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Summary. The analytical method of calculation of a
withstand motion of fine-grained mixture is worked out in
the vertical cylindrical sieve of vibrocentrifuge.
Integration of differential equalization of motion is show
out the reserved formulas for the calculation of kinematics
descriptions of grain flow. The two-parameter continual
model of the state of separation mixture is used in
researches, as a heterogeneous continuous environment
with variable specific mass (by porosity) on the thickness
of movable layer of friable material. Change of specific
mass on a radial coordinate in the cylindrical layer of
mixture approximated by the function of degree, the
coefficients of that are certain by the Aitken's method.
Due to such approximation, the analytical decision of
differential equalization of the grain flow, shown out with
the use of two-parameter rheological dependence, in that
the constituent of linear viscid resistance is complemented
by the constituent of remaining internal dry friction,
proportional overpressure in mixture, is built. An
analytical decision is expressed as squaring that is not
expressed through elementary functions in closed form,
the close method of calculation of integral offers that is
why, with the use of partial sum of row of degree. The
results got close formulas result in that well comport with
the results of numerical computer integration of squaring.
Such method the continual models of grain flow on
vibrosieves, it is assumed in that friable material is fully
confined internal dry friction, are generalized known for,
as a result of vibrodilution. The examples of calculations
are considered, where influence of different factors is
investigational, in particular values of rheological
coefficients and change of porosity, on kinematics
descriptions.

It is set that calculation kinematics descriptions of

grain flow substantially depend not only on the thickness
of movable layer and rheological constants, and also from
the concentration of grains near free surface of the
mixture. Thus, worked out here a method of research of
vertical grain flow in the cylindrical sieve of
vibrocentrifuge can be an alternative to other methods in
that for the calculation of motion of grain mixture of
variable porosity conducted numerical computer
integration of nonlinear differential equalizations.
Key words: vertical cylindrical vibrosieve, a grain flow,
change of porosity, approximation of degree, two-
parameter rheological dependence, viscid and dry friction,
rate of movement, withstands.

INTRODUCTION

Velocity and quality of vibrosieve separation of grain
mixtures depend on the size of deformations of change of
friable material and intensity of segregation that takes
place in it. The adopted factors also influence on
efficiency of use grain cleansing technique. Therefore,
researches of conformities to law of distribution of
porosity in mixture, without that impossible segregation
(penetration of particles is through pores for sifting) and
to distribution of velocity of change on the thickness of
movable separated layer, behave to the actual tasks that
paid attention in many publications.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

In well-known researches of motion of heterogeneous
separated mixtures for the surfaces of vertical vibrosieve
usually on a computer consistently decided the two
Cauchy’s problems numerical methods [1-3]. The first is
sanctified to the calculation of porosity of grain mixture,
and second — to the calculation of kinematics descriptions
of grain flow. In the second task drew on the numerical
results of decision of the first task. Here, unlike the
publications indicated higher, the close analytical method
of calculation of porosity and kinematics descriptions of
grain flow is offered, without numerical integration of
differential equalizations. It is based on approximation of
change of porosity, that is predefined by mechanical
vibrations and action of centrifugal force, by the function
of degree, by the Aitken's method [4]. The uses of such
approximation and two-parameter rheological dependence
in that tangent tension in grain mixture is accepted by
proportional to velocity of deformation of change and a
dry friction is taken into account result in differential
equalization the analytical decision of that is expressed in
quadratures. It is therefore succeeded to get in elementary
functions the reserved formulas are close for the
calculation of kinematics descriptions of motion of layer
of mixture that is an alternative to the numerical computer
method. Herein basic difference of an offer work from
other publications after the indicated theme.

The movement of heterogeneous mixtures on
vibrosieves was examined also in [5-8], but there on the
thickness of layer the dynamic coefficient of
vibroviscidity, but not porosity of mixture, was accepted
variables.

