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1. luceprauiiiHa po60oTa MpUCBAYEHAa NOCIITKEHHIO TENJIOTiAPOAMHAMIYHUX NPOLIECIB B IOPUCTUX CEPENOBUILAX Ta
B TIOPUCTUX MIKPOKaHAJIbHUX CUCTEMAX Pi3HOI reoMeTpii. 3alIpOIIOHOBAHO AHAJITUYHI T YMCEJIbHI MeTOIU
MOJeJIIOBaHHS TeI10(Pi3NYHUX NPOLECiB B TOPUCTUX MikpocucTeMax. I1igxin cyuinpHOro cepenoBuila
BMKOPHMCTAHO 3 YpaxXyBaHHSIM I'PaHUYHUX YMOB IIPOKOB3YBAaHHS [1€PLIOTrO Ta IPYroro NOpsaKy, Mo A03BOJISIE
PO3IIMPUTH Jiana3oH BUKOPUCTAaHHA yncya Kuyncena. Meron rpat bosibumana (LBM) 3acTocoBanmii 17151 IJIACKUX i
KPYIJIUX MIKPOKaHaJIIB 3 ypaXyBaHHAM IIOPUCTOCTI Ta YMOB ITPOKOB3YBaHHS. BUKOPHUCTOBYIOYN METO],
peHopMaslizallifiHUX IrpyIl, PO3BMHEHA MIKpPOCKOIIiYHa MOJIeJb TypOyJIEHTHOCTI /1711 MOPUCTUX cepenosull. Ha
OCHOBI Liiei MOzeli, BUBEL,EHO BUPA3 11 €(EeKTUBHOI KiHEMaTUYHOI B'SI3KOCTi 3 ypaXyBaHHSIM IIOPUCTOCTI
cepenoBulla. MeTon 36ypeHb BUKOPUCTAHO [1J1S BUBYEHHS TiIPOAMHAMIYHOI Ta TEIJIOBOI HECTIMKOCTI. 3a3HaueHy
aHaJIiTUYHY METOJIMKY a[lallTOBAHO [1JIs1 aHaJIi3y HECTIMKOCTI, SIKi BUHMKAIOTh IIpY BpaxyBaHHi pi3HUX Pi3nyHuX Ta
reOMETPUYHUX YMOB (IOPUCTICTh, IPOKOB3YBaHHS, Ta iHIIe). HaBemneHo pe3ysbTaT JOCIiIKEHHS riIpoAMHaAMIYHOI
HECTIIKOCTi Teuii B NIOPUCTOMY cepeJOBULILi Ha OCHOBI TPUBUMIiPHUX JIiHITHUX 30ypEeHb Ta B MOPUCTUX
MiKpOKaHasiax Ha OCHOBI ABOBUMIDHUX JIiHIMHUX 30ypeHb. [IoKa3aHo 36i/1blIeHHs] KpUTUYHUX 3HaY€eHb YKCIIa
PeliHospzca 3i 30i7bIIE€HHSIM IPOKOB3YBAHHS Ta 3MEHIIEHHSIM IIOPUCTOCTI, 110 3yMOBJIEHO 3pOCTAaHHSM CTYIIEHIO
3alI0OBHEHHS NMPOQIiso MBUAKOCTI. BU3BHaY€HO KPUTEPil HECTIMKOCTI Tedii 3 ypaxyBaHHSIM HeJIiHIMHUX e(pEKTIB,
SIKWI JO3BOJIUB 3HANTHU rPaHUYHE 3HAYEHHS [TOPUCTOCTI, IPU IKOMY MOK€ PO3BUHYTUCH TypOYJIEHTHICTb.
