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While studying fuel cells, managing the amount of water and removing its
excess, is crucial. Nano materials used in the membrane, catalyst and gas
diffusion layers, as well as the thickness of those layers, could have different
effects on water management and cell performance. In the current study, these
issues were investigated theoretically with a Proton Exchange Membrane Fuel
Cell (PEMFC) with 4-Serpentine flow channels. The geometries of the
channels were rectangular and triangular, and the active area of the cell was
24.8cm?. Pure Hydrogen and Oxygen were used on both sides. A complete
three-dimensional and two-phase model was used for the numerical solution.
To validate the solution, an experimental setup was designed to compare the
simulation results with the experimental data, and the outcome was
satisfactory. The aftermath shows an increased cell performance either by
enhancing the thickness of the gas diffusion layers or reducing the thickness of
the membrane in both rectangular and triangular channel geometry.
Furthermore, under identical conditions, cell performance with rectangular
channel is better than the one with the triangular channel.

Keywords: Proton Exchange Membrane; Channel Geometry; Layer Thickness;
4-Serpentine; Energy.
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Nomenclature

Tess(s)  The time constant related to the ESS Tess(s)  The time constant related to the ESS
Aactive Active area of catalyst layer, m? Sm Mass source term, kgm=3s?
Ci Concentration of species i, mol/m? T Temperature, K
Cp Specific heat of the mixture, J/kgK Si Liquid water volume fraction
Diffusivity of it species in the mixture, Energy source term due to phase
Dim 5 Spc 3
m4/s change, Wm
F Faraday’s constant, 96,487C/mol a Charge transfer coefficient
0 Number of electrons transferred per mol Net water transport coefficient per
of reactant Y proton

hy Enthalpy of ki phase, J/kg € Porosity
hype Latent heat of phase change, J/kg mid Viscosity of the mixture, kg/ms
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h; Enthalpy of i species, J/kg pc Phase change
i Current density, A/m? p Mixture density, kg/m?
io Exchange current density, A/m? é Thickness of the GDL, m
j Transfer current density, A m3 act Activation
Ji Diffusion flux of in species, kgms cond Condensation
K Permeability, m? eff Effective
Kcond Condensation rate constant, s g Gas
Kevap Evaporation rate constant, Pa™ k liquid or gas phase
m Mass, kg I Liquid
Mi Molecular mass of species i, kgmol™ m Mixture
p Pressure, Pa sat Saturation
R Universal gas constant, J/mol K Rohmic Total electric resistance of cell, Qcm?

1. Introduction

Due to the increase of environmental concerns
regarding air pollution, global warming and
limited fossil fuels' resources, in the recent years
many studies focused on using less polluting and
renewable fuels. Because of high efficiency as
well as no pollution, Hydrogen is taken under
serious consideration among the different types of
fuels and is being used in various types of fuel
cells. In the current study, a Proton Exchange
Membrane Fuel Cell (PEMFC), also called the
Solid Polymer Fuel Cell (SPFC) [1], was applied.

A PEMFC typically includes the following
components: a membrane, which separates anode
and cathode parts; catalyst layer, which increases
the rate of chemical reactions; gas diffusion layers
and gas flow channels. The protons pass through
the membrane into the cathode catalyst layer, and
electrons pass through an external circuit so an
external electrical current is created. Fuel and
oxygen pass through gas flow channels and then
pass the porous parts of the gas diffusion layer
and move to the catalyst layer.In reading the
literature one could see lots of researches using
either experimental or theoretical method to study
fuel cells in detail [9]. Since in the current paper
the modeling method is employed, more emphasis
is on this approach.In recent years, some research
has been done to investigate the influence of
different parts of PEMFCs on the cell
performance. A certain amount of them are
summarized here:

S. Rowshanzamir et al. [10], developed a
mathematical model for the catalyst layer in the
cathode electrode side. Their model was one
dimensional, isothermal and pseudo-
homogeneous. They reported that as the active
area of catalyst surface increases, the current
density increases. Furthermore, they founded that
an increase in the proton conductivity, leads to a
decrease in the variation of over potential across
the catalyst layer as well as a decrease in the

catalyst layer effective thickness.In another work,
Agus et al. [11], numerically evaluated the
performance of various gas and coolant channel
designs simultaneously. They also introduced a
hybrid parallel-serpentine-oblique-fins design for
a PEMFC, which they claimed to have a better
performance compared to conventional channels.

