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a b s t r a c t

In this contribution a simplified, isothermal, two-phase, one-dimensional model for the calculation of the
cathodic gas flow along the flow field channels of a polymer electrolyte fuel cell (PEFC) is presented. The
composition of the humidified oxidant gas, average gas velocity, pressure drop, and other quantities can be
calculated for any gas distributor structures with one channel. Thereby, the model requires several input
parameters which have to be determined solely by experiment and pre-defined operation conditions, e.g.
the water content of the feed gas, local current densities, and gas flow rates. In contrast to other models,
the cross-section reduction has been taken into account which results from the penetration of the gas
diffusion layer into the flow field channels due to the mounting pressure. Beyond this, the model needs
no fit-parameters for further adjustment.

For close examination of the factors limiting the performance of a PEFC, the DLR has developed several
techniques for measuring the current density distribution with spatial resolution. In order to investigate

the origin of the corresponding effects, one of these techniques has been improved by implementing the
model of the cathodic gas flow as an on-line feature.

The combination of a spatially resolved measurement technique with a real-time simulation gives a
better understanding of the local processes within the cell and represents a helpful tool for the develop-
ment of fuel cell components as well as for the optimization of the operating conditions. Exemplarily, the

or a 2 2
presentation the results f
paper.

. Introduction

Polymer electrolyte fuel cells (PEFCs) are one of the most inter-
sting alternatives for a pollution-free energy production in the
elds of portable, mobile, and stationary applications where a
ighly reliable source of electricity is needed.

One of the major challenges in the development of these pow-
rful devices is to exploit the whole potential of a given membrane
lectrode assembly (MEA) by an optimized supply of the reaction
one with the reactant gases and an adequate removal of the reac-
ion products. For this purpose, the gas distribution structures,
hich consist of the gas diffusion layer (GDL) and the flow field

ave to be optimized.

In combination with an adequate GDL a suchlike improved flow
eld will provide an optimal distribution of the reactant gases over
he entire area of the MEA (and the collection of the exhaust gases,
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5 cm serpentine flow field at different operation modes are shown in this
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respectively). In addition, it ensures a sufficient humidification of
the proton exchange membrane, whereby excess water has to be
removed from the cell in order to avoid flooding of the electrodes.
Thereby, the water balance is mainly determined by the hydropho-
bic/hydrophilic character of the GDL.

In practice, not all demands on a gas distributor structure can
be fulfilled at the same time, because some of them are inconsis-
tent with one another. For example, the transport of the reactant
gases is enhanced by a high porosity of the gas diffusion medium
whereas the electrical as well as thermal conductivity suffers from
this feature. Hence, local mass transfer and temperature effects still
remain obstacles during operation. These phenomena lead to inho-
mogeneous current distributions resulting in a reduced efficiency
of the PEFC.

For a goal-oriented development of gas distributors a deeper
insight into the different fuel cell processes in general and the

mass transfer in the flow field channels in particular is required.
Therefore, the simulation of the gas flow represents an extremely
helpful tool. But for reaching a satisfying result, these simulations
typically use a huge variety of parameters which can frequently
not be related to experimental measurement data, e.g. effective

http://www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
mailto:torsten.knoeri@dlr.de
dx.doi.org/10.1016/j.jpowsour.2008.12.058
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Fig. 1. Anodic flow field with 16 current collector seg

ransport coefficients. Hence, an approach not relying on fitting
arameters has significant advantages for the uniqueness of the
esults. Furthermore, the mathematical expenditure is extremely
igh. Consequently, a simultaneous description of the operating
tate of a fuel cell is not possible while the cell is working.

In this contribution a simplified, isothermal, two-phase model
or the calculation of the cathodic gas flux along the flow path in a
EFC is presented. This model requires only input parameters that
re determined solely by experiment and can be combined with
patially resolved measurement techniques. This allows an on-line
nalysis of an operating fuel cell which is extremely helpful for an
ptimization of the flow field structure but also for the optimization
f the operating conditions.

. Experimental set-up

In order to investigate the important factors for the fuel cell
erformance, the DLR has developed several measurement and
isualization techniques for polymer electrolyte (and solid oxide
uel cells) to determine the local current density distribution in
aboratory cells without disturbing the cell operation [1–7]. Fig. 1
isplays the design of the anodic flow field, used in this study,
hose 25 cm2 flow field (and current collector) is divided into

6 segments with an area of 1.54 cm2 for each segment. The cur-
ent which is generated in a certain region of the MEA flows

hrough the corresponding segment and a small series resistance.
ts voltage drop along the resistance is scanned and the result-
ng current density distribution is registered. For insulating and
ealing reasons the individual segments are separated by a silicon
ast.

