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[Ipomosmxkalomasicst TEHIEHIUS POCTa MJIOTHO-
CTH MOITHOCTH PACCESTHUS B U3/IETUSX MUKDPOAJIEKT-
POHHON TeXHUKHU TPeOyeT WHTEHCUBHOTO OXJIasK/Ie-
Hus JJs1 obectiedyeHust UX paboynx TeMIleparyp B
3a/IaHHBIX TIpe/esax. B HacTosiee BpeMs Tpau-
IIUOHHBIM PelIeHNeM JTOH 32/[aUu SIBJISIETCST HCIIOJIb-
30BaHNE TEMJIOOOMEHHUKOB, B KOTOPBIX TETLIOOT-
JIAIONIasi TTOBEPXHOCTb KOHTAKTUPYET C TOTOKOM
OXJTAK/TATOTIEN JKUIKOCTH U UMEET OpeOpeHne ToTo
WJIU WHOTO THUIIA.

C TOUKM 3peHusT B3AaUMOJENCTBUST € OXJIAXK/IAI0-
TIedl JKU/IKOCTBIO Bce pasHooGpasue opeOpeHuii B Tell-
JIOOOMEHHUKAX MOKHO Pas3/IeJIUTh HA JIBE TPYIIIIHI.

K mepBoii Tpyrre cienyer OTHECTH TaKOe Pas-
BHUTHE TEIJIOOT/IAIONIEN TTOBEPXHOCTH, TP KOTOPOM
MIOBEPXHOCTh MPOHUKAET B IMOTOK. 3/I€Ch THUITWY-
HBIM METOJIOM PEeAJH3AINU SBJSETCS MCITOIb30BA-
HUe HITBIPEBOTO OPeGPeHNst, TI03BOJISIONIETO HHTEH-
cUDUIUPOBATD OXJAK/EHNE 34 CYET YBeJNYeHUs
MMOBEPXHOCTU TEILIOOTAAYN, UCKPUBJIEHHS UK Pa3-
pbIBa TIOTPAHWYHOTO cJOs. B Hacrosiee Bpems
OIy6JIMKOBAHO 3HAYUTEIBHOE KOJMYECTBO PaboT, B
KOTOPBIX CPEJCTBAMU KOMITBIOTEPHOTO MOJETHPO-
Banus Computational Fluid Dynamics (CFD) u
IKCIIEPUMEHTATBHO HCCJEIOBAHBI U YCTAHOBJIEHBI
KavyeCTBEHHbIE U KOJMYeCTBEHHbIE 3aKOHOMEPHO-
CTH, TIO3BOJISTIONINE TPOEKTUPOBATD TETLIIOOOMEHHH-
KU C ONTUMAJbHBIMU XaPAKTEPUCTHKAMU IITHIPE-
Boro opebpenus. Tak, Hanpumep, B [1] mpexacras-
JIEHBI Pe3YJIbTAThI TETLIOBOTO aHAJIN3a TEIJI000MEH-
HUKA CO MTHIPEBBIM OpeOPEHUEM JIJIST JKUIKOCTHOTO
OXJIAXK/IEHUS] MOIHOTO OUTIOJISIPHOTO TPaH3UCTOP-
HOTO YHIIA, MTOJYYEHbl 3aBUCMOCTH TEILIOBOTO CO-
MPOTUBJIEHUST OT 4YMcJa PellHOb/ACAa B HIMPOKOM
JINATIa30He M3MeHEHHsT pa3MepoB IIThIPe, UX KO-
JINYECTBA U PACCTOSTHUS MEXK1y IThIpsiMu. B [2]

