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IHTEHCU®IKALIA TEIINIOOBMIHY TA TEPMOCTABUIIBALIA
BIOPEAKTOPIB

MHTEHCUDUKALNA TEMNNTOOBMEHA U TEPMOCTABUNU3ALINA BUOPEAKTOPOB

INTENSIFICATION OF HEAT EXCHANGE AND TERMOSTABILIZATION OF
BIOREACTORS

Po3rnsitHyTo OCHOBHI HEA01iKM BidoMUX BGIOPEKTOPIB i 3aaa4i, 10 HeEObXiaHO PO3B'a3aTn A7 Tep-
mocTabinisadii Ta iHTeHcngikalii TennoobmiHy B biopeakTopax. 3anpornoHOBaHO KOHCTPYKLIO peak-
TOpAa /151 PO3B'I3aHHS NMOCTaBJIEHUX 3aA4ay.

PaccmompeHbi 0CHOBHble Hedocmamku U3eecmHbIx buopeakmopos U 3adadu, Komopble HeobxoduMo
pewumb 0n19 mepMocmabunusayuu U UHmMeHcugukayuu menioobMeHa e Guopeakmopax. [pednoxeHa
KOHCMpYKYuUsi peakmopa 07151 pelweHus1 MocmaesieHHbIX 3adauy.

The basic drawbacks of known bioreactors and problems to be solved for achieving heat setting
and intensification of heat exchange in bioreactors are considered. The design of the reactor for the so-
lution of the problems is offered.

Beryn

OJHUM i3 MepCIEKTUBHUX HETPAAMIIHHUX JDKepes eHepro3abesneueHns as Yipainu e Gioras. Horo
OTPUMYIOTh HIISIXOM aHaepOOHOTO OPOAIHHS BiAXOIB CIILCHKOTOCIIOAAPCHKOr0 BUPOOHUIITBA B Oiopeak-
topax [1]. B mpomecax BupoOHuIrTBa 6iora3y, OKpiM OTpUMaHHS IIHHOTO ITaJINBa, BUPINTYETHCS W €KOJIO-
rigHa 3a7ada, 1oB’s3aHa 31 3HEIIKODKEHHSIM BEJIMKOI KUTPKOCTI OpraHiYHMUX BinxoiB. [lomupeHHs BUKO-
pUCTaHHS LBOTO aJlbTEPHATHBHOIO TManWBa NOTpeOye BHpIMICHHA TakuxX 3afad: iHTeHcupikamii
TeII000MiHy B 010ra30BUX pPEaKTOpax; PIBHOMIPHOCTI MPOTPIBY Ta MEPEMIMEHHS CyOCTpaTy; JOTPUMaH-
HSl HEOOXIHUX TEMIIEPaTyPHUX PEKHUMIB; 3a0e3MeueHHs Oe3MepepBHOCTI NPOIIeCy BUPOOHUIITRA.

Henonikom Bimomux TurriB OiorazoBux peakTopis [1] € Te, 10 3a paXyHOK HEJOCTAaTHHOTO Ta HEPIBHOMIp-
HOTO IPOTPiBaHHs CyMillli KOJIMBaHHS TEMIIEPATyp B 00’ eMi cyOCTpaTy CTalOTh 3HAYHHUMH, 1110 HE BiANOBigae
TEXHOJIOTIYHMM BUMOTaM. [le 3MeHInye Buxij 0iorasy HOpiBHSIHO 3 TEOPETUYHUM. 32 PAXYHOK BEPTUKAJILHOTO
rpaJieHTa TeMIEpaTyp Y HWXKHIN 30HI yTBOPIOETHCS XOJIOIHUI MaJIOpyXOMUH 1ap, a BEPXHS 30Ha Ieperpina-
€Tbcs. TakoK 0 OCHOBHHMX HEAOJIKIB MOKHA BiJTHECTH HEOOXIHICTh TEXHOJIOTTYHUX 3yMHHOK JJIsl BUBaHTA-
JKCHHS 1 3aBaHTAKEHHSI O10MacH.

