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ARTICLE INFO ABSTRACT

Keywords: Flow-fields are essential for effective mass transport in polymer electrolyte membrane water electrolysers
Po{;/mer ;electrolyte membrane water (PEMWESs). However, conventional flow-fields often face challenges in achieving reactant homogeneity across
electrolysers the full area of the electrode. This study explores the mass transport characteristics of PEMWEs using a mesh-type
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flow-field, analysed through neutron imaging and electrochemical impedance spectroscopy. The mesh-type
design demonstrates superior cell performance and lower mass transport resistance compared to the conven-
tional parallel design under the conditions tested. Neutron imaging results show that the mesh-type flow-field

achieves a more uniform water distribution across the active area, as indicated by significantly lower standard
deviations in water thickness. In contrast, the parallel design experiences a more rapid decline in the fraction of
water remaining in the flow-field area (indicating a significant build-up of gas bubbles and heterogeneity of
available reactant water). This uniformity in water distribution, along with efficient gas transport, facilitates
more effective electrochemical reactions, resulting in a ~5 % reduction in cell potential at a current density of
1000 mA cm 2 compared to the parallel design. These findings highlight the advantages of the mesh-type flow-
field in addressing mass transport challenges, positioning it as a promising solution for a wide range of PEMWE

applications.

1. Introduction

Polymer electrolyte membrane water electrolysers (PEMWEs) are
considered one of the most promising devices for producing green
hydrogen, characterized by fast start-up response time, high efficiency,
high hydrogen purity, and cold-start capability [1-3]. However, obsta-
cles persist in the wider adoption of this technology, including the mass
transport limitations under high current densities [4]. For example,
when the production of gas from water consumption surpasses the rate
of water supply, the pores of the porous transport layer (PTL) become
obstructed. These challenges significantly impede cell performance and
longevity [5,6].

Flow-fields are crucial components of PEMWEs. Enhancing their
design facilitates the removal of oxygen generated during electrolysis,
diminishes mass transport resistance, and consequently improves cell
performance [7-9]. These challenges become more pronounced in
PEMWEs with larger active areas, and thus have practical relevance.
Various flow-field designs have been proposed, among which parallel
channels and serpentine designs are the most utilised [10-14]. These
configurations rely on a series of channels for guiding the flow direction
of the water to the catalyst layer through the PTL [15]. Despite their
widespread use, the primary concern of these configurations is the un-
even distribution of reactants as water is progressively consumed along
the channels, resulting in worse performance [16,17].

One possible solution is to use a mesh-type flow-field [18]. APEMWE
featuring a mesh-type flow-field was employed and its electrochemical
performance was compared to that of the conventional design with
parallel channels (parallel design) [19]. Simulation results showed that
the mesh-type design demonstrated increased current density, pressure,
molar concentration of oxygen and hydrogen, along with a reduced
temperature compared to the conventional parallel flow-field, which
were attributed to the improved mass transport. A recent study proposed
a Double-Layered Wire Mesh (DLWM) flow-field design and compared it
numerically to the parallel and serpentine designs [20]. The PEMWE
with DLWM design exhibited a higher local pressure drop and water
velocity, which improved mass transport in the PTL and reduced con-
centration polarisation.

Experimental validation is necessary to confirm the validity of these
numerical results. Additionally, the optimization of mesh-type flow-
fields in PEMWEs lacks established design guidelines, and the mecha-
nisms of mass transport through these structures are not well under-
stood. Thorough investigations into these matters will aid in identifying
existing design flaws and exploring alternative mesh microstructures to
achieve improved performance [21].

