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Preface

We would like to present, with great pleasure, the inaugural volume-11, Issue-7, July 2025, of a scholarly
journal, International Journal of Engineering Research & Science. This journal is part of the AD
Publications series in the field of Engineering, Mathematics, Physics, Chemistry and science Research
Development, and is devoted to the gamut of Engineering and Science issues, from theoretical aspects to
application-dependent studies and the validation of emerging technologies.

This journal was envisioned and founded to represent the growing needs of Engineering and Science as an
emerging and increasingly vital field, now widely recognized as an integral part of scientific and technical
investigations. Its mission is to become a voice of the Engineering and Science community, addressing
researchers and practitioners in below areas:

Chemical Engineering
Biomolecular Engineering Materials Engineering
Molecular Engineering Process Engineering
Corrosion Engineering

Civil Engineerin

Environmental Engineering Geotechnical Engineering
Structural Engineering Mining Engineering
Transport Engineering Water resources Engineering

Power System Engineering Optical Engineering

gineering
Acoustical Engineering Manufacturing Engineering
Optomechanical Engineering Thermal Engineering
Power plant Engineering Energy Engineering
Sports Engineering Vehicle Engineering
Computer-aided Engineering Cryptographic Engineering
Teletraffic Engineering Web Engineering

System Engineering

Mathematics

Arithmetic Algebra
Number theory Field theory and polynomials
Analysis Combinatorics
Geometry and topology Topology
Probability and Statistics Computational Science
Physical Science Operational Research
Nuclear and particle physics Atomic, molecular, and optical physics
Condensed matter physics Astrophysics
Applied Physics Modern physics
Philosophy Core theories
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Analytical chemistry
Inorganic chemistry
Neurochemistry
Organic chemistry

Biochemistry
Materials chemistry
Nuclear chemistry
Physical chemistry

Other Engineering Areas

Aerospace Engineering
Applied Engineering
Biological Engineering
Energy Engineering
Industrial Engineering
Management Engineering
Petroleum Engineering
Textile Engineering
Algorithm and Computational Complexity
Electronics & Communication Engineering
Information Retrieval

Agricultural Engineering
Biomedical Engineering
Building services Engineering
Railway Engineering
Mechatronics Engineering
Military Engineering
Nuclear Engineering
Nano Engineering
Artificial Intelligence
Image Processing
Low Power VLSI Design

Neural Networks Plastic Engineering

Each article in this issue provides an example of a concrete industrial application or a case study of the
presented methodology to amplify the impact of the contribution. We are very thankful to everybody within
that community who supported the idea of creating a new Research with IJOER. We are certain that this
issue will be followed by many others, reporting new developments in the Engineering and Science field.
This issue would not have been possible without the great support of the Reviewer, Editorial Board
members and also with our Advisory Board Members, and we would like to express our sincere thanks to
all of them. We would also like to express our gratitude to the editorial staff of AD Publications, who
supported us at every stage of the project. It is our hope that this fine collection of articles will be a valuable
resource for IJOER readers and will stimulate further research into the vibrant area of Engineering and
Science Research.

Mukesh Arora
(Chief Editor)
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Abstract— The article addresses the issue of hydrogen storage in magnesium-based metal hydride alloys, the kinetic
properties of various magnesium hydrides, and the potential applications of these metal hydride alloys in the transportation
sector. The article also includes a theoretical design of an atypical metal hydride storage tank that uses magnesium-based
alloys.

Keywords— Hydrogen, Metalhydride, Magnesium-Based Alloys.

l. INTRODUCTION

Hydrogen is receiving increasing attention both in Europe and around the world. The most important aspect is the fact that the
energy recovery of green hydrogen in fuel cells does not produce any emissions into the atmosphere. It therefore represents a
possible solution for partially decarbonizing industrial processes and economic sectors.

