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Abstract

Alkaline water electrolysis (AWE) is the most mature technology for hydrogen production by water electrolysis.
Alkaline water electrolyzer consists of multiple electrolysis cells, and a single cell consists of a diaphragm, electrodes,
bipolar plates and end plates, etc. The existing industrial bipolar plate channel is concave-convex structure, which is
manufactured by complicated and high-cost mold punching. This structure still results in uneven electrolyte flow and
low current density in the electrolytic cell, further increasing in energy consumption and cost of AWE. Thereby, in this
article, the electrochemical and flow model is firstly constructed, based on the existing industrial concave and convex
flow channel structure of bipolar plate, to study the current density, electrolyte flow and bubble distribution in the
electrolysis cell. The reliability of the model was verified by comparison with experimental data in literature. Among
which, the electrochemical current density affects the bubble yield, on the other hand, the generated bubbles cover the
electrode surface, affecting the active specific surface area and ohmic resistance, which in turn affects the electro-
chemical reaction. The result indicates that the flow velocity near the bottom of the concave ball approaches zero,
while the flow velocity on the convex ball surface is significantly higher. Additionally, vortices are observed within the
flow channel structure, leading to an uneven distribution of electrolyte. Next, modelling is used to optimize the bipolar
plate structure of AWE by simulating the electrochemistry and fluid flow performances of four kinds of structures,
namely, concave and convex, rhombus, wedge and expanded mesh, in the bipolar plate of alkaline water electrolyzer.
The results show that the expanded mesh channel structure has the largest current density of 3330 A/m? and elec-
trolyte flow velocity of 0.507 m/s in the electrolytic cell. Under the same current density, the electrolytic cell with the
expanded mesh runner structure has the smallest potential and energy consumption. This work provides a useful
guide for the comprehensive understanding and optimization of channel structures, and a theoretical basis for the
design of large-scale electrolyzer.

Keywords: Alkaline water electrolyzer; Expanded mesh channel structure; Numerical simulation

1. Introduction transformation [1-5]. Hydrogen energy, a clean

secondary energy of high thermal value, as energy

Traditional fossil fuels not only have limited re-
serves, but also caused high carbon emissions and
serious greenhouse effect. In recent years, renew-
able clean energy, including solar energy, wind
energy, etc., has been booming in the world to
replace traditional fossil fuels and achieve energy

carriers and raw materials, widely used in renew-
able energy integration, metallurgy, synthetic
ammonia, and hydrogen-synthetic fuel, etc [6—10].
Among various hydrogen production methods,
electrolytic water hydrogen is the cleanest
hydrogen production technology, and currently
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accounts for only about 5%, but it is predicted that
it has high potential market value [11—-16].

Electrolytic water hydrogen production [17—22]
is divided into: alkaline water electrolysis (AWE)
[23—26], proton exchange membrane electrolysis
(PEM) [27,28], solid oxide electrolysis (SOE) and
anion exchange membrane electrolysis (AEM).
Among them, AWE is currently the most mature
and lowest cost electrolytic hydrogen production
technology with a single cell scale of 3000 Nm®/h,
and has achieved a large-scale industrialized
hydrogen production [19]. However, the cost of the
AWE is still far higher than that of the conven-
tional hydrogen production technology, such as
reforming fossil fuels (coals, natural gas, etc.).
Therefore, it is urgent to further lower the cost and
increase market competition of AWE.

Cost reduction can be achieved by reducing the
cost of electrolyzer equipment and improving the
efficiency of the electrolyzer. Alkaline water elec-
trolyzer is mainly composed of electrodes, dia-
phragm, bipolar plates and end plates, etc.
Traditionally, the bipolar plate of AWE has
concave-convex structure that is complicated and
difficult to be fabricated by mold punching with
high manufacturing costs. Besides, AWE has lower
current density and high energy consumption
problems. Currently industrial concave-convex
bipolar plates exist the problem of uneven elec-
trolyte flow. The uneven flow of electrolyte hinders
the ion and heat transfers on the electrode surface,
and the bubbles without escape in time accumu-
late on the electrode, reducing the active specific
surface area of the electrode and increasing the
activation overpotentials and ohmic drop, thus
increasing the energy consumption and cost of
AWE [19,29,30]. Therefore, it is necessary to
improve the uniformity of the electrolyte distri-
bution and accelerate the bubble escape by opti-
mizing the bipolar plate channel structure [30—35].

