL coating could significantly improve the fuel cell performance by up
to 30%. Also, it was shown that the neglect of the contact resistance between the MPL and the catalyst layer
could overestimate the fuel cell performance by up to 6%. In addition, the results showed that the fuel cell
performance and the distribution of the current and oxygen are more sensitive to the porosity of the MPL facing
the bipolar plate than the porosity of the MPL facing the catalyst layer. All the above results are presented and
critically discussed in detail.

Keywords: Polymer electrolyte fuel cells; Gas diffusion layers; Microporous layer; Double-sided coating;
Contact resistance; Porosity

1. Introduction

Polymer electrolyte fuel cells (PEFCs) have great potential of becoming a major alternative to
fossil fuel combustion technology and especially in the transport sector. They have higher efficiency
as compared to internal combustion engines as they convert the chemical energy directly into
electrical energy. Also, they are light in weight, with noiseless operation, and emit low to zero
pollutant emission. However, the ohmic and concentration losses associated with the polymer
electrolyte fuel cells evidently lower the efficiency and performance of the cell. A way to mitigate
these losses is to minimise the electrical resistance of the fuel cell and increase the pore volume
available for the gas transport to the reactive sites. This can be achieved by minimising the contact
resistances between the solid components of the fuel cell and designing gas diffusion media with
better water management and higher gas reactant transport. Most PEFC models in the literature
neglect the interfacial contact resistance between the GDL and bipolar plate (BPP). However,
researchers have been able to characterise the GDL interfacial contact resistance and have reported
its influence on the performance of the PEFC. For example, Zhou et al. [1,2] developed a micro-scale
numerical model to estimate the contact resistance between the BPP and the GDL, using FU436a
graphite plates and Toray TGP-H-030 carbon paper. They reported that the contact resistance
decreased with increasing the bipolar plate asperity peak density by about 14%. Qiu et al. [3] showed
that the interfacial contact resistance between the GDL and bipolar plates contributes about 80% of
the ohmic losses in the PEFC by experimentally measuring the bulk resistance and investigating the

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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microstructure for Toray carbon papers (TGP-H-060 and TGP-H-090), Tenax carbon cloths (TCC2660
and TCC3250), and Freudenberg carbon felts (H2315 and H14) under cyclic and steady loads. Lai et
al. [4] developed a two- dimensional mechanical - electrical FEM model and an experimental
technique to estimate the contact resistance between the bipolar plate and the GDL and reported that
the contact resistance decreases rapidly as the clamping pressure was increased. For example, they
found that the contact resistance decreases by 20 m{.cm? when the clamping pressure increases from
0.5 MPa to 3.0 MPa. Zhang et al. [5] experimentally estimated the contact resistance between the GDL
and bipolar plates using experimental and numerical approaches. They reported that the contact
resistance between GDLs and the bipolar plates is influenced by the clamping pressure in the PEFC
stack, and it drops from 9.85 mQ.cm? to 3.91 mQ.cm? as the cell clamping pressure increases from 0.5
MPa to 3.0 MPa. Vikram et al. [6] reported that there exists a non-linear distribution of the contact
resistance along the GDL-BPP interface and that it contributes to about two thirds of the overall ohmic
losses in the PEFC. Sow et al. [7] developed a novel numerical and experimental technique to
characterise the through-plane interfacial contact resistance and the through-plane bulk resistance
for various SGL carbon paper GDLs. They reported that both the bulk and interfacial contact
resistances of the GDL increased with PTFE treatment and that the bulk resistance of the GDL forms
only 10% of the total ohmic losses in the PEFC. Ismail et al. [8] experimentally measured the interfacial
contact resistance between graphite bipolar plates and uncoated and MPL coated SGL GDLs using a
4-probe ohmmeter. They reported that the contact resistance was significantly reduced with the MPL
coating. For example, the measured contact resistance of the SGL 10BA carbon fibre paper decreased
from 17.5 mQ.cm? to 6.5 mQ.cm? when coated with the MPL. Ye et al. [9] developed a multi-electrode
probe technique to measure the contact resistance for Toray TGP-H-120 carbon paper and carbon
cloth GDLs. They reported that the addition of an MPL coating had no effect on the bulk resistivity
of either material but that the interfacial contact resistance of both GDL materials reduced with the
MPL coating but increased with hydrophobic treatment.

