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Summary. The formulas have been entered and
approved for the calculation of porosity distri-
bution on the thickness of layer of fine-grained
mixture during its separation by the inclined flat
or vertical cylinder vibro sieves. It has been
attained as a result of approximation of tabular
information of the obtained numerical computer
integration of the specially worked out nonlinear
differential equations of the second order in a
dimensionless form. For approximation, the
function of degree coefficients and index is used
for the degrees which are certain by the Aitken's
method. Coefficients of the entered analytical
dependence are the vibro sieves related to the
parameters obtained by mechanical descriptions
of the separated material. Coefficients of the
entered analytical dependence are related to the
parameters of vibro sieves and mechanical de-
scriptions of the separated material. In the case
of cylinder vertical vibro sieve the action of
centrifugal force is also taken into account. The
method of mixture porosity calculation does not
need a computer numerical integration of non-
linear differential equations conducted by other
authors for solving this problem. Comparison of
numerical results of the proposed analytical
method of calculation with the ones described in
literature, have confirmed its high accuracy re-
sults, for the differences do not exceed one per-
cent. The expounded method is universal enough
and simple in use, besides it opens the possibili-
ties of subsequent analytical integration of dif-
ferential equalizations of motion at the calcula-
tion of kinematics descriptions of grain flow.
The developed method gives the opportunity to
also solve the inverse task when, according to
experimental measurements of porosity values
of grain mixtures on the thickness of movable
separated layer, it is needed to find the value of
phenomenological permanent that is included in
the expressions of coefficients of initial differen-
tial equalization. In this way, the adequacy of

the mathematical model is improved. The use of
approximation of degree considerably simplifies
the method of authentication of differential
equalization coefficients. In the article, the ex-
amples of grain mixture porosity calculation as
well as the examples of phenomenological per-
manent authentication have been resulted after
experimental calculations for both the variants
of vibro sieves.

Key words: vibro sieve separation, grain mix-
ture layer, porosity calculation, analytical meth-
od, approximation of degree, authentication of
phenomenological permanent.

INTRODUCTION

The important stage of post-harvest treat-
ment of grain is cleaning it from admixtures and
separation into fractions. This is achieved as a
result of separation of grain mixture on vibro
sieves. The intensity of separation process de-
pends on the porosity of grain mixture. At large
porosity the separation of sifted fraction is ac-
celerated but the mass productivity of sieve di-
minishes on fraction stair. In the case of small
porosity there is an opposite tendency, i.e. the
process of segregation is slowed and the percent
of sifted faction diminishes. In such cases, the
special activators of segregation process are
used. Consequently, the efficiency of the use of
grain cleaning technique depends on the mixture
porosity in connection with how its determina-
tion relates to the current scientific and technical
tasks.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

At the design of motion separated grain
mixture layer, the recent publications have taken
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into account the effect of porosity or specific
mass changes on the thickness of mobile layer. It
involves both the separation on flat vibro sieves
inclined to horizon [1-6] and the separation in
the vertical cylinder sieves of vibro centrifuges
[2, 7-9]. Taking into account the effect of po-
rosity or concentration of grains change on the
thickness of layer they have summarized the
known hydrodynamic models of homogeneous
grain flows [10—13]. This applies to the theories
set out in the monographs [14-16] reviewed in
the relevant literature. For determination of po-
rosity change, the vibrations of sieve and action
of force of gravitation or centrifugal force in the
sieve of vibro centrifuge were integrated in the
mentioned publications by the special nonlinear
differential equalization of the second order
numerical methods. It is unconnected with the
rate of movement of mixture, that is why it can
be treated separately, as an autonomous equali-
zation, without integration of differential equali-
zation of motion.

Using approximation of degree, the close
analytical decision of the task of porosity distri-
bution in the layer of grain mixture is made here,
in dependence of steel degree determination by
Aitken's method [17].

