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BAPABAHHOI CYITAPKH KOMILJIEKCY BUPOBHULITBA
KOMITIO3NLIINHOT O BIOITAJINBA
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Anomayin. Cmamms npucesuena po3pooyi enepeoeqexmusHux peicumis CYWiHHA KOMNOSUYIUHUX CYMi-
wetl biomacu 8 bapabauHiti cyuapyi KOMAIEKCY 8UPOOHUYMBA KOMIOZUYILIHO20 Oionanusa.

Teopemuuno ompumani 3a1ediCHOCHE RUMOMUX NOKAZHUKIE NPOOYKMUBHOCII | eHep2osumpam npoyecy npu
SMIHHUX BUXIOHUX napamempax diomacu 3a NOYAMKOBOI0 80A02ICMI0 Ma OUCHePCHUM CKAadoM. TIposedeno ana-
JIi3 8NAUGY MeMnepamypHol inmencu@ixayii npoyecy cywinns, 3minu weuokocmi obepmanisi bapabana i Ouna-
MIUHO20 pe2yNiosants Kyma Haxuy 6 dianazoui -3 © <ff <3 °,

Bcemanoeneno, wo memnepamypna inmencu@ixayis npoyecy npu cymiujeHti 3 peyuoeantam OUCnepCcHo20
CKIA0y Cuposunu He 3abe3neuye HOMIHATbHY NPOOYKMUBHICMb 0apabanHoi cywapKku 6 SpaHudyHux eunaoxax
BIOXUNEHHA NOYAMKO0BOI 6on02ocmi cuposunu. TloeOnanna Ounamiuno2o pe2yno6ants Kyma Haxuiy 6 00Caiolcy-
sanoMy 0ianaszomui i OUCNepCHO20 CKIAdY CUpOsUHU 3a0e3neuye npu MiHIMATbHUX eHepeosUmpamax na npoyec
CYWIIHHA HAtOiIbW WUPOKULl Oianason pe2yir08aHHs NUMOMOI NpoOyKMuUsHOCmi cyuwapku. Bcmarnogneno, wo
Memoou OUHAMIYHO20 pe2ylio8anHs KYma Haxuiy 6apabana 3 pe2ynio8antam yucia obepmie abo memnepamyp-
HO20 pedcuMy CYWIHHA 3a6e3neuyiomsb po3uiupents 0ianazony pe2yuoeanis npooyKmueHocmi bapabannoi cy-
wapxu 6 mexcax 30-85 ke eun. gon./u’> npu 3menwenni enepeosumpam na 10-15% 6 nopienaAnni 3 icHyrouumu
MexXHON02IAMU.

Karouosi ciioBa: 6iomaca, koMno3uilifiHe OiomannBo, bapabaHHa cymiapka, eHeproe()eKTUBHIHA PEIKIM.

JUSTIFICATION ENERGY-EFFICIENT MODES OF DRUM DRYER
OPERATION IN PRODUCTION OF COMPOSITE BIOFUELS

Korinchuk D. N., Sneszkin Yu.F, Bunetskiy V. A.
Institute of Engineering Thermophysics of National Academy of Sciences of Ukraine, Kyiv

Abstract. The article is dedicated to the development of energy-efficient modes of drying composite biomass
mixtures in a drum dryer of a complex for composite biofuel production.

The aim of the work is theoretical substantiation of energy-efficient modes and measures for controlling the
productivity of the drum dryer of the complex for granular biofuels production under variable humidity and
disperse composition parameters of the initial mixture.

The analysis of mathematical models of drying of disperse materials in a drum dryer is carried out. The
application of a semiempirical model based on the kinetic equation of drying for analyzing the modes of drum
dryer operation is substantiated. The specific productivity of evaporating the moisture per volume unit of drum
is used as a productivity criterion. The energy consumption per kilogram of evaporated moisture is used as an
energy efficiency criterion. The calculation method is proposed.

The dependences of specific indicators of productivity and energy consumption of the process at variable
initial humidity and disperse composition parameters of biomass are theoretically obtained. The analysis of
influence of temperature intensification of drying process, change of speed of a drum rotation and dynamic
adjustment of an angle of inclination in the range -3 ° <f <3 ° is carried out.

It has been established that the temperature intensification of the process when combined with the
regulation of the disperse composition of the raw material does not ensure the nominal productivity of the drum
dryer for extreme deviation of the initial moisture content of the raw material. The necessity of development
methods for expansion of the regulation range is substantiated.

It has been established that the combination of dynamic adjustment of the angle of inclination in the
investigated range and regulation of the disperse composition ensures, with minimum energy consumption for
the drying process, the widest range of regulation of the specific productivity of the drum, which is 70 kg / m®.
The method can be implemented with involvement of additional crushing equipment or by regulation of the
component and fractional composition of the biomass composite mixture. It has been established that the
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methods of dynamic adjustment of the angle of inclination of the drum with regulation of the rotation number or
the temperature regime of the drying provide an expansion of the range of the regulation of the drum dryer
productivity in the range of 30-85 kg of evaporated moisture per m® with a 10-15% reduction of energy
consumption in comparison with existing technologies.

Key words: biomass, composite biofuel, drum dryer, energy-efficient mode.