Fig. 2. Scheme of the used serpentine flow field with characteristi
for local current density distribution measurement.

The anodic flow field currently used in this cell has a choco-
late wafer structure. But due to the fast kinetics of the hydrogen
oxidation, the design of the gas distributor on the anode has no
significant impact on the cell performance and the current density
distribution, respectively [2–4,8]. In addition, experiments with a
segmented cell, which bases on the printed circuit board technol-
ogy and which provides a higher spatial resolution, have shown
that the influence of the flow field segmentation on the fuel cell
performance is negligible [5].

While the so-called segmented cell is used as gas distributor and
current collector at the anode, the cathode is not segmented and can
have various flow field designs. For the measurements mentioned
below a flow field with one single channel and a serpentine struc-
ture was used. The width and the depth of the channel were 1.0 mm,
whereas the land width amounts to 0.5 mm. Fig. 2 shows an illus-
tration of the used flow field. Therein, the characteristic dimensions
as well as the direction of the air feed stream are given.

For all electrochemical experiments MEAs with commercial
electrode materials purchased from E-TEK® were used. Both on the
anode and on the cathode the electrodes contained a Pt-loading
of 0.4 mg cm−2 with 20 wt.%. Pt/C and single sided backings as gas
diffusion layers. In each case the MEAs were prepared by placing
the commercial electrodes onto a Nafion®-1135 membrane (pur-
chased from DuPont®) without pressing them together. The final
development of a composite structure between the electrodes and

the membrane material was achieved by the cell assembling and
during an appropriate start-up procedure. The active area of each
MEA was 5.0 cm × 5.0 cm.

The assembled cell was fixed in a test set-up which was devel-
oped for automatic, continuous, and safety controlled operations

c dimensions and direction of the air feed stream (cathode).
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ith hydrogen and air or oxygen. These facilities allow the variation
f the operating conditions in a wide range of parameters [9–11]. All
xperiments were performed with pure hydrogen (type 5.0, Messer
riesheim) and air at pressures of 2.0 bar absolute at the inlet. Both
ases were humidified by passing heated bubble columns and kept
t the columns’ temperature until they reached the fuel cell. For the
etermination of the water mass flow which is added to the air feed
tream, each bubble column was pre-characterized. In this way, the
elative humidity of the air stream, ϕ, can be calculated as a func-
ion of the air flux and the water temperature within the bubble
olumn. The cell itself was operated at a temperature of 85 ◦C.

The electrochemical experiments differed in the adjusted air
ow (400, 800, and 2000 sccm) and the corresponding mass flow
f water (0.0875, 0.2065, and 0.8132 g min−1). The used hydrogen
ow was 240 sccm.

. Modelling

The main objective of this section is to present the main features
f a simple, but unified model that encompasses both the single-
nd the two-phase regime at the cathode and ensures a smooth
ransition between the two. In the following, only the basic model
ssumptions and the main calculation steps for the present problem
re summarized. For clarifying the different steps of the modelling
rocedure, a flow chart is given in Fig. 3.

The used model is strongly simplified in order to reduce the
odel parameters to a minimum. In this way, the computing

ime can be reduced, which is necessary for an on-line modelling
f the cell operation. The simplifications of the model are listed
elow:

The modelling is performed by a one-dimensional model along
the cathodic gas channel. Thereby, the thermodynamic state of
the corresponding feed stream along the channel is calculated
successively by means of experimentally measured data (cur-
rent density measurements, state of the feed gas at the inlet
of the cell) and a simplified water transport across the MEA
in order to substitute a reaction and a transport model for the
MEA.
For the calculations with a 1-D model the gas channel is dis-
cretized in control volumes that are arranged subsequently along
the channel. Thereby, j is used as counting parameter which is
related to the position of the control volume.
Local variations on the anode will be not taken into account in
this model.
Within the model the generation of thermal energy by the non-
ideal electrochemical reaction as well as the cooling effect by
the evaporation of liquid water is neglected. Consequently, the
temperature in the entire fuel cell is regarded as constant and a
distribution of the temperature does not occur. The simplification
of a fixed temperature is reasonable, because the model is used
for interpretation of experiments which are carried out by a single
test cell with thick metal end plates and an external temperature
control.
The electrochemical reaction is not simulated, but taken into
account by the local current density, which results from an
experimental determination of the local mass conversion on the
cathode. Hence, the model does not need a sophisticated model
for the simulation of the electrochemical reaction that includes