Bupimenns 3aga4 inTeHcudikaIii Teruioo0MiHy Ta TepMocTadiizaliii 6i0ra3oBuX peakTopiB MOKIHMBO
nUIIXoM Moau(iKamii BiIOMIX KOHCTPYKIIIi.

BBepeHune

OOHMM U3 NepcneKkTUBHbLIX HETPaAMLMOHHBIX UCTOYHMKOB 3HeproobecnedeHns Ana YkpauHbl ecTb
6uoras. Ero nonyyatoT nyTeM aHaspoOHOro GPOXXEHUs1 0TXOA0B CENbCKOXO3SMCTBEHHOrO NPOU3BOACTBa
B GuopeakTtopax [1]. B npoueccax npousBofcTBa Guorasa, Kpome NonyyeHns LeHHOro Tonnvea, pelua-
eTcsa U 3Korormyeckas 3ajava, cBsizdaHHas ¢ 06e3BpexuBaHneM BGOSbLIOTO KONMUYECTBa OpraHUYeckmx
oTxofoB. PacnpocTpaHeHVe UCMOb30BaHNA 3TOrO anbTEPHATMBHOIO TOMSMBA HYXOAeTCs B peLleHum
TaKUX 3afay: UHTeHcudukauum TennoobMeHa B GUopeakTopax; paBHOMEPHOCTM Mporpesa U nepeme-
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LeHunsA cy6CTpaTa; cobntogeHne HeobxoanmbIx TeMnepaTypHbIX PEXUMOB; OOCTMXXEHNE HeNnpepbiBHOC-
TW npouecca npoun3soacTsea.

Hepoctatkom n3BeCcTHbIX TUMNOB B1MorasoBunx peakTopoB [1] €CTb TO, 4YTO 3a CYEeT HeJOCTaTO4YHOro u
HepaBHOMEPHOro nporpeBaHnsa CMecu konebaHus TeMnepartyp B obbeme cy60TpaTa CTaHOBATCA
3Ha4yuUTesNibHbIMK, 4YTO HE COOTBETCTBYET TEXHOJIOrM4eCKUM Tpe6OBaHVIF|M. 3710 yYMeHbLlaeT BbIX0o4
6vorasa CpaBHUTEJNIbHO C TeOpPEeTU4YEeCKUM. 3a cyert BEpPTUKaArbHOro rpaguMeHTa Temnepartyp B HWKHEN
30HEe 06pa303b|BaeTc;| XOMNOAHbIN ManonoABMXKHbIA nnacT, a BEpPXHAA 30Ha neperpeBaeTca. Takxke K
OCHOBHbIM HeocTaTkaM MOXHO OTHECTU HEOBXOAMMOCTb TEXHONMOMMYECKMX OCTAHOBOK ANs pa3rpys3kum n
3arpysku bvomaccel. PeweHve 3agay VIHTeHCVIC*)VIKaLI,VIVI TennoobmeHa w TepMOCTa6VIJ'IVI38LI,VIVI
BrorasoBbIx peakTopoB BO3MOXXHO NyTeEM MOD,VIC*)VIKaLI,VIVI N3BECTHbIX KOHCprKLI,VIVI.

Introduction

One of the perspective non-conventional sources of energy supply for Ukraine is biogas. It is
obtained by means of anaerobic fermentation of waste of agricultural production in fermenters [1].
In the process of gas generation, besides obtaining valuable fuel, another important ecological
problem, dealing with decontamination of vast stock of organic waste is solved. A number of prob-
lems are to be solved prior to industrial usage of this alternative source of energy: intensification
of heat exchange in fermenters; uniformity of warm-up and displacement of substrate; obser-
vance of necessary temperature conditions; achievement of continuity of generation process.