In the area of transport infrastructure, it is necessary to focus on alternative propulsion fuels and systems that are derived from
renewable energy sources. Naturally, these systems will also contribute to the reduction of greenhouse gases. Currently, two
technological platforms appear to be long-term fuel sources, hamely electromobility and hydrogen-based transport systems.
Slovakia has committed to ensuring that more than 20% of vehicles in public administration should be emission-free by 2021.
Today, several EU member states, as well as other developed economies—such as the United States and Japan—are testing
the possibilities of using hydrogen technologies in both individual and public transport through the implementation and
deployment of hydrogen-based vehicle solutions. One of the key challenges is improving the safety of hydrogen fuel storage.
At present, hydrogen fuel is stored at extremely high pressures of 35-95 MPa, which poses a safety risk.

Solid-state hydrogen storage materials, primarily metal hydrides, have proven to be promising candidates for storage
applications due to their high volumetric density, low operating pressure—ranging from 1 bar to 3 MPa, which is significantly
lower than that of high-pressure systems—and, last but not least, their high safety.

1. HYDROGEN STORAGE IN MAGNESIUM-BASED AB2-TYPE METAL HYDRIDES

The most commonly used metal hydride alloys in energy systems are of the AB type, mainly based on TiFe, because these
alloys can absorb and desorb hydrogen at room temperature and exhibit high absorption and desorption kinetics. However, the
main disadvantage of these alloys is their low storage capacity, which is only around 1.5 wt.% at a temperature of 50°C and a
pressure of approximately 3 MPa. This means that a large amount of metal hydride is needed to be competitive with high-
pressure systems.

Metal hydrides of the AB. group based on magnesium have attracted considerable attention for hydrogen storage due to their
significantly higher storage capacity compared to AB-type TiFe-based alloys. For example, the MgH. alloy has a storage
capacity of up to 7.6 wt.%, which is five times higher than that of AB-type TiFe-based alloys. [1]

Other advantages of magnesium-based metal hydride alloys include high reversibility, abundant availability, and low cost.
However, this type of alloy also has its disadvantages, such as high thermodynamic stability—meaning that Mg-based MH
alloys absorb and desorb hydrogen at high temperatures, typically from around 414 K. Therefore, they are also referred to as
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high-temperature metal hydride alloys. Additional drawbacks include slow absorption and desorption kinetics and, for some
AB:-type alloys, limited cycle life.

Extensive research efforts have been dedicated to identifying the fundamental characteristics of these materials and developing
strategies to improve hydrogen storage properties. For example, alloying magnesium-based alloys can enhance certain
hydrogen storage characteristics. Alloying generally increases the kinetics of hydrogen absorption and desorption, making
these processes more efficient and stable.

Alloying can also reduce degradation of the metal hydride alloy, thereby improving its cyclic stability. The control of hydrogen
storage properties can be achieved by adjusting the alloy composition, structure, and processing parameters, as well as by
selecting suitable alloying elements to meet the specific requirements of a given application. Table 1 provides a detailed
comparison of some examples of alloyed magnesium-based metal hydride alloys. 1 [7], [8], [9], [10].

TABLE 1
EXAMPLES OF MAGNESIUM BASED ALLOY AND THEIR PROPERTIES
Type of L. Hydrogen storage Desorption temperature Adsorption and desorption
alloy Compaife @i el oy capacity (wt.%) (°C) kinetics
. Medium
. Mg2zNi 3,6 250-300 .
Mg-Ni Mg2Nio7Mno3 35 240-290 Relative fast
Slow
MgzFeHs 55 320-350 .
Mg-Fe Mg-10Wt.%Fe 6.2 330-360 Relative slow
Medium
Mg2CoHs 4,5 280-320
Mg-Co Mg-5wt.%Ti 6.8 300-340 Fast
Ma-Ti Mg-10wt.%Ti 6 250-300 Fast
9 Mg-5wt.%V-5wt.%Ni 55 240-280 Very fast
Ma-V Mg-10wt.%V 6,5 200-250 Very fast
g Mg-5Wt.%V-5wt.%Ni 58 190-240 Fastest

