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Design of Ultrasonic Technologyo Improve the Efficiency of Car Exhaust Gas Cleaning
System
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Abstract. The article investigates the problem of harmful emissions into the environmenidtoctes with internal
combustion engines. It describes the application of ultrasonic action for cleaning exhaust gases in order to reduce the
toxicity and reduce emissions into the atmosphere. The experimental stand of ultrasonic muffler is pressatied, a

as the results of research confirming the effectiveness of ultrasonic action. Preliminary calculations are developed an
a 3D model of the ultrasonic muffler design is created, which represents an innovative solution for improving the
exhaust gas ehning system.

Keywords: internal combustion engine, exhaust gas cleaning system, car muffler design, ultrasonic gas cleaning.
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Introduction

In today's world, road transport plays a significant role in people's daily lives, prowidioidjty and comfort.
However, along with its benefits, it also brings significant negative consequences for the environment [1,2].
Automobiles with internal combustion engines, widespread throughout the world, are the main source of emissions o
harmful sibstances that pollute the atmosphere and threaten human health [3,4]. This problem is particularly acute ir
large cities and on motorways where vehicle concentrations are high.

Exhaust gases contain hundreds of different components, many of whtoltiarand lead to various chronic
and severe diseasgs6]. The existing method of internal combustion exhaust gas purification is not always reliable
during longterm vehicle operation due to the limited service life of catalytic converters [7,8]. Againgrapproach
to improve the efficiency of exhaust gas cleaning can be the application of various industrial methods such as
adsorption, absorption, filtration, electropulse and ultrasonic cle§®jh@]. However, not all of these methods can
be effectiely applied in exhaust gas cleaning systems due to the nature of automotive engines. To solve this problen
innovative approaches to improve the environmental friendliness of automobiles are needed. One of the promising
solutions is the improvement of te@haust gas cleaning system with the help of ultrasonic action.

Ultrasonic impact on gas is an effective method of cleaning based on the use of elastic vibrations of high
frequency. This method can significantly increase the degree of exhaust gas dbgainitegsifying the process of
coagulation of toxic particles [112]. The use of ultrasound also allows for a more effective impact on aggressive
impurities, which makes it promising for integration into the design of a car muffler [13,14].

2. Methods and Experiments

The scientific group of the Department of "Transpequipmentand Logistics Systems" of Karaganda
Technical University has developed an experimental stand of ultrasonic muffler, consisting of a metal case and havin
a total length of 2 med¢s and a diameter of 108 mm. This stand was made to conduct research to determine the
effectiveness of ultrasonic impact on exhaust gases from cars in order to reduce their toxicity and reduce emission
into the atmospherd-{gure 1)

Fig.1. +Experimental stand of ultrasufiter

A chematic diagram of a fulized Ultrasonic Vehicle Muffler Starigl shown in Figure 2.
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1- exhausgias inlet; 2muffler body;-pressure from the side of the engine maniftitdsdnic wave: 8ltrasonic emitter; éhaust
pipe.

Fig. 2.£Schematidiagram of a fsiked Ultrasonic Vehicle Muffler Stand
The stand consists of ultrasonigugoment, namely an ultrasonic generator and an ultrasonic emitter (Figure
3).

Fig. 3.4Ultrasonic equipment of the experimental stand

Experimental research was carried out in the laboratory of the department of "Transport Equipment and
LogisticsSystems". Experiments on ultrasonic car muffler were conducted with and without ultrasonic equipment for
a minute each, at different crankshaft speeds (1200, 1400, 1600 rpm) on the car VW Passat B3 with an engine capac
of 1800 cc. and the use of petasl fuel. After 60 seconds of muffler operation without and with ultrasonic action, gas
analyser readings were taken. The exhaust gas was directed to the ultrasonic muffler through the inlet pipe unde
pressure, depending on the values of engine crankspedd. In the muffler, when the ultrasonic equipment was
switched on, the exhaust gas was affected by ultrasonic waves of longitudinal direction. This resulted in ultrasonic
intensification of the coagulation and exhaust gas cleaning processes by igctieagarticle size at the particulate
gas collection point. The purified exhaust gas was discharged through the outlet pipe.

3. Results and discussion
The experimental results are summarised in Table 1.

Tablel. Experimental results

Indicators Enginecrankshaft speed (rev/min)
1200 1400 1600
Without With Without With Without With
ultrasound | ultrasound| ultrasound ultrasound ultrasound ultrasound
Oxygen (0y), % 17,11 17,41 17,75 17,97 18,23 18,36
Carbon monoxidg 0,31 0,22 0,36 0,32 051 0,47
KH %
Gasmoisture(%) 46 51 53 56 57 58

Based on the results obtained, graphs of changes in oxygen, carbon monoxide and gas moisture indices as
function of changes in engine crankshaft speed were drawn up (Figéyes 4
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According to the graphs in Figures64 the effect of ultrasound on the gas leads to a decrease in carbon
monoxide content and an increase in oxygen content and moisture content. These changes are due to the mechan
effect of ultrasound on the gas malégs. The increase in the rate of coagulation between harmful gas particles caused
by the effect of ultrasound promotes exhaust gas cleaning, resulting in an increase in oxygen and a decrease in carb
monoxide. In addition, the ultrasonic effect also @ages the temperature of the gas, resulting in an increase in its
moisture content. These indicators indicate the effectiveness of ultrasonic action on the exhaust gas and makes
possible to develop ultrasonic mufflers for the exhaust gas cleaning yfsiteernal combustion engines.

Based on the experimental results obtained, which confirmed the feasibility and applicability of ultrasound for
cleaning exhaust gases, we developed the design of ultraseffier. Preliminary calculations of the mainrpaneters
of its design were carried out, the results of which are presented in Table 2.

