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Abstract. The Presidential Decree N PP-4422 of August 22, 2019, titled "On
accelerated steps to increase the energy performance of sectors of the economy and the
social sphere, the implementation of energy-saving technologies, and the production of
renewable ene sources," outlined a detailed plan aimed at achieving tactical and strategic
goals. Accelerated modernization, technical and technological re-equipment of businesses,
implementation of new flexible technology, increasing business productivity through
austerity, transition to international quality standards, and widespread introduction of
innovative technologies [1, 2]. Transportation is one of the key elements of modern
civilization. Its condition and prospects for development depend to a great extent on the
possibilities of supplying transport power plants with fuel. The depletion of liquid
hydrocarbon fuel reserves and the problems of environmental pollution may put mankind
before the alternative - either to reduce transportation or to find new ways of energy supply
for transport. Prospects for solving the fuel problem of transport, the main power plant of
which is an internal combustion engine, are related to the use of hydrogen in the future.
Key words: hydrogen, transportation, methane, ecology, car, engine, fuel, gasoline,
environmental performance.
Methods

of hydrogen to gasoline reduces the
emission of such harmful emissions as
CO, CO2 and CH, as evidenced by
numerous publications [3, 4, 5].
Prospects of hydrogen application for
automobile engines are determined, first
of all, by ecological purity, unlimited and
renewable raw material reserves, as well
as unique motor qualities, which opens up
the possibility of its wide application in
modern engines without significant design
changes.

There are no doubts about the use of
hydrogen as fuel for internal combustion
engines either in its pure form or as an
additive to the main hydrocarbon fuel.
Hydrogen as an additive to the main
hydrocarbon fuel has a number of
advantages: good ignitability in the mixture
with air, ensuring easy engine start at
almost all possible ambient temperatures;
high antiknock resistance, allowing
operation at high compression ratios; high
combustion rate and completeness, which
allows to bring the real cycle of ICE with
spark ignition to the ideal one with heat
input to the mixture at constant volume,
i.e., increase cycle efficiency. The addition

Results and discussion
Hydrogen as a fuel for internal
combustion engines is determined by its
energy and environmental performance
28

International scientific and technical journal INNOVATION TECHNICAL AND TECHNOLOGY. Vol.2, №.2. 2021.

and motor properties. Hydrogen has a
number of features that distinguish it from
other conventional and alternative fuels for
internal combustion engines.
While
hydrogen is one of the most energy-dense
fuels, with a calorific value of 120-103
kJ/kg, it takes 2.3 times more air to burn.
Since hydrogen has a low density (0.089
kg/m3), the calorific value of a hydrogenair mixture of stoichiometric composition is
lower than that of conventional fuel-air
mixtures. The energy strength of the
internal mixture forming phase is
increased by 12 percent or more. Due to
the propensity for self-ignition at the inlet,
detonation, and high nitrogen oxide
emissions, the power value of a hydrogen
engine is determined by the ability to use
the area of stoichiometric composition of
mixtures. Motor properties of hydrogen
provide the ability to form a homogeneous
mixture, exclude the formation of a liquid
film in the intake path. In the internal
mixture formation process the formation of
a homogeneous mixture is more
complicated. By mass energy intensity
hydrogen exceeds traditional hydrocarbon
fuels by 2.5-3 times, alcohols by 5-6 times,
ammonia by 7 times. It has a higher
diffusivity, higher combustion rate and a
wide ignition range. The ignition energy of
hydrogen is an order of magnitude lower
than that of hydrocarbon fuels. Hydrogenair mixture ignites steadily in a wide range
of concentrations, from α=0,2 to α=10.
This provides the ability to operate in a
wide range of speed modes when
regulating power by qualitative and
quantitative methods [6,7,12].
There are very simple systems used to
produce hydrogen and oxygen by
electrolyzing water. The point is that the
technology is used to produce enough gas
without additional chemicals or erosion of
the electrodes. You can try to make
electrodes out of copper, but this material
reacts with water and releases a lot of
contaminants, so this option is poorly
suited.

