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ABSTRACT

The key issue to heavy-duty truck engine's reliability and its durability is the quality of the lubrication system. The
primary task of the lubrication system is to provide a continuous supply of filtered oil between two sliding surfaces.
By using adequate lubrication oils will reducing friction between moving mechanical parts. Rheological
characteristics of lubricating oil directly caused the friction losses due to internal engines mechanisms (piston group,
valve train, fuel pump, crankshaft, bearings and seals, etc.). The major focus of this work centers around
contamination control in the filtration system of the heavy-duty truck as this dissertation aims at experimentally
investigating the operational efficiency of different heavy-duty truck oil filter using Boltzmann theory. In this work,
three heavy-duty truck oil filters (labeled A, B and C) were selected, studied and analyzed using the appropriate tests
in compliance with SAE (Society of Automobile Engineers) and Boltzmann Theory. The operational efficiency is
examined and the reliability of the filter system is assessed systematically by obtaining the filtration performance
characteristics such as separation efficiency, filtration performance, discharge, pressure drop etc. The test results
show a separation efficiency of 96.3 — 99.9% across the porous media of the filter elements. The results show that
the filter A has the highest operational efficiency compared to B and C with a long repair time and cost of repair.
Keywords:

1. INTRODUCTION

Background of the Study

When oil is used in an engine for a long period, undesired metal particles build up in the oil. Rubbing of metal engine
parts automatically produces some microscopic metallic particles. Such particles could circulate in the oil and grind
against the moving parts, causing erosion and wear. Therefore, to remove those harmful particles, oil filters are used

[1-4]
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An oil filter with superior filtering ability and holding capacity has the ability to improve engine longevity, increase
maintenance intervals and results in substantial savings over the life of the vehicle. Extending an engine’s oil drain
interval while maintaining the same engine wear, primarily revolves around the durability of the engine oil additive

package, the holding capacity and the micron filtering ability of the oil filter [4-7]].

Early internal combustion engines did not use oil filters and, coupled with the poor quality of oil available at the time,
vehicles required frequent oil changes. Eventually, the first full-flow oil filtration system was developed. Basically,
this arrangement allowed for the oil to flow through the filter before it reached the critical working components inside

the engine [8-10].

The vast majority of pressurized lubrication systems found in internal combustion engines incorporate some form of
filter bypass to protect the engine from starvation under certain circumstances. A good example is very cold weather.
In this situation, if the oil is too thick, it is allowed to bypass the filter. Oil can also bypass the filter when the filter is
plugged. Because of these events, oil is sometimes not filtered, even when the engine is fitted with a full-flow oil

filter [11-16].

In operation, oil enters the oil filter through a series of small holes on the outer edge of the base flange. The oil is
then directed through the filter, eventually making an exit into the engine through the large center hole. Most modern
oil filters are equipped with an anti-drainback valve. This is often some form of rubber membrane that covers the
perimeter holes in the base flange. The membrane is forced aside as oil enters the filter case. When the engine is not
running, the rubber membrane covers the holes. Obviously, the anti-drainback valves maintain oil within the filter.

In turn, they prevent engine dry starts (when the engine is started with no oil) [17-20].

Early oil filter designs were based on a replaceable element fitted inside a metal housing. When changing the filter,
one removed the housing, discarded the element, cleaned the housing, added a new filter and re-installed the assembly
to the engine. By the mid-20th century, spin-on filters gained popularity. There are many types of oil filters available
today, and there are likely an equally large number of tests in which various filters are cut apart and diagnosed [20-

25].
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Aim and Objectives

To evaluate filtration characteristics of the filter elements of three different heavy-duty truck oil filter.

To compare the filtration parameters including separation efficiency, filtration performance, volumetric

discharge and pressure drop at the filter (media) elements of the different heavy-duty truck oil filter.

To evaluate and compare quality factor of test filters

iv.  Simulation and comparison of Boltzmann (diffusive) flow through porous media of the oil filters using
MATLAB
v.  To determine reliability, maintenance and repair cost of heavy-duty truck oil filter.
Approach to Study

In this work, different heavy-duty truck oil filters are selected, studied and analyzed using the appropriate tests in

compliance with SAE (Society of Automobile Engineers) and Boltzmann Theory. The operational efficiency is

examined and the reliability of the filter system is assessed systematically by obtaining the filtration performance

characteristics such as separation efficiency, filtration performance, discharge, pressure drop etc.