Modeling is an essential tool for the rapid
development of AWE, which is beneficial to chan-
nel structure, process parameters optimization and
large-scale electrolyzer analysis [18,36—38]. AWE
modeling researches have been firstly focused on
the 2D physical field analysis, such as thermody-
namics, flow, heat transfer, without involving in
flow field structure and experimental verification.
For example, Hammoudi et al. [37] proposed a 2D
multi-physical model describing the evolution of
the operating voltage of an electrolysis based on
electrochemistry, thermodynamics and two-phase
flow. Olivier et al. [36] reviewed the 2D electro-
chemical and heat transfer (lumped heat capacity
method) models of AWE electrolysis, without
considering the flow field structure and mass

transfer model of AWE. Hu et al. [39] made a
detailed and comprehensive review of the existing
modeling work on 2D AWE thermodynamics,
electrochemistry, heat and gas purity.

Recently, Huang et al. [38] established a 3D
traditionally integrated channel structure model,
considering the bubble effect, the coupling equa-
tion of electrochemical and mixture model for the
two-phase laminar flow. The results show that
when the current density is higher than 2500 A/m?,
the relative error of the model's current-voltage (I-
V) characteristic curve is less than 5%. Further,
Zhang et al. [40] modeled and simulated the
spherical concave and convex (SCC) Euler-Euler
RANS k-¢ turbulence model, proving that the SCC-
shaped bipolar plate structure could effectively
average the distributions of electrolyte and bub-
bles in the channel, and reduced the hydrogen gas
concentration on the electrode surface by
comparing with the straight channel, which was
conducive to the improvement of electrolytic effi-
ciency. Besides, Wang et al. [41] also established a
3D laminar model to study the uniformity of liquid
flow in the concave-convex bipolar plate (CCBP)
electrolyzer, and combined with visual experi-
ments to verify the simulation results, revealing
the obvious non-uniform flow in the CCBP elec-
trolyzer. Subsequently, Wang et al. [42] compared
the flow uniformity of blank, CCBP, wedge, and
rhombus electrolyzers, by using a laminar flow
model, with that of conventional CCBP electro-
lyzer, and found that the flow uniformity values of
wedge and CCBP electrolyzers were, respectively,
increased by 19% and 28%. Zhao et al. [43,44]
designed an industrial system-level AWE
hydrogen production equipment, comparing the
concave-convex structure and expanded mesh
structure as a bipolar plate by experiments. There
are some literatures concerning simulation models
of 3D alkaline water electrolyzer channel struc-
tures, but very few study deals with expanded
mesh channel structures, and especially, until now
the researches about a comprehensive analysis of
the electrochemical and flow performances within
the electrolytic cells of expanded mesh channel
structures have not yet been reported from the
perspective of theoretical studies.

In this work, we firstly establish an electro-
chemical and RNG «-¢ phase transfer mixture
model based on the industrial concave-convex bi-
polar plate channel structure. The model is verified
with the experimental values in the literature,
which ensures the accuracy and reduces the
calculation cost. Secondly, the simulation and
comparison of bipolar plate electrolytic cell with
concave-convex, rhombus, wedge and expanded
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mesh structures were carried out to study the
optimal bipolar plate channel structure, analyze its
internal electrochemistry and flow field distribu-
tion, and achieve the goal of reducing energy
consumption and cost of AWE.

