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Abstract. The article discusses the theoretical foundations that are necessary when designing a
local suction with the function of a dust collector for a powerful dust emission in aspiration dust
collectors. The external forces that act on the ejection particles as they move in space are determined.
A mathematical model of the operation of such a local suction is proposed using the example of a
stone-cutting machine, where the absorption spectrum of the suction changes during the sawing of
building stone, and the emission of sawing waste is a dusty mixture. The model is obtained by solving
a system of nonlinear differential equations of particle motion in the field of air velocities of local
suction and is implemented numerically. The absorption spectrum of local suction was obtained in
relative units by approximating the velocity field found experimentally. The model takes into account
the technological features of dust emission formation, its dispersed composition and the nature of the
movement of dust particles when the absorption spectrum is constrained by the surfaces of the cut
stone. As a result of studies of the process of local suction operation on the model, calculated
dependencies are obtained that determine the relationship between the parameters of dust emission, the
dimensions of the dust-receiving window, the effective suction rate in its cross section and the speed of
transportation of dusty air through the pipeline. Based on the results of theoretical studies, a local
suction design for a cutting tool of a stone-cutting machine has been developed, which, as field tests
have shown, completely removes lumber waste from the working area and at the same time reduces the
dust content of air in the driver’s breathing zone to sanitary standards. The results obtained in this work
can be a scientific justification for the engineering calculations of local suction of aspiration and dust
cleaning plants in the construction industry.
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Introduction. Currently, in the factories of the construction industry, as well as in quarries
and mines, sawing and processing of building stone are being carried out. In this process, the
cutting tool of the machine emits about 40 kg/min of waste products in the form of polydisperse
dust. The operation scheme of the cutting tool is shown in Figure 1.

Y
Fig. 1. The position of the cutting tool stone-cutting machine
at the time of exit of the tool from the vertical saw cutting:
1 — dust shield; 2 — axis of rotation; 3 — cutting tool; 4 — stone
working; B, — half the width of the dust collector; V,— is the
initial input dust velocity vector

/ . i Depending on the type of technological operations,
during the operation of the tool, both the initial input velocity
and the particle trajectory in space are changing.

The dust shield of the stone-cutting machine
= extinguishes the kinetic energy of the discharge and partially
X protects the engineer from the ingress of large dust particles,
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but at the same time the dust content of the workplace exceeds the value of sanitary standards by
hundreds of times, and waste products of stone sawing should be removed manually.

Today, there are no effective engineering solutions to reduce air dust in this area of production,
which not only reduces labor productivity, but also poses a direct threat to the health of workers.

Analysis of recent publications. There are publications [1-5], where the experience of
designing and operating the local suction of aspiration devices is presented. However, such features
as: building stone processing technology, high intensity and polydispersity of input dust, time-
varying input dust path and the nature of the absorption spectrum of the local suction require a new
approach to solving the problem of increasing its efficiency.

The aim of this work is the scientific justification in the design of the local suction of the
aspiration device of stone-cutting machines. To achieve this goal, the following tasks were solved:

— a mathematical model of the trajectory of input dust in the working area of the engineer
was developed,

— a model of the local suction absorption spectrum was constructed, which reflects a change
in the air velocity vector at any point depending on the position of the cutting tool;

— the joint work of these two models was descried.

Materials and research methods. The article considers the operation of the local suction in
the conditions of a variable absorption spectrum of a powerful input dust. To achieve this goal,
mathematical methods are used to solve non-linear first-order differential equations, as well as
approximation of the experimental field of air velocities in a local suction.

Research results. A mathematical model of the trajectory of the input dust is constructed under
the following assumptions: all input dust particles do not interact with each other and do not rotate; the
air flow that is ejected by the cutting chain from the cut of stone obeys the laws of an isothermal free
stream. Taking into consideration the assumptions made, the dust particle is influenced by the
aerodynamic drag force W, the gravity P and the lateral force P caused by the airflow velocity gradient.
The value of the aerodynamic drag force of a particle W can be determined from the expression:

W =Cqy F 8% p-(V—U)?/8, (1)

where: C, — is the aerodynamic drag coefficient; F — dynamic shape coefficient; & — is the
diameter; p — is the density of the particle material; V — is the flight speed of the dust particle; U — is
the speed of the air stream that leaves from the saw cutting.

