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Abstract This article corresponds to ESG agenda of the international scientific-practical
conference on 4 sections, current problems of transport engineering, engineering mechanics on
“Sustainable development of transport: economy, transformations, logistics, ESG agenda” and On
July 10, 2020, by the Decision of the President of the Republic of Uzbekistan No. PQ-4779 “On
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additional measures to increase the energy efficiency of the economy and reduce the dependence
of economic sectors on fuel and energy products by attracting available resources” “The Roadmap”
on improving energy efficiency and saving fuel and energy resources in large energy- consuming
enterprises of economic sectors was approved.

Building hydrogen energy infrastructure in the republic, increasing the effectiveness of scientific
and practical research in the fields of renewable and hydrogen energy, wide introduction of
innovative technologies in production, as well as ensuring the transition of the Republic of
Uzbekistan to a “green” economy.

Clause 15 of this Roadmap defines the task of “Development of a long-term national strategy for
the development of hydrogen energ” This decision adopted by our President is aimed at improving
the living conditions of the people of our Republic, production of vehicles that meet the needs of
the times, construction of many high-quality highways, improvement of the ecological
environment and fulfillment of a number of important requirements [1].

In our country energy safety strengthening in order to of the economy energy efficiency to provide
directed complex measures done increase, re recoverable energy from sources to use expand and

hydrogen energy infrastructure set up reach in order to our country of the leader of April 9, 2021
“Uzbekistan in the Republic again recoverable and hydrogen energy development measures about”
decision acceptance done. Energy crises that arise at the slightest hitch in the sales market
traditional fuel, stimulate the search for the most effective substitutes for gas or

oil. According to the majority of scientists involved in the search for alternative

energy resources, one of the most promising directions for the development of modern energy is
an attempt to replace carbohydrate fuels with hydrogen - the most a common chemical elementin
nature.

Currently, the energy market is dominated by oil, with its share accounts for up to 40% of total
consumption. At the same time, three quarters of the explored reserves of crude oil is controlled
by OPEC. Uneven distribution of the world's fossil reserves fuels by geographic region and
dependence on Middle Eastern “black gold” create constant tension in the economies of developed
and developing countries.

Environmentalists are also in favor of such modernization, since the product

hydrogen fuel decay (water) is an absolutely harmless chemical compounds, which cannot be said
about the usual carbohydrates, the combustion of which is accompanied releasing a whole
“bouquet” of harmful substances into the atmosphere. The use of hydrogen for car engines helps
to solve a number of problems, such as, first of all, environmental cleanliness, unlimited reserves
of raw materials [2, 6].

Keywords Engine working process * Electrolyzer « Hydrogen gasoline-air mixture « Work cycle
indicators « Mathematical model ¢« Hydrogen and gasoline combustion process ¢ Influencing
factors.

JEL Classification R41

Introduction
Adding hydrogen to the gasoline-air mixture changes the phase of the fuel, increases the efficiency
of the combustion process, helps to improve performance, and leads to better performance with
increased power of the engine. By adding hydrogen to the gasoline-air mixture, a model has been
developed to improve the performance of the car engine exit.

The advantages of using hydrogen are as follows:

- the raw materials necessary to produce hydrogen are available almost everywhere unlimited
quantities;

- increased engine efficiency, primarily due to the use ofquality regulation and ensuring more
complete and timely combustion. When using low-octane fuels with optimal additives hydrogen,
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increased efficiency is possible due to an increase in the degree compression;

- complete elimination of emissions of the main greenhouse gas - carbon dioxide and significant
reduction in toxicity due to reduced product emissions incomplete oxidation.

Hydrogen has a high calorific value (120 MJ/kg). Great the stoichiometric amount of air required
for complete combustion of 1 kg of hydrogen.

A radical way to increase the power of a hydrogen-powered engine is is the transition to internal
mixture formation, providing significant increasing the amount of air entering the cylinder. When
using hydrogen and gasoline, it is most advisable to increase the share of heat as the load decreases,
introduced into the cylinder with hydrogen, ensuring high-quality regulation, and switch to idling
to power the engine with hydrogen.

In the world, scientific and practical work on the development of hydrogen energy and its effective
use is being carried out on a large scale. For example, the European Union aims to meet 25% of
its total fuel needs with hydrogen by 2050.

Engine performance can be affected by water vapor, a product of hydrogen combustion, the heat
capacity of which is high.

Not only Toyota new materials to get, maybe necessary components get for new methods search
and work exit for artificial intellect adaptation is planning

Toyota Research Institute chief scientist employee Eric Krotkov to his words according to this The
project is from Toyota new of cars harmful waste by 2050 up to 90 percent reduce of the plan one
part is considered Automotive industry scientific research of the institute this program according
to one how many big study countries to a partner turned. In particular, Stanford university _
Massachusetts technology Institute, University of Michigan, Buffalo New York State University
of Connecticut The University is also British company.

