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HOBBIIIEHUE Y®PEKTHUBHOCTH MOCJTEYBOPOUHOM OBPABOTKH 3EPHA
3A CUET ONTUMM3AIIUNA KOHCTPYKTUBHO-PEX KUMHBIX TAPAMETPOB CY-
MMUJILHON YCTAHOBKH

CHuoicenue yoeibHbIX IHEPZEMUUECKUX 3AmPam Ha CYWKY 3epHa, U npedicoe 6cezo Hon-
JIUGA, AGIACMCA NEPEOOUEPEOR Ol 3a0aUell NPU COBEPULEHCIMBOGAHUN CYULECMBYIOUUX MEXHO-
JIO2UIL CYWKU U KOHCHPYKYUIL 3ePHOCYWUNOK. B céa3u ¢ ymum axmyanvnvim a6/11emes npo-
6edenue Ucc1e006anUl, HANDAGIEHHBIX HA Oonpedelenue nymeil 6sl00pa payUoOHAIbHBIX Me-
MO006 U PeIHCUMOE8 CYUIKU 3ePHA HA OCHOBE MOOE/TUPOGAHUA MENTLOMACCONEPEHOCA 8 Kamep-
HBIX CYHIUWIKAX HANONbHO20 MURA U, KAK C/le0cmeue, nosvlienue ydhexmuenocmu ucnop-
306aHUA OEHCMBYIOUUX KAMEPHBIX cymuok. Ocobennocmu npoyecca cywku 3epHo6oit npo-
OYKYUU GBIAGNAIOMCA NO XAPAKMEPY UBMEHEHUA IOKAIOHBIX 6/1A20CO0EPIHCARUA U HEeMNeEPa-
myp ¢ meueHuem GpeMeHu, HOIMOMY IKCHEPUMEHMAIbHbIE 3AKOHOMEPHOCHIU HE0HX00UMO
pacemampueams 0OHOBPEMEHHO 8 UX 83auMocen3u. Hzmenenun cpeonux napamempos 61a20-
COOEPIICAHUA U MEMNEPAMYPL 3ePHA C MEUEHUEM BPEeMERI 8 NEPEYIO 0Uepedb ONPedeAIOMc
3AKOHOMEPHOCHIAMU 63AUMOOCIICHGUS 3EPHA C CYUUTbHBIM A2EHHIOM, MO eCHb GHEUIHUM
menJio- u maccoobmenom. B cmamve paccmampueaemea 6oOnpoc 0 6biAG/IEHUN 3AKOHOMEPHO-
CHIU GLUAHUA KUHEMAMUYECKUX RAPAMEMPOE CYHIUIBHOZ0 A2EHMA KA RIIOMHOCHb MENL08020
HOMOKA NPU PA3IUYHBIX GBICOMAX 3EPHOGOZO C/10A 6 cymuibnoil kamepe. Ilpugedennvie uc-
C/1e006aHUS NOKA3BLEAIOM, YO C YMEHbULEHUEM C/105 3ePHA CKOPOCHIb CYUIKU YEe/IUUUEACMC
U 0oCcHmuzaen MAKCUMAIbHO20 3Ha4enus 0 cos 3epua 6 0,1 m. Ilpu yeeruuenuu ckopocmu
HPOOYGKU 3€PHA CYMULbHBIM AZEHMOM CKOPOCHMb CYyWKU eo3pacmaem. Temnepamypuslit Ko-
apuyuenm b aenaemea 6eUUUHOI nEPEMEHHON U He 3A6UCUNL OML MOJIWUHDL C10 3epHa,
YUMo noOmeepIcoaen 63auUMOCBA3b Medcdy NEPEeHOoCcCOM G1a2u U Menia 6 npoyecce CyuikKu
3epna. OOHaxo, uzmenenue nIOMHOCIIU MEN1086020 HOMOKA C yee/ludeHueM MOIU{URbL C/105
3epHa ymenvuiaemea no napadoiuieckoil 3agucumocmu. /Janvueiinuiee yeeiuienue apemenu
nPOOYGKU Doilee 54 ¢ yuemom u3MeHeHUsA CKOPOCMU 6030YMHBIX HOMOKOG RPUGOOUN K HE3Ha-
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YUMEbHOMY CHUNCEHUIO 8/IANCHOCHIN 3¢PHA U, KAK C/1e0CMEUe, YMEHbUIEHUI0 MEeN106020 HO-
moka. Takum obpazom, 3phexmusnocms 3mMozo npoyecca cyuiecmeenno 3a6UCUNL om pe-
sHcumnvix napamempos. Iloyuennsvie Oannsle noomeepicoaom v1600 0 Heobdxooumocmu
npoyecce cywKu yCHAHOBICHUA ONMUMMIbHOZ0 3HAYEHUS CKOPOCHIU HPOOYEKU 3ePHA 803-
OYUIHBIM HOMOKOM HPU 3A0GHHOU MouuHe c/105 3epHa. Pe3yibsmamst IkcnepumeHmanbHsix
UCCIe006AHUIL ROCTIYIHCAM OCHOBAHUEM OJ1A PA3PAGOMKU PEHCUMOG CYUIKU 3ePHA 8 HEXHO/I0-
2UU OBYXIMANHOW CYUIKU.

