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1  Introduction
The global demand for sustainable energy solutions has led to a renewed interest in 
hydrogen production, particularly through water electrolysis [1–6]. As countries strive 
to reduce carbon emissions and transition towards renewable energy systems, hydro-
gen has emerged as a versatile and clean energy carrier with significant potential in vari-
ous industrial applications. Among the available technologies, alkaline water electrolysis 
stands out due to its relatively low cost, mature technology, and scalability, making it 
a suitable candidate for large-scale hydrogen production [7, 8]. Recent advancements 
in materials science and engineering have facilitated the development of innovative 
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Abstract
This study presents the design, simulation, and experimental validation of a 
medium-power alkaline electrolyzer with a focus on structural, fluidics, and seal-
ing performance. We evaluated the influence of electrode separator thickness 
on fluid dynamics and internal resistance, determining an optimal thickness of 
3 mm. Mechanical simulations revealed that the structure remains intact under 
internal pressures of up to 15 bar, with acceptable stress distributions across all 
com- ponents. Fluidics tests demonstrated a uniform electrolyte distribution within 
the cells, ensuring optimal electrochemical performance. A two-cell stack was 
constructed as a prototype to validate sealing and flow behavior under realistic 
conditions. Hydraulic tests confirmed that the prototype maintained hermetic 
sealing at pressures up to 10 bar, with adjustments needed for 15 bar. Preliminary 
electrochemical testing using a KOH 30% wt. electrolyte confirmed stable oper- ation, 
although the cell voltage suggests that further optimization is required to reach 
high-performance benchmarks. Overall, the results highlight the robustness of the 
proposed design and its potential for future scale-up in green hydrogen production 
systems.
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electrolyzer designs aimed at enhancing both efficiency and stability. However, achieving 
the ideal balance between mechanical integrity and fluid dynamics remains a challenge, 
particularly at elevated pressures and under varying operational conditions. Along with 
system temperature and electrode conditioning [9], factors such as separator thickness, 
material compatibility, and mechanical robustness are crucial in determining the overall 
performance and durability of the system [10–13].

This study focuses on the comprehensive design and analysis of a medium-power con-
ventional alkaline electrolyzer, emphasizing mechanical stability, internal fluid dynam-
ics, and electrochemical performance. Through a combination of computational fluid 
dynamics (CFD) simulations, finite element analysis (FEA), and real-world experimen-
tal validation, we aim to investigate the effects of separator thickness on fluid distribu-
tion, mechanical stresses under operational pressures, and overall system efficiency [12, 
14, 15]. By integrating theoretical and practical approaches, we aim to establish a robust 
framework for evaluating the interplay between structural stability and electrochemi-
cal efficiency. In addition, we assess the influence of different separator materials and 
configurations to determine their impact on gas management and pressure distribution 
within the electrolyzer cell.

The findings from this research will contribute to the optimization of alkaline electro-
lyzers, ultimately supporting the development of robust and efficient systems for hydro-
gen production. In addition to evaluating electrochemical performance, this study also 
addresses critical challenges associated with scalability and long-term durability, focus-
ing on material degradation and component resilience under prolonged use. Developing 
electrolyzers capable of withstanding harsh operational environments while maintaining 
high efficiency is essential for their widespread adoption.

Furthermore, this work aligns with national and international efforts to promote 
renewable energy technologies, contributing to the global agenda for decarbonization 
and sustainable energy transition. By exploring innovative designs and materials, this 
study seeks to provide valuable insights that enhance the performance and reliability of 
alkaline electrolyzers, paving the way for their integration into future energy infrastruc-
tures. Ultimately, the outcomes of this research are expected to offer prac-tical guide-
lines for industrial applications, focusing on achieving higher performance metrics while 
minimizing operational risks and costs. In this work, we present a detailed analysis of 
the design, construction, and performance evaluation of a medium- power alkaline elec-
trolyzer, aiming to achieve mechanical stability while addressing key challenges related 
to fluid dynamics and durability.