The overall operational efficiency of the oil filters are estimated for diverse contamination modes by:

Vi.

Selection and disassembly oil filter to obtained porous media

Filter media identification by labeling A, Band C

Particulate size analysis of contaminant (test dust)

Computing the flow characteristics, such as pressure drop, discharge etc. of filter element

Estimation of filtration parameters, such as separation efficiency, filtration performance etc. using test
dust

Simulation of diffusive flow characteristics across porous media using Boltzmann Theory
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Figure 1.1: Block Flow Diagram of Approach to Study

1.2 RESEARCH GAP

Knowledge Gap

Over the years, many research teams have worked on developing equations describing the pressure drop associated
with fluid flow through fibrous or porous filter media. Examples of influencing variables in flow through porous
media are, for example, average fluid velocity, specific permeability, dynamic viscosity, and thickness (in flow
direction) of the bed of porous material. In a study involving flow of air through a porous aluminum layer, [26]
showed that pressure drop over the porous layer (the pressure gradient) is proportional to a cubic function of fluid
speed (seepage velocity). The cubic equation was in much better agreement with experimental pressure gradient
values than the earlier (Forchheimer -extended Darcy) quadratic equation. In addition, the cubic equation was

accurate up to a fluid velocity of 19.26 m/s [27].

In another study by [28] involving compressed and uncompressed open-cell aluminum foam samples tested in a
wind-tunnel setting, it was found that the pressure drop followed a quadratic equation with respect to the seepage
velocity. In that study, however, the highest seepage velocity in the experiments was 2.73 m/s, implying that the
quadratic correlation equation could be adequate at low seepage velocities. Studies involving model equation building

for fibrous cartridge oil filters appear to be infrequent compared to studies involving air filters [29-32].
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In a paper by [33] an equation was developed for the pressure drop (and the friction factor) for fluid flow through
fibrous material beds. However, this equation was developed for clean filters, which restricts its usage in filter
condition monitoring. An example of a diagnostic system for hydraulic filters in industrial use (in connection with a
system of servo hydraulic actuators) [32-35]. The software developed in the study was used for predicting the service
life of the hydraulic filter based on the evolution of the pressure difference over the filter. A cost-effective way of
estimating the flow rate (using down-stream pressure measurement instead of flow meters) was presented and thus
the effect of flow rate on the pressure difference was taken into account. However, the work did not take the effect

of changing viscosity (temperature) on the pressure difference over the filter into account [34-40].

For this study, extensive laboratory experiments have been conducted for observing how the pressure drop over a
hydraulic depth filter develops as the filter is being subjected to a stream of particle-contaminated oil at different flow
and fluid conditions. The different conditions included the oil gravimetric contamination level, the oil flow rate, and
the oil viscosity, which was varied by varying the oil temperature. From these experiments, a mathematical correlation
model has been derived in this work for describing the evolution of the pressure drop based on the aforementioned
flow and fluid conditions. The modeling process also included an investigation on how the apparent dirt holding

capacity of the filter seems to vary at the different flow and fluid conditions [40-45].

Due to the lack of mandatory standardized testing, some truck owners have had catastrophic engine damage from
using an inferior oil filter. The idea for this research came through the desire to find the best designed and
manufactured truck oil filters. An analysis protocol was developed and applied to the sample of 5 oil filters in order
to accurately determine and compare filter design characteristics and its operational efficiency by integrating

Boltzmann Theory [46].

The fluid-particle flow plays an important role in experiment and industrial process of particle filtration, it is essential
to understand the phenomenon of particle transport in fluid flow and the relative physical problems. Because the cost
of experiments can be excessive and some information cannot be easy to obtain experimentally, numerical simulation
of fluid-particle flow provides a promising way to deal with this kind of issues. In recent years, researchers of this

field have developed fluid-particle flow models such as one-way coupling, two-way coupling and four-way coupling
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[47]. One-way coupling means the fluid phase and solid phase are computed separately, only considering the drag
force acting on the particles. Two-way coupling means that the back effect of solid phase on the fluid phase is taken

into account. Four-way coupling considers the fluid-particle and particle-particle interactions [48].

