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Brepiie npoBeieHO KOMIUIEKCHE JTOCIIIKEHHS MPOLIECIB TEIUNIOOOMIHY B CTUCIUX YMOBax
B BHUITAPHO-KOHJCHCAIIHUX cucTeMax. Po3pobneHo ta mpenacrasieHo (isuuHy MOJIeb Ipouecy
KUITIIHHS Ha IOPUCTUX MOBEPXHAX B yMOBaX 0OMEKEHOro mpoctopy. OTpUMaHO 3aJIeKHOCTI IS
PO3paxyHKy IHTEHCHUBHOCTI TEIUIOBIIaui B TAaKUX YMOBax, IO HEOOXIJTHO JJIsi CTBOPCHHS
MIHIaTIOPHUX CHCTEM OXOJIO/DKEHHS MIKPOCXEM Ta HOTYKHUX IPOLECOPIB E€IEKTPOHHOIO
oOmagHanHA. PO3KpHTO MeXaHI3M MyJbCallifHUX SIBUII B MiHIaTIOpHUX TepMocudoHax i
OTPUMAHO 3aJICKHOCTI, IO JO3BOJISIIOTH PO3PAaXOBYBAaTH aMIUIITYQy 1 Mepioa Myibcallii
TEMIIepaTypd B 30HI HarpiBy. BHUSBICHO BIUIMB PEXMMHUX 1 T€OMETPUYHHX (PAKTOpPiB Ha
Jiarna3oH BUHMKHEHHS TaKMX ITyJbCalliil TeMnepaTypu.

JlocnipkeHHsT 1HTEHCHBHOCTI TEIUIOBiIJadi B 30HAaX HArpiBy Ta KOHJACHCAIIl B
MIHIaTIOPHUX BUMAPHO-KOHJIEHCALIMHUX CHCTEMax 3 PI3HUMHU TEIUIOHOCIAMH IOKA3al0 LUIAXU
HiBUIIEHHS TEIUIONEepeaaBaJbHOI 3AaTHOCTI MIHIATIOPHUX TEIJIOBUX TPyO TepMOCH(OHIB i
NyJIbCallIHHUX TEIUIOBUX TPyO. PO3KpUTO XapakTep BILIMBY OCHOBHUX (akTOpIB Ha MpOLECU
teroBiggadi.  OTpUMaHO HOBI  3aJ€KHOCTI sl PO3PaxyHKY  TeIUIONEepeAaBaIbHUX
XapaKTepUCTUK (IHTEHCHBHICTh TEIJIOOOMiHY, TEPMIYHOTO OMOPY U MAKCHUMAIIbHUX TEIIOBUX
MOTOKIB) MiHIATIOPHUX BHITAPHO-KOHJCHCAIIIMHIX CUCTEM Ta PO3POOJICHO PEKOMEHIAIli s
MOJAJIBIIION0 BUKOPUCTAHHS TAKUX MPUCTPOIB B EHEPreTUYHOMY 00JIaJHaHHI K HA3eMHOTI'0, TaK 1
KOCMIYHOTO 3aCTOCYBaHHI. 3a pe3yJbTaTaMH JOCIHIKEHb pO3pOOJIEHI Ta BUTOTOBJICHI AIFOY1
3pa3kl CHCTEM OXOJIOJUKEHHS 13 XapaKTepUCTHKaMM, 110 MEepEeBHUINYIOTh Kpallli 3aKOpAOHHI
aHaJIOru. Bu3Ha4eHO KpUTEpPIHI 3aJeKHOCTI AN PO3PAXyHKY IHTEHCHBHOCTI IIPOILIECIB
TEIUIOBIIJaui B 30HAX MiJBOAY TEIUIOTH Yy MIHIATIOPHUX TEIUIOBUX TpyOax 1 TepMOCH(OHaXx.
[IpencraBieHO METOAMKY PO3PAaXyHKY TeIUIONEpeJaBaIbHUX XapaKTEPUCTUK MIHIATIOPHUX
TEIUIOBUX TPYO, TEpMOCHU(DOHIB 1 KANUIAPHUX IMyJIbCAllIHHUX TEIUIOBHX TPYO Ui CTBOPEHHS
CYJacCHUX CHUCTEM OXOJIOJDKEHHS 3 BUCOKHMH TEIUIONEPETalOuMMH XapaKTePUCTUKAMH.

(poc.)

BriepBrie ipoBeIeHO KOMIUIEKCHOE HCCIIEIOBAaHUE TPOIIECCOB TEIUIOOTAAYN B CTECHEHHBIX
YCIOBHUAX B HCHAPUTEIbHO-KOHJCHCAIMOHHBIX cHUCTeMax. Pa3paboTaHO W NIpeICcTaBIeHO
¢u3MUecKyr0o MOJeNb TIpolecca KHUIEHHWS Ha TOPHUCTBIX MOBEPXHOCTAX B  YCIOBHUAX
OTPaHUYEHHOTO MpocTpaHcTBa. IlodaydeHbl 3aBUCHMMOCTH Ui pacdeTa HWHTEHCUBHOCTH
TETUIOOT/IaYM B TAKHX YCJIOBUSAX, YTO HEOOXOAWMO ISl CO3JaHHS MHUHHUATIOPHBIX CHCTEM
OXJIAXK/IEHUS MHUKPOCXEM M MOIIHBIX IPOILIECCOPOB 3JIEKTPOHHOrO 000pyaoBaHUs. PackpbIT
MEXaHU3M IIyJIbCAIlMOHHBIX SIBICHHH B MUHHUATIOPHBIX TepMOCH(OHAX ©  TOJTYYCHBI
3aBHCUMOCTH, TO3BOJISIIOIIME PACCUUTHIBATH AMIUIMTYy M MEPUOJI MyJbCAlMi TEMIIEpaTyphl B
30He HarpeBa. BBISBICHO BIHUSHHE PEKUMHBIX W TEOMETPUYECKHX (DaKTOPOB Ha HAIa30H
BO3HUKHOBEHUS TAKUX MyJbCAllUN TEMIIEPATypHl.

