INTERNATIONAL JOURNAL OF HYDROGEN ENERGY XXX (XXXX) XXX

Available online at www.sciencedirect.com International Journal of

ScienceDirect

journal homepage: www.elsevier.com/locate/he

Water liquid distribution in a bioinspired PEM fuel
cell

Alfredo Iranzo **, G.M. Cabello Gonzdlez °, Baltasar Toharias °,
Pierre Boillat °, Felipe Rosa *
@ Departamento de Ingenieria Energética, Grupo de Termotecnia. Escuela Técnica Superior de Ingenieria. Universidad

de Sevilla. Camino de Los Descubrimientos s/n. 41092 Sevilla Spain
® Electrochemistry Laboratory and Neutron Imaging and Activation Group, Paul Scherrer Institute, Switzerland

HIGHLIGHTS

« Neutron imaging study of the water distribution in a 50 cm? bioinspired PEM cell.
o Effect of operating temperature, pressure, current density, and humidity is discussed.
e Water accumulates preferentially in the anode side as a consequence of permeation.
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society points to hydrogen as a main sustainable energy vec-
tor, where fuel cells are regarded as sustainable energy con-
version devices transforming hydrogen into electric energy,
and generating only water as by-product. That way, fuel cells
have proven to be a more environmental-friendly technology

1. Introduction

The latest road-maps released by economic powers such as
United States [1,2] and Europe [3] to achieve a carbon-free
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compared to current energy conversion systems, provided
that hydrogen is obtained from renewable sources [4].
Nowadays, Polymer Electrolyte Membrane fuel cells (PEMFC)
are commercially present not only for stationary purposes,
but also for mobility applications [5] such as an alternative to
internal combustion engines because it is a clean technology
with zero emissions, relatively simple layout and greater ef-
ficiency [6]. However, as fuel cells are composed out of various
components whose interaction impacts the cell functionality,
there is still room for improvement in order to accelerate their
widespread, increasing their performance, lifetime, and
minimizing their fabrication and operational costs, not only of
the single fuel cell or stack [7], but also of the whole hybrid
system where the fuel cell is integrated [8]. In that sense,
understanding the fundamentals of PEM fuel cells is crucial to
reach optimal designs that break the last barriers to the
technology implementation.

Throughout the fuel cell operation, water is produced at
the cathode due to the oxygen reduction reaction (ORR). Also,
water is transported from the anode to the cathode via
electro-osmotic drag, potentially resulting in the dehydration
of the anode. At higher power, PEM fuel cells generate a
considerable amount of water that, due to the operating
condition required by the membrane (60—90 °C and 1—2 bar), is
partly found in a liquid state and can result in the accumu-
lation of water excess flooding the cell [7]. This flooding effect
not only blocks the pores used by oxygen to reach the catalyst
layer, but also decreases catalytic sites in the membrane for
the electrochemical reaction to occur [9]. On the other hand,
polymer electrolyte membranes need to absorb a certain
amount of water in order to preserve their ionic conductivity.
That way, water management in PEM fuel cells is thus one of
the most important and active research topics being
addressed in order to achieve higher power densities in stacks
for final applications. Most of the literature found about water
and also heat management make use of novel tools such as
three-dimensional multi-phase computational fluid dynamics
to model and optimize PEM fuel cell designs [10], but fewer
experimental studies can be found due to the difficulty of
observing the inside of the cell. In this sense, a Computational
Fluid Dynamics model was developed by Andersson et al. [11]
to study water transport in a channel relevant to Proton Ex-
change Membrane Fuel Cells (PEMFCs). The model employs a
volume of fluid approach and incorporates experimental
validation using synchrotron-based X-ray imaging. The re-
sults demonstrate good agreement between the model and
measurements, revealing the influence of channel height on
droplet behavior and the impact of the gas diffusion layer's
contact angle on droplet size. The research of Iranzo et al. [12]
introduces a modeling framework for simulating diffusive
mass transport limitations in PEM fuel cells at a local scale,
with a specific focus on the distribution of liquid water in the
porous media. By incorporating experimental measurements
obtained through neutron imaging, the framework maps the
liquid water distribution into the simulation model, allowing
for a more accurate representation. This approach enhances
the coupling of experimental measurements and model
development, resulting in more reliable models for under-
standing fuel cell phenomena. Zhao et al. [13] took in-situ
measurement using micro-sensors in the cathode flow field

