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MEXAHU3MBbI AKKYMYJISALIUA SQHEPT'UN
KPYIIHOMACIHITABHBIMU BUXPEOBPA30OBAHUAMU

HeoOxonumMocTh n3yueHHs MeXaHM3MOB BHXPEBOW TI'€HEepalld M aKKy-
MYJISALUHA SHEPTUH KPYMHOMAcCIITaOHBIMH BUXpeoOpa3oBaHHsAMH CBS3aHA C
aKTyaJbHOW IPoOIEeMON pa3BUTUS METOAOB (PU3MKO-MATEMATHYECKOTO MO-
JEeTUPOBAHUS TSI BOBMOXKHOCTH TMPEICKA3aHUs KaTacTPOPHIECKUX TEXHO-
TeHHBIX U MPUPOIHBIX ABIeHUH. OO00IEHNEe YKCTIEPUMEHTAIBHBIX TaHHBIX
O BBISIBJICHHUIO TOTIOJIOTHYECKUX OCOOCHHOCTEH M 3aKOHOMEPHOCTEH 3aKpy-
YEHHBIX TEYEHHUI B Pa3IMUHBIX TEXHHUYECKUX YCTPOMCTBAX U B MPUPOIHBIX
SIBTICHUSIX YKa3bIBaeT HA MX WICHTUYHYIO (PU3UYECKYIO IPUPOY.

B Hacrosmeil paboTe moka3aHo, UTO BOIPOC O BUXPEBOH CTPYKTypu3a-
UM TEKY4YHX Cpe]l Hepa3pbIBHO CBS3aH C TEPMOJUHAMUKON KPU3HCHBIX 5B-
JICHUH, 00yCIIaBIMBAIOLINX NIEPEXO0] CUCTEMBI K YCTOHYNBOMY, SHEpreTHYe-
cku Oonee BeIrogHOMYy coctosiHuio. CormacHo [1], ycioBueM TepMoauHa-
MUYECKOT0 PaBHOBECHS THAPOMEXAHUYECKOH CHUCTEMBI SBISAETCS MUHUMYM
TEPMOANHAMUUYECKOr0 NOTEeHIMaNa — 3Hepruu ['u6oca ®©. Bo3HukHOBeHUE B
JIBIDKYLICICS TeKy4dell cpele YCTOMYMBON JETEPMUHHPOBAHHOM BHUXPEBOM
CTPYKTYpPBI IIOTOKA O] IeHICTBUEM MAacCCOBBIX CHJI, IPUBOIUT K HAPYIICHUIO
CUMMECTpHUHA OHHOpOﬂHOﬁ Cpe€bl, ITIO3TOMY B OIMCAHUEC TCPMOJUHAMUICCKUX
noTeHuuanoB sHepruu ['u66ca @ u BHyTpeHHel sHepruu U HeoOxomumo
BBOJAWUTbH WIEHBI, CBA3aHHbIE C NApaMeTPOM IIOPAJKA, XapaKTEePU3YIOIIUM
CTENeHb ACHMMETPHUHU Cpebl 13-3a 00pa30BaHUsl YIOPSIOYEHHOW CTPYKTY-
psL. TIpu 3TOM yOBUIB 3HAUEHUs NOTeHIMaNa ['HO6ca KOMIIEHCUpyeTCs BO3-
pacTaHueM «CKPBITOW» BHYTPEHHEW YHEPTHH CUCTEMBI [2].

IIpobnema uccnenoBaHus MEXaHU3MOB aKKyMYJISILIUH SHEPTUU KPYIHO-
MacmTaOHBIMH BHXPSIMH MPHOOpPETaeT 0COOYI0 aKTyalbHOCTh B IUTaHE H3Y-
YeHHUs MPoOJIeM W3MEHEHMs KIMMaTa Uil MOHHUMAHHS Ieo(H3NYEeCKUX sB-
JICHUH, CBA3aHHBIX CO CIJIO)KHBIM BHUXPEBBIM JBIKEHHEM artMocdepsl u
OKeaHa. DKCHEpUMEHTHI W TEOpeTHUeCKWd aHamm3 [3] MOKa3bIBalOT, YTO
JeHCTBHE STHX MEXaHH3MOB OOYCIOBJICHO B3aHMO3aBHCUMOCTBIO 3JIEKTPH-
YECKOIro, MarHUTHOT'O U BUXPEBOTO TOJIEH U MX COBOKYIHBIM BJIMSHHUEM Ha
IIPOLIECChl AKKYMYJILIMM W TEpeHOca 3HEPruu B CIHMPaIbHO-BUXPEBBIX
CTPYKTypax.

TTomo6ue Tomonoruy HaOIOAaEMbIX BUXPEOOpa30BaHUil, GUKCHPYEMBIX
B IBYX IPOTHUBOIIOJIOKHBIX MPpOHECCaX aKKYMYJISAIMU U JUCCHUIIAIIMN DHEP-
Uy Ipu 00pa3oBaHUM KPYIMHOMACIITAOHBIX BUXPEH, KaK 3TO MOKAa3aHO Ha


https://bigpicture.ru/wp-content/uploads/2011/07/8100.jpg

puc. 1 a, 0, yka3pIBaeT Ha CYIIECTBOBAHHE KPUTHIECKUX YCIOBHH, COOTBET-
CTBYIOUIMX IIPENIEIBHOMY COCTOSIHUIO OTKPBITOH TEPMOAMHAMHYECKOH cHC-
TEMBI C BUXPEBOH JIOKATH3AIMeH YHEPTHH.

6)

Puc. 1. [Ipumeps! BBICOKOIHEPTETUYHBIX BUXPEOOpa30BaHHIA:

a) - «igepHoe» TopHano B wtate Baiiomunr CIIA 6 utonst 2018, moxoxee Ha rpu-
0oBHIHOE 00JIaKO TOCIIE SAEPHOTO B3phIBA; 0) - rpuboBHIHOE 007aK0, 0Opa3oBaH-
HOE B pe3yJbTaTe aTOMHOTO B3pbIBa UCHBITAHUS «Tpakuy», IPOBOAUMOrO B paMKax
npoexTa «JloMuHUKY», HI0Hb 1962 T., ocTpoB Poxectsa, 3 MeraToHHBI

Paboma evinonnena npu noodepoicke Poccuiickoco ®@onoa DynoamenmanbHbix
uccnedosanuil, epaum Ne 19-08-00223 u Ilpocpammpl nosviuieHuss KOHKYPEHMOCHO-
coonocmu HUAY MUDU ([Jocosop No. 02.a03.21.0005).
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MECHANISMS OF ENERGY ACCUMULATION BY LARGE-
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KOHBEKTHUBHBIN TEILJIOOEMEH U .
TYPBYJEHTHOCTbD B YCJIOBUAX JTMHAMHWYECKOU
HEPABHOBECHOCTU TEYEHHUS B KAHAJIE

K nuHamMuuecku HepaBHOBECHBIM TEUEHHSIM MOKHO OTHECTH OOJIBIIHH-
CTBO T'PaJIMCHTHBIX TEUCHHH, O0TEKaHUE MUCKPETHO IIEPOXOBATON CTEHKH,
TEUeHUs! C BBIHY)KICHHBIMU KOJIeOAaHMSMH IIOTOKAa WJIM APYTUMH BHIAMH
HECTAI[MOHAPHOCTH. B HUX XapaKTepUCTHKH TYpOYJIEHTHOCTH IMMOTOKA MOTYT
HE ycreBaTh NPUXOANTH B PABHOBECHE C M3MEHHBIIMMIUCS YCIOBHAMH 00-
TEKaHHUs CTEHKH. YTIpaBJICHUE HEPABHOBECHOCTBHIO MOTOKA MOKHO HCIIOJNb-
30BaTh MJIS LIEJICHANPABICHHOIO HM3MEHEHHMsS HHTEHCHBHOCTH IPOLECCOB
TYpOYJIEHTHOTO ITepeHoca.

TpamuunoHHOE NPEICTABICHUE XapaKTEPUCTUK TYpOYIEHTHOCTH B KO-
OpAMHATaxX 3aKOHA CTEHKH C HOPMUPOBAHUEM I10 JIOKAJIbHON IHHAMUYECKOM
CKOpPOCTH B YCJIOBHSIX ITUHAMHUYECKOH HEPAaBHOBECHOCTH AACT TPYAHOOOB-
SICHUMBIE TPOGWIN TypOYJIEHTHBIX XapaKTEPUCTHK IMOTOKA C aHOMAaJbHO
BBICOKHMH HJIM HU3KUMH 3HAYCHHSIMH DHEPTHU TYpOYJIECHTHOCTH, 324aCTYIO
AMEIOIINe HECKOJBKO JIOKAJBHBIX JKCTpeMyMoB. Hamm cucremarusmpo-
BaHHBIC ONBITHBIC JAHHBIC CBUACTEILCTBYIOT O TOM, YTO Ha MPOQUIb Typ-
OYJIGHTHOCTH B KaHaje C IMHAMUYECKUMH BO3JCHCTBUAMU Ha MOTOK BIIUS-
I0T HE CTOJILKO JIOKAJIbHBIEC YCIIOBUSI OOTEKAaHUSI CTEHKH, CKOJIKO KOHBEKIIHS
u 1ubdy3us TypOyJIeHTHOCTH.