The value of gravity P can be determined from the expression:

P=n8p g/6, (2)

where: g — is the acceleration of gravity.
The value of the lateral force acting on the dust particle, P is obtained from the expression:

P = (1 8%/6) - p-Vor (dVi,ddy), 3)

where: V; — is the relative velocity of the air flow on the horizontal coordinate of the center of
the flow around it; dV/dy — the first derivative of the projection of the relative velocity on the X axis
to dy.

Based on the obtained expressions, a model of the movement of dust particles was
constructed in the form of a system of nonlinear differential equations of the first order in
projections on the coordinate axes X and Y:

r
M-dVxdt = -Wx + (Vy/|Vy|)Hx 5
m-dVy/dt = -Wy + Hy -P; (4)
dx/dt = Vx 5

d}’/ dt = Vy;

.
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where: m — is the mass of speck dust; Vy, Vy — are projections of the velocity vector on the
coordinate axis.

The system of these equations was solved by the numerical Runge-Kutta method. The results
of the solution for particles of various diameters are presented in graphical form in Figure 2.
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Fig. 2. Flight paths of particles of polydisperse input dust at a cutting tool speed of V,=12.1 m/s
and an initial air flow velocity U, = 3 m/s for particles with a diameter:
1 —2500 mk; 2 — 1200 mk; 3 — 900 mk; 4 — 600 mk; 5 — 300 mx; 6 — 100 mx; 7 — 50 mk

As can be seen from the figure, the larger the dust particles, the greater the range of their
input. Small particles, less than 50 microns, begin to fall out immediately near the cutting tool and
then are partially carried out by air currents into the engineer’s breathing zone. In addition, large
particles in flight scatter into smaller ones, which create conditions for re-dusting the air. For the
effective work of local suction its design must ensure full capture of dust emissions with particles
from 2500 microns and below.

Due to the fact that the air velocity field in the local suction changes during operation, we have
developed a model of the absorption spectrum that corresponds to stone processing technology. The
model was built by minimizing deviations of lines of equal air velocities in the experimental field of a
rectangular nozzle [6-7] and lines of equal velocities obtained in the form of displaced ellipses, the
half-axes of which were considered as a function of relative speed in the equation:

[(Y1/Bo)? — C1]/B1? + (X1/Bo)? IA® = 1, (5)

where: B, — half of the wide side of the dust extraction window of the local suction; A;, B; — the
length of the semi axes of the ellipse; C; — is the displacement of the axis of the ellipse; Xi, Y1 —
current coordinates of the velocity field.

The current value of the relative air velocity, in percent, V,; was found by us from the
solution of equation (5) and is presented in the form of an empirical dependence:

V,.1 =5,208/( | (B11 +V (B1s® + 0,039- Co1)) | ™ +0,052), (6)
where: By =0,1(Y1/Bo)* + 0.095(X1/B,)? — 0.079; (7)
Co1= 0.81(Y1/By)* + 0.0025(X1/B,)* — 0.002. (8)

The direction of the velocity at any point of the absorption spectrum can be found by taking
the derivative dy/dx of expression 5 and equating it to tgo,, Where a, — is the angle between the
tangent to the line of equal potentials at the current point and the positive direction of the x; axis.
Then the angle between the velocity vector and the positive direction of the axis will be:

a1 =72 +arctg |- Bi® - (Xo/Bo) (AN By? — (B1-X1/A1-Bo)* + Cy) |, (9)
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The obtained dependences (6-9), with an accuracy of 4%, describe the main characteristics of the
absorption spectrum of a freely located rectangular pipe, as shown in Fig. 3. Since dependences (6-9)
are obtained in relative values, they are valid for any change rate in the exhaustion to the mouth of local
suction. Due to the fact that during the local suction operation its absorption spectrum is distorted by
the influence of the stone surface, we have elaborated the model of the absorption spectrum. This was
done by superimposing the previously obtained model and its mirroring into each other.
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Fig. 3. The distribution of the relative rate of absorption of air in the spectrum of a rectangular pipe

speed:
lo/Bo — relative coordinates of the point; V;, — relative suction rate at the design point;
— —experimental values; theoretical values