2. Methodology

2.1. Geometric modelling

The large alkaline water electrolyzer consists of
multiple electrolytic cells, in which the structure is
identical of each electrolytic cell, making this
article firstly focuses on a single electrolytic cell.
Zero-gap electrolytic cell structure is adopted to
reduce the internal resistance of electrolyte and
improve the electrolysis efficiency by reducing the
distance between electrodes and diaphragm. As
shown in Fig. 1, the geometrical model of a zero-
gap alkaline water electrolytic cell consists of a
cathode, an anode, and a diaphragm, as well as
cathodic and anodic flow channels field (the flow
channel between the bipolar plate and the elec-
trode), through which we focus on the effect of the
bipolar plate structure. Wherein, the 3D porous
electrode and diaphragm domains are assumed to
be homogeneous cylindrical domains having po-
rosities of 0.27 and 0.56, respectively [45].

Figure 2(a—d) shows the geometrical models of the
concave-convex, rhombus, wedge and expanded
mesh flow field structures on the bipolar plate. The
single unit of the rhombus structure is a square with

cathodic flow channel field
cathode electrode

diaphragm

anode electrode

anode flow channel field

Fig. 1. A semantical representation of a filter-press type alkaline water
electrolysis cell.

a b L
S
Single unit :
9 s concave \
(T S nvex
5 AN

concave-convex structure rhombus structure

a height of 2 mm; the single unit of the rhombus
structure is arhombus formed by the stacking of two
rectangles, with the length of the rectangles 2.5 mm,
half the width of the length and the height of the
rhombuses 2.5 mm; and the expanded mesh struc-
ture consists of a staggered structure with a long
intercept of 12 mm, a short intercept of about
8.5 mm, and a total thickness of 2.33 mm, the model
parameters are shown in Table 1.

3. Mathematical models of the electrolyzer
cell

3.1. Electrochemical model

Alkaline water electrolysis overall reactions:

Cathode reaction : 2H,0-2e” — 20H" + H, (1)

Table 1. Four types of bipolar plate flow field structure dimensions.

Geometric parameter Value (mm)
Electrode radius 65
Electrode height 2
Diaphragm radius 65
Diaphragm height 0.7
Inlet length 6
Inlet width 6
Channel radius 65
Channel height 2

Single unit

Concave-convex Concave/convex 4.5

structure sphere radius

Concave and convex 12
spheres distance

Rhombus Height 2
Channel height 3

Wedge Length 2.5
Width 1.25
Height 2.5
Channel height 3

Expanded mesh Thickness 0.5
Height 2.33
Transverse distance 6
Longitudinal distance 4.23

I d

wedge structure expanded mesh structure

Fig. 2. (a) The concave-convex structure flow path, (b) rhombus structure flow path, (c) wedge structure flow path and (d) expanded mesh structure

flow path.
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Anode reaction : 4OH -4e” — 2H,0 + O, (2)

There are mainly three kinds of overpotential
in a single cell:

(1) Activation overpotential;
(2) Ohmic overpotential;
(3) Diffusion overpotential;

Alkaline water electrolytic cell has ignored con-
centration overpotential due to low current den-
sities and high OH™ concentrations [46,47].
Thereby, only the activation overpotential and
ohmic overpotential are considered, and the
equations are as follows:

Ecell = Erev + Eact‘ano + Eact‘cat + thm (3)

Where E,.y is the reversible voltage of a single cell,
Eactano and E,c¢cat are the activation overpotentials
of the anode and cathode, respectively, Eopy, is the
ohmic overpotential.

According the Nernst equation [48]:

%
B X T, Pry/Po, (4)
rev 2*F PHZO
Py,, Po, and Py,o are the partial pressures of
Hz, 02 and HzO
Assuming that the concentration of each sub-
stance is the same everywhere, Cpg = Cps, Crg =
CRrs, the activation overpotential-current relation-
ship follows the Butler-Volmer equation [48]:

ag*F*n —ac*F*y
R*T R*T i|

T10c = 1o [e —e

(5)

where i, means the current density at the elec-
trode, iy is the exchange current density, o, , o, are
the electrode electron transfer factors, F is the
Faraday's constant, F = 96485.33 C/mol, R is the
molar gas constant, and T is the temperature.