HccnenoBanre WHTEHCHMBHOCTH TEIJIOOTJAa4d B 30HAX HarpeBa W KOHJCHCAIIMHA B
MUHHATIOPHBIX MCIAPUTENbHO-KOHACHCAIIMOHHBIX CHCTEMAax C Pa3IMYHBIMH TETJIOHOCUTENISIMU
MOKA3aJI0 IyTH TOBBIIICHUS TEIIONEPEAArONUX CIOCOOHOCTEH MHUHUATIOPHBIX TEIJIOBBIX TPYO
TepMOCU(OHOB U MYJIbCALIMOHHBIX TEIJIOBBIX TPYO. PackphIT XapakTep BIMSHUS OCHOBHBIX



(GakTOpOB Ha TPOIECChl TemIooTAaun. I[loydeHbl HOBBIE 3aBUCHMOCTH [UJIsi  pacdera
TCILIONICPCAAOIIUX XapaKTCPUCTHUK (I/IHTGHCI/IBHOCTB T€HJIOO6M€Ha, TCPMHUYCCKOTO
COIIPOTUBJICHUA W MAKCUMAaJIbHBIX TCIIJIOBBIX HOTOKOB) MHUHHUATIOPHBIX HCHAPUTEIIBHO-
KOHACHCAIIMOHHBIX CHUCTEM U pa3pa60TaHLI PEKOMEHAAIUN JIA I[aaneﬁmero HNCITOJIb30BaHUA
TaKHux yCTpOﬁCTB B DHEPICTHUYCCKOM 060py,HOBaHI/II/I KaKk Ha3€MHOI'0, TaK WU KOCMHYECKOI'O
npuMmeHenud. Ilo pesynbrataMm uccieoBaHUN pa3pabdOTaHbl M HM3TOTOBJIEHBI JAECUCTBYIOLIME
06p331_[BI CUCTEM OXJIAXKIACHUA C XapaKTCPUCTHKaAMH, IMPCBBINIAIOIMIMMHA JIYYIIHEC 3apy6e>1<HLIe
aHaJIOTH. OHpCI[eJIeHLI KpUTCPUAIILHBIC 3aBUCUMOCTU JIA pacdy€Ta MHTCHCUBHOCTU MPOLCCCOB
TEIUIOOTAAYM B 30HaX IMOJABOJA TCILIOTBI B MUHHUATHOPHBIX TEIIJIOBBIX pr6ax u TepMOCI/I(bOHaX.
Hpe,I[CTaBJ'IeHBI MCTOAMKH pacdeTa TCINIONECPCAAOMIUX XapaKTCPUCTUK MHWHHUATIOPHBIX
TCIIJIOBBIX pr6, TepMOCI/I(bOHOB 1 KalIWJUIAPHBIX MMYJIbCAUOHHBIX TCIIJIOBBIX pr6 JJIs1 CO34aHUA
COBPEMEHHBIX CUCTEM OXJIAXACHHA C BBICOKHMMMU TEILIONEPCAAOMINX XapaKTCPUCTUKAMHU.
(aHrJ.)

A complex study of heat transfer processes in constrained conditions in evaporative-
condensation systems was carried out for the first time. A physical model of the boiling process
on porous surfaces in conditions of limited space was developed and presented. Dependencies
for calculating the heat transfer intensity under such conditions have been obtained. Such
dependencies are necessary to create miniature cooling systems for microchips and powerful
processors of electronic equipment. The mechanism of pulsation phenomena in miniature
thermosyphons was disclosed, and dependencies for calculation of the amplitude and period of
temperature pulsations in the heating zone were obtained. The influence of regime and geometric
factors on the range of occurrence of such temperature pulsations was revealed.

The study of the heat transfer intensity in the heating and condensation zones in miniature
evaporative-condensation systems with various heat carriers has shown ways of improving the
heat transfer capabilities of miniature heat pipes, thermosyphons and pulsation heat pipes. The
nature of the influence of the main factors on heat transfer processes was revealed. New
dependencies for calculating the heat transfer characteristics (heat transfer intensity, thermal
resistance and maximum heat flux) of miniature evaporative-condensation systems have been
obtained and recommendations for the further application of such devices in power equipment of
both terrestrial and space applications have been developed. Based on the research results,
operating samples of cooling systems with characteristics exceeding the best foreign counterparts
have been developed and manufactured. Criteria dependencies for calculating the intensity of
heat transfer processes in heat input zones of miniature heat pipes and thermosyphons were
determined. The methods for calculating the heat transfer characteristics of miniature heat pipes,
thermosyphons and capillary pulsation heat pipes were presented. These methods allow to create
modern cooling systems with high heat transfer characteristics.
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