2  Prototype design
The aim is to design an electrolyzer capable of operating with an energy consumption 
of around 10  kW, using approximately 20 cells, each running at 0.5 A cm−2. The goal 
is to produce around 2 Nm3 h−1 of hydrogen at 10 bar pressure, with 30% wt. KOH as 
the electrolyte. Zirfon UTP 500 + membranes will be used as diaphragms to main- tain 
gas separation, and it is essential to keep the cathodic and anodic electrolytes separate 
to prevent gas mixing and enhance product quality [16]. The electrodes will consist of 
electrochemically nickel-plated AISI316L stainless steel with a thickness of 0.7 mm, and 
polypropylene spacers will be used between the electrodes, offering good thermal and 
chemical resistance. Although this configuration provides a suitable platform for initial 
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testing, it is acknowledged that Ni-based materials offer limited catalytic activity, partic-
ularly at the anode [17, 18]. Future iterations of the design will incorporate more active 
anodic coatings to enhance oxygen evolution reaction (OER) performance. In addition, 
while the current planar plate configuration does not implement a true zero-gap design, 
it does offer structural compatibility with such configurations. In fact, nickel-plated steel 
sheets are commonly employed as mechanical and electrical supports for porous elec-
trodes, such as nickel foams, in zero-gap architectures. Therefore, once tightness and 
pressure resistance are ensured, this structure could be relatively easily adapted into a 
zero-gap electrolyzer with improved electrochemical performance. The thickness of the 
electrode spacers will be analyzed to minimize ohmic resistance by reducing the gap 
between electrodes as much as possible, while avoiding bubble accumulation inside the 
cell caused by confinement at the electrodes. At this initial stage, 500 µm thick commer-
cial PTFE gaskets will be used to ensure the prototypes’ tightness at various pressures. 
AISI316L stainless steel end plates with a thickness of 22 mm will be used, secured with 
12 M8 bolts, to distribute pressure evenly over the gaskets, ensuring internal and exter-
nal tightness and preventing gas mixing or leakage. Given the operational parameters, a 
single cell operating at 3 V and 0.5 A cm−2 (according to a very conservative approach), 
with 20 cells in total, requires an active electrode area of 310 cm2 to achieve a power out-
put of approximately 9 kW (9300 W theoretical) with a theoretical hydrogen production 
of 2 Nm3/h−1. A cell of this size would operate at a total current of 155 A and a potential 
of approximately 60 V. Fig. S1 presents a schematic of a bipolar electrolyzer, illustrating 
the electrical connections and the electrolyte flow circuit.

2.1  Mesh selection

Automatic meshing tools from SOLIDWORKS® were used for the studies. Three dif-
ferent mesh densities were tested, and halving the element size resulted in only a 3.7% 
variation in the results at a 15 bar inner pressure and 18,500 N·m torque in the washers, 
confirming mesh stability. Therefore, the selected mesh provided an adequate balance 
between computational cost and accuracy for the flow dynamics simulations. In con-
trast, for the mechanical simulation studies, a curvature-based dense mesh was applied, 
following the parameters specified in Table  1. The mesh was automatically generated 
based on the geometry and guided by the internal quality criterion of SOLIDWORKS® 
[19, 20] (Fig. S2):

Table 1  Mesh parameters
Parameter Value
Mesh type Solid mesh
Type of mesh algorithm Curvature based mesh 
Jacobian points 4 points
Max element size 20.8 mm
Min element size 4.2 mm
Element type Quadratic high order elements
Nodes 85,133
Elements 39,080
Max aspect ratio 102.91
Element fraction with aspect ratio < 3 45.5
Element fraction with aspect ratio > 10 22.5
Fraction of distorted elements (Jacobian) 0
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3  Results
3.1  Cell design

