
RESEARCH ARTICLE

1

DOI:10.61558/2993-074X.3469 Article ID: 1006-3471(2024)00-0000-001
Http://electrochem.xmu.edu.cn2

Optimization of channel structure of alkaline water electrolyzer by3

using expanded mesh as bipolar plate4

Hai-Yan Xiong a, Zhen-Xiao Zhu a, Xin Gao a, Chen-Ming Fan a, Hui-Bao Luan b, *and Bing Li a, *5

a School of Mechanical and Power Engineering6
East China University of Science and Technology7
Shanghai 200237, China8
E-mail: bingli@ecust.edu.cn9
b Shanghai Marine Diesel Engine Research Institute10
Shanghai 201108, China11
E-mail: luanhuibao@163.com12

Keywords: Alkaline water electrolyzer • expanded mesh channel structure • Numerical simulation13

14

Abstract: Alkaline water electrolysis (AWE) is the most mature15
technology for hydrogen production by water electrolysis.16
Alkaline water electrolyzer consists of multiple electrolysis cells,17
and a single cell consists of a diaphragm, electrodes, bipolar18
plates and end plates, etc. The existing industrial bipolar plate19
channel is concave-convex structure, which is manufactured by20
complicated and high-cost mold punching. This structure still21
results in uneven electrolyte flow and low current density in the22
electrolytic cell, further increasing in energy consumption and23
cost of AWE. Thereby, in this article, the electrochemical and24
flow model of is firstly constructed, based on the existing25
industrial concave and convex flow channel structure of bipolar26
plate, to study the current density, electrolyte flow and bubble27
distribution in the electrolysis cell. The reliability of the model28
was verified by comparison with experimental data in literature.29
Among, the electrochemical current density affects the bubble30
yield, on the other hand, the generated bubbles cover the31
electrode surface, affecting the active specific surface area and32
ohmic resistance, which in turn affects the electrochemical33
reaction. The result indicates that the flow velocity near the34
bottom of the concave ball approaches zero, while the flow35
velocity on the convex ball surface is significantly higher.36
Additionally, vortices are observed within the flow channel37
structure, leading to an uneven distribution of electrolyte. Next,38
modelling is used to optimize the bipolar plate structure of AWE39
by simulating the electrochemistry and fluid flow performances40
of four kinds of structures, namely concave and convex,41
rhombus, wedge and expanded mesh, in the bipolar plate of42
alkaline water electrolyzer. The results show that the expanded43
mesh channel structure has the largest current density of 333044
A/m2 and electrolyte flow velocity of 0.507 m/s in the electrolytic45
cell. Under the same current density, the electrolytic cell with46
expanded mesh runner structure has the smallest potential and47
energy consumption. This work provides a useful guide for the48
comprehensive understanding and optimization of channel49
structures, and provides a theoretical basis for the design of50
large-scale electrolyzer.51

