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PaccmoTpeHbl BOIpochkl MHTEHCU(DUKAIIMY TETJIOOTAAYM B CUCTEME OXJIAXKIEHUS TETJIOHATPYKeHHBIX 2JIEMEHTOB pa-
JIMO3JIEKTPOHHOTO 000PYI0OBAaHMS HAa OCHOBE pa3pe3Horo opedpeHusi. [IpuBeneHsl pe3yabTaTbl CpaBHEHUS MaTeMaTUuyec-
KOro 1 (hrU3MuecKoro MojeanpoBaHusi. OLeHeHO BIMsIHUE criocoba MoABoAa Teria K pa3pe3Homy opedpeHuto. [1pencrapineHa
onTuMu3anus padodero yuactka. [IpousBeneH pacueT MOrpaHMYHOIO CJI0sI Ha MOBEPXHOCTU OCeBOro opedpeHus. Ilomy-
YeHbl KpUTEPUAIbHBIE 3aBUCUMOCTH JIJISI pacyeTa TeIUIOOTAAYM UCCIeNyeMOro CTeHa.

Karoueebie carosa: cucteMbl OXJIAXIEHMS, pa3pe3Hble pedpa, TeIUI00OMeH, MHTEHCH(UKALIMS TEIUIO0OOMEHA, TEIUIOBOM

IIOTOK, PAaCy€T TOJIIMHBI IIOIrPAHUYHOIO CJIO4.

BBenenue

BornpocaM oxytaxkaeHus U TEpMOCTaOMIN3AINNA
TETJIOHArPY>KEHHBIX 2JIEMEHTOB PATMO3JIEKTPOHHOTO
000pyI0BaHUSI B COBPEMEHHOM JIUTepaType yaeasieTcst
JIOCTAaTOYHO MHOTO BHUMAaHMUS, O YeM CBUJICTCIbCTBY-
€T KOJIMYECTBO CTaTeil 1 MoHorpaduii 1o JaHHOM Te-
matuke. COBpeMEHHOE PaJiMO3JIEKTPOHHOE U 3JICKTPO-
CHJIOBOE OOOpYIOBaHME XapaKTepU3YyeTCsl 3HAYNUTEIb-
HBIM TEIUIOBBIIEIEHUEM, A0OCOIIOTHBIC 3HAYEHMST KOTO-
poro moryT nocturath 300 Bt 1 6onee. Takue 3Haue-
HUST OO0YCJIOBJICHBI, MPEXAE BCETO, CTPEMUTEIbHBIM
pa3BUTUEM PATMO3JIEKTPOHUKA W HAHOWHIYCTPUM,
CIMOCOOCTBYIOLIMM YBEIUYEHUIO MPOU3BOAUTEIBHOCTU
1 OJHOBPEMEHHON MUHUATIOPU3ALUU MUKPOUYUTIOB U
MHBIX 2JIEMEHTOB COBPEMEHHOIO 3JIEKTPOOOOpPYIOBa-
HUSL.

Kpome Toro, TerioBblaeieHNE SIBISIETCSI OMHUM U3
OCHOBHBIX ITIPUYMH HECTAOMIBLHOMN pPabOThI paaTro3JIeK-
TPOHHOTO 000pyaoBaHus. Cpeau OCHOBHBIX (DAKTOPOB,
OKa3bIBAIOIIMX MaKCUMAaIbHOE JECTPYKTUBHOE BO3/ICH -
CTBUE, — MOBBIIIEHHAsI TeMrepaTypa 3JeMeHToB. [1o-
3TOMY HEOOXOIUM HEMPEPbIBHBIN OTBOJ, TeIIa OT Tell-
JIOHArpy>K€HHBIX 3JIeMEHTOB. B 3aBUCUMOCTH OT KOH-
CTPYKLUU U (DOPMBI OXJTAKIAEMBIX KOMITOHEHTOB TIPH-
MEHSIIOTCS pa3IMYHbIC PEIICHUS IS OpraHU3aliy He-
MPEepbIBHOTO TEIJI00TBOAA. HekoTopsie mpobieMbl OT-

BoJa OOJIBIIMX TETUIOBBIX TIOTOKOB OT 3JIEMEHTOB TIPO-
MBIIJIEHHOTO 3JIEKTPOHHOI'O 000PY/IOBaHUSI paCCMOT-
peHbl B [1—3]. TTpaBuibHBIN BHIOOP THIIA CUCTEMBI OX-
JIaKIeHUsI o0ecreyrBaeT 0€30TKa3HyIO pabOTy BCeX OX-
JIAXIAEMbIX KOMITOHEHTOB YCTPOMCTBA.

