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Abstract. The subject matter of the article: Sealed extractor with pressure. The goal of the work: determination of hydrodynamic parameters of the sealed
extractor with pressure. As a result of the analysis of the technological process and equipment used in the factories for primary processing of wool,
shortcomings and problems are identified and means for their elimination are proposed. It is proposed to use small-sized equipment to work on waste-free
technology based on a hydrodynamic pressure extractor. Extraction as an efficient mass transfer process for removing organic components from aqueous
solutions has the advantages of low operating temperatures and efficiency. The design features of the sealed pressure extractor are as follows: high
angular velocities, the moment of inertia of rotating details, powerful pressure, the presence of nodes that provide a supply and discharge of liquids,
tightness. The kinematic and geometric parameters of the rotor affect the sealed extractors’ performance. In sealed extractors, the heavy fraction
in the field of centrifugal forces will accumulate on a large radius of the inner side of the rotor and for its movement it is necessary to create an excess
pressure at the extractor inlet.
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OKRESLANIE PARAMETROW HYDRODYNAMICZNYCH USZCZELNIONEGO EKSTRAKTORA

Streszczenie. Przedmiotem badan przedstawionych w artykule jest ekstraktor cisnieniowy. Celem pracy jest okreslenie jego parametrow
hydrodynamicznych. W wyniku analizy procesu technologicznego i urzqdzer stosowanych w fabrykach wstgpnego przerobu weltny zidentyfikowano
problemy i zaproponowano sposoby ich eliminacji. Proponuje si¢ wykorzystanie matogabarytowych urzqdzern do pracy w technologii bezodpadowej
opartej na hydrodynamicznym ekstraktorze cisnieniowym. Ekstrakcja jako skuteczny proces przenoszenia masy do usuwania sktadnikow organicznych
z roztworéw wodnych wykazuje zalety w postaci niskich temperatur roboczych i efektywnosci. Cechy konstrukcyjne cisnieniowego ekstraktora
cisnieniowego to duze predkosci kqtowe, moment bezwladnosSci obracajqcych sie czesci, wysokie cisnienia, obecnos¢ weztow zapewniajgcych doptyw
i odprowadzanie cieczy oraz szczelnos¢. W ekstraktorach cisnieniowych na wydajnos¢ wplywajq parametry kinematyczne i geometryczne wirnika.
W zamknigtych ekstraktorach frakcja cigzka w polu sit odsrodkowych bedzie si¢ gromadzié na duzym promieniu wewnetrznej plaszczyzny wirnika i do jej
przemieszczenia konieczne jest wytworzenie nadcisnienia na wlocie do ekstraktora.

Stowa kluczowe: ekstraktor wody, pierwotna obrobka welny, hydrodynamika przeptywu ptynéw, wirnik ekstraktora, katowa predko$¢ obrotowa

Introduction

Analysis of the work of the textile industry in recent years
gives grounds to conclude that the decline in production continues,
and the economic conditions of the operation of enterprises do not
allow stopping the decline in production [17].

The technical level of the equipment installed at the factories
for the primary processing of wool does not meet modern
requirements, and the engineering industry of Ukraine does not
produce machines and equipment for this industry [16].

Analysis of the technological process and equipment used for
the primary processing of wool revealed the following significant
disadvantages [6]:

e negative impact on the environment;
energy intensity of production;
material consumption;

large overall and mass characteristics;
poor fiber quality.

To eliminate these shortcomings, ways are outlined that, in our
opinion, allow solving the listed problems, and to do this it is
necessary:

e to develop a new waste-free technology for the primary
processing of wool;

e to develop small-sized equipment for work on a waste-free
technology based on a hydrodynamic pressure extractor with
automated control from a computer/ACS TP

1. Analysis of the latest achievements
and publications

The large number of various contaminants in industrial
wastewater determines the numerous methods, methods,
techniques and technological schemes used in their purification
[5, 7, 18, 19].

The existing cleaning methods can be divided into five groups:
mechanical group which involves averaging, aeration, settling,
sedimentation in hydrocyclones, filtering, filtration; chemical
(reagent) group which contains neutralization and filtration
through active loading, coagulation, chemical precipitation
and coprecipitation of harmful substances, oxidation and
reduction; physical-chemical group which consists of extraction,
evaporation, adsorption, ion exchange, electrocoagulation
and electrolysis, flotation, crystallization; biological group which
involves aerobic oxidation in bio-filters and in aeration tanks,
anaerobic digestion in digesters; thermal group which involves
vaporization and evaporation, waste water incineration, sludge
drying incineration.

