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Abstract. Theoretical researches of the technological
process of pneumoviral separation of grain mixtures on
the pneumatic flow center separators of new generation
grains, aimed at increasing the efficiency and quality of
the phased separation of grain mixtures. The analysis of
the results of the well-known studies presented in the
scientific and technical literature on the issues of
pneumatic and centrifugal and pneumatic separation of
grain mixtures was carried out by analytical and deductive
methods, on the basis of which the parameters of the
investigated operations of the technological process of the
motion of the grain mixture in the pneumoviral separating
device were substantiated by theoretical methods. The
theoretical researches of the technological process of
pneumoviral separation of grain mixtures have been
made, which makes it possible to determine the structural-
kinematic and technological parameters of the grain-
cleaning air-solenoid pneumatic-centrifugal unit with
productivity from 25-50 t / h on primary purification of
wheat grain with the provision of qualitative indicators in
accordance with DSTU 3768: 2010 and seed quality of
seeds respectively PH-1-3 JICTY 2240-93 at productivity
from 10-20 t / h. It is established that the application of
the process of pneumatic separation of cereal mixtures
when used in the construction of a pneumatic centrifugal
separator has the potential to increase its productivity by
1,5-2 times compared with the performance of known
industrial separators and on its basis create a new
generation of universal centrifugal centrifugal separators
with productivity of 50, 100 and 200t/ h

Key words: theoretical dependence, grain mix,
dosage, separation, distribution, efficiency, productivity,
quality.

Introduction

Extremely widespread in Ukraine and in other
countries of the world, there are air-grate grain separators
with gravitational working bodies such as flat oscillating,
cylindrical rotating sieve and wvertical or inclined
pneumatic separation channels, which are characterized
by limited severity of separation, which greatly
complicates the creation on their basis of high-

performance separators for cleaning and sorting grain
materials.

The prospect of the development and application of
modern high-tech technical equipment in agricultural
production [1-5] and the prospect of a comprehensive
solution to the problem of post-harvest processing and
preservation of grain in Ukrainian farms [1, 3, 6] is the
creation of modern refrigeration and drying-storage
complexes that provide direct-flow processing of crops
with bringing to the norms of basic conditions in
accordance with DSTU on concrete grain crops, which, in
turn, requires the creation of high-performance universal
grain separators ( machines for primary cleaning of grain)
with productivity from 25 - 200 t/ h.

Formulation of problem

Scientific researches of the motion of grain mixtures
using centrifugal forces of inertia as the most effective
ones allowed the creation and introduction into
production of universal grain separators with productivity
from 15 to 100 t / h [12-15], which became the basis for
mastering the machine-building production of the family
of universal vibrocentric separators of the type BCS.

In the indicated separators, the integration of working
bodies and the joint use of air and grid separating devices
in the form of autonomous grain cleaning units are used.
The design and technological scheme of the pneumatic
separating device was developed on the basis of
conducted scientific research [1-6], which does not allow
to increase the productivity of the machine with the
necessary quality of primary cleaning of grain.

In connection with the foregoing, the problem of the
development of technical means and the theoretical and
mechano-technological substantiation of the technological
process of pneumoviral separation in the machines of
primary purification of the new generation of grain is
relevant, and its solution will provide such a new, higher
level.
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Analysis of recent research results

In the known universal grain separators of the type
BCS used pneumatic centrifugal devices [1-6, 10, 11],
while the separation process does not allow to provide
significant increase in the efficiency and quality of
separation [5, 6]. The authors [7, 8, 9] note that the
increase in productivity at non-changing quality indices is
directly or indirectly related to the design features of
dosing devices, rotary scatterers and the organization of
air separation channels.

The research of [10, 11, 12] of the disk grain
distributor for a pneumatic system with a vertical ring
aspiration channel (an analogue of the grain cleaning unit
BCC) achieved some increase in the efficiency of grain
purification by a vibration centrifugal separator, by
developing a pneumatic separating channel with a vertical
annular aspiration channel separated by partitions [13, 14]
. Increased productivity with this development has not
been achieved.

