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

РОЗРОБКА ТА ДОСЛІДЖЕННЯ ТЕХНОЛОГІЧНОЇ СХЕМИ БЕЗКАМЕРНОГО
ФІЛЬТРУВАННЯ ВОДНИХ ТЕХНОЛОГІЧНИХ СЕРЕДОВИЩ

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.

Експлуатація, технічне обслуговування та ремонт автотранспорту призводять до
утворення різних виробничих відходів, які за певних умов шкідливо впливають на навколишнє
середовище. Вони можуть забруднювати ґрунт, водні басейни та атмосферу. Найбільш по-
ширеними та масовими виробничими відходами є відпрацьовані водні технологічні середовища
(технологічна вода, спеціальні мийні розчини) від мийних установок для зовнішнього миття
автомобілів та їх складових частин.

У процесі миття автомобілів водні середовища насичуються не тільки твердими речо-
винами (гравієм, піском, глиною, мулом, колоїдними частинками, залишками сипучих вантажів,
що перевозяться в кузовах автомобілів), а й мастилами, залишками палив. Для миття знятих з
автомобілів при ремонті деталей, вузлів та агрегатів застосовуються спеціальні мийні маши-
ни, в яких використовуються в розчиненому вигляді миючі засоби — каустична сода, тринат-
рійфосфат, рідке скло, синтетичні поверхнево-активні речовини та інші луги. Після певного
часу експлуатації миючий розчин вимагає заміни на новий, а миючий розчин, що відпрацював,
повинен утилізуватися, так як до його складу входять шкідливі речовини.

Очищення рідини від твердих забруднень та нафтопродуктів має здійснюватися пос-
тійно. Наявність забруднень знижує якість мийних операцій, погіршує експлуатаційні та фун-
кціональні властивості самих водних технологічних середовищ. Для очищення водних техноло-
гічних середовищ застосовують баки-відстійники, магнітні сепаратори, центрифуги, флота-
тори, фільтрувальні установки, магнітні фільтри, гідроциклони. Однак через певні вимоги до
якості та тонкості очищення великих витрат рідини не всі з цих пристроїв можуть бути ре-
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комендовані. Пристрої для очищення водних технологічних середовищ мають бути безперерв-
но діючими. В іншому випадку потрібно виділення додаткових площ для встановлення накопи-
чувальних ємностей. Найбільш преспективними для очищення миючих розчинів є фільтрувальні
установки.

У роботі наведена розробка технологічної схеми безкамерного очищення водних сере-
довищ від механічних домішок та мастильних матеріалів. Дана технологія дозволяє викорис-
товувати для очищення рідини синтетичні та бавовняно-паперові фільтрувальні матеріали.
Наведена методика визначення продуктивності безкамерного очищення та отримані аналіти-
чні залежності продуктивності фільтрування в залежності від режимів роботи фільтруваль-
ної установки та типу фільтрувального матеріалу.

Ключові слова: фільтрування, продуктивність, струмінь рідини, фільтрувальний
матеріал, безкамерне очищення, водне середовище.

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

Fig. 2. Nozzle design: 1 —
nozzle; 2 — tangentially embedded
pipe

Fig. 3. Fluid movement in the filter unit: υ0,  υτ,  υr, —
fluid velocity, m/s; L — distance from the nozzle to the filter
partition, mm;  α — angle of inclination of the filter partition
relative to the horizontal plane, degrees; G — is the total
weight of the liquid between sections I-I and II-II

The equation for the momentum of a fluid in the direction of its movement has the form:

å ××+=×+×× 2
22
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,                                            (1)

where w1 — is the area of the part of the filter partition onto which the liquid stream falls, m2; ∑w2 —
total area of open pores of the filter partition over an area w1,  m2; υ0, υ2 — speed of liquid movement
before and in the filter partition, m/s; ρ — liquid density, kg/m3; Rп — filter septum reaction, Н; G —
is the total weight of the liquid between sections I-I and II-II, Н; α — angle of inclination of the filter
partition relative to the horizontal plane, degrees.

When calculating the reaction Rп, it is logical to assume that the pressure РR acting on the area
of the filter partition is determined as when flowing around an obstacle, and is equal to:
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and, accordingly, the reaction itself is equal to:
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The resistance coefficient of the filter partition is determined from the following relationship

1
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w

w
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å= . (5)

Substituting expression (3) into the momentum equation (1), after some transformations we
obtain:
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The total liquid flow rate Qtl emanating from the nozzle during the filtration process is di-
vided, as shown above, into two components:

clpltl QQQ += ,                                                                 (7)
where Qpl — is the flow rate of purified liquid, m3/s; Qcl — discharge rate of contaminated liquid,
m3/s.

The flow Qpl rate can be expressed through speed υ0 and ∑w2:

npl kхwQ ××=å 22 , (8)
where kп — 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:
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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 = 10-4 m2.

The total diameter of the threads on F = 10-4 m2:
calico fabric: 2.30 =×=å oo dNN  mm; 77.4=×=å yyy dNN  mm;

kapron mesh: 4.50 =×=å oo dNN  mm; 2.7=×=å yyy dNN  mm.
Mesh size:

calico fabric: 756.0
110
2.310

0 =
-
-

=a  mm; 654.0
19
77.410

=
-
-

=ya  mm;

kapron mesh: 242.0
120
4.510

0 =
-
-

=a  mm; 2.0
115
2.710
=

-
-

=ya  mm.

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) Qtl — total fluid flow, Qtl = 0.8; 1.0; 1.2 l/s;
2) ratio Qτ/Qtl (Qτ — fluid flow through a tangentially cut nozzle), Qτ/Qtl = 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 10-3 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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а)

б)

Fig. 4. Dependencies of the performance of the filter installation on the ratio Qτ/Qtl: a) for
calico fabric; b) for kapron mesh.
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