The fluid-particle flow models have gradually popularized from one-way coupling to two-way coupling and four-
way coupling. In terms of volume fraction of particles ®@p. For a low value of ®p < 10—-6 , the effect of particle on
the fluid can be neglected, thus one-way coupling could be sufficient. In the second regime 10—-6 < ®p < 10-3 , the
mutual interaction between the fluid and particle need to be considered: two-way coupling. As increased in the volume
fraction of particle ®p > 10—3 , both the fluid-particle interaction and particle-particle interaction should be included,
four-way coupling is needed. In this section, different types of numerical models for simulating the particle transport

in fluid flow are outlined. It includes the numerical methods for fluid phase and particle phase respectively [49-51].

2. METHODOLOGY

Materials

Filter material samples (filter cartridges) were selected for testing from different heavy-duty trucks, with Gross
Vehicle Weight Rating (GVWR) of 65,000pounds (almost 30,000kgs), used in transporting huge weights of cargo at
Shell Petroleum Development Company, Port Harcourt, and were marked as A (Mobil 1), B (Deutsch) and C
(Penzoil). The oil filter is cut open on a lathe and obtain the porous filter media within on which appropriate tests to

determine their operational efficiency. Filter materials data were summarized in the table 1.

Table 1: Manufacturer’s Specifications for Filter A

Filter A: Mobil 1 (M1-301)

Cartridge Length 4.250 inches

Cartridge Outside Diameter 3.250 inches

Cartridge Inside Diameter 1.625 inches

Cartridge Pleats 52

Cartridge End Cap Type Stamped-steel, with bypass valve
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Anti-Drainback Valve Type
Bypass Valve Type
Element Type

Element Length

Element Width

Element Surface Area
Backplate Thickness
Gasket Type

Hydrostatic Burst Pressure

Filtration Efficiency

Nitrile rubber diaphragm
Spring-loaded steel, nitrile seal
Synthetic media, glued seam
85 inches

4.125 inches

351 square inches

0.138 inches

Nitrile rubber

600 psi

Unknown

The evaluation was carried out in two stages, with the following courses:

i.  Flow characteristics 4p,, = f(Q,,) of selected filter materials (cartridges) were made by making five

repetitions for each Q,, value.

ii.  Efficiency ¢,,, filtration accuracy d 4, and flow resistance 4p,, characteristics depending on dirt absorption

coefficient kn of three filter cartridges of each material, A, B and C were made.

Measurement result analysis was performed in the scope of:

i.  From each material, A, B and C, one of the sample characteristics were selected in order to compare (on one

graph) their initial efficiencies and duration of the initial period, as well as changes in flow resistance

depending on dirt absorption coefficient k.

ii.  On the example of cartridge A, changes in the number of dirt grains in the air behind the filter cartridges in

successive measuring intervals and after subsequent test cycles are presented.
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iii.  On the example of filter cartridge A and C, the particle size distribution of grains in the exhaust air was
analyzed after measurement No. 1 and after measurement corresponding to the end of the initial filtration

period.

iv.  Using the quality factor g, the filtration properties of the tested material samples were assessed.

The test is carried out to determine and compare the filtration parameters including separation efficiency, filtration
performance and pressure drop at the filter elements made of different filter media by determining the following

filtration characteristics:

a) Filtration performance d ,;max = f(km);

b) Separation efficiency ¢, = f(k,);

c¢) Pressure drop 4p,, = f(km);

d) Flow (aerodynamic) characteristics 4p,, = f(Qw);

Methods

Test on porous filter media

Tests were carried out on a test stand with a Pamas 2132 particle counter with HCB-LD-2A-2000-1 sensor. The
particle counter records the number and size of dirt particles in the air Q,, downstream of the filter element from 0.7

to 100 um at i = 32 intervals by diameter (d,min— dzmax)-

The filter element test stand: 1-filter element, 2—dirt chamber, 3—dirt dispenser, 4—rotameter, 5—U-tube
manometer, 6—measuring tube, 7—humidity, ambient air temperature and pressure measurement unit, 8—measuring
probe, 9—absolute filter, 10—sensor, 11—particle counter, 12—measuring computer, 13—suction fan, 14—

rotameter, 15—analytical balance.