JocigKeHo TigpoAHaMiyHy HECTIMKICTb IIOTOKY 3 IIPOKOB3YBAaHHSIM B KDUBOJIHITHOMY ITIOPACTOMY MiKpOKaHaJIi
MiX JBOMa HEPYXOMUMU KOHLIEHTPUYHUMU LWIiHIpaMU. PO3paxyHKU MoKasaiy, o 36ibl1eHHs KoedilienTa
IIPOKOB3yBaHHS, [IOPUCTOCTI CEPELOBUILA i ITMPUHU KaHAy IPU3BOAUTH 301/IbIIE€HHS 3aII0BHEHOCTI IPOPinto
IIBUJIKOCTi HE30YPEHOro MOTOKY. Lle, B CBOIO yepry, Npu3BOAUTH [I0 30ibIIeHHS] KPUTUYHUX 3HaUYeHb yuca JiHa i
KPUTHAYHOI JOBXKUHY XBUJIi 30yPEHH4, SIKi BUBHAYalOTh KPUTEPIii HECTIMKOCTI 1711 MOTOKY. JJOCIiIpKeHO
rigpoJMHaMIiKy Ta TEMJIOOOMIH NpU 3MilllaHiM KOHBEKIIil B BEPTUKAJIBHOMY, IVIACKOMY Ta LUJIIHAPUIHOMY
MiKpPOKaHaJax 3 IOPUCTOI0 CTPYKTYPOIO BPaXOBYIOUM FPAHNYHI yMOBY ITPOKOB3YBAaHHS ME€PIIOTO NOPAIKY. Brisus
yucsa KHypceHa 6i1bll BUpaKeHUi1 B IPUCTIHHIN 00J1acTi, B IeHTpasbHill YaCTHHI KaHajy IepeBaXkae BIJIMB YUCIIa
Penes. TIpu manux ynciax Pesiest 3MeHIIEHHS IOPUCTOCTI iHTeHCU(iKye Temionepenayy, a Ipu BEJIUKUX
3HAYEHHSIX 4nciia Pesiest TeHIeHIis 3MiHIOETbCS HA TPOTUIIEXXHY. EexTn MikpoTeuiii 6ibliie BUpaXkeHi npu
BUMYUIEHIN KOHBEKLi. [[py4oMy B KPYyIJIOMy KaHaJli 115l TEHEHLiS BifdyTHIIIa TOMY, IO B KPYIJIOMY KaHaJli pinHa
CTHKAETLCH 3i CTIHKOIO 110 BCbOMY IIONIEPEYHOMY II€PEPi3y, TOAI 4K B IJIACKOMY KaHaJli TUIBKY ABi CTIHKK
KOHTAaKTYIOTb 3 PiHOIO, 1J0 3HAYHO MOCJIA0JII0€ BIJIMB BijIbHOI KOHBEKIii. [IOpiBHSHHS aHAJIITUYHUX PE3YJIbTaTIB 3
4UCeJIbHUMHU pe3yJIbTaTaMu Ha OCHOBI MeToay rpat bospiiMaHa nokasasno po36ixkHicTe meHIue 1%. [TpoBeneHo
aHaJIITUYHI Ta YMCeJIbHI NOCIIIPKEHHS TeNJI000MiHYy i TiApoJHaMiKU [IpY IPUMYCOBIiN KOHBEKIIii B BEDTUKAJIbHOMY
IIJIACKOMY Ta LWJIiHIPUYHOMY IOPUCTUX MIKPOKaHA/IAX C TPAHUYHMMY YMOBaMU NIPOKOB3YBaHHS JPYroro MopsaKy.
3MeHIIEeHHS NOPUCTOCTI BUKJIMKAE MOCUIIEHHS Temonepeadi. [Ipy Bucokux yuciax [Ipanaris ctpubok
TeMIIepaTypH Ha CTiHLi IPaKTUYHO BUPOIKYETHCS, 10 IPU3BOLUTD [0 30i/IblIeHHS IBUIKOCTI Iepeadi Ternsa 3i
36inbueHHSIM uncia Kuyacena. [Ipu Mmanux yucsax ITpaHgTiis BIUIUB [1IapaMEeTPiB IPYroro NopsiKy He
crioctepirascs. B 11i1oMy B po60Ti MOKa3aHo, 110 3aIIPOIIOHOBAHI YK CEJIbHI Ta aHAJIITUYHI METOIY MOJEII0OBaHHS
IO3BOJISIIOTh BPDAXOBYBATH Ta aHAJI3yBaTU BIUIMB PNy Qi3MYHUX Ta TEOMETPUYHUX NTapaMeTpiB Ha TEIJIOOOMiH Ta
rifpoAgnHamiKy B MiKpOIIOPUCTUX CTPYKTypax. TakoK BOHU AAI0Th 3MOTY BU3HAYaTH PEKMMU Tedii B 3a3HAaYE€HUX
MIKpOCTPYKTypax. Pe3ysbTaTi AOCIiIPKEHb MOXYTb OYTH BUKOPUCTaHI IpY IPOEKTYBAaHHI Ta CTBOPEHHI HOBHUX
MIKPOKaHaJIbHUX CUCTEM, a TAKOX Jal0Th 3MOTY OITMMi3yBaTu Halle(eKTUBHIIli peXMMHI po60o4i mapameTpu BXe
icHylounx cucteMm. Kito4oBi cj10Ba: 4ucesbHe MOJIEIOBAHHS, aHAIITUYHE MOJIe/IIOBaHHS, TEIJIO0OMiH,

rizpogyHamika, OpUCTICTh, MiKPOKaHaJI, IPOKOB3YBaHHS.

