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ABSTRACT N molar flow, mol.s™'
The purpose of this study is to establish a simple model s saturation, - . .

. . . . . SR gas stoichiometric ratio, -
representing diphasic water flows in a single cell PEM fuel cell T : ture. K
in order to improve fuel cell control. The pseudo-2D model Greek | ttempera e,
describes the water transfers from one electrode to the other, all reek tetiers it
along the feeding gas channels. Both vapor and liquid water are ¢ po;om Y- _3
considered. The location of first appearance of liquid water can Pay  volumetric mass, kg.m
be noticed. The influence of the feeding gas strategies (co- and A ) membrane water content, -
counter-flow) on the water distribution in the cell are Subscripts )
investigated. As a consequence, with the counter-flow feeding AC anod¥c channel

AE anodic electrode

gas strategy, water is better distributed in the whole cell, but
flooding of the electrode may occur. With a co-flow feeding
gas strategy flooding risks are lower, but water distribution in

cc cathodic channel
CE cathodic electrode

the cell is less homogeneous and could result in a early x anodic.liqgid. GDL fractiop
deterioration of the membrane by drying. Y cathodic liquid GDL fraction

INTRODUCTION
NOMENCLATURE
D diffusive coefficient, m”.s™" In Proton Exchange Membrane Fuel Cell (PEMFC)
e thickness, m channels are made in bipolar plates to feed the reactant gases to
EW membrane equivalent weight, g.mo ! the active areas and remove the electro-chemically produced
F Faraday's constant, C.mol ' water. Thus the water distribution in the cell highly depends on

the gas feeding strategy in the channels [1],[2]. The hydration
level of the cell, especialy the hydration of the membrane, is
one of the key parameters for electrical efficiency [3],[4],[5],
[6],[7]. The electrical resistance of the polymer membrane

RH relative humidity, -
1 current, A
K permeability,
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directly depends on its water content [8]. The more there is
water, the less the electrical membrane resistance is. However,
too much liquid water could hinder reactive gases access to
reaction sites (flooding) [9]. By reducing the reactions active
area, the electrical efficiency of the cell decreases. An accurate
description of the water distribution in the whole cell is needed
to do a reliable prediction of the fuel cell performances.
Moreover, the purpose of this model is to be added into a
control device for fuel cells. The model must quickly compute
the water distribution anywhere in the fuel cell for any
operating conditions. Because of their high time of calculation,
CFD (Computational Fluid Dynamics) codes are not
appropriate to be used to control fuel cells [10],[11],[12]. The
simulation have to be run in real time to develop a control tool.
Only prevailing physical phenomena are modeled: only water
(vapor and liquid) transfers are modeled and the currrent
density is assumed homogeneous over all the cell. To illustrate
this simplicity an electrical anology is used to represent water
transfers in the cell. Our model is developed to find out how
the water is distributed in the cell and how feeding gas
strategies (co- and counter-flow) affect the water distribution.
Whereas publications only show co-flow gas feeding models
[13],[14].

WATER FLOW ACROSS THE CELL THICKNESS

The proton exchange membrane is sandwiched between the
two electrodes to form the membrane-electrode assembly. On
each side of this assembly, gas diffusion layers (GDL) allows
the diffusion of reactant gases to the electrodes where the
electro-chemical reactions occur. Reactant gases are fed to each
GDL by the feeding channels made in the bipolar plates. In this
paper, electrodes are so thin that they are not considered as an
obstacle of water transport. Thus electrodes are assimilated to
interfaces between GDLs and the membrane.

Mass flows in the fuel cell are complex because many
components are present (water, oxygen, hydrogen) and water
can be in different phases (vapor or liquid). The model
presented here is a good compromise between physic
complexity of transfers and simple calculation methods is
presented. In this way, only the water transfer is studied in the
cell thickness. The transport of the air and hydrogen from the
channels to the electrodes is not modeled. A preliminary
comparison with a multi-component Stefan-Maxwell diffusion
model shows that reactant gas diffusion have an insignificant
impact on water transport in the GDLs in standard conditions
of simulation [15]. However, reactant gases consumptions are
taken into account all along the feeding channels. Temperature
and total pressure are assumed uniform in the whole cell.

