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CywKa 3epHa — C/I0MCHbIU U 0meemcmaeeHHbIl Npoyecc, om pe3yabmamos Komopozo 3a8UcUm COXPAHHOCMb
nony4eHHo20 ypoxas. 1o pe3yasmamam nposedéHHO20 aHAU3A CYyWecmayrouux KOHCMpPYKUyUl 3epHOCYWUNOK HaMu
8bI518/1€HO, YMO OHU 8 OCHOBHOM MPEOHA3HAYEHbI 0718 CYWKU NMPoo0080/16CMBEHH020 3epHA. [l CYWKU 3epHA HA CefekK-
YUOHHbIE Uenu 8 cyuecmasyoujux 3epHOCYWUIKax Heobxo0umMo ocyu,ecmaname 3Ha4umesnbHble MpaHcopmayuu 8
UX PEXUMHbIX U KOHCMPYKMUBHbIX napamempax. Bcé smo npusodum K He060CHOBAHHbIM y8esnu4eHUAM CpoKos 0bpa-
b6omku 3epHa u cebecmoumocmu npouyecca menanogozo 8ozdelicmaus. Hamu rnpednoxiceHa Ho8aA 3aNamMeHmMo8aHHAA
KOHCMPYKYUA cenekyUuoHHOU 3epHocywuaku. Omauduem rnpeodsanazaemoz0 cpedcmaa MexaHu3ayuu Aeaaemcsa 8slnos-
HeHue mpaHcnopmupyowezo paboyezo opeaHa 8 sude NMaAoCKol NPyxcuHsl, HA KOMopoli ycMAaHOB/1eHA HECMKO C8s-
30HHGA ¢ Hell U CHabx#ceHHAas NpusodoM Nep@PopPUPOBAHHAA NAACMUHA Kpyanol ¢opmel. HaepesamensHsbili anemeHm
pacrionazarom nod MpPaHcnopmupyowum paboyum op2aHOM U 8bIMOAHAIOM 8 eude nepdopupo8aHHO20 MA0CKO20
KO/bYa, 8 0meepcmuAX KOmopo20 yCmaHasausaom e8mysiKu, 8biMosHeHHble U3 mMernsou30aupyrou,e2o mamepuand.
BeHmunamop coeduHsaom 8030yxo8000M ¢ nepgopayueli HaepesamenbHO20 3nemeHma. Llesnbto nposodumelx ucche-
dosaHuli cmasno meopemuyeckoe 060CHOBAHUeE Napamempos pa3pabamsisaemo2o cpedcmesa MexaHu3ayuu. B pesyne-
mame nposedéHHbIX Uccnedo8aHull 8biA81EHO B8aAUAHUE 2padueHma memnepamypbl 8 3a8UCUMOCMU OM MOAUUHbI
/1041 8bICyUWIUBAEMO20 3epHA. B yacmHocmu, 060CcHOBAHO, YMO Npu KOHMAKMHOM criocobe nod8oda menaomel Haepes
3epH0B8020 €108 MonawuHoUl, npesocxodaweli moawuHy eOUHUYHO20 CA0f, NpomeKkaem mMedsneHHO, Xoma 3HaYeHue
KoaghpuyueHma mennaonepedaqu 8 OQHHOM Cay4Yae Npesocxooum 3Ha4eHuUe aHa102UYHO20 MOKA3amessa nNpu KOHBeK-
musHoli cywKe. 3mo u npedonpedendem 3¢hheKmuUsHOCMb MPUMeEHEHUS KOHMAKMHo20 criocoba nepedayu mernsaomel
Mpu cywkKe 3epHa 8 eQUHUYHOM Cr10e. BaxcHbIM (haKmMopom npu 3mom fAeasemcsa Heobxo0umMocme ocyu,ecmeneHus
MOCMOAHHO20 08UXEHUA U NepemeulusaHuUs 3epHOB8020 C/105, Ymobbl U3bexame /I0KA/bHbIX Nepezpesos 3epHd, Ha-
Xxo0sAwe20cAa 8 HerocpedcmeeHHOM KOHMaxkme ¢ eperoweli nosepxHoCmoHo.

