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Annotation

Aspiration system function is dust extraction in the production area and
transportation to the dust traps through the airtubes. Dust particles that are
transported through the airtube remain in certain parts of the tube, partially or
completely blocking the tube is one of the most common issues in the industrial
aspiration systems. As a result of such processes, the airtube resistance increases,
as well as the friction pressure also expands and all of the above leads to the
disruption of normal operating schedule.

Analyzing the results of a large number of studies in this area, it was found
out that dust extraction inside the airway, in the horizontal and hinged areas of the
airways and turned, disassembled, combined, as well as in parts far away from the
ventilator often occur. Therefore, as an aim of preventing the dust particles
settlement to the airtube, taking into account the peculiarities of air-dust motion
and by analyzing the principles of functioning of the methods and tools used up to
now, it is necessary to consider the ways to achieve effective functioning of the
aspiration system by research conducting.

Keywords: dust particles, ventilation, aspiration, airflow, airtubes, gas, safety,
dispersion.

Introduction.

One of the topical issues up to processes need to be stopped is

date is combating with settled dust on
the aspiration system airtube. This is
because to clean the settled dust on
the airtube is spent too much time for
the working functions like completely
stopping the aspiration system and
partially cleaning the area of settled
dust particles and due to the mixed
location of the tube with the
production facilities, such work
becomes dangerous. Also, until these
works are complete, and taking into
account that all technological

known to have a negative impact on
industrial productivity. At the same
time, it is difficult for the dust
extraction  devices to  operate
efficiently during the dust extraction
process, as it may cause system
failure.

The process of extracting
mineral resources and obtaining
raw materials out of it. In the
process of extracting mineral
resources and obtaining raw materials
out of it, during technological and



other works at the mining and
processing factories and sorting
shops, it is observed that dust
extraction in the production premises
is 10-100 times higher than the
minimum permissible concentration
(MPC). Nowadays, the aspiration
system is considered to be the most
effective  and  widespread in
precautionary measures of these
issues. The function of the aspiration
system is dust extraction in the
production area and transportation to
the dust traps through the airtubes.
Dust particles that are transported
through the airtube remain in certain
parts of the tube, partially or
completely blocking the tube is one of
the most common issues in the
industrial aspiration systems. As a
result of such processes, the airtube
resistance increases, as well as the
friction pressure also expands and all
of the above leads to the disruption of
normal operating schedule.
Depending on the danger of
combustible or explosive  dust
particles, due to the decreasing of the
transverse section area of the tube in
the airtube parts with the dust slab,
sharp increase in air flow rate and
because of the collision of dust
particles transported by the settled
dust slab, there is a risk of fire or
explosion. In addition, the excessive
amount of dust in the production
premises may be a consequence of
causing injure to laborers, and early
discontinuance of industrial materials
and technical equipment [1].

To ensure long lasting and
efficient operation of aspiration
systems, during the processes of their
planning and installation works, it is
necessary to observe accomplishment

of the following technical
specifications. For dust absorption
from the dusty area in the aspiration
system airtubes, it is desirable for the
tube to be positioned at the minimum
distance between the ventilation and
starting point of the airtube and to
have the air intake of the airtubes
relative to the horizontal plane at 45-
60° angles. The number of pumping
out nozzles in the airtubes should not
exceed six. In addition, aspiration
systems are integrated into one or
multi-purpose  devices with dust
holding capacity. For instance, if the
amount of absorbed dust exceeds 3-5
g / m3, it uses a two-stage dust
holding system. [2].

During the process of designing
aspiration systems it is determined the
velocity of the air flow depending on
the maximum size of the transported
dust particles and the type of dust.
Gaining of dust and air flow rate
increases hydraulic resistance in
aspiration lines and leads to premature
wear of the tube. Large parts of the
transported dust remain on the lower
surface of the tube and forming an
additional roughness of the tube
surface, with small dust particles
hanging up in this roughness, and
finally changing the aspiration system
parameters due to the inner air tube
[3].

For formation of the dust slab in
tubelines in turbulent airflow mode,
due to the uneven speed of dust and
air flow in the airtubes near the area
of the airtube wall which causes
settlement of dust particles instead of
its transfer [4].

The results of studies of dust-air
turbulent flow indicate that the
concentration of dust particles in the



lower part of the tube increases. Such
a transition rate leads to the
gravitational sealing of dust particles
at the bottom of the tube [1].

