UncneHHoe nccnegoBaHme TennooTAayum B
KaHarnax ¢ Hernyookmmm
NOoAKOBOOOpPa3HbIMU JIYHKaMu

' 4.4. Lvinaesa <a.tsinaeva@rambler.ru>
2CE. Pasopenos <razserg@list.ru>
! B.B. Fenas <bonyparkery@gmail.com>
' @I'BOY BO Canl'TV,
443010, Poccus, 2. Camapa, yn. Morodoeeapoeiickas, oom 244
240 Tpancnepmo-Ilpusonca, Camapckoe PHY,
443020, Poccus, 2. Camapa, yn. Jlenunckas, oom 100

AHHoTanmus. Pabora mocBsmieHa YHCICHHOMY  HCCIENOBAaHHMIO  TEIUIOOTAAYH B
HOPSMOYTOJIBHBIX ~ KaHAJlaX C  OJHOCTOPOHHHM  HAHECEHWEM  HETNyOOKHX  JIYHOK.
MaremaTnuueckoe MOJCIMPOBaHUE BBINOJNHEHO Ha Oase ypasHeHus Hasbe-Ctokca,
YPaBHEHUS HEpa3pbIBHOCTH, YpaBHEHMs SHepruu. s 3aMbIKaHHUSA CUCTEMBl ypaBHEHUH
ucrmonp3oBana  K-w-sst  momenb TypOysneHTHOCTH. UYHMCIEHHOE pelIeHHe IONyYEeHO C
HIOMOIIIBIO TIporpamMmHoOro makera Code Saturne, pacmpocTpaHsIeMOro Ha OCHOBE CBOGOIHOM
nuren3un. Jis MoCTpOeHHs CEeTKH MCIOJIb30BaICs MporpamMMHbiil maker Salome. B paGore
paccMOTPEHBI BOMNPOCH BepH(UKANM IOTy4aeMOro 4HCIeHHOTo pemieHus. Ha ©0ase
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3¢ (QEeKTUBHOCTH HErNTyOOKHX JIYHOK pa3IN4HONH KOHQUIypauud Uil HPSMOYTOJBHBIX
KaHAaJIOB C OJJHOCTOPOHHUM HAHECEHUEM HETJTyOOKHX JTyHOK.
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1. BeedeHue

IIpu pa3paboTke TEMI0OOMEHHBIX amllapaToB Ha OCHOBE IEPCIEKTHBHBIX METOJIOB
MHTeHCUpHUKAIUK TemooOMeHa [l] dYHCIIeHHOE MOJAEIMPOBAaHUE SBISAETCA
Croco0OM CHIDKEHHSI BPEMEHHBIX M MaTePUAbHBIX 3aTpaT Ha MPOEKTHpoBaHHE. B
HACTOSIIEE BpeMs sl YUCIEHHOIO PEIIEHMs] TAKMX HAyYHO-TEXHHUYECKUX 3a/1ad
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IIIPOKO TMPHMEHSIOTCS MporpamMHbie Komruiekcsl OpenFoam u Code_Saturne,
pacmpocTpaHsemble Ha Oa3e cBOOOAHOM nneH3un [2,3].

Crnemyer OTMETUTbH, YTO IPOTPaMMHBIE KOMIUIEKCH cO CBOOOIHOH nunenH3ueit [2,3]
HUMEIOT OTKPBITHIN KOJ, 1 MOTYT OBITh Kak C TpaduueckiuM HHTEpdeticoM, Tak u 6e3
Hero. [Tpr 3TOM Ka)XABIi OTB30BaTENb MOI0MPACT TAKOW IPOTPAMMHBIN KOMIDIEKC,
KOTOPBIIl COOTBETCTBYET €r0 3aIpOCcaM M BOZMOKHOCTSIM.

OcHOBHOW 3ajaueil CO3JaHUS MEPCIEKTHBHBIX TEMIOOOMEHHBIX —allapaToB
ABISICTCA pa3paboTKa TAaKMX METOJOB HWHTCHCHU(DHUKAIMKA TEIUIOOOMEHa, It
KOTOPBIX POCT THIPABINYECKOTO CONPOTHBICHHUS OyAET HE CTONb 3HAYUTECIHHBIM
[1,4,5]. K Takum MeTongaM CiieAyeT OTHECTH HCIOIb30BAHHE BBHIEMOK pa3IHYHOI
KOoH(pUrypauuu: chepuueckre, TpaHIICHHBIE, IBYXIIOJIOCTHBIC, TaHTENIe00pa3HbIe
JYHKA U T.JA. [4-7]. [l cpaBHEHHS MapamMeTpOB BBIEMOK OOBIYHO HCMOJB3YeTCS
COOTHOIIEHHE KO3((UIMEHTa TEIIooTHayl K KOd(pQUIMEHTY THAPaBIMYECKOro
TPeHHs, OINpECISIoNIee TEeMIOIHAPABINYECKYI0 3(P(PEKTUBHOCT, MOBEPXHOCTH
TemiooOMeHa. Vcnosnb3oBaHWE MaTeMaTHYECKOTO MOZEIMPOBAHUS  MO3BOJISET
CHHU3WUTh YHCIIO SKCHEPHUMEHTAIBHBIX HCIBITAHWH M OLEHHUTh 3((EKTHBHOCTH
Ipe/aIaraeMpIX pEHICHHH Ha CTaaWd TNpOeKTHpoBaHus. IIpm 3TOM paspaboTka
HOBBIX DEIICHMH MOMET OCYIIECTBIATHCA HE TOJNBKO C IPHUBICYCHUEM
MPOTPAaMMHBIX KOMIUICKCOB Ha 0a3e cBOOOAHOHN smreH3un [2,3,8], HO u ¢
HCTIONIb30BaHUEM 00IaYHBIX CEpBUCOB [9].

Iporpammusiii kommeke Code_Saturne [2], BbIOpaHHBII aBTOpaMH B Ka4decTBE
MHCTPYMEHTA HCCIIEIOBaHMS, H3HAYAJIbHO pa3padaThIBaliCS C LENBIO0 PELICHUS
3aJad TUAPOAMHAMHKH M TEIUIOOOMEHa ISl SHEPTeTHYECKOro 000pYHOBaHUS
aToMHbIX ctaHiuid [2]. [Ipu 3ToM, MMeromuiics B HEM MaTeMaTHYEeCKH ammapar,
BO3MOXXHO  HCHOJIb30BaTh M TIPH  HUCCIENOBAaHMM CHUCTEM  oOecriedeHHs
MHKpOKJIMMaTa U uX 31eMeHToB [10], npu uccieoBaHuN €CTECTBEHHOH KOHBEKIIUH
[11], npu pa3paboTKe mepCreKTHBHBIX TeMI000MeHHbIX ammaparos [12,13]. Kpome
TOrO, COMJIACHO  JOKyMEHTAallMd, OSTOT IPOTPaMMHBIH  MPOJYKT  MOXKET
UCIIONb30BAThCSl  JUISl  YUCIEHHOTO  HCCIIEAOBaHUS  aTMOC(HEpHBIX TEYCHH,
AJIEKTPOMArHUTHBIX SIBIICHUH 1 IByX(a3HBIX MOTOKOB [2].

