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PaccmarpuBaercst BUXpeBasi HHTCHCH(HKAIIUS TEII0OOOMEHA TIPU TEYCHHH KUIKOCTH B Ka-
HaJle C TIONEePEYHBIM IPSMOYTONBHBIM CeUeHHEeM. BiUxpeBoe TeueHue B KaHale CO3/1aeTcs ¢ Mo-
MOIIBIO BPAIIAIOIIEToCs IIOCKOTO JUCKA, KOTOPBIA pacrojiaracTcsl Ha HIDKHEH CTeHKE KaHaua.
Ha ocnoBe umcnenHoro pemeHusi ypaBHeHuit PeitHonbrnca (URANS — Unsteady-Reynolds-
Averaged-Navier-Stokes), 3aMKHYTBIX C TIOMOIIBLIO JUPPEpEeHINATBHOR k- MoJnenu TypOy-
nentHoctd B SST Momudukanu MenTepa, HCCISIYIOTCS TETUIOBBIC IOTOKH HA HU)KHEH CTCHKE
KaHalla ¢ PACIIOJIOKCHHBIM Ha HEl BPAIIAIOIIMMCS TUCKOM. Pe3yiapTaThl YUCICHHOTO MOJIEIH-
pOBaHUS TTOKA3aJId 3HAYATEIHHBIA TPUPOCT HHTEHCHBHOCTH TEIUIOOOMEHA B KaHaie, P 3TOM
THIIPaBIMYECKHE TIOTEPH BO3PACTAIOT B MEHBINIEH CTENECHU. DHEPreTHYecKUe 3aTpaThl Ha pac-
KPYTKY JWCKA HE YIUTHIBAIOTCS, TAK KaK OHHU 3aBHCAT OT CIIOCO0a PACKPYTKH JHCKA.

KiroueBble cj10Ba: YUCICHHOS MOJCITUPOBAHUE, BUXPEBAasi MHTCHCU(PHUKALINS, TEIUIOOOMEH,
TypOynenTHocTh, MSST Mozens TypOyneHTHOCTH, TTakeT VP2/3.

BeepeHue

OpauM W3 crOcO0OB MHTEHCHU(UKAINN TETUTO-
oOMeHa MpH TEYCHUH Ta3a WM JKUAKOCTH BOJIH3U
TBEPJIOH TOBEPXHOCTH SIBISETCS CO3/IaHUE BUXpE-
BOTO TEUEHHsI, KOTOPOE CYIIECTBEHHO IOBBIIIACT
KOHBEKTHBHYIO COCTaBJISIFOIYI0 TEIJIOBOTO TOTO-
ka. s 3TO# 1enu HIMpPOKO HCIONB3YIOTCS pas-
JIMYHBIE TEHEPATOPHI BUXPEN BOJIM3HU MMOBEPXHOCTH,
HaIlpuMep: JIYHKH, TpaHIIeHu, BBICTYIBI u Jip. [1].
[Ipu >TOM BO3HHKaeT BOMPOC 00 IHEPTeTUICCKOM
3pPEKTUBHOCTH CTMOCO0a WHTEHCU(HKAIUU Tell-
71000MeHa, a UMEHHO: BO CKOJBKO pa3 YBEIUYH-
BaeTCs TEIUIOOTAa4ya B KaHaJe C MCKYCCTBEHHBIMU
NPEMATCTBUAMHU MO CPAaBHEHHUIO C POCTOM T'HIpPAB-
auyeckux mnorepb. OnHAKO ecTh Ciydau, Korjaa
HEOOXOMMO 3HAYUTENIBHO TOBBICUTH HWHTCHCHB-

* HccnenoBaHHe BHITONHEHO TPU 9ACTHYHOW TOMIEPKKE
P®®U no npoekry 18-01-00210.