1. THERMODYNAMIC AND KINETIC PROPERTIES OF MAGNESIUM ALLOYS

The thermodynamic and kinetic properties of magnesium-based alloys play a key role in determining their performance in
hydrogen storage. In general, all alloy systems significantly reduce the desorption enthalpy of pure magnesium hydride (MgH>),
which is 74.5 kd/mol. This corresponds to improved thermodynamics for hydrogen storage and release. Therefore, it is more
suitable to use magnesium compounds, rather than pure magnesium alone, for hydrogen storage. For example, alloy systems
based on Mg-Nb and Mg-Ti exhibit the most significant thermodynamic improvements [1].

Magnesium has a high theoretical hydrogen storage capacity of up to 7.6 wt.% and forms a binary hydride, magnesium hydride
(MgH>), through a reversible solid—gas reaction [2]. The process of hydrogen absorption/desorption in magnesium involves
the dissociation of H> molecules into hydrogen atoms, which are subsequently absorbed into the magnesium lattice, forming
MgH: [2], [6].

The absorption reaction is exothermic, while the desorption reaction is endothermic, as shown in the following equation [1].
Mg(s) + Haz(g) <> MgHa(s), AH =—74,5 kJ/mol Ha Q)

The thermodynamic stability of MgH- is relatively high, with an enthalpy of formation of —74.5 kJ/mol Ha. This results in a
high equilibrium desorption temperature (greater than 300°C at atmospheric pressure). This high thermodynamic stability
presents a challenge for the practical use of magnesium-based alloys, as it requires high operating temperatures to release
hydrogen [12].

The equilibrium pressure and temperature for hydrogen absorption/desorption are governed by the Van’t Hoff equation [2]:
In(P.q) = AH /RT — AS /R )

where: P.q is the equilibrium hydrogen pressure, AH and AS are the changes in enthalpy and entropy during the hydride
formation reaction, R is the gas constant, T is the absolute temperature.
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As shown in Figure 1a, the thermodynamic conditions for hydrogen storage in metals depend on their equilibrium pressure,
which is determined by isothermal pressure and composition. According to the Van’t Hoff equation, the equilibrium pressure
depends on changes in enthalpy and entropy, as illustrated in Figure 1b; in this graph, AH/R is the slope of the line and AS/R
is its y-axis intercept [5].

(a) g (b) 1 (¢)

o
1%
a

Adsorption
m) — (O )
‘o-@0-#H—@

Desorption

(d)
Adsorption

\| @—O-O8

Desorption

FIGURE 1: Hydrogen storage: a) Pressure—composition isotherm diagram for hydrogen—-metal systems, b)
Van’t Hoff plot for the hydride/dehydride reaction, and schematic diagram of hydrogen
absorption/desorption in magnesium: c) at high temperatures and pressures and d) at low temperatures
and pressures

In addition to thermodynamic properties, the Kinetic properties of magnesium alloys are also crucial for their practical use. The
kinetics of hydrogen absorption and desorption in these alloys are often limited by several factors, including the dissociation
of hydrogen molecules, the diffusion of hydrogen atoms, and the nucleation and growth of the hydride phase. The slow kinetics
of magnesium alloys are attributed to the formation of a passivation layer on the surface of magnesium particles, which hinders
the dissociation of hydrogen molecules and the penetration of hydrogen atoms into the bulk material. Moreover, the high
stability of MgH. results in a high energy barrier for hydrogen desorption, which further limits the kinetics of the
dehydrogenation process [3].

For this reason, modification of the metal hydride alloy and the addition of other elements are important to enhance the kinetic
properties of magnesium alloys. One example is a magnesium-vanadium-based metal hydride alloy with the composition Mg—
10 wt.% V, which exhibits excellent hydrogen absorption and desorption kinetics. Additionally, the hydrogenation and
dehydrogenation processes occur at temperatures ranging from 200 to 250 °C, which is lower than that of the MgH»-based
alloy, whose working temperature range is between 300 and 350 °C.

