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AkmyanbHocmb. AHau3 npoeHO308 Cneyuanucmos Nokasbieaem, Ymo, HECMOMPS Ha akKMUBHbIE NONbIMKU MHO_UX 20Cydapcme 8HEd-
pumMb 80300HOB/ISIEMbIE UCMOYHUKU 9HEPEUU 8 HaUUOHanbHbIe sHepeocucmembl k 2040 2., ocHosHas dons npouzgodcmea menniosol u
anekmpuyeckol 3Hepauu ece pagHo bydem npuxodumcs Ha mensogble ANeKMpUYecKUe CmaHyuu, cxuaatowue yeons. 1o amol npuyuHe
Ha Hacmosiujee 8pems 8edymces akmugHbIe PaspabomKu HOBbIX MeXHOMO02Ul CXU2aHUsi monsuea, KomopkIe N038OIAM NOHOCMbIO (Unu
xoms bbl 3Ha4YUMENbHO) COKPaMUMb LCNOMb308aHUE yaiisi Ha Mensnosbix anekmpuyeckux cmaHyusax (TOC). OOHUM U3 cambix nepcnek-
MUBHbIX HanpaeneHuli sensemcs cxueaHue 0pesecHoll GuomMacchl 8 MONOYHbIX ycmpolicmeax KomerbHbIX agpesamos. Ho nomHomac-
wmabHoe sHedpeHue buomaccsi 8 kayecmse monsnuga Ha TOC mopMo3uUMCs HeU3YYEHHOCMbIO NPOUECCO8 Menso- U MacconepeHoca,
npomeKarwux npu cywke enaxHol dpegecuHbl. 3mo 0bycrogneHo meM, Ymo, Kak npasuso, ceexedobbimas OpegecuHa 3Ha4yUMesbHO
HacblweHHa enazoll. CxueaHue makoli 8bIcok006800HEHHOU 6uoMaccsl 8 mono4HbIX ycmpolicmeax HeaghghekmusHo. [Npu bonbwol uc-
X0OHOU enaxHocmu MHO20 mennomsi 6ydem 3ampayugambCs Ha UChapeHue U, COOMBEmCMBEHHO, K03ghhuyueHm nonesHozo ded-
cmeusl YuKnia napozeHepayuu Moxem cHuxamecsi. [10amomy UCX00HOe 8/1a20HackILEHHOE Chbipbe Heobxodumo npedgapumessHO noo-
cywugams. B cesi3u ¢ amum 00HoU U3 OmKpbImbIX npobreM 3Hep2emuKu 8 HaCMosILEee 8PEMS IBIIAEMCS HEU3yYEHHOCMb OCHOBHbIX 3a-
KOHOMepHOCmel npoyecco8 mensio- U MacconepeHoca, NPoOmeKatowux 8 croe MenkoducnepaupogaHHol enaxHol dpesecHoll buomacch!
8 nepuod eé cywku. lNocnedHee Heobxodumo 0515 pa3pabomku (hyHOaMeHmanbHbIX OCHO8 NPOBEAEHUS ONbIMHO-KOHCMPYKMOPCKUX pa-
60m no 060CHOBaHUI KOHCMPYKMUBHbIX XapakmepucmuK COBPEMEHHbIX yCMaHO80K MepMu4ecKoll No020mosKuU 6UOMAcChi K CKU2aHUIO.
Mpu amowm, Kak npasuno, cywky 6ombuwux o6bemos ApesecuHbl nposodsm & KpynHozabapumHom 0bopydosaHuu byHKepHO20 muna.
B makux byHkepax 8bicoma cos buomacchl Moxem 0ocmuzamb HECKonbKo Oecsimkog Mempos (0o 20 m). O4egudHo, Ymo 8 3mux ycro-
8usx epadueHmbI nlomHocmu OpesecuHbl (3a cyem crnexusaemocmu) makxe 6ydym 3HayumenbHbl. [lpu 3mom AocmogepHo ycmaHos-
JIEHO, YMO Ha XapakmepucmuKu enazoydaneHus u3 cros enaxHol dpesecHol buomMacchl OKasbieaem erusHue He Mobko memnepamy-
pa sHewHeli cpedbl, HO U (hunbmpayUOHHbIe Xapakmepucmuku (nTomHoCMb, pa3Mep Nop, NPOHUYAeMoCMb, NOPUCMOCMb) 8bICyuIUga-
eMo20 Mamepuana. Ho do Hacmosie2o epemeHu 8 MUposoli Hay4HoU nepuoduke Hem nybauKkayul ¢ onucaHueM pe3ynbmamos OUeHKU
8/TUSIHUST NIIOMHOCMU 3aCbINKU 8axHol MenkooucnepauposaHHoU OpesecuHbl Ha Xapakmepucmuku U ycrogus eé deaudpamayuu.
Lenb: aHanus enusHUs NIOMHOCMU 3aCkInKu c1os naxHol dpegecHoll 6uoMacchi Ha Npoyecchl menoMacconepeHoca 8 yCrnogusix 8bi-
CcoKomeMnepamypHo20 Haepesa.