Pa6oTa BbiNnoNHAETCA B pamKax rpaHTa Mpe3unpeHTta Poccuiickoii Pepepauum
ANA TOCYAAPCTBEHHOM NOAAEPIKKU MONOAbIX
POCCUMACKUX YYeHbIX — OKTOPOB Hayk M[1-1673.2018.8

BBegeHue MCNO/Ib3YHOT C Le/Iblo A0BEAEHWA CbipbA 40 KOHAM-
TennoByo 06paboTKy NPOAYKLMUN pacTeHUe- UMoHHoro coctosiHma (puc. 1) [1].
BOAYECKOW OTPaC/M CeNbCKOro X03AMCTBA LWMPOKO CneayeT OTMETUTb, YTO OAHMM M3 BaXKHbIX
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Puc. 1 — KnaccudpuKkauma npoueccos Tenno0Boi 06paboTKU ceNbCKOXO3ANCTBEHHbIX MaTeEPUAIOB

Ha3HaYeHU TEN/I0BOrO BO3AENCTBUA HA UCXOAHbIEe
NPOAYKTbI ABNAETCA CHUMKEHWE BNAXKHOCTU 3epHa
[0 NapameTpoB, NPU KOTOPbIX BOSMOXKHO ero g/u-
Te/NlbHOE XpaHeHne 6e3 CHUKEHUA OCHOBHbIX Kaye-
CTBEHHbIX KpuTepues [2].

ObecneynTb KayeCTBEHHYI COXPaHHOCTb
3epHa B npougecce ero 06paboTKu - CNOXKHOE U Ao-
porocTosuiee aeno, Tpebytoulee BbiICOKO3IOHEKTUB-
HOM TexHosormyeckon 6asbl. PaspabaTbiBaemble
M co3daBaemMble 3epPHOCYLUM/bHbIE KOMMJIEKChI
obecneunBaloT KauyecTBEHHYH CYLUIKY MPOAOBO/b-
CTBEHHOIO 3epHa Pas3/IMYHOM BRaxHoctn [3, 4,
5]. OgHako ans Toro, 4tobbl MCMO/Ib30BaTh Cylle-
CTBYIOLLME KOMMEKCbl NO nogpaboTke 3epHa Ans
CYWKWU CEMSH, HEOOBXOANMMO UX CYLLECTBEHHO KOH-
CTPYKTUBHO gopaboTaTtb. TaKKe TpebyeTca BHECTU
3HaUYMTENbHbIE U3MEHEHMUA B PEXMMHbIE Napame-
TPpbl TEXHONOrMYEcKoro npouecca. Ho gaxe 3tu
MaHUNYyAALUUK He MO3BOAAIOT A0OUTLCA BbICOKOKa-
YecTBEHHOM Ten10BoM 06paboTKM cemsaH, KoTopas

obecneymT ux KOHANLUMOHHYIO BCXOXKeCTb. B cBA3M
C 3TUM aKTya/lbHbIM A9 CEMEHOBOAYECKUX U IKC-
nepuMeHTa/IbHbIX 3€PHOMPOU3BOAALLMX XO3ANCTB
ABNAeTCA HayyHoe 06oCHOBaHMeE U CO34aHNe NPUH-
UMNNANBbHO HOBOM KOHCTPYKLMU 3EPHOCYLUUKM,
obecneynBatoLLEeN Ka4eCTBEHHYHO TEMIOBYHO CYLLUKY
3epHa CEMEHHOro Ha3HaYeHus.

O6beKTbl U MeToAbl uccneaoBaHui

[na peweHnAa NocTaBNeHHOW 3a4a4M HaMK
npeaioXKeHa HoOBasA KOHCTPYKTUBHANA CXeMa CesleK-
LMOHHOW 3epHOCYLLIWAKK (pUCyHOK 2) [6, 7, 8].

Bnarogaps BCTPOEHHbIM B HarpeBaTe/ibHblIi
3/1IEMEHT TEeMN/IOM30/IMPOBAHHbIM BTY/IKAM, KOTO-
pble COeAMHAIOT BO3A4YXOBOA 3EPHOCYLUMIKU C
KaMepol CylWKu, obecneymBaeTca KayeCTBEHHbIN
BNarootsog,. Mpu 3TOM BO3AYLWHbIA NOTOK HE OX-
NaXKaaeT HarpeBaTe/ibHbIM 31eMeHT, 4To obecne-
yMBaeT ONTUMasibHble 3HEepProsaTpathl Ha Npouecc
CYLLKM 3epHa.