A wide range of diagnostic techniques are employed in the field of
PEMWE:s. Optical visualisation, for example, is a widespread method for
discerning liquid water movement within the flow channels [22-24].
However, this technique complicates the cell design because an obser-
vation window is needed for imaging, reducing its resemblance to a
practical system. Electrochemical impedance spectroscopy (EIS) is
commonly used to investigate various overpotential contributions to the
overall performance of electrochemical devices due to its versatility and
ease of application [25,26]. Several authors have employed this

technique to reveal the effects of flow-field design [27], PTL micro-
structure [28] and catalyst loading [29] on the performance of PEMWEs.
Although directly measuring water distribution inside PEMWEs using
EIS is challenging, previous research has demonstrated that analysing
EIS data obtained at high current densities can provide valuable insights
into the mass transport properties of different PEMWE designs [30-32].
Neutron imaging is a powerful tool for examining operando water
distribution and dynamics in both PEMWEs and polymer electrolyte
membrane fuel cells (PEMFCs) [33-36]. The fundamental idea relies on
the fact that neutron beams are strongly attenuated by liquid water but
experience less attenuation as they pass through the various PEMWE
components (such as the Ti/C PTLs and Ti/Al flow-fields). This differ-
ence arises because hydrogen atoms scatter neutrons significantly more
than other common elements in water electrolysers because of the large
neutron cross-section of hydrogen [37]. The mass transport properties of
three commercial titanium fiber PTLs were evaluated using ex-situ
neutron imaging by Altaf et al. [38]. The results showed that PTLs
with larger fiber diameters and higher porosity improved mass trans-
port. Additionally, using fibers with varying wettability was suggested
to promote the formation of interfaces of zero curvature and enhance the
efficiency of fluid transport. Maier et al. employed operando neutron
imaging to compare the water distribution among three distinct PTLs
during the PEMWE operation [39]. The study revealed significant
variability in water distribution across the active area for the sinter and
thick felt PTLs, highlighting the critical importance of PTL structure in
reducing mass transport limitations at high current densities. The effects
of temperature on the mass transport losses in PEMWE have also been
investigated via neutron radiography by Lee et al. [40]. In contrast to the
observed trends in overpotential due to mass transport, an increase in
the quantity of oxygen gas at the anode was observed with higher
temperatures. This divergence highlights a significant relationship be-
tween temperature variations and anode oxygen gas content. Using
neutron imaging and a segmented sensor plate, the current density,
temperature, and water distribution in PEMWEs with pin-type and
parallel flow-fields were compared [41]. The results indicated that the
pin-type design exhibited a more uniform distribution of current and
temperature densities than its counterpart. However, the literature lacks
comprehensive study into the mass transport in PEMWEs that employ
mesh-type flow-fields. The investigation of mesh-type flow-fields is
important as the findings can lead to materials and component optimi-
zation that can reduce cost and improve PEMWE performance [19].
This study employs an integrated experimental approach combining
operando neutron imaging, EIS, and polarisation curve measurements to
systematically quantify mass transport effects on PEMWE performance
under mesh-type flow-field configurations. For comparative analysis
between conventional channel-land structured design and the novel
mesh-type design, parallel flow-field was implemented as the reference
baseline. By integrating neutron imaging and EIS, water distribution
within the electrolyser can be correlated with changes in impedance due
to mass transport to identify the causes of the difference in mass trans-
port between the two flow-field designs. This investigation establishes a
foundational approach for analysing mass transport in PEMWEs using
mesh-type flow-fields, essential for identifying current design
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limitations.
2. Experimental setup
2.1. PEMWE design and test

Fig. 1 (a) depicts the assembly of the PEMWE, comprising anode and
cathode plates made from gold-coated aluminium that integrates flow-
fields, current collectors, and end plates. This ‘mini cell’ was designed
for neutron radiography and future tomography experiments, and was
adapted from previous PEMFC neutron cell designs [42,43]. Also shown
are the catalyst-coated membrane (CCM), PTLs, and gaskets. Details on
the configuration of the PEMWE are provided in Table 1. Fig. 1 (b)
displays a simplified diagram of the experimental setup. Deionized
water was supplied to both anode and cathode at an inflow temperature
of 50 °C and a flow rate of 20 ml min~* throughout the test. While
PEMWE are typically operated between 60 and 80 °C, 50 °C was used
here due to the long distance between the water bath heat exchanger
and the PEMWE (limited by the neutron testing site). A Gamry Interface
5000 potentiostat was used for electrochemical measurements including
polarisation curves and galvanostatic EIS measurements as well as for
monitoring cell temperature using a Pt1000 sensor at the anode inlet.
Polarisation curves were measured between 10 and 1000 mA cm ™2 with
a series of 60 s galvanostatic holds to ensure stability at each current
density. The voltage measurements from the last 10 s of each galvano-
static hold were averaged to yield a single point on the polarisation
curve.