The results of the researches of
disperse  composition of dust
transported by the airtube inwards
of the aspiration system. As the
results of the researches of disperse
composition of dust transported by the
airtube inwards of the aspiration
system show that the large particles of
dust (25mym) at the starting point of
the aspiration system were 70%, and
the fine particles of dust (5mym) were
6-25%. In the central part of the
system large particles of dust
increased by 50%, while large
particles declined by 10-20%. The
amount of the small dust particles was
90%, and the large dust particles were
6% near the ventilator. From this
situation we see that depending on the
distance between the dusty zone and
the ventilation slopes due to the lack
of air flow velocity required for the
transport of large dust particles inside
the airtube, from the affect of gravity
force the large dust particles settling
in the inside of the tube was found out
[3]. At present, many industrial
enterprises use a large number of ripe
filters and cyclones for the dust
extraction process, because the
operation principles of these devices
is simple and high efficiency.

When comparing the technical
data of the devices with dust holding
capacity it has been established that
the effectiveness of the joining
devices can reach 80-85%, and the
cyclone can reach 95-98%. However,

the effectiveness of the devices with
dust holding capacity depends
primarily on the size of the dust
particles. For example, the
effectiveness of the cyclone at 7-10
microns dust particles is 65%, with
the efficiency of 98% at holding the
large dust particles of 15-20 microns
in size. And the effectiveness of
holding 25mym dust particles in
centrally-rotary devices was 85%, in
inertial dust holders this figure was
50-60%. It is known that aspiration
systems in the production will
eventually reduce the efficiency of
dust extraction from 70-80% to 40-
50% [3]. The results of the conducted
expert studies show that the reasons
for such low efficiency of the dus
holders are the following: the
appearance of many holes along the
airtubes of the aspiration system, the
depletion of dust particles inside the
airtube, the increased aerodynamic
barrier inside the airtubes and for
other reasons.

The geometric dimensions of the
settled dust slab were obtained by
separating the airtubes from the 16
aspiration systems operating in the
production. As a result, the degree of
the airtube cleanliness degree was
measured by the relationships of the
ratio "S" for the area that is not
covered by the dust particles and the
"Se" ratio in the area of the clean
airway (table 1.). On the basis of these
data, the extent to which the dust
particles, cyclones and the dust
particles affected by the aspiration
system were assessed to have an
effect on the dust content [4].

Table 1 — Results of inspection of aspiration systems



Number of the Cyclone The degree of dust Effectiveness of dust
aspiration system productivity Qc, cleanliness of the holders

m3/s airtube S/ Sg E, %
1 0,80 0,83 52,98
2 1,95 0,87 58,96
3 1,95 0,90 66,01
4 0,80 0,92 72,34
5 2,69 0,91 72,77
6 1,79 0,63 25,09
7 1,85 0,58 21,50
8 1,96 0,75 38,58
9 1,88 0,23 11,19
10 1,96 0,36 18,45
11 1,96 0,24 04,45
12 2,99 0,40 10,22
13 1,88 0,97 88,94
14 1,96 0,93 80,70
15 2,05 0,04 03,22
16 1,84 0,92 74,17

The extent of these parameters
depends on the distribution of dust
concentrations in the transverse
section of the airway, curvature of the
airway angle, fraction and chemical
composition of the dust and other
factors. In the vertical areas of the
airtube the dust settles in the tube only
in a case when the adhesive force of
the dust is very high. Settlement of
dust particles is most common in the
horizontal or hinge areas of the
airtube. It is recommended as an aim
of not settling the dust in these areas,
the required airflow rate must not be
less than 18-20 m/s so that the dust
passes through the air in these zones
[3]. The rate of settlement of dust
particles is the rate of diffusion
coefficient and the settlement velocity
of dust particles, which are expressed
by the local Reynolds number.
Therefore, the main factors affecting
the thickness and shape of the dust
slab are airflow velocity and dust

particles concentration. As can be
seen from the experimental results in
Table 1, as the thickness of the dust
slan in the inward of the airtube
increases, the effectiveness of the dust
holding devices is shown to be low
[4].

The air flow rate value inside the
airtube of the aspiration system, not
only during the start or stopping of the
aspiration system, as well as in the
case of the settlement of the
transported  dust  particles into
tubelines are subjects to change.
Settled dust slab in the airtubes may
block the tube completely or partially
[5].

Also, according to the total
length of the airtube, the gas velocity
IS marked by lack of fluctuation and
the diameter of the tube is equal in all
sections and the radius of the rotation
of the pipe is consistently similar, the
aerodynamic resistance of the pipe
decreases. During the operation of



such an aspiration system dust
particles conveniently settle into the
inward of the pipe.

When blasting with airflow, the
blowing force affects all the particles
in the air slab. Strength of the dust
slab is the bonding between dust
particles and the surface of the pipe

depends not only on adhesion, but
also on the interaction of dust
particles with autogheria. There are
adhesion-denudation, autoadhesion-
erosive and adhesion-autoadhesion
three types of the dust particles
extraction if the settled dust slab in
the pipe is affected by the air flow [1].

