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CHCTEMA OTBOJA TEILJIOTbI OT TEIVIOHATPY;KEHHDIX
IJIEMEHTOB P9A HA OCHOBE IIYJbCAIIMOHHOMN
TEIJIOBOU TPYbbI

Paspabomana xomnaxmuas cucmema omeooa meniomuvi (COT ) na ocnose nyivcayuonnoi meniosoi mpyou
¢ 68000l 6 Kauecmee menjionocumeJis, pabomocnocobuas npu 1060l opuenmayuu 6 npocmpancmee. B ycao-
BUSLX BUIHY KOEHHOU KOHBeKYUU npu 0meodumot mowrocmu 120 Bm (160 Bm nodeodumoii mowrocmu) mep-
muueckoe conpomusaenue COT cocmasnsem 0,1 K/Bm u ona obecneuusaem cpeduioio memnepamypy
oxaaxdaemozo obsexma ¢ duanasone om 58 do 60°C. Tennonepedarwwue xapaxmepucmuxu COT mozym
Ovimy Yayuwenst, NOCKOLbKY UMeemcs NOMEeHYUAL 015 ee MOOUDUUUPOBAUSL.

Kaiouesoie caosa: cucmema omeood menomol, NYAbCAUUOHHAA MENTI06AA mpy6a, menfzonepeamouwe xapak-

mepucmuxu.

Masbie pasMepbl COBPEMEHHBIX 3JIEKTPOHHBIX
KOMITOHEHTOB B COBOKYITHOCTH C BBICOKUMY MOIITHO-
CTSIMU TEILJIOBBIJIE/IEHUSI IPUBOST K HEOOXOIMMOCTH
OTBEJIEHUSI OT HUX TEILIOBBIX IOTOKOB 3HAUMTEJIb-
HBIX TLIOTHOCTEN. [lepCrieKTUBHBIM [T peNIeHHs
3TON 3a/1a4N SIBJISIETCS UCTIOJIb30BaHUE Ty IbCAIUOH-
ubIx rernoBbix Tpy6 (IITT) [1, 2], ormyaomux-
cst o1 06brunbix Ternobix Tpy6 (TT) orcyrcrBrem
KaMJIIPHON CTPYKTYPBI, YTO 3HAUUTEJNBHO YIIPO-
MIaeT UX KOHCTPYKIUIO U U3roroByeHue. 1Ipu atom
no remonepenaonuM xapakrtepuctukam IITT He
yerynaor TT ¢ kanuanaspHoil cTpyKTypoit.

Opnnaxo, Hecmotps Ha npenmytiectsa [ITT, Ha
JTAaHHBIT MOMEHT CyTIEeCTBYET BECbMa OTPAHMYEHHOE
KOJMYECTBO KOHCTPYKITUI CHCTEM OTBOA TEILIOTHI
(COT) ua IITT, u BCce OHM He JUIIEHBI HEIOCTAT-
koB. Tak, manpumep, ornucannas B [3] COT pac-
cunTana Ha paGoTy TPHU MOITHOCTU TEILJIOBbI/E/e-
ausg 10 60—70 Bt, 9TO HEAOCTATOUYHO /IS COBpE-
MEHHBIX 3JIEKTPOHHBIX KOMIIOHEHTOB (Hampumep,
TETLIOBbIIe/IEHIIe MHOTOSI/IEPHBIX TIEHTPATbHBIX TIPO-
I[ECCOPOB TIEPCOHATBHBIX KOMITBIOTEPOB MOKET [10-
cruratb 130 —140 Br). ABropam ke [4] He yna-
gocp sanyctutb COT B moJ0XKeHUM HNPOTUB CHUJ
Tsikectu, Koraa I[ITT 6bLia 3ampassiena Bojoi, a B

a)

cayyae 3anpaBku MetaHosioMm win ppeonamu COT
B TaKOM MoJIOKeHuHu pabotana. CienyeT TakxKe oT-
METHTb, YTO B OCHOBHOM BO BCEX U3BECTHBIX pabo-
tax (Hanpumep, [3—6]) B KauecTBe TenoHOCHTE-
Jiell UCTI0JIb30BAJIUCH PA3JIUYHbIE (DPEOHBI.

B nacrosmeit pabore npejsioKeHa KOMIIaKTHAs
COT #na IITT, pa6orocroco6Hast 1ipu 060 opu-
€HTAIUY B TPOCTPAHCTBE IPU UCIIOJTb30BAHUYT BO/IbI
B KQUeCTBE TEIJIOHOCUTEJIS, C TETJIONePe/1aloN MK
XapaKTepUCTUKAMK He XYy)Ke, YeM Y aHAJOTMYHBIX
koHcTtpykuuit Ha IITT u apyrux sumax TT.

KOHCprKHI/lH CHUCTEMDI TEIIJIOOTBO/1a

OCHOBHBIM 3JIEMEHTOM PaCCMaTPUBAEMOI CHCTe-
MbI 0TBOJIa TeIIoThl (puc. 1) sBisiercs myabcaru-
OHHag TerJoBas Tpy6a 3aMKHYTOTO TUTIA, U3TOTOB-
JIeHHAas M3 MEIHOTO Kalnjigpa BHYTPEHHUM [Ha-
MetpoM 1 MM. Takoit BHyTpeHHHUI TaMeTp, COTIACHO
nauubiM [ 7], obecrieunBaer paboroctioco6uocTs [TTT
pH JI060H OPUEHTAIMU B TPABUTAIIMOHHOM TIOJIE.
Buernmamit AmaMeTp KamuJIsApa COCTABJAIET 2 MM.

