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1. Incepraniiina po60Ta IpUCBIY€HA JOCIIKEHHIO IPUCTPOIB J1s1 CTBOPEHHS €Heproe(peKTUBHOTO MiKpPOKJIIMaTy
B IIPUMIII[EHHSX 6€3 CYyTTEBOTO BTPYYaHHS B iX iHTep'ep, a caMe pereHepaTUBHUX PEBEPCUBHUX [ELIEHTPAi30BaHUX
NpuCTPoiB. Y NaHii mucepraniifHiii po60Ti MPOBEIEHO KOMILJIEKCHE TOCTiIKeHHS Ter0pi3NYHNX XapaKTePUCTUK
KOHCTPYKIii pereHepaTMBHOTO BEHTUJISILIITHOTO NPUCTPOIO Ta iXHBOTO BIVIUBY HAa €(EKTUBHICTb TEIJIOyTUIIi3allii.

Po3po6yieHO MaTeMaTUYHy MOJIeIb POGOTH PEBEPCHUBHOTO pereHepaTopa TeIUIOTH, 10 JO3BOJISIE OL[iHUTH OCHOBHI



TEIJIOBI IPOLECH, SIKi BiIOyBaIOThCS MiJ] Yac 3MIHHOTO HANPSIMKY IIOTOKY MOBITpPsL. Y XOZi eKCIIepUMEHTaIbHUX
IOCJIiIKeHb BU3HAUEHO JIOKaJIbHI 3HaueHHsI KoedillieHTa TeIIoBiIavi Yy TOHKUX TpyoKax aiamerpom 0,003 M Ta
0,008 M, 110 € XapaKTEPHUM [1ialla30HOM €KBiBaJIEHTHOTO JiaMeTpa KaHaJliB y pEBEPCUBHOMY pereHeparopi. Ha
OCHOBI [IPOBEJIEHOTO €KCIIEPMMEHTY OEP>KaHO aBTOPChKY (GopMysy KpuTepito HyccenbTa, sika onucye npouecu
Ternsonepenadi B TOHKMX KaHajlaX PeBEPCUBHOTO pereHepaTopa. Y po6oTi po3p0o61eHO METOAUKY BU3HAUYEHHS
eeKTUBHOCTiI pO6OTU PEBEPCUBHOTO pereHeparopa Ha OCHOBI 1Or0 KOHCTPYKTUBHUX Ta €KCILTyaTaliiH1X
napaMeTpiB. B OCHOBI JaHHOI METOIMKU JIEXKUTD 3aJI€XHICTbh yucia HyccesnbTa, OTpUMaHHa €KCIIEPUMEHTAJIbHUM
YMHHOM B XOJIi IaHHOI po60oTu. OTpUMaHi pe3yJIbTaT J03BOJIIIOTh OOIPYHTYBaTU PEKOMEHIALLI] 010
ONTUMI3yBaHHS KOHCTPYKLiI pereHeparopa [jis nifBuilieHHs e(peKTUBHOCTI yTrlizanii TeraoTH BUTSKHOTO ITOBITPSI.
3anpornoHoBaHa METOJMKA MOXe 6YTH BUKOPUCTaHA iHITMMHU HAyKOBLISIMU Ta JOCJIIHUKAMU [J1s1 [10JAJbIIOTO
BMBYEHHS [IPOLECIB TEIJIONEPeadi B PEBEPCUBHUX PEr€HepaTopax TEIJIOTA BUTSIKHOTO MOBITPs. BoHa TakoxX €
KOPHCHOIO J1JIS CTYyZI€HTIB Ta acHipaHTiB, SIKi IPOBOASTH OCIIIPKEHHS B rayysi eHeproeeKTUBHUX TEXHOJIOT,
OyniBesibHOI Teriodisuky Ta BeHTu L. Kpim Toro, orpumMani pesysbTaTi MOXXYTb OYTU 3aCTOCOBAHI B OCBITHIX
IIporpamax nifArotosku (paxisLiB y cdepi eHeproepeKTUBHOro OyAiBHUILITBA Ta KIiMaTMYHUX cucTeM. Ha oCHOBI
aHasi3y OTPUMaHMX JaHuX cHOPMYJIbOBAHO MTPAKTUYHI peKOMeHalii 111 BUPOOHMKA MIOA0 BAOCKOHATIEHHS
KOHCTPYKIii IPUCTPOIO, 30KpEMA ONTUMIi3yBaHHS F€OMETPUYHUX NTApaMETPiB KaHaJliB peBEPCUBHOTO PETEHEPATOPA,
110 CIIPUSITUME MiJBUILEHHIO €eHEProeeKTUBHOCTI Ta 3arajIbHOI MPOAYKTUBHOCTI IIPUCTPOI0. Y NEPIIOMY PO3/isi
