Po3po0ka Ta nociaigxeHHs NepceKTHBHUX MIHIaTIOPHUX eHepro30epiralouux NpucTpoiB Ha
OCHOBi BUIIAPHO — KOHAEHCAWIHHOI0 IHMKJIY.

Pa3pa0orka u uccieq0BaHue NePCHIeKTHBHBIX MUHHATIOPHBIX JHeprocoeperarmux
YCTPOMCTB HA OCHOBE MCNMAPUTEIbHO-KOHIEHCAMOHHOTO HUKJIA.
Development and investigation of perspective miniature energy saving devices on based of
evaporating - condensation cycle.
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3. CyTb po3po0KH, OCHOBHI pe3yJIbTATH:

(Yxp.)

AHani3 miTepaTypHHX JJaHUX IIOKa3aB, MI0 CYYacHHWH CTaH MiHIaTIOpW3alii eIeKTPOHHOL
TEXHIKH TIOTpeO0y€e CTBOPEHHS HOBHX MaJIOTa0apUTHUX CHUCTEM OXOJIOJKEHHS, 3IaTHUX BI1IBOJUTH
3HAYHI TEIJIOBI HaBaHTaXXEHHA. B Mexax 1€l mpoOnemu OylIo CTBOPEHO TEOPETUYHE
OOTpYHTYBaHHS JOIIJIBHOTO BUKOPUCTaHHS MIHIATIOPHUX TEIUIOBUX TpyO, TepMOCU(DOHIB Ta
NyJAbCAllIMHUX KalUIIPHUX TEIJIOBUX TPYO y CHUCTEMaxX OXOJOJKECHHS ISl LIMPOKOTO CIIEKTPY
MOTY)XKHUX €JIEMEHTIB MIKpPOENEeKTPOHHOI TEXHIKU. 3allpollOHOBAHO MAaTEMaTHU4HY MOJENb IJIs
OIUCY TPOLIECIB TEIUIOOOMIHY B YMOBaxX 3MEHIIECHHS BHYTPIIIHBOTO MPOCTOPY TEPMOCH(OHIB Ta
MIHIATIOPHUX 1 MyJIbCAllIMHUX KamJIIPHUX TEIUIOBHX TpybOax. Kputepiem, sSKuil xapakTepusye
nepexia BiJl BEIMKOrO MPOCTOPY O 3MeHIeHoro, € uucio bouma (Bo). Ilpu Bo®® < 1 YMOBH
TEIUI000MIHY 3MIHIOIOTHCS 1 ICHYIOUH 3aJIeKHOCTI HE JO03BOJISIIOTH PO3paxyBaTH IHTCHCHBHICTH
TEIUIOBIAJIaui B YMOBaxX 3MEHILIEHOTO MapoBOro mpoctopy. [ns BuBUeHHsS 1bOro mporecy Oyio
CTBOPEHO JIEKIJIbKa KOHCTPYKIII MIHIATIOPHUX TETUIOBUX TPYO 30BHIIIHIM JiaMETPOM Big 3MM 110 6
MM (BHYTpIIIHIA JiameTp mapoBoro mpocropy — Big 1,2mMm g0 4mm). Byno mokaszano, mio
3MEHILIEHHS JlaMeTp MapoBOTO MPOCTOPY MPUBOAUTH O 3HAYHOT'O IMiJIBULICHHS TEPMIYHOTO OMOPY
1 3MEHIIIEHHS TEIJIOBUX IMOTOKIB, IO NepeaaloThes. Bizyamizanis mpoleciB nmapoyTBopeHHs Oyna
MpOBEACHA Ha CKISHUX MIHIATIOPHUX TepMOCH(POHAX 1 MyJIbCAIlIMHUX KaMJIIPHUX TEIUIOBUX
TpyOax. Ha ocHOBi Takoro kiHemarorpaiyHOro IOCHI/PKEHHS TiIpaBIiYHUX XapaKTEPUCTHK
MPOIIECIB PYXy MApOPIAMHHOI CyMIIl y TepMOCH(POHAX Ta MyJbCAMINHUX KaMJIIPHUX TEIUIOBUX
TpyOax OTpUMaHO HOBI JaHI O MyJbCALiAX TEMIIEPATypH B 30HAX TEIJIOOOMIHY B 3aJICXKHOCTI Bij
TEIUIOBOTO  TOTOKY, WI0 TNepenaeTbcs. B pe3ynpTaTi  JOCHIIKEHHS  TEeIJIoNepenaloyunx
XapaKTepUCTHK BIEpIIE OTPUMAHO HOBI 3AJIEKHOCTI KOe(]illieHTIB TEmaoBigAadli B 30HaX
TEII000MIHY BiJl TEIJIOBOTO MOTOKY. Ofep)KaHo HOBI JaHi M0 MAaKCHUMAaJIbHUM TEIUIOBHM IMTOTOKaM,
AKI MOXXYTb NEpeAaBaTH MIHIaTIOPHI TEIUIOBI TpyOM Ta TepMocu(oHU. BHU3HAueHO KpuTepiaibHi
3QJICKHOCTI I PO3PAXyHKY 1HTEHCHUBHOCTI MPOIIECIB TEIUIOBIa4l B 30HAX IMiJIBOAY TEIJIOTH Y
MiHIaTIOPHUX TEIUIOBHX TpyOax i Tepmocudonax. [IpoBeneHo aHami3 MporeciB MapoyTBOPEHHS IpU
MiHIaTIOpHU3allii MPUCTPOIB HA OCHOB1 BUTIAPHO-KOHICHCAIITHOTO ITUKITY.