It has been reported in the literature [10-13] that the MPL improves the water management in
the cathode side of the PEFC due to its relatively small pore size and increased hydrophobicity. Also,
it provides mechanical strength, against the clamping force, to the catalyst layer by increasing the
surface contact between the catalyst layer and the GDL [10,13]. In addition, it improves the electrical
conductivity of the GDL by reducing the interfacial contact resistance between the GDL and the
catalyst layer [9] as well as that between the GDL and bipolar plate by its penetration into the GDL
[8,14,15]. Ismail et al. [16] reported that the MPL coating reduced the interfacial contact resistance
between the GDL and the bipolar plate. They attributed this to the compressibility of the MPL which
allows it to penetrate the pores in the GDL and thereby establishing a good contact at the GDL-bipolar
plate interface. There have been various studies in the open literature on novel designs of the GDL-
MPL structure to improve its pore structure. For example, Kitahara et al. [14] developed a water
vapour exchange system of the PEFC comprising two distinct GDL architectures: one coated with a
hydrophobic MPL and the other coated with a hydrophilic MPL loaded with polyvinyl alcohol (PVA)
and carbon black. They reported that the GDL coated with the hydrophilic MPL improved the water
transport and enhanced the overall PEFC performance better than that coated with the hydrophobic
MPL. Kitahara et al. [15] also developed a GDL with multi-layered hydrophobic and hydrophilic
MPL. The hydrophilic carbon black MPL was deposited on the carbon substrate while the hydrophilic
MPL, with carbon black and PVA, was deposited on the hydrophobic MPL so that it faced the catalyst
layer. On the other hand, Chun et al. [17] developed a double MPL-coated GDL with a hydrophilic
MPL sandwiched between the carbon substrate and the hydrophobic MPL that was in contact with
the catalyst layer. They reported better fuel cell performance with the latter GDL than with the
conventional hydrophobic MPL coated GDL under low humidification conditions. Wang et al. [18]
fabricated a bi-functional pore structure MPL using a carbon black composite of Acetylene Black and
Black pearls 2000 carbon and reported an improved power density of 0.91 W/ecm? for the MPL
containing 10 wt. % Black Pearls 2000. Also, Wang et al. [19] developed a composite carbon MPL
consisting of Acetylene Carbon Black and Black Pearls 2000 carbon which had a bi-functional pore
structure for effective mass transport management in the fuel cell. An important finding in their study
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is that the presence of an MPL at the GDL-bipolar plate interface reduced the electrical contact
resistance between the GDL and the bipolar plate. They proposed a double-sided MPL GDL for
enhanced electrical conductivity/charge transport as well as gas/water transport. The outcome of
their study, as well as that of [8], forms the motivation of the investigation carried out in this work.

In this work, a three-dimensional multiphase model of the PEFC was developed to mainly
investigate, for the first time, the impact of a double-sided MPL coating on the global fuel cell
performance and the distribution of the current and oxygen concentration within the cathode GDL.
After validating the model, parametric studies were performed by realistically changing the base
experimentally estimated value of each of the interfacial contact resistances between the GDL and its
adjoining components (i.e., the bipolar plate and the catalyst layer). Also, the study was extended to
investigate the sensitivity of the fuel cell performance to the porosity of the MPLs facing both the
bipolar plate and the catalyst layer. The outcomes of this study provide insights on the significance
and feasibility of double-sided MPL coatings in PEFCs.

2. Model description and transport equations

The multiphase, isothermal PEM fuel model includes the transport of gas species, energy,
charge, liquid, and dissolved water. This section details the conservation equations that govern the
transport of these physical quantities as well as their source terms. The PEFC model developed in
this study is based on earlier models presented in [20,21]. Detailed descriptions of the conservation
equations are given in the following subsections.

2.1. Model assumptions

To simplify the PEFC model, the following assumptions have been made:

The fuel cell operates in steady state.

The flow in the flow channels is laminar as the Reynolds numbers are low.

The membrane is impermeable to gases.

Uniform compression on all components of the fuel cell.

The catalyst layer is coated on the gas diffusion media instead of the membrane.

e o o o o

2.2. Model geometry

The three-dimensional, straight gas flow channels computational domain of the PEFC model is
shown in Figure 1 and consists of cathode and anode bipolar plates (or current collectors), cathode
and anode flow channels, cathode and anode catalyst layers, cathode and anode GDLs, cathode and
anode MPLs, and the membrane electrolyte. Only half of the channel width is considered in the PEFC
model due to symmetry and to reduce computational time. The geometrical, operational, and
physical parameters of this model are presented in Table 1.
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Figure 1. Schematic geometry of the computational domain for the base case of the PEFC model.

