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Abstract. The paper presents the results of a
theoretical study of the interaction of particles of grain
material components with countercurrent flow of material
into the air flow and variable flow velocity curves along
the coordinate axes. It is established that the use of
variable speed increases the magnitude of the splitting of
the trajectories of motion and the efficiency of separation.

Analyzing the results of mathematical modeling of
the ballistics of the particles of the components of the
grain material can be determined that the increase in the
magnitude of splitting (branching) trajectories of the
particle motion when using variable air velocity at the
coordinates. The increase in the magnitude of the splitting
of the trajectories unambiguously characterizes the
increase of the efficiency of separation of components of
the grain material into fractions according to the
aerodynamic properties, which are known to tightly
correlate with the qualitative indices of the grain material.

The results of research of process of inertial
fractionation indicate real opportunities to improve the
efficiency of separating the material into fractions
according to aerodynamic properties. The effect of the
velocity plot of air in the air channel can be used to
control the processes of separating the material into
fractions.

Key words: grain material, aerodynamic properties,
air flow, trajectory of particle separation into fractions.

Introduction

Addressing division multi-grain  material into
separate fractions particular purpose has significant
importance in post-harvest handling and processing of
grain [1, 3, 5, 11]. The need to improve the efficiency of
grain separation machines due to increased requirements
for grain quality and intensity resource energetic balance
grain production farms.

Analysis of existing methods for purification and
separation of grain material shows that the process of
improving individual components and the working of the
machines, optimizing operational parameters of energy
efficiency of processes and machines in specific rates

virtually unchanged. This situation is due to the fact that
the improvement grain separation machine does not
change the basic features of their operation.

The basis of grain cleaning and separating equipment
currently account latticework and air-sieve machine. The
presence of the fast, oscillating or vibrating nodes causes
more dynamic load on structural elements of the machine,
which affects performance increases relative weight
machines working sieves tenfold themselves sieves
require complex mechanisms for their drive and balance
the inertial forces.

A promising direction is to create sieveless air
separators [8, 9, 10].

Air (pnevmo inertia) separation compared to other
methods of separation of the multi grain material is
voluminous in nature and in the absence sieve material
can handle any moisture and debris.

Formulation of problem

However, studies conducted [1] there is no
consensus about the efficiency of operation at heavy
loads.

We consider the fundamental capabilities grain
fractionation efficiency air flows of materials by
analyzing mathematical models of moving grain
component material in the air flow.

The most common vertical pneumosupply channels
provide high quality separation (separation into fractions)
with minor material feed supply by increasing the quality
of their work is reduced due to an increase in collisions
between particles. Horizontal air streams (channels) have
the advantage that the direction of gravity and
aerodynamic forces are not the same, and the number of
collisions is negligible.

Pneumo-inertion separation is done by "stuffing" the
grain mass in a moving layer of air where the resulting
difference in air resistance and components introduced
with a fairly large (3-6 m/ s) speeds are split trajectories.

The peculiarity of presenting the material in a
counter flow of air is possible to increase the speed of
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interaction of air flow without increasing the speed of the
latter and increasing the feed rate of the material.

To identify the basic laws of fractionation
mechanism pnevmo inertia the basic mathematical model
of particles with different aerodynamic properties (speed
greetings, drag coefficient, or distribution) in the air flow
depending on the speed and angle of the input airflow.

Consider moving components (trajectory) grain
material by changing the airflow in the direction of its
movement in the direction of gravity. It is shown that
when air speed distributioncoordinate value increases the
branching paths, and this is achieved by improving the
efficiency of fractionation.

In the mathematical model the influence of
fluctuations in airflow character moving components of
the grain material.

Identified laws of motion of particles in a single
approach that can be distributed to a plurality of particles
each component grain material.

Analysis of recent research results

The problem of increasing the productivity and
quality of air separation of grain cleaning machines
working on technologies fractionation by improving the
working bodies and their operation modes adequately
covered in the monograph [8] and the works of individual
authors [2-4].

