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Abstract

The questions of application of synthetic materials as filtering, in oil systems of internal combustion engines are considered in the article.
In existing oil systems, diesel engines of internal combustion use filtering elements that provide limited protection of oil systems from
particles of potentially dangerous dimensions and, therefore, wear. They are not designed to work for a long service life with the higher
level of oil purity required at the present time. The urgency of these issues is caused by the need to improve the quality of engine oil
cleaning and, as a consequence, to increase the reliability of the engine. The use of filter elements made of porous, fibrous polypropylene
is proposed. Which, according to the results of the experiment, will allow to extend the service life of the filter elements and improve the

quality of their operation.

Keywords: Engine oil; Filtration; Fine Filter; Oil Cleaning; Synthetic Material.

1. Introduction

In connection with the high growth of freight turnover, the
opening of new international transit corridors, the issue of fur-
ther increasing the reliability and infallibility of the operation
of all links of the transport complex is acute. First of all, this
applies to vehicles that are directly involved in the process of
cargo transportation, be it maritime, road or railway transport.
Railway transport is the second, in terms of the number of
goods turnover after the automobile, and high demands are
placed on it for the safety and trouble-free operation of its op-
eration. This is achieved by the effective use of its technical
means, their qualitative repair, modernization. The introduction
of new technologies, of course, increases the reliability of its
operation.

In existing oil systems of diesel engines of internal combustion
(ICE), filter elements are used that provide limited protection
of oil systems from particles of potentially dangerous dimen-
sions and, consequently, wear. They are not designed to work
over a long service life with the provision of a higher level of
oil purity that is currently required. [1].

Constantly growing requirements for ICE and as a result to the
characteristics of filters complicate the task of engineers at all
stages of design. Over the past decade, several major steps have
been taken in the production of filter materials [2]. They helped
in solving the problem of increasing the service life of the filter
while ensuring an increased level of oil purity in oil systems.
This article will consider the issues of the possibility of using
synthetic materials in oil systems of diesel engines.

2. Main Body
2.1 The Theoretical Part

The root cause of premature failures of mainline locomotive ICE
(Internal Combustion Engine) units and components is their abrasive
wear. It is driven by wear products penetrating to oil during the ICE
operation [3].

The oil filtration efficiency in oil systems is determined by the fric-
tion couple wear reduction index and also their contamination. An-
other important filtration index is an engine oil life cycle and filtering
elements as such, the availability of impurities and wear products in
the engine oil.

The process of impurities and wear products’ accumulation in the
engine oil will depend on two indexes: filtering element performance
and purification efficiency.

In view of the foregoing it may be concluded that the oil filtration
improvement can be reached upon the filtering element performance
and efficiency increase. In the specific case with full-flow engine oil
filters the mentioned issues are particularly topical. Thus, the in-
crease of mentioned indexes for full-flow filters is the most reasona-
ble in view of the reliability increase of ICE components’ operation.
The matter is that the complete oil flow further coming to friction
couples is filtered during the full-flow operation [4].

During the filtering element operation its membrane is progressively
contaminated resulting in the change of its screening efficiency, hy-
draulic resistance and filter capacity. In order to determine the index
nature of change, in particular, the filter hydraulic resistance, it is
required to consider laws of fluid filtration upon passing through the
sieve obstacle [5].
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The study of oil contamination [6] in different diesel engines
allows concluding that the contamination process in normal
operation, considering the filtration efficiency, corresponds the

(A)

intermediary filtration law, when the filter supports particles on

the membrane surface and its’ internal channels’ surface Figure
11[7].
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Fig 1 : Schemes of deposition of contamination particles on the filtering screen of the filter under different filtration laws: (A) to form a precipitate; (B)
full clogging of pores; (C) with a gradual clogging of each pore; (D) intermediate

The principal filtration law is the Darcy’s law. It establishes
that the filtration rate is directly proportional to the pressure
drop gradient and inversely proportional to the viscosity. Be-
sides, the filtration rate depends on some coefficient called
“The permeability” [3]. For flat filtering membrane the Darcy’s
Law is defined by the following (1):

V,=2— @

Where: v, is the filtration rate, cm/s; z is the permeability,
cm?; Ap is the differential pressure, g/s®-cm; 7 is the dy-
namic fluid density, g/cm-s; J is the thickness of the filter
baffle, cm.

