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Annotation

Combating the settled dust from the airtube aspiration system is one of the
topical issues today. This is due to the fact that cleaning of the settled dust from the
airtube requires long time to complete the cleaning of the aspiration system and
cleaning airborne dust extraction areas by means of removing it, and mixing of the
tubes with the production facilities are dangerous. However, if we take into
consideration the fact that until these works complete, all technological processes
need to be stopped and as it is well known this process will completely affect
industrial productivity in the negative way.

In the industrial practice, often a tube or channel walls are not rough, but
roughened. The roughness of the tube surface may result in increased speed of
turbulent particles, so this should be considered in advance. If the hydraulic
roughness of the surface of the wall is medium, it is possible to determine the
velocity of turbulent particles.

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

Introduction

The pulsating motion of the
particles is the uncertainty of the
amplitude and direction of the pulsed
velocity vector of the gas flowing
from one or more pulsed frequencies,
randomly obtained due to the
turbulent static regularities. The
motion of particles with turbulent
flow is much more complicated than
the laminar flow. Because of the
uneven flow of small particles in the
turbulent pulsation, the carrier gas
mole in addition to longitudinal
motion produce chaotic or vibrational

movements, which is called turbulent
particle diffusion [1].

Like gaseous motion, particles
are also randomly exposed in
pulsation and diffusion movements,
therefore static-looking particles are
naturally exposed to the effects of
gravity. At the same time, it is often
observed that the pulsation moles that
are transported are left unobserved by
a sudden rise in particles and that the
particles are not transported through
the tube [2].

Defining the process of small particles falling under gravity force



The process of falling of small
particles under the gravity force in the
turbulent flow consists of two
components: relentless low falling of
the particles at the moment of
pulsation mole transportation, and
downward or elevation of particles
along the pulsation site according to
the direction of transportation, and
it's chaotic change of amplitude in
their frequency.

As it was written in the section
above, due to the determination of the
aerosol turbulence velocity of the tube
or channel, even if the nominal
carrying capacity of the experimental
work is very high, the results obtained
will have scattered and large
deviations|[3].

Existence of such results shows
that there are many situations that can
have a detrimental effect on the
process, though it does not involve
harsh methodological errors. The
followings are a kind of such
situations: swinging flight of the solid
particle by bumping into the tube
wall, flowing of turbulent gas by
launching upon the tube wall,
becoming electrified of particles and
tube walls, roughed surface of tube
walls, defects in tube interconnection,

air flow velocity and direction change,
and the presence of temperature
gradients [3,4].

When whirling particles rolled up
or moved settling on the lower surface
of the tube wall, bumping with each
other or the tube wall, some of them
settle and some of them are objects
that are driven by a turbulent flow as a
result of a collision (fig. 1-2) [2].

The following describes the
swing leap schemes of a non-solid
spherical shape in a horizontal

channel: 6.,,, and F,. - the force of
the particle with the collision angle
corresponding to the tube wall; u;

pw
and V.- Corresponding length and

horizontal combinations of particle
velocity in the initial collision time;
F, = fF - the friction force of the

particle with the tube wall; 6, and

F. - the breakthrough force of jump
on the wall angle of the particle; F,, -
the adhesive force of the particle on

K

the wall surface [2]; U,, and
V, =kV.? - longitudinal and

transverse combination of particle
velocity in jumping (fig. 1).
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Figure 1 - The breakthrough scheme of the non-solid spherical component of the
horizontal channel wall
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Figure 2 - The scheme of forces acting on the spherical particle that is held in the
horizontal channel wall

Comparative indicators of the friction coefficient f with the velocity

regeneration coefficient Kk are given in the table 1.

Table 1 — Comparative indicators of f and k coefficients depending on the
particles and the types of wall materials

Particle material Wall material Friction coefficient | Velocity regeneration
f coefficient k
Glass Steel 0,55 0,94
Steel - 0,15 0,55
Wood - 0,6 -
Quartz Glass - 0,82
Lime - - 0,39




The breakthrough of the particle
on the wall is shown in the
longitudinal direction in the scheme.
In the theory of dynamic interactions
of bodies, the longitudinal movement
Is considered to be zero. However, at
the end of the collision, lowering the

Scientific results of schemes

We came to the following
conclusion based the scheme. Firstly,
Begnold defined, that to explain the
slope of the particle incline the
Magnus force is not needed and
secondly, when the indicators f and
kare low, it can be in contrast like
this way 0,,.. > 0.,,,. The scheme of

forces acting on the spherical particle
on the horizontal wall is shown in the
figure 2 [2].