The joint solution of the input dust model and the absorption spectrum model of the local
suction made it possible to obtain a model of the movement of the input dust particles in the area of
the local suction of the aspiration device. The model was built by replacing in the formula (1) the
value of the relative particle velocity (V-U) by a value that takes into account the speed and
direction of the air flow created by the local suction (V — U — V;1 * Vo5). Vo — the specified initial air
velocity in the cross section of the dust -receiving window of the suction. The solution of the system of
equations (4), with the above changes, was carried out on a computer. The answers were repeated for
various options for combining the dimensions of the dust-receiving window (2A, x 2B,) and the air
velocity in its section V5.

A graphic image of one of the calculation options is shown in Figure 4.
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Fig. 4. Flight paths of dust particles in the local suction zone with dimensions of dust-receiving
window 0.432 x 0.660 m and V,; = 8.0 m/s:
B, — half the width of the dust box; 6 — is the diameter of the dust particle
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As can be seen from the figure, particles with a factionalism of 2500 microns to 360 microns
are completely ensnared by the local suction and particles less than 360 microns do not fall into the
suction zone and are in the engineer’s working area.

As the result of the analysis of more than seventy of such graphs for the full collecting of dust
input, we have established the main characteristics of the local suction, which ensure its high
efficiency. So, the dust-receiving window of the local suction should be the dimension of 0.2 x 0.45
meters; its perimeter is equipped with flexible cuffs with a depth of I; = 0.1 meters; suction speed
on the axis of the dust -receiving window should be at least 6 m/s.

The flight paths of dust particles during such a local suction operation are shown in Figure 5.
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Fig. 5. Flight paths of input dust particles in the local suction area equipped with flexible frill:
a — local suction case; b — flexible frill

A preproduction model of the local suction, manufactured according to the found
characteristics, passed production tests, which confirmed its high efficiency in collecting of the
entire input of dust. At the same time, the local suction developed by us allows to reduce the air
dust content at workplaces of engineers to sanitary standards.

Conclusions:

1. The developed mathematical model of the flight of input dust particles in the local suction
area takes into account the technological features of building stone processing and the change in the
absorption spectrum of the local suction, which allows to analyze the process of waste removal
during stone processing.

2. The obtained theoretical prerequisites for the justification of engineering calculations of the
effective local suctions are confirmed by the production tests and can be recommended during their
design.

3. The design of the local suction, designed taking into account the developed models, not
only completely collects dust emission and mechanizes dust cleaning, but also reduces air dust in
the workplaces.
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JOCIIIKEHHSA POBOTHU MICIHEBOI'O BIICMOKTYBAYA
B 30HI IINJIOBOI'O BUKHUAY