KoummuectBo ButkoB IITT 6bino BbIGpaHO pas-
HBbIM 24 UCXO0/1s1 U3 PaHee TPOBEJICHHDIX MCCJIeI0Ba-
Huit [§ —10], rae mokazaHo, 4TO yBeJW4YeHWE KO-
JINUECTBA BUTKOB IIPUBO/IUT K YMEHbBIIEHUIO TEPMH-
uyeckoro conporusyaenus IITT. Butku pacnoJsoxe-

Puc. 1. Buemnwnii Bug COT na IITT:
a — Buj c6OKYy; 6 — BHJ CBEPXY
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a) 6)

42

B)

191

Puc. 2. Ta6aputhbie pasmepnt (B MM) paszmmuabix COT:
a — paspaborannas COT ua IITT; 6 — COT Ha IITT Maiiganuka 0. @. u ap. [4]; ¢ — xomnbiorepHsbiil Kysiep Thermalright
True Spirit Ha o6branbIx TT

Hbl TakuM o6pasom (puc. 1, 6), 4ToObBI BeCh 3Mee-
BHK KOMIAKTHO TOMEIAJICS Ha OCHOBAaHUHU pa3Me-
pom 50x50 MmM. B KauecTBe OCHOBAaHUS HCIIOJIb30O-
BaJlach MeHad IJjacTuHa toamumuoi 3 Mm. Ha ox-
HOI1 U3 ee MoBepXHOCTeN 6Ll BbIppe3epoBaHbI Ka-
HaBKM, B KOTOPBIE NTPU TTOMOIIN TTAiKN yCTaHABJIN-
Basiace IITT. Bropag moBepxHOCTb OblJIa TJIAIKOI,
K Hell TIPUCOEIMHSIICS OXJIAXKIAeMbIil OOBEKT.

B kauecTBe TeIIOHOCUTEIS MCITOTH30BAJIACD JIH-
cTuaupoBanHas Bojaa. KoadduimenTt sanpasku
(orHOIIEHNE O6beMa 3alpPaBJEHHON KHIKOCTH K
o6memy o6bemy IITT) cocrasmsan 50%.

lFa6apurtubie pazmepst COT — 50x50x42 mm —
MEeHbIIle, YeM y aHaJOTHYHBIX KOHCTpyKIwit Ha [ITT
[4], a Takske y pacrnpocTpaHEeHHBIX KyJEepOB Ha
OOBIYHBIX TETLIOBBIX TPYOAX /IS TIEHTPATBHBIX TIPO-
LIECCOPOB NEPCOHAIBHBIX KOMIIbIoTepoB (pHC. 2).

3KCHCPI/IMCHTaJleaH YCTaHOBKa

WccnenoBanne Temyonepemalonnx XapaKTepu-
ctuk paccmarpuBaemoit COT npoBoauiocs B ycJio-
BHSIX BO3/yIIHOTO OXJAXK/JEHUS MPHU BLIHYK/EH-
HOH U IpU eCcTeCTBEHHOI KOHBeKINU. BbIHYX/eH-
Hasd KOHBEKIIHS PaccMaTpUBAIaCh, MOCKOJBKY Ta-
KO METO/]I OXJIaXK/EHUS SBJISAETCS OJHUM U3 Hau-
6oJiee pacIpOCTPAHEHHBIX B PAJMO3JEKTPOHHON 1
KOMIIbIOTEpHON TexHuke. Ilesbio uccieqoBanuii B
YCJIOBHSIX €CTECTBEHHOU KOHBEKI[UU ObLiIa IIPOBEp-

Ka BO3MOKHOCTHU UCIIOJIb30BAHNS CKOHCTPYHPOBAH-
Hoii COT B GecHIyMHBIX CHCTEMAaX OXJIAXKIEHUS,
T. €. CUCTEMaX, B KOTOPBIX OTCYTCTBYIOT BEHTUJIS-
TOPBI U TIPOYNE ABIDKYIINECS MEXaHUYECKIe YacTH,
a TaKKe B PA3JIMYHBIX TEPMETUYHBIX YCTPONCTBAX,
r/le HEBO3MOXKHO OPTaHU30BaTh TEIJIOOTBO/T BHIHY K-
JIEHHON KOHBEKIIHEN.