O6wbexm: enaxHas OpesecHasi buomacca (COCHOBble ONUIKU). KkcnepumMeHmarnbHble uccredogaHust npogedeHbl NPU Criedyruux 3Haye-
Husix cmeneHu ynnomHeHusi buomaccel y=1; y=1,5; y=2 (20e y=p/po; p — nMomHocMb cnpeccosaxHol buomaccsi; po— nIomHocme buo-
macch! 6e3 yninomHeHus).

Memod: skcnepumermarnbHble uccrnedogaHus ckopocmu eniazoydasneHusi U epemeHu desudpamayuu enaxHol dpesecHoll buomaccs!
npu ebicokomemnepamypHom Hazpese (Tg=333-393 K) 6 cywunbHoli kamepe CHOJT-3.5-M2Y42.

Pesynbmamel. [TpusedeHb! pe3yismambi 3KCNepUMEHMabHbIX uccinedosaHull npouyeccos enazoydaneHus u3 cros enaxHol Opesec-
Hol 6uomacchi (Ha 0OCHO8e munu4HbIX 0mx0008 depegoobpabomKu - ONUIKU) NPU UHMEHCUBHOM paduayUOHHO-KOHBEKMUBHOM Hazpese.
[MpoaHanu3uposaHo enusHUEe HackinHOU NNomHocmu (p) ¢rosi OpPeBeCcUHbI Ha XapakmepucmuKu npoyecca enazoydaneHus. YcmaHosne-
HO, YMO ygenuyeHue CmeneHu yniomHeHUs (y) Hagecku buomaccs! npusodum K CyLeCmeeHHOMY U3MEHeHU0 OUHaMUKU 8r1a2oydaneHust
(ysenuyeHue y ¢ 1 o 2 npusodum Kk dsykpamHOMY pocmy 8peMeHU CywKu td). [pu 3mom nokazaHo, Ymo makoe ygenudyeHue ty Xxapak-
mepHo O ecex uccnedogaHHbIX memnepamyp okpyxatowel cpedbl Tq. Takxke no pe3ynbmamam 3KCNEPUMEHMO8 yCMaHOBMIEHbI Xa-
PpaKmepHble 3HayeHuss Maccosoll ckopocmu enazoydaneHusi (Weva) 8 3a8UCUMOCTMU OM 8PEMEHU NPU PA3TUYHBIX CMENEHSIX YNTOMHEHUS
crnosi buomaccel. [TokazaHo, Ymo 8 YCI08USIX OMHOCUMENbHO HUSKUX memnepamyp eHewHel cpeds pyHkyusi Weva(t) umeem eonnHosol
xapakmep. CehopmysnuposaHa eunomesa, onuchisarowiasi makyo 3agucumocms 3HavyeHull Weva 0m epemenu. Pe3ynbmambi npogedeHHbIX
uccrnedogaHull CyUeCMBEHHO PacWUPSIOM CO8PEMeHHbIE NPedCmasneHust 0 npoyeccax Cywku menkoducnepeuposaHHol OpegecHol
buomacchb! 8 ycrosusix UHMEHCUBHO20 padualLOHHO-KOHBEKMUBHO20 Hazpesa.

Kntoyesnblie crniosa:
[pesecHas buomacca, omxodsi 0epesoobpabomku, NIOMHOCMb 3aChINKU, Cywika, MenIoMacconepeHoc, CKOpOCMb 81a20ydasneHust.

BeepeHue

JpesecHast Onomacca, Kak MOKa3bIBAIOT COBPEMECHHbIE
9KOHOMETpHUECKHE MPOrHOCTUYecKue Mojenu [1-4] pas-
BUTHUS aJbTEPHATUBHON (HETPAJUIHOHHON) SHEPTeTHKH,
ABIAETCS Hamboyee MEpCIEKTHBHBIM M OTHOCHTEIBHO
JICNIEBBIM BO300HOBIAEMBIM YHEPTOHOCHTENEM, JOCTYTI-
HBIM TIPaKTHYECKH BO BCEX PETHOHAX IaHeThl. JpeBecu-
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Ha TpeicTaBuseT co0OH Tak Ha3bIBAEMOE YIJIEpo]-
HelTpanpHoe TormBo [5, 6]. [locnexnee oOycnoBieHO
TEM, YTO TIPH CKUTAHUH APEBECHOI OroMacchl 0bpasyeT-
¢ CO,, KOTOpBIA He Hapymaer obmiero OanaHca THOK-
cupa yriaepona B armoctepe [7, 8]. Takke cTout ckasarts,
YTO MO Pe3yJIbTaTaM dKCIEPUMEHTAIbHBIX HCCIEA0BAHUN
[9] ycranoBi€eHO, 4TO IIPU TOPEHUH JPEBECHOH OHOMAcCHI
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NpaKTHYeCKH He 00pa3yeTcs aHTPONOTEHHBIX OKCHIOB
azota (NOx[10]) u cepnr (SO [11]). Ilo aTo¥ mpHuumHe B
Pa3BUTHIX (TEXHOJIOTHMYECKA W HKOHOMHYECKH) CTpaHAX
TEIUIOBBIE DNEKTPHYECKIE CTAHIWH MEPEBOAT C YTOb-
HOTO TOIUIMBA HA APEBECHYI0 OMOMACCy WIM Ha COBMECT-
HOe Cxuranue Omomaccel ¢ yriaem [12]. Hampumep, c
2016 r. TeroBas snmextpuyeckas crammus Avedore pa-
0oTaer Ha 0TXOJaxX JIECOMMICHNS U CENbCKOTO X03SIHCTBA
[13].

