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Abstract - Hydrogen is deemed to be the pivotal substitute for fossil fuels because it has high
heating value and zero carbon emissions. Moreover, hydrogen can be produced from renewable
sources through alkaline water electrolysis. This study investigates the impact of some operational
parameters of alkaline water electrolysis on the gas void fraction. The numerical model of this cell,
which consists of the Euler-Euler model and the Secondary current distribution, is solved by the
Finite Element method for enhancing the gas void fraction. This research first studies the influence
of the inlet flow of electrolyte on the gas void fraction of the alkaline water electrolysis cell.
Subsequently, this analysis observes the effect of the concentration of Potassium hydroxide at 70 °C
on the gas void fraction. Hence, this study shows that the gas void fraction in an Alkaline Water
Electrolysis System has better performance at a low inlet flow rate of electrolyte. Furthermore, the
result of this research has shown that the gas void fraction at 70 °C has a proportional relation with
the concentration of Potassium hydroxide up to 6 molarity, and exceeding this value, the relation
becomes adverse.
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1. Introduction

The production and consumption of fossil fuels are
deemed to be the main culprits of the worldwide
interconnected problems that threaten all life on
Earth [1]. The increasing concentration of
atmospheric carbon dioxide (CO;) due to the
combustion of fossil fuels by human activities
continues to be a serious environmental crisis [2].
The burning of various conventional fuels results in
the emission of approximately 36 billion metric tons
of carbon dioxide (CO,) into the Earth's atmosphere
annually, which in turn contributes significantly to
climate change and global greenhouse gas emissions
[3]. The use of Hydrocarbon fuels produces air
pollution that kills around 8.7 million people, which
represents twenty percent of all global deaths [1, 4].
The products of fossil fuel use stand as the biggest
risk to both present and future children's well-being
while worsening worldwide social inequalities and
environmental unfairness [5].

Hydrogen is a turning point clean energy source
in the pipeline that can revolutionize the world's
energy systems [6]. Counter to conventional fuels,
when hydrogen burns, it produces water vapor only,
which means that the use of hydrogen as an energy
resource eliminates toxic pollutants [7]. With a
massive energy content of approximately 39.39
kWh/kg, hydrogen has the energy density per unit
weight of around three times that of gasoline; thus, it
is a perfect candidate for use in vehicles and large
energy storage systems [6]. Hydrogen and fuel cells
are central to a sustainable energy future because
they offer solutions for reduced emissions and
increased energy security across various
applications [8]. Expanding the production of
hydrogen from renewable power sources is critical
over the next few decades. This is necessary for
decreasing carbon dioxide emissions and achieving
independence from fossil fuels [9]. Hydrogen has
been widely regarded as a central component of the
world's transition to a net-zero economy by 2050 [10].

© 2025 The Author(s). Published by Cefin Publishing House - Bucharest, https://ijomam.com/ 137
Copyright: © 2025 by the authors. Licensee [OMAM, Romania This article is an open access article distributed under the
terms and conditions of the Creative Commons. Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/)

https://doi.org/10.17683/ijomam/issue22.v1.14



https://ijomam.com/
mailto:mina.youssif@bhit.bu.edu.eg

Numerical Simulation of the Electrolyte Concentration and Flow Rate Impact on the Hydrogen Evolution in an
Alkaline Water Electrolysis System

Hydrogen can be produced from renewable
energy by the process of water electrolysis
[11]. Among the hydrogen production technologies,
Alkaline Water Electrolysis (AWE) is singular
because it is much cheaper, scalable, and has Long-
term stability, especially in comparison to Proton
Exchange Membrane (PEM) and Solid Oxide
Electrolysis systems [12, 13]. Also, AWE relies on
using low-cost and earth-abundant catalysts such as
nickel, avoiding the use of limited and costly metals
such as platinum and iridium in PEM systems,
thereby offering better material availability and cost
handling. Alkaline Water Electrolysis possesses
several inherent benefits in hydrogen production,
including proven technological maturity with
decades of industrial experience, robust and stable
system design in operation under varied conditions,
lower capital investments compared to other
electrolysis  technologies, ability to handle
fluctuating power supply from renewable energy
sources, and compatibility with non-precious metal
catalysts that reduce the operating costs and it is
therefore a viable and economical choice for mass
hydrogen production [14].