C HCIoIb30BaHHEM HOBOTO OINTHYECKOro Meroaa uamepenuit SIV [1]
MOJTyYeH OOIIMPHBIN SKCIEPHUMEHTAIBHBIM MaTepHall 0 Pa3BUTHIO TypOy-
JICHTHOCTH B HEPABHOBECHBIX TEUEHUSIX C OLICHKOW BKJIaJa FeHepaluy, Tuc-
cUmanuu, KOHBEKIMH U AUdQy3un B OalaHC dHEPTHH TypOYJICHTHOCTH.
Takas uHpopmanys No3BONIKIA ITy0kKe MOHATh MEXaHU3MbI (DOPMHUPOBAHUS
TypOyJICHTHOCTH B HEPAaBHOBECHBIX TeueHHsIX. Tak, B muddhy30pHOM KaHaie
reHepanusi TypOyJNIeHTHOCTH TpeoOIagaeT B MPUCTEHOYHON YacTH B BBICO-
KOCKOPOCTHOM 00J1aCTH, OTKYZa PaCHpPOCTPAHACTCS 33 CUET KOHBEKLUH HU-
e T10 TIOTOKY ¥ BBIPABHUBAETCA I0 CEYEHUIO yTeM Iuddy3un TypOyleHT-
HocTH. [Ipu 3TOM ynenbHas 3HEprusi TypOYJICHTHOCTH BHU3 IO MOTOKY HE
TOJIKO HE YBEJIMYMBAETCS, HO U CYUIECTBEHHO CHHMXAETCs, T.€. B LIEJIOM B
1 (dy30pHOM KaHaIe CPEHHsSA MO CEUSHUIO AMCCHIALUS dHEPTHU TypOy-
JICHTHOCTH TpeoOiagaeT Haj TeHepanued. JpyruMu ciioBaMH, BBICOKas
WHTEHCUBHOCTH TYpOYJIGHTHBIX ITyJbCAlUH B TOJICTOM NPUCTEHOYHOM CJIOE,
KOTOPYIO MBI BUIUM IPA HOPMHUPOBaHHU XapaKTEPHCTHK TypOYJIEHTHOCTH
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M0 JIOKaJIbHOW IMHAMUYECKOH CKOPOCTH, (OpPMHUpYETCs HE B paccMaTpH-
Ba€MOM CEYEHHUH, a BBIIIE 110 ITOTOKY. DHEPrus 0Opa30BaBUIMXCS BBIIIE I10
MOTOKY TYpOYJICHTHBIX BHXpeld Ha BPEMEHHOM MacIuTa0e IBIDKCHHS B
U dy3ope AUCCUMUPYET CPABHUTEIBHO MEUICHHO M OKAa3bIBACTCS BHIILIEC
SHEPTUH BUXpei, BHOBb 00pa3yIOMINUXCS B HU3KOCKOPOCTHON 00JIACTH.

Jlns rpaiueHTHBIX TeYEeHUI YCTaHOBIIEHA TECHAsl KOPPEISIIIMOHHAS CBSI3b
MEX[y JIOKaJIbHBIM yicioM CTaHTOHa U MaKCUMYMOM PEHHOJIbJICOBBIX Ha-
NpsDKEHUH B JIOKAJBHOW 00NacTH CTeHKU. [1omydeHbl SKCIepHMeHTaIbHbIe
JTAHHBIE 110 CBS3U JIOKAJBHOTO KO3((HUIMEHTa TEINIOOTAAYN C TUAPOAUHA-
MHUYECKUMH XapaKTEPUCTHKAMU IPH OOTEKAaHHM IIONEPEYHOr0 BBHICTYIIA
MyJICUPYIOIIMM HOTOKOM [2]. YCcTaHOBJIEHO, YTO TEIIOOOMEH B OJIMKHEM
ciesie 3a BBICTYIIOM BECbMa UyBCTBHUTENICH K KOJIEOaHUSIM MOTOKA C OTHOCH-
tenbHOM uactotoit fh/u mopsinka 0.1. TIpu Bcelt CIIOXKHOCTH U MHOT00Opas3-
HOCTH II€PECTPONKH CTPYKTYpPbI TEUEHHsI B YCIOBUAX BBIHYKICHHBIX KOJIE-
0aHMH TOTOKa KJIFOUEBYHO pOJb B MHTCHCH(UKAIMU TEILIOOTIAYH HrpaeT
OpPraHU30BaHHOE KPYIMHOMACIITAOHOE BUXPEBOE JABHKCHUE TEIJIOHOCUTEIIS,
WHHULMUPOBAHHOE TOJ] BIMSHUEM BBIHY)XJCHHBIX KOJeOaHWH IOTOKa, KOTO-
poe MHTEHCH(HUIUPYET MEePEHOC MACChl TEIFIOHOCHUTENS B ONEPEYHOM Ha-
MIPaBJICHUH.

Cnucok JiMTepaTyphbl

1. Mikheev, N.I., Dushin, N.S. A method for measuring the dynamics of velocity
vector fields in a turbulent flow using smoke image-visualization videos. Instrum
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2. Davletshin I.A., Mikheev A.N., Mikheev N.l., Shakirov R.R. Heat transfer and
structure of pulsating flow behind a rib // International Journal of Heat and Mass
Transfer, 2020, Vol. 160 120173.

Hccneoosanue evinonneno 3a cuem epanma Poccuiickoeo Hayunoeo ¢honoa
(npoexm Nel9-19-00355). Yacmuuno ucnonw3oeanvl pe3yibmamsl no meniooo-
Meny, noayuennvle npu nodoepacke PODOHU (npoexm 19-08-00421).

N.I. Mikheev, R.R. Shakirov, I.A. Davletshin
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CONVECTIVE HEAT TRANSFER AND TURBULENCE IN
CONDITIONS OF DYNAMICAL NON-EQUILIBRIUM OF
CHANNEL FLOWS
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TEYEHHUE U TEIIJIOOBMEH BBJIN3U PAJIA TUJIMH/IPOB

Ipu co3mannu TpyOUATHIX TEITIOOOMEHHUKOB Ba)KHO pacrojaraTth JIaH-
HBIMH, ONMCHIBAIOIIMMH CBs3b TCUEHHUsS U TeruiooOMeHa. Hanbonee BocTpe-
OOBAaHHBIMHM B 3TOH OOJACTH SBISIFOTCS JKCICPUMCHTAJIBbHBIC METOAUKH H
paboThl, rae napaMeTphl TCYCHUS U TEITIOOOMEHA U3MEPSIIOT B XOJI€ €AHHO-
ro skcriepuMenTa [1]. IIpeacTaBieHs! pe3yIbTaThl COBMECTHOTO HCCIIEIOBA-
HUSI TEUSHHS W TEIIooOMeHa BOJNW3U OAMHOYHOTO, @ TAKKe HECKOJIBKHX
KPYTOBBIX LWJIMHIPOB, PACIOIOKEHHBIX APYT 32 OPYrOM Ha Pa3IMYHOM
paccrosiHny. Busyanmuzarms TedeHns npoBoamiack ¢ nomomsko PIV (Parti-
cle Image Velocimetry), a mioTHOCTH TEIIOBOTO MOTOKA Oblila W3MEpeHa
METOJIOM IPaTUEHTHOHN TEMJIOMETPHH.

Mopenu — nosble HUIUHIPEI — 000TrPEBANNCH HACHIILIEHHBIM BOJSHBIM
mapoMm npu atMochepHoM faBieHHH. Ha mccnemyeMom mumMHApe OBUT yc-
TaHOBJICH TpaJueHTHBIA natduk TeminoBoro noroka (IATII) u3 moHOKpH-
cTajmmdeckoro BucMyta [2]. LlmiuHAp mpoBOpauMBajics BOKPYT OCH Ha
a3UMYTaIBHBIN yrom @. CxemMa NO3BOJIHIIA TIOJNYYHTh PACHpeieNieHHe TUI0T-

HOCTH TCIIOBOI'O ITOTOKA IT0 MEPUMETPY MOJACIIH.

T T

0 30 60 90 120 150 ¢,° 0 30 60 90 120 150 ¢,°
a) 0)
Puc. 1. Pacnpenenenus MecTHBIX Oe3pa3MEpHBIX KOA(PGHUINEHTOB TEIUIOOTAAYH IO
yIIIy MOBOPOTA () TS OAMHOYHOTO LMIHH/PA (a) U IS BTOPOrO LIJIMHIPA B CIydae
o6TeKaHms napsl mpy uncne PeitHonsaca Re =1-10% (6).

PaccrosiHre MexIy HMIMHIPaMHU S MeHsIoch B mpenenax ot 0,5 mo 4
kanu6poB d. ONbBITH POBOIMINCE B TMana3oHe ducen PeifHonbaca ot 400
10 8-:10%. B kaX/I0M OmBITe u3MepsIach TeMiepaTypa HaGeraromero noTo-
Ka, a TEMIIepaTypa MOBEPXHOCTH LWJIMHIPOB ITOIIEPIKUBAIACH TIOCTOSHHOM
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u Omuskoi k 100 °C. DT0 MO3BOIUIO PACCUUTATh MECTHBIE U OCPEIHEHHBIE
k03¢ ¢unuents! Terwmoornadn (KTO) o maHHBIM TpageHTHOW TeIIoMeT-
pun u Tepmomerpun. Ha pucyHnke 1 mpenctaBieHbl pacrpeneieHus MecT-
HeIX KTO, OTHECEHHBIX K CpeAHEMY HMX 3HAUEHMIO, OT yrjla IOBOpPOTa ¢.
Pacnpenenenus 1uis OJMHOYHOTO M BTOPOT'O B IHape LMJIMHAPOB OTJIMYAIOT-
cs1. lns omurounoro munmmHApa KTO m3mensercs B npenenax ot 0,2...0,3
1o 1,1, a ero MUHUMYM HaXOAUTCS B 00JAaCTH OTPBIBA HOTPAHMYHOTO CJIOS.
Pacnipenenenne KTO Ha MOBEpXHOCTH BTOPOTO IMJIMHAPA MEHSETCS MEHee
BBIPAXEHHO, a €r0 MAKCUMYM 3aBHCHUT OT PACCTOSHUS MEXIy LUIHHIPAMH
S.

