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NCCIEAOBAHUE BJIUAHUA KNHEMATHYECKUX ITAPAMETPOB

HA OITUMU3BAIINIO MTPOIECCA CYUIKH 3EPHA

Ilepsoouepeonoii 3a0aueii npu coeepuieHCMBOBARUL CYULECMBYIOWUX MEXHOI0UTL
CYWKU U KOHCHIDYKUUIL 3ePHOCYMMUIIOK AGIACMCA CHUJICEHUE IHEPEMUUECKUX 3ampPam Ha
CYWIKY 3epHa, U npedicoe 6cezo MOnIuea. B cea3u ¢ ymum akmyaibHuM A6/15emca npogedeHue
UCC/Ie006AHUTL, HANDAGIEHHBIX HA NOGbLIMERUE IPhekmuenoCmU UCNOIb308ARUA OELCMEBYI0-
HUX KAMEPHBIX CYHUIOK HANOIBHO20 MUNA HA OCHOGE COGEPULEHCIMBOBCAHUA KOHCHPYKUUU,
PedcuMo8 padomsvt OMOEbHHIX Y3106, 4 MAKIICE MEXHOILOZUU CYWKI, HANDABG/IEHHBIX HA OQ/1b-
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Helluiee CHUIIceR U e YOelbHbIX IHEPZEMUUECKUX 3ampam. AHAIU3 IKCREPUMEHMATbHBIX UCCIle-
O006aHUIL NOKA3A, YMO OOHUM U3 CHOCOD06 COBEPULEHCHIBOBARUA MEXHO/I0ZUUECKO20 NPO-
yecca 08yXImMANHOU CYWIKU AG/IACHCA UCNOIb306aHUE OONOIHUMENDHOZ0 HENLd, AKKYMYIU-
POBAHHO20 36PHOM HA NEPEOM IMane CYWKU OISl HPEOGAPUMEIbHOZ0 HAZPesa 3ePHA HA 8O-
Ppom amane, 4Mo HO36OJIUM YMEHBUUMD PACX00 MONIUGA HA cyuiKy. B cmambe paccmampu-
6aemcsa 6ONPOC O GbIAGIEHUN 3AKOHOMEPHOCHIU GIAUAHUA KUHEMAMUUECKUX NAPAMEMPOE
azeHma HA nPUPOCM memnepamypsl 6030yxd 3a cuem omoayuu menia 3epuom. Ilpugedennsie
UCC/Ie006AHUSA HOKA3BLEAIOM, YO C Y6e/IUYEHUEM 6DEMEHU NPOOYBKU NPUPAWEeHILe HeMnepa-
mypul 6030yxa cHudIcaemecs no 2unepdouyeckoi 3asucumocmu. Ilpu ymenvuenuu ckopocmu
00meKanusn 3epen 3HaUUmMebHblil NPUPOCHL MEMREPAMYPBL 6030YXA HADII0OAEMCA 6 UHMED-
eaite epemenu om 1 00 5 ¢, 3a cuem AKKyMyIUPOBAHU MENIOMbL OM 3ePHA 6 Dotbuieil cme-
nenu, Yem npu OMHOCUMEIbHO Dvicmpom oxiadicoenuu. /laivHeiniee yeeiuuenue epemenu
npoOyeKu boitee 8 ¢ ¢ yuemom U3MeHeHUs CKOPOCHIU 6030YUIHBIX NOMOKOG HPUEOOUM K HE3HA-
YumeIbHOMy Hpupocmy memnepamypot eo3oyxa. Taxkum obpazom, 3ppexmugnocmo 3mozo
npouecca cyuwiecmeenno 3a6ucum om pedxcumnsix napamempos. Ilonyuennsie pezyiomamoi
HOOMEBEPIHCOAIOM 861600 0 HEODXOOUMOCHIU 8 NPOYecce CYUIKU YCHIAHOBIEHUL ONMUMAIbHOZ0
3HAYEHUA CKOPOCHIL RPOOYBKU 3EPHA 8030V HIHBIM HOMOKOM O/ MAKCUMAIbHO20 Y8eIUYeH U
memnepamypul 6030yxd 3a cuen meniomsl, paHee 3ampaienHoil Ha HazPpes 3epHa, Ymo HOC/1y-
JACUM OCHOBAHUEM OJIA PA3PABOMKU PEICUMOB OXLANCOCHUS 3EPHA 6 MEXHOI0ZUU OGYXIMAN-
HOU CYWIKU.
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RESEARCH INTO INFLUENCE OF KINEMATIC PARAMETERS