Vibrosieve grain flows of homogeneous mixtures,
with the use of hydrodynamic models of viscid
Newtonian fluid, investigated in [9-12]. There are
analytical literary reviews in monographs.
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In recent year the printed works [13-16], in that
nonlinear rheological dependences are involved between
tangent tension in the vibrorarefied mixture and velocity
of deformations of change. But in these works the not
taken into account change of porosity of mixture on the
thickness of movable layer and absent analysis of
influence of sieve activators (ribs, reefs and etc.) on its
distribution. Possibility of presence in the vibrorarefied
mixture of remaining dry friction is not envisaged also.

Coming from the conducted review, farther set forth
aim of work.

OBJECTIVES
The aim of the article are deduce and approbation of
new calculation formulas for the calculation of velocity of
grain flow in the wvertical cylindrical sieve of
vibrocentrifuge, taking into account the change of
porosity on the thickness of movable layer of grain
mixture.

THE MAIN RESULTS OF THE RESEARCH
Based on the design scheme vibration sieve shown

in Fig. 1.
V0 B h .

Fig. 1. Design scheme of vertical cylindrical sieve with
separated mixture

Here is 4, — amplitude of vertical vibrations of sieve
with frequency w; Q — angular velocity of rotation sieve
around the vertical axis; R — radius of cylindrical sieve; h
— thickness of movable layer of mixture; Ry=R-h — radius
of cylindrical free surface of mixture; r — radial
coordinate; u(r) — velocity of a withstand vertical grain
flow in direction to axis OZ.

For the calculation of changes in the concentration
of weevils v=v(r) on the thickness of movable layer of
grain mixture in works [1-3] on a computer decided the
next Cauchy’s problems numerical methods:

fe@ (&) () v =0

av
Ry) = vy, — =0. 1
v(Ro) = vy = )
Here &= (J1+¢%2—9)/p; ¢ = 1;—0(1 +e7%);
2
G = ‘Z‘%; Vo — concentration of weevils near free surface

of mixture; f, — coefficient of dry friction in the mixture.

Value of the coefficient o depends on a condition
sieve surface (presence ribs, reefs and etc.).

Analysis of results of numerical integration of
equalization in (1), that is confirmed experimentally in
[17], showed that they can be approximated by
dependence of degree [18]:

v=v(r) =v,(1+1,0287%), (2

oo by 3{an(Ro+o.5h). _
where:n = X(r —Ry); X = (012 ;A =1,579.
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In case of flat sieve such dependence is used in [19].

The error of approximation (2) does not exceed one
percent. Therefore, approximately, instead of numerical
integration of the Cauchy’s problems (1) on a computer,
we will use the formula (2). For the analytical calculation
of kinematics descriptions of grain flow integrate these
equalizations of equilibrium element of mixture layer
thickness dr:

= () = —ygv(r) T,
at the initial condition:
T(Ry) =0,
what expresses equality to the zero of tangent tension
T = t(r) on free surface r = R,,.
Get expression integration:

T=-2 Rrov(t)-t-dt. (3)
Here y — specific mass of material of one grain; g —
acceleration of the free falling.
To get differential equalization of motion, we will

use two-parameter rheological dependence [16, 20]:

a .
T = pgr— fr()sign(w). )
Here u, f — rheological coefficients; p(r) — internal
overpressure in the mixture.
Since, u = 0, and
p(r) = y2* f; v(O)tdt,
then (4) takes the form:
da
7= “d_: — fy0? ero v(t)tdt, (5)

Comparing right parts of expressions (3) and (5), get
differential equalization of motion:

S -L(ra?-2) [y w@at, 6)
which should be fRQ? < g.

Equalization (6), integrate at an initial condition:

u(R) = Up, (7)

where: u, — velocity of skidding mixture for the surfaces
of sieve.

Decision of Cauchy’s task given by expressions (6)
and (7) looks like:

u= %er [(f()z - “:—7) ero tv(t)dt] dr + uy.

Putting expression (2) here, after integration for t,
get squaring for the calculation of velocity of grain flow:

_Y (T 2 _ g r2—R3 (r—Ro)’1+2
u—ﬂfR(f.Q r)[vo —+a +

A+2
(r—Rp)M?
aRo™— 7
Here a = 1,028v,X".

