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Analytical study of separation efficiency of grain iIn
vertical pneumatic separating channel

Taking into account the insufficient amount of theoretical research of the influence of the conditions of
grain feeding into the pneumatic separating channel (PSC) on the efficiency of the process of separating grain
mixture into fractions there arises a scientific task to define regularities of the interaction of the grain material with
the air flow while feeding it into the vertical PSC. The movement of grain particles in a vertical PSC under one-
layer feeding was considered in the article. The theoretical dependences which allow optimizing basic parameters
of the PSC and defining the time of the grain in the air flow were acquired.
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AHaiimTHYecKkoe ucciaenoBanue 3(G(eKTHBHOCTH pa3/iejieHHsI 3epPHOBOI0 MaTepuHaa B BePTHKAJbHOM
MHEBMOCEeNapYoIeM KaHajie

BpaxoByrouH HEIOCTATHIO KUIBKICTh TEOPETHYHHUX MOCITIIKCHb BIUIMBY YMOB BBEACHHS 3EPHOBOTO
Marepiany B mHeBMocenapytounit kanan ([ICK) Ha eheKTHBHICTH Mpolecy pO3MUTCHHS Cymimn Ha (pakiiii,
TTOCTAJI0 HAayKOBE 3aBIAaHHS 110 BCTAHOBJICHHIO 3aKOHOMIPHOCTI B3a€MOJIl 36pHOBOTO MaTepiary 3 MOBITPSHHM
MOTOKOM IIPH PI3HUX YMOBax Iojiaui 3epHa B 30Hy IHEBMoOcemnapailii. B craTTi po3risiHyTo pyx 3epHOBUX 4acTOK
B BeprukanbHomy [ICK mpu ix ogHOpiBHEBOMY OIHOLIAPOBOMY BBeieHHI. OTpUMaHi TEOPETUYHI 3aJIeKHOCTI, SIKi
JIO3BOJISIIOTH 3HAMTH pallioHanbHI KOHCTPYKTHBHO-TexHoor1uH1 napamerpu [ICK Ta Bu3HaunTH yac nepedyBaHHs
3epPHOBOI YaCTKH B 30Hi Jii HOBITPSHOTO MOTOKY.
pa3zziejieHHe 3ePHOBOI cMecH, cenapanus, BO31yIIHbI MOTOK, 3¢6PHOBOIi MaTepuaJl, MHEBMOCENIAPUPY IOILH I
kanai (IICK), yciioBusi BBeleHHS 3epHA, IBUKEHHE 36PHOBBIX YaCTHII

Problem statement. Ukraine holds one of the leading places in the world in the
production of crops. The quality (the class) of grain depends on the effectiveness of the post-
harvest processing. The harvested grain after direct combining have a great amount of foreign
grains of various quantitative and qualitative compositions. These grains are poly-fractional by
their size, moisture and biological composition mixture. Therefore, the task of effective
separation of foreign, damaged and defective grains is the essence of the problem of increasing
technical and technological efficiency of grain cleaning machines.

Air separation (pneumatic separation) is one of the widely used ways of grain cleaning
and pneumatic separators are less expensive, simple and reliable in operation than pneumatic-
sieve machine. Modern pneumatic systems of cleaning machines can separate light and small
impurities as well as partially decrease moisture of the cleaned grains due to the air flow.
Therefore, further development of the design of this class of machines and the improvement of
the separation technology with the help of air flow are the actual and up-to-date technological
tasks.
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Analysis of recent research and publications. The problem of regularities of grain
behaviour in the air flow has been not studied completely as this process has a stochastic
character and depends on many factors.

Theoretical research of the pneumatic separation was done by many scholars [2-5] but
they did not pay enough attention to the conditions of the process of filling the pneumatic
separating channel (PSC) with grain. As research shows [6], a considerable part of the surface
of the cross-section of the PSC operates ineffectively because of the non-uniform distribution
of grains and as a result the separation efficiency decreases by 20% and productivity by 25%.

One of the effective ways to solve this problem is to apply a multi-stream feeding of
grains. The author [7] grounds the efficiency of the creation of grain streams which form grain
micro-channels while filling the angle channel. That enables to decrease the air-dynamic
resistance of the mixture and levels the speed of the air flow. But in the case of considerable
increase of the specific performance, the thickness of grain streams increases which negatively
influences the quality indicators of the separation process.

