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Abstract

A full three-dimensional, single phase computational fluid dynamics model of a proton exchange membrane fuel cell (PEMFC) with
both the gas distribution flow channels and the membrane electrode assembly (MEA) has been developed. A single set of conservation
equations which are valid for the flow channels, gas-diffusion electrodes, catalyst layers, and the membrane region are developed and
numerically solved using a finite volume based computational fluid dynamics technique. In this research some parameters such as oxy-
gen consumption, water production, velocity distribution, ohmic losses, liquid water activity and fuel cell performance for straight (base
case) and prominent gas diffusion layers were investigated in more detail. The numerical simulations reveal that prominent gas diffusion
layer improves the transport of the reactant gases through the porous layers; it is due to increase of the mentioned fuel cell efficiency, and
prominent gas diffusion layers yield appreciably higher current density. Finally the numerical results of proposed CFD model (base case)

are compared with the available experimental data that represent good agreement.
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1. Introduction

The proton exchange membrane fuel cell (PEMFC) using
very thin polymer membrane as electrolyte has been consid-
ered as a promising candidate of future power sources, espe-
cially for transportation applications and residential power.
This type of fuel cell has many important advantages such as
high efficiency, clean, quiet, low temperature operation, capa-
ble of quick start-up, no liquid electrolyte and simple cell de-
sign. However, its performance and cost should be further
optimized before this system becomes competitive with the
traditional combustion power plants.

The most attractive choice among variety of fuel cell is
polymer electrolyte membrane fuel cell (PEMFC). In PEMFC,
there is a solid polymer electrolyte conducting protons be-
tween two platinum impregnated porous electrodes, the pre-
sent electrodes are cast as thin films and bonded to the mem-
brane. William T. Grubbs [1] originally performed the use of
organic cation exchange membrane polymers in fuel cells in
1959. One of the popular electrolytes used in PEMFC is
Nafion. Water produces as liquid instead of steam in a
PEMFC. The first three-dimensional model was presented by
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Dutta et al. in 2000 [2] Berning, Djilali and Li et al. have also
developed steady-state, three-dimensional, non-isothermal
models for [3] proton exchange membrane fuel cell (PEMFC)
have been extensively suggested for future power supply in
the vehicles, by developing the power generation systems and
electronically applications. Although researches and investiga-
tions in fuel cell systems have been developed a lot, but these
systems and applications are still very expensive and compli-
cated. So they are not commercialized. Complete fuel cell
systems have been demonstrated for a number of transporta-
tion applications including public transit buses and passenger
automobiles. One of the most important goals of recent devel-
opment has been cost reduction and high volume manufacture
for the catalyst, membranes, and bipolar plates. This issue will
come off by ongoing research to increase power density, im-
prove water management, operate at ambient conditions, tol-
erate reformed fuel, and extend stack life.

In recent years various research and experiments on
PEMFCs, by various geometries have been developed. Two
geometries with rectangular and trapezoidal channel configu-
ration were simulated and the obtained results in a low cell
voltage (which leads to high current densities in two geome-
tries) compared. S. Rezazadeh et al. investigated the gas diffu-
sion layer thickness effect on PEMFC performance [4, 5].

One of the main requirements of these cells is maintaining a
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high water content in the electrolyte to ensure high ionic con-
ductivity. During the reactive mode of operation, water con-
tent in the cell, will be determined by the balance of water or
its transport. Contributing factors to water transport are the
water drag through the cell, back diffusion from the cathode,
and the diffusion of any water in the fuel stream through the
anode. Water transport is function of current and the charac-
teristics of the membrane and the electrodes.