ON OPTIMIZATION OF GRAIN DRYING PROCESS

The first priority concerning improvement of the existing technologies of drying and de-
signs the grain-dryers is the decrease in power costs of grain drying, and first of all fuel con-
sumption. In this connection the most important thing is the researches carried out into the
enhancing of effectiveness of existing floor chamber grain-dryers on the basis of improvement
of a design, operating modes of separate assembly units and also technology of drying in order
to further decrease specific power expenses. The analysis of experimental studies has shown
that one of the ways of improvement of technological process of two-stage drying is the use of
the additional heat accumulated by grain at the first stage of drying which can used for prelim-
inary heating of grain at the second stage that allows to reduce fuel consumption for drying.
The article considers the question of detecting of regularity of influence of kinematic parame-
ters of the agent on the rise of air temperature due to return of the grains’ heat. The given
researches show that with the increase of blowing (purge) time the increment of air temperature
decreases in accordance with the hyperbolic relation. At the reduction of the ambient velocity
the considerable rise of air temperature is observed in the time slot from 1 s to 5 s rather due to
accumulation of heat from the grain than at relatively fast cooling. Further increase of blowing
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time to more than 8 s, taking into account the change of speed of air streams, leads to an insig-
nificant rise of air temperature. Thus, the efficiency of this process significantly depends on the
operation (regime) parameters. The received results confirm the conclusion as to the need for
selection of an optimal speed of grain blowing by air stream during drying process in order to
get maximal rise of the air temperature due to the heat spent earlier for grain heating and that
will form the basis for development of the modes of cooling grain in the technology of two-stage

drying.

KEYWORDS: TECHNOLOGY OF DRYING, FUEL CONSUMPTION, POWER EXPENSES,

TEMPERATURE, AMBIENT VELOSITY, BLOWING TIME.

B TexHonornu mocneybopodHoii obpa-
00TKH 3epHa Bce OONBIINI HHTEPEC U pa3BU-
THE MOJYYar0T KOMOMHHUPOBAHHBIE CITOCOOBI
CYLIKH, B YaCTHOCTH, COUYETAOLINE BBICOKO-
TEMIIEPATYPHYIO CYLIKY, OTJIEKKY U OXJIasKIe-
HHE 3€pHA HApPY)KHBIM BO3YXOM — TaK Ha3bl-
BAEMYI0 IBYX3TAINHYK (ABYXCTaJAHHHYIO)
cyuky [1-3].

MeToauka uccaea0BaHuI

Jlnist peanu3aniy JByX3TalTHOW TEXHOJIO-
I'MU B CYLTHJIKAX KAMEPHOTrO THIIA MpeJiara-
eTCs IPUMEHHUTDh (PYHKIIMOHAIBHO-TIApAMeT-
PHYECKYIO CXEeMy, I[IOKa3aHHyl) Ha pH-
cyHke 1.