JlaHHBIE TETJIOMETPUH JOMOJNHSUINCh MTHOBEHHBIMH H OCPEIHEHHBIMHU
110 BPEMEHH TMOJSIMU CKOPOCTH BOJIM3H LWJIMHIPOB, MOTYYSHHBIMHU C TTOMO-
mipto PIV. ConocraBienue noineil CKopocTy U TersiorpamMm (3aBUCHMOCTEH
IUIOTHOCTH TETJIOBOTO MOTOKA OT yriia @) [2] MO03BOJISET BBIIBUTH OCOOCH-
HOCTH T€YEHHs U TeriooOMeHa BOIN3M 000rpeBaeMbIX HUIUHIPOB. TakuM
00pa3oM, METOAMKA, OCHOBaHHAsh Ha COBMECTHOM IPUMEHEHHH T'paJHUEHT-
HOHM TeIrutoMeTpry, TepMoMeTpun U PIV, 1 monydeHHBIE pe3ynabTaThl CIy-
’KaT OCHOBOM JUIS M3YYCHHMS T€UCHHS U TEIIOOOMEHa B Iy4Kax TpyO W MH-
TEHCU(HKAIIMN TEIUIOOOMEHa MPU COXPAHEHWH IPHEMIIEMBIX THAPOJWHA-
MHYECKUX IapaMeTpOB.

Cnucok JuTepaTypsbl

1.D. Sumner, Two circular cylinders in cross-flow: A review, Journal of Fluids and
Structures, 10.1016/j.jfluidstructs.2010.07.001, 26, 6, (849- 899), (2010).

2.Sergey Z. Sapozhnikov, Vladimir Yu. Mityakov, Andrey V. Mityakov //
Heatmetry The Science and Practice of Heat Flux Measurement // Springer Inter-
national Publishing, 2020.

A.V. Mityakov, M.A. Grekov, A.A. Gusakov, V.V. Seroshtanov

Peter the Great St. Petersburg Polytechnic University,
Russia, 195251 St. Petersburg, Politekhnicheskaya ul., 29

FLOW AND HEAT TRANSFER NEAR A ROW OF
CYLINDERS
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VIIK 536.2
B.IO. Mumsixos, B.B. Cepowmanos, A.C, Bracos, B.B. Cyuok, H.A. 2Kuokos

Cankr-IlerepOyprekuii noaurexauueckuid yausepeuret [lerpa Benukoro,
Cankr-IlerepOypr,195251, yn. [TlonurexHuyeckas, 29

UHTEHCUBHOCTH IIYJIbCAIIAMA TEILZIOBOI'O TOTOKA
TP OBTEKAHHUU KPYT'OBOI'O HUJINHAPA

HccnenoBanne monepeyHoOro OOTEKaHUs 000TPEBaeMbIX KPYTOBBIX LIH-
JIUHJIPOB BEAYTCS IaBHO U YCIICHIHO. B dKCrieprMeHTax U3Mepsuid craTude-
CKOE JaBJICHHE W TEeMIepaTypy Ha MOBEPXHOCTH LWIMHAPA, PA3TUYHBIMHU
cnocobamu (PIV, SIV, LDA u T.1.) BU3yalIu3UpOBaH 10Jie CKOPOCTH BOIH-
3u mwinHApa. M3ydanuce Kak OCpefHEHHbIE 110 BPEMEHH, TaK U MTHOBEH-
HbIE BEJIMYMHBI, OJJHAKO HauboJjiee pacrpoCTpaHEHHBIM IIPH OLIEHKE HecTa-
LIUOHAPHOTO OOTEKAHUS LUINHAPA SBJISJICS METO/ TepMoaHeMomerpuu [1].
[MocrosiHHas BpeMeHH 30HAa TepoMaHeMoMeTpa (okosio 1 Mc) mo3Bosser
U3MEPATH MyJIbCAH CKOpOCTH. [Ipu TeueHnu BOJM3H MJIOXO0 0OTEKaeMBIX
Te 00BIYHO U3MEPSIOT YacTOTy cXxoja Buxpei [1].

B Hamreii paboTe mynbcaluy INIOTHOCTH TEIJIOBOTO MOTOKA HA TIOBEPX-
HOCTH KpPYrOBOTO LMJIMHIpA HMCCIIEJOBAaHbl METOJOM I'PaJMEHTHOM TeIio-
MeTpun. I'paguenTtHeie qatunku teruoBoro noroka (IATIT) umeror nmocro-
SIHHYK0 BPEMEHH, COIIOCTaBUMYIO C HUTBIO TEPMOAHEMOMETpa U HUXE (10
10 uc) [2]. B pabote ucnons3oan I'JITI] 3 MOHOKPUCTATITHYECKOTO BHC-
MyTa pazmepamu 2x%2x0,2 MM, YCTaHOBJICHHBIN Ha TIOBEPXHOCTHU IHUIMHIPA
JmaMeTpoM 66 MM, 000rpeBaeMOro HaChIIIEHHBIM BOASHBIM MapoM. DKCIIe-
pvMeHTHI poBoaMIHCh s ancen Pertnompaca ot 400 mo 80- 10% st omu-
HOYHOTO IMJIMHJIPA ¥ JJIS TIaphl [MJIUHPOB, YCTAHOBJICHHBIX OJIMH 32 Y-
MM IO NOTOKY. Mccnenyemplii HMIIMHIP MOT IPOBOPAYMUBATHCS BOKPYT OCH,
P 3TOM YCTaHOBJICHHBIH Ha ero nosepxuoctu ['ITII dukcuposan mioT-
HOCTP TEIJIOBOTO IMOTOKA Ha KaXKIOM azuMmyTaiabHoM yrie ¢. Curaan ['J[TII
nm3Mmepsiica ¢ yactotoil 100 I'm. Ha pucynke 1 npencraBieHbl HHTEHCUB-

% = 2
HOCTb IIyJIbCALMH TEIUIOBOTO MOTOKA; 31€ech (, u q'(p , Brim? — CpemHsis

IUIOTHOCTB TEIUIOBOTO MOTOKA U CPEAHEKBAAPATHYHOE 3HAUCHNUE MyIbCAINit
IUIOTHOCTH TEIJIOBOTO MOTOKA MPU (PUKCHPOBAHHOM yrile IIOBOPOTA LIHIIMH-
Jpa @, cooTBeTCTBEHHO. Ha KakaoM (UKCHPOBAHHOM YIJie ¢ IJIOTHOCTB
TEIIOBOTO TTOTOKA M3Mepsitachk B TedeHHel0 c. B uccinenoBaHuaX Uit mapst
LMJIMH/POB PACCTOSIHUE MEXKIY HUMH S MeHsuioch B npeaenax ot 0,5d mo
4d. MakcumanbHasi ”HTEHCHBHOCTD MyJIbCALMI JIsl BTOPOTO LMIMHAPA Obl-
Jla HWKe, IPAaKTHYECKH, Ha TPETh M 3aBHCENA OT PeXUMa TedeHHs. Pacmpe-
JIeNIeHUs Iy IbCALMI I OJMHOYHOIO U BTOPOTO LMJIMHApPA Mapbl OTIMYa-
I0TCS KaK [0 YPOBHIO, Tak M 1o opme. JJIs OMHHOYHOTO LHMIHHAPA HHTCH-
CHUBHOCTb ITyJbcanuii pacter npu ¢ = 70...180°.
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- Re 104
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2,6 0,151
0,15+
0,10
0,10
0,054 0,054 /40

T T T

0 30 60 90 120 150 ¢,° 0 30 60 90 120 150 o,°

a) 6)
Puc. 1. IHTEHCUBHOCTB MyJbCALIMil TUIOTHOCTH TEIJIOBOTO IMOTOKA AJISI OIMHOYHOTO
HUJIMHIpA (a) ¥ A7 BTOPOTO LIMIMH/APA B ciiydae obTekanust npu S =2d (0).

B nanpHeimem miuaHupyeTcs MOJyYUTh paclpelesieHHs CIeKTpa MOII-
HOCTH NyJIbCallMil TUIOTHOCTH TEIJIOBOTO MOTOKA MO MEPUMETPY Ui OAH-
HOYHOT'O ¥ BTOPOT'O LIMJIMH/PA. 3aBUCUMOCTh CIEKTPa MOLTHOCTH OT 4acTo-
Tl Ul IUIOTHOCTU TEIUIOBOTO IOTOKA IO3BOJHUT CPABHUTH PE3yJIbTAThl C
SHEPTreTHYECKUM CIIEKTPOM CKOPOCTH U COIMOCTaBUTh TEYCHHUE U TEILI000-
MEH IpU 00TEeKaHUH IMJIMHIPOB HAa YPOBHE IyJbCALUN CKOPOCTH U TEIIO-
BOTO TOTOKA.

CnHCOK JIUTepaTyphbl

1.I'ycakoB A.A. TeyeHHE M TEIUIOOOMEH NpH OOTEKAHWHM IMIIMHJPA: COBMEICHHE
PIV-merona u rpagueHtHON Termomerpun. ABToped. aucc. kana. Hayk, CIIO,
2015 .

2.Sergey Z. Sapozhnikov, Vladimir Yu. Mityakov, Andrey V. Mityakov //
Heatmetry The Science and Practice of Heat Flux Measurement // Springer Inter-
national Publishing, 2020.