Ha ocHOBI MpoOBeACHUX TOCTIIKEHb CTBOPEHO CUCTEMY OXOJIOJIKEHHS MTPOIecopa MOTY>KHOTO
TEPMETHYHOTO KOMIT'FOTEPA, JIe B SKOCTI €JIEMEHTIB Tepeaadl TeIrIoBOi €Heprii 3aCTOCOBYIOTHCS
MiHIaTIOpHI TerioBi TpyOu. TakoX CTBOPEHO MAaKeT CHUCTEMHU OXOJOKEHHS Iporecopa
KOMIT'IOTepa Ha 0a3i myJbcamiifHOI KamuIsgpHOi TeruioBoi TpyOu. Po3polOiieHo MeTonuky
PO3paxyHKy MiHIQTIODHUX TEIUIOBHUX TPYO Ta pEKOMEHJAIl A CTBOPEHHS CY4YacCHUX CHUCTEM
OXOJIO/IPKEHHS 3 BUCOKMMHU TEIUIONepeAalouiMU XapaKTePUCTHKAMHU.

(poc.)

AHanu3 JTUTepaTypHBIX JAHHBIX IMOKa3al, YTO COBPEMEHHOE COCTOSHWE MHMHMATIOPU3ALNU
AJIGKTPOHHOW TEXHUKH TpeOyeT CO3JaHUsl HOBBIX MaJorabapuTHBIX CHCTEM OXJIAXKICHHS,
CHOCOOHBIX OTBOJAWUTH 3HAYUTENIbHBIC TEIUIOBbIE Harpy3ku. B pamkax »Toll mpoOnembl ObLIO
CHENaHO TeopeTuyeckoe OOOCHOBaHME IIEJIECOO0PAa3HOCTH  HCIIOJIb30BAaHHUS ~MHHHMATIOPHBIX
TEIUIOBBIX TPYO, TEpMOCHU(GOHOB U MYJIbCALMOHHBIX KAMWUISPHBIX TEIUIOBBIX TPYyO B cHcTeMax
OXJIAXJIEHUS JJIs1 IIUPOKOTO CHEKTpa MOIIHBIX JJIEMEHTOB MHKPODJICKTPOHHON TEXHMKH.
[IpencraBieHO MaTeMaTHYECKYIO MOJENb JUIsl OMKCAaHUS IMPOLECCOB TEIIOOOMEHa B YCIOBHSX