Table2. Main design parameters of the ultrasonic muffler

< Design parameters Units of measuremen Values
1 Muffler volume m® 0,015
2 Muffler length m 0,4
3 Muffler diameter m 0,21

According to the obtained calculated values of the main design parameters of the ultragfiarc its 3D
model was developedrigure 7)

T

Fig.7. 8D model of the ultrasoniffledesign

The presented "3D model" of thitrasonic muffler is a general design solution to improve the operation of
the exhaust gas cleaning system of internal combustion engines.

Conclusion

On the basis of the conducted research, a conclusion was formed about the significant potentisbitultra
impact to reduce the toxicity of exhaust gases and reduce their impact on the environment. Experimental results sho
that the application of ultrasound helps to increase the oxygen content and humidity in the gas stream, as well &
reducing the congdration of carbon monoxide, which indicates the effectiveness of ultrasonic action.
Predagayuemaya design ultrasonic muffler is an innovative solution, the use of which is appropriate for modernising
the design and improving the operation of exhaust lgasimg systems in cars with internal combustion engines. In
general, the results of research confirm the prospects of application of ultrasonic technology in the automotive industn
in order to reduce the negative impact on the environment.
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Abstract. ,Q WKLV ZRUN GHILQLWLYH WULERORJLFDO WH-\gganilZH&K FDNRJLE
assess the nature of the action of the additional composition POLYNRGb! its adaptability to higispeed, power

loading conditions and the ability to form reliable lubricating formations in conditions of insufficient lubrication. Physica
modeling of the manifestation of friction in the upper boundary of boundary lubnieeitio a friction coefficient of 0.12

Ty DV ZH Odpy &l diy ifti€tibn was performed. It was established that high contact pressures in the range
from 4.2 MPa to 8.6 MPa at the beginning of runfilgreated features of resistance to tbe/fof oil components into

the zones of the contour areas of friction interaction, which determined to a greater extent mechanical metal connectiot
ZKHQ VOLGLQJ ZLWK D VXIILFLHQW O0.KlIb &is daseHHé bdnditio@aiiodtddtdt SlitvigR Q Kk
speeds determined the number of oil molecules that were directed to the diffuser contact zone, i.e. behind the ball alor
the friction path on the surface of the rotating disk. A fundamental difference in the manifestation of POLY TR@&s

revealed when it is added to Opet Fullgear FRM 7)/CastrolSyntraxUniversal 8000 oils, which have a synthetic

base, and Castrol ATF MultiVehicle 7580 oil, which has a mineral base. Graphic patterns of changes in friction and
wear characteW WLFV KDYH EHHQ FRQVWUXFWHG |IRULYWHKHBIR@MHO FRQMXJIDWL

Keywords: transmission oil, dynamic coefficient of friction, temperature, pressure, test time, ball, disk, lubricant
formations

Introduction

Oils used in machine units antechanisms are often subjected to heavy loads, especially during cycttogtart
operation, which leads to high temperatures and pressures. This leads to unacceptable damage to the working surfaces
accordingly, to catastrophic failures. The redurctio thermomechanical stress in the contact interaction zones of the
surfaces of parts that operate when changing lubrication modes is determined by a number of factors. One of them is tl
recommended use of additive compositions (AC) in transmissiofootise lubrication of industrial engineering parts, for
example, gear transmissions of automobiles and tractors. The list of such ACs is quite wide, and each of the propost
compositions differs in the content and direction of manifestation of the impiedn®mechanisms for reducing friction and
wear [£4]. Nanopatrticles have become a new type of composition due to their size, shape and other properties. A significal
number of researchers have noted that the addition of nanopatrticles, such,an®188) nanoadditives to lubricant
compositions, effectively reduces wear and friction [3, 5, 6].

Recommendations from DC manufacturers do not fully take into account the possible features of the manifestatiot
of their tribological action when changing loadimgldubrication modes in standard mechanisms of mechanical engineering
objects, for example, in the same gears. Indicators of lubricity and tribological characteristics of oils are deterigiined usin
standard methods [9]. At the same time, the contact geoamrsimulated conditions do not always correspond to the
operational geometry of the contact of real friction pairs. Based on the establishment of patterns of changes in th
characteristics of the tribological state of known systems of structural thetadperate in extreme loading and lubrication
modes from the used DCs, it seems to be a relevant scientific and technical task considered in tribology. In this case, ti
emphasis should be on determining the ability of DC to significantly improve tifrictioih and antiwear properties of
lubricants, which can be obtained using conventional manufacturing technology.

Process fluid POLYTROR'K LY RQH Rl WKH UHSUHVHQWDWLYHV RI '& > @ 07K
petroleurbased metal treatment concentrate, which is recommended to be added to transmission oils for lubricatior
systems of units and mechanisms [8]. As a result of micediomgiical processes occurring at the peaks of irregularities, the
thinnest layers of the base metal are transformed into a new type of metal, which is much harder and has significantly grea
wear resistance. This secondary layer protects the mainrseftarfrom wear [7]. With this mechanism, a certain role will
be played by base oil molecules, which, depending on their origin, have different structures and polarities. Based on th
above, contact pressure and the structure of the base oil seemetonaéntifactors in the manifestation of the active action
of Polytro®'™®. An advertising demonstration of the Iubrication capabilities of the almeveioned POLYTRONR”XDC
FRPHY GRZQ WR VHWWLQJ XS DQ H[SHULB&tigsd R DQ BJLIFFDLIR @ RSMQAQ K UL