2.3. Governing equations

The equations which govern the transport of physical quantities are detailed in this section.
However, equations (10 - (6) have already been used and defined in detail in our previous study [20]
but are briefly stated here for easy of reference [20,21]. Note that the mathematical expressions of the
source terms are placed in the supplementary materials attached to this paper.

Mass transport equation
V-(epu) =0 )
where ¢ is the porosity of the porous medium, ¢ and # re the mixture fluid density and velocity
vector, respectively.

Momentum transport equation
V- (eptitl) = —eVP + V- (uVeii) +L @)
where P is the pressure of the gas mixtures, u is the dynamic viscosity of the gas mixtures and K is
the permeability of the porous medium.

Species transport equation
V- (epii¥y) = V- (pD VY ) + S (3)

where Y, is the mass fraction of species k and D,‘fjc Tis the effective binary diffusivity of species j

into k. D:{ T is calculated using the Bruggeman’s correlation as follows [22]:
D =eDy (4)
where 7 is the tortuosity of the porous medium and Dy; is bulk binary diffusivity of species k into
j. Sk is the source term that represents either consumption/production of species k (Hz, Oz or H20).
Energy transport equation
V- (pcpytT) = V- (kessVT) + S, )
where T is the temperature, ¢, is the specific heat capacity of the gas mixtures, k¢ is the effective
thermal conductivity. S, is the heat source term and takes one of the forms shown in the in the
supplementary materials.
Charge transport equations
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Two potential equations for the electronic and ionic conduction are solved. The equations are
expressed as follows:
V- (05Vs) = Sy (6)
Ve (onVdm) = Sem ()
where ¢s and ¢, are the electrical (solid phase) and ionic (membrane phase) potentials
respectively. Sy, and Sy, are the solid-phase potential and membrane-phase potential

respectively.
Liquid water transport equations
Kriktg —
V- (8T = V- (0iD,7S) + 5, ®)
rgh1

where K, and K, are the relative permeability of liquid and gaseous phases of water, respectively,
and are given as follows [20]:

Ky = s° ©)
Kig = (1—5)° (10)
where s is the liquid water saturation . The capillary diffusion coefficient, D, in Equation (8) is given
as follows [20]:
_ Ks®dp,
ST s (11)

where | is the dynamic viscosity of liquid water. P, is the capillary pressure and is given as follows
[20]:

0.5
P. = ocos (6,) (5) (14175 — 2.12s2 + 1.263s%) (12)

where o is the surface tension of water, 6. is the contact angle, K is the absolute permeability.

2.4. Boundary conditions and numerical procedure

Mass flow rate boundary conditions were specified for the inlets of the anode and cathode gas
flow channels. An operating temperature of 353K and the species mass fractions were also specified
at the inlets of the gas flow channels with the inlet liquid water saturation set to zero. The fluid mass
flow rate is defined as a function of a typical operating current density (i,p), which is in this case 1.0
A/cm?, the active area of the fuel cell (A,), the mass fraction of the gas reactant (Y), and the
stoichiometric ratio (§) of the reactant gas which was set as 1.5 and 2 for the hydrogen and oxygen

gases, respectively. Therefore, the anodic and the cathodic mass flow rates are given as follows [20]:
EaMHZ .

Q.= 2FYg, lopAaCt (13)
_ &Mo, .
Q.= 4FYo, iopAact (14)

The boundary conditions for the anode and cathode outlets and wall terminals are the same as
those specified in our previous work [21]. The equations governing the transport of mass, heat, and
charge, and liquid water in the PEFC model and the coupled boundary conditions were solved
iteratively, using the commercial software ANSYS FLUENT with the Semi-implicit Method for
Pressure Linked Equations (SIMPLE) algorithm employed for the pressure—velocity coupled with the
second-order upwind discretization scheme for the conservation of momentum, species, energy,
charge, and liquid water equations. The model was found to give a mesh-independent solution with
a mesh of about 1.4 million cells; doubling this number result in a variation of less than 0.3% in the
key performance indicator which is, in this case, the average current density at 0.55 V. The mesh
geometry is shown in Figure 2, while the geometrical, operational, and physical parameters of this
model are presented in Table 1.

do0i:10.20944/preprints202305.0265.v1
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Figure 2. The meshed geometry for the computational domain.