CnupanbHblit pabounii opraH 3epHOCYLINA-
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Puc. 2 — CenekuMOHHaA 3epHOCYLUWN/IKA CO
cnupanbHbim pabounm opraHom:

1 — Koxcyx; 2 — menaousonupyrowuli ma-
mepuasn; 3 — 3a2py304Hebili byHKep; 4 — 8bl2py3Hoe
OKHO; 5 — cnupaneHbili paboyuli opeaH; 6 — Hazpe-
eamesibHbIl anemeHm; 7 — eeHmuaamop; 8 — 803-
0yx0800; 9 — nepghopuposaHHas naacmuHa; 10 —
emysKu

KM C KOHCTPYKTUBHbIMM MapameTpamm, no3Bosto-
WMMM TpaHcnopTMpoBaTb obpabaTtbiBaemoe 3ep-
HO eAMHMYHbIM cnoem, obecneynmBaeT BbICOKYHO
paBHOMEPHOCTb TEN0BOro BO3AENCTBUS Ha 0bpa-
6aTbiBaeMblit NPOAYKT, 3@ CYET Yero nosbillaeTcA
KauyecTBO npolecca.

Pe3ynbraThl UcCne0BaHUMA

Mepegaya Tennotbl B pa3pabaTbiBaeMom
CpeacTBe MexaHM3auumM OCYLLECTBASETCA KOHTAKT-
HbIM cnocobom. TensioBasa 3HEPrus OT INEKTPU-
YeCcKOro HarpeBaTe/IbHOro 3/ieMeHTa nepeaaércs
HernocpeaCcTBeHHO obpabaTbiBaeMOMy 3epHYy, Ha-
XOAALLEMYCA B CYLUM/IbHON Kamepe 3ePHOCYLLU/IKA
N NepemeLLatoLLeMycs OT 3arpy3o4Horo byHkepa K
BbIFPY3HOMY OKHY C MomoLlbio paboyero opraHa,
BbINOJ/IHEHHOTO B BUAE cnupann Apxumeaa.

PaccmaTpuBaemblit mexaHU3M noasoaa Te-
NAOTbl MOXHO WHTEPNpPEeTMpPoBaTb, C onpeaenéH-
HbIMM YMPOLWEHNAMM, KaK nepeaady TenaoTbl No-
cpencTsom TennonposogHocTtu [9, 10].

Mpn 3TOM M3MEHEeHMEe NOTOKa TeNn/oTbl NpuU
CyllKe 3epHa B paspabaTbiBaemom cpeacTse me-
XaHM3aUUM 3aBMCUT OT HAKOMJEHHOM Ten/ioBomn
3HepruM B paccmaTpmMBaeMomM 0H6bEMe BbICyLINBA-
€MOro 3epHa, TPAHCNOPTUPYEMOM B MEXBUTKOBOM
NPOCTPAHCTBE CNMpanbHOro paboyero opraHa:

0 (ﬂgJﬁLi lg + 0 (lg) dx,dy,dz ,
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roe A Ko3pPMUMEHT TENNONPOBOAHOCTY,
Bt/(m-°C).

JHepreTMyeckMn 6anaHc ans obbéma Bbl-
CYLUMBAEMOTO 3epHa, HaX04ALLEroca B CyLIWUIbHOM

Kamepe, MOKeT 6bITb CPOPMYNNPOBaH B caeayto-
Wwem Buae:
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roe € - TennoémKocTb HarpeBaTeNIbHOTO aNe-

meHTa, KOX/(kr-°C); P _tennora napoobpasoBsa-

HUA, KIOK/KT; Ly — TemnepaTtypa HarpeBaTesIbHOro
anemeHTa, °C; T — Bpema HaxoX4eHUs BbICYLIMBA-
€MOro 3epHa B CYLUW/IbHOW KaMepe YCTPOMCTBa, C;

q= cpa’xdya’zﬁ

T — KONMYECTBO TENNOTbI, Nepe-
[aBaemMoi OT NOBEPXHOCTU HarpeBaTeNbHOro ane-
MeHTa 3ePHOCYLIWU/IKM K BbICyLUMBAaEMOMY 06bEMY
3epHa, KA.