8
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through the tested lubricant compositions when the disk is partially immersed in them [10]. In this case, the rotationa
resistance is determined using a dial ammeter, and loading is carried out with a torqudoatiencivhich does not make
it possible to obtain a more detailed and objective picture of the manifestation of the lubrication effect behind #he classic
friction coefficient when changing the rotation speed. This is especially important to know andanddsten it comes
to high contact loads when changing lubrication modes. This approach is used by a number of researchers, for example
[11], the mechanism of tribofilm formation and destruction was carefully monitored by monitoring the frictionerteffici
throughout the test. Tribological tests carried out with limited amounts of lubricant showed a direct relationship keetween th
amount of lubricant and the time it takes for the tribofilm to break down, with tests with less amount of lubricant showing
shorter life. In [12], the authors evaluate the severe operating conditions of sliding surfaces in some modes in-which self
organization processes on friction surfaces are ineffective. This negatively affects the continuity and resistance of th
resulting Ubricating formations to destruction, and it is under such conditions that the lubrication effects need to be
LPSURYHG ,Q ZRUN > @ WKH DXWKRUV FDUULHG RXW GHIL@iWeQ¥H WU
40Ch”~ 3&X&U18WIT-L.&K ~ WR DVVHVV WKH QDWXUH RI WKH P D Q408+-aNdWV D W L
POLYTRON?7Kin them on adaptability to loading and lubrication modes, the manifestation of parameters of adhesive
properties when modeling shear on sreaed sampk It has been established that a more significant influence on the
reduction in the parameters of adhesive properties is exerted by the POLYTROMponents, which cause the formation
of secondary lubricating formations with denser structures at thesiadhboundary with metal surfaces and reduced
resistance to movement within the formed cohesive bonds betweenTthenslaimed uniqueness of enhancing the
lubricating effect of ordinary lubricants and the formation of secondaryresiatant structures metal surfaces [8, 10]
when using POLYTRON'S predetermines the need for further more applied tribological tests. This will make it possible
to supplement recommendations for its use based on the characteristics of operating modes and opetiatisgofondi
specific friction pairs of mechanisms and machine units.

The purpose of the woi& to determine the effect of the POLYTR®N composition when added to transmission
oils of various viscosity classes and bases on the pattern of changes indhteisties of the tribological state of the
LOQWHUIDFH 3UtRMWHRISSIdnQ@il BWDWLRQDU\ EDOO” G XUL Q-3pet \forteFl@a@nd?dd G H O
lubricant formations that form on friction surfaces under various lubrication conditions.

1. Research methodology

The physical modeling of the tribological state is based on the preliminary formation of lubricating formations
on the metal surfaces of smalked samples from transmission oils of different viscosity classes with the addition of
thePOLYTRONVTS composition with abundant lubrication of the contact zone, followed by their stepwise loading to
the boundary conditions of lubrication in the absence of additional oil supply to the friction zone. This mode is
considered as a type of lubri¢ditm starvation, when the concentrated volume of lubricant is not enough to replenish
layers of lubricant formations that are destroyed by friction. This approach simulates contact interaction modes wher
parts move relative to each other at the beginofrgower flow transmission, when there is no-fidldged process
of supplying lubricant to friction zones. This is especially significant when there are large contact normal pressures
with a tangential component, which certainly destroy lubricant foomatnd the material of the working surfaces of
parts. The addition of the POLYTRM ¢ FRPSRVLWLRQ LQ DFFRUGDQFH ZLWK WKH PDQ
10% of the volume of oils for manual transmissions and 5% for automatic transmissions [7], aich&dhst the
formation of lubricating formations with significantly improved awgar and antfriction characteristics. To
determine the nature of the influence of the POLYTR®Ncomposition on the tribological state of model
tribocouplings, dependinghdhe basis and viscosity of the interaction medium in a certain mode of contact interaction
of friction surfaces, transmission oils were selected and used, the performance characteristics of which are given i
Table 1.

Table 1Characteristics of transmission oils

Oil name Brief characteristics of the oif Density! D Kinematic Kinematic Viscosity
159K viscosity at viscosity at index
40°K mn¥/s 100°K mmn¥/s
Castrol synthetic, for highly loaded 0,87 40 7,5 159
ATFMultiVehicle manual transmissions of
75W-80 vehicles
OpetFullgear FRM | synthetic, for manual 0,857 58,2 9,8 153
75W-80 transmissions and highly
loaded vehicle gearboxes
CastrolSyntrax mineral, for automatic 0,893 168 17,0 108
Universal transmissions, power steerin
80W-90 of vehicles

Tribotechnical tests were carried outona SMCPDFKLQH DFFRUGLQJ WRWDKH. RQPW D
friction scheme in a cycle consisting of two stages, FigureStage No. 1 test with abundant lubrication. Stage No.
2 *testing on precreated lubricating formations without additional oil supply. After the first stage, the oil drained
from the surface of the disk, and its excess amount was removed by soakifgjtyiiper. At each stage, the friction

9
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moment and temperature were recorded, and the wear rate was calculated based on the result of the integral wear
the ball at two stages. The disk rotation frequency was 30 raimd 1000 misl. The normal loadrothe moving

contact changed stepwise and was 13N, 22N, 45N, 67N, 90N, 115N, 140N, 160N, 180N. The holding time at the
indicated normal loads was 2 minutes. With a sharp increase in movement resistance, as indicated by the frictio
machine recorder, the periment stopped. The rotating disk was installed on the lower shaft of the friction machine,
had dimensions of diameter d=50 mm, width b=12 mm and was made of steel 40X with a hardnets l[dRE,

Figure 1 f. A ball with a diameter of d=9.3 mm was mafisteel HCh 15 , with a hardness of&%HRC, was fixed

by gluing a disk into the blind holes, which was fixedly mounted on the upper shaft of the friction machine, Figure 1
b-d, f. The choice of materials for smalized samples and hardness is dud¢osimilarity with materials that are

used for the manufacture of gears, for example, for mechanisms and transmission units of cars and tractors.

Fig. 1Methodological support for experimental tests:
(a) tgeneral view of the SMi@iction machine with additional equipment;
(b) contact of sample surfaces without sithritact of sample surfaces when lubricated wittcarita(ck) of samplefaoes
when the surface of a rotating disk is damagretht{a) disk;
(f)- a stationary disk with balls.