ycraHoBJieHbl 3apucumMoct Nu=f(Re) mus coaydas
OXJIAKJIEHUS TTOTOKOM 3KHMJIKOCTH PACIIOJIOKEHHBIX
Ha IJIACTUHE B BUJIE TIPSIMOYTOJbHOTO MacCHBA IU-
JUHAPUYECKUX IIThipel, a B [3] — aaunruve-
ckux. B [4] moy4yeHbl aHAJUTHYECKIE U HMITAPU-
YecKue 3aBUCUMOCTH JIJIsl TPOTHO3MPOBAHUS TEILJIO-
BOT'O COIPOTUBJIEHUSI JKUJAKOCTHBIX TEILJIOOOMEHHU-
KOB CO IITBIPEBBIM OpeGpeHneM Pa3JIUYHOTO THIIA
[IpU JJTAMMUHAPHOM TEYEHUU OXJIAXK/IAIOIIEH KUJIKO-
cti. MHOrMe pe3yJibTaTbl 9TUX U JPYTUX aHAJO-
TUYHBIX MCCJICJIOBAHUI BHEIPEHBI B TPOMBITIIEHHO
M3TOTABJIUBAEMBIX TEIJIOOOMEHUKAX, KOTOPbIE BbI-
ITyCcKaloTCs cepuitao [S].

Ko Bropoii TpyIie oTHOCATCS Takue opeOGpeHusi,
B KOTOPbIX PA3BUTHE TEIJIOOTAAOIIEN TOBEPXHOCTH
MPOUCXOJUT BHYTPb CaMON TOBEPXHOCTHU. 3€Ch
a(pDeKTUBHBIM pelieHneM SBJISIETCS UCTIOJIb30BaHUE
yray6JeHnit B BUjie KaBEPH MPenMyIeCTBEHHO cde-
pudeckoii popmbl. B HUX, pacrosoKeHHbIX, HATIPHU-
Mep, Ha TJIOCKOW TIOBEPXHOCTH TPIMOYTOJbHOTO
KaHaJsia, MOTYT (hOPMHUPOBATBCS MY IbCUPYIOIIIE BIX-
PH, KOTOpBIE C BBICOKOI YaCTOTOIN BbIOPACHIBAIOTCS B
OCHOBHOM TOTOK OXJIAXKAOMIEH JKIAKOCTU, Paspy-
IIAI0T TOTPAHUYHBII CJIOH 1 06eCTIeYBAIOT POCT TeTl-
Jootaun. B HacTosIIee BpeMsT U3YY€HbI U YCTAHOB-
JIEHBI Ka4eCTBEHHDIE U KOJIMYECTBEHHbBIE 3aKOHOMED-
HOCTH TIPOIIECCOB, TTPOTEKAIOIINX HA TTOBEPXHOCTSIX
¢ kaBepHamu [cMm., Hanpumep, 6—11]. B uyacrHo-
cti, B [9] mokaszano, 4To B MPSIMOYTOJIbHBIX KaHa-
Jax Hambosbas 3(EGEKTUBHOCTD OT TPUMEHEHUS
KaBepHa-opeGpeHHsl JTOCTUTAaeTCs B JMana3oHe 3Ha-
wenmii uncaa Peiinosnpaca 4000 < Re < 100000 (orrpe-
JEeAIONMil pasMep — BbICOTa KaHaja), KOTrja
KaBEPHBI CTAHOBSITCS TOBEPXHOCTHBIMU BUXPEBBIMU
reHeparopamu, 06ecrieunBasi poCT TETJIOOT/IAYN B /IBa-
Tpu pasa. C ymenbiiennem uucia Re adpdexrus-

TexHoJsI0r1s 1 KOHCTPYUPOBAaHUE B 3JIEKTPOHHOII armaparype, 2013, Ne 2-3 33



OBECIIEYEHHME TEIIJIOBbIX PEXUNMOB

HOCTb KaBepH MaJIaeT, OJJHAKO W B 3TOM CJIy4ae Tpu-
MeHeHNe KaBePH JIaeT TTOIOKNTEbHbIH addekT. Tax,
B [10] mokaszano, uto B guamasone 500 < Re < 1650
TaKXKe MOYKHO TIOJTyYUTh CYNIECTBEHHBIN POCT TEILIO-
OT/IaYH.