WccnenoBanue Terionepeaalonnx XapakTepuc-
tuk COT B ycCJIOBUSIX BBIHYKIEHHOW KOHBEKIUU
MIPOBO/INJIOCH HA YCTHOBKE, CXe€Ma KOTOPOH IpuBe-
neHa Ha puc. 3. COT 7 momemasiach B pabouuit
y4acToOK aspojnHamMudeckoit TpyoOst 3. Teromnos-
BoJ Kk COT ocyuiecTBJIsIaICS ¢ MOMOIIBIO 3JEKTPO-
HarpesateJis {2, UMUTHPOBABIIETO TEIJIOHATPY KEH-
HBIH as1eMeHT. [lJ1s1 yIydineHust TepMU4ecKoro KOH-
TakTa MexJay KoprycoMm HarpeBatensi u COT wuc-
1oJib3oBaJiach TerionpoBoiHas macta KIIT-8. [{ns
YMEHbBIIEHUS TEIJIONOTEPh B OKPYKAIOIIYIO CPeLy
HarpeBaTeJIb TOKPHIBAJICS CJIOEM TETJION30JISIIINN 13
6a3abTOBOI0 BOJIOKHA. MOIIHOCTh Ha HarpeBare-
Jie PeryJMpoBaJach MPU TOMOIU JaGOPATOPHOTO
asrorpancpopmaropa (JIATP) 2 u KOHTPOJIHMPO-
Basach BaTrT™MeTpoM 13. IIpu mpoBegennn akcnepn-
MEHTOB OHA U3MEHSIACh B Tpesesiax ot 5 10 160 Br,
YTO TIOJTHOCTBIO TIEPEKPBIBAET AUAITA30H TEIJIOBbI-
JleJIEHNsI COBPEMEHHBIX [EHTPAJIbHBIX TIPOIIECCOPOB
KOMITBIOTEPOB, a TAaKKe MHOXKECTBA J[PYTUX MOJY-
MPOBOTHUKOBBIX KOMIIOHEHTOB.

Puc. 3. Cxema askcnepuMeHTaJbHOU
YCTAHOBKM JIJIs1 UCCJIeZIOBAHUI B yCJI0-
BUSIX BBIHYK/JEHHONW KOHBEKIINH:

1 — COT; 2, 10 — JIATP; 3 — aspoauna-
Muueckas tpy6a; 4 — como JlaBans; 5 —
Tpy6Ka [Turo — IIpanaris; 6 — ananoro-md-
POBOIA TIpe06pa3oBaTeib; / — MePCOHATBHbIH
KOMIIBIOTED; 8 — PEryJIMPYIONIasi 3aCJTOHKA;
9 — Benrtusdrop; 11 — Memanka; 12 —
aJleKTpoHArpeBaTesib; 3 — BaTTMeTp;
14 — TepMomapbl
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[ToTok oxJsaskAaioNiero BO3Lyxa B a3pOAMHAMU-
yecKoil Tpy6e cozmaBaJjics BeHTUIsATOpoM 9. Cko-
pPOCTH TOTOKA PEryJupoBajach TPU TOMOIIU
JIATP 10 wn 3acnoHku 8, yCTaHOBJIEHHOH Ha BbI-
XJIOITHOM TaTpy6Ke BEHTUJISATOpPa 9, U Ollpe/esisiach
M0 TIOKA3aHUsIM MUKPOMAHOMETPA, TOKII0YEHHO-
ro K Tpy6re Iluro—I[lpanaras 5, ycraHOBJIEeHHOI
BO BXOJ/IHOM CEYEHUH a3POJIMHAMUYECKON TPYOBbI.
[Ipu poBeteHM OTIBITOB CKOPOCTb IOTOKA U3MEHSI-
Jach ot 4,2 10 9,4 M/, 4TO COOTBETCTBYET U3MEHE-
Huio pacxoa ot 13,3-1073 1o 29,5-1073 M3 /c. Taxoii
JIMATIA30H OXBAThIBAET PACXO/IbI, OOECIeYnBAEMbIE
COBPEMEHHBIMU BEHTUJIATOPAMU, KOTOPbIE TTPIMEHS-
TOTCST IJIST OXJIKJEHNST KOMITbIOTEPHON TEXHIKU.

[l oGecrieueHusi paBHOMEPHOTO T10JISI CKOPO-
cTeil Ha BXOJle a’POAMHAMUYECKON TPyObl OBLIO
YCTaHOBJIEHO coItlno JlaBams 4.

Temneparypa COT usmepsiach 4eTbIpHAIATHIO
TEepMOTIapaMu, YCTAHOBJIEHHBIMU B TPU Psi/ia 1O BbI-
cote COT. TlepBblil psiji COCTOSN U3 YETBIPEX TEP-
Morap, pasMmelieHHbix Ha ocHoBanuu COT co cro-
ponbl ycranoBku II'TT. Bropoil u Tperuii psabl, 10
MISITH TEPMOTIAP B KaXK/I0OM, HAXOAWINCHh B 30HE KOH-
nencanuu IITT. Tepmonapbl BTOporo psijla pasme-
AJUCh HA TPYOKaX ONpe/e/IeHHbIX BUTKOB HA pac-
crostauu 19,5 mm ot ocuoBanust COT, a tepmomna-
pbI TpeThero psiia — Ha BepinHax U-o6pasHbix
u3rn6oB BUTKOB. Takske ObLIM yCTAHOBJIEHBI JIBE
TepMOMNaphl Ha BX0/le pab0Yero y4actka aspo/InHa-
MUYECKON TPYObI U TPU HA BBIXO/IE /IJISI KOHTPOJIS
cpeZiHell BXO/IHOM 1 BBIXOJHON TeMIlepaTypbl BO3-
nyxa. Ilo pa3HoCTH 3THUX TeMIEpPaTyp U PaCXO/Ly
BO3/lyXa OIPE/Essiiach BeJIUYHA TIePe/[aBaeMOoTro
COT TtensoBoro nmotoka. CurHaJjbl BceX TepMoriap
yepe3 aHasoro-mudposoii npeobpasoBaresib 6 10-
CTyTaJu Ha TEPCOHATLHBIN KOMIbIoTep /7. Ycra-
HOBJIEHHOE TIPOrPaMMHOE 0OecIieueHune M03BOJISAI0
OTCJIEKUBATh N3MEHEHNE TTOKA3aHUl TepMoTiap B pe-
QJIbHOM BpPEMEHW U MPOU3BOAUTDL WX 3amuCh. [[ms
KOPPEKTHOTO M3MEPEHUS BBIXOHON TeMIIEPATyPhI
BO3/lyXa MEXK/y BBIXO/IOM pabOYero y4acTka aspo-
JIMHAMUYECKON TpyObl U TepMoriapaMu 6blja ycTa-
HOBJIEHA MemaJka 1.