IocTtanoBKka mpo6aemu. BupoOHHUIITBO TpaHyIIFOBAHO OioManyBa 3 3aIHMIKIB 0i0MacH POCIHMHHOTO Ta Jie-
PEBHHHOTO MOXOKEHHS HaOyBae B YKpaiHi CTpiMKOro po3BUTKy[1]. OCHOBHUMH TEXHOJOTIYHUMH OTCPALiSIMU
BUPOOHMIITBA TPaHYJIHOBAHOTO OiomanvBa € NOAPIOHEHHS, CYIIIHHS Ta TpaHy/IroBaHHs O6iomacu. OqHUM 3 Hald-
O1JIBIII EHEePrOEMHUX TEXHOJOTIYHUX MPOLECIB B BUPOOHHUITBI rpaHyIbOBAHOTO OiOIallMBa € MPOLEC CYIIiHHS,
KW pealti3yeThes B anapaTtax OapadbaHHoro tumy. Ha mporecu CyiiHHS B TEXHOJIOTIYHUX JIIHISIX BUPOOHUITBA
TBepaoro Oionanuea mpumnanae 6mu3pko 30—40 % 3araqpHUX CHEpro3arpart, a B BUIAJKaX BUCYIIYBAaHHS CHPO-
BHUHH BHUCOKOTO Bojiorosmicty — 10 70 % [2]. Ha nporec cyminas BurpadaeTsest 10 20 % Giomanusa, mo BUpO-
OnseThCS HA MIANIPUEMCTBI. B OLIBIIOCTI TEXHOJIOTIYHUX JiHIA caMe CTafis CyIIiHHA BH3HAYa€ MPOIYKTUBHICTD
Bciel miHii. bapabanHi cymapku TOCHTh H0Ope 3apeKOMEHIyBaiu ceOe MPH CYIIiHHI CHPOBHHHU 3 IOCTIHHUME
IapaMeTpaMH BOJIOTOCTI Ha BXOZI Ta HE3HAUYHHMX KOJIHMBAHHAX JMCIICPCHOTO CKIany, ajie, OCKIJIbKH, OCHOBHHUN
nepion poboTH TiHil BUpOOHHIITBA OiomaliBa MPHUIAac Ha OCiHb, 3UMY Ta BECHY, I 010MacH BIACTHBI CYTTEBI
KOJIMBAHHSI BOJIOTOCTI, 110, B CBOIO YEpry, BIUIMBA€ HA MPOIECH MOAPIOHEHHS Ta JUCIEPCHUH CKIaj CHPOBHUHU
[3]. AuBepcudikariis cupoBHHHOI 6a3u G10MaIMBHUX MiAMPUEMCTB J03BOJIIE OPIEHTYBATUCS Ha JEIIEB] OCTYII-
Hi Buau abo xoMnosuiii pi3HUX BUAIB OioMacu ajie morpedye MOCTIHHOTO KOHTPOJIO 3MIHHUX BJIAaCTHBOCTEH
cupoBuHH. CyKyIHHH BIUIMB JMCIEPCHOTO CKJIaQy Ta BOJIOTOCTI NMPU3BOJIUTH O KOJWBAHHS MPOXYKTUBHOCTI
cymapku. i IpaBUIBHOTO BEJEHHS TEXHOJOTIYHOTO MPOLECy Ta MiATPUMAHHS MOCTiHHOI MPOJYKTUBHOCTI B
arperari 3aCTOCOBYIOTb PEryJIIOBaHHS TEMIIEpaTypH CYIIMJIBHOTO areHTy IUIIXOM 301UIbIICHHS] BUTPAaTH NalliBa
Ta 0e3CTYMIHYacTe PEry/IOBaHHS MIBUAKOCTI Oapabana B Mexax BiJ 2 10 10 00/XB, 110 BCTAHOBJIIOETHCS OIepa-
TOpPOM JIiHII CYIIIHHSA BpY4YHY 3a IOIMOMOroio Bapiatopa [4]. Ilpu npomy eHeproeeKTUBHUNA PEKUAM CYIITIHHS
CHUPOBHMHHU BUOHPAETHCS MMOKJIATAFOYICH TUTBKH Ha KBai(iKalito Ta JOCBig onepaTopa. ToMy SKICTh OTPUMAHOTO
Marepialy HanpsMy 3aJIeKUTh BiJ JIOACHKOTO (akTopy. KoianBaHHS MPOAYKTHBHOCTI JiHIi MPU3BOAATH 1O 11O-
PYIICHb TEXHOJOTIYHOTO MPOLECY Ta MiABHUIICHHS cOOiBapTOCTI MaNnWBa, OCOOIUBO B 3UMOBHI Iepiox, Ta poo-
JATH BUPOOHHUIITBO B IIeH TIepiol HEPEHTAOCTHHIM.

OnHuM i3 MeToJiB 3a0e3neyeHHs] HU3bKO1 co0IBapTOCTI MPOAYKIIl € po3poOka eHeproeeKTHBHUX 3aX0JliB
peryioBaHHs NPOJYKTUBHOCTI CYIIApPKH Ta CKOPOYEHHsS E€HEproBHTpaT Ha BUPOOHUITBO. [Ipobiiema OLIHKH
pOOOTH ICHYIOUOr0 00JIaAHAHHS Ta BUOOPY PEIKUMY CYIIIHHS, 110 3a0e3Meyye MiABUIICHHS ¢()eKTUBHOCTI BUKO-
PHCTaHHS CyIIMIIBHOT YCTAHOBKH, € JUIS ChOTOJICHHS aKTyabHOIO 33/1a4€lO0.

MeTto10 po6oTH € TeopeTHYHE OOIPYHTYBaHHS eHeproe()eKTUBHUX PEXKUMIB Ta 3aXOIB PEryJrOBaHHS HpO-
JYKTUBHOCTI 0apabaHHOT CyIIapKyu KOMIUIEKCY BUPOOHHIITBA IPaHyJIbOBAHOTO OionannBa IpH 3MIHHUX IapaMe-
Tpax BHUXIJTHOI CyMIIIli 32 BOJIOTICTIO Ta AUCIICPCHUM CKIIAJIOM.