Proven efficient processes pneumonitis fractionation
of grain materials [3-5].

Among a wide class of air (aerodynamic) separators
occupy a significant place machines that use horizontal air
flow [5, 6] with a bottom material discharge, but also
optimization of the operating parameters: set the angle of
the feed rate of material into the air flow and speed the
flow of other ways to intensify the split in the literary
sources not found.

However, it is known [6, 7], changes in the structure
(the velocity plot of air) flows, it is possible to achieve a
significant improvement in the separation of grain
materials into fractions according to technological
purpose.

Purpose of research

The aim of the study was to determine the
effectiveness and feasibility of the application of the
principle changes in the flow velocity of air at the
introduction of material into the working chamber
(pneumococal).

Results of research

Consider the motion of the components of the grain
material, which are different aerodynamic properties. A
comprehensive measure of the aerodynamic properties,

which can be adopted to quantify the ratio ky, [8]:
kV — C(Re)Smp __ 9 (1)

2
2m 145

where: C(Re)Re — the drag coefficient as function of
Reynolds number (),

Sy — the cross-sectional area, m?,

p — the density of the air, m?,

m — mass of the particle, kg,

g — acceleration of free fall, m/sec?,

Vg — speed, m/sec.

The aerodynamic force of resistance to air flow is
proportional to the square of the relative velocity U R:

R = Cc(Re)SypU? (2)

2

The particle motion occurs in the plane rectangular
Cartesian coordinate system OXY in the channel of
variable cross section. The air flow is directed
horizontally, the supply of material (introduction of
particles of the components of the grain material) in the
channel is at an angle (to the axis OX) with an initial
speed relative to the schema in Fig. 1.a,V,
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Fig. 1. The scheme of movement of the particles in
the air duct.

The insertion of particles of the components of the
grain material in the counter air flow and the speed of the
initial motion of the particles and determine their
trajectory in the working space of the separator chamber.

After the introduction of the components in the
horizontal flow, they begin to interact with the air flow
moving in the horizontal direction against the axis OX.

To describe the movement of single particles in the
air stream defined generally accepted simplifying
assumptions idealizing the research process:

- Particle move "in isolation" without interacting
with the walls of the chamber (channel) and other
particles

- Particle oriented in the air in a stationary position
its rotation is not considered,

- The air flow in the cross section perpendicular to
the direction of the uniform,

- The air velocity in the directions OX and OU set a
variable with the coordinate method of implementation of
the velocity distribution is not considered.
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For the adopted scheme of interaction of a particle
with a mass airflow variable speed and taking into
account the accepted assumptions the resulting system of
differential equations that describes the movement of

material in a moving air environment mV, V, :

= o (02 () (4 )
(4)

The initial conditions are determined by the ratios
T=0,x=y=0,
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Fig. 2. The trajectory of the components of the grain material at a constant in the directions of the coordinate

velocity of theair. 1 -2 -3-V,;, = 7,3 —,V,i, = 9—, Vi, = 11 —.
sec sec sec
0
0.2
y(®
y1Q
2(t
y2() o6
3
0.8
1

-04 -0.2

0.2 0.4

x (1), x1(t) . x2(1)
Fig. 3. The trajectory of particle motion with increasing speed of the air flow in the direction of its motion

The results are presented in the form of trajectories
of particles with different coefficient (different velocity
components of the grain material) k,,.

In Fig. 2 given the trajectory of the components at a
constant in the directions of the coordinate velocity of the
air. In Fig. 3 shows the trajectory of particle motion with

according to a linear law. 1 -2 -3 -V,;, = 7,3 Sm; Vi =9 sz

=11>=

Viin sec’
increasing speed of the air flow in the direction of its
motion according to a linear law V = a — bx.