Cake filtrations are mathematically characterized by the follow-
ing equation (2). It expresses the dependence between the fil-
tration time and the volume of contaminated fluid flowing
through porous medium (body).
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Where: q is the volume of the filtrate from the unit of the
filtration surface, cm®/cm?; t is the filtration time, s; v is
the filtration rate at the initial moment, cm/s; k is the co-
efficient that takes into account the change in the re-
sistance of the filtering wall.

The filtration according to the intermediary law is characterized
by the fact that the suspension solid particles’ caking is formed
in pores and above the entry into porous channels. The filtra-
tion process is described by the following equation (3):
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Where: v is the average velocity of the fluid bing filtered,
until the time t, cm/s.

The following requirements are imposed on oil filters in ac-
cordance with the state standards [8]:

1. The filter shall qualitatively clean the engine oil from wear
products and impurities. Along with such cleaning the filter

shall not generate a significant hydraulic resistance to the en-
aine ail flow:

2. During the whole life cycle the filtering element shall not change
its capacity;

3. The simple replacement of filtering elements shall be ensured dur-
ing the filter operation;

4. Filtering elements shall be strong and thermo-resistant by their
mechanical and physical properties;

5. The filter shall have small dimensions, low weight and value;

6. Retain water and do not filter useful components of engine oil
(additives);

7. The filter shall be harmonized and the filter service life shall not be
less than the engine service life prior to overhaul;

8. During the whole service life the filtering element material shall
not emit components to the engine oil flow.

Currently, simple indexes characterizing various properties of filter-
ing materials are used for their quality evaluation [9]. The classifica-
tion of simple quality indexes is shown on Figure 2.

However, the complex comparative assessment of filtering materials
using simple indexes causes difficulties due to inconsistency of such
indexes in the result of their different impact on oil products’ refining
[10].

In filtering material quality evaluation it is firstly required to deter-
mine the list of material properties and indexes characterizing such
properties. Among physical and chemical properties are strength and
contact properties that are determined by regulations and their values
are set depending on filtering material application conditions.
Filtering material structure indexes play an important role in its ap-
plication, directly affecting functions: filtrating, hydraulic and service
life.

The permeability coefficient characterizes only properties of filtrat-
ing material and does not depend on filtration fluid properties, thus it
is reasonable to use it as the criterion for filtering material quality
evaluation [11].

The most informative filtering indexes are: filtration completeness,
nominal filtration fineness and related filtering coefficient. Among
service life indexes for the complex criterion for filtering material
quality evaluation was
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Fig 2: Classification of the quality of filter materials

selected the absolute index - the service life. In view of hydraulic |y binding them together. The material structure allows to ensure
indexes for filtering material quality evaluation was selected the  the bigger dirt-holding capacity and the lower pressure drop due to
specific capacity upon the set material hydraulic resistance. the large volume of pores. It also allows to retain hazard particu-
Having studied filtration processes and requirements for oil filters,  late matters.

the preliminary analysis of synthetic material use for filtering  The comparison of synthetic and paper filter pores is shown in
elements can be made. Figure 3 [12].

The bottom of modern materials for filtering elements is the mate-

rial consisting of thin fibers of fixed size and geometry individual-

(CV] ®

Fig. 3: Ratio of pores (voids) to the surface of fibers: synthetic filter material (A); paéf filter material (B)

The second component of effective filter is the multilayer struc- ity and is able to catch and retain the wider range of pollutants of
ture for complete use of material volume consisting of fibers  bigger size. The efficiency of above-mentioned filtering elements
with varying diameter that maximize the volume of voids in  significantly outweighs the efficiency of paper filtering element.
converging pore structure. It means that the filter internal sur-  In order to manufacture sample filtering elements it was decided to
face provides the finer filtration than external surface that guar-  use a porous fiber polypropylene.

antees the uniform distribution of retained particles along the  Polypropylene is a synthetic thermoplastic non-polar polyolefin pol-
filter depth. ymer. Depending on propylene polymerization conditions can be
In the result the filtering element with the volume of voids  obtained polymers with different molecular structure that determines
bigger than the volume fibers has the higher dirt-holding capac-



International Journal of Engineering & Technology

165

their physical and mechanical properties and, as consequence,
their fitness for specific purpose [13].

Polypropylene is characterized by more complex molecular
structure than the majority of industry polymers, as except
monomer chemical composition, average molecular weight and
molecular weight distribution, its’ structure is affected by the
configuration of pendent groups towards main chain. Techni-
cally it is the most important and perspective isotactic polypro-
pylene. Deepening on type and ratio of existing stereoisomer’s
polypropylene properties vary in the wider range.