HOCTh TEIUIOOOMEHA, HE CUUTASACh C DHEPreTHyec-
kuMu 3arpatamu. OHU BO3HHMKAIOT B aBHALMOH-
HBIX, KOCMUYECKHUX allapaTax, B YJHEPreTHUSCKUX
MalIfHaX ¥ Jp. TPH JKECTKHX OTPaHWYCHUSX Ha
moJIe3HbI 00beM. B nanHO# paboTe aHaM3upyeT-
Csl BO3MOXKHOCTh 3HAYHMTEIILHOW MHTECHCU(DUKALIUH
TerIooOMeHa BOJHM3M TBEPIOW CTEHKH TpU He-
OOJIBIIMX YHEPTeTHUECKUX 3aTparax Ha CO3/1aHUC
BUXPEBOIO TEUYCHHUS C TOMOIIBIO BPAIAIOIICTOCs
JIMCKA.

MocTaHoOBKa 3apayun

B mpexncrtaBneHHOM HCCIIEIOBAaHUU YHCIEHHO
MOJIETTUpYeTCs TypOYJIEHTHOE TPEXMEpPHOE HEU30-
TEPMHUUYECKOE TEYCHHE BOJBI M TEIUIOOOMEH B Ka-
Haje C MPSIMOYTOJIbHBIM TOINEPEYHBIM CEYCHHUEM,
OJlHa U3 CTEHOK KOTOPOTO MOABEPracTCsl MOCTOSH-
HOMy HarpeBy. Ha HM)KHEW Harperoil CTEHKE B
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LEHTpEe KaHaJla PacloIOKEH BpalalolUics IUCK,
MIOBEPXHOCTh KOTOPOT'O COBMAJAET CO CTEHKOW Ka-
Hana (puc. 1). [Ipu Bpamenun 1ucka B KaHajie BO3-
HUKAaeT WHTEHCUBHOE BUXPEBOE TEUEHHE, KOTOPOE
MOBBILIAET OTTOK TEIJIa OT HArpeTOW CTEHKH B MO-
TOK KHJIKOCTH.

Takol THUII TEYEHHA 4aCTO BCTPEYAETCS B TEII-
J0OOOMEHHBIX yCTpoicTBax. s dnciaeHHOro Mo-
JNEIUPOBaHUs 3aJAl0TCSI OCHOBHBIE IE€OMETpPUYEC-
KM€ MapaMeTpbl M HayallbHbIE YCJIOBHSI TEUCHHMS.
[TonepeyHoe cedeHHe KaHajla HMEET pa3MEpHI:
mupuHa — 1 M, BeicoTa — 0.5 M, nnuHa — 6 M. Ha
HIDKHEM CTEHKE B IIEHTPE KaHajla pPAacCHOJIOKEH
Bpalaromuics quck ¢ auamerpom 0.8 m. Paccros-
HUE OCHM BpallleHusl TUCKa OT BXOJa B KaHal COC-
TapisieT 3 M, paccTOsTHUE OT OOKOBOM CTEHKH —
0.5M. Boga BTekaeT B KaHaJI CO CKOPOCTBIO
V' =0.01 M/c. Ha BXode B KaHaJ 3a7aeTcs MOCTO-
SIHHBIA TPOQHITE CKOPOCTHU C TIOTPAHUYHBIM CIIOEM.
TonmuHa NOrpaHUYHOIO CJIOS MPUHUMAJIACh PaB-
Hoit 0.01 oT BennuuHbI WUpPUHBI KaHana. [Ipoduis
CKOPOCTH TIOTPAaHUYHOIO CJIOSI COOTBETCTBOBAI
cTerneHHoMy 3akony 1/7. Temmneparypa BoJibl, BTe-
karomen B ka"an, T =300 K. Temnieparypa rops-
Yell CTEHKM KaHala, Ha KOTOPOM HaxOAWTCA Bpa-
marormiics auck, 7' =360 K. Ha Bepxueit u 60-
KOBBIX  CTEHKaX  KaHajla  MOJAepKUBaeTCs
MOCTOsIHHAsT Temmeparypa, paBHas 71 =300 K.
KpyroBas ckopocTs BpalieHus: 1ucka o =1lpan/c.
Yucno PeliHombAca, pacCUMTaHHOE MO CKOPOCTH
BTEKaHMsI BOJIbI B KaHAJI M IIMPUHE KaHaJla, COCTaB-
nser Re=9952. [Ipu Takom umcne PeitHonbca
peanu3yeTcsi TPEXMEPHOE MOJTHOCTBIO Pa3BUTOE He-
M30TEPMHUYECKOE TYpOYJICHTHOE TEUCHHE.

