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[linroToBka 3aiiicHioBanmaca Ha Kadeapl TEIUIOCHEPreTUKH  BiHHMIIBKOTO
HAI[IOHAJILHOTO TEXHIYHOTO YHIBEPCUTETY Ta Ha Kadelpl TeIIOBOi Ta ajJbTepHATUBHOI
eHepreTukn HallloHambHOrO  TEXHIYHOTO  yHIBepcUTeTy YKpaiHu «KuiBchbKui
noJliTeXHIYHuM 1HCTUTYT 1MeHi Iropst Cikopcekoro» MiHicTepcTBa OCBITH 1 HAyKH
YKpainu.

JlucepTaliito MPUCBIYEHO EKCIIEPHUMEHTATBbHUM OCIHIHKCHHSM, CIPSIMOBAaHUM Ha
CTBOPEHHSI METO/Y IMPOTHO3YBaHHsS 1HTEHCHUBHOCTI TEIJIOOOMIHY B OararodaszHux Ta
0araTOKOMIIOHEHTHUX CEPEAOBUINAX 3 OOMEKEHOI 1HQOpMali€l0 MO TErmIo(iI3nYHUM
BJIACTUBOCTSIM.

B nepwomy po3oini BinoOpaxeHO aKTyalIbHICTh JaHOi TeMaTuKH. BcTaHoBieH1
Jlana3oHd MapaMeTpiB peai3alii TEIJIOBUX IMpPOLEciB B 010ra30BUX TEXHOJIOTISX.
OxkpecneHHi giana3oHu 3MIHU TEMIEPATYP TEIUIOTEXHOJIOTTYHUX MPOIIECIB.

BcTranoBieHi BapiaHTH CKJIaqy CyOCTpaTiB Ha OCHOB1 BIJIXOJIB POCIMHHHUIITBA,
TBApUHHUIITBA, TmepepoOHux BupoOHunTB. CybOcTpar — 1e Oaratodasne Ta
0araTOKOMIIOHEHTHE CEpeIOBUIIIE, SIKa BKJIIOYA€E KOJOiJHY CUCTEMY Ha BOJAHIM OCHOBI,
TBEpJi YACTUHKH 1 Oy/IbOAaIlIKK rasy.

[IpoanamizoBani pe3yibTaTd TMOMEPENHIX JOCHIPKEHb TEIUIOOOMIHY B CHCTEMI
«cyocTpar — TBepae Tino». MeToam y3araibHEHHS TEIUIONEpPeHoCcy B cyOcTpaTtax i
CKJIQZIOBUX CyOCTpaTy — OJep KaHi pe3yibTaTu AIAIUTN 10 MPEICTABICHHS Pe3yJbTaTiB y
BUTJISIII KpUTEPIAIbHUX PIBHSHB. PaHiiie MeTonnyHe 3a0e3MeUeHHs eKCIIEPUMEHTATIBHO —

PO3paxyHKOBOI'0 METO Iy 0azyBajiocs Ha Teopii moaioHocTti, Tooto EPM-TII.



[ToeqnanHs pO3paxyHKOBO-aHANITUYHUX Ta €KCIIEPUMEHTAIBHUX JAOCTIIKEHb 1al0Th
ChOTOJIHI HaMOLIbII JOCTOBIpHI pe3ynbTaTd. BinHOCHO 010Ta30BUX TEXHOJOTIH,
EKCIIEPUMEHTAJIbHO-PO3PaXyYHKOBHUI METOJT aKTUBHO PO3BUBAETHCS HA MPOTSI31 OCTAHHIX
nBaHaAUATH pokiB. CyTTeBUMH € Takl pe3yibTaTd: CIELiaJbHO pPO3pOoOIIeHUM
EKCIIEPUMEHTAJIbHUN CTEHJ, Ha SKOMY MOJIMBO TIPOBOJAUTH OaratoBapiaHTHI
JTOCITIDKCHHS, BPaxOBYIOYH PIZHOMAHITTSA CyOCTpaTiB; 13 3aCTOCYBaHHSAM Teopii
noai0HOCTI BiAMpaIlbOBaHI METOJWKH BU3HAUCHHS KOEQIIIEHTIB TEIUIOBIAaYl Ha
CKCIIEPUMEHTAJIbHUX CTEHJaX, 3 TMOJAJbIIMM iX BH3HAYEHHSM B €JIEMEHTax
MPOMUCIIOBUX (HATYpHUX) TEIMJIOOOMIHHUKIB; 3allpOMIOHOBAHA CXE€Ma 3aCTOCYBaHHS
eKCIIEPUMEHTAIBHO — PO3PAXYHKOBOI'O METO/1y B MPOEKTHUX 1 MEPEBIPHUX PO3pPaXyHKaX
TEMJI000MIHHHUX €JIEMEHTIB CUCTEMU NIEPEPOOKH OpraHIYHUX BiAXO/IB.