EIS measurements were conducted using galvanostatic control. The
PEMWE was operated under a constant current for 5 min prior to each
impedance test to achieve steady-state conditions. The EIS tests were
carried out at current densities of 500 and 1000 mA cm ™2, applying an
AC modulation amplitude equivalent to 5 % of the DC input signal from
10 kHz to 0.1 Hz with 10 points per decade. Impedance data were
presented using Nyquist plots, and parameters were extracted by fitting
the experimental data to an equivalent circuit model using ZView
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Table 1
PEMWE parameters.
Parameters  Value Parameters Value
Activearea 19 mm x 5 mm Compression 2.3N
torque m
CCM Nafion® 115 membrane 0.4 mg cm ™2 Mesh wire 0.23
of platinum on the cathode side 1.7 mg  diameter mm

em 2 of iridium on the anode side ITM

Power, UK)
PTL Sintered titanium fibers(NIKKO Mesh aperture 0.19
Techno, Japan); Thickness:1 mm [39] mm
Mesh open area 20 %
Land/channel 0.7
width mm

Channel depth 1 mm

(Scribner Associates, Inc.) software.

2.2. Flow-field design

This study utilised two symmetrical flow-field designs: parallel and
mesh-type, as shown in Fig. 2(a and b). Deionized water was supplied to
both anode and cathode via the inlets at the bottom of the cell. The
performance of the parallel flow-field was selected as the baseline due to
its moderate water velocity and pressure drop [41]. The configuration,
consisting of four parallel channels, was machined into a 7.2 mm thick
aluminium plate and coated with gold (Fig. 2 (a)). The value of chan-
nel/land width (as seen in Table 1) are designed to balance the water
transport, thermal regulation and ohmic losses [13]. For the mesh-type
flow-field configuration separate end plates with 19 x 5 mm rectangular
machined compartments were used to house the mesh between the CCM
and each end plate as illustrated in Fig. 1 (b). Fig. 2 (c) presents an
optical microscopy image of the titanium mesh utilised in this study
(Goodfellow, UK) which has a thickness of 0.75 mm. A highly
compressible silicone gasket (2 mm thick) was used between each end
plate and the CCM to ensure proper sealing and compression. Further
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Fig. 1. (a) Exploded view of the PEMWE assembly and (b) Schematic of the experimental setup.
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Fig. 2. Flow-field designs in this study: (a) Parallel design, (b) Mesh-type design, and (c) optical microscope images of the titanium mesh. The active areas have been
highlighted by dashed red lines for clarity. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

details on the components and materials used are given in Table 1.
2.3. Neutron imaging

The experiment was conducted on the NeXT instrument at Institut
Laue-Langevin (ILL) in Grenoble, France [44]. NeXT provides enhanced
image contrast through its “cold” beam, with flux peaking at 2.8 A, and a
high neutron flux reaching 3 x 108 n cm™2 57! for an L/D ratio of 333 at
the sample position [45]. A Hamamatsu ORCA sCMOS camera, featuring
2048 x 2048 pixels each 6.5 pm in size, was used as the detector and
placed opposite a 20 pm thick Gadox scintillator screen. The PEMWE
was oriented perpendicular to the beam, enabling comprehensive visu-
alisation of liquid water distribution across the active area. Imaging
utilised a demagnification ratio of 2.4, resulting in a field-of-view
measuring 32 x 32 mm? and achieving a pixel resolution of 31 pm
(with 2 x 2 pixel binning). Each radiography image was recorded with
an exposure time of 2 s. Dark-field (captured without the neutron beam)
and dry images (taken before water circulation through the PEMWE)
were recorded prior to each electrochemical test for use in image pro-
cessing and normalisation. The spatial distribution of water thickness
across the active area was then quantified using the Beer-Lambert law
[38,39]. All image processing was conducted with ImageJ.

Water remaining (Rp,0) is defined as the averaged mass of liquid
water within active area of the PEMWE under specified current density
conditions, as expressed in Equation (1):

S
Rino = Prao- / Tiso-dS &)
0

where py , represents the water density, S denotes the active surface,
and Ty,o signifies the liquid water thickness at individual pixel co-
ordinates, which was quantified using Beer-Lambert law [38,39].