Having established the geometry of the electrode spacers and considering that the active 
area needs to be approximately 310 cm2, the design of the electrodes and gaskets was 
initiated to ensure proper cell assembly and guarantee its tightness. For this purpose, 
316L nickel-plated steel electrodes with a total thickness of 0.7 mm were selected, cut to 
match the channel geometry corresponding to the nozzles. Although this design intro-
duces the issue of shunt currents on the electrodes (Fig. S4), particularly near the noz-
zle area, these currents are expected to be minimal. This electrode geometry facilitates 
the tightness of the cell gasket, reducing the number of parts compared to a design that 
would use, for instance, insulating frames to support the electrodes. The gaskets, made 
of 0.5 mm thickness PTFE film, have two main geometries: one located at the contact 
between the electrode and the electrode spacer (Fig. 1a–d), which essentially outlines 
the active area and surrounds the entire electrode to prevent gas leaks and electrolyte 
mixing near the nozzle area. There are also gaskets designed to hold the Zirfon mem-
brane in place (Fig.  1b), preventing it from shifting and causing electrolyte mixing in 
this region. In this case, the property of Zirfon to act as a gasket is also leveraged [21, 
22]. Additionally, initial and final gaskets are intended to isolate the end plates, i.e., the 
anode and cathode electrodes, to prevent them from facing each other and causing gas 
mixing. Figure 1 presents the initial gasket, the gaskets corresponding to the electrode 
and Zirfon, and the final cell gasket. At this point, having established the materials and 
geometry of the cell, the effect of the electrode spacer thickness was analyzed, as it has 
a direct impact on the liquid layer thickness. Subsequently, an analysis of the cell’s tight-
ness, deformation of gaskets, spacers, end plates, and Zirfon was conducted to study 
the load distribution, resistance to internal pressure, etc., ensuring no parts fall below 
the safety factor determined by the yield strength of the materials used (Sect. 3.4). To 
facilitate the understanding of the cell architecture, Fig. S5 presents an exploded view of 
the two-cell alkaline electrolyzer, detailing the arrangement of all components, includ-
ing end plates, gaskets, electrode separators, diaphragms, and electrodes. This schematic 
allows a clear visualization of the internal configuration and sealing interfaces within the 
stack, complementing the subsequent mechanical and fluidics analyses.

3.2  Internal fluidics simulation

An initial cell design was created using the parameters mentioned in the previous sec-
tion, considering 3  mm electrode spacers. The goal was to optimize the internal fluid 
dynamics of the electrolyzer, maximizing the active electrode area and avoiding zones 

Fig. 1  Schematic sketch of the different PTFE gaskets used in the design
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of low electrolyte circulation (circulation exclusion zones), which could generate bubble 
accumulation [23] and lead to inefficient use of the catalysts.

As this is a bipolar electrolyzer, the goal is for the electrode spacers to guide the elec-
trolyte flow to optimize electrode utilization. A diagonal flow of electrolyte is estab-
lished, in contrast to a vertical flow, with electrolyte entering through the lower nozzles 
and exiting, mixed with gases, through the upper nozzles. This design aims to minimize 
zones where electrolyte circulation is blocked.

Figure 2 shows examples of circulation exclusion zones when using either a vertical or 
diagonal electrolyte flow. A flow simulation was conducted using the parameters shown 
in Table 2):

Figure 2 shows the results of the flow simulations, considering electrolyte input from 
lower nozzles and output from upper nozzles, focusing only on the cathodic channel. In 
Fig. 2a the vertical flow is depicted, while Fig. 2b shows the configuration for diagonal 
flow. To assess the improvement in electrode utilization when using vertically or diago-
nally positioned nozzles, the electrolyte velocity on the electrode surface was established 
as the enhancement parameter.

Electrolyte velocities below 0.025 m s−1 were considered low, indicating under utiliza-
tion of the electrode. This threshold was established based on the work of Balzer and 
Vogt [25], who reported that below this velocity, bubble coverage on gas-evolving elec-
trodes becomes stable due to insufficient forced convection, leading to limited surface 
cleaning and reduced active area. Therefore, the flow distribution for both configura-
tions was analyzed to determine the areas of the electrode with electrolyte velocities 
below this threshold. This threshold was chosen as a representative low flow velocity to 
highlight regions of poor circulation; although the value is arbitrary, it provides a practi-
cal basis for comparing flow uniformity across different inlet configurations.

Table 2  Electrolyte properties (KOH 30% wt.) at 298 K and 1 bar [24]
Parameter Value
Density/kg m−3 1290
Dynamic visc./Pa s 0.0018
Specific heat/J kg−1 K−1 3250
Thermal conductivity/W m−1 K−1 0.55
Flow rate /L min−1 15

Fig. 2  Diagrams of the electrolyte supply and distribution system. a vertical flow. b: diagonal flow.
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In the vertical flow configuration, low-flow regions covered approximately 40% of the 
electrode, reducing efficiency. The diagonal flow, while not fully optimizing electrode 
utilization, improved electrolyte distribution. Specifically, vertical nozzles resulted in 
38.8% of the electrode surface experiencing low velocities, whereas diagonal nozzles 
reduced this to 33.7%, improving utilization by 5%.

