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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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TRANSPORT DIESELS OIL SYSTEM OPERATION
EFFICIENCY INCREASE

Abstract. The article deals with the problem of energy saving and fuels and lubricants oils (FLO) efficient use
in vehicles. It considers approaches how to solve the issues of reducing fuel cost. Diesel engines are the main utili-
zers of FLO in vehicles, in which up to 80% of the power loss of a diesel engine happens due to the friction overco-
ming in cylinder-piston group. In this regard, the analysis of engine oils operating conditions in lubrication system of
vehicle diesel engines has been conducted. The requirements for lubricants as well as the engine oil operation
features have been defined. It has been found that due to the use of highly purified engine oil in lubrication system
and additives for its basic features increase there is a possibility to increase the resource as well as supply the pro-
longation of vehicle diesels life with no oil change. A comprehensive solution how to optimize the vehicle diesel
engine lubrication system has been presented. A self-regulating lubrication system has been developed to improve the
quality of engine oil in operation and prolong its service life. The experimental data on the assessment of self-
regulating lubrication system influence on vehicle diesel engine performance have been summarized and analyzed.

Keywords: energy saving, lubrication system, wear rate, engine oil, filtration, diesel performance.

Vehicle diesel engines lubrication system efficiency improvement is one of the prior and urgent tasks
in the field of energy and fuels and lubricant oils (FLO) saving. Efficient use of fuels and lubricant oils
(FLO) is one of the most important tasks the Russian economy has been facing. The problem of energy
saving has now become of the strategic importance one. The Federal Law “On Energy Saving and Energy
Efficiency Increasing and On Amending the Certain Russian Federation Legislative Acts” and the Russian
Federation Government Decree, November 13, 2009 No. 1715-p “Energy Strategy of Russia for the Period
until 2030” determine the energy efficiency of the economy as one of the main strategic guidelines of the
long-term state energy policy [1, 2].

Energy efficiency in the modern environment is the most important factor in vehicles competitiveness
improvement on the domestic and international market of transport services.

The modern philosophy of energy conservation should include all the variety of approaches and
technologies to save fuel and energy resources, primarily through the introduction of innovative solutions
into the area [3].

In the transport sector of Russia, the implementation of fundamentally new approaches has begun to
address the issues of fuel and energy resources costs reduction. First of all, it is the use of lubricant
additives [4, 5].

One of the main conditions of high efficiency of vehicles diesels operation is the reliability of moving
parts, which account for up to 85% of all failures [6,7].

Up to 80% of the diesel engine power loss accounts for friction overcoming in the cylinder-piston
group (CPG). As a result, diesel engine wear leads to the decrease of power and economic indicators
characterizing static and dynamic loads on moving parts, their thermal stress, opacity and toxicity, have a
significant impact on the performance of transport units. Today, high requirements are placed on diesels
technical conditions, which consist in obtaining maximum useful work with minimum energy resources
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and in increasing their durability by reducing friction and the rubbing surfaces wear resistance increase.
The significance of the problem of diesel engines rubbing parts wear is as more as a rule, their wear limits
the service life of transport units [8-11].

It is obvious, that the problem of transport diesel engines wear requires comprehensive consideration,
while it is necessary to develop the methods of wear reduction, suitable for widespread use and providing
a significant extension of diesels service life. Therefore, the repair service has been given the task to create
and introduce new technologies leading to the improvement of technical and economic parameters of
transports and reduce their energy intensity [12, 13].

Lubrication system has been designed to solve the task of ensuring minimum wear of friction loaded
nodes and long-term operation of lubricants, as well as improving the reliability and lifespan of transport
diesels.

Operating oils are complex systems whose behavior is described from the standpoint of colloidal
chemical research. It has been established that stability with excessively high colloid resistance troubles
cleaning means work efficiency [14].

Reduced stability of the system increases the cleaning efficiency and at the same time accelerates the
pollution of the engine. Similarly, dispersing (stabilizing) capacity is associated with the most important
indicator - the tendency to form high-temperature deposits (HTD). On the one hand, the maximum stabi-
lizing capacity minimizes HTD formation, on the other hand, it reduces the cleaning efficiency [15, 16].