The drawback of the known types of biogas reactors [1] is that due to insufficient and non-
uniform warm-up of the mixture temperature fluctuations in the volume of substrate become consid-
erable, that does not meet the requirements of technological process. Biogas output is reduced as
compared with calculated figures. At the expense of vertical gradient of temperatures cold low-
mobile formation is created in the lower area, whereas upper area is overheated. Among other im-
portant drawbacks we should note the necessity of technological outages for loading and unloading
of biomass. The solution of the problems dealing with intensification of heat exchange and heat
setting of biogas reactors becomes possible by means of modification of the known designs.

Pe3y.m>TaTn JOCITiTKEeHHS

ABTOpaMHy MPONOHYEThCA KOHCTPYKIisI OiopeakTopa, Ky OTPUMaHO BHECEHHSAM HOBHX €JIEMEHTIB i

3B 3K

iB y BijoMy KOHCTpYKUitO [2]. L]i KOHCTPYKTHBHI pillIeHHS TO3BOJISIOTH MO30yTHUCH HEIOMIKIB Bi-

JIOMHUX 0l0peaKTopiB.

KoHcTpykiis 6iopeakTopa 3 MPOIIapKOM MK YTEIUICHMM KOPIIYyCOM

Ta poOounM pesepByapoM (puc. 1) H03BONSE MiIBUILUTH TEPMiUHUI

omip CTiHKM peakTopa. [linBeaeHHs1 BUPOOJIEHOro razy B 30HY pPO3Tallly-

BaHHS TEIJIOOOMIHHHMKA JTO3BOJIUTH HE TUIBKH IHTEHCU(IKYBATH MIPOLECH

TEIUI000MiHY MiX CTIHKOIO HAarpiBHUKA Ta CEPEAOBHUILEM, ajie i JOCITTH

;  piBHOMIipHiloOro nepeminryBanus cepenosuma [3]. B pesynbrati Mmoau-

o, (KAl TOCATAETHCS NOKPALICHHS IPOLIECY aHAEPOOHOr0 OPOIHHS, 1O
Busas  BEJIE J10 301IBIIEHHS BUXO/MY 0iorasy i 3HUKEHHS €HEeprOBUTPAT.

Lo Peaxtop micTuTh yTeruieHuH Kopiyc 1, 10 sIKOTo 3a JOIOMOT'OI0 BEPX-

q HBOT 4 Ta HIKHBOI 2 OMOPHHUX T'a30pPO3MOUTBHUX PEIIITOK KPIMUTHCS PO-

, Ooumii pesepByap 3. B BepxHili i HIKHIH 9acTHHI poOOYOro pesepByapa

— & 3 3aKpiieHo ra3onposixa 5. I'a3onpoBig 5 crnogyvae HU3 YTEIIEHOTO KO-

poycy Ta Bepx pobodoro pesepByapa. Y HWKHIH yacTuHi poOodoro
pByapa 3 pO3MIIIEHO HarpiBaJibHHKA €JIEMEHT 6 Ta Ta30pO3NOailIby
0iaky 8. B razompoBoai po3TamoBaHO Hacoc 7, MaTpyOOK BiBeIEHHS

Puic. 1. Biorasosuii peaxtop 3 in-  010Ta3y Ha rocriofapcTsa Ta 3amipHa apmarypa 9. Ilpouec BupoOHuIITBA

Puc. 1. briorasoBbli peakTop C UH-

tencuikaniero Gponinms  Oloraly Takuid. B Mipy HakomuueHHs1 6iorasy BiH IIPOHUKAE Y Ta30MPOBiT

€ 1, HaOyBarou MOTPIOHOTO THUCKY, B Ta30MPOBOJI 3a JOMOMOTOK HacoC
TeHcuduKaLmeit Gpoxerns y . R Y, . POBOA A . Y
Fig. 1. Biogas reactor with ~ 4ACTUHA HOTO MOBEPTAETHCS y POOOUNI PE3EpBYaAp, € POMOIIIAETHCA 32
intensified fermentation  TOOMOTrOI0 I'PEOIHKK 1 CTPYMEHSIMHU OOTIKa€ TEIIOOOMIHHY MOBEPXHIO
HarpiBaJibHOTO enneMeHTa. lle 00yMoBirOE 1HTEHCU(DIKALIIO TEIUIOOOMIiH-

