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[TopIBHAHHSA €HEPIrEeTUKHU BEPTUKAIIBHOTO Ta
TOPU30HTAJILHOTO MTOBITPSAHUX KaHAIB 36PHOOYMCHUX
MaIIH

3icTaB/IeHO €HEPreTHKy JBOX CXEM IOBITPSHOTO OYMILEHHS 3€pHA — BEPTUKAIBHOIO acmipaliiiHoro Ta
TOPHU30HTAILHOTO (TOXWJIOr0) KaHaiiB. Ha OCHOBI pIBHSHHS pyXy 4YacTHHKM B TIOBITPSHOMY HOTOLI
BCTaHOBJICHO, IO MOTYXKHICTh BEHTHIISITOPA 3pPOCTA€ K KyO poOOYOi MIBHAKOCTI MOBITPS. Y BEPTUKAIHHOMY
KaHa po0doYa MBUAKICTH OJIM3bKA IO MIBUAKOCTI BUTAHHS, Y TOPU30HTAIHFHOMY — MEHIIIA 32 Hel, TOMy OCTaHHS
cXeMa CHeproomaHilia, aje Ja€ MEHII YiTKe PO3IiIeHHS.
NMHeBMocenapanis, acnipaniiHuii KaHaJ, IIBUAKICTh BUTAHHSA, KOe(ili€HT IapyCHOCTI, eHEPrOE€MHICTD,
3epPHOOYHCHA MAIIMHA

IloctanoBka mnpodsemu. I[loBiTpsHe oOuHIIEHHS € OOOB’SI3KOBOIO  CTaJlI€I0
nicnsa30upanbHOi 00poOKK 3epHA. Y HOBITPSIHOMY HOTOLl 3€PHOBA CyMIIll PO3IUIAETHCS 32
aepoIMHAMIYHUMH BJIACTUBOCTSIMH YaCTUHOK, OCHOBHOIO 3 SIKUX € IIBHUJIKICTH BUTAHHS.
[oBiTpsiHMIA MOTIK B 36pHOOYMCHHUX MAIIMHAX OPTaHi30BYIOTHh JIBOMA NPHUHIIMIIOBO Pi3HUMH
crocobaMu: y BEpPTUKAIBHOMY acHipaliiHOMY KaHali MOBITPS pPyXaeThCs Bropy, Ha3zycTpid
CWJII TSOKIHHS, 1 BUHOCHUTPH JIETKI JOMIIIKH, TOJI SK OYHMIICHE 3€pHO MAaJae CaMOILIUBOM; Y
TOPU30HTAILHOMY (ITOXMJIOMY) HarHiTaJbHOMY KaHalll MOBITPsSI MEPETUHAE IMaJaloyuil I1ap
3epHa, BIIXWISIOYH YACTUHKH 10 TOPU30HTANIl TUM Oisbllie, YuM BOHU Jiermn. OOuaBI cXeMu
PO3B’SA3yIOTh OJIHAKOBY 3aJjauy, MpOTE IXHSA €HEepreTuka CyTTEBO pi3Ha, 10 ¥ BHU3HAYae
aKTYaJbHICTh TIOPIBHSUIBHOTO aHAJi3y €HEProCIMOKUBAHHSA 32 31CTABHOI SKOCTI PO3/IIIICHHS.