A comprehensive solution to the problem can be solved by applying advanced engine oil cleaning
means in the lubrication system, including a high-speed centrifugal oil filter (HSCF), a hydro heat
accumulator for trouble-free cold start of a diesel, as well as a functional additive feeder (FAF) (figure 1).

. . . Functional Additives feeder
Mechanism of engine oil (FAF)
Engine oil cleaning means temperature maintenance for . . .
. maintains additives unique
(EOCM) prestart launching . . .
. . introduction and dosing under
provide filtering process (Hydroheataccumulator)
. . . temperature  pressure and
acceleration due to | 4 | possesses high heat accumulation | 4 . . . .
. . . engine oil viscosity
centrifugal force capacity for long  period o o .
. o . . . monitoring, maintains physic-
intensifying effect maintenance of oil operation . .
chemical content during
temperature .
operation

Figure 1 — Transport diesel lubrication system optimization

Developed measures to optimize the lubrication system of transport diesels will provide:

1. extension of the engine oils service life (2 times);

2. reduction of oil consumption (by 10-15%);

3. minimal friction loss (reduction of friction coefficient by 1.5 times);

4. increase the mileage of vehicles until engine oil change;

5. the service life of the filter elements for an increased mileage.

The proposed technical solutions to improve the efficiency of the lubrication system can be installed
on transport diesels with no major changes in the design.

The use of the EOCM with a rotational speed of 10,000 rpm driven by an electric motor allows the
engine oil to be cleaned of mechanical impurities (particles less than 2 microns), oxidation products
formed during adsorption of the active parts of the additives by the oil, as well as light fuel fractions,
thereby reducing the wear of parts. The main features of the EOCM in comparison with the standard are:

- acceleration of the filtration process and reduction of contaminants deposition path, due to the even
distribution of the oil flow entering the refining system closer to the rotor walls;

- minimum hydraulic losses and hydraulic resistance, due to the channels design and changes in the
geometry of the feeding holes of the rotor axis;

- an increase in the residence time of the oil in the centrifuge by two times and the elimination of
the possibility of entrainment of small particles of contaminant due to the use of a vertical cylindrical
partition;

- increased dirt holding capacity.
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The use of a hydro heat accumulator ensures engine oil pre-start launching temperature maintenance.
The hydro heat accumulator is a cylindrical body with a screen-vacuum insulation. In it, the heat from the
hot oil is transferred to the heat-accumulating substance with a low coefficient of expansion based on
bitumen and paraffin, having a phase transition temperature of 70—80 °C. Thus its charging occurs.

FAF has the ability to work continuously until the life of the filter elements of the filters for fine oil
cleaning has expired. When changing the filter element, there is no need to change the oil, because during
operation, its physic-chemical properties are restored by adding functional additives from the FAF. The
package with functional additives and the conditions of their dosing are selected according to the
characteristics of colloidal structure of engine oil.

A sample of the developed lubrication system was tested on the D-242 diesel engine (figure 2).

Figure 2 — Autonomic testing self-regulating lubrication system in diesel engine D-242

During the experiments, the following indicators were evaluated: physic-chemical indicators of
engine oil; specific fuel consumption be; combustion pressure pz; carbon oxides (CO) and nitrogen oxides
(NOx) content in diesel exhaust gases; exhaust smoke opacity D.

While analyzing the dynamics of the impurities accumulation and wear products in the engine oil
(table 1), for the selected operating conditions of the internal combustion engine self-regulating lubrication
system tests, calculations on alkalinity change have been made. Calculations demonstrated that during the
operation of the self-regulating lubrication system of the internal combustion engine, simultaneously with
the stabilization of mechanical impurities, the stabilization of alkalinity also occurs (figure 3).

There with, the level of stabilization ensures the requirements of operational work. The minimum
limit of alkalinity concentration in the crankcase was Cpy = 0.7 mg/KOH/g., and the equilibrium
according to the results of calculations and analyzes amounted to Cpasy = 1.16 mg/KOH/g.