V.Yu. Mityakov, V.V. Seroshtanov, A.S. Vlasov, V.V. Suchok, N.A. Zhidkov

Peter the Great St. Petersburg Polytechnic University,
Russia, 195251 St. Petersburg, Politekhnicheskaya ul., 29

STUDY OF HEAT FLUX FLUCTUATIONS INTENSITY
DURING FLOW AROUND A CIRCULAR CYLINDER
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VK 621.9

JLE. Ocunoel, JLB. Hﬂomnukoel, O.A. Momnuxos*

1O AOY BO «Ypanbckuit (penepanbHblil yHHBEpPCHTET MMEHH epBoro [IpesueH-
ta Poccun B.H. EnpunnHay, Exarepunoypr, 620002, Mupa 19

BJIMSAHUE MACHITABA TYPBYJEHTHOCTHU IIOTOKA
HA HTHTEHCHUBHOCTbD TEIIVIOOTJIAYM B KAHAJIAX C
PA3HBIMU NIONNEPEYHBIMHU CEYEHUAMMN

T'azomuHamudeckast dPPEKTUBHOCTh THIPABIUYSCKUX CHCTEM JHEpre-
TUYECKHX MAIIUH U YCTAHOBOK CYIECTBEHHO 3aBUCUT OT HAYAILHOTO YPOB-
HSl TypOyJICHTHOCTH MOTOKOB. B CBOIO ouepenb, ypoBeHb TYpOyJIEeHTHOCTH
TEUCHHS OKa3bIBACT BIUSIHUE HA CTPYKTYPY MOTPAHUYHOTO CJIOS B KaHAJaX,
a COOTBETCTBEHHO, M Ha MHTEHCUBHOCTH Terutootnaun [1-3]. Tlostomy mist
TOTO, ‘{TO6BI pacCUnThIBAaTh U MNPOCKTHPOBATH TUAPABINYCCKUEC CUCTEMBI
9HEPrOMAIIIHMH C MEPCIEKTUBHBIMHU XapaKTePUCTHKAMHU HEOOXOUMBI CBE/Ie-
HHUS O BIIMSIHUHA MaCHJTa63. Typ6yﬂeHTHOCTI/I IIOTOKA HaA MHTCHCUBHOCTbD TCII-
JIOOT/Aa4M B TPyOONpPOBOJAAX, MMEIONIMX pa3HbIC TMOMEPEUHbIE ceueHHs. B
JTAHHOM HCCJIEZIOBAaHUU Ha OCHOBE YHCIICHHOTO MOJEIHUPOBAHUS IPOBOIH-
JIach OLICHKA HAYAIBHOTO MaciuTada TypOyJeHTHOCTH CTAllMOHAPHBIX MOTO-
KOB ra3a B [UIMHHBIX TJIaJJKUX KaHAAX Pa3HOW KOH(PHUTYpaIHH.

HccnenoBanusi BBIIONHSUTUCH ISl TPEX PA3IMYHBIX TPYOOIPOBOIOB C
SKBUBAJIECHTHBIM JuaMeTpoM 42 mm u amusaoit 1000 mm. B nmepBom ciyuae
Tpyba MMena MOCTOSIHHOE KPYTJIOe CedeHHe 10 Beel anHe — 0a30BbIN Ba-
puaHT. Bo BTOpOM U TpeTheM BapHaHTax TPyOBI HMENH MONEepeYHbIe cede-
Hus B opMe TpeyronpHHKa M KBajapara IO Bcel anuHe. B xauectBe rpa-
HUYHBIX YCIIOBHIl Ha BXOJE IMOTOKA 33/JaBAJIUCh HA4YaldbHbIC MapaMETPhI
TypOyJIEHTHOCTH H CKOPOCTh IMOTOKa ra3za W. CKOpOCTh IIOTOKa H3MEHSJIACh
B auanazone ot 10 mo 100 m/c. HavanpHblit MaciiTa® TypOyJIEHTHOCTH U3-
Mmensuicst ot 10 % mo 30 %. Paboueii cpenoi ABISICS peanbHblil ra3. 3Haue-
HUSI GU3NUECKUX CBOWCTB MTOTOKA Ta3a OBIIM MPUHSATH PaBHBIMH CBOHCTBAM
peanpHoro raza npu 40 °C. CTeHKH HENpOHHUIIAEMbl C IIOCTOSHHOM TeMIie-
patypoii 120 °C. Yucno pacueTHbIX s4eeK BCEil pacueTHOH MOJIENIN MPEBbI-
cmito 2 500 000. Yucno nmpusMaTHuecKux ciioeB coctaBuiio 30, abCcotOTHBII
pasMep TOJILIMHBI MPU3MATHYECKOTO CIIOS PaBHSUICS 2,2 MM, TOKa3aTelb
CKOPOCTH POCTa ¢ MOBEpXHOCTH ObLT 1,05, pacTshkeHHE MPU3MATHIECKOTO
cJ10s cocTaBisio 1,2,

Ha ocHOBe YMCIEHHOr0 MOJEIMPOBAaHUS OblLIa MPOBEIEHA OLEHKA Mac-
mraba TypOyJIeHTHOCTH IIOTOKA HA HHTEHCHBHOCTH TEINIOOTIAYH B KaHAIax
C pa3HbIMH MMOTIEPEYHBIMH CEUCHHSIMU ITPU Pa3HbIX CKOPOCTIX (puc. 1).

U3 pucyHka BHIHO, YTO IIPU HCHOIB30BAHUH TPYOOIPOBOIA C YYaCTKOM
TPEYroJbHOTO TIOTIEPEYHOr0 CEYEHHUsI B JHama3oHe ckopocted oT 20 mo
80 m/c HabmomaeTcst poct kod(duuneHTa TermmooTaaun 10 8% (1o cpasHe-
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Puc. 1. 3aBucumoctn ko3(pULMEHTA TEIIOOTAAUU 0L OT CKOPOCTH MOTOKAa BO3/yXa
W rpu HavanbHOM Macimrabe TypOyneHTHocTH 30 % B KaHanax ¢ pa3HbIMH IOIIe-
PEYHBIME CeUeHUAMH: 1 — Kpyr; 2 — TPEeyroibHUK; 3 — KBajpar.

HUIO ¢ 0a30BBIM BapuaHTOM). UTO KacaeTcsi yyacTka ¢ KBaJpaTHBIM CEUCHH-
€M, TO TIPH JIF00OM 3HAYCHHHU T0Ka3aTelsi CKOPOCTH, KOA(PPHUIHMEHT TeIuio-
OTHaYX B cpemHeM Ha 2-3% Hibke, 4eM y 6a30BOro BapHaHTa.

Paboma evinoanena npu noodoepicxke PH® 6 pamkax uayunozco npoexma

18-79-10003.

Cnucok JIuTepaTypsl
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3. Liao N.S., Wang C.C. On the convective heat transfer in pulsating turbulent pipe
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! Ural Federal University named after the first President of Russia B.N. Yeltsin,
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INFLUENCE OF THE SCALE OF FLOW TURBULENCE ON
THE INTENSITY OF HEAT TRANSFER IN CHANNELS
WITH DIFFERENT CROSS SECTIONS
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E.B. Ilankpamos, FO.JI. Jleyxun

CeBepHblii (ApkTuyecKkuii) GpenepanpHbiii yausepcutet uMernn M.B. JlomoHocoBa,
163002, Apxanrensck, HabepexHas CeBepHoit [IBuHsl, 17

HCCJIEJOBAHME BJIMSIHUA CYKEHHUS KOJBIIEBOI'O
KAHAJIA 1 YUCJIA PEHHOJIBJCA HA ®OPMHUPOBAHUE
BUXPEM TEMJIOPA - TEPTJIEPA

B pa0oTe BBIIOJIHEHO HCCIIEIOBAHUE BIMSHUS CYKEHUS KOJbLIEBOIO Ka-
Hasa Ha (opMupoBaHMe BTOpUYHBIX Buxpeit Teinopa-I'é€priepa npu 3a-
KpYTKe MOTOKa M Pa3aM4HbIX uucnax Peinonpaca. CyxeHHe KOJIbLEBOTO
KaHaja 2 OCYILECTBIIIOCh B IEPBOM Cllydae (pucC. 1a) 3a cueT yMeHbLICHUS
JQUaMeTpa BHelIHeH nosepxuoctu 3 ot d,™ = 184 mm (pu z = 0), a BO BTO-
pom (puc. 16) — yBenuueHHs auameTpa BHyTpeHHei moBepxHoctr 1 ot di™
= 152 mM. B 06oux ciydasx IUIOmaAb IONEPEYHOrO CEUSHUs KaHala IO

MOCTIEIOBATEIbHO ~ YMEHb-
J:I:L4 3 2 1 majach K BBIXOJJHOMY cede-
I o £ (mpu z = 1) or
o3y =0 . 253y 100% 10 20% c marom B
— 20%. B BBIXOJHOM CEUYCHHH
a B MEPBOM BapUAHT JUAMET-
J:I:L P 3 5 ; pe d,™™ ymenpmancs or 184
o 158,9 MM, a BO BTOpom —
(- BBIX
x_12=0 Z|x 1o O™ yBenmmumBancs ot 152
Q b =S~
MM go 178,1 mMm. [nuna
ﬂ ; KOJIBLIEBOTO KaHalla BO BCEX
‘ ciydasx pasastiace | = 840
0
MM. ['eomerpuueckue pas-
Puc. 1. CxemaTHyecKuil 4epTexk HCCIENOBAHHON  MephI TAHT€HIUAIBLHOTO

TEOMETPHH; @ — W3MEHEHHE BHELIHEll OBEPXHO-  repepaTopa 3aKPYTKH IOTO-
CTH, 6 — U3MEHEHNE BHyTpeHHeﬁ IOBEPXHOCTH Ka 4 HpHBeZ[eHLI B [1]

HccnenoBaHus BBITIONHEHBI TPU U3MEHEHUH 4yucia PeitHonbaca Rey, oT
11,3-10% oo 77,1-10° (Reu = Vi, / v; V- cpenssisi CKOpOCTh MOTOKA BO
BXOAHOM nwtuie, d, = d,™ - di™ — 3KBUBaJEHTHBINA JUAMETP BXOJHOTO Ce-
YCHHUS KOJIBIIEBOTO KaHaa, V — KHHEMAaTHYeCKU KO3 ((GUIIMEHT BI3KOCTH).

UucieHHOe MOACTMPOBAHHE OCYIIECTBISIIOCh B TPEXMEPHOW MOCTAHOB-
K€ C UCIOJIb30BaHueM porpaMmuoro komruiekca ANSYS Fluent 15.0.

[pu 3aKkpy4yeHHOM TEYCHUHU MOTOKA B KOJBIICBBIX KaHANaX (OPMHPYIOT-
csl BTOpHYHbIE TeYeHusl no tuny Buxpei Teitnopa-I'éprnepa [1]. Ha puc.2
NPUBEACHO pPACHpEACICHUE PaAJUAIBLHONW COCTABISIOMIEH CKOPOCTH W, U
3G GEKTUBHOM BSI3KOCTH [lef B TIONIEPEYHOM CEUCHUH KOJIBIIEBOTO KaHANA TPU
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Pa3IMYHBIX TEOMETPHUECKUX XapaKTEPUCTHKAX W 3HAYCHHSAX 4Yucia Peii-
HoJbaca Re,,.

