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Abstract

A two-dimensional (2D), single- and two-phase, hybrid multi-component transport model is developed for the cathode of PEM
fuel cell using interdigitated gas distributor. The continuity equation and Darcy’s law are used to describe the flow of the reactant
gas and production water. The production water is treated as vapor when the current density is small, and as two-phase while
the current density is greater than the critical current density. The advection—diffusion equations are utilized to study species
transport of multi-component mixture gas. The Butler—Volmer equation is prescribed for the domain in the catalyst layer. The
predicted results of the hybrid model agree well with the available experimental data. The model is used to investigate the effects
of operating conditions and the cathode structure parameters on the performance of the PEM fuel cell. It is observed that liquid
water appears originally in the cathodic catalyst layer over outlet channel under intermediate current and tends to be distributed
uniformly by the capillary force with the increase of the current. It is found that reduction of the width of outlet channel can
enhance the performance of PEM fuel cell via the increase of the current density over this region, which has, seemingly, not

been discussed in previous literatures.
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1. Introduction

Fuel cells convert electrochemical energy directly to
electrical energy with much less pollution and much
better conversion efficiency. There are many different
types of fuel cells, among whom the proton-exchange-
membrane (PEM) fuel cell is considered as a strong al-
ternative power source for future automobiles. It is also
a promising candidate for portable electronic appliance,
fixed power generations and distributed power systems.

However, the performance of the PEM fuel cells is
limited by the slow kinetic rate of the oxygen and mass
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transport resistance imposed by the liquid water in the
cathode, especially when the air is used as an oxidant.
The excessive water, generated by the electrochemical
reaction and electro-osmotic drag, could even submerge
the catalyst particle, resulting in great reduction of the
effective reaction surface, which severely deteriorates
the performance of fuel cells. In 1996, a new gas dis-
tributor called the interdigitated gas distributor was pro-
posed by Nguyen [1], and it has been proven to be very
effective in enhancing the transport of the reactant gases
to the reactive sites and reducing the electrode flooding
in the cathode. The increase in performance is ascribed
to the conversion of species transport from the diffusion
mechanism to the convective mechanism in the gas dif-
fusion layer and fast water removal from the cathode
catalyst layer.
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Nomenclature

Ay specific area of the electrode, cm?cem ™3

c molar concentration, mol cm >

D mass diffusivity, cm?s!

F Faraday constant, 96 487 C mol ™!

H electrode height, cm

j current density, A cm™2

Jo exchange current density, A cm ™2

J mass flux of species, mol cm2s!

kg relative permeability of gas phase

krlw relative permeability of liquid phase

K permeability of electrode, cm?

L half of inlet channel width, cm

L, half of outlet channel width, cm

L total width of cathode, cm

p pressure, atm

I'w mass transfer rate of water between two
phases

R universal gas constant,
8.3145Jmol ' K~!

R ohmic resistance of membrane, Q cm?

s saturation of liquid phase

S* normalized saturation

T temperature, K

u velocity vector, cms™!

v velocity components in y-direction,
cms™!

Vv electrical potential, V

w mass fraction of species

X coordinate, cm

y coordinate, cm

z electron number of electrochemical reaction
Greek letters

o transfer coefficient of electrochemical reaction|
p net water transport coefficient per proton
€ dry porosity of electrode

0 density (kgem™3)

n overpotential (V)

U viscosity (kgem~!s™1)

o surface tension (Ncm™!)

Subscripts

av average

a anode

c cathode/capillary

eff effective

g gas

i species

in inlet channel

ir irreducible

lw liquid water

0 oxygen

oc open circuit

out outlet channel

ref reference values

sat saturation condition

w water

Recently, there have been some studies on modeling
the reactant and production transport in the cathode of
PEM fuel cell using the interdigitated gas distributor.
Yi and Nguyen [2] proposed a two-dimensional (2D)
steady-state multi-component transport model for the
porous electrode and investigated the effects of the op-
erating conditions and design parameters of an air cath-
ode on the performance of the cell with an interdigitated
gas distributor. Kazim and Liu [3] developed a simple
2D mathematical model to study the superiority of this
new kind of distributor design over the conventional
one and their modeling results show good performance
of the former. He et al. [4] developed a 2D, two-phase
multi-component transport model to investigate the
effects of the gas and liquid water hydrodynamics on
the performance of an air cathode of a PEM fuel cell
using an interdigitated gas distributor and investigated
the effects of the operating conditions and design

