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ABSTRACT

The flow channel structure relates to the flow channel
and PTL contact resistance and mass transfer
performance in the channel, especially at larger
operating voltage, the gas transfer and ohmic loss
seriously affect the Proton Exchange Membrane water
electrolysis performance. In this paper, the flow channel
sub-rib microstructure is designed, and the effects of
different sub-rib microstructure designs on the
performance of the electrolysis are compared by means
of experiments and simulations, and the distributions of
micro-vertebrae under the rib of the flow channel and
liguid water in the channel, ohmic losses and mass
transfer efficiency are analyzed to obtain the optimal
design of the flow channel microstructure. The
experimental results show that the 0.03 mm tabs under
the rib can effectively reduce the interfacial ohmic
resistance and improve the mass transfer, and the
experimental performance is improved by 9.98% relative
to the conventional flow channel, while the simulation
results in a performance improvement of 14.30%.

Keywords: Proton Exchange Membrane water
electrolysis, flow channel, sub -rib microstructure, ohmic
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NONMENCLATURE

Abbreviations

PEMWE Proton Ethange Membrane water
electrolysis

CcD Current Distributors

CH Flow Channel

PTL Porous Transport Layer

CL Catalyst Layer

MEM Membrane

1. INTRODUCTION

Renewable energy sources, such as solar and wind,
have gained widespread attention with the growing
concern for energy efficiency and environmental
sustainability, however, the volatility and intermittency
of renewable energy sources are the main challenges for
their practical applications. In order to effectively utilize
the excess energy from intermittent renewable energy
sources, PEMWE is a compelling solution for energy
storage and green hydrogen production due to its high
efficiency, high purity and fast response [1]. However,
widespread commercialization of PEMWE faces
significant challenges due to expensive precious metal
catalysts and complex mass transfer issues under high
voltage conditions [2]. Current research has emphasized
the advancement of novel catalysts and electrode
materials to reduce the cost of PEMWE, and limited
attention has been paid to investigating the mass
transfer difficulties under high voltage conditions, and it
has been reported that high bubble coverage and gas
aggregation in the channel will adversely affect the
electrolysis performance and durability, making it critical
to control the mass transfer [3].

As an important part of PEMWE, the flow channel
assumes the role of supplying and distributing the
reactants uniformly in the active region, as well as
improving the gas discharge of the products. Currently,
the most commonly described in the literature make
parallel flow channel, single serpentine flow channel and
multi-serpentine flow channel, because of the different
structural forms and flow channel distribution, all
reactants and products in single serpentine flow channel
must pass through a flow channel, so the flow rate and
pressure drop of single serpentine flow channel are
higher [4]. In addition to the design of flow channel
distribution, the performance of PEMWE is also affected
by the depth of the flow channel, Majasan et al. [5]
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demonstrated that the effect of different flow channel
depths on mass transfer has a non-monotonic trend,
implying the possibility of optimal design of the flow
channel. In addition, there are also studies on the design
of the flow channel structure to improve the bubble
desorption rate. Wu et al. [6] analyzed the feasibility of
the design by designing a double-layer flow channel
structure through experiments, and the results showed
that the bubbles in the channel could be quickly drawn
into the degassing layer, providing more space for the
electrode water supply.

Although the bubbles inside the flow channel can be
observed experimentally, it must be recognized that the
high cost of the experiment and the complexity of
observing the two-phase flow state inside the flow
channel are attached to the larger limitations, therefore,
it is imperative to explore the evolution of the bubbles as
well as the two-phase transport characteristics through
numerical simulation, and it is easier to predict and
propose guidance for designing the flow channel with
different optimized structures. Lin et al. [7] constructed
three-dimensional three-phase models with three
different flow structures, and investigated the internal
flow velocity and pressure distributions by constructing
three-dimensional model to study the internal flow
velocity and pressure distribution, and the simulation
and experimental results are consistent, which provides
theoretical support for the selection and optimization of
electrolytic water flow channel and working conditions.
Park et al. [8] analyzed the effects of anode flow channel
structure and PTL permeability on the performance by
constructing a three-dimensional two-phase flow model,
and the results show that the slot rib-width ratio and PTL
permeability are also higher, the better the
performance.