The considered methods, in turn, are divided into regenerative
and destructive ones. Regenerative methods include most
of the physicochemical methods, such as extraction, evaporation,
adsorption, ion exchange, electrolysis, crystallization. The rest
of the methods are essentially destructive, however, in some
specific cases, they can be used to carry out regenerative
treatment, that is, to extract useful substances from wastewater.
A number of methods can be classified as widely used in the
treatment of industrial wastewater. These are, first of all, settling,
filtering, averaging, neutralization, chemical precipitation,
biological treatment [6, 8, 19].

The practice of recent years has included the method
of flotation for the purification of waste- water from the primary
processing of wool [2, 12, 20]. The treatment of wastewater
by the flotation method has a number of advantages, which
predetermines the prospects of this method and the possibility
of its use for the purification of both industrial and domestic
wastewater [1].

The disadvantages of the reagent-floatation technology
include the need to implement the flotation process at low pH
values up to 4.2 ... 4.5, it requires the use of acid-resistant
equipment not only in the treatment facilities block, but also
in the sludge treatment block [11].

artykut recenzowany/revised paper

eNolel

IAPGOS, 2/2021, 44-47

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License.
Utwor dostepny jest na licencji Creative Commons Uznanie autorstwa — Na tych samych warunkach 4.0 Miedzynarodowe.


user
Stempel


p-ISSN 2083-0157, e-ISSN 2391-6761

Analysis of the literature and the results of our own research
showed that the most acceptable method of wastewater treatment
with their return to the circulating system can be the use
of centrifugation and electro-flotation [10, 14].

The main stages of the electro-flotocoagulation process are:

1) Generation of an electrolytic coagulant;

2) Electrolytic gas generation;

3) Coagulation of impurities;

4) Fixation of electrolytic gas on the surface of coagulated

particles (formation of flotation complexes) [13, 15].

A significant disadvantage of electro-flotocoagulation
is the processes of passivation of the surface of soluble electrodes
and the adsorption of impurities on them.

Therefore, maintaining the optimal current density
is a prerequisite for the operation of the electro-coagulator [9].

The performed analysis shows that the degree of purification
depends on many factors, the main of which are: current density,
processing time, height of the liquid layer, temperature
of the liquid, and the degree of dissociation of water into ions,
estimated by the pH value.

The design features of the sealed pressure extractor are high
angular velocities, the moment of inertia of rotating parts, high
pressures, the presence of nodes that ensure the supply and
removal of liquids, and tightness. Automated control is assumed
by means of a computer/ACS TP.

2. Main research material

The purpose of the work is to determination of hydrodynamic
parameters of the sealed pressure extractor.

The main elements of equipment for the primary processing
of wool (PPW) are: a unit for washing and pressing wool,
equipment for water regeneration and fat release, a drying unit,
an automated control system for complex washing of wool.
Fig. 1 shows the block diagram of the primary processing of wool.
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Fig. 1. Block diagram of the primary processing of wool: 1 — dispenser; 2 — washing
machine; 3 — drying machine; 4 — water preparation tank; 5 — waste water
regenerator; 6 — fat accumulator; 7 — separator; 8 — fertilizer drying chamber

The process of wool processing is automated by the automated
process control system. To regulate the pressure of the fractions,
select the rotor speed, take into account design features and obtain
the best performance, it is necessary to understand the processes
taking place directly in the sealed pressure extractor.

The hydrodynamics of the flow of two immiscible liquids
through the extractor rotor equipped with perforated cylinders is
not fully studied. Experimental work made it possible to establish
only a qualitative picture of the hydrodynamic process
and the influence of individual factors on the nature of its course.

When the fluid rotates together with the rotor, the pressure
at any point located inside the working volume is determined
by the angular velocity of rotation of @ rotor, the volumetric
weight of the liquid yand the radius of the location of this point R;
from the axis of rotation [6, 8]. The calculation formula
for determining the pressure will be as follows:
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If the inner cavity of a rotating rotor is limited by cylinders
with radii R, and Ry, then the calculation is performed according
to formula 2:

@’ (R? —R?
P :M )
29

To determine the hydrodynamics during the rotation
of the rotor, a program (GIDRAVL-1) was developed. Figures 2
and 3 present graphs showing the relationship between rotor
diameter, rotor speed and developed pressure.

Demm n= 1500 min
400 / /
- in-1
300 / / n= 3000 min
200 //
/ / n= 6000 min-
100

10 20 p, kg/sm?