KIIFOYEBBIE CJIOBA: TEXHOJIOI'MA CYIHIKH, BBICOTA CJIOA, BJIATOCOIAEPXKA-
HHUE, CKOPOCTbD CYIIKH, CKOPOCTb OB TEKAHUA 3EPEH, BPEMA ITPOIYBKH
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INCREASE IN EFFICIENCY OF POSTHARVEST PROCESSING OF GRAIN DUE
TO OPTIMIZATION OF DESIGN-OPERATING CONDITIONS OF DRYING UNIT

Decrease in a specific power inputs for grain drying, and first of all for fuel is a priority
task when the improvement of the existing technologies of drying and grain dryers designs are
in question. In connection with this it is very important to carry out the researches into deter-
mination of the ways of the choice of rational methods and drying conditions of grain drying
on the basis of modeling heat-mass exchange in chamber floor type dryers and so increase the
effectiveness of use of existing chamber dryers. The specifics of process of grain drying are
indicated by the nature of change of local moisture content and temperatures in the course of
time. Therefore the experimental regularities are to be considered simultaneously during their
interrelation. In the course of the time changes of average parameters of moisture content and
temperature of grain first of all shall be determined by regularities of interaction of grain with
drying agent, i.e. with external heat-mass exchange. The article considers the question of detec-
tion of regularity of influence of kinematic parameters of drying agent on density of a heat flow
in case of various heights of a grain layer in a drying room. The given researches show that
together with the decrease in grain layer the speed of grain drying increases and reaches its
maximal values when a grain layer is 0,1 meter. When the speed of purging (blowing) with
drying agents increases the speed of drying also increases. The temperature coefficient b is a
variable quantity and does not depend on thickness of grain layer which certifies that there is
interaction between moisture and heat transfer in the process of grain drying. However when
there is increase in thickness of grain layer, the variation of density of a heat flow reduces
according to parabolic dependence. Further increase in time of a purge (more than 5 hours),
taking into account the airflows speed variation, leads to a slight decrease in humidity of grain
and so to the decrease of heat flow. Thus effectiveness of this process significantly depends on
operating conditions. The obtained data confirm the conclusion that during the process of dry-
ing it is necessary to select optimal value of the speed of grain blowing with a help of airflow
when the thickness of grain layer has a given value. The findings of the investigations give
occasion to development of grain drying modes in the technology of two-stage drying.

KEYWORDS: TECHNOLOGY OF DRYING, LAYER HEIGHT, MOISTURE CONTENT,
DRYING SPEED, SPEED OF THE FLOW AROUND GRAINS, PURGE (BLOWING) T
IME
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OfHUM ¥3 HanpasneHWi NOBbILEHUA (-
(heKTUBHOCTU CYLLUKWN 3€PHOBbIX KY/bTYp AB/NSA-
eTCA COBEpPLUEHCTBOBAHNE TEXHO/IOMMYECKUX
npoueccos u obopynosaHmsa. Ocoboe BHUMa-
HVWEe B 3TOM OTHOLUEHWUMW 3aC/y>XVBaeT [ABYX-
aTanHas TeXHONOrna B CyLUUIKAX KaMepHOro
TMNa, NO3BONAOWASA CYLLECTBEHHO CHU3WUTb
pacxop TonauBa Ha CYLLKY 3epHa [1-2].