Alkaline Water Electrolysis produces hydrogen
through the electrochemical decomposition of water
into hydrogen and oxygen using alkaline electrolytes
such as potassium or sodium hydroxide, with the
source of electrical energy, despite its technological
maturity, AWE is plagued with challenges of energy
loss through overpotentials, efficiency loss due to
bubble buildup, and ohmic loss due to ionic
transport limits, with performance relying on
variables such as electrode morphology, composition
of electrolyte, temperature, and current density [15].

This AWE cell has a myriad of parameters, which
are deemed to be major contributors to increasing
hydrogen production. Moreover, recent research
papers have been promising, which may optimize
AWE at better operating parameters. For instance, it
has been indicated that temperature impacts AWE
efficiency directly. Improved temperature generally
enhances AWE performance, particularly at higher
current density. Moreover, thermal homogeneity in
stacks of an electrolyzer is observed to enhance
efficiency significantly if the right optimized
electrolyte flow rate is used. That research paper,
Jang et al, findings show that minimizing
temperature gradients along the stack is a significant
methodology in decreasing energy needs and
increasing the economic viability of AWE technology
compared to conventional methods in hydrogen
production [16]. In addition, A recent paper, Babay
et al, studied and compared the investigates the
effects of different potassium hydroxide (KOH)
concentrations and separator porosities on the gas
void fraction [17].

It was found that increasing separator porosities
and concentrations are the main contributors to
increasing the gas void fraction [17]. On the other
hand, A recent study, Xia et al, has further
investigated the effect of electrode surface
architecture on the efficiency of alkaline water
electrolysis using micro-nano surface electrodes
compared to traditional flat electrodes. That study
utilizes six electrode geometries—rectangular,
triangular, trapezoidal, and their inverse shapes—
are compared with varied parameters (distance,
height, width: 0.5-1 um) in 3 M KOH at 70°C,
suggesting micro-nano electrodes reduce cathode
overpotential by up to 65.31% and increase void
fraction by 54.53% under the best rectangular
designs of the micro-nano electrode [18].

While several previous research studies have
inspected alkaline water electrolyzers (AWE) in
efficiency for hydrogen production, most of them
concentrated on electrochemical performance
without fully considering the multiphase nature of
gas evolution. Particularly, limited attempts have
been made to describe how working conditions, such
as electrolyte concentration and flow rate in the
inlet, directly influence gas void fraction distribution
and how it further influences system performance.
Most works that are available simulate simplified
electrical performance without observing gas void
fraction. Most recent numerical studies of alkaline
water electrolyzers (AWE) have restricted the
investigation of electrolyte concentration to values
below 3 M KOH, mainly to simplify the treatment of
transport properties. However, such limitations do
not reflect practical operating conditions.
Experimental and industrial AWE systems typically
employ a higher concentration than 3M to achieve
maximum ionic conductivity and reduce ohmic
resistance within the cell [19, 20]. This study bridges
that gap by developing a more coupled CFD-based
Euler-Euler two-phase model with direct correlation
between electrolyte concentration and flow rate and
gas void fraction, thereby achieving a better
understanding of how these parameters influence
overall system performance. Respectively. The work
was conducted using a numerical model, which will
be solved using COMSOL, because the numerical
model has high accuracy and low cost. A recent
paper has shown that COMSOL has been widely used
by various studies in the same application. The
reconciliation = between the COMSOL and
experimental results was found to be excellent, with
mean relative  absolute  difference  error
(MRADerror) always less than 0.51%, never higher
than 1% in all experiments [21]. Hence, the variation
of the average gas void fraction with the inlet
velocity and concentration will be studied using
COMSOL Multiphysics.
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2. Model
2.1 Physical Model