Fig. 2. Relationship between rotor diameter and developed pressure

The rotor of the extractor is cylindrical. With continuous
feeding of the extractor with heavy and light fractions, counter
axial flows are created in the rotor, closed in the annular space
between the rotor cylinders.
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Fig. 3. The relationship between the diameter of the rotor, the frequency
of its rotation and the developed pressure

Let us apply the Bernoulli equation for a cylindrical flow in
the field of centrifugal forces. Its form is for the case when the
liquid is only under the influence of centrifugal forces:

o’ (R? —r? 2
g+£+v—=const ®3)
2 y 2
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Consider the movement of fluid from one section to another.
Fig. 4 shows a section of flow 1 — 2 in a centrifugal field.

The equation for the real fluid flow along the rotor cylinders
will be:

2 2 2 2 2 2
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2 A 2 2 A 2

where h is the loss of specific energy of the flow between the
considered sections; a are Coriolis coefficients in the considered
sections.

Based on the above equations, we obtain the formula
for the liquid outflow from a rotating cylinder.
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Fig. 4. Section of flow 1 — 2 in a centrifugal field

Let a liquid flow out of a rotating cylinder through a hole
in the wall under a constant pressure.

To determine the rate of fluid outflow, we use equation (4),
composing it for cylindrical surfaces of radii R (outer)
and ry (inner) fluid layer. Then, neglecting the magnitude
of the velocity on the free surface of the liquid and taking
the Coriolis coefficient equal to unity, and also assuming that
the pressure in the sections is equal to atmospheric, we obtain:

a)z(Rz—roz)_VZ
22

V = o R? - 12 (6)

If the rotating cylinder is completely filled with liquid, then:
V=oR=U, (7)
Thus, when the cylinder is filled, the rate of fluid outflow
through the hole is equal to the circumferential speed of rotation
of the cylinder.
We accept the following assumptions: p, is equal to zero,
p; is not equal to zero, o = 1,
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To determine the flow rate through the hole in the cylinder,
we use the formula:

W =S fM+a)z(Rz—roz) 9)
e

where S is the cross-sectional area of the hole, ¢ is the velocity
coefficient, ¢is the compression coefficient of the jet.

The average value of the potential and kinetic energy per unit
mass of the liquid flowing through the flow section, referred
to the conditional surface, is called the specific energy.

The specific energy in a rotating cylinder is expressed
by the equation:
2
Epzla)z(Rz—roz)+£+ﬂ (10)
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Neglecting atmospheric pressure, we obtain the following
expression for the specific energy referred to the inner surface
of a rotating cylindrical rotor:
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This is the specific energy of the section.
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The volumetric velocity through the entire cross-section of the
annular flow:

N
vV =MJ‘(1<R2—F>+ 7 Inijrdl’ (12)
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where 4 is the dynamic coefficient of viscosity (nsec/m?).
After integration, transformations and reductions, we find the
volumetric velocity (m®/sec):
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3. Conclusions

The above calculation formulas describe the processes
occurring in sealed extractors. The performance in these units
is influenced by the kinematic and geometric parameters
of the rotor. In sealed extractors, the heavy fraction in the field
of centrifugal forces will accumulate on a large radius of the inner
plane of the rotor and for its movement it is necessary to create
excess pressure at the inlet of the extractor.

The results obtained make it possible to accurately compose
algorithms for the operation of a computer/ACS TP that control
the process of cleaning wool and automatic control systems
for the sealed pressure extractors. As well as supervisory control
and data acquisition (SCADA) systems, emergency protection
systems (ESD) and other smaller control systems (for example,
systems based on programmable logic controllers (PLC)) [3, 4].
The automated process control system of the wool cleaning
process has a unified operator control system for the technological
process in the form of several control panels, means for processing
and archiving information about the process, typical automation
elements: sensors, control devices, and actuators [21, 22].
Industrial networks are used for information communication
of all subsystems.

In the ACS TP system of the water purification process after
wool washing, there was a consistent increase in the complexity
of the tasks facing the control systems from the control
of individual sealed pressure extractors and parameters,
to the automation of the process as a whole, and the automation
of control systems. This makes it possible not only to carry
out effectively management and control in the production area,
but also to eliminate partially the influence of the human factor
in management, which helps to avoid mistakes. Currently,
the issues of increasing the autonomy of the ACS TP of the water
purification process after wool washing, the redistribution
of functions in the direction of increasing the load in decision-
making at the ACS are relevant. In this case, the issues
of developing the intellectual component of the automated process
control system in the direction of creating algorithms
for responding in real time to emerging critical situations during
water purification in the process of washing wool are relevant.
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