AHaJi3 ocTaHHiX gocailkeHb i myOaikauniil. Teopito pyXy KOMIIOHEHTIB 3€pHOBOL
CYMIIII B MOBITPSHOMY TMOTOIII Ta TapaMETPH MHEBMOCETIAPYIOYNX KaHAJB JOCIIIKEHO B HU3II
npailb. HepiBHOMIpHICTh MOBITPSHOTO MOTOKY B KaHali Ta ii BIUIMB Ha SIKICTh PO3IUICHHS
BUBYaJIM B poOoTax [1, 6]. Pyx 3epHOBOro marepiaity i KOHTaKTHY B3a€EMOJIIO JIETKHUX JOMIILIOK
13 TOTOKOM pO3IJISIHYTO B [2, 6], a TeopeTHuHi 3acaau cemapauii 3a aepoJUHAMIYHUMHU
o3Hakamu — y npausix Kotosa i Crenanenka [3, 4]. IlapameTpu aepoanHaMi4HOTO cenapyBaHHs
HACIHHEBUX cyMimield oOrpyHTOBaHO B [5], anroputMu (QYHKIIOHYBAaHHS IHEPIIHHO-
NPSIMOTOYHUX 3€PHOOYMCHMX MamuH — y [7]. CydacHi MareMaTW4Hi MoJeil cemapariii B
BEPTUKAJIbHOMY TTHEBMOKaHalli, 30KpeMa 3 TMOMNEepPEAHbOI0 CTpaTUdiKaIliero Cymimn Ta
HEOJHOPITHUM TI0JIEM IIBHIKOCTEH, HaBeneHo B [8, 9, 10]. BogHodac OUIBIIICTE TOCIIIKEHB
IPUCBSIUEHO OKPEMO B3ATIM CXeMi KaHally; CHUCTEMATUYHOIO EHEPreTMYHOIO IOPIBHSIHHSA
BEPTUKAJIbHOI Ta TOPU3OHTAIBHOI OpIEHTAIlil TMOBITPSHOTO MOTOKY, IO BpPaxoBye KyOidHy
3aJIeKHICTh TOTY)KHOCTI BiI IIBHUAKOCTI, Yy BiAOMHX myOmikamigx Opakye. Came 1iif
HEBUPILIEHIA YaCTUHI TPOOJIEMH TPUCBSIYEHO CTATTIO.

IlocranoBka 3aBaaHHsi. MeTra poOOTH — HAa OCHOBI aepOJUMHAMIYHOI MOJAEN PYXY
YACTUHKHU B MOBITPSIHOMY IOTOIl MOOYAYyBaTH €HEPreTHYHI 3aJIEKHOCTI JUIsl BEPTHKAIBHOTO
Ta TOPU30HTAILHOTO TIOBITPSHAX KaHATIB 1 KUTbKICHO TIOPIBHATH IXHE €HEPTOCTIOKUBAHHS 32
31CTaBHOI 3a7a4l OYMIIIEHH.
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Bukiiag ocHoBHoOro marepiaiay. Ha gacTuHKY, IO pyXaeThcsl BiTHOCHO TOBITPS 3
BITHOCHOIO IIBUJIKICTIO, Ji€ aepOAMHAMIYHA CHUJIa OTIOPY

2

R=c, pa F%

(1)

1€ ¢ — Koe(illieHT JT0O0BOTO OIOpY; P, — FYCTHUHA MOBITPS; F — MIIoIa MiIeneBOro nepepisy
YaCTUHKH; V» — BITHOCHA IIBUJIKICTb.

YMoBa piBHOBaru 4YaCTUHKH y BUCX1JHOMY MOTOII
R = mg BU3Haua€ MIBUIKICTH BUTAHHS
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Yum OinbInuii k, 1, BIAMIOBITHO MEHIIIA V;, TUM JIETTIIC YaCTUHKA BUHOCUTHCS TIOTOKOM;
came 3a BIIMIHHICTIO V, MOBITPSIHUIA NOTIK po3Aisie cymi (puc. 2).
Pyx wacTuHKYM omuCy€e piBHSAHHS
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Jie vV — MBUJIKICTh TOBITPSI; U — MIBUAKICTh YaCTHHKH.
@di3uyHa BIAMIHHICTH JBOX CXEM 3BOJUTHCS IO BIAMIHHOCTI HAIpsMy BEKTOpa V
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Pucynok 1 — Cxemu Ta OasaHc cuJl y BEpTHKAIBHOMY (@) Ta ropu30oHTanbsHOMY (0)
MOBITPSIHUX KaHaJIax
Howcepeno: pospobaeno agmopom