g uccienoBaHuil B yCJIOBUSX €CTECTBEHHON
kouBekiuu COT momernianach B 60KC, B KOTOPOM
06ecTieunBaIoch CBOOOIHOE JIBUSKEHUE BO3/YTITHBIX
Macc, a caM 60okc samuman COT or BHeIIHNX BO3-
Jeiicreuii. 1Ipu aTOM cxeMa TeIIonoiBo/a OCTaBa-
Jlach 6e3 M3MEeHEHUl, 3JeMEHTbl YCTAHOBKH, CBS-
3aHHbBIE C A9POJIUHAMUYECKON TPYOOI U KOHTPOJIEM
mapaMeTpoB TTOTOKA BO3AyXa, HE WCIIOJIb30BAJNCH.
B cxemy m3Mmepenuii 6bl1a Jo6aBjeHa TepMoNapa
Ha BHEITHEH TTOBEPXHOCTHU TETJIOBON M30JSIUN Ha-
rpeBateJis [IJIs yUeTa TEIJIONOTEPh B OKPYIKATOTIYTO
cpeny, a TakXKe PTYTHBIH TEPMOMETP /Jisi KOHTPO-
JIsl TEMTIEPATYPbI OKPYXKAOIIETO BO3/IyXa.

WNccnenoBanus mpoBOAUJINCH TIPU PA3JUYHBIX
nosoxkeHussx COT. OnbITbl B yCJOBUSX BBIHYK-
JIEHHOU KOHBEKIIMH TTPOU3BOAUINUCH TIPU HanboJiee
6naronpusitiom st pa6otsl [ITT BepTurasbHOM

nosoxxennn COT — ¢ HarpeBOM CHU3Y, U B CAMOM
HeOIaronpusaATHOM — C HAarpPeBOM CBEPXY, a B yC-
JIOBHSIX €CTECTBEHHOI KOHBEKIIUU — €IIe W B TOPH-
30HTAJBHOM TOJIOKEHUH.

MeTomea NMpoOBE€ACHUA IKCIIEPUMEHTA

[Tocne ycranoBkn COT B ompenesieHHOE TIOJIO-
JKeHMe BKJIIOYAJNCh BCE CHUCTEMBI M YCTAaHABJINBA-
Jlach OIpe/ieJIeHHast CKOPOCTh OXJIAK/IAIOIIEro IM0-
Toka Bo3ayxa. [lanee ¢ nomotbio JIATP ycranas-
JINBaJIach HAYaJIbHAS MOITHOCTD HATrpeBaTeIs QHOHB.
[Tocsie BbIXO/1a HA CTAIIMOHAPHBIN PEKUM ITPOU3BO-
JINJIACH 3aTMCh TIOKA3aHUH TEpMOTIap B TEUEHWE OTpe-
JIeJIEHHOTO TIPOMEXKYTKA BPEMEHM, a TaK)Ke KOH-
TPOJIMPOBAJINCH M 3AIMCHIBAJIMCH MOKA3aHUs MUK-
pomanoMetrpa. [lpu mpoBemeHnn OMBITA TMOABOIH-
Masi MOII[HOCTD (Qno,:m) MOBBITIAIACh ¢ PUKCHUPO-
BAHHBIM IIATOM U Ka’K/bIil pa3 B CTAllHOHAPHOM pe-
JKMe TTPOM3BOANIACD 3ATUCh TTOKA3aHUN TEPMOIIap
1 MuKkpomatomerpa. [Ipu gocrwkenun Q=160 Br
OTIBIT ITPEKPAIATIC.

OnpbITbl B yCJIOBUSX €CTECTBEHHON KOHBEKIIUU
MIPOBOIUJINCH AHAJOTUYHBIM 00pPa3oM, 3a HCKJIIO-
YEeHNEM YCTAHOBKM W KOHTPOJIS TTapaMeTPOB MOTO-
Ka Bo3ayxa. Korpa temneparypa ocaoBanuss COT
nocturana 180°C, mpenembHOTO IS MCMOJTH30BA-
Hus terionpoBoaHoi actbl KITT-8 3Hauenus, onpit
TpeKparaJics.