Vyxa tyxa dvxa
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Puc. 1. @yHKIHOHAILHO-TEXHOJIOTHICCKAS CXEMA
padoThHI CYIMIILHOTO OTACJICHHIS

B xamepy I 3aceimaercst 3epHO ¢ nepBo-
Ha4yaJbHBIMM NApaMeTpaMH. Maccol Ms,
TeMmrnepaTtypolits u BaaxHocTer0 Wi, Ilpu
C)KMTaHUU TOIUIMBA TOIMOYHBIE Ta3bl OOBE-
MOM VTr, TEMIIEpaTypoul tir U Biarocoaep-
JKaHueM d1r CMeIINBaKOTCs € BO3IYXOM 00b-
€MOM VB, TEMIIEpaTypoil tB U BIarocoaepxa-
Huem dg. Ilocie mpoxona uepes cioit 3epHa

CYILIMJIBHOTO areHTa OH yaajsieTcss 00bEMOM
Vyx.a, TEMIIEPaTypon tyx A U BIarocomepKa-
HueM dvx a. [Tocne onpenenéHHOro BpeMeHu
CYLIKH 3epHO U3 Kamepsl | maccoit M3', Tem-
nepaTypoil t3” u BIaXHOCTbIO W3’ CTeKaeT B
kamepy Il u Haxoaurtcs Ha oTnéxke. B aTor
MepUO MPOUCXOAUT 3arpy3ka kamepsl . I1o-
CJie 3TOr0 MPOUCXOAUT NMPOAYBKa kamepsl 11
C LeNBI0 0TOOpa OT HEero akKyMYyJIHPOBaH-
Horo Tera. Harpereiii BO3ayx MocTymnaer B
kaMmepy | u oTmaér akkyMyniupoBaHHOE UM
TEIJIO 3€PHY, IPEABAPUTEIBLHO €ro HarpeBasl.
ITocne 3TOro mpouecc CylmKdH C y4acTHEM
TeIJIoreHepaTopa MpOAOJIKAETCs.

B nanHOM cnyuae, mpennaraemas Tex-
HOJIOTHSl TO3BOJISIET CHU3UTH PacxXxop TOII-
JMBa Ha CYLIKY TaK Kak 3€pHO IMpeaBapu-
TEJIbHO HarpeTo.

Pe3yabTaThl Hcc/ienoBaHuil

B ofmewm ciyuae 3amac Teria, akkymy-
JUPOBAaHHOTO 3€PHOM B TMEPBOIl Kamepe,
MOJKHO ONPENENUTh COIJIACHO MEPBOro 3a-
KOHa TepMOJNHAMUKU

6Q3 = M3 c3-dts (1)

rae 6Q; - Temmorta, K, €3 - TCIMIOCMKOCTH 3CPHA,
JLx/(xr-°C); M5 - Macca 3epHa, KT, dt; - PHPOCT TCM-
TepaTypsl B pe3yIbTaTe Harpesa 3epHa, °C.

CrnenoBaTenbHO, BBISICHUB, MTPHU MTOMOIIH
NPOBENEHHBIX HCCIENOBAHMMA, YTO TOTEPU
TEIUIa B OKPY’KAIOLIYIO CPENy B CPEIHEM CO-
cTaBisiIOT 5%, ypaBHeHue (1) MOKHO mpen-
CTaBUTH CIEAYIOUIUM 00pazoM:

6Q3 = 0,95M3 b C3 b dt3 (2)
Ilpu npoxome BO3AyXa uepe3 CloOM
3€pHAa, HaxXOMAIIErocs B KaMepe, UMEIOIIETro
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KOJIM4eCTBO Teria 63, C LENbI 4YacTHUy-
HOTO OTOOpa Teria MOJKHO OMHCATh YpaBHE-
HueM HproToHa — PuxmMana

6Qy = a3 F3-nt-dty, 3)

e a5 - K0O3()OUOUCHT TEIIOOTAAYH 3¢PHA TIPH OXJIa-
skaeuun, Br/(m2-°C); - Bpems, ¢;Fs; — miomans 1o-
BEPXHOCTH 3EPHA, M2;11 — KOIMIECTBO 3EPEH B 0OBEME
KAMEPBI CYIMHIKA, dt, - TPHPOCT TCMIICPATYPHI BO3-
ayxa,°C.