AHaJji3 nonmepeaHix gocaigkeHb. BupimeHHs mocraBieHoi B poOOTi MeTH moTpedye BHOOPY Ta OOTpyHTY-
BaHHS TEOPETUYHOI MOoJeli mpolecy cymminHs. Pi3nko-MaTeMaTH4yHe MOJIEIIOBAHHS MPOIeCy CyIIiHHA B Oapa-
OaHHUX cymapkax mpejactaBieHo B podorax Miskell & Marshall(1956), Hirosue & Shinohara (1982), Hallstrom
(1985), Kamke & Wilson (1986), Kelly (1995), Sherritt (1993), Juuso et al. (1998), Koskinen (1998), Duchesne
(1996). Monens cymmibHOI 6apabaHHOT YCTAaHOBKH B 3aralbHOMY BHTIIAII CKIAJAE€THCS 3 IBOX JTOMOMIKHHUX
MoJIeJie, 3 SIKMX OJIHA € JIeTalbHUM OIMCOM IOBEIIHKHM TBEPAOro MaTepiany, a iHIIa BPaxOBYE KOHCTPYKIIIO
Oapabany. [lepeBaskHa KUIBKICTh JTOCHIKEHh CKOHIICHTPOBaHI Ha BIOCKOHAJICHHI 3aJIEKHOCTEH, SKi BUPAKAIOTh
yac nepeOyBaHHs Ta PO3MOALT MaTepiany B OapabaHi, o Bu3Ha4a€e €()EeKTUBHICTh CIPAIbOBYBAHHS CYITHIIEHOTO
areHTy Ta MPOAYKTUBHICTH Cymapkd. JloCHipKeHHS Tal0Th MOKIIMBICTD BU3HAYUTH Yac IepeOyBaHHA MaTepiary
B CyIIapIli, 3arajbHe TEIUIOBE HABAHTAXKEHHS, a TAKOX 1X CIIBBIHOIICHHS 3aJIe)KHO BiJl po3MipiB OapabaHa Ta
YMOB TPOIIECY CYIIiHHSA, ajie OUIBIIICTh CHIBBITHOIIEHh € HAMIBEMIIPUYHUMHU Ta TOB’s3aHi 3 KOHKPETHUMHU
KOHCTPYKTUBHHMMH PilICHHSAMH. AHANI3 y3araJlbHeHUX Cy4acHHX MoJIeJiel MpoBeeHuil B poboTax [5, 6] BUSABUB
PO30DKHOCTI 3a MapamMeTpoM dacy rnepedyBaHHsS 4acTOK B CymIaplii Maibke Ha Hopsaok. B poborax 3a3HaueHo,
110 HaBiTh, HE3BKAIOYM Ha YMCIICHHI TEOPETUYHI Ta €KCIIEPUMEHTANIBHI (POPMYITH, OTPUMaHI 3a OCTaHHIN dac,
HeMae iCHYI0401 IPUHHATHOI yHIBEpCaJIbHOT MOAEN, sika O crosy4ana OJHOYaCHO 1 KOHCTPYKIIHHI mapaMeTpH i
napaMeTpH npotecy. HasiBHI Ha 1aHOMY eTarli CHiBBiJHOIIEHHS JIO3BOJIIOTH JIMILE SKICHO OLIHUTH PO3TIISHYTI
napaMeTpu. 3aJIeKHOCTI TETNIOMACONIEPEHOCY B TEXHOJIOTISIX CYMIiHHS MOApiOHEeHOo1 GiomacH, sSIKi HABOASITHCS B
JiTeparypi Ta BUKOPHUCTOBYIOTHCS B NPAKTHIII BHACIIIOK 3HAYHOI ifeasi3arii MaTeMaTHIHOTO amapary, IpHITy-
IIEHb Ta CIPOIIEHb B OLTBIIOCTI BUMIA/IKIB HE € JOCTATHRO a/IeKBaTHIMHU peasbHUM Tporuecam [9]. BuznaueHHS
KiHeTHYHHUX Ta €HEPTeTHYHUX IOKAa3HMKIB MPOIECY CYIIiHHS Bce Iie 0a3yeThcs Ha 6araTopivyHOMY OCBifi KO-
PHUCTYBadiB OKpeMoro oOiagHaHHs. TakuM YUHOM, Tpeba OpieHTYyBaTHCS Ha BHUOIp MPUHAHATHOI MaTeMaTHYIHOT
MoIeJTi HabJIMKeHOT eMITIPHYHOO CKIIaI0OBOIO JI0 AOCIIKYBAHOTO MaTepially Ta Mporecy, HaiOiIbIIl 3arajJbHO0
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Ta HE HAITO CKJIAITHOIO JJIs BUPIMICHHSA. MaTeMaTnaHa MOJIENb Ha 0a3i KIHeTHYHOTO PiBHSAHHS CYIIiHHS ITUCTIEP-
CHHUX MatepianiB B OapabaHHiH cymapii, BUCyHyTa B po6oTi [8] Ta po3suHeHa B mocmimkeHasx [[THIAI® Ta in-
IIUX TOCTiAHUKIB [9—12] KoM 3aI0BONBHSE TTOCTaBICHUM BUMOTAaM Ta MOKe OyTH BHKOpHCTaHA U JOCIi-
JDKEHHS Ta PO3pOOKH eHeproe()eKTUBHUX PEKUMIB Ta 3aXOJIiB PETyIIOBAHHA NMPOLYKTHBHOCTI OapabaHHOI Cy-
IIapKH KOMIUIEKCY BUPOOHHUIITBA KOMITO3MIIHHOTO OlomaanBa Npy 3MiHHUX apaMeTpax BHXiJTHOT CyMilli.

