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Pedepar. [Ipoanamm3upoBaii, 4To peBepCUBHAS CYIIKA IIUPOKO HCMOIB3YETCs B IEPeBO0OPa0aTHBAIONICH TPOMBIIIICHHOCTH,
TIPY CYILIKE TOYaTKOB KYKYpY3bl, HO JUISl CYLIKH CEMSIH TPaB M 36PHOBBIX MOYTH HE MPUMEHSIETCS, YTO MOXKHO OOBSCHUTH Malo-
M3YYEHHOCTHIO 3TOTO TIpHHIHIA. OTMETHIIH, 9T0 paboTy PeBEPCUBHOM CYIIIIIKH XapaKTepH3YIOT ITHTENLHOCTD OXHOCTOPOHHEH
HPOAYBKU U JIONYCTHMAas TEMIEpaTypa areHTa CyIIKU. BbIABUIM, YTO MOBBIIIEHHE TEMIIEPATYPhl ar€HTa CYIIKU aKTYyalbHO I
CYIIMIIOK, TIPETHA3HAYEHHBIX TS 00paOOTKH METKOCEMEHHBIX KYJIBTYp, TAK KaK OHH padOTAIOT Ha IOHIDKEHHEIX 3HAYCHHAX TEM-
HepaTypsl [0 CPABHEHUIO ¢ 000PYIOBaHHEM JUIL 3¢pHOBBIX. (Lens uccrnedosanus) Onpenenuts 3pHEKTHBHOCTh PEBEPCHBHON
3CPHOCYIINJIKH, 3aKITIOYaIOITYI0CA B CHUIKCHUU YICJIbHBIX 3aTPAT U MOBLIMICHUN MTPOU3BOAUTCIIBHOCTH, a TaKKE AJIUTCIIBHOCTH
OITHOCTOPOHHEH MPORYBKH U JOIYCTHMOH TeMIIepaTyphl areHTa cymk. (Mamepuanel u memoost) OTpefeniiy 0CHOBHBIE T1a-
paMeTphl, XapaKTepu3yrolie paboTy peBepCHBHOM 3ePHOCYIIMIIKA: IIUTENBHOCTD U JAOMYCTUMYIO TeMIIepaTypy HarpeBa 3epHa
TPU PEBEPCHBHOM CYIIKE, @ TAK)Ke TOKA3aTeN PeXIMa OJHOCTOPOHHEH MPOIYBKH U TOMYCTAMYIO TEMIIEPATypPy areHTa CyIIKH.
BoIsBuM, 4TO MHTEHCH(UKALMA MpoLecca PeBEPCHBHOM CYIIKU TOCTUIAETCs MOBBILICHHON TEMIEpaTypol areHTa CYLIKU MO0
CPaBHEHHIO C CYIIKOHM MpPH OAHOCTOPOHHEH MPOIYBKE BCIEACTBUE 00 BBICOKOHM JOMYCTHMOM TEMIEpaTyphbl HATPEBA CEMSIH.
(Pesynomamul u obcysrcoenue) B xone Xo3giCTBEHHON TIPOBEPKH YCTAHOBHIIH YBEITHYCHNE POM3BOAUTEILHOCTA M CHIDKCHHIE
YIENbHBIX 3aTpaT TEIUIOTHI IPU HEPABHOMEPHOCTH CYIIKH CEMSH HI)Xe HOpMAaTHUBHOU. [loa4epkHyy, 4To MOBBILICHHE TIPe/Ieb-
HO JIOITYCTHMOH TEMIIEpaTyphl 3epHa MpIMepHO Ha 2 rpagyca [{enbens COOTBETCTBYET POCTY TEMIIEPATYpHI areHTa CYIIKH Ha 4-6
IPaycoB U MPOU3BOAUTENbHOCTH cymmiIkd Ha 10-12 mpoueHToB. (Bui6oosr) Jokazanu 3pdeKTUBHOCTS PEBEPCUBHOMN CYLIMIIKH
B CPaBHEHHH C TPaIUIHOHHON, 3aKTI0YAIONIYIOCS B IIOBBIIEHAH IPOU3BOAUTENHHOCTH Ha 13 POIIEHTOB M CHIKEHHH YACTBHBIX
3aTpar TemoTsl Ha 10 mpoLeHToB, MpH HEPABHOMEPHOCTHU CYIIKU CEMSH HIKe HOPMAaTHBHOH. YCTAHOBUIHM, YTO JJIUTEIbHOCTD
OTHOCTOPOHHEH MPOIYBKH B PEBEPCUBHOIA 3epHOCYIIMIKe cocTaBmna 0,3 yaca. Onpeeniu, 4To mpejiebHas TeMIeparypa areH-
Ta CYIIKH TIPH PEBEPCE PACCUMTHIBACTCS MCXOM M3 IOIyCTUMON TeMIIepaTyphl CEMsH, KOTopast I0JDKHA OBITh Ha 2-3 Tpajgyca BhI-
1€ TpesieNbHO AOMYCTUMOM [0 CPAaBHEHHIO C TPAJULMOHHOM cymikoi. [1o pe3ynbTaraM uccienoBaHusl OHa cocTaBmia 57 rpagy-
coB enbcust a5 cemsiH paifrpaca.