Additional identifications: F,

and F, - the influence of the gaseous

impact on the particles on the
horizontal force, respectively, it is the
average and pulsating forces; F, - the
influence of the horizontal pulsating
force of gas; G - gravity force of the
particle; o - radius of the point of
contact of the particle with the wall.
The quantitative indicators calculated
on both schemes are low, and
therefore they are often disregarded
[1,3].

value of u,,, along with the angle &
that brings to the lowering from 6.,,,

to 0,,.<0.,, the friction of the

particle with the wall is not
reminiscent.

However, according to schemes,
there is a possibility to detect particles

settlement coefficient 7,, while the

particle is interacting with the wall.

It is known that the coefficient of
particles contained in the dry tubular
walls is directly related to their
diameter. Let us consider the
calculated values for the detection of

the content of uranium particles 7,

when the airflow u, = 7,57 m/s
(Re, =36000 ) is inside the dry
vertical tube of the wall with diameter
D =71,4mm (figure 3).

As it is shown in the figure, when
the dimension is  d <0,25, the
particles are maintained at 100% in
the tube wall, and when 50% is equal
tod =0,5-1,5mym, particles with the
dimension d > 10mym are kept at 10-
20% (particles which are put ahead,
kept at the wall much more than
others) [1,4].
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Figure 3 - Changes in particle settlement index at the time of enlargement of
uranium particle diameter when the airflow with the dry wall and diameter D =
71,4 mm in the vertical tube is u,, = 7,57 m/s (vertical lengths are the boundaries
of these index values, and points are high probability indicators are shown)

Particles in the tubes with the dry
wall depending on the size of each
other, are maintained only to a certain
limit  velocity. Calculated by
experimental results, the value of the

velocity of the uranium particles 7,

with the diameter D = 29,3mm and
dimension d = 8-9mym of the tube in
the form of the airflow rate is given. It
can be seen that the detachment

coefficient is rapidly falling in the
il

=P
22,70

interval of u,, = 11 — 16,5 m/s (figure
4) [2].

It has been determined that the
airflow velocity is not so high in the
horizontal channels. Depending on the
velocity of airflow of dust particles,
the alignment of the alumina shows
the dependence of the 35x38mm to

the lower part of the horizontal
channel on the settlement index.
(figure 5).

100

|0

60

40

—

5.5

10000

11
20000

le.5
30000

T
T m MC
Ren

alel

40000

27 5

50000

1 - centralized curve; 2 - range of scores

Figure 4 - Changes in the value of the settlement coefficient when the dry vertical
tube is inserted with the velocity of the particles airflow in the diameter of d = 8 —
9mym of uranium



It is known that the roughness of
the tube or channel walls can lead to
an increase in the hydrodynamic
barrier coefficient. Therefore, , we see

that the frictional coefficient for
rough-bend tubes rises according to
B.L. Shifrinson formula [2].

A= 0111(A9 /D, )0’25 , (1)

here A,- "convex" height, for steel

tube without joint is equal to 0,014,
for ventilation tubes is 0,15mm, for
aluminum tubes is 0,05mm, for glass
tubes is 0,001mm, for polymer tubes
is 0, and for interval tubes, roughness

is equal to Re, =4-10° —10°, we can
use Altschul formula that was
considered from the combined Blasius
and Shifrinson formulas

O L 1 1 1 1 1
0.54 1,09 1.63 2,18
1360 2730 4100 5450

Fraction 1 d = 50-60mym in dry channels; fraction 2 is the same in moist channels;
fraction 3 d =20 — 30mym in dry channels; fraction 4 is the same in moist
channels

L 1 1
3,13 3,54 3,94 435 4,90 Uy, m/c

6820 7850 8880 9900 10900 12300 Reg,

Figure 5 - Changes in the settlement factor due to the increase in the airflow
velocity of the alumina hydrogen sieve settled on the lower part of the horizontal
air tube

Increase of the value A rises the
dynamic velocity of the gas. It means
that it leads to the increase in the
velocity of settled turbulent particles.
This view can be traced from a curve
that reflects a  decrease in

A= 0,1J(A—9 + 68,5
D, Re,

It is possible to notice that the
intensity of particle settlement in the
tubes with roughness is very high, as
the particles concentration at the end

concentration when uranium aerosol
particles with a dimension of d =
16mym flows with the airflow
velocity of uy, = 5,3 m/s by the tube
with a diameter of D = 29,3 mm
(figure 6a).