For the flow characteristics, the maximum air volume flow rate calculated from the following relationship:
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Quwmax = AwV pw X 3600 (m3/h) (1)

A RIN 60 type rotameter with a measuring range of 3 to 67 m/h and accuracy class of 2.5 was used to measure the

air volume flow rate Q,,.

Filtration characteristics of the filter elements: separation efficiency ¢,, = f(k,,), filtration performance d 4 =
f (k) and pressure drop 4p,, = f(k,,) were determined using a gravimetric method at a constant filtration

rate v g, = 0.1 m/s.

Dirt mass retained by the tested filter element and the absolute filter in subsequent j cycles after time 7, (evenly
dosing time) to the filter was determined. Dirt concentration at the filter element inlet was s = 0.5 g/m®. The duration
(uniform dirt batching time) was 7, = 3 min in the initial period (1) and 7, = 9-12 min in the main period (11) of the
filter working time. After each cycle j, the following parameters were determined for the filter element: separation
efficiency, filtration performance, pressure drop and dirt absorption coefficient. Dirt mass retained by the filter
element and the absolute filter was determined using an analytical balance with a 220-g capacity and a 0.1-mg

readability.

During the measuring cycle, the particle counter was activated 60 s before the planned test end to count the number

and size of dirt particles in the air downstream of the filter.
Following points were determined after each measuring cycle j:

Pressure drop 4p,,; at the filter as a static pressure drop upstream and downstream of the filter based on the measured

height Ah,,; (after the dirt supply ended) at a U-tube manometer using the following relationship:

h. -
20 ="/ 000 P — p) - 9(Pa) @

JETIR2407584 |Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ 658


http://www.jetir.org/

© 2024 JETIR July 2024, Volume 11, Issue 7 www.jetir.org (ISSN-2349-5162)

Where p,, is the manometric liquid density (kg/m?), py is the air density (kg/m?), g is the gravitational acceleration

(m/s?).

1. Separation efficiency, as a dirt mass product m; retained by the filter and dirt mass m p, ;supplied to the filter

during the next j cycle based on the following relationship:

Mg ; Mmpg;
0i="fmp; =", +m,, X 100% (3)

2. Dirt mass loading k ,,; of the tested filter medium:

kmj = ?“m‘”"/AW (g/m*) Q)

3. Number of dirt particles N,; in the air stream downstream of the filter (passing through the filter media) in the

intervals by diameter (d ,imint0 dzimax)-
4. Filtration performance as the largest dirt particle size d,; = dpq, in the air downstream of the filter.

5. Fraction of each dirt particle size in the air downstream of the filter for each cycle:

Ny, Ny
Uy = "7/ = ZL/ 2y X 100% (5)

i=1

Where N, = Y32, N,; — the total number of dirt particles passing through the oil filter (for all measuring intervals) in

the test cycle.

Test cycle used in the study involved five counts of dirt particles from the range of 0.7 to 35 um, divided into 32

intervals by diameter (d ,imint0 dzimax)-

In accordance with the method, the following filtration characteristics were determined: separation efficiency ¢,, =

f (k.), filtration performance d e = f (k) and pressure drop 4p,, = f (k,,) of the filter elements A, B and C.
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Three specimens of each filter element with the same filter medium were tested. The flow characteristics 4p,, =

f(Q,,)were determined before the filter element tests using the test contaminant.

2.1 Simulation of Boltzmann Flow through Porous Media

A series of parameters used in the simulations are shown in Table 4.2. Pressure drop is applied between the inlet and

outlet of the channel. The flow rate Q can be computed at the outlet of the channel. The term _k/ﬂ is constant for

fixed fluid and porous media. The relationship between Q and A|Vp| is obtained using MATLAB and k/u represents

the slope of the line.

