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Abstract. At the present stage of development of technaoglyengine building, the use of
engines as transport power plants, improving thielrability, efficiency, and reducing the toxicity
of diesel fuel combustion products are a cuttirsgies In railway transport, traction rolling stocK i
generally well worn and requires funds to renewTihus, there are two ways to improve the
technical and economic indicators of locomotivesodernization and application of technical
diagnostics, and application of chemmotological hods. The first way is associated with big
capital investments and additional time costs. glenth the urgent need for its development and
application, the second way pays off much fastethm presence of efficient and affordable
treatment methods and chemical additives to di@seroducts.
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Anomauin. Haiibinow eanxciusumu NOKAZHUKAMU MPAHCROPMHUX Ou3enié € HAOIUHiCmb,
ehekmusHicmob QYHKYIOHYB8AHHA | MOKCUYHICMb 2a3ie, wo 6iopoounu. B cmammi pozensnymo
NUMAanHa NiOBUUEHHS eheKmUBHOCMI (PYHKYIOHYBAHHSA MENJ0803HUX OU3eNi6 BNPOBAONCEHHAM
MEXHIYHUX mMa MeXHON02IUHUX 3aco0ie eHnepeo3zbepedicenns. Ha 3aniznuunomy mpancnopmi
MA208UU PYXOMULL CKAO 8 OCHOBHOMY MAE 8UCOKULL CMYNiHb 3HOUEHOCMI | HeOOCMAMHbO KOWMIE
0151 11020 NOHOGNEHHA. Y yux ymMoeax ICHylomb 08a WIAXU NOJNINUIEHHS MEXHIKO-eKOHOMIUHUX
NOKA3HUKI@  JIOKOMOMUBIE.  MOOepHi3ayis ma  3dCMOCY8AHHA  MeXHIYHOI  0iAaeHOCMUKLU,
3aCMOCYBAHHS XIMOMONO2IUHUX 3aX00i6. [lepwiuti Hanpsam nos'sa3anuil 3i 3HAYHUMU KANIMATbHUMU
8KIAOeHHAMU [ dooamKosumu eumpamamu dacy. Ilopso 3 2ocmpoio HeobXiOHiCmIO 11020 PO3BUMKY |
3aCcmMocy8ants Opyeutl HANPSIMOK, 3d HAA6HOCMI eqheKMUBHUX I NPUUHAMHUX 30 8APMICMI0 CNOCO0I8
00pobKY 1 XIMIYHUX 000a80K 00 OU3ENLHUX HAGMONPOOYKMIE, OKYNAEMbCSA 3HAYHO WEUOULe.
Toninwenns Oyov-aKux eKCHAYamayitiHux 61acmusocmell OU3eIbHO20 NAIUBA Yepe3 3MIHY IXHbO2O
XIMIYHO20 CKIAOY 6UMA2AE 6BeIUYe3HUX BUMpam, y mOu e uac 3MiHa mux abo iHuWUx
grnacmugocmell OU3eIbHO20 NANUBA MONCIUBA 8HACIIOOK 88€0€HHS Y HbO20 NPUCAOOK, WO 0aiomb
maxuil dce abo Oinbwiull eghekm, HidC 3MIHA MEXHONO02I BUPOOHUYMEA AOO BNPOBAONCEHHS.
Qizuunux memooie 00OpOOKU (3 3ACMOCYBAHHAM CHEYIAIbHO20 00PMO8020 A60 CMAYIOHAPHOZO
obnaonanHs. Ymoeno yi 3axoou modxcua nooitumu Ha 0éa munu. 1) onsn doeedenms sxocmi
OU3ENbHUX NAAUB 00 BUMOS CIAHOAPMY; 00 HUX HALEHCAMb NPOMUSHOCHI, YeMaHONIO8UWYEAIbHI |
0enpecopHo-0ucnepey8aivhi; 2) 0 NOMINUWEHH eKCNIYAMAYitiHuX 61acmusocmeti naie noHao
sumoeu cneyughikayii i HaoawHs naiugy ocobaugoi saxocmi. B pezyrvmami 00cCnioNceHHs.
copmyIb08aHO MEXHIUHI BUMO2U OO0 KOMNIEKCHO20 3aX00Y W00 NiOGUWEHHS AKOCMI OU3ENbHO20
namuea Oas Ou3enis Menioso3i, 3ANPONOHOBAHA MEMOOUKA BUSHAYEHHS epeKmusHocmi
3anpONOHOBAHUX 3AX00i8 NPU eKCHIYAMAYIIHUX BUNPOOYBAHHAX 8 YMOBAX 0eNO.