The only drawback of the Mg—V alloy is its lower hydrogen storage capacity, which is around 6.5 wt.%, compared to MgH-,
which has a storage capacity of 7.6 wt.%.

V. APPLICATIONS OF MAGNESIUM ALLOYS IN THE FIELD OF TRANSPORTATION AND THEORETICAL
DESIGN OF A MAGNESIUM ALLOY STORAGE TANK

Magnesium-based hydrogen alloys have proven to be very promising for various applications, including mobile and stationary
hydrogen storage, rechargeable batteries, and thermal energy storage. In the field of hydrogen storage, magnesium-based alloys
can be used as solid-state hydrogen storage materials for applications such as fuel cell vehicles. The high hydrogen storage
capacity, good reversibility, and low cost of these alloys make them attractive candidates for onboard hydrogen storage systems.
However, the high desorption temperature and slow kinetics of magnesium-based alloys remain significant challenges for their
practical use in hydrogen-powered vehicles [13]. The development of advanced magnesium-based alloys with improved
thermodynamic and Kkinetic properties, as well as the integration of these alloys into efficient and compact hydrogen storage
systems, are crucial for their successful implementation in the automotive industry.
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However, in order to use magnesium-based metal hydride alloys in the automotive industry, for example, it is essential to
design a storage system that utilizes these alloys while also meeting the mechanical strength requirements for operational
conditions.

The biggest drawback of storing hydrogen in magnesium alloys is that the absorption and desorption processes occur at high
temperatures—typically from 200 °C. The storage tank must be designed to withstand these high temperatures and endure as
many cycles as possible under such conditions without material creep. Therefore, investigating the plasticity and creep
behaviour of such storage tanks is of great importance.

One way in which the metal hydride alloy could be heated to high temperatures is, for example, that the tank is directly
connected to an internal combustion engine and the exhaust gases from the internal combustion engine would heat the metal
hydride reservoir. A flue gas pipe passes through the central part of the atypically designed reservoir, which serves to heat the
reservoir to the desired temperatures. Fig. 2 shows the structural design of the proposed a typical tank.

FIGURE 2: Design of an atypical tank for the use of magnesium-based metal hydride alloy

An important task is the choice of the material from which the given tank will be made and at the same time the chosen material
must be compatible for hydrogen applications. A major disadvantage of this system is that the higher the operating temperature,
the lower the yield strength and tensile strength of the chosen material. Therefore, the tank must be designed so that its strength
meets the operating parameters such as pressure which is in the order of 1 MPa to 3 MPa and higher operating temperature of
200 °C. Table 2 shows an example of a compatible steel for hydrogen applications 1.4404-316L, which is determined according
to European standards.

TABLE 2
OVERVIEW OF YIELD STRENGTH AND TENSILE STRENGTH OF 1.4404-316L STEEL AT ELEVATED
TEMPERATURES
Temperature Yield strength Re Ultimate strength Rm

(°C) (MPa) (MPa)

20 225 550

100 199 430

200 167 390

300 145 380

400 135 380

500 128 360
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The first task after creating a 3D model of the tank is to statically analyse the strength characteristics. When calculating the
reservoir, a metal hydride alloy based on Mg — V with a composition of Mg- 10 wt.% is considered, where the maximum
temperature of hydrogenation and dehydrogenation occurs at a temperature of 250 °C. The second condition is the working
pressure of the reservoir, which is determined at 3 MPa. The material of the reservoir is steel 1.4404-316L. The result of the
static simulation of the created model is shown in Fig. 3.

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
04/05/2025 16:39

111.57 Max
99.223

86.872

74521
62,169
49,818
37.467
25115
12.764
0.41282 Min

B: Static Structural
Total Deformation

Type: Total Deformation
Unit: mm

Time: 1

04/05/2025 16:40

0.12396 Max
01102

0.006432
0.082666

0.0689

0.055134
0.041367
0.027601
0.013835
6.8953e-5 Min

FIGURE 3: Static analysis of an atypical metal hydride reservoir using a Mg - V-based metal hydride alloy

Static analysis of the designed tank showed that the tank meets the operating parameters at an operating pressure of 3 MPa and
an operating temperature of 250 °C. Another task for this designed reservoir is to determine whether the reservoir will not flow
under cyclic loading.