the local composition of the reaction gases, the transport pro-
cesses, the local humidification, etc. The use of the experimentally
measured current density distributions allows abstaining from
non-understood fitting parameters, which is a significant advan-
tage. The local current density distribution is also the base for the
water transport (see below).
Fig. 3. Flow chart of the modelling routine.

The consumption of oxygen is calculated by means of Faraday’s
law as a local reaction rate for the control volume j:

ṅO2,reac,j = AMEA,j

zO2 F
iMEA,j (1)
Thereby, zO2 represents the number of electrons, which are required
for the conversion of one mole oxygen. iMEA,j is the current density in
the region of the MEA, AMEA,j, that is related to the control volume.
As depicted in Fig. 4, the area and the shape of the region AMEA,j
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saturation pressure of water which can be calculated by Antoines’s
law [16]. If the “pseudo”-partial pressure is less or equal than the
saturation pressure the humidified air is not oversaturated and its
relative humidity is less or equal to unity. In this case, no liquid
Fig. 4. Partial areas of the MEA, AMEA,j , related to a control volume at the: (a)

epends on the position of the corresponding control volume along
he channel.

Simultaneously, the consumption of oxygen leads to the forma-
ion water. Hence, the water generation rate can be calculated by
he equation:

˙ H2O,reac,j = AMEA,j

zH2O F
iMEA,j (2)

hereby, zH2O represents the number of electrons, which are nec-
ssary for the generation of one mole water.

The transport processes across the MEA are not simulated. They
are reduced to the production of water and the consumption of
oxygen at the cathode by the electrochemical reaction as well
as to an effective water transport across the membrane. The mass
transfer of water through the membrane considers the water drag
from the anode to the cathode and the back diffusion in the oppo-
site direction depending on the local current density (0.2 H2O/H+

[12,13]). Thereby, the properties of the different membrane-
electrode-assemblies and especially the hydrophobic/hydrophilic
character of the reaction layer and the gas diffusion layers are
neglected.
Further simplifications refer to the phase state of water. The liq-
uid water phase and the water vapour are resumed to be always
in the thermodynamic equilibrium. Therefore, the liquid water
phase only exists, if the relative humidity is greater or equal unity
(saturation). The relaxation into the state of equilibrium needs no
time in the model. In addition, the model supposes that the liquid
water phase is transported with the same velocity as the gaseous
water vapour phase.

All simplifications concerning the vapour–liquid-equilibrium of
ater, the mass transfer through the membrane and the velocity
f the liquid water along the cathodic gas channel are made with
espect to a reduction of the computing time. A more sophisticated
odel like in Ref. [14] may improve the quality of the simulated

esults, but it also requires significantly more computing power.
onsequently, an extremely detailed modelling cannot be easily

mplemented into the presented measurement technique and can-
ot be used as a feature of an on-line tool.

Furthermore, it should be noted that, since the model does not
nclude effects on electrode level, no direct interpretations of elec-
rode processes are possible. However, the local performance of the

EA is an input parameter into the model evaluation that enables
n interpretation of the channel state. From this information also
lausible deductions on the local operating states of the electrodes

an be drawn.

For starting the simulation, the model requires several initial
alues. These parameters include the thermodynamic state of the
athodic feed gas at the inlet, which is experimentally determined
s well as values which are given by the experimental set-up. The
(b) outlet and (c) at a 90◦-bend on the edge of the gas distributor structure.

main parameters for the simulation of the cathodic gas flux are the
adjusted air flow, V̇air,j=0, the inserted mass flow of water in the air
feed stream by the bubble column, ṁH2O,j=0, as well as the operat-
ing temperature, Tj=0, and the pressure at the inlet of the cell, pj=0. In
addition, the model requires data about the flow field and its con-
duit, which includes the flow field design and the reduction of the
channel’s cross-section by impression of the gas diffusion layer into
the channel due to the clamping pressure as depicted in Fig. 5 [15].
As described above, for the consideration of the chemical reaction
the measured current density distribution, i, was used. Hence, the
MEA, the GDL, and the processes within can be regarded as a “black
box”.