Knrwowuosi cnosa. ouzenvruti 08ucyH, oOuzeivHe NaAiuo, 00OpPoOKa naiuéa, NPUcaoku,
epexmueHicme.

Introduction. Resource conservation i Literature review.There are two main
a top-priority problem in resource-intensive ways to improve the technical, economic, and
industries, which include transport that environmental performance of diesel rolling

consumes 13.4 % of the total flow of primary stock:

energy resources. - modernization and application of
The large focus is on reducing the level technical diagnostics;

of resource use in transport, in particular, gn - application of chemmotological

addressing issues of rational consumption apnd measures (use of effective additives to diesel
use of material, energy, labor, information, and fuel and motor oil, physical methods of fuel
financial resources [1]. and motor oil treatment) [2].

In modern conditions, an important areg The first area entails big capital
is to increase the efficiency of fuel and energy investments and additional expenses. The
resources. This corresponds to the program [of second area pays off much faster if using
development of railway transport of Ukraine|. effective and affordable chemical additives to
The constant rise in energy prices dictates the petroleum products, or equipment for its
need to find new reserves that would reduc¢e processing.

fuel costs together with the toxicity of diese| Chemmotological measures can be
locomotives. It is also due to the high degrge conditionally divided into two types:
of wear of the locomotive fleet of Ukraine - to bring the quality of diesel fuels to

however, the tense economic situation is an the standard requirements;
obstacle to fully renew the operating fleet gf
locomotives.
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- to improve the performance of fuels
beyond the specification requirements an
obtain fuel of special quality.

The quality of diesel fuel changes
significantly during transportation, storage
and other technological operations performg
before filling the diesel rolling stock.

The main reasons for changes in the

quality of petroleum products are som
technological operations that lead t(
evaporation, oxidation, contamination of fug
with dust, and sedimentation. Thus, in gener3
the fuel when filling the rolling stock deviateg
from the technical requirements of th¢
DSTU [9].

Improving any performance of motor
fuels by changing their chemical compositio
requires huge costs. At the same time, certe
properties of motor fuels may be changed &
additives, which allows a positive effect
equivalent to a change in productiol
technology. Oil refineries of all developeq
countries introduce various additives int
motor fuels; the world market offers more tha
1000 additives, the purpose and classificatic
of which are detailed in papers [3-5]
Consumption of additives to motor fuels in th
United States reaches 100,000 tons per ye

determine technical requirements for
chemmotological measures to improve the
guality of diesel fuel for locomotives;

develop their efficiency assessment
technique in the locomotive depot settings.

Main part. Currently, the production
and use of additives in Ukraine are only
gaining their industrial potential, while
products in demand are still mainly foreign
additives. The cost of imported anti-wear
additives is usually higher, as raw materials
are purchased at foreign factories and
delivered back as a marketable product.

At the request of Ukrzaliznytsia, SE
Malyshev Plant has conducted bench tests of
samples of six diesel fuel additives of different
N manufacturers.
in None of the presented diesel fuel
y additives proved their effectiveness in the tests
conducted following the requirements of JSC
Ukrzaliznytsia.

That is:

) - the difference between the results of

N measurements of fuel consumption with and

n without additives is within the experimental
error;

] - the effect on the concentrations of

ar.pollutants in the exhaust gases of a diesel

d

d

g
D
I

i

174

L

Additive manufacturers accentuate the benefits engine in the test modes is such that the

of their products but keep, in most cases, thq
composition a secret.