Introduction52

Traditional fossil fuels not only have limited reserves, but also53
caused high carbon emissions and serious greenhouse effect. In54
recent years, renewable clean energy, including solar energy,55
wind energy, etc., has been booming in the world to replace56
traditional fossil fuels and achieve energy transformation[1-5].57
Hydrogen energy, a clean secondary energy of high thermal58
value, as energy carriers and raw materials, widely used in59
renewable energy integration, metallurgy, synthetic ammonia,60
and hydrogen-synthetic fuel, etc.[6-10] Among various hydrogen61
production methods, electrolytic water hydrogen is the cleanest62
hydrogen production technology, and currently accounts for only63
about 5%, but it is predicted that it has high potential market64
value[11-16].65
Electrolytic water hydrogen production[17-22] is divided into:66
alkaline water electrolysis (AWE)[23-26], proton exchange67
membrane electrolysis (PEM)[27, 28], solid oxide electrolysis68
(SOEC) and anion exchange membrane electrolysis (AEM).69
Among them, AWE is currently the most mature and lowest cost70
electrolytic hydrogen production technology with a single cell71
scale of 3000Nm3/h, has achieved a large-scale industrialized72
hydrogen production[19]. However, the cost for the AWE is still far73
higher than the conventional hydrogen production technology,74
such as reforming fossil fuels (coals, natural gas, etc.).75
Therefore, it is urgent to further lower the cost and increase76
market competition of AWE.77
Cost reduction can be achieved by reducing the cost of78
electrolyzer equipment and improving the efficiency of the79
electrolyzer. Alkaline water electrolyzer is mainly composed of80
electrodes, diaphragm, bipolar plates and end plates, etc.81
Traditionally, the bipolar plate of AWE has concave-convex82
structure that is complicated and difficult to be fabricated by83
mold punching with high manufacturing costs. Besides, AWE84
has lower current density and high energy consumption85
problems. Currently industrial concave-convex bipolar plates86
exist the problem of uneven electrolyte flow. The uneven flow of87
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electrolyte hinders the ion and heat transfer on the electrode1
surface, and the bubbles without escape in time accumulate on2
the electrode, reducing the active specific surface area of the3
electrode and increasing the activation overpotentials and ohmic4
drop, then increasing the energy consumption and cost of5
AWE[19, 29, 30]. Therefore, it is necessary to improve the uniformity6
of the electrolyte distribution and bubble escape by optimizing7
the bipolar plate channel structure[30-35].8
Modeling is an essential tool for the rapid development of AWE,9
which is benefit to channel structure 、 process parameters10
optimization and analysis of large-scale electrolyzer[18, 36-38].11
Regarding the modeling of AWE, modeling research firstly12
focused on the 2D physical field analysis, such as13
thermodynamics, flow, heat transfer, without involving in flow14
field structure and experimental verification. For example,15
Hammoudi et al.[37] proposed a 2D multi-physical model16
describing the evolution of the operating voltage of an17
electrolysis based on electrochemistry, thermodynamics and18
two-phase flow. Olivier et al.[36] reviewed the 2D electrochemical19
and heat transfer (lumped heat capacity method) models of20
AWE electrolysis, without considering the flow field structure and21
mass transfer model of AWE. Hu et al.[39] made a detailed and22
comprehensive review of the existing modeling work on 2D AWE23
thermodynamics, electrochemistry, heat and gas purity.24
Recently, Huang et al.[38] established a 3D traditionally25
integrated channel structure model, considering the bubble26
effect, the coupling equation of electrochemical and mixture27
model for the two-phase laminar flow. The results show that28
when the current density is higher than 2500 A/m2, the relative29
error of the model's current-voltage (I-V) characteristic curve is30
less than 5%. Further, Zhang et al.[40] modeled and simulated31
the spherical concave and convex (SCC) Euler-Euler RANS k-ε32
turbulence model, proving the SCC-shaped bipolar plate33
structure could effectively average the electrolyte and bubbles34
distribution in the channel and reduced the hydrogen gas35
concentration on the electrode surface by comparing with the36
straight channel, which was conducive to the improvement of37
electrolytic efficiency. Besides, Wang[41] et al. also established a38
3D laminar model to study the uniformity of liquid flow in the39
concave-convex bipolar plate (CCBP) electrolyzer, and40
combined with visual experiments to verify the simulation results,41
revealed the obvious non-uniform flow in the CCBP electrolyzer.42
Subsequently, Wang et al[42] compared the flow uniformity of43
blank, CCBP, wedge, and rhombus electrolyzer by using a44
laminar flow model, and compared with that of conventional45
CCBP electrolyzer, the flow uniformity of wedge and CCBP46
electrolyzer was respectively increased by 19% and 28%. Zhao47
et al[43, 44] design an industrial system-level AWE hydrogen48
production equipment, comparing the concave-convex structure49
and expanded mesh structure as bipolar plate by experiments.50
There are some literatures concerning simulation models of 3D51
alkaline water electrolyzer channel structures, but there are very52
few studies of expanded mesh channel structures, and53
especially, until now the research about comprehensive analysis54
of the electrochemical and flow performances within the55
electrolytic cells of expanded mesh channel structures have not56

yet been comprehensively reported from the perspective of57
theoretical studies.58
In this paper, we firstly establish an electrochemical and RNG κ-59
ε phase transfer mixture model based on the industrial concave-60
convex bipolar plate channel structure. The model is verified61
with the experimental values in the literature, which ensures the62
accuracy and reduces the calculation cost. Secondly, the63
simulation and comparison of bipolar plate electrolytic cell with64
concave-convex, rhombus, wedge and expanded mesh65
structures were carried out to study the optimal bipolar plate66
channel structure, analyze its internal electrochemistry and flow67
field distribution, and achieve the goal of reducing energy68
consumption and cost of AWE.69