Mpn 3tom cuctemy auddepeHUUanbHbIX
YpaBHEHUI nepeaayn TeNNO0Tbl OT HarpeBaTe/ibHO-
ro aeMeHTa 3ePHOCYLINAKN K KOHTaKTUpYIoLWemy
C Hel 3epHYy MOXKHO cMoaenupoBaTh B Buae [11]:
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rae a - KoadduuMeHT TemnepaTyponpo-
BOAHOCTM, M%/c; € - KpuTepuit $asoBoro nepe-

X0Aa; g — KO3QOMUMEHT, XapaKTepusyomi
061acTb PACNpPOCTPaHEHMA 30Hbl UCMAPEHUA, M;

0= [t(o,r) - 1”}
— Pa3HOCTb MeXAay Bapbupy-
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toLLLel TemnepaTypoi BbICYLUMBAEMOrO 3epHa 3 U
NOCTOAHHOWN TeMMepaTypoi HarpeBaTe/IbHOro a/ie-
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meHTa %2, °C; t, t, — Ha4anbHas n paboyas Temne-
paTypa HarpeBaTe/NbHOro 3/1eMeHTa 3epPHOCYLINA-
KM cooTBeTcTBEHHO, °C.

Mpyn OBUKEHUW 3epHa cnupanbHbiM pabo-
YyMM OpraHOM B NpeasiaraemMomM CpeacTBe MeXaHu-
3aUMM CO3[at0TCA paBHble TEMOBble XapaKTepu-
CTUKM ans Bcex obpabaTtbiBaembix 3épeH [12, 13,
14]:
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roe “s2 m 31 — TemnepaTtypa 3epHa 40 M
Moc/e CyLKM B CENEKLMOHHON 3ePHOCYLLIMAKE CO-

oTBeTCTBEHHO, °C; ay _ Ko3pPMUMEHT Tennoob-

meHa, Bt/(m?°C); fG — yaenbHas MNoBepxHOCTb
3epHa, M2/Kr; ¢ — yaenbHaa TenJ0&MKOCTb BbiCy-

wmBaemoro 3epHa, O/ (kr-°C); P _ yAenbHas Te-

k
nnota ¢pasosoro nepexoga, Ax/kr; ¢ — koapdu-
LUMEHT CYLLKK; r— TensoTa napoobpasosaHus, Ox/

Kr; a)H’a)K — Ha4a/ZibHaA U KOHEeYHaA B1IaXKHOCTU

3epHa COOTBETCTBEHHO, %.
PeweHune cucTembl ypaBHEHUI 3 UMeeT BUA,:
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rae z — TONWMHA BbICYLUMBAEMOrO C/10A 3ep-
Ha B MEXBWUTKOBOM MPOCTPAHCTBE CMMPASIbHOrO
paboyero opraHa 3epHOCYLLUAKK, M.

M3meHeHWe rpagueHTa TemnepaTtypbl Harpesa
0b6pabaTbiBaEMOro 3epHa BO BpeMeHM 1 Mo TO/LLMHE
06pabaTbiBaEMOro €108, UHTEPNPETUPYEMOTO 3aBU-
cumocTbto (5), NpeacTaBneHOo Ha pUCYHKe 3.

[paaneHT TemnepaTypbl BbICYLUIMBAEMOIO 3ep-
Ha 4OCTUraeT CBOEro npeAenbHOro 3Ha4yeHus B nep-
Bblli Mepuog, Y 3epHOBOMO CN0A, HENocpeacTBEHHO
KOHTAKTMPYIOLLErO C HarpeBaTe/IbHbIM 3/IEMEHTOM, U
3aTeM CHUMKAEeTCA B NOC/eaytoLwmx cnosx 3epHa [15].

