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EKCIIEPUMEHTAJIBHE JOCJIAKEHHA IHTEHCUBHOCTI
TEINJIOBIAAAYI 10 BATATOKOMIIOHEHTHUX OPTAHIYHUX
CYMIIIEU

IKCIHEPUMEHTAJBHOE NCCAEJOBAHUE HHTEHCUBHOCTH TEIIJIOOTAAYHU K
MHOTOKOMIIOHEHTHBIM OPTAHUYECKHUM CMECSIM

EXPERIMENTAL RESEARCH OF HEAT EMISSION INTENSITY TO MULTI-
COMPONENT ORGANIC MIXTURES

Po3p0o6/1eHO eKCcriepuMeHTanbHuii CTeHa A7 AOC/IKeHHsT Ternio0006mMiHy. HaBengeHo metoavkum
rpoBeaeHHs, BUMIpOBaHb i 06pobku gocninHux gaHux. JocnimpkeHo Ta npoaHani30BaHO iHTEeHCUB-
HicTb Terni1006MiHy 10 6araToKOMMOHEHTHUX OPraHidHux cymiuieii B ymoBax pobotu cuctem 6io-
KOHBepCi.

PaspabomaH akcrniepumeHmarneHblll cmeHO 0ns uccrnedosaHusi mernoobmenHa. NpusedeHbi MemoOuKU
nposedeHusi uaMmepeHuli u obpabomku OdaHHBIX UccrnedoeaHuli. VccnedosaHa U npoaHanu3uposaHa
UHMEHCUBHOCMb MenioobMeHa K MHO20KOMMOHEHMHLIM OpP2aHUYEeCKUM CMeCSM 8 yCrnosusix pabombl
cucmem bUOKOH8EpCUU.

An experimental stand for research of heat exchange is developed. Methods of implementation,
measuring and treatment of experiments are led. Be explored and analysed intensity of heat exchange
to the multi-component organic media for conditions of work of the bioconversion systems.

Beryn

Temriieparypuuil pexkuM CyTTEBO BILIMBAE HA SIKICTb TEXHOJIOTIYHOIO IIPOLECY Ta IPOYKTUB-
HicTh GiorazoBoi ycranoBku (BI'Y), OCKiJIbKM KOJUBAHHS TeMIeparyp B Mexax 4...5 °C pisko
3MiHIO€ MiKpo6ioJoriuHy akTUBHICTD [1].

[Tigirpisanns cyGerpary 3/ilicHioeTbes gk 6e3nocepeanbo B Giopeakropi (BP), tak i 30BHI B
creriasibHoMy migirpiBauKy. OcTanHiii Metos Mae psiz nepesar. [lo-meprie, pisnui temiepa-
Typ Mixk cy6erparom B BP i cyb6erparom, mo HaaXoauTh /10 HbOTO, AysKe mMaga. Ilo-gpyre, pos-
TaulyBaHHS IijlirpiBHuKa nosa BP 3nauno noserurye iforo ekcruiyaraniio i pemonr. IIpu 1po-
My, mizirpis cy6erpary nepen BP 3xilicHioeThes SIK B aHaepoOHUX, TaK i B aepoOHUX YMOBAX.

CupoBuHOIO /711 BUPOOHUIITBA 6iorady MOXKYTb OyTH Bi/IXOAM CiJIbCbKOTO TOCIOAAPCTBA
(croku TBapunHMIBKMX (epM i nraxodabpuK, a TaKOXK BiAXOAM POCAMHHUIITBA), MYHIiLMIAIb-
Hi Ta NMPOMMCJOBI CTOKH, SIKi MicTsaTh opraHiuHi pedoBuHu. CyMmicHe 36pOKyBaHHS KiJbKOX
BU/IiB Bi/IXO/IiB 3yMOBJIIO€ 36iJ/bllleHHsT BUX0/My 6iorasy Ha ofuHHUIIO 06’eMy MeraHTeHKa [2]. B
pes3yJibTari yTBOPIOIOTbCA CYMillli 3 Pi3HUM CKJIAJOM OpraHiYHUX PEYOBUH, 3 Pi3HUM MaCOBUM
CIiBBi/IHOIIEHHSM, 3 Harepe/l HeBU3HAYCHUMU TeIJIOPi3SUIHUMU TTapaMeTPaMu.

[lns1 BUSBJICHHS Ta OOTPYHTYBAHHS 3aJI€XKHOCTEH [T OIiHKU 3HAUYeHb Koedilli€HTiB TeIIo-
Bify1aui HeoOXi/IHO BU3HAYATH TeIIOMi3UdHI BJACTHBOCTI CyOCTpaTiB Pi3HOTO MOXO/KEHHS Bil-
MOBiZTHO /10 YMOB, B sgkuX npaioiots BIY. [locaimkenus TemnnodisudHUX BJIACTUBOCTEN TaKoi
rpynu koMO6iHaIiil cymimeil ckiasae AOAATKOBI TPYAHOII Ta 3aJUIIAETHCS TPO6IEeMATHIYHUM
[3, 4]. Jna Bosormx MarepiajiB, y TOMy 4YHCJi MaTepiajiB POCJUHHOTO Ta TBAPUHHOTO IOXO-
JUKEHHST, BU3HAYEHHS TeNI0(]i3sNYHUX BJIACTUBOCTEN YCKJIAHIOETHCS Pi3HOMAHITHICTIO CyMillleii,
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HasBHICTIO TIpolleciB MacooOMiHy, XiMiuHMX Ta 6i0JIOTIYHMX TIepeTBOPEeHb, a IOCJi/PKEHHS TOH-
KMX HUTOK, TOHKUX IJIiIBOK TOBHUIMHOIO B /leKiJIbKa MiKpPOMETpiB BaXXKO peaJsli3yBaTu B IIPOMUC-
JIOBUX yMOBax [5].

Mero10 po6oTH € PO3pOGKa EKCIIEPUMEHTAIBHOTO CTEH/LY, METOIMKKM BUMIPIOBaHb, TOCTAHOBKH
€KCIIepUMEHTY, JIOCJI/KEHHST Ta aHaJIi3 TeTIo0OMiHy /10 6araTOKOMIOHEHTHOTO CEPEeIOBUIIA.

BBepeHune

TemMnepaTypHbIi pEXUM CYLLECTBEHHO BMMSET Ha KA4eCTBO TEXHOMOMMYECKOro npouecca n npous-
BoguTenbHocTe Bnorasosol yctaHoskn (BIY), nockonbky koneGaHwe TemnepaTyp B AuManasoHe
4...5 °C pesKo n3mMeHseT MUKPOoBUONOrn4eckyo akTuBHoCTb [1].

Mogorpee cybcTpata ocywecTBNsieTCa Kak HenocpedcTseHHO B BruopeakTope (BP), Tak 1 BHe peakTo-
pa B cneumanbHOM nogorpesarene. locnegHwin meTog MMEET psg npeumywecTs. Bo-nepsbix, pasHuua
Temnepatyp mexgy cybctpatom B BP n cybcTpaTom, KOTOPBIA MOCTynaeT B HEro, oveHe mana. Bo-
BTOPbIX, pasmeLleHre nogorpesartens BHe BP 3HauntenbHO obneryaeT ero akcnnyartauuio n pemMoHT. Mpn
3TOM, nogorpes cybeTpaTta 4o bP nponssognTtest kak B aHaspobHbIX, Tak 1 B a3p0BHbIX YCNOBUSIX.