Further improvements could potentially be achieved by exploring different types of 
nozzles or electrolyte distributors in future designs.

3.3  Effect of electrolyte layer thickness

In this context, computational simulations were conducted with different thicknesses 
of electrode spacers, which determine the thickness of the liquid layer where the elec-
trochemical reaction takes place. Electrode spacers with thicknesses of 3, 7 and 10 mm 
were tested [26]. Fluidics simulations were repeated to identify low-velocity zones in the 
electrolyte, with the aim of determining whether increasing the thickness of the elec-
trode spacers reduces dead zones in the electrolyzer by decreasing electrolyte confine-
ment. It was found that a 3 mm spacer does not significantly differ from 7 or 10 mm 
spacers in terms of fluid dynamics, and there are no major improvements from increas-
ing the spacer thickness. However, a decrease in system efficiency was observed when 
increasing the spacer thickness due to a rise in over-voltage as the distance between the 
electrodes increases. Therefore, we selected a 3 mm electrode spacer thickness as the 
optimal choice based on the conditions considered for this cell.

3.4  Mechanical simulation method

At present, there is a wide variety of software available to analyze and simulate real engi-
neering problems, commonly known as Computer-Aided Engineering (CAE) [27, 28]. 
The stress and strain distribution of the system can be obtained using this type of soft-
ware. SolidWorks Simulation is the SOLIDWORKS® module that solves these problems 
through the application of the Finite Element Method (FEM). FEM is a numerical tech-
nique used to find approximate solutions to partial differential equations within a sys-
tem. The system is divided into many subsystems, producing a mesh. These subsystems 
are called finite elements, and each element has a determined number of nodes where 
the partial differential equation is solved. The mechanical properties of the materials 
used for the simulation are presented in Table 3.

In Fig. S3, an example of the bipolar cell structure subjected to compression is pre-
sented, aimed at determining whether the materials can withstand the stress they will 
encounter to achieve tightness at different pressures, reaching a maximum of 15  bar 
while considering an operating pressure of 10 bar. Forces were applied to the different 
washers of the support bolts. The washers on one side were fixed to the geometry to 
serve as an anchor for the entire model, while the washers on the opposite side were 

Table 3  Mechanical properties of the materials proposed for the stack construction
Teflon Polypropylene AISI 316L (SS) Zirfon®

Elastic modulus/N m−2 550.0 1408.5 2.00 × 105 310.0
Poisson coef./1 0.4 0.4 0.3 0.4
Density/kg m−3 2200 900 7850 1000
Shear limit/N m−2 7.58 33 580 –
Elastic limit/N m−2 24.52 29.42 172.37 8.00
Thermal expansion coef./K 1.22 × 10−4 1.80 × 10−3 1.21 × 10−5 6.90 × 10−5



Page 7 of 15Levitán et al. Discover Electrochemistry            (2025) 2:59 

subjected to a force of 12.500 N (equivalent to a torque of 20 N m per unit), which should 
ensure tightness at 10  bar. This experiment is conducted to determine if the different 
components will maintain their integrity at this torque under ambient pressure. A static 
study was performed to determine the stress distribution, strain and displacements in 
the various components of the prototype. After analyzing these parameters, the com-
ponents were examined for areas that fell below the established safety factor (defined 
as 1.5 times the ratio of maximum expected compressive stress to material strength in 
compression).

In Fig. 3, the results of the accumulated stresses in the end plate are presented. It is 
observed that the highest stress concentration occurs at the washers where compression 
forces are applied. In the end plate (Fig. 3a and b), the stress distribution is quite homo-
geneous; although there is a higher concentration in the outer zones, no sufficiently 
high stress accumulation is detected that could lead to undesired defor- mation. Analyz-
ing the edges of the end plate, it is noted that the movable plate, i.e., the one where the 
torques are applied, shows greater deformation than the back plate, which contains the 
fixed washers. However, the accumulated stresses are acceptable for a prototype of this 
scale.