Table 1. Geometrical and physical properties for the base case of the PEFC model [20,23,24].

Property Value
Channel length 5x102m
Channel height 1.0 x10%m
Channel width 1.0x 10 m
Current collector rib width 1.0x 103 m
Current collector height 1.5x10%m
GDL thickness 2.0x10*m
MPL thickness 5.0x10°m
Catalyst layer thickness 1.0x10°m
Membrane thickness 5.0x10°m
Operating temperature 353 K
Gauge pressure at anode 1 atm
Gauge pressure at cathode 1 atm
Relative humidity of inlet gases 100%
Stoichiometric ratio, anode 15
Stoichiometric ratio, cathode 2
Oxygen/nitrogen molar ratio in air 0.21/0.79
Catalyst layer porosity 0.2
GDL porosity 0.7
MPL porosity 0.6
Reference hydrogen concentration, cj.’ 56.4 mol/m3
Reference oxygen concentration, cg‘:f 3.39 mol/ m?
Electrical conductivity of current collector 20000 S/m
Electrical conductivity of GDL 5000 S/m
Electrical conductivity of catalyst layer 2000 S/m
Electrical conductivity of MPL 5000 S/m
GDL permeability 3.0 x 102 m?
MPL permeability 1.0 x 10! m?
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Catalyst layer permeability
Membrane permeability
Thermal conductivity of GDLs
Thermal conductivity of MPL
Thermal conductivity of catalyst layers
Thermal conductivity of current collector
Thermal conductivity of the membrane
GDL/MPL/CL contact angle
Faraday’s constant
Universal gas constant
Anode inlet mass fraction of hydrogen
Anode inlet mass fraction of water
Cathode inlet mass fraction of oxygen
Cathode inlet mass fraction of water
Anode flow rate
Cathode flow rate
Anode concentration exponents
Cathode concentration exponents
Anode reference exchange current density, i;ﬁ{
Cathode reference exchange current density, if"’
Transfer coefficients for anode reaction
Transfer coefficients for cathode reaction
Anode specific surface area, a,

Cathode specific surface area, a,

d0i:10.20944/preprints202305.0265.v1

2 x 103 m2
1.8 x 1015 m2
1.7/21 W/(m-K)
10 W/(m-K)
0.3 W/(m-K)
100 W/(m-K)
0.25 W/(m-K)
110/130/95
96485 C/mol

8.314 J/(mol-K)

0.1105
0.8895
0.1503
0.3541

1.3518e-07 kg/s
1.10331e-06 kg/s

0.5
1
100 A/m?

0.0001760881 A/m?

0.5
1

1.0 x 107 m™!
1.0 x 107 m!

3. Results and discussion

Figure 3 shows that the polarization curve for the simulated PEM fuel cell model to be in good
agreement with the experimental data of Wang et al. [24]. This imparts much confidence in the model

developed and therefore we could proceed with confidence with the parametric studies.

B T T ! T !
0.9 ' : - ’
® —=— Wang et al. [24] -experimental data
& Numerical model
0.8 - g 7 ] 7
807 R ; ;
L] ~ i i
o m i
> 06 b g ;
© i
© DN
0.5 } W
4 P ‘\
0.4 W
0.3

T T
0.0 0.1 02 03 04 05 06 0.7 0.8 09 1.0 1.1 1.2 1.3 14

Current Density (A/cm?)

Figure 3. The polarization curve generated from the numerical model as compared to the

experimental polarization curve taken from Wang et al. [24].

The first part of this investigation is aimed at studying the sensitivity of the performance of the
modelled PEFC (with single sided and double-sided MPL-coated GDL) to the interfacial contact
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resistance between the fuel cell components. To achieve this aim, the experimentally estimated
interfacial contact resistance values that a typical MPL-coated GDL makes with a graphite bipolar
plate at a typical clamping pressure (1.5 bar) [16] was employed into the model and realistically
changed. The outcomes of the study are discussed below.