Llenbto gaHHOM paboTbl ABNAETCA onpeje-
NeHue nyTeid BbIbopa paLMoHaibHbIX METOA0B
N PEXWMMOB CYLUKW 3epHOBOW NPOAYKUUN Ha
OCHOBE M3y4yeHUsi 0cob6eHHOCTel Macconepe-
HOCca W TensonepeHoca B CyLUUIKax Kamep-
HOro Tuna.

OcobeHHOCTM Mnpouecca CYLIKN 3epHOBbIX
Ky/NbTYp BbISBNAKOTCA MO XapakTepy M3MeHe-
HWS NOKaNbHbIX BNarocofepXaHusa n temrnepa-
Typbl C TeYeHWeM BpeMeHW. 03ToMy 3Kcne-
PUMEHTa/IbHble 3aKOHOMEPHOCTW paccMaTpu-
BaeMblX MpPOLLeCCOB HEOOXOAMMO NCCNef0BaTb
OA4HOBPEMEHHO B UX B3aMMOCBA3N.

lMnoTHOCTL TennoBoro notoka glixapakTe-
pu3yeT UHTEHCUBHOCTb Tenj006MeHa 1 onpe-
fenseTcs BblpaxeHneM [3]

.du cdt
Lh=r{l - £p)pmm(1+-rd_u ) @

roe - cpefHss M/oTHOCTL MOTOKA Tervia, CA';FK M-

yAeNbHas TervioTa UcrapeHust Briaru ﬁ*f;

£p- MOPO3HOCTL 38PHOBOIO MaTepVasa;

t - cpeaHsad TeMnepartypa 3epHa, °C

T - Bpews, C; PO- MVIOTHOCTb 3epHa, KI/M3

h - BbicoTa €0 3epHa, M; 1 - BNaroCOAEKaHMS, KI/KT.

C yyeTOM TemnepaTypHOro KoaguumeHTa
CyWKM b , xapakTepusyloLiero noBbILLEHNE
CpefHein TemnepaTypbl 3epHa Npu U3MEHeHUN
B/larocofiepXXxaHus Ha eAuHuLy B rpouecce
CYLUKM

dt
_— (2)

ypaBHeHue (1) NnpuHnMaeT BUj

p=r(1-ppia+$). @

o
COOTHOLLEHME rdu MOKa3blBaeT OTHOLLEe-

HWe KO/MYeCTBa TeNa, N3Pacxof0BaHHOIO Ha
HarpeB Tefa, K KOMMYecTBY Temn/a, NoTpayeH-
HOFO Ha MUcMapeHus Bnary 3a 6eCKOHEYHO Ma-
NbIA NPOMEXYTOK BPEMEHU, 1 SBNSIETCAOCHOB-
HbIM KPUTEPUEM KWHETUKW CYLUKW - KpUTe-
puem PebnHaepa Rb [3]

cb c dt

Rb=r r du )
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Kputepnin PebuHgepa Rb 3aBucut oOT
(hopMbl CBSA3M Barn ¢ BAaXXHbIM 3epHOM, Ten-
NnoTbl ucnapeHns. Mcnonb3ys Kputepuii Pe-
6uHaepaib, ypaBHeHMe (4) MOXHO 3anucaTtb

du
Un(T) =K 1- £o)ph  (1+Rb). (5
YuuTbiBasi, 4To CKOpoCTb cywKku N onpe-
[enseTcs BblpaXeHeMm
dw du
N=H7=10017 (6)
n n3mepseTcs B%/4, BblpaxkeHue (5) nonydaer
cnegyowmii Bug
dTHO=r(1- £p)ph3° " (1 +Rb)=
=36r(1 - epphN(1 +Rb). (7

Takum 06pasomM, MO BeNNYMHE CKOPOCTU
CYLWKMN ¥Y 1 KpuTepusa PebuHaepa MOXHO onpe-
[eNnTb WHTEHCUBHOCTb TennoobmeHa, Ans
4yero Heo6xoAMMO MccrefoBaTb Temneparypy
3epHa ¥ peXuMHble napaMeTpbl CYLIUIbHOIO
areHTa.