3. Results and discussion
3.1. Overadll performance comparison for two flow-field designs

To evaluate the overall performance of PEMWEs, the polarisation
curves for both mesh and parallel flow-field designs are shown in Fig. 3
(a). The performance of both designs is relatively low compared to
typical values in the literature (under 1.8 V at 2000 mA cm’z) [4].
However, this outcome aligns with previous “mini cell” studies [46,47]
and may result from the combined effects of an unrepresentative
PEMWE design and the low temperature (50 °C) used in this study. Both
designs exhibit a similar trend of increasing voltage with rising current
density. This is typical behaviour in PEMWEs due to the activation,
ohmic, and concentration overpotentials. At low current densities (up to
500 mA cm™2), both flow-fields show comparable performance. How-
ever, beyond this point, the mesh-type design exhibits slightly lower
voltages than the parallel design. At a current density of 1000 mA cm 2,
the overpotential of the parallel design is approximately 5 % higher than
that of the mesh-type design, suggesting that the latter flow-field might
be more efficient at higher current densities. The observed performance
discrepancy across current density regimes is possibly due to the tran-
sition in dominant mass transport mechanisms [48]. Under lower cur-
rent densities (<500 mA/cmZ), diffusion-governed transport prevails,
where the mesh’s intricate pore architecture prolongs effective diffusion
lengths compared to parallel design. This extended path delays reactant
delivery to catalytic interfaces. Conversely, at elevated current densities,
the mesh structure tends to cause enhanced convection, which promotes
higher water velocity and pressure drop [20], resulting in improved
mass transport. To further investigate the root cause of the performance
difference between the two flow-field designs, the amount of water
remaining in PEMWEs was analysed as a function of current density [39,
41]. Due to the differing void volumes in the two flow-field designs, the
initial water content inside the PEMWE varies significantly in the ‘initial
state’ where water is circulating but no electrochemical reaction occurs.
The weight of liquid water in the PEMWE with the parallel flow-field is
approximately 110 mg, compared to about 70 mg in the PEMWE with
the mesh-type flow-field. Consequently, the fraction of water remaining
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Fig. 3 (b) shows the fraction of water remaining as a function of
current density for both designs. As current density increases, the
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Fig. 3. (a) Polarisation curve and (b) fraction of water remaining of PEMWEs with mesh-type (squares) and parallel (circles) flow-field designs.
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fraction of water remaining decreases for both designs. This is due to

higher current densities leading to higher water consumption and

increased gas generation. The parallel flow-field shows a rapid decline in
the fraction of water remaining, as seen in the comparison of water

0'5 T T T T T
Mesh-type Flow-field 1.9 -
Roim (Q.cnP) | Rer (Q.cm?) | Ry (Q.cm?)
0.4 . 1.66
052 0.08 021 &
Parallel Flow-field r
- arallel Flow-fie 15 o Mesh-type é’,
g 034 Rowm (Q.cm?) | Ree (2.cm?) | Ry (Q.cm?) | a . Parallel >°1.65 """""""
a o8t 008 032 g |- - - Mesh-type iR-free
e b s et o S - - - Parallel iR-free
£ 024 Mesh-type s i ] g 1.7 8570 280 290 30
N —— Mesh-type fitted result Time (s)
> Parallel R bl
0.1 4 — Parallel fitted result i It
O )»ggigjlmxr - N 1.6 4 ll
> |
0.0 T T T T T T = T * T T T T T X T T T
0.0 05 0.6 0.7 0.8 0.9 1.0 0 50 100 150 200 250 300
Z real (Q.cm?) Time (s)

(a)

Water mass (mg)

100
N WWWWWWW
80
—— Mesh-type
—— Parallel
70
T T T T T T T
0 50 100 150 200 250 300
Time (s)

(c)

(b)

Fig. 4. (a) Nyquist plots of EIS spectra, as well as the evolution of (b) voltage and (c) water mass for mesh-type and parallel flow-field designs at a current density of
500 mA cm 2. The equivalent circuit used to fit the EIS and results of the fitting (table) are shown in (a).
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distribution, as shown inset in Fig. 3 (b). At low current densities (up to
500 mA cm™~2), the PEMWE with the mesh-type flow-field shows a slight
increase in the fraction of water remaining compared to the parallel
design, with a difference of less than 6 %. This difference becomes more
pronounced at higher current densities. At 1000 mA cm ™2, the parallel
design retains about 60 % of the water, while the mesh-type design re-
tains approximately 83 %. This suggests that the mesh-type flow-field
offers improved enhanced gas removal efficiency.