However, the above simulation studies can seldom
be combined with experiments due to their over-
idealized working conditions, and the simulation of
relatively complex structures is difficult to realize for
industrial applications, so the effect of flow channel
design on the performance of PEM electrolytic water
remains to be explored. Therefore, in this study, an sub-
rib microstructure flow channel form was designed, and
a three-dimensional two-phase electrochemical model
was established to investigate the effect of the sub-rib
structure on the ohmic and mass transfer of the
electrolytic water, and it was verified by combining
experiments and simulations that the structure could
effectively improve the sub-rib mass transfer of the flow
channel and the overall performance of the electrolysis.

The results of this study provide an optimized flow
channel design to improve the sub-rib bubble discharge.

2. EXPERIMENTAL AND MODELING

2.1  Sub-rib microstructure
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(c) Side view of 0.03mm tab
Fig. 1 Localized enlargement of subcostal

microstructure

In this study, a conventional serpentine flow channel
structure was fabricated with a channel width and rib
width of 1 mm, followed by femtosecond Ilaser
machining for microstructural machining under the rib of
the flow channel, with the microstructural form divided
into micro-tabs and channels, and the width of the tops
of the tabs and channels was 0.03 mm, as shown in Fig.
1 Localized sub-rib microstructures. To ensure the effect
of surface roughness due to laser processing, the Ti flow
channel plate was washed with ethanol in an ultrasonic
bath for 30 min after processing.

2.2 PEMWE fabrication

In this study, the membrane electrode assembly was
made of catalyst cladding membrane (CCM) of Nafion
115 membrane with an effective area of 4.84 cm? (2.2 cm
x 2.2 cm), in which the anode was IrO, with a loading of
0.5 mg/cm? and the cathode was Pt/C catalyst with a
loading of 0.2 mg/cm?. Both the anode and cathode were



made of titanium felts with a thickness of 0.25 mm as a
porous transport layer (PTL), and 0.2 mm PTFE gaskets
were used to prevent water leakage. The cell cathode
and anode are clamped by stainless steel end plates and
have four evenly spaced bolts.

2.3 PEMWE Model

In this study, Fluent was used to construct the single-
flow channel structure as shown in Fig. 2, the PEMWE
assembly size and catalyst loading were fabricated based
on the experiments, and a two-phase electrochemical
model was constructed to investigate PEMWE based on
the multinomial mixing model, which is capable of
describing the gas-liquid flow in the porous medium
driven by the capillary pressure, and the controlling
equations and the source terms used in this study are
given in Table 1 [9].

Fig. 2 PEM electrolyzed water single channel model
and local structure

The electrochemical control equations in this paper
are based on the B-V equation:
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where « is the charge transfer coefficient, and the

exchange current density i, makes the current

normalized by the geometric effective area of the PEM
water electrolysis.
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The ohmic overpotential is caused by the ohmic
resistance R of different parts of the PEM water
electrolysis:

Vohm = RI = (pr + ngdl + Rccm)l (3)

Concentration overpotentials are caused by
limitations in the supply of reactants or by the blockage
of active catalyst sites by excess products:
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The open circuit voltage depends on the available
voltage and the activity of reactants and products and
can be expressed by the Nernst equation as follows:
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Table 1 Governing equations and source terms of the
PEMWE model.

Governing equations Source terms
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2.4 Boundary conditions

Due to the complexity of the PEMWE transport
phenomena, the model is divided into external and
internal boundaries, with the fluid region solving for the
matter conservation equation, the electron charge
conservation equation in all regions except the MEM and
the CD, and the ionic charge conservation equation in the
ACL, MEM, and CCL regions. The anode inlet is set up as
a liquid water mass flow inlet (5. 87 x 10 kg/s) with an
inlet water temperature of 353.15 K, the cathode inlet is
a fluid-free inlet (u = 0 m/s), the cathode and anode
outlets are constant-pressure outlets at 1 atmosphere,
and the CD is surrounded by a constant temperature of
298.15 K.