KittoueBble c/10Ba: MHTEHCHBHAS CYIIKa CEMSH, PEBEPCUBHAS 36pPHOCYILIHIIKA, IPENENbHO T0MyCTUMAs TeMIIepaTypa CYIIKH ce-
MSIH, aTeHT CYIIKH, Ka9€CTBO CEMSH, METKOCEMEHHBIE KYNBTYPEI.

B st unTupoBanusi: 3aropyiiko M.I', TTaBnos C.A., baimakos . A. Tlobimenne 3 GEeKTHBHOCTH CYIIKH CEMSTH

B peBepcHBHOM 3epHOCyIIIKe // Cenbckoxozaiicmeenuvie mautunvl u mexronoeuu. 2023. T. 17. N1. C. 76-80. DOI
10.22314/2073-7599-2023-17-1-76-80. EDN VQIIQU.

Improving the Efficiency of Seed Drying in a Reversible Grain Dryer

Mikhail G. Zagoruyko', Igor A. Bashmakov?,
Ph.D.(Eng.), associate professor, senior researcher, Ph.D.(Eng.), senior lecturer,
e-mail:zagorujko.misha2013@yandex.ru; e-mail: bashmakov@rgau-msha.ru

Sergey A. Pavlov',
Ph.D.(Eng.), leading researcher,
e-mail:sapavlov777@mail.ru;

CEIbCKOXO3AMCTBEHHBIE MALIHbI 1 TEXHONOTMM + Tom 17 N1 + 2023 AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 17 « N1+ 2023



MOCNEYBOPOYHAS OBPABOTKA CEMSAH 11 3EPHA

POST-HARVEST PROCESSING OF SEEDS FOR GRAIN

'Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation;
*Russian State Agrarian University — Moscow Timiryazev Agricultural Academy, Moscow, Russian Federation

Abstract. Reverse drying is acknowledged to be widely used in the woodworking industry, and in corn cob drying, but it is hardly
used for drying grass and cereal seeds. It can be explained by insufficient research into the matter. It is noted that the reversible
dryer operation is characterized by the duration of one-direction blowing and the permissible temperature of the drying agent. It
has been found that a temperature increase in the drying agent is crucial for dryers designed for processing small-seed crops, since
they operate at lower temperatures compared to those designed for cereals. (Research purpose) To determine the effectiveness of a
reversible grain dryer that lies in reduced unit costs and increased productivity, as well as the duration of blowing in one direction
and the drying agent allowable temperature. (Materials and methods) The main parameters characterizing the operation of a
reverse grain dryer have been determined as follows: the duration and permissible temperature of grain heating, the indicators of
the one-direction blowing mode and the permissible temperature of the drying agent. It has been found that the intensification of
the reverse drying process can be achieved by an increase in the drying agent temperature compared to drying in the one-direction
blowing mode, possible due to a higher permissible temperature of seed heating. (Results and discussion) The economic testing
of a reversible dryer proved its efficiency in terms of an increase in productivity, a decrease in the specific heat consumption
as well as the seed drying non-uniformity below the norm. It is emphasized that an increase in the maximum permissible grain
temperature by about 2 degrees Celsius corresponds to a 4-6-degree rise in the drying agent temperature and a 10-12 percent
increase in the dryer productivity. (Conclusions) A reverse dryer is proved to be more efficient compared to a traditional one that
lies in a 13-percent increase in productivity and a 10-percent decrease in the specific heat consumption, as well as the seed drying
non-uniformity below the norm. It has been found that the duration of one-direction blowing mode in a reversible grain dryer was
0.3 hours. It has been determined that compared to the traditional drying, the maximum temperature of the drying agent in the
reverse-mode drying is calculated based on the seed permissible temperature, that is to be 2-3 degrees higher than the maximum
permissible one. According to the findings, it is 57 degrees Celsius for ryegrass seeds.