The analysis of the polarisation curve and the fraction of water
remaining demonstrates that the mesh-type flow-field design offers su-
perior performance in PEMWEs, particularly at higher current densities.
This design provides lower overpotential and improved mass transport
compared to the parallel flow-field design. Given the significant per-
formance variations of PEMWEs with the two designs at medium and
high current densities, a subsequent detailed analysis is conducted at
two specific current densities in the following sections: 500 mA cm ™2
and 1000 mA cm 2,

3.2. Water distribution and performance of PEMWEs at 500 mA cm™ 2

Electrochemical impedance spectroscopy (EIS) was employed to
analyse the performance enhancement of the mesh-type flow-field
design by separating different voltage losses at 500 mA cm~ 2. The
Ohmic resistance (Ronm), charge transport resistance (R.) and mass
transport resistance (R,;) were determined by fitting the Nyquist plots to

o

Relative water thickness along y-axis (%)

XWater inlet Water inle
Water thicknesses (pm) v

0 500 1000 1500
(a)

e 6 = O =

5250

Relative water thickness along x-axis (
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an equivalent circuit model established by Lin et al. [8]. The fitted re-
sults are shown in Fig. 4 (a), with the derived parameters listed in the
included table. The R of both flow-field designs is 0.08 Q cm?, which is
mainly determined by catalyst layer properties and electrode architec-
ture [4,49]. The mesh-type flow-field demonstrates a slightly lower Ropm
at 0.52 Q cm? compared to the parallel flow-field (0.54 Q cmz). This
improvement can be attributed to the improved contact between the
mesh-type flow-field and the PTL [19]. Additionally, the Ry, is also
lower for the mesh-type design (0.21 Q cm?) than for the parallel design
(0.32 Q cm?). One possible explanation is that friction between the
water and the mesh configuration leads to a higher local pressure drop
and increased velocity [19]. This effect enhances gas removal in the flow
field region, improving mass transport within the mesh-type flow-field
design.

Fig. 4 (b) depicts the measured voltage and iR-free voltage (dash
lines) evolution with time over 300 s for the mesh and parallel flow-field
designs at a current density of 500 mA cm 2. Initially, both designs
exhibit a sharp increase in measured voltage due to the sudden increase
in current. The cell equipped with the mesh-type flow-field quickly
stabilizes at 1.90 V, 10 mV lower than the cell equipped with the parallel
flow-field design at 1.91 V. The minor voltage variations observed be-
tween the two flow-field configurations can be attributed to their
respective Roum, as evidenced by the negligible difference in iR-free data.
The consistent voltage over the 300 s period for both designs suggests
stable operation without performance fluctuations.
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200
The standard deviation of water
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150 4 Parallel: 451 pm
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Fig. 5. (a) Time-averaged neutron images, relative water thickness along the x-axis (b) and y-axis (c) for mesh-type (red squares) and parallel flow-field (blue circles)
designs at a current density of 500 mA cm™2. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of

this article.)
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Although EIS provides insights into the differences in mass transport
capabilities among two flow-field designs, neutron imaging experiments
offer a more direct method to determine if these variations stem from the
water management effectiveness. Fig. 4 (c) illustrates the water mass in
the PEMWE at a current density of 500 mA cm~2. The water content
within the PEMWE differs notably between the two designs due to
variations in void volume. However, at this relatively low current den-
sity, both flow-field designs sustain a stable water mass over time,
suggesting that mass transport limitations have not emerged at this stage
for both designs [4].