2. ®opmynupoeka 3adayu, pac4emHbie Cemxu

PaGora mocCBslieHA YUCICHHOMY MCCIICIOBAHUIO TEUYEHHs M TEIIoOoOMEHa B
NpsSMOYrOJIbHOM — KaHajle ¢  JBYMEPHBIMH  IOJKOBOOOPa3HBIMH  JIyHKaMH
oTHocuTenbHOM rnyounoi h/D<0.15, rae h — rny6una nysku, D — auameTp JyHKH.
Takue snyHkn cuuraioTcs HernmyOokumu [4]. B kauectBe pabouero Ttena 3a/aH
BO3JIyX.

2.1 MaTtemaTtn4yeckasi mogenb

MareMaTHueckoe MOJAETHPOBAHUE TEUCHHS M TEIUIOOOMEHAa BBINIOJHCHO B
nporpammHoM  komiuiekce Code_Saturne ¢ momomsio RANS  moaxona.
MareMaTnueckass MOJENb BKJIOYANTa B ceOsS ypaBHCHHE COXPAaHEHHS MAacChl

330



IpiHaeBa A.A., Pazopenos C.E., Benast B.B. Unciennoe ucciiejoBaHue TEIUIOOTAAUH B KaHANAX ¢ HENIyOOKUMU
noaxkoBoobOpasHeiMu IyHKamu. Tpyost UCIT PAH, 2017 ., Tom 29, Beim. 5, ctp. 329-344

(ypaBHEHHE HEPa3pHIBHOCTH), YpaBHEHHE COXPAHCHHUSI KOJMYECTBA JIBMIKCHHS
(HaBwe-CToKca), ypaBHGHHWE OHEPTHH, YpaBHEHHE COCTOSIHHSA. [Ipoekmuu Ha
KOOpJMHATHBIE OCH X, Y, Z ypaBHeHus 1Bwkenuss B ¢opme Hasbe-Ctokca:

,du oP a“au ﬂ a{ [au avﬂ a“au awﬂ
=Q0y——+— —diw — ||+ ==}
dt oX  OX OX oyl \oy ox oz|"\oz ox
LU Al I cCc | A Y Py v | A Y LR |
I e an e vy v e T e | e R e |

dw oP 0o (au awj 0 N oW 0 [&N 2 j
p—=0;, ——+—| Y —+— ||+ — |y —+— ||+ = — ——diw
dt ox ox| \oz ox oy| \oz oy 0z 0z

rie p — IIOTHOCTh; U,V, W — MPOEKIHH BEKTOpa CKOPOCTH IOTOKa Ha OCH X, Y, Z,

t — Bpems; Oy, Oy, §; — IPOEKUUH BEKTOpPAa BHENIHEH MacCCOBOM CHIIBI Ha
KOOpAMHATHBIC ocH; P — naBnenue; # — KO3GGUIMECHT JUHAMUYECKOH BI3KOCTH;

YPaBHeHI/Ie HEPA3pbBIBHOCTH B BHUAY OTCYTCTBUA IIPpU PCHICHHUHN IIOCTaBJICHHOU
3aAa41 UCTOYHUKOB MACChl IPUHUMACT BUA!

do . i

— +div (pV])=0 i
il ’
YpaBHEHHE SHEPrUU:

P§=—div q")+q’”—PdiV67)+s* ' X

n ~ ”n
rue e — BHYTPEHHss dHeprus; (" — BEKTOp IOTOKA TEeIUIOTHI, paBHbIA (" =—AVT

[2,14]; 9" =0 - TemoBas MOIMHOCTh BHYTPEHHHX WCTOYHHKOB TEILIOTHI;
A — k03 QUIHMEHT TEIUIONPOBOHOCTH; T — TEMIIEpaTypa.
HuccunatuBHas GyHKIMA S omnpezensercs Beipakenuem [2,14]:

s E@“T 5355 58] 33
=2 — | +H| = | +|— | |+ + — | =+ -
oX oy oz ox oy oy oz oL ox

, (4)
oau ('?v . ow
x 8y o) |
Tak, kak B KadecTBe paboduero Teja paccMaTPHUBAJICS BO3AYX, TO YpaBHECHHE
COCTOSIHHS IPUHUMAJIO BU ypaBHeHus: Menneneesa-Kiaiinepona [14]:

P Ry

T, (%)
P mg

rac Rm — YHUBECpCaJibHas ra3oBas MOCTOAHHAS, mg — MOJICKYJIsIpHas Macca rasa.
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B RANS mnoxxome manst 3ambikanus guddepeHiuansHbIX  ypaBHEHHH ObLia
ucnons3oBana k- Sst mozens TypGynentHocTH [15], BBIGOp KOTOPO# 00yCIOBICH
OTBITOM HYHCJICHHBIX HCCJICJOBAaHUN aBTOPOB, a TaKKe MO pPe3yJabTaTaM aHaju3a
pabor [6,10,11,12,13,16].

YucneHHOE pelIeHre MOJTYYeHO METOI0M KOHEUHBIX 00BEMOB, B paMKax KOTOPOTO
YpaBHEHUsI HHTETPUPYIOTCS 0 KaXIOMY KOHTPOJIbHOMY 00bemy Q; ceTku [2].