plate under different conditions. Their work proves that the
relative humidity has a great effect on the internal resistance
of PEM fuel cells as high temperatures or low gas humidity
leads to membrane dry out. On the other hand, higher gas
humidity and higher pressure can alleviate this problem, but
may also result in cathode channel flooding. PEM fuel cells
thus depends on an optimum water management to reach
their most effective performance and extend the life-span of
the membrane. The design of bipolar plates among with the
operating condition tuning is a key aspect in order to get a
proper water management, avoiding flooding and improving
cell operation, especially at high current densities [14].
Among other techniques such as X-ray [15] or magnetic
resonance, neutron imaging has been proved to be an excel-
lent method to evaluate the water content in fuel cells [16—18],
stimulating in a successful way the understanding and opti-
mization of PEM fuel cells. It makes use of neutrons as radi-
ation for the image acquisition process, being the resulting
images mostly radiographs that represent the intensity of the
neutrons transmitted through a sample, providing the water
distribution in devices working under realistic operating
conditions [19-21]. Making use of this technique, previous
research in water management in commercial serpentine bi-
polar plates showed that, as expected, the presence of liquid
water in the cathode rises as the relative humidity of the inlet
gases, both anode and cathode gases, grow [17]. The anode
relative humidity had much less influence than the cathode
relative humidity in the fuel operation. Also, high humidity
had a positive impact on the fuel cell performance as the
water content in the MEA causes a decrease in the ohmic
resistance at low current density. Besides, the cell was found
drier at higher current densities because of the large gas flows
and cell temperature. As well, the accumulated water de-
creases as the cathode stoichiometry increases because a
higher cathode flow has a better ability to remove water [22].
Bipolar plates design plays an important role in water
management since gas flow channel scheme and dimensions
significantly affect water accumulation [23]. Biomimetics take
inspiration from nature and is based on the designs that
evolution has optimized over the centuries to technological
spearhead applications. That way, bipolar plates for polymer
electrolyte membrane fuel cells could be optimized to reach a
better performance of the fuel cell. In fact, in the later years
there has been an upsurge of studies of nature-inspired [24]
(lungs, leaves, sponges, honeycomb shape) bipolar plates that
have proven to present higher performance, improved water
management, lower pressure drops and provide more homo-
geneous gas distributions [25—-30]. Kang et al. [31] investigated
leaf designs for bipolar plates mimicking ginkgo and dicoty-
ledonous leaves. They found that none of their design over-
came the maximum power density or water removal capacity
reached for the commercial serpentine although both leaf
designs improved the parallel pattern design. Nasu et al. [32]
studied water management in a comb-shaped cathode
serpentine anode cell. They observed that gas stream velocity
was a key parameter for removing liquid water and that, at
low current densities, liquid water was found in the gas inlet
whereas at high current densities, it moves towards the
outflow gas channels. The use of a hydrophobic GDL results in
water spreading more uniformly in the anode channels what
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indicates that the water generated at the cathode is diffused to
the anode side. Also, the heat generated by the cathode
overvoltage leads to a low water condensation at the cathode
and anode, reducing the ohmic overvoltage and suppressing
the increase in diffusion overvoltage. In the field of design and
simulation, Asadzade et al. [33] have investigated the more
common flow patterns to get a uniform pressure, velocity and
reactant distribution through the surface of the catalyst layer
and design a lung-inspired pattern for a bipolar plate. Their
simulation showed that the developed pattern improved the
cell performance, as it presented less pressure loss, a much
uniform reactant distribution and suitable fluid velocity.
Trogadas et al. have a background in the research of nature-
inspired solutions for fuel cells. They have developed a lung
inspired flow field that distributes reactants in a uniform way
[34,35]. Their design presents two regions, an upper one with a
branch pattern and a lower one with clusters of acini. They
observed in a commercial serpentine that in the anode water
started to accumulate in the corners of the channels while in
the cathode spread across the surface of the channel in the
direction of the flow. Their lung inspired design favored the
aggrupation of water drop and therefore the cell flooding even
at low current densities [36]. However, once they installed a
thin graphite plate with capillaries, water accumulation
occurred only on the anode side while the water generated at
the cathode was quickly removed from the channels,
decreasing pressure drop and increasing power density a 30%
when compared with the commercial serpentine design [37].
Suarez et al. [38] have also presented a study in the line of
bioinspired PEM fuel cells. Four designs were selected taking
as a starting point a CFD fluid flow analysis of different con-
figurations. Then, experimental results indicated that one of
the proposed biomimetic design is particularly suited for
improving water management at high reactants humidity
reaching out a peak power a 6.0% higher in comparison with
the reference commercial serpentine design. Future research
should, therefore, analyze water distribution within the
channels of this novel design.