[Ipu onpeneneHu yaenbHOMN TUIOIAAN
MOBEPXHOCTH 3€PHA, YUUTBIBAsI UX Pa3HOOO-
paszue Gopm U pa3MepoB, HeaecoodpasHo UC-
MOJIb30BATh TIOHSTHE MPUBEICHHOIO [IHa-
MeTpa [4]

3GV,
= n’” =1,24%v,, (@

up

rae V,—00seM PABHOMEPHOTO mapa, M>;V;— 00BEM 0~
HOTO 3EPHA, M°.

C yuerom (4) ynmenpHasl IJoLIaab IO-
BEPXHOCTH 3€pPHA ONPEAETUTCs 1o hopmyIie

3
o (5)

Mz ps3- dnp

r7ep, — IIOTHOCTD 3ePHA, KI/M-.
CnenoBatenbHO,

F = 6 M, ®)

’ P3- dnp,
50, = a, n-6M;t-dT, 7

’ P3- dnp ’

CornacHo ucclenOBaHUSIM, IMPUBEAEH-
HbiM MenpaukoBbiM C.B. [5], 3Hauermsidnp
JUTsL pacdyeTa MOKHO TMPUHATH ISl STAMEHS
paBHbBIM 4,2 MM, OBca — 3,7 MM, pxu — 3,3
MM, TIIHEHUIBI — 3,8 MM.

Kos(hpuumeHnt Teminoornayn npu oxJa-
JKneHun 3epHa B padote [0] mpennaraercs
ONPEIETSATh MO BBIPAXKEHUIO

0,244 - 1- V96
U3 =""o4.,06 (8)
rae A - TCIIONPOBOAHOCTD BO3AyXa, BT/M-C;) — cko-
POCTH O0OTCKAHHS 3€PHA BO3AYLIHBIM ITOTOKOM, M/C;V

- KHHEMATHYECKAA BI3KOCTh BO3AYXA, M%/C(mp— mpH-
BEJICHHBIM AUAMETP 3EPHA, M.

C yuerom Beipaxkerns (8) ¢opmymna (7)
NPUMET BH]
_L464-1- Vo6 .n-MsT-dt,

L4 1,06 .
dnp V=T Py

)

B

Beipasum w3 ¢opmynsr (9) mpupocr
TEMIIePaTypbl BO3AYX
duy v - p,

dt, = 5Q,. (10
» = 1464 A V06 - Myro% (10)

Kommuectso TEMJIa, KOTOPOC MOXKET aK-
KYMyJIIPOBAaTh BO3IyX OT 3€PHA, MOXHO
ONpeacInTb U3 YCJIIOBUA

6Qy, =6Q; =M, ¢, - dt,.  (11)

Hcxonst u3 3TOro BhIpakeHus Gopmyia
(10) mpumer Bux
M, c,-dt, dy v p

dt, =
BT 1,464 1-V%6 - n- My

=, (12)

TAaKUM 00pa3oM, MPUPOCT TEMITEPATYPBI BO3-
Ayxa 3a C4eT OTAa4M TeIljia 3€PHOM OIpese-
JISIETCSl CAENYIOLUIUM BhIpaXKEHUEM

At _ftz oy V0 p
). 1,464-1-V06.-ng

dt,. (13)

B pamkax [aHHOrO UCCIEIOBAaHMUS
MOJIyYeHa dKCIIepUMEeHTalIbHasl 3aBUCUMOCTb
M3MEHEHHUs TeMIlepaTyphbl BO3/lyxa B KaMmepe
I or BpemMeHu mpu pas3IUYHON CKOPOCTH
NPOAYBKM 3€pHa BO3AYLIHBIM MOTOKOM
(puc.2).

