Poznin 2. MonentoBanHs Ta ONTHUMi3allisl B TEXHOJIOT1] KOHCTPYKIIHHUX MaTepiaiB 125

DOI: 10.31319/2519-8106.2(51)2024.317525
UDC 628.32:004

Averyanov Vladimir, Candidate of Technical Sciences, Associate Professor, Department of
automobiles and transport and logistics systems

ABep’sHoB B.C., kanaumaT TeXHIYHUX HAYK, JIONEHT, Kadeapa aBTOMOOLITIB Ta TPAaHCTIOPTHO-
HOFiCTI/I‘lHI/IX CUCTEM

ORCID: 0000-0001-6594-3964

e-mail: averynov@ukr.net

Svystun Andriy, master's degree student, Department of automobiles and transport and logistics
systems

CBuctyH A.M., 3100yBau apyroro (MarictepcbKkoro) piBHs BUIIOI OCBIiTH, Kadenpa aBTOMOOLIIB
Ta TPAHCIIOPTHO-JIOTICTHYHUX CHCTEM

e-mail: Svystun@ukr.net

Dniprovsky State Technical University, Kamianske
JIHIPOBCHKHIA Jep>KaBHUM TeXHIYHUH yHiIBepcuTeT, M. Kam’sHchke

DEVELOPMENT AND RESEARCH OF A TECHNOLOGICAL SCHEME FOR
CHAMBERLESS FILTERING WATER TECHNOLOGICAL ENVIRONMENTS

PO3POBKA TA JOCJIKEHHSA TEXHOJIOTTYHOI CXEMU BE3KAMEPHOI'O
OLIIBTPYBAHHA BOJAHUX TEXHOJIOI'TYHUX CEPETOBUII

This robot has developed a technological scheme for tubeless purification of water media from
mechanical houses and oil materials. This technology allows for the purification of synthetic and cot-
ton-paper filter materials for purification. A method has been developed to increase the productivity of
chamberless purification and removal of analytical deposits and the productivity of filtration depend-
ing on the operating modes of the filter unit and the type of filter material.

Keywords: filtration, productivity, flow stream, filter material, tubeless purification.

Excnnyamayisn, mexuiune 00cny208y8anus ma pemoum agmompancnopmy npusgoosms 00
VMBOPEHHS PI3HUX BUPOOHUYUX 8i0X00i6, AKI 34 NEGHUX YMO8 WKIOIUBO GNIUBAIOMb HA HABKOJUUIHE
cepedosuwe. Bornu mooicyme 3a0pyontoeamu tpyrm, 600Hi baceinu ma ammocgepy. Haubinvw no-
WUPEHUMU MA MACOBUMU BUPOOHUYUMU 8I0X00AMU € BIONPAYbOBAHI B0OHI MEXHONO2IUHI CepedosUuIla
(mexnonociuna 6004, CneyiaibHi MUUHI POZYUHU) 810 MUUHUX YCMAHOBOK OJISl 308HIUHBO2O MUMMSL
a8moMo0inie ma ix cKiad08uUX 4ACmuH.

Y npoyeci mumms asmomobinie 600Hi cepedosuya HACULYIOMbCS He MITbKU MEEePOUMU PEYO-
suramu (epagiem, NiCKom, 2UHOI0, MYILOM, KOTOTOHUMU YACTUHKAMU, 3ATUIKAMU CUNYYUX BAHMAICIE,
WO Nepego3simvCs 8 Ky306ax A6MOoMO0INIB), a 1l MACMULAMU, 3ATUWKAMU NAUS. [IIsi MUMMSL 3HAMUX 3
asmomooinie npu peMonmi demaiell, 8Y31i68 ma azpe2amis 3acmocoO8yrOMbCsl CNEYiaIbHI MULHI Mauiu-
HU, 8 AKUX GUKOPUCMOBYIOMbCS 8 POSYUHEHOMY BUIA0T MUIOYT 3AcOOU — KAYCMUYHA cO0d, MPUHAm-
pitihocham, pioke ckno, cunmemuuHi NOBEPXHEBO-AKMUBHI peuosuru ma iHwi nyeu. Ilicis neenoeo
yacy excnayamayii Muioyuli po3uuH GUMa2ac 3amMiny Ha HOBUL, A MUIOYULL PO3UUH, WO BIONPAYIO6as,
NOBUHEH YIMUNIZY8AmMUCs, Max K 00 U020 CKIAdY 6X005Mb WKIOAUB] peyosUHU.