Cbipbém gnst npoussogcTea 6morasa MoryT OblTe OTXOAb! CENBbCKOrO X03ANCTBa (CTOKN XXUBOTHOBOA-
Yecknx depm n ntuuedabpuk, a Takke oTxodbl nocne nepepaboTkn pacTeHwi), MyHULuMNanbHble U
NPOMBILLNEHHbBIE CTOKW, KOTOPbIE COAEPXKAT opraHuyeckue sewectsa. CoBMeCTHOE BPOXEHNE HECKOMb-
Knx BuAoB oTxodos obycnasnveaeT yBennyeHue Bbixoga Ovorasa Ha eguHuily meTaHTeHka [2]. B pe-
3yneTate o6pasyloTCsa CMeCH ¢ pasHbiM COCTABOM OpPraHWYecKMX BELECTB, C Pa3HbIM MacCOBbIM COOT-
HOLUEHWEeM, C 3aBeJOMO Heonpeaen&HHbIMM TENNOPUINYECKMU CBOKCTBAMM.

Mpwn onpegenenHnn n 060CHOBAHNM 3aBUCUMOCTEN ANS OLEHKN 3Ha4YeHUI KoadhPUMEeHTOB TENIooT-
Aayn HeobGxodmMmo onpeaendartb Tennodursndeckne cBocTBa cybcTpaTa pasHoro NpoONCXOXAEHUSA B CO-
OTBETCTBUM C YCNOBUSAMU, B KOTOPbIX paboTatoT BI'Y. Nccnegosanne Tennouanyeckux CBOUCTB Takown
rpynnel kKOMGMHALWA CMeceil cocTasnaeT AONONHUTENbHbBIE TPYAHOCTU U OCTaéTtca npobnemaTnieckum
[3, 4]. Onsa BnaHbIX MaTepuanos, B TOM YMC/e MaTeprUanoB pacTUTENbHOMO M XXNBOTHOMO NPOUCXOXKAE-
HW4, onpegeneHne Tennogunanydecknx CBOUCTB YCNOXHSETCA pasHoobpasnem cmecel, CywecTBOBaHU-
€M MpoLeccoB MaccoobmeHa, xummnieckux n Gruonormdecknx npeocbpasosaHnin, a NCCNegoBaHNe TOHKNX
HUTEW, TOHKMX NNEHOK TOMNWMHOA B HECKONBKO MUKPOMETPOB TSXENO peann3oBaTb B NPON3BOACTBEH-
HbIX ycrnosusx [5].

Lenblo paboTbl sBNseTcA paspaboTka SKCNEPUMEHTanbHOro CTeHaa, MeTOAMKA MU3MEPEHWUW, no-
CTaHOBKW 3KCMEPMMEHTA, UCCnegoBaHne 1 aHanns TennoobMeHa K MHOrOKOMMOHEHTHON cpeae.

Introduction

The temperature conditions have a substantial influence on the quality of technological proc-
ess and the productivity of biogas unit (BGU), as temperature fluctuations within 4...5 °C change
the microbiological activity rapidly [1].

The substance heating is performed directly in the bioreactor (BR) as well as outside in the
special heater. The latter method has some advantages. First, the difference between the sub-
stance temperature in BR and the one that entersit is very slight. Second, the heater location out-
side BR makes its maintenance and repair much easier. Besides, the substance heating before
BR is performed both under anaerobic and aerobic conditions.

The raw material for biogas production can be found among the wastes of agricultural produc-
tion (cattle and poultry farm sewage, plant wastes), municipal and industrial sewages, containing
organic matters. Joint fermentation of several wastes types results in the increased biogas output
on unit metantank [2]. As the result the mixtures with different organic matters contents, different
mass correlation, indefinite heat- physical parameters are formed.

For determination and substantiation of dependences to evaluate the coefficient of convec-
tive heat transfer it is necessary to determine the heat and physical properties of substances of
different origin according to the conditions under which BR operates. The research of heat and
physical properties of such mixture combination groups contains extra difficulties and remains
problematic [3, 4]. So, for wet materials, including materials of plant and cattle origin, the defini-
tion of heat and physical properties is complicated by the variability of mixtures, the presence of
mass exchange processes, chemical and biological conversions. The study of thin threads, thin
films being several micrometers thin are generally not possible in the terms of industry [5].

The aim of this article is working out the experimental stand, methodology of measuring, carry-
ing out the research, studying and analyzing of heat transfer in multi- component environment.

ExcnepumeHTajibHa yCTaHOBKA i pe3yJbTaTH A0CJIi/XKeHb
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OpraniyHi YaCTUHKM POCJMHHOTO TIOXO/KEHHSI B 6AraTOKOMIIOHEHTHOMY CEpe/IOBUIIl SIBJISI-
I0Tb cO60I0 Bi/IX0/M, SKi ojiepsKaHi B IIpolleci OuMIeHHSI HaciHHg OypsiKa, po3MipH TBEpAUX
yactuHoK dy = 0,1...1 Mmm — 70 %, d¢y = 10..20 MM — 1 %, 1 MM < d; < 10 MM — 29 %.

Excnepumentanbnuii crens, (puc. 1) cknagaerbes i3 tppox migcucrem. Iligcucrema I — em-
HicTh 1 3 TemIooOMiHHMKOM 3 Ta Mimmajkoi 2. €MHICTh SBJSIE cO60I0 IUJHAP HdiaMeTpoM
D = 0,175 m; Bucoroto L = 0,475 M, gkuii 3aKpUTHil 3BEpPXY.

Puc. 1. IlpunnunoBa cxeMa eKcliepUMEHTAJbHOI YCTaHOBKM: mmifcucreMa | — 1 — emuictp; 2 — mpucrpiil aas
TMepeMilyBaHHsA; 3 — TeMI00OMIHHUK; mificicTeMa II — 4 — KopIyc TeIJIOTeHepaTopa; 5 — eJeKTpo-
HarpiBHMii ejeMeHT; 6, 7 — nijgHiManbHA Ta ONMycKHa TPyOH BiNOBi/IHO; 8 — BijlleHTPOBHI HACOC;
migcucrema 111 — 17, 2/, 3’ — tepMonapmu

Puc. 1. MpuHuMnnanbHas cxema aKCnepuMeHTanbHo ycTaHoBku: nogcucrema | — 1 — émkocTb; 2 — npucnocobnexune
ans
nepemeLunBaHms; 3 — TennoobmMeHHKK; nogcucrema |l — 4 — kopnyc TennoreHepartopa; 5 — anekTpoHarpesaTenb-

