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Abstract

Background. More and more often lifting equipment is equipped with a hydrau-
lic drive, which allows to develop the highest tractive force. However, this type of
drive is prone to a reduction in the speed of the mechanism due to possible clogging
of the working fluid. The performance of the hydraulic system directly depends on
the cleanliness of the working fluid, which is operated in the equipment or machine.
Dirt, the presence of air, as well as the presence of metal particles formed as a result
of rubbing parts, all this negatively affects the service life and reliability of the hy-
draulic system. The paper describes a bench method of cleaning the working volume
of the hydraulic cylinder without preliminary dismantling. The principal hydraulic
scheme with a detailed description of the washing system operation is offered. The
possibility of dispersing the flushing fluid flow by air bubbles is described.

Purpose. The purpose of the research is a method of cleaning the working
volumes of hydraulic cylinders of agricultural machines without preliminary dis-
mantling

Materials and methods. In most cases, the hydraulic system is flushed with
the help of special stands. The flushing stand itself is a rather complex system of
interaction of hydraulic units

The design feature of the developed unit is the pressurized supply of a gas-liquid
mixture. It consists of air bubbles and washing liquid.

For the formation of air bubbles in the liquid a cavitator is installed. The flush-
ing liquid is fed to the cavitator due to the pressure generated on the surface of the
flushing liquid by the compressor. In parallel from the compressor there is a branch
with air to the cavitator. As a result, from the cavitator the gas-liquid mixture enters
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one of the cavities of the double-acting hydraulic cylinder. After the piston takes the
opposite extreme position, the hydraulic valve is switched, and the gas-liquid mix-
ture enters the next cavity. The process is then repeated. After the cavity has been
cleaned, the contaminants are removed by draining with the spent flushing fluid.

Results. Flushing unit with the use of air bubbles significantly increases the
viscosity of the flushing fluid, and this reduces the rate of settling only flushed con-
taminants in the cavity of the product, which improves the removal of contaminants
through the spigots.

In particular, for the mentioned parameters of the cylinder gas bubbles should be
the size of 5 mm, the speed of surfacing of which is 12.3 mm/s, which justifies the
need to fill/empty the cavity of the hydraulic cylinder within 10 seconds, at the same
time for flushing the hydraulic system create a flow of fluid with a Reynolds num-
ber of at least 4000, and the nominal pressure in the hydraulic cylinder is 18 MPa.

Conclusion. The developed basic hydraulic scheme and the proposed design
of the flushing stand provide high efficiency of the cleaning process. In addition,
the calculations and experiments confirm the correctness of the selected parameters
and schemes, which makes this method promising for wide application in industry.

Keywords: hydraulic cylinder; cleaning of the working volume; dispersing of
the flushing liquid
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Annomayus

OGocHoBaHue. Bee yarie rpy30moqbeMHY0 TEXHHKY OCHAIIAOT THPABIIH-
YECKUM TPUBOJIOM, KOTOPBIN MO3BOJISET Pa3BHBATh HAMOOJbBIIEE TATOBOE YCHUIIKE.
OnHAKO JaHHbIN BUJ IPUBOIOB CKIIOHEH K CHHKEHUIO CKOPOCTH PabOThl MEXaHU3-
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Ma 110 IPUYHHE BO3MOXKHOTO 3aCOpeHHUs paboueii )uakoctu. PaboTocrnocoOHOCTh
THJIPaBINYECKON CHCTEMBbl HANPSIMYIO 3aBUCHT OT YHUCTOTHI paboueil KUIKOCTH,
KOTOpAasi AKCIUTyaTHPYeTCs B 000pyI0BaHUH Wi MalinHe. [ psi3b, HaTMuue BO3ayXa,
a TaKk)Ke HaJIMYMe METAJNTHUCCKUX YACTHII, 00Pa30BAHHBIX B PE3YJIBTATE TPYIIUXCS
JieTalieil, BCe 3TO HEraTWBHO CKAa3bIBAETCS HA CPOKE CIIY>KObI U HAJIe)KHOCTH TH-
apocuctembl. B paborte onucaH CTEH0BBIN CIIOCOO OYUCTKH pabodero oobema ru-
JPOIMIIMHIpA 0e3 MpeIBapUTEeILHOTO IeMOHTaXKa. [IpeiokeHa MpUHIUITHATbHAS
TUIPABIMYECKAsl CXeMa C TOAPOOHBIM OIMMCAHUEM Pa0OTHI IPOMBIBOUYHOM CUCTE-
Mbl. Onucana BO3MOXHOCTD JUCIIEPIUPOBAHUS TIOTOKA MPOMBIBOYHON JKUJIKOCTH
y3bIPbKaMH BO3/1yXa