Studies [7, 15-17], aimed at increasing the separation
efficiency in pneumatic centrifugal devices, achieved
some improvement in the quality of separation of grain
mixtures. However, the results of these studies did not
confirm the feasibility of using the proposed designs of
air-cooled devices on centrifugal separators.

As a result of the research, the design and
technological scheme of the grain separator has been
developed, which provides an increase in the separation
efficiency due to the following factors: the combination of
the rotational spreader and the bounding walls of the
circular air-separating channel with vortex upward airflow
[15, 16], the design of the dosing device and its co-
positioning relative to the rotational grain mixer spreader
[16], use of vortex upward airflow [5], use of new design
of rotational spreader [5].

Purpose of research

Theoretical studies of the technological process of
pneumoviral separation of grain mixtures on the new
generation of grain centrifugal separators of grain mills,
aimed at increasing the efficiency and quality of phased
separation of grain mixtures.

Results of research

Using mechano-mathematical methods [6, 10, 12, 18,
20, 22], developments and studies [2-7, 16-21] have been
carried out, which allowed to substantiate the design and
technological scheme of the grain-cleaning module of the
universal grain separator of the new generation and to
substantiate the pneumoviral the method and design of a
device for separating cereal mixtures, which provides the
necessary controlled loading (productivity) of the module
and the uniform distribution of the grain mixture in the
pneumatic air flow due to the new design of the rotary
spreader.

As a result of the research [5, 6, 7] the design of the
pneumoviral device was created, the principal scheme of
which is presented in Fig. 1. The essence of the

technological process is as follows: the grain mixture
through the loading grain lines 1 when the squirrels of the
dispensing device 2 are opened by gravity on the center of
the rotational spreader 3, which is fixed to the shaft 7 of
the rotor of the separator rotating with the optimum (for
the lattice system) speed .

The rotary scatterer 3 supplies the grain mixture with
a uniform layer of a given thickness, which is determined
by the amount of its flow through the window of the
dispensing device 2, into the air separation channel
limited by the outer wall 4. The air in the window of the
louver 5 and the conical 6 walls is in the direction of
rotation of the rotary spreader 3 of the cereal mixture ,
which creates an air rising vortex flow.

As a result of the interaction of the particles of the
grain mixture with the air flow, the mixture is divided: the
lungs are carried out beyond the air channel, and heavy
(full grain of the main crop) is reflected from the wall of
the 4 pneumatic channels and is directed to the surface of
the louvre cone 5, which performs a dual function: the
foundation of the pneumoviral flow air and aerodynamic
transport of heavy fractions to the center.

The linear velocity of the grain mixture and the
angles of the direction of its introduction into the
pneumoviral channel relative to the axes of the cylindrical
coordinate system OpOz are determined by calculations
when solving the system of differential equations [5].

The separation of the air flow of the grain mixture on
the light and heavy fraction is carried out by means of the
interaction of particles of this mixture introduced into the
air stream with velocity v and air flow, the intensity of
which is determined by adjusting the aspiration system,
and its direction is measured experimentally: the
measurement of the angle of incidence is measured by
dynamic pressure tubes to the axis of the cylindrical
coordinate system Op8z, which allows you to calculate the
components of the air velocity vBR, VBES, and vBz in the
direction of the coordinates, determine the air resistance
forces the environment of the particles of the cereal
mixture in the direction of the indicated axes of
coordinates, using the known formula R = mk,v?, where
k.- particle coefficient of sailing.

In the general case, the Navier-Stokes equation [5, 7,
9] is used to describe the flow of air in the working zone
of the vortex chamber. In accordance with the Prandtlian
hypothesis [9, 12, 18, 22] the voltages in the turbulent
flow are equal:

Ty = pedV /dy @
where e — coefficient of kinematic viscosity of air flow,
which depends on the trajectory of shear [ [5, 9, 22] ¢ =
12dv/dy.

