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Pedepar:

1. Bexmapp 'onampesa. Temnsonepenaodi XapakTepUCTUKY MiHIATIOPHUX ABO(A3HUX TEPMOCUQPOHIB CTOCOBHO
OXOJIOJ)KEHHS eJIeMEeHTIB pafiioeseKTpoHHOi anapaTtypu. — KsasidikauiliHa HaykoBa Ipalis Ha IIpaBaxX pyKOIIUCY.
Juceprauis Ha 3,00yTTs HAyKOBOIO CTYIIEHS KaHAUAATa TEXHIYHUX HayK 3a crenjanbHicTio 05.14.06 - TexHiuHa

TeII0(i3nKa Ta IPOMHUCJIOBA TEMJIOEHEPreTUKa. — HallioHanbHUI TEXHIYHMN YHiIBepCUTET YKpaiHu «KniBCbKUI



NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro», Kuis, 2021. PoboTa npucBsiieHa BUPILIEHHIO aKTyaIbHOI
HAyKOBO-TEXHIYHOi Tpo6sieMu iHTeHcudikaliii Ternysoo6MiHy B MiHiaTIOpHUX BUIIapOBYBaIbHO-KOHAEHCaLiMHUX
CHCTEMAX OXOJIOJKEHHS 3 METOIO MiJBUILEHHS iX TEIJIONePe1aBajIbHUX BIACTUBOCTEN i CTBOPEHHS €(DEKTUBHUX
IIPUCTPOIB Nepeayi TeIIOTH Ha OCHOBI MiHIaTIOpHUX TepMOCU(OHIB. 3aCTOCYBaHHS TEPMOCU(OHIB y TeXHiKi
DI03BOJISI€ iCTOTHO MOJIIMIINTY TEXHIKOEKOHOMIYHI TapaMeTpy TeIJIOHABaHTaKEHOI anapaTypy, BUPIIIUTY Ha GiyIbI
BHCOKOMY PiBHi BUHMKAIOUi B p€3yJIbTaTi HAYKOBO-TEXHIYHOIO MIPOrPeCy 3aadi [0 OXOJIOJKEHHIO €JIEMEHTIB
€JIEKTPOHHOI anaparypu. Po3kputa ¢iznyHa KapTHHa PyXy IJ1iBKU KOHJIEHCATy B MiHIaTIOPHOMY TEPMOCHU(OHI, 1110
BILJIMBA€ HA 3MEHLIEHHS BHYTPILIHLOTO JiaMeTpa I1apoBOro npocropy. [lokasaHo, mo MiHiMaabHAN TEPMIYHUH OIIip
301IbLIYETHCS MTPY 3MEHILIEHHI BHYTPIIHBOTO fiameTpy TepMmocrdoHa. B pesyspraTi aHanizy ekcriepuMeHTaIbHUX
IAHUX OyJIY OTPUMAaHI 3aJ1€XKHOCTI [J1s1 PO3PaxyHKy iHTEHCUBHOCTI TEIJIOBiIavi B 30HaX HarpiBy i KOHJeHcallii.
OTpumaHi JaHi 0 BIJIMBY AiaMeTPY IapOBOro NPOCTOPY, KoedillieHTy 3alI0BHEHHS], KyTa HAXWJly i TeI1o(pisnyHnx
BJIACTUBOCTEN TEIVIOHOCIiB HA MAaKCUMAaJIbHUI TEIJIOBUI NOTIK MiHiaTIOpHUX TepMocudoHiB. [IpencTaBieni mIsIxu
MiJBUIIEHHS TEIJIoNepeNaBaJbHUX MOXKIMBOCTEN MiHIaTIOpHUX TePMOCUGOHIB 3 TEIIJIOHOCISIMU, B SIKOCTi SIKUX
BHMKOPHCTOBYIOTbCS] HAHOPIAMHYU HAa OCHOBI BOJIY 3 JOMillIKaM{ [TOPOUIKIB BYTIJIEL€BUX HAHOTPYOOK i aMOp(pHOTo
Byeno. [lokasaHo, 0 MaKCMMaJIbHUAY TEIJIOBUY MOTIK MiHIaTIOPHUX TEPMOCHU(OHIB 3 HAHOPiAMHAMU BUILE HIXK Yy
aHasnoriyHnx TepMocudOHiB 3 Bof1010. KiltouoBi c10Ba: MiHiaTIOpHUI TepMOCU(OH, TEPMIYHUH OTIip, TEIJIOBUIA

IIOTIK, iIHTEHCUBHICTb TEIIJIOO0MiHY, TENJIOHOCII, HAHOPigMHA, ITyJbcallii TeMmnepaTtypu, QpizuyHa MOJEb.