Methodology70

Geometric modelling71

The large alkaline water electrolyzer consists of multiple72
electrolytic cells, in which the structure is identical of each73
electrolytic cell, so this paper firstly focuses on a single74
electrolytic cell. Zero-gap electrolytic cell structure is adopted to75
reduce the internal resistance of electrolyte and improve the76
electrolysis efficiency by reducing the distance between77
electrodes and diaphragm. As shown in Figure 1, The78
geometrical model of a zero-gap alkaline water electrolytic cell79
consists of a cathode, anode, diaphragm, and cathodic and80
anodic flow channel field (the flow channel between the bipolar81
plate and the electrode), and we focus on the effect of the82
bipolar plate structure. Wherein, the 3D porous electrode and83
diaphragm domains are assumed to be homogeneous cylindrical84
domains of porosity 0.27 and 0.56, respectively[45].85

86

Figure 1. filter-press type alkaline water electrolysis cell87

Figure 2 (a-d) shows the geometrical models of the concave-88
convex, rhombus, wedge and expanded mesh flow field89
structures on the bipolar plate. The single unit of the rhombus90
structure is a square with a height of 2 mm; the single unit of the91
rhombus structure is a rhombus formed by the stacking of two92
rectangles, with the length of the rectangles 2.5 mm, half the93
width of the length and the height of the rhombuses 2.5 mm; and94
the expanded mesh structure consists of a staggered structure95
with a long intercept of 12 mm, a short intercept of about 8.5 mm,96
and a total thickness of 2.33 mm, the model parameters are97
shown in Table 1.98
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Figure 2. (a) concave-convex structure flow path (b) rhombus structure flow path (c) wedge structure flow path (d) expanded mesh structure flow path

Table 1 Four types of bipolar plate flow field structure dimensions1

geometric parameters value(mm)

electrode radius

Electrode height

65

electrode height 2

diaphragm radius

Electrode height

65

diaphragm height 0.7

inlet length 6

inlet width 6

channel radius

Electrode height

65

channel height 2

Single unit

concave-convex

structure

Concave/ convex sphere radius 4.5

concave and convex spheres

distance

12

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

2

3

Mathematical models of the electrolyzer cell4

Electrochemical model5

Alkaline water electrolysis overall reactions:6
Cathode reaction: 2H2O-2e-→2OH-+H27
(1)8
Anode reaction: 4OH--4e-→2H2O+O29
(2)10
There are mainly three kinds of overpotential in a single cell:11
(1) Activation overpotential;12
(2) Ohmic overpotential;13
(3) Diffusion overpotential;14
Alkaline water electrolytic cell has ignored concentration15
overpotential due to low current densities and high OH-16
concentrations[46, 47]. Thereby, only the activation overpotential17
and ohmic overpotential are considered, and the equations are18
as follows:19
Ecell=Erev+Eact,ano+Eact,cat+Eohm20
(3)21
Where Erev is the reversible voltage of a single cell, Eact,ano and22
Eact,cat are the activation overpotentials of the anode and cathode,23
respectively, Eohm is an ohmic overpotential.24
According the Nernst equation[48]:25
Erev=Erev

0 + R*T
2*F

ln PH2 PO2

PH2O
26

(4)27
PH2 , PO2 and PH2O are the partial pressures of H2、O2 and H2O.28
Assuming that the concentration of each substance is the same29
everywhere, CPE=CPS , CRE=CRS , the activation overpotential-current30
relationship follows the Butler-Volmer equation[48]:31
���� = �0 �

��∗�∗�
�∗� − �

−��∗�∗�
�∗�32

(5)33
where ���� means the current density at the electrode, �0 is the34
exchange current density, �� , �� are the electrode electron35
transfer factors, F is Faraday's constant, F=96485.33C/mol, R is36
the molar gas constant, and T means the temperature.37
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For both cathodic and anodic electrode reactions, when cathodic1
and anodic polarization dominate respectively, the2
overpotentials conform to the Tafel equation as shown in3
(6~7)[48]:4
����,� = ��

�∗��∗�
∗ �� ����

�0,�
5

(6)6
����,� = ��

�∗��∗�
∗ ln ����

�0,�
7

(7)8
The active specific surface area was determined by considering9
a reduction in the active area for electrochemical reactions due10
to bubble coverage:11
�� = � ∗ 1 − �12
(8)13
�� is the electrode reaction area, S is the specific surface area of14
the electrocatalyst, calculated by surface area/volume in m2/m3,15
i.e. 1/m. θ is the bubble volume fraction, calculated by flow16
modelling.17
�� = �� ∗ ����18
(9)19
The ohmic overpotential is the loss caused by the resistance of20
the electrodes, electrolyte and diaphragm. The total ohmic21
overpotential consists of the electrolyte, electrode and22
diaphragm overpotentials and is expressed as follows:23
�ohm = � ∗ �� + �� + �������� + ����24
(10)25
Where Ra and Rc represent the anode and cathode electrode26
resistance, Rlbubble represents the electrolyte resistance27
considering the effect of bubbles, and Rmem means the28
diaphragm resistance, and the conductivity σmem=20.44 S/m[45]29
was set. The resistance calculation formula is as follows:30
� = 1

�
∗ �

�31
(11)32
�� = �� = ��� = 60000000 − 279650 ∗ � + 532 ∗ �2 − 0.38057 ∗ �333
(12)34
���� = 2.041 ∗ ���� − 0.0028 ∗ ����2 + 0.005332 ∗ ���� ∗ � + 207.2 ∗ ����

�
+35

0.001043 ∗ ����3 − 0.0000003 ∗ ����2 ∗ �2 (13)36
���� = ��� ∗ 183.1221 − 0.56845 ∗ � + 984.5679 ∗ �

���
115.96277∗5610.5 (14)37

Where mwt represents the alkaline water electrolysis electrolyte38
mass fraction, and the industrial alkaline mass fraction is 30%.39
The effective conductivity of the electrolyte was corrected40
according to the Bruggeman equation:41
��,��� = ��1.5∗ ��42
(15)43
where �� is the effective volume fraction of the electrolyte, and44
the electrode substrate is a 60-mesh Ni mesh with a porosity of45
0.2695, �� = 0.2695 [45], taking into account the effect of bubbles:46
�������� = ��,��� ∗ 1 − �47
(16)48
There is a difference between the current conservation equation49
and the potential equation at the electrode-electrolyte interface50
due to the presence of overpotential, as shown in Eq. (17-18):51
�� =− ��,��� ∗ ▽�� ▽�� = ��52
(17)53
�� =− �� ∗ ▽�� ▽�� =− ��54
(18)55
where �� (A/m2) and �� (A/m2) denote current density vectors, � (V)56
represents the potentials in the metal conductor and electrolyte,57

and the subscripts s and l represent the electrodes and58
electrolyte, respectively.59

RNG κ-ε phase transfer mixture model60

This article focusses on the uniformity of the electrolyte flow,61
which is the basis of the overall gas-liquid flow uniformity during62
the electrolysis process; therefore, the electrolyte flow in an63
alkaline water electrolyzer can be calculated by solving the64
single-phase steady-state continuity equations and the Navier-65
Stokes equations. Water vapor and H2/O2 gas crossover are not66
considered, and the volume change that exists is between liquid67
water and H2/O2 gas, and the sum of the volume fractions of the68
two phases within each computational mesh is 1. Secondly,69
according to previous studies, the flow in alkaline water70
electrolyzer is of dispersive turbulence[49, 50]. Therefore, this71
paper established the phase transfer mixture model, which is a72
relatively simplified dispersion-type flow model that requires only73
a set of mass and momentum equations to be calculated. In74
addition, the RNG κ-ε model improves the model convergence75
by attaching a turbulent dissipation term ε to the equations.76
Eventually, in this paper, the RNG κ-ε phase transfer mixture77
model is considered to be selected to simulate the flow78
characteristics inside the alkaline water electrolyzer, which can79
lead to the following equations:80
the mass conservation equation (continuity equation):81
▽ ∗ ���� = 082
(19)83
Momentum conservation equation:84
� ��� ∗ ▽ ��� = ▽ ∗ −���� + ���� + ��� + ��85
(20)86
The turbulent flow is modeled using the κ-ε model to solve for87
the turbulent kinetic energy κ and turbulent dissipation ε, which88
are calculated as follows:89
� ��

��
+ � ��� ∗ ▽ κ = ▽ ∗ � + ��

��
▽κ + �� − ��90

(21)91
� ��

��
+ � ��� ∗ ▽ � = ▽ ∗ � + ��

��
▽ε + ��1

�
�
�� − ��2� �2

�
92

(22)93
3��,���

4��
�����,������,���������� =− � − ���

��������
��

− ������� ∗ ▽������� + � + �
�

(23)94
Where ρ means the density of the mixture, ρ�2 is the density of95
the bubble phase, � means the velocity vector of the mixture, P96
is the fluid pressure, μ is the mixture viscosity, �T is the turbulent97
viscosity, F is the external force, g means the acceleration of98
gravity, ����� is the slip velocity, ��,� = 0.44 ; the empirical99
coefficients ��1 = 1.42 and ��2 = 1.68.100
The mass sources of H2 and O2 are calculated by Faraday's law101
as following[51]:102
��2 =

��∗��2
2∗�

103
(24)104
��2 =

��∗��2
4∗�105

(25)106
Where �� (A/m3) means volume current density, ��2, ��2 (g/mol)107
means the relative molecular mass of H2 and O2.108
Mass transfer between liquid water and gas phase in the109
electrode domain:110
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▽�� = ����1
(26)2
������� =± ��∗���

�
3

(27)4
���� (kg/m3·s) means the mass transfer to other term, where ���15
is equal to �������, which means electrolyte transport through the6
diaphragm due to electrochemical reactions, positive on the7
hydrogen electrode domain and negative on the oxygen8
electrode domain; ���2 is equal to ��2 on the H2 electrode9
domain and ��2 on the O2 electrode domain.10
The electrochemical current density affects the bubble yield, on11
the other hand, the generated bubbles cover the electrode12
surface, affecting the active specific surface area, which in turn13
affects the electrochemical reaction, achieving a bidirectional14
coupling between electrochemistry and flow, as showing in15
Figure 3.16

17

Figure 3 Electrochemical and flow multi-physics field coupling relationships18

Boundary condition19

The hydrogen side of the electron-conducting phase was set to20
be electrically grounded, and the potential of the oxygen side21
was constant to the electrolytic cell voltage(E).22

The flow boundary conditions use velocity inlets and pressure23
outlets. At the inlet boundary, the electrolyte flows at 0.22 m/s24
and the gas phase have no flow. All external boundaries have25
no-slip boundary conditions.26
At the inlet boundary, the gas phase volume fraction is zero. The27
gas-liquid phase flows out of the outlet boundary.28

Mesh independency test29

The entire geometric model is assembled using a combine,30
where adjacent domain boundaries share the same mesh and31
boundary conditions. Mesh types are divided into structured and32
unstructured mesh. As shown in Figure 4(a-b), the diaphragm33
domain, inlet and outlet are divided into structured hexahedral34
mesh due to regular geometry, significantly reducing the number35
of meshes. Channel region due to the spherical convex-concave36
surface structure, can only be divided by unstructured free37
tetrahedral meshes.38
The independence of the mesh is verified, and the difference39
between the calculated results of O2 current density, and40
average flow velocity in the Mesh1-4, is 0.02%, 0.31%, 0.32%41
and 2.05%, respectively, as shown in Table 2, and it can be42
concluded that the calculated results no longer change with the43
change of the number of meshes. Therefore, considering the44
calculation accuracy and calculation quantity, the Mesh3 was45
selected for numerical simulation calculation.46

Figure 4. Mesh delineation of filter press electrolyzer with concave-convex structure (a) main view (b) top view