V. CONCLUSION

This article addresses the issue of hydrogen storage in magnesium-based metal hydride alloys. The advantage of this type of
storage is their significantly higher hydrogen storage capacity—reaching values of up to 7.6 wt.%—compared to the most
commonly used ABs-type alloys based on Ti-Fe, which only offer a storage capacity of around 1.5 wt.%.

The biggest drawback of this form of hydrogen storage is that, for example, in the case of the binary magnesium hydride MgHa,
hydrogenation and dehydrogenation occur at very high temperatures, typically from around 300 °C. Therefore, it is necessary
to design an efficient system to heat the storage tank to the required operating temperatures.

This article also includes a theoretical design of a metal hydride storage tank that utilizes magnesium-based alloys. The tank
consists of two seam-welded tubes. A smaller-diameter tube is placed concentrically inside a larger-diameter tube. The pair of
tubes is joined by an atypical bottom so that a flue gas pipe, directly connected to an internal combustion engine, can be routed
through the inner tube. The exhaust gases flowing through the pipe will heat the alloy stored in the tank.
This heating of the selected magnesium alloy with exhaust gases to the desired temperature is necessary to reach sufficient
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temperatures for hydrogen absorption into the structure of the magnesium alloy.

Subsequently, a static analysis of the atypical storage tank was performed to assess its strength characteristics at an operating
temperature of 250 °C and an operating pressure of 3 MPa. Based on the analysis, it was determined that the tank meets the
required operational parameters. The next step in the research will be the analysis of material creep under cyclic loading and
the subsequent optimization of structural parameters.
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Abstract— The article deals with the theoretical design of a power generator using hydrogen combustion as an alternative
source of electrical energy. The core of the article includes the design of a power generator utilizing the H-1000 XP fuel cell
and MNTZV-60 hydrogen storage tanks. The design incorporates a hydrogen connection diagram, an electrical circuit
diagram, a cooling loop, and the construction of a standalone power generator. The article also includes a theoretical analysis
and verification of the system’s functionality. The result is a power generator design capable of producing electricity in an

environmentally friendly manner, with an emphasis on sustainability and the efficient use of alternative fuels.

Keywords— hydrogen, power generator, metalhydride.

l. INTRODUCTION

Hydrogen is receiving increasing attention both in Europe and worldwide. The most important aspect is the fact that the energy
conversion of green hydrogen in fuel cells produces no emissions into the atmosphere. It thus represents a potential solution

for partially decarbonizing industrial processes and economic sectors.

In both mobile and stationary infrastructure, it is necessary to focus on alternative propulsion fuels and systems generated from

renewable energy sources. Naturally, these systems will also contribute to the reduction of greenhouse gas emissions [1], [2].

Currently, two technological platforms appear to be long-term fuel sources: electromobility and hydrogen-based transport
systems. One of the main challenges is increasing the safety of hydrogen fuel storage. At present, hydrogen is stored at
extremely high pressures of 35-95 MPa, which poses significant safety risks. Solid-state hydrogen storage materials, primarily
metal hydrides, have proven to be promising candidates for storage applications due to their high volumetric density, low
operating pressures—ranging from 1 bar to 3 MPa, which is significantly lower than in high-pressure systems—and, last but
not least, higher safety [3].