Table 1 — Physic-chemical indicators of engine oil M-10DM(Standard 8581-78)

# Quality indexes Standard W} th Qe51gned After lub.rlcgtlo.n
lubrication system | system optimization
. . . 2 o Not less
1 Cinematic velocity mm~/c at 100°C than11.4 12,1 11,9
2 Mass content of chemical infusions, % not more than 0,025 0,020 0,018
Mass water fraction traces absent absent
4 Temperature of flashing in open containment basin, °C not 220 220 220
lower than
Total alkality, mgKOH/g of oil density 8,2 8,5 8,7
6 Density at 20 °C, g/cm3, not more 0,905 0,896 0,896

Thus, there was sufficient margin of alkalinity for satisfactory diesel operation regardless of engine

resource.
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Figure 3 — Alkalinity change in crankcase oil ( data of 10 analyses)

The dependence of specific fuel consumption be on diesel load (efficient power) D-242 has been
performed in figure 4.

be, g/(kWth)

500
450
400 -

350 = __:\__t__
300 == =
250 el -_-‘
200
150
100
50 -
D 0 Nnom

a 10 20 30 40 50 &0 70 20 a0 100

=—#— Standard lubrication system

= M = Developed lubrication system
Figure 4 — Dependence of specific fuel be consumption on efficient diesel power

As we see, with a self-regulating lubrication system, the specific efficient fuel consumption decreases
on average by 6—8%, what can be explained by a decrease in the friction coefficient. Most likely, the
reason for this is the formation of functional additives products on the surface of cylinder sleeves friction.
From the additives a thin hard-to-oxidize self-healing metal servovit film has been formed during the
operation of the units friction. It is several atomic layers up to 1-4 microns thick. It protects the friction
surface from wear. The film has got a loose structure, it is porous, there are almost no dislocations, and
there are many vacancies [17-19].

This assumption is confirmed by 6% of fuel combustion pressure increase on average p, under
application of developed lubrication system (figure 5).

Increase mentioned can be explained by a decrease in clearances in the CPG, which causes a decrease
in leakage of air-fuel mixture from the combustion chamber and, as a consequence, an increase of the
indicator power, characterizing the work of gases expansion in diesel cylinder.

In order to assess the degree of the influence of self-regulating lubrication system on the operation of
a diesel engine cylinder-piston, the intensity of linear wear of a cylinder tube was calculated by statistic
modeling using standard and developed lubrication systems. Remind that the intensity of linear wear is a
dimensionless quantity that is the ratio of absolute wear (height of the worn out layer) to the length of the
friction path, i.e. the path where the wear occurred. The wear rate was determined for the case of resilient
interaction of contacting bodies. The predicted model was designed using the Statistica 6 software [20].
The results have been shown in figure 6.

— g2 ——
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Figure 6 — CPG wear linear intensity measured distribution of a diesel D242
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Figure 7 — Pollutants emission rate depending on engine D242 load
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As seen in the figure, when using a self-regulating lubrication system, the average linear wear rate of
the CPG is reduced by 1.5 times. Figure 7 demonstrates the data on harmful substances emissions into the
atmosphere when the D-242 diesel engine is operating with under standard and developed lubrication
system. While testing a self-regulating lubrication system, CO emissions are reduced an average by
8-10%, NOx emissions increase an average by 4-8%, while remaining within the available rate, but
opacity D decreases an average by 8—10%.

The results reported indicate the fundamental possibility of improving the physic-chemical properties
of engine oil by improving its base material by means of additives. The use of the proposed self-regulating
lubrication system will reduce the operating costs of transport diesel engines due to the high degree of
purification and restoration of the physic-chemical properties of engine oil, extend its service life, reduce
friction, improve the wear resistance of diesel units friction, thereby increasing its service life, as well as
ensuring a long-term operation of transport diesel engines with no oil change.

C. A. Ieryxos', JI. C. Kypmanosa', M. II. Epzamaes’

'Camapa MemiekerTik Kok yuuepcureri, Camapa, Peceii,
2Camap MeMIIEKETTIK aybUIIIapyanibUIbIK akagemuscel, Camapa, Peceit
2 2

TACBIMAJIJIAY JU3EJIEPIHIH MYHAM "KYHECIHIH
"KYMBICBIHBIH TUIMJLIITTH APTTBIPY

AHHoTanus. Makanaga >HEpPrusHBl YHEMIEY >KOHE jKaHap-KarapMal MaTepualgapblH THIMAI MaimaiaHy
Macedesnepi Tankbuianaabl. OTBIH caThlll ady KYHBIH TOMEHJIETY MOCceJesIepiH MISIIy/IiH KapacThIPbUIFaH ToCLIIepi.
KosranTkellTarsl KaHap-karap Mail MaTepUallAapbIHBIH HETI3rl TYTHIHYIIBUIAPHI JU3€JbJI KO3FaITKBIILTAPIbIH
80%-ra neiiiH KoFapbliaybl HIWIMHIPI HOPLICHAl TONTa YHKENICYIeH KYThUTyFa apHaJfaH JW3elibAl KO3FaITKbIIITA
PpOOITBIT TAOBLTAEL.

