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Abstrakt

Due to the energy crisis, special attention is paid to the production and use of biofuels. After-harvesting residues of corn
(AHRC) may become a perspective source of energy for grain dryers. The following components of the AHRC are distinguished:
stem, leaves, rod and wrapper of the cob. The AHRC is about 55...60% of the total weight of the plant. The annual harvest of corn
grain is more than 20 million tons. The calorific value at burning of wheat straw is 14.4 MJ/kg, AHRC -15.7 MJ/kg. For comparison,
the calorific value of wood on average is 14.24 MJ/kg, and natural gas is 33.5 MJ/m3 [1]. Using the AHRC can significantly reduce
the need for imported gas.

One of the directions of the use of plant raw materials as fuel is the production of granules [2]. The technology involves

purifying raw materials from impurities, crushing and granulation. For a similar scheme, granulated feeds are produced. When
picking up a harvester, following transportation and reloading, various contaminants, including mineral impurities in the form of
stones, fall into the green mass. Having hit the crusher stones lead to damage to parts of the crushing mechanism, an accident and
even an explosion. Clearing straw from impurities in agriculture is carried out on pneumatic separating machines [3]. But in the
technical literature there is no data available to the separation of mineral impurities from the AHRC.
As a result of the experiments, it was found that leaves and stalks can be separated by air from large stones, and the separation of
rods from stones is complicated. Under the influence of air flow, the rods are rotated along the pneumatic separating canal and
unfolded by a long axis in parallel with the air flow, which leads to a decrease in the area of the midel section and to the reduction of
the aerodynamic resistance. Therefore, to provide the required force acting on the core from the air stream, they increase the air
velocity, which causes the capture and joint movement of the stones. To improve the separation process of the AHRC from the stones,
it is necessary to develop a nutritional mechanism of the separator, in which to predict the possibility of orientation of the rods in the
pneumocaps to the long axis across the air flow. This will enable you to reduce the air velocity required for separation and increase
the difference in aerodynamic forces acting on the stones and rods. Accordingly, at the same time, the energy intensity of the
pneumatic separation process will decrease and the efficiency of separating the AHRC from the stones increases. The separation of
small stones smaller than 3 mm only by air is impossible, since they are picked up by the air flow that moves at the speed necessary
for separating the stems (7.5...12.5 m/s). For the separation of small stones, it is proposed to use grid separators with combined air
purge. For the complete separation of mineral impurities from corn cores, it is recommended to use hydro-separators.

Key words: after harvesting residues of corn, biofuels, pneumatic separating, separated machines, plant raw materials as
fuel, clearing straw from mineral impurities.
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picking up a harvester, following Figure 1 - Dependence of the hovering speed of stones on their
transportation and  reloading,  various average diameter d and density pg:
contaminants, including mineral impurities in (1) - pg = 3000 kg /m’; (2) - pg= 2000 kg / m’
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Research results

At the Department of
Technological Equipment of Grain
Production, ONAFT in the
laboratory  of  ventilation and
pneumatic transport conducted experiments to determine
the possibility of separating

mineral impurities from the AHRC. To
determine the aerodynamic characteristics of the raw
material was blown air in a laboratory analyzer-classifier.
The dimensions of the samples presented on average
were about 100...150 mm in length. Also samples of
mineral impurities in the form of stones in the size from
1 mm to 5 mm were presented. The density of stones was
2000...3000 kg/m3.The ability to separate the mixture is
determined by the hovering speed of the particles.

The dependence of the hovering speed of stones
on the average diameter and density was determined
analytically by the formula [4] for spherical particles:

lép;;gd
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where p is the density of stones,

& - 1is the acceleration of free fall,

d - is the average diameter of stones,

pr - is the density of air, p is the coefficient of
aerodynamic resistance of stones to airflow.

In the calculations, the following values were
assumed: g =9.81 m/s,p=1.2 kg/m3, pn=0.2.

The average diameter of stones was determined
by the formula:

d=Va-s-c,

where a, b, ¢ are respectively the length, width
and thickness of the stone.

The values of the hovering speed for different
anatomical particles of the AHRC are different.
Experimental studies on determining the hovering speed
of various parts of the AHRC showed that the lowest air
flow rate was required for leaves (4.0...6.5 m/s), larger
for stems (7.5...12.5 m/s). The hovering speed of the rods
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Figure 2 — Polygons of separation hovering speeds leaves (1),

stems(2) and cobs(3)

is in the range of 10...17 m/s. The moisture content of the
samples was 11%. Density of the rods was 600 kg/m’. At
a speed of 17 m / s stones with a diameter of up to 3 mm
and the rods rise up together.