HbI ANEeMEHT; 6, 7 — nogbeéMmHas u onyckHasi TpyObl COOTBETCTBEHHO; 8 — LEeHTPOOEXHBIN Hacoc; nogcucrema il
— 1/, 2', 3 — Tepmonapbl
Fig. 1. The principal scheme or the experimental unit: subsystem | — 1 — vessel; 2 agitation device; 3 — heat exchanger;
subsystem Il — 4 — body of heat generator; 5 — electric heating element; 6, 7 — elevating and lowering pipes re-
spectively; 8 —centrifugal pump; subsystem Il — 1/, 2", 3" — thermocouples

[Migcucrema IT — mifcucremMa MiAroTOBKM i MOJAYi TEMJIOHOCIS B TEIJIOOOMiHHUK 3, IO PO3-
tamoBanuii B eMHocTi 1 i3 cyminmimio. Takum ynHOM, 3MillOBUKOBUH TerI006MiHHUK (3TO) 3 ¢
OJ/THOYACHO 1 eJIeMeHTOM IIi/ICHCTEMHU IiATOTOBKHU, i mojaui temmponocis. Ilizcucrema II Bxiouae
Taki eJleMeHTH: 3MillOBUKOBUI TeIJIOOOMIHHUK 3, KOPILyC TelsioreHepatopa 4, omyckHa 6 Ta
migHiMa bHa 7 TPyOH, BiAlleHTpoBHUil Hacoc 8, MOBITPOBiABIAHKK, enekTpoHarpiBauk (TEH) 5 i
6710k xuBsenHs 9. Iloryxkuicts TEHa, perymosanach aBrorpanchopMaTopoM.

BumipioBaJibhi 1pusiajin Ha creH/ii: XpomeJib-Konesesi tepmonapu 17, 2’ 3" tuny L 3 inau-
BiflyaJibHUM TpajyioBanHsM, BoJsbtMerp tumy [4313, smaboparopuuit ammepmerp Tuiy 359,
nudposuii MiniBosbr™erp tuiy I[I[300. Bignocna noxmb6ka BUMipIOBaHHSI CHJIM CTPYMY Ta Ha-
npyru He mepeBuniyBasia 1,1 % rta 2,2 % BignosigHo. [Toxu6Kka BUMipIOBAHHS TeMIIEPATypH ce-
penoswu ckiamae 0,075 °C.

3nilicHIOBaMCh /1B cepii nocaizfiB. B 060X cepisgx MacoBa KOHIIeHTpallis cyxux pedoBuH C.
B cymimi 3miHioBasach Big 4 1o 14 %, remmeparypa — B agiamadoni 20...40 °C. Ejexkrpuuna
MOTY>KHICTh 3aJIMIIAJIACh CTAJIOIO 11ij] Yac IpoBe/leHHs1 cepii gocuipkenb. TerioBa NOTYKHICTD
TeNJI0OOOMiHHUKA 3 TIi/[BUIIEHHSIM TeMIleparypu TPilfHOI Bo/M JIeNIo 3HMKYBaJach, B 3B‘SI3KY 3
TENJIOBUMY BTpaTaMK B HaBKoJMIIHE cepepoBuie (puc. 2).

[lepma cepist mocaipkend TemmoooMiny Mixk 3TO i cymimimo TpoBOAWIACH TAKUM YUHOM.
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3aJsiMBaJsiach Boj/la B €MHicTb, BKJIOyasiach mijcucrema [I. dDikcyBasach Temiieparypa BoOJU B
€MHOCTI Ta TeMmepaTypa rpiliHOT BOAM Ha BXO/i i BUXo/i 3i 3MilloBUKOBOTO TeryiooOMiHHUKA. B
pasi gocaruenns pigunoio B eMHocTi 1 temneparypu ¢ = 40 °C migcucrema 11 Bigkmouanacs.
[Ticaa mocsATHEHHS BOAOIO TeMIlepaTypd HAaBKOJMIIHBOIO Cepe/lOBUINA B Hei 3achIiajach Iepiia
MOPIIisl OPTaHivyHOi PEYOBMHM B TaKiil KiJbKOCTi, M06 MacoBa KOHIIEHTpAIliS CyXWX PEUYOBHWH B
cymimi crmagama Ce = 4 %.

[Ticais 11borO MEpeMinryBau CyMilll B €MHOCTI, 3a IONOMOTOI0 MIlIAJIKU 3 KiJbKicTio 06epTiB
— 38...40 o6/xB. Ilapasnesbno Briouanu nigcucremy II, dikcyBasnm Bci BKasani Bullle Temile-
parypu. IlepeminryBanus cymimii 3iilicHIOBasoCh TepiofinyHo 3 inTepBasjoM B 15 xBuiun. Tem-
mepaTrypa BHUMipIOBaJIach Mepe/l YeproBUM IepeMillyBaHHSAM, TOOTO yepe3 15 XBUJIUH MicJs TIO-
[epeIHbOro IepeMilllyBaHHA.

3 pocsirHenHsaM Temneparypu cymimi ¢, = 40 °C nigcucrema II Bigkmouanacs. Cyminr oxo-
JIOJUKYBAJIach 10 TeMIlepaTypyu HaBKOJIMIIHLOIO cepe/loBUINA fp i B Hel JoJaBajy OpraHiyHi pe-
YOBUHM B TaKill KiJbKOCTi, 106 MAacOBY KOHIIEHTPAIlil0 CYXUX PEUYOBUH ITi/[BUIIATH Ha 2 %. Ha-
JIi J1OCJIiJI TTPOBOJIMBCSL 32 METO/IMKOIO olnucaHolo Buile. [Ipu 11boMy KOHIeHTpallis 3MiHIOBaJaACh
Bin 2 mo 14 %.

Cepist mocmifiB 3 yvacom ButpumMku cymimii 170 rox mepe/; moyatkoMm ekcriepuMeHTy OyJa op-
ranizoBana takuMm umHoM. CyMmimn 3 MacoBoio KoHieHTpaiieio C, = 4 % BHUCTOIOBAJIACh B IPU-
mimenHi 3 temneparypoio 17...24 °C 170 ropun i 3anmBaJsiacd B €MHicThb. PiBeHb 3amoBHeHHS
eMHOCTi 2 = 125 MM, BHUCOTa BiJIbHOI TOBEPXHi CyMillli HAJ[ TETIJIOOOMIHHUKOM /2y = 25 MM.

4
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Puc. 2. Kapra nposejieHHs eKcriepuMenTy: 1 — KpuBa MacoBOI KOHLEHTPAIlii CyXUX PEYOBMH;

2 — 3MiHa TeMIlepaTypu CyMillli B €MHOCTi; 3 — 3MiHa cepelHboi TeMIepaTypH rpiiinoi soau B 3TO;
4 — 3miHa TemyoBoi notyxuocti 3TO

Puc. 2. KapTta nposefeHusi onbIToB: 1 — KpuMBas MacCoBOW KOHLEHTpaLun CyxXux BELLECTB;
2 — n3mMeHeHne Tenepartypbl CMeCu B EMKOCTU; 3 — U3MEHEHNE CPeAHe TemnepaTypbl rpetowein soasl B 3TO;
4 — n3meHeHune Tennosoii mowHocTn B 3TO

Fig. 2. Process chart: 1 — dry matter mass concentration curve; 2 — temperature changes of mixture in the tank;
3 — average heating water changes in CHE; 4 — heat capacity changes in CHE

[Tutomuii TeTIOBUiI TOTIK Bijl TPiliHOT BOJAM /10 CyMilli BU3HAYaBcs 3a (OPMYJIO0

CIc = QZ’/F’ (1)
ne Q, — rtemnoBa norysxkHicts 3TO, Br (tennosas mowwocTs, BT; heat output, Wt); F — rmuiomma
nosepxui Harpisy 3TO, M? (nnowaae nosepxHocTY Harpesa, M?; heating surface area, m?).