OZHaKo CTOUT OTMETHTB, YTO IAXKE Y OJHOH U3 CaMBbIX
TEIUIOTBOPHBIX MOPOJ] JPEBECUHBI — My0a, TEmnoTa cro-
parns ((09)wooa=11 Mk-kr * [14]) Hike TemoTBop-
HOI1 CIIOCOOHOCTH CaMoro HU3KOCOPTHOro yris (6yporo)
(QH)1ign =13 MILkkr ' [15]. CooTseTcTBeHHO, SHep-
rod()QeKTHBHOCTh KOTEIBHOTO arperara, CXKHTarOIIETo
JPEBECUHY, HIDKE, YeM Y KOTJa, paboTaloIero Ha yrie
[16]. DpheKTHBHOCTD MCTIONB30BAHMSA OMOMACCHI B YHEP-
TETHKE MOXHO TIOBBICHTH 33 CYET pa3pabOTKH HOBBIX
TEXHOJIOTHH TOJTOTOBKM M CKUTAHUS JPEeBECHOM OWo-
Macchl B TOIOYHBIX YCTPOMCTBAX KOTENBHBIX arperaros
[17] unu e€ muporenetudeckoii [18] nepepabotku B Apy-
THE TPOAYKTHL.

OHUM U3 BaXXHEHUIINX JTAMOB OATOTOBKY OMOMACCHI
nepes e€ UCTonb30BaHueM (Kak npsamoe cxxuranue [19]
TOMKAX MAPOBBIX M BOJOTPEHHBIX KOTIOB, TAK U TEPMHU-
yeckas nepepaborka [20]) sBusercs aeruapatamnus (CyI-
Kka). Llens mocnennero — foBeneHne coepKaHus BIATH B
Ouomacce 70 ONTHUMAIBHBIX (U1 MPUMEHSIEMOH TEXHO-
JIOTHH) 3HAYCHHH (3aBUCUT OT IENel JaITbHEUIIETo HC-
T0JIB30BaHKs OuomMacchl). HecMOTps Ha 3HAYUMOCTD 3TO-
T0 TEXHONOTHYECKOTO 3Tala MCIOIB30BAHISA OMOMACCH B
JHEpreTHKe, MOKa HET OOIIed TEOpHH, ONMCHIBAIOMICH
MPOLECChl YAAJICHUS BJIard U3 HACBIITHBIX CII0EB 6I/IOMaC-
cul. Panee He 6I)U[0 U3yYC€HO BJIMAHUEC IJIOTHOCTHU 3aChIIl-
KM (p) Ha TpPOLECCHl TEIIO- ¥ MAaccolepeHoca B Cloe
BIQKHOU JIpeBecHHbL. [103TOMY Ha HacToslee BpeMs Io-
Ka He pa3paboTaHo (M3MYECKOH MOJENH, ajeKBAaTHO
ONKCHIBAIONIEH MPOLECC BIArOyAaleHus U3 cjos Ouo-
Macchl ¢ OOJIBIINM TPafueHToM p. Llenb uccnenoBanus —
AQHAJIM3 BIMAHHUS IUIOTHOCTH 3aCHIIKHA CJIOS BIIAXKHOM
IpeBecHON OMOMAcCHl Ha MPOIECCH TEINIOMACCOTEPEHO-
Ca B YCIOBISX BEICOKOTEMITEPATYPHOTO HAarpeBa.

MeTtoauka nposeaeHNUA IKCNepMMEHTOB

B kauectBe 00BEKTa SKCIEPUMEHTANBHBIX HCCIEIO0-
BAHWH PACCMATPUBAIINCH THIMYHBIE OTXOJIbBI JEPEBO0O-
pabotku (mpeBecHbie onmnku). Ha puc. 1 mpencraBnena
HaBecka (MeTAUTMYeCKUH MOJUIOH, 3aMoJHEHHBIH Ono-
Maccoii) BIaXHOH JPEBECHOI OHOMACCHI ¢ pa3HOU CTere-
HbI0 yrioTHeHus y=plpg=1 (puc. 1, a) u y=1,5 (puc. 1, 6),
IJe p — TUIOTHOCTh CHPECCOBAHHOTO MaTepuana; py —
IUIOTHOCTh OMOMAcCHI (0e3 YIIIOTHEHH ).