Table 2 Mesh-independence validation calculations1

Mesh type Mesh1 Mesh2 Mesh3 Mesh4

Number of domain cells 14100 29466 102702 926090

Average cell mass 0.47 0.65 0.68 0.65

O2 current density 2449.5 2457.5 2459.8 2460.3

O2 Relative rate of change 0.44% 0.11% 0.02% Baseline

Average flow velocity 0.00882 0.00900 0.00904 0.00922

Relative change rate 4.39% 2.39% 2.05% Baseline

Solving method2

Firstly, the study step was initialized using the current density3
distribution to obtain good initial values which are used to4
improve the convergence of the model. Next, the solution is5
solved using a steady state solver with fully coupled calculations,6
using an iterative approach step by step rather than through a7
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single computationally intensive step with a relative tolerance of1
less than 10-4.2

Model verification3

The reliability of the model was verified by comparing with the4
voltage-current density curves of large electrolyzer operation in5
the Guo et al literature[45], which is an important indicator for6
evaluating the performance of electrolyzer, and the model7
parameters are shown in Table 3.8

Table 3 Physical field parameters[32, 45, 52]9

Physical Field Parameter Unit Value

Electrolyte concentration mol/L 6.72

Electrolyte conductivity S/m 138

H2 side exchange current density A/m2 23.4

O2 side exchange current density A/m2 9.3

exchange current density (��, ��) 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

Figure 5(a) shows the current status of alkaline electrolyzer10
energy consumption up to 2018, from which it can be seen that11
the electrolytic cell voltage is between 1.6V and 2.2V under real12
working conditions. The comparison graph of this paper with the13
experimental data in the literature[45] through the model results is14
shown in Figure 5(b). From the graph, it can be seen that the I-15
V curve calculated by the above simulation model in this paper16
has the same trend with the experimental result reported in the17
literature, and the error is within the acceptable range, thus the18
numerical simulation method in this paper is considered to be19
effective and capable of judging correctly the electrochemical20
performance and the electrolyte flow distribution within the21
electrolytic cell.22

23 24

a b

25

Figure 5 (a) Typical polarization curves (b) Comparison of simulated (black line) and experimental values (red line) of current density-voltage polarization curves26
of alkaline water electrolyzer[45, 53]27

Results and discussion28

Electrolytic cell performance29

Electrochemical performance30

Figure 6 (a-b) shows the current density distribution of the31
electrolyte in the electrolytic cell at Q=0.6 m3/h and E=2.0 V. It32

can be seen that, the closer to the separator center (Hz=0.3533
mm), the higher the current density of the electrolyte, with the34
maximum value of the current density up to 3050 A/m2; And the35
closer to the bipolar plate flow channel interface (Hz=2.7 mm),36
the lower the current density of the electrolyte. In addition, a37
significant decrease in current density in the electrode and38
diaphragm domains is clearly seen, with a very small current39
density gradient and a small voltage drop in the channel domain.40
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Figure 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 distribution2
of the electrolyte at different height3

Figure 7(a-b) shows the current density distribution on the4
electrode within the electrolytic cell, and the trend of current5
density distribution of the electrolyte is opposite to that of Figure6
6, the closer to the bipolar plate (Hz=2.7 mm), the higher the7
current density on the electrode surface, and the closer to the8
diaphragm (Hz=0.7 mm), the lower the current density on the9
electrode, which is due to the co-existence of both electronic10
and ionic conduction within the electrolytic cell, and when close11

to the diaphragm, the ionic conduction is dominant, the closer to12
the bipolar plate channel interface, electronic conduction is13
dominant, the electrolyte current is converted into electrode14
current, and the current density of electrolyte decreases.15
Therefore, the interface where the bipolar plate is in contact with16
the electrode (Hz=2.7 mm) has the highest current density on17
the electrode.18
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Figure 7. (a) Side view of the current density distribution on the electrodes inside the electrolytic cell (b) Main view of the current density distribution on the2
electrodes at different height interfaces3

As can be seen from Figure 8, the electrode current density4
gradually decreases along the x direction of the outlet,5
considering the reason is that the bubbles are affected by6
buoyancy and gather towards the outlet, resulting in the closer7
the outlet, the electrode active specific surface area decreases8
and the bubble resistance increases.9