Kozeny-Carmann equation is also used to test the MATLAB code. Here we consider the porous media with porosity

¢, constituted by circular obstacles of diameter d. Varying the number N of obstacle leads different porosity of media

2 n2
in each simulation. For the given fluid and porous media, s D5/180u is constant. Therefore relation between Q and

3
(¢) /(1 — $)? is also tested for linearity and hence, validation of the model.

3. RESULT AND DISCUSSION

Results for Flow Characteristics of Filter Media

The parameters of the tested filter media based on the data provided by the manufacturer are shown in Table 2.

Table 2: Oil filter parameters

Filter Medium ldentification

Parameters . -
A (Mobil 1) B (Deutsch) C (Penzoil)
Eilter medium Synthetic media, glued Paper media, glued  Paper media, stamped
seam seam metal seam
ili 3/m2
Permeability g, (m°/m</h) at 200 3015 540 685

Pa
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Filter Medium ldentification

Parameters - ;
A (Mobil 1) B (Deutsch) C (Penzoil)

Basis weight gm (g/m?) 121 180 135

Thickness g; (um) 610 550 360

Ap,, = f(Q,,) of the filter elements were determined at 8 points for the air volume flow rate Q,, = Qumin — Qwmax-
The maximum air volume flow rate Q,,,,q Was determined for the maximum filtration rate v z,,= 0.1 m/s. For the
heavy duty truck filters, the maximum filtration rate of the filter paper is between v g, = 0.07 to 0.12 m/s. For the

filtration rate of (v g, = 0.1 m/s), the maximum air volume flow rate calculated and Q,,,q = 56 m%/h.

4
16><10 T T T T T T T T T

14

Discharge (m3/s)
® S N

()]

O 1 1 1 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Pressure drop (Pa)
Figure 1: The relationship between discharge Q calculated at the outlet and the pressure gradient for filter A.

In Figure 1, a linear increase in pressure drop Ap,, with an increase in air volume flow rate can be observed,

corresponding to the data from the literature.

The filter medium A achieves the lowest pressure drop due to high permeability (838 dm3/m?/s), significantly higher

than observed for other filter media. The pressure drop at the other filter media (B and C) is between 370 and 410 Pa.
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The significantly higher pressure drop at the filter medium for other filter media is due to a very low permeability of

the filter bed.

There were observable differences in the values of the initial filtration efficiency (for dust mass loading from 0 to 70
g/m?) for three filter cartridges). This had a direct impact on the effectiveness of the inertia and direct hooking
mechanism, which are decisive in depth filtration in the bed. In particular, it was assumed that the filter material
structure and its thickness in each filter cartridge is the same. It was also assumed that the active surface area of the
cartridges is the same. With the same value of the air stream Q during the tests, the filtration speed v, should also

be the same.

Results of Separation Efficiency Test

Separation efficiency ¢,,, filtration performance d,,,, and pressure drop 4p,, of one out of three filter element A,
B and C specimens were used in the analysis. The characteristics of three filter elements A, B and C with different

filter media have a similar form and significantly different values.

With an increase in dust mass retained by the filter layer (increase in k,, factor), separation efficiency, filtration
performance and pressure drop of the filter elements A, B and C increase, however, at a different rate and with
different initial values. The characteristics are the result of the dust particles being retained by the fiber surface and

filling the voids (pores).

By convention, the operation of the tested filter elements can be divided into two stages. The first (I), initial stage of
operation of each filter element lasts until the separation efficiency of ¢,, = 99.9% is reached. This stage is

characterized by a low initial separation efficiency, filtration performance and pressure drop.

Initial separation efficiencies of the tested filter elements vary. The lowest value (¢,,04 = 96.3%) was observed for
the filter element made of filter medium A. The filters B and C show higher initial separation efficiency, @05 =

98/9%, and ¢,,oc = 98.2% respectively.
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Results for Contaminant Mass Retained

With an increase in dust mass retained by the filtration layer (increase in k,, factor), the separation efficiency of the
tested filter elements increases. The required separation efficiency (¢,, = 99.9%—end of stage 1) is achieved by the
filter elements working in similar conditions (the same dust concentration and air volume flow rate) at different times.
Filter element A reaches efficiency of ¢,, = 99.9% at the mass loading of dust of k,,4, = 110.7 g/m?. For the elements
B and C made of different filter media, the first stage is significantly shorter. For the filter element B, stage | ends at

the mass loading of dust k,,5z = 31.9 g/m?, and for the filter element C, at the mass loading of dust k,,,c = 48.5 g/m?.

