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ABSTRACT

The implementation of the strategy for the transition of mankind to consciously regulated development
is inextricably linked with the requirements for reducing the energy and resource intensity of the
economy. Automobile transport is one of the main consumers of hydrocarbon fuels, which, with the
growth of the global car fleet, inevitably causes negative consequences for the environment, and the
environmental load increases, even considering the progress in the quality of motor fuels. A radical
change in the structure of the global fleet with the transition to the use of “green” types of fuel and
energy is impossible to implement in short order and is not rational from the economic point of view.
An urgent task is to search for the diversified approaches using new-generation technologies for the
environmentally friendly adaptation of the use of traditional motor fuels and to reduce the energy
intensity of the transport process. The aim of the work is to study the possibilities of increasing fuel
efficiency and improving cars’ environmental performance using gasoline modified by the introduction
of a highly effective nano-additive. The tests carried out on the effect of the introduction of the nano-
additive in the conditions of suburban driving demonstrated a decrease in the specific gasoline
consumption up to 14.08%. This reduction in fuel consumption is accompanied by a corresponding
reduction in emissions of toxic substances and greenhouse gases. It was found that improving the
combustion process of the fuel with the introduction of the additive reduced the levels of noise and
vibration, thus reducing pollution of the acoustic environment. The use of gasoline modified by the
introduction of nano-additives will reduce the energy intensity of the transport process and will
contribute to improving the environmental situation.

Keywords: energy efficiency of transport, conventional motor fuels, nano-additive, modified gasoline,
acoustic pollution, environmental safety of cars.

1 INTRODUCTION
A shift to a new technological paradigm is accompanied by a long and complicated period of
changes in energy sources. Currently, the problems associated with the use of fossil fuels and
rapid depletion of their resource require urgent measures to expand the use of new acceptable
and energy-efficient technologies for all industries consuming conventional hydrocarbon
fuels. At the present stage, many developed countries, which do not possess significant
reserves of hydrocarbon resources, are actively introducing the latest developments in the
field of alternative energy, striving to increase their competitiveness and expand their
application [1], [2]. Meanwhile, a cardinal change in the structure of world energy
consumption cannot be carried out instantly; this process takes a long time. Transport,
according to BP assessment [3], is one of the main final consumers of primary energy (20.6%
in 2020) and the main consumer of liquid petroleum fuels. The US Energy Information
Administration [4] forecasts the transport sector’s consumption of liquid fuels to amount 59%
of total final consumption by 2050 without changing significantly their share compared to
the level of 2018. At the same time, the use of alternative energy and fuels in transport, which
currently do not contribute significantly in total energy consumption, will expand in the long
term, which will reduce the demand for fossil fuels. According to forecasts, the demand for
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petroleum products within the transport sector will decrease from 94 to 85% by 2040 [3] and
to 82% by 2050 [4] due to the slow growth in the use of alternative fuels. However, the future
diversification of fuel resources in the transport sector does not exclude the need for urgent
measures to improve energy efficiency and environmental parameters of using the
conventional fuels. This can be achieved by implementation of new technologies that appear
in the modern round of scientific and technological progress, including nanotechnologies.

A well-known method to effectively improve the properties of petroleum products is the
use of fuel additives introduced into the fuel in small quantities [5]-[9]. The use of nano-
additives to modify the properties of conventional motor fuels can have a much greater effect
than the previous-generation additives. It is known that the transition to the nanoscale state
significantly changes the reactivity as well as chemical and physical properties of substances.
According to studies previously conducted by the authors [10], [11], multifunctional fuel
additives must combine the properties of a surfactant and an effective catalyst for redox
reactions. The use of the size effect allows application of nanoscale and nanostructured
materials in the development of new generation catalysts with larger amount of active metal
involved in catalysis due to an increase in the fraction of surface atoms in their total number,
which increases their specific activity in comparison with traditional solid state catalysts.

In the present work, the effect of the multifunctional nano-additive for gasoline, developed
by the authors, on fuel efficiency and some environmental parameters of vehicle operation
was investigated.