Transfer through the polymer membrane

Water in the polymer membrane is liquid (adsorbed [16]).
The polymer membrane is impervious to all other fluid. The
Fick law gives the water flow as a function of water
concentrations:

dC
Np==D, ", (M
z

D, is the effective diffusion coefficient of water through the

membrane. By definition, the water content ( A ) of the
membrane is linked to the water concentration in the
membrane:

EW
= C w o (2 )
Py

EW is the membrane equivalent weight, and p,, is the
volumetric mass of dry membrane. Then, by writing
concentrations as water contents on the edges of the membrane
A et A, the diffusive water flow is:

A

Pan Mag—Acp
N P=p dv _AE "CE
=D, S ©)

m

This flow is counted positively from the anodic electrode (
AE ) to the cathodic electrode ( CE ). Water contents A, et
Aye depend of the hydration state of the gases at the
GDL/membrane interfaces. When water is only vapor, sorption
curves links gas relative humidities ( RH ) to membrane water
contents [17], [5]. Here, sorption curves are linearized :

AAE_)\CE:k(RHAE_RHCE) . “)

If the membrane is immersed in liquid water, its water
content A, reaches a higher level than in a saturated gas
A p—sar - it's the Schroeder paradox [18].

Supposing that liquid water is in equilibrium with water
saturated vapor, the resulting water content is written:
A=(1-5)A +SA, , 5)

where the saturation S is defined by the volumetric fraction
occupied by liquid water over the total pore volume:
S= Vliquid/ V

vap—sat

pore -+
If there is liquid water on each electrode, considering

A/"tl_)\vap—sazkj k 5 leads to:

Mg —Acr=k(S:=Scr) . (6)

In each case (same water phases on both sides or not), the
diffusive water flow thought the membrane is written:

X .—X
D__ AE CE
Nm_ R P} (7)
e, EW
with R,= m the mass transfer resistance and X =RH
mF dry

for vapor water or X =S for liquid water.

Protons have to cross the membrane from the anode to the
cathode. Because protons are hydrated to move, an electro-
osmotic water flow co-exist with the diffusive flow in the
membrane. For a given current density [, this electro-osmotic
flow is assumed constant. It is always oriented from the anode
to the cathode and equal to :

N,’=¢ (8)

|~
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& is the number of water molecules transported by each
moving proton. Here, it is chosen constant and equal to one
[19].

Transfer through the GDL

Through GDLs, two models are developed to describe
water transport: a first one if water is in vapor phase on each
side of the GDL, another one if there is liquid water on these
two sides. If there is liquid water on one side and vapor only at
the other, a third model is developed as a combination of the
two firsts.

Vapor phase transport

In the situation in which water is in vapor phase in all the
GDL, the convective transport of vapor by the reactant gases
crossing the GDLs is neglected. Then, water transport is purely
diffusive so that Fick's law governed it.

dC
N GDLvap— Dgpyr d—ZW )

Dgp;, is the effective diffusion coefficient of vapor water
through the GDL. This coefficient is estimated from the GDL
porosity ¢ and the diffusive coefficient of water into the gas
(air or hydrogen) by the equation [20] :

I)GDL:“’:IY5 Dvapor%gas (10)
Introducing the relative humidity:
P H,0
PSAT(T)
with Pg,(T) the saturation vapor pressure at the considered

T temperature and Py o the water pressure, the water
concentration in the GDL can be written:

RH = (11)

_RH
Cv=Rr
with R the perfect gases constant.