HUX TIPOIIECiB, aKTUBHE TIEPEMIIITyBaHHS, TEPMOCTA0LITI3a1Iii0 TIPOIIeCy aHaepPOOHOTO OPOTIHHS.
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PesympTati morepeHix JOCTIKEeHb [4] CBIMYIATH, 1110 i1HTEHCHB-

oL Wtim’K HICTh TETUIOBIIaYi MAJIO 3aJISKUTh BiJl TEIUIOBOTO MOTOKY. Lle Mo-
gggg = o KHA TIOSICHUTH HE3HAYHUM BILTHBOM BUIbHOI KOHBeKIii. OCHOBHHI
200f 5% © 14 ¢akrop lHTeHCI/Iq)lK?.LIﬁ TeHJ‘IOO6M1Hy. — pyx 6ynL6qm0K, SIKUH BU-
1900 KJIMKA€ KOHBEKTHBHI MOTOKH. I1IBUIKiCTh IMPKYIISLIT BU3HAYAETHCS
1700 e ol e elestt® IUTOLICIO TIepepi3y, uepe3 sSKUM MPOXOAUTH MOTIK rasy 3 IpeOiHKH,
BO0 T 5# T ToMy Oe3nocepenHe 0apOOTyBaHHS B HIKHIN 4acTHHI poOodoro pe-
1500 3epByapa inTeHcudiKye TemioBiaady. OnTHMaIbHUM BUPIIICHHAM
50000 V1ot MOCTaBIICHOT 3a/1a4i MOXKHA Ha3BaTH CIPSMYBaHHS TIOTOKIB ra3y Ha

0 8 6 24 3 mim’

Puc. 2.

Puc. 2. ConocTtaBneHne KoahULMEHTOB Ten-

TEeTI000OMIHHY MOBEPXHIO 03 00MEeXyBaIBHUX CTIHOK Ipu Oe3moce-
PEIHBOMY KOHTAKTI CTPYMEHS 1 CTIHKH.
3icraBnenns KoedilienTiB TemoBinma-  PE3yJbTaTH SKCIIEPUMEHTAIBHOIO JOCTI/DKEHHS IHTCHCHU(IKaIIil
4i Bil CTIHKH JIO CEPE/IOBHINA 32 YMOBH TEIIOOOMIHY [UISl CYCIIEH3iT 3 KOHIICHTpaIliero cyxoi pedoBuan C =
TasopiAMHHOr0 OMMBAHH3 MOBEPXHI: L/ @ 04 (= 3 5 9% ta Boju Mokas3aHi Ha puc. 2. HeoOXinHO 3a3HaumTH,
— CEpCAOBUIIC—BOJA, ® — CYCICH3IA L) . . 0
. 0 Koe(IIieHT TeIUIoBIIadl Al cycnensii carae 53...69 bOTO
3C=3,5%,+—cycr1eH31ﬂ3C=8%,III (1)11 AL IUT. Y . %o 11 o
o — xoedinient Terosiytaui pix cri- OKA3HHKA Juis Bozw. [lomepesi TOCIIIKEH S 10BEITH He3HAYHH
HKH HarpiBalbHOTO e/leMeHTa 70 cepe- IUIMB TEIUIOBOTO MOTOKY Ta TEMIEPATYpPH CEPEJOBUIIA HA IHTCHCHUB-
OBMILA, V — 3BelEHA IIBUIKICTh I'a- HICTD TemooGMiHy,
30BOTO MOTOKY 3a pe3ynbTaTamMy eKCIIepUMEHTAIBHHX JIOCHIDKEHb [4] BcTaHo-
NOOTAAYY OT CTeHKM K cpeae npu yco- BICHO, 10 6apOoTyBaHHs TEIUIOOOMIHHOI TIOBEPXHI MIJBUILYE KO-
BUM Ta30KMAKOCTHOrO OMbIBaHMs no- e(DIlliEHT TETUIOBIAIadi SK sl BOIM, TaK 1 JUTsS CyCHeH3ii B cepes-
BepxHocTU: || — CPeAa—BOMa, © — pyromy g 1,5...2,5 pasu. Besnocepenne 6apGoTyBaHHs B KaHAI Mae
cycneHsus ¢ C = 3,5 %, + — cycrneHsus yB i L. pasi. peiL 1pOOTY . .
¢ C=8%, o koadhcuumeHT Tennoo- 1€ OUTBIINI BIUIMB Ha 3pOCTaHHs KoedillieHTa TeIIoBiaayi, ane
TAAUM OT CTEHKM HarpesaTenbHOro TAHWH CIIOCiO € HeJOUUIBPHAM JUTS PEATBHUX YMOB TEXHOJOTTUHIX