2. Behmard Gholamreza. Heat transfer characteristics of miniature two-phase thermosyphons for cooling
elements of electronic equipment. - Qualifying scientific work on the rights of the manuscript. The dissertation for
the degree of the candidate of technical sciences (PhD) on a specialty 05.14.06 “Technical thermal physics and
industrial heat-power engineering”. — National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute” MES of Ukraine, Kyiv, 2021. The dissertation is devoted to the decision of an actual scientific and
technical problem of intensification of heat exchange in miniature evaporating and condensing cooling systems for
the purpose of increase of their heat transfer properties and creation of effective devices of heat transfer on the
basis of miniature thermosyphons. The dissertation work is devoted to the study of regularities of heat transfer
and heat transfer characteristics of miniature thermosyphons with different heat carriers including nanofluids.
The rapid development of radio electronics, and especially micro radio electronics, has posed an urgent task for
instrument and equipment developers to create reliable cooling systems capable of providing efficient heat
dissipation by increasing the maximum heat fluxes diverted from miniature semiconductor devices. The most
effective in this case are cooling using evaporation-condensation systems as elements of the tract, which have an
effective thermal conductivity, which is several orders of magnitude higher than the most thermally conductive
existing materials (copper, silver, etc.). The use of thermosyphons in technology can significantly improve the
technical and economic parameters of heat-loaded equipment, to solve at a higher level the problems arising as a
result of scientific and technological progress to cool the elements of electronic equipment. The main heat
transfer characteristics of closed two-phase evaporation-condensation systems (heat pipes and thermosyphons)
are the maximum heat flow and the minimum thermal resistance. The difference between miniature
thermosyphons and "conditionally large" ones is determined by the Bond number (Bo <4), which takes into account
the influence of small sizes on the processes of vaporization during boiling. According to the analysis of
international and national experience scientific publications on the general heat transfer characteristics of closed
two-phase thermo-siphons, it is shown that the data for the development of optimal designs of miniature thermo-
siphons are insufficient. The influence of various factors on their heat transfer characteristics, temperature
regimes, different diameters, lengths and heat carriers is little presented in the literature. Taking into account this,
the main directions of studying the flow of heat transfer processes in closed evaporation-condensation systems of
small size (miniature thermosyphons) are determined. The design of the experimental stand and the method of
conducting research and processing experimental data have been developed. The temperature regimes of
miniature thermosyphons are presented, and it is shown that as a result of the formation of the thermal boundary
layer, conditions arise in the heating zone when the liquid is in a metastable state when the inner diameter
decreases. This is due to the fact that the thickness of the thermal boundary layer becomes commensurate with



the size of the internal space in the area of the heating zone. The resulting steam bubbles after separation from the
heat exchange surface increase in size and reach the inner diameter of the thermosyphon. It is shown that as the
heat flux increases, the temperature pulsations in the heat exchange zones decrease and then disappears. The
influence of the filling coefficient and the influence of thermophysical properties of heat carriers on the
temperature regime of thermosyphons are revealed. The physical picture of the movement of the condensate film
and its thickness, which affects the reduction of the inner diameter of the vapor space of the miniature thermos-
background, is presented. It is shown that the film thickness depends on the thermophysical properties of heat
carriers. Based on the dimensional analysis, new dimensionless complexes are obtained that affect the values of
thermal resistance and heat transfer intensity in the heat exchange zones of a miniature thermosyphon. The
dependences for the calculation of thermal resistance and heat transfer coefficients in the heat exchange zones of
miniature thermosyphons are obtained. It is shown that the minimum thermal resistance increases with
decreasing inner diameter of the thermosyphon. Comparison of data on thermal resistance with existing
dependences showed a large discrepancy between the results.
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