In the analysis of the electrode spacers, it is observed that the accumulated stresses are 
low (Fig. 3c and d).

Regarding the gaskets, both those containing the Zirfon and those of the electrodes 
show acceptable accumulated stresses, which are within the expected range for a gas-
ket that must deform to ensure the sealing. Additionally, the accumulated stress in the 
Zirfon and its respective gasket is similar, suggesting that the Zirfon could also partially 
function as a gasket (Fig. 3e).

The accumulated stresses in the electrodes are low enough to rule out problems related 
to sealing or potential dangerous deformation (Fig. 3f ). The inhomogeneous stress pat-
tern observed in the electrode area is attributed to the aspect ratio of the plates and the 
fact that the compressive force is applied primarily at the edges, which allows a slight 
flexing in the central region. Finally, in the areas connecting the electrolyte channels to 
the active zone, an increase in accumulated stress is noticeable, though within acceptable 
values, without implying significant deformations that could pose a problem (Fig. 3g).

In Fig. S6, images corresponding to the safety factor in terms of pass/fail are presented. 
The blue areas correspond to where the deformation is below the safety factor (1.5 times 
the maximum expected compressive stress), while the red areas indicate where it would 
not be acceptable. Thus, all components of the stack are within the safety factor, and no 
rupture issues are expected.

These analyses were performed at ambient pressure of one atmosphere, consider-
ing electrode spacers with thicknesses of 3, 7 and 10 mm. In all cases, the accumulated 
stresses were sufficiently low to not represent a design problem, allowing for further 
studies of internal fluid dynamics with each of the considered electrode spacers, keep-
ing in mind that from an electrochemical perspective, a thinner electrode spacer is 
desirable, as it reduces the ohmic drop by shortening the ionic path between electrodes 
[29, 30]. However, excessively thin gaps may induce electrolyte confinement and pro-
mote the formation of low-flow regions, particularly in flat plate geometries, leading to 
bubble accumulation and reduced effective electrode area. Conversely, increasing the 
spacer thickness can alleviate these fluid dynamic limitations by enabling more uniform 
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electrolyte circulation [26], even though it comes at the cost of higher ohmic resistance. 
Having established that there would be no substantial improvement by increasing the 
thickness of the electrode separators, an optimal thickness of 3 mm was defined for con-
ducting mechanical stability simulations at 15 bar of internal pressure, comparing it with 
that obtained at ambient pressure (presented in Sect. 3.4).

Fig. 3  Results of the accumulated stresses in: a and b complete cell, c electrode gasket, d electrode separator, 
e Zirfon and Zirfon gasket, f electrode and g mag-nification of the channel region in the 3 mm thick electrode 
separator
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3.5  Mechanical simulation under internal pressure

Mechanical simulations were performed by applying an internal pressure of 10  bar 
and a force on the bolts of 12 500 N (equivalent to a torque of 20 N m) per bolt. In 
Fig.  4a, mesh used in the simulation is shown, along with the distribution of internal 
(red arrows) and external forces (green and orange arrows) corresponding to the applied 
torque to support the assembled system and the applied internal pressure.

It was found that an internal pressure of 10 bar does not have a substantial effect on 
the cell structure, and similar to what is observed when the cell is subjected to ambi-
ent pressure, all components are below the established safety factor (Fig.  4b). A new 
mechanical simulation was performed using the SolidWorks simulation package to ana-
lyze an internal pressure of 15 bar, seeking to establish how the prototype behaves within 
an overpressure condition of 1.5 times the operating pressure for which it was designed 
(10 bar). To achieve this, it was necessary to increase the torque on the screws to obtain 
a force of 18750 N per screw (equivalent to 30 N m of torque). This was because at 
lower torques, the system was not stable, possibly due to the internal pressure exceed-
ing the supporting force. Although it was reported again that all components are below 
the safety factor, it is important to analyze the possibility of deformation in the different 
parts that make up the cell.