After setting the initial values on the basis of the experimental
data in each control volume along the channel, the steps which are
described below are performed. Thereby, the outlet values for each
element become the inlet values for the following one. In this way,
the control volumes are handled subsequently until the outlet of
the cell is reached.

Based on this set of parameters, a molar balance for the differ-
ent components of the humidified air flow is established for the
inlet of the fuel cell (j = 0). This balance is divided into two steps
and considers the oxygen consumption as well as the water gen-
eration at the membrane/cathode interface calculated by means
of the current density distribution measurements and the corre-
sponding mass conversion. To this point, the distinct state of the
water – liquid or gaseous – is neglected.

Therefore, the resulting mole fractions were declared as
“pseudo”-mole fractions (x∗

i
). By means of the “pseudo”-mole

fraction for the water and the total pressure at this position, a
“pseudo”-partial pressure (p∗

H2O) can be calculated.
This parameter helps to determine, if the water exists as vapour

or in a liquid form at this position of the channel. Subsequently, in
a second step the “pseudo”-partial pressure is compared with the
Fig. 5. Differential cross-section of a control volume within the cathodic gas channel
(channel width: b; channel height: h; depth of impression of the GDL: �d).
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Table 1
Composition of the air feed stream at the cell inlet and current obtained at 500 mV
(the values in the table are experimentally determined start values for the calculation
of the local gas composition and the pressure along the channel in the cathodic flow
field).

No. (–) Air flow rate
(sccm)

Water vapour mass
flow (g min−1)

Relative humidity
(–)

Current
[A]

F
(

12 T. Knöri, M. Schulze / Journal o

ater phase exists at the entrance of the fuel cell and the “pseudo”-
ole fractions for the different components correspond to the real
ole fractions as calculated before. In contrast, if the “pseudo”-

artial pressure is greater than the value of the saturation pressure
he humidified air is oversaturated and a liquid phase appears. In
his case, the relative humidity is set to unity and the composition
or the gaseous phase has to be calculated anew (xi, pi).

With the assumptions that the volume of the liquid phase is
egligible and that the velocities of the liquid and the gaseous
ater phase are equal, the total flux of the wet air and its velocity,

espectively, can be calculated for all cases: dry, unsaturated, satu-
ated and oversaturated wet air. According to the channel geometry,
he reduction of the duct cross-section by the penetration of the
acking material in the gas distributor structure as well as the
hapman–Enskog-equation for the calculation of the viscosity, the
ow condition can be determined by the Reynolds number [17].

Depending on the flow condition – laminar or turbulent – the
ressure drop, �pj, over a differential segment of the channel with
he length �l can be evaluated. Its calculation is based on the gen-
ral equations for the pressure drop in channels with a rectangular
ross-section and for 90◦-bending curve [17].

For the determination of the air composition at this position the
alculation has to start anew with a molar balance for the different
omponents as it was mentioned above. In this way, a flow field on
he cathode side can be calculated step by step from the inlet (l = 0)
o the outlet (l = ltotal).

Recapitulating, the model uses as input parameter the cathodic
ir flux and its water content, the measured current density dis-
ribution, and the given flow field geometry for the calculation of
ocal values like the composition of the wet air flow, the partial
ressures of all components, the average gas velocity as well as the
hase state of water. Moreover, the impression depth of the gas dif-
usion layer into the flow field channels is considered which can be
uantified by several methods [15]. Thereby, the focus of the model
s not the prediction of the fuel cell behaviour or the corresponding

erformance, but the interpretation of fuel cell experiments.

For validating the simulation model, the calculated humidity as
ell as the total pressure of the cathodic outlet stream were com-
ared with measured values. Thereby, differences in a range of ±10%
ere observed which are tolerable for the desired application area.

ig. 6. Measured current density distributions in mA cm−2 under different operating cond
II) 800 sccm, and (III) 2000 sccm; the orientation of the flow field corresponds to Fig. 2].
I 400 0.0875 0.68 14.1
II 800 0.2065 0.80 16.9
III 2000 0.8132 1.00 18.6

In contrast, locally resolved pressure and humidity values along the
gas channels cannot be performed presently, because sensors for
these quantities have not been implemented into the segmented
cell technology yet.