Hns 3amblkanus ypaBHeHudd HaBbe—Crokca,
OCpPEIHEHHBIX M0 PelHoNmbaCYy, MpUMeHseTcs k-o
Mozxenb TypOyneHTHOocTH SST B Momudukanun
Mentepa [2]. B Mozxens TypOyJIeHTHOCTH BHOCHT-
Csl MONpaBKa Ha KPUBHM3HY JIMHUM TOKA, OCHOBAH-
Has Ha MoAu(HUKauuu nomnpaBku JlemiuHe-
pa—Poan—Ucaesa [3].

YucneHHbIN anropuTm

JJiss 9UCTIEHHOTO MOJIETMPOBAHUS TEYCHUS WC-
noJib30Bajics nakeT nporpamm VP2/2 [4]. [Ipume-
HseTcsl THOpuHas OyioyHas ceTka (puc. 2) ¢ pas-
pelIeHreM NOTPaHUYHOro cios. TonmuHa CeTKH
JUTS pa3pelieHusl MOTPAHUYHOTO CJIOSI COCTABIISIET
0.01 M, uncio sueex B cioe 10, oO1IEe YHCTO TUEEK
B ceTke 1405000. Konrpons Benmuuusl ' BOIM-
3 CTEHKH IOKa3aJl, YTO OHA HE MPEBBILIAET 2.

V

Puc. 1. Cxema teueHus

Puc. 2. I'nbpunnas cerka

Pesyn bTaTbl YNCJIEHHOIro MmogenupoBaHus

HekoTopsie pe3ynpTaThl YHCIEHHOTO MOJEIH-
pOBaHMS HECTAIIMOHAPHOTO HEU30TEPMUYECKOTO
TypOyJIEHTHOTO TEUEHHsI BOJIbI B KaHAJIe C Bpallaro-
LIMMCSI TUCKOM Ha €ro HWKHEH CTEHKE IIPH YHciie
Pelinonpnca Re =9952 mnokasansl Ha puc. 3—6.
TpaeKTOpHH MEUYEHBIX YaCTHL, MOCTPOCHHBIE IO
OCpETHEHHON Mo PelHoNbACY CKOPOCTH, MpPU HX
JBIDKEHUW B KaHaye (CM. puc. 3) AEMOHCTPUPYIOT
(dbopMupOBaHHE HEMOCPEICTBEHHO 3a JIUCKOM
MOIITHOTO BUXpeBOro TeueHus. KpymHomacmital-
HBI BUXPh, KOTOPBIH 00pa3yeTcs Ha BpaIaroieM-
Csl INCKE, Pa3BUBAETCS 110 BCEH UITMHE KaHaJIa HIKE

VA

Puc. 3. Tpaekropun ME4EHBIX YacTUL, HOCTPOEHHBIE IO OCpPEN-
HEHHOW CKOPOCTH, B KaHaJIe C TUCKOM
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[0 MOTOKY OT Bpallawlnerocs aucka. Buxpesoe
TE€YCHHE MHTCHCU(DUIUPYET TEIUI0-MaccooOMeH B
MIPOCTPAHCTBE KaHala 3a JUCKOM.

[Tone Moyt CKOPOCTH M TPAEKTOPUU MEUYEHBIX
YacTHI, [TOKa3aHHbIE HAa pHC. 4, XapaKTEpU3yIOTCS
CWJIBHOI HEPaBHOMEPHOCTBIO U POCTOM CKOPOCTH
BOJIM3M CTEHKHU C JUCKOM. M3MeHeHue moins Moay-
JI1 CKOPOCTH TOKa3aHO Ha puC. 4 B Tpex momepe-
HBIX CEUYEHMSX, PACIOJIOKEHHBIX HA PaCCTOSHUU
X=2.5;3.6 m4.7 M oT BX0a B KaHaJ.