Besmunna Q, BusHavasach 3 GaJaHCOBOIO PiBHAHHS

Q;=0Qpn — ZQy — ZQy, (2)
ne Qpg — TemoBa ITOTYXKHIiCTh ejleKTpoHarpiBHUKa (Tennosas MOWHOCTb 3neKTpoHarpesaTens;
heat output of electric heater); £Q, — cyMapHa TeIlJIoBa MOTYKHICTb BTPAaT, SIKa BKJIOYAE BTPATH
Ha HarpiBaHHA CTiHOK KOPpIlyca TellJloreHeparopa, BTpaTu yepes3 IMOBEPXHIO KOpIlyca Ta TEILIOBY
i30/1511i10, BTpaTu B MifHIMaAbHIN Ta oNMycKHili Tpy6ax umMpKyasauiiinoro kourypy (cymapHas Te-
nnoeasi MOLYHOCTb MOTEPb, B KOTOPYIO BXOAAT NOTEPM HA HAarpeBaHNe CTEHOK KOpMyca 1 TEMoBY0 U30NALMIO,
notepu B NOABLEMHON N ONyCKHOM Tpybax uMpKynaumoHHOro KoHTypa; total output of heat losses, which in-
cludes losses on heat generator body heating, losses through the body surface and heat isolation, losses in

elevating and lowering pipes of the circuit.); *Q, — cyMapHa TeIlJIoBa IOTYXKHICTb, AKa aKyMyJIo-
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€THCS TEIUIOHOCIEM B LMPKYJSAIIRHOMY KOHTYpPi Ta B KOXKyci Terorenepatopa (cymmapHas Ten-
NoBast MOLLHOCTb, KOTOpasi akkyMynmupyeTcsl TENSTOHOCUTENEM B LIMPKYIISILMOHHOM KOHTYPE U B KOXYXe Tero-
reHepartopa; total heat output , accumulated by the heat-transfer agent in the circuit and in the housing of the
heat generating unit.).

CymapHa TensioBa MOTYKHICTb BTpaT BU3HAydaJsach eKCIIEPUMEHTaJbHO i po3paxyHKoBo. Ya-
CTKa BTpaT TEIVIOTU Bi/l HMPKYJISILIHHOTO KOHTYPY B HABKOJIUIIHE CepejloBUIlE, SKi BU3HAUEHi
eKCIIepUMEHTAJIBHO, TI0 Bi/HOIIEHHIO /10 ejekTpuunoi noryskuocti TEHa ckmagana 16...25 %.

BignocHa moxu6ka B o6umciaeHHsIX Q, OIiHIOBAIach B 2,5 %, KA 32 YMOB 3iCTaBJIEHHS 3
ATbTEPHATUBHUMHY METO/IMKAMU BUSBUJIACH HAUMEHIIIOIO.

Po36ixHicTh MiXK eKCIepuMeHTAJIbHUM Ta PO3PaXYHKOBUM 3HAYEHHSIMU BTPAT TEIJIOTH Bif
MUPKYJIsIiiiHOro KoHTypy & = 2...15 %.

KoedinienT temmosiadi 1o cyminri BU3HAYAE€ThCS 32 (HOPMYJIO0

o =q./0, (3)

e 0. =ty — t, — cepelHiil TeMIlepaTypHUN HAIip MiXK 30BHIIIHBOIO CTiHKOIO IIOBEPXHi HATPiBY
i cyminmo, °C (cpegHuii TeMnepaTypHbIii HAMoOp MEXay BHELWHEl CTEHKO MOBEPXHOCTU Harpesa 1 cme-
cbio, °C; average temperature head between the inner heating surface wall and the mixture, °C); t — ce-
pemnst temreparypa 30BHiMmHBOI crinkum 3TO, °C; (cpegHss TemnepaTtypa BHewHeii cTeHkn, °C;
average temperature of the outer wall, °C).

TeMrepaTypa 30BHINIHBOI CTIHKYM TeIJIOOOMiHHUKA TpUiiMaTach SIK cepejiHs TeMIileparypa Te-
IJIOHOCIST B IIMPKYJISIIIHHOMY KOHTYpi 3 ypaxXyBaHHSM TepMiuHOrO OHOpY CTiHKM O/A i TepMiu-
HOTO omnopy TeryoBiavi 1/0,, 3 60Ky TpiitHOi Boam, TOOTO

tst = tv_qc OLL—F% . (4)
[y

o, Br/(u®- K), 3a pesyJsbTaraMu OOpOOKM [TaHUX cepil
75 (‘)’V v(m’-K) HaJ/Iaro/PKyBaJIbHUX JIOCJIi/IIB  BCTAHOBJIEHO,
b o—1 [0 BifiHOCHA MOXWOKA /I BU3HAUYEHHS KOe-
600 :: ':'Azi ilieHTiB TemmoOBi/Iaui 3a HaBeJleHoio BHIIlE
500 1 o4 METOIUKOIO He HepeBI/ImyBaJIa 8...10 %. '
a-s Ha puc. 3 noxkasani exkcnepuMeHTAJbHi
400 * *-6 Ta PO3PAXyHKOBi 3aJIeXKHOCTI KoeillieHTiB
TerioBi/ytadi Bijg rpiitHOl crinku 3TO no
300 OpPTraHiuHUX CyMilleil 3 pi3HUMU KOHIIEHT-
200 * D palisiMu CyX#MX PEeuyoBUH B BOJIi Ta /10 BOJU
~ » :: B yMOBaxX CTajol TeIUIOBOI IOTY>KHOCTI

A A A 4 - _
100 Lo o & euekrponarpisiuka (Qp = 96 Br). Excre-
PUMEHTAIbHI Ta PO3PAXYHKOBi [JaHi g
0 ) . 6 6 10 12 14 BOMI IPaKTHYHO 36iraloTbes, Toukm 1—2.
c.% Ha puc. 3: Toukn 1, 3 — pO3paxyHKOBi
Puc. 3. 3anesxuicts koedilientis Temnopianayi i 3HAUEHHS 11 BOAM Tipu Temrepatypax 20

KOHLeHTpauil cyxux peuosun: 1...4 — pospaxyH- j 40 °C Ul YMOB BiabHOT KOHBeKwii i 3a

KOBi Ta eKCIepUMEHTATbHI 3HAYEHHST JIJIsI BOJIN; . . . . .
. . . HAasAIBHOCTI HepeMlIHyBaHHH , B1JIIOB1/IHO, 2 ,
5,6 — cymim, 7=0ron i 7, =170rox.