In Fig. 4 shows the trajectories of the particles while
increasing air velocity in the direction perpendicular to
the movement of air according to a linear law
V =a— by.
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Fig. 4. The trajectory of the particles while increasing air velocity in the direction perpendicular to the movement

of air according to a linear law. 1 -2 -3 -V,;, = 7,3 —, V., = 9—
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Analyzing the results of mathematical modeling of
the ballistics of the particles of the components of the
grain material can be determined that the increase in the
magnitude of splitting (branching) trajectories of the
particle motion when using variable air velocity at the
coordinates. The increase in the magnitude of the splitting
of the trajectories unambiguously characterizes the
increase of the efficiency of separation of components of
the grain material into fractions according to the
aerodynamic properties, which are known to tightly
correlate with the qualitative indices of the grain material.

Conclusions

1. The results of research of process of inertial
fractionation indicate real opportunities to improve the
efficiency of separating the material into fractions
according to aerodynamic properties.

2. The effect of the velocity plot of air in the air
channel can be used to control the processes of separating
the material into fractions.
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[THEBMOIHEPLIIMHE ®PAKLIIOHYBAHHS
3EPHOBUX MATEPIAJIIB B IIOBITPSHUX
[IOTOKAX 3MIHHOI CTPYKTYPU
C. II. Cmenanenxo, b. I. Komoes

AHoTamis. VY po0OoTi HaBe#eHI pe3yIbTAaTH
TEOPETHYHOTO JOCHI/DKCHHSI ~ B3a€EMOXII  YacTOK
KOMITOHEHTIB 36pPHOBOTO Marepiaity Npu MPOTHIOTOKOBOT
nojia4yi Marepiany B TOBITPSHUN MOTIK 1 NpPU 3MIHHHX
emiopax MIBHIKOCTI IMOTOKY B3/JOBXK OCEl KOOpAMHAT.
BceraHoBIeHO, 1[I0 BHKOPUCTAHHS 3MIHHOI IIBHIKOCTI
30UIbIIye BEJIMYMHY PO3LICIJICHHS TPAeKTopii pyxy i
e(eKTUBHICTH PO3/IINICHHSI.

AHani3yloun OTpHUMaHi pe3yJbTaTd MaTeMaTH4IHOTO
MOJICITIOBaHHST ~ OalliCTHKM ~ YaCTHHOK  KOMIIOHCHTIB
3€pHOBOTO MaTepialy MOXKHAa BU3HAYUTH, IO 301IbIICHHS
BEJIMYMHA PO3IICIUICHHS (PO3TalXyXeHHS) TPAEKTOPIi
PYXy YacTHHOK NpPH BHKOPHUCTAaHHI 3MIHHOi IIBHAKOCTI
MOBITPSHOTO TIOTOKY 3a KOOpIWHATAMH. 3O0UIBIICHHS
BEJIMYMHHM  PO3IICIUICHHS  TPAEKTOPIH  OJHO3HAYHO
XapakTtepusye  30UIblIeHHS ~ e(EeKTUBHOCTI  TOALTY
KOMIIOHCHTIB 3€PHOBOrO Marepiaqy Ha ¢pakmii 1o
aepOJMHAMIYHIM BJIACTUBOCTSM, SIKi SIK BIZIOMO IIUIBHO

KOpENIOIOTh 3  SKICHUMH  IOKa3HHKaMH  3€pHOBOTO
MaTtepiaiy.

OrpumaHi  pe3ynbTaTH  JOCTIDKEHb  IPOLECY
iHepLiHHOTO (pakIiOHyBaHHS CBIYaTh IPO pPEATbHY
MOJKIJIUBICTH I IBUIIEHHS e(heKTUBHOCTI O JTLTY
Mmarepiasry ~ Ha  Qpakumii 1o aepoJMHaMIYHUX

BIacTHBOCTSIX. EQekr emopu MBHIKOCTI MOBITPS B
MOBITPSIHOMY KaHaJ i MoOXe OyTH BHKOPHCTaHO IJIst
YIpaBITiHHSA IPOLEcaMHt MOILTYy MaTepiany Ha Gpakiii.