Py (T) (12)

Using equation (12) in the Fick's law (9) leads to express the
vapor water flow through the GDLs as:

_ARH (13)
GDLvap RGDL
e RT . . .
Repp=—w"—— and ARH is the relative humidity

GDL™
PSATDGDL
difference between each side of the GDL (channel and
electrode).

Liquid phase transfers

If water is in liquid phase on both side of the GDL, Darcy's
equation is used to described the water transport through the
porous media:

_ KK, dP, "

V= u, dz ( )
where v, is the water flow velocity, K the permeability of
the media, K, its relative permeability, W, is the water

dynamic viscosity and P, is the pressure of the liquid.

The liquid water flow is deduced from the water velocity:

Pw
GDLlig = M A Yy (1 5)

N

with p, the water volumetric density, M, its molar mass and
A the area of the cell.

According to the capillary pressure definition:
P, =P, TP, with constant total gas pressure ( P, ), it
can be written:

dp,, _dpP,,
1 — Cdaj 1 6
dz dz (16)
Introducing saturations and combining equations 14, 16 and 15
lead to write the liquid water flow in the GDL [21]:

KK, dP
pL 7 C(lpd_S (17)

N oprin=—
GDLlig MW u, dS dZ
The capillary pressure model given by Brooks et Corey [22]
links the capillary pressure to the saturation:

_ Pa

Pcap_ Af/g

P, is the displacement pressure and A, is a pore distribution
index. These numbers are given in the literature [23]. Burdine

[24] gave a relative permeability model linking saturations and
Ag:

(18)

2434,

K=S " (19)

Using equations (18) and (19) with the flow equation (17)
leads to write the liquid water flow in the porous media as
follow:

AB ay
N GDLlig— AS (20)
€GpL
. Py K 1 1+34,
A= Ae—P,(—— = .
with e suw (,(]_'_32\3) and a, A, ;

A S represents the gradient of saturations powered by ajp
between GDL extremities.

Partially saturated GDL

In the case that water is liquid at only one side of the GDL
(water is vapor at the other side), the GDL is split into two
zones: a first one in which the transfer is in vapor phase and a
second one where the transport follows liquid water equations.
y represents the cathodic GDL fraction in which the water
flow is liquid, it determines the interface between liquid and
vapor zones. At this interface RH,=1 and S,=0. In the
same way, in the anodic GDL, this interface is noted o . Water
can be liquid, independently in the channel or at the electrode.
For instance, if the relative humidity is inferior to one in the
cathodic channel and liquid water is present at the cathodic
electrode (Figure 1), the water flow through the GDL Ngp,,
and the liquid fraction of GDL y are solutions of the
combination of liquid and vapor equations:

4 1= RH

Ngp, =——=5¢ Ngpy, =——"—
OPLup €epLyY * DL Rop (1=y) 0
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Electrode Gas Diffusion Layer Channel
vapor water transport
liquid water
RHCE=1 transport RH-
S =
Cg Scc
4
RH\I’ =1 anL
SV =0

Figure 1: Partially saturated cathodic gas diffusion layer
(GDL) scheme

Electrical analogy

In the cell thickness, the water transport from a channel to
the other is compute in a 1D element representing the fuel cell
assembly. The modeling in 1D elements is based on an
electrical analogy. When in electricity we use currents here we
use water flows. Likewise, electrical potentials are replaced by
relative humidities of gases (or saturations). The scheme can be
represented as on Figure 2.

Figure 2: Electrical analogy scheme

Potentials are studied at the four key interfaces of the fuel
cell only: (1) anodic channel/anodic GDL, (2) anodic
GDL/membrane (anodic electrode), (3) membrane/cathodic
GDL (cathodic electrode), (4) cathodic GDL/cathodic channel.
The electro-chemical water production at the cathodic
electrode is represented by a punctual water source at the
interface between the membrane and the cathodic GDL. The
water flow in the membrane is a combination of a diffusive
flow and an constant electro-osmotic flow.