Water drag refers to the amount of water that pulled by os-
motic action along with the proton direction. Water manage-
ment has a noticeable impact on cell performance, because at
high current densities mass transport issues associated with
water formation and distribution limit cell output. Without
proper water management, an imbalance will happen between
water production and evaporation within the cell. As a nega-
tive effect, dilution of reactant gases by water vapor, flooding
of the electrodes, and dehydration of the solid polymer mem-
brane. If dehydration occurs, the adherence of the membrane
to the electrode also will be adversely affected. As there is no
free liquid electrolyte to form a conducting bridge so intrinsic
contact between the electrodes and the electrolyte membrane
is important. If water was exhausted more than produced, thus
it is important to humidify the incoming anode gas. If there is
too much humidification, however, the electrode floods,
which causes problems with diffusing the gas to the electrode.
A smaller current, larger reactant flow, lower humidity, higher
temperature, or lower pressure will result in a water deficit. A
higher current, smaller reactant flow, higher humidity, lower
temperature, or higher pressure will lead to a water surplus.
There have been attempts to use external wicking connected
to the membrane to either drain or supply water by capillary
action in order to control the water in the cell. The ionic con-
ductivity of the electrolyte is higher when the membrane is
fully saturated, and this offers a low resistance to current flow
and increases efficiency. Operating temperature has a signifi-
cant influence on PEMFC performance. If the temperature
increases the internal resistance of the cell will decrease,
mainly by downfall of the ohmic resistance of the electrolyte.
In addition, mass transport limitations get reduced at higher
temperatures. The overall result is an improvement in cell
performance. Experimental data [6, 7] suggest a voltage gain
in the range of 1.1 mV to 2.5 mV for each degree (°C) of tem-
perature increase. Improving cell performance by increasing
in temperature, however, limited by the high vapor pressure of
water in the ion exchange membrane. This is due to the mem-
brane’s susceptibility to dehydration and the subsequent loss
of ionic conductivity. Operating pressure also influences cell
performance. An increase in the oxygen pressure from 3 to
10.2 atmospheres produces an increase of 42 mV in the cell
voltage at 215 mA/cm’. According to the Nernst equation, by
growing up the reversible cathode potential which is expected
for this increase in oxygen pressure, is about 12 mV, which is
considerably less than the measured value. Performance im-
provements due to increased pressure must be balanced
against the energy required to pressurize the reactant gases.

Bipolar Anode Bipolar
Plate channel Plate
. -Membrane ¢lectrode assembly
&
Bipolar Cathode Hine
Plate channel Clei

Fig. 1. Schematic of a single straight-channel of PEMFC.

The overall system must be optimized according to output,
efficiency, cost, and size. Operating at pressure above ambient
conditions would most likely be reserved for stationary power
applications. Because of no material found by zero permeabil-
ity, some researches and investigations have been done by
mathematical and numerical modeling of fuel cell, which re-
spect bipolar plates as another parts of PEMFC as gas diffu-
sion layers. Gas diffusion layers are usually fabricated with
carbon fiber or carbon cloth and functions to wick away liquid
water, transport reactants of H, and O, and conduct electrons.
Its thickness is normally between 200 and 300um [8, 9]. De-
sign of a flow channel is very complicated and difficult to
optimize geometry, shape and size of flow fields like that the
gas flow channels and bipolar plates since there are many
parameters which affect the fuel cell operation such as differ-
ent materials use in cathode and anode bipolar plates [9] chan-
nel/rib ratio [10], and channel path length [11] Catalyst layer
which is the region where the membrane and the electrodes
overlap and the H, oxidation or O, reduction reaction occur. It
allows electron and ion conduction at the same time. There are
other parameters, which affect cell performance such as oper-
ating temperature, pressure and humidification of the gas in
the cell. It is necessary to understand these parameter and their
effects on cell performance. For this reasons we understand it
is a point to set up these design factors at optimum values in
order to increase the PEMFC operation performance. In this
model, major transport phenomena in PEMFC and the effects
of prominent gas diffusion layers on cell performance and
output cell voltage were studied. The modeling data for base
case validate with experimental data.

2. Mathematical model

Fig. 1 shows a schematic of a single cell of a PEMFC. It is
made of two porous electrodes, a polymer electrolyte mem-
brane, two-catalyst layer and two-gas distributor plates. The
membrane is sandwiched between the gas channels.
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3. Model Assumptions

Present model includes some assumptions such as: All gas-
es are assumed to be ideal gas mixture, GDLs and catalyst
layers are homogeneous porous, flow is incompressible and
laminar, because the pressure gradients and velocities are
small and volume of liquid-phase water in the domain is neg-
ligible, so the flow field is single phase.