OBJECTIVES

The purpose of work was the development
and approval of analytical method of close cal-
culation of porosity in the layer of vibro separat-
ed grain mixture, which would not need numeri-
cal integration of the special nonlinear differen-
tial equalization.

For achievement of the put purpose the
known tabular information has been used from
[18, 19] and the approximation of degree.

Other similar determinations of specific
mass distribution of grain mixture in its mobile
layer have been described in [20, 21].

THE MAIN RESULTS OF THE RESEARCH

1. Heterogeneous layer of grain mixture was
placed on a flat vibro sieve, inclined to horizon.
The calculation scheme of the vibro sieve is
presented in Fig. 1.
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Fig. 1. Calculation scheme of flat vibro sieve

Here A, - amplitude of longitudinal vibra-
tions of sieve with frequency ; /4 - thickness of
mobile layer of mixture; € - angle of slope of
sieve.

According to [1-3], change of concentra-
tion of caryopsides on a coordinate in y
(v= V(y)) was described by differential equa-

tion:

2
i ay ﬂ —ygcosh =0, (1)
dy dy

at initial conditions:

v(0) = vy; Z—

V0

mo1), @ p=——

f= E(l+e_3); B= A0 ,
2 g
f o - coefficient of internal dry friction in
the mixture in a state of rest; g - free fall accel-
eration; ¥ - specific mass of material of grain;

O - phenomenological constant the value of
which is associated with the state of the surface
of sieves (presence of ribs, riffles etc.).

Passing to dimensionless variables in [18]
Cauchy's problem (1), (2) a formula is given:

d’¢ ¢

T
dn

3)

=0,

n=0

_1.9¢
4(0)—1,0[77



www.czasopisma.pan.pl P

N www.journals.pan.pl

ANALYTICAL METHOD FOR DETERMINING POROSITY IN THE LAYER 51
v ﬂ 72 COS 2] As an exam3ple, let us 0calculate « , when:
Wherezgz—; n=3 —y;ﬂz—. y=1350  kg/m’; 0=6"; h=0,01 m
Vo Vo 2oy
Vo =0,325; 1« =0,465; Jfo =047,

By numerical integration (3) the table of
C; values was made for different 77 [18]. Ap-

proximation was obtained by tabular findings by
the function of degree results by Aitken's meth-
od [17] in the analytical dependence:

v=v(y) = v, (1+1,0287"°). @)

To find out the errors of approximation,
calculate v(y) at V;=0,325 and other 77. The

results of calculations V on formula (4) are writ-
ten in the numerators of Table 1, and in denomi-
nators, for comparison, V is indicated, obtained
with the tabular method in [18].

Table 1. Values v, got two methods

nio 0,116 |0,233 | 0,349 | 0,465
V1 0,325| 0,336| 0,358| 0,388| 0,425
0,325 0,337| 0,360| 0,389| 0,425

Divergences between numerators and de-
nominators are unimportant here, which con-
firms the efficiency of analytical method of cal-
culation.

Let us consider further, how to use formu-
la (4) for authentication of value & . At the

thickness of mixture layer /1, the concentration
of caryopses on a free topside is evened V), and

on a lower surface near a sieve evened Vi. Then

C: * = ‘% and by formula (4):
0
1+1,0287." = ¢,

6«1 =3 ﬁh.
1,028 Vo

or:

1
. = eX In
7 p(1,579
From where we get:

n ’ yg cosd
pmfe] -
h 20y

3
o ygcosﬁ{ﬁj '
vy \ s

Ak =0,0075 m; @ =41,86s™. For these initial
data:
B=1,340; f =0,297; y =2,512. The

substitution of the obtained values of constants
in formula (5) gives:

o= 1350-9,81-0,995( 0,01
2-0,325-2,512 { 0,465

3
j ~0,08H -

Consequently, after experimental deter-
mination {x =Vs/V,, authentication « is

taken to the simple calculations.