2 MATERIALS AND METHODS
The tests were carried out using standard gasoline with research octane number (RON) 95
(Lukoil), and the same gasoline modified by the introduction of a surface-active nano-
additive (Ci2Has COO),X, where X is a catalytically active metal in an optimum
concentration of 18 ppm previously determined by the authors [11].

The effect of the introduction of the nano-additive on the fuel efficiency of cars was
investigated by conducting road tests of cars on the highway section of 850 km, setting a
constant speed of 60 km/h. Weather conditions during the test were stable. The tests were
carried out on Lada Priora and Ford Focus cars. To determine the initial values of the specific
consumption of gasoline, 2 runs were conducted on each of the cars using standard gasoline
with the measurement of the specific consumption of gasoline at the end of the run. Then,
2 runs were carried out using modified gasoline with the control of fuel consumption. The
deviation of the obtained values of specific fuel consumption from the average value in
2 runs for both cars did not exceed 3%.

The effect of the use of modified gasoline on the noise and vibration levels was studied
on a VAZ-2106 car engine using a Bruel & Kjaer sound level meter (Denmark) 2226 No.
1788689 VSV-003 No. 671. Measurements of noise and vibration were carried out at steady
state driving conditions. Initially, acoustical oscillations and vibration were measured on a
car with using standard gasoline. Then the car was switched to the use of modified gasoline.
Noise and vibration levels were measured again after a mileage of 600 km using modified
gasoline.

3 RESULTS AND DISCUSSION
The test results of the effect of using the modified gasoline on specific fuel consumption are
shown in Fig. 1. The combination of surface-active and catalytic effects of the
multifunctional nano-additive provides an effective increase in fuel efficiency of car engines.
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Figure 1:  The effect of the use of modified gasoline on the fuel efficiency of cars. (a) Lada

Priora; (b) Ford Focus.

The specific consumption of modified gasoline before the start of the run was taken equal
to the specific consumption of standard gasoline obtained in preliminary tests. A much
smaller increase in the fuel efficiency in the early stages of the run can be explained by the
fact that the initial effect is mainly caused by the surface-active action of the additive, which
provides better mixture formation in the engine [8], [12]. A more significant reduction in the
specific fuel consumption is possible after eliminating carbon deposits in the engine, which
is achieved as a result of the catalytic action of the additive. More time is required to achieve
the maximum effect of the nano-additive and eliminate completely carbon deposits in the
engine. As the protective-catalytic nanolayer is formed on the working surfaces in the engine,
complete cleansing of the engine from carbon deposits is achieved [10], [13], [14], and the
decrease in the specific consumption of gasoline reaches its maximum value; after that, the
specific consumption does not change. The maximum decrease in specific consumption was
achieved after 550-600 km of mileage on gasoline, modified by the introduction of the nano-
additive. The decrease in specific consumption reached 14.08% for the Lada Priora car, and
10.94% for the Ford Focus car, which is higher than those in previous tests [11] (11.3 and
7.8%, respectively). This is explained by the longer mileage which allowed one to achieve
the maximum possible effect in increasing fuel efficiency as a result of the use of the fuel
modified by the nano-additive, while in previous experiments with a mileage of 420 km the
maximum effect was not achieved.

It should be noted that previous studies [11] also showed that the use of the nano-additive
allows the use of gasoline with a reduced octane rating, which is consistent with existing
concepts on the influence of carbon deposit on the requirements for the octane number of
cars [15]-[17]. Accordingly, a reduction in specific consumption will reduce carbon dioxide
emissions. Reducing emissions of toxic substances when using modified fuel should be even
more significant, given the previously obtained data [13], [14] on the influence of the
prototype nano-additive on the environmental parameters of engines.

Figs 2 and 3 present the results of studies on the effect of the use of gasoline, modified by
the introduction of the nano-additive, on acoustic oscillations and vibration in the engine.