Further integration gives:

20y
u= E{iﬂz (rﬁ RV [(r2 + 1R + R?) — 3R2] -

] dr + u,. (8)

(T_Ro)l+3_hl+3
(A+2)(1+3)
| - agls, () + RoS: (1} + 5. (9)

)2.+2

_9% (2 _ p2y _ p2|n’- 2
" [(r R*) — R§ lnRz] +af
(T_R0)2.+2_h2.+2
0 a+n@+2)
. . _ 1 r(r=Ro
Thus integrals: S, (r) = T2 9k —lr ;
_ 1 o (@=RM?!

- SZ(r) B A+1 R - r drl - -
not expressed in elementary functions. But, taking into
account, that in practice of separation of r — Ry < Ry, it
is possible to show out simple enough close formulas for
the calculation of S, (r) and S, (r).
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For this purpose we will take advantage of the next
approaching of sum members of geometrical progression:

1_ 1 _ 1 - i(l _TRo (T—RO)Z)
r  T-Ro+Ro Ry (1+%) Ro Ro Ro® T
Then:
S (r) ~ 1 I:(T_RO)2+3_hZ+3 _ (T_RO)Z+4_hl+4
IV A+2)R, 2+3 Ro(A+4)
(T_Ro)l+5_hl+5:|' (10)
RZ(A+5) '
S (r) N 1 I:(r_RO)A+2_h)L+2 _ (r_RO)A+3_h)L+3
2V A+ DR, A+2 Ro(1+3)
(.’._RO)2+4_h2+4
RZ(A+4) ]

Thus formula (9), together with expressions (10), it
is possible to consider the close reserved analytical
decision the tasks of motion of grain mixture.

If in (9) to put yv, = p, a = 0, this formula will be
the same with that which obtained in [16, p. 80], for the
calculation of wvelocity of grain flow homogeneous
mixture. From (9), as special cases, resulting formulas
derived in [9, 11] based on hydrodynamic model
movement.

Using (2) and (9), it is possible analytically to
calculate the productivity of vibrosieve:

P =2ny f; ru(r)v(r)dr. (11)

But analytical integration gives a bulky formula.
Therefore, an integral (11) more comfortable to calculate
numerical methods on a computer.

Will consider the examples of calculations. For
realization of calculations accept: R = 0,3075m;
N=11,77s" A, =0,006m; w=095s" f,=047;
y = 1350kg/m* u, =0; @ =023 H; and different
w f, v, h.

Calculated by two methods of value of u(r), at
h=0,018 m; x=1,9 Pa-s; f=0,1, written in a Table 1. A
value in numerators is got numerical integration of
squaring in (8), and in denominators — on formulas (9),
(10).

Table 1.Velocities of grain flow at different r*=(r-R,)/h,
calculation in two methods
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. =03 | v=04 | v,=05
* Values 10 u (r), m/s
0 2,2108 2,8908 3,5653
2,2109 2,8909 3,5654
0.2 2,1305 2,7839 3,4318
' 2,1306 2,7840 3,4319
04 1,8849 2,4584 3,0266
' 1,8849 2,4585 3,0267
06 1,4610 1,9004 2,3352
' 1,4611 1,9005 2,3353
08 0,8404 1,0895 1,3356
' 0,8405 1,0895 1,3356
Small divergences between a numerator and

denominator confirm exactness of close formula (9).

Calculations results of velocity u(o) on formulas (9),
(10) at h=0,012 m and h=0,016 m and different g, f, v, are
written in Table 2 and Table 3. Calculations confirm, that
velocity of grain flow substantially depends not only on
the thickness of movable layer of mixture, and also from
it specific mass and rheological constants.
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Table 2. Value of velocity of grain flow at h=0,012 m
V=03 | v,=04 | v,=05

u,
Pas f Values 10 u (0), m/s

0,7 | 0,05 3,437 4,532 5,623
0,7 | 0,10 2,499 3,296 4,089
0,7 | 0,15 1,561 2,059 2,555
0,9 | 0,05 2,673 3,525 4,373
09 | 0,10 1,944 2,563 3,180
09 | 0,15 1,214 1,602 1,987

Table 3. Value of velocity of grain flow at h=0,016 m

U, ‘ V=03 | v,=04 | v,=05
Pa-s Values 10 u (0), m/s
0,9 0,05 4,948 6,488 8,018
0,9 0,10 3,605 4,727 5,842
0,9 0,15 2,262 2,966 3,666
1,1 0,05 4,048 5,308 6,560
1,1 0,10 2,949 3,868 4,780
1,1 0,15 1,850 2,427 2,999
About influence of different factors on the

productivity of sieve the given information in a table. 4.
The value of P is got numerical integration in (11) at
h=0,012 m and different x, f, v,.