2.2 YcnoBusi MopenupoBaHMA M XapakKTepHble MacwTabbl
3apaum

YuCcIeHHOE WCCIICNOBAHHE TEIUIOOOMEHA W THAPABIMYECKOTO COMPOTHBICHHS B
KaHaJle MOAKOBOOOPA3HBIMU JYHKaMH BBIMOIHEHO JUIsI MPSMOYTOJBHOTO KaHaia
(puc. 1) ceuennem axb=150x150 mm u mmmHo#t L=1000 mm. OmHa H3 CTEHOK
KaHala WMEeT [MOAKOBOOOpa3sHbIe JYHKH C OTHOCHTEJIBHOH  TIIyOWHOM
h/D=2/17,913=0,111<0.15, mmomans mnaTHa JyHKH cocTaBiasier 252.02 MM,
PacnonoxeHne JyHOK Ha CTEHKE — KOPHIOOPHOE, B TPH psifa, MPOAOIBHBIA H
HOMEePEYHbIH mar Mex Iy JiyHkamu coctaBisieT 50 mm. KonudecTBo nyHOK B 0JHOM
psifly 1O JMHE KaHanma cocTaBisieT 20 INT, HA CTCHKE JIYHKH BBIIOJIHCHBI B TPU
psima. Ha puc. 1 Take mpencTaBiIeHbl TEOMETPUUCCKHE XaPAKTEPHCTUKH JIYHOK U
UX pa3MEIICHHe Ha IOBEPXHOCTH KaHAIIA OTHOCHTENBHO APYT APYra.
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]

45

Puc. 1. Kongpueypayus kanana u bleMok Ha e20 nogepxnocmu kanana: (a) obwuti 6uo
pacuemnoti oonacmu: 1 — 6xo0; 2 — 6v1x00; 3 — 0bozpesaemasn cmeHka KAHANA C
Heanybokumuy IyHKkamu, 4 — neobozpesaemvie cmenku kanana 6e3 iyHok, (0) npocmole
nookosoobpasnvie 2d nynku, (8) yurunopuueckue ayuxu, (2) n00k0800bpasHvle HAKIOHEHHbLE
K nomoky na 45 epadycoe 2d nynxu
Fig. 1. Configuration of the channel and notches on its channel surface: (a) general view of
the calculation area: 1 - input; 2 - output; 3 - heated channel wall with shallow wells; 4 -
unheated canal walls without holes; (b) simple horseshoe-shaped 2d wells; (c) cylindrical
wells; (d) horseshoe-shaped inclined to the flow at 45 degrees 2d wells

s anamuza 3QeKTUBHOCTH pa3pabOTaHHONW KOHCTPYKIIUH IOJAKOBOOOpa3HOU
JYHKA TMPOBOJMJIOCH CPaBHEHHE MapaMeTPOB C TIOKA3aTeIAMH TEILIOOOMEHA W
TpeHus ISl KaHaua C [IHHAPHYSCKUMHU IYHKAMU TOHM JKe IUIOMaAM MSTHA W
TITyOUHBI

Onucanue yCJ'IOBI/II\/'I MOACJINPOBAHUA, B TOM YHCJIC TPAHUYHBIX yCHOBHﬁI Ha BXOJI€C B
KaHal 3a7aBajach CKOpoCTh moToka (Ugg=15;10 m/c), HampaeienHas 110

HOpMaJIM, Ha BbIXOAC W3 KaHajla 3aJlaHbl YCJIIOBUA CBO6OI[H01"O HUCTCYCHHUA B
OKPYKaromyrn cpeay, CTCHKHU KaHalJla IOJiarajuCb TIJIaIKMMH, Ha 060rpeBaeM0171
CTCHKC C JIYHKaMH 3aJlaBajiiCb YCJIOBUA BTOpPOro pozaa, TEIUIOBOM IOTOK K

oborpesaemoit crenke (mo3. 3, puc. 1, a) gy, =500 BT/M2, Ha HEoOOTrpeBaeMbIX
creHKax (mo3. 4, puc. 1, a) q,, =0. Pacuer nposenen npu kpurepun Pefinomnsaca
Re| =11278, Re; =56390, Re;=112782, | - ruapaBiauyeckuii JUaMeTp

MPSIMOYTOJIEHOTO  KaHaja I:2ab/(a+b), B kadectBe pabodero Tema NPUHST

BO3lyX, KOIQOHUIMEHT  KUHEMATHYECKOW  BSI3KOCTH v=13,28-107° M2/c;

¢p =1005 JIx/kr, yCKOpeHUue CBOOOJHOrO MajeHus g=9,81M/cz. Tak kak mo

HpeJBapuUTEIbHON OLEHKe NpousBelneHue kputepues Gr - Pr >106, TO BJIMSIHUE
BHEIIHMX MAacCOBBIX CHJI Heo0Xoammo yuuteiBath [17]. Dta oueHka Obuia B
JlanbHEHIIeM TOATBEPKICHA B pe3yJsIbTaTe YHCIEHHOTo uccienoBanus. [1moTHoCcTh
MOTOKA OTPeIeIISIeTCS TEMITEpaTypoit B cootBeTcTBHM ¢ ypaBHenueMm (5). 3amanue
TPaHUYHBIX YCIIOBHUIT OCYIIECTBISUIOCH B IporpaMMHOM Komiuiekce Code_Saturne.
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2.3 InckpeTusaumus pacyeTtHom obnacrtu

ITocTpoeHne ceTku OBLIO BEIIONHEHO C TIOMOIIBIO OTKPBITOW WHTETPUPYEMOM
marpopmer Salome [8]. Jlmst cosmanust 3-d 31IeMEHTOB HCIONB30BANICS AITOPUTM
Tetrahedron (3D), mapamerps! omnpenessnch mo Netgen 3D Parameters: Netgen
1D-2D ¢ muanMansHEIM pazmepom 0,002, makcumanbsHEIM pazMepom 0,005. Kpome
TOTO, BOJNW3M CTEHKH C HEITyOOKHMH JIyHKaMHU BBINOJHSUIOCH JONOJIHUTEIBHOE
CTYIIICHHE CETKH, Ha MOBEPXHOCTU CTEHKH CETKa BBINOJHAIACH M3 TPEYTOJBHBIX
anemMeHToB [6]. Ha puc. 2 mnpencraBieH aHajdM3 3aBUCHMOCTH BpPEMEHHU
JMCKPETH3AIMH ty,, PacueTHON 00IACTH M BPEMEHM MOJNY4eHHs peuenus t,, oT

KOJIMYCCTBA A4YCCK Ne| .
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Puc. 2. Xapaxmepucmuka ouckpemusayuu pacuemnou obnacmu: 1 — zampamol 6pemenu Ha
auc1<pemu3auuio pacqemnoﬁ 06]!616’7}11,{,' 2- sampamaul 6pemMenu Ha nojyyeHue 4YucienHoco
peuienus
Fig. 2. Characterization of the discretization of the computational domain: 1 - the time spent
on the sampling area; 2 - the time required to obtain a numerical solution