4. Governing equations

In this numerical simulation, a single domain model forma-
tion was used for the governing equations. These governing
equations consist of mass conservation, momentum and spe-
cies equations, which can be written as:

(V.pu) =0 1)
1

Wv.(puu) =-VP+V.(uVu)+S5, )

V.(uC) =V (DIVC, )+ S, 3)

V.(x7VD,)+S, =0 “4)

where p is the density of gas mixture in Eq. (1). According to
model assumption, mass source and sink term neglected. &
is the effective porosity inside porous mediums, and p is the
viscosity of the gas mixture in the momentum equation is
shown as Eq. (2) The momentum source term, S,, is used to
describe Darcy’s drag for flow through porous gas diffusion
layers and catalyst layers [12] As:

y7,
S =—"4. 5
¢ Ku ©)

K is the gas permeability inside porous mediums. D In the
species equation as shown in Eq. (3), is the effective diffusion
coefficient of species k (e.g. hydrogen, oxygen, nitrogen and
water vapor) and is defined to describe the effects of porosity
in the porous gas diffusion and catalyst layers by the Brugge-
man [13] correlation as:

Dy =(&7) "D, . 6)
Additionally, diffusion coefficient is function of tempera-
ture and pressure [14] by the next equation:
3

o [T VR
DK:DK[EJ (F] (7)

Transport properties for species are given in Table 1.

The charge conservation equation is shown as Eq. (4) and
K, is the ionic conductivity in the ion metric phase and has
been incorporated by Springer et al. [15] as:

Table 1. Transport properties [14].

Property Value
H, Diffusivity in the gas channel, D, 1.10X 10 m%s
0, Diffusivity in the gas channel, D’ 320X 10 m%s
H,0 Diffusivity in the gas channel, D, 735X 10" m%s

H, Diffusivity in the membrane, D™, 259X 10" m%/s

O, Diffusivity in the membrane, D™", 1.22X 10" m?/s

Table 2. Source/sink term for momentum, species and charge conser-
vation equations for individual regions.

Momentum Species Charge
Flow _ _ _
channels 5,=0 S =0 So =0
Bipolar _ M _ _
plates S, = K v Sg=0 Sp =0
GoLs | S, =-*u S =0 S -0
u K K [
Catalyst _ s —_v ny 7 N B
layers 5,=0 K \F nF So=J
ny
Membrane S =0 Sy =-V.| =1 S, =0
F

K, = exp|:1268(3—(1)3 —%H % (0.0051394—0.00326).  (8)

Moreover, in recent equation, A is defined as the number of
water molecules per sulfonate group inside the membrane.
The water content can be assumed function of water activ-
ity,a is defined according to experimental data [16]:

A= 0.3+6a[1—tanh(a—0.5)]+3.9\/;{1+tanh(“0.89H .

0.23
&)
Water activity, a is defined by:
C RT
a=—2r—. 10
R (10

The proton conductivity in the catalyst layers by introducing
the Bruggeman correlation [17] can be given by:

K = ek, an

In recent equation ¢, is the volume fraction of the mem-
brane-phase in the catalyst layer.

The source and sink term in Egs. (3) and (4) are presented
in Table 2.

Local current density in the membrane can be calculated by:
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I=—xkVO, . (12)

Then the average current density is calculated as follows:

1
[ =— | IdA 13
AJ (13)

where A is the active area over the MEA.

5. Water transport

Water molecules in PEM fuel cell are transported via elec-
tro-osmotic drag due to the properties of polymer electrolyte
membrane in addition to the molecular diffusion. H" protons
transport water molecules through the polymer electrolyte
membrane and this transport phenomenon is called electro-
osmotic drag. In addition to the molecular diffusion and elec-
tro-osmotic drag, water vapor is also produced in the catalyst
layers due to the oxygen reduction reaction.

Water transport through the polymer electrolyte membrane
is defined by:

VDV - v.[%i} =0 (14)

where n, and are Dy defined as the water drag coefficient
from anode to cathode and the diffusion coefficient of water in
the membrane phase, respectively.