Meroauka 06paGOTKH 3KCIIEPHUMEHTATBHBIX

JaHHBIX

[To nokazanusiM TepmMorap, MOJy4eHHbIM B X0/1e
MTPOBE/IEHNS IKCIIEPUMEHTOB, OTIPEIESAINCh CPel-
nue temmeparypbt ocroBannst COT (T), 30HbI KOH-
nencarn IITT (T ), Bosayxa Ha BXO/e 1 BBIXOJE
pa6ouero ydactka aspojuHamudeckoii Tpyonr (T,
Tyux), @ TAKIKE CPE/IHSS TeMIlepaTypa HarpeBaTeJis.
3ateM paccuuTbiBascs nepernaj remmneparyp no COT

AT=T-T,. (1)

ITo nokazaHusIM MUKPOMaHOMETPA OTIPEJIEJISIIAChH
CKOPOCTb TTOTOKA BO BXOJHOM CEYEHUU a3PO/[MHA-
MUYECKOIi TPYObI @, , KOTOPas UCIO/Ib30BaIaCh JL/Is
HaXOXX/IEHNS PacxXojia OXJAKIAIoNero BO3AyXa B
a3po/IMHAMUYeCKoil TpyG6e:

GzpBwaSBx’ (2)
rjae p, — IJIOTHOCTb BO3/yXa;
SBX — IJIOIIA/Ib BXO/JHOTO CEYEHUS adpoArHAMUYE-

CKOIl TPYOBI.

3arem omnpezensanuch orBesienHas COT Temio-

Basda MOIITHOCTb Q()TB " €€ TEpMHUYECKOE COIIPOTUBJIE-

Hue R:

QOTBZGCp(TBbIX o TBX) ; (3)
R=AT/0Q,,., (4)
rjae Cp — H3063pHaH TEIJIOEMKOCTb BO3/1yXa.

B YCIOBUAX €CTEeCTBEHHON KOHBEKIINU OTBE/IeH-
Hasd TenJioBasd MOITHOCTD PaCCUUTbIBAJIACh MHAYE!:

Q()TB = QH()L[B - Qr[(n-’ (5)
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BXO[IHHII/IC Clo/la TEIIJIOBbBIE IIOTEPU C ITOBEPXHO-
CTU U30JAINN PACCYUTBIBAIOTCA KAaK

QH()T:(XFI/I.S( TI/[S_TB) )

rae o — Ko3(P(PUIMEHT TeIIoOTAaYl C BHEITHEH Io-
BEPXHOCTH M30JISIUHN K OKPY>KaoleMy BO3-
ayxy (ompesensiicst Mo KPUTEPHATBHBIM 3a-
BUCHUMOCTAM, NTPUBEAEHHBIM B [14, c. 224]);

F,, — miomaab MOBEPXHOCTH HM30JSINN;
T , T — cpexnue TeMinepaTypbl HOBEPXHOCTU H30JIsI-

u’ °B
nyum 1M BO3JyXa COOTBETCTBEHHO.

PCSleI)TaTI)I I/ICCJICZ[OBaHI/Iﬁ

O/HUMU U3 OCHOBHBIX TEILTOIEPEIA0ONINX Xa-
paktepuctuk COT gBAAIOTCS ee TePMUYIECKOE CO-
MIPOTHBJIEHNE W CPEIHAS TeMIlepaTypa OXJask/aae-
MOTO 0ObEKTa, B HAIIEM CJy4ae — CPE/HSS TeMIle-
paTrypa IIOBEPXHOCTH HarpeBareJist, KOHTAKTUPYIO-
men ¢ COT (TH). HernocpeictBenHoe n3mepenue
T, He npoBOANJIOCH, OAHAKO ObLIO yCTAaHOBJEHO,
YTO Tepenaj TeMIEpPaTyp 10 TOJIUHE OCHOBAHUS
COT ne npesbraet 0,1°C, a nepenaiom temiepa-
TYP TIO TOJIIUHE CJIOS TETLJIONPOBOHOM MACThI MEXK-
my HarpeBaTesieM n ocHoBauneM COT moskHO Tipe-
He6peub. [loaToMy B KauecTBe cpe/iHel TeMIepary-
PBI TIOBEPXHOCTH HArpeBaTesiss TPUHUMAIACH CPEJI-
HAS Temmnepatypa moBepxHocTn ocHoBanus COT co
croponbl pagmenienud [ITT.

a) 06
’ + =73 M/C} Harpes
o B ©=9,4M/c) cHusy
= 04 . a & w0=7,3 M/C} Harpes
E ’ - Y w=9,4m/c) crepxy
b
Q£ 0,2 =r
0 50 100 Q. BT
B) 85
* w=7,3Mm/c } Harpes
8 0=9,4 m/c | cuusy
& w=7,3M/C } Harpes LA
2 0w=9,4Mm/c ) cBepx -
65 / L
&
=
~
45
25
0 50 100 Q. BT

Kaxk BugHO Ha puc. 4, a, 6 ¢ yBeJMYeHUeM OT-
BOAMMOI MOTITHOCTH TEPMHUYECKOE COTPOTHBJICHHE
R cawxaercs, npuyem nogoxkenune COT B mpo-
CTPAHCTBE, CIIOCO6 OXJIAXK/EHUS U CKOPOCTb OXJIAXK-
JIAIOIIEero TOTOKA B CJIy4yae BBIHYK/JIEHHON KOHBEK-
MU He BJUSIOT HA XapaKTep €ro N3MEeHEeHHUs.