To assess the tribological state, the following characteristics were used:

-dynamiclULFWLRQ FRHIILFLHQW KHUHLQDIWHU UHIHUUHG WR DV |
antifriction properties of lubricating formations and their ability to operate at maximum contact pressure conditions;

- the intensity of wear of thieall surface, as an indirect criterion of the ability of lubricating formations to resist
their own destruction and counteract mechanical wear of the ball surface;

- volumetric temperature of the zone of interaction of the ball with the surface of Kheaslia criterion for
assessing the general temperature state of the friction pair.

The friction coefficient was determined by the friction moment from tribograms in accordance with the load

in contact and the geometric size of the roller according toleXxpV L R Q WKH FDOFXODWLRQ DFI
M
P L 1
N r )

10
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where M - friction moment, N m, 1 grid division of the tribogram field was 0.18 0.001 N m;
r - disk radius, m;
N xnormal load, N.

The number oexperiments for each of the gear oils shown in Table 1 was n=3. To evaluate the proposed
characteristics using the grapfainalytical method, arithmetic mean values of the physical quantities under study were
used. The wear rate of the ball surface wasrdahed by the geometric parameters of ball wear along the friction
path in accordance with expression (2). In this case, the wear rate is considered as a reduced reduction in the diame
of the ball to the plane of its wear.

o 2> 2)
281N
where $- value of the area before the experiment,Zmm
S, - area values after the experiment, fnm
t +hour of the experiment, min;
r +disk diameter, m;
n +rotation frequency of the friction machine shaft, thin

To determine the degree of ball wear when testing oils, prints of the ball wear area on a horizontal surface were
used. In this case, the areas of the prints before and after the experiments were taken into account. To carry out tf
operation, the methoaof pressing the ball through tracing paper onto the surface of graph paper was used. Based on
the results of determining the areas of indentations under corresponding normal loads, normal contact pressures we
calculated. At the same time, under load$1¥-45N, the standard deviation of the contact pressurelyzds2 MPa,
that is, 8% of the average design pressures. At loads 6fl80ON, the standard deviation of the contact pressure was
1=3.9 MPa, i.e. 11% of calculated average pressures. Withinptwfied deviations, the wear area of the ball
changed with each stepwise increase in the normal load. Thus, it was possible to estimate the contact pressure in t
friction zone. The temperature state of the contact was determined ircamtaict mannemsing a Wintact WT319B

LQIUDUHG S\URPHWHU ZLWK D PHDVXUHPHQW WHPSHUDWXUH RI XS W
following indicators, Figure 2:

- rate of temperature increage ° Kmin';

- temperaturat the end of the heavy lubrication experimepsc°C;

- relative temperature difference according to lubrication conditibg$ K

120
100
80

60

Temperature (degree)

(=1
[
.

6 g 10 12 14 16
Test time (min)

1-tests with abundant lubricatides® on formed lubricating formations without additippb}

Fig. 2- Indicators for assessingahgérature state of the contact

Since the patterns of changes in the temperature state obeyed linear patterns, their graphical form was nc
given, and only the indicated indicators were considered.

2. Results and discussion

As a result of processing the obtained tribograms using Microsoft Excel Worksheet and Paint applications,
graphical patterns of changes in the dynamic coefficient of friction (FigubgsaBd the wear rate of ball samples
dependingdn the viscosity of the transmission oil (Figure 6) were constructed using arithmetic average values.

In general, based on the simulated lubrication conditions and test conditions for load and sliding speed, the
following was determined. Firstly, theredamanifestation of boundary friction according to lubrication conditions in
the upper limit limit (0.01 " -0.15) and semilry friction. High contact pressures from 4.2 MPa to 8.6
MPa created conditions of resistance to the flow of oil components into the contour areas of friction interaction, which
largely determined the mechanical metal connectionsglgtiding with a fairly high coefficient of friction of 0-3
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0.7. In this case, the conditional point contact at sliding speed determined the number of oil molecules that were
directed to the diffuser contact zone, that is, behind the ball along therfiaetth.

Secondly, there was an achievement of a constant friction regime by stabilizing the friction coefficient in the
range of 0.12.22, but no stabilization of the temperature state was observed. During the experiments, the temperaturi
constantly inceased at average rates from ®Cimint to 5°C mint?, and ranged from 22%C to 120°C. This indicated
the incompleteness of the processes of adaptability of the surface structures of the sample materials and the interacti
environment to an energetibafavorable direction.

Thirdly, it has been determined that in some cases, a simulated contact made from the materials under study
capable of operating on the created lubricating formations without additional oil supply, but with increased resistance
to movement. At the same time, the Poly#BnDC can both positively and negatively influence friction stabilization
in the presence of boundary lubrication components that are concentrated and retained in the microprofiles of thi
contact surfaces. Thisditated that the use of Polytfr DC is compatible with all transmission oils on a basic
basis, as stated by the manufacturer. However, there are peculiarities in the manifestation of the properties of D
when it is added to mineral and synthetic oilage PolytroN™ DC (hereinafter referred to as DC) appears to be a
completely petroleurbased mixture [7].

2.1 Tribological state of a model tribological coupling, which was tested with synthetic gear oil Opet
FullgearFRM 75W-80
The patterns of change fihe friction coefficient shown in Figure 3 indicate the following.

3

2
0.8
' 25 |, 4
. g o 4
g 2 0.3
g b
e S 04
8 = 3
[=]
£ g 0.3 1
-2 I 0.2 o
o = |
0.1 T a =]
0 0
o 2 4 6 § 10 12 14 16 0 2 4 ¢ 8 oW
Test time (min) Test time (min)
I T T T T T T T 1 I 1 I I I I I T 1
42 74 148 219 281 300 341 390 42 74 148 219 281 300 341 390
Design pressure (MIIa) Design pressure (MI1a)
a) b)

1 Hests with heavy lubrication, n=3602miests on formed lubricating formations without additional oil supply;, 8+86tsr
with abundant lubrication, n=10004wiests on formed lubricating formations without additional oil supply, n=1000 min

Fig. 3- The influence of load and rotation speed on the friction coefficient of a model tribocouplind~uligeate:
FRM 75V80 oila #ribological contact without BtEibblogical contact with DC

When tested under conditions of abundant lubrication, persistent lubricating layers are formed on the friction
surfaces between the surfaces, which areimdor 6 minutes without DC, and for 8 minutes with DC, reaching a
FRQVWDQW IULFWLRQ FRHIILFLHQW 1D@G® D UPWDWURWDUHHRG RBIK
That is, there was no significant effect of DC on the change imitidogical state.