An alkaline water electrolyzer operates on the
principle of electrochemical water splitting to
produce hydrogen and oxygen gases through an
alkaline solution [22], generally potassium
hydroxide or sodium hydroxide, which is supplied
through a bottom inlet. This study selected
potassium hydroxide because the performance of
KOH is attributed to its higher ionic conductivity and
purity, which reduces electrical energy losses due to
parasitic reactions observed in NaOH cells under the
same conditions [23]. The suitable range of KOH is
around 20 to 30 wt% KOH[4M-7M] based on
operation temperature, which is in the range 50°C to
80°C [9]. The cell consists of two electrodes—a
positive anode and a negative cathode—separated
by a permeable membrane. At the anode, water is
oxidized to form oxygen gas and releases electrons,
whereas the cathode serves as the location for the
reduction of water to form hydrogen gas by gaining
electrons. The membrane allows hydroxide ions to
pass through, while the gases evolved are separated
by it, with oxygen and hydrogen being tapped using
top-mounted outlets to reach high gas purity and
secure safe and efficient operation of the electrolyzer
[13, 24]. Electrode area, electrolyte concentration,
and temperature are the key operational parameters
that influence voltage requirement, current flow, and
system efficiency. In accordance with Faraday's
electrochemical laws, the AWE improvement trials
aim to reduce the losses of energy through electrical
resistance, bubble interference, and electrode
activation losses, in accordance with known research
practices.
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dimensional geometric model of the alkaline water
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2.2 Mathematical Model

In the current study, the secondary current
distribution model was used to obtain the effect of
electrode kinetics on the current density
distribution, which cannot be considered for the
primary distribution. By introducing activation
overpotentials through the Butler-Volmer equation,
the secondary model provides a more accurate
simulation of electrochemical reactions, especially at
the high current densities involved in alkaline water
electrolysis. In parallel, the Euler-Euler two-phase
model was used to describe the interaction of gas
bubbles formed at electrodes with the electrolyte.
The model accounts for liquid and gas phases as
interpenetrating continua, which makes it possible
to predict gas void fraction, bubble-induced flow
fields, and their effects on mass transport. The
integration of the secondary current distribution
with the Euler-Euler model provides a full
description of the coupled electrochemical-
hydrodynamic processes in alkaline water
electrolyzers and facilitates better predictions of
performance [18, 25].

To make the analysis computationally practical,
the following assumptions were employed:

Gases and liquid phases are assumed to be
Newtonian, viscous, and incompressible fluids with
constant properties and share a common pressure
field. The electrolyte is assumed to be evenly
distributed, as the ion distribution doesn't have any
considerable effect on the concentration of the
electrolyte. The flow is considered to be isothermal
and therefore, the energy equation and heat
exchange are not considered, and surface tension
effects are not considered. Bubble break-up and
coalescence are not accounted for, and the diameter
of the bubble is considered constant at a fixed
current density, with bubble-bubble interaction
represented by the turbulent dispersion force.
Although the Reynolds number is in the laminar flow
range, the model turbulence is utilized to match the
experimental result and the realistic measured [26,
27]. Finally, due to the inherent complexity of the
alkaline electrolysis model, it is solved in two
dimensions at steady state. Including all the above
assumptions, the governing equations for the phase
can be written as follows [18]:

2.2.1 Secondary Current Distribution Model

The overall cell voltage is calculated by summing
up the reversible voltage, ohmic losses, and
activation overpotentials of the anode and the
cathode, represented by the following equation (3)
[28]:

Ucell = Erev + Nohm + nact,a(i) + nact,c(/) (3)
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Here, Erev represents the reversible voltage (V), nohm
denotes the ohmic overpotential, also the voltage
drop between the cathode and the anode can be
illustrated using Ohm's law(V)[29]. In addition, Nacta
and nac,c are the activation overpotentials (V) at the
anode and cathode, respectively. The current density
distribution is governed by Ohm’s law and the
principle of current conservation equations (4,5),
described as [16]:

]: —GV(p (4)

v-j=Q (5)
Where 7j is the current density vector (A m-2), ¢ is
the electrolyte conductivity (S m-1), ¢ is the
electrical potential (V), and Q is a general current
source term (A m-3). The electrode kinetics are
modeled using the Butler-Volmer equation (6) to
describe the local charge transfer current density

[30]:
Jioe = Jo [exp (%) —exp <— a;;n)] (6)

In this equation, jioc is the local charge transfer current
density (A m2), jo is the exchange current density (A
m?2 ), o, and a. are the anodic and cathodic charge
transfer coefficients, respectively, n is the activation
overpotential (V), F is the Faraday constant (C mol '),
R is the universal gas constant (J mol™' K™' ), and T is
the temperature (K).