YroObI MOHSTH OTIMYME MOJSI CKOPOCTH B KaHa-
Jie ¢ IUCKOM OT HOJIsl CKOPOCTH B KaHaie 0e3 Bpa-
LIAOLLIErocs JIUCKa, paCCMOTPUM TPAEKTOPUHU Me-
YEeHBIX YaCTHUI] B KaHasle 0e3 JMCKa, OCTPOCHHBIE
0 OCpeTHEHHOW ckopocth (cM. puc. 5S). Ha pu-
CYHKE BUJHO, YTO I0JIE MOAYJSI CKOPOCTH PaBHO-
MEPHOE C BBIPAKECHHBIMU IOIPAHUYHBIMH CIOSIMHU
BOJIM3M CTEHOK. JIMHUM TpaeKTOpUi MEUYCHBIX Yac-

I\

[} 0.00603015

_ VA

Puc. 4. [Toxe Moxysnsi CKOPOCTH M TPAGKTOPUH MEUEHBIX YaCTHII,
MOCTPOECHHBIE MO OCPETHEHHOHW CKOPOCTH, B TPeX MOMEPEUHBIX
ceueHusax X =2.5; 3.6 © 4.7 M oT BX0Ja B KaHaJl C BPALIAIOLINMCS
JICKOM

]S ]

0 0.00502092  0.0100418

Puc. 5. Ilone Moyt CKOPOCTH U TPAEKTOPHM MEUEHBIX YACTHLI,
MOCTPOECHHBIE MO OCPETHEHHOHW CKOPOCTH, B TPeX MOMEPEUHBIX
ceueHnsx X =2.5; 3.6 u 4.7 M oT BX0oJa B KaHaj 0e3 IucKa

THUI], TIOCTPOCHHBIE TIO OCPEIHEHHOW CKOPOCTH,
MPOXOJIAT MapajuIeIbHO CTeHKaM KaHana. Hamuune
BpAIlaIONIErocsl TUCKa HapyllaeT pPaBHOMEPHYIO
KapTHHY TCUCHHUS.

Bo3HuKHOBEHHE BHXPEBOTO MOTOKA 3a Bpalla-
IOIUMCSI TUCKOM TPHUBOAMT K HMHTEHCU(PUKALUU
TEII000MEHa 3a CYET YCWICHHS KOHBEKTHBHOTO
nepeMenmBanus Bojbl (cM. puc. 6). Paspurtne
KpPYITHOMAcCIITaOHOTO BUXPS 32 JUCKOM H3MEHSET
MoJIe CTaTUYECKOW TEeMIIepaTypbl B MOMEPEYHBIX
CEUCHHUSAX KaHaia. JTO BUIHO Ha KapTHHAX TOJSA
CTaTUYECKOM TeMIepaTrypbl B MOIEPEYHBIX Cede-
HUSIX KaHalla, MPEeJICTaBICHHBIX Ha PHCYHKE, pac-
MOJIOKEHHBIX B TpPeX TMOMEPEYHBIX CEUCHHSIX
X=2.5;3.6m4.7 M oT BX0Ja B KaHaI.

ConocTaBuM M0JIe CTATHYECKON TeMIepaTyphl B
MIOTIEPEYHBIX CEYCHUSX NMPHU TCUCHHH B KaHale C
BpaIaomUMCcs TUCKOM U 0e3 aucka (cM. puc. 7).