YMCHBIICHUS BHYTPCHHCTO IIPOCTPAHCTBA B TepMOCH(bOHaX, MHUHUATIOPHBIX W IIYJbCAIIMOHHBIX
KamWUIAPHBIX TEIJIOBBIX TpyOax. Kputepuem, KOTOPBIA XapakTEpU3YeT MEPexXoa OT OOJBIIOTO
IIPOCTPAHCTBA K YMEHBIIEHHOMY, ecTh uncio bonna (Bo). Ilpu Bo’® < 1 YCJIOBUSI TEIIOOOMEHA
HU3MCHAIOTCA HW CYIICCTBYIOIIMEC 3aBHCHUMOCTH HEC IIO3BOJIAIOT pPAaCCYUTATh HWHTCHCHUBHOCTH
TCILNIOOTAAYN B YCJIOBUAX YMCHBUICHUSA IIAPOBOIO IMPOCTPAHCTBA. I[JIH HU3YUCHUSA 3TOTO IMporecca
OBLJIO CO31aHO HECKOJIPKO KOHCTPYKITUH MUHHUATIOPHBIX TEIUIOBBIX TPYO BHEIIHUM JTUAMETPOM OT
3MM 10 6 MM (BHYTPEHHHUH JUaMETp NapoBOro npocTpaHcTa — oT 1,2mMMm 10 4MMm). beuto nokasaHo,
4TO YMEHBIICHUE OUaMeTpa MapOBOrO MPOCTPAHCTBA IIPUBOAUT K 3HAYUTEIHHOMY IIOBBIIICHUIO
TCPMHUYCCKOI'0 COIIPOTUBJICHUA U YMCHBIICHUIO TMCPCAABACMBIX TCIIJIOBBIX ITOTOKOB. BI/ISyaJII/ISaI_[I/ISI
MPOIIECCOB MapooOpa3oBaHus OblIa MPOBEICHA Ha CTEKJISHHBIX MHHHATIOPHBIX TepMOcH(]OHAX
MyJIbCALIMOHHBIX KaNWUISPHBIX TEIUIOBBIX TpyOax. Ha ocHOBe Takoro kuHemarorpaduueckoro
HUCCICAOBAHNA TUAPABINYCCKHUX XAPAKTCPHUCTUK ITPOLECCOB OBMXCHUIA HapO)KI/II[KOCTHOI‘/'I CMECH B
TepMocu(OHAX M MYIbCALUOHHBIX KaMMJUIAPHBIX TEIJIOBBIX TPyOax MOIyueHbl HOBBIC JAaHHBIE O
myjbCaludaX TEMIICpaTypbl B 30HAX TeIm1oo0MeHa B 3aBUCUMOCTH OT nepeaaBacMoro TEraIoBOIro
notoka. B PE3YIbTATC HCCICAOBAHHA TCIUIOMICPCAAONINX XAPAKTCPUCTHUK BIICPBLIC BLIABJICHBI
HOBBI€C 3aBUCHUMOCTHU KOB(l)(bI/IHI/IeHTOB TCIIOOTAAYN B 30HaAX TEIIOO0OMEHA OT TEIJIOBOI'O MOTOKA.
HOJIY‘-ICHBI HOBBIC JAHHLIC M0 MAKCUMAJIbHBIM TCIIJIOBBIM IMOTOKaM, KOTOPBIC MOIr'yT HNCpCAaBaTb
MUHHATIOPHBIC TEIUIOBBIE TPYOBI M TepMOocH(pOHBI. OmnpeeneHbl KPUTEPUATbHBIC 3aBUCUMOCTH IS
pacu€Ta MHTCHCUBHOCTH MPOLCCCOB TCIUIOOTAAYN B 30HAX MNOABOJA TCIUIOTHBI B MHUHUATIOPHBIX
TEIUIOBBIX TpyOax u Tepmocudonax. I[IpoBeneH aHamm3 MPOIECCOB MapooOpa3oBaHUs MPHU
MHUHHUATIOPU3AUU CUCTCM OXJIAKACHHUA Ha OCHOBC UCITAPUTCIIbHO-KOHACHCAIMOHHOI'O IIUKJIA.

Ha ocHOBe mpOBENECHHBIX HCCIECIOBAHUN CO3MaHO CHUCTEMY OXJIAXKICHUS IMpoleccopa
MOIITHOTO TCPMETHUYHOI'0O KOMIIBIOTCPA, IIC B KAYCCTBC 3JICMCHTOB IICpCaavun TENJIOBOU SHEpPrun
IMPUMEHAIOTCA MUHUATIOPHBIC TCIIJIOBBIC pr6bI. Taxyke M3rOTOBJIEH MaKET CUCTEMEI OXJIAXXKACHUA
nporeccopa KOMIbIOTepa Ha 0a3e MyJIbCAllMOHHOW KanmWUIApHOM TeruioBod TpyOsl. Paspaborana
MCTOAHKA pacdy€Ta MUHUATIOPHBIX TCIIJIOBBIX pr6 U pCKOMCHOAMUU JJId CO3JaHHA COBPEMCHHBIX
CHUCTCM OXJIAXKACHUS C BBICOKUMU TCTUIONICPCAAOIIUMU XapaKTCPUCTUKAMMU.