Bonpochl nHTeHCHMUKALUKU TEMJI00TIAYM B T€X-
HUYECKUX CUCTeMax M3JIoXeHHl B [4—10]. B [2, 9]
TpecTaBIeHbl KpUTepUaIbHbIe YPAaBHEHMS PA3IMUHBIX
aBTOPOB U151 pacueTta uucia Hyccenbra mpu eCTeCTBEH-
Holi KoHBekuuu. B [1, 10] onucaHbl 3KCepUMEHTAIb-
HBbIE WCCIICAOBAaHUS MHTEHCU(PUKAIINY KOHBEKTUBHO-
ro TeruiooOMeHa B TIPSIMOYTOJIbHBIX pacCEUEHHBIX Ka-
HaJjlaX " B KaHaJaxX ¢ AUCKPETHBIMU TypOYIM3aTOpaMMU.
B uccienoBaHHBIX pacCceYEHHBIX KaHajlax peajan3yeT-
s TIpOIIeCC pallMOHATbHON MHTeHCU(DUKAITNY KOHBEK-
TUBHOTI'O TeIJI000MEeHa, HaAEXXHO YIIPaBJIsIeMblil U3Me-
HEHUeM 3HAYeHMIT OCHOBHBIX Oe3pa3MepHBIX TEOMET-
puueckux napameTpoB. B [7] nis ycnoBuit cBoGoaHOM
KOHBEKIIMU TOJTy4eHbl 0000111al011I1ue 3aBUCUMOCTH JUISI
TVCKPETHO-IIIEPOXOBATHIX KAHAIOB, UCCIIEIOBAHBI pe-
KMMBI TeYEHUs] 1 MEXaHU3Mbl MHTeHCUDUKauu. B
paborax [11—14] aBTOpbI 3KCIIEPUMEHTAILHO MCCIIE-
JOBaJIM OWH U3 MapaMeTpOB, XapaKTepU3YIOIMMNX KaK
KauyeCTBEHHO, TaK U KOJIMYECTBEHHO CUCTEMbl OXJIaX-
JIEHMS, — TePMHUIECKOEe COMPOTUBIICHUE.
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Hcrions3oBanne pedbep MPUBOINUT K YBEITUICHUIO
3HaYeHUsT KOA(PULIMeHTa TeTUIO0TIaY B IECSITKU Pas.
Takoii crrocod MHTeHCU(PUKAIIN TeTTOOOMEeHa TToapa-
3yMeBaeT IMHUPOKOe pasHOOOpa3ne BUIOB OPEOPCHHUS:
MPOAOJIBHOE, TTONePEeYHOe, HaKaTHOEe, CITMPaIbHOE U
mHorue napyrue [15, 16]. B [15] nmpeacrasien aHamms
11eJIeco00Pa3HOCTH MCITOIB30BAHMST PA3TMIHBIX BUIOB
OpeOpeHNs ¢ TOYKM 3PEHUS arperaTHOrO0 COCTOSTHUS
TEIUIOHOCHUTENSI. BIOOp ONMTHMaIBLHOTO KOJIWYECTBA
pebep mpeacTasieH B [16].

B maHHOIf cTaThe pacCMOTPEH OOWH M3 HanMeHee
HM3YJ4EeHHBIX BUIOB OpeOpeHUsT — pa3pe3Hoe opedbpeHue.
D PeKTUBHOCTL JTaHHOTO BHJA OpeOpeHUs 3aKiIoda-
€TCS B PETYJISIPHOM CPBIBE TIOTOKA ¢ KPOMKM pedpa mpu
MPONOJEHOM JIBVKEHUN TEIUIOHOCHUTENISI, BCIIEACTBIE
Yero MPOUCXOIUT CUCTEMaTHIeCKOe pa3pylleHue 00-
pasyroIIerocst TorpaHMYHOrO cjI0s. MHTeHCU(pUKaIIAs
TETJIOOTAAYM CUCTEM C pa3pe3HbIM OpeOpeHneM TaK-
Ke paccmoTpeHa B [17—19].

Llens manHO# paboThl — MccaenoBaTh 3POEKTUB-
HOCTh Pa3pe3HOTo OpeOpeHMsT B YCIOBUSIX €CTECTBEH-
HOM KOHBEKIMH. B TIpomecce mcciaeqoBaHusT ObUTH
MOCTaBJICHBI CIICAYIONINE 3a1aum:

— CO3JIaHMe IKCIIEPUMEHTATIBHOTO CTEH/IA C yJ4acT-
KaMW pa3pe3HbIX U TIaIKuX pedep IS BBIIBICHUS
3P PEKTUBHOCTH pa3pe3aHus KPOMKH pedpa;

— MpOBeJeHNUE CePUU SKCITIEPUMEHTOB C TTepeMeH-
HOI MOIITHOCTBIO TIOABOA TEIlIa;