Fig. 5 (a) presents the time-averaged neutron images for mesh-type
and parallel flow-field designs at a current density of 500 mA cm ™2,
Fig. 5 (a) illustrates significant differences in the liquid water thickness
between PEMWEs utilising the two flow-field designs. To better high-
light the details of liquid water thickness distribution in these designs,
the upper limit of the colour bar for liquid water in Fig. 5 (a) is set to
1500 pm.

Fig. 5 (a) shows that a common characteristic of both designs is the
accumulation of liquid water at the bottom of the PEMWEs. This accu-
mulation results from the combined effects of gravity and the upward
flow of water. Additionally, as bubbles rise toward the top of the PEMWE
and gas escapes, the volume fraction of water decreases in this region.
However, the mesh-type flow-field design demonstrates a more uniform
water distribution, while the parallel flow-field design exhibits distinct
channels with higher water density. This uniform distribution in the
mesh-type design enhances the diffusion of reactants to the catalyst
sites, promoting more efficient electrochemical reactions. In contrast,
the parallel design exhibits more pronounced variations in water
thickness, leading to uneven distribution and, subsequently, current
density [41].

The heterogeneous distribution of water and current density has
been demonstrated to induce localized thermal hotspots and accelerate
degradation mechanisms, which can cause performance decline and
shortened lifespan of PEMWESs [49,50]. Hence, it is crucial to assess the
uniformity level of water thickness along both x-axis and y-axis. To
achieve this, the time-averaged neutron images over the 300 s period
(rather than a particular time) shown in Fig. 5 (a) are employed [33,51].

Since the initial water content inside the PEMWE varies significantly
due to the differing void volumes in the two flow-field designs, the
relative water thickness along the y-axis (%Rp,0 () is employed and
defined as:

T
H>0 (yave
WRiso 0) =~ SA ))
23 ve

.100 (2)

Where Ty,0 (ave) denotes the averaged thickness across the entire active
area of corresponding flow-field design, T}, , (ae) represents the aver-
aged water thickness over the x-axis at each y position of corresponding

flow-field design (coordinate system detailed in Fig. 5(a)), which is
determined as follows:

Xmax
/ Tinsouey)-dx @)

x=0

T,

H,0

(}'Ava ) =Ave

The relative water thickness along the x-axis (%Rp,0 (x)) is defined as:

T,
%R0 (o :THL(WJOO )

H,0 (Ave)

Where Ty,0 (x4,
at each x position of corresponding flow-field design (coordinate system
detailed in Fig. 5(a)), which is determined as follows:

) represents the averaged water thickness over the y-axis

Ymax
Ti,0 (x.) =Ave / Th,0(xy)-dx (5)
y=0

Journal of Power Sources 648 (2025) 237396

The relative water thickness along both the x-axis (%Rpg,0 () and y-
axis (%Rp,0 (y) is illustrated in Fig. 5(b and c). The corresponding
standard deviations of water thickness have also been calculated to
quantify the variations.

Fig. 5 (b) reveals that both flow-field designs exhibit fluctuations in
relative water thickness along the x-axis, indicating areas of varying
water accumulation. However, the parallel flow-field design shows more
significant peaks and valleys, reflecting greater variation in water
thickness. This variability is partly attributed to viscous fingering effects
amplified by continuous land interruptions [19,20]. Another possible
explanation could be due to the inlet-induced momentum distortion
through abrupt 90° flow reorientation. Both effects could contribute to
the pronounced flow maldistribution in different channels of parallel
designs. In contrast, the mesh-type flow-field demonstrates a signifi-
cantly smaller standard deviation in water thickness (~97 pm)
compared to the parallel design (~451 pm). These observations suggest
that the mesh-type flow-field provides a more consistent water distri-
bution across the x-axis, which is mainly attributed to the lack of a
land/channel configuration.

Fig. 5 (c) illustrates the relative water thickness along the y-axis for
the two different flow-field designs. The mesh configuration shows
stable relative water thickness in the lower region (y < 10 mm), whereas
a marked degradation occurs beyond this threshold (y > 10 mm). In
contrast, the parallel design shows progressive decrease in relative water
thickness along the y-axis, particularly beyond y = 7.5 mm. In addition
to this, the mesh-type design demonstrates a relatively consistent water
thickness, with a standard deviation of 99 ym. In contrast, the parallel
flow-field design exhibits greater variability in water thickness along the
y-axis, with a standard deviation of 123 pm.