Puc. 6. ITone cratuueckoii TeMnepaTypbl U TPACKTOPUU MEYEHBIX
YaCTHI], TOCTPOEHHBIE 110 OCPEAHEHHOI CKOPOCTH, B TPEX IOTIe-
peuHbIX ceyeHusx X =2.5; 3.6 u 4.7 M OT BX0oAa B KaHajl C Bpa-
IIAIOIIUMCS TUCKOM

300

Puc. 7. Ilone cratuueckoil TeMnepaTypsl ¥ TPAEKTOPUU MEUEHBIX
YacTHL, TOCTPOEHHbIE MO OCPEIHEHHOH CKOpPOCTH, B TpeX MoIe-
peuHsIX cedeHnax X = 2.5; 3.6 m 4.7 M oT BxoJa B KaHaJ 0e3 AucKa
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[Tpu Teyenun B kaHaje Oe3 AKMCKAa BEITMYMHA CTa-
TUYECKOW TEMIIEpaTypbl B MONEPEUHBIX CEUEHUAX
PaBHOMEpPHO MaJaeT NpH yAaJE€HUU OT Topsdeit
CTEHKHU. B ciydae TeueHMs] B KaHaje C Bpallaro-
mMyuMCa JUCKOM BHUAHO, YTO B IOICPCUYHBLIX CCUC-
HUAX PAaBHOMEPHOCTH HAPYIIAECTCA U IOSBIIAIOTCS
30HBI C MOBBIIMIEHHOW CTaTHYECKON TeMIEpaTypou
BAaJii OT CTCHKH, YTO CBHUACTCIBCTBYCT O IIOBBI-
[IEHNs MTHTEHCUBHOCTH TEIII000MEHa.

IIpoBeneM YHUCIIEHHYIO OLIEHKY IOBBILICHHS
TEIUIOBOTO MOTOKA HA HW)KHEW CTEHKE KaHaja IpU
HEMOABUKHOM U BPALAOLLEMCS TUCKE.

[Ipn Bpamarouiemcsi JUCKE BEJIMYMHA pPACUET-
HOT'O TEIJIOBOT'O MOTOKA YEPE3 HATPETYI0 HUKHIOKO
CTEHKY U IUCK COCTABJISIET

Oypaun =97884.1 B .

CyMMapHBbIil TEMJIOBOM MOTOK HA CTEHKE C He-
MOJIBUYKHBIM TUCKOM

=38661.7 Br.

QHGHO,HB

BenuurHa OTHOIIIEHHUS TEIJIOBOI'O IIOTOKA B Ka-
HaJIC C BpallaromuMcsa JUCKOM K TECIIJIOBOMY IIOTO-
Ky B KaHalJi€ 0e3 JUCKa COCTaBJIsSACT

QBpam

HETIO/IB

=2.531.

OOpa3zoBaHue BUXPEBOTO TEUEHHUS B KaHale
MIPUBOJAMT K YBEIMYECHHIO THIPABIMYECKUX MOTEPD
[0 CPaBHEHUIO C OTCYTCTBUEM BPAILAIOIIETOCS
JIMCKa. YBEIIMYCHHE CYMMAapHON CHJIBI TPEHUS Ha
CTCHKaxX KaHaJla C BpPALIAIOUIMMCS JHCKOM I10
CPaBHEHHIO C KAHAJIOM C HENOJBUKHBIM JIUCKOM
COCTaBUJIO

F
D Fopun _ 003525
ZF 0.01665

CJ'ICI[OBaTeJ'IBHO, YBCIUYCHUC OTHOCUTEIBbHOMU
TCIIOOTAA4YU B KaHAJIC MPOHUCXOJUT C OIICPEKaro-
MM TEMIIOM IO OTHOHICHUIO K POCTY I'MApaBIIN-
YCCKUX MMOTECPb.

3akno4yeHune

1.B PE3YIbTATE HUCCICOOBAHHA IMOKAa3aHO, YTO
YCTaHOBKaA BpalIarOmICrocsa AUCKa Ha CTCHKE KaHa-
Jia IIPAMOYTOJIbBHOTO CCUCHUA NIPUBOAUT K BO3HUK-

HOBEHHUIO KPYMHOMACIITAOHOTO BHXPS U, Kak
CIIENICTBUE, MHTCHCU(DUKAIIMK TETUI00OMEeHa BOJIH-
3M HarpeTod HWKHEH CTeHKH NPHOIM3HUTENBHO B
2.5 pa3a 1o cpaBHEHUIO C KaHAJIOM 0e3 JIUCKa.