10

Figure 8. Main view of electrode current density at Hz= 2.7 mm (electrode-11
bipolar plate contact interface)12

From Figure 9(a), it can be seen that the electrolyte current13
density near the inlet is maximum, and shows a decreasing14
trend along the outflow x direction. Combined with Figure 9(b), it15
can be seen that the concave sphere close to the inlet has the16
highest current density at the edge, which is considered to be17
due to the increase in the flow cross-sectional area of the18
electrolyte when it enters the concave sphere, resulting in a19
decrease in the flow velocity and a decrease in the current20
density. At the bottom of the convex sphere in contact with the21
electrode, the flow cross-sectional area decreases, the flow22
velocity increases and the current density is the maximum.23
Along the outlet x-direction, the current density inside the convex24
spheres decreases accordingly, and it is considered possible25
that the part of the convex spheres in contact with the electrodes26
is also affected by the bubbles, which leads to a decrease in the27
current density.28
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Figure 9. (a) Electrolyte current density distribution in bipolar plate concave-convex channel field (b) Electrolyte current density contour plot2

Flow distribution3

The electrolyte flow velocity distribution inside the electrolysis4
cell is shown in Figure 10. From Figure 10 (a), (b), (c) and (d), it5
can be seen that the concave-convex structure of the flow6
channel leads to the uneven flow of the electrolyte, and on the7
same cross-section the flow velocity distribution is more uniform8

as closer to the center (x=0mm), which is attributed to the equal9
flow resistance at symmetric positions. Combined with Figure10
10 (b) and (e), it can be seen that along the outlet x direction,11
the flow velocity on the surface of the convex sphere tends to12
decrease and then increase, and the minimum flow velocity is on13
the cross-section of x = -24 mm. Figure 10 (f) confirms there14
exists the vortices inside the concave-convex structure.15
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Figure 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 reference2
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) Flow3
velocity contours4

As shown in Figure 11(a-b), the volume fraction on the H2 side5
is nearly twice as large as that on the O2 side, with maximum6
volume fractions of 11.3% and 6.05%, respectively, due to the7
fact that the rate of generation of H2 is twice that of O2. As the8
bubbles are influenced by buoyancy and thrust, they are9

continuously aggregated upwards. The non-uniformity of bubble10
distribution originates from the non-uniform distribution of11
electrolyte flow, which leads to the uneven distribution of current12
density, increased local resistance, reduced active reaction area,13
increased voltage, and limited electrochemical reaction.14
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Figure 11. (a) H2 distribution in cathode flow path (b) O2 distribution in anode flow path2

3

Effect of different bipolar plate flow field structures4

In the electrolytic cell of the concave-convex structure bipolar5
plate, the electrolyte flow is unevenly distributed. Secondly, the6
industrial concave-convex structure bipolar plates are shaped by7
mold punching with high processing accuracy and cost.8
Therefore, it is proposed to simulate and compare the bipolar9
plate electrolytic cells with rhombus 、 wedge and expanded10
mesh structures to study the internal electric field and flow11
velocity distribution of the four bipolar plate channel structures,12
with the same computational model, boundary conditions and13
mesh selection as above. The current density-voltage14
polarization curves for the concave-convex, rhombus, wedge15
and expanded mesh are shown in Figure 12, from which it can16
be seen that the bipolar plate channel structure with expanded17
mesh has the lowest voltage, the lowest power and significantly18
higher electrochemical performance than the remaining three19
structures at the same current density.20

21

Figure 12. Four types of channel structure I-V curve22

As can be seen in Figure 13(a-d), the expanded mesh structure23
has the greatest current density. The reason is that as described24
above, the current conduction is divided into electron conduction25
and ion conduction. With the increase of contact sites between26
the expanded mesh and the electrode, the enhancement of27
electron conduction leads to a significant increase in current28
density. Besides, the other three structures show a large current29
density at the inlet, decreasing along the x outlet direction, while30
along the x-exit direction, the current densities are significantly31
reduced due to the effect of bubble blocking.32
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1

Figure 13. Current density distribution (a) concave-convex structure (b) rhombus structure (c) wedge structure (d) expanded mesh structure2