— ormpeneieHre Hanbosee 3GhPEeKTUBHOM MOIETH
WHTeHCU(UKALIMY TETUIOOTAAYN MPU BapbUPOBAHUU
yIJIa PACKPBITUS «JIETIECTKOB» pedpa;

— TIpOBeJicHNE BU3yalIM3alluU TEUSHUS IJIST pac-
CMOTpPEHUSI TMHAMUKKA 00pa30BaHUS ITOrPAaHUIHOTO
CJI0SI OKOJIO pebpa M OIpeleSicHUST XapaKTepa JIBIXKe-
HUS TETJIOHOCUTEINSI B MeXpeOepHOM TTPOCTPaHCTBE;

— pacyeT TOJNIIWHBLI MOTPAHUTYHOTO CJIOS;

— MOJIydeHUEe KPUTEPUAIbHBIX 3aBUCUMOCTENR JUIST
pacuera unciia Hyccenbra B onmichIBaeMOM IIpoliecce.

DKCnepuMEHTANIbHBINH cTena. MeToauka
NpoBeieHUs IKCIepUMeHTa

JI1st TIpoBeeHMS SKCIIEpUMEHTA 110 MCCISAOBAHNIO
TEIUIOOTAauM ObLT pazpaboTaH CTEHI, CXeMa KOTOPOTo
npejcTaBjieHa Ha puc. 1.

st uccemoBaHus 3(PPEKTUBHOCTU TIPEIJIOKEH -
HOTro crocoba MHTeHCU(UKALUN TEIJIO0TIaAYn ObLI
MIPOBENEH COIOCTABUTEIBLHBIN aHAJIN3 YYACTKOB C TJIaf-
KMMU U YY4aCTKOB pa3pe3HbIMU peOpamu. Pedpa BhITION-
HEeHBI 13 Mean Mapku M1 1 pacriojioxkeHbl KOHIIEHT-
pudecku. BiusHue yciioBrii CTECHEHHOCTH TIpU TIOTIe-
PEMEHHOM ONyCKaHWUM TPYyObI KOXyXa Ha pabouymii
Y4acTOK, a TAaKXKe ONTUMAJIbHBIN YTOJI pACKPBITHS «JIe-
MECTKOB» pedep ObUIM OIpe/ieieHbl IKCIIepUMEHTAIb-
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Puc. 1. IlpuHnunuanbpHas cxema creHga: I — caMoperyJin-
pyeMblii OJIOK MUTaHus; 2 — pabounit ydacTok; 3 — KOXYX;
4 — TepMoniapbl XpoOMeJb-KOIeJeBble; 5 — PYYHON Tepe-
KJII0UATeJIb BXOJIOB, CHAOXKEHHbIN PyUKOi; 6 — MUIJIUBOJIb-
TMETP; 7 — XOJIOJHBIN CIail XpoMeib-KOIeJeBOi TepMona-
pbl; & — MyJIbTUMETp; 9 — amriepmeTp; /0 — TepMOMETp Jia-
GopaTOpHBI PTYTHBI; /] — aHeMoMmeTp; 12 — HudpoBoit
TEepMOMETpP M MH(PpaKpacHbIii TepMOMeTp; 13 — CEKyHJIO-
Mep

Vs

=

ST [254

HBIM TTyTeM, TOJIIWHA MTOTPAHUYHOTO CJIOST M KpUTe-
pUabHBIE YpaBHEHUST — aHAJIUTHYECKUM. BiausHue
cIrocoba MoaBoa Tellia, OTNpeaeicHIe ONTUMAaTBHOTO
KOJIMYECTBA pacceYeHNIT KpOMKI pedpa 1 pacripeesie-
HHUE TeMIlepaTyp IO TTOBEPXHOCTH pedpa pacCUMTaHbBI
YUCJICHHBIM METOIOM.