2. For a heterogeneous layer of grain mix-
ture in the vibro sieve cylinder, the calculation
scheme of vibro sieve is presented in Fig. 2.

D
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Fig. 2. Design scheme of vertical cylindrical
sieve with separated mixture

In the case of vertical cylinder vibro sieve,
the distribution of caryopses concentration on
the thickness of mobile layer of mixture (coordi-
nate r) is described by differential equation [2, 7,
8]:

d dvY | 2 (av) 20, (6)

at initial conditions:

dv
V(Ry)=vy; —

r r =R0
The size of @ is determined by the formu-

o=\\r+ 72~ 1) .

=0.

la:
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2
_ Ao

fo ( e )

e f=""\l+e "), G=———,
e l=5 ©T T RY?
and permanent & , as well as before, depends on
the state of sieve surface.

As equation (6) is nonlinear with variable
coefficients, it will integrated by numerical
methods on a computer [2, 7, 8].

But due to the small thickness of mixture
layer, in comparison to the radius of vibro sieve,
equation (6) possible for simplification, replac-
ing variable coefficients by averaged values on

the interval of integration 7 € [RO,R]. After

such simplification, the Cauchy's problem is
given expressions [19]:

¢ de ¢

= (7
dn® dn d¢ )
dn
C(O)zl;d—g =0.
d’7n:o
Tyt
% 1

S T @21 0ShIR,)

1= | Y (Ry +0.5h)
N 2av,(@+2) °

r
77:/1(——1].
RO

The numerical integration of equation (7)
shows that the function é/ = g (77,61) very
poorly depends on @, because of the real terms

of separating coefficient @ <<1. Therefore, the

results of integration actually taken to the table
are also the approximated expression (4). But
now 77 will be calculated by another formula
(8), using sizes A and 7.

With the purpose of verification of ade-
quacy of formulas (4) and (8) calculation is con-
ducted V(7) at Vo ZV(RO)=0,367 and
different 77. The obtained results are written in
numerators in Table. 2.

Table 2. Values v(r*), where

r¥ = —-Ry)/h
r* o0 025 0,5 0,75 1
nlo 0,085 | 0,170 | 0,255 | 0,34

v 10,367 0,375 0,390, 0,411 0,436
0,367 0,376/ 0,391 0,412 0,437

It is indicated V(7*) in denominators,

calculated by a tabular method in [19]. The co-
ordination of results is good, which confirms the
adequacy of approximation (4) and (8).

Let us further check as approximate for-
mulas (4) and (8), the results are given in con-
tinuous graphs in Fig. 3. This Fig. is printed in
[8] (Fig. 3).

i = S B
o IS e %
0:52 2 \%Z\ ~—
0,48 %s\
0.44

0,40

0 025 050 0,75 r*

Fig. 3. Dependences of grain mixture porosity
& on the layer depth r*, loading ¢ and construc-
tional parameters of ribs: 1 — serial sieve; 2 —
attitude of diameter is toward length of rib
0,024; 3 — attitude of diameter is toward length
of rib 0,07; — — — q=110 kg/h-dm?; -
q=180 kg/h-dm’

Porosity of mixture & =&(7) is calcu-
lated by formula:

e(r)=1-v(r).

In accordance with the expounded meth-
od:

1,579
v(r¥) =v,<1+1,028] r *exp Llnv*/vo_1 ’
1,579 1,028
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thus:

-R
v =V(Ry); vo = V(R); r¥="—"0

As can be seen, for the calculation of dis-
tribution Vi« =V(R) and €=&(r*) it is
needed only to set the relation Vi / Vo . This is
made: for graph 1 - Vi /VO =1,635; for graph 2 -
Vi / vy =1,507; for graph 3 - Vs /v, =1,417, and
V,=0,367. The obtained v(r*) and &(r*) for

separate 7 * are indicated in Table 3.