The author [8] studies the issue of the rational feeding of grain mixture into the air flow.
The conditions which provide minimal necessary distribution of grain mixture on the surface of
the cross-section of the PSC were defined. But there is no analysis of the grain movement
under the above-mentioned conditions and this fact does not allow assessing analytically and
apply it for further research.

According to the theoretical analysis of work [9] it may be concluded that the rational
density of the grains in the process of moving them into the PSC it was possible to get the
conditions which provide maximum possible introduction without reducing the efficiency of
the process in accordance with the indicators of the movement into the air flow.

The authors of work [10-11] prove the necessity of exfoliation of grain material in the
process of feeding in order to increase the surface of their contact with air flow, especially
during the increase of the unit load on the PSC.

In spite of a considerable number of scientific works devoted to the provision of the
ideal conditions of grain separation into fractions, the possibilities of further improvement of
pneumatic-separating systems of grain cleaning machines have not been studied fully. That is
why theoretical investigation which is directed to the increase of the efficiency of operation of
pneumatic-separating machines is of great importance.

Objective of research. Taking into account the insufficient volume of theoretical
research of the influence of conditions of the feeding into PSC on the efficiency of the process
of separation of grain mixture into fractions there arises a scientific task to highlight the
regularities of the interaction of the air-flow with grains while moving into the vertical PSC.

Main material. Let us consider a monolayer movement of grains in the PSC.

In order to analyse the object of research we have to make the following assumptions:

— the layers of grain mixture are not mixed in the PSC;

—grain and admixture are in the form of a bullet inside and they are similar in size;

— the mass of an average grain is much bigger than the mass of an average admixture;

— the grain material and admixtures are uniformly located in the flow of every layer.

Let us introduce the rectangular Cartesian coordinate system OXY. (Fig. 1) in which the
axis OY. is directed to the side of the movement of the air-flow and the axis OX. is directed in
such a way that the system OXY is situated on the right.

The speed of the air flow Vy is chosen in such a way that while going through the PSC
(Fig. 1, a):

— the grains will follow their trajectory which takes place if there is no air flow. In other
words the speed of the air flow Vy; is lower than the speed of grains’ flow Vg3

— the admixtures do not follow the trajectory which takes place if there is no air flow. In
other words the speed of the air flow is higher than the speed of the admixtures’ flow Vg j ;
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In this case the speed of the air flow meets the condition:
VB.ﬂ. < Vn < VB.3.' (1)

Under the accepted assumptions there is a clear separation of the grain flow. Grains and
admixtures move in the opposite directions and do not interact. When the grain is fed into the
PSC it follows the trajectory and the admixtures go upward.

y

a) — under the one-layer grain feeding; b) — under multi-layer grain feeding

Figure 1 — The scheme of grain and admixtures movement

Let us describe the grain and admixtures movement in case they are separated in the
PSC with one-layer feeding of the grain material.
When a particle appears in the air flow it is influenced by: gravity P =m,g (ms — the

mass of an average particle, g — acceleration of the Earth’s attraction), inertia force mza (a —
acceleration of an average particle) and air resistance force For3.:

msa+P+Fy,; =0. (2)

The speed of the air flow Vy is quite high (Vi =8>>2wm/s), that is why the air resistance
force Fons. is proportional to the square of relative speed of the particle [3] and is directed
oppositely to its speed movement

Fors = _[V [Vmsks ) (3)

where V = (X,y —V,;) is a speed vector of particle movement relatively to the air flow;

ks — is a coefficient of the particle’s windage.
In the projections on the axis of the system OXY the equation (3) has the following
solution
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X =—X2+(y=V,) %Xk,
y=-g+ v X2+ (y _Vn)2 (y _Vn)ks
The horizontal and vertical components of the particle’ speed are changed in the limits

of 0,5...0,7 m/s and -0,1...0,1 m/s. They are considerably lower than the speed of the air flow
(V=8 m/s), that is why

(4)

[V|:\/X2+(y_vn)2 z[\/n'y|zvn (5)

and the equation (4) has the following solution:

X = -V, Xk,
{ (6)

y= k3(V1§ _V132.3.) ’

where V,, = \/kﬁ is the speed of the particles’ flow.
3

The equation of the system (6) is independent. Let us decrease the order of the
equations by changing (& = w, ¥ = #):

{ wt=—Fuk,
U= R — V)

Divide the variables

| &

=— ¥V kdt
kl-( r:2 - L!Eijdt

| =]

dr
and integrate

Emlnl = — I kt+ InC,
v= 'E‘ZI-ET“IHE - L!E?I-Jt-l- €q’

where Cy, C, are integration constants. Do inverse substitutions (u = %,¥ = )

{x = Cye

. : (7)
y =K, (Vrf _VB2.3.)t +C,

After integrating system (7), we have the following
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G

X=——
_Vnkz

-k
e ‘”t+C3

t (8)
y= ks(vrf _V132.3.)E+C2t+c4

where Cs, C4 are integration constants.
Integration constants C;, Cy, C3, C4 are found from the from the boundary conditions

x(0) = 0,%(0) = %5, y(0) =0, y(0) = ¥, - (9)
From (7) — (9) we get:
(C.—v. C.= X0 ¢ _
C, =x,C, _yO’C3_VHk3,C4 : (10)

Substituting (10) by (8), we get:

_ X

X =
ik,

(1_ e—Vnkst)

. (11)
2 PR

y=k;(Vy _VB.3.)E+ Yol

The first equation allows defining the time t, which is necessary for the particle to move
from the front side of the PSC to the back side. That is the time when the particle is present in
the channel. And if the depth of the channel equals L, then the time ¢ is the solution of the

equation

Xo

L= 1—e Vi, 12
Vnks( e ) (12)
Substituting the equation (12) we get:
f=__t In[l— LYH"S]. (13)
m3 XO

Graphic interpretation (Fig. 2) of the acquired dependences (11) — (13) allows defining
the possibility and conditions of separating grain mixture into fractions.

The analysis of graphic dependences (Fig. 2) allows making the following conclusion.

There is a possibility to separate grain mixture into fractions by setting up necessary
parameters and operation modes of the PSC including feeding conditions. It is possible for the
grain mixture which is characterised by the following values k;=0,075...0,12 for the standard
grain, ks=0,11...0,14 for non-standard grain and k3=0,125...0,55 for admixtures.

In case of feeding with the angle of 40° in the direction of the activity of the air flow
speed vector (Fig. 2, a) and in the depth of the channel L = 4 cm we can observe full separation
into the fractions of light admixtures and standard grain. By adjusting the air flow speed in the
PSC Vn=7,5 m/s, at the depth of L =10 cwm there is a possibility to separate up to 98% of light
admixtures into the sediment box. In return we shall have losses of standard grain into the
waste.
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a) is the angle of feeding to PSC 40° in the direction of the activity of the speed vector of the air flow; b)

is the angle of feeding to PSC 40° in the opposite direction of the activity of the speed vector of the air flow; c) is
the angle of feeding to PSC 0° in the direction of the activity of the speed vector of the air flow

Figure 2 — The trajectories of flying and separating of grain mixture into fractions in the following
conditions: initial speed of feeding into PSC x, = 0,5m/s, the air flow speed V=7,5 m/s

In case of feeding with the angle of 40° in the opposite direction of the activity of the air
flow speed vector or horizontally (Fig. 2, b, ) there is no losses of standard grain (for Vp=7,5
Mm/s), but the quantity of separated admixtures is not higher than 30% — 60%. The improvement
of the quality of separation demands more energy consumption to create air flow in the PSC
dimensions at the expense of the channel depth.

Conclusion. In order to improve the efficiency of pneumatic separating channels of
grain cleaning machines we made theoretical analysis of the interaction of grain mixture with
the air flow of one-layer distribution of the grain in the PSC. According to the results of the
research we can state that the process of movement of particles in the air flow is under the
influence of the conditions of feeding into the PSC.

Thus, by selecting rational parameters of feeding grain into the PSC and adjusting
corresponding air dynamic parameters and operating modes it is possible to separate up to 98%
of light admixtures out of the grain mixture. In this case the losses of standard grain are
minimal.