parameters of an air cathode on the performance of the
cell. Wang et al. [5] investigated the effects of magnet
particles on the performance of a PEM fuel cell with
an interdigitated gas distributor using a 2D, two-phase
transport model similar to the one developed by He et al.
Zhou and Liu [6] studied the enhancement of heat trans-
fer in fuel cells with interdigitated flow field design us-
ing a 3D single-phase computational model. Natarajan
and Nguyen [7] expanded a 2D model for conventional
gas distributors to account for the dimensional effect
along the length of channel. It is worth noting that there
are few two-phase models, and the only two models we
found are that of He et al. [4] and Wang et al. [5]. In
their works the permeability and capillary driving force
functionalities were grouped together and expressed via
the interfacial drag coefficient and a capillary diffusion
coefficient, which were assumed constants for the sake
of simplicity.
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In this paper, a 2D, single- and two-phase, steady-
state, isothermal, hybrid multi-component transport
model is developed for the cathode of PEM fuel cell us-
ing interdigitated gas distributor. The continuity equa-
tion and Darcy’s law are used to describe the flow of
the reactant gas and production water. The production
water is treated as either vapor or two-phase according
to the magnitude of current density and the water trans-
port equations as well as the boundary conditions are
different accordingly. An empirical relation is used as
the permeability function to depict the dependence on
saturation and the Leverett’s function is used for capil-
lary force. The model is used to simulate the transport
of the species and to investigate the effects of operating
conditions and the cathode structure parameters on the
performance of the PEM fuel cell.

In the following, the physical and mathematical mod-
els are first described in detail, including the solution
domain, governing equations and boundary conditions,
then the model is applied to a specific PEM fuel cell.
The simulated results are compared with available test
data, showing good agreement between simulation and
test results. The model is then used to study the effects
of some geometric and operational conditions, and the
simulation results are discussed in detail. Finally, major
conclusions are summarized from this study.

2. Model description

The computational domain consists of the gas diffu-
sion layer and catalyst layer of the cathode of MEA as
shown in Fig. 1 by the region surrounded by the dashed.
The domain includes a half of inlet channel denoted by
(1) in Fig. 1(b), a half of outlet channel (2) and a shoul-
der (3). Normally, the operating temperature of PEM
fuel cell is below 100 °C and the system operation pres-
sure is around one atmosphere, hence the water gen-
erated by electrochemical reaction and transported by
electro-osmotic drag can be considered as liquid phase
in the catalyst layer. However, when the current density
is small, the liquid water will be evaporated immedi-
ately after its generation because the dry air is usually
used as the oxygen reactant and the mass faction of wa-
ter vapor of the air is far-below saturation. In such case
the water is present as vapor. In the diffusion layer, the
water vapor is transported from catalyst layer (4) to
the outlet channel through the flow of mixture gas
driven by the pressure difference. While for the case
of high current density, water is present in liquid state.
The water removal from the electrode is driven by
two mechanisms: capillary force driven by saturation

gradient and interfacial shear force imposed on by gas
flow. The presence of liquid water has an important in-
fluence on the performance of the fuel cell by flooding
the active sites of catalyst and cumbering the transport
of oxygen to the reactive region. Thus, a good model
should be able to distinguish the two regimes of the
state of the production water: single phase of vapor or
two phase of vapor and liquid.

2.1. Model assumptions

In this study, all phases are assumed to be continu-
ous so that the continuum approach is applicable. The
catalyst layer is assumed ultra thin and can be treated
as a single reactive interface between membrane and
diffusion layer. The gas diffusion layer is treated as an
isotropic and homogenous porous medium and the prop-
erties such as porosity, tortuosity and the permeability
are uniform. The gas mixtures are assumed to be well
mixed and can be regarded as the ideal gases. The do-
main is isothermal and only steady state is considered.
The effect of the gravity is neglected. The cathodic over-
potential is assumed as a known quantity.