Table 3. Approximated values of porosity &,
compared to the continuous graphs

y ¥ graph 1 graph 2 graph 3

v(r*) e(r®) v(r*) e(r*) v(r*) e(r*

0 (036 |0,63 |036 |0,63 | 0,36 |0,63
7 3 7 3 7 3

0,39 | 0,60 | 0,38 | 0,61 |0,38 | 0,61

0,44 0,55 | 0,43 | 0,57 |0,41 |0,58

0,
25 |3 7 8 2 4 6
0,
5 15 5 9 1 8 2

0, {051 048 |0,48 | 0,51 | 0,46 |0,53
75 15 5 5 5 4 6

1 10,6 |04 0,55 0,44 |0,52 | 0,48
3 7 0 0

The results indicated in this table, as sepa-
rate points, deviate little from continuous
graphs in Fig. 3.

Let us consider that approximation (4), (8)
suitable also for the authentication of rheological
permanent . Let us calculate it,

when: Ak =0,006 m; @ =96 s
R=03075m; Q=11,77 s, f, =047,
h=0,014 m; y=1350 kg/m’; Vv, =0,367;
Vi =0,497. Assume that Vv, =V(R,) and

Vi« =V(R) are certain experimentally. For
them, according to (4):

& =1+1,028n."" = ox _ 1,354,
Co
where:

1 In 1,354 -1

=0,509.
1,579 1,028 j

e = eXP(

Then, using formula (8), we get:

2
o= 410 s 2Ry +0.5h)
R, 2av, (D +2)

Deciding this equation relatively to &,
we find that:

2 3
UL Y
2v,(@+2) \ 7.

For the accepted numeric data:
G =1,298; f =0,299; @ =2,491. The substi-
tution of the proper numbers in formula (9)
gives:
o= 1350-11,77%0,3005 ( 0,014
2:0,367-4,491 {0,509

3
] =0,355H.

The obtained result well conforms to that
in [19], where & =0,353 H.

CONCLUSIONS

The conducted calculations and compara-
tive analysis of numerical results have proved
that the solution offered is close to the analytical
method of calculation of porosity in the mobile
layer of separated mixture and is universal
enough, has a high accuracy level and is com-
fortable to use. It also enables to find the value
of phenomenological permanent in the initial
differential equation as a result of the experi-
mental measuring of values of porosity in two
points of grain mixture layer.
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AHamUTHYECKHI CTIOCO0 OTpeIeNiCHHs
HOPUCTOCTH B CJI0€ BUOpOCENapupOBaHHON
3€pPHOCMECH.

AnHoTauus. BrBemeHo wu  anpoOUpOBaHO
npuOIvbkeHHbIe  GOPMYNBI  JUIS  pacyeTa
pacnpeneneHusl MOPUCTOCTH MO TOJILIHUHE CIOS
MEJIKO3EPHUCTOM CMECH, TIPU €€ CeNapupOBaHUU
HAKJIOHHBIM IUIOCKAM WM  BEPTUKAJIBHBIM
LWIAHIPAYECKUM BHOpOpeIIeTaMu. Ot0
JIOCTUTHYTO B Ppe3yJbTaTe anmnpoOKCUMAallUU
TAaOJIUIHBIX JaHHBIX, IMOJYYCHHBIX YHCJIICHHBIM
KOMIIBIOTEPHBIM UHTEIPUPOBAHUEM CIIELIUATIBHO
COCTABJICHHOT'O g dhepeHInanbHOTO
YpaBHEHHs BTOPOrO TMOpsaka B Oe3pa3MepHOi
¢dopme. [lng anmpokcUManMK MCTONIH30BaHA
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creneHHas GyHKIHS, K0dQPUIEEHTH KOTOPOi 1
MoKaz3arenb CTENEeHW ONpe/IeiIeHbl METOJIOM
OHTKEHa. Koaddummentst BBEJICHHON
AQHAJIMTUYECKOM  3aBUCHMOCTH  CBSI3aHBI  C
napameTpamMu BUOpopelieta U MeXaHHYeCKHUMU
XapaKTepUCTUKAMU CermapupoOBaHHOTO
Matepuaia. B ciay4ae  IWIMHIPUYECKOTO
BEPTUKAIBHOTO BHOpOpenieTa YYTEHO TaKXKe
NeHCTBYE TIEHTPOOSKHON CrITbl. Pa3paboTaHHEII
METOJ pacyeTa MOPHCTOCTH CMECH He TpeOyer
YHCJICHHOTO KOMITBIOTEPHOTO WHTETPUPOBAHHUS
HETMHEHHBIX AuddepeHITNATBHBIX YpaBHEHUH,
YTO MPUBOJWIN JPYTHE aBTOPHI MPU PEUICHUH