4. Results and discussion

By means of the following three examples the combination of
experimental current density distribution measurements and the
evaluation of the data with the model described above will be given.
These experiments differ in the adjusted air flow rate and the water
content. Table 1 gives an overview about the different settings of the
oxidant feed stream at the inlet of the fuel cell. The hydrogen flow
was kept at 240 sccm in all experiments. In Fig. 6 the current density
distributions measured at a cell potential of 500 mV are displayed.

All of the three diagrams show a similar structure of the cur-
rent density distribution. Starting from the gas inlet in the upper
corner on the right the current generation increases along the direc-
tion of the gas flow. After passing a global maximum, the current
density declines towards the outlet continuously. A closer look on
the regions with the highest current densities reveals that a strong
dependency between the global maximum, the adjusted air flux,
and the humidification conditions exists. The higher the air flow
rate and the higher the water vapour flux, respectively, the higher

is the current density at the gas inlet as well as the maximum value
of the whole current density distribution. Simultaneously, the posi-
tion of the maximum is moved in the flow direction towards the
outlet in accordance with an increase of the air flow rate and the
water content of the humidified air.

itions (referring to Table 1) at a cell potential of 500 mV [air flow rate: (I) 400 sccm,
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ig. 7. Calculated partial pressure of oxygen at different air flow rates along the flow
eld channel of the serpentine gas distributor.

Without further information this behaviour of the fuel cell
ould be interpreted as identical for each of the three experiments.
ut in contrast, an evaluation of the experimental data by using
he model described above reveals that the situation within the
ell may differ completely. For these purposes, the thermodynamic
tates of the cathodic feed streams along the gas distributor channel
ere calculated from the experimental data (operating conditions

nd measured current density distribution). The calculated oxygen
ressure along the channel is displayed in Fig. 7, the corresponding
elative humidification is shown in Fig. 8 for all of the three air flow
ates.

The partial pressure of oxygen typically has a fundamental influ-
nce on the rate of the electrochemical reaction and accordingly on
he entire consumption of oxygen. Along its way through a gas dis-
ributor the partial pressure of oxygen in humidified air suffers from
wo different mechanisms. On the one hand, the partial pressure is
educed by the chemical conversion at the cathode. At a constant
urrent density this influence grows with reduced air flux. On the
ther hand, the partial pressure declines proportionally to a reduc-
ion of the total pressure. This effect becomes important at higher
ir flow rates when the pressure drop rises significantly.

A comparison of the partial pressures of oxygen for the differ-
nt electrochemical experiments demonstrates the impact of each
ingle effect while they are superimposed.

Due to the humidification the cathodic air flux in the bubble

olumns contains vapourous water, so that the partial pressure
f oxygen is lower than 21% of the total pressure at the inlet
pj=0 = 2 bar). When the air flow rate is increased from 400 to
00 sccm the reduction of the partial pressure along the channel

s less pronounced. However, if the flow rate is increased from

ig. 8. Calculated relative humidity at different air flow rates along the flow field
hannel of the serpentine gas distributor.
r Sources 193 (2009) 308–314 313

400 to 2000 sccm, the oxygen partial pressure decreases strongly
along the channel. In this regard, it is noted that the dependence
of the pressure drop on the flow rate is very distinctive. Whereas
a change from 400 to 800 sccm increases the pressure drop from
72.5 up to 162.9 mbar (a factor of approx. 2) the variation from 400
to 2000 sccm results in a pressure drop of around 1 bar (a factor of
15). Due to the increasing mass flow an increase of a factor 5 would
be expected, but in addition, the flow type changes from laminar
to turbulent, inducing an increase of the flow resistance and conse-
quently an additional significant increase of the pressure drop. For
this reason, the effect of an increasing pressure drop with the flow
rate has only a low impact on the partial pressure and the pressure
drop for the change from 400 to 800 sccm. In contrast, the chem-
ical reaction relatively consumes more oxygen due to the higher
current production. But as a result of the doubled air flux the mole
fraction of oxygen remains higher. Therefore, the reduction of the
partial pressure of oxygen is dominated by the oxygen consumption
which leads to a smaller decrease for the higher air flow rate.

When the air flow rate is adjusted to 2000 sccm the importance
of both effects is reversed. In this case, the reduction of the partial
pressure is mainly determined by the increase of the pressure drop
which is nearly 15 times higher than at an air flux of 400 sccm. In
contrast, the oxygen consumption that reduces the oxygen fraction
of the air stream is only marginal has no significant influence on
the partial pressure.