3.1. Contact resistance between the GDL and the bipolar plate

Figure 4a shows the polarisation curves for seven cases where the contact resistance between the
GDL and the bipolar plate has been systematically and realistically changed from 2.5 to 17.5 mQ.cm?.
Note that the values 2.5, 5.0 and 7.5 m{).cm? are most likely the values obtained when coating the
surface of the carbon substrate facing the bipolar plate with an MPL [16]; see Figure 5. As expected,
the fuel cell performs better with decreasing the contact resistance between the GDL and the bipolar
plate. For example, the current density at 0.55 V increased by 29.4% when the contact resistance
decreased from 17.5 to 2.5 mQ.cm?. This is evidently due to the decrease in the ohmic losses of the
fuel cell with the decreasing above contact resistance. Also, this signifies that using double-sided
MPL-coated GDLs (the cases where 2.5, 5.0 and 7.5 mQ.cm? were used) could significantly improve
the fuel cell performance. Figure 4b shows the distribution of the current density taken at the
midpoint of the cathode GDL, half the length of the fuel cell channel, at a cell potential of 0.55V. In
accordance with the above global results, the case with lowest contact resistance between the GDL
and the bipolar plate shows the highest local current distribution. Further, it can be observed from
the latter figure that the current density, for all the cases, reaches its peak at the interface of the gas
flow channel and the current collector rib and this is due to the fact that this position is the point
where the transport of oxygen and the transport of charge are both optimised. Figure 4c shows the
distribution of oxygen at the same position as the current density. This figure shows that oxygen
concentration increases with increasing contact resistance between the GDL and the bipolar plate;
this signifies that the rate of reaction is higher with decreasing contact resistance and as such more
oxygen is consumed in the catalyst layer. As a general note, for all the cases, the oxygen concertation
is a maximum at the middle of the flow channel and this is due to being the position for the least
mass transport resistance.

1.0 —————— T
0.95 b —— Case 1 (Re gdl-bpp = 25 mQ.cn?) ]
’ 1 Case 2 (R¢ gdl-bpp = 5.0 mQ.cn)
0.90 - Case 3 (Rg gd-bpp = 7.5 m.cm?) ]
0.85 : —— Case 4 (R¢ gdl-bpp = 10.0 mQ.cm?)---—
080 N Case 5 (Re gdl-bpp = 125 mQ.cm?)| ]
Son oo easip im0 |
1 ,gdl-bpp = 175 mQ.
2 070 c.gdl-bpp
g ]
=065 .
o ]
> 060
© ] ]
O 0.55 1
0.50 .
0.45
0404 —
0.35
0.30

T T ;
0.0 010203 040506 070809101112 13 14

Current Density (A/lcm?)
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Figure 4. (a) The polarisation curves and the distribution of (b) current density and (c) oxygen mass
fraction within the cathode GDL at 0.55 V for the set of contact resistances investigated.
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Figure 5. Schematic geometry of the computational domain incorporating the MPL at the GDL-
bipolar plate interface.

3.2. Contact resistance between the MPL and the catalyst layer

One of the assumptions for this PEM fuel cell model was that the catalyst layer is deposited
directly on the gas diffusion media instead of the membrane. Therefore, the interfacial contact
resistance between the GDL and the catalyst layer was assumed to be negligible, and the gas diffusion
electrode is assumed to be homogenous. The assumption has been made at the initial stage so as to
simplify the model and also because there are no existing experimentally estimated values of the
interfacial resistance between the MPL and the catalyst layer in the open literature. However, to
investigate the sensitivity of the global PEM fuel cell performance, as well as the local distribution of
the current density and oxygen mass fraction, within the cathode GDL, the interfacial contact
resistance between the MPL and the catalyst layer has been realistically changed between 0 and 10
mQ.cm? for a given GDL-BBP contact resistance of 10 m{).cm?. As expected, the fuel cell performance
improves with decreasing contact resistance. To illustrate this situation, the current density at 0.55 V
increased by 11.8% when the contact resistance between the MPL and the catalyst layer decreased
from 10 to 0 mQ.cm?. Also, the local distribution of oxygen and current density within the cathode
GDL are similar to those obtained in the previous section: current density increases and oxygen
concentration decreases with increasing MPL-CL contact resistance.
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Figure 6. Cell performance for a given GDL-BPP contact resistance of 10.0 mQ.cm? and contact
resistance values 2.5mQ.cm?, 5.0mQ.cm?, and 7.5mQ.cm? at MPL-CL interface; (a) the polarisation
curves and the distribution of (b) the current density and (c) the oxygen mass fraction within the
cathode GDL at 0.55 V.