dnemeHTa K cpepe, V — MPUBEACHHAA yoayTopis OCKINBKHM BUHMKATHMYTh 3aCTilHI SBHINA, TOOTO CTIHKM
CKOPOCTb ra3oBoro notoka

Fig 2. Comparison of coefficients of con- KaHaJliB OyIyThb 3aBaKaTH IEPEMIIIYBAHHIO Ta BLILHOMY PyXy CyO-

28

vective heat exchange from the wall cTpary.

of heat exchanger to the BHKODHCTA OBi oro p— i . o
environment in case of gas and VKOPUCTaHHS HOBITPAHOTO HPOLIApKY MUK yTCIICHUM KOP-

liquid washing of the surface: [ — IIyCOM Ta poOOYHM pe3epByapoM I03BOJIUTH MiJBUIIUTH TEpMiu-
ePViFOfl?]W%nt—?,V\ga};ﬂ * — suspen- guii omip B cepenHbomy B 1.4...1,8 pa3u. IloBitps, mo 3Haxo-
sion wi =9, 0, + — suspension . o
with C = 8 %, o — convective heat WATPCH Y npomapKyv6yz[e BUCTYTIATH HE TITHKH SK J0/IATKOBHH
exchange coefficient from the wall of TCIUIO130JIATOP, aJIC U IICpeAaBaTH TCILIO B1J O1LIBII HarpiTux 30H
heating element to the environment, g penin HarpiTi, TepMOCTa0iTi3yIOYM TAKAM YHHOM TIPOIIEC aHae-

V — reduced velocity of gas flow .
poOHOTO OpOIIHHS.

Pe3yﬂbTaTLI HCCJICeJ0OBaAHUA

ABTOpamu npepriaraeTca KOHCTPYKUMSA BuopeakTopa, KOTopas mnoryyeHa BHECEHWEM HOBbIX are-
MEHTOB M CBSI3EW B M3BECTHYIO KOHCTPYKLMIO [6]. DTN KOHCTPYKTMBHbIE peLLeHNs NO3BONAT M3baBnTbCA
HeJOCTaTKOB CYLLECTBYIOLLIMX BMOpeaKTopoB.

KoHcTpykuma 6ropeaktopa C NpOCMONKON MeXay yTenneHHbIM KoprnycoMm u paboymm pesepByapom
(puc. 1) nosBonseT NOBbICUTb TEPMUYECKOE COMPOTUBIEHNE CTEHKM peakTopa. [NoasBeaeHue Bbipabo-
TaAHHOrO rasa B 30HY PacnoroXeHus TennoobMeHHMKa NO3BOMUT He TONbKO MHTEHCMdULMPOoBaTb Npo-
uecchl TennoobmeHa mMexay CTEHKOM HarpesaTtens v cpefow, HO U JoCTuYb Gornee paBHOMEpPHOro ne-
pemewmBaHus cpefpl [3]. B pesynbtate mogudmkaumn gocturaeTca ynydleHue npouecca bpoxeHus,
YTO NPUBOAMT K YBENMYEHUIO BbIXxOAa Guorasa n CHUXKEHUIO aHepro3artpar.