2.2.2 Fluid Dynamics Two-Phase Model

The two-phase flow in the AWE is simulated using
the Euler-Euler model [31], which is suitable for
capturing the macroscopic behavior of gas and liquid
phases. This model calculates the void fraction of
each phase without tracking individual bubbles,
assuming both phases share a common pressure
field. The dynamics of each phase are governed by
the continuity equations and momentum (8,9):

agta =1 (7

(8)

d — —
a(a‘qu + alpl) +V- (agpgug + a,plul) =0
9 N RN 5 5
= (or @ W) + V(py i ly) = @i §— 4 Vp + V- (@) + B (9)

Here, "u is the velocity (m s-1), p is the pressure (Pa),
a is the void fraction, p is the density (kg m=3), g is
the gravitational acceleration (m s2), T is the stress
tensor (N m-2), and F k is the volume force (N m-3),
with subscript k denoting the gas (g) or liquid (1)
phase. To account for turbulence, the k-€¢ model is
employed, solving turbulent kinetic energy k (m?s -2)
and dissipation rate € (m2 s -3):

o N 2 N 2
T = (U + 1) (Vuk + (Vi)' —g(V : uk)l) —§Pkk1 (10)

k
Ur =kayE (11)
ok _ Hr (12)
pa+pu-Vk —V~((u+0—k)vk>+Pk — pe
e (13)

de Ur €
pa+pu-V6=V~ <u+6—>Ve +CE'1EPI‘_C€'ZPE
€

Where p is the viscosity (Pa s), uT is the turbulent
viscosity (Pa s), I is the unit tensor, Cy, Ce1, Ce2, and ok
are turbulence model constants, and Pk accounts for
bubble-induced turbulence. Drag and turbulent
dispersion forces are included to model bubble
interaction equations(14,15) [32]:

L3 G

T 14
Fy = 5ot [0 (14)

. ky - 15
FBD=—Pkakd—gb|Ur|Vak (15)

Where Cq is the drag coefficient, Kg is the diffusion
factor, d» is the bubble diameter, and 171« is the

relative velocity. The drag coefficient follows the
Schiller-Naumann model [33]

¢ = 2: (1 + 0.15Re587) at Re<1000 (16)

ke
Cy =044 at Re >1000

Where Re is the Reynolds number:

Re=p1|Ur|db (17)
Iz
The gas void fraction transport is described by:
9(aypy) _, (18)

T tv (o‘gpyug) =~

Where i, Is the mass transfer rate from gas to

liquid (kg m-3 s -1). The gas generation rate at the
electrode surface (kg m-2 s-1) is determined using
the Faraday equation (19):

. _j'Mg 19

iy =Lt (19)
Where Mg is the molar mass of the gas (kg mol-1),
and n is the number of transferred electrons.

Electrochemical performance degradation in

alkaline electrolyte systems arises principally from
bubble-induced effects, manifesting as both (i)
decreased ionic conductivity due to bubble
obstruction of charge transport pathways, and (ii)
reduced catalytic activity from bubble coverage of
electrode active sites. Following established
methodologies, these coupled effects are
mathematically represented through the Bruggeman
correction, with an equation describing the modified
electrolyte  conductivity and an  equation
characterizing the effective exchange current density
that accounts for surface coverage effects [30]:

ieff = lo(l - ag)l's (20)
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Oeff = 00(1 - ag)l's (21)

2.3 Implementation of Boundary Conditions
in Numerical Simulations:

The interfacial conditions governing the
Multiphysics coupling are systematically
implemented as shown in Figures 1 and 2. The
electrochemical domain boundaries are treated as
electrically  insulating  surfaces, while the
hydrodynamic solution domain employs
conventional flow boundary conditions (velocity
inlet, pressure outlet) combined with no-slip wall
conditions at all solid boundaries (u = 0 m s™*). Of
particular significance is the implementation of: (i)
reactive mass transport boundary conditions at
electrode surfaces to capture gas evolution effects,
and (ii) the direct mapping of OH™ flux from the
electrochemical solution to establish the liquid phase
mass flux boundary condition at the porous
diaphragm interface, also for the electrolysis of
water.

separator
thickness

Electrode Hight

< Hydrogen > < Oxygen > r

compartment compartment

Figure 2. Grid layout of the AWE cell

To solve this numerical model, take the operation
parameter and boundary condition from Table 1.