Taking into account the dependence on the
displacement trajectory and velocity [9]:

e=120/0r(V,/r) (2
where | = f(r) , r — the value of the radius of the vortex
chamber at the time t, m;

V,, — circular air velocity, m/s.

In this case, the coefficient of the kinematic viscosity
of the air flow is replaced by the turbulent viscosity
coefficient e. With this approach, it is possible to obtain
an analytical solution of these equations in the following
form [9, 18]:
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where V‘h’ V(p2 — Circular velocity of air, respectively, in
radii Ry, Ry, m/s;

R, — the radius of the arrangement of tangential
cracks for introducing airflow on the conical portion of
the vortex chamber, m;

R, —the radius of the aspiration channel for removing
the airflow from the vortex chamber, m;

Re — number of Reynolds.
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Fig. 1. Principal scheme of pneumoviral device [15,
16]: 1 — loading grain lines; 2 — dosing device; 3 — rotary
spreader of grain mixture; 4 — the wall of the air channel,
5 — louver cone; 6 — louver cylindrical wall; 7 — separator
rotor shaft; 8 — is a casing

Theoretical studies are aimed at determining the
analytical dependence, in which, when taking into
account the boundary conditions for air flow only at the
entrance to the vortex chamber, one can obtain the basic
geometric dimensions of this vortex chamber and
determine the values of the velocity of the vortex upward
air flow and the particles of the grain mixture at any
distance per radius of the vortex chamber:
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where V. — radial air velocity, m/s;

V,, — circular air velocity, m/s;

1, — axial air velocity, m/s;

P — full pressure in the vortex chamber, Pa;

¢ — coefficient of viscosity of the turbulent flow;
p — grain mix density, kg/m®,

To do this, we assume that the flow of air in the
vortex chamber is asymmetric, for the solution of this
problem we use the Navier-Stokes equation in a
cylindrical coordinate system (4).

Assuming that the vortex airflow in the chamber is
asymmetric, and its motion becomes flat, then

mathematical assumptions can be written as follows:

a a
35=05=0%=0
Under these conditions, the Navier-Stokes equation

system (4) is written as:

d Vr(rVe(r)
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o (£(L ) + B2 1)
v (Sv0)) - 2 _a®

p
L) + VT(” =0

From the third equation of the system (5), the radial

component of the air velocity depends only on the radius,

and also this equation is a differential equation in the

complete derivatives, therefore its solution becomes the

following form:

()

() =2 ©)
Permanent integration of : C; is possible to determine
from the condition if, on radius R, we know the value of
the radial component of the air flow.
The value of this speed will be written as follows:

Vi = g ()
where @, — volumetric flow rate of air;
H — height of the vortex chamber, m
Consequently, constant integration is determined
from the relation:

Cy =ViRy (8)
and the equation for determining the radial component of
the air flow velocity will take the following form:

V= VriRy (9)

After the transformations from the first equation of

system (5) one can obtain the theoretical dependence by

which the quantity of the air velocity in the radius of the

vortex chamber is determined quantitatively. This

equation is a differential equation of the second degree

with constant coefficients, but some simplifications have

led to the dependence on one variable, which is the radius

of the vortex chamber. Twice about integrating this

differential equation, we obtain an analytic dependence in
which there are two constant integrals:

v ( _ 2 (Vr1R1+e)

() = ~+Crt e (10)

If the first derivative from the received dependence of

the velocity of the air flow at a radius near a point with

radius R_1 is 0, the analytical expression for this

derivative has the form:
(VT1R1 +&
C3T &

d c ) Vy1Ri+e
Ev(p(r):_r_;_l_ er(rl 1 ) (11)
then the second condition that will determine the second
constant integration, will be the equality of the velocity
component of the air flow rate, the velocity of air flow
from the input tangential cracks located on the radius R, .
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%5 (12)

Vip = Ry H
where h,, — width of tangential gap, m,
n,, —number of tangential cracks, pcs.
After the substitution, we obtain a system of two
equations with two unknowns:

( (Vr1R1+£)
0= _ G + C3Ry € (Vr1te)
{ R? Ry (13)

Vr1R1+s)

k V(pl = Z_i + C3R1( €

The solution of this system of equations (13) is the
analytic equations for constant integration:

C, = Vp1R1(Vr1R1+e)
27 2etVeqRy
(VriRire) (14)
C. = Vp1Ry €
3 2e+VpRy

Consequently, we obtained an analytical expression
by which we can quantitatively determine the value of the
velocity of the airflow along the radius of the vortex
chamber. To do this, you must specify the boundary
conditions. In our case, such conditions are quantitative
data of the velocity of the airflow within a radius equal to
the radius of the arrangement of the tangential cracks for
introducing air into the vortex aspiration chamber. After
adding the values of the constants obtained as a result of
the solution of the differential equation, the dependence
for determining the velocity velocity of the vortex airflow
along the radius of the vortex chamber will be as follows:

Vo iRy (ViR ) VR (_Vr1R1+S) (V71R1+8)
_ Vp1R1(Vr1R e &Vp1Rq1 € T €
Vo(r) = (2&+Vy1R)T 26+Vy1Ry (15)

To solve this mathematical dependence (15) and to
facilitate its analysis, we will write this expression in the
following form:

— 1 2
V,(r) = AL (Vq,1 (R1 Vi + Rig+

gRl( Vr1}:1+S)T(Vr1R£1+28))). (16)

The analysis of the equations of the system (4-16)
shows that the parasitic coefficient and the coefficient of
kinematic viscosity, which is different for particles with
different characteristics, is of paramount importance in
the nature of the motion of the grain mixture particles in
all directions of the vortex stream. In the radial direction,
the movement of particles of the grain mixture is slowing
down, and in the tangential direction it is accelerated,
which provides the movement of heavy particles along the
curvilinear trajectories with the approach to the axis of the
vortex stream while simultaneously slowing down their
fall. For light particles it promotes accelerated removal of
them from the separation zone beyond the separating
channel.

Compare the obtained dependence (16) with the
results of calculations, for example, the ideal flow of air.
It is known that in order to determine the velocity in a
perfect airflow (without taking into account the viscosity),
it is possible to obtain dependence on the conservation

law of the moment of the number of rotational motion,
which has the following known expression:
a
mia(rVq,) =0

where m; — mass i — th volume of air.

Considering this mathematical dependence on the
condition, that m; #0 and dt # 0, we obtain the
following condition:

d(rv,) =0 (18)

Considering this equation, taking into account that
the value r is a variable, we obtain a differential equation
of the form:

17

V,(r) +7 (% V, (r)) =0 (19)
the solution of which will be as follows:
Vp(r) =2 (20)

T
The constant integration of C; can be determined

from the boundary conditions at the entrance to the vortex
aspiration chamber. That is, when r = R;, we assume that
the velocity will be determined and exactly V, = V,,;.
Consequently, under such conditions, constant integration
will be determined by the following dependence:
¢ = V(lel' (21)
Consequently, the analytical equation for determining
the velocity in the ideal flow of air (without taking into
account the viscosity) will take the following form:

AQEEC (22)

Let's consider in our example how the dependences
(16) differ in determining the velocity of the viscous
vortex airflow and the dependence (22), which determines
the value of the velocity of the ideal airflow.

In these research, we take a vortex aspiration
chamber with a radius of location of the tangential cracks
R; = 0,5 m, the value of the radial component of the full
air flow velocity on the given radius V., = 5m/s,, the
value of the velocity component at the same radius of the
vortex chamber V,,; = 17 m/s. We restrict the area along
the radius of the vortex aspiration chamber, the radius of
the aspiration canal to remove contaminated air from the
vortex chamber, R, = 0,15 m.