Ha puc. 1 nsobpaxeH 6rorasoBbin peakTop ¢ MHTEHcUdMKaumen bpoxeHus. Peaktop cogepxuT yTten-
NeHHbIN Kopnyc 1, K KOTOPOMY C NMOMOLLIbIO BEPXHEN 4 U HUXHEN 2 ONOPHbIX razopacnpegennTeribHbIX peLle-
TOK Kpenutca pabouunii pesepsyap 3. B BepxHen n HWxXHeln YacTu paboyero pesepByapa 3 3aKpenseH raso-
npoBog 5. MNasonpoBog 5 coeguHAET HU3 yTENSEHHOrO Kopnyca u Bepx paboyero pesepsyapa. B HuxHeln
YyacTu paboyero pesepByapa 3 pa3MeLLeH HarpeBaTenbHbIM ANeMeHT 6 1 rasopacnpeaenutensHas rpebeH-
ka 8. B rasonpoBoae pacnonoxeH Hacoc 7, naTpybok oTBeAeHnst buorasa Ha NoTpebHOCTM X035AUCTBa U 3a-
nopHas apmarypa 9. lNpouecc nponsBoacTBa buorasa Takon. o Mepe HakonneHus Guorasa OH NPOHMKAET B
rasonpoBoa U, NpuobpeTas Hy>HOe AaBreHVe B ra3onpoBoae C NOMOLLBI0 HACcoCa, YacTb ero Bo3BpaLlaeTcs
B pabounii pesepByap, rae pacnpeensieTcsa ¢ NOMOLLb0 rpebeHkn U CTpysaMn obTekaeT TenNoobMEHHYO
NMOBEPXHOCTb HarpeBaTeNbHOro anemMeHTa. AT0 0OyCrnoBNMBaET UHTEHCUMUKALMIO TEMNOOOMEHHbIX Mpo-
LIECCOB, aKTVBHOE NMepemMeLLnBaHue, TepmocTabmnnmsaumio npoLecca aHaspobHOro GpoXKeEHMSI.

PesynbTaTthl npeablaywmx mccnenosaHni [4] cBuoeTenbCTBYOT, YTO MHTEHCUBHOCTL TEMN00TAauM
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Mano 3aBUCUT OT TEMNIOBOrO0 NOTOKa. OTO MOXHO OOBSCHWUTbL HE3HAYUTENbHBLIM BNUSIHUEM CBOBGOAHOM
KoHBeKUMnU. OCHOBHOM (hakTop MHTEHCUMUKAUUKM TENNOOOMEHaA — OBWKEHNE My3blPbKOB, KOTOPOE Bbl-
3blBaeT KOHBEKTUBHbIE NOTOKN. CKOPOCTb LIMPKYNSLUN OnpeaensieTcs nnowaabio ceYeHusl, Yepes KoTo-
po€e NPOXOAMT MOTOK rasa ¢ rpebEéHKN, NO3ITOMY HenocpeacTBeHHOe 6apboTUPOBaHNE B HMDKHEN YacTu
pabo4ero pesepByapa MHTEHcUdUUMpyeT Tennootaady. OnTumarnbHbIM peLleHns M NoCTaBEHHON 3a-
4ayn MOXHO Ha3BaTb HamnpaBeHWe NOTOKOB ra3a Ha TennoobMeHHY NOBEPXHOCTb 6e3 orpaHnynTeNb-
HbIX CTEHOK MpU HENOCPEACTBEHHOM KOHTAKTE CTPYM U CTEHKMN.

Pe3ynbTaTbl 3KCNepnMeHTarlbHOro MCCnefoBaHnst MHTEHcUMKaumMmn TennoobmeHa Ans CycneHsmm ¢
KoHLUeHTpauwuen cyxoro Bewiectsa C =8 %, C = 3,5 % v Boabl NnpmBedeHbl Ha puc. 2. Heobxogmmo oT-
MEeTUTb, YTO KO3(PPULMEHT TennooTaaum angd cycneHaumn gocturaet 53...69 % atoro nokasartensa Ans
Bogbl. lMpeablayline UccneqoBaHUs Aokasanu He3HauMTenbHOe BRMSIHWE TEMMOBOro MOToKa M Temmne-
paTypbl cpeapbl Ha MHTEHCUBHOCTbL TEMNOoOMeHa.