VY BepTUKaIIbHOMY KaHaJl, 32 YMOBHU U < V, MAEMO
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12 1

LUBWAKICTE BUTAHHA Vi, M/C

NweHwnya Huto AYMiHb Oeec Nerki Mun
LDMiLIKK

Pucynok 2 — IIBuaKicT BUTaHHS KOMITOHEHTIB 1 poOOYMiA [iarma3oH BEPTUKATHEHOTO KaHATTY
Lowcepeno: pospobaeno agmopom

YcTaneHnid peXuM J1a€ IMBUIKICTh YaCTHHKH 4o = v — V. Skmo v, < v (Jerka
JoMinika), uco > 0 1 YaCTMHKA BUHOCUTBCS BrOpY; SKIIO v, > v (3€pHO), BOHA HAJIaE.
XapakTepHuii 9ac penakcarii (cradimizamii) mBUAKOCTI

2k, v, 29 (6)

Taxum 9uHOM, JJIs 3epHA 3 V; = 9 M/c, 9ac penakcallii IBUIKOCTI CTAHOBUTH OJU3BKO
0,45 c. Ilpu upomy BHcOTa poOOUOi 30HM Mae 3a0e3nedyBaTH yac nepedyBaHHs, HE MEHIIHNH
3a KUJIbKa 7, IHAKIIEe PO3/IiIIICHHS HEMOBHE.

IlepexinHuii npouec s 4aCTUHOK Pi3HOI MAapyCHOCTI B MOTOLI HABEJIEHO Ha puc. 3.
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Pucynoxk 3 — Penakcaitis IBUAKOCTI YaCTHHKHU Y BUCXIAHOMY ToTolLli (v = 7 M/c)
Hoicepeno: pospobnero asmopom

VY ropuzoHTampbHOMY KaHaui (puc. 10) yacTuHKa majgae mia ai€ero cuiu TsoKiHHA. [lpu
[IbOMY TIOBITPS 31 MIBHAKICTIO V;, BiAXUJIs€ 1 o ropusonTaii. [Ipoekiii piBHIHHS pyXy MarOTh
BUTJISIT
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F=ky(v,—2)s, G=g—kyys, s= (v, —5)2 45> 7)

3a manoro 3Hocy (v <<V;) TOpH30HTalIbHE BIAXHWICHHS 3a 4ac MaJiHHA fr 3 BUCOTH h
OLIHIOETHCS 5K

Az~ IE k, vy, t;f, tr= vV

g (8)

BigxunenHs npsMo mpomopiiiiHe MapyCHOCTI, TOOTO JIETKI YaCTHUHKU BHHOCSTHCS
nanmi, HDK 3€pHO, 10  3ale3nedye po3AUICHHS 3a JalbHICTIO IIONBOTY (puc. 4).
[IpuHIMTIOBEM TYT € Te, M0 BEepTUKaJIbHE TEpPEMIIllEHHs Marepiany TyT 3a0e3redye cuia
TSDKIHHSA, @ HE TIOBITPSL.

0.01
= 02 1
=
b
T 0.4 "
= \
s \ S
£ 0.6 -
= \
o N
= .
I.E 0 8 - \\
: ~ s 3epHO (vi=10)
\\ e cepeaHs ep. (vi=7)
\ — = nerki (vi=4)
1.0 \. coteomn (vi=2.5)
0.0 0.2 0.4 0.6 0.8 1.0 1.2

FOpU3OHTaNLHE BIAXWMNEHHA X, M

PucyHnok 4 — TpaekTopii 4acTHHOK Pi3HOI TAPYCHOCTI B TOpU30HTAIbHOMY KaHaui (v, = 3,5 M/c, h =1 m)
toicepeno: pospobreno agmopom

IloTyXHiCTh Ha TPUBIJ BEHTWIATOpPAa BU3HAdae JOOYyTOK BHUTpAT TMOBITPS Ha OMIp
CHCTEMH

.'_QAP — 43 iy — .p(,’t-‘Q
Jl\_ 7 H] Q_?'""l! Ap_() 9

)
ne A — mnoma mepepidy kKaHany; { — cyMapHuil koediuieHt omopy cuctemu; 5 — KKJI
BEHTHJISITOPA.