Pasmeprl sueex ompenersuIich W3 COOTHOUIEHHS BPEMEHM JIUCKPETH3AlMU H
BPEMCHH TMIOJYYCHUSA YHCICHHOTO pPCEHICHUA TIPpU COXpPAaHCHUU HpHeMHeMOﬁ
TOYHOCTH pacueTa [6], 4TO OCHOBaHO Ha UMEIOLIEMCS Y aBTOPOB OIBITE YHCICHHOTO
MOJIETUPOBAHUS 3a/1a4 Mo00HOTO TUMa (cM. paboTy [6]). MccnenoBanue ceTOUHOM
CXOAUMOCTH TIPpU  MOJACIIUPOBAHHMU TCYECHHUA B IMPAMOYTOJIBHOM KaHaJIC C
HCFHy6OKI/IMI/I JIJYHKaMH 110 Ol]HOﬁ U3 CTCHOK BBIIIOJHEHO OJHMM H3 aBTOPOB
(IIprHaeBoit A.A.) B pabore [6]. B pesympraTe wHcclIeqoBaHHS CETOYHOM
cxomuMocTH B pabore [6] BeisBIeHO, uTo npH Ng =700000 nanbHeitmee
YBEIMYEHNE KOJIMYECTBA PACUYETHBIX SYEEK CETKM HE BIMSAET Ha KadeCTBO
nomydaemoro pemenus. Ilpum kxommdectBe sueek Ngj <500000 wabmromaroTes
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(bIyKTyanmuu CKOpOCTH TIOTOKa B NMPHUCTEHOYHOH obmactw [6]. PesympTaThl 3TOTO
UCCIENOBaHMsA  JOKJiaibiBamkck Ha  KoH(pepenmuu — OpenClouds 2015,
opraamsoBanHoit VICII PAH (r. Mockga, aek. 2015 r.). B 310l CBA3M, B HaHHOM
paboTe MmpecTaBlIeHbI Pe3yIbTaThl MOACIUPOBAHUS IJIsI IPSIMOYTOIBHOTO KaHAla C
HernyOOKMMM JyHKaMHM ans ceTku ¢ Ng =77/6904 00BEMHBIX 3JIEMEHTOB.

YaenpHOE KONMWYECTBO SUEEK Ha JUIMHY pacdeTHOH O0OJacTH  COCTAaBUIIO
Nel = Ng/L=776904/1 =776904 .

I'paHnuHBIC YCNOBHS 3aJaBalNCh C TOMOIIBIO MHCTPYMEHTApHs NPOTPAMMHOTO
maketa Code Saturne [2,6] w omnmcansr panee. B pabore wncmonabp3oBajcsa
rpaduyeckuii uatepdeiic mporpammuoro nakera Code Saturne [2,6], BerUHCIEHUS
NPOU3BOAMINCH HAa KOMIBIOTEPE CO CICHYIOIMUMH XapakTepuctukamu: Intel
Corei5, uerpipe sapa, 4 I'6, 2,6 ITu. Jlna paspemieHuss Moasl AaBICHUS
ucroJb30Banach cxema Multigrid, Taxoke, kak B pabote [6], IS TOJISI TEMIIEPATYPBI
W Ul CKOPOCTH, ISl KHHETHYECKOW SHEprHU TypOyJEHTHBIX MyJbCaluil U s ,
NMPUMEHEHBI AaBTOMaTHYECKHE HACTPOHKH, MaKCHMAJIbHOE KOJIMYECTBO UTEPALUH 110
KOKIOMY LUKy 3agaHo paBHeiM 10000, TO4YHOCTH pelnatens Onpeaessiach
Benmumuoil  paBHoit  10%, Cxema Multigrid Gasmpyercs Ha npuMeHeHHH
MOCJICI0BATEILHOCTH YMEHBINAIOIINXCSI CETOK, a TAK)KE OIIEpaTopOB, MO3BOJISIOIINX
OCYIIECTBIISITH TIEPEXO OT OTHON CETKH K APYroi. UnciieHHOE pelIeHne OoIydeHO
UTEPAllIOHHBIM METOJIOM, IIAr IO BPEMEHHW ONPENENUICS B 3aBUCHMOCTH OT
CKOPOCTH TE€YEHUs], MPOAOJDKUTEIBHOCTh YUCICHHOTO DKCIIEPUMEHTA OIIPEeIsiach
BPEMEHEM TPEXKPATHOTIO MPOXOKAEHHS pabouero Tejia B KaHalle, MaKCUMaJbHOE
3HaveHue uncia KypaHTa mpHHHManoch paBHBIM ISATH. MaKCHMalbHBIM LIar 1o
BpEeMeHH ObLJI ONPEIEIICH U3 CIEAYIONIETO BhIPAKEHUSL:

ATmax :M’ (11)

Ugo

rae Al — nuHEHHbIA pasMep sYeiKn pacyeTHON CETKH; Ugq — CKOPOCTh NOTOKA Ha

Bxoze B kaHan; Cr — umcno Kypanra. MakcumansHoe 3HadeHue uucia KypaHta
orpanndeHo BenmunHoit Cr=5. DT0 omnpexensercs ¢ TeM, 4TO JJIsl CBS3aHHOTO

peliieHnsl ypaBHEHHWi OanaHca WMIyIbca W HEPa3pbIBHOCTH ObUT MPHMEHEH
amroput™ SIMPLEC [2].

3. MMpoeepka adekeamHocmu

IIpoBepka afgeKBaTHOCTU UYHUCIIEHHOTO PEIICHHs BBIMOJHATIACH IMYTEM CPAaBHEHUS
pe3yabTaTOB  MAaTeMaTHYECKOrO0  MOAEIMPOBAHUS € OKCHEPUMEHTaIbHBIMU
UCCIIEIOBaHUSAMU.

Bo-nepBbIX, NPOBOAMIOCH CPaBHEHUE PACCUMTAHHBIX U OKCHEPUMEHTAIBHO
OINpPENENEHHBIX adPOANHAMMUYECKHX XapaKTEPUCTHUK [ TEYEeHUs B KaHale C
HerIyOOKNMH TaHTeIe00pa3HBIMU JIyHKaMH. DKCIIEpUMEHTHI IPOBOIMIINCE Ha Oase
a’poauHaMuyueckord TpyOsl kadenpsl «TemnorazocHabxkenus» @OI'BOY BO
CamI'TY. PesynbraTsl CpaBHEHHUs  OKCIEPUMEHTAIbHBIX M  MOJAEIBHBIX
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adPOJMHAMHYIECKUX XapaKTEPUCTUK OIyOJIMKOBaHBI aBTopamu B pabortax [18,19].
IIpz cpaBHEHWH a’pOAMHAMHYECKHX XapaKTEPUCTHK IIOTOKA PAacXOXKICHHE
pacUeTHBIX M  OSKCIIEPUMEHTANBHBIX 3HAYCHWH HAXOTWIOCH B  IIpenenax
MOTPEIIHOCTH 3KcriepumMenTa [18,19].