Conclusions

As a result of the experiments, it was found that
leaves and stalks can be separated by air from large
stones, and the separation of rods from stones is
complicated. Under the influence of air flow, the rods are
rotated along the pneumatic separating canal and
unfolded by a long axis in parallel with the air flow,
which leads to a decrease in the area of the midel section
and to the reduction of the aerodynamic resistance.
Therefore, to provide the required force acting on the
core from the air stream, they increase the air velocity,
which causes the capture and joint movement of the
stones. To improve the separation process of the control
panel from the stones, it is necessary to develop a feed
mechanism of the separator, in which to predict the
possibility of orientation of the rods in the pneumatic
channel to the long axis across the air flow. This will
enable you to reduce the air velocity required for
separation and increase the difference in aerodynamic
forces acting on the stones and rods. Accordingly, at the
same time, the energy intensity of the pneumatic
separation process will decrease and the efficiency of
separating the AHRC from the stones increases. The
separation of small stones smaller than 3 mm only by air
is impossible, since they are picked up by the air flow
that moves at the speed necessary for separating the
stems (7.5...12.5 m/s). For the separation of small stones,
it is proposed to use grid separators with combined air
purge. For the complete separation of mineral impurities
from corn rods, it is recommended to use hydro-
separators.
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A.IL JIIIIIH, kaHAa. TeXH. HAYK, JOLEHT
Odecvbka nayionanvha akademis xapuosux mexuonoziu, m.Odeca
BIIIIJIEHHSA MIHEPAJIBHUX JIOMIIIOK 3
HICJISA’KHUBHUX PEIHITOK KYKYPY 3N
Anomauin

V 36’a3ky 3 enepeemuunoio kpu3zoio ocobausoi yeazu Habyeac ueomosnents ma sacmocysanns 6ionanusa. Ilepcnexkmug-
HUM 0dtcepenom eHepaii 0ia 3epHOCYUIAPOK MOJXCYMb cmamu niciaxchueHi pewimku Kykypyosu (I1PK). Budinsioms nacmynni cxna-
0ogi IIPK: cmebno, nucms, cmpudicenv ma obeopmra xavana. IIPK cxnadaroms dnusvko 55...60% 3azanvroi macu pocaunu. Llopi-
YHUL 8pOXHCAll 3epHA KYKYpPYO3u cmanogumy Oinvue 20 minvilonie moun. Tenniomeopna 30amuicms npu cnano8anHi NULEHUYHOI co-
aomu cknaoae 14,4 Moc/xe, IIPK-15,7 M/lc/ke. [na nopienanna meniomeopHa 30amHicms 0epesutu 8 cepeOHboMy CIAH08UNb
14,24 M[c/ke, a npupodnozo 2asy 33,5 MIoic/m’ Buxopucmanns IIPK modice 3nauno ckopomumu nompety ¢ iMnopmHomy 2asi.

OOHUM 3 HANPAMKIE GUKOPUCMANHS POCTUHHOL CUPOBUHU 8 AAKOCTI NATUBA € 8U2OMOBNeHHs epanyi. Texnonoeia nepedbauae
OUUWeHHs CUPOBUHU 810 OOMIUOK, NOOPIOHEHHs MA 2PAHYIO8AHHA. 3a CXOJHCOIO CXeMOI0 BUZOMOBAIOMb SPAHYILOBAHT KOMOIKOpMU.
11io uac 3bupanns épodicaio KOMOAUHOM, NOCTIOYIOHOMY MPAHCNOPMYBAHHI MA NEPEeBAHMAIICYEAHHI, 6 3eleHy MACy NOMpanisaioms
Ppi3Hi 3acmivyeayi y momy yucii i MinepanvHi OoMiwKu y euenaoi kamenis. [lompanuswiu 6 Opobapxy KameHi npuzeo0sams 00 HOUWKO-
O0orcenns demanetl 30piOHIOI0Y020 MeXaHi3My, asapii i Hagime eubyxy. OuuwjenHs conoMu 8i0 OOMIUOK 8 CilbCbKOMY 20CHO0ApCMEi
30TICHIOI0Mb HA NHEBMOCENAPYIoUUX Mawunax. Ane 6 mexuiunii aimepamypi 6i0cymmui OauHi wjo 00 8i00LNeH s MiHEPANbHOI doMil-
ku 6i0 IIPK. Ilpogedeni docaiou 3 Memoio 8U3HAUEeH s, MOACIUBOCMI 8I00inenHss Minepanbhux domiwox 6i0 IIPK. /lna eusnauenus
AepOOUHAMIUHUX XAPAKMEPUCMUK CUPOBUHY NPOOYBANU GEPMUKATLHUM NOGIMPAHUM CHIPYMOM Y 1AOOPAMOPHOMY AHANI3AMOpI-
kaacugixamopi. Posmipu npeocmasnenux spaskie IIPK 6 cepeonvomy cmanosunu 6ausvko 100...150 mm ooexcunu. Taxodc 6yno
npeocmasneno 3pasku MIHeparbHux OOMIWOK Yy 6uensidi KameHig posmipom 6i0 3 mm 0o 5 mm. I'ycmuma kamenie cxradana
2000...3000 ke/ar’. 3uauenns weudxocmi eumanns Ona pisnux anamomivnux yacmox IPK iopisusiomucs mixe co6oio. Excnepume-
HMANbHI 00CNIOJCEHHS 3 GU3HAYEHHA WeUOKocmi eumanta pisuux yacmun [IPK nokazanu, wjo Haumenua weuoKicmes nogimpsano2o
cmpymy neobxiona onsi aucms (4,0...6,5 m/c), 6invwa ons cmebnie (7,5...12,5 m/c). [euokicmes gumanisi CMpudICcHié 3HAX00UMbCAL Y
dianasowmi 10...17 m/c. Bonozicmy 3pasxie cmanosuna 11 %. I'vemuna cmpusicnie cknadana 600 xe/m’. Ipu weudxocmi 17 m/c pazom
31 CIMEPIACHAMYU NOYUHAIOMb MPAHCAOPMYBAMUCS Y2OPY KAMEHI pO3MIPOM npubau3Ho 00 3 mm y diamempi.