PaboTa creHaa ocyIliecTBIIsUIaCh CIEIYIOIINM 00pa-
30M. ['eHepaTop TOKa M HaTpsKeHUsT obecTieuynBat
noasox Teria [20]. Jlnana3oH TEIUIOBBIX HATrpy30K
u3MeHsuicsl B oosnactu ot 5 1o 190 Br. Uccnenyembiit
nuarnasoH uucen Panes: 1,510 — 15-10°. MomHoCTb
TETITIOBOTO TTOTOKA OIPEIEIsIIach TT0 TTOKA3aHUSIM aM-
nepMeTpa 1 BoiabT™MeTpa. Crita Toka M3MeHsIIach B TN~
anazone ot 0,25 1o 2 A, ¢ marom 0,25 A, Hanpsike-
Hue — ot 13,6 no 94 B. Ha moBepxHOCTH pebpa OBLIN
YCTAHOBJICHBI IBE TTAPhI XPOMETh-KOITEJIEBBIX TEPMOTIap
71t UKCUPOBaHUS 3HAYeHUI TemIiepaTypbl. O0Iee
3HAUYCHME TeMIIepaTyphl pedpa OIpeaessioch KakK Cpej-
Hee aprpMeTHIecKoe TToKa3aHuii TepMorap. Juamazon
WCCIIeAyeMOI MOIITHOCTH HarpeBa OIpeaesIsuicsa Ha-
JaJIbHBIM YCIOBHEM PaOOTHI YCTPOMCTBA — KPUTHYEC-
KO#l (MakCHUMaJIbHO JOIYCTUMOI) TeMIIepaTypoil Ha-
rpeBa, Koropas coctapisier 80 °C. Bricora mogHATHS
KOXyXa HajZ OCHOBaHMEM pabodyero yJacTKa M3MEHSI-
ercst ot 10 1o 100 mMm (mar 10 MM), yroj pacKpbITHs
pebGep Bapeupyercs ot 10° mo 60°.

O0padoTKa SKCNepMMEHTAIBHBIX JTAHHBIX

B xauecTBe xapakTepHOTo pa3Mmepa Obljla BEIOpaHa
BbIcOTa pedbpa pabouero yyactka. Onpeaeasionmumu
TeMITepaTypaMy TIPUHSITH TeMIlepaTypa OKpysKarole-
ro BO3JyXa U 3HAUYEHUE CPEAHEro TeMIlepaTypHOTro
Hartopa. KpurepuanbHast 3aBUCUMOCTh UMEET CIICAYIO-
IV BULI:

78 BectHrk MockoBckoro aBnaunonHoro nHerurtyta. T.25. Ne4




Hpoelcmupoeaﬁue, KOHCMpYKUuusa u np0u3eodcm60 aAemamenbHoulx annapamoe

Design, construction and manufacturing of flying vehicles

Nu=cRa"™(H /h)"(a/2L)*, (1)

e ¢ — MPOU3BOJIbHbIN Oe3pa3MepHbIli KOA(POULINEHT;
Ra — yucno Panest; H/h — nmapameTp BAUSIHUS BBICO-
Thl MOAHSITUSI KOXyXa Ha TpoLecC TeraooTaauu;
a/2 L — napaMeTp BIMSIHUS yIJIa paCKPBITUSI pedep Ha
nporecc TeII00TIaun; a — MaKCUMaJibHOE 3HauUeHue
paccTosiHUsI MeXay pedpamu; L — JUIMHA NepIreH -
KyJisipa, IPOBEIEHHOTO OT TOUKM pacceueHust pedep K
JINHUMU a.

B xome 006paboTKM MOJydeHHBIX JaHHBIX OBLIN
oIpeAe/ieHbl OCHOBHBIE MOTPEIIHOCTU U3MEPSIEMBIX U
paccuMThIBaeMbIX BeJUYMH. Pe3yabraThl 006padboTKu
npeacTaBieHbI B Ta0d. 1.

Ha puc. 2 1 3 mokaszaHbl pe3y/bTaThl UCCIeA0Ba-
HUSI TEIJIOOTAAYM TSI TJIAJKUX U pa3pe3HbIX pedep mpu

Pa3IMUHBIX BBICOTAX MOJHSTHUS KOXyXa (puc. 2), a Tak-
K€ MPU pa3HbIX YIJIax pacKpbiTusi pedep (puc. 3).

HyneBoii ypoBeHb BBICOTBI KOXYXa COOTBETCTBYET
OCHOBaHMIO paboyero yyacTka. B kauecTBe cpaBHEHUS
pEe3yJIbTaTOB SKCITIEPUMEHTOB C JAaHHBIMU M3BECTHBIX
aBTOPOB Ha puUC. 2 U 3 HaHeCeHBI JUHUU pacyeTa 1o
dopmynam M.A. Muxeesa [17]

Nu =0,46Ra%>; (2)
u B.I1. Mcauenko [18] mist cBOOOAHON KOHBEKIINU:
Nu =0,63Ra*?. 3)

MakcumanbHble 3HaYEHUST TETJIOOTIauud JOCTUTa-
IOTCSI MIpPU BBICOTE IIOAHATUS KoxXyxa Ha 40 MM
(cMm. puc. 2) u yrie packpbitus pedep 30° (cMm. puc. 3).