3.3. Water distribution and performance of PEMWEs at 1000 mA cm ™2

Fig. 6 (a) presents the EIS testing results for both the mesh-type and
parallel flow-field designs at a current density of 1000 mA cm~2. Both
flow field designs show minimal variation in R, compared to the 500
mA cm 2 condition, with the mesh design showing a slight reduction to
0.07 Q cm?, while the parallel design retains a value of 0.08 Q cm?. This
observation aligns with previous findings documented in the literature
[27], where activation-controlled nature at medium current densities
are unchanged by variation in the cell design. Both designs show a slight
reduction in Ohmic resistance (Ropn) compared to the results at 500 mA
cm™2, due to the improved membrane conductivity at the higher current
density [40]. The mesh-type design demonstrates a marginally lower
Rohm at 0.51 Q cm? compared to the parallel design (0.52 Q cm?). The
more notable difference is in the mass transport resistance (R;;,) where
the mesh-type design exhibits an increase in Ry at 0.25 Q cm? compared
to the results at 500 mA cm ™2 (0.21 Q cmz), whereas the parallel
flow-field shows an increase in Ry, rising from 0.32 Q cm? to 0.39 Q
cm?. This demonstrates that the mesh-type flow-field effectively reduces
mass transport limitations, in contrast to the parallel design becomes
more mass transport limited.

The measured voltage and iR-free voltage (dash lines) evolution over
time for both flow-field designs at a current density of 1000 mA cm 2 are
presented in Fig. 6 (b). Initially, both designs exhibit a voltage drop,
which stabilizes after a few seconds. The parallel flow-field maintains a
higher stable voltage (~2.3 V) compared to the mesh-type design (~2.2
V). The distinct voltage discrepancy between the two designs at 1000
mA cm~? is unlikely attributable to the R,pm, but rather due to their
divergent mass transport efficiencies, as evidenced by the iR-free
voltage.

Fig. 6 (c) shows the evolution of water mass in the PEMWE during
galvanostatic operation at 1000 mA cm 2. Both designs show a decrease
in water compared to their performance at 500 mA cm ™2, indicating an
increase in accumulated gas at the higher current density, as expected.
The mesh-type design exhibits a 10 % reduction in water mass, while the
parallel design exhibits a 30 % decrease compared to results at 500 mA
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Fig. 6. (a) Nyquist plots of EIS spectra, as well as the evolution of (b) voltage and (c) water mass for mesh-type and parallel flow-field designs at a current density of
1000 mA cm 2. The equivalent circuit used to fit the EIS and the results of the fitting (table) are shown in (a).

cm ™2, suggesting that the mesh-type design can handle the higher rate of
gas production at higher current densities. Furthermore, the mesh-type
design maintains a stable water mass of approximately 58 mg, demon-
strating superior water management. In contrast, the parallel design,
which starts with a higher initial water mass of approximately 70 mg
due to differing void volumes, remains stable for the first 160 s. How-
ever, over the following 140 s, it rapidly declines to approximately 59
mg by the end of the measurement period, indicating reduced gas
removal efficiency at higher current levels.

Fig. 7 (a) presents the time-averaged (over the 300 s period) neutron
images for mesh-type and parallel flow-field designs at a current density
of 1000 mA cm 2. The neutron images illustrate an overall decrease in
water content for both designs at higher current densities. In the parallel
design, the water content exhibits a more pronounced decrease in the
central region compared to that observed at 500 mA em 2, possibly due
to the combined effects of inadequate gas removal and enhanced gas
production rates at elevated current densities. In contrast, the mesh
structure tends to cause local turbulence, which promotes higher water
velocity and pressure drop [20], resulting in improved mass transport in
the diffusion layer reducing concentration polarisation. This behavior is
consistent with the observations at 500 mA cm’z, as shown in Fig. 5 (a).