The patent literature review shows th3
most of the proposed additives cannot be us

as they increase the toxicity of exhaust gase

impair the properties of fuels, significantly
increase the cost of fuel. Some additives us
are currently banned for environmentg
(containing lead, barium, manganese) ar
operational reasons [6-8].

Objective and tasks. The objective of

pir difference  between the concentrations of
pollutants in the exhaust gases during the

t operation of a 7D80A diesel engine on fuel

edwith and without additives is a few percent;

S, - the effect of additives on smoking of

the exhaust gases was within the smoke meter

ed error (= 1 %);

I - the tests found no significant effect of

d additives on such basic indicators of the
operating process as maximum combustion
pressure (average) on P cylinders, the

the research is to analyze and generalize thetemperature of exhaust gases near cylinders

experience and develop a proposal for th
application of effective measures and means
improve the quality of diesel fuel for diese
locomotives. The task of the research is to:

analyze the experience of applyin
chemmotological measures to improve t

e t.», frequency of rotation of a rotor of the

to turbocharger @ excess air pressure in the
receiver £, exhaust gas pressure before the
turbine ¥,
- the tests found no effect of additives on
e fuel equipment, diesel oil, and fuel filters.

quality of diesel fuel for locomotives;
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More thorough conclusions about th

effect of additives on the above parameters

require operational tests.

The use of additives in the operation df
their

locomotives sets the question of
introduction technique to diesel fuel. In
addition to accurate dosing, additives must K
evenly distributed in the fuel. As a rule
manufacturers neglect it, and the high-qualit
introduction and distribution of additives in
diesel fuel may require creating the necessg
technological equipment.

Thus, it is necessary to conduct resear
aimed at formulating technical requirement
for the additive to diesel fuel for diese
locomotives, which has an integrated effect.

Another way of changing the quality of
diesel fuel is the physical impact - the use (¢
additional hydrodynamic, magnetic
electrodynamic, or ultrasonic treatment. Fd
this, the specialists of Ukrainian State Railwa

Academy have developed and tested a method

to improve the anti-wear and anti-corrosio
properties of diesel fuel to increase the we
resistance of fuel equipment of diesel enging
through hydrodynamic dispersion [10].

The specialists of Ukrainian Statg
Railway Academy also took part in bench tes
of the cavitation reagent-free diesel fug
treatment device. It is used to change th

properties of liquid products and mixtures.

Fine activation titamium filter

This technology is a series of measures based
on the principles of hydrodynamic cavitation,
leading to the rupture of polymer bonds, i.e.
obtaining low molecular weight compounds,
and as a consequence, changes (facilitation) of
the fractional composition of the treated diesel
e fuel [11].
Both measures affect the

y physicochemical properties of diesel fuel but

do not provide significant savings in diesel
ry fuel, however, the physical treatment of fuel is
still feasible.

Thus, it may be necessary to consider
integrated devices for changing the quality of
diesel fuel. That is, devices that have an
additional physical effect on and dose
additives to diesel fuel.

An example of such a device is a KT-
14D fuel catalyst, which is also an additional
diesel fuel fine filter that pre-modifies diesel
fuel using a tableted granular additive catalyst.

The device is installed in the fuel supply
n system of the diesel locomotive, and by
ar actively influencing the fuel, prevents the
bs formation of harmful substances, increases the

ch
S

pf

r
y

technical performance of the internal
combustion engine.
[S The first chamber is  where

| sedimentation of heavy fractions, which have
e got to fuel, and selective purification of diesel
fuel from sulfur compounds and pitches occur.

Active elements of
' achemical catalyst

Fig. Fine activation titanium filter with activeeghents
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The device is installed in the fuel supply
system of the diesel locomotive, and b
actively influencing the fuel, prevents thg
formation of harmful substances, increases t

technical performance of the interna]
combustion engine.
The  first chamber is  where

sedimentation of heavy fractions, which hay
got to fuel, and selective purification of diesg

fuel from sulfur compounds and pitches occur.

h

change in the volume of work

y performed in operation;

- fuel and engine oil consumption for

ne the work performed,;

expenditure of funds for repairs in
operation.