(aHrJj.)

Analysis of literature sources had shown that up-to-date state of miniaturization of electronic
devices needs the development of new small-size cooling systems, which are capable to reject great
heat fluxes. Within the bounds of this problem theoretical ground of advisability of using miniature
heat pipes, thermosyphones and oscillating heat pipes in cooling systems for a wide range of
powerful elements of microelectronic technics was found. Mathematical model of heat transfer
processes in conditions of decreasing inner space in thermosyphones, miniature and oscillating heat
pipes was presented. Transfer from large space to small space is determined by the Bond number
(Bo). There are some changes in heat transfer conditions when Bo®® < 1 and, therefore, existing
relations are inadequate for calculating heat transfer intensity in conditions of decreasing vapour
space. For investigation of this process a couple of miniature heat pipes with outer diameter from
3mm to 6 mm (inner diameter of vapour space — from 1,2 mm to 4 mm) were produced. Was
shown, that decreasing of vapour space diameter results in great increasing of thermal resistance
and decreasing of transferred heat fluxes. Visualisation of vapour generating processes was carried
out on glass miniature thermosyphones and oscillating heat pipes. New data about dependence of
pulsations of temperature in heat transfer zones from transferred heat flux were obtained due to
such cinematographic investigation of hydraulic characteristics of liquid-vapor mixture flow in
thermosyphones and oscillating heat pipes. As a result of heat transfer characteristic investigation
new relations between heat transfer coefficients in heat transfer zones and heat flux were obtained
at a first time. New data about maximum heat fluxes transferred by miniature heat pipes and
thermosyphones were recovered. Criteria relations for calculating of heat transfer intensity in
heating zones of miniature heat pipes and thermosyphones were determined. Analysis of vapor
generating processes in conditions of miniaturization of cooling systems based on evaporating-
condensation cycle was conducted.



Miniature heat pipe cooling system for central processor unit of powerful hermetical
computer was created on base of conducted investigations. Prototype of oscillating heat pipe
cooling system for central processor unit of computer was also produced. Methods of calculation of
characteristics of miniature heat pipes and recommendations for creation of up-to-date cooling
systems with high heat transfer behaviors are developed.
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5. IlopiBHsIHHS 3i CBITOBMMH aHAJIOTAMH.

Pesynbratn poOOTH BIAMOBIAAIOTH CBITOBOMY PpiBHIO Yy mgadiii ramy3i. OtpumanHi
eKCIIepUMEHTaIbHI JIaHl PO3KPHBAIOTh HOBI (i3WYHI SBHUINA NpU MiHIATIOpU3allii BUIAPHO-
KOHJICHCAIlIMHNX cHCTeM. Po3po0seHi MiHIaTIOpHI TEIMJIOBI TPyOM 3a CBOIMH ITOKa3HUKAMH IIO
TEIUIONEepeIaloYNM XapaKTEPUCTHKAM 3HAYHO TePEBHUILYIOTh iICHYIOU1 CBITOBI aHAJIOTH.