B pesynomami nposedenux 0ocnioie 6cmanosneno, wo aucms ma cmebna Modxcyms oymu 8i00ineHi nosimpsaHUM NOMOKOM
610 KDYNHUX KAMEHI8, a GI00LIEHH CMPUICHIE 810 Kamenig ycKkiaoneHo. I1i0 Jiero nogimpsHo2o nomoKy CImpudiCHi nO8epmamscs
V30082IC NHEEMOCENAPYIOY020 KAHANLY | PO320pMAlOMbCsl 0062010 GiCCIO NAPANENbHO NOGIMPSAHOMY NOMOKY, WO NPU3B00UMsb 00 3Me-
HUleHHs NIowi Mioeneeo2o nepepizy ma smeHuieHHs aepoounamiunozo onopy. Tomy onsa 3abesneuenns nompionoi cunu, saxa oie Ha
cmpuoicetb 3 60Ky NOGIMPAHO20 NOMOKY, 30iNbULYIOMb WGUOKICbG NOGIMPA, WO 00YMOGIIOE 3AXONNEHHA MA CYMICHe nepemiuyens
Kkamenie. [na yoockonanenns npoyecy cenapyeanusn IIPK 6i0 xamenie HeobXioHO po3pooumu HCUSUTbHUL MEXAHI3M cenapamopa, 6
AKOMY nepeddauumu MONCIUBICING OPIEHMAYI] CIMPUNCHIB Y NHEBMOCeNnapyoUuoMy KaHai 0062010 8iccio nonepex nosimpsaHo2o no-
moxy. Lle oacmb modciugicms 3menwumy nompiony 0 cenapy8ants wWeuoKicms nOGImps ma 30ilumu pisHuyio y aepoourHamiv-
HUX cunax, wjo Olomy Ha KameHi i cmpudicti. Bionogiono, npu ybomy 3MeHWUMbCA eHepeOEMHICHb NPOYecy NHeBMOCEeNapy8anHs ma
s0inbuumocs egpexmusnicms giookpemnenns IIPK 6i0 kamenis. Biodinenns opionux xamenie posmipom menuie 3a 3 Mm minoku no-
BIMPAM HEMOICIUBO, OCKINbKU BOHU NIOXONAIOIOMbCS NOGIMPAHUM NOMOKOM, WO PYXAEMbCA 31 WEUOKICMIO, HeoOXiOHO0I0 0 8i00i-
nenns cmebnis (7,5...12,5 m/c). [na 8iodinenns OpioHux KameHie 3anponoHO8aHO 3aCMOCY8ANHS PEUWIMHUX CEenapamopis 3 KomoiHo-
8AHOI0 NPOOYEKOI0 NOGIMpPAM. [ N0O8HO20 i00iNeHHA MIHEPATLHOI OOMIWKU 8I0 CIMPUNCHIE KYKYPYO3U PEKOMEHOOBAHO 3ACMOCOB)-
eamu 2iopocenapamopu.

Kniouogi cnoga: nicnadicnugni pewumxu Kykypyosu, 6ionanueo, nHeeMamuine cenapyeants, cenapyioiy MauuHu, naaeo 3
POCIUHHOT CUPOBUHU, OYULYEHHA CONOMU 8i0 MIHEPATLHUX OOMIUUOK.
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