3.3. Impact of MPL porosity

A parametric design investigation is carried out in this section to investigate the effect of the
porosities of the MPLs on both sides of the GDL substrate and the model was simulated with various
MPL porosities as shown in Table 2. Note that eypy; is the porosity of the MPL between the GDL
and the catalyst layer and eyp, is the porosity of the MPL between the GDL and the bipolar plate
for both anode and cathode sides of the modelled PEM fuel cell. Also, it should be noted that the
porosity of the carbon substrate for all the cases is 0.7. The results of the study are shown in Figure 7.
There are a number of observations that may be extracted from Figure 7a. The first observation is that
the fuel cell performance, in general, improves as the porosities of the MPLs increased and this is
evidently due to the reduced mass transport resistance; the best performance is realised for the MPLs
with 0.8 porosities. The second observation is that the increase in the porosity of the MPL facing the
bipolar plate has a more positive impact on the fuel cell performance compared to that of the MPL
facing the catalyst layer. For example, the current density at 0.4 V for the set where eypy; is 0.6 and
emprz 15 0.8 is greater than the set where €ypy; is 0.8 and eypr, is 0.6 by around 8.2% (0.11 A/cm?).
This could be attributed to the fact that the MPL facing the bipolar plate is in direct contact with the
flow channel and hence the GDL is supplied with a larger amount of reactant gases as the porosity
of this MPL increases. The third observation is that the fuel cell performs better with the base case
(Case 1) where the GDL is single-sided MPL coated than with Case 2 where the GDL is double-sided
MPL coated and having the same porosity as the MPL of Case 1. This is evidently due to the longer
diffusion path in the latter case. The distribution of the local current within the cathode GDL (Figure
7b) follows more or less the same trend as the polarisation curves. Interestingly, the distribution of
oxygen within the cathode GDL (Figure 7c) does not follow the same trends displayed in Figures 7a-
b. This could be attributed to the combined effects of the mass transport resistance and reaction rate
at the catalyst layer. For example, Case 8 (where the porosities of the two MPLs are both 0.8) does not
show the least oxygen concentration within the cathode GDL as is the case in the previous sections
where the case with the best fuel cell performance shows the least oxygen concentration in the GDL.
This is mainly due to the fact the supply rate of oxygen outweighs its consumption rate. Further, it
can be seen that the porosity of the MPL facing the bipolar plate is predominantly the limiting factor
when it comes to the concentration of the reactant gases within the GDLs. For example, Case 8 (where
the porosity of the MPL facing the bipolar plate is 0.4) features the least oxygen concentration within
the cathode GDL. On the other hand, Case 7 (where the porosity of the MPL facing the bipolar plate
is 0.8) demonstrates the maximum oxygen concentration within the cathode GDL.

Table 2. Cases investigated for the MPL porosities.

Case No.  €vpri1EmpL2
1 (Single MPL) 0.6 NA

2 06 0.6
3 06 04
4 06 0.8
5 04 04
6 04 06
7 04 0.8
8 08 04
9 0.8 0.6

10 08 0.8
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Figure 7. (a) Polarisation curves and, the distribution of (b) current density, and (c) oxygen mass
fraction within the cathode GDL at 0.55 V for the porosities of single sided and double sided MPL-
coated GDL computation cases shown in Table 4.
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4. Conclusions

This A three-dimensional, multiphase PEFC model with straight channels has been developed.
The impact of the interfacial contact resistances between the GDL and each of the bipolar plate and
the catalyst layer as well as the MPL porosity has been investigated through conducting a series of
parametric studies. The key findings of the study are as follows:

e  The interfacial contact resistance between the MPL and the catalyst layer needs to be captured
in the modelled PEFC. Otherwise, the fuel cell performance could be overestimated by up to 6%.

e Incorporating an extra MPL at the interface between the GDL and the bipolar plate could
significantly improve the fuel cell performance by up to 30%, and this is due to the reduction in
the contact resistance between the GDL and the bipolar plate.

o The fuel cell performance is more sensitive to the porosity of the MPL facing the bipolar plate
than the MPL facing the catalyst layer. This is attributed to the fact that the MPL facing the
bipolar plate is in direct contact with the flow channel and hence the GDL is supplied with a
larger amount of reactant gases as the porosity of this MPL increases.

o Likewise, the porosity of the MPL facing the bipolar plate is predominantly the limiting factor
for the distribution of oxygen concentration within the cathode GDL.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org.
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