4 — eKCHepI/IMeHTaJIbHi 3HAQUYCHHA [1JIsI BO-
Puc. 3. 3HaueHus koachhULNEHTOB TEMNNOOTAAYMN B 3aBUCUMO- )
CTM OT KOHLEHTPaLMM cyxix sewects: 1.4 — pacuet- /i1 1ipu Temrieparypax 20 i 40 °C B ymoBax
Hble U 3KCIEpUMEHTanbHble 3Ha4YeHUs! A1 BOAbI; BiJIbHOT KOHBEKIii i 3a HAsIBHOCTI HepeMi-
5,6 —cmech, 7 =0uvacu 7, = 170 vac . . . .
nryBaHHs, Bignowigno; 5, 6 — cywmim, 3

Fig. 3 The notion of heet emission coefficient depending
upon dry matter concentration: 1...4 — calculated 1acoM  BUTPpUMKHU IIepe]l  EKCHEpUMEHTOM

and experimental results for water; 5, 6 — mixture, Ty = 0 roj ra Ty, > 170 roji.

t=0hand7, =170 h Koedirmientn TemmoBi/yiaui ajst  BOAM
O6GUKC/TIOBAJINCH 32 BIJIOMOIO KpUTEpiaib-

HOIO 3aJIe’KHiCTIO
Nu = 0,5(Gr-Pr)%:25, (5)
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ne Gr — kpurepiii Tpacroda (kputepuit Mpacroda; Grasshoff criterion); Pr — kpurepiii [Ipanrias
(kpuTepuit MpaHaTns; Prandtl criterion)[6].

s ymosu 1, < 170 tom ta 170 < 1, < 400 rox crnocrepiraerbcsi 4iTKa 3aKOHOMIiPHICTD
o= f(C.) pna t, = 20...40 °C 3 Bigxu/aeHHAM Biji ycepeHeHUX 3HaUeHb 10 22 %, TOUKM 3 Ta 4
Ha puc. 3. AJle B JTaHOMY BHIIQJIKy MOKHA JOMYCTUTH HasBHICTH 3asexkHocti o0 = f(Cq, 15) IS
OpraHiYHUX [OMIIIOK yKa3aHOl BUIlEe IPUPOIU.

B mportieci mocatipkeHb HaMU cIiocTepirasoch sk ABodasHa cucTeMa «TBep/a auctiepcHa da-
3a — piJKe aucrepciiiHe cepeoBUIey», MO 3 YacOM IepeTBopioBatach Ha Tpuga3Hy CUCTEMY
«TBepsia aucriepcHa ¢asza — pifKe aucrepciiine cepepoBuiie — razoBa dasayr. [logaTkoBo
3‘aBisiiach razoBa asa BHacJiOK 6ioxiMiuHmx peakiiii. Ak Bimomo 3 giteparypu [7—10],
Taki cyMilli XapaKrepudylOTbCs TUKCOTPOIHICTIO Ta IIOJI/JIUCIEPCHICTIO, 10 IHPUBOAUTH /10
YTBOPEHHSI JIBOX TIApiB i3 TBep/AMX YACTMHOK: BEPXHBOTO IMapy 3 TBEPAUMU YACTHMHKAMU Ta
HUXHDOTO OCa/IOBOrO, MiXK SIKMMU icHye pinka ¢asa. Tomy mij yac ekcliepuMeHTy HaMu 3/lilic-
HIOBAJIOCH TIepioiMuHe TMepeMillyBaHHsI CepeIOBUINA [/ CTBOPEHHSI 3aBUCJIOTO MIapy OpraHiu-
HUX YaCTUHOK.

3 nokasanux rpadiunnx 3anexuocreil (puc. 3) MokHA 3pOOUTH BUCHOBKHM, 110 Koedilli€eHTH
TENJIOBi1aui 0 cyMimii 3 yacoM BUTpUMKHU T, < 170 tom ta 170 < 1, < 400 Tom mepen ekcrie-
puMmenToM Menmi B 1,7...7,5 pasiB B MopiBHAHHI 3 KoedillieHTaMM TeIJIOBi/1adi MO0 BOMIU
(t = 20...40 °C). BiaxuJeHHs Bijl ycepeJIHEHOT0 3HAYEHHS O, 0 cyMilli He mepesuiiye 40 %.
Po36ixkHicTh B 3HaUEHHSIX O MOXKHA MOSCHUTU THUM, IO TeMIlepaTypa CyMillli IIiJ{ 4ac IpoBe-
neHHs1 exkcnepuMmenty npu C. = const 3miHoBasach Big 20 1o 40 °C, a pyuriiinuii remneparyp-
HUi Hamip B Mexkax At = 6...11 °C.

BB 1, BUSIBISIETBCS B TOMY, 1O TBepja dasa B mpolieci 6pO/iHHS Ta TeMJIoBOI 06pOOKH
3B‘a3ye Bosiory [10], BHaciok yoro 3MiHIOIOTBCS 11 PO3MipH, a TaKOK CIIiBBiTHOIIEHHS MiK
00‘€eMHUMU CKJIQIOBUMHI KOMIIOHEHTIB. AJle CyTTEBOTO BILJIUBY Yacy BUTPUMKHU CYyMillli Ha iHTEH-
CUBHICTD TeNJI000MiHYy He BUSBJICHO.

OxkcnepumMeHTanbHas YyCTaHOBKa U pe3yJibTaThl UCcCnenoBaHUi

OpraHuveckne 4actuubl pacTUTENbHOrO NPOWUCXOXAEHUS B MHOrOKOMMOHEHTHOW cpede npeacTas-
nalT coBoll OTXOAbl, KOTOPbIE MOMyYeHbl MPU OYUCTKE CEMSH CBEKNbl, pasMepbl TBEPAbIX YacTuy,
d:=0,1..1MM—70 %, d;=10..20 MM — 1 %, 1 MM < d; < 10 MM — 29 %.

JKcnepMMeHTanbHeIN CTeHA COCTOUT U3 ThbOX NOACMCTEM M Noka3aH Ha puc. 1. MNogcuctema | — ém-
kKocTb 1 ¢ TennooBbmeHHnKOM 3 1 mewankon 2. EMKoOCTb npeacrtaeBnseT coboin uunuMHAR AnameTpom
D = 0,175 wm; BbicoToil — L = 0,475 M, KOTOPbIN 3aKPbIT CBEPXY.

Moacuctema |l — nogenctema NOArOTOBKM U NOAAYN TEMAOHOCUTENS B TENNOOOMEHHMK 3, KOTOPbIV
pasmeLliéH B Emkoctn 1 co cmecblo. Takmum oBpa3om, 3meeBukoBbIn TennoobmeHHuk (3TO) asngaetcs
OAHOBPEMEHHO U 3NEMEHTOM MOACUCTEMbI NMOArOTOBKM, U Nogaymn TennoHocutend. MNMoacuctema Il co-
CTOMT M3 TaKNX 3MIEMEHTOB. 3MEEBUKOBbIA TENNOoOMEHHMK 3, KOpMnyc TennoreHepaTopa 4, onyckHasa 6 n
nogvémHas 7 Tpybel, LeHTpobexHbIM Hacoc 8, BO3AyX00TBOAUMK, anekTpoHarpesaTens (TEH) 5 n 6nok
nutaHua 9. MowHocte TEHa, perynuposanace asToTpaHcgopMmaTopom.