Crpemyenue K jajibHeilileil WHTeHCUPUKAIUN
TEIJIOOT/IAUN JIeJIaeT aKTYaJIbHBIM PACCMOTPEHUE
KaBepHa- ¥ IITLIPEBBIX OpPeOPEeHMiT BO B3aMMO/IEi-
CTBUM MEXKY cO60ii, T. €. B 0OJTHON KOMOUHUPOBAH-
HOU Teryoo6MeHHoit cTpyKType. Tak, Hanpumep, B
[9, 11] mpoBeneHo wuccenoBaHue TelIooOMeHa B
NPSIMOYTOJTBHOM KaHaJle, Ha OJTHOW CTOPOHE KOTOPO-
TO PacHoJIOKEeHbI TOJbKO KaBEPHBI, a Ha APYToil —
TOJILKO TITBIPU B BH/IE BBICTYIIOB TP YCJIOBUM, YTO
¢opma u pazMepbl BBICTYIOB B TOYHOCTH MOBTOPS-
10T opMy U pa3Mepbl KaBepH. [IpoBe/ieHHbIE HAMY
B [12] akcriepuMeHTaIbHBIE UCCJEOBAHUS C KJIAC-
CUYECKUMH MITBIPIMU B (DOpMe TapaJliesenuIe/ioB
u cpeprueckuMy KaBepHAMU, KOTOPbIE PacIoJjara-
JIUCh HA 00eNX CTOPOHAX MPSIMOYTOJIBHOTO KaHAaJa,
MOKA3aJu TePCIEeKTUBHOCTh UX TpuMeHeHus. [lo-
3TOMY B Pa3BUTHE 3TUX PE3yJbTaTOB B HACTOSIICH
pabore 6b110 poBeneHo CFD-monennpoBanue co-
MPSDKEHHOTO TEMJI000MeHa B MPSIMOYTOJIBHOM Ka-
HaJle ¢ TaKUM OpeOpeHueM B 3aBHCHMOCTU OT W3-
MEHEHHSI BbICOTHI mIThipeit H i rayOuHbl KaBepH
H , orHOCHTEIBHO iMaMeTpa KaBepH D B mpeje/ax
0, 31_H /D<0,94 n 0<H , /D<0 5. UccnenoBanue
np013e11eH0 B JIaIia3oHe 3Ha‘{eHI/II/I yncsa Pelinosb-
ca 68 < Re < 370, npu KOTOPBIX KaBEpHBI €llle He
BBICTYIIAIOT B KAYE€CTBE MOBEPXHOCTHBIX BUXPEBBIX
TeHEPaTOPOB, HO ABJSIOTCS TUIIMYHBIMU JIJISI TETLIIO-
O0OMEHHUKOB C JKUJKOCTHBIM OXJIAMKEHUEM MOIII-
HBIX MHKPOIIPOIECCOPOB [5].

BapuanTtsl pacueTHO#H 0061aCTH ¥ TPAaHUYHbIE
yCJI0BHUS

UccaenoBaauch Tpu BapuaHTa pacyeTHOU 06Ja-
cTH, 00PA30BaHHOM OCHOBAHMEM M KPBIIIKOW, €O
NITBIPIMH, UMeonuMu GopMy, 6JIU3KYI0 K HapaJ-
JieJenumneny.

Bapuanm 1. IIITbIpu pacnoyioxeHbl Ha OCHOBA-
HUM B IIaXMaTHOM Tmopsake (puc. 1, a).

Bapuanm 2. IIITbIpu pacnoyioxeHbl Ha OCHOBa-
HUU ¥ HA KPBIIIKE B IAXMATHOM IOPSIJIKE TAKUM
06pa3oM, Kak 3TO MOKa3aHo Ha puc. 1, 6.

Bapuanm 3. Anajoruden npeabiiylieMy ¢ TeM
OTJINYMEM, YTO HA OCHOBAHWU W HA KPBIIIKE B TIPO-
MEXXYTKaX MEX/y IITBIPSIMU BBITIOJHEHBI KaBEPHBI
(puc. 1, 6, puc. 2). MoXHO CKa3aTb, 4TO BTOPOI
BapHAHT SIBJISIETCST YACTHBIM CJTy4aeM TPETHETO0, KOT/Ia
ryOuHA KaBepH paBHA HYJIO.