Thus water flows thought the two GDLs and the membrane
have to be calculated as a function of the hydration conditions
of the gases in the channels (potentials). If water is only vapor
at the interface points, potentials used are relative humidities.
In this case the water transport model is linearized and the
electrical analogy is perfectly justified. When liquid water
appears in GDLs or channels ( RH =1 ), saturations are used
as potentials. In that case, even if equations are not linear, the
electric scheme (with linear resistances) is kept for more
clarity.

Resolving the 1D water transport in the cell thickness leads
to solve a problem of 5 equations with 5 unknowns. If water is
in the same phase on each side of the GDLs, the 5 equations
are : 1 in the membrane (7), 1 in each GDL (13 or 20) and 1 at

each electrodes (node 2 and node 3 of Figure 2). The 5
unknowns are : three water flows (in the anodic and cathodic
GDLs and in the membrane) and two “potentials” (at the
electrodes). If water phases are different on each side of the
GDL, one more equation (21) and a additional unknown ( & or
y ) are needed in each GDL. At last, up to 7 equations with 7
unknowns have to be solved.

On each four characteristic points, water can be in liquid
phase or in vapor phase. Hence, 16 different 1D transfer cases
would exist. But 4 of these cases are not physically acceptable.
Thus, 12 credible physical cases could occur for the 1D water
transport in the cell thickness.

Studying the limits ( RH=1 or S=0 at one of the 4
characteristic points) between these 12 cases leads to calculate
the liquid water appearance limits at the 4 points of the cell
thickness. These limits are analytically calculated and drawn.

PSEUDO 2D WATER TRANSFER IN THE CELL

From the gas inlet to the outlet the cell is discretized in N
elements. In each elements, the transport through the GDLs
and the membrane is computed with the previously presented
1D models. 1D modelings lead to calculate all flows (through
GDL and membrane) and potentials (at the electrodes) through
a discrete element. The second dimension of the modeling
comes from mass balances done in the channels of each
discrete elements (Figure 3). Mass balances allow to compute
the advance of water and reactant gas concentrations along the
feeding channels.

Figure 3: Pseudo-2D mass balances scheme

Steady state is considered here. Mass balances for water
and reactant gases are written:

Anodic channel :
i+1 — i i
NH207A_NHZ()7A_NA

; (22)
i+1_ i
N1;2 _NHz_ﬁﬁ
And
Cathodic channel :
Ni+l :Ni +Nt
H,0_C H,0_C c 23)
Nirimpyt L L L
Air Air N 0’21 4F
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Reactant gases transport in the cell thickness are not
considered, but their consumptions are subtracted to flows in
the channels. Knowing water flows and reactant gases flows in
the next element allows to compute the channel potentials (
RH or §) in the next discrete element.

As the current is assumed uniform in all the cell, each
discrete element produce the same current. The uniformity of
the current distribution is the main assumption in this work.
However, according to the high electrical conductivity of the
cell components (particularly carbon made bipolar plates), it
rather be the electric potential that should be uniform. Thus, the
assumption of an homogeneous current distribution has a
strong impact on the results. This particular point will be
uppermost dealt with in the future.

Different feeding gas strategies can be investigated.
Supposing that bipolar plates are the same at the cathode and at
the anode, reactant gases can be distribute in different way on
each side of the cell. If, in the feeding channels, hydrogen and
air flows are parallels and going in the same direction, the
strategy is called co-flow (Figure 4). If the feeding gases flows
are parallels but are going in opposite ways, the strategy is
called counter-flow.(Figure 4). Cross-flow (perpendicular air
and hydrogen channel flows) strategies also exist, but they are
not yet modeled.