One of the devices in which hydrogen technologies can be implemented is the power generator. The aim of this article is to

design a fuel cell-powered generator that uses hydrogen as the primary fuel.
1. DESIGN OF THE HYDROGEN CIRCUIT FOR THE POWER GENERATOR

The design of the hydrogen circuit for the power generator is based on the EC 79 standard, according to which a hydrogen
circuit diagram was created, including all the necessary components. Fig. 1 shows designed hydrogen circuit of small power

generator:
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FIGURE 1: Hydrogen Circuit Diagram of the Power Generator

The components used in the network are as follows: a) metal hydride tanks MNTZV-60, b) filter, ¢) ball valves, d) analog
pressure sensor, €) flow sensor, f) refueling nozzle, g) TPRD safety pressure valve, h) pressure regulator, i) analog pressure
sensor, j) solenoid valve, k) TPRD safety valve, I) fuel cell, m) temperature sensor, n) solenoid valve.

The hydrogen distribution system consists of two branches: one for transporting hydrogen from the storage tanks to the fuel
cell, and the other for refilling the hydrogen storage tanks. The individual components are connected by copper pipes with a
diameter of 6 mm.

The branch for refilling hydrogen into the storage tanks consists of a refuelling nozzle that connects to the hydrogen distribution
system. A flow sensor is located after the refuelling nozzle to determine the amount of hydrogen flowing into the storage tanks.
Following the flowmeter, an analogue pressure sensor is installed for safety reasons and in accordance with standards, allowing
the pressure in the system to be monitored.

The branch for transporting hydrogen from the storage tanks to the fuel cell starts with three MNTZV-60 tanks, which contain
a metal hydride alloy branded Hydralloy© C5 from the German company GFe.

Each tank is equipped with a filter and a ball valve. The filter captures particles released from the Hydralloy© C5 metal hydride
alloy, which exists in the tanks as a fine metallic powder with varying grain sizes. The grain size of the metal hydride alloy
ranges from 0.1 to 2 mm, but after several cycles, it reduces to sizes between 100 and 5 microns. Significant particle size
reduction occurs already during the initial activation of the alloy, so it is essential to place a filter at the beginning of the system.
This prevents the passage of metal particles that could clog or damage valves, or even contaminate the fuel cell.

Behind the ball valve is a TPRD safety pressure valve, which serves a protective function in the distribution system. The TPRD
safety valve is designed to activate at a predetermined pressure. If this value is exceeded, the valve opens to release hydrogen
into the surroundings, and then closes again. This safety valve is intended to protect the storage section of the distribution
system.

A pressure reducing valve is placed after the safety valve. It is essential in the system due to the higher pressure in the storage
tanks. The pressure in the tanks is around 3 MPa, and this needs to be reduced to 0.05 MPa, as hydrogen can only be supplied
to the fuel cell at such a pressure.

An analogue pressure sensor is located after the pressure-reducing valve. This analogue pressure sensor allows verification that
the pressure-reducing valve is functioning correctly—specifically, it is used to monitor the pressure at which hydrogen is
entering the fuel cell.

Next in the distribution system is a safety valve and a solenoid valve. Compared to the previously mentioned safety valve, this
one has a preset lower pressure value, which corresponds to the pressure at which hydrogen may enter the fuel cell. If this
pressure value is exceeded, the solenoid valve closes, thereby protecting the fuel cell.
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The final component in this branch is a PEM fuel cell, specifically the Horizon 1000 XP model, which converts the chemical
energy of the fuel into electrical energy. The basic parameters of the selected fuel cell are shown in Table 1. The fuel cell
includes two temperature sensors: one for the fuel cell itself and one for ambient temperature.

Unreacted hydrogen and the by-product of the chemical reaction—water—are directed from the fuel cell into piping with a
solenoid valve, and are then discharged into the surroundings:

TABLE 1
BASIC PARAMETERS OF THE SELECTED FUEL CELL HORIZON 1000 XP
dimensions (mm) (length x width x height) 264 x 203 x 104
Weight (kg) 4,9
Efficiency (%) 59
Hydrogen consumption (I-min-t) 12,5
Output voltage (V) 25-48

1. DESIGN OF THE ELECTRICAL CIRCUIT OF THE HYDROGEN POWER GENERATOR

Since the fuel cell generates electrical energy that needs to be delivered to an electrical appliance, it is necessary to design the
electrical circuit of the power generator. The schematic of the power generator's electrical circuit is shown in Figure 2.
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FIGURE 2: Schematic of the Electrical Circuit of the Power Generator