Table 4.Value of the productivity of vibrosieve at
h=0,012 m

u, ; V,=03 | v,=04 | v,=05
Pa-s Values P, kg/s

0,9 0,10 1,319 2,285 3,508
0,9 0,15 0,821 1,423 2,184
1,2 0,10 0,989 1,714 2,631
1,2 0,15 0,616 1,067 1,638

Here we have substantial dependence of P not only
from w and f, and also from v,

CONCLUSIONS

Approximation of change of specific mass on the
thickness of movable layer of heterogeneous grain
mixture gave an opportunity to calculate velocity of grain
flow without realization of numerical integration of
differential equalizations the function of degree.
Calculations showed that kinematics descriptions of grain
flow substantially depended not only on the thickness of
movable layer and rheological constants, and also from
the concentration of grains near free surface of mixture.

REFERENCES

1. Piven M.V. 2006. Rationale process parameters
separyrovanyya grain mixture in sieve: Diss. ... kand.
techn. nauk: 05.05.11. — Kharkov, 256. (in Russian).

2. Leonid Tischenko, Dmytro Mazorenko,
Mikhail Piven, Sergey Kharchenko, Vadim Bredikhin,
Alexander Mandrika. 2010. Design of processes of
grain separators. Kharkov: KhNTUA, 360. (in Russian).

3. Tischenko L.N., Piven M.V., Bredikhin V.V.
2013. Rationale the process of segregation of grain mixes
with  separation sieves vibrocentrifugal.  Motrol.
Motorization and power industry in agriculture. Lublin,
Vol. 15, Ne7, 105-112. (in Russian).

4. Kalitkin  N.N. 1978.
M.: Science, 512. (in Russian).

Numerical Methods.



34 V. Olshanskii, A. Olshar

5. Olshanskyi V.P. 2010. The dynamics of an
inhomogeneous layer of grain on a flat vibrating sieve.
Dynamical systems, Vol. 28, 162-170. (in Russian).

6. Tishchenko L., Olshanskyi V., Olshanskyi S.
2011. On velocity profiles of an in homogenous
vibrofluidized grain on shaker. Journal of Engineering
Physics and Thermophysics, Vol. 84. Ne 3, 509-514. (in
English).

7. Olshanskyi V.P. 2012. Oscillations linearly
nonuniform grain flow in a cylindrical vibrating sieve.
Vestnik NTU "KPI": Mathematical modeling in
engineering and technology, Ne2. 180-188. (in Russian).

8. Leonid Tischenko, Vasily Olshanskii,
Stanislav Olshanskii. 2012. Vibrations of grain flows on
vibrosieves. Kharkiv: «Miskdruk», 267. (in Russian).

9. Tischenko L.N. 2004. The intensification of

separation of grain. Kharkiv: «Osnova», 224. (in
Russian).
10. Leonid  Tischenko, Vasily  Olshanskii,

Stanislav Olshanskii. 2011. Vibrosieve separation of
grain mixtures. Kharkiv: «Miskdruk», 280. (in Russian).

11. Tischenko L.N., Olshanskyi V.P., Olshanskyi
S.V. 2013. Dynamics vibrocentrifugal grain cleaning.
Kharkiv: «Miskdruk», 440. (in Russian).

12. Leonid Tischenko, Sergey Kharchenko. 2013.
To application of methods of mechanics of continuous
environments for description of motion of grain mixtures
on vibrosieves. MOTROL «Motorization and power
industry in agriculture», Vol.15, Ne7, 94-99. (in Russian).

13. Tishchenko L., Olshanskyi V., Olshanskyi S.
2015. Quadratic nonlinear model of grain mixture
movement in a cylindrical vibratiry centrifugal sifte.
TEKA. Poland, V.15, 67-72. (in English).