-
awag S

I

Re}'=21.0-10° Re}'=3,1.10° Re}"=21.0-10% Re}'=3,1.10°
a

Puc. 2. Pactipenenenue n3otax W, H [lef B IOIEPSUHOM CEUSHUH KOJBLIEBOTO KaHaa
rpu Z = 538 MM npu pazIMYHBIX 3HaYCHUX uncia Re,;

a— fKBle/ fKBX - 1; 6 _ fKBbIX/ fKBX - 014

ITpu cHwxenny yncia Re;; KOIMIECTBO BTOPHYHBIX BUXPEH yBeIUIUBa-
eTcsl, MX paclpeleieHHe B IOTIEPEYHOM CEYCHUH KaHalla CTaHOBHUTCS Oolee
PaBHOMEpPHBIM, & HHTEHCUBHOCTD ManaeT. C ymeHblueHueM napamerpa f ™/
f 0 Mepe MPOJBUIKEHUS OTOKA B HATPABICHUU K BHIXOJIHOMY CEYECHHUIO
UHTEHCUBHOCTh BTOPUYHBIX TEUEHHMI TAKXKE CHIDKACTCS IO JJIMHE 3a CYeT
PACKPYTKH TIOTOKA M YBEIWYECHHUS OCEBOI COCTABISIOMIEH CKOPOCTH. DTO
MPUBOJIUT K CHIDKEHHMIO 110 JITTMHE KOJIBIIEBOTO KaHaa 3¢ peKTuBHON BA3KO-
CTH L, ONPENEIIIONICH BIMSHUE TYpOYJISHTHOCTH IOTOKa Ha WHTEHCUB-
HOCTb TEIUIOOTAAaYH PaOOUNX MOBEPXHOCTEH.

Cnucok TuTepaTypsl

1. Jleyxun, FO.JI. HccnenoBaHue a’poJMHAMHKHM M TEIUIOOTAAYH CYIKAIOIHXCS
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Northern (Arctic) Federal University named after M.V. Lomonosov, Russia,
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INVESTIGATION OF THE INFLUENCE OF NARROWING
ANNULAR CHANNEL AND REYNOLD'S NUMBER ON
FORMATION OF TAYLER-GERTLER VORTEXES
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FO.K. Pyoenxo , IO.FO. ITnaxcuna , H.A. Bunnuuenxo , A.B. Ilywmaes ,
1
A.B. Veapos

! MockoBckuit rocymapcrsennbiii yansepenter um. M.B. JloMoHOCOBa, u3maeckHii
¢baxynbrer, Mocksa, 119991, Jlenunckue ropsi, 1/2

CPABHUTEJIbHBIN AHAJIN3 MEXAHHU3MOB
KOHBEKIIMHA B PA3JIMYHBIX ) KUJKOCTAX B
3ABUCHUMOCTH OT PACIHIOJIOKEHUSA HCTOYHUKA
HATPEBA

B3anmopeiicTBIE BCIDIBIBAIONIETO MMOTOKA JKUIKOCTH CO CBOOOTHOM MO-
BEPXHOCTBIO MMEET OOJBIIOE 3HAYEHHE Ul MHOTUX reo(pU3HIECKUX U TeX-
HHUYECKUX le/lﬂO)KCHl/lﬁ 1 BO MHOI'OM 3aBHUCHUT OT COCTOSAHUSA MMOBEPXHOCTHU.
OpfHUM U3 CaMBIX BaXXKHBIX (h)aKTOPOB B3aMMOJECHCTBHS OKa3bIBACTCS HAJIH-
YKe WIK OTCYTCTBHE MOBEPXHOCTHOM mieHku [1,2]. B Boae mieHka oTcyT-
CTBYET TOJIBKO IIPH BBICOKOI CTENEHH OYMCTKHU (nenoHuzanmu). Takas ke
IUICHKA TIPUCYTCTBYET B IIIMLEpUHE, NapaduHe 1 HEKOTOPBIX crupTax. st
BTOPOM IPYNIBI )KUAKOCTEH (CHJIMKOHOBOE MAacio, 3TaHOJ, H30MPONAHOI U
JIp.) BBINOJHAIOTCS CTaHAapTHBIE yciaoBus [IupcoHa Ha noBepxHocTH. lpu
BCIJIBITUU CTPYHU NPU OTCYTCTBUU IJICHKU CYHICCTBECHHYIO POJIb B pacTCKa-
HUHM MOJXKET UTPaTh TEPMOKAMIIISIPHBI MEXaHU3M KOHBEKIIHU.

[pu HamuuuH 3arTyOJICHHOTO MCTOYHMKA HAarpeBa KOHBEKTUBHASI CTPYS
00pasyeTcs 3a CUET BBITAJIKHBAIOIICH CHIIBI (P3JICEBCKUN MEXaHU3M), a TIPH
yJape o MOBEPXHOCTh IMPOUCXOAUT MepepacnpeesieHue AaBIeHUs [0 TOpU-
30HTAJIM, KaK M B TUAPOJMHAMUYECKUX cTpysix [3]. OmHako npu npubnmxke-
HUM UCTOYHHMKA HArpeBa K IIOBEPXHOCTU Pa3roOHa CTPYH HE MPOUCXOIUT, HO
JIaBJICHUE TepepacipeenseTcs, 1 TOPU30HTAIBHBINA Y4aCTOK HaYMHAET Wr-
paTh OCHOBHYIO POJIb B CO3JaHUH KOHBEKTUBHOTO JBIDKeHUs [2]. B 3aBucu-
MOCTH OT ITyOWHBI PaCIIONIOKEHUsI ICTOYHHUKA HarpeBa OyJeT nmpeobiaiaTh
TOT WJIM MHOM MEXaHH3M KOHBEKIIHH.

B pabore uccnenoBanock mojie CKOpocTel TpeMsi METOJJaMU — DKCIIEPH-
MEHTAbHO, C IIOMOILbI0 HU(POBOM TpaccepHoi Busyanuzauuu (PIV), uuc-
JICHHO, C TIOMOLIbIO MOJEIHPOBAHUS, a TAK)KE C IOMOINBI0 HAXOXKICHHUS
ABTOMO/ICJIFHBIX PEUICHUH JUIsl MMOTPAHCiosl BOMM3HM moBepxXxHOCTH. Harpes
CO37]aBaJICS JIMHEHHBIM MCTOYHHKOM TeIlla — MPOBOJIOUYKON M3 CIUIaBa KO-
nestb Ao 11,3 e u muamerpom 0,02 M, HATSHYTOM 10T TOBEPXHOCTHIO
JKUIKOCTH B MPSAMOYTOJbHOM CTEKJIIHHOM aKBapuMyMe pasMepaMu
12,3 cM*13,2 cm*6,5 cM. Ha puc. 1 mpeacTaBieH CpaBHUTENBHBIN aHAIN3
I10JIs1 TOPU30HTAJIBHBIX CKOPOCTEH /ISl YUCIIEHHOTO pacyeTa U SKCIepUMEH-
ta. Kak BUAHO U3 rpaduKOB, MOACIMPOBAHUE M SKCIEPUMEHT JAFOT CXO-
HBIE pe3yJIbTaThl, HO TPAHUYHBIE YCIIOBHS B pacyeTax COBEPIICHHO Pa3iiny-
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HBl. TepMOKaMMWUISIPHBIA MEXaHU3M HaMHOTO 3Q(eKTHBHEE ¢ TOUKH 3pEeHHS
YCIIOBHI pacCTeKaHUS CTPYH.
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Puc. 1. CpaBHHTEIBbHBIH aHAIN3 aBTOMOEILHOTO PEIICHHUS, YUCICHHOTO PEIICHUS 1
JKCIIEPUMEHTANBHBIX U3MepeHuit mMerogom PIV. a) Boma, h = 0, Q = 14,7 Br/m;
6) atanon, h=0, Q=4,1 Br/m.

Takum oOpa3zoM, B paboTe OBUIO MOKa3aHO, YTO B3aMMOAEHCTBHE KOH-
BEKTHBHBIX M T'MAPOJMHAMHUYECKHX CTPYH C MOBEPXHOCTBIO XKUAKOCTH CY-
IIECTBEHHO OTJIMYAeTCs. ApXUMEZOBa CHJIa NMPUBOIUT K Iepepacipesncne-
HUIO JIaBJICHUS Y TOBEPXHOCTH, U 3TOT (pakTop OO A00aBIsSETCS K CTaH-
JAPTHOMY TIEPEXO/y KUHETHYECKOW SHEPTUH CTPYH B MOTCHIUATBHYIO PU
OTpa)KEHHH, JHOO OCTaeTCs €IWHCTBEHHBIM MEXaHW3MOM pa3roHa CTPYH
NpyU NPUOJTMKEHUH HWCTOYHHKA HArpeBa K MOBEPXHOCTH. BTopoit BaxkHOM
OCO6CHHOCTI)}O ABJIACTCS OTCYTCTBUE WJIM HAJIUYUEC HOBerHOCTHOﬁ IIJICHKHU
B JKUAKOCTH. Hanuuue mieHKd OJOKUPYET TEPMOKAMMUIPHBII MEXaHU3M.

Cnucok JMTepaTypsbl

1. Vinnichenko N. A., Uvarov A. V., Plaksina Y. Y. 2014. Combined study of heat
exchange near the liquid—gas interface by means of background oriented schlieren
and infrared thermal imaging // Exp. Therm. Fluid Sci. 59: 238-245.