3TOU 3aJ]a4H. CpaBHeHue YHCIICHHBIX
pe3yiabTaToB, K KOTOPBIM MIPUBOAUT
TIpeII0KEHHBIT AHAINTHYECKUN croco0

pacuera, ¢ ONMyOJMKOBaHHBIMH B JIUTEparType,
MOATBEPANIIO €r0 BBICOKYID TOYHOCTh, HOO
pacXxoAMMOCTh pe3ydbTaTOB HE TIPEBEIIMIAET
OOHOTO  mpoueHTta. M3nokeHHBIH  croco0
JOCTaTOYHO  YHUBEpPCAJIeH W NpocT B
WCTIONB30BAaHUH, K TOMY € OH OTKpBIBAaeT
BO3MO)KHOCTh JTaIbHEHIIETO aHAJIUTHYECKOTO
WHTETPUPOBAHHS g hepeHIraTbHBIX
YpaBHEHHWH  JBWKEHHWS TIPU  BBIYUCICHUHU

KMHEMAaTHYECKUX XapaKTEPUCTUK 3epHOMOTOKA.
Paspaborannpiii  crocod maeT BO3MOXKHOCTB
TaKkKe pemarb oOpaTHyI 3aaady, Korga Iio
JAHHBIM  JKCIIEPUMEHTAIBHBIX  W3MEpPEHHH
3HA4YEeHUI TOPUCTOCTH 3EPHOCMECH T10 TOJIIIHE
JBIKYIIETOCS CENapupyeMoro CJios, HYXKHO
HaiiTn 3HA4YCHHUE (heHOMEHOJIOTYECKOH
MOCTOSIHHOM, KOTOpas BXOAHMT B BBIPAXKCHHUS
ko3 dunmentoB ucxomHoro audhepeHIHaIb-
HOTO YypaBHEHMA. TakuM IIyTeM JOOCTHraeTcs
yIay4llleHHEe aJeKBAaTHOCTH MaTeMaTH4eCKOH
MO/IEIH. HcnonkzoBanue CTETIEHHON
anmpoKCHMalM{  3HAYMUTENBHO  YIpOLIaeT
MpoBeJieHNe HAeHTUQUKAIHA K03()PHUIIeHTOB
muddepeHIMaTBFHOTO  ypaBHeHHs. B craTbe
MpHUBEACHHl TNPHUMEPHl pacueTa MOPUCTOCTH
36pHOCMECH U IpUMEpPHl  HICHTU(UKALUN
(heHOMEHOJIOTMYECKOM MOCTOSIHHOM o
9KCIIEPUMEHTAILHBIM pe3yJibTaTaM, Ui 000uX
BapHaHTOB BUOpOpEIIET.

KiroueBble cjioBa: BuOpopenieTHoe cema-
pUpOBaHWE, CIOW 3EPHOCMECH, pacueT IOopH-
CTOCTH, AaHAJUTUYECKUH Crocod, CTelneHHas
anmpoKcuManus, WAeHTU(UKaIUusi (EHOMEHO-
JIOTUYECKOH TIOCTOSHHOM.