For both cathodic and anodic electrode reactions,
when either cathodic or anodic polarization dom-
inates, the overpotentials conform to the Tafel
equation as shown in (6—7) [48]:

RT loc
Eactﬁa :711*04,1*1-"*1”@ (6)
RT T1oc
S —_
Eactc n * . *F ln io.c (7)

The active specific surface area is determined
by considering a reduction in the active area for
electrochemical reactions due to bubble coverage:

a,=S*(1— 0) 8)

a, is the electrode reaction area, S is the specific
surface area of the electrocatalyst, calculated by

surface area/volume in m?/m3 i.e. 1/m, 6 is the

bubble volume fraction, calculated by flow
modelling.
iv =y >x<ilac (9)

The ohmic overpotential is the loss caused by
the resistances of the electrodes, electrolyte and
diaphragm. The total ohmic overpotential consists
of the electrolyte, electrode and diaphragm over-
potentials and is expressed as follows:

thm =I* (Ru + RC + Rlbubhle + Rmem) <1O>

Where R, and R, represent the anode and cathode
electrode resistances, respectively, Ry, . repre-
sents the electrolyte resistance considering the ef-
fect of bubbles, and Ryem means the diaphragm
resistance, while the conductivity omem is setto
be 20.44 S/m [45]. The related calculations are
given below:

R=1s @ (11)

0,=0; = ON;i
= 60000000 — 279650*T -+ 532*T?2
—0.38057*T> (12)

OKOH = 2.041*11’1[(01.1 — 0.0028*7111(01{2

+0.005332* o * T -+ 2072 KOH

+0.001043 *myon® — 0.0000003*n1xop>* T2
(13)

mior =yi* (183.1221 - 0.56845+T
m, (14)
+984 5679*3(7) )

Where m,, represents the mass fraction of alkaline
water electrolysis electrolyte, and the industrial
alkaline mass fraction is 30%. The effective con-
ductivity of the electrolyte is corrected according to
the Bruggeman equation:

Trefr =21 %0 (15)

where ¢ is the effective volume fraction of the
electrolyte, and the electrode substrate is a 60-
mesh Ni mesh with a porosity of 0.2695, i.e.,
g = 0.2695 [45], taking the effect of bubbles into
account:

O lyupte = Ul,eff*(l - 0) (16)

There is a difference between the current
conservation equation and the potential equation
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at the electrode-electrolyte interface due to the
presence of an overpotential, as shown in Egs. 17
and 18:

i1: _ol4eff*v¢l Vilziv (17)
iy= — 0}V & Vi, = —i, (18)

where i; (A/m?) and i; (A/m?) denote the current
density vectors, @ (V) represents the potentials in
the metal conductor and electrolyte, while the
subscripts s and 1 represent the electrodes and
electrolyte, respectively.

3.2. RNG «-¢ phase transfer mixture model

This article focuses on the uniformity of the elec-
trolyte flow, which is the basis of the overall gas-
liquid flow uniformity during the electrolysis pro-
cess; therefore, the electrolyte flow in an alkaline
water electrolyzer can be calculated by solving the
single-phase steady-state continuity equations and
the Navier-Stokes equations. Water vapor and Hy/
O, gas crossover are not considered, and the volume
change that exists is between liquid water and H,/O,
gas, and the sum of the volume fractions of the two
phases within each computational mesh is 1. Sec-
ondly, according to previous studies, the flow in
alkaline water electrolyzer is of dispersive turbu-
lence [49,50]. Therefore, the phase transfer mixture
model is established, which is a relatively simplified
dispersion-type flow model that requires only a set
of mass and momentum equations to be calculated.
In addition, the RNG «-¢ model improves the model
convergence by attaching a turbulent dissipation
term ¢ to the equations. Eventually, the RNG «-¢
phase transfer mixture model is considered and
selected in this study to simulate the flow charac-
teristics inside the alkaline water electrolyzer, which
can lead to the following equations:

Mass  conservation equation (continuity
equation):
V*(pu)=0 (19)

Momentum conservation equation:
p(7*v)7=v*[—p7+f}+f’+pg (20)

The turbulent flow is modeled using the k-¢
model to solve for the turbulent kinetic energy «
and turbulent dissipation ¢, which are calculated as
follows:

0
p—K+p(7*V)K: V*{(,U,+MT> VK:| + Py — pe
ot Ok

(21)

0 2
p—8+p(7* V)é‘: vV * |:(/~L+&> VS] +Cf1£Pk—C€2p%

ot : k
(22)
3Cdipc e au—m}
Tuslip,iuslip,i - (p - ,051,) ot
’ F (23)
— U ¥V Uy + g+ ;)

Where p is the density of the mixture, p is the
density of the bubble phase, u is the velocity vector
of the mixture, P is the fluid pressure, p is the
mixture viscosity, ur is the turbulent viscosity, F is
the external force, g is the acceleration of gravity,
uglip is the slip velocity, Cq; = 0.44; the empirical
coefficients C.1 = 1.42 and C,, = 1.68.

The mass sources of H, and O, are calculated by
Faraday's law as following [51]:

i *M

my, = ”Z*FHZ (24)
i *Mo

Mo, = T 2 (25)

Where i, (A/m®) means the volume current den-
sity, Mp,, and Mo, (g/mol) mean the relative mo-
lecular masses of H, and O,, respectively.

Mass transfer between liquid water and gas
phases in the electrode domain:

v Ni ={Ssi (26)

LM
Miiquid = ilv I3 o (27)

gssi (kg/m®-s) means the mass transfer to other
terms, where gsg; is equal to mjquiq, which means
the electrolyte transport through the diaphragm
due to electrochemical reactions, positive on the
hydrogen electrode domain and negative on the
oxygen electrode domain; gss is equal to my, on
the H, electrode domain and mp, on the O, elec-
trode domain.

The electrochemical current density affects the
bubble yield, on the other hand, the generated
bubbles cover the electrode surface, affecting the
active specific surface area, which in turn affects
the electrochemical reaction, achieving a bidirec-
tional coupling between electrochemistry and flow,
as showing in Fig. 3.

3.3. Boundary conditions

The hydrogen side of the electron-conducting
phase is set to be electrically grounded, and the
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i~my, My,

phid~i

Fig. 3. Electrochemical and flow multi-physics field coupling
relationships.

potential of the oxygen side is considered to be
constant to the electrolytic cell voltage (E).

The flow boundary conditions use velocity inlets
and pressure outlets. At the inlet boundary, the
electrolyte flows at 0.22 m/s and the gas phases
have no flow. All external boundaries have no-slip
boundary conditions.

At the inlet boundary, the gas phase volume
fraction is zero. The gas-liquid phase flows out of
the outlet boundary.

3.4. Mesh independency test

The entire geometric model is assembled using a
combine, where the adjacent domain boundaries
share the same mesh and boundary conditions.
Mesh types are divided into structured and un-
structured meshes. As shown in Fig. 4(a and b), the
diaphragm domain, inlet and outlet are divided
into structured hexahedral mesh due to regular
geometry, significantly reducing the number of
meshes. Channel region due to the spherical
convex-concave surface structure, can only be
divided by unstructured free tetrahedral meshes.

The independence of the mesh is verified, and
the differences between the calculated results of O,
current density and average flow velocities in the
Meshes 1, 2, 3 and 4, are 0.02%, 0.31%, 0.32% and
2.05%, respectively, as shown in Table 2, and the
calculated results no longer change with the
change of the number of meshes. Therefore,
considering the calculation accuracy and calcula-
tion quantity, the Mesh 3 was selected for the nu-
merical simulation calculation.

