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Technical progress based on traditional energy, along with some positive aspects, also
had negative impacts on the environment and caused global climate change. In particular,
the rapid growth of vehicles and the transportation of raw materials and finished products
results into chemical or physical pollution of the environment, which is important
contemporary problem. Therefore, the question of finding a new non-traditional energy
source is an important task for the transport, energy, and household sectors. The article
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describes the studies of the operation process of engines converted to run on gasoline and
gasoline+hydrogen fuel and the analysis of experimental research. The findings of the
research again prove the superiority of hydrogen as a future transport fuel compared to

other types of fuel, both environmentally and economically.
Keywords: ecology; alternative fuel; capacity; rotational frequency; fuel mixture.

Road transport is the main consumer of liquid and gaseous fuels, whose global
supplies are declining day by day, and now in the world there is a shortage of 4
million barrels of oil every day. Therefore, the struggle for solutions to energy
problems requires the use of alternative energy sources.

Depending on the initial raw materials, alternative fuels can be obtained:

e from different types of gases, which include natural and oil-related gases;

e  through coal and shale processing;

e  with such a renewable source of energy as biomass;

e  from hydrogen.

As a result of the oxidation of natural gas (with a catalyst), synthesis gas is
obtained, which consists of carbon oxide, carbon dioxide, and hydrogen. Ethyl
alcohol is obtained from synthesis gas.

Coal and shale processing results in obtaining synthetic fuel, which, compared
to diesel fuel, contains a small amount of hydrogen, a large amount of sulfur and
nitrogen compounds, and is characterized by a high heating temperature and low
heat capacity.

Biomass is among the renewable sources of fuel. 170-200 billion tons of biomass
are produced annually throughout the world, which is equivalent to 70-80 billion
tons of oil in terms of energy. As a result of biomass gasification, we can obtain
synthesis gas, alcohol, and vegetable oil. The use of the latter in diesel engines is
not allowed without refining or mixing it with diesel fuel.

As a result of the fermentation of biomass, under the action of biological
catalysts, ethyl and methyl alcohols are obtained, which are actively used as fuel
in the engine. In several automobile companies (Ford, Volvo, etc.) a program of
commercial use of alcohol has been implemented for a long time, which provides
for the consumption of methanol in pure form or the form of a mixture (15%
gasoline, 85% methanol) in an internal combustion engine.

At the present stage, day by day, much attention is paid to the introduction
of biodiesel in practice. Biodiesel is a fuel obtained by the secondary processing
of vegetable oils. Its necessary raw materials are recycled wastes of sunflower,
soybean, peanut, corn, cotton, rapeseed, and other vegetable oils.

Compared to diesel fuel, biodiesel is characterized by much better
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environmental performance because combustion products almost never contain
sulfur compounds or soot particles. It also emits significantly less carbon dioxide
than diesel fuel, which is an important parameter in terms of global warming. In
addition, biodiesel is characterized by good lubricating properties. It should be
noted that technical problems arise in the operation of biodiesel because it causes
the formation of a layer of coke on the piston rings and in the nozzle, which leads
to the deterioration of engine performance.

At the modern stage, among the sources of alternative energy, particular
importance is attached to hydrogen energy because, from an environmental and
economic point of view, one of the most promising transport fuels of the future
is hydrogen, which is the most abundant element on earth because it is mostly in
the form of water.

At present, research and development of hydrogen-powered internal
combustion engines are underway in such large automotive companies as GM,
BMW, HONDA, MAZDA, FORD, etc.

Given the high combustion speed and high diffusion coefficient, hydrogen can
be used as an additive to traditional fuel that generates a completely new vision
of the working in-cylinder process. Solving this issue positively improves both
the fuel economy of the engine and reduces the toxicity of exhaust gases. When
solving the problem, it is necessary to create a mixture of hydrogen and gasoline
that ensures the normal conduct of the combustion process in each specific mode.

Based on experimental data, we have developed a methodology that will allow
us to determine in each specific case the ratio of hydrogen and gasoline in the
mixture, which ensures the implementation of the working process at a high
level. In particular, in this case, it is possible to determine the minimum amount
of gasoline, which ensures the normal operation of the process despite running
on a lean mixture.

The methodology is based on the determination of the amount of thermal
energy released in the combustion process, which in this case is calculated by
the formula

Q=p"Gyo"Hyy =G Hgp + GhHhE’

where G g0 the cost of gasoline without the addition of hydrogen; By - the
cost of hydrogen as an additive; Gy - the cost of gasoline after the addition of
hydrogen; Hgo and Hy - the lowest heat of combustion of gasoline and hydrogen,
respectively; P —is a coefficient that reflects the reduction of gasoline in the case
of adding hydrogen and is calculated by the formula

g = CgHgo+GhHho _ Gg*KGh

CgoHg Gg

7
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where f =2he _ 573

Analysis of thé expression shows that B is a dimensionless coefficient, and
all the quantities included therein can be determined experimentally when
G, =0, =1 Diagram 1 shows the change of the coefficient B depending on
the air excess coefficient (%), Analysis of the graph shows a static relationship
between the coefficients @ and # without dependence on the cost of gasoline
and hydrogen, showing that increasing &, that is, leaning of the mixture, leads to
a reduction in the coefficient 5, reflecting an increase in hydrogen share in the

m'ivfnrn

e

——
1 2 3 4 5
Fig. 1. The relationship between the dimensionless coefficient £ and the air excess

coefficient.