In a similar work, Lei et al. [12], investigated a
model for PEMFC. It was a two-dimensional
model in which the temperature distribution was
modeled non-isothermal, water transport was
simulated using two-phase flow model and the
agglomerate model was used for Oxygen
consumption. It should be noted that all the
models were full coupled, in order to study the
thermal and water transport. They reported that
higher operating temperature increased the cell
performance. A more thorough work was done by
Rostami et al. [13], to investigate the effect of
bend sizes on a PEMFC. It was shown that as
bend size increased from 1mm to 1.2mm, both the
over potential loss and the temperature gradient
were reduced. They also reported that the 1.2mm
bend size compared to the 0.8mm one, impeded
the secondary flow more successfully which
resulted in a 90.6% reduction in the pressure drop.

To investigate the effects of compression on
the water management, Zhongying Shi, et al. [14],
coupled a finite-element compression model with
a steady-state fuel cell model. They observed that
both the porosity and permeability of the GDL
decreased after the compression, especially under
the shoulder of the bipolar plate. Some other
models were also developed to investigate the
behavior of fuel cells under different
conditions[15-22], for example,a two-dimensional
CFD model was developed by Tiss et al. [15].

In the current paper, the effect of several
factors on the water balance and the cell
performance of a PEMFC were studied. The
material properties of membrane, catalyst layers
as well as gas diffusion layers were the variable
parameters. PEMFCs with 4-Serpentine flow
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channels and both rectangular and triangular
geometries have been evaluated. In the following
parts first, a brief description of the experiments
will be expressed, and then the numerical model
will be explained.

2. Description of the Experiments

In order to investigate the performance of the fuel

Hyvdrogen

cell experimentally, a set up was fabricated. The
setup could measure and display the temperature,
the inlet or outlet rate and pressure of both
hydrogen as well as oxygen. A schematic flow of
the test bench is shown in Fig. 1. The
characteristics of the measurement devices are
shown in Table 1. Furthermore, the operating
conditions of the cell are listed in Table 2.
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Fig. 1.The schematic of the PEMFC setup used for the experiments.

Table 1. Characteristics of the measurement devices

Model Range Accuracy

Pressure Q1-202- 0-16 +20
regulator 510A bar
LZB- 0-3 .
Flow meter AWB L/min +0.1 L/min
Thermometer 0.1- o
of cell TCAS  yggpec  FOLTC
Thermometer —40to
+ o
of gases X3 100 °C ¥0.1°C
Voltmeter ELB350 0-15V 0.1V

Ampere meter ELB350 0-20 A 0.1 A

Table 2. Operating conditionsduring the
experiments

Parameters Value Units
Operation pressure 290.5 KPa
Operation 60 o
temperature
Relative humidity 100% -
Mass flow rate of 4.065x107 Kgls
Hydrogen
Mass flow rate of 1.076x10° Kgls
Oxygen

3. Numerical Model

The numerical model in the current study included

the following conditions:

e The geometry of anode and cathode layer was
either triangular or rectangular.

e The gas diffusion layer on both sides had three
different thickness: 0.23mm, 0.33mm and
0.43mm.

e The catalyst layer in both anode and cathode
sides had three different thickness: 0.005mm,
0.01mm and 0.15mm.

e The proton exchange membrane had three
different thickness: 0.041mm, 0.051mm and
0.061mm.

e Hydrogen and Oxygen passed through 4-
Serpentine flow channels.

e The active area was 2480mm?,

e For rectangular geometry, the channel depth
and width were both 1Imm.

e For triangular geometry, the channel depth and
width were respectively 2mm and 1mm.