NamepuTensHble Npmbopbl Ha cTeHde: xpomerk-konenesble Tepmonapel 17, 2, 3’ Tuna L ¢ nHgmem-
AyanbHblM rpagyvpoBaHmem, BonbTmeTp Tvna L4313, nabopaTtopHbin amnepmeTp Tuna 359, uudpo-
Bovi munnueosneTMeTp Trna LW300. OTHOCUTENBbHASA NOrPELUHOCTb U3MEPEHMI CUSbI TOKA U HaMNPSPKEHUSA
He npeeblwana 1,1 % u 2,2 % cooTBeTCTBEHHO. [MorpewHocTs M3mMepeHnst TemnepaTyp cpegbl CocTas-
naet 0,075 °C.

OcywecTBnanucb ase cepun onbiToB. B 06enx cepusax maccosasd KoHUeHTpauma cyxux selects C,
B CMecU mameHsinacb ot 4 o 14 %, temnepatypa — B guanasoHe 20...40 °C. dnekTpuyeckas MOLL-
HOCTb OCTaBanach MOCTOSIHHOW BO BpeMs NPOBEAEHUS CepUU UCTbITaHWIA. Tennosas MOLWHOCTb TEMSO-
obMeHHUWKa C BO3pacTaHWeM TemnepaTypbl rpetoweil Bodbl HEMHOrMO yMeHbLlanack B CBS3WU C TENno-
BbIMW MNOTEPSIMU B OKPYXaloLyIo cpegy (puc. 2).

MepBaga cepua nenbiTaHuin TennoobmeHa mexgy 3TO n cmecblo nNpomsBogmnnack Takum obpasom.
3anueanack Bo4a B €MKOCTb, BKNovanack nogcuctema ll. dnkcnposanack TemnepaTypa BoAbl B EMKO-
CTW 1 Temnepatypa rpetoweil Bogbl Ha BXO4e U BbiXxoAe M3 3MeeBMKoBoro TennoobmeHHrka. Mpw goc-
TVXKEHUN XMOKOCThIO B emkocTn 1 Temnepatypel t = 40 °C nogcuctema Il oTkniovanace. Mocne goctu-
XEeHUS BOAOW TemnepaTypbl OKpyXalLel cpedbl B HEe 3acbinanachk nepsas nopuns opraHu4eckoro
BELleCTBa B TAKOM KonuyecTse, 4To6 MaccoBas KOHUEHTpauus Cyxux BELecTB B CMECWU cocTaenana
C.=4%.
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Mocne 3Toro nepemewwMBany CMeCb B €MKOCTW, Mpu NOMOLUM Mellanku ¢ 4ucrnom obopotoB —
38...40 06/muH. MapanneneHo BKAOYanack nogeuctema ll, omkcuposanmce BCe ykasaHHbIE BbIe TeM-
nepaTtypsbl. [lepemelumBaHne CMecu NPon3BOAMIIOCH NEPUOANYECKN C MPOMEXYTKOM BpeMeHn B 15 mu-
HyT. TemnepaTypa uamepsinace nepes odepeiHbiM NepemellMBaHuemM, To ecTb Yepes 15 MUHyT nocne
npeabIayLWwero nepemMeLLmMBaHus.

Mocne goctmxeHnsa TemnepaTypbl cmecn f. = 40 °C nogeuctema Il oTknovanacs. Cmech oxnaxaa-
nacb 40 TeMnepaTypbl OKpyXaoLwen cpeael i 1 B Hee fo06aBnany opraHu4Yeckue BeLlecTsa B TakoM KO-
nnyecTtse, YTOO MaCCOBYIO KOHLEHTPAUMIO CyXMX BELWECTB NOBbICUTL Ha 2 %. [lanee onbIT npoBoguncs
3a METOAUKOM NPUBEAEHHON BhIWE. [pn 3TOM KOHUEHTpaumMsa B ONbITax n3MeHsnacek ot 2 4o 14 %.

Cepus onbITOB CO BpeMEHEM Bblgepkkn cmecn 170 yacos nepeq Havanom skcnepumeHTa Obina op-
raHnsoeaHa Takmm obpazom. Cmeck ¢ MaccoBOW koHUeHTpaumen C. = 4 % BbICTanBanacb B NomMeLle-
HUM ¢ TemnepaTypon 17...24 °C 170 yacoB n 3anuBanack B €MKOCTb. YPOBEHb 3arnoSfiHeHUss EMKOCTH
h =125 mm, BbicOTa cBOOO4HOI NOBEPXHOCTM CMECU Hag TennoobmeHHUKoM hy = 25 mm.

YpensHbI TENOBON NOTOK OT rpetowen Bogbl K cmecn onpegensancs no dpopmyne (1).

BennunHa Q, onpegenanace 13 6anaHcoBoro ypasHeHus (2).

CymmapHasa Tennosasi MOLUHOCTb MOTEpPb ONpefensanack 3KCNEepUMEHTanbHO W pacCcyuTbiBanach.
Jdona notepe TennoTbl OT UMPKYNSLUMOHHOIO KOHTYpa B OKpYXaloLlylo cpedy, KoTopble onpeaeneHs!
3KCNEPUMEHTANIBHO, MO OTHOLUEHWIO K 3fekTpuveckon mowHoctn TEHa, coctasnseT 16...25 %.

OTHocHTEeNbHas NOrpeLHoCcTb B BblMCHeHnax Q, oueHnBanack B 2,5 %, KoTopas npu conocTtasne-
HUW C anbTepHaTUBHBLIMU METOAMKAMMW OKa3anacb HauMeHbLUEA NOrpeLLlHOCTbIO.

PacxoxgeHue Mexay aKCnepumeHTanbHbIM 1 PACHETHBIMU 3HAYEHUSIMWU NOTEPb TENNOThl OT LIMPKY-
NSAUMOHHOTO KOHTYpa &' = 2...15 %.

KoadhdmumeHT TennooTgaudm kK cmecu onpegenserca no dopmyne (3).

TemnepaTtypa BHELHEW CTEeHKU TennoobMeHHVKa npuHMMarnack Kak CpefHsas TemnepaTypa Tensno-
HOCUTENS B LUMPKYNALMOHHOM KOHTYpE, C y4ETOM TEPMUYECKOrO COMPOTUBMEHNS CTEHKW N TEPMUYECKO-
ro CONpPOTMBNEHNS TEMSOOTAAYN CO CTOPOHbI MPEIOLLEN BOAbI MO 3aBUCUMOCTHU (4).

B pesynbtaTte 06paboTku AaHHbIX CEpUN HanaZoYHbLIX OMbITOB YCTAHOBMEHO, YTO OTHOCUTENbHas
NOrpewwHocTb ANA onpedeneHns KoadMULNEHTOB TENNOOTAaqM Mo NPYBEAEHHON Bbille METOAUKE He
npesbiwana 8...10 %.