Based on the accepted methodology, we analyzed environmental indicators of
vehicles running on both traditional fuel (gasoline) and gasoline+hydrogen fuel
(basically, 10% of hydrogen is added to the fuel, which is obtained in a special
device mounted on the vehicle itself).

The object of the research was the car MERCEDES-BENZ/ML320 and the
measurements were performed using the Italian-made gas analyzer Multitest
211. It works in both static and dynamic modes, and exhaust gas extraction
from the exhaust pipe through a muffler is carried out with a special probe. The
instruction manual for the operation process of the device and for carrying out
measurement work is drawn up following the requirements specified in the UNR
108933 + 2000 standard.

During the experiment, the vehicle should be braked with the parking brake,
and the gear lever should be set to the neutral position. After starting the
engine, we should wait for the establishment of such a thermal regime, when
the temperature of the coolant is in the range of 90-100 °C, based on which we
determine the minimum value of the number of revolutions of the crankshaft of
the engine n__ and measure the values of CO, CO2, HC, 02, NOx.
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At the next stage of measurement, we determine the range of changes in the
number of revolutions of the crankshaft and, accordingly, the maximum value
of the number of revolutions n__ . We measure it several times for each number
of revolutions and analyze it. The conducted research allows us to determine the
environmental benefits of hydrogen as a motor fuel compared to traditional fuel.

The purpose of the experimental studies is to analyze environmental indicators
of vehicles running on both traditional fuel (gasoline) and gasoline+hydrogen
fuel. A similar study was conducted using natural gas and natural gas + hydrogen
fuels.

The object of the research was the car Mercedes, which runs mostly on gasoline
and was converted to natural compressed gas based on the research methodology
when the engine is idling (n=700 min™). In the case of both gasoline and natural
gas, we measured the quantities of CO, CO2, HC, O2, and NOx. In both cases,
the thermal regime of the engine remains the same (coolant temperature is 90
°C). We performed similar measurements at n=2000 min and n=3000 min™' load
modes. The results of the measurements are given in the diagram in Figure 2. The
analysis shows that, in terms of ecology, the gasoline-powered engine is inferior
to a vehicle running on gaseous fuel.
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Fig. 2. Analyziz of vehicle combustion products depending on engine speed.
i natural
gaszoline gas.

The main goal of the research is to study the possibilities of using hydrogen
in motor transport and to analyze the environmental performance of the engine
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running on both gasoline and gasoline+hydrogen fuel. These studies were
conducted on the car Mercedes with a capacity of V, = 3. The car is equipped with
a basic fuel system (light fuel injection) and a device that adds hydrogen to the
main fuel during engine operation. In the same case, the measurement work was
performed during the operation of the engine idling (n=700 min™) and load mode
n=3000 min™. In all cases, the temperature regime of the engine (the temperature
in the cooling system is 90-95 °C) and the capacity indicators are identical. In
both cases, the amount of nitrogen oxide in the combustion products is practically
zero, which is due to the low combustion temperature in the cylinder. (Fig. 3).
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Fig. 3. Environmental indicators of the car in gascline and gasolinethydrogen
pasolinethydrogen.

When idling and during gasoline+hydrogen engine operation, the CO value is
the same in both cases, and the HC value remains unchanged as well. However,
in the second case, an increase in CO, is observed, which is because the amount
of oxygen participating in the combustion process increases (O, increases from
0.03% to 0.06%) and the carbon oxidation process improves. That is, adding
hydrogen at idle has virtually no significant effect on components such as CO
and HC.

During the engine operation at the load mode (n=3000 min™), no HC is found
at all in both gasoline and gasoline+hydrogen combustion products. Moreover,
in the first case, the percentage of CO is higher, while in the second case, the
percentage of CO, is higher, which is due to better oxygen consumption.

There is a question about why the emission of toxic compounds in combustion
products is reduced if hydrogen is added to the main fuel. Supplying this gas
to the engine cylinder enriches the fuel mixture. Since hydrogen combustion
will additionally cause heat release, the amount of heat released in the cylinder
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during the cycle, and hence capacity, increases by 10-12% compared to the
parent engine. At the same time, the combustion of fuel is more complete, and
accordingly, the number of harmful compounds in the exhaust gases decreases.

Thus, an analysis of the research shows that the addition of hydrogen to the
main fuel significantly reduces the reduction of toxic compounds in combustion
products, which again indicates the prospects of using hydrogen energy in
vehicles.
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