3. RESULTS AND DISCUSSION

3.1 Experimental performance
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Fig. 3 Performance of different channel structures
and polarization partitioning

The same cathodic flow channel plate was used for
all experiments, and only the effect of microstructure
under the rib on anodic mass transfer and ohmic was
investigated. As shown in Fig. 3(a) for the comparison of
polarization curves between the conventional flow
channel and the one with microstructures, the
performance of the optimized flow channel with
microstructures under the ribs were all improved
compared to the conventional flow channel plate, as
shown by the polarization partitioning in Fig. 3(b), the
0.03 mm channel under the rib can effectively improve
the mass transfer loss, which is due to the pressure
difference between two neighboring channels in the
single-serpentine flow channel design, and the sub-rib
slot can force the oxygen to be rapidly detached from the
rib, to Avoiding the accumulation of excessive oxygen
concentration under the rib (PTL) improves the mass
transfer performance. At the same time, although the
sub-rib channel may reduce some of the flow channel
and the contact area of the PTL, its ohmic loss is not
improved and is basically the same as that of the
conventional flow channel (Fig. 3(b)). The 0.03 mm tabs
under the rib not only improves the mass transfer under
the rib, but also reduces the ohmic loss, which is due to
the tabs structure under the rib is embedded in the PTL,

which has micropores of 0.03 to 0.06 mm, and such
microstructures have the potential to be embedded in
the pores of the PTL to improve the contact surface,
which in turn reduces the ohmic. The best performance
is achieved by the 0.03 mm tabs sub-rib microstructure
in this section of experiments (2 V @ 3.27 A/cm?), which
improves the performance by 9.98% compared to the
conventional flow channel.

3.2 Numerical simulation
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Fig. 4 Performance of different channel structures
and oxygen distribution

By establishing a single-flow channel model of
multiphase electrochemical PEM electrolytic water and
constructing a flow channel structure with sub-rib
microstructure, the conventional flow channel structure
was compared and analyzed. The simulated polarization
curve results are shown in Fig. 4(a), and the simulation
results are consistent with the experimental results. Fig.
4(b) shows the comparison of the oxygen content of the
electrolysis at 1.7 V working voltage, it can be seen that
the oxygen content under the rib of the conventional
flow channel is high, and a large amount of oxygen
accumulation leads to high mass transfer loss, while the
flow channel with microstructure can effectively
alleviate the oxygen accumulation under the rib, and at
the same time, the model is constructed as a half-
embedded, i.e., the total height of the microstructure is
0.05 mm, and the embedded depth of the PTL is 0.025
mm, which increases the contact between flow channel
and PTL, and improves the contact between flow channel



and PTL. The contact between the channel and PTL is
improved, and therefore the ohmic loss decreases, which
is consistent with Section 3.1. The simulation results
show a 14.3% improvement in channel performance for
the 0.03 mm tabs compared to the conventional channel.

4., CONCLUSION

In this study, we propose the microstructures of the
flow channel sub-rib bosses and slots, and investigate the
effects of the sub-rib structures on the mass transfer and
performance of the flow channel using experimental and
simulation methods. The results show that the single
serpentine flow channel sub-rib structure can force the
rapid desorption of oxygen under the rib and thus
improve the mass transfer efficiency, while the tab
structure may be embedded in the PTL to improve the
contact surface between the flow channel and the PTL,
and the tabs structure not only reduces the ohmic loss,
but also effectively improves the sub-rib mass transfer to
achieve the best performance. Under the working
condition of voltage of 2 V, the experimental results of
0.03 mm tabs were improved by 9.98% and the
simulated results were improved by 14.3% compared
with the conventional channel. In this study, the overall
performance is effectively improved by designing the
microstructure, while its processing difficulty is low,
which provides a new idea for the optimized design of
the flow channel of the subsequent electrolysis.
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