) : (2)

of the tube with the length of L =
3,6m is about 25 times smaller than
the flat lower surface of the tube end

3].




If the roughness of the surface is
very high, the adhesive layer will
disappear and instead of the aerosol
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Figure 6 - Concentration curve for uranium aerosol particles flowing along the

It is possible to observe that the
intensity of settlement at the entrance
to the particles of the air tube (3) in
comparison being higher than other
parts of the tube can be seen from the
influence of flaring at the entrance to
the tube. In addition, the flare effect is
due to the incorrect connection of the
tubes. (figure 6 b).

The contraction of horizontal
cross sections in the conveyors leads
to compression of the boundary layer,
which in turn lags behind the laminar
flow to the turbulent flow. Therefore,
Reynolds number threshold values are
always higher than tube lines.
Increasing the gas speed leads to
compression of the current line.
Therefore, if the particles are not very
small, they will abstain from the gas
flow and move from the current to the
wall [3].

The expansion of the horizontal
cross section in the diffuser leads to

tube

the thickening of the boundary layer,
and when the angle of expansion is
the larger it causes it to fall away from
the tube wall. Therefore, Reynolds
number of threshold value is much
less in the diffuser compared to the
tubelines. Due to the fall in gas speed
and the breakdown of the current line,
an increase in the speed of the gas
flowing out of the particles leads to a
fluctuation of the particles from the
current line to the flow.

And in curved tubes and bumps
these two situations are immediately
observed. When the boundary layer in
the inner convex wall of the pipe is
slippery, the boundary layer falls off
the wall without falling or the
thickness of the border. Overall, the
Reynolds number of threshold values
proves to be higher than the vertical

tubes. When bend radius is R

u3

Reynolds number corresponding to
the beginning of turbulent flow in



curved tubes is determined by the

Re, =1,85-10%(d/2R,, )*°.

Reducing the bending radius
enhances the formation of the flare
process by removing the boundary
layer from the wall, and when radius
is in this way R,, <15D, the friction
on the boundary layer, and, in contrast
to the other conditions, are
significantly more weighted. First of
all, the transition from the laminar
flow of gas to turbulence changes
gradually, as if some of the
impediments arose. Flaky particles in
the gas fluctuate depending on the
outer wall of the tube because of the
centering forces [1,2]. Situations
which were given above illustrate that
the settlement of the aerosol particles
from the turbulent flow to the tube
can be greatly influenced only on the
tube elements, especially in areas
where the radius of the curvature is
not large or bent. This situation is
given in the case of the Reynolds
number Re, =1620,2830 and

5050, the tube with the diameter of D
= 16,8mm and with the length that is

following formula:

3)

equal to L = 2m, in horizontal and
vertical tubes for intermediate
modeling systems for testing with the
radius of the interconnection R,, =
80mm that is coupled with the bumps,
settlement set of dioctyl phthalate
droplets  p, =lz/cu®  with  the
dimension of d = 8mym is given by
percentage (%) (figure 7).

Although the length of the folds
Is smaller, the particle settlement is
much higher than the vertical and
horizontal parts. This can be seen in
the wvarious elements of the test
sorting system, as well as the results
of the aerosol particle settlement
(table 2).

Also, due to the specific scheme
of the tube line system, the presence
of turbulent flow of bent sections and
aerosol particles in tube lines leads to
inertial transition. Calculations of the
inertial shrinking scheme of aerosol
particles in folded tubes are reviewed
in the scientific papers [2].
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Figure 7 - A set of dioctyl phthalate shrinking droplets, marked on the test sample
modeling system (%)



It is of great interest in the data
that in the case of the Reynolds
number’s little value, the effect of the
gas flow rate on particle discharge
along the mixed airtube lines being
low. In some cases, the aerosol
particles experience an additional
inertial effect even in the vertical
areas of the pipe. This process is
called turbulence flow. This type of
motion is in the direction of the tube

and the tube joins or divides into each
other, and after the parts with other
local barriers occur in the unstable
parts of the tube's airflow, it leads to
increasing the concentration  of
particles in contact with the tube wall,
as well as intensive settlement of
small particles in the wall of the tube.
The experimental studies show that
such swirls do not exist in the vertical
parts of the pube in the airflow.