2.2. Governing equations

In general, the transport of the reactant and pro-
duction water conforms to the mass, momentum, and
species conservation principles. The velocities of two
phases are estimated by Darcy’s law. Thus, the gov-
erning equations of the model can be written as the
following:

V. (pgvg) =Tw, (1)

V. (plwvlw) = —lw, 2)
Kg

Vg = Vpgs (3)
He
K

Viw = __valW5 (4)

Iw
V- (nggwo) +V-J,=0, 5
V. (pgvgww) + V. Jy=—ry. (6)

In the above equations p, v, p, and p are the den-
sity, superficial velocity, pressure, and the viscos-
ity of the fluid, respectively; K is the permeability
in the porous electrode, and the subscripts ‘g’ and
‘Iw’ denote gas phase and liquid water, respectively.
The symbols of w, and w, are the mass fraction
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Fig. 1. Schematic of the cathode using the interdigitated gas distributor: (a) top view and (b) cross-sectional view.

of the oxygen and water vapor in the gas mixtures, and
Jo and J,, are the mass flux of the oxygen and the water
vapor, respectively. The term ry, is the mass transport
rate of water between the gas and liquid phase. When
the current density is very small, it is treated as zero,
and when the current density is increased this term is
determined as follows:
Fw =hmAves(PgWysat — PgWw), (N
where hy, is the mass transfer coefficient of water treated
as a constant for simplicity, Ay is the specific area per
unit volume of the porous medium, ¢ is the dry porosity
of the diffusion layer, s is the saturation of liquid water
indicating the fraction of the void volume occupied by
liquid phase in the porous electrode, and wysgy 1S the
mass fraction of vapor in the gas mixtures correspond-
ing to saturation at the operating temperature. Since the
fuel cell is assumed isothermal in this work, the con-
densation of water vapor is not taken into account.
The pressure of liquid water is related with the gas
pressure by
Pc = Pg — Plw> (8)
where p. is named capillary pressure and is assumed to
be a function of liquid water saturation s. The empirical
model for the relation between p. and s is written as [8]

. [K
Fs)=2/=, ©)
g &
F(s) = 1.417(1 — §*) — 2.120(1 — §%)?
+1.263(1 — §%)3, (10)

where F(s) is the Leverett’s function, ¢ is the surface
tension for the interface between two phases, and S*

is the normalized saturation, defined as

S*—S_Sir

- >
1 — sir

(11)

where sj; is the irreducible saturation and is set to zero
in this paper for simplicity.

The permeability for the liquid and gas phases is
represented by

Ky=K -y, (12a)

Ky =K - kiw, (12b)

where krg and kyy are the relative permeability for the
gas and liquid phases, respectively. They are assumed
to be the cubic function dependent on the relative satu-
ration [9]

kg = (1 — §%)%, (13a)

kgw = 5. (13b)

Thus, the governing equations for the gas pressure
and liquid saturation can be induced and re-arranged
through the substitution to the governing equations
(1)—(4) with above Eqgs. (8)—(13). Their final formula-
tions are as follows:

Kk
v (22 ) =n (14)
Hg
k Kkygw O
V. (plwk ervg) +V <plw—rlwﬁv.¥> :O
1w krg 1w 0Os
(15)

The density of gas mixtures is estimated by the ideal
gas law

Mg p,

Pe="Rr

) (16)
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where M, is the molecular weight of gas mixtures,
R is the general gas constant, and 7 is the operating
temperature.

The diffusive flux is obtained by the first Fick’s law

Ji = —pD; et Vw;. (17)

The effective mass diffusion coefficient D; ¢ in the
porous medium is estimated with a Bruggeman-type
relationship

D cft = Djy”, (18)

where D; is the diffusion coefficient of gas species in a
nonporous system, and &g is the gas porosity which is
defined as &g =¢(1 —s). D; is related with the diffusion
coefficient under the reference condition expressed by

T 1.5 p -1
Di = Di,ref<_> ( ) s (19)
Tret Pref

where D; ref is the referenced value of diffusion coeffi-
cient at Ter = 25°C and prer = 1.013 x 107 Pa.

2.3. Boundary conditions

The modeled region has six distinct boundaries. At
the inlet, namely the interface between the channel and
the diffusion layer (Boundary 1 in Fig. 1(b)), the gas
pressure and the mass fraction of each species are spec-
ified as

Pg = Din» Wo =021, wy=0. (20)

For the equation of liquid saturation, Eq. (15), no flux
of liquid water is set as the inlet boundary condition,
which means that the y-directional liquid water velocity

is equal to zero
vy =0. (21)

At the outlet (Boundary 2), the gas pressure is speci-
fied, and change rates in the mass fractions and the sat-
uration are assumed to be zero. Thus, the outlet bound-
ary conditions are set as follows:

Ow, Owy Os
= s — =0\, — =0, it O 22
Pg = Pout 3y 3y 3y (22)
At the interface between the shoulder of the distrib-
utor and the electrode (Boundary 3), nonpermeability
condition is used for this boundary:

0pg _0 Ow, Owy Os _o 23)
oy 9y 9y O oy

At the Boundaries 5 and 6 shown in Fig. 1(b), sym-
metry conditions are used

0pg Ow, Owy Os
_:O’ :O’ —:O, —:O 24
Ox Ox Ox Ox (24

Boundary 4 is the interface between the electrode and
the membrane. Since the membrane is not permeable
for the gas, the y-directional superficial velocity of gas
mixtures is assumed to be zero. In addition, the interface
is the domain for the electrochemical reaction where
the oxygen is depleted and the water is generated by
reaction and accumulated due to mass transport by the
electro-osmosis drag from the anode side. When the
current density is small, the water is present as vapor and
the studied fluid is single phase. Hence, the saturation
equation needs not to be solved and the saturation is set
equal to zero for whole computational domain. For this
situation, the boundary conditions can be determined as
follows:

| )
Pe_o, o=, JW=—(§+,B>%, (25a)

where j is the local current density at the interface, F
is the Faraday’s constant, and f is the ratio of the net
water transport rate across the membrane per proton by
the electro-osmotic drag.

When the current density is larger than the critical
value and air is over-saturated with vapor, two-phase
flow should be considered and the water saturation equa-
tion (Eq. (15)) should be coupled with other governing
equations. And the following equations are used as the
conditions at Boundary 4:

Opg J

_=05 J=_’

Oy T 4F
1 j Os

Jo=—|= =, —=0. 25b
<2+B>F - (25b)

The local current density distribution is obtained by
the Bulter—Volmer equation modified by the term con-
sidering the liquid water flooding the active reaction
sites [10]

CCo(1 =) <oczF )
j=jo——exp| —1. ), (26)
Co,ref P RT ¢

where jo is the exchange current density, 7, is the ca-
thodic overpotential, ¢, is the molar concentration of
oxygen, Co ref 1S the reference concentration, o is the ca-
thodic transfer coefficient, and z is the reactive electron
number.
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Table 1
Values for parameters used in the base case

Parameter Value
Electrode height 0.00025m
Inlet channel width 0.0005 m
Outlet channel width 0.0005m
Shoulder width 0.001 m
Permeability of the electrode 1.2 x 107122
Dry porosity of the electrode 0.3

Mass fraction of oxygen at inlet 0.21

Mass fraction of vapor at inlet 0

Inlet gas pressure 1.01 atm
Outlet gas pressure latm
Operating temperature 60°C

Viscosity of air (60 °C)

Reference diffusivity of oxygen

Reference diffusivity of water

Exchange current density

Electron number of electrochemical reaction
Membrane resistance [11]

Transfer coefficient of electrochemical reaction
Net water transport coefficient of membrane
Water mass transfer coefficient [12]
Specificarea of the electrode

Surface tension [13]

Open-circuit voltage

Cathodic overpotential

2.03 x 102 kgm~!s~!

0.1775 x 1074 m2s~! (1atm, 0°C)
0.256 x 1074 m?Zs~! (1 atm, 34°C)
100 Am™2

4

0.285 x 1074 Q m?

0.5

0.5

0.016ms™!

1x 105 m™!

0.0625Nm™!

LoV

025V

The average current density is estimated by integrat-
ing the local current densities generated along the reac-
tive interface

. [
]av:Z/O J(x) dx. 27)

By neglecting the anodic overpotential, the electrical
potential of the fuel cell is calculated as

Ne — javaa (28)

where V. is the open-circuit voltage of the cell and Ry,
is the Ohmic resistance in the membrane.

Veell = Voo —

2.4. Model solutions

The governing equations, Egs. (5), (6), (14), and (15),
together with the boundary conditions are solved numer-
ically by a finite-volume method. Firstly, the gas pres-
sure and gas velocity fields are obtained by solving pres-
sure equation. Then the mass fractions of gas species
and liquid saturation equations are solved, which are de-
pendent on the current density. As indicated above, the
cathodic overpotential is assumed as a known quantity,
then the local current densities can be calculated and
the coupled transport equations are solved iteratively

for the other unknowns. The solution is considered to
be convergent when the relative deviation in each de-
pendent variable between two consecutive iterations is
less than 107>,

As indicated above, when the current density is small,
the water is present as vapor and the studied fluid is
single phase. Hence the water saturation is set equal
to zero for whole model domain. As the current den-
sity is increased, gas mixtures are humidified and satu-
rated, then liquid water is present and Eq. (15) should
be solved with related boundary conditions. That is the
reason why the present method is called hybrid model.