OcHoBumii MmaTepian. HaniBemnipryuna Mojens [9] BkiItouae HacCTyNHI KiHeTH4HI piBHAHHS (1 — 4) cymiiH-
Hs TO/IpiOHEHOT OioMacu B OapabaHHIN Cymapiii:

t, —30 2,0,425
G = M . K . 1) D t 1 1
t,00 — 1t +10 (P0)D,5, (1)
W 0,34 n2
1360-(//0’39'0‘39 K ( )a D” Sinﬂbl
Wnow(\Nnoq _WK) 1800
- )

A0.34d 0,526 (pu)0,136
cep

ne G — npoaykTuBHiCTH anmapary 3a cyxum matepianom, kr/rom;t, . ,t, — Temreparypa CylmMILHOTO areH-
Ta Ha BXOJIi Ta BUXO/II 3 amapaty BimmoBigHo, °C; OU — MacoBa IBUIKICT CYIIWIEHOTO areHTy, KF/(MZ'C); p -
YCTHHA CYIIMIBHOTO areHty, Kr/M°; v — MBHAKICTb CYIIMIBHOTO areHTy, M/C; D — BHyTpillHil ZiameTp ama-
paty, M; ¥ — koediuieHT 3anoBHeHHs anapary, %; | — noexuna Gapabany , ¢, .., — 0YaTKOBA Ta KiHIEBa

BoJIoricTh Giomacu, %; N — yacToTa 00epTiB Oapabany, 00/xB.; f— KyT Haxuiy Oapabany, rpag, d  — cepenHiit
cep

PO3Mip YaCTOK CHPOBHHH, KUl BU3HAYAETHCS 33 PE3yIIbTaATAMU CUTOBOTO aHANI3y, MM.
Yac nepeOyBaHHS 4acTOK 3aJaHoro (hpakuiifHOro CKiIaay B CYIIMIBHOMY 0apabaHi 7 , XB., BU3HAYAETHCS 32
3aIIeKHICTIO (5):
r=471-D? -y -1-G (3)
Temneparypa BiZNpalbOBaHOTO CYNIMJIBHOI'O areHTy BU3HAYA€THhCS B PE3yJbTaTi CIJIBHOTO PO3B’I3aHHAM
piBHsiHHS (6) Ta piBHsHHS (1, 2) METOJOM MOCIIJOBHHX iTepallii:
100

L — 0,713 Wnou =W 0,00038C,, (t, — 30)W"0L

140425 [ =30 100 100
"\, —t, +10

nou

4)

nouy
jge C,,— TEILIOEMHICTb MaTepially IIpU cepeHiX 3HaYeHHAX floro Temneparypu Ta Bojaorocti, kJx/kr-°C.

B po6oTi [9] HaBOAATHCS 3aI€KHOCTI U BU3HAYEHHS KOe(illieHTiB @, a;, . oTpuMmani Ha OCHOBI JoCIi-
mxens [TH/{I® mporiecy cymriHHs moApiOHEHOT AepeBHUHU. 3 JOCTATHIM HAOJIMKEHHSAM I[i 3aJIC)KHOCTI MOXKYTh
OyTH BUKOPHUCTaHI ISl pO3paxyHKY IPOLECy CYIIiHH KOMIIO3ULIHHNX cyMileil noapioHeHol Giomacu.

Kputepiem eHepreTHuHOi €PeKTHBHOCTI PEXXUMY CYIIIHHS MPUHHATO MATOMI BUTPaTaMH TEIUIOTH Ha KilTo-
rpam BUMapeHoi Boiord Q. (7):

Qnum =105 (Q,wam + Qcym + Qz ) / G({Oﬂ (5)

ne  Q,,,,— BTPaTH TEIUIOTH 3 BUCYIIEHHM MarepianoM; kJ[x/rox; Q,,,, —KIJIbKiCTh TEIUIOTH Ha BHITAPIOBAH-

cyw
Hs BoJIorH, kJIx/rox; Q, — BTpaTn TENJIOTH 3 BiANpalboBaHUM CymUIbHUM areHToM, KIlx/ron; G, —KinbKicTh

BHITAPEHOi BOJIOTH, KT/Tof. BTpaTtn uepe3 oropomkyrodi KOHCTPYKILT mpuiManncs B po3Mipi 5% BUTpar Ha npo-
nec. CKi1aI0Bi eHEPreTUYHUX BUTPAT Ha TPOLIEC CYIIiHHSA PO3paxoBaHi 3a piBHAHHIME (6—8):

Quun =6 C, (T, =30
(6)
Qe =900-7-D?p-0-C, (T, ~Tp)
)
Q, = WG -(2480-1.85T,)
(8)

KputepieMm iHTEHCHBHOCTI MPOIIECY MPUIHATO MUTOMY MPOAYKTUBHICTIO 32 BHIIAPEHOKO BOJOTOIO 3 OJUHHUIII
00’emy GapabaHa q,,,, , kJK/M:

qnum = ]"27 : GGOJ /(DZI) (9)
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Po3B’s13aHHs cuctemu piBHAHB (1—9) IpH 3MiHHUX IMOYAaTKOBHX MapaMeTpax BOJOTOCTi Ta CEPEIHBOTO PO3-
Mipy KOMIO3HUIIHHOI CyMilli JO3BOJMIIO 32 YMOBH INOCTiIfHOI BOJIOTOCTI KiHIEBOro Martepiamxy Ha piBHi 10 %
OTPHMATH KOMIUIEKC JaHHX, 10 XapaKTepH3yIOTh NMPOIleC CYNIHHA KOMIIO3UIIIHOI cyMimi GioMacu nepeBUHHO-
IO Ta POCIMHHOTO MOXOKECHHS.