2. Vinnichenko N.A., Pushtaev A.V., Plaksina Yu.Yu, Rudenko Yu.K., and
Uvarov A.V. Horizontal convection driven by nonuniform radiative heating in
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Y.K. Rudenko?, Y.Y. Plaksina®, N.A. Vinnichenko®, A.V. Pushtaev',
AV. Uvarov*

! Lomonosov Moscow State University, Faculty of Physics,
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COMPARATIVE ANALYSIS OF CONVECTION
MECHANISMS IN DIFFERENT LIQUIDS DEPENDING ON
THE LOCATION OF THE HEATING SOURCE
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T'UJIPOJIUHAMMKA U KOHBEKTUBHbBIN TENLJIOOBMEH
B HIOI'PAHUYHOM CJIOE C ITIOJIOKUTEJIBbHBIM
IT'PAJUEHTOM JABJIEHUA

TedyeHHs ¢ HAIUYHEM MOJOKHUTEIEHOTO TPAJUCHTA JIAaBICHHS IIHPOKO
BCTPEYAIOTCS B 3JIEMEHTaX KOHCTPYKIUH 3HEPreTHYECKUX yCTPOICTB, 0CO-
6enno B quddysopax. [Tossimenue ux 3¢p¢GEeKTUBHON pabOTHI, MOapazyMe-
BacT CHM)KCHUC TUAPABINYCCKOI'O COIPOTUBJICHHUS B KaHaJlaX U YBCJIMYCHUA
TEIUIOChEeMa C MOBEpXHOCTeH. [t 3Toro OoNbIIOe BHHMAaHWE YIENSCTCS
n3y4eHUIo (hyHIaMEHTAIbHBIX CBOWCTB TypOYJIEHTHBIX TEUCHUH U mpolec-
COB IIEPEHOCA MACCHI, UMITYJIECA M SHEPTHH B IOTPaHUYHOM cioe [1].

IpencraBineHsl pe3ynbTaThl AKCHEPUMEHTATBHOTO HCCICIOBAHUS pac-
IpefiesieHNsl TemIoo0MeHa Ha cTeHKe B Iu(dy3ope ¢ yrioM pPacKpHITH
¢=2,5 °. PaGouwnii yqacTok npeicrasisii co6oil kanan qiuHoi L=1800 MM u
muprHO# 150 MM, BBICOTa KaHalla BO BXOJHOM CedeHHH cocTaBmia Hy=28
MM. K KaHay IpHCOETHHSAIOCH BXOAHOE ycTpoicTBo (puc 1). B xoxe Temn-
JIOBBIX SKCIIEPHMEHTOB OBUIH IONY4YEHBI paclpeleneHus Kod(hQuImeHTa
TETIOOTAAYH Ul Pa3HBIX pacxonoB Bo3myxa Q. ITomydeHHBIE pe3ynbTaThI
npencTaBiaeHsl B QGopme 3aBucumoctu umcen CrantoHa St=a/(pcUp) oT
gncina PeifHonbaca Re=UgX/v, onpeieeHHEIX I0 CKOPOCTH II0TOKA Ha BXO-
ne B qubdys3op Ug, 1 mpoaosibHON KoopauHatel X (puc 2a). Hadano oborpe-
BaEMOT0 yJ9acTKa COBIIAJAJIO C BXOJHBIM cedeHneM auddysopa.

T 2
U\< 3 7]

—
O
I - IR
Puc. 1. Cxema dKCIepUMEHTAJIBHOTO y4acTka: 1 — gxoduoe ycmpoiicmeo; 2 —

oupghyzop,; 3 — nacpesaemas cmemnka.

IIpu nomoum merona SIV [2] monyueHbl NMpoGMIM BEKTOPHBIX MOJICH
CKOPOCTEl M MapaMeTpoB TYPOYJICHTHOCTH B Pa3IMYHBIX CEUYEHHSIX BJIOJb
KaHana. PexxuMbl TeueHHs: 1 KOHQUTypalusl KaHajla aHaJOTHYHbI TETI000-
MEHHBIM dKCTiepUMeHTaM. 1IpoBeieHO COmoCTaBIeHue pacipeaesieHUs TeT-
J1000MeHa M CTPYKTYpbl IOTOKA B MOTPAaHUYHOM cjio€ B Haubojee Xapak-
TEPHBIX CEYCHUSIX B JIAMUHAPHOM, TYpOYJICHTHOH M NEPEeXOIHON 00JIaCTH.
[Toka3zaHo BIIMSTHHE MPOIOJILHOTO MOJIOXKHUTEIBHOTO IPAJAUEHTa JaBlICHHUS Ha
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npoduiu PeliHoMbICOBBIX HanpsbkeHud. OTMeueHa BBICOKAs YyBCTBUTEIb-
HOCTh PHEPruM TYpOYJICHTHOCTH B NOTPAaHMYHOM CJIO€ HA HAIMYHE IIPO-
JOJIBHOTO TpajiueHTa naBieHus (puc 20).

a) St=0.0306Re, **Pr°° | _m— Q=64u/4
Tubulentdpidx=0 |y =1ogu
Q=194n'y
—v— Q=256m"Mu

St=0.332Re,**Pr**’
Laminar dp/dx=0

10000 100000 1000000

6)

1]
10

U+

Puc. 2. Pe3ynbrarhl 5KCIIEPUMEHTOB: a) — pacnpedenerue uucia St;
6) — npogunu kKoppensiyuil nPoOOIbHBIX CKOPOCMELL NO PA3TUYHbIM CEYEHUSIM.
Cnucok JIuTepaTypsl
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HYDRODYNAMICS AND CONVECTIVE HEAT TRANSFER
IN ADVERSE PRESSURE GRADIENT BOUNDARY LAYER
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OB UCIIOJb30BAHUU MTPOLETYPBI KOPPEKLIMU
MOJYJISI CKOPOCTH JIISI 3AJJAY BEHTHJISILIMA

[pu pemenun 3agad, CBSI3aHHBIX C BEHTWIALHEH 1 KOHIUIUOHHPOBAHH-
€M TIOMeNIeHHH, 0COOYIO POJIb UTPAET OIEHKA XapaKTePHBIX 3HAYCHUH CKO-
poctu B oburaemoi obmactu — paboueill 30He. Pacuer Bo3gyxooOMeHa B
MOMEIICHUH Ha MPAKTHKE YacTO BBIMOIHACTCS C IMOMOIIBIO TPEXMEPHOTO
YHCJICHHOTO MOJICTUPOBaHuUs ¢ npuBiedeHneM moaxoaa RANS, T.e. Ha oc-
HOBE pelleHHs OCpeAHEHHBIX 1o PeifHonmpacy ypaBHeHuii Hasbe-Crokca.
HUcnone3ys RANS mnoaxo, MOXHO MOJNyduTh WHpOpMAILN0 00 ocperHeH-
HBIX BO BPEMEHH 3HAYCHUSIX KOMIIOHEHT CKOPOCTH U O COOTBETCTBYIOIIEM
ojie MOJYJsI OCPEIHEHHOW cKopocTH, Vi = (<VX>2+<Vy>2+<VZ>2)O'5. On-
HAKO ]ISl OLCHKH CTENIeHH KoM(opTa HEOOXOIMMO UMETh HH(OpMaLuio 00
OCPEIHEHHOM TOJie MOXIYJsS CKopocTH, V, = <(VX2+VyZ+VZZ)0'5>, KOTOpOE
MOJXKET CYLIECTBEHHO OTIHYaThes OT mouist Vi, [1].

B oOmem cnydae, cBsa3p moneit V, u Vi, HewsBectHa. B mureparype
HUMEIOTCSI MOJTyIMITUPUIECKHE METOJUKH KOppeKiy JaHHbix RANS [1-2],
KOTOpBIE TIO3BOJISIFOT OLICHHUTH TOJIE CKOPOCTU V, C TIOMOIIBIO PacCUHTAH-
HBIX 10 RANS moneit V,, 1 KHHETHYIECKOH dHepTuu TypOyineHTHOCTH, K. B
gacrroctn, B CIIGITY Gbima mpemmoxena dopmyma V,°" = (V2 + 5/3k)%°
[2]. C nomomipro MeToga MoneMpoBanus KpymHbix Buxpei (LES nmoaxomn)
MO>KHO TOJIyYMTh aKTyaJlbHbIe U OCpeJHEHHbIe 3HaueHUs V, U Vi, a Taxke
paccuntath K. Llens HacTosiIeil paboThl — OIICHKA U3BECTHBIX U3 JINTEPATY-
PBI METOJMK KOPPEKLUUH MOIYJS CKOPOCTH Ha OCHOBE PEIIEHHS TECTOBBIX
BEHTWILIMOHHBIX 33124, /151 KOTOPBIX UMEIOTCS IOCTOBEPHBIE TaHHBIE dKC-
nepuMeHToB [3-4], u BeIpaboTKa peKOMEHIAINH 110 UCTIOIH30BAaHUIO METO-
JIMK KOPPEKIMU JaHHBIX HA OCHOBE PE3YJIbTATOB YHCIEHHOTO MOAEIUPOBA-
HHUSL.

[IpoBeneHsl pacuyeThl BO3AYX000MeHa B IBYX MOJEIBHBIX OMEIICHUSIX,
pa3mepsl KOTOpsIX paBHBL: IMx3Mx3Mm [3] 1 6Mx3Mx6M [4], cpenHepacxo-
HBIE CKOPOCTH Ha Bxoje cocTaBisitoT 0.455 m/c [3] u 5.16 m/c [4], cooTBeT-
CTBYIOI[ME 3HAYCHHS Yucen PeliHONbACA, TOCTPOCHHBIX MO BXOJHBIM Mapa-
Metpam, paBhbl 5.2x10° 1 4.6x10”. PacueTsl BHIIONHEHBI ¢ HCIIONB30BAHUEM
Kak Buxpepaspemaromiero noaxona LES, tak u monxoxa RANS ¢ 3ambika-
HHEM pa3InYHBIMH HOIYyIMIIMPUYECKIMHU MOJEISIMH TypOyneHTHocTu. Hc-
MOJTB30BATIMCH KBa3UCTPYKTYPUPOBAHHBIC CETKH OOIIel pa3sMEepHOCTHIO JI0
58 mute stueek. Pacuersl mpoBommiuck B makere ANSYS Fluent Ha pecypcax
CKII «I[TonmurexHIUECKHi.
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Puc. 1. a) [Tonst Mmoaynst cpenHeit ckopocty, Vi, pa3andue Mex 1y MOJISIMA CKOPOCTH
6) Va1t Vi, 1 B) Vo 11 VO B ceenmn y = 1M (nannsie LES)