Jluist Bcex TpexX BapuMaHTOB pacyeTHoil o6Jactu
O/IMHAKOBBIMU TTPUHUMAJIUCh PA3MEPbl OCHOBAHUS
u kpbimku (5,2x5,0x89,8 Mm), auamerp KaBepH
(D =8 MmM) 1 pasMepbl MOIEPEYHOTO CeYEHHs IIThI-
peit (2,97x2,97 mm). M3MenseMbiMu reomMeTpie-
CKUMU TapaMeTpaMu ObLIN BBICOTA IITBIPEN H u
riy6una kasepH H , Ipu yc/I0BUH, 4TO paCCTOSIHI/Ie

a)
Kpbimika
OcHoBaHue
ITeIpb

6) Kpoirka

OcHoBaHKe
Itbipu
B)

Kpbinika

N

Kasepunt

Ocnosanne
IItoipu

Puc. 1. BapuanTsl pacuetHoii o6miacTtu

Mecto
HITBIPS

Kaepna

Puc. 2. Pacnosiosxenne Ka-
BepH Ha ocHoBanuu (Ha
KPBIIIKE — AHAJOTHYHO)

OcHoBaHue

M€Ky TOPIIOM IITHIPS U JIHOM KaBepHbI b ocTaBa-
JIOCh HEM3MEHHBIM U PABHBIM PACCTOSIHUIO d MEK-
JIy ABYMsI COCETHUMU HITHIPSME OT OCHOBAHHUS ¥ OT
kpoiuku (puc. 3).
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[IpoToumbrii
06beM

OcHoBanne

Puc. 4. I'pannyHbIe yCJIOBHS B PAacyeTHOH 06JIACTH

Pacuernast o6;1acTh BMeCTe ¢ ITPOTOYHBIM OObe-
MOM, B KOTOPOM Te€UeHWEe OXJIAKIATOMIEN KUIKOCTH
OCYTIECTBJIAIOCH B HAIPABJIEHUN OCU Z, TTOKa3aHa
Ha puc. 4.

[Ipu npoBeseHun pacyeToB 3a/aBAJHUCh CJEIY-
folue rpaHnyuHbie yeaous (cMm. puc. 4):

— IUIOTHOCTD TEILIOBOTO MOTOKA ¢, TIOIBOJIH-
MOTO K YaCTH HIKHEHN TTOBEPXHOCTU OCHOBAHMS TIJIO-
majapio S, , KOTOpas MMHUTUPYET PeasbHyl0 30HY
KOHTAaKTa MOJYITPOBOHUKOBOTO 1TpUGOPA U TEILIO-
0OMEHHNKA;

— Ha OGOKOBBIX ITOBEPXHOCTSIX OCHOBAHUS,
KPBIIIKA W TITBIPEN, TapaseJbHbIX IJIOCKOCTH
Z0Y, ycaoBug cuutanuch aguabarndeckumu: g=0;

— Ha HAPYKHBIX TOBEPXHOCTIX OCHOBAHUS U
KPBITITKY 33/1aBAJIach €CTeCTBEHHAs KOHBEKIIUS K
BO3/LyXY € KO3(DDUIMEHTOM TENJI00T/Iaun hm.r npu
TeMIepaType Bosayxa t,; ;

— pacxoja oxJaxkmatomieinl sxuakoctu G u ee
TemIeparypa t, Ha BXO/ie B IIPOTOYHBIN 00beM;

— u30bITOYHOE /IaBJIEHHE HA BBIXOJE W3 IPO-
TOYHOTO 00bEMA 3a/1aBAJIOCh PABHBIM HYJI0: P=0;

— Ha 60KOBBIX IIOBEPXHOCTSIX IIPOTOYHOTO 0Obe-
Ma, TapaJsieJbHbIX 1ockoctu Z0Y, 3aiaBaiuch
YCJIOBUSI CUMMETPUM, T/l€ IPOEKIUS CKOPOCTH

Puc. 5. Tennoorgaionias
MMOBEPXHOCTb PACYETHOI 06JacTh

OXJIAXKJAIOIIEHN JKUJKOCTH Ha Ocb X IPUHUMAJIACD
paBHoii Hymo: V =0.