POBIJISIHYTO Cy4YacHi MiIXOY MiBULIEHHS €HEProe(pEeKTUBHOCTI AEL€HTPaIi30BaHNX PEBEPCUBHUX BEHTUJISLIIHUX
IIPUCTPOIB Ta iXHIO pOJIb Y CTBOPEHHI KOM(POPTHOTO MiKpOKJIiMaTy B 6yAiBisix. OCo6IMBY yBary NpuaiieHo
MEXaHi3MaM yTUJIi3alii TEeMIOTH Y AeLeHTPai30BaHNX BEHTUJISILIMHUX IIPUCTPOSIX, 10 Peai3yloThCs 4epes
peKyneparliio Ta pereHeparliio TeljI0TH BUTSDKHOTO MOBITPs. Y IpyroMy po3fiji IpeiCcTaBIeHO TEOPETUYHI
IOCJIiZIKEHHS HeCTal[ilOHAapHUX TEIJIOOOMIHHUX MTPOLIECIB Y pEBEPCUBHOMY pereHepaTopi TEoTH, Mo
BUKOPHUCTOBYETHCS B PEBEPCUBHUX BEHTUJIALINHUX IPUCTPOSIX. Ha OCHOBI 4MCeIbHUX €KCIIEPUMEHTIB 32 TPhOMA
nifixoJaMy BU3HAYEHO 3HAUEHHS TeMIlepaTypHoro koedilienTa edeKTUBHOCTI Ha piBHi 58,5 %, 33,1 % Ta 97,4 %.
Po3061KHICTh OTPMMAaHUX 3HAUY€HD 32 3raflaHUMU MiIX0AaMU CTaHOBUTSD Bif, 39,94 % no 194,26 %, 1m0 BKasye Ha
HEOOXi/IHICTh €KCIIEPMMEHTAILHOTO YTOUHEHHS Koe(illieHTa TeIIoBifAa4i B TOHKMX KaHasax. Y TPeTbOMY pO31imi
IIpeJCTaBJIeHO METOAUKY €KCIIEPUMEHTaJIbHOTO BU3HAUeHHs KoedillieHTa TeIsIoBiadi B TOHKUX KaHajax
PEBEPCUBHOIO pereHeparopa. Y peayJbTaTi perpeciiHoro aHalisy OTpUMaHo aBTOPChKY GOPMYJy KpUTEpPilo
Hyccenbra 1 TOHKUX KaHasiB ekBiBaleHTHUM fiameTpoM 0,003-0,008 M, 0 3aCTOCOBYETHCS IIPU YUCIIAX
PeitHobACa B mianasoHi Bif 150 mo 310, yucaax I'pacroda sin 110 go 1000, a TakoX IMPU BiTHOIIEHHI TEOMETPUYHUX
po3mipiB KaHany x/d y mexax Bin 20 go 200. Y yeTBepTOMY pO3/ijli yTOUHEHO MaTeMaTUYHY MOJIeJlb
TEIJIOOOMIHHUX MTPOLECIB Y PEBEPCUBHOMY PEreHepaTUBHOMY TEIJIOYTUII3aTOPi 3 ypaxyBaHHSIM OTPUMAHOI
arpoKCUMALiHOI eKCIIEpUMEHTANIbHOI 3aJ1esKHOCT] KoediljieHTa TernioBifaaydi KOHBEKLI€I0 B KaHaJIaxX
peBepcuBHOro pereHeparopa. CTBOPeHO aBTOPChKY Iporpamy y Scilab 2024.1.0, sika 1,03BoJIsie BUBHAYATH
TEeMIIEPaTyPHY €(PEKTHBHICTh POOOTH PEBEPCUBHUX PETEHEPATOPIB i3 Pi3HMMU TEINIOPiI3BMIHUMU
XapaKTePUCTUKAMU. 3a pe3yJibTaTaMU MOJEJIOBAHHS IIPOLIECIB TEIIOOOMiHY Y PEBEPCUBHOMY PET€HEPATUBHOMY
TeIJIOYTUJIIi3aToPi i3 parioHasIbBHIMU XapaKTEePUCTUKAMU OTPUMaHO e(PeKTUBHICTb YTUJIi3aLlil TeIJIOTH BUTSDKHOTO
noBiTps 96-99,6 %. OTpuMaHi pe3ysbTaTy Bilpi3HAIOTLCS Bif, pe3yJIbTaTiB MOJEIOBAHHS METOIAMU

004K CIII0BaJIbHOIL TiAPOAMHAMIKY B MeXax 2%. Y I’'ITOMY PO37iJi IPOBEAEHO TEXHIKO-€KOHOMIYHMI aHaJi3
e(eKTUBHOCTI BUKOPMCTAHHS BJIOCKOHAJIEHOI KOHCTPYKIii peBEPCUBHOTO PET€HEPATUBHOTO TEIJIOYTUIi3aTOpa