Ouuwennsi piounu 6i0 meepoux 3a0pyoHeHb ma Haghmonpooykmie mae 30ilUCHI8AMUC NOC-
mitino. Hasenicmo 3a0pyonens 3HUdCye AKICMb MULHUX Onepayill, no2iputye eKcniyamayiuni ma gyu-
KYIOHAMbHI 8IACMUBOCINT CAMUX BOOHUX TMEXHOIOSTYHUX cepedoguly. [ ouueHHs 0OHUX MeXHOA0-
SIYHUX cepedosuly 3acmocogyioms OaKu-6IOCMIUHUKI, MASHIMHI cenapamopu, yeHmpugyau, groma-
mopu, inbmpysanvri YCmanoexu, masHimui Qinempu, ciopoyuxionu. OOHAK yepe3 neeni sumMo2u 00
AKOCTHI MA MOHKOCMI OYUWEHHS BeIUKUX GUMPAM PIOUHU He 6CI 3 YUuX NPUCMpOoie MOAICYmMb OYmu pe-
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KomMeHnOo8aHi. Ilpucmpoi 015 ouuwyeHHs: 600HUX MEXHON0SIYHUX cepedosuly Marms Oymu besnepepes-
HO Oifouumu. B inwiomy eunaoky nompiono udiienHs 000amKosux niow Oas 6CHMAHOGIEHHS HAKONU-
yyganvHux emHocmeil. Haubinow npecnekxmusHumu 01 04UWEHHS MUIOUUX PO3UUHIE € (Dinbmpy8anvHi
YCMAaHOBKU.

Y pobomi nasedena pospobxa mexnonociuHoi cxemu OE3KAMEPHO2O OUUWEHHSA BOOHUX cepe-
008U BIO0 MEXAHIUHUX OOMIUOK MA MACMUTLHUX Mamepianie. /[ana mexHonozis 00360J€ 8UKOPUC-
mogyeamu 0I5l OYUWEHHs. PIOUHU CUHMEMUYHI Ma OA80BHAHO-NANEPOSI (ibMpPYSaibHi Mamepiaiu.
Hagedena memoouxa euznauenus npooyKmueHocmi 6€3KamepHo20 OUUWeHHs Ma OMPUMAHT aHAIMu-
YHI 3A1eHCHOCIE NPOOYKMUBHOCII (DINIbIMPYBAHHS 8 3ANEHCHOCI 810 pedicumie pobomu inbmpyeais-
HOI' yCmanoeKyu ma muny QitbmpysanibHo20 Mamepiany.

Knrwouoei cnosa: ¢inempysanns, npooyKmueHicms, CMpyMmiHb piOuHU, @QitbmpyeaivbHuil
mamepian, be3xamepHe oUUUeHH s, BOOHe cepedosuuye.

Problem’s Formulation

Operation, maintenance and repair of vehicles lead to the formation of various industrial
wastes, which, under certain conditions, have a harmful effect on the environment. They can pollute
the soil, water bodies and atmosphere. The most common and massive industrial waste is waste
aqueous technological media (process water, special washing solutions) from washing installations for
the external washing of cars and their components.

During the car washing process, aqueous environments are saturated not only with solid sub-
stances (gravel, sand, clay, silt, colloidal particles, residues of bulk cargo transported in car bodies),
but also with lubricating oils and fuel residues. To wash parts, components and assemblies removed
from vehicles during repair, special washing machines are used, which use detergents in dissolved
form — caustic soda, trisodium phosphate, liquid glass, synthetic surfactants and other alkalis. After a
certain period of operation, the cleaning solution must be replaced with a new one, and the used clean-
ing solution must be disposed of, since it contains harmful substances.

Analysis of recent research and publications

The authors in the works [1, 2] study the research of wastewater filtration using traditional me-
thods and technologies, which require bulky systems and equipment, reliable sealing between pressure
and filter elements. The disadvantages of these technologies are the low filtering performance and pe-
riodic operation of the installations.