== Co - flow
Counter - flow

Figure 4: co- or counter-flow reactant gas strategies

The counter-flow modeling differs on two points with the
co-flow one. First, the air inlet corresponds to the hydrogen
outlet and vice-versa. Secondly, mass balances in the cathodic
channel are inversed. Figure 3 represents mass balances for a
co-flow strategy (air and hydrogen flow in the same direction).
For a counter-flow strategy, flow in the cathodic channel are in
the opposite way, so that mass balances equations have to be
adapted. Then, influences of these two feeding gas strategies
on the water distribution in the cell are analyzed.

SIMULATION RESULTS

The co-flow and the counter-flow feeding gas strategies are
simulated with the model presented. First, simulation results of

each strategies are investigated, then these results are compared
to find out which strategy leads to the better water distribution.

Co- and counter-flow results
For each feeding gas strategies, simulation parameters are
the same:

1=0.5A.cm® N =1000(discrete elements)
P=latm P,=0.10210° Pa
r=60°C A,=1.59

SRy, =2 £=0.8

SR ;=2 EW=1100 g.mol'

emembrane:37 Hm pd,y=2020 103 g.m73
€gp, =280 um K=25510"m’
A=T8cn’

Table 1: Standard simulation parameters

Co-flow feeding gas strategy.

Feeding gases (hydrogen and air) are introduced in the fuel
cell inlet with given relative humidities ( RH 22 and RH LNC ).
The Figure 5 allows to follow the relative progression of
potentials (relatives humidities and saturations) in one channel
as a function of the other. Two simulations results are shown: a
first one if air is dry at the inlet and the hydrogen is humidified
(50%), a second one with the opposite inlet gases
humidification conditions (dry hydrogen and humidified air).

Figure 5: Map of potentials in the channels, co-flow

On Figure 5 liquid water appearance limits in the cell
thickness are also drawn. Knowing potentials in the two
feeding channels leads to know in which phase water is at the
electrodes. Then, the crossing of theses limits correspond to the
appearance of liquid water in one of the 4 characteristic point
of the cell thickness.

Thus, following the blue curve on Figure 5 ( RH{.=0 and
RH LNCZO.S ) leads to find out how liquid water appears in the
fuel cell. At the beginning of the flow all fluids are in vapor
phase. Then, liquid water appears at the cathodic electrode (
HR ;=1 limit). Next, liquid water appears at the anodic
electrode ( HR ;=1 limit). After that, liquid water appears in

Copyright © 2008 by ASME

Downloaded From: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of Use: http://www.asme.org/about-asme/terms-of-use



the anodic channel ( R ,.=1 limit). And finally, there is
liquid water in the cathodic channel ( HR =1 limit).

For these two simulations, near the flow inlet, the relative
humidity in the humidified channel decreases. So if RH g\é=0

and RH LNCZO.S (purple curve on Figure 5), we observe that
the relative humidity in the anodic channel decrease just after
the inlet while the relative humidity in the cathodic channel
highly increase. Water introduced by the hydrogen tends to
humidify dry air fed at the cathode.

This diffusive phenomena results in an equilibrium between
anodic and cathodic compartment of the cell. After a certain
length of the channel, no matter if the water was introduced at
the anode (with the hydrogen) or at the cathode (with the air)
sides, the water distribution is roughly the same.

But, by comparing the two simulations presented on Figure
S, one can notice that if air is humidified at the inlet (blue
curve) there is liquid water at the two channels outlet. Whereas
if the hydrogen is humidified at the inlet (purple curve), liquid
water is only present at the anodic channel outlet. The two
simulations do not show the same outlet states because water
quantities introduced in the cell were not the same, only
relative humidities were.

Other simulations have been done introducing the exact
same water quantity (instead of relative humidities) once in the
hydrogen, once in the air (Table 2). The humidifying water
introduced in the feeding gases correspond to 50% of the
electro-chemically produced water. Hence, water going out
from the cell is equal to 150% of the produced water (water
produced + humidification water).