The schematic diagram of flow channelsas
well as the inflow and outflow regions for
Hydrogen and Oxygen, in both geometries are
shown in Fig. 2.
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Fig. 2. (a) The inflow and outflow regions for triangle and rectangular geometries, (b)The schematic diagram of
flow channels

It was assumed that the inlet reactants were
ideal gases, and the flow was laminar. The porous
layers such as GDL, CL and PEM were assumed
to be isotropic. Homogeneous two-phase flow
assumption was considered, and both the liquid
and gas phases were supposed to move at the
same velocity. This assumption holds for normal
operating conditions of a PEMFC because high
liquid loadings will not allow steady-state
operation [23]. Theoretical fundamentals and
formulas which were used in modeling can be
summarized as follows:

3-1. Mass Conservation

Equation 1 could be applied for mass conservation
in a fuel cell.
V.(e Pmﬂ) = Sm (1)
Where ¢ is the porosity, p,,is the mixture density
andu,,is the average velocity of the mixture. S,
is calculated according to Equation (2).
Sm = S0, *+ SH,0 T Spc
—i i(1+2 A active
_ (EMOZ i) )_V
+ Spc
Where sq, presents the Oxygen consumption
at the cathode catalyst layer, and sy, is the
production of steam. iis the local current density.
Mg, and My, are the molecular mass of Oxygen
and Hydrogen. F is the Faraday's constant; A is
the active aria and V is the volume of the catalyst
layer. The net water transported to cathode side
due to electro-osmotic drag and concentration
gradient is accounted by the water transport
coefficient y. It should be noted that only the

2

water phase change term is presented in GDL and
gas channels. If the partial pressure of water vapor
exceeds the local  saturation  pressure
corresponding to the local temperature,
condensation will take place. This phase-change
phenomenon is modeled using the following
equations.
M

Spe = Mpe = kogna. (1= 5). 2> P. (X5

— xH=20 3)

sat

. H,0 H,0
if Xg = Xoar

e Hz0 Hy0
Spe = Mpe = Kevap- Si- oy P- (Xg — Xt

(4)
if  X;20 > x2°

sat

The saturation pressure for the fuel cell
temperature range could be calculated using
Equation (5):

Poor = —2846.4 + 411.24 x (T — 273.15)
—10.554 x (T — 273.15)? (5)
+0.16636 X (T — 273.15)3

The conservation equation for the liquid phase
was set as follows:

V. (es1p1Um) = Spc (6)

Where s, is the liquid phase volume fraction,
p; is the density of the liquid water and the term
u,,, is calculated using Equation (7):

_ SkPr Uk
um = Z —Pm (7)
k=Lg

Where sy, represents the volume fraction of
phase k in the control volume [24].

The relations used for calculating the
properties of the gaseous phase and two-phase
mixture are given in Table 3 and the different
source terms appearing in governing equations at
different domains are given in Table 4.
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Table 3. Relations used for calculating the gaseous and two-phase mixture properties [16]

Density Viscosity Thermal conductivity
- =P __ —y ik —y _%iki
Gas mixture(Hzo,02) Py RTZiz}\;_li K lejxi@ij kg_ LY X0
Rivo.s Miso. Fivo.s Miso.
(146 G2 G G
M j05 Q)ij_ Mj 05
(8147701 [8(1+301"
Two phase mixture Pm=Yk=1g Sk Pk Im=Yk=1,g Sk Hk km=Yk=1,9 Sk ki