Heaw. enb vccaenoBaHms 3aKIIFOYacTCs B CMIOCO0E OUKMCTKU PaboInX 0ObEMOB
THPOLMIMHIPOB CEILCKOXO3SMCTBEHHBIX MAIIMH 0€3 MPeIBapUTEIILHOIO IEMOHTAXA

MarepuaJibl U MeTO/IbI. B OOJNBIIMHCTBE ClTy4aeB rUIPOCUCTEMY IIPOMBIBAIOT
C TMOMOIIIBIO CTICHANBHBIX CTEHI0B. CaM MPOMBIBOYHBINA CTEH/I MPEICTABISET CO-
0011 10CTaTOYHO CIIOKHYIO CUCTEMY B3aUMOZCUCTBHSI THPABINYECKIX arperaTton

KoHCTpyKTHBHOM 0COOEHHOCTBIO Pa3padaThIBAEMOM YCTAaHOBKH SIBISIETCS T10-
Jlaga 1moJ JIaBJICHUEM ra30)KUIKOCTHOM cMecu. OHa COCTOUT M3 My3bIpei BO3ayXxa
Y TIPOMBIBOYHOH JKUJIKOCTH.

Jlis 0oOpa3oBaHUs My3bIPHKOB BO3/1yXa B )KUJKOCTH YCTAaHOBJICH KaBUTATOP.
ITpombIBOYHAS KHIKOCTh MMOJACTCS K KABUTATOPY 3a CUET JIaBJICHHUS, 00pa30oBaH-
HOTO Ha MOBEPXHOCTH IPOMBIBOYHOM KHUIKOCTH KoMmpeccopoMm. [TapannensHo ot
KOMIIpECCOpa UET BETKA C BO3AYXOM K KaBUTAaTtopy. B pesynbrare ot kaBuTaropa
ra30)KUIKOCTHAS CMECh IMIOCTYIIAET B OJIHY U3 MOJIOCTEH TUAPOIMINH/IPA TBOWHOTO
nevictBus. [locne Toro kak mopieHs NPUHAMAET IIPOTUBOIIOIOKHEE KpalHee T0-
JIOXKEHUE, MIPOUCXOUT MEPEKITFOYCHUE THAPOPACTIPEACTUTEIS,  Ta30)KUKOCTHAS
CMeCh MOCTYIMAET B CIEAYIONIYIO 1moyiocTb. Jlanee npouecc noBropsiercs. [Tocne
OYKCTKH TIOJIOCTH, 3arPS3HEHUS YAAJSIOTCS MIYTEM CIIMBa BMECTE ¢ OTPabOTaHHOM
MIPOMBIBOYHOM YKHUKOCTBIO.

Pesyabrarbl. [IpoMbIBOYHAS yCTAHOBKA C IPUMEHEHUEM ITy3bIPHKOB BO3IlyXa
CYIIECTBEHHO YBEJIMYHMBACT BSI3KOCTh IPOMBIBOYHOM KHIKOCTH,  3TO CHIDKAET CKO-
POCTh OCeAaHus TOJIBKO CMBITBIX 3arpSA3HEHHU B ITOJIOCTH U3/IEITUS, YTO YITy4lIaeT
BBIBEJICHUE 3arpsA3HCHUI Yepe3 naTpyOoKu.