The objective of further research is to study the interaction of grain mixture with air
flow of multi-layer distribution of the grain in the PSC.
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AHaniTHYHe JO0CTigKeHHS e(QeKTHBHOCTI pO3AilleHHS 3epHOBOr0 MaTepiaJly y BepTHKAIbHOMY
MHEBMOCENAPYIOYOMY KaHATi

[NoBiTpsiHa cemapailisi € OJHUM i3 HAWMOMIMPEHIIINX CIIOCOOIB OYMIIEHHS 3€PHOBHX CyMilIeH pi3HUX
KyJlbTyp, a ITHEBMOCEMapaTopu HabaraTo AEMICBINi, MPOCTINT i HaAIHHINI B eKCIUTyaTallil HiXK MHEBMOPEIIITHI
MaluHA. ToMy MOJaNBIINI PO3BUTOK KOHCTPYKIIH 1IFOTO KJIAaCy MAIIMH 1 BIOCKOHAJICHHS TEXHOJIOTII cemapartii
TIOBITPSTHIM MTOTOKOM € aKTyaJIbHOIO 1 CBOEYACHOIO HAYKOBO-TEXHIYHOIO TTPOOIEMOIO.

BpaxoByioun HEJIOCTAaTHIO KUIBKICTh TEOPETHYHHMX JOCHI/DKCHb BIUIMBY YMOB BBEJCHHS B
nuesmocenapyrounii kanan ([ICK) Ha edexkTHBHICTD MpoIiecy pO3MiCHHS 3epHOBOI CyMmimm Ha (pakiii, mocTamno
HAyKOBE 3aBJIaHHS 110 BCTAaHOBJICHHIO 3aKOHOMIPHOCTI B3a€MOJii 36pHOBOTO Marepiayly 3 MOBITPSHHM ITOTOKOM
npu moxadi 1o BeptukansHOro [ICK. B cTarTi po3risHyTo pyX 3epHOBHX 4acTOK B BeptukanbHOoMy [ICK mpwm ix
OJTHOPIBHEBOMY OJIHOLIIAPOBOMY BBEJICHHI.

OTprMaHi TEOPETHUYHI 3aJEKHOCTI, SIKI JI03BOJIIOTH ONTHMI3yBaTH ocHOBHI mnapamerpu [ICK Ta
BH3HAYUTH Yac repedyBaHHS 3epHOBOI YaCTKH B MOBITPSIHOMY NOTOI. 151 3epHOBOI MacH, 10 XapaKTepH3yEThCs
snaueHHssMA  K3=0,075...0,12 - gns mosmorminHOTO, k3=0,11...0,14 — 118 HEKOHIWIIHOTO 3epHA Ta
k;=0,125...0,55 mis1 CMITHHX JOMIIIOK, CIIOCTEPIra€ThCs MOMIIMBICTH YiTKO PO3MIIATH 3€PHOBY CyMIll Ha
(hpakiii, BCTAHOBHUBIY BiAMOBiAHI mapameTpu i pexkumu podotu IICK, a TakoX yMOBH BBEHCHHS. 3a paxyHOK
nizoopy parioHaIbHUX napamerpiB BBeaeHHs Marepiany B [ICK Ta BcTaHOBICHHI BiAMOBITHUX acpOAWHAMIYHUX
rnapamerpiB 1 peKUMIB MOXJIMBO BHIUTUTH 3 3epHOBOI cymimi g0 98% serkux JAoMilIok, 3a0e3neyuBId Ipu
[bOMY MiHIMaJIbHI BTPATH IIOBHOLIIHHOT'O 3€PHA Y BIIIXO/H.

MeTor0 moJaNbIIAX TOCIiKEHb IOBHHHO OyTH BCTAHOBJICHHS B3a€MOZI] 3€pHOBOI CYMIIIIi 3 TOBITPSHUM
MOTOKOM TIpH OararomapoBoMy po3mimieHHi Matepiany B [ICK.

PoO31iJieHHsI 3epHOBOI cyMmilli, cemapauisi, NOBITPSIHUI NOTIK, 3epPHOBHI MaTepiaj, IMHEeBMOCENAPYIOYHA
kanaj (IICK), ymoBu BBe/leHHSs 3¢pHA, PyX 36PHOBHX YaCTOK
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