6. ExoHoMmiuHa nmpuBa®JuBICTH PO3POOKH AJisi MPOCYBAHHSA HA PUHOK, BIPOBA/KEHHS Ta
peaJtizanii, 10Ka3HUKH, BAPTiCTh.

OTpumaHHI HOB1 JaHl €KCIEPUMEHTAIBHHUX MOCHTI/DKEHb Ta METOJHMKH PO3PaxXyHKY MaayTh
3MOTY TIiJBULIMTH TEIUIONEPENaloyl XapaKTepUCTUKU TPOEKTOBAHUX CHCTEM OXOJIOJKCHHS
MajorabapuTHUX MPUCTPOiB. PesynbTaTH, siki OyayTh BIPOBAPKEHI B MPaKTHUKY, 3a0e3medarhb
ICTOTHE MiJBUIICHHS E€KOHOMIYHOCTI, HaJiMHOCTI 1 JOBrOTPUBAIOCTI (PYHKLIOHYBaHHsS Oararbox
THITIB CHCTEM OXOJIO/PKCHHsI. EKOHOMIUHMIA eeKT Bij BIIPOBAIKCHHS HOBUX CHUCTEM 3a0€3MeUeHHs
BiJIBOJly 3HAYHMX TEIUIOBUX IOTOKIB BiJl MOTY>KHUX MAJIOTa0apUTHUX MPHUCTPOIB MOJATae B 3aMiHi
3aKOPJIOHHUX CHCTEM aHAJIOTIYHOTO KJIacy BITYM3HSHUMH, TOBHOMY BHKJIFOUCHHI 3aTpaT Ha IMIIOPT
1 3MEHILCHHI TepMiHYy OKYMHOCTi. P0o3po0ieHi MiHiaTIOpHI TEII0BI TPYyOH 3a CBOIMM MOKa3HUKaMU
M0 TEIIOTNEPEIalouuM XapaKTepUCTUKaM B 1,5...2 pa3u mepeBUIYIOTh ICHYIOYi CBITOB1 aHAJOTH.
Bapricth oHi€l MiHIaTIOpHOT TPYOH, B 3aJI€KHOCTI BiJ rabapuTiB, JIKHUTh Ha PiBHI CBITOBUX LIiH, a
B JICSIKMX BUIMAJKaxX 1 3HaYHO HIDKYA.
7. TloreHuiiiHi kopucTyBayi (rajaysi, MiHicTepcTBa, BiloMCTBa, MiANPUEMCTBA, OpraHisaiii).

l'ay3p BHKOpHCTaHHS pe3yJbTaTIB JOCHIDKEHb OXOIUIIOE JOCHUTh BEIUKY KUIBKICTh
HanpsMKiB. Bix cTBOpeHHS MIHIaTIOpHUX MPUCTPOIB I OXOJIOJUKCHHS TEIUIOHABAHTaKEHUX
€JIEMEHTIB €JIEKTPOHHOT TEXHIKH 0 BUKOPUCTAHHS MIHIATIOPHUX TEIIOBUX TPYO, TePMOCU(DOHIB Ta
nyJabCalliiHUX KaMISIPHUX TEMJIOBUX TPYO y eHepro3odepiratoyoMy o0Ia HaHHI.

[Tinnmpuemctea HBO “Enexrpormam”, IIKb “Apcenan, HBO “Artom Kowmmiekc Ilpunan”,
OOO “Binmeo Intepner TexHomorii” Ta iHII 3aliKaBieHi y BIPOBAHKEHHI y BHPOOHHUIITBO
MIHIQTIOPHUX TIPUCTPOIB HA OCHOBI €(EKTUBHHUX CHCTEM OXOJIO/DKEHHS 3 MIHIATIOPHUMH
TEIUIOBUMH TPpyOaMu Ta MybCalliiHUMH TETUIOBUMHU TPpyOamHu.

8. CtaH roToBHOCTi po3po0KM.

CporosmHi CTBOpEHa HAyKOBO-TEXHOJIOTiYHAa ©0a3a  JAJs  JOCHIIDKEHHS Ta po3poOKH
MEePCIEKTUBHUX €(DEKTUBHUX CHCTEM OXOJIO/DKEHHS Ha 0a3i MIHIATIOpHUX TEIJIOBUX TPYO,
TepMOCH(OHIB 1 MyNbCAIHHUX KaMJSPHUX TEMI0BUX TpyO. CTaH rOTOBHOCTI PO3POOKH y BUTIISAAL
MaKETHHUX 3Pa3KiB.

9. IcHymoui pe3yJbTaTH BIPOBAIKEHHS:

Pesynbrat Ta BHCHOBKM pPOOOTH BHKOPHCTAHI TPH PO3pPOOI CHUCTEMH OXOJOKEHHS
MOTY>KHOTO MPOIECOPa TPOMHUCIOBOTO T€PMETUYHOTO KOMIT I0Tepa y BUTIISAI 3pa3KiB MiHIaTIOPHUX
teroBux Tpyo s mignpuemcta OO0 “Bineo Iateprer Texnomorii”.
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