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1. Inceprauiifina po60Ta IpUCBsIYeHa JOCiIKEHHIO [IPUCTPOIB [1J1s1 CTBOPEHHS eHeproepeKTUBHOIO MiKpOKJIIMaTy
B IPUMIllleHHSX 6€3 CYyTTEBOro BTPY4aHH: B iX iHTep’ep, a came pereHepaTUBHUX PEBEPCUBHUX AEL€HTPaJi30BaHUX
IPUCTPOIB. Y HaHill AucepTauiiiHiil poboTi MPOBELEHO KOMILJIEKCHE NOCIiIKEHHS TEII0(PI3NYHNX XapaKTePUCTUK
KOHCTPYKIii pereHepaTuBHOTO BEHTUJISILIHOTO IPUCTPOIO Ta iXHBOTO BIVIUBY HAa €(EeKTUBHICTD TEII0yTrIi3allii.
Po3po6sieHO MaTeMaTUYHY MOZEJb POOOTH PEBEPCUBHOIO PEre€HepaTOpa TEIMJIOTH, 110 J03BOJISIE OLiHUTU OCHOBHI
TEIJIOB] IPOLIECH, SIKi BilOYBAIOTbCS IIifl YaC 3MiHHOTO HAIIPSIMKY ITOTOKY HOBITPsl. Y XO[i €KCIIEPUMEHTAIbHUX
IOCJIiIPKeHb BU3HAYEHO JIOKAJIbHI 3HaYeHHs1 KoedillieHTa TerIoBifnadi y TOHKUX Tpyokax giamerpom 0,003 m Ta

0,008 M, 110 € XapaKTEPHMM [1ialla30HOM €KBiBaJIEHTHOTO JiaMeTpa KaHaJliB y pEBEPCUBHOMY pereHepaTopi. Ha



