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Pedepar:

1. Po6oTa HaljizieHa Ha CTBOPEHHSI TEOPETUKO-TIPAKTUYHUX YMOB €(PEKTUBHOTO BUKOPUCTAHHSI LIiJIbHOTO LIapy
IPaHyJIbOBAHOTO MaTepiay B SIKOCTi HACAJKHU B CKJIaZli pereHepaTHBHOrO TENJIO0OMIHHOTO anapary s
HAKOIWYE€HHY B SIBHIN (POPMI TEIJIOTA HMU3BbKOTO NOTEHLiasny. 1151 OTpMMaHHS HEOOXiHUX HAYKOBO-TIPAKTUYHUX
IaHUX B POOOTi cpopMyJIbOBAHO Ta BUPIilIEHO Pl 3aBIaHb. Ha mifgcrasi aHami3y cyyacHUX HOCATHEHDb B cepi
IOCTiKeHb BU3HAUEH] paljioHa/bHi 06J1aCTi BUKOPUCTAaHHS TEIJIOBUX aKyMYJISITOPIB 3 IPaHyIbOBAaHUMU (CUIIKIMMU)
MarepiasaMmy Ta OCHOBHI (pi3nyHi i reoMeTpUYHI IapaMeTpH, L0 BIJIMBAIOTh HA iIHTEHCUBHICTb TEIJIOOOMiHY MK
IIiJIbHUM IIAPOM Ta HACKPi3HMM IOTOKOM rasdy. CKaZeHO MaTEMaTUYHY MOJIEJIb B3aEMOIIOB SI3aHOTO
MI’KKOMITOHEHTHOTO TEIJIO- i MaCOIIEPEHOCY B LIIIBHOMY HEPYXOMOMY LIApi, 3TiAHO 3 KOO Iap CKJIALAEThCS 3
IBOX KBa3irOMOT'€HHVX KOMIIOHEHTIB — ra30BOT0 Ta TBEPAOro. Mozesib BKIII0OYa€ PiBHSHHS TEIJIONEPEHOCY B
ra3oBOMY KOMIIOHEHTI, PiBHSIHHS TEIJIONIEPEHOCY HA TBEPAOMY KOMIIOHEHTI Ta PiBHSIHHSI MaCONIEPEHOCY B Fa30BOMY
KOMIIOHEHTI. 3 METOI0 OTPMMAaHHS PO3PaxyHKOBOI 3aJIEKHOCTI [IJIs1 TEMIIEPATYP CKJIAIEHA MAaTEMAaTUYHA MOJIEJIb

TEIJIO0OOMIHY B TEIJIOi30/IbOBAHOMY KaHaJIi 32 337JaHOi TeMIlepaTypy rasy Ha Bxofi. PilmeHHs maTeMaTU4yHOi Mozeri