In the works [3, 4, 5] the authors reveal the technology of cleaning mechanical impurities us-
ing gravity cleaning. This technology has many disadvantages when used in industry. Such cleaning
systems are very cumbersome, require constant cleaning and human intervention, are inefficient and
have a low degree of cleaning, and require constant improvement and modernization.

In the work [6, 7] the author reveals and conducts research on the technology of bio-logical
wastewater treatment of enterprises. This technology requires the use of a wide range of biological and
chemical reagents. This technology leads to the formation of harmful waste, which is quite difficult to
dispose of.

The technology of wastewater treatment by the method of flotation, which is considered in the
work [8] allows to increase the productivity of cleaning and to mechanize technological processes. But
the disadvantages of this technology include the average degree of purification of water environments
from lubricants and their increased emulsification during pumping by pumping stations.

Formulation of the study purpose

Cleaning the liquid from solid contaminants and petroleum products must be carried out con-
stantly. The presence of contaminants reduces the quality of washing operations and impairs the op-
erational and functional properties of the aqueous technological media themselves. To purify aqueous
technological media, settling tanks, magnetic separators, centrifuges, flotators, filter units, magnetic
filters, and hydrocyclones are used. However, due to certain requirements for the quality and fineness
of cleaning large flows of liquid, not all of these devices can be recommended. Devices for cleaning
aqueous process media must be continuously operating. Otherwise, the allocation of additional space
for the installation of storage tanks is required. The most promising for cleaning washing solutions are
filter units
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Presenting main material

The traditional technological scheme of the filtration process is based on creating a difference
in liquid pressure before and after the filter partition. This technological scheme requires the use of
discharge and drain chambers, between which a filter baffle is located. This, in turn, requires the crea-
tion of effective and reliable sealing devices for the discharge and drain chambers. In addition, the
process of purifying liquid from mechanical impurities becomes periodic and difficult to automate.

These disadvantages can be eliminated by using the energy of a swirling free jet of liquid. A
diagram of the filtration process using the energy of a swirling free jet of liquid is presented in Fig. 1.

Fig. 1. Scheme of the chamberless filtration process: 1 — nozzle; 2 — tangentially embedded
pipe; 3 — filter partition

Liquid contaminated with mechanical impurities is fed into the nozzle through a tangentially
embedded pipe 2, which serves to screw the liquid flow. During the filtering process, under the influ-
ence of the pressure of a jet of contaminated liquid, part of the total volume of liquid penetrates
through the filter partition 3. In this case, the solid particles contained in it are retained on the parti-
tion, and the purified liquid enters a container located behind the partition. The rest of the liquid vo-
lume, without penetrating the partition, is discharged back into the container with the contaminated
liquid, while simultaneously washing away the layer of sediment formed on the filter partition. Filter
partition 3 consists of a support mesh on which various filter fabrics are installed. The filter partition
can be fixed relative to the nozzle axis at an angle . = 0...90° [9].

The design of the nozzle used in the installation is shown in Fig. 2. The nozzle operates in
such a way that contaminated liquid is supplied simultaneously through nozzle 1 and tangentially em-
bedded pipe 2. The main volume of liquid is supplied through nozzle 1 and represents a liquid flow,
the speed of which is directed along the axis of the nozzle.

Through pipe 2, an additional flow of liquid is supplied, which, due to the tangential location
of the pipe relative to the nozzle, twists and, penetrating into the main flow of liquid, leads to the ap-
pearance of a tangential component of the speed of its movement in the nozzle. At the exit from the
nozzle, the liquid flow is a helical twisted compact jet, which has a large opening angle and a shorter
range compared to a straight jet.

The use of a nozzle of this type in a filter installation leads to a reduction in its overall dimen-
sions while maintaining the required performance, as well as an increase in the service life of filter
materials.



128 Matemariune monemoBanss Ne 2(51) 2024

Let's consider the movement of liquid in a filter unit. An obstacle is installed in the path of
liqguid movement — a plane perforated with holes (Fig. 3).

|Qo-Qr 1
¥

Fig. 2. Nozzle design: 1 — Fig. 3. Fluid movement in the filter unit: v, v, v, —
nozzle; 2 — tangentially embedded fluid velocity, m/s; L — distance from the nozzle to the filter
pipe partition, mm; o — angle of inclination of the filter partition

relative to the horizontal plane, degrees; G — is the total
weight of the liquid between sections I-1 and I1-11

The equation for the momentum of a fluid in the direction of its movement has the form:
c-wl-x§+G-cosa:Rn+c-2w2-x§, 1)

where w; — is the area of the part of the filter partition onto which the liquid stream falls, m?; Sw, —
total area of open pores of the filter partition over an area w;, m?; v, vy — speed of liquid movement
before and in the filter partition, m/s; p — liquid density, kg/ms; R, — filter septum reaction, H; G —
is the total weight of the liquid between sections I-1 and 11-1l, H; « — angle of inclination of the filter
partition relative to the horizontal plane, degrees.