B TeopermuHoMy 1 MpPHUKIAJAHOMY AacHekTl ICHye mpoOieMa MpOTrHO3YBAaHHS
IHTEHCUBHOCTI TEIJI000MiHY B O6araroda3zHux Ta 6araTOKOMIOHEHTHUX CEPEIOBHINAX 3
oOMexxkeHo0 1H(dopMalliel0 Mo TemIo(I3UYHUM  BJIACTUBOCTAM 1 PEOJIOTTYHOMY
MOBO/KEHHIO B peaTbHUX TEXHOJIOTIYHUX MPOIlecax.

B opyzomy po3oini BinnpanboBaHa METOJMKA IPOBEACHHS 1 0OpoOKHM (DI3UYHUX
CKCIICPUMEHTIB 3 BU3HAUCHHSM TEMITy OXOJIO/KCHHS (HarpiBaHHs). HamparpboBaHe
MEeTOoMYHE 3a0e3neueHHs oOpoOKHM 1 aHami3y EKCIePUMEHTY 31 CKIaJHUM PIAMHHUM
CepeloBUIIIEM 1  «MOJEIBHUMM  piJUHAMH»  BUMAara€e  BeJIUKY  KUIbKICTb
EKCIIEPUMEHTAILHUX PE3YJIbTATIB. 3aIIPOIIOHOBAHI 1 OOTPYHTOBAaHI METOAM BU3HAUCHHS
cepenHbo0OeEMHOI TeMrepaTypu Tina Il.

B naniii poGoti BuOpaHO IS BHUBYEHHS METOJ  HECTAI[IOHAPHOTO TIPOIECY
TEMJI000MIHY Ha TakKii MiACTaBl: MPOIECH IIBUAKOIUIMHHI B 4Yaci, HE BHUMAararoTb
3HAYHOI'O Yacy Ha MOINEpPEeaHI0 BUTPUMKY IPH BH3HAYEHIN TeMIlepaTypl; BUMIPIOBAHHS
TEIJIOBUX TMapaMeTpiB PITUHHUX CEPEOBHIN BiIOYBAETHCS MPU HEBEITUKHX 3MIHAX
TeMIepaTyp, 1o MiABUILYE HAAIWHICTh IUX PE3YyJIbTATiB; METOJ JO3BOJISE TTPOBOJIUTH
BUMIPIOBaHHS 3a YMOB O€3MEpepBHOI 3MIHM TEMIEpaTypu A0 TEBHOIO 3HAYEHHS,
HECTaI[lOHApPHI METOJAW HAJAI0Th OUIBII IIMPOKI MOXKJIMBOCTI Yy BHOOpI xKeperna

TEIJIOTH (XO0JI0/1y) HIXK CTalllOHApHI.



B mpemwvomy po3oini Bctanosneno, mo B Tull II, sike ckimamaeThcs 13 piAMHHOTO
CEpellOBUIIIE B TOHKIA MeETaNeBid IMNHAPUYHINA OOOJOHIN, MAaITh MICIIE O3HAKHU
PEeTyJISIPHOTO TEIJIOBOTO PEXHUMY: TEMIT OXOJIOMKeHHs (HarpiBaHHs) Tima Il — m =
const; KoediII€HT TETUIOBIAAA4Yl Mk BOJ0I0 (HaBkoJuImHE cepepouiie 1) i timom II
MPaKTUYHO cTaui ol = const; koeilieHT HEPIBHOMIPHOCTI PO3MOALITY TeMIepaTyp B
Tt I y = const.