Table 1. Operation parameters and boundary

Symbol Value Unit Description
R 8.314 ] mol™* K™* Universal gas constant
F 96,485.3 Cmol™? Faraday constant
Wy, 2 mm Hydrogen compartment depth
Wiep 1 mm Separator thickness
Wo, 2 mm Oxygen compartment depth
Helec 1 cm Electrode length
dbubble 200 pm Bubble size
T 70 °C Working temperature
P 1 atm Pressure
IoH, 100 Am™ Exchange current, hydrogen oxidation
i,0, 1 Am™ Exchange current, oxygen reduction
Mh,0 18 gmol™ Water molecular weight
MH, 2 gmol™ Hydrogen molecular weight
Mo, 32 gmol™ Oxygen molecular weight
Mon 17 gmol™ Hydroxide molecular weight
Crkon 1to7 M Electrolyte solution strength
Vin 0.05t0 0.3 ms™* Mean inlet speed

3. Cross-validation with Earlier Studies

In this study, the validation of the numerical model is
achieved by comparing the results with the recent
paper’s results, which were obtained under the same
operating conditions [18]. According to a recent
paper, the average gas void fraction at the surface of
the flat electrode is 2.15% at conditions (70 °C and
the diameter of bubbles is 200pm) when using a
triangular mesh with the mesh elements that were
fine predefined on the electrolyte domain and extra

fine on the electrodes and diaphragm boundaries.
This study used quadrilateral meshes with mesh
elements that were extremely fine, predefined on the
all domain of the cell and boundaries. In this study,
the extremely fine predefined mesh in COMSOL
Multiphysics was used to provide the highest
available refinement, ensuring accurate resolution of
near-wall flow and gas-liquid interface gradients
without requiring a boundary-layer mesh. Unlike the
reference study that employed a fine mesh with
additional boundary-layer refinement, the present
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model achieved higher element density across the
domain, making further layering unnecessary. Also,
this paper achieved approximately the same value,
which is 2.0854%. The difference in the recent paper
value and this study’s value is 3% due to in this
study increasing number of elements. Figure 3
shows the gas distribution in the recent study
compared to this study.

o (%)
2.76
2.59
2.25
1.9
1.55
1.21
0.86
0.52
0.17
0

a b

Figure 3. The gas void fraction distribution (a) the
study Xia, Y. et al. (Materials) (b) this study.

4. Numerical Results

The impact of the electrolyte concentration and inlet
electrolyte velocity on the gas void fraction at 70 °C
has been studied numerically. The numerical model
was solved using the Finite Element method, and the
mesh decomposition was conducted.

4.1 Effect of the Inlet Velocity of Gas Void
Fraction

The simulations were conducted at a constant
operating temperature of 70 °C and a set cell voltage
of 2 V. The inlet feed velocity varies from 0.05 m/s to
0.3 m/s with a 0.05 m/s step to study their influence
on the gas volume fraction distribution throughout
the electrolyzer domain, as shown in Figure 4 for
maximum and minimum inlet velocity.

0.05
H 0.04
F 4 003
0.0z
0.01

o

0.05m/s 0.3 m/s
Figure 4: The gas void fraction distribution electrode
for maximum and minimum inlet velocity (U = 2V)

After analyzing Figure 4, it can be noticed that the
huge number of bubbles that lead to the maximum
void fraction is at the surface of the cathode and the
top of the gas compartment. Also, two lines were
selected in this study as primary observation lines:
the top of the compartment and the surface of the
electrode. The top of the compartment is where
bubbles, having been formed, travel upward and
accumulate before leaving the electrolyzer. The
behavior of the gas phase in this area directly affects
the efficiency with which hydrogen can be removed
from the system. Bubble over-accumulation near the
outlet increases electrical resistance and hinders
mass transfer, hence decreasing the overall
efficiency of the electrolyzer.

Volume fraction, dispersed phase (%)

o 0.0005

Ave Iongth (i
Figure 5: Gas void fraction profiles at the top of the
hydrogen compartment under different inlet velocities
(U=2V)

The electrode surface, on the other hand, is the initial
site where bubbles are created. Adherent gas
bubbles covering or adhering to the electrode can
jam active catalytic sites, which deteriorates the
electrochemical reaction and increases the
overpotential. Therefore, the investigation of void
fraction distribution over the electrode surface is
vital in the examination of the effect of electrode
design on bubble release.