Tabauua 1
OlueHKa MOrpeHiHOCTH Pe3yJbTATOB dKCIHEePUMEHTA
Jluanason OTHOCHUTETbHAS
HanmeHoBaHue HSMEHOHNS HIMEPIEMOro AbcomoTHas norperrHocTs 8, % | JloBepurenbHas
U3MEPSIEMOTO MapaMeTpa MOTPEITHOCTD, A BEPOSITHOCTh P
HapaMeTpa 6mim % 6maxs %
CunaToka I, A 0,25.2 A +0,025 A +1,25 +10 0,95
Hanpsxenune U, B 12,3..94,4 B +0,01 B +0,01 +0,081 0,95
Hanpsckenue Ha TepMornape,
YCTaHOBJICHHOI1 Ha pebpe, 1,31..5,48 MB +0,001 MB +0,018 +0,076 0,95
l]fw’ MB
Hanpsckenue Ha TepMormnape,
YCTAHOBJICHHOM 1,31..1,98 MB 40,001 MB 40,05 | 40,076 0,95
B OKPYXalOIlEM BO3LyXe,
[]105 MB
Temneparypa noroka 20..80 °C +0,1°C +0,125 | 40,5 0,95
BO3/lyXa OKOJIO pebpa f;, “C
BricoTa pebpa /, M 0,1m +0,001 m *1 *1 0,95
IIupunHa pedpa b, M 0,08 m +0,001 m +1,25 +1,25 0,95
Bricora nopmsmis 0,01..0,1 M +0,001 M +1 +10 0,95
KoXyxa h, M
T1yOuHa paccederns 0,05 m +0,001 M +2 +2 0,95
«JICTIECTKOB» pedep m, M
Bricora koxxyxa H, M 0,5m +0,001 m +0,2 +0,2 0,95
Yron pasruba pebdep, ° 10°...60° +0,5° 10,83 +5 0,95
Bpewms, ¢ 2,3..5,6¢ +0,05¢ +0,09 +2,17 0,95
CKOpOCTh TIOTOKA BO3/IyXa W;
Ha BXOJI¢ B KaHaJl KOXYyXxa, 0,1...0,45m/c +0,01 m/c +2,22 +10 0,95
M/C
Amin Amax
Temnnosoii notox Q, Bt 3...189 Br +1,24 +10,2 0,95
+0,308 | £2,36
Koaddunuenr 2. + + + +
Terootaaun o, Br/(M>K) 7...35 Br/(M*K) +0,2 | 0,258 | +£0,737 +2,85 0,95
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Puc. 2. Vccrenopanne KOHBEKTUBHOM TEIIOOTAAYM IOBEPXHOCTEH. BbicoTa monHATHA KOXYyXa A : [ — KOXYX OTCYTCTBYET;
*—h=90MM; A —h =80 MM; & — h =70 MM; «— h =60 MM; 0 — h =50 Mm; + — A =40 Mm; ¢ — A= 30 MM;
m — A4 =10Mm; V — A = 20 MmM; @ — mIagkoe pedpo.

Pacuer mo M3BECTHBIM 3aBUCUMOCTSIM: --- --- ¢-ma M.A. Muxeesa, - - - ¢d-1a B.I1. Mcauenko
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Puc. 3. BausHue yria pasruba peGep Ha TETUIOOTAauy B CPAaBHEHWMU C TJIAIKUM PeOpOM. YTOJ pacKpbITUSI pedep: +# —

10°, m — 20°, @ — 30°, @ — 45°, 4 — 60°, = — nragkoe pebpo.
Pacuer 1mo m3BeCTHBHIM 3aBUCUMOCTSIM. --- --- ¢-1a M.A. MuxeeBa, - - - ¢-na B.Il. Mcauenko
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Hanuune naHHbIX MAaKCUMYMOB OOBSICHSIETCSI 0Opa3o-
BaHMEeM 3(h@EeKTa CaMOTATH B TIOJIOCTHA CTECHSIOIIETO
KOXyXa M pa3MbIKaHMEeM ITOIpaHUYHBIX cjioeB. [1pu
YMEHBIIICHU! BBICOTBI ITOMHITHUS KOXYyXa KOJIMUECTBO
ITOCTYIIAIOIIEr0 B 00JIACTh KOXYyXa paboyero Bo3myxa
YMEHBIIIaeTCsI, BO3MYX OKOJIO pebep HarpeBaetcst. [1pu
YBEJIUYCHUH BBICOTHI TIOTHATHS TPYObI KOXXyXa YMEHbB-
maeTcst 00J1acTh pebep, HaXOMSIIIUXCSI BHYTPU TPYOHI,
YTO YXyAIlaeT MHTEHCUBHOCTD Iporiecca. [1pu yrie
packpbITusi pedep MeHee 30° TPOUCXOAUT CMbIKAHUE
IOrPAaHUYHBIX CJIOEB, UYTO 3HAYMTEJIEHO YXYIIIIaeT IIPO-
Hecc teriootaaun. Ipu yrinax packpbitust pedep Ha 45°
u 60° yMeHbBIITaeTCcsT IMaMeTp OKPYKHOCTA OCHOBaHMS
paboyero ydyacTka, 4YTO HEraTUBHO CKa3bIBaeTCs Ha
00l1IeM Tpolecce UHTEHCU(DUKAIIUU.