[loarotoBka Matepuana NPOBOJMIACH AHAJIOTUYHO
[21]. TunmuyHble OTXOABI AEPEBOOOPAOOTKH IONYHYEHBI
myTeM o0pabOTKH MOHONMTHOTO (IIPEABAPHTENBHO BEI-
CYIIEHHOT0) (parMeHTa JPEBECHHBI COCHBI DIEKTPHYE-
CKHUM IIepXe0eNbHbIM CTAHKOM. THITMYHBIH XapaKTepHBIH
pasmep omwiok coctaBmsut [-1,5 mm. Cyxue omunku
IpeIBapUTENbHO ONPHICKUBATIUCH BOJON U3 IMyJbBEpH3a-
TOpa JUISL JOCTIKEHHS THUIMYHOK (MO YCIOBHSM XpaHe-
HUA [22]) BIax)HOCTH @g=55+5 % (3HAUCHHUS PACCUHTHI-

Banuch Mo (popmyine (1)). 3HaueHus @y ApeBecHO Owo-
MACChI ONPEALISIIUCH 10 hopMyJIe:

0, = {M\ 100 %, (1)
m

rae M;, M; — Macca BIAKHOW M CyXOi OMOMACCHI, KT.
B ciyuae ecnu BIaXHOCTh HABECKH JPEBECHON OMOMACCHI
TpeBbIlIaNa KOHTPOJbHOE (IO YCIOBHAM SKCIEPUMEHTA)
3Ha4YCHHE, HABECKA BHOBD BBICYIIMBAIIACH, H BCS TPOIICY-
pa BIIaroHachIEHNs OMOMACCHI TTPOBOIIIACH 3aHOBO.

ala 6lb
Puc. 1. Hasecka enasicHoti opesecholl b6uomaccol (ONuiKu)
npu nromuHocmu 3aceinku a) y=1, ez yniomuenus,;
0) c ynnomunenuem y=1,5
Fig. 1. Weighing amount of wet woody biomass (sawdust)
with a backfill density; a) y=1 without compaction;
b) with compaction y=1,5

[ocne mocTwkeHUs MIIAHAPYEMOH BIAKHOCTH JpEBEC-
Has Ouomacca yKIIaJplBanach B IIOCKHN MeTAITHYECKUN
nognoH (puc. 1) pasmepamu 145%125 mm (momajs
Fera=0,0181 Mz) JUTSL IPOBENICHUS TIPOIIETyPBI JIeTHpaTa-
LUK B CYLIUIBHOM Kamepe.

[Ipn mpoBeAeHHH SKCHEPUMEHTANBHBIX HCCIEN0Ba-
HUIl aHATU3KUPOBANOCH BIMAHUE HACBHITHON MIIOTHOCTH Ha
XapaKTepPUCTHKH U YCIOBHUA mpolecca cywku. [Ipu npo-
BEJCHUH DKCIEPHMMEHTOB 3HAYEHMs )y BapbUPOBAIUCH B
JIOCTaTOYHO IIMPOKOM, HO B TO K€ BPEeMS IPUMEHUMOM B
peanbHoli mpakTuke auanasone y=1-2. [lanpHeiinee yBe-
TIYCHHE 3HAYCHUH ) HElenecoo0pasHo B CBS3H C YBENN-
YEHHEM 3aTpaT Ha IPECCOBKY MENKOJUCIEPTHPOBAHHON
Omomaccel. Takke TPH 3TOM PAcTeT METALIOEMKOCTH
KOHCTPYKIIMM OyHKEpPOB TOIUIMBA M OTOPHBIX KOJOHH
riaaBHoro 3aanus TOC.

OKCMEpUMEHTHI MIPOBEJIEHBI HA YCTAHOBKE, IIPEICTaB-
neHHo# Ha puc. 2. IlochmemHss COCTOMT W3 CYyIIWILHON
kamepsl CHOJI-3.5-M2V42 (makcuManbHas Temmepary-
pa HarpeBa Trms=423 K; ckopocts Harpesa 10 K/c), pern-
CTpaTopa TeMIepaTyphbl BHYTPHKAMEPHOTO TPOCTPAHCTBA
(xpomenp-amomeneBodt  Tepmomapbl  (TXA), mnorperm-
HocTh m3Meperus Iy 0,1 C) u BBICOKOTOUHBIX nadopa-
topubix BecoB ACZET (CITIZEN) CY-1003 (morpemi-
HOCTh m3Mepenust Maccst 0,001 1).

Hagecka npeBecHOW Omomacchl depes TOBECHOE CO-
eIMHEHIE KPETMIACh K JIEKTPOHHBIM JTaAOOPAaTOPHEIM Be-
caM (puc. 2). IlongoH ¢ omwikamy pazMelnaincs B LeH-
TPaIbHOM YacTy CyLIWIbHON Kamepsl. C LeNblo U3MEPEHUs
TEMIIEPATyphl HETIOCPEICTBEHHO BOJNM3H OT MOBEPXHOCTH
HCCIeTyeMOoro OroMareprana yCTaHaBIMBAIACh XPOMENb-
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aloMeneBas TepMonapa (TonmuHa mpoBoioku 0,1 mwm;
muametp cmast 0,25 mm; Bpems 3a[epiKKd H3MEpEeHUi
Tge=0,3 C; IOTPEITHOCTh M3MEpeHHs TeMreparypsl £1,5 K).