- 0.05 m/s
- 0.1m/fs
—— 0.15 m/s

—— 0.2 mfs
—+— 0.25m/s
—e— 0.3m/s

Velume fraction, dispersed phase (%)

0 0.002 0.004 0.006 0.008 0.01
Arc length (m)

Figure 6: Gas void fraction profiles for the surface of
the cathode under different inlet velocities (U = 2 V)
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Table 2. The average void fraction of the surface
electrode under varying inlet velocities(U=2V

Inlet velocity Average Void Fraction (%)
0.05 4.0028
0.1 3.0771
0.15 2.4841
0.2 2.0854
0.25 1.7978
0.3 1.5805

The gas void fraction on the electrode surface for the
hydrogen gas compartment at different inlet
velocities is illustrated in Figure 6. Then the average
value of the gas void fraction for every line in Figure
6 is taken and put in Table 2. According to these
results, the gas void fraction decreases when
increasing the inlet velocity for electrolyte in the
AWE cell because increasing inlet velocity removes
bubbles that leads to reduce the gas void fraction
that is shown in Figure 6; Moreover, Table 2
accentuates that the mean void fraction of the gas on
the surface of the electrode increased from 1.5805%
to 4.0028% when decreasing the inlet velocity from
0.3 m/s to 0.05 m/s.

4.2 The Effect of the Concentration of
Electrolyte

This study illustrates the impact of the concentration
of electrolyte on the average void fraction, a recent
research paper that studies the impact of the
concentration of solution when the assumed model
is laminar, and up to 3M [17]. In this study, it is
solved as a turbulent model [26, 27]. Additionally,
this study increases the range of concentrations.
Figure 7 describes the distribution of gas void
fraction of the AWE cell under different
concentrations.

.05
| 003
0.0z
0.01
M 6M 7M

Figure 7: The gas void fraction distribution of the
electrode for different concentrations of electrolyte
(U=2V).
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Volume fraction, dispersed phase (%)
w

] 0.0005 0.0015
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Figure 8: Variation of gas void fraction at the top of

the hydrogen compartment under different

electrolytes (U=2V)
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—— 3000 mol/m®
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—=— 6000 mol/m*
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0 0.002 0.004 0.006 0.008 0.01
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Figure 9: Cathode surface gas void fraction profiles
under varying electrolyte concentrations (U=2V)

Table 3. The average void fraction of the surface
electrode under varying KOH concentrations (U=2V)

Concentration[M] | Average Void Fraction (%)
1 2.5221
2 3.4765
3 4.0028
4 4.3228
5 4.4080
6 4.4146
7 4.3221
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The gas void fraction for the surface of the cathode
for different concentrations of KOH is shown in
Figure 9. This study also calculates the average of the
gas void fraction for every concentration from Figure
9 and puts it in Table 3. According to figures 7,8,9,
and table 3, the average gas void fraction at the
surface of the cathode soars from 2.5221% at 1M
concentration to 4.4146% at 6M, then diminishes to
43221% at 7M. This means that the suitable
concentration of KOH is 6M at 70°C. According to
recent studies, the ionic conductivity of KOH
increases with concentration to an optimum value,
typically in the range 5-8M, depending on
temperature, beyond which it declines with
enhanced ion-ion interaction and viscous effects.
This is observed at all temperatures, although rising
temperatures enhance the optimum conductivity
and widen the concentration range of KOH
somewhat, with maximum values of 6-7M
sometimes reported at 70°C [34-36]. Hence, what
can be observed from these results is that the gas
void fraction increases when the KOH concentration
increases from 1M to 6M, but when the
concentration is increased to 7M, the gas void
fraction starts to plummet because of the reduction
in conductivity and increasing viscosity. This means
that the optimum concentration of KOH at 70°C
doesn’t exceed 6M.

5. Conclusions

This study has employed computational analysis to
investigate the relationship between the average
void fraction at the surface of the electrode and the
inlet velocity and concentration of electrolyte.

According to this study, Table 3 and Figure 4
illustrate the impact of varying inlet velocity on the
gas void fraction distribution. What can be said is
that the average void fraction has an inverse
relationship with the inlet velocity of the electrolyte.

Furthermore, the findings demonstrate the effect
of the concentration of KOH at 70°C. It was found
that the gas void fraction grows when the KOH
concentration rises until the concentration reaches a
critical value, which is 6M. Then the gas void fraction
starts to plummet when the concentration exceeds
6M.

In conclusion, after this study has manifested the
points mentioned above, it revealed that enhancing
the gas void fraction depends on reducing the inlet
velocity of electrolyte, as well as increasing the
concentration of KOH until 6M at 70°C.
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