Keywords: intensive seed drying, reversible grain dryer, maximum allowable temperature of seed drying, drying agent, seed
quality, small seed crops.
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CTBEHHYIO MOJITOTOBKY CEMSIH U NIOBBICUTD SHEP-

ro3ddextuBHOCTH Mporiecca. Ee mupoko mpume-
HSIIOT B JepeBOOOpabaThIBAONICH TPOMBIIILICHHOCTH,
IIpY CYILKE I0YaTKOB KyKypy3bl [1, 2]. OnHako ans cyi-
KU CEMSH 36pHOBBIX U TPaB 3Ty TEXHOJOTHIO OYTH HE
UCTIOJIB3YIOT, YTO MOXHO OOBSICHUTD €€ MAJIOU3yYEHHO-
cThio [3-5].

OcHOBHBIE TapaMeTPhl, XapaKTepHU3yolue padbory
PEBEPCUBHON CYIIUIIKU: JIUTEIBHOCTh OAHOCTOPOHHEHN
MPOIYBKH U IOIYCTUMAs TEMIIepaTypa areHTa CyIIKH.
TloBrimcHHE TEMIICPATYPbl ar€HTa CYIIKHU aKTyaJIbHO JJIs1
CYIIHIIOK, MTPETHa3HAYCHHBIX JIJI1 00pabOTKH MEJIKOCe-
MEHHBIX KYJIBTYD, TaK KaK B 3TOM Cllyuae He0OX0auMO
BBIIEPKaTh MOHMKCHHYIO TEMIIEPaTypy 110 CPAaBHEHUIO
C 3€pHOBBIMH [6].

LlEnb nccnepoBAHUs — onpenenuth 3G HEeKTHBHOCTD
PEBEPCUBHON 3epHOCYIIUIIKH, 3aKII0YAIONTYIOCS B CHU-
KEHHH yIINbHBIX 3aTPaT U MOBBIIIIEHUH TPOU3BOIUTEIb-
HOCTH, & TaK)Ke JUTUTENBHOCTH OJJHOCTOPOHHEH ITPOAYB-
KU U IOIIYCTUMOM TeMIlepaTyphl areHTa CyIKH.

MaTePVANBI M METOAbI. CyIliKa MEIKUX CEMSH IpU
OITHOCTOPOHHEH MPOIyBKE XapaKTePH3YEeTCsI OBBIIICH-
HOU HEPAaBHOMEPHOCTBIO 110 BJIAXXHOCTHU, TaK KaK MatTe-
puai BEICyIIMBaeTCA MociioitHo. Ho ecnu orpaHndIuTh

P €BEpPCUBHAS CYIIKa MO3BOJISICT O0SCIICUNTh Kave-
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IJIUTETBHOCTH ONHOCTOPOHHEH IPOLYBKH T, BETUYMHON
JIOMyCTHMOTO BIarochema AW;, KOTOpbIil COOTBETCTBY-
€T BEJIMYNHE HEPABHOMEPHOCTH CYIITKH d/2 (COTIIACHO UC-
XOIIHBIM TPEOOBaHUSAM IS PSAOBBIX ceMsH, 0 <=+ 1,5%,
SMUTHBIX — 0 <+ 1%), TO B KOHIIE ITpoliecca OyIeT BeIIep-
»KaHa 3aJjaHHas BeJauunHa o [7, 8].