During the solution procedures of a systematic study
in which the current density varies within a wide range,
the vapor mass fraction of the whole computational do-
main is checked regularly to find whether the maxi-
mum value is greater than the saturation value. If it is,
the two-phase model should be used and the liquid wa-
ter saturation equation should be solved for the whole
computational domain. For the case studied (Table 1)
the critical current density is obtained about 0.4 A /cm?,
at which the numerical result of the maximum mass
fraction of the water vapor reaches its saturated value.
Fortunately, a little liquid water flooding can be cap-
tured by the numerical simulation. For instance, if the
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inlet humidity is low and the first part of the GDL is
in single-phase regime, but at certain point along the
GDL the gas stream becomes saturated due to water
production and electro-osmosis, and liquid water may
be present, then the result of the regular check of the
vapor mass fraction will switch the single-phase model
into the two-phase one.

The above model is first applied to a specific fuel
cell for which the geometric and operation conditions
are listed in Table 1. Some comparison is made for the
potential vs. current density relation from the experi-
mental data and the numerical results to demonstrate
the validity of the present model. The velocity fields
of gas mixture and liquid water are presented, followed
by the introduction of water saturation distribution and
water vapor mass fraction profile. The model is then
used to study the effects of operating pressure and the
inlet/outlet channel width ratio on the fuel cell perfor-
mance. The numerical results are presented as follows.

3. Results and discussion
3.1. Model validation

The present model is applied to the fuel cell studied
in [4] and the predicted polarization curve is compared
with the experimental data in Fig. 2. Also the numeri-
cal results from the single-phase model is shown in the
figure for comparison purpose. As it can be seen from
the figure, a better agreement is achieved by the hybrid
model than by the single-phase model because the ex-
cessive water flooding of the cathode is taken into ac-

1.04
< —Single-phase model
—us—Two-phase model
0.8 A Experimental data
>
S~
£ 06-
| =
2
Q
o
= 0.4
©
&)
0.2+
o+ T T T
00 02 04 06 08 10 12 14 16 18

Current Density / Alem®

Fig. 2. Model prediction of the polarization curve and experimental
data.

count in the hybrid model. The water saturation equa-
tion needs not be solved when the current density is less
than the critical value, the solution process of hybrid
model is time-saving compared with that of the two-
phase model [4]. While the current density is larger than
the critical value, its solution procedure is the same as
that of two-phase model.

The small discrepancy between the hybrid model pre-
diction and experimental data may be due to the ne-
glect of anodic overpotential. It should be noted that
the experimental data for small current density were
not available in [4]. The figure shows that the cell po-
tential drops dramatically at low current densities. The
activation polarization is mainly responsible for the po-
tential losses in this region. At higher current densities,
the curve is linear resulted from the Ohmic resistance
of membrane. When the current density is approach-
ing the value of 1.4 A cm ™2, the cathodic polarization is
gradually limited by the mass transport of oxygen and
the water flooding of catalyst layer, and the polarization
curve becomes nonlinear again in the region of larger
current density.

Fig. 3 shows the velocity field of gas mixture and
Fig. 4 presents the velocity field of liquid water for
the base case shown in Table 1. It can be clearly ob-
served that the larger gas velocities are located at the
inlet/shoulder and outlet/shoulder corners because the
flow is induced by the pressure driving force. At the
electrode/membrane interface, the gas velocity is low
and the diffusion mechanism is predominant. The lig-
uid water velocity is small in the region over inlet and
left/right symmetric boundaries (Boundaries 5, 6), and
much larger near the outlet/shoulder corner. It can be
ascribed to the fact that water is generated at the elec-
trode/membrane interface and transferred by capillary
diffusion and shear force existing in the gas flow. Our
numerical results shows that the maximum of gas veloc-
ity is about 6¢cms~! and the liquid velocity is at least
three orders of magnitude smaller than that of the gas
mixtures.

Fig. 5 displays the liquid water saturation distribu-
tions under different operating current density. When the
current is just a bit more than the critical current, liquid
water appears in the downstream of electrode and the
maximum saturation value is located in the corner over
the outlet (Fig. 5(a)). With the increase of current den-
sity, more liquid water is produced by the electrochem-
ical reaction and electroosmosis and distributed almost
uniformly (ranged from 10% to 14%) in the whole elec-
trode (Fig. 5(c)). From Fig. 5(a)—(c), following com-
mon feature maybe noted. The saturation value has a
minimum near the inlet/shoulder corner because there
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Fig. 4. The velocity field of liquid water for the base case.
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Fig. 6. The vapor mass fraction profile for the base case.