Table 4. Source terms in different regions of computational domain

Mass source  Momentum

Species source

i s
Domain term source term Energy source term term Sk ¢
—Ja_2 - anode H.
2‘F Ememe
ras ., — ;—;%: cathodeO
802+SH20+Spc Swm (_+ V, t)iﬂ"'m. h 802+SH20+Spc ; méeme
ar - ORT Y TRETRE — 22 4ng)—2—:cathodeH,0
F'2 Ememe
—ja"F—"’E £ anodeH,0
Mmémc
GDL Spe Sm Mychyc Spe 0 0
Channels Spe - My hyc Spe 0 0

3-2. Momentum Conservation

Equation (8) could be applied for momentum
conservation in a fuel cell.
V.(€ prtlm-Um) = — € VP + V. (& ppVig,) ®8)
+ Sy

Where P is the pressure and p,, is the dynamic
viscosity of the mixture.According to Darcy’s
model for viscous drag, due to the interaction
between the fluid and porous gas diffusion layer
and catalystlayer,it could be writen:

_ HmUm
o=t .

Where k is the permeability of the porous
layer.

3-3. Species Conservation

Assuming the diffusive transport follows Fick’s
law, it is given by:
V. (€ pmiim¥i) = V. (€ prDit Vi) +Si (10)
Where y;, is the mass fraction of species i. The
source term S; represents the Oxygen
consumption and water generation in the catalyst
layer as well as the phase change phenomena in
the CL, GDL and gas channels [24].

3-4. Energy Conservation

Equation (11) could be applied for energy
conservation in a fuel cell.

V. Z (&Skprchiuy) = (11)
k=lg

V. (ke VT = ) hidi) + S

Where h¢ and h; are respectively the sensible
enthalpy of phase k and the enthalpy of the
species, which are calculated according to
Equations (12) and (13):

hy = Z}’i h; (12)

L
T

h,: = f Cp’idT (13)
298.15

At the energy equation (Equation (11)), the
first term on the right-hand side represents the
energy transport due to conduction where kzs is
the effective thermal conductivity of the porous
media and can be calculated as follows:

Kest = €k + (1 — )ks (14)

The second term presents the energy transport
due to species diffusion, where J; is the species
diffusion flux and finally, S is the energy source
term which involves the released heat from the
reaction as well as the latent heat of phase change,

and it can be given by:
TAS

Sy = (== + AV, )i@ +m,.h (15)
2F act v pc'tpc

In the above equation, the irreversible loss in
energy conversion, which is due to change in
entropy during the reaction, is accounted by the
first term.The second term is equal to the energy
spent to overcome the activation barrier at the
electrode-electrolyte interface. The last term,
My, h,, is the heat transfer associated with water

phase change, where i, is the mass transferred
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between the phases, and h,. is a function of

temperature and can be calculated as follows:
hye = 3.0709 X 10°(647.15 — T)3%54 (16)

3-5. Electrochemical Model

Current density can be calculated as a function of
Oxygen concentration along the catalyst layer,
using Butler-Volmer’s equation:

. iy, PmY 4aF
= (1=s)————exp (1) (17)

Oz ref MOZ
Where the term (1 —s;), is the reduced
activity level due to the formation of water, i, is
the cathode exchange current density, c,, , p is the

reference oxygen concentration at the electrode, a
is the charge transport coefficient, which
represents the symmetry of the activation barrier
at the electrode-electrolyte interface, R is the
universal gas constant, T is the local temperature
and n is the activation over potential, which
drives the reaction. Celloperating voltage can also
be calculated using the following equation:
Veeu = Vo = AVt =AVonmic — AVione (18)
In the above equation, V, is open circuit
potential, AV, is the activation voltage loss,
AV onmic 1S the ohmic voltage loss and AV copc 1S
the concentration voltage loss. Each of these
terms can be calculated using the following
equations:

AS RT  Pu,o0
Vo= Vop + = (T—To) _ﬁln(puz) (19)
02
AV, = RT 1 : = 20
act — aF n(io) =7 ( )
AVormic = 1Ropmic (21)
Mo = L 14 Ly 22
fone = o (14 ) In) 22)