Binpuricts niHi# BUpoOHUIITBA OionanuBa 00J1aiHaHI CyIIapKkaMy KOMIUIEKCY BUPOOHHIITBA TPaB’sTHOTO 00-
pomHa Tuny ABM-1,5 ta ix MmoaudikarmisiMu 3 npoaykriBHicTIo G Ha piBHi 1 T/roa, AJs SKMX XapaKkTepHi rada-
putHI po3Mipu 6apabany: niamerp D = 1,2-1,6 m, nosxuHa L= 8 —12 M. AHani3 npoBeneHo Al CyIIapKu KOM-
wiekcy CK —3 npoaykTuBHICTIO | T/TOA., BUTOTOBJICHIHN 3a MPOCKTHOI JOKyMeHTaniew kommanii TOB “BM—
ImxuHipinr” Ha BUpoOHMYNX NOTYXHOCTIX TOB «(ITPOT'PEC» M. 3anopixoks, Ha 3amoBiieHHsT TOB «AJIbOA—
JIAMH», m. HoBorpan—Bomuucekuii. Cymapka Mae HACTYIHI KOHCTPYKIIHHI po3mipu: pobounii niamerp Gapa-
6any D = 1,7 M, mosxuna L = 11 M, monaresi po3noainstodi npuctpoi — 36 mrT.

TeopeTHdHO JOCHIKEHO BIUIMB ITOYATKOBOI BOJOTOCTI CHPOBHHH Ta CEPEIHBOIO AUCIIEPCHOTO CKIagy Ha
MpOAYKTHBHICTE Oapabannoi cymapku CK—3, BcTaHOBJIEHY 3 AOAATHIM KyTOM Haxmiry 3°, KUIBKICTh 00epTiB
craHoBmia 4 00./XB., TeMIlepaTypa CYMIMIBHOTO areHTy Ha BXoZi B cymapky ctanoBmia 250 °C. PesymbraTtn
PO3paxyHKIB IpeacTaBieHi Ha miarpami (puc. 1, a). SIk BUAHO, 30LIBIICHHST BOJOTOCTI CHPOBHUHH 3 CEpeIHIM
posmipom ¢pakuii 2 MM 3 50 1o 70% npU3BOANTH 10 3MEHIIEHHS MPOAYKTUBHOCTI OapabaHHOI CyIIapKH 3a KiH-
LIEBUM IIPOIYKTOM Maike B 2 pa3u, a KOJIMBaHHS (PpakLifiHOTO CKJIa[y OAHOTO MOPSAKY J0 3MiHH MPOIYKTHB-
HOcTi B Mexax 50%. 3MEHIICHHS TUCTIEPCHOTO CKJIaay Ha MOPSIOK JO3BOJISE MiIBUIIUTH e(DEKTUBHICTh CIpa-
[[bOBYBaHHS CYLIMJIBHOTO areHTy Ta MiJABUIINTH NPOAYKTHBHICTH OapabaHHOi cymapku Maibke Ha 50%. Llei
MeTo iHTeHCcH(DiKallii moTpedye B TEXHOJOTIUHIN JIiHIT MOXIMBOCTI PETyIIOBAHHS JUCICPCHOTO CKIALy ILIs-
XOM PEryJIIOBaHHS CTYIEHs MoApiOHeHHs. MeTon Moke OyTH peai3oBaHUi 3ay4eHHSIM J0JaTKOBOIO MOJpPio-
HIOIOYOTO 00NamHaHHA a00 peryaroBaHHAM (PaKMifHOTO Ta KOMIIOHEHTHOTO CKJIaay KOMIO3HIIIHHOI CyMimIi.
ITpu BosorocTi cupoBuHN Oinbine 57% OaHWi METOZ HE J03BOJISE NOCSITHYTH PiBHS HPOIYKTHBHOCTI 332 CYyXUM
npoayktoMm 1 1/ron.
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a —memnepamypa cyutunvrozo azenmy 1,,,=250 °C; 6 —memnepamypa cyuuivhoeo azeumy T ,,,=300 °C;
6 —memnepamypa cyuunvno2o azenmy 1,,,=350°C; e — memnepamypa cywurvhoco acenmy T1,,,=400°C
Puc. 1. BniiuB no4aTkoBoi TeMnepaTypu CylIMJIbHOI0 areHTy Ha NMPOAYKTUBHICTH 60apa0aHHOI cymia-
PKH 32 3MiHHUX BXiAHMX apaMeTpiB KOMIO3ULiHHOI cyMilli 6iomacu B giana3oHi Bosorocrti cuposunu 40
—70%, cepennboro po3mipy cymimi 0,5-5 mm.