When tested without additional oil supply without DC, a constant friction process is observed from 4 min. tests
at rotation speed n=300 MiIZ LWK UHDFKLQJ D FRQVWDQW IULFWLRQ FRHIILFLHQW
min!, IURP WKH VHFRQG PLQXWH WKHUH ZDV D UDSLG LQFUHDVH LQ WKH
VWRSSHG ,Q WKLV FDVH D FRQVWDQW IULFWLRQ SURFHVV WRRN SC
frequency of n=300 mihdid not result in a friction reduction effect; there was a fairly high but stable friction
FRHIILFLHQW ZKLFK FDXVHG FDWDVWURSKLF ZHDU RI WKH EDOC
minute. However, an increase in frequency to n=1000'roaused a slight decrease in friction and the ability to
operate a model tribocoupling with a decrease in the friction coefficient from 0.55 to 0.32. At the fourth minute the
experiments stopped. This effect is explained by the creation of currenticosifior the occurrence of hydraulic lift
in the contact zone.

According to the indicators of the temperature state given in Table 2, no significant changes were observed
with the exception of an increase in the rate of temperature increase by 1.4ttarfesquency of n=300 mih with
the addition of DC.

Table 2Temperature indicators whenge3piet Fullgear FRM -BaVgil
| | without DC [ with DC |
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Rotation #,°Kot Liax ° K GL°K #,°Kot Lnax ° K OL°K
speed n, mikh
300 1,4 50 6 2 55 15
1000 5 100 20 5 60 20

In terms of wear intensity, the valuase given in Table 3there are differences that are due to both the
suspension of experiments with obvious jumps in resistance to movement on the recorder, and the manifestation «
the addition of DC. Apparently, DC significantly reduces friction and wear at a frequencg@®mint, but does
not work at n=300 mif

Table 3Wear rate Is of the ball samplépil0

Rotation speed n, niin without DC with DC
300 0,4 25,3
1000 31,8 4,9

2.2 Tribological state of a model tribological coupling, which was tested with Castrdbyntrax Universal 80W-
90 synthetic gear oil
The patterns of change in the friction coefficient shown in Figure 4 indicate the following.

0.7
0.6
0,5

(=)

0.4

0.3

Friction coefficient
Friction coefficient

4 3

g 10 12 14 16
Test time (min)

=3
=]
=]
.
=3

0 2 4 6 8 10 12 14
Test time (min)

46 86 163 211 266 302 341 372 46 86 .
Design pressure (MIIa) Design pressure (Mlla)
a) b)
1 #ests with abundant lubrication, n=30@ eists on formédbricating formations without additional oil supply, =800
tests with abundant lubrication, n=180@-tésts on formed lubricating formations without additional oil supply, n=1(

T T T T T
163 211 266 302 341 372

Fig. 4- The influence of load and rotationapéeel friction coefficient of a model tribocoupling when tetSiygtraashiverse
80WO0 oik #ribological contact without Bttibblogical contact with DC

When tested under heavily lubricated conditions, thinner lubricating layers arvedf@n the friction surfaces
compared to Opet Fullgear FRM 7580 oil. Depending on the rotation speed and the presence of DC, the surfaces
of the samples are not run in equally. In this case, the output of the tribocoupling to a constant frictioerteffici
which had a value of § ZLWKRXW '& ‘B /1@minuteB, wih DC:12 minutes. At the same time, at a
rotation speed of n=1000 mtrwithout DC, the runningn time was 4 minutes, and with DC, reaching a constant
coefficient was not determined. This is explained by the visctesityerature properties of the tested oil, since its
viscosity index is significantly lower than that of Opeligear FRM 75W80 oil, Table 1 (10853), although Castrol
Syntrax Universal 8090 oil is higher in viscosity class. The mechanical properties of the lubricating formations
that are formed in this case are not sufficient to resist the convergencéactsuo provide boundary lubrication
with a low coefficient of friction. The addition of DC delays the runrim@f surfaces at low rotation speeds, and
causes dispersion of oil molecules at the peaks of microprofiles at high rotation speeds , datsamgdepleted
contact between metal surfaces. And as a consequence of what has been described, there is a greater coefficient
friction. Thus, for 4 minutes of testing tribocoupling with a DC at a rotation speed of n=1000 thenfriction
coefficient had a value of 0.3, and without a D¥D.2, respectively.

When tested without additional oil supply without adding DC, the stable process of boundary friction was
shortlived and was observed within 2 minutes. At a disk rotation frequency n=3dQasionstant friction coefficient

=0.27 occurred from the 6th minute of testing. At a disk rotation frequency n=1008 aniconstant friction
coefficient =0.2 was observed from 3 minutes of tribocoupling tests. Subsequently, the movement resistance
gradudly increased, and the rate of increase in the friction coefficient was 0.005 Titie addition of DC ensured,
starting from the 4th minute of the experiments, a steady process of contact interaction with a friction coefficient of

=0.2. That is, DC creead the conditions for the formation of more reliable lubricating formations capable of
withstanding an increase in contact pressure in the friction zone.

According to the indicators of the temperature state given in Table 4, no significant changesserredob
with the exception of an increase in the rate of temperature growth by 1.4 times at the rotation speed of the disk samp
n = 300 mint with the addition of DC. This condition was also observed for Opet Fullgear FRMSIBYII.
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Table 4Temperatearindicators when testing @l&yntrax Universal Si0\il

Rotation without DC with DC

speed n, #,°Kot Lmnax ° K aL °K #,°Kot Lmax ° K aL °K
mint
300 1,2 52 3 1,7 60 15
1000 5 100 25 5 80 20

According to the wear rate of the bsdlmple, the value of which is given in Table 5, the addition of DC causes
an increase in wear rate by 2.1 times and 3.6 times at the corresponding test frequencies. Since this test tim
characteristic is integral, greater wear, based on the graphicaldéseés (Figure 4b), appeared in the period from
the beginning of the experiments to 8 minutes of testing.