The number of water molecules transported by each hydro-
gen proton H' is called the water drag coefficient. It can be
determined from the following equation [16]:

A<9

A129. (15)

1
""{0.1 174-0.0544

The diffusion coefficient of water in the polymer membrane
is dependent on the water content of the membrane and is ob-
tained by the following fits of the experimental expression [18]:

(—2346}
Dren _ 3.1x107 /1(60'28}“ —De' 0<A1<3

w

(16)
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4.17x107 A(1+ 1616”1)6( r otherwise .

The terms are therefore related to the transfer current
through the solid conductive materials and the membrane. The
transfer currents or source terms are non-zero only inside the
catalyst layers. The transfer current at anode and cathode can
be described by Tafel equations as follows:

yan
R - jmf [H,] (ea ,,,,, Fn,, |RT _ e’”’auF’l“VRT) 17
an an [Hz]

ref
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cat an [O ]
2 rer

According to the Tafel equation, the current densities in the
anode and cathode catalysts can be expressed by the exchange
current density, reactant concentration, temperature and over-
potentials according to the Tafel equations. Where, the surface
over potential is defined as the difference between proton
potential and electron potential.

Naw = Prot = Priem (19)
Neat = Brot = Priem = Ve (20

The open circuit potential at the anode is assumed to be zero,
while the open circuit potential at the cathode becomes a func-
tion of a temperature as:

v, =0.0025T +0.2329 . Q1)
The protonic conductivity of membrane is dependent on

water content, where G, is the ionic conductivity in the iono-
meric phase and has been correlated by Springer et al. [19]:

11
=(0.0051394 —0.00326)exp| 1268| — —— ||. 22
o, =( )eXP{ [303 Tﬂ (22)

Energy equation given by Eq. (23):

V.(puT)=V.(1,;VT)+s; (23)

where, A is the effective thermal conductivity, and the source
term of the energy equation, Sy, is defined with the following
equation:

ST =1 2Rohm + hreaction + naia + ncic . (24)

In this equation, R, , is the ohmic resistance of the mem-
brane, /,....ion 1S the heat generated thorough the chemical
reactions, 7, and 7, are the anode and cathode overpotentials,
which are calculated as:

R, =1n. (25)

Here, t,, is the membrane thickness.

” = RT | IP 26
aaF j()” })OH2
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atl | jok
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where a, and, o, are the anode and cathode transfer coeffi-
cients, P, ~ is the partial pressure of hydrogen and oxygen,
and, j, is the reference exchange current density.

The fuel and oxidant fuel rate u is given by following equa-
tions:

élll A

)
Hy,int Aeh (28)
fclr:’/'Amem
uin c =
’ 4C02,inF Ac'h

In the present equation, /., and ¢ are the reference current
density and stoichiometric ratio, respectively. ¢ is defined as
the ratio between the amount supplied and the amount re-
quired of the fuel based on the reference current density. The
species concentrations of flow inlets are assigned by the hu-
midification conditions of both the anode and cathode inlets.

6. Boundary condition

Eqgs. (1)-(4) form the complete set of governing equations
for the traditional mathematical model. Boundary conditions
are dispensed at the external boundaries. Constant mass flow
rate at the channel inlet and constant pressure condition at the
channel outlet, the no-flux conditions are executed for mass,
momentum, species and potential conservation equations at all
boundaries except for inlets and outlets of the anode and cath-
ode flow channels.

7. Results and discussion

7.1 Model validation

A series of simulation were carried out on the model from
low to high operating current densities. In order to evaluate the
validity of the model, numerical simulation results (for con-
ventional model) compared with the experimental data pre-
sented by Wang et al. [20], as shown in Fig. 2, which there is a
favorable agreement between them. The power density curve
for the model is illustrated too. As we know, there is a relation
between voltage, current density and the power of the fuel cell
as P=V*1. Fuel cell operating condition and geometric pa-
rameters are shown in Table 3. It is used fully humidified inlet
condition for anode and cathode. The transfer current at anode
and cathode can be described by Tafel equations.