IlleBuenko JI.M., K.T.H., IOICHT,

Bgedyx7@ukr.net, ORCID: 0000-0003-3296-3007
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AHOTalifA. Y CTarTi PO3IJSIHYTO TEOPETUYHI OCHOBHU, SIKI HEOOXiNHI MpHU KOHCTPYIOBaHHI
MICIIEBOTO BiJICMOKTYBaHHS 3 (DYHKIII€I0 MHUJIOMpUiMada MOTY>KHOTO BUKUAY MUY B acmipamiiHuX
MWI030HUpaNTbHUX YCTaHOBKax. BU3HAYeHO 30BHIIIHI CHIIH, SIKI A10Th HA YACTUHKH BUKHUIY IPH iX pyci
B IPOCTOpIi. 3alpolOHOBAaHO MAaTeMaTU4YHY MOJEJIb POOOTH TAKOTO MICLIEBOIO BIIICMOKTYBaHHS Ha
NPUKIaZl KaMEHEepI3HOI MaIlWHH, /1€ CHEKTP BCMOKTYBAaHHS BIJCMOKTYBAaHHS 3MIHIOETbCS B XOAl
pPO3MMITIOBAaHHSA ~ OYyHiBEIbHOTO KaMEHIO, a BHKHJ BIIXOIIB PO3MWIIOBAHHS SBJISIE  COOOIO
NWIOMOBITPSAHY ~ cymiml. Mojens oTpuMaHa IIIIXOM — PO3BSI3aHHS  CUCTEMH  HETIHIMHUX
nudepeHiianbHUX PIBHIHb PyXY YaCTUHOK Y TOJI MIBUKOCTEH MOBITPS MICIIEBOTO BIJICMOKTYBaHHS 1
pearizoBaHa YuCeNTbHUM MeT0/10M. CIIEeKTp BCMOKTYBAaHHS MICLIEBOIO BIICMOKTYBaHHS OTPUMaHHUM y
BIZTHOCHUX OJMHUIISIX IIIIIXOM arpoKCHMAIIii IMOJIsl MIBUIKOCTEH 3HANIIEHOTO eKCIepHMEHTAIbHIM
HUIIXOM. Y MOJEN BpaxoBaHI TEXHOJOTIYHI OCOONMBOCTI YTBOPEHHS NHJIOBOIO BHKHIY, HOTO
JMCHEePCHUI CKJIaJ 1 XapakTep pyXy 4YacTMHOK MMy HpU CTUCHEHHI CIEKTpa BCMOKTYBaHHS
MOBEPXHAMH BUIMJIIOEThCA KaMeHI0. B pesymbrari JociipkeHb THpolecy poOOTH  MiCIIEBOTO
BIZICMOKTYBaHHsI Ha MOJIeJll, OTPUMaHI PO3PAXYHKOBI 3aJEXKHOCTI, SKI BH3HAYaIOTh 3B'SI30K MIX
napaMeTpamMy MHUJIOBOTO BUKHUY, pO3MipaMH NUJIONPUHMAIBHOIO BiKHA, €()EKTUBHOIO IIBUIKICTIO
BCMOKTYBaHHS B HOTO MEPETHHI 1 MIBUAKICTIO TPAHCHOPTYBaHHS MUJIOMOBITPSHOTO CEPElOBHILA IO
TpyOompoBogy. Ha ocCHOBI pe3ynpTaTiB TEOPETUYHUX JOCTIKEHh pO3po0JieHa KOHCTPYKITIS
MICIIEBOTO BIJICMOKTYBAaHHSI IO PIXYYOro IHCTPYMEHTY KaMEHEpI3HOI MallWHH, fKa, SK IOKa3aiH
HaTypHI BUMPOOYBaHHS, MOBHICTIO BUAAJSE BIIXOAM MMUJIOMAaTEpiady 3 poOOYOi 30HU 1 MPHU IBOMY
3HMDKYE 3alUICHICTh MOBITPSI B 30H1 IMXaHHS MAIMHICTA 10 CaHITapHUX HOpM. Pe3ynbraTu, oTpuMai
B po0OTi, MOXYTh OyTH HAayKOBHM OOIPYHTYBaHHSM IIpHU 1H)KEHEPHUX pO3paxyHKaxX MiCIIEBUX
BIZICMOKTYBauiB acIipalifHuX 1 MHUI030MpabHUX YCTAHOBOK B OYIBENbHIN 1HIYCTPIi.

KiarouoBi cioBa: mnwioBuil BUKHA, MICHEBHHA BiJCMOKTYBau, CIEKTP YCMOKTYBaHHS,
TPAEKTOPIS pyXy YaCTOK.
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NCCIEJOBAHUME PABOTbBI MECTHOI'O OTCOCA
B 30HE IIBIJIEBOI'O BBIBPOCA
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Ooecckas 20cy0apcmeeHHAs akademusi CmpoumeibCmed U apxumexkmypbol
yi. unpuxcona, 4, r. Onecca, 65029, Ykpauna