Table 5Wear rate Is of the ball sampléplo

Rotation speed n, min without DC with DC
300 3,7 7,8
1000 3,0 10,7

2.3 Tribological state of a model tribological coupling, which was tested with synthetic gear oil
CastrolATFDexronlIMultiVehicle 75W -80
The patterns of change in the friction coefficient shown in Figure 5 indicate the following.

2.5

0.9

0.8 H
£o7 i
i 0.6 %
g 05 1 £
8 04 =] B
;—E 0.3 ‘f'
0.2
0.1 3 i
0
] 2 4 6 8 0 12 14 16 14 16
Test time (min) Test time (min)
T T T T ,-‘: ‘; T T 1 T T T T T T T T 1
44 77 145 191 236 280 311 333 44 77 145 191 236 280 311 333
Design pressure (MIIa) Design pressure (MI1a)
a
) b)

1 #ests with abundant lubrication, n=30@ mists on formed lubricating formations without additional oil supply 3a=3I
tests with abundant lubrication, n=180@-tésts on formed lubricating formations without additjguig| ai#1000 rhin

Fig. 5- The influence of load and rotation speed on the coefficient of friction of a model tribocoupling wh
testing Castrol ATF Dexron Il Multi Vehi8e GiEW
a #ribological contact without Btfibbloga contaatith PolytronMTC DC

When tested under conditions of abundant lubrication without the addition of DC, a constant mode of boundary
friction was observed briefly for 2 minutes (line 3, Figure 5a) at a rotation speed of n=1080tmeirfriction
coefficient was § $W D URWDWLR Q "ViBeHitth@indl ofQhe surfadce® did not end until the end of
the experiments (line 1, Figure 4 a). It is obvious in this case that the speed of contact interaction hindered the spee
of reliable structuring of thin lubricant formations. At the same time, the high rate of entry of oil components into the
friction zone provided lower values of the friction coefficient, which at a rotation speed of n=10b@asir1.5 times
less than at frequency of n=300 mih The addition of a DC with the same features of contact interaction as without
a DC led to the achievement of steadgte friction only at the 10th minute of the experiments at a rotation speed of
n=300 min and at the 6th mirta at n=300 min (lines 1 and 3 of the figure 5 b). That is, the manifestation of the
time factor of the manifestation of the properties and action of the DC to form the corresponding lubricating formations
is obvious. But again, it is noted that the diestate of boundary friction occurred with an increase in contact pressure
with a friction coefficient of = 0.2.

When tested without additional oil supply without adding DC, the formed lubricating formations of the
lubricant layers were not able to redufriction, as evidenced by sharp jumps in the resistance to movement behind
the recorder of the friction machine and the experiments stopped. The addition of DC caused a decrease in the initi
friction coefficient by 2.5 times at a rotation speed of 08=8nin?, but its large value=0.8-1.0 caused significant
wear of the ball samples and destruction of the disk surface (Figure 1 d ), and the experiments stopped. The creat
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lubricating formations with the addition of DC did not work even at a rotapeed of n=1000 mih At the same

time, the coefficient of friction at the beginning of the tests was higher for 2.6 cuts compared to layers that were
formed without adding DC, and its growth rates were almost the same. According to the temperatuoesiigilieat

in Table 6, there was an increase in the temperature growth rate by 1.3 times at a disk rotation speed of‘h=300 mir
with the addition of DC. And at a frequency of n=1000 ‘ian the contrary, there was a decrease in the rate of
temperature iorease by 1.4 times, which correlated with a decrease in the friction coefficient. High maximum
temperatures at a frequency of n=1000 tnitso confirmed the destructive processes of friction surfaces and the
inability of the remote control to influenchkis at high sliding speeds.

Table 6Temperature indicators when testing Castrol ATF Dexron IeM6hi80ebiic

Rotation Without DC With DC

speed n, #,°Kot Linax © K aL °K #,°Kot Limax ° K L °K
min?t
300 1,3 52 8 1,7 55 16
1000 5,5 120 32 3,8 90 20

According to the wear rate of the ball sample, the value of which is given in Table 7, the addition of DC causes
a decrease in the wear rate at rotation speed n=30bbyi.6 times. This is explained by the intensification of the
formation of lubricating formations with a shorter time to reach a stable friction mode, and, accordingly, their ability
to resist destruction of the metal surfaces of the samples. At a frequency of n = 180thenmis also a decrease in
wear intensity, Wich is 6.5 times. However, such a decrease does not lead to normal mechanochemical wear, bu
causes pathological destruction of surfaces, Figure 2 d.

Table 7Wear rate Is of the ball samplépilo

Rotation speed n, niin without DC with DC
300 4,2 1,61
1000 49,1 7,5

A generalization of the identified trends in the influence of the viscosity class of transmission oil (in accordance
with Table 1, kinematic viscosity at 40 0€taken as an argument), its basis, the addition of DC, the speed mode of
contact interaction and lubrication conditions on the wear rate of the ball sample in the form of graphical patterns is
shown in Figure 6.

50 50

45 45
@ 4? = 40
- 35 E 33 :
s 30 2 3 30
o 23 725
g £ 20 :
q H oo
£ 15 LE 15 2
10 3\ ; 10 =

5 5

—
0 = 0
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Kinematic viscosity (mm?'s) Kinematic viscosity (mm?/s)

a) b)
1 #without DC; 2with DC; 3viscosity of minebalsed oil

Fig. 6- The influence of the kinematic viscosity of the transmission oil on the change in the wear rate
of the ball sample according to the test conditions and modes:
(a) tat diskotation frequency n=306;r(iiry at disk rotation frequency n=1080 min

The constructed graphical dependencies indicate the following. There is a fundamental difference in the
manifestation of DC when it is added to oils on mineral and synthasies. Firstly, for mineral oil, regardless of the
sliding speed, the formation of lubricating formations takes place, causing the intended reduction in wear rate at ¢
rotation speed of n = 300 mir(item 3, Fig. 6a), and its significant reduction at tation speed of n = 1000 min
(item 3, fig. 6b).