At the first some of the important diagrams for conventional
model are presented; such as oxygen mass fraction, water
mass fraction and current flux density at the cathode GDL—
cathode catalyst interface. They can give important details
about the flow patterns of fuel cell.

According to Fig. 3 oxygen mass fraction is high at the en-
trance region. It decreases along the fuel cell due to oxygen
consumption. This fact leads to water formation. On the other
word, water formation is related to electrochemical reaction,
which occurs at the cathode catalyst layer. Obviously in this
reaction oxygen is being consumed. On the other hand, water

Table 3. Geometrical parameters and operating conditions [20].

Parameter Value
Gas channel length 7.0 x 107 m
Gas channel width and depth 1.0x10%°m
Bipolar plate width 50x10%m
Gas diffusion layer thickness 3.0x10%m
Catalyst layer thickness 129 x10° m
Membrane thickness 1.08 x10* m
Cell temperature 70°C
Anode pressure 3 atm
Cathode pressure 3 atm
11 08
14 07
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0.6
= 0.8 NE
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2 06 =
E 05 ) 2 g
—Nang et al 02 &
04 ® Conventionalmodel ’
—— Power Density
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Fig. 2. Measured and predicted cell polarization curves density.

Mass fraction of H2o
Mass fraction of 02

Fuel cell lenght [m]

Fig. 3. Comparison water and oxygen mass fraction at the interface of
cathode GDL and cathode catalyst layer for two different cell voltages,
along the cell.

can be transported from anode side by electro-osmotic drag
coincidently. It results in water mass fraction increase along
the fuel cell.

In addition, it can be anticipated that the mass fraction of
oxygen and water will be decreased and increased respectively,
by increasing of cell voltage due to increasing the electro-
chemical reaction rate.
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Fig. 4. Comparison current flux density at the Interface of cathode
GDL and cathode catalyst layer for two different cell voltages, along
the cell.
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Fig. 5. Side view schematic of case with prominent GDLs.

The current density on the catalyst layer is shown in Fig .4.
At the inlet region it reaches to its highest value and decreases
along the cell. The highest value of current flux density at the
inlet region is probably because of the high concentration of
hydrogen and oxygen and high electro-osmotic mass flux at
the inlet region.

In present study, also the effect of prominent gas diffusion
layers (shown in Fig. 5) on cell performance has been studied
and compared with conventional model (base case).

Geometrical properties of proposed model have been given
in Table 4.

Fig. 6 shows side view schematic of conventional model
(base case). Figs. 7 and 8 compare polarization and power
density curves of two numerical cases, respectively.

Numerical results show that case with prominent GDLs
produces more current density than conventional model at the
same cell voltage. It is clear that the case with prominent
GDLs yields a notable increase in velocity. Prominences of
GDLs increase the velocity by decreasing the cross sectional
area of gas flow at gas channels.
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Table 4. Geometrical specification of case with prominent GDLs.

Symbol Value
a 15 mm
b 5 mm
c 30 mm
h 0.25 mm
Tnlet S
¢ Anode Gas Channel é
H,. H,0 Outlet
Anode GDL
Anode Catalyst layer
Membrane
H+
Cathode Catalyst layer
Cathode GDL
% Cathode Gas Channel .
0., H,0,N; ;
Fig. 6. Side view schematic of base case.
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Fig. 7. Comparison polarization curves of two numerical models.
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Fig. 8. Comparison power density curve of two numerical models.



N. Ahmadi et al. / Journal of Mechanical Science and Technology 26 (8) (2012) 2247~2257 2253

—0—Dase case |
=D—case with prominent GDLs

Velocity magnitude [m/fs]

Fuel cell lenght [m]

Fig. 9. Comparison velocity magnitude of two numerical cases at cath-
ode gas flow channel along the fuel cell.
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Fig. 10. Velocity magnitude for base case.

Increasing in velocity magnitude supplies the reactant gases
to the catalyst layers. Thus the efficiency of catalytic reaction
enhances, therefore PEMFC performance improves. Fig. 9
illustrates the comparison velocity distribution of at cathode
gas channel.