According to Jiao et al. [39] there are two established design
approaches for bipolar plate structural designs, involving
modifications to the channel-rib structure or the development
of flow fields with micro-baffles or porous structures. Gra-
phene's unique combination of properties makes it an
attractive material for including porous structures in PEM fuel
cells, as it offers exceptional electrical conductivity, a large
surface area, a lightweight and porous structure, chemical
stability, corrosion resistance, and effectiveness in water
management. Its high electrical conductivity facilitates effi-
cient electron transfer, while its large surface area enhances
electrochemical reactions and catalyst-reactant contact. The
lightweight and porous structure allows for efficient gas
transport and effective water management. Additionally,
graphene's chemical stability and corrosion resistance ensure
long-term stability of fuel cell components. In terms of water
repellency, graphene generally exhibits a hydrophobic
behavior, with reported contact angles ranging from around
80 to over 95° [40,41]. Graphene foam has been reported to
improve PEM fuel cell performance and they are the logic
evolution of the innovative metal foam. Several studies such
as the one carried out by Kumar et al. [42], Wang et al. [43] or

Tseng et al. [44] proposed the use of metal foam as the flow
field for bipolar plates in order to create a convective and
diffusive gas flow pathway, reaching an enhanced heat
management and electron transport due to the high thermal
and electrical conductivity of the metal foams, preventing
water flooding and improving performance. However, metal
foams are susceptible to corrosion and the use of metal
components in MEAs can lead to contamination by metal ions.
Chen et al. [45] introduced graphene foam, a three-
dimensional material created by depositing graphene onto
nickel foam and removing the nickel using chemical wet-
etching. This material combines the advantages of metal
foams with graphene's unique properties, eliminating corro-
sion concerns. When used as a flow field in PEM fuel cells, they
achieved uniform reactant distribution and prevented water
flooding. Park et al. [46] proved that a graphene-foam flow field
improved mass transport and higher performance at high
current densities based on single-cell tests. Analysis of oxygen
gain, electrochemical impedance spectra, and simulations
indicated that a graphene-foam MEA exhibited lower mass-
transport resistance compared to a conventional MEA [47].
This advantage stems from graphene foam's ability to facili-
tate the efficient mass transport of reactants and water.

This paper provides a deeper insight into the fuel cell water
management in order to find how the operating conditions
(cell pressure, the reactants relative humidity (anode and
cathode), temperature and cell current density) affect the
liquid water distribution inside the bipolar plates channels of
a bio-based design. The design of filling the cathode channels
of the cell with a graphene mimics the structure and function
of natural systems such as the structure of the lung alveoli,
which are tiny air sacs in the lungs that allow for efficient gas
exchange. The alveoli have a complex three-dimensional
structure that is composed of thin walls and a network of
small channels that allow for the interchange of gases be-
tween the air and the bloodstream. Similarly, the graphene
foam acts as a porous structure that allows for efficient
transport of oxygen to the cathode, where the oxygen reduc-
tion reaction takes place. Graphene porous sponges and lungs
demonstrate similarities in their structure and functionality.
They both possess a porous nature, with graphene porous
sponges constructed from interconnected graphene sheets
and lungs composed of an intricate network of air sacs and
passages. This porous composition enables a substantial
surface area, which plays a crucial role in facilitating efficient
gas diffusion and exchange, having high gas permeability.
Additionally, both structures possess a notable surface area-
to-volume ratio, promoting enhanced gas exchange effi-
ciency by providing ample space for gas molecules to interact.
The insertion of graphene foam in a fuel cell can also be
compared to the structure of a plant's vascular system, spe-
cifically the xylem. The xylem is a network of tiny tubes that
transport water and nutrients from the roots to the leaves of a
plant. Similarly, the porous structure of graphene foam can
act as a network of tiny tubes that transport gases within the
fuel cell. Moreover, the hierarchical structure of xylem, from
the microscale to the macroscale, provides efficient transport
and distribution of fluids and nutrients throughout the plant.
Similarly, the hierarchical structure of graphene foam, with
interconnected pores at multiple length scales, can provide
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efficient network for transport and distribution of fluids and
gases.