3
Z
— _—
5 6
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— | SN
Puc. 2. Ilpunyunuanvnas ~ cxema  9KCNepUMeHMAnbHOU

YCMAaHOBKU. 1 — ebicokomounble Jla60pam0prle 6e-
cor ACZET (CITIZEN) CY-1003; 2 — mepmopezynsi-
mop TPM 500, 3 — anexmpuueckuti Hazpesamens,;
4 — cywunvnas xamepa CHOJI-3.5-M2V42; 5 —
Nn0000H ¢ HaBecKol OpegecHoll buomaccyl; 6 — mep-
MO3dneKmpudeckull npeobpasosamens

Fig. 2. Schematic diagram of the experimental setup: 1 —
high-precision laboratory scales ACZET (CITIZEN)
CY-1003; 2 — thermostat TPM 500; 3 — electric
heater; 4 — drying chamber SNOL-3.5-M2U42; 5 —
pallet with a weight of woody biomass; 6 —
thermoelectric converter

OKCTepUMEHTHI TIPOBOJMIINCH 10 CIEAYIOIIEH cxeme:
Ha MEePBOM 3Tale OCYIIECTBISIICS HATPEB BHYTPUKAMEp-
HOTO BO3/IyXa JI0 3a[JaHHOH (110 YCIOBUAM SKCIEPHMEHTA)
Temmeparypsl. MOMEHT HACTYIUIEHWS MOCTOSHHOH (IO
BpPEMEHH) TeMIEpaTyphbl BO3yXa B Kamepe Ompeenscs

Vv
w3 ycnous dT /dt=0 (rne T =\% ITdV — cpemHsis 10
0

o0bemy Temmepatypa, K; V — 00beM CymibHOi KaMepsl,
M3). 3areM HaBecka JIpeBECHON OMOMAcChl MOMEIanach B
TOJIOCTh BHYTPUKAMEPHOTO IIPOCTPAHCTBA CYIIMILHOH
ycraHoBkH (puc. 2). TemmepaTypa Bo3ayxa B Kamepe Ba-
pbupoBanach B ananasone ot 333 mo 393 K. Perucrpauus
Macchl HaBECKH OMOMACCHI Mpj, TIPOBOJMIACH HETIPEPBIB-
HO B TEUEHHE BCEro 3KcrepuMenTa. Kaxaplid ombIT Tmpo-
JOJDKAJICA JI0 TeX MOp, TI0Ka 3HAYEHUS Myj, HE NepecTaBa-
71 u3MeHAThes. [leproa BpeMeHH OT Havaja TEeIIoBOro
BO3JEHCTBHUA 10 MOMEHTA HACTYIUICHUS PEXUMa, TIPU KO-
TOPOM BHINIONHANOCH yenosue dm/di=dg/dt=0, cunrancs
BpeMeHeM jeruaparanui (tg).

Kaxmplit KCTIEpUMEHT BBITIONHSICS B HICHTUYHBIX
yCIIOBUSAX He MeHee IATH pa3. C Lenblo OmpesieneHus 1o-
BEPUTENBHBIX HHTEPBAJIOB PE3YJIbTaThl KaXIOH cepuu
9KCTIEPUMEHTA CTATHUCTHYECKH 00pabaThIBAIMCh B COOT-
BeTCTBUH ¢ MeTofuKkor [23]. Ha mepsom stamne omnpenens-
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JUCh MATEMATHYECKUE OXKUIAHUS 3HAYCHUH BIAKHOCTH
M[g]. 3atem paccunthiBamach mucnepcust Dgp] (¢ yuerom
OLICHKH CMEIICHUSA) W CPEIHEKBAJPATHYHOE OTKIOHCHIE
o[p]. Tlocne 0TOPaKOBKM MPOMAxXoB MO KpHTepHio Poma-
HOBCKOT'0 [24] omnpenemnsuiuch J10BepUTENIbHbIE HHTEPBAIIbI
Ag. OTHOCHTENBHAS TOrPEIIHOCTh M3MepeHus o(p) mpu
noBeputenbHoil BepostHocTH 0,95 cocraBuna 8 %. Mac-
COBasi CKOPOCTB BIIArOyJaJIeHAs BRIYHCIIIIACK TI0 (hopMyIe:

eva:ﬂd_‘/’zid_m, @)
F,.dt F,_ dt

eva

PesynbTathl

Ha puc. 3 ipencraieHbl 3aBUCHMOCTH Oe3pa3sMepHBIX
MAcCOBBIX CKOPOCTEH BIAroyJaleHHs W3 CJI0S BIAXKHBIX
coCHOBBIX OMHIOK (L=Weya/Wy, T11e Weys — CKOpOCTH BiTa-
TOyJAJICHHs, 3apeTHCTPHPOBAHHAS B JKCIIEPUMEHTAX
(paccunrana o popmyie (2)); Wo— ckopocTh HcTapeHUs
BOJIBI CO CBOOOIHOM TTOBEPXHOCTH HPH TEMIEPaType I10-
BEPXHOCTH (JPOHTA MCHAPEHHS Teya=Tg, PACCUMTAHHAA B
COOTBETCTBUH ¢ MeTOAUKOH [25] (3Hauenust W, npusene-
HbI B Ta0JuIe)) OT O€3pa3MEpHOTO BpEeMEHH CYIIKH E=t/tg
(rme ty— momHOE BpeMs cymkd (Tabnuina)) mpH pasind-
HBIX 3HAYCHMSAX IUIOTHOCTH 3aCHIIKH B IHAMa3oHe TeM-
nepatyp ot 333 o 393 K.

AHanu3 3aBUCHMOCTEH, IPUBENECHHBIX HA PHC. 3, TMO-
Ka3bIBAET, YTO CTENEHb YIUIOTHEHMS OHOMACCHl OKa3bIBa-
€T CYIIECTBEHHOE BIISHIE HA JHHAMUKY BIIATOYIATCHHL.
VBenuueHne IUIOTHOCTH 3aCHIIKH HPUBOIWT K 3HAYH-
TENBHOMY POCTY CKOPOCTH YIaJCHWS BIATH B UICHTHY-
HBIX (0 TEMIIEPaType BHYTPUKAMEPHOTO TPOCTPAHCTBA)
VCIIOBHAX HArpeBa. JTO, CKOpPEE BCETO, CBA3AHO C TEM,
YTO yBENMYCHHUE Y TIPHBOAUT K YMEHBIICHAO TOPHCTOCTH
CTPYKTYPHI cJ10s OroMacchl. B pesynbrare TemionpoBo-
HOCTh OmoMatepmana yeemuuuBaercs. [locnemnee mpu-
BOJIUT K TOMY, UTO CJIO¥ OHoMacchl ObICTpee IporpeBaet-
¢S ¥, COOTBETCTBEHHO, TIPOLIECC UCTIAPCHHUS BOIB! HHTEH-
cudumupyercs. M3ectHo [26—30], uTo B mporiecce CyI-
Ki (POHT MCIAPEHHS BOJBI JBUKETCS OT MOBEPXHOCTH
HarpeBa B TIIyOMHHBIE CIIOM JpEeBECUHBI. B pesymbrate
(GOpMUpPYETCsT BHICOKOTIOPUCTBINH KAPKAC C BBHICOKUM TEp-
MudeckiM  compotueierneM (Ry=A"). YBemmuenne y
TPUBOJUT K yMeHbINeHno Ry, B pesymbrare cnoii 6uo-
Macchl IporpeBaeTcst 6osiee THTEHCHBHO IO CPABHEHHIO C
HaBecKoii buomaccel pu y=1.

Taonuua. 3nauenus cxopocmeii gracoyoanenuss (Wp) u
nonnozo epemenu cywku (t3) npu paznuunvix
cmenensx yniomuenust buomaccoi ()

Table. Values of rates of moisture removal (W,) and
total drying time (ty) at different degreees of bi-
omass compaction ()

=1
T,=333K | Ty:=353K | T,=373K | T/=393K
Wo kr/M’c | 9,08-10° | 22,8:10° | 50,18-10° | 50,18-10°
tq,C 6600 4200 3000 3000
y=1,5

Wo, kr/m’-c | 9,08:10° | 22,8-10° | 50,18:10° | 50,18-10°

tg, C 8400 5400 4200 3600
y=2

Wo, kr/m’-c | 9,08:10° | 22,8-10° | 50,18-10° | 50,18-10°

tg, C 12000 7800 6000 5400
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Puc. 3. 3asucumocmu bespazmeproti ckopocmu grazoyoanenus L=We,o/Wo om 6espazmepnozo epemenu cywxu E=t/ty npu
memnepamype 6 cyuwiunorol kamepe: a) T¢=333 K; 6) Ty=353 K; ¢) Ty=373 K, 2) Ty=393 K. ['0e 1 —y=2; 2 —y=1,5;
3 — y=1. BepmuxanoHbie ompe3xu Ha PUCYHKAX ULIIOCMPUPYIOM 008epumesibHble UHMep8aivl onpeoenetus L

Fig. 3. Dependences of the dimensionless rate of moisture removal £=W,,./W, on the dimensionless drying time & = t/ty at
the temperature in the drying chamber: a) 7,=333 K; b) T,=353 K; c) T,=373 K; d) T,=393 K. Where 1 — y=2; 2 —
y=1,5; 3 —y=1. The vertical bars in the figures illustrate the confidence intervals for determination of £