3a yMOB BUIBHOI 1 BHUMYIICHOI KOHBEKI[Ii BH3HAYEHO TEMIT OXOJIOKCHHS
(HarpiBaHHsI) B «MOJEJIBHUX PIAMHAX» — BOJI, IyKpOBOMY po3uuHi ¢=50%, IIyKpoBOMY
po3uuHi ¢=60%, mykpoBoMmy po3unHi c=70%, COHSIIHMKOBIN Oii, MiJ Yac IXHBOTO
OXOJIO/IPKEHHS 1 HarpiBaHHs, B Alana3oHi TeMIIepaTyp, SKUil BIANOBI1a€ TeMIepaTypHUM
pexrMam B 010ra30BUX peaKkTopax.

BusnaueHno temn oxosiokeHHs (HarpiBaHHsA) B ABO(a3HOMY cepenoBulli — ¢yrarti B
yMOBax BUMYIIICHOI KOHBEKIIIT IT1/1 4ac HOTro OXOJIOKEHHS 1 HarpiBaHHS.

MeTon perynsipHOTO TEIUIOBOTO PEXHMY JIO3BOJISIE OMHUCATH 3aKOHOMIPHOCTI
TEMJI000MIHY MK PIJUHHUM CEPEJOBHUIIEM 1 METaJEBOI0 IIIIHIAPUIHOIO CTIHKOIO B
NOCYJIMHI 0OMEXEHHUX PO3MIPIB.

B uemeepmomy po3oini nocnixeHo iIHTEHCUBHICTD TEIJIOBIAIa4ul Mi>K BHYTPIIITHHOIO
MOBEPXHEI0 TOHKOCTIHHOTO METAaJeBOr0 IWIIHApPA 1 JOCHIKYBAaHUM PIIUHHUM
CEepe/IOBUIIIEM 3a YMOB MOTO OXOJOMKEHHs (HarpiBaHHs), TOOTO 3a YMOB
HECTAalllOHAPHOTO TETNIOOOMIHY.

3a ymoBu F = const, a; = const, C(t) = const, m = const ajs JOCIIIKYBaHOTO
piauHHOTO cepenoBuiia i K = var oTpuMaHo 3aneXHICTh AJi1 BU3HAYEHHS KoedilieHTa
TEIUIOBIAaul MK BHYTPIIIHBOIO MOBEPXHEI0 TOHKOCTIHHOTO METaJeBOTO LMJIHApA 1
JOCIIIKYBAaHUM PIAMHHUM CEPEOBUIIIEM METOJIOM PETYIISIPHOTO TEIJIOBOTO PEXKUMY.

Brockonaneno o00poOKy eKCHepMMEHTAIbHUX pE3yJbTaTiB 1 iX Yy3arajabHEHHS
CYMICHMM BHKOpHUCTaHHSM Teopii moaioHocTi (TII) 1 MeTOMIB peryasipHOTrO TEIIOBOTO
pexumy (PTP). Onepxanuii HaykoBUW pe3ysnbTaT € 0a3010 MOAAIBIIOT0 PO3BUTKY
EKCIIEPUMEHTAJILHO — PO3PaXyHKOBOTO METOJy B CEHCI MPOTHO3YBAaHHS 1HTEHCUBHOCTI
TEIUIOOOMIHY B  TEIJIOTEXHOJIOTTYHOMY oOJiafHaHHI 010ra3oBHX TEXHOJIOTiH B

OaraToa3Hux Ta 0araTOKOMIOHEHTHUX CEPEIOBHUIIIAX.



BrockoHnaneHo eKCIepUMEHTAIbHO — PO3PaXyHKOBUH METOJ 3a pPaxyHOK OUIbII
rIIMOOKOTO BUBYEHHS €KCIIEPUMEHTATbHUMH METOAAMH 3aKOHOMIPHOCTEN TEMI000MiHY
B «MOJICTBHUX PIAUHAX» 3 BIIOMHUMHU TEIUIO(PI3UYHUMHU BIACTUBOCTSIMHU Ha 0a30BOMY
eKCIepuMeHTaIbHOMY cTeH i EPM.