The average engine noise reduction was 7.13% at a speed of 50 km/h (3rd gear) and 8.35%
at a speed of 90 km/h (4th gear) in the frequency range of 32—8000 Hz.

WIT Transactions on Ecology and the Environment, Vol 246, © 2020 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



6 Energy Production and Management in the 21st Century IV

at a speed of 50 km/h (3rd gear) ata speed of 50/kmj/h [3rd gear)

[v=3
o

)
®

N——"

N
Sound level, dB
&

Sound level, dB

(
\

A

30 | : r ' 80
0 100 200 300 400 500 2500 4500 6500
Frequency, Hz Frequency, Hz . ) .
—e—standard gasoline  -m-gasoline with additive —+—standard gasoline  -#-gasoline with additive
(a) (b)

[v=3
a

b5 at speed of 90 km/h (4th gear) at sp%
A — —
//\.§q o )

o
o
w
IS

w0
~
<

=]
o

~
o

Sound level, dB

Sound level, dB
O
o

[
© ©
® ® o
5 o ®
-
| |

T T T 1

100 200 300 400 500 2500 4500
Frequency, Hz Frequency, Hz

—+—standard gasoline  -#-gasoline with additive —+—standard gasoline -#-gasoline with additive

(c) (d)

T T T

6500

=]

Figure 2:  The effect of using modified gasoline on the change in acoustic oscillations in
the engine. (a), (b) Sound level measured at a speed of 50 km/h, 3rd gear;
(¢), (d) Sound level measured at a speed of 90 km/h, 4th gear.
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Figure 3:  The effect of using modified gasoline on the change in the vibration level.
(a) Vibration level change (total) at a speed of 60 km/h (4th gear); (b) Vibration
level change (local) at a speed of 70 km/h (4th gear).

The more significant reduction in acoustic oscillations achieved in this study compared to
that previously obtained by the authors of [11] (6.23 and 6.3% at the indicated speeds) was
due to the fact that in earlier experiments the measurements of the noise level after the
introduction of the nano-additive were carried out after a smaller mileage on modified fuel
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then as in this experiment with the mileage of 600 km. The greater mileage provides a greater
degree of elimination of carbon deposits due to the catalytic effect of the nano-additive. This
improves to a greater extent smoothness of fuel combustion and reduces acoustic oscillations
in the engine.

The measurements of the vibration level, as demonstrated in Fig. 3, confirmed the
effectiveness of the use of modified gasoline also regarding the influence on the vibration
effects. A decrease in vibration (total) at a speed of 60 km/h (4th gear) and in a range of
frequencies from 2 to 63 Hz averaged 7.8%. Local vibration at a speed of 70 km/h (4th gear)
in the frequency range of 16-1000 Hz decreased at an average by 8.11%.

Automobile transport significantly contributes not only to air pollution by emissions of
toxic substances and greenhouse gases, but also to the pollution of the acoustic environment
due to excessive noise and vibration during car operation. The use of modified gasoline
provides great opportunity for substantial reduction in acoustic pollution and is undoubtedly
significant from the point of view of improving the urban environment and reducing the
health effects of vehicle owners and passengers.

4 CONCLUSIONS

The use of gasoline modified by the introduction of the nano-additive developed by the
authors can significantly increase the fuel efficiency of engines, which, when widely
introduced, will significantly slow down the rate of petroleum reserves reduction. At the same
time, reduction both in emissions of toxic combustion products of gasoline and greenhouse
gases and acoustic pollution will contribute to improvement of environmental health. In the
future, it is advisable to conduct a study of the dependence of the effectiveness of the
proposed technology on the car age. It can be expected that for cars with longer operation the
effect of the nano-additive on fuel consumption will differ from that for new car engines due
to a larger layer of carbon deposits in the engine. The use of gasolines modified by the nano-
additive allows achieving a serious environmental and economic effect and increasing the
energy efficiency of car operation at the present stage, when the share of alternative fuels and
energy in the consumption structure of the global fleet remains low.
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