Juis mpoBepKM KauyecTBa peIIeHWS IPH HAIHYHMH TEIIo00MEHa IPOBEACHO
CpaBHEHHE PACCUMTAHHBIX M JKCIIEPUMEHTAIBHO OIPENeICHHBIX XapaKTePUCTUK
TEIUT00OMEHA B Y3KOM HPSAMOYTOJEHOM KaHajle ¢ HEerTyOOKMMH HWIHHAPUICCKAMHU
JYHKaMU TpH pa3jM4yHBIX IapamMerpax TedyeHus. B 3Tom ciydae, ObuH
ucnob3oBanbl skcriepumentsl KHUTY um. Tynonesa-KAU (r. Kazans) [20].
Okcnepument B KHUTY um. Tynonesa-KAU (r. Kaszanp) [20] ObL1 BBIMOTHEH 115t
IENICBOr0 KaHama ¢ cedeHneM axb=2x96 mm u mnuHOit L=196 MM, nyHKH
WIMHAPHYECKHE ¢ oOcTpoil kpomkoi ¢ h=1,6 mm, D=16 wmm, h/D=0.1,
PacIoJIOKCHBI BHIEMKH B IIAXMATHOM TOpSIKE ¢ IiaroM 8§ M, pabodee Teilo —
Bo31yX, Re| =200..20000. B pabore [20] Taxke NpeAcTaBIEH pe3yJbTaT
0000IIeHNsT TO KPHUTEPHATIbHON 3aBHCHMOCTH AKCHCPUMCHTANBHBIX JTaHHBIX
KHUTY um. Tynonesa-KAU no temnoornade s KaHajaoB ¢ LUMIMHAPUYECKUMU
BeleMKamu ipu Re; =2500...20000 :

0.85 0.07

Nu = 0.0164 - Re,”%°- (h/D)**7, (12)
Nu — xpurepuii Hyccensra, Nu=a'-1/4; o' — xoapduuuent rermoornauu;
| — xapakTtepHbBIi pasmep, M; A— KO3(OHUIHEHT TEIIONPOBOAHOCTH pabouero
Tena.

Tak kak 3TH pe3ynbTaThl HE OBUTH aBTOpaMH OIyOJIMKOBaHBI paHee, TO CpaBHEHUE
pacyeTHbIX U IKCIEPUMEHTAILHBIX XapaKTePUCTHK TEIUIO0OMEHa MPECTaBIeHO Ha
puc. 3. AHanu3upys, NpeiCTaBICHHbIE Ha PUC. 3 PE3yJbTaThl, CICAYET OTMETHTH,

qTo Ha6J’IIOI[aeTC$I JOCTATOYHO Ka4YCCTBCHHOC COOTHOMICHUE PE3YJILTATOB pacye€Ta C
OKCIICPUMCHTAJIbHBIMU JAHHBIMU, HO UMCIOTCA U HEKOTOPBIC PACXOKIACHUSA.

Ilpn Re; =3000 pacxoxneHue He npepbimaeT 10 NPOLEHTOB, Jajee PacXokIeHHe
yBenuuupaercs, Ho npu Re| =12000 BHOBBL cHumkaercs. Takoe paccornacoBaHue

JaHHBIX CBs3aHO, Mo-BUAMMOMY ¢ TeM, uto mpu 2300 <Re; <10000 pexum

TE4YEeHHUs SBIAETCS mepexonHbM. OAHAKO pacXOoXXJEHHE He IpeBbImaeT 25
OPOIEHTOB. B 3TO# CBfA3M, YKMCIICHHOE WCCIICIOBAaHHE TEIIOOOMEHA B KaHaje C
HEeTTyOOKHMH IOJKOBOOOPA3HBIMHM JIYyHKAMHM OTPaHMYEHO pe3yiabTaTaMH s
pa3BUTOTO TypOyJleHTHOTO pexknMa TedeHms mpu Rey >>10000 , xkak Hambonee

pacopoCTpaHCHHOT' O, I1I0 MHCHUIO aBTOPOB, MJI TEII000MEHHBIX anrapartosB.
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100

Nu a1

3000 Rel 30000

Puc. 3. ﬂaHHble no mennoomoaue C yuemom paseumus n06EPXHOCMU NPU HAJIUYUU 6bIEMOK.
1 — pesynomamet pacuema (12) no kpumepuanvnoi sasucumocmu [20]; 2 — sxcnepumenm
KHUTY um. Tynonesa-KAH [20]; 3 — uucnennsiii pacuem asmopos ¢ Code Saturne
Fig. 3. Heat transfer data taking into account surface development in the presence of
depressions: 1 - calculation results (12) according to the criterial dependence [20]; 2 -
experiment Knitov. Tupolev-KAI [20]; 3 - numerical calculation of authors in Code Saturne

4. Pesynbmambl  YUuC/IeHHO20 ModeslupogaHuss U  Uux
obcyx0deHue

YucneHHOE MOJIEIMPOBAaHUE BBIMOJIHEHO IS TPEX THUIIOB pacyeTHOi oOsacTu:
NpsSMOYrOJILHOTO  KaHajla ¢ LWIMHIPUYECKMMH  JYHKaMHu, KaHaja C
MOAKOBOOOpasHeIMU JyHKamu [19], kaHama ¢ MOJKOBOOOpAa3HLIMU JYHKAaMH,
MOBEPHYTHIMH K TIOTOKY Ha 45 rpaaycoB (cm. puc. 1).

Llenbr0 YHMCIIEHHOTO MOJICIMPOBAHMUS SIBJSUICS aHAJIM3 TEYEHHs U TeIIooOMEHa B
OpSIMOYTOJNIBHOM KaHale ¢ HEriayOOKHMH TOAKOBOOOpasHbIMH 2d JTyHKAMH st
OIIpe/IeIeHUs! TeTUIOTUIPaBINYecKol 3((HEKTUBHOCTH KaHAJIOB C TAaKMMHU JyHKaMH.
Jnsi  KOpPpeKTHOro  CpaBHEHHWs  TeIUIOTHIpaBindeckod  3ddexkTuBHOCTH
MOBEPXHOCTEH C PAa3NMYHBIMU JIYHKAMH OBLTH BBIMOJHEHBI CICAYIOIINE YCIOBUSL:
omunakoBass rnyomna (h/D=0.11, h=2 mM) nyHOK, paBHBbIE IUIOMIATH «IISATHAY
HcceyeMbIX JTyHok (Sp=252.02 MM?), OJXMHAKOBBIN THIT PACTIONOKEHHS M 9HCIO
psioB styHOK (N=3).