To analyze the results obtained from this simulation, a cross-sectional cut was 
made to study the deformation of the various parts. In particular, deformation of the 
electrode separators was found due to the internal pressure, where the internal plates 
expand approximately 2.5  mm in radius (over a total piece radius of 125  mm). This 
expansion, while acceptable from a mechanical standpoint, would generate small mis-
alignments that could affect the internal fluid dynamics of the cell. Although a radial 
displacement of approximately 2.5  mm over a 125  mm radius may appear significant, 
this corresponds to a deformation of only 2%, which is well below the failure strain of 
polypropylene. According to Da Costa et al. [31], the elongation at break for polypropyl-
ene can reach values as high as 150%, with typical failure strains above 15%, depending 
on processing and crystallinity. Therefore, the observed deformation is entirely within 
the elastic regime for the material, and no plastic deformation or functional compro-
mise is expected under the tested conditions. Furthermore, the pro- totype maintained 

Fig. 4  a Mesh used in the simulation and the distribution of(red arrows) and external forces (green and orange 
arrows) corresponding to the applied torque and internal pressure. b Security factor of the complete two-cell stack

 



Page 10 of 15Levitán et al. Discover Electrochemistry            (2025) 2:59 

mechanical integrity and sealing up to 15 bar of internal pressure. In Fig. 5, a cross-sec-
tion of the cell is presented, focusing on the edge where the displacement of the elec-
trode separators is observed when an internal pressure of 15 bar is applied.

3.6  Fluidics testing of a 20-cells stack at ambient pressure

To conduct a study of the internal fluidics of the different electrolyzers, a model of the 
stack with 20 cells was developed. The Flow Simulation package from SOLIDWORKS® 
was used to simulate the input of 15 L min−1 of 30% wt. KOH electrolyte at ambient 
temperature. With the aim of obtanining a uniform intake of electrolyte among the 
cells, the distribution was studied in the domains of the stack model. Flow was analyzed 
within the nozzles, in the active area, and in the entrance to each cell. A fluidic study 
was performed with the parameters found in Table 2 for density, dynamic viscosity, flow 
rate, etc., and the results are presented in Figs. 6 and 7. Figure 6a shows the longitudinal 
section of the inlet nozzles, where the velocity distribution is observed. It is found that, 
while there is a higher circulation velocity at the center, aligned with the connection to 
the external pipe, the liquid collides with the end electrode and redistributes within the 
nozzle. Figure 6b and c illustrate how the electrolyte enters the cell through each of the 
rectangular channels leading to the active area. It can be seen that, although there are 
some differences in the velocities of the different inlet channels to each cell and in the 
distribution of velocities between cells, these differences are not significant. The elec-
trolyte is expected to be distributed in a sufficiently homogeneous manner across the 20 
cells comprising the stack.

It is important to clarify that this simulation does not take into account bubble forma-
tion or accumulation; it only considers the movement of the electrolyte.

The pressure drop across the 20 cell stack was found to be 6.2 for this simulation. This 
result is in the order of magnitude of comparable electrochemical flat-plate cell stacks 
[32] as well as alkaline electrolyzer system simulation results [33].

The internal fluidics experiments were repeated for electrode separators with thick-
nesses of 7 and 10 mm, and no substantial improvement was found in the internal fluid-
ics of the cells or in the velocity distribution. Therefore, it is considered that the 3 mm 

Fig. 5  Cross-section of the cell showing the displacement of the electrode separators under an internal pressure 
of 15 bar
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thick separators are appropriate from a fluid dynamics perspective. Furthermore, reduc-
ing separator thickness minimizes the ohmic drop of the cell [29, 34], and thus the 3 mm 
separator is selected for the construction of the prototype.

Figures  7 and S7 (the latter provided as a video in the supplementary information) 
present, respectively, a static image and a video illustrating the particle analysis (flow 
trajectories), showing the distribution and movement of the electrolyte within each cell. 
In the video, the particle motion is clearly observed, with higher velocities at the inlet 
and outlet manifolds and relatively lower velocities within the cells, highlighting the flow 
patterns.

4  Prototype construction
The construction of the two-cell stack prototype was carried out using the materials pre-
sented in Table 3. AISI316L stainless steel was used for the end plate, with a diameter of 
30 cm and a thickness of 22 mm. The AISI 316L sheets have a thickness of 0.7 mm, laser-
cut and coated with a layer of 40 µm thick electrolytic nickel [35, 36]. Teflon sheets of 
0.5 mm thickness were used to create the gaskets, and Zirfon Pearl 500 + sheets served as 
diaphragm membranes. Finally, homopolymer polypropylene plates of 3 mm thickness 
were used to machine the electrode separators.