The relative water thickness along both the y-axis and x-axis are
illustrated in Fig. 7(b and c). The corresponding standard deviations
have also been calculated to quantify the variations. Fig. 7 (b)

demonstrates that the water thickness in the mesh-type design remains
relatively uniform along the x-axis, with only minor variations around
the average. This stability is evidenced by a low standard deviation of
around 87 pm, suggesting that the mesh-type flow-field maintains
effective reactant distribution and water management even at higher
current densities. At 1000 mA cm ™2, the parallel design shows a notable
reduction in water thickness in the middle two channels (dashed black
box) compared to 500 mA cm 2. The standard deviation for the parallel
design is approximately 280 pm, which is over three times greater than
that of the mesh-type design, highlighting its less consistent water
distribution.

Fig. 7 (c) depicts the relative water thickness along the y-axis for both
designs. The mesh-type design demonstrates stable relative liquid water
thickness distribution in the lower region (y < 12 mm), whereas a
gradual decrease is observed beyond this threshold (y > 12 mm). In
contrast, the parallel design exhibits significantly reduced relative water
thickness in the middle region (6 mm < y < 12 mm). This aligns with the
standard deviation data, where liquid water maintains a relatively
uniform distribution in the mesh-type design, with a standard deviation
of around 80 pm, compared to 99 pm at 500 mA cm 2. In contrast, the
parallel design shows a significant reduction in water thickness in the
middle region compared to the top and bottom areas. This decreased
water thickness highlights the limitations of the parallel flow-field’s
design, which can lead to less effective gas removal and uneven water
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designs at a current density of 1000 mA cm 2 (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of

this article.)

distribution. The parallel design exhibits a more variable water thick-
ness along the y-axis, with a standard deviation of approximately 101
pm.

4. Conclusion

This study provides a detailed evaluation of the mesh-type flow-field
as the flow distributor in polymer electrolyte membrane water electro-
lysers (PEMWEs), compared to the conventional parallel flow-field.
Conducted under controlled conditions, the evaluation utilised
neutron imaging, electrochemical impedance spectroscopy (EIS), and
polarisation curves to investigate the mass transport characteristics and
overall performance of both designs. The results highlight several sig-
nificant advantages of the mesh-type design over its parallel counter-
part, demonstrating its potential to enhance PEMWE performance.

1. The mesh-type design exhibited a highly uniform water distribution,
with significantly lower standard deviations in water thickness (~97
pm) across the transverse direction (perpendicular to flow orienta-
tion) at a moderate current density of 500 mA cm 2, compared to the
parallel design (~451 pm). This uniformity, verified through neutron
imaging, ensures consistent hydration levels throughout the cell,
which is crucial for sustaining stable electrochemical reactions. In
contrast, the parallel design displayed pronounced water channels
and more variable water distribution.

2. The mesh-type design also showed superior mass transport charac-
teristics. Detailed analysis using EIS revealed that the mesh-type
flow-field exhibited significantly lower mass transport resistance
(0.25 Q cm?) compared to the parallel design (0.39 Q cm?) at a
higher current density of 1000 mA cm 2. This improvement can be
attributed to the higher local pressure drop and increased water
velocity triggered by the friction between the water and the mesh
configuration, thereby enhancing reactant delivery and gas removal.
Consequently, the mesh-type design effectively addresses issues of
reactant starvation and gas accumulation, which are particularly
problematic in the parallel design under high operational current
densities.

3. The structural advantages of the mesh-type design also translated
into superior electrochemical performance. The uniform water dis-
tribution and efficient gas transport facilitated a more conducive
environment for electrochemical reactions, resulting in a reduction
in overpotential by approximately 5 % at a current density of 1000
mA cm~2 compared to the parallel design. This enhancement un-
derscores the mesh-type design’s ability to optimize the conditions
for electrochemical processes.

4. Water management is a critical factor in the operation of PEMWEs.
The study found that the mesh-type design effectively manages water
within the cell, preventing issues like dry-out. In contrast, the par-
allel design limitations were evident in the observed rapid decline in
water mass, especially under high operational current densities.
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In summary, the mesh-type flow-field emerges as a superior design
for PEMWEs, offering significant benefits in terms of uniform water
distribution, enhanced mass transport, and improved performance. The
results of this study also indicate that further refining the mesh-type
flow-field, such as adjusting the aperture size and open area, could
lead to additional performance improvements.
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