[anee moka3aHbl pe3yJbTaThl YUCICHHOTO MCCIICIOBAHUS TEUCHUSI M TEIUIOOOMEHa
B KaHasle ¢ HerryOokumu JyHKamu (puc. 1). Ha puc. 4 npencraBieHsl 3HaUeHHS
TEeMIIepaTypbl CTEHKHM KaHaJla Julsl LEHTPaJbHOTO psijia JIYHOK, OCpPEIHEHHBIE IO
IO JTYHKH:

t-FE
thound :%1 (13)
1
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rae  thound CpelHsis TeMmIepaTypa CTCHKH Ui JyHKH; F; — Iuiomans
IMMOBEPXHOCTHU quﬁKH; tl — TeMmIreparypa CTCHKU B i'TOﬁ sTueiiKe CCTKH,
>FK=S p — TUIOMIAh TIATHA TYHKH.
ound® & - a 1
K I L ag o | R = " s
A O- ~ 0o A
30— a-3 Tt e 120078 Rwalatas
A ., +* =} *
st 15 Daf L ecaete o
_ : . . . : ? M
20 Lt g
. 10 1+
2
10 : : 5 s
. 0.4 0.6
0 02 04 06 08 08 . m
a) 0)

Puc. 4. Temnepamypa oua aynku (a) ons Rei=56391, (6) oz Re;=112782:
1 — nookoeoobpasnas rynka; 2 — YyuiuHOPUYECcKas iyHka,; 3 — OOKOB0OOPA3HAsL IYHKA,
NOBEPHYMAsk OMHOCUMENLHO NOMOKA Ha 45 2padycos
Fig. 4. The bottom of the well temperature (a) for Rel = 56391, (b) for Rel = 112782:
1 - horseshoe hole; 2 - a cylindrical hole; 3 - horseshoe hole, rotated relative to the flow by

45 degrees
Kax BunHO 13 puc. 4, KOHCTPYKLHMSI JIYHKH ONIPEAEISAET TEMIIEPATYpy MOBEPXHOCTH
JIYHKH.
Bennuunna JIOKAJIBHOI'O KOS(I)(l)I/IL[I/IGHTa TECILIOOTAAYN OoIpeacisiiacb 110
BBIPAKCHUIO!:
a'= q/(tbound —ts )! (13)

. . 2.
rae (— yAeNnbHbII TEemIoBOH MOTOK OT CTeHKH, BT/M”; Ty — Temmneparypa notoka,

orpezernseMas Ha OCH IOTOKa HaJl IyHKOH.

3HaueHHMs1 JIOKAJIbHOTO KO3 (GUIKEHTa TEIIOOTIaYH ISl LIEHTPAILHOTO psijia JIYHOK
MOKa3aHbl HAa pHUC. 5. AHAJIU3UPYyS pHUC. 5, cleAyeT OTMETUTh, YTO HaMOOJIbIINE
3HaueHMs  Kod(UIMEHTa  TEIUIOOTHAuYM  XapakTepHBl  JUId  KaHajga C
MoaKOBOOOpa3HbIME JNyHKamu (puc. 1, ©). [nsa moBepHYyTHIX Ha 45 TpamycoB
OTHOCHTEJIFHO TMOTOKa ITOJKOBOOOPA3HBIX JIYHOK W JUISI IWIMHAPUYECKUX JYHOK
K03((ULINEHTHI TEIUIOOTJauH 110 BEIMUYMHE OKA3bIBAIOTCS OJIM3KUMHU.
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Puc. 5. Koagppuyuenm mennoomoauu (a) o Rej=56391, (6) ors Rej=112782 : 1 —
NOOK0800OPA3HAs NYHKA, 2 — YUNUHOPUYECKAsL TYHKA, 3 — NOOKO80OOPA3HASL IYHKA,
NOBEPHYMAsL OMHOCUMENbHO NOMOKA Ha 45 epadycos

Fig. 5. Heat transfer coefficient (a) for Rel = 56391, (b) for Rel = 112782: 1 - horseshoe
hole; 2 - a cylindrical hole; 3 - horseshoe hole, rotated relative to the flow by 45 degrees

Ha puc. 6 mpencraBiieHbl pe3ysbTaThl YUCICHHOTO HccienoBaHus 3(deKkTuBHOM

TEIJIOOTAAYN )58 THUAPOCONPOTUBIICHUA JJIs1 IpAMOYTOJIbHBIX KaHaJIOB (&
OJTHOCTOPOHHHMM HAaHECEHHUEM HEeTJTyOOKHX JIYHOK pa3inuHoi reomerpuu (puc. 1).
700 y 0.05
-1 — 1
-2 4: —g--2
a-=3
Nu Z\ s -3
y ’u 0.04 AN -
0.03
&
70 002 o 5
11278 Re, 112780 10 3100 5100 710 910" 11100 1310 Re,
a) 0)

Puc. 6. Pesynomamel wucaenno2o mooenuposanus (a) oannvie no menioomoave, (6) danmvle
no eudpagiuieckomy conpomugienuio. 1 — nookosoobpasunas nyuka; 2 — yurunopuieckas
JYHKA; 3 — N0OK0B80OOPA3HASL IYHKA, NOGEPHYMAsL OMHOCUMENbHO NOMOKA Ha 45 2padycos

HOJ'Iy‘ICHHLIC PE3YJbTAThl I[MOKa3aJiu, HYTO KO3(1)(1)I/IIII/ICHTLI TCIJIOOTAAQYHU B

paccMOTpeHHOH 007acTH  M3MEHEHMs CKOpocTH ToToka (Ugy =1..10 m/c)
Re=11278...112780 nna kaHasa ¢ NOAKOBOOOpasHBIMH JyHKamu (puc. 1, 0)
OKa3aJIMCh BBIIIE, YeM Ul KaHaja ¢ [UIMHAPHMYECKUMH JyHKamHu (puc. 1, a) win
MOAKOBOOOPa3HBIMU JIYHKaMH, ITIOBEPHYTHIMH K IOTOKY Ha 45 rpamycos (puc. 1, B).