B n’amomy po3oini Bnepiie BCTaHOBJIEHO ICHYBaHHS PETYJISIPHOIO TEIJIOBOTO
PEXKHUMY 3a YMOB OXOJIOJKEHHS (HarpiBaHHs) «0araTto)asHOTO CepeoBHUINA» B TOHKIN
MeTajeBid MWIHAPUYIHINA 000oHIll. B sikocTi «OaraToda3HOro cepenoBuina» 0OpaHO
cyOcTpart 3 peanbHO1 610ra30B01 yCTAaHOBKH.

CyMiCcHO aHaii3yrouu OAepkKaHl pe3ylbTaTd MO PEryIIPHOMY TEIJIOBOMY PEXUMI B
«MOJICJIbHUX pIIuHax» 1 «baratopazHoOMy CEpeOBHILI» MPUXOIUMO IO BUCHOBKY, IO
IHTEHCHBHICTh TEIUIOBIIadi O, 110 HABEACHHX PIIMH MOXHA Yy3arajibHUTH OJHUM
KpUTEPiaJbHUM PIBHSIHHSM.

OTpuMaHO KpuTeplajibHE PIBHIHHS JJIsI BU3HAUCHHS KoedillieHTa TeIUIOBIaul Mix
BHYTPIIIHBOIO TOBEPXHEI0 TOHKOCTIHHOTO METajeBOro LWIiHApa 1 «baraTtodazHuM
CepeZIOBUILIEM» MiJ Yac HOro HarpiBaHHS Ta OXOJIOJKEHHS B Jiana3oHl TeMIIEparyp
010TEXHOJIOTTYHOTO MPOLIECY HAa EKCIIEPUMEHTAILHOMY CTCHII.

[IpuBenenuit anroput™ JyUisi TMPOTHO3YBAHHS I1HTEHCHUBHOCTI TEIUIOBIAIA4i B
eJI€MEHTax MPOMHUCIOBOTO TEINIOOOMIHHOTO OOJIaJHaHHS B MpoMucioBocTi. HaBenenuii
METOJI 3aCTOCOBYETHCS UIsl TUX YMOB TEIUIOOOMIHY JUIsl SIKMX ICHYIOTh KpUTeplaiabH1
PIBHSIHHS B P1IMHAX 3 BIIOMUMU TEIUIO(PI3UYHUMH BIACTUBOCTSIMH.

HaBoauThcss airOpuT™M MNPOTHO3YBaHHS KOE(ILIEHTY TEIUIOBIAIaul HAa MTPUKIaIL
010ra3oBoi YCTaHOBKM 3 OJHOMNPOXITHUM O10pEaKTOpOM 3 JIOKaJIbHUM (hparMeHTOM
OaratokpaTtHoi nMpKyyAmii. [ BHUKOpUCTaHHS HaBEACHOTO METOLY aBTOPaMHU
HaKOIIMYEHO CIIOCTEPEKEHHS 1 €KCIIEPUMEHTAJIbHI pe3ysibTaTu Ha
eKCIIEPUMEHTAIbHOMY CTEHJAI Ha piAMHAX 13  BIAOMHUMH  TEMJIO(PI3UYHUMHU
BJIACTUBOCTSIMHU.

[Tpu npuitHATTI pillieHb IO MPOTHO3YBAHHIO IHTEHCUBHOCTI TEIUIOOOMIHY 3 piAMHAMU
3  HEBIAOMHUMHU  TEIJIO(PI3UYHMMH  BJIACTUBOCTSIMH  BHUKOPHUCTOBYETHCS  TeOpis
PEryJISIPHOTO TEIJIOBOTO PEKUMY, TEOPisl MOAIOHOCTI Ta €KCIIEPUMEHTAIbHI PE3yJIbTaTH

JOCTII)KEHb Ha €KCIIEPUMEHTAIbHOMY CTEH[I. 3 BUKOPUCTAHHIM SIKOTO € MOKJIUBICTH



Ha MOPSA0K Oibllle TPOBECTH IOCHIIKEHb, HK Ha CTEHIAaX 3 JITepaTypu AJIs IUX XKe
YMOB.