B wactHOCTH, 17151 YITOMSIHY TBIX TAPAMETPOB IMIMH/IPA My3bIPHKH T'a3a JO0JIKHBI
OBITh pa3MepaMu 5 MM, CKOPOCTb BCILTBITHS KOTOPBIX 12,3 MM/c, 4T0 000CHOBBIBA-
€T He0OXOIUMOCTD 3aIIOJTHEHHS/OTIOPOKHEHHS ITOJIOCTH THIPOIMIMHAPA B TCUCHHE
10 cekyHI, TP 3TO JUIs TIPOMBIBKH THIPOCHUCTEMBI CO3AIOT MOTOK JKUAKOCTH C
guciiom Pefinonbaca ve menee 4000, a HOMUHAIBHOE TaBJICHHUE B THAPOIMIINHIPE
cocrapinseT 18 Mma.
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3axuouenne. Pa3paboranHas MPUHIMIHATbHAS THAPABIHYECKAs CXeMa H
MPEIIOKEHHAS KOHCTPYKITHSI TIPOMBIBOYHOTO CTEH/IA 00ECIEUMBAIOT BBICOKYIO
3¢ PeKTUBHOCTH TIPOIEcca OUMCTKH. Kpome Toro, IpoBeIeHHBIE PaCUeThl M IKCIIE-
PUMEHTBI TOJITBEPKIAIOT MPABIIHLHOCTH BEIOPAHHBIX MTAPAMETPOB U CXEM, UTO JIe-
JIACT DTOT METOQ l'[CpCl'ICKTI/IBHI)IM JJIsA I]_II/IpOKOFO HpHMeHeHI/IH B l'[pOMbI]_UJ'ICHHOCTI/I.

KaioueBble ¢JI0Ba: THAPOIMINH/DP; OYMCTKA pabouero oobeMa; TUCTIEPTUPO-
BaHHE MPOMBIBOYHON JKUJIKOCTH

Jas uuruposanus. [Tonos, C. 1., Jlonnos, H. C., Mapuenko, 0. B., Pynoi,
. B., Onpmeckas, A. B., IIpymkos, A. C., & Terusikosa, C. B. (2025). Crioco6
OYHCTKH pabounx 00BEMOB THAPOIMINHIPOB CETLCKOXO3IHCTBEHHBIX MaIlINH 0e3
MIpeBapUTEIBHOTO NeMOoHTaxa. Siberian Journal of Life Sciences and Agriculture,
17(6-2), 746-761. https://doi.org/10.12731/2658-6649-2025-17-6-2-1577

Introduction

Reliability, serviceability and durability of hydraulic system elements di-
rectly depend on the cleanliness of internal surfaces and working fluid [1-7].
Installation — dismantling of the hydraulic system is an expensive and time-con-
suming operation. In industry, the level of cleanliness of internal surfaces of
hydraulic units is regulated by the state standard GOST 17216-2001. This stan-
dard also establishes the classification of industrial cleanliness for those fluids
that are used during the operation of the unit or aggregate, as well as equipment
or machinery.

Previously, the method of flushing with a stationary flow was actively used
to clean the hydraulic system [8-12]. However, this method has a number of
significant disadvantages, which further negatively affected the stage of con-
trolling the degree of cleanliness of the system. Thus, for example, there were
known cases when from the contaminated system after cleaning the degree of
cleanliness of the working fluid was higher than when it was poured into the
system. This is explained by the fact that the cleanliness of the fluid is controlled
at a reduced flow rate, and the process itself is characterized not by cleaning,
but on the contrary — contamination of the unit, due to the fact that particles
settle on the inner surface.

This problem is actual in the operation of truck cranes. In this case, the hy-
draulic cylinders of the crane’s support extension are subjected to contamination
of the internal cavity. Standard cleaning with washing machines as a rule does
not give a proper level of cleanliness, and on internal hollow parts, about 90%
of dirt and metal chips are removed, and residual deposits of dirt in the spigots
in such cleaning is almost impossible to remove [13-16].
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In accordance with this, to achieve the required level of surface cleanliness
it is necessary to dismantle the part, and then to clean it by immersing the hy-
draulic cylinder in an ultrasonic bath, which implies a preliminary process of
dismantling the hydraulic cylinder, consisting of several stages, including un-
screwing the nuts from the hydraulic cylinder socket and rod cavity pipeline nut,
removal of the cotter pin, washer; removal of the rod pipeline; disconnection of
the rod eye and, finally, removal of the hydraulic cylinder from the outrigger.