H> GO Power, Europe the sea energy Center (EMEC) and Imperial College London with in
cooperation hydrogen technology with together SI software from supply use opportunities is
learning.

In this regard, in order to obtain the effect of hydrogen additive on the combustion process as a
result of experimental studies, to improve and increase the technical indicators of gasoline engines
during operation, this process is dedicated to the creation of a mathematical model of operation
cycle indicators.

Methodology

In the air gases these are air, oxygen (Oz), nitrogen (Nz), carbon dioxide (CO.), neon (Ne), helium
(He), methane (CH.), hydrogen (Hz), ozone (O2) and another ghouls such as one how many gases
own into received complex structure These are gases each one's his own quantity and in them
proportions of the atmosphere area and conditions depends being, this while variability shows.
Simple atmosphere the following to variables have will be, amount percentage Oxygen (O2): 20.95
%, Nitrogen (N2): 78.09%, Argon (Ar): 0.93%, Carbon dioxide (CO2): 0.04%, Other gases (Ne,
He, CH>, H, O2): < 0.01% [3].

These are the percentages of the atmosphere average structure for calculated Theirs amounts
variable and to regions looking will change. However, above given percentages simple atmosphere
for is typical so air in the structure gases average in the account the following percentages through
expressed. Empty atmosphere, i.e liquid at the time simple atmosphere, oxygen percentage of
20.95%, 78.09% of nitrogen and carbon is 0.04% of dioxide.
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Picture 1 Fuel the air to the mixture hydrogen addition adding of engines indicators main effect
doer factors scheme (compiled by the authors).

A

Hydrogen known substances inside the most easy (from the air 14.5 even light), density 0.0899 g/l
(0°C and 1 atm). Hydrogen boils (liquefies) at - 252.6°C and liquefies (solidifies) at - 259.1°C. All
gases inside Hydrogen the most a lot Hot is conductive (4.16 - 10 - cal / cm at 0°C and 1 atm Sec.
degree). Hydrogen in the water less soluble (0.0182 ml/g at 20°C and 1 atm.), but metals (Ni, Pt,
Pd and b.), in particular in palladium good dissolves Hydrogen, air and gasoline of the mixture
burning process formula wide is used and that's it formulas energy for good results get for can be

adjusted. These are formulas each one of the part chemical formulas, reactions and to the
conditions depends they are as follows is displayed:
Gasoline (Cg Hig) burning process the following from the formula consists of :

CsHi18+1250,— 8CO 2+9H >0
this in the formula, gasoline oxygen with related temporarily is poured and carbon dioxide to water
will change.
This is a reaction of the process fuel shows. Hydrogen (Hz) combustion process the following from
the formula consists of:

2H2+ 02— 2H20

this in the formula, hydrogen oxygen with related temporarily is poured and to water will change.
This is a reaction of the process fuel shows [3].

de- + \ - 4e

2H-0

BB bk kR b R

Picture 2 Hydrogen generators for cars (compiled by the authors).
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If we hydrogen and gasoline burning process one in line wants to show if so, theirs formula as
follows will be:
CgHig+ 12.5 02+ 2H, — 8CO2+ 9H2 O
Mathematical modeling for combustion processes, the chemical interactions between small
particles (molecules) and rocks can be represented by mathematical formulas, but these formulas
represent a very complex process combustion, the simplest and most understandable formulas for
the average user are:
aCyHy+b (02+3.76 N2) — cCO2 + dH2 O + eN>
CxHy - gasoline molecule, Oz -oxygen molecules, N2 - nitrogen molecules.
a, b, c, d, e - this coefficients, chemical the reaction adaptation for will be changed.
The reaction by the viewer CO, H> O, and N2 to being, this and of gasoline per molecule depend
this the formula burning process for change and optimization for laboratory tests and modeling
take went Burning of the process complete and sure model create, grow for mathematician and
chemical works, burning of the process to the conditions depends of variables good concepts
Demand does of hydrogen high is district reaction formula electricity energy through the water
hydrogen (Hz) and to oxygen (Oz). Separate process represents:
2H,0 (s) + E — 2H2(g) + 02(9)
This is reaction formula water (H20) molecules electricity through energy (E). Hydrogen gases
(H2) and oxygen to gases (O2). Separation represents in this formula, «s» is water represents, and
«g» the gas represents Electric energy the water desorption or electrolysis through hydrogen and
to oxygen separate for is used.

Picture 3 Fuel hydrogen addition to add for electrolyze through
hydrogen get scheme (compiled by the authors).