anyannsaunﬂ TEYCHUA U UCCJIeJ0BAHUE
NOrpaHUu4YHOro CJI0A

Ha pwuc. 4 nipencraBieHBI pe3yIbTaThl BU3yaan3a-
IIMU JBVKEHUS TerToHocuTes. Busyanuzanus tede-
HUS TTO3BOJISIET OLIEHUTH IIPEUMYIIeCTBa TTPUMEHEHUS
pa3pe3Horo opedpeHust. CpbIB MOTOKA ¢ KPOMKH ped-
pa TIpemsITCTBYeT 00pa30BaHUIO TTOTPAHUIHOTO CJTOST.

ITpoBemeHHass BU3yaau3alysl MTO3BOJISICT OLICHUTD
XapakTep JBVDKSHUS TEITIOHOCHUTEISI OKOJIO pa3pe3HOro
W TJIAJIKOTO pebpa, BEISBUTh HEOOXOIUMOCTD TaJIbHE -
IIIeT0 MCCeAOBAHMUS TOJIIIUHBI TTOTPAaHUYHOTO CJIOS.
Jlmg pereHnsT JaHHOTO BOIIpoca OblTa TTpou3BeAcHAa
cepysl 9KCIIEPUMEHTOB T10 OTPEICIEHUIO NMaIeHUsT TeM-
TepaTyphl TETJIOHOCUTEITS Ha TIepITIEHIUKYJISIPHOM ya-
JIECHUW OT MIOBEPXHOCTH pedpa. AHATUTUUECKHU, Ha OC-
HOBaHWM JTAHHBIX IO TEMIIEPATYPHOMY HAIIOpy M KO-

a¢hdULMeHTaM TEIJI00TAaYM BO3AYIITHOM Cpebl, ObLIO
OTIpeIe/ICHO 3HAUECHNEe TOJIIIUHBI TIOTPAHMYHOTO CJIOSI
B pa3IMYHBIX TOUYKax peopa. [Ipumep pacyera morpa-
HUYHOTO CJIOS JUISI pa3pe3Horo pebpa IokazaH Ha
puc. 5. Ha nanHOM pucyHke ochb X TIpeACTaBJIsIeT CO-
00li OCh pamuaIbHOTO yIaJIEeHUsS] KOOPIWHATHI OT IICH-
Tpa paboyero yuyactka. TeMreparypa, py YBeTMICHUN
3HAYCHMI1 1O OocH X, YMEHBIIIAETCsI, TIO3TOMY OCh Op-
JUHAT I10 TeMIIepaType HarpaBjieHa ITPOTUBOMOIOXKHO.
IIpencraBaeHHbIN Ha puUc. 5 TpaUK UILTIOCTPUPYET
POCT TOJIITMHBI TIOTPAHUYHOTO CJI0S TT0 Mepe YIaIeHUS
OT LIEHTpa pedep pabouero yyactka. ITo BbI3BAHO U3-
MEHEHHMEeM 3HaueHUI TeMIlepaTypHOTo Haropa 1 CKo-
pocTtu TIoToKa TerioHocutesst. Ha puc. 6 ipencraBieH
rpauk mameHust TeMIlepaTypbl Bo3oyXa OKOJIO pebpa
W TIPOMJITIOCTPUPOBAH CPBIB MTOIPAaHUYHOTO CJIOST C
KPOMKHM pebpa.

Takum o0pa3oM, pa3pe3aHue U pacCKpPhITHE «JIeTe-
CTKOB» peOpa MO3BOJISTIOT MHTEHCU(DUITMPOBATh TETLIO-
oTHavy IpU MPOIOJTLHOM OOTEKAaHUW TETUIOHOCUTEIISI
BCJICIICTBUE OTCYTCTBUSI HEIIPEPHIBHOTO POCTA TOJIIIIU-
HBI TIOTPAaHWUYHOTO CJIOSI ¥ BOSHUKHOBEHUST TOTIOJTHU-
TEJIBHOU TypOyJIM3aIliy ITOTOKa.