Koaunment ruppaBindeckoro CONpPOTHBICHUs KaHajla C OJHOCTOPOHHUM
HaHECEHHEM HeTIIyOOKHX MOIKOBOOOPA3HBIX IMMOBEPHYTHIX K MOTOKY Ha 45 rpasycos
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nyHok (puc. 1, B) or 11 mo 15 mpomeHTOB BhINIE, 4YeM JUId KaHajga C
[MIMHOPUYECKUMU JIyHKamH (puc. 1, a). I'mapoconpoTuBiieHHMEe KaHana C
MOIKOBOOOpa3HEIMH JTyHKaMH (puc. 1, ©) TONBKO [0 5 TPOLEHTOB BHINIE, YEM
COIIPOTHBIICHHE KaHAJA ¢ LWIMHAPUYCCKUMH JIyHKaMH. [Ipu sToM Koddduument
TEIJIOOTAAYHM ISl KaHaja ¢ MOJKOBOOOPa3HBIMH JIyHKaMH J10 15,6 npolieHTa BhILLE,
yeM JUIs KaHaja C IWJIMHAPHUYECKUMH JIyHKaMH. AHalu3 TEIUIOTHAPaBINYECKOi
3¢ (PEeKTUBHOCTH KaHAJIOB C OJHOCTOPOHHMM HAaHECEHHEM HErIyOOKUX JIyHOK
pa3nuuHOil  KoH(Wrypauuum 10  pe3yibTaTaM  YHCJICHHBIX  HCCIEAOBaHMI
IIPEJICTaBJICH Ha pUC. 7.

315-10'

Nu

g

21510"

115-10°

015-10°

1ot 310t 510

7100 910° 11100 1310 Re

Puc. 7. Ananuz mennozudpasnuueckoi 3pghexmueHocmu KaHaio8 ¢ 00HOCMOPOHHUM
HaHeceHuem He2yOoKux IYHOK: 1 — nookogoobpasuas nynka, 2 — yunuHOpuYeckas 1yHKa;
3 — nodKk0800OpasHas IYHKA, NOGEPHYMASI OMHOCUMENLHO NOMOKA HA 45 2padycos
Fig. 7. Analysis of thermal and hydraulic efficiency of channels with one-sided application of
shallow holes: 1 - horseshoe hole; 2 - a cylindrical hole;3 - horseshoe hole, rotated relative
to the flow by 45 degrees

Kak BupHo wu3 puc. 7, remnorunapasiuyeckas 3((eKTHBHOCTh KaHama C
MOAKOBOOOPa3HBIMH JYHKaMHU BBIIIE, YeM KaHAIA C LMIHHIPUYECKUMH JIyHKaMH
WU C TTOJIKOBOOOPA3HBIMH JIyHKaMH, TIOBEPHYTHIMH K MOTOKY Ha 45 TpaaycoB NpH
Pa3BUTOM TypOyJICHTHOM TE€UEHHH IOTOKA.

5. 3aknroyeHue

Ha 6a3e otkpsiToro makera Code Saturne mpoBeAeHO YHCICHHOE MOJACIHUPOBAHUE
TEUEHHsI U TEIIOOOMEHa B NMPSMOYTOJbHOM KaHaJIe OJJHOCTOPOHHMM HAaHECCHHEM
HerryOOKux JiyHOK. IIpoBeseHa OILlEHKAa IOCTPOEHHSI KayeCTBEHHOM pacdeTHOH
CeTKM TNPHUMEHUTEIBHO K TEYEHHSIM B KaHajlaXx C HErayOoKMMH JyHKamHu. [lo
CPEICTBY CpaBHEHHS pe3yJIbTAaTOB YHCICHHOTO M (PH3MUECKOrO SKCIEpUMEHTa
BBIIIOJIHEHA MPOBEPKAa aJEKBAaTHOCTH pa3pabOTaHHOW MOJENH, IIOKa3aBIIas
aJIeKBaTHOCTh BBIOPAHHBIX METOJOB 1 HHCTPYMEHTOB YHCIIEHHOTO HCCIIEIOBAHUS.
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B pesympraTe mHccienoBaHMA BBIABIEHO, YTO B KaHajlax C HErIyOOKHMH
MMOJIKOBOOOPa3HBIMH JTYyHKaMH 3(PQPEKTUBHOCTh TEIUIOOTHAYM 10 15,6 MpOIEHTOB
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KaHaJa ¢ LWIMHAPHYCCKUMH JIyHKaMd. Kpome Toro, Iony4eHHBIE IaHHBIC
NOKa3ajM, YTO HAKJIOH IIOJKOBOOOPAa3HBIX JIYHOK IO HANpPAaBICHUIO K IIOTOKY
3HAYUTEJHHO CKa3bIBACTCSl Ha BEIMYMHE TUAPABIMYECKOTO CONPOTUBICHHUS U
MHTEHCUBHOCTH  TemwnooTrnauu.  Okasanoch,  4YTO  TEIUIOTHIpaBIIMYECKas
3 PEeKTUBHOCTH KaHaJIa CYIIECTBEHHO 3aBUCUT HE TOJILKO OT KOH(HUTYPALUH JIyHOK,
HO M UX PacIojIOKEHHUsI OTHOCUTENBLHO MOTOKA.

Cnucok nutepartypbl

A. Jleontses, H. ITumrorus, 0. [Tonexaes, B. [Tonses. Hayansie ocHoBbI TexnoMormidn XXI
Beka. MockBa, Duepromai, 2000. 136 c.

Crpanuria uacrpymenrta Code Saturne — http://code-saturne.org/cms/

Crpanuria uacrpymenta Open Foam — http://www.openfoam.com/

1O. T'opteios, U. Ilonos, B. Omummues, A. Ilemukos, C. Kacbkos. Temnoruapasnuyeckas
3(h(GEKTHBHOCTh TEPCIICKTUBHBIX CIIOCOOOB WHTCHCU(UKAIMU TEIUIOOTAaYM B KaHAJIAX
Temo00MeHHOro 00opynoBanus. MHTeHCHpUKanus TermioooMeHa: MoHorpadus. KasaHb:
LlenTp MHHOBAIIMOHHBIX TexHOIOrHiA, 2009.

C. Ucaes, A. JleontseB, H. Kopues, 3. Xaccens, 1. UynHoBckuii. VHTEeHCHpUKAINSA
Temo00MeHa NPy JIAMHHAPHOM U TYpOYJIEHTHOM TEUSHHHU B Y3KOM KaHaJe ¢ OTHOPSTHBIMH
OBaJIbHBIMHU JTyHKaMH, Terutogu3rka BRICOKUX TeMreparyp, ToM 53, Ne3, 2015 r., ctp. 390-
402. doi:10.7868/S0040364415030060

A. IlpinacBa, M. Hukutud. YucaeHHOE MOJICIMPOBAHNE TCUCHHS B KaHAJC C HETJYOOKHMHU
nyHkamMu ¢ ucmois3oBanuem Code  Saturne. Tpyasl HMHCTHTYyTa  CHCTEMHOTO
nporpammupoBanus PAH, Tom 28 (Bemyck 1), 2016 r., crp. 185-196. DOIL:
10.15514/ISPRAS-2016-28(1)-10

A. Unpuakos, A. lllykuH, B. Takmosues, 1. XabuOymmH, B. NisuakoBa. OcoOeHHOCTH
oOTekaHus IBYXMONOCTHBIX BeieMOK. Bectauk KI'TY um. A.H. Tymonesa, 2014 r., No2, ctp.
53-57.