2. PocT rumpaBIuuecKuX MOTEpPh 3a CYET YBe-
JMYEHHS CUJIbl TPEHHUS Ha MOBEPXHOCTH KaHAla U
BpAIAIOIIEMCs TUCKE MPOUCXOIUT C OTCTAIOIIUM
TEMIIOM OT TEIUIOOOMEHA, MPH 3TOM aOCOITFOTHAS
BEJIMYMHA CHJIBI TPEHUS JOCTATOYHO MaJa.

3. [IpeayoxeHHbIi  coco0 HMHTCHCU(PUKAIINHA
TEIIO0OMEHA MOXET OBITh MCIIOJB30BaH B CIydae
HEOOXOJIMMOCTH PE3KOT0 YBEIUUCHHS TEIUIOOT/Ia-
9l OT IUIOCKOH TOBEPXHOCTH TPH COXPaHCHUHU
TEOMETPHUECKUX Pa3MEPOB TEIIOOOMEHHHUKA.

4. DHepreTuvecKue 3aTpaThl Ha PACKPYTKY JTUC-
Ka HE YYTEHBI, TaK KaK 3aBHCAT OT KOHKPETHOTO
MeXaHU3Ma PacKpyTKH JAHUCKA.

YCNOBHbIE OBO3HAYEHUA

O,y — BEMYNHA TEIIIOBOTO NOTOKA YEPE3 HAIPETYIO HIKHIOHO
CTEHKY M JIUCK;

O,enos — BEIMUMHA CYMMapHOTO TETUIOBOTO MOTOKA Ha CTEHKE C
HETIOJIBUKHBIM JIHCKOM;

ZFBpam — CyMMapHasl BeTMYMHA CHJI TPEHHUS Ha CTEHKaxX KaHaja
C BPAIIAOIIUMCS JIUCKOM;

ZF — cyMMapHasl BeJIMYMHA CHJI TPEHMS HA CTEHKaxX KaHaja C

HCITOABUKHBIM THCKOM.
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Vortex intensification of heat exchange
in rectangular section channel by the rotating disk on its wall
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! Zhukovskii Central Aerohydrodynamic Institute, Moscow, 107005, Russia
2 Saint-Petersburg State University of Civil Aviation, Saint-Petersburg, 196210, Russia
e-mail: usachov_al@mail.ru, isaev3612@yandex.ru, sergeyech@mail.ru

One of the heat exchange intensification ways while gas or liquid flow near the solid surface
consists in vortex flow creating, which increases significantly the convective component of a
heat flow. Various vortex generators near the surface, such as dimples, trenches, ribs etc., are
widely used for this purpose [1]. A question of energy efficiency of the heat exchange intensifi-
cation arises herewith, namely, how many times the heat exchange increases in the channel with
artificial obstacles compared to the hydraulic losses growth. However, there are certain cases
when considerable heat exchange increase is necessary regardless of energy consumption. They
arise in aviation and space vehicles, energy machines etc. at strict limitations the effective vo-
lume. The presented work analyses the possibility of considerable heat exchange intensification
near the solid wall at low energy consumption on the vortex flow creation by the rotating disk.
The presented study numerically models turbulent 3D non-isothermal water flow and heat ex-
change in the rectangular cross-section channel, one of which walls is being exposed to the con-
stant heating. A rotating disk, which surface coincides with the channel wall, is located on the
lower heated wall of the channel. The intensive vortex flow, which increases the heat drainage
from the heated wall into the fluid flow, occurs while the disk rotation. The results of the study
revealed that the rotating disk setting on the wall of the rectangular cross-section channel led to
occurrence of a large-scale eddy, and, as a consequence, to the heat exchange intensification
near the heated lower wall approximately by 2.5 times compared to the channel without a disk.
As a result of research it is shown that installation of a rotating disk on a wall of the channel of
rectangular section leads to occurrence of a large-scale eddy flow and, as consequence, a heat
exchange intensification closes the bottom hot wall approximately in 2.5 times in comparison
with the channel without a disk.

Keywords: numerical simulation, vortex intensification, heat transfer, turbulence, SST tur-
bulence model, pack VP2/3.
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