Mo pesynbTatam akcnepumeHTasnbHbIX UccnegosaHun [4] yctaHoBneHo, 4To 6apboTnpoBaHue Ten-
NOOBMEHHOW NOBEPXHOCTU MOBLILLIAET KOIPPULMEHT TENNOOTAAYUMN KaK AN BoAbl, TaK U ANS CYCNEeH3um
B cpegHem B 1,5...2,5 pasa. HenocpeacteeHHoe GapboTvpoBaHMe B kaHane mmeeT euwle 6onbluee
BIMSIHWE Ha POCT KO3 PULUMEHTA TENNOOTAAYMN, HO AaHHbINA cnocob sBNsSieTCs HelenecoobpasHbiM ans
pearnbHbIX YCIOBUI TEXHOMOTMYECKUX PEAKTOPOB MOCKONbKY OyayT BO3HMKATb 3aCTOWMHbIE SIBMIEHUS, TO
€CTb CTEHKM KaHarnoB byayT mMellaTb NnepemMeLLnBaHnio 1 cBOGOAHOMY ABWXKEHUIO cybcTpaTa.

Mcnonb3oBaHne BO3AYLUHOW MPOCIONKM MEXAY YTENNeHHbIM KOprnycoM M paboynm pesepByapoMm Mno-
3BOMMWT MOBBICUTb TEPMUYECKOE COoMpoTMBreHne B cpegHem B 1,4...1,8 pasa. Bosgyx, Haxogdwuincs B
npocrorike 6yaeT BbICTYNaTb HE TOMbKO Kak AOMONHUTESbHbIA TENNOM30NATOP, HO U NepeaaBaTtb TEMMO OT
Oonee HarpeTblX 30H B MeHee HarpeTble, TEPMOCTabunmManpys Takum obpasom npoLecc aHa3pobHoro
OpoxeHus.

Results of research

Authors offer the construction of the fermenter, obtained as a result of introduction of new
elements and connections into already known construction [6]. These structural solutions allow to
avoid drawbacks inherent to existing bioreactors.

The construction of the fermenter with the interlayer between heat-insulated body and operat-
ing reservoir [Fig.1] allows to improve thermal resistance of reactor wall. The supply of generated
gas into heat exchanger zone enables to intensify heat exchange process between the wall of the
heater and medium but also achieve more uniform agitation [3]. As a result of modifications per-
formed anaerobic fermentation has been improved resulting in higher output of biogas and reduc-
tion of energy cost.

The reactor contains heat-insulated body (1), operating reservoir (3), fixed to the body of reac-
tor by means of upper (4) and lower (2) supporting gas-distributive grates.

Gas pipeline (5) connects the bottom of heat-insulated body and top of operation reservoir. In the
bottom of operation reservoir 3 heating element 6 and gas-distributing comb 8 are installed Pump 7,
outlet pipe intended for supply of biogas to needed facilities and locking valves (9) are installed on the
gas pipeline. The process of biogas generation is the following. Gas being accumulated, enters the
pipeline and having obtained required pressure by means of the pump, part of the gas returns in op-
eration reservoir, where it is distributed by means of gas-distributing comb, streams of gas flow the
heat exchanging surface of heating element. It stipulates the intensification of heat-exchange process,
active agitation, heat settings of anaerobic fermentation process. The results of previous research [4]
testify that the intensity of convective heat exchange does not greatly depend on heat flow. This can
be explained by minor influence of natural convection. Main factor contributing to intensification of heat
exchange is the motion of bubbles, causing convective currents. Circulation rate is determined by
cross-section across which gas flow from the comb passes, that is why direct barbotage in the bottom
of operation reservoir intensifies convective heat exchange. Optimum solution of the given problem is
to direct gas flows on heat exchange surface without limiting walls at direct contact of the stream and
the wall. The results of the experimental research of heat exchange intensification for suspension with
dry substance concentration C =8 %, C = 3,5 % and water are given in Fig. 2. It must be noted that
convective heat exchange coefficient for suspension reaches 53...69 % of this index for water. Previ-
ous research proved minor influence of heat flow and temperature of the environment on heat ex-
change intensify. The results of the experiments [4] have showed, that barbotage of heat-exchange
surface increases convective heat exchange coefficient both for water and for suspension
1.5...2.5 time on average. Direct barbotage in the channel has still greater impact on convective heat
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exchange coefficient growth, but this method is not expedient for real conditions of industrial reactors
since stagnant phenomena will occur, i. e. walls of the channels will interfere with agitation and free
motion of the substrate.