14. Olshanskyi V.P., Burlaka V.V. 2016. Three
parametric model of continual movement grain mixture
on a flat vibrating sieves. Engineering and food
processing industries, Nel (1), 20-25. (in Ukraine).

15. Olshanskyi V.P., Olshanskyi A.V., Slipchenko
M.V., Kharchenko S.A. 2016. About velocity separating
grain mixture in a cylindrical vibration sieve. Motrol
«Motorization and power industry in agriculture» —
Poland: Lublin, Vol 18. Ne7, 55-60. (in Russian).

16. Olshanskyi V.P., Olshanskyi O.V. 2016.
Mathematical models of grain flows on vibrating sieve. —
Kharkiv: «Miskdruk», 140. (in Ukraine).

17. Tischenko  L.N., Piven M.V. 2016.
Experimental research intralayer processes in the cereal
mixtures of separated cylindrical vibrocentrifugal sieves.
Mechanization of agricultural production: Journal
KNTUA. Vol. 173, 153-160. (in Ukraine).

18. Olshanskyi V.P., Olshanskyi S.V., Slipchenko
M.V. 2016. Tabular calculation porosity layer of the grain
mixture in a cylindrical vibration sieve. The vibrations in
engineering and technology, Ne3 (83), 195 - 201. (in
Ukraine).

19. Olshanskyi V.P., Olshanskyi O.V. 2016. On the
motion of variable porosity grain mixture on a flat
vibrating sieve. Engineering and food processing
industries, Ne2 (2), 61 — 65. (in Ukraine).

20. Tishchenko L.N., Olshanskyi V.P,
Olshanskyi S.V., Miradov D.N. 2016. On the motion for
vibrocentrifugal cylindrical sieve grain mixes with visco-
dry friction.. Engineering and food processing industries,
Nel (1), 8-12. (in Ukraine).

www.czasopisma.pan.pl P N www_journals.pan.pl
Y

ii,.S;-Kharchenko, F. Kharchenko

O JIBOKEHWUM 3EPHOCMECH ITEPEMEHHOM
MMOPUCTOCTU B HWJIMHAPUYECKOM PELIETE
BUBPOLIEHTPUD YT U

B. Onpmanckuit, A. Onpmanckuii, C. XapaeHko,
®. XapyeHko

AnHotanusi. Paspaboran  aHanmuTH4eckuii  croco0
pacyera yCTAaHOBHMBIIETOCS JIBMKEHHS 3€PHOCMECH B
BEPTUKAILHOM LWIHHIPUYECKOM perete
BUOPOLICHTPUDYTH. WHTterpupoBannem
I GepeHINaIbHOTO YPaBHEHUS JIBYDKCHUS BBIBEICHO
3aMKHYTBIE ()OPMYJIBI JUISl BEIYUCIICHUS] KWHEMATHICCKIX
XapaKTepUCTUK  3epHONOTOKA. B mccrnenoBaHUSX
UCIIONB30BaHa  JIByXIIApaMeTpUYecKas KOHTHHYaJbHAs

MOJENb COCTOSHHSI  CEIapHpOBaHHOW CMECH, Kak
HEOJHOPOAHON  CIUIOIIHOM Cpedpl C I[EPEMEHHOMU
IUIOTHOCTBIO WITH MOPUCTOCTHIO 110 TOJIIAHE