Neutron imaging was used over a 50 cm? PEM fuel cell to
determine the liquid water distribution at each operating
condition in both, flow field channels (cathode and anode) and
gas diffusion layers. The main novelty of the study is the
application of neutron imaging to investigate the liquid water
distributions in a bio-inspired fuel cell for a comprehensive set
of operating conditions. To the best of the authors’ knowledge,
there is not such a complete analysis of water distribution in a
bioinspired cell design using neutron imaging to assess a set
of different operating conditions.

2. Experimental facility and methodology
2.1. Cell description

All the experiments have been carried out making use of a
bio-inspired graphite 50 cm? active area cell fuel. The design
of the cell has been carried out by Sudrez et al. [38] and it
comprises a cathode with an inlet and outlet collector con-
nected in parallel with 6 groups of straight channels in sets of
7 channels each. Six derivations from the inlet collector and
the outlet collector were considered (one for each group)
simulating the branching distributions of the bronchi in the
outermost part of the lungs. A bio-inspired modification of
this concept was made inserting in the central part of the
vertical channels of each of the six groups for graphene
porous sponge inserts (density of 320 mg/cm? and pore size
of 580 pm) from Graphene Supermarket (Ronkonkoma, NY,
USA). A detailed image of the design can be found in Ref. [38].
The most fundamental point is that the complete flow field is
inspired by lungs, and not only the porous foam. The main
horizontal feed channel for the inlet gas on top of the flow
field would be corresponding to the windpipe, and the set of
short vertical channels connecting the main feed channel
with the porous foams would be corresponding to the
bronchi. Thus, the porous foam is designed to resemble the
alveoli within the lungs bulk volume. The anode, on the other
hand, is a commercial graphite serpentine flow field from
ElectroChem Inc. That way, the flow field layout is cross flow,
circulating the gases in the cathode vertically and in the
anode horizontally.

The membrane electrode assembly used during the tests is
a GORE® PRIMEA® MEAs A510.1/M665.15/C580.4 with a plat-
inum loading of 0.1 mg/cm? at the anode side, 0.4 mg/cm? at
the cathode side and 15 pm thick. Also, a set of Freudenberg
H23C6 gas diffusion layer of 250 um thick were assembled.

2.2. Experimental procedure

A comprehensive set of experiments was carried out (Table 1)
in order to study how the different operating conditions affect
water distribution in the cell. The studied variables were
anode-cathode relative humidity, temperature, pressure and
current density. For all tests, anode and cathode stoichiom-
etry was 1.3 and 2.5 respectively. Also, relative humidity was
kept symmetric i.e. same value in cathode and anode side
(RH, ) for each test.

Neutron imaging experiments, presented in Table 1, were
carried out as described in Iranzo et al. [22] at the SINQ-
NEUTRA beam-line at Paul Scherrer Institut, Villigen
(Switzerland) [29,30] with a 10 s exposure time. Previous to
every test, the cell was dried out circulating dry nitrogen
through anode and cathode. The cell was operated in galva-
nostatic mode setting the current, and anode-cathode flows at
each operating condition. In order to remove the water accu-
mulated during one test to have a fresh start in the next one,
liquid water was flushed by sudden decompression of the
anode and cathode in a short time so the GDL and the MEA
hydration were not significantly affected [18,48,49]. The im-
ages obtained through this procedure enable the differentia-
tion of liquid water distribution both in the channels of the
bipolar plate and in the gas diffusion layers.

Once the images were taken, the radiographs were cor-
rected and referenced pixel-wise by dividing the attained
images by a dry cell image, so the attenuation corresponding
only to water is obtained. The water thickness is calculated
making use of the Lambert-Beer law [17].

3. Results and discussion

This section presents the results of the neutron imaging tests
carried out with the biomimetic design and the main con-
clusions regarding the water accumulation and management
are exposed. The effect of changing the operating conditions
in the liquid water distribution is assessed, to determine
which parameters affects water management the most.
Finally, a detailed analysis of the water accumulation in some
particular areas of the cell allows to draw and study the water
accumulation profiles in the anode and cathode separately.