In Figure 2. Graphic dependencies are presented that
clearly compare the calculations of the velocity of the
ideal air flow and the viscous vortex air flow within the
limits of the above dimensions of the vortex chamber and
the specified boundary conditions.

Analyzing the obtained graphic dependences, we
arrive at the conclusion that there is a significant decrease
in the value of the velocity of the viscous vortex airflow
relative to the velocity of the ideal airflow. This
discrepancy is also confirmed by other investigators [23]
for diverting the designs of aspiration chambers.
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Fig. 2. Graphic dependencies of the velocity of the airflow along the radius of the vortex aspiration chamber (the
upper line is for an ideal air flow; the bottom line is for a viscous vortex air stream).

Conclusions

1. The conducted research confirm the possibility
intensification of the separation of the grain mixture in the
pneumatic separating device, and theoretical reserch and
mechano-technological substantiation of operations allow
to determine the technological, kinematic and structural
elements of such devices.

2. Taking into account the constructional possibilities
of extending the perimeter of the pipeline and the
intensification of its technological process, it is possible
to create a grain-cleaning air-rack pneumatic center-flow
block (module) with a high degree of unification and
using the modular principle of constructing a separator
structure with productivity up to 200 t / h. The analysis of
the operations of the pneumoviral device shows his dear
opportunities, which involves reducing of grain and seeds.
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TEOPETUYHE JOCJIIJKEHHA ITPOLIECY
PO3IIOJITY 3EPHOBUX CYMIIIEN
C. II. Cmenanenxko, b. I. Komoe

AHortanis. Y poOori HaBeneHI  pe3yibTaTH
TEOPETHYHOTO JOCHI/DKEHHSI ~ B3aEMOXIi  4acToK
KOMITOHEHTIB 3€PHOBOT0 MaTepialy HpH MPOTHBOTOYHOMH
nojia4yi Marepiany B TOBITPSHUN MOTIK 1 NpPU 3MIHHHX
emiopax IIBHIKOCTI IMOTOKY B3MOBXK OCEH KOOpAMHAT.
BcraHoBieHo, 1m0 BHUKOPUCTAHHS 3MIiHHOI IIBHIKOCTI
30UTBITY€e BEMUYMHY PO3MICIUICHHS TPAEKTOpiil pyxy i
e(eKTHBHICTE  PO3IiNEHHA. AHANI3YIOUH  OTPHMaHI
pe3yNbTaTH MaTEeMaTUYHOTO MOJCTIOBAHHS OaliCTHKH
YaCTHHOK KOMIIOHEHTIB 3€PHOBOTO Marepially MOXHa
BU3HAYUTH, N0 30UIBLICHHS BEIWYMHH PO3ILEIICHHS
(po3raytyKeHHsI) TpPAeKTOpii pyXy YacTHHOK MpHU
BUKOPHUCTaHHI 3MIHHO{ IIBUJKOCTI MOBITPSHOTO IOTOKY
32 KOOpJIMHATaMH. 30UIbLICHHS BEJMYMHU PO3IICTUICHHS
TPAa€EKTOpi  OJAHO3HAYHO XapaKTepuzye 3OUIbIICHHS
e(eKTUBHOCTI MTOALTY KOMIOHEHTIB 3¢pHOBOTO MaTtepiairy
Ha (pakmii Mo aepogMHAMIYHAM BIIACTHBOCTSM, SIKi 5K
BIZIOMO IIUTBHO KOPENIOIOTh 3 SIKICHUMH HOKa3HHKAMHU
3epHOBOTO MaTepianxy. OTpuMaHi pe3yIbTaTH AOCIiKEHb
mpoIiecy 1HepHiHOTo (paKIiOHyBaHHS CBiAYaTh IIPO
pearsHy MOKIIHBICTh MiABHUIICHHS ¢()eKTUBHOCTI MOILTY
MaTepiary Ha bpakrii o aepoIMHAMIYHIX
BJIaCTHBOCTSIX. EQeKkT emopu IIBUIKOCTI MOBITPI B
MOBITPSHOMY KaHaJdl MoXe OyTH BHKOPUCTAHO ISt
YIpaBJIiHHS MPOIEcaMt TOALTY MaTepiainy Ha ¢pakuiii.