3.5. Solving method

Firstly, the study step is initialized using the
current density distribution to obtain good initial

a b

Table 2. Mesh-independence validation calculations.

Mesh type Mesh1 Mesh2 Mesh3 Mesh4

Number of domain 14,100 29,466 102,702 926,090
cell

Average cell mass 0.47 0.65 0.68 0.65

O2 current density 24495 24575  2459.8  2460.3

02 Relative rate of 0.44% 0.11% 0.02% Baseline
change

Average flow velocity 0.00882  0.00900 0.00904  0.00922

Relative change rate ~ 4.39% 2.39% 2.05% Baseline

values which are used to improve the convergence
of the model. Next, the solution is solved using a
steady-state solver with fully coupled calculations,
using an iterative approach step by step rather
than through a single computationally intensive
step with a relative tolerance of less than 10~*.

3.6. Model verification

The reliability of the model is verified by
comparing with the voltage-current density curves
of large electrolyzer operation in the Guo et al.
literature [45], which is an important indicator for
evaluating the performance of an electrolyzer, and
the model parameters are shown in Table 3.

Figure 5(a) shows the current status of alkaline
electrolyzer energy consumption up to 2018, from
which it can be seen that the electrolytic cell
voltage is between 1.6 V and 2.2 V under real
working conditions. The comparison graph of this
work with the experimental data in the literature
[45] through the model results is shown in Fig. 5(b).

Table 3. Physical field parameters [32,45,52].

Physical Field Parameter Unit Value

Electrolyte concentration mol/L 6.72
Electrolyte conductivity S/m 138
H, side exchange current density Alm? 23.4

O, side exchange current density Alm? 9.3
Exchange current density (a,, o) / 0.5
Electrolytic cell voltage v 2
Diaphragm conductivity S/m 20.44
Electrolyte inlet flow velocity m/s 0.22
Electrolyzer pressure MPa 2
Operating temperature °C 90

unstructured mesh

Fig. 4. Mesh delineation of filter press electrolyzer with concave-convex structure: (a) main view and (b) top view.
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Fig. 5. (a) Typical polarization curves; (b) Comparison of the simulated (black line) and experimental values (red line) of current density-voltage

polarization curves for alkaline water electrolyzer [45,53].

From the graph, it can be seen that the I-V curve
calculated by the above simulation model in this
work has the same trend with the experimental
result reported in the literature, and the error is
within the acceptable range, thus the numerical
simulation method in this work is considered to be
effective and capable of judging correctly the
electrochemical performance and the electrolyte
flow distribution within the electrolytic cell.

4. Results and discussion

4.1. Electrolytic cell performance

4.1.1. Electrochemical performance

Figure 6(a and b) shows the current density
distribution of the electrolyte in the electrolytic cell
at Q = 0.6 m®/h and E = 2.0 V. It can be seen that,
the closer to the separator center (Hz = 0.35 mm),
the higher the current density of the electrolyte,

a b Hz=2.7mm Hz=1.7mm
Hz=0.7mm Hz=0. 35mm

000

Fig. 6. (a) Side view and main view of the current density distribution
of the electrolyte inside the electrolytic cell; (b) Main view of the
current density distribution of the electrolyte at different heights.

with the maximum value of the current density up
to 3050 A/m? while the closer to the bipolar plate
flow channel interface (Hz = 2.7 mm), the lower
the current density of the electrolyte. In addition, a
significant decrease in current density in the elec-
trode and diaphragm domains is clearly seen, with
a very small current density gradient and a small
voltage drop in the channel domain.