nepeznbaydano po3poOKy METOy BU3HAYEHHS] KOPEHiB XapaKTepUCTUYHOrO PiBHSHHS Ta OLiHKA BILJIMBY yuces Bio 3a
rpadiko-aHamiTuuHUM MeTonioM. IIpoBeneHa Bepudikallis MaTeMaTU4HOI MOZEJIi, sIKa JOBeJIa, 0 BOHA BiJIITOBIIa€e
(di3nyHiil KapTHHI Ipoliecy HeCTallioHaPHOTO HarpiBaHHs Ta BipHO Bio6pa’kye BIJIMB OCHOBHUX IIapaMeTpiB
IIpoLecy (IWibHICTb, KOe(illieHTy MKKOMIIOHEHTHOTO TEIJIOOOMiHY, IOPi3HICTb, YaC HarpiBaHHS) HA 3MiHY
TeMIIEpATypy Wapy Martepiany. PO3paxyHKOBI [JaHi 3aJ0BIJIBHO KOPEJIIOIOTLCS 3 €KCIIEPUMEHTAIbHUMU,
OTPUMaHMMU B NIOJIOHUX YMOBaX. [171s1 yTOYHEHHSI PO3PaxyHKY CJIiJi MaTH Y CBOEMY PO3IOPSI’)KEHHI TOYHI JaHi
00 TennoPi3sMYHNX XapaKTEPUCTHK MaTepiasy, MOro OpO3HiCTi Ta 3HaUEHHSI TUTOMOI IIOBEPXHi YaCTUHOK. JIjis1
PO3LINPEHHS] TEOPETUYHUX YSIBJIEHb Ta OTPMMAaHHS PEKOMEHIALIN moI0 iHTeHcuiKalii npouecy TenjaoooMiHy B
IiJIbHIN HacafLi NPOBeIEHO KOHCTPYIOBAHHS I'PYHTOBOTO pereHeparopa 1j1s TeIUINLi, BUTOTOBJIEHA MiJIOTHA
yCTaHOBKA Ta IIPOBEEHI JOCIiIP)KEHHS B HATYPHUX YMOBaxX. 3a pe3yJbTaTaMU aHajli3y pO3IOiy TEMIIEPATyP B
rpaHyJIbOBaHil Hacazli IpY HarpiBaHHI HACKPI3HMM ITIOTOKOM IOBITPs BU3HAYEHO, 10 1Iapy MaTepiaay B KaHali
IIOCJIiJOBHO NOTJIMHAIOTh TEIJIOTY HACKPi3HOTO MOTOKY MOBITPSsl, IPUYOMY 3aBASIKU TEIJIOEMHOCTiI OOPAHOTO
Marepiay nonepesHi mapu iHTEHCUBHO MOIJIMHAIOTh TEIJIOTY, 110 BUKJIMKAE iCTOTHE 3HKEHHS IHTEHCUBHOCTI
IIPOLIECY B HACTYIIHUX IIapax. 3 4acoM TeMIIEpaTypa BCix MapiB 30i/IbIIYeThCS, IPOTE TEIJIOBOI PiBHOBAru He
criocrepiranocs. CriocrepiraeTbCs 3MEHIIEHH Pi3HULII MIXK TEMIIEPATYpaMU Ha MeKax KaHasy. AHasi3 KpUBUX
TeMIIepaTyp [10Ka3ye, 110 B IIPOLieCi HarpiBaHHS LIiJIbHOTO LIapy MaTepiayy He CIIOCTepiraeTbCsi CTpUOKONONIOHUX
30H 3MiHM TeMmIepaTyp, 110 NiITBepIyKye aleKBAaTHICTh po3p0o06sIeHOi MaTeMaTU4HOoi Mogeri. [lyis BinnoBsini Ha
MATaHHA, K PO3IOIiJeH] B Yaci nepiua i apyra crafii HarpiBy 4aCTMHKY, IPOBELEHI JOAATKOBI JOCIIIKEHHS
HarpiBaHHS OJMHOYHOI YaCTKY B KaHaJli. Lle BaKJMBO Ipy OLiHIi BIUIMBY TEIJIONPOBIIHOCTI B TBEPAOMY MaTepiarii
Ha PO3IOJiJl TEMIIEPATYPHOTO I10JI4 i ONTUMI3allil po3MipiB YaCTUHOK. EKCIIEPUMEHTH MTOKA3ay, 10 PyX
TeMIIEpaTyPHUX KPUBUX 32 4aCOM [1JIs1 IOBEPXHI Ta LIEHTPY YaCTKHU [IOBTOPIOE OJIMH OLHOT0, TOOTO 3aKOH 3MiHU
TEMIIEPATyPH [JIs1 BCiX TOYOK OZHAKOBUH i €PNl epio HarpiBaHHS HaA3BUYANHO Masnii. TaKUM 4YMHOM, B
TEIJIOBUX PO3PaxyHKaxX MOXKHA BUKOPUCTOBYBATH PiBHSIHHS [JIS1 APYTOi CTaAii, 11 SIKOi XapaKTE€pPHUM O HaKOBUM
3aKOH 3MiHUM TeMIlepaTypH Yy BCiX TouKax Matepiany. OKpeMUM BasKJIMBUM MUTAHHSIM OYJI0 JOCiIKEHHS
aepoAMHaMIYHOrO OMOPY Lapy Marepiaiy. 3a pesysbTaTamMu aHajli3y aepOoAMHaAMIYHUX JOCIIIKEHb BUSHAYEHO, 110
piBHAHHA EpryHa 3 NpUNHATHOIO TOYHICTIO ONMCYE €KCIIEPUMEHTAJIbHI JaHi 171 pO3PaxXyHKY 3a/1e5KHOCTI BTPAT
THCKY BiJl JOBXMHU KaHasy. JI71 MO>KJIMBOCTi BUKOHAHHS TEIJIOBUX KOHCTPYKTOPCHKUX PO3PaxyHKiB 'PYHTOBOIO
pereHeparopa po3pobyieHa METOJMKA, 10 JO3BOJISIE 32 33JaHMMU T€OMETPUYHMMY XapaKTE€PUCTUKAMU TEIINLL,
CEepeIHbOrO MOTOKY COHSIYHOTO BUIIPOMiHIOBAHHS, [TIOKA3HMKA NIOTJIMHAHHS TEIJIOBOTO IIOTOKY COHSIYHOI pafiaii
I'PYHTOM, CEPEIHBOI TEMIIEPATyPU HaBKOJIMIIHBOIO CEPENOBUIIA, BUAY IPaHyIbOBAHOIO MaTepiaiy Ta iHMNX
BXiZTHUX JAHUX BUBHAUUTH 00'€M TEIJIOOOMIHHOI [iJITHKY, MacCy 3aBaHTa>XEHHS, KiJIbKiCTb TEIJIOTY, L0
aKyMyJIbOBaHa IpaHyJIbOBaHOIO HACAIKOIO, T OLIHUTU TPUBAJIICTb NIEPIOLY OXOJIOIKEHHS 3 YpaXyBaHHIM BTPAT B
nepiogi naysu. Pesysibrat BHPOBAIPKEHHS I'PYHTOBOI'O PEr€HEepaTopa i METOAUKY MOTO TEMJIOBOTO PO3PAXyHKY
OyJi0 NiITBEpIKEHO [IOBiAKOIO PO BrpoBamkeHHs B TOB "HaykoBo-BUpOOHMYE MifIIPUEMCTBO
ATPOOEPMTEXHIKA".