IIpn nmpoBeneHUN MOJEIMPOBAHMS TEIJIOOT/A-
I0111ell I0BEPXHOCTDIO CYUTAIACH KOHTAKTUPYIOLIast
€ OXJIXKJLAIOMIeH SKM/IKOCTBIO II0OBEPXHOCTb OCHO-
BaHUS BMeECTE C TTOBEPXHOCTHIO MITHIPEN W KaBepH
(puc. 3), B KauecTBe OXJIAIKAAIOIIEIT JKUIKOCTH Pac-
cMaTpuBaJach BOJa, MaTepHaJOM OCHOBAHMUS,
KPBIIIKU U IITBIPeHl CYNTaIach Meb.

AJropuT™M NpOBENEHUs] MOJIETUPOBAHUS U
00pa6oTKa pe3yabTaToB

AJTOPUTM COCTOSI U3 CJAENYIONIUX TATOB!

— TIOCTPOEHNE TeOMETPUIECKON MOIEsIN pacyeT-
HO¥ 06J1aCTH ¥ 3a/iaHKie TPAHUYHBIX YCJIOBUIA B CHU-
cTeMe YNCJIeHHOTo MojiesinpoBanust Salome;

— pas0ueHne reOMeTPUYECKON MOJIESTN pacyueT-
HOIi 06J1aCTH HAa KOHEYHbIe 3JieMeHTbl (MenupoBa-
HUE) B CUCTEME YUCJEHHOTO Mojie/inpoBanus Salome
U coXpaHeHue peayJibTata B ¢hopMaTe unv;

— mpeo6pa3oBaHue JAHHBIX MENIUPOBAHUS W3
dopmara unv B dopmatr FOAM cucrembr 4ucieH-
HOTO MO/IEJTUPOBAHMS 33/1a4 MEXAHUKH CILJIONTHBIX
cpen OpenFOAM c momomnibio KOHBEpTOpa
ideasUnvToFoam;

— PpacmapaJjieanBaHue JaHHBIX B (dopmare
FOAM 1o mpoiteccopaM MHOTOIIPOTIECCOPHOH pa-
6ouell CTaHIMKM TMPHU TOMOIIM yTuUauTbl Decom-
posePar;

— peleHne HeCTAIMOHAPHOH TPeXMepPHO CHC-
tTembl ypaBHeHu#n HaBbe — CTOkca m ypaBHEHHi
SHEPTUU B PACUETHON 06JIaCTU TIPY TOMOIIY YTHJIU-
TBI TTapaJIJeIbHbIX BBIYNCJIEHWI Mpirun u periare-
seit icoFoam u chtMultiRegionFoam 7151 onpese-
JIEHUSI, COOTBETCTBEHHO, PACIIPE/IeJIeHNUSI CKOPOCTH
TEYEHUST OXJKIAIONIEN KUJKOCTH W TEMIIEPATY PbI
B OCHOBAHWM, KPBIIIKE U TPOTOYHOM 0OBEME;

— 00beHEHNE PE3YIbTATOB BBIYUCJIEHWH OT-
JIEJTbHBIX TIPOIIECCOPOB B e/INHOE PellieHue IpH To-
MONIM yTUIUTBI TeconstructPar;

— BU3YaJIN3AIN4 TTOJYYE€HHOTO PEIIEeHUs B CHC-
TeMe TapaJiieTbHON Budyanamsanun ParaView.

OG6pa6oTKa pe3yJbTaTOB MOJIEJUPOBAHUS 3a-
KJII0YaJiach B onpeiesieHnu ko3 puiinenTa Terso-
oTnauu, kpurepues Peiinosbaca u Hyccenbra.
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Koadduinent rermnooraauu i onpenessics no
dopmyte

/’l — qinSin
(t p ) s’ 1)

max 0
rae t . — MakcuMaJbHad TeMIepaTypa OCHOBAHUA,
S — mroniab TEMJIOOTAAIONIEH TOBEPXHOCTH.