TemmneparypHa iHTeHCH]IKAIlis HE B TIOBHIH Mipi MOke 3a0€3MEeYNTH BHUXIiJ arapaTa Ha HOMiHAJIBHY MPOJIY-
KTUBHICTH | T/rof. [IpoBeeHo po3paxyHKu i TeMiepatypHoro aianazony 250 — 400°C. Pesynbpratu po3paxy-
HKY TIpeJcTaBiIeHo Ha (puc.l, a — 1,r). 3 pHCYHKIB BHIHO, 110 3i 301TbIICHHSIM TEMIIEPaTypH IHTEHCHBHO 3POCTAE
MPOAYKTHUBHICTE ISl CHPOBHHU 3 BOJIOTICTIO 40 — 55%. Jlst cupoBuHM 3 BOJIOTICTIO 50% 301/IBIICHHS TPOAYK-
THUBHOCTI NPH 30UIBIICHH]I TeMIlepaTypHy Ta 3MEHIICHHI JNCIIEPCHOTO CKJIJly Ha MOpPSI0K cTaHoBUTH 20% i B
MeKax JUCIepCHOro ckiany 55%, 3aranom 75%. CepeaHiit mporpec miBUIIEHHS POAYKTHBHOCTI 32 PaxyHOK
TemrepaTypHoi iHTeHcHudikanii cranoButs 15, 10, 6% Ha koxHi 50°C. CyMilieHHs Mo JpiOHCHHSM CUPOBHHH Ta
TemIepaTypHoi iHTeHcHpikaii nporecy B Mexxax 220 — 300°C nae Ha naHoMy etarti HAHOUTBIINKA e(eKT MmiaBH-
IIEHHS MMPOAYKTUBHOCTI. Ta HaBiTh NpH J1ii CyMIIIEHOTO BIUIMBY TEMIEPATYpH Ta JUCIIEPCHOTO CKJIA[y Ha Ipo-
1ec CymiHHg B OapabaHHIN cymiapin, 3a0e3MeYnTH HOMIHAJBHY MPOIYKTUBHICT CyIIapku 1 T/TOM, K BUIHO 3
(puc.1 1), He 3aBXJU BAAETHCA. PO3risgaroun J0JaTKOBI METOAM iHTEHCU(IKaIlii MpoIecy CYMIiHHS CIIiJl BUXO-
JIUTH 3 TOTO, II0 B OapabaHHIN cymapili Mae MicIie 1Ba BHIU TEIJI0O0OMiHY — KOHBEKTUBHHUH Ta KOHIYKTUBHUM.
Sk Bimomo [12] KUTBKIiCTh TEIJIOTH, 110 TIEpeIacThcsl KOHBEKITiEI0 Maixe B 20 pa3 Buile. BianoBiHO OCHOBHOIO
3a/mavero iHTeHCU(IKaIil € Iepepo3noIii CHPOBHHH B anlapari, o 3ade3neyye 301IbIIeHHS IO KOHTaKTy MiX
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CHPOBHHOIO Ta CYNIMJIBHUM areHToM. 3rigHo mociimkenb [[H/II® ycTtanoBka 6apabaHy 3 KyTOM HaxHIIy B CTO-
POHY 3aBaHTAXKCHHS BeJe A0 30UIbIICHHS MUKIIB KOHBEKTHBHOTO CYIIIHHSI OKPEMUX YaCTOK CHPOBUHH, ITiIBU-
IICHHS CTYTICHS 3aIlOBHEHHSA Ta €(EKTHUBHOCTI CIIPAlbOBYBAaHHS CYIIMIFHOTO areHTa, IO POOHTH MOUIILHUM
BHKOPUCTAHHS TPHUCTPOIB TUHAMIYHOTO PETYIIOBAaHHA KyTa HAXWIy B TEXHOJIOTIAX CYyIIiHHA Oiomacu B Oapa-
0aHHMX CyIIapKax.

Ha 6a3i npencraBieHol BHIE METOIUKH MPOBEJICHO aHATI3 MUTOMOI MPOAYKTHBHOCTI CyIIapKH Ta BHTPAT
eHeprii Ha KiIorpaM BUIapeHOi BOJIOTH MPH 3MiHI IIBUAKOCTI obepTaHHs 6apabaHa, TeMIepaTrypH CYIIHIBHOTO
areHty B Mexkax 250—400 °C, ta qucrepcHOro CKJIagy MaTepiany CHUILHO 3 PErylOBaHHSIM KyTa Haxuiy Oapa-
OaHa B Mexax -3°< B <3° (puc. 2).

Kyt Haxmiy cymimjibHoro 6apadana
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Puc. 2. BuinB KyTa HaXWIy CyIIMJIbHOr0 0apadaHa, TeMnepaTypu CyIIHJIbHOIO areHTy Ta KijJbKocTi
00epTiB HA IPOAYKTHBHICTHL 0apaGaHHOI CylIapKH Ta eHEPrOBUTPATH Ha Mpolec.