At the beginning of the filtration process, the maximum size of dust particles downstream of the filter (in the filtered
air) may vary. The largest dust particles (d,,q = 28 um) were observed downstream of the filter element A, and the
smallest (d 4 = 7.9 um), downstream of the filter element C which is strictly correlated with the initial separation

efficiency of the filter elements. This results from the higher basis weight and smaller pores of the tested filter media.

With an increase in dust mass retained by the filter bed, the particles accumulate at the surface of the porous structure
fibers and at the surface of previously accumulated particles, creating constantly growing and complex dendritic
structures (agglomerates), filling the voids between the fibers. The result of changes in the bed structure is an increase

in separation efficiency. The size of the dust particles downstream of the filter decreases gradually.

The initial stage of operation of filter element A made of cellulose is several times longer than observed for other
filter elements. It significantly affects the durability of the engine. Low separation efficiency and filtration
performance in the initial stage (after using a new filter element) results in the presence of large dust particles above
5 um, significantly affecting the premature wear of engine components, mostly piston, piston rings and cylinder
sleeves. The duration of the initial filtration stage may be reduced by using the filter medium with a layer of fibrous
membrane. High separation efficiency and filtration performance 99.9% is achieved by the filter elements much
earlier than in filters made of standard filter media (cellulose) to eliminate the effect of air impurities on premature

wear and durability of the engine.
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\Results for Particulate Size Analysis

The filtered air contains dust particles with different sizes and in different volumes. A predominant particle size is
between 0.7 and 1.1 um. With an increase in dust particle size d, in the air downstream of the filter, the number of

particles N,, is reduced, indicating the increasing separation efficiency of the tested filter medium. In the last interval,

asingle dust particle is usually present (d, = d ;4 Maximum size) that is used as a measure of filtration performance.

The fraction of particles significantly decreases with an increase in dust particle size and the filtration process
duration. The fraction of dust particles d, = 2 um for measurement no. 1 is Upl = 11.6%. For subsequent

measurements, the fraction of particles d, = 2 pm increases and for measurement no. 11 is Uy, = 1.5%. A similar
change in the share of U, of dust grains in subsequent measurement intervals in the air behind the filter element
occurs for other tested materials A, B and C. There are differences in the values of the U,, shares. The shorter the

initial period of filtration, the greater the proportion of grains with dimensions d, = 0.7-1.1 pm.

Separation Efficiency as a Function of Mass Loading of Contaminant

The accumulation of dust particles on the panel filter fibers changes the filter structure, reduces the surface area of
the air stream flow around the fibers. The aerosol flow rate increases with an increase in pressure drop at the filter
bed. An increase in pressure drop at the tested filter elements, despite similar testing conditions, differed in rate. The

pressure drop of Ap,, = 3 kPa is achieved by the filter elements after retaining different masses of dust.

Separation efficiency ¢,, and pressure drop Ap,, are computed as a function of the mass loading of dust k,,, of the
tested filter elements A, B and C. It is determined by the surface filtration during which the dust particles are retained
by the filtration layer before reaching the inside of the filter bed. At the point, the filter elements reach the pressure

drop of Ap,axc = 3 kPa, they retain and accumulate different masses of dust.

For filter element (A), the initial stage (I) is over 50% of its total service life, and significantly affects the abrasive
wear of engine components. For filter elements (C and B), the period is shorter and is 40% and 22% of its total service

life, respectively.
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In the second (1) stage of the operation of the filter elements B, C, the separation efficiency is maintained at a stable
level of ¢,, = 99.9%. For the filter element A, a slight and systematic decrease in separation efficiency can be
observed. In the last measurement, the separation efficiency was ¢,, = 99.7%. It may be due to the accumulation of

a significant amount of dust in form of extensive tree-like dendrites.

The dust particles at the top of the dendritic structures are captured and transferred to the outlet side of the filter
medium, and captured by the air stream from the engine cylinders. The decrease in the separation efficiency is related
with the maximum dust particle size, reaching higher and higher values. For the last measurement, the value was
dymaxa = 16.7 um. For the remaining filter elements, the maximum dust particle sizes d,,q, Were stable at a

significantly lower level.