In Equation (19), Vyp is the standard state
reversible voltage and the second and third terms
respectively,represent the variation in reversible
voltage due to changes in temperature and partial
pressure of reactants. Equation 20, will be used if
the activation voltage loss is considered in the
cathode. In the above equations, i is the current
density and Rypmic iS the total cell ohmic
resistance. The limiting current density i; is the
maximum current density that can be obtained
from a fuel cell under a particular set of operating
conditions and can be calculated as follows:

, nFDiefnf Cauik,0,
i = — 5

Where Cgyik0, is the bulk concentration of
oxygen in the channels and & is the thickness of
the diffusion layer. The effect of porosity on the
diffusion of reactant species through porous GDL
and CL is consideered using the Bruggeman
relation. The equation gives the effective

(23)

diffusivity of a species in the mixture (DE{,{) as a
function of porosity &£ and tortuosity T of the
porous material and the liquid volume fraction s;:

D) = (1 = sDel™Dim (24)

Where D; ,, is the diffusivity of species i in the
mixture [24].

It should be noted that, both generation or
consumption of chemical species k and the
creation of electrical current occur only at the
active catalyst layers, where electrochemical
reactions take place [25].

The whole computational domain in the
present study contains 1149300 grid cells for
rectangular geometry and 1198191 grid cells for
triangular geometry. The solution is considered to
be converged when the difference between
successive iterations is less than 10°° for all
variables. Pure Hydrogen and Oxygen are used as
reactant gases in the model. The electrochemical
and transport parameters used in these simulations
are summarized in Table 5.

Table 5. Electrochemical and transport properties
used in the simulations.

parameters unit amount

Anode reference 2
exchange current density Afm 1500000000

Cathode reference

2
exchange current density Afm 4000000
Anode transfer coefficient 2
Cathode transfer 2
coefficient
Faraday constant C mol? 96487
H, Diffusivity m2s? 0.00003
O, Diffusivity m?s? 0.00003
H,O Diffusivity at anode ~ m?s? 0.00003
H0 Diffusivity at me s 0.00003
Anode backing layer 05
porosity '
Cathode backing layer 05
porosity '

Permeability of anode
backing layer
Permeability of cathode
backing layer
Equivalent weight of
membrane

m? 0.000000000001
m? 0.000000000001

kg mol*! 11

Using the numerical model, which was
explained in detail previously, the performance of
the fuel cell and the content of water for both
rectangular and triangular geometries were
simulated. The simulation results were calculated
for different thickness of layers, and the effects on
the cell output were evaluated. In the following
part, at the beginning, the experimental model
used for validation of the numerical model, will
be introduced and then the results for both
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experimental and numerical models under various
operating conditions will be compared.

4. Results and Discussion

To validate the model, the cell performance data
obtained from the numerical simulation were
compared with the experimental data. The

experimental data were obtained by testing a fuel
cell with 4-serpentine channel. The operating
conditions for numerical model and experimental
model are presented in Table 2. The comparison
of results are illustrated in Fig. 3. As it can be
seen, the computed polarization curve concurs
with the experimental one.

1

0/9 .\
0/8
0/7 +

®
0/6 T

0/4
0/3
0/2
0/1

0

Voltage (v)

0/5 \.o\ 8

® Experimental
—4&— Simulation

0 0/2 0/4 0/6 0/8 1 1/2 1/4 1/6

current density (A/cm?)

Fig. 3. Comparison of simulation results with the experimental data for cell with rectangular channel

To analyze the influence of membrane layer
thickness on cell performance, polarization curves
for voltage with current density were generated
for membrane thicknesses of 0.041mm, 0.051mm,
and 0.061mm, as depicted in Fig. 4. Figs. 4a and
4b illustrate the results for rectangular and
triangular geometries, respectively. These figures
reveal a notable trend: as membrane thickness
decreases, performance improves across both
geometries, particularly in the regions of the
polarization curves affected by Ohmic losses.