Figure 8b presents a photograph of the assembled two-cell prototype, which was used 
to perform hydraulic tests evaluating the sealing integrity under various bolt torque 
conditions. It was determined that a torque of 20 N m maintained sealing integrity 
at internal pressures up to 10 bar without leakage; however, at an internal pressure of 
15 bar, this torque was insufficient, requiring an increase in the applied bolt torque to 
ensure tightness. Figure 8c shows the constructed cell along with a polariza- tion curve 
obtained using a 30% wt. KOH electrolyte, a flow rate of 2.2 L min−1, and applying 

Fig. 6  Results of the internal fluid dynamics study, showing the electrolyte velocity distribution in the inlet nozzles 
and rectangular channels using 3 mm thick electrode separators
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current steps during 300  s to stabilize the potential. These measure- ments were per-
formed at room temperature and ambient pressure to determine the proper functioning 
of the cell. If we compare the obtained polarization curve with the state-of-the-art values 
for conventional alkaline electrolyzers obtained from the litera- ture [37, 38], we found 
an acceptable response with a potential of 2.67 V at 0.52 A cm−2 per cell. Although the 
cell potential is higher than expected, it can be improved by an electrode conditioning 
process, stacking, temperature increase, etc. which enables further experimental optimi-
zation. The proper conditioning of the cell stack ensures a lower potential during opera-
tion, as well as a more stable energy consumption. The reader is referred to a recently 
published work for further details [39].

5  Conclusions
In this work, we presented a comprehensive study of the mechanical design, fluid 
dynamics, and experimental evaluation of a conventional alkaline electrolyzer. The inte-
gration of advanced simulation techniques and experimental validation allowed us to 
optimize the geometry and operating conditions of the electrolyzer, leading to signifi-
cant improvements in performance and efficiency.

Our design approach focused on minimizing ohmic resistance and enhancing elec-
trolyte management through precise electrode spacing and optimized flow distribution. 

Fig. 7  Particle analysis (flow trajectories) indicating the flow of electrolyte within each cell of the stack
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Diagonal nozzle configuration improved utilization by 5% with respect to vertical nozzle 
configuration. The optimal electrode spacing was found to be 3 mm. A low pressure drop 
of 6.2 was calculated for a 20 cell stack.. The fluid dynamic simulations demonstrated 
that the proposed configuration effectively produced uniform flow patterns across the 
electrode surface, as well as across the different cells within the stack. This led to an 
improved gas–liquid interface, enhancing the overall electrochemical performance.

Mechanically, the proposed design was studied by simulation under the rated pres-
sure of 10 bar, showing structural integrity and no noticeable deformation for an applied 
torque of 20 N m. The design was further studied under an overpressure condition of 
15 bar, where deformations in the elastic regime were observed for the separators, and 
sealing was maintained for the stack for an applied torque of 30 N m. Experimentally, 
the electrolyzer prototype demonstrated an acceptable power con- sumption of 2.67 V 
at 0.52 A cm−2 current density, showing stable operation during polarization measure-
ments. The results indicated that the developed prototype show- cases robustness and 
reliability under various operating conditions, highlighting its potential for large-scale 
hydrogen production applications.

Future work will focus on further scaling the technology and integrating additional 
control strategies to maximize efficiency. Additionally, ongoing efforts will be directed 
toward evaluating long-term durability and developing advanced diagnostic tools to 

Fig. 8  a Maximum pressure reached at different bolt tightening torques. b Photo-graph of the assembled two-cell 
stack for hydraulic tests at different bolt tightening torques. c Polarization curve obtained from the two-cell stack 
built according to the design developed in this work, measured at an electrolyte flow rate of 2.2 L per minute with 
current steps of 0.05 A·cm−2.Potential is shown per cell
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monitor in situ performance. The knowledge gained from this study contributes sig- 
nificantly to the development of next-generation alkaline electrolyzers for sustainable 
hydrogen production.
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