Pe3ynbTaTbl uMCCNefoBaHUA. JKcnepu-
MeHTa/lbHasa ycTaHoBka (puc. 1) nossosiser
MPOBECTU CEpPUI0 3KCMEPUMEHTA/IbHbLIX UCCIe-
[0BaHWi Mo BbISBNEHUIO BUAHWSA NapaMeTpoB
CYLUM/IbHOTO areHTa Ha MpoLecchl Macco- u
TennoobmMeHa B CyLUWMIKaX KamepHOro Tuna.
Pe3ynbTatbl MpoBefeHHbIX 3KCNepuMeHTab-
HbIX MCCNefoBaHWI Ha yCTaHOBKe MpenCcTaB-
JIeHbl Ha PUCYHKax 2 n 3.

Puc. 1. doTorpausa nabopaTOpHOro CTeHAa cy-
LUWBHOTO 0T eNeHuns
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0,14 m/c

0,25 m/c

0,31 m/c

Puc.2. 3aBUCMMOCTb U3MEHEHUSA CKOPOCTMW CYyLWWKN OT BbICOTbI C/NOA 3epHa
npn pasinyYHbIX CKOPOCT AX NPOAYBKN 3epHa CyLUU/IbHbIM areHToM

MeTo aHanmsa npouecca CyLKW Mpu
MOMOLLM KPWBLIX CKOPOCTW CYLUKW WUMeEeT
6onblUMe MOrpeLHoCcTn, TakK Kak ABnseTcs
rpao-aHaiMTUYeCKMM MeToZoM. [1oaTomy
OH MOXET CNYXWTb TO/MbKO A1 KayeCTBeH-
HOro aHann3a KWHETMKM Npouecca CyLIKW,
npv 3TOM HEO6XOAMMbIM YCNOBUEM ABIAETCA
Hafyve Masioro rpagueHTa BAXHOCTU
BHYTpU 3epHa [4] .

Takum obpasom, Ana aHanmsa nepuopa
nagarwLen cKopocTu 60nee [JOCTOBEPHbIE
pesynbTaTbl JalOT TeMnepaTypHble KpuBble
(puc.3).

JKCMNepuMeHTanbHble KpUBbLIE MO3BO-
NAKT onpegennute ¢Gopmy CBA3M Bnarm ¢
BN@XHbIM 3epHOM, TENA0TYy WCNapeHus Ha
OCHOBaHUM KpuTepus PebuHpiepa.

Puc. 3. 3aBMCMMOCTb MeXX/ly TeMnepaTypoli 3epHa 1 Bnarocogep><aHnem ero B NpoLEecce CyLUKW:
pe>kum cywkn: ¢ =0,23; v=0,31 m/c
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TemnepaTypa 3epHOBOro MaTepuana
onpegenanacb Mpu MOMOLWK TenjoBusopa
Flir 60 (puc. 4). B Hauane npouecca CyLKn
TeMnepaTypa 3epHa NOBbIWAETCA MeANEHHO
M focturaeT TemnepaTypbl MOKPOro TEPMO-
MeTpa HEecKo/sbKo no3xe. Mepenag mexay
TemMnepaTypoli CyWNIbHOIO areHTa n Temne-
paTypoli 3epHa B nepuojge NoCTOAHHOMN CKO-
pOCTM OCTaeTcs BEIMYNHONM MOCTOSIHHOW. B
nepuofe nafawLeii CKOPOCTU CYLUKU TEM-
nepaTtypa 3epHa HenpepbIBHO MOBbILLAETCA C
TEeYEHNEM BPEMEHMN.

Mepenag TemnepaTyp  NPOUCXOAMT
BCNEACTBME TOrO, YTO XUAKOCTb YacTUYHO
ncnapseTcs BHYTpM matepuana, AN Yero He-
06xoAuM AOMNOMHWUTENbHbLIA NOABOA Tenna
[5].