Crpanuiia nHcTpyMeHTa Salome — http://www.salome-platform.org/

Crpanuiia uacrpymenta On Shape — https://www.onshape.com/

E. Mensnkuna, K. Kymsacoa, M. Hukutun. VccnenoBanue paGoThl BO3AYLIHO-TENIOBOH
3aBECHI C TIOMOIIBIO YHCIICHHOTO MOJCIMpoBanus. B coopHuke: Tpaauiiny ¥ WHHOBAIIUK B
CTPOUTENLCTBE U apXuTekType. CTpouTeslbHble TEXHONIOTMM cOOpHHK cTareil. Camapckuit
TOCYJIapCTBEHHBI  apXHUTEKTYPHO-CTPOUTENBHBIA  yHUBepcHTeT, moj pen. M.U.
Banp3annukosa, K.C. I'amunkosa, A.K. Ctpenkosa. Camapa, 2016. C. 336-340.

M. Nikitin. Modeling of natural convection. Proceedings 7911583: 2nd International
Conference on Industrial Engineering, Applications and Manufacturing, ICIEAM 2016.

341



Tsynaeva A.A, Razorenov S.E, Belaya V.V. Numerical modeling of heat transfer of channel with shallow curly dimples.
Trudy ISP RAN/Proc. ISP RAS, 2017, vol. 29, issue 5, pp. 329-344

[12].

[13].

[14].

[15].

[16].

[17].
[18].

[19].

[20].

Date of Conference: 19-20 May 2016. Date Added to IEEE Xplore: 27 April 2017.
DOI: 10.1109/ICIEAM.2016.7911583

K. IommunaoBa, M. Huxutua. YnciaeHHoe HccliegoBaHUE TEIUIOOOMEHa ¢ OpeOpeHHOM
MOBEPXHOCTHIO. Tpynst AxkazeMdHepro. 2016. Ne 4. C. 42-49.
https://elibrary.ru/item.asp?id=29217306

A. Tsynaeva, M. Nikitin. The technology of heat transfer enhancement in channels by means
of flow pulsations. Proceding: MATEC Web of Conferences 5. Series "5th International
Scientific Conference "Integration, Partnership and Innovation in Construction Science and
Education”, IPICSE 2016" 2016. P. 04018. DOI: 10.1051/matecconf/20168604018

H. Kopanpnoros. IlpuxiiagHas MexaHuka XHIKOCTH W Tasza. YibsHoBck: M3a. Yiul'TY,
2010.

F. Menter. Two-Equation Eddy-Viscosity Turbulence Models for Engineering Applications.
AIAA Journal, 1994, vol. 32, Ne 8, pp. 1598-1605.

S. Isaev, P. Baranov, N. Kudryavtsev, D. Lysenko, A. Usachov. complex analysis of
turbulence models, algorithms, and grid structures at the computation of recirculating flow
in a cavity by means of vp2/3 and fluent packages. part 2. Estimation of models adequacy.
Thermophysics and Aeromechanics, 2006. vol. 13, issue 1, pp. 55-65. DOI:
10.1134/S1531869906010060

B. Ucauenko, B. Ocunosa, A. Cykomen. Teruonepenaya. Mocksa, DQueprus. 1981. 440 c.
A. lpinaeBa, C. Pasopenos MccnenoBanue moTeps JaBIeHUS B KaHAIE C TaHTEIE00pa3HBIMHU
nyHkamn. COopuuk. Tpaguuuu ¥ WHHOBAaIlMM B CTPOUTENBCTBE M apXUTEKTYpe.
CrpoutensHble  TexHoJdoruu cbopuuk  crareir, 2016 r., crp. 345-349. —
https://elibrary.ru/item.asp?id=25929084

A. IlpmacBa, C. Pa3zopeHoB. lccnemoBanue TedYeHHS B KaHale C MOJIKOBOOOpPa3HBIMH
JIYHKaMH. MaTepI/IaJ'[I:I X ]_HKOJ'ILI-CGMI/IHapa MOJIOABIX YYE€HBIX U CHIEHUAJIMCTOB aKaJlCMUKa
PAH B.E. Anemacosa. cexir.4 Ne005. — http://x-school.knc.ru/files/prog2.pdf

W. TabapaxmanoB, A. Illemukor, M. Ilomos, C. HcaeB. I[IpuMeHeHHE IUIACTHHYATHIX
TEMI000OMEHHBIX anmapaTtoB C MOBEPXHOCTHBIMU I/IHTCHCI/Iq)I/IKaTOpaMI/I TEIUIOOTOHA4YU B
cucremax «EGR» mns ymydmeHms oskonmormyecknx xapakrtepuctuk JIBC. BectHuk
Kazanckoro Texaomormueckoro yausepeureta, 2015 1., T. 18. Ne 5. ctp. 205-208.

Numerical modeling of heat transfer of channel with
shallow curly dimples

oy Tsynaeva <a.tsinaeva@rambler.ru>
23. Razorenov <razserg@list.ru >
V. Belaya <bonyparkery@gmail.com>
! Samara State Technical University,
244 Molodogvardeiskaya Str., Samara, 443001, Russian Federation.
?Tatneft-Privolga-Samara RNU,
100, Leninskaya Str., Samara, 443020, Russian Federation

Abstract. Numerical investigation is focused to heat transfer of rectangular channel with
dimples. Developed model was tested for adequacy by simulating of experiment, conducted
by Kazan National Research Technical University named after A. N. Tupolev — KA.
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Numerical model was verified too for adequacy by reproducing of experiment by A.
Tsynaeva, S. Razorenov. The test has been held with Reynolds number Re=3000...30000.
The results was found in enough agreement. The heat transfer in rectangular channel with
shallow curly dimples was modeled with source Code_Sarurne. Numerical modeling are
based by RANS approach with k-w SST model. The study was conducted to air (v=13.28 10®
mé/s, cp =1005 J/(kgK) ). The 3D computation domain was meshed with source Salome

by version 7.6.0. The SIMPLEC algorithm are used for U-p calculation. Generation time of
mesh and calculation was estimated. The study of heat transfer was demonstrated by
efficiency of curly dimples. Developed model shows heat transfer advantage up to 15.6 % of
curly dimples over cylindrical ones of the same depth (h/D=0.11, h=2 mm) and contact patch
area (S = 252.02 mm?).
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