[Tpu onpenenennu 3nauenuit Re m Nu BaskHbIM
BOTIPOCOM SIBJISIETCS BBIOOP OTIPEIEISIONIETO Pa3Me-
pa ¥ OIpe/esisioniell CKOpocTH TeueHusi. Bo Bcex
VIOMSIHYTBIX BBIITe pab0TaX B KAYeCTBE OIpe/Ieis-
IONIEro pa3Mepa MCI0Jb30Balach BbICOTA KaHAJA.
B macrosmeM mcciegoBaHUU 32 OTPeAEIIONIHH
pasmep 6bLI TPUHAT AKBUBAJIEHTHBII /[MaMETP Ka-
nana D, KOTOprI/I YYHUTBIBAET PACTIOTOXKEHUE B Ka-
HaJle Kak mTbipeii, Tak u kasepH (puc. 6). ILo-

Kpbrmka

OcHoBaHue
[ e d

Puc. 6. Teomerpusi morepeyHoro cevdeHnst
MIPOTOYHOTO 00beMa

aJb cedeHns F yunThIBaeTCsI TakyKe TMPU BBIUNC-
JIEHUW OTIPEeJIEJISIONIel CKOPOCTH TEYEHUS OXJIaxK-
naomeit kuaroctu V. Vlexons u3 aToro sKBuBa-
JIEHTHbIH JuameTp KaHana D, kputepuu Re n Nu
OTIPE/IEIANNCh TI0 (popMyTaM

4F
Dczi; (2)

3

-
-
-
-
-
-
-
—

Puc. 7. Pacnuipenenenue cKOpOCTH MOTO-
Ka B pacuerHoli o6mactu aas 1-ro (a),
2-ro (6) u 3-ro () BapuaHTOB

V,D

Re= —£—¢; (4)

< (5)

rge F — IUIONAb IIOIEPEYHOT0 CEYEeHUA IPOTOYHOTO
00beMa;
| — aMHA CMOYEHHOro nepuMmerpa, [=2(c+d+e+f)
(cM. puc. 6);
v, k — KHUHEMarTuyecKas BA3KOCTb U TEILJIOIPOBOI-
HOCTDb OXJIaXKJaloueil KUJKOCTH COOTBET-
CTBEHHO.

PCBYJIbTaTbI MO/ €/JMPOBAaHUA U UX aHAJU3

Ananmm3 pe3yJIbTaToOB MOJIETUPOBAHUS, TIPEJICTAB-
JIEHHBIX Ha puc. 7 — 11, mo3BoJsieT caenarb ciaeny-
IONI1E BBIBO/IBI.

Kaxk BusiHO 13 IpUBEZIEHHBIX HA PUC. 7 pacripe-
JIeJIEHW CKOPOCTH TIOTOKA, JN0OaBJeHHE B KaHAT
MITBIPEN TIPH Tlepexozie OoT 1-To BapmaHTa KO 2-My
MPUBOJIUT K BOSHUKHOBEHUIO BOJTHOOOPA3HOTO JIBU-
JKEHUST OXJIAXKIAI0NIEH KUIKOCTH MEK/Y TOPSUUM
OCHOBAHWEM W XOJIO/HOI KpbIKoil (cM. puc. 8).
B pesysbrare aTOTO B KaHaJe MPOUCXOANUT POCT TeTl-
JIOOT/JTa4W, BEJUYMHA KOTOPOW CYIIECTBEHHO 3aBH-
CUT OT BBICOTHI TIThIpeit (prc. 9): B uccie10BaHHOM
[nara3zoHe M3MEeHEHNs Yucaa Re mpu BbICOTe MITHI-
peit H / D=0,31 yBesmuenue yncaa Nu gocruraer
29% (&M, xpusble 1 1 2), ognaxo npu H ,/D=0,94
Jo6aBJieHne MTbIPell MPaKTHYECKH He Bauster Ha
snauenne Nu (kpusbie 3 u 4). To ecTb O4eBUIHO,
YTO B KaHajle ¢ opeOpeHneM MO BapHaHTy 2 MpH
YBEJIMYEHUU OTHOCUTEJbHOUN BBICOTHI IITHIPEN OT
0,31 no 0,94 u BbInIe TIpeobafaIell TPUINHOMN
pOCTa UHTEHCUBHOCTH OXJIAKCHUS CTAHOBUTCS HE
TUIPOJIMHAMUKA TEYEHUS OXJIAXK/AIONIeH >KHUIKO-
CTH B KaHaJe, a OObIYHOE YBeJUYEHNEe TEIJIO0T/Ia-
I011el TOBEPXHOCTH.