[ONs 3epHOBbIX KynbTyp 3aBUCUMOCTb
MeXAy CpefHei TemnepaTypoli 3epHa t n ero
BnarocogepxaHnem W B nepuofe nagato-
Wei CKOPOCTN MMEET BUJ NNABHOW KPWUBOWA,
N3MeHsKLLenca no napabonuyeckon 3aBu-
CUMOCTW.

q,MBm K

N, %/u

4,MBT/K

N, %/u
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Puc.4. K onpegeneHunto TemnepaTypbl 3epHa

CnepoBatenbHO, TeMNepaTypHbIn KO3g-
(mumeHT b aBnseTcs BEANYMHON NepemMeH-
HOM W He 3aBUCUT OT TOJILLMNHBI CNOA 3epHa,
4yTO MOATBEPXKAaeT B3aMMOCBA3b MeXAy ne-
PEHOCOM BfiarM v Tenaa B NPOLECCe CYLUKM
3epHa. Ha ocHOBaHWW 3KcNepuMeHTabHbIX
N TEOpeTUYEeCKUX WMCCNefoBaHMIA BbISIBIEHO
B/IMAHMECKOPOCTN CYyLLKM 3epHa N, Kputepus
PebuHaepa 1 BbICOTbI C/I0S 3epHa”™ Ha NoT-
HOCTb TEena0BOro MNOTOKA 3/1eMEHTapHOro
CN0A 3epHa NpPU pas/inuyHbIX CKOPOCTHbIX pe-
XMUMax CyLUNbHOro areHTa (puc. 5).

q,MBm K

N, %/u B

Puc. 5. 3aBncMmocTb NJI0THOCTH
TENnnoBOro N0OTOKa OT BbICOTbI C/10A

N COOTBETCTBYILLEN CKOPOCTU CYLLKN
3epHa:

a - CKopocTb NpoAyBku 3epHa v=0,14 m/c;
6 - ckopocTb nNpojyBku 3epHa v=0,25 m/c;
B - CKOPOCTb NpoAyBku 3epHa v=0,31 m/c
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BobiBoabl. AHAMU3UPYSI U3MEHEHUs CKO-
POCTH CYIIKH OT BBICOTHI CJIOS 3¢pHA HEOOXO-
JUMO OTMETHUTh, YTO C YMEHBIICHHEM CJIOs
3€pHa CKOPOCTb CYLIKH YBEIUYHUBAECTCS U J0-
CTUTraeT MaKCUMAJIbHBIX 3HAYEHUU ISl CJIOST
3epHa B 0,1 m. IIpu yBennuenuu ckopoctu
MPOAYBKH 3€pHA CYLIMJIBHBIM ar€éHTOM CKO-
POCTBb CYLIKM BO3pacTaer. TemmnepaTypHbII
k03 uument b sBsieTcss BENMUMHON Tepe-
MEHHOH U HE 3aBUCUT OT TOJILMHBI CJIOSI
3€pHA, 4YTO MOATBEPXKIAET B3aUMOCBS3b
MEXKTy IEPEHOCOM BJIATH M TEILIA B IIPOLIECCE
CYLIKHU 3€pHa.

OnHako, U3MeHeHHe MIIOTHOCTH Terio-
BOIO MOTOKA C YBEJIIMYEHUEM TOJIIIMHBI CJIOST

3epHa YMEHbIIAeTCs 0 napaboanyecKoi 3a-
BUCUMOCTH. [lanpHeilliee yBeaudyeHUe Bpe-
MEHH TIPOAYBKH O0Jiee 54 C y4eToM U3MeHe-
HUSI CKOPOCTU BO3JYIIHBIX MOTOKOB MPHUBO-
OUT K HE3HAYUTEJIbHOMY CHHXXEHUIO BJIAXK-
HOCTH 3€PHAa U, KaK CJIEICTBUE, YMEHbLIEHHUIO
TerioBoro mnoroka. I[lomydyeHHble AaHHBIE
MOATBEPIKIAIOT BBIBOA O HEOOXOIUMOCTH B
MPOLECCe CYLIKH YCTAHOBJIEHUsI ONTHUMAJib-
HOTO 3HA4Y€HUsI CKOPOCTH MNPOAYBKHU 3€pHA
BO3AYLIHBIM MOTOKOM MpPH 3aJaHHOH TOJ-
LIMHE 1104 3epHa. Pe3ynpraTel SKCniepumen-
TQJIBHBIX HMCCIEAOBAHUI MOCIYXAaT OCHOBA-
HUEM JJIs1 pa3paboOTKU PEXUMOB CYIIKHU
3€pHa B TEXHOJIOTUHU ABYX3TAITHON CYIIKH.
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