[lincraHoBKa CKIIQOBHUX J103BOJISI€ OTPUMATH 3aJICXKHICTD
N:Cgu A ,Ui{
! (10)

[TotyxHicTh 3pocTae sk KyO poOouoi mBHAKOCTI NOBITps (puc. 5). JloaaTkoBo y
BEPTUKAIHPHOMY KaHaJIl TOBITPS BUKOHYE POOOTY MPOTH CHIM TSDKIHHSI, BUHOCSYM JIETKY
(bpaxiiito MacoBOIO MOJAYEHO 7il:
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VY ropu3oHTaNBHIA CcXeMi I CKJIaJoBa BIACYTHsS. TOX BIIHOUMICHHS TMOTYXHOCTEH
JIBOX CXEM Ma€ BUTIIA
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Nu G Ay \Vr (12)

Sk BUIHO 3 PIBHSHHS, CYTTEBUU MPUPICT SHEPTreTUKH Ma€ KyO BiTHOIIECHHS POOOUYUX
mBHIKOCTeH. [Ipu oMy, y BEpTUKAIBHOMY KaHali v, = v, (6—-8 M/C), a B TOPU30OHTAILHOMY
vi < v (3—4 M/c), eHeprocoKMBaHHS BEPTUKAIILHUX KaHAJIB 1ICTOTHO BHIIIE.

— BEPTUKANLHWA ((=8, A=0.10 m?)
= = [OPUIOHTaNbHWA ({=5, A=0.15 m?)
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PucyHok 5 — 3ayiexHICTh MOTY>KHOCTI BEHTHIISITOPA BiJI IIBUIKOCTI MOBITPS 3 POOOUYMMHM TOUKAMH 000X CXeM
Lowcepeno: pospobaeno agmopom

ExcriepumenTanpHi Ta TeopeTwuHi nociuipkeHHs [11-23] minTBepIKyrOTh, IO
palioHaJIbHa IIBUJAKICT TOBITPS B ITHEBMOCENApYyIOUOMY KaHAJl JIEXKUTh Yy BY3bKOMY
miamas3oHi: il HAaJUIMIIOK pi3KO 30LIBIIyE EHEPrOBUTPATH 1 MiJBUINYE PHU3UK BHUHOCY
MOBHOI[IHHOTO 3€pHa, a HecTaya IOripllye BHUIUIEHHS JIETKUX JOMILIOK. 30Kpema,
ONTUMI3allisl peXUMy pOOOTH MHEBMOCENaparopa METOJOM TIOBEPXHI BIATYKY Jaja
palioHaJgbHy MIBHUIKICTH MOBITPs O1M3BKO 5,4 M/c 3a moMipHOi momadi matepiany [24]. Lle
Y3TO/KY€ETBCSI 3 OTPUMAHMMHU 3aJCKHOCTAMU W MIATBEPIKYE, IO TOJOBHUM BaXKeJIeM
€HEPTOOIIAIHOCTI € TOYHE PEryJalOBaHHS IIBUAKOCTI TOBITPS BIAMOBIAHO 1O IIBHUAKOCTI
BUTAHHS MEKOBOI'0 KOMITOHEHTA, a HE IOBLJIbHE 11 3aBUIICHHS «i3 3a11aCOM).

BucHosku.

1. EnepreTnuHa BiAMIHHICTb BEPTHKAJIBFHOIO Ta TOPU3OHTAIBHOTO MOBITPSHUX
KaHaJTIB BU3HAYAETHCS POOOYOI0 MIBUIKICTIO TOBITPS, OCKUIBKH TMOTY>KHICTh BEHTHIISITOpA
3pocTtae fK ii kyo (N ~ V).