Jlo6aByienue KaBepH B KaHaJ ¢ opeGpeHueM 110
BapMaHTy 2, T. €. mepexojl K BapuaHTy 3, MOXeT

Puc. 8. Tunuunoe pacmpeneJie-
HHE TEMIEpaTypbl B PACUETHON
obacTu

cM. puc. 7 u 8 B uBere Ha 3-ii cTp. 06J0KKH
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Puc. 9. 3asucumocts Nu=f(Re) ams Bapuanra 1 (7, 3)
n BapuanTa 2 (2, 4) pacuerHoil 06/1acTH IIPH Pas/IHy-
HBIX 3HAYEHUSX BBICOTHI IIThIpeir H /D:

17, 3 —031; 2,4 —0,9

a)

Re=68,4

_\ 1
5,5
S0 \\ 2
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35
0 0,125 0,250 0,375  H,/D
6)
Nu Re=370
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0 0,125 0,250 0,375 H,/D

Puc. 10. 3aBucumoctb uncaa Nu ot riy6UHbBI KaBepH
npu Re=68,4 (a) u Re=370 (6) nna pasiauunbIxX 3Ha-
yeHuil BbICOTBI mThipeit H /D:

1 — 031: 2 — 0,625 3 — 0,94
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Puc. 11. 3aBucumoctd umcjga Nu OT BBICOTBHI IITHI-
peit aaa Re=68,4 (1) m Re=370 (2) npu nocrosH-
HOM 3HaueHnn riyounsl xasepn (H,/D=0,125)

MIPUBECTH KaK K YCUJEHWIO, TaKk W K OCJa0JICHHIO
TETIJIOOTAAYN HE3aBUCUMO OT 3HaUueHus Re B ucc.e-
JIOBAaHHOM Juanasone ero mamenenus (puc. 10).
Bumstiomum ¢hakTopoM 3/1€Ch CTAHOBUTCS COOTHO-
IIIeHWe MEeXK/Y BBICOTOH IMIThIpel W TyOWHON Ka-
BepH. Tak, mpu BbicoTe MIThIpel H p/D=0,31 yBe-
JINYeHe OTHOCUTEJNbHOU TJIyOUHBI KaBepH oT 0 /10
0,125 mpuBoaut K pocty unciaa Nu wa 10%, a na-
Jiee 3HaYeHrne Nu HAauMHAET MOHOTOHHO CHYKAThCS,
CTaHOBSICh B P€3yJIbTaTe MEHBITUM, YeM TIPU OTCYT-
creun kasepu. Ilpu H, /D = 0,5 310 cHUKeHUE
coctaBjsieT 18%. AHaJOTMYHOE MOBEACHIE YHCJIaA
Hycceabra nabmogaercs ipu H / D= 0,625, on-
HaKO B 9TOM CJydYae ero MaKCHUMAaJbHOE BO3PacTa-
Hue He mpeBbiniaer 3,7%. [Ipu BbicoTe miThIpEit
H » /D = 0,94 yBenuuenust Nu He IPOUCXOIUT HU
NpU Kakoii riay6uHe KaBepH. To ecTb, pHU Mepexo-
Jle OT BapuaHTa 2 K BapHaHTy 3 MaKCHUMAaJIbHbIH
poct uncaa Hyccesnbra mpoucxoauT npu riay6mHe
kasepn H,; /D = 0,125, oHaKo Opyu 5TOM yBeJn-
YeHNe OTHOCHUTEJbHOU BBICOTHI mThipelt ot 0,31 10
0,94 npuBoguT kK ymenbineHuio uucsaa Hyccenbra
HE3aBUCUMO OT YucJia PeliHosb/ca B UCCAET0BAH-
HOM JHManasone ero usmenenns (pue. 11).