3.1. Effect of the operating conditions

Images resulting from neutron radiographies are presented
below (Figs. 2—4) where the gas inlets are on the top left and
the outlets on the bottom right of the figures. In the yellow-
blue images, blue color corresponds to the amount of liquid
water deposited, corresponding the shaded blues to water in
GDL and dark blue lines to water accumulated in the channels.
It can clearly be seen that there are significant differences in
the liquid water detected in the cell depending on the different
operating conditions. When reporting the results, three
differentiated zones have been considered (Fig. 1), each one
corresponding to different structures in the cathode flow field:
gas inlet, corresponding to the reagent access zone,
comprising the area occupied by the vertical cathode access
channels (~10 cm?); middle part, corresponding to the area
occupied by the cathode foams (~30 cm?); and gas outlet zone,
which includes the area occupied by the vertical and hori-
zontal gas outlet channels of the cathode (~10 cm?). It must be
considered that the reported value of liquid water in each
zone corresponds to the sum of both anode and cathode
contributions. It can however be observed that liquid water is
found in both cathode (vertical channels with a wide foam
space in the image) and anode (serpentine horizontal chan-
nels) and that it tends to accumulate in the outlet region of the
flow field (lower part of the images). This occurs because the
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Table 1 — Operating conditions defined for the set of experiments (RH,  is the relative humidity on anode and cathode, T

stands for temperature, P for pressure, F, and F. is the gas flow in anode and cathode respectively and, CD is the current

density).

Test RH, (%) T (°C) P (bar,g) F, (NmL/min) Fc. (NmL/min) CD (A/cm?) Cathode feed
1 60 65 0.5 444 2032 1 air
2 90 65 0.5 444 2032 1 air
3] 60 65 1 444 2032 1 air
4 90 65 1 444 2032 1 air
5 60 65 0.5 222 1016 0.5 air
6 90 65 0.5 222 1016 0.5 air
7 60 65 1 222 1016 0.5 air
8 90 65 1 222 1016 0.5 air
9 60 70 0.5 222 1016 0.5 air
10 60 55 0.5 222 1016 0.5 air

gas gradually becomes saturated with water in vapor phase as
it flows through the channels until water condensates,
flooding the channels and limiting gas diffusion, influencing
in a negative way the cell performance.

3.1.1.  Effect of pressure

Experiments 1 and 3 (Table 1) have been carried out at the
same operating conditions except for the pressure, which
rises from 0.5 to 1 bar. It can clearly be seen that the amount
of water in the channels of both anode and cathode increases
as the pressure does (Fig. 2). The same happens at a higher
relative humidity as it is shown in experiments 2 and 4,
where even the inlet cathode channels present a consider-
able amount of liquid water. The same tendency can be
spotted at higher current density (Fig. 3). It can be seen that
the section that increase the most its water content is the
foam section followed by the inlet section, whereas the inlet
zone is almost unaltered. For example, focusing in experi-
ments 1 and 3, water content rises 0.63 g in total, increasing
0.13 g the outlet section, 0.49 g the foam section and 0.01 g
the inlet section. This makes sense since the foam section is
the largest one and therefore has a higher liquid water
retention capability. On the other hand, if the amount of
water per area is considered, the most affected section is the
outlet zone (an increase of 0.0262 g/cm? average in the outlet
zone vs 0.0001 g/cm? average in the foam zone) since gases
are progressively saturated along their route through the

1

channels of the cell. As the gas outlet is situated in the lower
part of the cell, gravity also contribute to this preferential
accumulation.

3.1.2.  Effect of anode and cathode relative humidity

Anode and cathode relative humidity dramatically impacts
the presence of water in the fuel cell. In Figs. 2 and 3, it can be
seen that for both operating pressures (0.5 and 1 bar) at high
and low current density (1 and 0.5 A/cm?), the amount of
liquid water flooding the flow field rises as the inlet gases
humidity does, especially in the foam (an increase of 0.4 g of
water and 0.0033 g/cm? average for each of the four pairs of
experiments) but, above all, in the outlet zone of the cell (an
increase of 0.0075 g of water and 0.040 g/cm? average for each
of the four pairs of experiments). In this case, though, a sig-
nificant amount of liquid water appears in the inlet section for
the tests with a 90% of anode/cathode relative humidity (an
increase of 0.1 g of water average for each of the four pairs of
experiments). This early appearance of condensed water in
the channels of the fuel cell is due to the fact that the reactant
streams are very close to saturation, so the slightest genera-
tion of water causes complete saturation of the gas stream,
which leads to a higher rate of water condensation.