On the other hand, the interface of GDLs and reactant gases
grows up and subsequently reactants diffuse to catalyst layers
better than conventional model.

Fig. 10 and Fig. 11 show the contours of velocity distribu-
tion for two cases at same cell voltage (at 0.8 volt) and con-
firm the mentioned details.

Also Prominences of GDLs improve the flow of the reac-
tion hence reduces the membrane drawing effect.

Thus the performance of fuel cell especially at higher cur-
rent density region improves.

The comparison of protonic conductivity at membrane and
cathode catalyst layer interface for entry region is shown in
Fig. 12. The prominence of GDLs increases reactant surface at
GDLs, therefore ability of membrane in protonic conduction
increases. The protonic conductivity of proposed model is
higher than conventional model. Protonic conductivity de-
pends on the water content and temperature. It is higher in
shoulder area and lower in channel area due to higher thermal

Fig. 11. Velocity magnitude for case with prominent GDLs.
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Fig. 12. Comparison protonic conductivity at the Interface of mem-
brane and cathode catalyst layer for two numerical model at entry
region (L/Ly = 0.1428) at same voltage (0.8 volt).

conductivity of bipolar plates leads to lower temperature in
shoulder region than the channel area. Ohmic resistance calcu-
lated by Eq. (25). Ohmic loss is achieved form multiplying the
ohmic resistance and current density. Thus, ohmic loss is di-
rectly related to the membrane thickness, tm, and local current
density, I, and inversely related to the membrane conductivity,
o.. Fig. 13 shows the ohmic loss at the membrane-cathode
catalyst interface for entry region.

Fig. 14 illustrates the distribution of oxygen mass fraction at
membrane-cathode catalyst interface, for two different cases at
the entry region of fuel cell. Therefore in case with prominent
GDLs the performance of the cell is higher than the result of
conventional model, especially at higher current density re-
gion. This fact is because of electrochemical reaction rate
improvement (which mentioned before).

Lack of oxygen at the cell shoulder regions causes to higher
mass fraction losses.

For downstream region of channel high mass fraction losses
becomes worse due to diminution of the reactant with moving
downstream which shown in Fig. 15. The contour of oxygen
mass fraction at interface of membrane and cathode catalyst
layer is shown in Fig. 16. This figure shows that oxygen mass
fraction decreases gradually along the flow channel due to the
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Fig. 13. Comparison ohmic loss at the Interface of membrane and
cathode catalyst layer for two different numerical model at entry region
(L/Lo = 0.1428) at same voltage (0.8 volt).
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Fig. 14. Comparison oxygen mass fraction at the Interface of mem-
brane and cathode catalyst layer for two numerical model at entry
region (L/L, = 0.1428) at same voltage (0.8 volt).
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Fig. 15. Comparison oxygen mass fraction at the Interface of mem-
brane and cathode catalyst layer for two numerical model at exit region
(L/Lo = 0.8571) at same voltage (0.8 volt).

consumption of oxygen at cathode catalyst layer.
In this layer, the concentration of oxygen is balanced by
consuming the oxygen and the amount of oxygen that diffuses

<
=
=
[x-]
-

PO

Fig. 16. Oxygen mass fraction at the Interface of membrane and cath-
ode catalyst layer for base case (left) and case with prominent GDLs
(right) at same voltage (0.8 volt).

towards the catalyst layer, driven by the concentration gradi-
ent. The lower diffusivity of the oxygen along the flow with
the low concentration of oxygen in ambient air results in no-
ticeable oxygen diminution along the fuel cell.

Hydrogen at the anode side provides a proton, releasing an
electron in the process that must pass through an external cir-
cuit to reach the cathode. The proton, which remains solvated
with a certain number of water molecules, diffuses through the
membrane to the cathode to react with oxygen and the return-
ing electron. Water successively produced at the cathode.

Comparison of water mass fraction at the cathode side is
shown in Figs. 17 and 18, respectively for entry and exit re-
gion of cell, for two cases.