Usage of air interlayer between heat-insolated body and operation reservoir will allow to in-
crease thermal resistance 1.4...1.8 times on average. The air, present in the interlayer, will act
not only as additional heat insulator but will also transfer heat from more heated areas to less
heated areas thermally stabilizing the process of anaerobic fermentation.

BUCHOBKH

3anpornoHoBaHi KOHCTPYKTHBHI PIlICHHS 0i0Ta30BOTO peaKkTopa MO3BOJSIOTH IHTEHCH(IKYBATH TEII-
JIOOOMiHHI TIPOIIECH B PEaKTOpPi, TEPMOCTAOLTI3yBaTH IIPOIIEC OTPUMAHHS Oiorasy Ta 30UIBITUTH TePMid-
HUM OMip CTiHKH 0€3 10JaTKOBUX KaIliTaJOBKJIalCHb.

3rigHo 3 po3paxyHKaMH, MiABSACHHS ra30B0i (a3 B peakTop JO3BOJUTH 3MEHIIMTH IO TEII000-
MIHHHX €JIEMCHTIB B CEPEIHBLOMY B 2...4 pa3u MOPIBHIHO 3 BIJIFHOIO KOHBEKITI€IO, 301IBIIATA KOPUCHHIA
00’€M Ta BHPIBHATH IOJI TEMIIEPATYP B PEAKTOPi, YHEMOXIIUBIIOIOUN TAKUM YAHOM YTBOPEHHS XOIIOJI-
HUX 30H B HIKHIN 4acTHHI OiopeakTopa.

BbIBO/bI

MpeanoxeHHoOe KOHCTPYKTUBHOE pelleHne GMorasoBoro peaktopa no3sonseT UHTEeHCMULMPOoBaTbL
TennooGMeHHble MpoLecchl B peakTope, TepMocTabunuampoBaTb NpoLecc NnonyyYeHns Guorasa u yee-
NNYUTb TEPMUYECKOEe CONPOTUBIEHNE CTEHKM 6e3 AONONHUTENbHBIX KanUTarnoBroXeHWA.

CornacHo pac4yeTaM, NoABoA ra3oBoi hasbl B peakTop NO3BONUT YMEHbLUUTL Mowaam Tennoot-
MEHHbIX 3IEMEHTOB B CpeaHeM B 2...4 pa3a No CpaBHEHWUIO CO CBOOOAHON KOHBEKLMEN, YBENUYUTb Mo-
nesHbIli 0GbeM 1 BbIPOBHATL MOMA TeMMepaTyp B peakTtope, He Aomnyckas, TakuM o6pasoMm, NosiBreHus
XOMNOoAHbIX 30H B HXKHEN YacTu BruopeakTopa.

Conclusions

The suggested construction of biogas reactor allow intensifying heat exchange processes,
thermally stabilizing the process of gas generation and increase thermal resistance of the wall
without additional capital investment. According to calculations performed, supply of gas phase to
the reactor will allow to reduce the surface of heat exchange elements 2...4 times on average as
compared with natural convection, increase the volume and equalize temperature fields in the re-
actor, without formation of cold zones in the bottom of the reactor.
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