As a criterion for the cost of repairs let
us take specific costs in UAH per 1000 km,
ie.:

In the second chamber, the fuel is B_ s
catalytically treated by contacting itg Coin ‘?ﬂo ' (1)
hydrocarbon molecules with a highly porous
gctllvg surface of thedgranu:car cataf[lylst, WhIC? whereB is the unit cost of repair:
Includes  —compounds ~of — metals — an L"is the time between overhaul.

catalytically active organic compounds. Afte
that, the fuel is processed at the molecul
level by tableted additives, metal salts, whic

[
Ar Thus, it is possible to obtain proportional
h coefficients for the economic evaluation of the

are formed under the influence of high efficiency of locomotives, representing the

temperatures and pressure during combusti
in the cylinder chamber in the form of
molecules.

In the third chamber, modified fuel is

pn useful work costs in UAH; knowing the cost of
one ton-kilometer, one kg of fuel and oil, we
get:

subjected to additional activation and E.(t)=Ac, - (g,c, +9,¢)-c,.L. 2
stabilization due to the use of titanium glasses
activators. The effect of catalytic fuel

treatment lasts for 30-40 seconds. Integrated

fuel treatment enhances complete combustiq

thereby reducing fuel consumption and releagse

of harmful substances into the atmosphe
with exhaust gases.

The integrated diesel fuel treatment plar
has passed many bench and operational test
the locomotive depot and has shown if
influence on fuel consumption and

environmental performance of the locomotive.

To determine the efficiency, we need t
conduct operational tests on different series
diesel rolling stock.

To assess the effectiveness ¢
chemmotological measures in operational teg
of locomotives, it is necessary to determine th
nature of the change in time of the mai
indicators [12]. Therefore, it is important tg
determine:

| where E,(t) is the efficiency of the diesel

n. generator;
’ A is the volume of transportation work
formed,;

O; 9, is fuel and oil consumption per

-

U

re per

it km;
51N
S

C, is the cost of 1 tonne-km gross;

G, G is the cost of one kg of fuel and oil,
respectively;
C

num

) is the specific cost of repairs
pf attributed to one km;
L is the total mileage during time

f To assess the effectiveness of

ts operational tests of locomotives in locomotive

€ depots, an optimization model with the

k following objective function is proposed,
which considers the dynamic characteristics of
the main components of efficiency in the form
of:

30
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(L6 0)+ ¢, 1)+, ()

E=- = max, (3)

J[cgs O+ cgi )+ ()

Iy

where |, is the initial mileage of the| efficiency of the tested resource-saving
implementation of the technical solution; measures. o
| _ Conclusions. Thus, the application of
p is mileage before overhaul, where¢ chemmotological measures to improve the
the effectiveness of the implementation of the quality of diesel fuel can optimize changes in
experimental technical solution is evaluated; | the technical condition of diesel engines,
¢H(I) is the relationship of fuel| reduce diesel fuel consumption, improve the
consumption to mileage; environmental performance of locomotive
engines, which will reduce the cost of
locomotive depots for the environment.
Preliminary tests of measures showed positive
Py (') is the relationship of repair cost§ changes in technical, economic, and
to mileage. environmental parameters (reduction of fuel
The given target function is based on the consumption in operation, reduction of
assumption that oil fuel consumption ang specific consumption in rheostatic tests) of the
repair costs are independent of each other. locomotive and improvement of the technical
This optimization model is the basis of condition of the locomotive engine. It is
automated technology for operational tests |n expedient to conduct the comprehensive
locomotive depots. operational tests of the proposed measures,
To quantify the effectiveness off with the assessment of the effectiveness of
operational tests, we need to obtain the resource-saving measures according to the
average monthly dynamics of diesel fuel, oi|, proposed integrated criterion for assessing the
and repair costs, as well as to calculate the efficiency of locomotives during operational
average monthly dynamics of the integratgd tests in the depot settings.

P (|) is the relationship of engine oil to
mileage;
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