JBIDKYIIETOCS. CJIOS CBIMTydero Martepuana. V3aMeHeHwus
YICNBHOW MacCchl MO paJHalbHOW KOOpAUHATE B
HWIAHAPUYECKOM  CIIO€ CMECH  alllIPOKCHMUPOBAHO
cTeneHHOHW  (yHKuWeW, KodQ(UIMEHTB  KOTOPOii
omnpeAesNeHbl MeToaoM OWTkeHa. bmaromapst Takoit
aNMpOKCHMAIINH, TOCTPOCHO aHAIUTHYECKOE pEIICHUE
muddepeHnnaTLHOTO YpaBHEHUS 3epHOIOTOKA,
BEIBEICHHOTO C WCIIOJNIB30BaHUEM JIByXIapaMeTPHUECKON
PEOTOTHYECKOH 3aBUCHMOCTH, B KOTOPOH COCTABIIIOIIAS
JUHEWHOTO  BS3KOTO  COMPOTHBICHHUS  JIOTIOJHEHA
COCTAaBJIIIONICH  OCTATOYHOTO  BHYTPEHHEIO  CYXOro
TPEHUs, TMPOMOPIHOHAILHOTO M30BITOYHOTO JABJICHUIO B
cMecH. AHAQJIWTHYCCKOC pELICHHE TMOJIy4eHO B BHIC
KBaJpaTypsl, KOTOpas  HE  BBIpaXKaeTcs  depe3
aneMeHTapHble QyHKIMHM B 3aMKHYTOH hopme. TToaTomy
OpPEJIOKEH  MPUOMMKEHHBIH  CIOCO0  BBIYHMCIICHUS
WHTETpaia, C WCIONB30BAHUEM YaCTHYHOW CYMMBI
CTETIEHHOTO psAna. Pe3ymbTaThl, K KOTOPBIM MPHUBOISAT
MONyYCHHBIE  NPUONIDKEHHBIE  (OPMYIBI,  XOPOIIO
COTJIACYIOTCS C pe3ynpTataMu YHUCIIEHHOTO
KOMIBIOTEPHOTO HHTETPUPOBAHMS KBaIpaTyphl. Takmm
crocoboM  0000IIeHO  W3BECTHBIE  KOHTHHYaJIbHBIC
MOJIC/TH 3ePHOIMOTOKOB MO BHOpOpEIIETaX, B KOTOPBIX
OPEMOJIAraeTcsi, 4To CHITYyYHH MaTepHaa MOJHOCTHIO
JIMIICH BHYTPEHHET0 CyXOro TPEHHS, BCICACTBUEC
BUOPOOXKMKEHHUA. PacCMOTpEHO MpHMeEphl pacueToB, e
UCCIICIOBAHO  BJHMSHHAC  Pa3IMYHbIX  (DAKTOpOB, B
YaCTHOCTH 3HAUYEHHUH PEOSIOrHYecKuX Kod(PQUIMEHTOB 1
M3MEHECHHSI MTOPUCTOCTH, Ha PacUCTHBIC KHHEMATHICCKHE

XapaKTCPHUCTHUKH. YCTaHOBHCHO, YTO TCOPETUYCCKHC
KHUHCMAaTHYCCKUEC XapaKTCPpUCTUKU 3€PHOIIOTOKOB
CYHIECTBEHHO 3aBUCAT HC TOJIBKO OT  TOJIIIMWHBI

JIBIDKYIIETOCS CJI0Sl M PEOJIOTMYECKUX KOHCTaHT, a TaKkkKe
U OT KOHLEHTpPAIMH 3epeH y CBOOOIHON IMOBEPXHOCTH
cmMecu. B menom  pa3paboTaHHBIM  3/eCh  CHOCOO
HCCIIeTOBAHUSA BEPTHUKAJIHHOTO 3epHOIIOTOKA B
OUIMHAPUYECKOM pemieTe BHOPOLEHTPUDYTH MOXKET
OBbITh aNbTEPHATUBOW JIPYrUM METOJaM, B KOTOPBIX JIs
pacueTa IBHKEHHUS 3€PHOCMECH IIEPEMEHHON TOPUCTOCTH
MIPOBOJIMIIA YUCJIEHHOE KOMITBIOTEPHOE MHTETPHUPOBaHHE
HENMHEHHBIX TuddepeHranbHbIX ypaBHEHHH.

KnioueBble ciioBa: BepTHKAJIbHOE MMJIMHIPUYECKOE

BHUOpOpEIIETO, yCTaHOBHBIIEHCS 3€pHOMOTOK,
NepeMeHHass MOPHUCTOCTh, CTENEHHAs aINNPOKCHMAIHS,
JByXIlapaMeTpUYecKas pEOJIOTHYEcKass 3aBHCHUMOCTB,

BA3KOC U CyX0€ TPCHHUEC, CKOPOCTh IBHMKCHUS.