Water concentration at the membrane and cathode catalyst
layer interface, increases along the flow channel. Increasing of
water concentration, associates with the phenomenon that the
water composes by electrochemical reaction along the channel
and transports from anode side by electro-osmotic drag co-
incidently. As it is clear from Fig. 19 the mass fraction of wa-
ter for conventional model (base case) is lower than that in the
proposed model.

Water activity depends on mass fraction of water in both
anode and cathode sides. Therefore, at cathode side mass frac-
tion of water increases along the flow channel hence water
activity increases along the cathode flow channel.

Figs. 20 and 21 compare water activity for two cases at en-
try and exit regions, respectively. It is observed that the case
with prominent GDLs has higher water activity along the cell.
Figs. 22 and 23 confirm this fact.
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Fig. 17. Comparison water mass fraction at the Interface of membrane
and cathode catalyst layer for two numerical model at entry region
(L/Ly = 0.1428) at same voltage (0.8 volt).
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Fig. 18. Comparison water mass fraction at the Interface of membrane
and cathode catalyst layer for two numerical model at exit region (L/L,
=0.8571) at same voltage (0.8 volt).
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Fig. 19. Water mass fraction at the Interface of membrane and cathode
catalyst layer for base case (left) and case with prominent GDLs (right)
at same voltage (0.8 volt).
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Fig. 20. Comparison liquid water activity at the Interface of membrane
and cathode catalyst layer for two numerical model at entry region
(L/Ly = 0.1428) at same voltage (0.8 volt).
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Fig. 21. Comparison liquid water activity at the Interface of membrane
and cathode catalyst layer for two numerical model at exit region (L/Lg
=0.8571) at same voltage (0.8 volt).
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Fig. 22. Liquid water activity for base case (at 0.8 volt).
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Fig. 23. Liquid water activity for case with prominent GDLs (at 0.8 volt).

8. Conclusions

In this article a three-dimensional computational fluid dynam-
ics model of a Proton Exchange Membrane Fuel Cell (PEMFC)
with straight flow channels has been simulated. In the present
research a new geometry for PEM fuel cells consist of promi-
nent gas diffusion layers has been studied. In this work the
prominences of GDLs have been reposed at entry and exit re-
gion of gas flow channel for both the anode and cathode sides.
Comparison the results of this new proposed numerical model,
such as polarization and power density curves, velocity distribu-
tion and species mass fractions with conventional model results
(the cell with no prominences) shows that new model can im-
prove the fuel cell performance. It is due to improvement of the
gas flow along the channel which supplies the reactant gases to
the catalyst layers. Also the membrane drawing effect reduction
is one of the other results of gas flow improvement in the flow
channels, thus the efficiency of catalytic reaction increases.
Therefore the performance of PEMFC enhances and it can be
obtained that using these kinds of GDLs, in PEMFCs can be
useful. Finally, the obtained numerical results for base model
showed good agreement with the experimental data.

Nomenclature

: Water activity

: Molar concentration (mol/m”)

: Mass diffusion coefficient (m’/s)
: Faraday constant (C/mol)

: Local current density (A/m?)

: Exchange current density (A/m®)
: Permeability (m®)

: Molecular weight (kg/mol)

: Electro-osmotic drag coefficient

ZR=—TOUAOs

S
BN

: Velocity vector
.« - Cell voltage
V..  :Open-circuit voltage

P : Pressure (Pa)

R : Universal gas constant (J/mol-K)
T : Temperature (K)

t : Thickness

u

Vv

w : Width

X : Mole fraction

Greek letters

a : Water transfer coefficient

g7 :Effective porosity

P : Density (kg/m’)

@, : Electrolyte phase potential (v)

u : Viscosity (kg/m-s)

o, : Membrane conductivity (1/ohm-m)
A : Water content in the membrane

4 : Stoichiometric ratio

n : Over potential (v)

Ay Effective thermal conductivity (w/m-k)

Subscripts and superscripts

a : Anode

c : Cathode

ch : Channel

k : Chemical species

m : Membrane

MEA : Membrane electrolyte assembly
ref : Reference value

sat : Saturated

w : Water
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