When calculating the reaction R,, it is logical to assume that the pressure P acting on the area
of the filter partition is determined as when flowing around an obstacle, and is equal to:

PR=c-x§+E-C05a, )
1
and, accordingly, the reaction itself is equal to:
Py =Py-(w,— > w,), ©)
2 Z W2
R,=c-w,-x; +G-cosa-|1- ik 4)
1

The resistance coefficient of the filter partition is determined from the following relationship
W.
R, =1- 2% . (5)
Wl

Substituting expression (3) into the momentum equation (1), after some transformations we
obtain:
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G-cosa
X, = x§+—. (6)
\/ R'A

The total liquid flow rate Qy emanating from the nozzle during the filtration process is di-
vided, as shown above, into two components:
Qu =Qpi +Qul » (7)
where Qp — is the flow rate of purified liquid, m¥/s; Q. — discharge rate of contaminated liquid,
m/s.

The flow Qy, rate can be expressed through speed voand Y w;:

Qu = sz X, Ky 8
where k, — is a coefficient that takes into account the permeability of the filter fabric.

Taking into account dependence (6), we obtain an equation for determining the flow rate of
purified liquid during the filtration process without clogging the pores of the filter partition:

/ G-cosa
Qp,=ZW2- )Cg-i-c.—v\ll'kn. (9)

When conducting experimental studies, two types of filter fabric were used: calico and kapron
mesh [10]. In order to determine the resistance coefficient of the filter partition, the diameters of the
threads at the base and the wick were measured using an electron microscope, as well as the number of
threads on the area F = 10 m”.

The total diameter of the threads on F = 10* m*

calico fabric: )" Ng =Ng-dg =32 mm; > Ny =Ny -dy =477 mm;
kapron mesh: > Ng=Ng-do =5.4 mm; » Ny =Ny -dy, =72 mm.

Mesh size:

calico fabric: ag = 10-32 _ 0.756 mm; a, _10-477 _ 0.654 mm;

kapron mesh: ag = 10-54 _ 0.242 mm; a, = 10-7.2 _ 0.2 mm
20-1 15-1

To determine the performance of the filtering unit, the amount of purified liquid was meas-
ured. To study the modes of the filtering process, we adopt the following parameters:

1) Qu — total fluid flow, Q = 0.8; 1.0; 1.2 I/s;

2) ratio Q./Qq (Q, — fluid flow through a tangentially cut nozzle), Q/Qy = 0.25; 0.5; 0.8; 1.0.

In order to prevent premature failure of the filter partition, we place it on a metal mesh with a
mesh size of 10 m. The permeability of the filter material at the same time remains unchanged.

According to the data of experimental data processing, graphical dependencies were con-
structed, which are presented in Fig. 4. The analysis of the results of experimental studies shows that
with an increase in the ratio of tangential and total flow of liquid, the area of filtration increases due to
the opening angle of the liquid jet, and as a result, the productivity of the filtering partition increases.
With a ratio equal to 0.6—1.0, the productivity decreases, because the liquid jet goes beyond the at-
tachments of the filter partition and the hydrodynamic pressure of the jet decreases.

Conclusions

When using a new filtering technology (chamberless filtering using a free stream of liquid),
the flow rate of purified liquid initially decreases for a few minutes, and then remains stable for a long
time. This is achieved due to the fact that, under the influence of the tangential component of the ve-
locity, the denser particles of impurities located in the liquid jet are placed on the periphery of the jet
without interfering with the passage of the main mass of the liquid through the filter partition. Also,
particles of pollution that remain on the filter partition are partially washed away by the volume of
liquid that did not pass through the partition.
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Fig. 4. Dependencies of the performance of the filter installation on the ratio Q./Qy: a) for
calico fabric; b) for kapron mesh.
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