Inlet Outlet
[anodic water,cathodic water] | [anodic water,cathodic water]
(% of produced water) (% of produced water)

[0, 50] [34.4, 115.6]
[50, 0] [34.7, 115.3]
[25,25] [34.5, 115.5]

Table 2: Outlet water distribution in function of inlet humidifying
conditions, co-flow

Thus, regardless of how gases are humidified, the water
distributions in the anodic and cathodic outlets are the same.
Because produced water depends on the current density and is
produced at the cathodic electrode, this outlet water
distribution is correlated with the current density of the cell.

The same simulations have been done for a counter-flow
feeding gas strategy.

Counter-flow feeding gas strategy

The same representation is used for counter-flow feeding
gas strategy. The Figure 6 represents the progression of
potentials in the cathodic channel as a function of the potentials
in the anodic one.

As in the co-flow strategy, the results given by the

simulation in which inlet hydrogen is dry and air is humidified
(blue curve on Figure 6) are analyzed in detail to determined
the distribution of liquid water in the cell.

R

Hypsq i
SCC = AE=1 limj¢
ce=1limit
Hyin Hzin
air-out air out \\

MRH,.=0 RH(.=0.5
MERH.=0.5 RH{=0

Figure 6: Map of potentials in the channels, counter-flow

The channels are in opposite ways so we follow the hydrogen
way to analyze the water distribution. The inlet of the hydrogen
channel correspond to the air channel outlet. That's why there
is liquid water in the cathodic channel while hydrogen is
introduced in the cell. Then liquid water appears at the cathodic
electrode. After that there is liquid water at the two electrodes
and in the cathodic channel. Thus liquid water appears in the
anodic channel: water is liquid in the whole cell thickness.
Close to the air inlet (hydrogen outlet), air is dryer so potentials
in the cathodic compartment decrease. First, liquid water
disappears in the cathodic channel, then at the anodic electrode
and finally at the cathodic electrode. At the hydrogen outlet
water is liquid in the anodic channel whereas air is introduced
with the given relative humidity.

With the counter-flow feeding gas strategy, humidifying air
or hydrogen do not lead to the same water distribution between
cathodic and anodic channels at the outlets (Table 3).

Inlet Outlet
[anodic water,cathodic water] | [anodic water,cathodic water]
(% of produced water) (% of produced water)

[0, 50] [35.3, 114.7]
[50, 0] [17.2,132.8]
[25,25] [24.2,125.8]

Table 3: Outlet water distribution in function of inlet humidifying
conditions, counter-flow

An interesting result is that humidifying air (at the cathode)
gives more water at the anodic channel outlet. This is normal
because inlet humidified air humidify the hydrogen exiting of
the cell.

By comparing the two simulations presented on Figure 6,
one can notice that when air is humidified at the inlet (blue
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curve) there is liquid water at the two channels outlet. Whereas
when hydrogen is humidified at the inlet (purple curve), liquid
water is only present at the cathodic channel outlet. Once
again, the vapor at the hydrogen inlet humidify the exiting air
and, the non humidified inlet air dry the exiting hydrogen.

Results of the two feeding gas strategies are more precisely
compare in the next part.

Co- and counter-flow comparison

Feeding gas strategies drastically change the water
distribution in the cell. To compare co- and counter-flow water
distributions, Figure 7 represents the progression of relative
humidities and saturations along the cell for the two feeding
strategies. This figure is another representation of the blue
curves of the Figure 5 and Figure 6 (air is introduced with a
50% relative humidity ( RH p.=0,5 ), and inlet hydrogen is dry
( RH'.=0)). Simulations have been done with Table 1
parameters.

As mentioned, performances of fuel cells are directly linked
to water distribution. On the one hand, the better the membrane
is hydrated the better protons can pass thought the membrane.
Moreover, membrane properties can be spoiled if it dries out.
Fuel cell performances would be better and for a longer time if
the membrane is not too dry. On the other hand, if the amount
of liquid water is too large at the electrodes, electro-chemical
reaction sites can be flooded. Hence, the best hydration
conditions are nearly reached while relative humidities are one
and saturations are null at the two electrodes.