Figure 7(a and b) shows the current density
distribution on the electrode within the electrolytic
cell, and the trend in current density distribution of
the electrolyte is opposite to that of Fig. 6, the
closer to the bipolar plate (Hz = 2.7 mm), the
higher the current density on the electrode surface,
while the closer to the diaphragm (Hz = 0.7 mm),
the lower the current density on the electrode,
which is due to the co-existence of both electronic
and ionic conduction within the electrolytic cell,
and when close to the diaphragm, the ionic con-
duction is dominant, the closer to the bipolar plate
channel interface, the electronic conduction is
dominant, the electrolyte current is converted into

a

Hz=2.7mm Hz= 2 2mm
o Hz=1.7mm  Hz=0.7mm

14 - n

Fig. 7. (a) Side view of the current density distribution on the elec-
trodes inside the electrolytic cell (b) Main view of the current density
distribution on the electrodes at different height interfaces.
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electrode current, and the current density of elec-
trolyte decreases. Therefore, the interface where
the bipolar plate is in contact with the electrode
(Hz = 2.7 mm) has the highest current density on
the electrode.

As can be seen from Fig. 8, the electrode current
density gradually decreases along the x-direction
of the outlet, considering the reason is that the
bubbles are affected by buoyancy and gather to-
wards the outlet, resulting in the closer the outlet,
the electrode active specific surface area decreases
and the bubble resistance increases.

From Fig. 9(a), it can be seen that the electrolyte
current density near the inlet is maximum,
showing a decreasing trend along the outflow x-
direction. Combined with Fig. 9(b), it can be seen
that the concave sphere close to the inlet has the
highest current density at the edge, which is
considered to be due to the increase in the flow
cross-sectional area of the electrolyte when it en-
ters the concave sphere, resulting in a decrease in
the flow velocity and a decrease in the current
density. At the bottom of the convex sphere in
contact with the electrode, the flow cross-sectional
area decreases and the flow velocity increases, and
the current density is the maximum. Along the
outlet x-direction, the current density inside the
convex spheres decreases accordingly, and it is
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Fig. 8. Main view of electrode current density at Hz = 2.7 mm
(electrode-bipolar plate contact interface).
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=
o

HFNWS OO N OO
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considered possibly that the part of the convex
spheres in contact with the electrodes is also
affected by the bubbles, which leads to a decrease
in the current density.

4.2. Flow distribution

The electrolyte flow velocity distribution inside
the electrolysis cell is shown in Fig. 10. From
Fig. 10(a), (b), (c) and (d), it can be seen that the
concave-convex structure of the flow channel leads
to the uneven flow of the electrolyte, and on the
same cross-section the flow velocity distribution is
more uniform as closer to the center (x = 0 mm),
which is attributed to the equal flow resistance at
symmetric positions. Combined with Fig. 10(b) and
(e), it can be seen that along the outlet x-direction,
the flow velocity on the surface of the convex
sphere tends to be decreased and then increased,
and the minimum flow velocity is on the cross-
section of x = —24 mm. Fig. 10(f) confirms there
exists the vortices inside the concave-convex
structure.

As shown in Fig. 11(a and b), the volume fraction
on the H; side is nearly twice as large as that on the
O, side, with the maximum volume fractions of
11.3% and 6.05%, respectively, due to the fact that
the rate of H, generation is twice that of O,. As the
bubbles are influenced by buoyancy and thrust,
they are continuously aggregated upwards. The
non-uniformity of bubble distribution originates
from the non-uniform distribution of electrolyte
flow, which leads to the uneven distribution of
current density, accordingly, increased the local
resistance, reduced the active reaction area,
increased the voltage, and limited the electro-
chemical reaction.