B xoze mipoBeneHUs SKCIIEPUMEHTOB T10 TEILIOOT-
Jade OKOJIO pa3pe3HOro pedpa B YCIOBUSIX €CTECTBEH-
HOI KOHBEKIIMM OBLIU TIOJYYEHBI CIICIYIONIe KPUTe-
puabHbIC 3aBUCMOCTHU:

npu yrje packpbitusi o < 30°:

12,5<(H /h )<50:

Nu=3,55Ra®* (H /1) (a/2L)""; (4

9)

Puc. 4. Busyanusauusi TedeHUsI, TTOTPAaHUYHBIN CJION pa3pe3HOro pedpa Mpu pa3IMYHBIX 3HAYECHUSIX CHIIBI ToKa [, A 1
MOIIIHOCTUA HarpeBa pebep P, Br: a — I=0,5A, P=13 Br; 6 — I=1A, P=48 Br; 6 — I=1,5A, P=106,5 Br;
e— I=2A, P=188 Br; 0 — morpaHu4HbIii cJioii TIpsiMOTro Taakoro pebpa: /=2 A, P= 188 Br
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h - koopdurama nepnexd ukynApa

K oeapxHocmu pebpa
Puc. 5. UaMeHeHue TOIMMHBI TOTPAHUYHOTO CJIOS TIO pa-
IMaJIbHOI KOOpAMHATE COIIaCHO BMIY CBEpXy Ha pabouuii

Y4acTOK pa3pe3HbIMU pebdpamu, IMPU MOUIHOCTH HarpeBa
188 Bt

S<(H/h)<12,5:

Nu=0,84Ra"* (H /1) (a/2L)"*;  (5)
Mpu yrje packpbiTus a > 30°:
12,5<(H /h )<50:
Nu=112Ra%* (H /1) " (a/2L)";  (6)

S<(H/h)<12,5:

Nu=0,26Ra"* (H /1) (a/2L)", (D)
rne H — obmas BbicoTa KOXyxa; s, — BbICOTa IOJI-
HATHS KOXYXa.

PacueT 110 TaHHBIM 3aBUCUMOCTSIM YUYUTHIBAET BIIH-
SHWE CTeCHEHHOCTHU YCJIOBMI, BEI3BAHHOM MHTEHCHB-
HBIM JIBMKEHUEM TEIITIOHOCHUTEIS B 00JIACTH TPYOBI KO-
JKyXa, a TAKKEe BIIMSTHHAE yTJIa PACKPBITHS «JICTTECTKOB»
pebep Ha TerurooTnavy. PasHble TToka3aTein CTeIeHn
napameTpoB H/h, u a/2 L 00yClOBIEHBI HATMYUEM JIBYX
OKCTPEMYMOB: TI0 BBICOTE TIOOHATHSI KOXyXa
H/h_ = 12,5 (BbIcOTa TIOOIHATHS KOXYXa Hall yPOBHEM

1

0]

LA o
g
o

40 Looq#

. uﬁ
&0

-

f....

by ¢ 0O

246 h,MM
o
t°c
8)

Puc. 6. IameHeHne TeMmnepaTypbl BO3-
JlyXa OKOJIO pa3pe3HOoro pedpa coriac-
HO BUIY cIieped Ha pabouuii yJacToxk,
nopu MOIIHOCTM HarpeBa 188 BrT:
a — d4eprex; 6 — BU3yalM3allus;
6 — pacyeT

0)

HIXKHETO OCHOBaHUSI pabodero yyactka 40 MM) U 110
yIJ1y packpbITust pedep Ha 30°.

BbiBoabl

Ha ocHoBe aHanu3a JUTepaTypHbIX UICTOYHUKOB U
C YYETOM PE3YyIbTATOB, MOJYYEHHBIX B DKCITIEPUMEH-
TaJbHBIX MCCIIEAOBAHMSIX, YCTAHOBJICHO, YTO C TOYKHU
3peHMS MPAKTHIECKON MPUMEHNMOCTH OCEBOTO Pa3pe3-
HOTO OpeOpeHMsT CYIIEeCTBYET Psili OCOOCHHOCTE, CBSI-
3aHHBIX, TIPEXKJIE BCErO, C TEM, UTO «JICTEeCTKU», MOJIy-
YeHHBIE B pe3yJIbTaTe pacceYeHUsT TeTUIOOOMEHHOI 1o-
BEPXHOCTHU, MOTYT pacCMaTpUBATLCI KaK CaMOCTOSI-
TeabHBIC pedpa. [1pencTraBieHbl pe3yIbTaThl UCCIIENO-
BaHMSI MTHTEHCU(PUKALIMU TEIUIOOTIAYM B YCIIOBUSIX €C-
TECTBEHHOM KOHBEKIIMY C UCITOJIb30BAHUEM Pa3pe3HbIX
pebep. ITokazana 3(ppeKTUBHOCTD MCITOIBL30BAaHMS pa3-
pe3HOro opedpeHusI, B XOA€ SKCIIEPUMEHTA BBISIBICHbI
Haubosiee ONTUMAJIbHBIE TEOMETPUYECKIE TTapaMETPhI
paboyero yyactka. BeITToTHeHA BU3yaIn3aius IIporec-
ca TeruiooTnadn. [1ponsBeeH pacueT TOMIIMHEI TTorpa-
HWYHOTO CJIOST OKOJIO pa3pe3Horo pebpa. [TomxydeHb
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KpUTepUaIbHbIe 3aBUCHMOCTH [UTS pacyeTa TeITooTa-
YU CHUCTEM C OCEBBIM pa3pe3HbIM opebpenueM. [lepc-
TMEKTUBOM TTPUMEHEHUS Pe3yIbTaToB JAaHHOTO WCCIIe-
JOBAHUS SIBIISIETCST Bepr(PUKAIUS SKCITePUMEHTATEHBIX
JAHHBIX B TIpOrpaMMax YMCJIIEHHOTO MOIETUPOBAHMSI.
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Abstract