Tyiiin ce3aep: »HEprusHbl YHEMAECY, Maiiiay >Kyleci, To3y XbUIIaMABIFBl, MOTOP Maiibl, Cy3riiey, JU3eibIi
OHIMIIK.

C. A. Ieryxos', JI. C. Kypmanosa', M. II. Ep3zamaes’

'CamI'VTIC «Camapckuii Tocy1apCTBEHHBIH YHUBEPCUTET Iy Tel cooduienus», Camapa, Poccus,
2CI'CXA «Camapckast TOCyIapCTBEHHAsS CENIbCKOXO3SMCTBEHHAS akaneMus», Camapa, Poccus

IOBBIIEHUE SOPEKTUBHOCTH PABOTBL
MACJISTHOU CUCTEMBI TPAHCIIOPTHBIX IU3EJIEN

Annoranusi. B cratee paccmoTpena npobiema sHeprocoepexxeHns: 1 3((HEKTUBHOTO UCIIOIb30BaHUS IOpIoye-
cMa3ouHbIX MarepuanoB (I'CM) Ha TpaHcropTe. PaccMOTpeHBI MOAXOABI K PEIICHHIO BOIIPOCOB CHIDKEHHS 3aTpaT Ha
npuobperenue ['CM. OcnoabiME ToTpebuTensiMu ['CM Ha TpaHCTOpTE SIBISIOTCS OH3ENbHBIC BUTATENHN, B KO-
TOpbIX 70 80% MOTEph MOIIHOCTH AN3EIIs NPUXOAUTCS Ha MPEOI0IEHIE TPEHHS B IMIMHIPO-TIOPIIHEBOH rpynme. B
CBSI3M C TUM, NIPOM3BENICH aHAIIN3 YCIOBHH PabOThI MOTOPHBIX Macell B CHCTEME CMa3KH TPAaHCIOPTHBIX AW3EICH.
OmnpeneneHsl TpeOOBaHUS, NPebsIBIsIEMble K CMa30uHbIM MaTepuajaM, a Takke MapaMeTpbl padoThl MOTOPHOTO
Macya. YCTaHOBIICHO, YTO 33 CYeT NPUMEHEHHs B CHCTEME CMa3KU CPEACTB BBICOKOW CTENIEHH OYMCTKH MOTOPHOIO
Maciaa ¥ (YHKIMOHAIBHBIX MPHUCAJOK JUIS YJIYYIIeHUs] ero 0a30BOil OCHOBBI MOXKHO YBEIIMUUTH PECYpC, a TaKkKe
o0ecneunTs JIMTEIbHYI0 SKCIUTyaTallui0 TPAHCIIOPTHBIX au3enell 0e3 cMeHbl Macia. IIpencraBieHO KOMIUIEKCHOE
pellIeHue 110 ONTHMHU3AIMK CUCTEMbI CMa3Ki TPAaHCIIOPTHBIX jau3eneil. Paspaborana camoperynupyromascs cucrema
CMa3KH JJIsl ITOBBIIIEHNUS KauecTBa MOTOPHOTO Macia B 9KCIUTyaTaluy U IPOIJIEHHsI CPOKa ero ciry»k0b1. O000IEeHbI 1
NIPOAHAIM3UPOBAHBI SKCIIEPUMEHTAILHBIE JJAHHBIE 110 OLIEHKE BIMSHHS CaMOPETYIIUPYIOMIEHCS] CUCTEMbl CMa3KH Ha
NOKa3areny paboThl TPAHCIOPTHOTO N3EIIs.

KaroueBble cioBa: sHeprocOepexeHne, CHCTeMa CMa3K{, WHTCHCHBHOCTh H3HAIIMBAHUA, MOTOPHOE Maclio,
(uIBTpanus, moKa3arenyu padoThl AU3ETIs.
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