Awanmus L(¢) mokassBaeT, 4TO B HAYATBHBIA MEPH-
on (¢£=0-0,2) narpesa cios BJaxHOH OMOMAacchl Mac-
COBas CKOPOCTH BIATOYHAICHHS OBICTPO IOBBIMIACTCS
JI0 MakCHMaJbHBIX 3HaUE€HWH, 3aTeM 3HaueHus L 1mo-
CTENEHHO MoHMKatoTcs. [Ipu 3TOM MO pesynibraram
aHanm3a puc. 3 MOKHO OTMETHTH CYNIECTBEHHO HENlHU-
HEMHBI HEMOHOTOHHBIN XapakTep 3aBucumoctei L(¢)
B YCIOBHSIX HHU3KOTEMIEPATYPHOTO (B IMANa30He H3Me-
nenns T4=333-373 K) narpesa. B To xe Bpems npu oT-
HOCHTENBHO BBICOKMX TEMIIEPATypaxX BHEIIHEH Cpebl
(Tg=393 K) 3HaueHns £ MOHOTOHHO BO3DAcTAOT JO0 MO-
MeHTa Bpemenn ¢=0,2, a 3aTeM MOHOTOHHO YOBIBAIOT.
D10, CKOpEE BCEro, CBA3aHO C TEM, YTO C POCTOM TEMITE-

paTypsl OBICTPO TIOBBINIAETCS CKOPOCTh UCTIAPEHHUS BIIArN.

O10T (ha3oBbIi MEPEX0] COMPOBOKIAETCS HHTCHCHBHBIM
TIOTJIOLIEHHEM TETUIOTHl B MaJOi 10 pa3MepaM 30He, CO-
OTBETCTBYIOLIEH OKPECTHOCTH IPaHHIIbI Pa3ziena «BIax-
Hasg Omomacca — cyxas Ouomacca». Tak Kak IOPHUCTOCTH
Mareprana HaBeCKH BeNMKa (cocTapiseT okono 75 %),
BOZHOH Iap 3arosHsAeT Mopkl. J[aBieHne mapoB BOJBI B
ManoH OKPECTHOCTH 30Hbl HMHTEHCHBHOTO HWCTapeHHs
pacrer. Ho Tak Kak Temmeparypa cMecH «IpeBeCHHA—
BO3/lyX—TIapbl BOJBD B CIOE, MPHIIETAIONIEM K OTKPBITOM
MOBECPXHOCTH HABECKH, BBILIC, YEM B e€ HWKHEH 4acTh
(HarpeBaeMol MeHee MHTEHCHBHO), 4acThb BOISIHBIX TIa-

POB QUIBTPYIOTCS B O0JNEE «XOJOAHYIO» YaCTh HABECKH.
[Ipu oxJiakaeHWH BOMSHBIX MAPOB MPOUCXOIUT HX KOH-
JeHCAlys Ha TIOBEPXHOCTSAX AJIEMEHTOB JPEBECHBIX OIIH-
J0K. B pe3ynbTate KOHIEHTpalus BOABI B HIDKHEH (6o-
JIee XOJIOJJHOM) YacTH HaBecku mNoBbimaerca. CooTBeT-
CTBEHHO, TIOCTE MPOTPEBa 3TOH YacTH HABECKH DACTET
TPUTOK TAapOB BOIBI C €IWHHIIB MOBEPXHOCTU U MHTEH-
CHUIEPYETCS OXJIaXICHAE OHOMACCHI.

Ha puc. 4 npuBezeHs! 3aBUCHMOCTH 0e3pazMepHOro
BPEMEHH CYIIKU §=t/td0 (rme t— Bpewms cymmky; ty — Bpems
Cymiky mpu y=1) OT CTEMeHH YIUIOTHEHHs ()) HABECKH
OMOMAcCHl TIPH BAPBUPOBAHHM TEMICPATYpPHl BHEIIHEH
cpensl B quamnasose ot 333 mo 393 K. Ananu3 3aBucuMo-
cTeit puc. 4 TOKa3bIBAET, YTO Y OKA3bIBAET CYIIECTBEHHOE
BIIMSHME HA XapaKTEPHCTHKH M YCIOBHS CYHIKH. Tak,
YBENIMYEHNE J B [IBA pa3a MPUBOAUT K MPAKTHICCKU JBY-
KpaTHOMY 3aMejuleHH0 mpouecca cymku. IlocnenHee
00YCIIOBJICHO TEM, YTO YIIOTHEHHE OHOMACCHI PHBOIUT
K YMEHBIICHHIO TIOPUCTOCTH M, COOTBETCTBEHHO, TIPOHU-
[IAEMOCTH CTPYKTYpPBl CJOSL MEJIKOAMCIEPTHPOBAHHOM
ApeBecUHbl. B pesynbTare CyIIECTBEHHO BO3pAcTaeT CO-
npotuneHne umbTpammy. [lociaenHee NpUBOIMT K TO-
My, YTO TIPH y=2 BOJSHBIM MApaM 3HAUHUTENBHO TPYIHEE
BBIITH HA MOBEPXHOCTH CII0S OMOMACCHI, YeM TIPH CTeTe-
HH YIIOTHEHHSA y=1.
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Puc. 4. 3asucumocmu 6espazmepnozo epemenu cyuKu E=t/ty
om cmeneHu YNIOMHEHUs HABECKU OUOMACCH Y NpU
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Fig. 4. Dependences of the dimensionless drying time
&=t/t° on degree of biomass backfill compaction y at
the temperature in the drying chamber: 1) T;=333 K;
2) T,=353 K; 3) T;=373 K, 4) T;=393 K