«bararodasHi cepeoBuIa» OCTATHHRO MIMPOKO BUKOPHCTOBYIOTHCS HA MPAKTHIII,
aJie HeIOCTaTHbO JOCIIIKEHI. 3arajbHO BiJOMI METOJIM MPOTHO3YBAHHS 1HTEHCUBHOCTI
TEIUIOOOMIHY B JIaHOMY BHIIQJKy HE TIAXOASITh 1 MOTPeOyIOTh OPUTIHAIBHOTO
crienudiuHoro miaxoay. Llel miaxia BiIOMUM, SIK €KCIIEPUMEHTATIBLHO — PO3PAXyHKOBHIMA
meton (EPM) 1 3HaxonuThCs Ha €Tari po3BUTKY Ta BJOCKOHATICHHS.

3actocyBanHss EPM-TII-PTP, meroaiB Teopii MmMoaiOHOCTI 1 METOJIB PEryJIsIPHOTO
TEIJIOBOTO PEXKUMY, JO3BOJIMIIO OTPUMATH 3HAYCHHS KoedimieHTa TeruioBigadi B
cucteMi | «Boma — UWJIIHAPWUYHA TOHKA METajJieBa CTIHKA — MOJENbHA PIIUHA»
(BUMyIIEHH pyX) 1 B cuUcCTeMl 2 «BOJa — UWJIHAPUYHA TOHKAa MeTajeBa CTIHKA —
OaraTodaszHe piIMHHE CEPeIOBUIIEY (BUMYIICHUH PYX).

CyMicHu# aHalli3 eKCIEPUMEHTAIBHUX PE3yJIbTATIB MO KoedillieHTaM TeIJIOB111a4l B
cucteMax 1 1 2 J03BOJIMB 13 3aCTOCYBAHHSM TEOPIi PETYISPHOrO TEIJIOBOIO PEKUMY,
Teopli MOAIOHOCTI CHPOTHO3YBaTH I1HTEHCHBHICTh TEIUIOBIAAAuYl B Kpyriid TpyOi
MIPOMUCJIOBOTO TETUIOOOMIHHMKA, B SIKIA MIITPIBAETHCS CYMIII MEpea HAIXOXKEHHSIM B
OiopeakTop 010ra30BO1 yCTAHOBKH.

B  po6oTi BUKOHAHO 3aMHMKaHHS MAaTeMaTHUYHOI  MOJENl  IPOEKTYBAaHHS
TEMJIOTEXHOJIOTTYHUX cucTeM. KOHKpeTH30BaHO cUCTeMY PIBHAHb KIHETUYHUX MPOIECIB
[MIsj(X, Y(X), §j, A) < 0] piBHIHHAMH, SKI BH3HAYAIOTh TEIUIONEPEHOC B
O10TEXHOJIOTTYHUX CUCTEMAX.

TakuM 4MHOM, BU3HAYEHHsS 1HTEHCHBHOCTI TEIIOOOMIHY B CHCTEM1 — «piAMHA 3
BIJIOMUMHU TEIJIO(PI3UYHUMHU BIIACTUBOCTSAMH — TBepAa CTiHKa (IJIOCKa, Kpyria) —
PIIMHU 3 BIIOMUMH TEIUIO()I3UYHUMH BJIACTUBOCTAMUY. {1 piauHu 100pe q0CHiIKeHH]
1 JIOCTaTHhO IIUPOKO BHKOPHUCTOBYIOTHCSI Ha TPAKTUII 1 3a YMOB Opraizarfii
JOCIIIIKEHB IPOLIECIB TETUIONEPEHOCY.

PesynbraTu nuceprainiitHoi podotu BopoBamkeHHl y T30B «t03edo-MukonaiBcbka
OiorazoBa KOMMaHis».