Table 2 — Experimental results obtained from the model sorting system

Part of the system

The fraction of settled particles (%)

Reynolds Number Re

1620 2830 5050
L = 2m (R1) (lower) horizontal tube 17,0 12,0 18,0
a=90%and R =80mu (K1) first bending 2,4 1,6 3,8
L = 2m (R2) (uplifted) vertical tube 0,41 0.20 0,57
a=90%and R, =80mu  (K2)second 1,7 2,6 11,0
bending
L = 2m (R3) (upper) horizontal tube 16,0 12,0 15,0
a=90%and R, =80mm (K3) third bending 0,47 13 6,4
L = 2m (R4) (not lifted) vertical tube 1,4 0,64 2,1
Filter valve <0,002 <0,002 <0,002
Overall 39,38 30,34 56,87

Results of the research

1. Depending on the value of the dust
particles in the dry air tubes, only a
certain limited velocity determinants
are maintained;

2. If the roughness of the surface is
very high, the adhesive layer
disappears, and spontaneous particle
expansion stream occurs instead of
settled velocity of aerosol particles
and turbulent transmitted velocity;

3. Increased airflow speeds can lead
to compression of the current line.
Therefore, if the particles are not very
small, they will abstain from the air
flow and increase the chance of

falling out of the current line to the
wall of the tube;

4. Even in vertical areas of the tube,
aerosol particles experience an
additional inertial effect. This view is
called turbulence flow. This type of
motion, in the turned place of the
tube, and when the tube joins or
divides into each other, and after the
parts with other local barriers, the air
flow of the tube occurs on unstable
areas, and leeds to the concentration
of particles leaning on the back of the
tube wall increases, as well as small



particles intensively settle onto the tube wall.
References

1. Adjustment and regulation of ventilation and air conditioning systems.
Reference Manual. — M.: Stroyizdat, 1980. - 448 page.

2. Mednikov E.P. Turbulent transport and aerosol deposition. — M.: The
science, 1981. - 173 page.

3. Akimbekov A.K., Akimbekova N.N. The mathematical model of the
influence of dust deposits on the aerodynamic resistance of pipelines //
Proceedings of KSTU. Release 3. Karaganda, 1998. P.172-173.

4. Kharkovskiy V.S., Akimbekova N.N. On the issue of coal dust deposition
in mine workings and pipelines // Natural and intellectual resources of Siberia.
Materials of the X International Scientific and Practical Conference. — Kemerovo,
2004. P.91-93.

5. Akimbekov A.K., Zholmagambetov N.R. Koceimiia aya arblHBIH Oepy
KE31HJIe JKEIJIETY JKYMECIHIH KYOBIPBIHIAFbl ayaHbIH KbUIIAMIBIKTHI aFbIHBIHBIH
e3repyiH tannay // KapMTYVY, «YauBepcurer enbekTepi», Ne3d, 2006.

Tyiiin

AcnupanuibiK JKyle ayakyObIphl 11IIHE OTBIPBIN KajfaH IIaHMEH KYpecy,
Oyrinri KyHi e3ekTi macenenepaid Oipi. CeOebdi, ayakyObIpbl IMIIHAE OTBIPHIT
KaJqFaH IIaHObl Ta3apTy VIIHACTHPAIMSUIBIK JKYHEHI TOJIBIKTAl TOKTATHII,
MIaHOOJIIIIEKTEPl OTHIPHIN KaJfaH aliMaKTapbhlH OOJIIEKTEN aixy apKbUIbITazaiay
YKYMBICTApBIH JKYPri3y YIIiH, KO YaKbIT KaKET >KOHE KYOBIpJapAblH OHJIPICTIK
KYPBUIFBIJITAPDMEH apajac OopHajacyblHa OaiIaHBICTBI, MYHAAM >KYMBICTApJbI 1CKE
acelpy KayinTi. CoHpai-ak, OChl >KYMBICTAp TOJIBIFBIMEH asKTaJFaHIIa OapIIbIK
TEXHOJIOTUSIJIBIK TPOLIECTEP TOKTATHUIYbI KAkET EKEHIITIH €CKePCEK, OHEPKICII
OHIMJIUIITIHE KAHIIIAJBIKTBI KEP1 9CEPIH TUTI3ETIHIT OCNT1i.