As can be seen, the dismantling of the hydraulic cylinder is a rather labor-in-
tensive process. Based on the above, it is proposed to use a washing stand for
washing the internal cavity of the hydraulic cylinder.

Materials and methods

In most cases, the hydraulic system is flushed with the help of special stands.
The flushing stand itselfis a rather complex system of interaction of hydraulic units.

The design feature of the developed unit is the pressurized supply of a
gas-liquid mixture. It consists of air bubbles and washing liquid.

For the formation of air bubbles in the liquid a cavitator is installed. The
flushing liquid is fed to the cavitator due to the pressure generated on the surface
of the flushing liquid by the compressor. In parallel from the compressor there
is a branch with air to the cavitator. As a result, from the cavitator the gas-liquid
mixture enters one of the cavities of the double-acting hydraulic cylinder. After
the piston takes the opposite extreme position, the hydraulic valve is switched,
and the gas-liquid mixture enters the next cavity. The process is then repeated.
After the cavity has been cleaned, the contaminants are removed by draining
with the spent flushing fluid.

Flushing is carried out by cyclic movement of the piston to the extreme po-
sitions and alternate supply of gas-liquid flow of washing fluid into the cavities
of the hydraulic cylinder. The principle scheme of operation of the flushing
stand is shown in Fig. 2.

The peculiarity of hydraulic cylinder flushing by the developed method is
in the pressurized supply of gas-liquid mixture consisting of flushing liquid and
air bubbles into the system.

The flushing stand provides for the possibility of dispersing the flushing
liquid flow by air bubbles. Air bubbles moving in the fluid flow eventually col-
lapse, releasing a large amount of kinetic energy. This process is explained by
the physics of cavitation. When a cavitation bubble collapses, it emits a wave
accompanied by hydraulic shocks, thus destroying the crystal lattice of contam-
inants on the walls of hollow parts and assemblies.
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Fig. 1. Hydraulic schematic diagram: 1 — hydraulic cylinder,

2 — piston cavity connector, 3 — stem cavity connector, 4 — discharge line, 5 — check
valve, 6 — hydraulic distributor, 7 — piston cavity cavitator, 8 — stem cavity cavitator,
9, 10 — overflow valve, 11 — drain line, 12 — compressor, 13 — piston cavity valve,
14 — stem cavity valve, 15 — flushing fluid tank, 16 — drain tank, 17 — manometer.

The flushing liquid enters the hydraulic system due to the pressure creat-
ed on the surface of the liquid by the compressor, so that the supply process
is pressurized. In parallel to the supply of the flushing liquid, gas bubbles are
introduced into the flow under pressure by means of a connection. As a result
of the interaction of the above components, a gas-liquid mixture is formed.

Moving through the high-pressure hoses, the flow enters one of the cavities
of the double-acting hydraulic cylinder, which drives the piston. After filling
the cavity and moving the piston to the opposite extreme position, the distrib-
utor is switched and the liquid is redirected to the other cavity of the hydraulic
cylinder. The process is repeated. As a result of the above manipulations, the
hydraulic cylinder cavities are cleaned and contaminants are removed by drain-
ing, together with the flushing fluid.
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Fig. 2. Schematic diagram of the flushing stand

This method will almost completely remove deposits of contamination on
the walls of the cylinder [13].

It is important to consider the size of the introduced bubbles. By their na-
ture, air bubbles are quite unstable and tend to separate from the fluid in the hy-
draulic cylinder cavity. Therefore, the air is introduced into the system at a rate
so that the size of the bubbles, resist instantaneous separation from the liquid.

Necessary sizes of bubbles are determined by the known dependences of
the speed of surfacing of bubbles on their sizes

Thus, the speed of surfacing of a single bubble, graphically can be repre-
sented as a dependency V' =f(d ) (Fig. 3).