B ycsoBusaX BbIHYX/ICHHON KOHBEKIIMHM U3MEHE-
HI€ CKOPOCTH OXJIAXKJAIONEero moToka oT 6 1o
9,4 M/c He BIusET HA BeMMUUHy R 11pu 060 Opu-
entaiuu COT B mpocTpaHCcTBe, HO caMa OpUEHTAITUS
OKAa3bIBAET OIPE/IeJIEHHOE BJIUSHUE: TIPU HarpeBe
cBepxy R B 1,5—2 pasa BbIme, yeM IIpH Harpese
camsy (puc. 4, a). OmgHaKO ¥ B OJJHOM, ¥ B JPYIOM
cJydae OHO JOCTaTOuHO Mano, T. e. gaHHas COT
6y et ahpeKTUBHOM /IS OXJIAXK/IEHUST TETLIOHATPY-
JKEHHDBIX 3JIEMEHTOB Pa/IN02JIEKTPOHHOI alllapaTyphl.

[Tpu ecrecTBEHHOI KOHBEKIIUU TEPMUYECKOE CO-
MIPOTUBJIEHNE B CJiydae HarpeBa cBepXy B 3—J pas
BbIIlIe, YeM TIpu Harpese cHusy (puc. 4, 6), a ten-
gonepenaiormue xapakrepuctuku COT B ropuson-
TaJIbHOM TIOJIOXKEHUN 3aHUMAIOT ITPOMEXKYTOUHOE T10-
JIOKEHWE MEXK/Iy 9TUMU JIBYMSI.

Kaxk BuzpnO u3 puc. 4, 6, cpe[Hsisa TeMIieparypa
OXJIAXK/IAEMOTO 00BEKTA JIMTHEHO BO3PACTAET C YBe-
JTYeHneM OTBOAUMOM MorHocTr. Ha xapaxrep us-
MEHEHUS 3TOW TeMIIepaTyphl, Kak M B CJydae C Tep-
MUYECKUM COIPOTUBJIEHUEM, HE BJUSET CIIOCO6
oxJiaxk/ileHusi, opueHTtanus B mpoctpanctee COT
U CKOPOCTD OXJIAXK/IAIOIIETO MOTOKA.

6) 3
* HarpeB CHU3Y
B TOpPU3OHTAJIBHOE IIOJIOKEHUE
e 201 & 4 Harpes CBepxy
N
X
x 1 )
.h' o Ny
"'--..._,:_._"" = —a-a
0 20 40 Q,, BT
T 180
*
[
140 F
N
=
&~ # Harpes CHU3Y
100 g TOPH30HTAIbHOE
MOJI0YKeHne
{ 4 Harpes cBepXy
60 —=

0 20 40 Q. Br

Puc. 4. 3asucumocts tepmuueckoro conporusienuss COT (a, 6) u cpeaneil teMmeparypbl OXJasKAaeMOTrO
o6bekra (6, 2) OT OTBOAMMOIT TEIIOBOH MOIIHOCTH B YCJIOBHAX BhIHYykAeHHo# (a2, 6) m ecrectBennoit (6, 2)
KOHBEKI[IH
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0,8 w=4,2Mm/c,
| Harpes CHU3Y

o Iy
m 0,6
>
~ 0,4
84

0,2

0 40 80 Q,,, Br

Puc. 5. Tepmuueckoe cornpoTuBJeHne pa3paboTaHHON
COT ma IITT (1) u COT ma MTT [11, 12] (2)

100 ]

G=(13,3—14,8)-1073 M3 /c,
20 HarpeB CHU3Y

0 50 100 150 Q. , Br

oTB’

Puc. 6. 3aBucuMocTb cpejiHeil TeMIepaTypbl OXJasK1a-
emoro o6bekTta or Q. - paspaborannoit COT ma IITT
(1) u COT na IITT Maiigannuka 10. @. u ap. [4] (2)

B ycnoBusx BBIHYX/I€HHON KOHBEKITUN TIPH Ha-
rpeBe CBepXY TeMiiepaTypa Obljia HECKOJIbKO BbIIIIE,
YeM MPW HATpeBe CHU3Y, a yBeJWUeHNEe CKOPOCTH
MOTOKA MPUBOAMJIO K YMEHBIIEHUIO CPE/HEN TeM-
nepaTypbl OXJIaXKIaeMOTo 00beKTa B 060UX CJIyva-
gaX. D10 HabJI0[AI0Ch BO BCEM J[MAlla30He N3MeHe-
HUA OTBOAMMON MolHocTu ot 5 10 120 Br. Munu-
MaJbHag TeMIepaTypa MPU OTBOAUMOUN MOITHOCTH
120 Br 6bL1a JOCTUTHYTA TIPU CKOPOCTU OXJIAXK/[a-
Ioliero noroka 9,4 m/c u cocrapisiia 58,1°C npu
HarpeBe cHU3y u 67,3°C 1npu Harpese cBepxy.