Figure 7: Relative humidities and saturations along the cell, co-
and counter-flow comparison

A detailed exploitation of the results presented on Figure
7(a) gives the complete distribution of water in the cell for a
co-flow feeding strategy. In 63% of the cell, water is only
vapor. In 4% there is liquid water only at the cathodic
electrode. In 5% liquid water is present on the two electrodes.
Then in 13% of the cell there is liquid water at the two
electrodes and in the anodic channel. Finally, in the last 15% of
the cell there is liquid water in all the cell thickness.

Moreover the same analysis is done for Figure 7(b), to
describe the water distribution in a counter flow feeding

strategy. In term of cell surface, in 35% of the cell water is
liquid in the cathodic channel. For 67% of the flow there is
liquid water at the cathodic electrode. Among it, 56% of the
flow also results in liquid water at the anodic electrode. And, in
65% of the cell water is liquid in the anodic channel.

Then, a main difference in the water distributions for the
two feeding gas strategies is the relative humidities values in
absence of liquid water. With the counter-flow strategy, in
absence of liquid water, relative humidities are quite high. At
the electrodes relatives humidities are always above 50%. On
the other hand, the co-flow simulation shows quite low relative
humidities close to the inlets. In the first 17% of the cell,
relative humidities at the electrodes are below 50%. This bad
humidification of the membrane could lead to a early
deteriorations of the polymer membrane, and by this way a
decrease of the fuel cell performances.

Figure 7 shows that with a co-flow strategy water high
potential areas are concentrated close to the end of the flow
while with the counter-flow distribution, water is spread likely
in the whole cell. With the counter-flow strategy there is
always liquid water in one of the 4 key points of the cell. This
better distribution of water in all the cell is particularly good
for membrane hydration. Water is liquid on each side of the
membrane for 56% of the cell with the counter-flow feeding
gas strategy whereas there is only 33% of the cell in which
there is liquid water on both side of the membrane for the co-
flow strategy. This better hydration of the protonic membrane
would give better electrical performances with a counter-flow
fed fuel cell.

However, the good hydration of the membrane with a
counter-flow feeding strategy is attenuate by the fact that more
liquid water is present. As saturations for the two simulations
reach the same level (19%), flooding is equally important in
the two feeding strategies, but it concerns a larger part of the
cell in the counter-flow simulation (67% of the counter-flow
strategy, 37% for the co-flow strategy). To conclude, the
counter-flow strategy is more prone to flooding.

CONCLUSIONS

A model have been developed to study the water
distribution in a PEM fuel cell. The water distribution was
analyzed from the gas inlet to the outlet and through the cell
thickness. The liquid water as the vapor water are taken into
account in the model. Thereby liquid water appearance and
transport were studied. This model allows also to simulate and
compare two feeding gas strategies. A co-flow strategy, in
which air and hydrogen flow in the same way, is compared
with a counter-flow strategy in which air and hydrogen are
flowing in opposite ways.

The counter-flow model gives a better distribution of water
in the whole cell. The water is not concentrate next to the
outlets but it is more homogeneously distributed everywhere.
In consequence of this water distribution, feeding fuel cells
with counter-flow strategy can prevent early deteriorations of
the polymeric membrane by drying. Also, the membrane is
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better humidified, so electrical performances of the cell might
be better. However, more liquid water is noticed for this
strategy. Thus, active area flooding could occur, that results in
drastic electrical performances drops.

A set of experiments is planned to validate this model and
its results. Moreover, to improve the accuracy of the model the
assumption of a uniform current distribution will be changed
into a uniform electric potential distribution model. Then, the
evolution of current density along the cell channels would be
observed. This will allow to directly estimate the impact of
water distribution on cell performances. Comparing these
results with a cross-flow feeding gas strategy could also be
interesting.
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