The oxygen partial pressures do not explain the recorded current
density distributions. Hence, another parameter must have a more
significant influence on the variation of the local electrochemical
performance.

It is well known that the humidification has a strong influence on
the membrane conductivity and consequently on the electrochemi-
cal performance. Therefore, the local water content and the relative
humidification, respectively, were calculated with the model. In the
first experiment which is performed with an air flux of 400 sccm
the air entering the cell is too dry for a complete humidifica-
tion of the polymer electrolyte. Hence, the proton conductivity
becomes the limiting factor for the electrochemical conversion in
this region. Along the channel the water generation leads to an
increasing relative humidity which improves the conductivity of
the membrane and thereby the local electrochemical performance.
Directly at the inlet water is only present as vapour. But as a result
of the gradually increase of the water generation rate the rela-
tive humidity approaches unity. At this point, the water condenses
and a two-phase flow is developed. It is noted in this respect that
the membrane material (Nafion®) is humidified more effectively
from liquid water compared to water vapour. As a consequence of
the presence of liquid water the membrane conductivity increases
along the channel, but simultaneously the oxygen transport is more
and more hindered by the liquid phase. Therefore, the local electro-
chemical performance decreases after the formation of liquid water.
Consequently, the maximum of the current density is positioned
near the middle of this region and marks the position where the
water flux changes from a single vapour phase to a vapour–liquid
system.

A doubling of the air flow keeps the behaviour of the water sim-
ilar, but the maximum of the current density is shifted in the flow
direction to the middle of the cell. Due to the higher flow rate the
increase of the humidification along the channel is lower, because
the conversion of oxygen to water is not doubled, too. This is related
to the changes of the oxygen partial pressure as discussed above.

In contrast to the first two experiments, at the high air flow rate

of 2000 sccm the air flux becomes oversaturated with water mean-
ing a liquid water phase already enters the cell. Caused by the higher
gas velocity and the resulting high pressure drop over the cell the
liquid water evaporates along the channel and the relative humid-
ification decreases. In contrast to the other experiments described
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bove the liquid water hinders the oxygen transport in the first
ection of the cell and the drying of the membrane reduces the elec-
rochemical performance towards the end of the channel. As a result
f these experiments the maximum current density remains in the
iddle of the active area, like in other experiments, but the rea-

on for this current density distribution is completely different. The
osition of the maximum here indicates the complete evaporation
f the liquid water phase.

. Conclusion

The three experiments show clearly that diametrical effects
nfluence the oxygen partial pressure as well as the water content of
he air flux. Based on that knowledge, it can be derived that by vari-
tion of the air flow rate and its water content the humidification,
he oxygen partial pressure as well as the extension of the area with
high local electrochemical performance can be locally adjusted.

For all experiments the measured current density distributions
ave a similar appearance, whereby the maximum marks the tran-
ition from a single to a two phase flow of water and vice versa.
he real conditions inside the cell differ significantly between the
arious experiments, but only by means of the current density dis-
ribution measurements the local operating conditions cannot be
xplained. Consequently, for a distinct evaluation of the experimen-
al data a simple modelling is essential for the understanding of the
asic processes and the local operating conditions within a fuel cell.

For this purpose, an isothermal two-phase flow and transport
odel was developed and combined with the segmented cell tech-

ology for the determination of locally resolved current density
istributions. The crucial parts of this model are the analysis of the
ormation of liquid water, its effects on the local cell performance
nd the composition of the air feed stream on its way along the

athode.

In the present case, the simulation of the cathodic gas flow
learly reveals that the different states within the cell strongly
epend on the adjusted operating conditions, even if the measured
urrent density distributions resembles each other.

[

[

[

r Sources 193 (2009) 308–314

While one set of operating parameters leads to a successive
flooding of the channel structure from the inlet to the outlet, slightly
changed operating conditions results in a dry up of the cell.

These conclusions mainly result from the simulation. Hence, the
combination of current density measurements and modelling rep-
resents an extremely powerful tool for the investigation and the
design of flow fields as well as for the on-line analysis of fuel cells
and the development of control strategies. Moreover, the real-time
simulation of the cathodic gas flow within helps optimizing the
operating conditions of the cell.
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