OnpipicTik Toxipubene keOiHe KYObIp HeMece KaHal KaObIpFajlapbIHBIH
Temn-Teric 0onmMail, kemip-OyabIpibl Oomysl xkui kezaeceni. KyOvip OeTiHiH Kemip
OyneIpabl  O00MybI, OemeKTepAiH TYpOYJIEHTTIK OTBIPY SKbUIIAMIIBIFBIHBIH
YKOFapbUTayblHa OKEJIe/i, COHJBIKTAH OYJI >KaFdai/ibl ajJblH ajla €CKepPTy KaxerT.
Erepne kaObipra O€TiHIH THAPABIMKAIBIK KeAip OyAbIpbl opTaiia 60jaThiH 00Jca,
OHJ1a OeJIeKTepAIH TYPOYIEHTTIK OTIPY JKbUIIaM/IbIFbIH aHBIKTayFa O0JIaIbl.

Pe3rome

Bboprba ¢ oceBiteli MbUTHI0 BHYTPH TPYOOIIPOBOIOB ACTIUPAITMOHHON CHUCTEMBI
HA CETOMHAIIHUN JICHb SBJSICTCS OJIHUM W3 KIIIOYEBBIX BOMPOCOB B 00JaCcTH
IPOMBIIIIIEHHON Oe30macHOCTU. JlJii OUMCTKUA TPYOOIIPOBOJOB OT OCEBILIETO CIIOS
MBI HEOOXOJUMO OCTaHABIMBATH PabOTy acUPAIMOHHOW CUCTEMBI. s Toro
9TOOBI OYUCTUTH JICTATU TPYOOTIPOBOOB OT CJIOS MBLIU HEOOXOAMMO 3Ty padboTy
PO BOJUTH IO YACTSAM, Ha KOTOPOE YXOIUT OMPEACICHHOE BPEMS U TaK KakK TPyObI



B CBOGM COYCTAaHWM pACIOJIOTAIOTCS BMECT€ C  IIPOU3BOICTBECHHBIMHU
yCTPOWCTBAMH, TO  OCYIISCTBICGHWE  Takoi  pabOTBl  COMPOBOXKTACTCS
OTIpeNeNIeHHBIMU OmnacHOCTIMHA. OOIEN3BECTHO, YTO pabOThI MO OCTAaHOBKE
TEXHOJIOTHYECKOTO TMpoIlecca OTPUIIATEIHHO BIHUSAIOT HAa TPOU3BOAWTEIHLHOCTD
OTpaciy.

TexHMUecKoe MepeBOOPYKEHHE MPOMBIIUICHHOCTA U MPUMEHEHNUE MOIITHON
TEXHUKU OyIyT CIIOCOOCTBOBATH YBEIUUYCHHIO 3aMbIJICHHOCTH BO3/IyXa B pab0ounx
30HaX, JOCTUTAMOLICH B HacTosmiee Bpems 2000 mr/m° u Golree.

[ToaroMy Ooprba ¢ MBUIBIO Ha TPOM3BOJICTBE BOILIA B YHCIIO HamboJjee
BaYKHBIX HAPOTHOX 03T CTBEHHBIX pooJeMm, peIyCMaTPUBAIONITUX
HEOOXOIUMOCTh  pa3pabOTKh  KoMIUIeKca  A(PGEKTUBHBIX  MEPOIPHUITHH,
HAIIPaBJICHHBIX Ha OOCCICYCHWE HOPMAIBHBIX CAHHTAPHO-THTHCHUYECKHUX
YCIIOBHM TpyJa W 3allUTy OKPY)KaloIIeH Cpeabl OT BPEIHOTO BO3JCHCTBHUS
NPOMBINIJICHHOH W TMOPOJHON TBHUIM B  YCJIOBHSX TIOJOXHUTEIBHBIX H
OTPHUIATEIBHBIX TEMIIEpaTyp M CO3[laHHWEe, B KOHEUYHOM cueTe, "DKOJOTUYECKU
YUCTOrO0 MPOU3BOJACTBA".

Summary

Fighting with the rest dust in aspiration system’s pipeline is one of the key
questions today. It’s because for the cleaning of the pipeline from the dust the
whole work of aspiration system must be stopped; for the cleaning of details from
the dust the cleaning work must be done partly, and it takes much time. Besides if
we stop the work process before finishing it, it will influence in productivity
industry.

The technical re-equipment of the industry and the use of powerful machinery
will contribute to an increase in the dust content of air in working areas, currently
reaching 2000 mg / m* and more.

Therefore, the fight against dust in the production sector was one of the most
important national economic problems, requiring the development of a set of
effective measures aimed at ensuring normal sanitary and hygienic working
conditions and protecting the environment from the harmful effects of industrial
and breed dust in conditions of positive and negative temperatures, Ultimately,
"Environmentally friendly production."