CnepoBatenibHO, CyLLKa 3epHa B ero Hernocpea-
CTBEHHOM KOHTAKTe C HarpeBaTe/lbHbIM 3/1EMEHTOM
Npu ABUNKEHWUU 3EPHOBOTO €105 TONLLMHON, 3HAYU-
Te/IbHO MPEBbILIAIOWEN MAKCUMasbHble pPasMepsbl
€MHWUYHOW 3ePHOBKM, MPOTEKAET AJUTENbHO, XOTA
KO3bPULMEHT Tenonepesayn B STom c/yyae cylue-
CTBEHHO MPEBOCXOAMUT 3HAYEHWE AHANOMMYHOrO Mo-
KasaTens npu KOHBEKLUMOHHOM MOABOAE TEN/OThI.
3T0 M NOATBEPKAAET NPEUMYLLECTBO MPUMEHEHMUA
KOHTAKTHOro crnocoba nepesayun TenaoTbl NpU CyLl-
Ke 3epHa C/I0eM, TOJILLMHA KOTOPOTo HE3HAYMTE/IbHO
NPEBOCXOANT TOJLUMHY €AMHUYHOrO C/os. BaxHo
npu MNepemeLleHnn 3epHa CnupasbHbIM Pabounm
opraHoM obecrneynTb ero Ka4yecTBEHHOE NepemeLlm-
BaHWe. B aToM ciyyae MUHUMU3MPYETCA MECTHbIM
neperpes 06pabaTbiBaEMOro 3epHa, PacrnoNOKEHHO-
ro B HEMNOCPeACTBEHHOM KOHTAKTE C MOBEPXHOCTbIO
HarpeBaTe/IbHOrO 3/IeMEHTA, YTO M 0becneynBaeTca B
npeanaraeMomM CpeacTBe MexaHU3aLMn.

BbiBoAbI

Mpu nocneybopoyHon obpabotke ans obe-
CNeYEeHUA OCHOBHbIX KauyeCcTBEHHbIX MOKasaTenei
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Puc. 3 — UameHeHMe rpagueHTa Temnepary-
pbl Harpesa 3epHa Npu noasoae Ten/IoTbl OT KOH-
TaKTUpPYlOLW,eil NOBEPXHOCTU:

1-(z=0mm); 2 - (z=15mm); 3 - (z = 45 mm);
4-(z=75mm)

3epHa Ba*KHO rPaMOTHO OCYLLECTBUTb MPOLLEeCC CyLu-
Kn. Mpu aTom Heobxoammo obecneynTb BbICOKYHO
PaBHOMEPHOCTb 06PabOTKM BbICYLUMBAEMOrO 3€pHa
NpPW OTCYTCTBMM JIOKANIbHOIO MeperpeBa OTAE/bHbIX
3épeH. PelleHmre yKasaHHOWM 33434 BO3SMOXKHO Mpu
MCMO/Ib30BaHMM 3EPHOCYLUUIKA CO  CMMPasbHbIM
TPaHCMOPTMPYOWMM pabounm opraHom. TexHuue-
CKMM pe3ynbTaToM Mpu MPUMEHEHMM npegnarae-
MOr0O CpefcTBa MexXaHM3auuKn ABAAETCA CHUMKEHUe
yAenbHbIX 3aTpaT 3Heprumn B 1,3...1,6 pasa no cpas-
HEHUIO C CEPUMHO BbINYyCKaeMbIMM 3€PHOCYLLNIKaMMU
KOHBEKTMBHOIO TMNa npu obecneyeHnn Tpebyemoro
KauyecTBa BbICYLLEHHOrO 3epHa.
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THEORETICAL SUBSTANTIATION OF THE GRAIN DRYER WITH A SPIRAL WORKING ELEMENT
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432017, Ulyanovsk, Noviy Venets Boulevard, 1;
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Grain drying is a complex and essential process, the safety of crop depends on the results of that process. Based on the results of the analysis of existing
designs of grain dryers, we found that they mainly aim at drying food grain. For grain drying for selection purposes, it is necessary to carry out significant
transformations in their regime and design parameters of existing grain dryers. It leads to unreasonable increase in time of grain treatment and cost of
heat treatment process. We have proposed a new patented design of a selection grain dryer. The difference of the proposed means of mechanization is the
transporting working element in the form of a flat spring which has a perforated plate of a circular shape and equipped with a drive rigidly connected to it.
The heating element is placed under the transporting working element and is made in the form of a perforated flat ring, the holes of which have bushings
made of heat-insulating material. The fan is connected by an air duct to the perforation of the heating element. The aim of the research was the theoretical
substantiation of the parameters of the devised means of mechanization. As a result of the research, the influence of the temperature gradient which depends
on the thickness of the dried grain was detected. In particular, it was justified that, in the contact method of heat supplying, the heating of a grain layer thicker
than the thickness of a single layer goes slowly, although the value of the heat transfer coefficient in this case exceeds the value of a similar parameter for
convective drying. This predetermines the effectiveness of application of the contact method of heat transfer when drying grain in a single layer. An important
factor is the need for constant movement and mixing of the grain layer to avoid local overheating of the grain, which is in direct contact with the heating
surface.