JIUTEeNBHOCTH OTHOCTOPOHHEH POMYBKH CIIOS Ce-
MSIH T, DU PEBEPCE areHTa CyLIKH ONpeesiiu 1o Gpop-
myie [8]:

3 AU, rH

" 2a -0, M
e 7, — JJIUTEIBHOCTh OJHOCTOPOHHEH IIPOAYBKH, U;

AU, — BmarocheM Mpu OJTHOCTOPOHHEH MPOTYBKE, KT
BIL./KT CyX. Mar.;

¥ — yIeJbHasI TENJIOTa HCTIAPSHUS BJIaru, KJ>k/KT;

H, h; — BBICOTA CIIOS U BEICOTA DJIEMEHTAPHOTO CIIOS, M;
h;=2...3d,, Tne d,— 5KBUBAJICHTHBIH JHaMETP 3€PHOBKH, M;

0. — K03 (HUIIHEHT TETIOOTAAYH, Br/m*°C;

f— yhenbHas HOBEPXHOCTH CEMSH, M /KT;

t, 0,,— TeMIepaTypa areHTa CyIKH U CPe/IHss CEMSIH,
OC;

7 — MOJIS TEIJIOTHI, MOIIESAIIAs HA HCITAPCHUE BIIATH.

OO61mast JTUTETBHOCTD PEBEPCUBHOM CYIIIKH COCTA-
BHT:

T =T, 1, )

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 17 + N1+ 2023



- MW TIOCNEYBOPOYHAS OBPABOTKA CEMSH 1 3EPHA
N

rAe 7. — JJIUTEeNbHOCTh CYIIKH, Y;
7T, — JJIUTEILHOCTH OHOCTOPOHHEH IPOYBKH, U;
1 — 9UCII0 OJHOCTOPOHHUX NTPOYBOK.
HHTeHcuuKanus npoiecca peBepCUBHOMN CYIIKH, B
YaCTHOCTH, IOCTUTAETCS OBBIIIIEHHON TEMIIEpaTypoi
areHTa CyIIKH [0 CPaBHEHUIO C CYIIKOH MPU OJHOCTO-
pOHHEH poAyBKe. DTO ABJICHUE 00BACHsETCS OOJIee BbI-
COKOH JOMTyCTUMOM TEMIIEPATypoii HarpeBa cemsiH [9-12].
Jonyctumas TemnepaTypa HarpeBa 3epHa IIpu peBep-
CHUBHOM CYIIIKE COCTABHT:

0,= 0.+ 40, 3

riae 0, — nonycTuMas TeMIieparypa Harpesa 3epHa, °C;

0., — IPENIeNBbHO IOMYCTUMAasl TEMIIepaTypa HarpeBa
3epHa, °C;

460 — npupallieHne TeMIepaTyphbl IPU PEeBEPCUBHOM
pexXUME CYyIIKH.

BenuuwnHa 6,,, 3aBUCHT B TOM YHCIIE OT JJIATEIHHOCTH
CYIIKH, KOTOpasi yUUTHIBACTCSI B U3BECTHOM popmyiie
C.[. IItunmna:

O,y =2350/[0,37(100— W, )+ W, ]+20 — 10logz, ()

rae W, — HadallbHas BJIaXXHOCTh MaTepuana, %;

T — BPEMs CYIIKHU, MUH.

ITockonbKy 3€pHO OABEPraeTCs BO3ACHCTBUIO TOJIb-
KO MOJIOBUHY BPEMEHHU CYILIKH IIIIOC JUIUTENBHOCTH OJ1-
HOCTOpPOHHEH MPOAYBKHU, MOXKHO 3amucath [13-15]:

A0:10|:logrc —log(‘;°+ij:|‘ ®)

IIpenensHas TemnepaTypa areTa cymku, °C, omnpe-
JeNieHa U3 Y PaBHEHUS:

t.=x- 0,

(©)
rie k — 0e3pa3MepHbId K0d(HOUIIUSHT TS KOJTOHKOBBIX
CyHIuJoK, k = 1,25-1,30.