This enhancement in performance is largely
attributable to a reduction in charge transfer
resistance associated with thinner membranes,
which facilitates more efficient ion conduction
across the membrane. A thinner membrane layer
enables shorter proton pathways, reducing
resistance and thus enhancing the overall
conductivity of the cell. Consequently, optimizing
membrane thickness emerges as a critical factor
for achieving lower Ohmic losses and higher
overall  efficiency in  both  geometric
configurations of the proton exchange membrane
fuel cell (PEMFC).

Fig. 5 and Fig. 6, show contours of liquid
water content in the membrane for cell with
rectangular and triangular geometry at different
membrane layer thickness and RH=%2100 and
V=0.7V. The lower the membrane thickness, the
higher the amount of water absorption at the
membrane, which as a result, more ionic clusters
or channels are filled with water. Therefore,
protons as free ions can transport easily through

these water-filled clusters or ionic channels inside
the polymer membrane networks. This results in a
lower membrane resistance through the cell with
thinner membrane.

1/2
1y
0/8 T\ —4—0.041mm
0/6 |
0/4 N 0.051mm
2 —4—0.061mm

0/2

O T T

0 1 2 3
@)
1/2
1y
0/8 1\ —4—0.041mm
0/6
/ 0.051mm
0/ | Ale
o2 | T, —A—0.061mm
O T T
0 1 2 3
(b)

Fig. 4. (a) Effect of membrane layer thickness
for a cell with rectangular geometry;
T=60°C, 1 0,=0.5 Lmin™!, mH, =0.3Lmin™!,
p=2.905 bar and RH=%100. (b) Effect of membrane
layer thickness for a cell with triangular geometry;
T=60°C, 10,=0.5 Lmin™!, mH, =0.3 Lmin!,
p=2.905 bar and RH=%100
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Fig. 5. Contours of liquid water content distribution
in the membrane for cell with rectangular geometry
(V=0.7V, RH=%100): (a) Membrane thickness=
0.041mm; (b) Membrane thickness= 0.051mm; (c)
membrane thickness=0.061mm.
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Fig. 6. Contours of liquid water content distribution
in the membrane for cell with triangular geometry
(V=0.7V, RH=%100): (a) Membrane thickness=
0.041mm; (b) Membrane thickness= 0.051mm; (c)
Membrane thickness=0.061mm
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The effect of catalyst layer thickness on cell
performance was examined for both anode and
cathode sides, as shown in Fig. 7. for voltage with
current density For cells with triangular geometry,
an increase in catalyst layer thickness led to
enhanced performance across all voltage levels. In
contrast, the rectangular geometry exhibited a
more complex behavior: at voltages below 0.4V,
performance declined with increasing catalyst
layer thickness, but at voltages above 0.4V,
performance aligned with that of the triangular
geometry. This difference can be attributed to the
role of water in the catalyst layer, where the
hydrated ion clusters and channels within the
polymer facilitate gas diffusion.

1/2

1
0/8
0/6
0/4
0/2

0 T T

——0.005mm
0.01mm

=—#—0.015mm

1/2
1y

0/8 —e—0.005mm

0/6 -
Na o 0.01mm
0/4 - .

0/2 -
O T T

== 0.015mm

(b)

Fig. 7. (a) Effect of catalyst layers thickness for a
cell with rectangular geometry; T=60°C, 1n0,=0.5
Lmin!, nH, =0.3 Lmin™!, p=2.905 bar and
RH=%100 (b) Effect of catalyst layers thickness for
a cell with triangular geometry; T=60°C, 110,=0.5
Lmin™!, inH, =0.3 Lmin~!, p=2.905 bar and
RH=%100.