CXOnUMOCTh  3KCHEPUMEHTANbHBIX U
TEOPEeTUYECKUX paclpeeseHuil poBeps-
nace o kputepmo Pumepa — CHenekopa.
Bsanmo3aBucuMocTh (pakTOpPOB yCTaHABIIHU-
BaJlach KOPPENALIMOHHBIM aHAJU30M C OIpe-
JieleHHeM NapaMeTpoB 10 METOy HaMEeHb-
mux kBagparos. Kospdunuent nerepmuHa-
1M COCTaBUI R}, = 0,9883.

AHanu3upys 3HauU€HUs U3MEHEHUs TeM-
nepatypsl Bo3ayxa B kamepe Il npu pasnuu-
HBIX CKOPOCTHBIX PEKHMaX BO3IYIIHBIX MO-
TOKOB (puc. 2), He0OXOIUMO OTMETHUTb, YTO C
yBeJIMUYEHHUEM BPEMEHU MPOIYBKHU NpuUpalle-
HUE TeMIlepaTypbl BO3[yxXa CHHXKAeTCs IO
TUNIEPOOTNIECKON 3aBHCUMOCTH.
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Puc. 2. 3aBUCMMOCTb M3MEHEHUs TemnepaTypbl BO3AyXa 0T BPEMEHN
MpU pasINUHbIX CKOPOCTSAX 06TeKaHMA 3epHa BO3AYLUHbIM MOTOKOM

Mpu yMeHbLWEHUN CKOPOCTU 06TeKaHNS
3epeH 3HaYMTEe/bHbIA NPUPOCT TeMMepaTypbl
BO34yXa HabntogaeTcs B MHTepPBaie BPEMEHU
oT 140 5 ¢, 3a cyeT aKKyMyMpoBaHuUA Ten-
NOTbl OT 3epHa B 60/bLUEN CTENEHN, YeM NpU
OTHOCUTE/IbHO ObICTPOM OXnaxgeHun. Oanb-
Helwee yBenYeHne BpeMeHN NPOAYBKM 60-
nee 8 ¢ C y4eTOM U3MEHEHUSA CKOPOCTU BO3-
LYLWHBIX NOTOKOB MPUBOAUT K HE3HAUYUTENb-
HOMY NPUPOCTY TeMnepaTypbl BO3ayXa.

BbiBOAbI

MpuBeaeHHbIe KCCNef0BaHUA MOKasbl-
BalOT, YTO OAHMM M3 CMOCO60B COBEpPLUEH-
CTBOBaHMA TEXHOJIOTMYECKOro  npotecca
[BYX3TanHol CYLKN SBNSETCA MCNO/Mb30Ba-
HWe [OMNOSIHUTENILHOTO Tenna, akkymynmpo-
BAHHOr0 3epHOM Ha MepBOM 3Tamne CYLUKU

AN8 NpeABapuUTENbHOrO Harpesa 3epHa Ha
BTOPOM 3Tane, 4YTO MNO3BOJINT YMEHbLIUTb
pacxof TonauBa Ha cyuwky. BmecTte c Tem,
a(h(heKTUBHOCTL 3TOr0 npouecca cyule-
CTBEHHO 3aBUCUT OT PEXXUMHbIX NapameTpoB.
MonyyeHHble faHHble NOATBEPXAAOT BbIBO/,
0 Heo6X0AMMOCTM B NpoLecce CYLIKK ycTa-
HOB/IEHUS ONTUMa/IbHOrO 3HA4YeHUs CKOpo-
CTU NPOAYBKMW 3epHa BO3AYLUHbIM MOTOKOM
AN MaKCUManbHOr0 yBeNM4eHUs Temnepa-
TYpbl BO3/yXa 3a CYeT Ten/oThl, paHee 3aTpa-
YEeHHOW Ha HarpeB 3epHa. Pe3ynbTaThbl aKCne-
PUMeHTa/bHbIX UCCeL0BaHN NOCYXaT 0C-
HOBaHMeEM [nsi pa3paboTKM PexumoB Oxa-
XAEHNS 3epHa B TEXHO/IOrMMK [ABYX3TarHOM
CYLUKM.
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