PE3YNbLTATBI M OBCYXXAEHVE. PaboTy CyImuiIKu usy-
YUJIM Ha CeMeHax paiirpaca. [IpogoaKuTenbHOCTh O1-
HOCTOPOHHEH NPOIYBKU T, IPH CYIIKE CEMSH ONIPEAes-
JIY TIPU UCXOTHOM BIaskHOCTH 14-24% ¢ nonmycTUMOH He-
PaBHOMEPHOCTBIO BBICYIIIEHHBIX ceMsH 0 =+ 1,5%, a Tak-
xe 1pu o= 23 Br/mM*-°C; f=2,2 M°/xT; t = 55°C; 0.,=31°C;
r=2700 xx/kr; H= 0,25 m; h; = 0,005 m; = 0,85;
U;=0,02 xr BII./KT cyx. MaT. [lociie moacTaHOBKH 3THX
Benu4uH B (1) momyuunu r, = 0,36 4.

[Tpu U, = 0,315 kr BN./KT cyX. mart.; U= 0,163 kT B1./
KT CyX. MarT.; 6, = 42°C; n = 8; IJIUTEIILHOCTh CYIIKHU
7,~3 4, a IONyCTUMOE TpUPALCHHE TEMIIEPATyPhl 3epHa
A40=2,2°C; §,=42 + 2,2 = 44°C, ipu ipeleIbHOMN TeM-
neparype areHrta cymku ¢, = 1,36, = 57°C.

[oBeiienue G, Ha ~ 2°C COOTBETCTBYET POCTY TEM-
NepaTypsl are’Ta CyImku Ha ~ 4-6°C 1 TpOU3BOAUTENb-
HOCTHU CyIIMIKY Ha 10-12%.

XO03sIICTBEHHYIO TPOBEPKY cItocoda CYIIKH ¢ peBep-
COM TENJIOHOCUTEIS MPOBOAMIN HAa MOJEPHU3UPOBAH-
HOW KOJIOHKOBO# cymrmiike C3TM-5 (pucynox).
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Puc. 1. Texnonoeuueckas cxema cywunku C3TM-5: 1 — 6ynxep;
2— cywunvHas kamepa, 3 —8030yuiHas kamepa, 4 —oxaadumensb-
Has kamepa, 5 — eenmunamop, 6 —monka, 7 —mpancnopmep; 8—
Hopus, 9-12 —snexmposadsudicku, 13 —eenmunamop oxnaoumens-
HOU Kamepul

Fig. 1. SZTM-5 dryer process scheme: 1 — hopper; 2 — drying
chamber; 3 —air chamber; 4—cooling chamber; 5 —fan; 6 — furnace;
7—conveyor; 8—noria; 9, 10, 11, 12— electric gate valves; 13— fan
of the cooling chamber

Hopwuetii 3arpyxatoT BIakHbIN MaTepuan B OyHKep,
3aIOHSIOT CYIIUIIBHYIO U OXJIaIUTEIbHY 0 KaMEPhI.
Bxurouaror Tonky u B Tedenue 10-15 mun nporpesaiot
ceMeHa. 3aTeM LMKJINYHO BBICYLIMBAIOT CEMEHA, TO €CTh
LHUPKYJIUPYIOT MaTepHall uepe3 KOpIyc CYLUIUIKU U HO-
puro. [Ipu 5TOM OIOTPETHIN B TOKE BO3AYX BEHTHIIS-
TOPOM HarHeTaroT B UEHTPaAJbHBIA KOJUIEKTOP, OTKYAa
OH ITOCTYTIAET B CJION CEMSIH U YAAISETCS U3 CYLIMIKH B
aTMocQepy depe3 BO3IyIIHEIE KaMEPBL.

PeBepcupoBanue areHTa CyImKH OCYIECTBIISUIH IIe-
peKJIIouUeHUEM 3JeKTpo3aaBukeK. [logorpersiit Bo3ayx
MOOUYEPEAHO HAIIPABIISIU C 00EUX CTOPOH CIIOSI MATEpH-
ajia B CyILIMJIKE.