The polymer molecular structure impacts their ability to be
processed by one or another method which, in turn, significant-
ly determine the finished product properties.

In the assessment of polypropylene practice fitness for one or
another purpose the primary importance goes to its mechanical
properties. It is obvious that a polymer with low elasticity
modulus, i.e. with low rigidity, cannot be recommended for
manufacturing of technical parts to be subjected to high me-
chanical loads; in contrast the polymer with high rigidity is not
applicable if the material has to observe high amplitude oscilla-
tions.

Polypropylene due to its paraffin structure is highly resistant to
different chemical reagents’ exposure even at high concentra-
tions. Under normal temperature isotactic polypropylene
properly resists organic solvent exposure even in case of long-
term exposure.

Polypropylene fiber is the cheapest known type of synthetic
fibers at the moment [13]. Such circumstance and also high
feedstock availability for propylene fiber production in all ad-
vanced industrial countries contributed to its fast market entry.
With further polypropylene production growth it can be ex-
pected that by selling price the polypropylene-based fiber will
favourably compete with even the cheapest synthetic fibers.

At the moment polypropylene fiber is used for manufacturing of
different technical items and consumer goods. The technically im-
portant sphere of its application is the manufacturing of filter fabrics
possessing high rigidity, wear resistance and resistance to chemical
reagent exposure and high temperature. They are better than polyam-
ide and polyester fibers for many reasons. Such fabrics are not bio-
logically decomposable and are fungus-resistant, making them rea-
sonable to use in numerous industries, including machine building.

2.2. Experimental Findings

In order to conduct experimental studies a passenger mainline loco-
motive was chosen. In fine filters of this locomotive were installed 8
fiber polypropylene filtering elements. The feature of this locomotive
oil system is the fact that fine filters are installed upstream coarse
filters. It was made in order to clean the engine oil in case of fine
filters’ failure.

It shall be noted that the technical condition of mainline locomotive
diesel engines degrades along with the locomotive mileage increase;
it also depends on quality of current repairs, availability of qualitative
spare parts, equipment and qualified personnel. Considering the actu-
al technical condition of diesel engines approximately 90 % of paper
filtering element replacements is connected with contamination.
During fiber propylene filtering elements’ operation laboratory anal-
ysis has shown as follows. The usage of these filtering elements has
shown the preservation of both density during the engine oil filtration
and porosity of filtering screen external layer. It allowed to ensure the
fractional retention of foreign matters in engine oil.

During the whole period of service life of such elements the fine
filters hydraulic resistance were constant due to formation of loose
layer on the element surface. It also affected the filtering element
service life to replacement.

The stages of the experiment on the use of filter elements from fiber
polypropylene are given in Table 1 and Figures 4, 5.

Table 1: Parameters of experimental study stages

Maintenance type MNT*-1 MNT-1 MNT-2 Oil change MNT-1 MNT-1 MNT-1 MNT-1 MNT-1

Locomotive mileage, km 1068 20143 30616 30616 39756 49044 59915 70147 80560
Filter pressure drop, kg/cm’ 0.9 0.95 1 0.9 0.95 1.05 1.2 1.35 15
Contamination, 1/cm™ 943.1 1347 1221 316 327 412 483 695 985

* MNT — maintenance
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Fig 4: Dependence of engine oil contamination on the mileage of the locomotive
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Fig 5: Dependence of differential pressure of engine oil on the filter from the run of the locomotive

3. Conclusion

Experimental studies have shown that the proposed fiber poly-
propylene filtering elements proved themselves as effective and
qualitative for engine oil filtration.

Furthermore, such elements have low hydraulic resistance with
the simultaneous preservation of required engine oil mechani-
cal impurities filter capability.

Fiber polypropylene elements in comparison with paper ele-
ments possess the required mechanical strength and resistance
to vibration and thermal loads.

Their design factors allow easy replacement during the mainte-
nance or current repairs without changing the fine filter housing
or oil system.

Considering the application of these filtering elements in view
of the efficient use of resources, it shall be noted the following
[14]. The production cost of these filtering elements is low and
their service life is long, consequently, their use decreases ex-
penses for their purchase and disposal. In the result the envi-
ronment protection and cost saving issues are solved. It is par-
ticularly true in current conditions of austerity in our country.
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