B carydae ecrectBeHHOI KOHBEKITMY HAUMEHDBIIIHE
sHavenus T Takske HaG/IOJAIMCD P HArPEBE CHU-
3y, a HAaUBBICIIIE — TIPU HArpPeBe CBEPXY, OJHAKO
Haxoauauch ouu B anamaszone 60— 170°C mpm ort-
BOJUMBIX MOITHOCTSIX 5— 50 Br, uTo HEnmpuemaeMo
JUIST 6OJTBIITHCTBA 3JIEKTPOHHBIX KOMIIOHEHTOB C Tell-
nosbigesenueM 10 100 — 150 Br.

Temnonepenaronine XapakTEPUCTUKA PACCMaTPH-
Baemoit COT B yCJIOBUSIX BBIHYKJIEHHON KOHBEK-
M1 cpaBHUBAINCH ¢ Xapakrtepuctukamu COT nHa
IITT, onucanubix B Jjuteparype, COT Ha MuHU-
aTopHbIX TerioBbix Tpy6ax (MTT) u KysiepoB Ha
o6pryabIX TT pist enTpasbHbIX poieccopon ITK.

W3 puc. 5 BUAHO, YTO TEPMUIECKOE COTTPOTHBJIE-
uue pazpaborantoit COT na IITT na 25—40% Hiske,
yem y COT na MTT [11, 12], upu GoJibineii 0TBO-
JIUMOM TEILJIOBOI MOII[HOCTH.

ITo cBOMM TerLTONIEPEIAIOIINM XapAaKTEPUCTUKAM
uccaegyemass COT npesocxonut takske COT Ha
IITT, onucannblie B qureparype. B kauectse npu-
Mepa Ha puc. 6 TpefCcTaBIeHbl CpelHNE TeMIepa-
TYPbI OXJIAKIAEMOT0 00BEKTA TIPY UCII0JIb30BAHIH

a)
0,35
0,35
0 0,1 0,2 0,3 R, K/Br
6)

50 55 60 65 T, °C

Puc. 7. Tepmuueckoe conpoTusieHne «0X/JIaxK1aeMblii 0O0bEKT —
Bo3yx» (@) W CpefHsAs TeMIepaTypa OXJIaKIaeMoro 06beKTa
(6) nist paspaborannoit COT (O) na IITT u 4711 KyJIepoB
meHTpaJbHbIX MnpoieccopoB ITK [13]:
B Thermaltake Slim X3; B Intel i-5 2400 boxed cooler;
O Cooler Master Hyper 101

paccmarpuBaemoit COT u COT wna IITT, onmcan-
HOI B [4], nyist pa3/inuHbIX 3HAYEHU TTO[BOIUMOI
MOIITHOCTHU. 3/1€Ch BUTHO, UTO TIPH MO IBOIUMON MOTIT-
Hoctu 100 Bt teMmeparypa oxJaxaaeMoro o6bek-
ta nipu ucnoab3oBanuu COT [4] cocTaBisieT mpu-
6msurtesbHo 100 —101°C, B To BpeMst Kak paspa-
6orannas COT npu Toii ke MOIIHOCTH 0becrieunBa-
et Temiepatypy 39 —60°C.

Cpasuenne paccmarpuBaemoit COT ma IITT c
KyJepaMu Ha 06brYHBIX TT /17151 TIeHTpasbHBIX TPO-
reccopos I1K [13] mpounsBouioch 1o cieayonimM
napaMeTpaM: TePMUYECKOe COTPOTHBJIEHNE TETLIO-
Mepeiayu OT OXJAXK/IaeMOro 00beKTa K BO3AyXy U
Cpe/lHsIsl TeMITepaTypa OXJIask1aeMoro oobekra. Pe-
3yJIbTaThl CPaBHEHUS IIpUBeAeHbl Ha puc. 7 (naH-
HbIE MTOJIYYEHbBI B YCJIOBUSIX BBIHYK/IEHHOIM KOHBEK-
nuu npu moaBoaumoii MomHoctu 150 — 160 Bt
u pacxojae Bosayxa (12,2—13,3)-1073 m3/c). Us
pUCYHKa BHUIHO, YTO TEPMUYECKOE COTPOTUBJIEHIE
«OXJIAXKJAeMbIl OObEKT — BO3/yX» HCCJELyeMOi
COT wMenbile WM Takoe Xe, KaK W Y CEPHUIHO
BBIITYCKAEeMbIX KyJiepoB Ha o6bryHbIX TT, u mpu
3TOM OOecrieunBaeTcst 6oJiee HU3KAsT TEMIIEPATypa
OXJIK/IAEMOTO OOBEKTA.