OCHOBI ITPOBEJIEHOT0 €KCIIEPUMEHTY OJlep>KaHO aBTOPCHKY (popmysty Kputepito HyccenbTa, gKa onucye npouecu
TeIulonepeayi B TOHKMX KaHajlaX PeBEPCUBHOrO pereHeparopa. Y poboTi po3pobsieH0 METOAUKY BUBHAUEHHS
eeKTUBHOCTI pO6OTU PEBEPCUBHOTO pereHeparopa Ha OCHOBI 10Or0 KOHCTPYKTUBHUX Ta €KCILTyaTaliiH1X
napaMeTpiB. B OCHOBI JaHHOI METOIVKY JIEKUTD 3aJI€XHICTb yncia HyccesnbTa, OTpUMaHHa €KCIIEPUMEHTAJIbHUM
YUHHOM B XOJi TaHHOI po6oTu. OTpUMaHi pe3ybTaT [03BOJISIOTh OOIPYHTYBATH PEKOMEHIALLIl 1070
ONTUMI3yBaHHS KOHCTPYKLii pereHeparopa [jisl nifgBullleHHs e(peKTUBHOCTI yTrlizallii TeNI0TH BUTSKHOTO ITOBITPSI.
3anpornoHoBaHa METOJMKA MOXe O6YTH BUKOPUCTaHA iHITMMHU HAyKOBLISIMU Ta JOCJiIHUKAMU [J1s1 [1I0JAJbIIOTO
BHMBUYEHHS IIPOLIECIB TEMJIONEpeadi B pEBEPCUBHUX PereHepaTopax TeIVIOTA BUTSDKHOTO MOBITPs. BOHA Takox €
KOPHCHOIO J1JISI CTYyIeHTIB Ta acIipaHTiB, sIKi IPOBOASTH NOCIIIPKEHHS B rayysi eHeproeeKTUBHUX TeXHOJIOT,
OyiBesibHOI Tero)i3uky Ta BeHTusLii. KpiMm Toro, orpumMaHi pesysibTaTi MOXKYTb OYTU 3aCTOCOBAHI B OCBITHIX
IIporpamax ImiiroToBkU (paxiBLiB y cepi eHeproedpeKTUBHOro OyAiBHUILITBA Ta KIiMAaTMYHUX cucTeM. Ha OCHOBI
aHasi3y OTPUMaHUX JaHWUX CPOPMYIbOBAHO ITPAKTUYHI peKOMeHAalii 4151 BUpOOHUKA 1010 BLOCKOHAIEHHS
KOHCTPYKLii IPUCTPOIO, 30KPEMA ONTUMIi3yBaHHS F€OMETPUYHUX [TApAMETPIB KaHaJliB pEBEPCUBHOIO PETEHEPATOPA,
110 CIPUSITUME MiJBUILIEHHIO €eHEProe(EeKTUBHOCTI Ta 3arajIbHOI MPOAYKTUBHOCTI IIPUCTPOI0. Y NEPIIOMY PO3/isi
POSTJISIHYTO CY4acCHi MiAX0AU MifiBUILIEeHHS eHEProe(dEKTUBHOCTI el €HTPATi30BAaHUX PEBEPCUBHUX BEHTUISLIIMHUX
IIPUCTPOIB Ta IXHIO POJIb y CTBOPEHHI KOMMOPTHOTO MIKpOKJIiMaTy B 6yZiBisx. OcobuBy yBary npuiieHo
MeXaHi3MaM yTuiizalii TeIoTy y JeLeHTPali30BaHUX BEHTUIIALINHUX IPUCTPOSIX, 10 Peasi3yloTbCs Yepes
PeKyneparjiio Ta pereHeparliio TelJIOTH BUTSDKHOTO MOBITPs. Y IpyroMy po3fii IpefCcTaBIeHO TEOPETUYHI
IOCJIiIPKEHHS HeCTal[iOHAapHUX TEIJIOOOMiHHUX MTPOLIECIB Y PEBEPCUBHOMY PEre€HepaTopi TEIJIOTH, 0
BUKOPHUCTOBYETBHCS B PEBEPCUBHUX BEHTUJIALINHUX IPUCTPOSIX. Ha OCHOBI 4nCeIbHUX €KCIIEPUMEHTIB 32 TPhOMA
mizxoZamy BU3HAYEHO 3HAUEHHS TeMIlepaTypHoOro koediuieHra edpekTUBHOCTI Ha piBHi 58,5 %, 33,1 % Ta 97,4 %.
P036ikHICTh OTPMMaHUX 3HAUYEHb 32 3rajlaHNMU ITigX04aMU CTaHOBUTH Bif, 39,94 % mo 194,26 %, 1m0 BKasye Ha
HEeOOXIiJIHICTh eKCIIePMMEHTaJIbHOT0 YTOYHEHHs KoedillieHTa TeIJIoBifgadi B TOHKUX KaHasax. Y TpeTbOMY pO3Zii
IIpeJCTaBIeHO METOAUKY €KCIIEPMMEHTaJIbHOTO BU3HAUEHHs! KoedillieHTa TeIsIoBi1fadi B TOHKUX KaHajax
PEBEPCUBHOIO pereHeparopa. Y pe3yJbTaTi perpeciiHoro aHalisy OTpMMaHO aBTOPCBbKY (GOPMYJTy KpUTEPilo
Hyccenbra nj1s TOHKUX KaHasiB ekBiBaleHTHUM faiameTpoM 0,003-0,008 M, 0 3aCTOCOBYETLCS MIPU YUCTIAX
PeitHomnbaca B mianasoHi Bif 150 mo 310, yucaax I'pacroda Bin 110 go 1000, a TakoX MPU BiTHOLIEHHI TEOMETPUYHUX
po3mipiB KaHany x/d y mexax Bin 20 go 200. Y yeTBepTOMY pO3/ijli yTOUHEHO MaTEMaTUYHY MOJIEJIb
TeNJI000MiHHUX IIPOLIECIB y PEBEPCUBHOMY PEr€HEPATUBHOMY TEIJIOYTUIII3aTOPi 3 ypaxyBaHHSIM OTPUMAaHOI
anpoKCHUMAIifHOI eKCIIepUMEHTAIbHOI 3a71esKHOCTI KoedillieHTa TeTJIoBiIIavi KOHBEKI[i€I0 B KAHAIaX
peBepCcUBHOro pereHeparopa. CTBOPEHO aBTOPChKY Iporpamy y Scilab 2024.1.0, sika 1,03BoJIsie BUBHAYATH
TeMIIEPATyPHY €(PEKTHMBHICTh POOOTH PEBEPCUBHUX PETEHEPATOPIB i3 PI3HMMHU TEINIOPiI3MIHUMU
XapaKTepUCTUKaMU. 32 pe3yJIbTaTaMy MOJEIOBAHHS IIPOLIECIiB TeIJIO0OMiHy Y PEBEPCUBHOMY PEr€eHEePaTUBHOMY
TeIJIOYTUIIi3aToPi i3 paljioHaIbBHUMU XapaKTePUCTUKAaMU OTPUMaHO e(PeKTUBHICTb YTUJIi3allil TeIJIOTH BUTSKHOTO
noBiTpA 96-99,6 %. OTpuMaHi pe3yJbTaTy Bilpi3HAIOTLCA Bifl pE3yJIbTAaTiB MOJEIOBAHHS METOIAMU

06U CITIIOBAJIbHOI rifjpoguHamiku B Mexax 2%. Y I'SITOMy PO3/ijli IPOBeleHO TeXHIKO-€KOHOMIYHUIL aHai3
eeKTUBHOCTI BUKOPUCTAHHS BIOCKOHAJIEHOI KOHCTPYKILil peBEpCUBHOTO PereHepaTuBHOrO TeIJIOYTUIi3aTopa
IEeLLeHTPaJi30BaHOTO BEHTUJISILIIMHOIO IPUCTPOIO 3 YPAaxyBaHHSIM BU3HAYEHOTO 3HAYEHHS TEMIIEPATYPHOTO
KoeilieHTy e(peKTUBHOCTI Ha OCHOBI aBTOPCHKOI (popmysu ynciaa Hyccesnbra. Y pe3ysbTarti IpOBeAeHUX
PO3paxyHKiB OTPMMaHO 3HIKEHHS CyMapHUX TersoBTpar 6ynisii Ha 30 % Ta eHeprocrnokuBaHHS Ha 35%, a TAKOX
IiABUILEHHS eKOJIoriyHOi epeKTUBHOCTI (6iocdepocyMiCHOCTI) 3a paxyHOK 3MEHIIEHHS BUKU/iB BYIJIEKMCIIOTO razy

Ha 35%. CTPOK OKYIHOCTi 3alIpOIIOHOBAHOTO PillleHHsSI CTAHOBUTb 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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