bazoBumu nmapamerpamu npouecy npuiHATo T,,,=250 °C, n= 4 06./x8., d.;,= 2 MM. IIpu nomatHOMY KyTi
Haxmity OapabaHHOT cymIapky 30UIbIIEHHS KUIBKOCTI 00€epTiB Besie O 3MEHIICHHS IPOAYKTHBHOCTI 3a BHIIape-
HOKO BOIIOTOI0 3 30KT / M To/1. Maiike 10 25 Kr/M>TO/1., a BUTpaTa TEIIOTH HA BUIIAPOBYBAHHS BOJIOTH 3POCTAE 3
5300 mo 5600 xx/kr. 3MiHa AUCHEPCHOTO CKIAay BeJe 0 3MCHIICHHS MPOAYKTUBHOCTI 32 BUIIAPEHOIO BOJIO-
roto 3 45 kr / M>Tox. 10 15 Kr/M>TOx., BUTpaTa TEIUIOTH HA BHIAPOBYBAHHs BOJIOTH 3poctac 3 5000 10 5600
k/K/Kr. 301MBIIEHHS TEMIIEpaTypH CYIIMIIBHOTO areHTy BeA€ N0 MiJABHIICHHS MPOAYKTHBHOCTI 32 BHIIAPEHOIO
Bosororo 3 30 kr/m>rox. 10 40 Kr/M>TOX., a BUTpaTa TEIUIOTH HA BHIIAPOBYBAHHS BOJOTH 3poctac 3 5400 1o
5900 xJ[x/kr.
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Sx BHIOHO 3 pHC. 2, pETyIIOBaHHS KUTBKOCTI 00epTiB CyMiIIeHe 31 3MiHOI0 KyTa HaXWiy 3 IJOIAaTHOTO 10
BiJl’€MHOTO TO3BOJISI€ IiBUIINTH BOJOTONPOIYKTHBHICTh B TPAHUYHHUX 3HAYCHHAX 10 75 KF/MSTOIL HaBiTH O€3
temneparypHoi iHTeHcu®ikamii. Ciil 3ayBaXKUTH, IO TIPH TOJATHOMY KYTi HAXWIy 31 30UTBIICHHSM KiJBKOCTI
00epTiB MPOAYKTUBHICT CHANa€, B TOH JKe Yac IPH BiJ €MHOMY KyTi HAXIITy CIIOCTEPIra€ThCs 3BOPOTHE SBUIIE.
B ocTaHHPOMY BHIAIKy 1€ SIBUIIE IOSCHIOETHCS 301IBIICHHSIM KUIBKOCTI LUKIJIIB KOHBEKTHBHOTO CYIIiHHS
OKpEeMHX 4acToK Oiomacu, a BIANOBIZHO CTYIIEHs 3allOBHEHHs OapabaHa i yacy rnepeOyBaHHs KPYIHUX 4acTOK B
Oapabani. PerymoBaHHs TeMIlepaTypH CYIIMIIBHOTO areHTy abo ITUCIIEPCHOTO CKJIaay CyMillleHe 31 3MIHOIO0 KyTa
Haxwiy 3 JOAATHOTO IO BiJ’€MHOTO JO3BOJISI€ MiJBUIIUTH NPOJYKTHBHICTh B I'DAaHMYHUX 3HAYEHHSX JIO 85
kr/m*-roz. 1l ABHIIE MOSCHIOETHCS 30LTBIICHHAM Yacy nepeGyBaHHs KPYIHHX YacTOK B GapaGaHi Ta BHHOCOM
CyXHX Ta JpiOHMX yacTok. ToOTO MOXHA OopraHi3yBaTH BUOIpKOBE CYIIIHHS BOJOTOi CHPOBHHH CyMillleHE 3 ce-
mapariitauM eQeKToM.

JwHamivHe peryIroBaHHA KyTa HaXITy CyIIapKu 0e3MmocepeHb0 BIUIMBAE Ha 301IbIICHHAS Yacy nepedyBaH-
HS 9aCTOK B amapari, CTYIEeHs 3allOBHEHHS CYIIapKH Ta MOBEPXHI KOHTAKTY MiXK MarepiajioM Ta CyIIHIbHUM
areHTOM B OJIMHHI 00’€My Cymapkd. BiImmoBigHO 3MEHIIyeThCS TeMIepaTypa BiAMPalbOBAHOTO CYIIMILHOTO
areHTty Ta 30UIbIIyeThcs e()eKTUBHICTD HOT0 BUKOPHCTAHHS, IO NMPHUBOJHUTH 10 3MEHIICHHS MUTOMHUX BUTpAT
TEIUIOTH Ha BHUITAPOBYBaHHS BOJIOTH B Mexkax 4750 — 5000 k/[X/KT 3a CyMIIIEHHS 3 PETYITIOBaHHAM KiTBKOCTI
06epTiB, B Mexax 5000 — 5300 x/[x/kr 3a cyMillleHHsI 3 PETYJIIOBaHHSIM TeMIEpaTypH CYLIMIBHOIO areHry Ta
4700 — 5200 x/Ix/kr y BUIIAIKy peryJrOBaHHs IUCIIEPCHOTO CKJIAAy, IO BiANOBIJa€e MiBUILEHHIO eHeproeek-
TUBHOCTI ycTaHOBKHM Ha 10 — 15.

BucHoBkm: 3a pe3ynbTaTaMu JI0CIIPKEHb BCTAHOBJICHO, 1110 HAWOLIBII eHeproeeKTUBHUI METOT PETyJI0-
BaHHs MPOAYKTUBHOCTI 0apabaHHOI CyIIapKy KOMILIEKCY BUPOOHHMIITBA KOMIIO3UIIHHOTO OlonasiuBa IoJsirae B
MO€THAHHI TMHAMIYHOTO PETYJIIOBAHHS KyTa Haxwmily OapabaHy B Mexax -3°< 3 <3° 3 KOHTpoJIeM Ta peTyIIOBaH-
HSM JHCIIEPCHOTO CKIaay OioMacH Ha BXOZl B cymapKy. Merop 3a0e3rneuye HalOUIBIINIT Jialla30H pETyIIFOBaH-
Hsl TIPOYKTHBHOCTI CYIIAPKH, SKHil CTAHOBHTH 3a BUITAPEHOKO BOIOT0K0 70 Kr/M>To1 i MOXe GyTH pearizoBaHii
3aTy4eHHSAM J0JaTKOBOTO IOAPIOHIOI0YOTO 00JagHaHHS a00 PeryIioBaHHSIM KOMIIOHEHTHOTO Ta (hpakuiitHOTO
CKJIaqy KOMMO3HIIHHOI cymimni 6iomacu. e mo3BOMUTE 3a0e3MeUnTH B PiYHOMY OUKJIL poOOTH MiAIPHEMCTBA
MPOEKTHY MPOIYKTUBHICTH [3].