Crenyer OTMETUTH, YTO OJHUM U3 (haKTOPOB,
06ecIieuynBaionX BBICOKUE TEIJIONEPEIAIONUe Xa-
PAKTEPUCTUKY KYJIEPOB JIJIsI IPOIECCOPOB, SABJISIET-
CsI 3HAUMTEIbHAS TJIONAb OpeGpPEeHNs 30H KOH/IEH-
cartun TT. B TO Xe Bpems, IpU HMCIOJb30BAHUU
IITT ananoruusblie, a B psijie CJAydaeB U Jyullue
napaMeTpbl ObLIU MOJy4YeHbl 6e3 opeOpenus. ITo
CBUJIETETBLCTBYET O TOM, UTO TETJIONEepeAtoNIe Xa-
pakrepuctuku cobcrento IITT, npumenentoii B
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uccaenyemoii COT, Boimie, uem y TT, ucmosbaye-
MbIX B CEPHUITHO BbIIIYCKAEMbIX KYJIE€pax.

3akirouenue

Terutonepeaolue XxapakTepucTUKy pa3paboTaH-
HOW CHCTeMBbI OTBOJIA TEMJIOTBHI YKa3bIBAOT Ha TO,
YTO OHA MOKET OBbITh MCIOJIb30BaHa /s 3dek-
TUBHOTO OXJIAXK/IEHUS TETLIOHATPYKEHHDBIX dJIeMeH-
TOB PaIMO3JEKTPOHHON U KOMITLIOTEPHON TEXHUKH
B YCJIOBUSIX BBIHY3K/IEHHOW KOHBEKIIMH TIPH JIO60H
ee opueHranuu B mpoctpaHcTBe. IIpu orBoamMoil
MOIIHOCTH Q = 5—120 Br (ut0o coorBercTByeT
noaBoanMoii Momoctn 10— 160 Br) Tepmuueckoe
conporuBienne COT naxomures B mpesenax 0,5 —
0,1 K/Bt, anpu Q__ = 120 Bt COT mosxer 06ec—

OTB
IIEYNTb CPEAHIOID TEMIIEPATYPY OXJaK1a€MOI'O

o6bekrta d8—67°C.

B ycnoBusx ecrecTBeHHON KOHBEKIIUU TeTLIOTIeE-
penatonue xapaktepuctuku COT 3HaunTe bHO
YXYAIIAIOTCS, TIO9TOMY ee MCI0Tb30BaHNE B TAKUX
YCJIOBUSIX Helleecoo6pa3Ho.

[TpencraBiennas COT o6namaer JydnimMu Terr-
JIOTIEPENAIONIMMY XaPaKTEPUCTUKAMU U MEHBINIUMU
rabaputaMu 10 CPABHEHUIO C U3BECTHBIMU AHAJIO-
rmyabiMu cuctemamu Ha IITT, MTT, a tak:ke ce-
PHUITHO BbIITyCKaeMbIMU KyJepamu Ha TT i nent-
PAJBbHBIX TIPOIIECCOPOB MEPCOHATBHBIX KOMITHIOTE-
poB. K Tomy ke, oHu MOTYT GbITH €llle yJIyUIIeHbl,
nockosbky COT nHa IITT umeer moreHuumas ajs
moaudunmposannsa (Hanpumep, opeGpeHne 30HBI
kongencarun 11TT).
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Alekseik E. S., Kravets V. Yu. Oscillating heat pipe
cooler for heat-generating elements of electronics.

Key words: cooler, oscillating heat pipe, heat transfer
capabilities.

The article presents a newly-developed compact heat
removal system (HRS) with water used for coolant,
operable in any position in space. In conditions of
forced convection at output power of 120 Wt (160
Wt input power) thermal resistance of the HRS is
0.1 K/Wt and the system provides the average
temperature of the cooled object over the range of 58
to 60°C. Heat transfer characteristics of the HRS can
be improved, as there is potential for its modification.

Ukraine, NTUU “Kyiv polytechnical institute”.

Anexceik €.C., Kpasemnp B.1O. Cucrema BigBoay Ten-
JIOTH BiJi TerioHaBaHTakeHuXx ejieMeHTiB PEA Ha oc-
HOBI MyJbcaliiiHOl TEIIOBOT TPYOU.

Kmouoei caosea: cucmema 6ideody meniomu, nyiv-
cauitina mennoga mpyba, menionepedaganrvii Xapax-
MepUcCmuKuy.

Po3po6yieH0 KOMIIAKTHY CHUCTEMY BiJBOIY TEILIOTU
(CBT) na ocHOBi my.ibcaliiinoi TeraoBoi Tpy6u 3 Bo-
JIOI0 SIK TETJIOHOCIEM, TIparie3aTHy npu Oy 1b-sIKiil opi-
enTauii B npocropi. B ymoBax BumyIienoi xonsexiii
TPy TIOTY3KHOCT, 1m0 BigBoauThesi, 120 Br (160 Br
HOTY3KHOCTi, IIO IiABOAUTHCA) TepMiunuii omip CBT
cranoButh 0,1 K/ Bt i BoHa 3a6e3neuye cepeaHio TeM-
nepaTypy OXOJIO/KYyBaHOTO 06'€KTa B JliammasoHi Bix
58 1o 60°C. TennonepenaBabhi xapakrepuctuku CBT
MOXKYTb OYTH TOJIIIIIEH], OCKiJIbKH € TIOTEHTTia /IS ii
Mo iKyBaHHS.

Yxpaina, HTYY «KuiBcbkuii O TeXHIYHAIN iHCTUTYT .
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