CTOUT OTMETHUTb, YTO 0 Pe3yJbTaTaM 3KCIepUMEH-
TOB YCTaHOBJIEHA MPAKTUUECKH JIMHEIHHAsA 3aBUCHMOCTb
&(y). Tpu 3TOM TeMmeparypa BHEIIHEH Cpejbl HE OKa-
3pIBAET 3HAYMMOTO BIMSHUS HA JWHAMHUKY CYLIKH.
B aTHX ycnoBMAX MOXKHO O0OOCHOBAHO MPEINONOKUTH,
9T0 (UIBTPANMOHHEIE XapaKTePHCTHKH (IDIOTHOCTH 3a-
CBINIKU, IPOHHUL[AEMOCTb, IOPHCTOCTh, Pa3Mep IOp) CIIOs
JpeBecHOl OMOMacchl Takke OKa3bIBAlOT 3HAYUMOE
BIIMSHUE, KaK M YCIOBUS Harpepa (TeMIepaTypa BHEII-
Heil cpenbl, HHTEHCHBHOCTh TEINNOOOMeHa, paananoH-
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Relevance. The analysis of the forecasts of specialists shows that despite the active attempts of many states to introduce renewable
energy sources into national energy systems by 2040, the bulk of the production of thermal and electric energy will still fall on thermal
power plants that burn coal. For this reason, at present, active development of new technologies for fuel combustion is underway, which
will completely (or at least significantly) reduce the use of coal at thermal power plants. One of the most promising areas is the combustion
of woody biomass in the furnaces of boiler units. But the full-scale introduction of biomass as a fuel at thermal power plants is hampered by
the lack of knowledge of heat and mass transfer that occur during wet wood drying. This is due to the fact that, as a rule, freshly harvested
wood is significantly saturated with moisture. Combustion of such a highly watered biomass in combustion devices is ineffective. With a
high initial humidity, a lot of heat will be spent on evaporation and, accordingly, the efficiency of the steam generation cycle may decrease.
Therefore, the initial moisture-saturated raw material must be pre-dried. In this regard, one of the open problems of the energy sector at
the present time is the lack of study of the main regularities of heat and mass transfer, occurring in a layer of finely dispersed moist woody
biomass during its drying. The latter is necessary for development of the fundamental foundations for conducting experimental design work
to substantiate the design characteristics of modern installations for biomass thermal preparation for combustion. In this case, as a rule,
drying of large volumes of wood is carried out in large-sized equipment of the bunker type. In such bunkers, the height of the biomass layer
can reach several tens of meters (up to 20 m). Obviously, under these conditions, wood density gradients (due to caking) will also be sig-
nificant. It has been reliably established that the characteristics of moisture removal from a layer of moist woody biomass are influenced
not only by the ambient temperature, but also by the filtration characteristics (density, pore size, permeability, porosity) of the dried material.
But until now in the world scientific periodicals there are no publications describing the results of assessing the influence of moist finely
dispersed wood filling density on the characteristics and conditions of its dehydration.

The aim: experimental studies of the influence of moist woody biomass layer backfill density on the integral characteristics of its drying.
Object: wet woody biomass (pine sawdust). Experimental studies were carried out at the following values of the degree of compaction of
biomass y. 1; 1.5; 2 (where y=p/p).

Method: experimental studies of moisture removal rate and the time of moist woody biomass dehydration at high-temperature heating
(Tg=333-393 K) in the SNOL-3.5-M2U42 drying chamber.

Results.The paper introduces the results of experimental studies of moisture removal from a layer of moist woody biomass (based on
typical woodworking waste — sawdust) under intense radiation-convective heating. The authors have analysed the influence of the wood
layer bulk density (p) on the dehumidification characteristics. It was found that the increase in the backfill (p) density leads to a significant
change in the dynamics of moisture removal (an increase in y from 1 to 2 leads to a twofold increase in the drying time tq). It was shown
that such increase in tq is characteristic for all values of Tq. Also, according to the results of experiments, the characteristic values of the
mass rate of moisture removal (Weva) were established depending on time at various degrees of compaction of the biomass layer. It is
shown that under conditions of relatively low ambient temperatures, the function Weva(t) changes non-monotonically, but has a wave
character. A hypothesis is formulated describing such a dependence of the Weva values on time. The results of the studies carried out
significantly expand modern understanding of drying finely dispersed woody biomass under conditions of intense radiation-convective
heating.

Key words:
Woody biomass, woodworking waste, backfill density, drying, heat and mass transfer, moisture removal rate.
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