As catalyst layer thickness decreases, the water
content within the layer reduces, resulting in
dehydration of the ionomer. This dehydration
impacts the transport properties, reducing both the
permeability of hydrogen and oxygen and the
amount of dissolved oxygen, thus affecting the
electrochemical  reaction rate and  cell
performance. Figs. 8 and 9 display the distribution
of current density across the cathode catalyst layer
for rectangular and triangular geometries with
varying catalyst layer thicknesses (0.005mm,
0.01mm, and 0.015mm) under conditions of 100%
relative humidity and a voltage of 0.7V. These
figures demonstrate a clear trend: higher water
content within the catalyst layer correlates with
increased current density, highlighting the
significant influence of water management on
enhancing reaction rates and, consequently,
performance.

Additionally, the impact of gas diffusion layer
(GDL) thickness on cell performance was
investigated . As illustrated in Fig. 10, for voltage
with current density, increasing GDL thickness
(tested at 0.23mm, 0.33mm, and 0.43mm) led to
improved performance for both rectangular and
triangular geometries. However, this effect was
more pronounced in rectangular geometries. This
outcome suggests that thicker GDLs improve
water management by facilitating optimal gas
diffusion and water retention, thereby contributing
to enhanced overall cell efficiency. These findings
underline the critical role of water management in
the design and optimization of proton exchange
membrane fuel cells (PEMFCs), confirming that
careful consideration of material properties and
structural design is essential for maximizing cell
performance.
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Fig. 8. Contours of current density (A/m?) in the
cathode catalyst layer for cell with rectangular
geometry (V=0.7V, RH=%100): (a) Catalyst layers
thickness= 0.005mm; (b) Catalyst layers thickness=
0.01mm; (c) Catalyst layers thickness=0.015mm
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Fig. 9. Contours of current density (A/m?) in the
cathode catalyst layer for cell with triangular
geometry (V=0.7V, RH=%100): (a) Catalyst layers
thickness= 0.005mm; (b) Catalyst layers thickness=
0.01mm; (c) Catalyst layers thickness=0.015mm.

5. Conclusion and Recommendations

To meet energy demands and reduce pollution,
expanding the use of fuel cell systems is essential.
A major challenge in using fuel cell technology
lies in water management, which is directly
correlated with system performance. In this study,
a comprehensive three-dimensional, two-phase
model of a Proton Exchange Membrane Fuel Cell
(PEMFC) with a 4-serpentine channel design was
developed, incorporating both rectangular and
triangular geometries. The effects of varying the
thickness of different cell layers on water
management and performance were investigated,
using pure hydrogen and oxygen as reactant
gases.

The findings confirmed that layer thickness
significantly  influences = PEMFC  output.
Generally, performance increased with either a
reduction in membrane layer thickness or an
increase in gas diffusion layer thickness for both
geometries. Additionally, performance changes

with gas diffusion layer thickness were more
pronounced in rectangular channels than in
triangular ones. In cells with rectangular channels,
increasing the catalyst layer thickness improved
performance only at voltages above 0.4V,
whereas in triangular channels, this improvement
was observed across all simulated voltages.
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Fig. 10. (a) Effect of gas diffusion layer thickness for
a cell with rectangular geometry; T=60°C, n0,=0.5
Lmin™!, nH, =0.3 Lmin™!, p=2.905 bar and
RH=%100 (b) Effect of gas diffusion layer thickness
for a cell with rectangular geometry;
T=60°C, 0,=0.5 Lmin!, nH, =0.3 Lmin™,
p=2.905 bar and RH=%100 (b) Effect of gas
diffusion layer thickness for a cell with triangular
geometry; T=60°C,m0,=0.5 Lmin™!, nH, =0.3
Lmin™, p=2.905 bar and RH=%100

The computational domain included 1,149,300
grid cells for the rectangular geometry and
1,198,191 for the triangular  geometry.
Convergence was achieved when the difference
between successive iterations for all variables was
less than10%. An experimental setup was also
prepared to validate the simulation results,
showing good agreement between the modeled
and measured data.

This study highlights that water management is
a critical aspect in designing efficient PEMFCs,
underscoring the need for further research to
optimize  layer  thickness for  improved
performance.
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