Quality Factor of Test Filters

The filtration properties of the tested filter media were evaluated using a quality factor q.

_‘1“(1‘%/100)( 1 )

B Ap kPa

Where ¢, is initial efficiency of the filter bed [%],Ap - pressure drop for nominal air volume flow rate (kPa).

The calculation results indicate that the highest quality factor was observed for specimen B and specimen C: gz =
15.4 kPat and g, = 15.1 kPa?, respectively. The specimens reach higher initial values of the separation efficiency:
Pows = 99.97% and @, = 99.8%, and filtration performance in the initial stage d 4.5 below 15.8 um and below

dymaxc 7.9 UM, respectively.

A significantly lower value of the quality factor g = 10.6 kPa is achieved by specimen A as a result of lower initial
separation efficiency ¢q,4 = 96.3%. The separation efficiency is correlated with the filtration performance. Lower
separation efficiency means not only lower mass of dust retained by the filter, but also larger dust particles in the air

downstream of the filter, affecting the wear and durability of the internal combustion engine components.
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Result of Simulation of Boltzmann Flow through Porous Media

Table 3: Parameters used in the simulation of the fluid through porous media

Paramters Values Unit
Channel length, L, 0.05 m
Channel height, L,, 0.008 m
Porosity, ¢ 0.790 -
Pressure drop, Ap 0.05,0.1,0.3 Pa
Fluid kinetic viscosity, v 107 m?/s
Fluid density, p 103 kg/m?®
Relaxation time, T 0.8 -
Lattice spacing, h 5x107° M
x104

Discharge (m3/s)

T T T
—*%—k=3015 | f

k=540 |
—<— k=685

0 0.5 1

Pressure drop (Pa)

Figure 2: The relationship between discharge Q calculated at the outlet and the pressure gradient for three filters

The relationship between discharge Q calculated at the outlet and the pressure gradient Ap for filters A, B and C is

represented in the figure above. As a consequence, the relationship of discharge and the product of cross-sectional

area and the pressure gradient obtained with MATLAB is tested for linearity.
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A filter medium that exhibits a permeability profile i.e. it is not homogeneous with respect to permeability, leads to
a fast pressure drop rise at the beginning of filtration. The pressure drop of the studied filter media changes during
filtration operation. The impact of porosity depends on permeability through filter media. For high permeability, the
higher porosity induces the increase of driving force and accelerates the flow while it decelerates the flow for low
permeability by causing stronger viscous drag of the porous medium. Filter A possesses relatively high permeability
of 3015 m*m?/h compared to 540 and 685 for B and C respectively, exhibits a linear Darcy flow as depicted by the
graphical relationship between the discharge and pressure gradient of filters. Hence filter A shows a relatively high
performance and filtration effectiveness compared to B and C, and is more efficient in contamination control in engine

of heavy-duty trucks.

0.4 4

0.35 -
0.25 -
0.2 -

0.15 -

0.05 -

Figure 3: Filter costs by failure in present value at 18% discount and 1 year service life.

As shown in Figure 3, considering the relevance of the costs related to the failure presented by the case study analyzed,
it is relevant to point out that the organization will incur more than twice the amount needed to repair and maintain
each of filters A and B to curtail failure in filter C, as it exhibits the least operational efficiency.

4. CONCLUSION

At the end of our study, we can see and conclude that it is very important to exploit the advanced contamination
control in oil filters and maintenance methods. This will allow with accuracy the knowledge and understanding of
the behavior of reliability, and the availability of the heavy-duty truck studied, without neglecting the advantage of

risk control.
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The results show that the filter A has the highest operational efficiency compared to B and C with a long repair time

and cost of repair. A maintenance plan was created for the sake of reducing the time to repair and increasing the

uptime as a consequence of increasing the reliability and availability of the particular heavy-duty truck by applying

the preventive maintenance every systematic time and some remedy of the problems that cause the repair time, this

plan also consists a cure for critical failures like redesigning the conditional maintenance for the filter’s failure mode.
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