2. The work is aimed at creating theoretical and practical conditions for the effective use of a dense layer of
granular material as a nozzle in a regenerative heat exchanger for the accumulation of low-potential heat in an
explicit form. In order to obtain the necessary scientific and practical data, a number of tasks were formulated and
solved in this work. Based on the analysis of modern achievements in the field of research, the rational areas of use
of heat accumulators with granular (bulk) materials and the main physical and geometric parameters that affect
the intensity of heat exchange between a dense layer and a through gas flow are determined. A mathematical
model of interconnected intercomponent heat and mass transfer in a dense stationary layer is developed,
according to which the layer consists of two quasi-homogeneous components - gas and solid. The model includes
the equation of heat transfer in the gas component, the equation of heat transfer on the solid component, and the
equation of mass transfer in the gas component. In order to obtain a calculated dependence for temperatures, a
mathematical model of heat transfer in a heat-insulated channel at a given gas inlet temperature was developed.
The solution of the mathematical model involved the development of a method for determining the roots of the
characteristic equation and assessing the influence of Bio numbers using the graphical and analytical method. The



mathematical model was verified, which proved that it corresponds to the physical picture of the unsteady-state
heating process and correctly reflects the influence of the main process parameters (density, intercomponent heat
transfer coefficient, porosity, heating time) on the temperature change of the material layer. The calculated data
correlate satisfactorily with the experimental data obtained under similar conditions. To refine the calculation, it is
necessary to have accurate data on the thermophysical characteristics of the material, its porosity, and the value
of the specific surface area of the particles. To expand the theoretical concepts and obtain recommendations for
intensifying the heat exchange process in a dense nozzle, a soil regenerator for a greenhouse was designed, a pilot
plant was manufactured, and field studies were conducted. The analysis of the temperature distribution in the
granular nozzle when heated by a through air flow shows that the layers of material in the channel sequentially
absorb the heat of the through air flow, and due to the heat capacity of the selected material, the previous layers
absorb heat intensively, which causes a significant decrease in the intensity of the process in the subsequent
layers. Over time, the temperature of all layers increases, but thermal equilibrium was not observed. The
difference between the temperatures at the channel boundaries decreases. The analysis of temperature curves
shows that no abrupt temperature change zones are observed during the heating of a dense layer of material,
which confirms the adequacy of the developed mathematical model. To answer the question of how the first and
second stages of particle heating are distributed in time, additional studies of the heating of a single particle in the
channel were carried out. This is important when assessing the effect of thermal conductivity in a solid material on
the distribution of the temperature field and optimising particle sizes. Experiments have shown that the time
course of the temperature curves for the surface and centre of the particle repeats each other, i.e. the law of
temperature change is the same for all points and the first heating period is extremely short. Thus, the equations
for the second stage, which is characterised by the same law of temperature change at all points of the material,
can be used in thermal calculations. Another important issue was the study of the aerodynamic drag of the
material layer. Based on the results of the analysis of aerodynamic studies, it was determined that the Ergun
equation describes the experimental data with acceptable accuracy for calculating the dependence of pressure
loss on the length of the channel. To perform thermal design calculations of the soil regenerator, a methodology
was developed that allows, based on the given geometric characteristics of the greenhouse, the average solar
radiation flux, the absorption rate of the solar radiation heat flux by the soil, the average ambient temperature, the
type of granular material and other input data, to determine the volume of the heat exchange area, the weight of
the load, the amount of heat accumulated by the granular nozzle, and to estimate the duration of the cooling
period from. The results of the implementation of the soil regenerator and the methodology for its thermal
calculation were confirmed by a certificate of implementation at the Research and Production Enterprise
AGROFARMTECHNIKA LLC.
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