Secondly, for synthetic oils at low sliding speeds and a range of kinematic viscosity, for example from 58
mn/s to 168 mrf’s (Table 1), the addition of DC has a negative effect on wear. At the samét iBrmgssible to
achieve equality of wear intensity with a further increase in viscosity, i.e. more than 188. nd since the
graphical dependence is tied to a temperature 8€4@ is predicted that the viscosity can be increased by regulating
the volumetric temperature of the tribological contact. The opposite picture develops at high sliding speeds. At a
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rotation speed of n=1000 mir{item 3, Fig. 6b), the addition of DC generally has a positive effect on the formation

of wearresistant lubricang formations from oil components on both mineral and synthetic bases, but in a reduced
range of kinematic viscosity, that is from 40 Aerto 58 mri's. Starting from a viscosity of§ P #s, the strength

and composition of lubricating formations changed DC begins to have a weak negative effect on wear when added
to synthetic oils. In the range of kinematic viscosity from 14C®fsito 150 mrfis, the wear rate of the ball sample is
conditionally equal both with and without the addition of DC. Thossarnvoccurs through the same mechanisms,
which are based on the resistance to destruction of cohesive bonds of oil molecules with the active metal centers «
the sample materials under the influence of tangential shear deformations. At the same tirher inéuetase in
viscosity of more than 150 nffs causes a change in the strength of the designated adhesive bonds: with DC they
decrease due to the energetic imbalance of molemgahanical submicrosystems of lubricating formations due to

the presence afnrelated hydrocarbons; without DC they increase due to the physical density of the base hydrocarbon
compounds.

Konclusions

The results obtained in the work revealed the features of the manifestation of friction and wear of the material syster
3 ; Htransmission olive + POLYTRONS) - +&K =~ ZKHQ PRGHOLQJ WKH GHVWUXFWLRQ R
range of contact loads from 4 MPa to 40 MPa at rotation speeds of 3d0améh1000 mil 1, which reproduces the
operating conditions of gears whielbrication conditions are violated.

It has been established that, based on the totality of the obtained tribotechnical characteristics, improvement of th
lubrication effect of the considered transmission oils under the influence of POLYTR®Nposdble under certain
restrictions determined by the speed, load conditions and base oil base.

New information about the obtained patterns of changes in the coefficient of friction, wear intensity, and the
temperature state of the studied tribological contetands information about the possible consequences of using
POLYTRONMTS. At the same time, it seems possible to compare the results of tribological tests with real load operating
conditions of parts, for example gears, and consider questions aboubtheezwled use of POLYTRORE.

The authors express their gratitude to the director of AMaliys LLC for providing the POLYTROW K product
for tribological testing.
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Method of CleaningInternal Combustion Engine Radiator Tubes with Ultrasound
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Kazan (Volga region) Federal University, Kazan, Russia
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Annotation. The article provides an experimental justification for cleaning radiator tubes. The roetisists in the
destruction of slag on the inner walls of the radiator tubes due to the cavitation of water under the action of ultrasonic
waves. The description of the stand, the experimental technique and its results are given. In particular, #redspend

of the slag mass on the time of exposure to ultrasound on the tubes, the temperature of the water and its air saturati
are given. The obtained dependencies are reflected in the regression equation. The analysis of the regression equat
allowed s to determine the optimal time of exposure to ultrasound. The coefficients of the ratio of the increase in the
rate of fluid outflow from the radiator tubes, the mass of the slag and the density of the liquid before and after exposurt
to ultrasound are pposed. The design and equipment for the radiator cleaning station in the conditions of production
and their manufacture at machibeilding plants are given.

Keywords: radiator, cavitation, ultrasound, mechanical engineering, dispersion, ultrasoniatgeremitter.

Introduction

Vehicles equipped with an internal combustion engine have, with a few exceptions, a liquid engine cooling
system. The heat exchanger in this system is the radiator tubes through which the coolant is pumped [1]. Over time
as he radiator is used, it gets dirty from the outside, and slag settles on the walls in its tubes. All this leads to a decrea:
in the heat exchange of the radiator with air, overheating of the engine, deterioration of the heating system anc
incomplete combstion of fuel in the engine [2,3]. This, in turn, worsens the environment and causes various diseases.
Increased levels of air pollution caused by emissions from cars and other sources can worsen air quality and weake
human respiratory functions. This carease the risk of COVHR9 infection and worsen the severity of the disease
in those who have already been infected. [4,5,6]. To reduce the impact on the environment and improve public healtf
various measures can be taken, such as improving theenfficiof vehicles by improving the methods of car
maintenance and installing additional exhaust gas purification devices for internal combustion engines [7,8].

Currently, radiator tubes are cleaned mechanically and chemically. The mechanical methodds thegu
probe into the radiator tubes. This can damage it due to scratches and chips [9]. The chemical method consists
washing copper radiators with alkali, and aluminum radiators with acid. At the same time, parts made of other
materials corrode, strksand microcracks occur [10].

Modern mechanical engineering produces a number of devices for the diagnosis of diseases, geographic:
research, purification of gases and liquids and laundry. Ultrasonic and electric pulse methods of exhaust ga:
purification are developing prospectively. This method involves the use of ultrasonic waves to destroy pollution
particles in exhaust gases. Both of these methods are aimed at reducing the level of harmful emissions from automobi
exhaust, which contributes to imping air quality and reducing the negative impact on the environment and human
health. [11,12].