Kaptuna teuenus B momemieHuu u3 [4] mokazaHa Ha puc. la: MOXKHO
BBIJIETHUTH 00JACTh CTPYHHOIO TEUEHUS C BBICOKUMHU 3HAUEHUSMH CKOPOCTH
(mpu y > 2M) u 007aCTh BTOPHYHOTO TeueHHs (pabouast 30HA) B KOTOPOM
MOTYT HaxoauThest oau (npu y < 2m). [To aanubiM LES pacuyeroB mokasa-
HO, 4TO B pa0odeil 30HE OTIMYHS MEXIY MOJSIMH CKOpOCTH Vu u Vi, Jo-
KaJbHO MOTYT pocTturate 80%, 11 cedeHus Yy = 1 M B cpeiHeM 3TH OTINYUSL
cocraBisitoT 25% (puc. 16). [lpumenenue npoueaypsl KOPPEKLUUH OIS MO-
nynst ckopoctd [2] x LES maHHEIM 1mMO3BOJISET MONYYHTH CKOPPEKTUPOBAH-
HOe mosie ckopocTH, V,*", oTiHualomeecs 0T HCKOMOTo mofis V, MeHee dem
Ha 10%; B ceuennn y = 1 M ormmans mexay Va un V,*°" MUHEMATBHB U B

CpeqHeM COCTaBIAOT 2%.
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ON THE USE OF MEAN VELOCITY CORRECTION
PROCEDURES FOR VENTILATION PROBLEMS
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PA3PABOTKA M UCCJIEJJOBAHUE MOJIEJIEN
TYPBYJEHTHOT'O IEPEHOCA HA OCHOBE
IHOKA3ATEJISA XEPCTA

B crparerndeckoii mporpamme pasButusi 3Hepretuku Poccum mo 2030
rojia peCTaBJIeHbl 3a/]a4i TOCYAapCTBEHHOH MOJIMTHKH B 00J1aCTH SHEPIO-
s dekTHBHOCTH U dHEeprocoepexenus. OTHON U3 3a1a4 SIBISICTCS Pa3BUTHE
HAYYHO-TEXHHYECKOTO IMOTEHIMAaNa, BKIOYas (QyHIAMEHTAIBHYIO HayKy,
MIPUKJIAJHBIE UCCIENO0BaHUs U pa3paboTku. [IpuMeHeHne HOBBIX MaTepHa-
JIOB M CTPYKTYPHUPOBaHHE MOBEPXHOCTEH MPUBOJAMT K TOHKUM 3(dexTam,
TIO3BOJIAHOIIIUM Z[O6I/ITBCH CHUIXXCHUS COIIPOTUBJICHUA TPEHHUSA U TCIIOOTHAA-
YH, YTO B CBOIO OYEPEIb CIYXXUT TOBBILICHUIO 3PPEKTUBHOCTH PabOTHI
9HEprooOOpynoBaHMs. B COOTBETCTBHU ¢ MPOBEICHHBIMH HCCIIEIOBAHHIMHI
ObUTa TpeUIoKeHa 3aBUCHMOCTh KOA(PQHIIMEHTa MHTCHCUBHOCTH TYpOy-
JICHTHOTO OOMEHa KOJIMYECTBa JIBWKCHHUS Ha OCHOBE IIOKazaTelsi Xepcra
[1].

YucjieHHOe McciieJoBaHHe MO/eJIM TYpOYJIeHTHOr0 NnepeHoca Ha oc-
HOBe Moka3areisi Xepcra. B pesynprare mpoBeIEHHOTO YUCICHHOTO HC-
CIIEIOBAaHUS TEIUIOOTHAYN TypOyJIEHTHOTO TOTOKA ObUIa MOJy4eHa 3aBHCH-
MOCTh Ha OCHOBE TOKa3aTesns Xepcra [2]:

ﬁ:0,5-(1——)th(c-H+d)+0,5-(1+RL), @)

a
Sto Re075 €0,75

rae a, b, ¢, d — amnupuyeckne koadduimentsr; H — nokasarens Xepcera,
BBIYHCIICHHBIN JUTS MyNbCAIMil JaBIeHHs TypOyJIeHTHOTO IOTOKA Ha CTPYK-
TypUPOBaHHOH U IJafkoi nosepxHocty; St, Sty — uncina CTaHTOHA Ha CTa-
OMIM3MPOBAHHBIX YYaCTKaX CTPYKTYPHPOBAHHOM M TITaAKOH NMOBEPXHOCTH
COOTBETCTBEHHO; Re — uncno PefiHombca.

IpemnoxenHas MoAenb TypOyJIeHTHOTO MepeHoca TEIUIOTH M KOonde-
CTBa ABIKCHUS HA OCHOBE ITOKa3aTelst XepcTa MyIbCalui JaBIeHHs MOTO-
Ka, pealM30BaHa B KOMIIBIOTEPHOI mporpamme, (QyHKIMOHAIBHO COCTOS-
el U3 cIenyIoIuX YacTeil: Ipenpoueccop, MpoLeccop U MOCTIPOLECCOP.
IMpenporeccop BKIIOYAeT: BEIOOp peXMMa pacuera, 3arpy3Ky HCXOIHBIX
JaHHBIX, B TOM YHCIIE IyJIbCAalliii JaBIeHUS B BUE (aiiia ¢ pacmupeHneM
.wav. IIporeccop ocymiecTBIsSeT YUCICHHBIA pacyeT XapaKTepUCTUK TypOy-
JIGHTHOTO TIOTOKA TAKMX KaK: CONPOTHBICHHE TPEHHs, TEIIOOTAava, Mpo-
(G cKOpOCTH M TeMmnepaTypsl. Kpome 3Toro, mporeccop ConepKUT Mo-
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IIyJib, OTBEUAIONIMII 3a pacdueT IOKa3zaTenst Xepcra MylbCaluil JaBICHUS.
IMocTnpoueccop oTBeUaeT 3a BbIBOJ, PE3YIbTaTOB pacyeTa. Pe3ynabTaTel pac-
geTa 0ToOpakaloTcsl B rpadMueckoM BHIE, a TAK)Ke 3alMCHIBAIOTCS B BUIE
(aiina Ha xecTkoM aucke. I'padmueckas uHbOpManus MpecTaBIsSeTCs B
rpaduueckoM okHe. Ilepexon k IPOoCMOTPY odepeHOro rpaduka ocyuecT-
BJIIETCS TIepekiroyarenem Trma «radio buttony.

(@) (©)
Puc.1. Unrepdeiic mporpammel mociie pacueTa (a) nokasartens Xepcra; (0) - Terwio-
OT/aYH.

ITpoBeneHo YnCIEHHOE UCCIEOBAaHUE TEINIOOTAAYN TYpOYIEHTHOTO II0-
TOKa C UCIOJIb30BAaHUEM MaTeMaTHYECKOH Mojenu TypOyJIeHTHOCTH Ha OC-
HOBE TOKa3arels XepcTa.

Hccnedosarnus evinonnenst npu nodoepaicke epanmom Ipesudenma Poccutickoil
Deodepayuu no npoexmy HIII- 2493.2020.8.
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! HaumonanbsHblil nuccnenoBarenbekuii neHtp «Kypuyarosckuit MucTHTyTY, 123182,
Mocksa, 1. Akagemuka Kypuarosa, a. 1,
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Mocksa, Kammpckoe 1., 31

HNCCIIEJOBAHUE MEXAHU3MA BO3BYXKJIEHUSA
PE3OHAHCHBIX 3®®EKTOB B CJIO)KHOU
I'MIPOMEXAHUYECKOU CUCTEME

Pabota mocBsillieHa BBIIBICHHUIO YCIOBHM BO30YXKAEHMS PE30HAHCHBIX
KosieOaHuil B KOHTYpax LUPKYJSIUU pabouyuX cpel] SHEPreTHYeCKUX ycTa-
HOBOK. VccnenoBanne MexaHu3mMa BO30YKICHUS PE30HAHCHBIX AP PEKTOB B
CJIO’KHOM THIIPOMEXaHUYEeCKOH CHCTeMe MPOBOIMIOCH HA IIpUMeEpe UMIIAKT-
HOro 3aKpy4eHHOro TedeHus. PaccmarpuBaiack MOJENb paclpoCTpaHEHUs
aKyCTHYEeCKUX KoJIeOaHWH B KaHalle B NPUOMIKEHHH IMOIYNPO3PAYHOCTH
aKyCTUYECKUX HEOJHOPOJHOCTEH, B KaueCTBE KOTOPBIX MOIYT BBICTYNATb
n3TUOBI, BETBICHHS, MEMOPAHBI, H3MEHEHHS IIPOXOTHOTO CEUCHUS U HHBIC
JIOKQJIbHBIE 3JIEMEHTBI KOHCTPYKILUH, BHOCSIIHUE CYLIECTBEHHOE T'MAPABIIH-
Yyeckoe conpoTtusieHue [1].

HccnenoBanus MpoOBOAMWINCH Ha Ta30JMHAMHYIECKOM CTeHJE. B kauecTse
pabodero ydacTka HMCHONb30Balach BUXPEBas KaMepa C TaHTCHIUATIbHBIM
HOJBONOM CXATOrO BO31yXa. 3aKpy4eHHbIH BO3AYLIHBIH MOTOK HMOKUAAN
00BeM BUXPEBOI KaMephl uepe3 HeOOIbIIoe OTBEPCTHE B BEPXHEH KPBIIIKE
KaMephbl ¥ yAapsul 1O Iperpaje, BHINOJHEHHOH B GopMe INIOCKOTO AWCKA.
ITo xapakTepy perucTpUpPYEMbIX B IPOLECCE IKCIEPHUMEHTOB aKyCTHUECKUX
Koje0aHui ObUIO BBIIETICHO IBa PEXKHUMAax MCTEUEHHS UMIIAKTOHH 3aKpy-
YEHHOU CTPYH: 3ByKOBOM JOPE30HAHCHBIA M PE30HAHCHBIN. bBUIO ycTaHOB-
JIEHO, YTO OCHOBHBIM HCTOYHHKOM BO3OYXKICHUS IMyNbCAIWil JAaBICHHS B
MOTOKE SBJIANACH CHCTEMa KPYIMHOMACIITaOHBIX BHXpeoOpa3oBaHUM, TeHe-
PUPYEMBIX Ha BBIXOAE U3 BUXPEBOM KaMephl.