3.1.3. Effect of temperature

In experiments 5, 9 and 10 (Table 1), temperature is varied
from the highest value (70 °C) to the lowest one (55 °C). As

2 3 4 3 6 7 8 9 10

Test

m Qutlet » Foam m Inlet

Fig. 1 — Amount of water per surface on each one of the selected zones for the tests listed in Table 1. Dimensions of the

zones length in mm.
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Fig. 2 — Effect of relative humidity and pressure on water distribution (T = 65 °C, CD = 1 A/cm?). Liquid water distribution in
the cell from neutron radiographies of the experiments 1, 2, 3 and 4 listed in Table 1 (top), and amount of water in the cell
(bottom).
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Fig. 3 — Effect of relative humidity and pressure on water distribution (T = 65 °C, CD = 0.5 A/cm?). Liquid water distribution
in the cell from neutron radiographies of the experiments 5, 6, 7 and 8 listed in Table 1 (top), and amount of water in the cell
(bottom).
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Fig. 4 — Effect of temperature on water distribution. Liquid water distribution in the cell from neutron radiographies of the
experiments 7, 8 and 9 listed in Table 1 (top), and amount of water in the cell (bottom).

expected, as the temperature decreases, the amount of water
accumulated in the flow fields and GDLs increases due to the
loss of the ability of the gas to accept water in the vapor phase
(Fig. 4). This increase in the presence of liquid water as tem-
perature decreases is not linear, rather, the amount of water
detected is greater in the interval between 70 and 65 °C (an
increase of 0.8 g) than in the interval between 65 and 55 °C (an
increase of 0.13 g).

3.1.4. Effect of current density

The effect of current density in liquid water distribution in the
cell can be observed in Figs. 5 and 4. Experiments 1 and 5
present the same operating condition except for the current
density, that is higher in experiment 1 (1.0 vs 0.5 A/cm?). The
same occurs between experiments 2 and 6, but this pair shows
a higher relative humidity (90% vs 60%). As before applies for
the pair of tests 3 and 7, and 4 and 8 in Fig. 6. According to
Faraday's law, a higher water production occurs at higher in-
tensities, however, the gas flow in the anode and cathode flow
field is also higher at this operating condition, facilitating
water removal and preventing flooding. In addition, at higher
current densities the local temperature at the MEA is
increasing due to the heat generation and this is contributing
to the evaporation of liquid water. A rise in the amount of
liquid water as current density increases is shown in Fig. 4
between experiments 3 and 7, and 4 and 8 (increase of 0.39
and 0.08 g respectively). On the other hand, at lower pressures
for the smaller relative humidity (Fig. 5), the presence of water
is diminished (a decrease of 0.16 g) as current density rises. At

high relative humidities this effect is less significant since the
cell is already almost flooded.

The work of Sudrez et al. [38] provides a detailed compar-
ison of the performance between the lung-inspired model and
a conventional serpentine design for the operating conditions
studied. Although the biomimetic design exhibited lower
performance compared to the 5-channels parallel-serpentine
design at lower cell temperatures (4% lower), higher cell
backpressure (6% lower), and a higher cathode stoichiometric
factor (21% lower), the novel biomimetic design demonstrated
superior performance at higher relative humidity (RH) values
of 90%. It achieved a peak power output that was 6% higher,
indicating that the design is suitable for improved water
management under conditions of high reactant humidity.