X.-L. Liu et al./International Journal of Hydrogen Energy 31 (2005) 379—389 387

is the maximum of the gas flow shear force, and there
is a gradually increasing trend of water saturation in the
downstream direction through the electrode.

As the dry air flows transversely across the elec-
trode, it is humidified by the water produced and trans-
ported from anode and at downstream side it may be
saturated or over-saturated with vapor (vapor saturation
mass fraction is about 13%), as shown in Fig. 6. This
leads to a smaller water saturation distribution at up-
stream side and a larger saturation located at the elec-
trode/membrane corner of downstream side, where the
capillary force driven by saturation gradient is small and
the shear force by gas flow is approximately equal to
zero. The distribution discovered in our numerical sim-
ulation is quite different from other works [4,5], which
gained a larger saturation gradient and un-uniform water
saturation distribution in the cathode. This is probably
ascribed to the different ways of achieving the capillary
diffusion coefficient.

3.2. Study on the effects of the operation pressure and
inlet/outlet channel width ratio

The effects of some operating parameters on fuel cell
performance are investigated with this model. These in-
clude the pressure drop between inlet and outlet chan-
nels, electrode height, the number of channels with
the total reactive area remained the same, the width of
shoulder, the operation pressure and the width ratio of
inlet and outlet channels. The results show that a higher
pressure drop between inlet and outlet channels, more
channels and shorter shoulder widths all can improve
the performance and the electrode height needs to be
optimized to get optimal performance. These conclu-
sions are similar to that obtained in the previous works
[2,4]. So they are not to be depicted in detail for brevity,
only Figs. 7 and 8 are shown to present our numerical
results of inlet pressure effect. Fig. 8 shows that the lo-
cal current density in the region near the outlet channel
is much lower than that near the inlet channel. This is
mainly owing to the transport limit of oxygen to the
catalyst layer over the outlet channel. This observation
inspires us to conduct further study for improving the
performance of cell. One simple way to enhance the
transport process in the outlet channels is to increase the
gas velocity there and this can be realized by reduction
the outlet channel width. In the following the numerical
results of the effect on cell performance of width ratio
between inlet/outlet channels are presented, which are
seldom discussed in the previous literatures.

As shown in Fig. 9, increasing the ratio between inlet
and outlet channel width by decreasing the outlet chan-
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nel width is in favor of enhancing the performance of
cell with other parameters of the electrode unchanged.
The local current density profiles along the elec-
trode for different outlet channel widths are shown in
Fig. 10. As indicated above narrow outlet channel can
increase the gas velocity in the channels and more oxy-
gen is transported to the electrode/membrane interface.
In addition, the produced water can be removed more
quickly. Thus the local current density is improved in
this region. Moreover, there is a very small decrease
the current density in the region over the inlet channel.
So the average current density along the electrode in-
creases and the fuel cell can operate in a larger range of
current density. It is a simple and practical method for
improving the fuel cell performance by small change
of distributor geometric design. Our numerical finding
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is consistent with the experimental results performed
in [14].

4. Conclusions

In the article, a 2D, single- and two-phase, hybrid
multi-component transport model is developed for cath-
ode of PEM fuel cell using the interdigitated gas dis-
tributor. The continuity equation and Darcy’s law are
used to describe the flow of the reactant gas and produc-
tion water. The production water is treated with one- or
two-phase according to the magnitude of current den-
sity, and the corresponding transport equations along
with the appropriate boundary conditions are adopted.

An empirical relation is used as the permeability func-
tion to depict the dependence on saturation and the Lev-
erett’s function is used for capillary force. The model is
validated by comparison between the simulated results
and available experimental data, and good agreement
is achieved. The proposed model is used to investigate
the flow field and saturation distribution of liquid water,
and the effects of some parameters on the performance
of the fuel cell are studied. The major findings of this
paper can be summarized as follows:

(1) The liquid water flows towards the outlet channel
in the cathodic diffusion layer and its velocity is at
least three orders of magnitude smaller than that
of the gas mixtures.

(2) Liquid water appears originally in the cathodic cat-
alyst layer over outlet channel under intermedi-
ate current density. While increasing the operating
current, liquid water tends to be distributed uni-
formly by the capillary force.

(3) Reduction of the outlet channel width is in favor
of enhancing the cell performance by increasing
the oxygen transport rate and water removal rate
in the downstream region.
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