AHHOTauus. B cTathbe paccMOTPEHBI TEOPETHYECKUE OCHOBBI, KOTOPHIE HEOOXOIMMBI TPH
KOHCTPYMPOBAaHUM MECTHOTO OTcoca ¢ (YHKIMEH MbUIeNpUEMHMKA MOIIHOIO BbIOpoca MbUIM B
acIHMPalMOHHBIX NBUICYOOPOYHBIX yCTaHOBKax. OIpeieneHbl BHEIIHUE CUIIbI, KOTOPHIE JICHCTBYIOT Ha
YacTUIIBI BBIOpOCA ITPU UX JBMXKEHUM B IpocTpaHcTse. [Ipeioikena maremaTiyeckas Mosiellb paboThl
MECTHOIO0 OTCOCa Ha IpUMEpe KaMHEPEe3HOH MallMHBI, IJIe CIEKTP BCACBIBAHUS OTCOCA MEHSETCS B
XO/Ie PACHMIOBKH CTPOHMTEIIBHOTO KaMHS, a BBIOPOC OTXOAOB PACHMIOBKH MPEICTABISIET COOON
IBUICBO3AYIIHYO  cMecb. Mojenb IojdydyeHa IyTéM  pelIeHUs] CUCTEMbl  HEJIMHEHHBIX
i depeHIaNbHBIX YpaBHEHHMI JIBIDKEHUSI YAaCTHI[ B TIOJIE CKOPOCTEH BO3yXa MECTHOTO OTcOoca U
peann30BaHa YUCIEHHBIM MeTOI0M. CIEKTp BCAChIBAHUSI MECTHOTO OTCOCA MOIYYEH B OTHOCUTEIILHBIX
eIMHUIAX IYTEM anMnpoKCHMAllMU MOJs CKOPOCTeH HaMJEHHOro 3KCIIEpUMEHTAIBHBIM IyTéM. B
MOJIENT YUYTEHbI TEXHOJIOIMYECKUE OCOOCHHOCTH 00pa30BaHUs MbUIEBOIO BHIOpPOCA, €ro JMCIEPCHBIN
COCTaB U XapakTep JBMKEHUsI YAaCTUIL[ MbUIM IPU CTECHEHUM CIEKTPa BCACBIBAHUS ITOBEPXHOCTSIMU
BBIIIMJIMBAaEMOro kaMHs. B pesynbTare uccrienoBanuii mpouecca paboTbl MECTHOI'O OTCOCA Ha MOJIEIH,
MIOJY4€Hbl PAcu€THbIE 3aBHCUMOCTH, KOTOPBIE OIpPENENSIOT CBSI3b MEXKIY IapaMeTpamMH IbLIEBOTO
BBIOpOCa, pa3MepamMy MbUICTIPUEMHOTO OKHA, 3(P(PEKTUBHON CKOPOCTHIO BCACBIBAHUS B €0 CEYECHUHU U
CKOPOCTBIO TPAaHCIIOPTUPOBKH IBUIEBO3AYIIHON Cpenbl Mo TpyOompoBoay. Ha ocHOBe pe3ymbTaToB
TEOPETUUECKUX MCCIIEN0BaHUN pa3paboTaHa KOHCTPYKIMSI MECTHOTO OTCOC K PEXKYIIIEMY HHCTPYMEHTY
KaMHEpEe3HOI MallluMHbI, KOTopas, KaK IOKa3aJld HaTypHbIE MCIIBITAHUS, MOJHOCTBIO YIAJIET OTXOJIbI
nujioMaTepraga U3 padodel 30Hbl M MPU ITOM CHIDKAET 3albUIEHHOCTh BO3/lyXa B 30HE JbIXaHMS
MAIIMHUCTA JI0 CAHUTAPHBIX HOpM. Pe3ynbrarel, momydeHHbIe B paboTe, MOTYT MPEACTaBIATh COOOM
HayyHOe OOOCHOBAaHMEM IIPUM WHXKEHEPHBIX pacy€Tax MECTHBIX OTCOCOB AaCIUpAalMOHHBIX U
bLI€YOOPOYHBIX YCTAHOBOK B CTPOUTENBHON HHIYCTPUH.

KiroueBble cjioBa: MbLIEBON BBIOPOC, MECTHBIH OTCOC, CHEKTpP BCACHIBAHMS, TPACKTOPHS
JBUKECHMSI YACTHII.
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