Table 2 - Autoadhesion strength of the dust slab due to different types of adhesion

Adhesion group Type of dust Autoadhesion strength of the dust
slab, mg/sm?
I non-sticky 0-200
I slightly sticky 200-2000
i medium sticky 2000-7000
\Y/ strongly sticky > 7000

During the denudation extraction
the upper surface of the dust slab is
extracted, and when the erosion it is
observed by the splitting of the dust
slab surface. In dust holding
experiments, interaction of the weight
of particles in the dust slab is of great
interest. The autoadhesion of the
dispersed mass depends not only on
the autoadhesive properties of the
material of the dust particle, but also
on other important factors. For
example, the viscosity of the dust
particles can be assessed on the basis
of the strength of the dust slab.

The physical and chemical
properties of the dust particles affect
the degree of adhesion of the dust

holding devices and the airtube walls.
Due to the degree of viscosity, dusts
are divided into 4 groups (table 2):
non-sticky, slightly sticky, medium
sticky and strongly sticky.

This classification was obtained
in the production of about 30 types of
dust without taking any objective
effects. And on an objective index, it
is possible to refer the autoadhesion
strength of the dust slab. As a result of
the measurements carried out in
relation to different types of adhesion,
it is possible to determine the
autoadhesion strength of the dust
particles. Table 3 summarizes the test
results of dust detection by cyclones
and electrostatic precipitators.

Table 3 - Autoadhesion strength of the dust slab

Place where the dust Autoadhesion Adhesion group of
Type of dust is tested strength of the dust dust
slab mg/sm?
Electrolysis:
Magnesite | square 3400 I
Il square 4960 1]
Cyclone of 408 I
Lime electrolysis:
I square 436 I
Il square 520 1
Electrolysis:




Dolomite | square 207 I
Il square 266 I
Il square 320 ]
Chamotte Electrolysis:
Il square 339 ]
Conclusion.

If any of these dust slabs appear
in normal conditions, its strenght can
be as a viscosity value of dust
particles. The relative index of the
stickyness of the dust particles, gives
an idea of the properties of the dust
slab and the behavior of the dust
particles. However, it is difficult to
determine the actual strength of the
dust slab that occurs on the walls of
the dust holding devices.

The strength of the settled dust
slab of dust particles that emerge from
devices with dust holding capacity
and other technical equipments can be
clearly identified only from the

operating devices or from the model
specimens obtained from the test.

The most effective way to
determine the strength of the dust slab
Is to determine by air erosion [2]. It
means that by gradually amplifying
the air flow index transmitted through
the slim-oriented thin tube, because of
particles extraction by the surface of
the dust slab, due to the formation of
the erosion groove, to determine the
limit speed V, of the air flow [3,5]. It
iIs not difficult to determine the
sthrengh of the dust slab with any
specific limit velocity of known
airflow.
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AcnupanusablK JKYHEHIH aTKapaTblH KbI3MET1, OHJIpic OenMeciHae maija
OOJIFaH IIAHJIBI CO-PBIN, ayaKyObIpJapbl apKbUIbl IIaH Ta3aJarbllll KYpbUIFbUIApFa
TachIMAJIJIAIl JKETKI3Y. OHIIpICTe, aCIUPAIMSIIBIK KYHeIep/Il KoaaHy OapbIChIHIa
KU1 Ke3JeCeTIH mpobieManapAblH O01pi, ayaKyObIpbl apKbUIbl TachIMaJlIaHATHIH
MaHOOJIIIEKTEPIHIH, KYOBIpJAbIH Oenrial Oip OeJiKTepiHAE OTBIPHINT KaJblIl,
KYOBIpABI KapThUlail HeMece TOJIbIKTall OiTen TacTtaybl. MYHBIH HOTHXKECIHIC
KYOBIp OOMBIHBIH KeIepricl »KOFapbuUIall, YUKEIiCKe KyMcallaThIH KbICBIM KeOein
KQJIBITITBI )KYMBIC PEXKUMI OY3bITIaIbI.

Ocpl OaFpITTa >KYPri3UI€H KOITEreH 3epTTeyJiep HOTHXKENEpiH capanTaii
KeJie, MaHOeIIEKTePIHIH ayaKyObIphl 1IIHAE OTHIPHIN Kadybl, ayaKyObIpIapbIHbIH
KOJIZICHEH KOHE EHKIII OpHAJaCKaH OeIIIKTEPIH/IE XKoHE KYObIpJIapblH OYpbUIFaH,
alpBIIBICKAH, KOCBUIFaH, COHJAH-aK O KENACTKIINTEH albic  OpHaJacKaH
OeJKTEpIHAC KU1 OpBbIH aJIaTBIHIBIFBI AHBIKTAJIbI. CoHBIKTaH,
IaHOOJIIEKTEPIHIH ayaKyObIphI 11I1H/I€ OTBIPHIN KaTyblH OOJIIbBIpMAail aJlIbIH airy
YIIIH, aya-IIaH KO3FaJbIChl MEXaHM3MIHIH EpEKIIENIKTepIH €CKepil, >KOHE OChI
yaKbITKa JEHIH KOJJAHBUIBI KEJIreH OJICTep MEH KYpalJapAblH >KYMBIC iCTEY
NPUHIIMITEPIH capanTarn, 3epTTeyyiep KYPri3y apKbUIbl, aCIUPAIMSUIBIK KYHECHIH
HOTIIKEJI1 )KYMBIC 1CTE€Y1HE KOJI )KETKI3Y KOJIJIAPbIH KapacThIpy KaxeT.