CpaBHenne pe3yabTaToOB MOJIEIMPOBAHUS C IK-
CIIEPUMEHTAJIbHBIMEI JAHHBIMU JIJIST aHAJOTMYHBIX
moieiet u3 [12] nmokasasio ux xopoiiiee coryiacoBa-
HHe. MaKkcuMabHOe pacXosk/eHne 3HaueHul TeM-
nepaTypbl He TPEBBICUIO 15%, UTO SIBJISIETCS BIIOJI-
HE yJOBJIETBOPUTEJBHBIM JIJIsI OIEHKU TeIlJIoTepe-
JTATOINUX XapaKTEPUCTUK TETLJIO0OMEHHUKOB C KOM-
GWHUPOBAHHOI KaBepHA-TITHIPEBON CTPYKTYPOIA.

L X ]

Takum o6pasoM, B pe3yJbTaTe IPOBEIAEHHOTO
UCCJIEI0OBAaHNS YCTAHOBJIEHO, YTO B IIPSIMOYTOJIbHOM
KaHaJie Co MTHIPEBBIM opebpenneM 100aBIeHIe Ka-
BEPH U CO3/[aHNe KOMOMHUPOBAHHOI KaBepHa-1ITbI-
PEBOIl TeNI00OMEHHOU CTPYKTYPbI MOKET IPUBEC-
TH KaK K MOJIOKUTETbHOMY 3 dEeKTy, TaKk U K OT-
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OBECIIEYEHHME TEIIJIOBbIX PEXUNMOB

punateabHoMy. 1 nHTEeHCH(UKATINN TETII00T/[a-
YN TIPU MaJIbIX yncjaax PeiiHosbaca, Korga KaBep-
HBI €e1le He BBICTYMAIOT B KAUeCTBE MOBEPXHOCTHBIX
BUXPEBBIX TE€HEPATOPOB, OTHOCUTEJbHASI BBICOTA
MTBIpEN 0JKHA HaXOAUThes B mpezaeax ot 0,31
mo 0,625, a orHocuTesnbHAs TIyOWMHA KaBEepH HE
noJkHa TpeBbimath 0,125,
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Spokoiny M. Yu., Trofimov V. E., Shevchuk M. V.
CFD modeling of heat transfer in a rectangular
channel with dimple-pin finning.
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Using the CFD modeling method, the authors have
investigated conjugate heat transfer in a rectangular
channel with dimple-pin finning with hight of pins,
depth of cavities and Reynolds number values varying
in the range, characteristic for heat exchangers designed
for liquid cooling of microelectronic devices, such as
microprocessors. Criterion dependencies for calculation
of heat transfer under these conditions have been
obtained.

Ukraine, Odessa National Polytechnic University.

Crokoitamit M. 10., Tpodimos B. €., llleBuyk M. B.
CFD-Mo/e/Il0BanHs TEMIOOOMIHY B IPSIMOKYTHOMY
KaHaJli 3 KaBepPHA-IITHPHOBUM OPEOPEHHSIM.

Kniouosi caosa: mennoobmin, CFD-modenosanns,
Mmen06iddaud, KpumepiaivHi 3d1eKHOCTI.

Metonom CFD-MonemfoBaHHS TPOBEIEHO TOCi/IKEH-
HSI CIIPSIZKEHOTO TETIO0OMiHY B TPSIMOKYTHOMY KaHaJT
3 KaBepHa-TITHPHOBUM OPEOPEHHSM TIPH 3MiHi BUCOTH
NITUPiB, TIMOWHN KaBepH i 3HaYeHb uncya PeliHoJbaca
B /liala3oHax, XapaKTepHUX JJIs TeTJI00OMiHHUKIB, SKi
NpU3HAYEH] /1A PIAUHHOIO OXOJIOKEHHA TaKUX MIKPO-
eJIEKTPOHHUX TIPUCTPOIB, K Mikpompoiiecopu. OTpu-
MaHO KpUTepiaJbHi 3aJI€3KHOCT /I PO3PAXYHKY Tell-
JIOBi/i1aui B 3a3HaYCHUX yMOBaX.

Ykpaina, Opecbkuil Hall. TOJiTeXHIYHWI YHiBEPCHUTET.
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