From Figure 14(a-e), it can be seen that the flow velocity3
distribution of the four bipolar plate channel structures is ranked4
as follows: expanded mesh structure > wedge structure >5
rhombus structure > concave-convex structure. Expanded mesh6
structure is the most uniform bipolar plate channel structure7
among the four structures, with a maximum flow velocity of8

0.507 m/s, which not only enhances the lateral flow of electrolyte9
and improves the flow uniformity in the x-direction, but also10
greatly alleviates the existence of low-speed tailing area of11
wedge structure through the staggered structure, which12
improves the uniformity of flow velocity in the y-direction, and13
ultimately improves the overall flow uniformity significantly.14
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b

d

e

1

Figure 14. Electrolyte flow velocity distribution (a) concave-convex structure electrolyte flow velocity distribution (b) rhombus structure electrolyte flow velocity2
distribution (c) wedge structure electrolyte flow velocity distribution (d) expanded mesh structure electrolyte flow velocity distribution (e) Velocity profile on the3
transversal line at different y positions on the reference x-y plane (z = 2.7 mm)4
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Conclusion1

In this paper, the electrochemical performance and electrolyte2
flow velocity distribution of electrolytic cell with four different3
bipolar plate channel structures, namely, concave-convex,4
rhombus、wedge and expanded mesh, were simulated, and the5
following conclusions can be made:6
In the electrolysis cell of the concave-convex structure, the flow7
velocity on the surface of the convex sphere decreases and then8
increases along the x-direction of the outlet, with a minimum flow9
velocity on the x = -24 mm cross-section. The presence of10
vortices in the flow channel domain of the concave-convex11
structured electrolytic cells has also been confirmed.12
The current density-voltage polarization curves of four bipolar13
plate structures, concave-convex, rhombus, wedge and14
expanded mesh, were compared, and at the same current15
density, the expanded mesh structure had the lowest voltage16
and the lowest energy consumption.17
Expanded mesh structure is the most uniform bipolar plate18
channel structure among the above four structures, with a19
maximum flow velocity of 0.507 m/s,20
This work provides useful guidance for the optimization design21
of electrolytic cell structure. In the future research, the selection22
of expanded mesh structure and local structure optimization are23
carried out to improve the performance of the electrolytic cell,24
supplemented by experimental observation and verification.25
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利用膨胀网作为双极板流道结构优化碱性水电解槽1
2

熊海燕 a，朱振啸 a，高鑫 a，范晨铭 a，栾辉宝 b,*，李冰 a,*3

（a. 华东理工大学，上海 200237；b. 上海，中国船舶有限公司第七一一研究所 201108）4

5

摘要：碱性水电解制氢是现今最为成熟的水电解制氢技术。电解槽由多个电解小室组成，单个电解小室由隔膜、电6

极、双极板和端板等组成。现有工业的双极板流道结构为凹凸结构，通过模具冲压成型制备，制备成本高且困难。7

凹凸结构电解小室存在电解液流动不均匀和电流密度低的问题，进而增加了碱性水电解制氢的能耗和成本。因而，8

本文首先根据现有工业的凹凸双极板流道结构搭建电化学和流动模型，分析电解小室电流密度、电解液流动和气泡9

分布情况。模型可靠性已通过与文献实验数据对照验证。其中，电化学电流密度决定了气体产率，气体在电解液中10

流动反过来影响电化学反应活性比表面积和欧姆电阻。结果表明凹凸结构电解小室凹球底部流动速度几近为零，凸11

球表面电解液流速较大，流道结构中存在旋涡，电解液分布不均。接着，建模优化碱性水电解槽的流道结构，比较12

了凹凸结构、网状、菱形和膨胀网结构电解小室电化学和流动性能。结果表明，膨胀网结构电解小室电流密度最大，13

为 3330 A/m2，电解液流速最大，为 0.507 m/s。相同电流密度下，过电位最小，能耗最低。本文对碱性水电解槽14

流道结构的全面理解和优化提供一定的指导意义，为大规模电解槽设计提供理论基础。15

关键词：碱性水电解槽；膨胀网流道结构；数值模拟；16

17