Of the engine power, efficiency and ecological indicators between dependence determination for
create a mathematical model issue very complicated and systematic to be can This models of cars
don't burn of the process complex and chemical sides account takes one indicator for separately
mathematician formulas mark, this issue to solve difficulties with tie leaving can But from him
besides, power, efficiency and ecological parameters to each other effect doer main variables
seeing exit can [4, 5]. By adding hydrogen to the gasoline-air mixture in spark-ignition engines,
we are conducting scientific research to improve its technical, economic and environmental
indicators. Hydrogen generator car the engine is installed, and operational and range test works
are being carried out.

For gasoline engine a < The combustion equation when 1 is.

E(H —AH )+U+7/ _Ull_lu

11
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z u u C res c U

M1(1+ 7/res) 1+ j/res
As a result of incomplete combustion of fuel (a < 1) CO, CO2, N2, N2 O, N2 substances are
formed.
Of hydrogen carbon (I)- oxide with reaction practical important have and in this temperature,
pressure and to the catalyst looking different organic compounds get can Insatiable
hydrocarbons hydrogen with to the reaction entered and sated to hydrocarbons becomes.
In the air hydrogen in oxidation only toxic components nitrogen oxides of NO, from this except,
real of the engine burning products each always to the camera entering engine of oil partially
burning due to CO and CHx of one part own into takes However, this of components concentration
not so much high not this one series studies with approved. So, the main poisonous and harmful
products (CO, CHy, NOy and others) to fuel hydrogen gasoline-air mixture addition as when added
burning in the process separate coming out above given poisonous and harmful products are
educed.

z

Picture 4 to the device in the scientific laboratory of Tashkent state technical University installed
Tashkent GM Powertrain engine in the factory work output, 107 horses to the power has 1.5
liters gasoline of the engine on the screen expletive indicators (compiled by the authors).

In the scientific laboratory, scientific research works are being carried out to increase the
operational performance of the car engine by adding hydrogen to the gasoline-air mixture. As a
result of the conducted scientific research, it is expected to reduce the fuel economy by 20-25%
by adding hydrogen to the gasoline-air mixture.

Figure 5 Gas analyzer through of the engine each different operational indicators in the mode
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(compiled by the authors).

Results
One how many common variables, power, efficiency and ecological indicators between
dependence expressive mathematician formulas the following in appearance we express:

P=f(T,E,A),S=g(T,E,A),E=h(T, E, A),
This in formulas: P — power, S — efficiency, E — ecological indicators, T - speed and towards, E -
fuel stage, A - the second towards variables
In functions used coefficients (f, g, h) and variables this model change for are variables.
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Fig?ure 6 of the .é‘ngin-e each different fuel and environmental indiéators in the mode (compil_ed by
the authors).

Information this of formulas right values determination and of the car information according to
education transfer for, experimental inspections, and modeling from work use need Indicators in
modeling coefficients determination for, data scientific methods with will be checked.

In a cylinder expansion in the process worker the body thermodynamic parameters determination
methodology, this the environment features to improve help gives, internal burning of the engine
work of the era ecological in terms of efficient thermodynamic, indicator and efficient parameters
determination methodology expansion in the process waste of gases toxicity to reduce learning
according to mathematician experience results;

a

1,46
1,44

1,42 /

1,40 — Lo — P
1,38 [~ o '

1,36 PR Pe
1,34 -7
0 20 40 60

Hydrogen%s

Pressure, MP

Graph 1 Percentage dependence of indicator and effective pressure in the combustion process of
hydrogen additive (compiled by the authors).
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Conclusion

Adding hydrogen to the gasoline-air mixture affects the combustion process, ensuring complete
combustion, resulting in improved economic and environmental performance. By adding hydrogen
to the gasoline-air mixture, as a result of complete combustion of fuel, the amount of toxic gases
released into the environment is reduced up to five times, depending on the mode of

operation of the engine. The power of the engine increases up to 15%, the performance and
dynamics of the car engine are improved.

In the sustainable development of transport, a mathematical model for improving the work cycle
performance of the car engine was developed. In this mathematical model, the problem of
determining the relationship between the power, efficiency and environmental performance of the
engine was solved.

When adding a hydrogen additive to the air-fuel mixture, a scheme of the main influencing factors
on the performance of the engines was drawn up, and a hydrogen production facility was selected.
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KEY DIRECTIONS OF DIGITAL TRANSFORMATION OF RAILWAYS

A.V. Ozerov

JSC "NIIAS, Moscow, Russian Federation

Abstract. The digital transformation of railways involves transitioning to predictive maintenance
and repair of railway transport objects, as well as adaptive planning and management of the entire
railway transport complex using digital methods of data collection, processing, and transmission.
This article provides an overview and analysis of key directions in the digitalization of railway
transport, highlighting the main challenges, existing limitations, and trends, including the
experience of Russian Railways.
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