MeToauka uccie0BaHui perycMaTprBaa CyImKky
CeMsIH paiirpaca c peBepCcoM areHTa CylIku u 6e3 Hero
(mabnuya). bes peBepca TeMIepaTypy areHTa CyIKH Moj-
nepxxusain 50°C, ¢ pesepcoM — 56°C, CKOPOCTH MOJIAUH
TenoarenTa cocrasmia 0,35 m/c.

IIpn X03511iCTBEHHOI TPOBEPKE BJIArOCHEM IS OJI-
HOCTOPOHHEH IIPOAYBKH IIPU PEBEPCUBHOM CYILIKE CEMSIH
paBeH AU; < 0,018 Kr BIL/KT CyX. MaT., 49TO COOTBETCTBO-
BAJIO HOPMaTUBHOM HEPABHOMEPHOCTH BBICYIICHHBIX CEMSIH.

Jonyctumyo remnepaTypy ceMsiH NOAAeP >KUBAIN
PaBHOI cyMMe MpeaenbHO AOMYCTUMOTO TIoKa3aTels 1
npupameHus 46 =2°C.

BeiBogbl. B pe3ynbrare X03sHCTBEHHOM TPOBEPKU
PEBEPCUBHOM CYIIMIIKM Ha CeMEHaX palrpaca moaTBep-
iy ee 3 (HEeKTHBHOCTD: TPOU3BOIUTEIFHOCTD MOBEI-
cuiach Ha 13%, yaenbHbIe 3aTpaThl TEIIOTHI COKPATH-
nuck Ha 10% B cpaBHEHHH ¢ CYIIKO# 0e3 peBepca, mpH
HEPABHOMEPHOCTH CYIIKH CEMSIH HU)KE€ HOPMAaTUBHOM.
JITUTEenbHOCTE OMHOCTOPOHHEH POIYBKH B PEBEPCHUB-
HOM 3epHOCYILIMJIKE IO Pe3yJibTaTaM HcCiel0oBaHUuN co-
crasuia 0,3 u. [IpenensHas TeMneparypa areHTa Cyku
IIpU peBEpPCE PACCUUTHIBAETCS UCXOMS U3 JOIIYCTUMOM
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Ta6nuuya Table
OcHoBHbIE NOKASATENN PABOTbI C3TM-5 / KEY PERFORMANCE INDICATORS OF SZTM-5
) 3navenne / Values
Moxa3zarenu / Indicators . R .
c peBepcom / reverse drying | 0e3 peBepca / one-direction drying

IpousBogurensHOCTS, T/4 / productivity, t/h:

BIIQXXHBIN MaTepual / wet material 42 3,7

cyxoii Mmarepuan / dry material 3,5 =

maaHoBas / planned 3,8 4,1
JnutensHOCTH CyIKH, 4 / drying time, h:

pacuerHas / estimated 3,5 =

(dakTuueckas / actual 3,8 43
JUTMTeIbHOCTD OTHOCTOPOHHEH MPOAYBKH, U 03 3
One-sided blowing duration, h ’
BnaxuocTs cemsH, % / seed moisture, %

ucxoaHas / initial moisture 22 22

koneuHas /final moisture 12,8 13
VaenbHbIN pacxof Temia Ha cymky, MJx/kr 26 10.6
Specific heat consumption for drying, MJ/kg > >
HepaBroMepHOCTH CymIKH
(mpeznenbHOe OTKJIOHEHHE OT CPEAHEro), =% +0,6 +2
Drying non-uniformity (marginal deviation from the mean), +% -0,5 -1,5
Bcexoxects ceMsH, % / seed germination, %:

1o cymku / before drying 80 72

nocine cymku / after drying 82 75
CHmxeHue IIHTENbHOCTH CyIKH, % / Decrease in drying time, % 12 =
CHIKEHHE YASIbHBIX 3aTPAT TOILIHBA, %o 10 B
Reduction of specific fuel costs, %

TeMIIepaTypbl CEMSH, KOTOpas AOIKHA ObITh Ha 2-3°C  1iuoHHOM cymikoil. Ilo pe3ynprataM ucciienoBaHus OHA

BBIIIIE [IPE/IEIbHO AOIYCTUMOM IO CPABHEHUIO C Tpau-

coctasmia 57°C nis ceMsiH palrpaca.
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