2. Y BepTUKaIbHOMY KaHali poOoYa MIBUAKICTP Ma€ HAOIMKATUCS IO IIBUIKOCTI
BUTaHHS (Vv = 6—8 M/C) 1 HE MOXe OyTH CYTTEBO 3HMKEHOIO 0e3 BTpaTH €(eKTy; 10JaTKOBO
MOBITPSI BAKOHYE POOOTY MPOTH CHITH TSKIHHS, TOMY CXeMa €HeproeMHIIIA.

3. Y ropu3oHTaIbHOMY KaHaJll BEpTHUKaJIbHE NepeMillleHHs 3a0e3neuye cuia TSKIHHS,
a TIOBITPS JIMIIIE BiIXWJISIE YaCTHHKHU, IO JO3BOJISIE MPALIOBATH 32 Vi < V¢ (3—4 M/c) 1 3HIIKYE
MOTYXHICTh Y KUJTbKA pa3iB (32 OLIHKOI0 — Yy 5-9).

4. IlepeBaroro BepTHKAIBHOI CXEMH € YiTKIIlle PO3IIJICHHS 32 €IUHUM MapaMeTpoM Vi 1
KOMIIAKTHICTb, YUM TOSICHIOETHCS 11 TOMIHYBaHHS B KOHCTPYKLISX.

5. OCHOBHMMH BaKEJSIMH €HEPro30epeKeHHsI € BUKOPHCTAHHS 3aMKHEHOTO IUKITY
pPyXy MOBITps Ta MiHIMi3allisl HOTro MIBUIKOCT] y ONTUMI30BAHUX TOPU30OHTAIBHUX (TMOXHIINX )
cxemax.
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Comparison of the Energetics of Vertical and Horizontal Air Channels of Grain

Cleaning Machines

The purpose of the article is to compare, on a common physical basis, the energy performance of the
two principal air-channel arrangements used in grain cleaning machines — the vertical aspiration channel, in
which the air stream rises against gravity, and the horizontal (inclined) blowing channel, in which the air stream
crosses the falling grain. The comparison is made for an equivalent separation task in order to reveal which
arrangement is inherently more energy-efficient and why.

Both channels separate the grain mixture by the aerodynamic properties of its components, primarily the
terminal (floating) velocity. Starting from the equation of motion of a particle in an air stream, with the drag
force expressed through the floating coefficient, the steady states for both orientations were obtained. In the
vertical channel the working air velocity must approach the terminal velocity of the boundary component (about
6—-8 m/s), since light impurities are carried upward only when the air velocity exceeds their floating velocity,
while sound grain falls under gravity; in addition, the air performs work against gravity to remove the light
fraction. In the horizontal channel the vertical transport of the material is provided by gravity, and the air merely
deflects the particles horizontally, so a substantially lower velocity (about 3—4 m/s) is sufficient. Since the fan
power scales as the cube of the air velocity, this difference in required velocity is strongly amplified in energy
consumption. A worked numerical example for an equivalent task gives a fan-power ratio of about 8.5 in favour
of the horizontal arrangement, confirmed by the cubic law and supported by trajectory and velocity-relaxation
analysis.

It is concluded that the vertical aspiration channel is energetically the more expensive arrangement,
mainly because its working velocity is fixed near the terminal velocity and because the air lifts the light fraction
against gravity, whereas the horizontal channel exploits gravity for vertical transport and therefore consumes
several times less energy (by an estimate, 5—9 times). The advantage of the vertical channel that justifies its
dominance in practice is the sharper separation governed by a single parameter and its compactness. The
principal levers of energy saving are regulation of the air velocity and a closed-loop air circuit. Further research
should experimentally verify the obtained energy relationships and optimise combined vertical-horizontal
schemes.
pneumatic separation, aspiration channel, terminal velocity, floating coefficient, energy intensity, grain
cleaning machine
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