KaouoBi cjioBa: TeopeTnuHa 3aleXHICTh, 36pPHOBA
CyMilll, 103YBaHHS, BUAIJICHHS, PO3NOALTY, €)EKTUBHICTS,
MPOAYKTUBHICT, SKICTb.

TEOPETUMYECKOE UCCJIIEJOBAHUE IMPOLECCA
PA3JIEJIEHIS 3EPHOBBIX CMECEI
C. II. Cmenanenxo, b. 1. Komos

AHHoTanusi. B paboTe mnpuBeaeHBI pPE3yNbTaTHI
TEOPETHYECKOTO HCCIIEOBAHUS B3aMMOJEHCTBHS YaCTHIL
KOMIIOHEHTOB 3€pHOBOTO MaTepHaja MpH MPOTUBOTOYHON
mojadye MaTepuaja B BO3AYIIHBIA IIOTOK H TpHU
MEPEMEHHBIX 3II0Pax CKOPOCTH TIIOTOKa BIOJh OCel
KOOpJWHAT. VYCTaHOBIIEHO,  9YTO  HCIOJIB30BaHUE
MEPEMEHHON  CKOPOCTH  YBEIIMYMBACT  BEIHUUHY
pacIIeIUICHUsST TPAeKTOPUHA JIBWKEHUS H 3(PPEKTHBHOCTD
pazlieneHus. AHanu3upys [OJYYEHHbIE Pe3yJbTaThl
MAaTEeMAaTHYECKOTO MOJCIHPOBAHUS OaJUITMCTHKH YaCTHIL
KOMITOHEHTOB 3€pHOBOT0 MaTepuajia MOKHO ONPEAEIUTh,
9TO yBEJMYCHHWE BEJMYMHBI PACHICTIICHUS (BETBIICHHS)
TPAaeKTOPUH JBWDKEHUS YACTUI[ TPHU HCIOJb30BaHUU
MEPEMEHHON  CKOPOCTH  BO3AYIIHOTO  IIOTOKAa IO
KOOpAWHATAM. YBEJIWYCHHE BEIWYMHBI PaCHIeTUICHHS
TPAeKTOPUI OJHO3HAYHO XapaKTEepPHU3yeT YyBEIHUUCHHE
3¢ (HEeKTUBHOCTH pa3felieHus] KOMIIOHEHTOB 3€pHOBOTO
MaTepualia Ha  (Qpakuuu 1O  adpOJUHAMUYECKAM
CBOMCTBaM, KOTOPbI€ KaK U3BECTHO INIOTHO KOPPEIUPYIOT
C Ka4eCTBEHHBIMH IOKa3aTeJIIMU 3€pHOBOI'O MaTepuaa.

ITonydennble pe3ynpTaThl HCCIEAOBAHUN Ipolecca
MHEPIHOHHOTO (hPAKIIMOHUPOBAHUS CBHJCTECIBCTBYIOT O
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peaTbHOM BO3MOYKHOCTH TIOBBITIICHHS 3()(HEKTHBHOCTH
paszeneHus Marepuana Ha bpaxuun ()
AOPOTMHAMHUYECKAM  CBOWCTBAM.  OQQEKT  SIOPHI
CKOPOCTH BO31yXa B BO3LYIIHOM KaHalle MOXET OBITh
UCIIONB30BAHO IS YIPABJICHUS NPOLECCAMH Pa3/IesICHUS
MaTepuaia Ha (ppaKInu.

KaloueBble cjoBa: TeopeTHyeckas 3aBHCHUMOCTB,
3€pHOBAsI CMECh, JI03UPOBKA, BBIICIICHNUS, paclpe/IeIeHHs,
3¢ PEKTUBHOCTH, TPOU3BOAUTEIBHOCTD, KAUECTBO.
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