Ha puc. 3 npvBegeHbl aKCNepUMEHTanbHbIE U pacyeTHbIE 3aBUCMMOCTU KOIPDULNEHTOB TEMOO0T-
Aaum ot rpeoweit cteHkn 3TO K opraHn4eckMM CMECsIM C PasHbIMM KOHLEHTPaUMSAMN CYyXUX BeLecTB B
BOAE W K BOAe B YCMNOBMUAX MOCTOSHHOW  TENNOBOA  MOLUHOCTW  SneKTpoHarpesaTtens
Qe = 96 BT. OkcnepvmMeHTanbHble K pacyeTHble AaHHble ANS BoAbl MPaKTUYECKU COBMaZaloT, TOYKW
1—2. Ha puc. 3 Toukm 1, 3 — pacuyéTHble 3HadeHus gnga sogel npu temnepartype 20 u 40 °C ang ycno-
BUI cBOOOAHON KOHBEKUMW U NPY HAaNM4Ynn nepemMeLlnBaHns COOTBETCTBEHHO; 2, 4 — aKCnepumeHTanb-
Hble 3Ha4YeHuna gnst Bogbl npu Temnepatype 20 n 40 °C gnsa ycnosuin cBOBOAHON KOHBEKLMN U NPW Ha-
nynM  nepemMelinBaHnA COOTBETCTBEHHO; 5, 6 — CMeCb, CO BpEMEHEM BbIAEPXKW nepes,
akcnepumeHTom t,= 0vacun 1, > 170 vac.

KoadhdumumeHTsl Tennootgayn angd Bofbl pacCHUTbiBANNCL NO U3BECTHOW KpUTepuanbHOW 3aBucu-
mocTm (5), [6].

Onsa ycnosui t, < 170 vacoB n 170 < 1, < 400 yacoB OTCNEXMBaETCA YeTKas 3aKOHOMEPHOCTb
a = f(C;) npu t. = 20...40 °C C OTKNIOHEHMEM OT YCPEeAHEHHBIX 3Ha4YeHnin o 22 %, To4km 3 1 4 Ha puc. 3.
Ho B gaHHOM crnyyae MOXHO 4OMNYCTUTh CyLlecTBOBaHWe 3aBucumoctun a = f (C;, 1,) ANS OpraHn4eckux
NpUMecei yKazaHHOW Bbile NPUpPoAbI.

B npouecce ucneiTaHmini Hamy Habnganock Kak AByxdasHas cuctema «TBepaas gucnepcHas da-
3a — ugKkas gucnepcuoHHasi cpeja» Co BpeMeHem npeobpasoBbiBanace B TPEXPaA3Hy0 CUCTEMY
«TBEpAAqa gucnepcHaa gasa — xugkaa aucnepcuoHHas cpeja—ras». [JononHUTENbHO noasnsanach ra-
30Bag ¢asa ecneactene Guoxmmmnyecknx peakumii. Kak nssectHo ns nurepatypbl [7—10], Takme cmecn
XapaKTepun3yloTca TUKCOTPOMHOCTBIO U NONMAMCNEPCHOCTBIO, YTO NPMBOAMT K 06pa3oBaHuIo ABYX CMOEB
13 TBEepAblX YacTuL: BEPXHEro Crnos ¢ TBEPAbIMA YacTULE@MW N HWXXHErO 0Caf0MHOr0, MEXAy KOTOpbIMA
cylwecTByeT xuakas dasa. NoaTomy BO Bpems 3KCnepMmMeHTa HaMmu NpoBOAUNOCE Nepuogmyeckoe ne-
pemellBaHue cpedbl AN Co34aHns B3BELLUEHHOrO CNosi OpraHNYeckmx Yactumu,

M3 3aBucumocTein (puc. 3) MOXHO caenaThb BbIBOAbI, YTO KO3(PDULUMEHTEI TENMOOTAAYN K CMECH CO
BpemeHeM Bblgepkkn T, < 170 yacos n 170 < 1, < 400 4yacoB neped 3KCNepMMeHToM MeHbLe B 1,7...7,5
pas no cpaBHeHuo ¢ koapduumneHTamm Tennootgaumn K soge (t = 20...40 °C). OTkNOHeHune oT ycpea-
HEHHOro 3Ha4YeHusA o K cmecu He npesblwaeT 40 %. Pa3bpoc B 3Ha4YEHMAX o MOXXHA OO BACHUTD TEM, YTO
TemnepaTypa cMecu BO BpeMsi NposeaeHns akcnepumenTa npu C. = const namensanace ot 20 go 40 °C,
a ABWXKYLUMIA TemnepaTypHbIA Hanop B npegenax At=6...11°C.

BnvsaHne t, nposiBnaeTcsa B TOM, UTO TBepAas dasa B npouecce GpoxxeHnsa v Tennoson o6paboTkm
ceasbiBaeT Bnary [10], BCneacTeMe Yero N3MEHSI0TCA ee pasmephbl, a Takke COOTHoWeHne mexay obb-
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€MHBIMY COCTaBMSIOWMMUN KOMMOHEHTOB. O4HAKO CYLLUECTBEHHOrO BINNSIHAS BPEMEHWN BbIAEPXKKU CMECK
Ha MHTEHCMBHOCTb TennoobmeHa He oBHapyXeHo.

Experimental stand and research results

Organic patrticiples of plant origin in multi- component environment are the wastes, obtained
by beat purification, the dimensions of dense patrticiples d;= 0,1...1 mm — 70 %, d; = 10...20 mm
— 1%, 1Tmm<di<10 mm — 29 %.

The experimental stand (Fig. 1) consists of three subsystems shown in Fig. 1 Subsystem | —
is the vessel 1 with heat exchanger 3 and mixer 2. This vessel is a cylinder with the diameter
D =0,175 mm; L = 0,475 mm, which is closed from upside.

Subsystem 1l — is the system of heat transfer agent preparation and feeding in heat ex-
changer 3,installed in the vessel 1 with the mixture. Thus the coil heat exchanger (CHE) 3 is at
the same time the element of preparation subsystem and heat transfer agent element. Subsystem
Il includes the following elements: coil heat exchanger 3, heat generator body 4, elevating 6 and
lowering pipes, centrifugal pump 8, air bleeder, electric heater (EH) 5, and the power supply unit
9. The electric power of EH was regulated by the automatic transformer.

The measuring devices on the stand are: chrome- kopel thermocouples 1', 2', 3', of L type with
individual gradation, voltmeter of L4313 type, laboratory ammeter of 959 type, digital millivoltme-
ter of L300 type. The relative error of strength of current and voltage measurement did not ex-
ceed 1,1 % and 2,2 % correspondingly. The error of environment temperatures is 0,075 °C.

The experiments were carried out in two runs .In both cases the concentration of dry sub-
stances C; in the mixture changed from 4 to 14 %, temperature — 20...40 °C. Electric power re-
mained stable during the research. The heat exchange output reduced insignificantly with tem-
perature increase of heating water due thermal losses into the environment (Fig. 2).