Kuiouosi cjoBa: 3epHOBHIA Marepial,
aepoJMHAMIYHI  BJACTHBOCTI,  MOBITPSHUA  TOTIK,
TPAEKTOPIis MOy YaCTHHOK Ha (pakirii.
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MMHEBMOUWHEPILIMOHHOE ®PAKIITMOHNPOBAHUE
3EPHOBBIX MATEPHUAJIOB B BO3IYIIIHBIX
[IOTOKAX ITEPEMEHHOI CTPYKTYPhI
C. I1. Cmenanenxo, b. . Komoeg

AHHoTauusi. B paboTe mnpuBenCHBI pPE3yNbTaTHI
TEOPETHYECKOTO UCCIICAOBAHUS B3aUMOICHCTBUS YaCTHII
KOMITOHEHTOB 3€PHOBOI'0 MaTepHaja Py NPOTHBOTOYHOMN
mojavye MaTepuajia B BO3AYIIHBIA TOTOK W MpH
MEepEeMEHHBIX JIIOpax CKOPOCTH MOTOKa BJOJNb OCeH
KOOpJIMHAT.  YCTaHOBJEHO,  4YTO  HCIIOJb30BaHHE
NEPEMEHHOM  CKOPOCTH  YBEJIIMYMBAET  BEJIUYUHY
pacIIericHusT TPAeKTOPUi TBIKEHUS U 3(H(HEKTHBHOCTD
paszeneHus.

AuHanmupys MOJTyYCHHbIC pe3yNbTaThl
MaTEeMaTHYECKOr0 MOJACIUPOBAHUS OANIMCTHKHA YaCTHIL
KOMITOHEHTOB 36pHOBOI'0 MaTepualia MOXHO ONPEIe/IUTh,
YTO YBEIHUYCHHUE BEIMYMHBI pACUICIUICHHs (BETBIICHHS)
TPAEKTOPUN IBHIKCHUSI YACTUI[ MPU HCIOJIH30BAHHU
MEPEeMEHHOM  CKOPOCTHM  BO3AYLIHOTO  IOTOKa IO
KOOpJMHATaM. YBEJIMYCHUE BEJIUYMHBI PACIICIUICHUS
TPAaeKTOpUH OJHO3HAYHO XapaKTepU3yeT yBEIWYCHHE
3¢ (GEKTHBHOCTH pa3fCiCHUs KOMIIOHCHTOB 3EPHOBOIO
Marepualia Ha (Qpakiud 10  adpPOJAMHAMHYECKUM
CBOUCTBaM, KOTOpPbIE KaK U3BECTHO IIOTHO KOPPEIUPYIOT
C KaQYeCTBEHHBIMH MMOKa3aTEeISIMU 36PHOBOIO MaTepHaa.

IMony4deHHbIe pe3yibTaThl HCCICAOBAHMI mpoliecca
HMHEPLUUOHHOTO (PaKIMOHUPOBAHUS CBUACTEIBCTBYIOT O
peajbHON BO3MOXKHOCTH TOBBIICHHUST 3(PPEKTUBHOCTH
pasneneHus Marepuana Ha bpakiun o
a’pOAMHAMHUYECKMM  CBOMcTBaM.  OQQeKT  3mopbl
CKOPOCTH BO3JlyXa B BO3JYLIHOM KaHaje MOXET OBITh
UCIIONIb30BAHO JUIS YIPABJICHUs MPOLECCaMK pa3ielieHUs
MaTepuasia Ha (ppaKiuu.

KaioueBbie cjoBa: 3epHOBOM Mmarepuall,
a’poJIMHAMUYECKHE  CBOMCTBA, BO3AYIIHBIM  MOTOK,
TPAEKTOPUS pa3/ie/IeHHs YaCTUIl Ha (DPAKIUH.
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