The electrical circuit begins with a starter battery with a voltage of 12 V. The starter battery's purpose is to power on the fuel
cell control unit. Using the control unit, the PEM fuel cell H-1000 XP—as designed in Section 5.1—is subsequently activated.
The value of the generated voltage and current depends on the output of the fuel cell. The fuel cell produces direct current (DC)
voltage in the range of 25-48 V, but the electrical appliances powered by the generator require alternating current (AC) voltage
of 230 V. Therefore, a power inverter must be included in the circuit to convert the DC voltage into AC voltage.

The circuit considers the use of the RSI 1KP-F31 inverter, designed by Absopulse Electronics, a company based in Canada.
This inverter is used in railway transport vehicles. The parameters of this device meet the requirements for the proposed power
generator.
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A supercapacitor and a rectifier diode are placed between the control unit and the inverter. The rectifier diode is the simplest
type of rectifier, characterized by low resistance in the forward direction and high resistance in the reverse direction. When
current flows in the forward direction, there is a voltage drop in the range of 0.6 to 1.2 V. If the electrical appliance consumes
all the energy generated by the fuel cell, the diode allows it to pass without restriction. However, if the appliance does not use
all the generated energy, the diode redirects the excess to the supercapacitor, where it is stored. At the same time, the diode
prevents reverse current flow back into the fuel cell, thus protecting the circuit from damage. In this system, the supercapacitor
serves not only as an energy storage device for excess power but can also supply power during a short circuit, which could
enable uninterrupted operation of the system without external power.

V. COOLING SYSTEM DESIGN

The cooling system in a hydrogen power generator is a crucial component for the proper operation of metal hydride storage
tanks, because during the absorption of hydrogen into the metal alloy structure, an exothermic reaction occurs, generating heat.
This heat reduces the absorption capacity of the metal hydride alloy. Conversely, during desorption, the alloy becomes
subcooled, which slows down the hydrogen release process from the metal structure. Therefore, thermal management of the
proposed generator must be carefully addressed.

Before designing the cooling system, it is necessary to determine the cooling power that the cooler should be able to provide.
The cooling power of the cooler will be determined from the following equation (1).

Poy = QMH (W) (D)

Tt

Where Qwmn is the heat generated during the storage of hydrogen in the metal hydride, and z is the time within which the
hydrogen should be stored in the tanks. A filling time shorter than 90 minutes is considered. The heat generated during the
storage of hydrogen in the metal hydride alloy Qmno = 7.01 MJ-m=. Since the hydrogen distribution system contains three
tanks, it is necessary to determine the volume of stored hydrogen and the heat generated during storage in these three tanks.
The volume of stored hydrogen is calculated using equation (2).

MHy (md) )

Kde: mw2 is the mass of hydrogen stored in the three tanks, amounting to 0.3 kg and pwg is the density of hydrogen vapor, which
equals 0.0898 kg-m™ at a temperature of 20 °C and pressure of 101,325 Pa. Substituting these values into equation (2) results
in a volume of 3.34 m3. The heat generated during the storage of hydrogen in the metal hydride tanks is calculated using the
following equation (3).

Quu = VH2 " QmHo ) 3)

By substituting into equation (3), the generated heat in the MNTZV-60 metal hydride tanks is found to be 3.36 MJ, and thus
the required cooling power can be determined from equation (1). Substituting into equation (1), the cooling power amounts to
561 W.

For cooling, a heat exchanger Alphacool NexXxoS UT60 with an Alphacool ES 120mm fan will be used, which can provide
a cooling capacity of 800 W. These are commonly used for cooling processors and electronic components.

Design of the Structural Layout of the Power Generator

This chapter focuses on the design of the structure itself. When designing the structure, it is necessary to consider the
dimensions and weight of all the proposed components. Since some devices have fans, it is important to ensure unobstructed
air circulation between the power generator and the surrounding environment.