The first series of heat exchange research between CHE and the mixture was carried out in
the following way. Water was poured into the tank and subsystem Il was switched on. The water
temperature in the tank was measured as well as temperature of the heating water at the inlet
and outlet of the coil heat exchanger. When the liquid inside the tank 1 reached 40 °C subsystem
Il was switched out. When the liquid in the tank 1 reached the temperature t = 40 °C, the subsys-
tem Il was switched out. When water reached the temperature of the environment, the first portion
of organic matter was added to it in such amount that mass concentration of dry substances be
Ce=4%.

After that the mixture in the tank was mixed by means of the mixer rotating 38...40 r.p.m.. At
the same time the subsystem |l was switched on and all above mentioned temperatures were
fixed. The agitation was done periodically with the interval of 15 minutes. The temperature was
maesured before each agitation, i.e. in 15 minutes after the previous agitation.

When the temperature of the mixture reached t, = 40 °C the subsystem Il was switched off.
The mixture was cooled to the temperature of environment tenv t, and dry organic matter was
added in the ammount enough to increase the dry matter concentration by 2 %. Further research
was carried out according to the methodology described above. Thus the concentration reached
C. =14 %.

The series of experiments with the mixture time delay 170 h before the experiment was organ-
ized in the following way. The mixture with mass concentration of C, = 4 % was delayed indoors
the temperature being 17...24 °C for 170 hours and then it was poured into the tank. The level of
tank filling h = 125 mm, the height of free mixture surface above the heat exchanger h; = 25 mm.

Specific heat flow from heating water to the mixture was calculated according to the formula (1).

Value Q, was determined from the balance equation (2).Total heat output of losses was de-
fined experimentally and calculated

Heat losses of the circulation circuit into the environment, which were determined experimen-
tally, regarding electric power of EH constitute 16...25 %.

The relative error of Q, calculation was evaluated to be 2,5 %, which is the lowest in compari-
son with alternative methods.

The discrepancy between the experimental and calculated ammount of heat loss from circula-
tion circuit is 8" = 2...15 %.

The coefficient of convective heat exchange to the mixture is determined by the formula (3).

The temperature of the outer heat exchanger wall was taken as the average temperature of
heat —transfer agent in the circulation circuit taking into account thermal resistance of the wall
and thermal resistance of convective heat exchange from heating water by the dependence (4)).

As a result of processing of a number of experiments it has been estimated that relative er-
ror for determining of convective heat exchange coefficients applying the above-mentioned
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technique did not exceed 8...10 %.

Fig. 3 shows experimental and calculated results determining convective heat exchange coef-
ficients from CHE heating wall towards organic mixtures with different dry matter concentrations
in water and to water under the conditions of constant electric heater power (Qg = 96 Wt).

Experimental and calculated data for water almost coincide, points 1 — 2. Convective heat ex-
change coefficients for water were calculated according to the known criterional dependence (5).

The distinct regularity is observed for the condition 1, <170 hand 170 <1,<400 h —a = f(C,)
at t, = 20...40 °C with the average deviation from averaged value up to 22 % of points 3 and 4 in
Fig. 3. But in this case it is possible to assume the dependence o = f (C, t,) for organic admix-
tures of the above mentioned nature.

In the process of research we observed how two-phase system "solid dispersed phase-liquid
dispersed environment" gradually turned into three-phase system. In addition the gas phase oc-
cured due to bio-chemical reactions. As it is known from the references [7—10] such mixtures are
characterized by tixotropity and polydispersity which leads to forming of two solid particle layers:
the upper layer with a crust and the lower sediment one. There is a liquid phase between them.
That is why during the experiment we performed periodic mixing in order to create the hanging
layer oforganic matter.

Fig. 3. shows points 1, 3 — respectively calculated data for water at the temperature 20 and
40 °C under the condition of free convection and agitation; 2, 4 — experimental data for water at
temperature 20 and 40 °C under the condition of free convection and agitation; 5, 6 — mixture-
with delay time before the experiment 1,=0h and t,> 170 h.

According to the graphical dependence (Fig.3) we can conclude that convective heat ex-
change coefficients to the mixture with the delay time t,< 170 h and 170 < t, < 400 h before the
experiment are 1,7—7,5 time less in comparison with convective heat exchange coefficients to
water (t = 20...40 °C). The deviation from the average value a to the mixture does not exceed
40 %. The variation in a values can be explained by the fact that the temperature of the mixture
during the experiment at C, = const changed from 20 to 40 °C, and the temperature head is within
At=6...11°Cif C.=4...14 %.

The influence of 1, expresses itself in the fact that the solid phase during fermentation and
heat processing binds the moisture [10], it leads to changing of its size as well as to changing of
correlation between volumetric constituting components. But the delay time before the experiment
did not have any substantual influence upon the intensity of heat exchange.

Bucuosku

1. 3a [10TIOMOTO0I0 CTBOPEHOT €KCIIEPUMEHTATHHOI YCTAaHOBKM BU3HAYEHO KOedillieHTH TerLio-
Bifaui /1o 6araTOKOMIIOHEHTHUX OPTaHiUHMX CePe/IOBUIN, SKi BiJOBIal0Th peXuMamM pobOTH
cucteM 6iOKOHBeEPCii.

2. BusBieno, Mo iHTEHCUBHICTD TETNJIOOOMiHY /0 OpraHiYHUX CyMillleli 3 MacOBUMU KOHIIEH-
tpartisimu C, = 4...14 % y BesqukoMy o6’eMi 32 yMOB BiJIbHOI KOHBeKIIii B 1,7...7,5 pasiB Menmra
HiXK /10 BO/IM.

3. CyrreBoro BIJIMBY Yacy BUTPUMKH T, Ha iHTEHCUBHICTb TEMJOOOMiHY He BUSIBJIEHO.

BbiBoAbI

1. C NOMOLLBIO CO34aHHON 3KCNEPMMEHTANbHON YCTAaHOBKM onpeAeneHbl 3HavYeHns KoaddpuumeHToB
TennooT4a4nm K MHOMOKOMMOHEHTHbIM OpPraHMYecKkMM cpegam, KOTopble OTBevaloT pexumam paboTbi
cnctem BUOKOHBEPCUN.

2. BbIAICHEHO, YTO MHTEHCUBHOCTL TennoobMeHa K nccnegyemblM OpraHMYeckum CMecsiMm ¢ Macco-
BbIMW KOHUeHTpaumsmn C. = 4...14 % B Gonbwom o06béme Ans ycrnosBuin cCBOOGOLHON KOHBEKUMM B
1,7...7,5 pas meHbLLE, HEXENU K BOAE.

3. CyLWeCTBEHHOIrO BNUSHNS BPEMEHMN BbIAEPXKKN T, HA MHTEHCUBHOCTb TennoobmMeHa He Habnwga-
eTcA.

Conclusion

1. By means of elaborated experimental unit the values of convective heat exchange coeffi-
cients to multi- component organic substances concerning operation conditions of bioconversion
systems have been defined.

2. As a result of the research it has been found out that the heat exchange intensity to organic
mixtures with mass concentrations of C, = 4...14 % in larger volume with free convection is
1,7...7,5 times less than to water.
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3. Time delay t, has shown no substantial influence on the intensity of heat exchange
process.
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