Pe3rome

Kak wu3BecTHo, paboTa acnupallMOHHOW CHUCTEMBI 3aKJIIOYaeTcs BO
BCACBIBAHUH IBUIM U3 MPOU3BOICTBEHHOTO MTOMELIEHUS, B KOTOPOM IPOBOAMIIACH
paboTta, uyepe3 TMO3QyXONpPOBOJ IYyTEM TPACIOPTUPOBKH K YCTpPOWCTBaM
MIBLIEOTCOCOB.

B mnponecce mpousBonacTBa, BO BpeMs pabOThl aCHHMPALMOHHON CHCTEMBI
ONIHOW M3 Haubojee pacnpoCTPaHEHHBIX MNPOOJEM SIBISIOTCS YaCTHUIIbl MBLIH,
KOTOpbIE B MPOIIECCE TPAHMOPTUPOBKH OCENAIOT B OMPENEIECHHBIX YacTAX TPyO U
YaCTUYHO, JUOO MOJHOCTBHIO OCTAHABIMBAIOT €€ padoTy. B pesynbrare mperpana
BJIOJIb TpyObl W JaBJeHHE TMepefarolieecs K TPEHUIO YBEJIWYMBAIOTCS U
HapyIIAeTCs MOCTOSHHBIA PEXUM PaOOTHI.

Ha ceropssmHuii J€Hb OpProMHOE KOJHMYECTBO IPOU3BOICTBEHHBIX
IIPOLIECCOB IMPOXOJAAT C BBIACICHHEM B BO3QyX BpEAHBIX BEUIECTB, IbLIH,
pa3IMyYHBIX B3BeceH, KOTOpble Marydbo BIUSAIOT Ha OOOpPYIOBaHUE U 30POBHE
nepcoHana. Panpiie, paboTHUKaM HaXOAMBIIMMCS B 30HE 3arps3HEHHOTO BO3/yXa,
BBIIAaBAJIUCH CPEICTBA MHIMBUIYaJbHOM 3alUTHI, KOTOPBIE MPEICTABISIIA COOOM
pecniupaTopsl ¢ OOBIYHBIMM  (PUIBTPaMH, HO Takas 3alluTa O0Ka3ajocCh
Ma03(pPeKTUBHOM.

OUIBTPYIOLIHUE 3JIEMEHTBI OUEHb OBICTPO 3a0MBAINCH, U PAOOTHUK MTOCTOSTHHO
oTBieKancs Ha ux 3ameHy. HO B mocineaHue Bpems JUisi OUMCTKH BO3AyXa Ha
MHOTUX HpPEINPUITUSIX CTadd HCIOJIb30BaTh OO0JI€e COBEPLIEHHYIO CHCTEMY
OYHUCTKH BO3AYIIHBIX MACC - CHCTEMY ACTIHPALUH.



CucrtemMa acnupaiiuu BO3AyXa - 3TO OJHA W3 Pa3HOBHIHOCTHEN BEHTUJISIIUHU,
MpeHa3HAUYCHHAs IS YJIAJICHUsS M3 BO3JyXa C NOCIEAYIOIIEH YyTHIu3aluen
Pa3IMYHBIX TBEPJBIX YaCTHIl, B3Beced, W3 pabOYux 30H IPOU3BOJICTBEHHBIX
IOMEIIEHUH.

Summary

The work of aspiration system is sucking of the dust, transferring it to the
vacuum cleaner devices. One of the biggest problems in the using of aspiration
system is that the parts of dust transferring via the air-channel remain in the certain
parts of the pipe and it stops the work fully or partly. As the result, the pressure
increases and the permanent work regime is disturbed.

To date, the number of production processes has been increasing, with the
release of harmful substances, dust, various suspensions into the air, which
adversely affect the equipment and health of personnel. Previously, employees
who were in the contaminated air zone were given personal protective equipment,
which were respirators with conventional filters, but such protection proved to be
ineffective.

The filter elements were quickly clogged, and the worker was constantly
distracted to replace them. BUT in recent years for cleaning air in many enterprises
began to use a more advanced system for cleaning air masses - the aspiration
system.

The air aspiration system is one type of ventilation designed to remove from
the air, followed by the disposal of various solid particles, suspensions, from the
working areas of the production premises.