The structure will consist of a frame welded from aluminum profiles and a galvanized sheet metal panel attached to the frame.
The individual components will be gradually mounted onto the galvanized sheet metal. The entire frame will be clad with
galvanized sheet metal. Galvanized sheet metal was chosen due to its properties, which include high corrosion resistance and
abrasion resistance.

The frame of the power generator is 1000 mm wide, 1000 mm long, and 300 mm high. The frame consists of two different
aluminum profiles. The wider profiles are placed at the bottom of the frame because the galvanized sheet metal will be mounted
on them, and thus they will bear the greatest load. The profiles have a rectangular cross-section, with a height of 20 mm; the
wider profiles are 40 mm wide, and the narrower ones are 20 mm wide. The wall thickness of the profiles is 1 mm.
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Since power generators are typically used in remote locations where electrical infrastructure is not available, there is a need to
transport the power generator to these sites. Thanks to its compact dimensions, transportation by vehicles should not be a
problem. However, situations may arise where it is not possible to transport the power generator to the intended location by
vehicle, for example, due to difficult terrain. For this reason, the frame of the structure will be equipped with a simple chassis
to facilitate transport under these conditions. The chassis consists of two shafts mounted on radial ball bearings and two pairs
of wheels.

FIGURE 3: Model of the Designed Hydrogen Power Generator

The frame was subsequently strength-verified, with maximum stresses reaching 65.82 MPa, and the highest stress occurring
at the point where the tanks are attached to the sheet metal. Plastic deformation will not occur anywhere since the yield
strength of the material from which the sheet metal is made is not exceeded.

V. ENERGY BALANCE OF THE HYDROGEN POWER GENERATOR

In this section of the article, the amount of electrical energy produced, and the overall efficiency of the power generator will
be determined. The amount of stored chemical energy is calculated using equation (5).

Echem = My, QHz (5)
Where the amount of stored hydrogen in the power generator is 0.3 kg and the combustion heat of hydrogen is 141.9 MJ.
Echem = 0,3°-141,9 = 42,57 M] )

There is 42.57 MJ of chemical energy stored in the tanks. This chemical energy is converted into electrical energy by the fuel
cell. The efficiency of the fuel cell is 59%. The amount of electrical energy is defined by equation (7).

Eet = Echem "1 pt )
E, = 42,57-0,59 = 25,116 M] (8)

The fuel cell produces 25.116 MJ of electrical energy. Subsequently, the converter transforms direct current into alternating
current. The usable energy is given by equation (41), considering the converter’s efficiency of 80%.

E,=Eq Ny ©)
E, =25,116-0,8 = 20,1 MJ (10)

The power generator outputs 20.1 MJ of electrical energy, which is equivalent to 5583.33 Wh. The overall efficiency of the
power generator is determined according to equation (11).
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Ne=Tpc Nu (1)
N¢=059:08=472% (12)

The overall efficiency of the power generator is therefore 47.2%. The maximum power supplied by the power generator is
determined using equation (13).

p — Ev558333:3600
max T i 25100

=800 W (13)

VI. CONCLUSION

The article discusses the design of a power generator that uses a fuel cell to generate electricity from hydrogen.
The selected fuel cell, the Horizon H-1000 XP, was chosen based on its satisfactory technical parameters, particularly its
efficiency of up to 59%.

Hydrogen storage is implemented using three MNTZV-60 tanks filled with Hydralloy C5 metal hydride alloy.
The system’s energy balance confirms that the generator is capable of producing up to 20.1 MJ of electrical energy, with an
overall system efficiency of 47.2%. The maximum available output power is 800 W.

The work also includes a structural strength analysis of the frame and the chassis shaft. Simulation results confirmed that the
maximum stresses and deformations in various parts of the structure do not exceed the strength limits of the materials used,
ensuring sufficient mechanical durability.

The next task involves the actual implementation of the hydrogen power generator in a real-world application.
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