The first region is characterized by the following indications - bubble diam-
eter does not exceed 1.5 mm, bubble motion is similar to a solid sphere, since
it is carried out under laminar flow conditions.

In the second region, the diameter of bubbles varies from 1.5 to 6 mm, it
is characterized by the absence of a tendency to increase the velocity, because
due to the oscillation of the bubble shape, its cross-sectional area increases.

The third region is characterized by the destruction of the gas bubble, since
the velocity does not increase, with constant fluctuations in the shape of the
bubble. [14]
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Fig. 3. Dependence of the floating velocity of a single bubble

Based on the graph, it can be observed that the optimal bubble popping
speed, in terms of bench performance is within 0.25 m/s.

Thus, the topic of bubble motion in liquid is raised by G. Kotkin in the arti-
cle “Pop-up air bubble and Archimedes’ law”. He compares the motion of bub-
bles in a liquid medium with the motion of weights connected by a thread and
thrown over a stationary block. One of these blocks takes the role of a bubble
with mass m, and the other takes the role of water, and its mass will be M, hence
the pushing force will be the thread T.

Then Newton’s second law will take the following form:

m-a=T-m-g @)

If the load is held, then the tension of the thread will characterize the weight
of the load mg. However, if we substitute the above equality into the equation,
we can come to a false conclusion about the huge acceleration of the bubble.

The solution to this error will be the necessity to consider the motion of the
weight of mass m and the motion of the “displaced” water.

In the booth is predominantly turbulent flow, which is created directly by
the bubbles themselves. Reducing the resistance of the medium is achieved
by communicating the fluid continuous flow direction of the bubbles popping.

Based on the above, it can be concluded that the surfacing velocity of a
group of bubbles is much higher than that of a single bubble.

The surfacing velocity of the bubble flow can be described by the equation:

V, =174 |d,- g (1)
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where dp— average bubble size. In the case of a polydisperse system under mass
bubbling, the characteristic bubble size is rather difficult to determine and can
be calculated using the formula:

025
~15 (Ggfp) 1)
Pz

For example, the following calculation example is given in the patent “Meth-
ods of flushing hollow products”. When washing a power hydraulic cylinder
with a piston diameter of 125 mm and the time of filling and draining the liquid
from the cavity of 5 s, the diameter of bubbles should be 0.2 mm or less, because
the speed of surfacing of such bubbles (2 mm/s) prevents their separation in the
cylinder cavity, and during the time of 5 s even in the absence of agitation, the
bubble manages to float by 10 mm, i.e. by 0.1 of the piston diameter.

Flushing unit with the use of air bubbles significantly increases the viscosity of the
flushing fluid, and this reduces the rate of settling only flushed contaminants in the cav-
ity of the product, which improves the removal of contaminants through the spigots.

In particular, for the mentioned parameters of the cylinder gas bubbles should be
the size of 5 mm, the speed of surfacing of which is 12.3 mm/s, which justifies the
need to fill/empty the cavity of the hydraulic cylinder within 10 seconds, at the same
time for flushing the hydraulic system create a flow of fluid with a Reynolds num-
ber of at least 4000, and the nominal pressure in the hydraulic cylinder is 18 MPa.

Y

Results

The article describes a new method of cleaning the working volumes of hy-
draulic cylinders without the need for preliminary dismantling, based on the use
of a flushing stand. This method makes it possible to effectively clean the internal
cavities of hydraulic cylinders from various contaminants, including metal chips
and other solid particles, which makes it possible to significantly extend the ser-
vice life of the equipment and increase its reliability. Cleaning is carried out with
the help of a gas-liquid mixture containing air bubbles, which contribute to the
destruction of the crystal lattice of contaminants and their effective removal from
the system. The developed basic hydraulic scheme and the proposed design of the
flushing stand provide high efficiency of the cleaning process. In addition, the cal-
culations and experiments confirm the correctness of the selected parameters and
schemes, which makes this method promising for wide application in industry.

Conflict of interest information. The authors declare that they have no
conflict of interest.
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