2. The dissertation is devoted to the research of thermohydrodynamic processes in porous media and in porous
microchannel systems of different configuration. Analytical and numerical methods for modeling thermophysical
processes in porous microsystems are proposed. The continuous medium approach is used taking into account the
boundary conditions of slippage for the first and the second order, which allows expanding the range of use of the
Knudsen number. The Boltzmann lattice method (LBM) is applied to flat and round microchannels taking into
account the porosity and slip conditions. Using the method of renormalization groups, a microscopic model of



turbulence for porous media was developed. Based on this model, the equation for the effective kinematic viscosity
is derived, taking into account the porosity of the medium. The perturbation method was used to study
hydrodynamic and thermal instability. This analytical technique is adapted for the analysis of instability, which
taking into account different physical and geometric conditions (porosity, slippage, etc.). The results of
hydrodynamic instability studding flow in a porous medium based on three-dimensional linear perturbations and
in porous microchannels based on two-dimensional linear perturbations are presented. Increase in the critical
values of the Reynolds number with increasing slippage and decrease in porosity due to an increase in the degree
of filling of the velocity profile is shown. The instability criterion is determined taking into account nonlinear
effects, which allowed to find the limit value of porosity at which turbulence can develop. The hydrodynamic
instability of the flow with slippage in a curved porous microchannel between two fixed concentric cylinders is
investigated. Calculations have shown that increasing the slippage coefficient, the porosity of the medium and the
width of the channel leads to an increase in the filling of the undisturbed of velocity profile. It leads to an increase
in the critical values of the Dean number and the critical wavelength of the perturbation, which determine the
instability criteria for the flow. Fluid flow and heat transfer during mixed convection in vertical flat and cylindrical
microchannels with a porous structure have been studied taking into account the boundary conditions of first -
order slippage. The influence of the Knudsen number is more pronounced in the wall area, in the central part of
the channel the influence of the Rayleigh number prevails. At small Rayleigh numbers, the decrease in porosity
intensifies heat transfer, and at large values of the Rayleigh number, the trend changes to the opposite. The effects
of microflows are more pronounced in case of forced convection. Moreover, in the circular channel this tendency
is more noticeable because in the circular channel the liquid is in contact with the wall across the entire cross
section, while in the flat channel only two walls are in contact with the liquid, which significantly weakens the
effect of free convection. Comparison of analytical results with numerical results based on the Boltzmann lattice
method showed a discrepancy of less than 1%. Analytical and numerical researches of heat transfer and fluid flow
at forced convection in vertical flat and cylindrical porous microchannels with boundary conditions of slippage of
the second order are carried out. Reducing the porosity causes increased heat transfer. At high Prandtl numbers,
the temperature jump on the wall practically degenerates, which leads to an increase in the rate of heat transfer
with an increase in the Knudsen number. At small Prandtl numbers, the effect of second-order parameters was not
observed. In general, the work shows that the proposed numerical and analytical modeling methods allow taking
into account and analyzing the influence of a number of physical and geometric parameters on heat transfer and
hydrodynamics in microporous structures. They also make it possible to determine the flow regimes in these
microstructures. The research results can be used in the design and creation of new microchannel systems, as well
as allow to optimize the most efficient operating parameters of existing ones. Keywords: numerical simulating,
analytical modeling, heat exchange, hydrodynamics, porosity, microchannel, slippage.
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