I eLIeHTPaJi30BaHOTO BEHTUJISILIIMHOTO MPUCTPOIO 3 YPAaxyBaHHSIM BU3HAYEHOTO 3HAYEHHS TEMIIEPATyPHOTO
KoedilieHTy e(peKTUBHOCTI Ha OCHOBI aBTOPChKOi popmysu ynciaa Hyccesnbra. Y pe3ysbTarti IpoBeAeHUX
PO3paxyHKiB OTPUMaHO 3HIKEHHSI CYMapHUX TEIJIOBTPAT O0yZiBii Ha 30 % Ta eHeprocroKMBaHHS Ha 35%, a TaKOXK
HiABUILEHHS eKOJIOriyHOi epeKTUBHOCTI (6iocdepocyMiCcHOCTI) 32 paxyHOK 3MEHIIEHHS BUKHUIB BYIJIEKHCIIOTO razy
Ha 35%. CTPOK OKYITHOCTI 3a[IPOIIOHOBAHOrO PillleHHS CTAaHOBUTH OJIM3bKO 8,5 POKIB.

2. The dissertation is devoted to the study of devices designed to create an energy-efficient indoor microclimate
without significant interference with interior design, specifically regenerative, reversible, decentralized ventilation
units. The work presents a comprehensive investigation into the thermophysical characteristics of a regenerative



ventilation unit and their impact on heat recovery efficiency. A mathematical model of the operation of a reversible
heat regenerator was developed, allowing for the assessment of the primary thermal processes occurring during
alternating airflow direction. Experimental studies were conducted to determine local values of the heat transfer
coefficient in thin tubes with diameters of 0.003 m and 0.008 m, which correspond to the typical range of
equivalent channel diameters in a reversible regenerator. Based on the experimental results, an original Nusselt
number correlation was derived, describing the heat transfer processes within the thin channels of the reversible
regenerator. The work proposes a method for evaluating the performance efficiency of a reversible regenerator
based on its design and operational parameters. This method relies on the Nusselt number dependency obtained
experimentally in the course of this research. The results make it possible to justify design optimization
recommendations aimed at improving the heat recovery efficiency of exhaust air. The proposed methodology can
be used by other researchers and scientists for further investigation of heat transfer processes in reversible
exhaust air heat regenerators. It is also valuable for students and postgraduate researchers working in the fields of
energy-efficient technologies, building thermophysics, and ventilation. Furthermore, the results can be
incorporated into educational programs for training specialists in energy-efficient construction and climate
control systems. Based on the analysis of the obtained data, practical recommendations were formulated for
manufacturers regarding improvements to device design, specifically the optimization of the geometric
parameters of the regenerator channels, which will contribute to increased energy efficiency and overall system
performance. The first chapter discusses modern approaches to improving the energy efficiency of decentralized
reversible ventilation units and their role in creating a comfortable indoor microclimate. These systems operate in
alternating supply and exhaust modes. Special attention is given to the mechanisms of heat recovery in
decentralized ventilation systems, which are implemented through recuperative and regenerative heat exchange
of exhaust air. The second chapter presents theoretical research into unsteady heat transfer processes in a
reversible heat regenerator used in ventilation units. Based on numerical simulations using three approaches,
values of the temperature efficiency coefficient were determined at the levels of 58.5%, 33.1%, and 97.4%. The
discrepancy between these results, ranging from 39.94% to 194.26%, indicates the necessity of experimental
refinement of the convective heat transfer coefficient in thin channels. The third chapter outlines the
methodology for the experimental determination of the heat transfer coefficient in the thin channels of the
reversible regenerator. As a result of the regression analysis, an original Nusselt number correlation was developed
for channels with equivalent diameters of 0.003-0.008 m. This correlation is applicable for Reynolds numbers
between 150 and 310, Grashof numbers between 110 and 1000, and channel length-to-diameter ratios (x/d) ranging
from 20 to 200. The fourth chapter refines the mathematical model of heat transfer in the reversible regenerative
heat exchanger, taking into account the experimentally derived approximation of the convective heat transfer
coefficient in the regenerator channels. A custom software tool was developed in ScilLab 2024.1.0 to calculate the
temperature efficiency of reversible regenerators with different thermophysical properties. Modeling of heat
exchange processes in the regenerator with optimal characteristics yielded heat recovery efficiencies in the range
of 96-99.6%. These results differ from CFD simulation outcomes by no more than 2%. The fifth chapter presents a
techno-economic analysis of the performance efficiency of the improved design of a reversible regenerative heat
exchanger for decentralized ventilation units. Using the temperature efficiency coefficient determined from the
author’s Nusselt number correlation, the analysis showed a 30% reduction in the building’s total heat loss, a 35%
decrease in energy consumption, and a 35% increase in environmental efficiency due to reduced COo emissions.
The estimated payback period of the proposed solution is approximately 8.5 years.
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