3.2.  Analysis of water accumulation profiles

In order to analyze the specific distribution of water within the
bio-based bipolar plate design, two different experiments
from the design have been considered in order to analyze the
water distribution profiles in detail: test 9, with a low amount
of water, and test 10, with a greater amount of liquid water
accumulated. Water accumulation profiles have been pre-
sented along a set of significant lines, which are depicted in
Fig. 7. Firstly, three lines have been chosen that run vertically
along the central rib of the cathode (3) and those at both sides
(1 and 5). In this way the water content within the cathode
flow field is isolated, and the profiles are presenting only the
water accumulated in the anode side. On the other hand,
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Fig. 5 — Effect of current density on water distribution (T = 65 °C, P = 0.5 bar). Liquid water distribution in the cell from
neutron radiographies of the experiments 1, 2, 5 and 6 listed in Table 1 (top), and amount of water in the cell (bottom).
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Fig. 6 — Effect of current density on water distribution (T = 65 °C, P = 1.0 bar). Liquid water distribution in the cell from
neutron radiographies of the experiments 3, 4, 7 and 8 listed in Table 1 (top), and amount of water in the cell (bottom).
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Fig. 7 — Lines draw in experiment number 9 and 10 to present the water accumulation profile in the cathode (even numbers)
and the anode (odd numbers).
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Fig. 8 — Liquid water accumulation profiles in the anode (odd lines in Fig. 7) for the experiments 9 and 10 listed in Table 1.
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Fig. 9 — Liquid water accumulation profiles in cathode (even lines in Fig. 8) for the experiments 9 and 10 listed in Table 1.

three horizontal lines have been selected that run along three
ribs of the anode flow field. Thus, the anode is isolated, and
the profiles are showing only the water accumulated in the
cathode side. The horizontal lines are located at the foam mid-
section (line 2), foam lower section (line 4) and outlet channels
section (line 6) in order to characterize the different relevant
areas observed regarding the water content distributions.

In Figs. 8 and 9 the water accumulation profiles are shown.
It can be observed that most of the water is present in the
anode side. Focusing on the vertical distributions (along the

vertical lines, Fig. 8), it can be observed how water accumu-
lates to a greater extent in the lower half of the flow field. In
the images, a clear pattern can be distinguished in the form of
pointed teeth corresponding to the alternation between
channels and ribs of the anode. If the test at higher temper-
ature (red line) is compared with the one at lower temperature
(blue line), it is observed that the water tends to accumulate in
the anode in the part corresponding to the lower area of the
cathode foams and not directly in the area closest to the gas
outlet, which only begins to show a greater accumulation of
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water when more than half of the cell is flooded. This fact
seems to point to a transfer of water from the foam area of the
cathode towards the anode through the membrane, by means
of a back-diffusion mechanism. The total amount of liquid
water accumulated on each one of the lines in the experiment
with lower temperature is about 0.2 g, a 40% higher than the
experiment at 70 °C (0.08 g).

On the other hand, the horizontal lines (Fig. 9) show the
water accumulation profile in three cathode fringes. It can be
seen that the water is distributed more or less homogeneously
in the area of the cathode foams, however, in the lower part of
the stack, a pattern in the form of plateaus is clearly seen,
indicating preferential retention in certain outlet channels. As
expected, a considerably larger amount of liquid water is
gathered in line 2 when comparing the test at 55 °C (0.018 g)
with the test at 70 °C (0.002 g) because, as aforementioned,
water accumulated first closest to the gas outlet in the lower
part of the cell. In line 4 and, over all, in line 6 the amount of
liquid water is of the same order of magnitude. It can be seen
that for line 4, the amount of liquid water presented in the
experiment with a higher temperature is larger (0.05 g) than in
the one at low temperature (0.03 g) indicating preference
accumulation of water in this area even at high temperatures.
Finally, in the line closest to the gas exit, the amount of water is
quite similar for both experiments, being 0.023 g at 55 °C and
0.019 gat 70 °C.

4, Conclusions

The neutron imaging technique was used to determine liquid
water content and distribution in a bioinspired design 50 cm?
PEM fuel cell. A complete set of experiments was carried out in
order to analyze the influence of the different operating con-
ditions on the liquid water distribution. In particular, the ef-
fects of pressure, reactants relative humidity, temperature
and cell current density were investigated. The amount of
water in the bipolar plates was increased by high relative
humidity of the inlet gas flows, high pressure, low tempera-
tures and low current density. Similar trends were found in a
previous study carried out with a parallel-serpentine design.
In addition, the water accumulation profiles were draw in the
anode and cathode ribs so the amount of water accumulated
in each plate could be isolated. Water preferential accumu-
lation in the anode side corresponding to the low part of the
cathode foams instead of the closest area to the gases outlets
points to permeation from the cathode foams to the anode.
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