Fig.1 Schematic diagram of the hydrogen
electrolyzer.
1- Key, 2 - Relay, 3 - Mass, 4 - Fuse,
5 - Accumulator, 6 - Electric
alternator, 7 - Reservoir,
8 - Moisture separator, 9 - Air filter
Since stainless steel does not react as
easily as copper in the electrolysis
process, we suggest using it to make the
electrodes. The key issue here is locating
high-quality stainless steel. The charge
that passes through the water determines
how much gas is emitted. As a result, the
higher the current, the more gas is
generated. The distance between the
electrodes for this should be as small as
possible, but the gas bubbles should move
easily between them. A schematic
diagram of the hydrogen electrolyzer is
shown in Fig. 1. For the plates we
recommend to use also good stainless
steel, which has minimal risk of corrosion.
Stainless is not as good at conducting
electricity as copper, so electrode plates
are created from sheets about 2 mm thick.
This will reduce the resistance. The higher
the quality of the metal, the harder it will be
for you to make the electrodes (the
material is harder to cut). We recommend
making the electrode plates in layers, and
the distance between them can be
adjusted with nylon washers or washers of
some other dielectric material. The plates
should be placed in a variable position so
that the plus plates alternate with the
minus plates [10,11,13].
Studies aimed at using hydrogen as a
fuel for internal combustion engines are
structured in such a way that a gradual
substitution of traditional fuels with
hydrogen is carried out. In this sequence
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we can distinguish three main stages:
application of hydrogen to traditional fuels
in the form of additives; partial substitution
of traditional fuels with hydrogen and
application of hydrogen in its pure form,
which is the most interesting.
A
comprehensive list of research works by
domestic and international writers testifies
to the solution of these issues, in which
hydrogen is used as an additive (additive),
a partial replacement of conventional and
alternative fuels on the basis of sparkignition engines, and for compressionignition engines.
Hydrogen as a fuel for internal
combustion engines is characterized by a
high velocity of the flame front
propagation, which can exceed 200 m/s.
This speed can cause a pressure wave
moving in the combustion chamber at a
speed of over 600 m/s. The high
combustion rate of hydrogen-air mixtures
has a positive effect on increasing the
efficiency of the working process, at the
same time, high values of the maximum
pressure and cycle temperature, high
rigidity of the hydrogen engine working
process are predetermined.
A higher rigidity ((dp/dϕ)max) of the
operating process is defined by engine
operation with partial substitution of the
main fuel up to 40%-60%, i.e. engine
operation with an internal process of
mixture forming, when hydrogen is fed
directly into the cylinder. The analysis
shows an improvement in fuel efficiency
while maintaining engine power, reduction
of harmful substances from exhaust gases
[8,9,14]. At the same time, the rigidity of
the working process and the maximum
combustion
pressure
increase
significantly. Thus, at 50% replacement of
gasoline-air mixture by hydrogen, the
rigidity
of
the
working
process
((dp/dϕ)max) increases by more than
100%, and the maximum pressure Рz by
30%. These values are explained by the
fact that the motor properties of hydrogen
and the high combustion rate of hydrogen
determine the first phase of heat
generation x1, which increases by 75%. It

is determined from the equation describing
the two-phase heat release process
𝑥 = 𝑥1 (1 − 𝑒
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𝜑
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The first step of hydrogen combustion
is determined by its motor properties,
which improves fuel efficiency while also
determining the growth of (dp/d)max and
Pz. The kinetic mechanism determines the
first phase of combustion, and the diffusion
mechanism determines the second phase.
The excess air ratio at the hydrogen
fraction of 50%, according to the load
characteristic, increases by 12-15%.
Depending on the share of hydrogen to
diesel fuel by mass in the working mixture
r = Gn/Gt, the value of x1 is determined by
𝐻
𝑥1𝑜 + ( 𝐻𝑈𝐻 ) 𝑟
𝑈б
𝑥1 =
𝐻
1 + ( 𝐻𝑈𝐻 ) 𝑟
𝑈б
where HUN and HUb are the lower
calorific values of hydrogen and gasoline,
respectively; x1o is the fraction of heat
released in the first phase during operation
with gasoline of the base ICE.
Conclusions
Hydrogen is an environmentally
friendly fuel because its combustion
produces only water.
The use of hydrogen as a fuel is
possible in a variety of conditions, which
can provide a significant contribution to the
world's energy industry when fossil fuel
resources are close to complete depletion.
Compared to gasoline and diesel fuel,
hydrogen is more efficient and less
polluting.
A hydrogen generator (electrolyzer)
for hydrogen production was created.
Improved engine economy, primarily
due to the use of quality control and
ensuring a more complete and timely
combustion. When using low-octane fuels
with optimal addition of hydrogen, an
increase in fuel economy is possible due
to an increase in the compression ratio;
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Complete elimination of emissions of
the main greenhouse gas - carbon dioxide
and significant reduction of toxicity by
reducing
emissions
of
incomplete
oxidation products. When operating on
poor mixtures, emissions of nitrogen
oxides are also low.
As an additive to gasoline and natural
gas, such use of hydrogen can already
give not only an economic effect, but also
solve environmental problems, especially
in large metropolitan areas.
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