Bibliography

1. Trisvyatsky, L.A. Technology of receiving, processing, storage of grain and products of its processing / L.A. Trisvyatsky, B.E. Melnik. - Moscow: Kolos,
1983.-351p.

2. State program of development of agriculture and regulation of markets of agricultural products, raw materials and food for 2013-2020. - Moscow:
Ministry of Agriculture of the Russian Federation, 2012. - 204 p.

3. Vlargas, W.L. Heat conduction in granular materials / W.LVargas, J.J. McCarthy // AIChE Journal. — 2001. — Ne 47. — P. 1052 - 1059.

4. Wang, L.J. Rapid cooling of porous and moisture foods by using vacuum cooling technology / L.J.Wang, D.W. Sun // Trends in Food Science Technology.
—2001.—Ne 12.-P. 174 - 184.

5. Yadollahinia, A.R. Design and fabrication of experimental dryer for studying agricultural products / A.R.Yadollahinia, M.Omid, S.Rafie // Int. J. Agri.
Biol. - 2008. - Ne 10. - P. 61 - 65.

6. Pat. 171703 Russian Federation, IPC F26B 15/04. Device for grain drying / V.I. Kurdyumov, A.A. Pavlushin, G.V. Karpenko, S.A. Sutyagin, V.I. Dolgov, PS.
Ageev; patent owner FSBEI HE Ulyanovsk State Agricultural Academy. - appl. 02.08.2016; publ. 13.06.2017, Bul. Ne. 17.

7. Pat. 96639 Russian Federation, IPC F26B 3/00. Device for grain drying / V.I. Kurdyumov, A.A. Pavlushin, I.A. Postnikov; patent FSBEI HE Ulyanovsk State
Agricultural Academy. - appl. 24.02.2010; publ. 10.08.2010, Bul. Ne 22.

8. Pat. 2453123 Russian Federation, IPC A23B 9/08. Device for grain drying / V.I. Kurdyumov, A.A. Pavlushin, S.A. Sutyagin; patent owner FSBEI HE
Ulyanovsk State Agricultural Academy.- appl 10.11.2010; publ. 20.06.2012, Bul. Ne 17.

9. Belyaev, N.M. Fundamentals of heat transfer / N.M. Belyaev. — Kiev: Viyshaya Shkola, 1989. - 342 p.

10. Kurdyumov, V.I. Theoretical substantiation of grain drying dynamics in case of contact method of heat supply / V.I. Kurdyumov, A.A. Pavlushin, G.V.
Karpenko // Vestnik of Ulyanovsk State Agricultural Academy. - Ulyanovsk, 2015. - Ne 3 (31). - P. 125 - 130.

11. Influence of grain drying device parameters on quality of drying / V.I. Kurdyumov, A.A. Pavlushin, G.V. Karpenko, S.A. Sutyagin // Reports of the Russian
Academy of Agricultural Sciences. - 2012. - Ne 6. - P. 74 - 76.

12. Lykov, A.V. Theory of heat and mass transfer / A.V. Lykov, Yu.A. Mikhailov. - M.-L .: Gosenergoizdat, 1963. - 536 p.

13. Lykov, A.V. Theory of heat conductivity / A.V. Lykov. - M .: Vyshaya Shkola, 1967. - 599 p.

14. Baum, A.E. Grain drying / A.E. Baum, V.A. Rezchikov - Moscow: Kolos, 1983. - 223 p.

15. Savchenko, Svetlana Veniaminovna. Development of scientific foundations and practical methods for improving the efficiency of grain drying
technology: dissertation of Doctor of Technical sciences: 05.18.01 / S.V. Savchenko. - Moscow, 2009. - 387 p.