He meHII e)eKTUBHMMHU METOAAaMHU, ajie 3Ha4uHO MPOCTIIIMMYU B peatizalii € MoeaHaHHs JUHAMIYHOTO pery-
JIFOBAaHHSI KyTa Haxwiy OapabaHa 3 peryJjroBaHHIM KiIBKOCTI 00€pTiB, a00 TeMIIEpaTypHOTO PEXUMY CYLIiHHS.
3anpornoHoBaHI METOAM 3a0€3MCUyIOTh PO3IIMPECHHS Aiaa30Hy PErytoBaHHS MPOIYyKTHBHOCTI B Mexax 30-85
KT BHIL. BOJL/ M° [IPH 3MEHIICHHI eHeproBuTpar Ha 10-15% B MOPIBHSHHI 3 ICHYIOUMMH TEXHOIOTiAMH. Pe3yib-
TaTh poOOTH BUKOPHUCTAHI IIPH po3poOILi iHHOBaLiHHOTO cynmibHOro komiekey CK-3.
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OBI'PYHTYBAHHA TAPAMETPIB ITPOLIECY
IH®GPAYEPBOHOI'O CYIIIHHS 3EPHOBOI MPOAYKIIII
3 BIBPOXBHUJIBOBUM KOHBE€POM

Manamapuyk LIL a.1.1., npogecop’,Kiopues C.B. K.T.H., np0¢ecop2,
BepxoaanueBa B.O.k.T.H.,cT.BUKJIa1a4
HauionanbHuii yniBepcurer 0iopecypciB Ta NpUpPOIOKOPUCTYBAHHA Y KpaiHH, m.Knis'
TaBpilicbKkuii AepKaBHUM AarpOTEXHOJIOTiYHU I yHiBepCPlTeT,M.MeJIiTOIIOJILZ

Anomayin. [Iposedenuil ananiz KOHBEEPHUX anapamis 015 3a0e3neyeHHs HeoOXIOH020 60710208UO0ANEHHS
CUNKOT CIILCbKO20CHO0APCLKOT CUPOSUHU 00360IUE OOIPYHIMY8AMU eeKmusHicms GiOPaAYitiHUX KOHECEPHUX
cxem. Knacuuni @ibpoxoneeepni mawunu 6asyromscsi Ha e1eKmpoMAaSHIMHOMY 8iOP030Y0NCenHi ma GUKOPUC-
MAHKI AHCOPCMKO20 GAHMAICOHECYHO20 OP2aHY, WO GUMAAE 3HAYHUX eumpam enepeii ma mamepiany. [Jana
npobnema GuUPIULYEMbCS 3a PAXYHOK BUKOPUCTNAHHS MEXAHIYHO020 8iOP030Y0diceHHsT ma Hedeh)opMYBalbHO2O0
MPAHCNOPMYIOU020 eNIeMENMY, W0 NPUMAMAKHi 6i0POX6UNLEUM KOHBeepHUM anapamam. IIpedcmaenena npun-
yunosa cxema 6i6PoxeuUILO80i mepmopadiayitinoi cyuapku, AKa 0036014€ ehekmusno supiwiumu npoodremu
00CmamHubo iHMeHCUBHOT ma PIBHOMIPHOI 0OPOOKU NPU MIHIMI3aYIl eHep2o- ma Mamepiaio8umpam, NOMipoHO-
20 MePMIYHO20 HABAHMAIICEHH HA wapu NPOOYKYil ma MAKCUMATbHO2O 30epedicelHs i UXIOHUX 81ACMUBOC-
meu. Ha ocnosi excnepumenmansrux 0ociiodcens po3pooaeHoi 00ciionoi mooeni 0anoi cyuapku 6yn0 cKiaoeHo
Kpumepianvbhe piGHAHHA MENIOMACOOMIHY, WO 0036015€ NPOEKMYBAMU CYWAPKU I3 3A0AHUMU NAPAMEMpPaMU
npoyecy.

Karouosi cioBa: 30epiranss, mapameTpH, MpOAYKIis, 3€pHO, iH(ppauyepBOHE ONMPOMIHIOBAHHS, CYIIiHHS,
BOJIOTICTh, BIOPOXBHIIbOBA iH(padepBOHA CyIIapKa.

RATIONALING OF PARAMETERS OF INFRARED DRYING OF GRAIN
PRODUCTS WITH VIBROWAVING CONVEYOR

Palamarchuk I.P.}, Dr. of Tech. Sci.,prof., Kiurchev S.V.2, PhD, prof., Verkholantseva V.0.%, PhD
'National University of Life and Environmental Sciences of Ukraine, Kyiv
*Tavria State Agrotechnological University, Melitopol

Abstract. The analysis of conveyor devices to ensure the necessary moisture removal of loose agricultural
raw materials allowed to substantiate the effectiveness of vibration conveyor circuits. Classic vibroconveyor
machines are based on electromagnetic vibroexcitation and the use of a rigid carrier, which requires significant
energy and material costs. This problem is solved by the use of mechanical vibration and undetectable
transporter element inherent in vibrating conveyor devices. Mechanical vibrators are aggregated in the support
bundles of the tape mechanism, providing with sufficiently compact performance of the standing or running
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