In connection with the above, we have proposed a method for cleaning the walls of the radiator from scale by
ultrasonic action on the water poured into the tubes

This method has no disadvantages of chemical and mechanical methods and is therefore relevant.

We have proposed a method for cleaning radiators by cavitating water in tubes under the action of ultrasound

The purpose of the experiment was to confirmhiyeothesis of the effectiveness of the proposed method.

The practical usefulness of the proposed method is to simplify the washing procedure and make it safer for the
structure.

The scientific novelty is in obtaining dependences of the efficiency oftoadikeaning on the mass of washed
scale, pulp density and the rate of liquid outflow from the tubes.

During the experimental study, the following tasks were solved: equipment and measuring equipment were
selected, a plan and procedure for conductingxperément were developed, controlled factors and parameters were
determined, quantitative and qualitative indicators determining the process under study were proposed, experiment:
data were obtained and experimental results were processed.

1. Methods and materials

The process of cleaning radiator tubes is carried out by cavitation of water under the influence of ultrasound.

Cavitation is a process of rapid destruction of air bubbles in a liquid having a strong destructive effect on the
contact surface [13]

The authors conducted a preliminary experiment on cleaning the radiator tubes of a car. The experiment showe
the effectiveness of the cleaning method [14]. However, due to the small size of the radiator, there was doubt abot
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the effectiveness of theqcess on large radiators. This doubt was due to the fact that the scale coefficients in this case
are not linear and it is impossible to determine a multiple of the size to change the result.

Also, a preliminary experiment, during which two maifects were considered: along and across the radiator
tubes, showed that the longitudinal effect has a more effective result in the process of cleaning the radiator witt
ultrasound. This is due to the fact that with a transverse wave, it is necessasgtite interface of the media several
times, in this case, twice the walls of each tube. This leads to a rapid attenuation of the transverse wave [14 p. B29C

To implement a preliminary experiment on ultrasonic cleaning of the radiator, a liquid evitwtbst viscosity
was selected, while the liquid was saturated with air. This is justified by theoretical assumptions, according to which
the use of a lowiscosity liquid contributes to a more efficient generation of cavitation bubbles under the iafluenc
of ultrasonic waves [14 p. B293, 15,16]. Air saturation additionally enhanced the cavitation processes, contributing to
a more efficient removal of impurities from the internal cavities of the radiator tubesgJL7,

An experimental study on cleaningethadiator of the cooling system was carried out on the radiator from the
UAZ PATRIOT car using an assembled ultrasonic installation for cleaning car radiators based on preliminary results.

The installation for cleaning radiators by ultrasound consigtseofollowing elements, shown in Figure 1.

Fig.1.dnstallation for cleaning radiators with ultrasound

To clean the radiator with an ultrasonic wave, three ultrasonic generators and emitters with a frequency of 40
kilohertz and a power of 120 wattgere used.

Longitudinal ultrasonic action was performed on the radiator by three emitters simultaneously shown in Figure
2.

b = T

Fig. 2.£The effect of ultrasound on the radiator

During the experiment, liquid parameters such as density, volume and massetermined. The following
equipment was used to determine the parameters: electronic jewelry scalB80MMeasuring cylinder 50ml.,
measuring jug 1000 ml.
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3. Experiment

In the experiment, distilled water with the lowest dynamic viscosity was usedashéng liquid. The water
was saturated with air using an air pump and heated to a temperature of 55 degrees Celsius. The selected ligL
parameters provide optimal conditions, fast and effective manifestations of cavitation processes dispsecsiten
in the radiator [1819].

The experimental study was conducted in accordance with the following procedure: pure distilled water was
poured into the radiator, the mass, volume, density and rate of water flow through the radiator were determined. The
the water was poured back, the water was saturated with air through the pump, ultrasound was applied for variou:
times and the rate of water flow through the radiator, mass, volume and density-deterngined. The determination
of liquid parameters before drafter exposure to an ultrasonic wave was carried out by weighing, which made it
possible to obtain accurate quantitative data on the mass and density of the liquid. The scale mass was determined
subtracting the mass of pure water from the total méslseoobtained pulp, which allowed to obtain the mass of
washed scale. The pulp is a liquid with scale obtained as a result of exposure to ultrasound on the radiator [20]. Sca
is solid deposits formed on the surfaces of heat exchange elements, wHereidhie heated or cooled [21]. The
efficiency of the purification process was determined by the difference obtained. Figure 3 shows the detached scal
from the internal cavities of the radiator.
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Fig. 3.#Washed scale after exposure to ultrasound

Scale formation is not only associated with the decomposition of the coolant, but also occurs due to the effect:
of additional substances such as engine oil, gasoline, solid oil and others [21,22,23]. These components can contribu
to the formation of sad deposits and affect the efficiency of heat transfer in the radiator.

3. Resultsand discussion
The conducted experiment was analyzed, as a result of which patterns were revealed and dependencies betwe
the measured parameters were obtained. Graplesphlated based on these dependencies, which made it possible to
visualize the results and better understand the effect of ultrasonic exposure on the liquid poured into the radiator.
The measured parameters were systematized and presented in tablehlmakss it possible to evaluate
changes in various parameters during the exposure to ultrasonic cleaning and to conduct a detailed analysis of tf
experimental results.

Table 1Measured parameters when exposed to ultrasound

< |Ultrasound exposur{ The masg Volume of [The density Liquid expiration[The temperature ¢( Fluid flow rate in
time inseconds of the water in  pf the liquid| time in seconds| WKH OLTX mil/s
liquid in milliliters in g/c?
grams
1 0 49,53 50 0,9906 3,34 55 299,40
2 600 51,39 50 1,0278 3,243 55 308,36
3 1200 53,74 50 1,0748 3,127 55 319,80
4 1800 57,18 50 1,1436 2,98 55 335,57

The analysis of experimental data made it possible to establish a relationship between the density and the ra
of fluid flow through the radiator, depending on the time of exposure to ultrasound, w