At present, power electronic components with high
heat release have been widely applied in various fields
of modern industry. The main problem the developers
of the element base are facing consists in creating cooling
and thermal stabilization systems capable of removing
heat fluxes of high density, while working in a wide
range of ambient temperatures. When creating such
systems, it is necessary, alongside with the thermal ones,
to account for the mass-size characteristics of the device
as a whole. Thus, much depends on the heat transfer
intensification method selection.

Quite enough attention is paid in modern literature
to the issues of radio electronic equipment thermally
loaded elements, as evidenced by a significant number
of articles and monographs on this topic. Heat release
is one of the main causes of the unstable operation of
radio electronic equipment. Among the basic factors
exerting maximum destructive effect, the increased
temperature of the elements is one of the main ones.
Thus, the devices operation in the field of the radio
electronic equipment is closely associated with heat
removal from the thermally loaded components.
Depending on the structure and shape of the cooled
components, various solutions are employed for
organizing continuous heat removal.

Certain problems of large heat fluxes removing in the
elements of industrial electronic equipment were
considered in [1-3]. The correct choice of the cooling
system type ensures trouble-free operation of all cooled
components of the device.

A considerable amount of publications in modern
scientific publications, both in Russia and abroad, attest
to the considerable interest in the issues related to the
heat transfer intensification for surfaces of various shapes
and sizes as applied to cooling systems for electronic
equipment. The issues of heat transfer intensification are
set forth in [4-10]. In particular, the criterion equations
of various authors for the Nusselt number computing for
natural convection are presented in [2, 9]. Experimental
studies of the convective heat transfer intensification in

*e-mail: Dashulkakuku@mail.ru
e-mail: rozzy94@mail.ru

rectangular dissected channels and in channels with
discrete turbulators were described in [1, 10]. In the
studied dissected channels, a process of rational
convective heat transfer intensification was implemented,
reliably controlled by changing the values of the basic
dimensionless geometric parameters. The generalizing
dependences for discrete-rough channels were obtained
in [7] for free convection conditions, and flow modes and
mechanisms of intensification were studied. In [11-14],
the authors experimentally studied one of the parameters
characterizing the cooling systems both qualitatively and
quantitatively, namely, the thermal resistance.

The fins application as a method of heat transfer
intensifying leads to the increase in the heat transfer
coefficient value by a factor of tens. This method of
intensification implies a wide variety of vatious types of
fins, such as: longitudinal, transverse, rolling, spiral and
many others [15,16]. In [15] the analysis of the
expediency of employing different types of fins from the
viewpoint of the coolant aggregate state is presented. The
optimal edges number selection is presented in [16]. The
heat transfer intensification of the systems with a cut-
off fin is also considered in [17-20].

The purpose of this work consists in studying the
efficiency of the split finning under conditions of natural
convection. A test bench was developed for performing
the experiment on the study of heat transfer. While the
experiments on heat transfer near the cut edge under
conditions of natural convection, criterion dependencies
were obtained.

Relying on the analysis of literature sources and
accounting for the results obtained while experimental
studies, the authors established that from the viewpoint
of the of axial split finning practical applicability, there
are a number of specifics, associated primarily with the
fact that the “petals”, obtained as a result of dissection
of the heat exchange surface, can be considered as
independent ribs. The studies of heat transfer
intensification under conditions of natural convection
with the cut ribs application were conducted and
presented as a result of the work. While the experiment,
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the effectiveness of the use of split finning is
demonstrated, and the most optimal geometric
parameters of the working area were revealed. The
process of heat transfer was visualized. The boundary
layer thickness near the cut edge was computed.
Criterion dependencies for heat transfer computing of
the systems with axial cut fins were obtained. The
prospect of this study is of experimental data verification
by numerical modeling programs.

Keywords: cooling systems, split fins, heat exchange,
heat exchange intensification, heat flow, boundary layer
thickness computing.
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