4.3. Effect of bipolar plate flow field structures

In the electrolytic cell of the concave-convex
structured bipolar plate, the electrolyte flow is
unevenly distributed. Moreover, the industrial
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Fig. 9. (a) Electrolyte current density distribution in bipolar plate concave-convex channel field; (b) Electrolyte current density contour plot.
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Fig. 10. (a) Locations of the transversal line for study (x-y plane, z = 2.7 mm); (b) Velocity profile on the transversal line at different y positions on
the reference x-y plane (z = 2.7 mm); (c) x = 0 section flow velocity map; (d) y = 0 section flow velocity map; (e) Electrolyte flow velocity
distribution inside the electrolytic cell; (f) Flow velocity contours.

concave-convex structure bipolar plates are sha- model, boundary conditions and mesh selection as
ped by mold punching with high processing ac- above. The current density-voltage polarization
curacy and cost. Therefore, it is proposed to  curves for the concave-convex, rhombus, wedge
simulate and compare the bipolar plate electrolytic = and expanded mesh are shown in Fig. 12, from
cells with rhombus, wedge and expanded mesh  which it can be seen that the bipolar plate channel
structures to study the internal electric field and  structure with the expanded mesh has the lowest
flow velocity distribution of the four bipolar plate  voltage and the lowest power, and significantly
channel structures, with the same computational  higher electrochemical performance than the

a b %

A3

iy

Fig. 11. (a) H, distribution in cathode flow path and (b) O, distribution in anode flow path.
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Fig. 12. Four types of channel structure I-V curves.

remaining three structures at the same current
density.

As can be seen in Fig. 13(a—d), the expanded
mesh structure has the greatest current density.
The reason is that as described above, the current
conduction is divided into electron conduction and
ion conduction. With the increase of contact sites
between the expanded mesh and the electrode, the
enhancement of electron conduction leads to a
significant increase in current density. Besides, the
other three structures show a large current density
at the inlet, decreasing along the x outlet direction,
while along the x-exit direction, the current den-
sities are significantly reduced due to the effect of
bubble blocking.

From Fig. 14(a—e), it can be seen that the flow
velocity distribution of the four bipolar plate

a A/m?
A 1.04x10°
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0.93
v 927

gl

channel structures is ranked as follows: expanded
mesh structure > wedge structure > rhombus
structure > concave-convex structure. Expanded
mesh structure is the most uniform bipolar plate
channel structure among the four structures, with
a maximum flow velocity of 0.507 m/s, which not
only enhances the lateral flow of electrolyte and
improves the flow uniformity in the x-direction,
but also greatly alleviates the existence of low-
speed tailing area of wedge structure through the
staggered structure, which improves the unifor-
mity of flow velocity in the y-direction, and ulti-
mately improves the overall flow uniformity
significantly.

5. Conclusions

In this article, the electrochemical performance
and electrolyte flow velocity distribution of elec-
trolytic cell with four different bipolar plate chan-
nel structures, namely, concave-convex, rhombus,
wedge and expanded mesh, are simulated, and the
following conclusions can be made:

In the electrolysis cell of the concave-convex
structure, the flow velocity on the surface of the
convex sphere decreases and then increases along
the x-direction of the outlet, with a minimum flow
velocity on the cross-section of x = —24 mm. The
presence of vortices in the flow channel domain of
the concave-convex structured electrolytic cells has
also been confirmed.
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Fig. 13. Current density distributions with (a) concave-convex structure, (b) rhombus structure, (c) wedge structure and (d) expanded mesh

structure.
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Fig. 14. Electrolyte flow velocity distributions of (a) concave-convex structure electrolyte flow velocity distribution, (b) rhombus structure elec-
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distribution; (e) Velocity profile on the transversal line at different y positions on the reference x-y plane (z = 2.7 mm).
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The current density-voltage polarization curves
of four bipolar plate structures, namely, concave-
convex, rhombus, wedge and expanded mesh, are
compared, and the results indicate that at the same
current density, the expanded mesh structure ex-
hibits the lowest voltage and the lowest energy
consumption. Expanded mesh structure is the
most uniform bipolar plate channel structure
among the above four structures, with a maximum
flow velocity of 0.507 m/s.

This work provides useful guidance for the
optimization design of electrolytic cell structure. In
the future research, the selection of expanded
mesh structure and local structure optimization
will be carried out to improve the performance of
the electrolytic cell, supplemented by experimental
observation and verification.
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