Knrwouoei cnosa: pezynapruii meniosutl pexcum, memn 0XoJN00HCeHHs (Ha2pieauHs),
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SUMMARY

Viasenko O. V. Methods for determining the intensity of heat transfer in multiphase
and multicomponent media - Qualifying scientific work on the rights of the manuscript.

Dissertation for the degree of Doctor of Philosophy in the specialty 144 "Heat Power
Engineering" - National Technical University of Ukraine "lIhor Sikorsky Kyiv
Polytechnic Institute", Kyiv, 2022.

The training was carried out at the Department of Thermal Power Engineering of the
Vinnytsia National Technical University and at the Department of Thermal and
Alternative Energy of the National Technical University of Ukraine "lhor Sikorsky
Kyiv Polytechnic Institute" of the Ministry of Education and Science of Ukraine.

The dissertation is devoted to experimental studies aimed at creating a method for
predicting the intensity of heat exchange in multiphase and multicomponent
environments with limited information on thermophysical properties.

In the first section, the relevance of this topic is reflected. The ranges of parameters
for the implementation of thermal processes in biogas technologies are established.
Outlined ranges of temperature changes of heat-technological processes.

Options for the composition of substrates based on waste from crop production,
animal husbandry, and processing industries have been established. The substrate is a
multiphase and multicomponent medium that includes a water-based colloidal system,
solid particles, and gas bubbles.

The results of previous studies of heat exchange in the "substrate - solid body" system
were analyzed. Generalization methods of heat transfer in substrates and substrate
components - the obtained results reached the presentation of results in the form of
criterion equations. Previously, the methodological support of the experimental-
calculation method was based on the theory of similarity, that is, ERM-TP.

The combination of calculation-analytical and experimental studies gives today the
most reliable results. Regarding biogas technologies, the experimental and
computational method has been actively developing over the past twelve years. The

following results are significant: a specially developed experimental stand, on which it



is possible to conduct multivariate studies, taking into account the variety of substrates;
with the application of the theory of similarity, the methods of determining heat transfer
coefficients on experimental stands were developed, with their further determination in
the elements of industrial (natural) heat exchangers; proposed scheme of application of
the experimental-calculation method in design and verification calculations of heat
exchange elements of the organic waste processing system.

In the theoretical and applied aspects, there is a problem of predicting the intensity of
heat exchange in multiphase and multicomponent environments with limited
information on thermophysical properties and rheological behavior in real technological
processes.

In the second section, the method of conducting and processing physical experiments
with the determination of the rate of cooling (heating) is worked out. Developed
methodological support for the processing and analysis of an experiment with a
complex liquid environment and "model liquids" requires a large number of
experimental results. Proposed and substantiated methods of determining the average
body temperature II.

In this work, the method of the non-stationary heat exchange process was chosen for
study on the following basis: the processes are rapid in time, do not require significant
time for preliminary exposure at a certain temperature; measurement of thermal
parameters of liquid media takes place with small temperature changes, which increases
the reliability of these results; the method allows measurements under conditions of
continuous temperature change up to a certain value; non-stationary methods provide
wider opportunities in choosing a source of heat (cold) than stationary methods.

In the third section, it was established that in body II, which consists of a liquid
medium in a thin metallic cylindrical shell, there are signs of a regular thermal regime:
the rate of cooling (heating) of body II — m = const; the heat transfer coefficient
between water (environment 1) and body II is practically constant a1 = const; coefficient
of non-uniformity of temperature distribution in body I y = const.

Under the conditions of free and forced convection, the rate of cooling (heating) in

"model liquids" - water, sugar solution c=50%, sugar solution ¢c=60%, sugar solution



c=70%, sunflower oil, during their cooling and heating is determined , in the
temperature range that corresponds to the temperature conditions in biogas reactors. The
rate of cooling (heating) in a two-phase medium - fugat under conditions of forced
convection during its cooling and heating is determined.

The method of the regular thermal regime allows to describe the patterns of heat
exchange between the liquid medium and the metallic cylindrical wall in a vessel of
limited dimensions.

In the fourth section, the intensity of heat transfer between the inner surface of a
thin-walled metal cylinder and the investigated liquid medium under the conditions of
its cooling (heating), that is, under the conditions of non-stationary heat exchange, is
investigated. Under the conditions of F = const, al = const, C(t) = const, m = const for
the liquid medium under study and K = var, a dependence was obtained for determining
the heat transfer coefficient between the inner surface of a thin-walled metal cylinder
and the liquid medium under study by the regular thermal regime method.

The processing of experimental results and their generalization by the combined use
of similarity theory (TP) and methods of regular thermal regime (RTR) has been
improved. The obtained scientific result is the basis for the further development of the
experimental-calculation method in the sense of forecasting the intensity of heat
exchange in the thermal equipment of biogas technologies in multiphase and
multicomponent environments.

The calculation method was improved experimentally due to a more in-depth study
by experimental methods of the laws of heat exchange in "model fluids" with known
thermophysical properties on the basic experimental stand of ERM.

In the fifth section, the existence of a regular thermal regime under the conditions of
cooling (heating) of the "multiphase medium" in a thin metallic cylindrical shell was
established for the first time. A substrate from a real biogas plant was chosen as the
"multiphase medium".

Jointly analyzing the obtained results for the regular thermal regime in "model fluids"
and "multiphase environment" we come to the conclusion that the intensity of heat

transfer to the given fluids can be summarized by one criterion equation.



A criterion equation was obtained for determining the heat transfer coefficient
between the inner surface of a thin-walled metal cylinder and the "multiphase medium"
during its heating and cooling in the temperature range of the biotechnological process
on the experimental bench. The given algorithm for forecasting the intensity of heat
transfer in elements of industrial heat exchange equipment in industry.

The given method is used for those conditions of heat exchange for which there are
criterion equations in liquids with known thermophysical properties.

An algorithm for predicting the heat transfer coefficient is presented on the example
of a biogas plant with a single-pass bioreactor with a local fragment of multiple
circulation. To use the given method, the authors have accumulated observations and
experimental results on an experimental stand on liquids with known thermophysical
properties.

When making decisions on forecasting the intensity of heat exchange with liquids
with unknown thermophysical properties, the theory of regular thermal regime, the
theory of similarity and experimental results of research on the experimental bench are
used. With the use of which it is possible to conduct an order of magnitude more
research than at literature stands for the same conditions.

"Multiphase environments" are quite widely used in practice, but not sufficiently
researched. Commonly known methods of predicting the intensity of heat exchange in
this case are not suitable and require an original, specific approach. This approach is
known as the experimentally calculated method (ERM) and is at the stage of
development and improvement.

The application of ERM-TP-RTR, methods of the theory of similarity and methods of
the regular thermal regime, made it possible to obtain the value of the heat transfer
coefficient in system 1 "water - cylindrical thin metal wall - model liquid" (forced
motion) and in system 2 "water - cylindrical thin metal wall — multiphase liquid
environment" (forced movement).

Combined analysis of experimental results on heat transfer coefficients in systems 1

and 2 made it possible, using the theory of regular thermal regime and similarity theory,



to predict the intensity of heat transfer in the round tube of the industrial heat exchanger,
in which the mixture is heated before entering the bioreactor of the biogas plant.

The conclusion of the mathematical model for the design of heat-technology systems
is completed in the work. The system of equations of kinetic processes [Psj(X, Y(X), Sj,
A) < 0] 1s specified by equations that determine heat transfer in biotechnological
systems.

Thus, the determination of the intensity of heat exchange in the system is "a liquid
with known thermophysical properties - a solid wall (flat, round) - a liquid with known
thermophysical properties." These fluids are well researched and widely used in practice
and under the conditions of the organization of heat transfer research.

The results of the dissertation work were implemented in Yuzefo-Mykolaiv Biogas
Company LLC.

Key words: regular thermal regime, cooling (heating) rate, unsteady heat exchange,
heat transfer, heat flow, heat transfer, heat exchange intensity, temperature, sugar
solution, experiment, calculation methods, multiphase medium, heat exchanger, heating
efficiency, cooling efficiency, heat, heat and mass transfer, gaseous fuel, mathematical

modeling, concentration.
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