Tun xoneGaHuii, COOTBETCTBYIOLIMH 3BYKOBOMY JOPE30HAHCHOMY pe-
KHUMY, OTHOCUTCS K BBIHYK/ICHHBIM KOJE€0AHUSIM IPH HAIMUMU 3aTyXaHUs.
B paccmarpuBaeMoOM cilydae B KaueCTBE BBIHYXJIAIOLIEH CHIIBI BBICTYIAET
CHJa, CBA3aHHAsA C KOJIeOaHHAMH 3ByKOBOTO IaBiIeHMs. beITo ycTaHOBIEHO,
YTO yCTOHYMBAs CIIUPAIBLHO-BUXPEBAs CTPYKTypa MOTOKA GOpMUpyeTcs IpH
BO30YX/I€HUU COOCTBEHHBIX KOJIeOaHUH KPBIIIKM BUXPEBOH kamepbl. Omu-
CBIBAEMBIH NIPOLIECC COOTBETCTBYET YCIOBHIO AaKyCTHYECKOTO DPE30HaHCa,
COIIPOBOXKAAEMOT0 PE3KUM YCUIICHUEM aKyCTUUECKUX KOJIeOaHUI Ha 4acTo-
Te, COBIAJAIOIIEH C COOCTBEHHOI 4aCTOTOH KOIeOaTeIbHOH CHCTEMBI.

B pesynpTaTe 06pabOTKH aMIIIUTYIHO-JaCTOTHBIX XapaKTEPUCTHK 3BY-
KOBBIX KoJe0OaHuii OblIa paccuuTaHa MOLIHOCTh aKyCTHYECKOH SHEPIUU A
Habopa nperpax auamerpoM 30-90 MM (¢ marom 10 MM) W OmnpenesieHbI

28



KO3 HIIMEHTHI 3aTyXa-
Hus 6. Pe3oHaHCHBII
PEKUM HCTEUYEHUS HM-
MAaKTHOM  3aKpydeHHOU
cTpyn HaOmromancs Ha
mperpajax  JIuameTrpom
50, 60 u 70 MM mpu vac-
tote fy = 2800 T'y, uro
COOTBETCTBOBAJIO 4acTO-
Te€ COOCTBEHHBIX KOJe-
0aHWIl TUTIEKCHUTIIACOBOM
KpBIIIKA BHUXPEBOW Ka-
Mepbl. Ha mperpagax
nmuameTtpoM 30 u 40 mwm,
a Takxe 80 u 90 MM pe-
30HAHCHBIA pEXHUM He
Habmopaics. Iloctpoe-
HUE PE30HAHCHBIX KpH-
BeIX (puc.l) mms Habopa

] d=0,151, =40y
3.5 i =50 mn
=60 mu

3 9=0.21] =70 nn
25 4 3=0,26 f 80 yn

=290 ;mn

(=]
=t
w
—
—
wn
)

Puc. 1. Pe3onancHble KpuBbIEe 1JIsl IIperpaj pasiind-
HOTO JrameTp pu pacxoae G = 1,3~10'3 M/c u nma-
MeTpe BBIXOJHOTO oTBepcTHs g = 5 MM.

nperpaj ¢ pacCYUTaHHLIMM B Pe3yibTaTe 00pabOTKHM 3KCHEPUMEHTAIBHBIX
JaHHBIX KOO()OUIMEHTAMH 3aTyXaHUs [T0KA3aJI0, YTO PE30HAHCHBIA PEXUM
YBEPEHHO (DMKCHPOBAJICS [PH YBEIMYCHUU aMIUIMTYABl KOJICOAHHH MHUHH-
MyM B 2 pa3a 10 CPaBHEHHIO C IOPE30HAHCHBIM PEXUMOM, T.€. IIPU KO3 (-
¢bunuente 3atyxanus 6 < 0,25 .,

Paboma evinonnena npu noodepoicke Poccuiickoco @onda DynoamenmanvHoix
uccredosanutl, epanm Ne 19-08-00223 u [Ipozpammer nosviuiens KOHKYpeHmMocno-
cobnocmu HUAY MUDHU ([locosop No. 02.a03.21.0005).
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INVESTIGATION OF THE EXCITATION MECHANISM OF
RESONANT EFFECTS IN A COMPLICATABLE HYDRO-
MECHANICAL SYSTEM
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YK 533.601.1
E.B. Ilankpamos, E.A. Temepun, FO.JI. Jleyxun

CeBepHblii (ApkTUydecKuii) GpenepanbHbiil yaHuBepcuteT nMeHn M.B. JlomoHOCOBa,
163002, Apxanrensck, HabepexHas CeBepHoit [IBuHsl, 17

UCCJIEJOBAHUE BJIMSIHUSI BAXPEM TEWJIOPA-
TEPTJIEPA HA TEILJIOOTJIAYY KOJIBIIEBOT'O KAHAJIA

B paboTe BBINOJIHEH aHAIN3 BIUSHHUS BTOPUYHBIX TCUCHUIN THIIA BUXPEH
Teitnopa-I'épriaepa Ha a3poAMHAMUKY M TEIUIOOTa4y KOJIbLIEBOIO KaHala.

Konbuesoit kanan 2 (puc. 1 a) o6pa3oBaH BHyTpEeHHEH OBEPXHOCTHIO |
¢ nuameTpoM d; = 152 MM 1 BHerHel 3 ¢ quamerpom d, = 184 mm. [ImuHa
kaHana | pasaa 840 mm. ['eHepaTop 3aKpyTKH 4 IMeeT BHYTPEHHUHN qUAMETD
D =259 MM u uny L = 126,5 MM, BO31yX MOAaeTCsl TAHT€HIIMAJIBHO BHYT-
peHHel TOBEpXHOCTH Yepe3 IUIOCKUH KaHal 3, BHYTPEHHHE pa3Mepbl KOTO-
poro 35x70 MM (OoJIBIIHIA pa3Mep BIOJIb 00pa3yIOIICH IHITHHIPA).

-l o
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Puc. 1. CxemaTndeckuii 4epTex KOJIBLEBOTO KaHana (a), paclpeieieHus IIOTHO-
cTeil TeII0BOro MOTOKa Ha BHelIHeH (0) 1 BHyTpeHHel (B) ero MoBepXHOCTAX.

YucleHHOE MOJIETMPOBAHUE OCYLIECTBIISUIOCH B TPEXMEPHON MOCTAHOB-
K€ C Hcroib30BaHHMeM mporpammHoro komiuiekca ANSYS Fluent 15.0 ¢
Mojeibio TypOynaeHtHocTn Shear Stress Transport k- u mompaBkoi Ha
KpHUBH3HY JIHMHHMIT ToKa. Bepndukanus pe3yrbTaToB YHCICHHOTO MOACIHPO-
BaHMS a’POJMHAMUKH U TEIUIOOTHAYd OCYIIECTBILIACH HA ONBITHBIX JaH-
HBIX, NOJY4YEHHBIX Ha (pU3MUeCKOi MOJEIH MPSAMOIo KOJIbIIEBOIO KaHaua ¢
AQHAJOTUYHBIMHM T€OMETPUYECKHMH pa3MepaMu. [IIOTHOCTH TEmIOBOrO IO-
TOKa Ha 00€UX MOBEPXHOCTAX KaHala B (PU3UUECKOM HKCIEPUMEHTE OIpe-
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JIeTsIach ¢ TOMOIIBIO MApOBBIX KAIOPHMETPOB, & €€ HEPaBHOMEPHOCTH B
MIPO/IOJIFHOM M a3MMYTaJbHOM HAlpaBJICHUSAX KOHTPOJUPOBAJIACh I'paju-
EHTHBIMH JIATYMKAMH TETIOBOTO MOTOKA.

Y CTaHOBIEHO, YTO MPU UCTEYESHUH 3aKPYUCHHOTO TIOTOKA U3 FeHepaTropa
3aKpYTKU B KOJILIIEBOI KaHaJ OT IepeIHe KPOMKH Hapy>KHOTO LIMIIMHIpa 3
KOJIBLIEBOTO KaHalla 00pa3yloTcss KPYNHOMAacCIITaOHbIE HeCTallMOHApHEBIE
MONIepeYHble BUXPU B BHUJIE NMEPUOJMIECKOTO HPOLEcca, XapaKTepu3yrole-
rocst yucnamu Ctpyxans B cpenaem paBuasiMu 0,22 [1]. MckpuBnenue oceit
BUXpEH M OPUEHTAIMS UX 110 MOTOKY MPHUBOIUT K (OPMHUPOBAHUIO CTPYKTYP
TUIIA HeCcTalMOHAapHbIX BUXped Teilmopa — I'épriepa, MocTeneHHO 3aHU-
MAOLIMX BCE MPOCTPAHCTBO KOJBLEBOTO 3a3opa. [I0CKONBKY mMpeaeibHbIe
YIJIBI 3aKPYTKM MOTOKA Ha BHEIIHEH M BHYTpPEHHEH MOBEPXHOCTIX Pa3iu-
YaroTcs, IPOUCXOAUT PACTATUBAHKUE BUXPEW B a3UMYTaJIbHOM HallpaBlICHUH,
a 3aTeM JeJeHHe KPYIHBIX Ha OoJiee MeJKHe.

Bo3HuKHOBeHME U TpaHCPOPMALIUS BUXPEBBIX CTPYKTYP OKa3bIBAa€T 3HA-
YUTEIbHOE BIMSHHUE HAa Paclpe]eleHue TEeIIOBOro MOToKa 1o paboyuM Mo-
BepxHOCTsIM (puc.l 6, B). CriupaneBuaHbIE JIMHUH paclpeelIeHui Mo ITIHHE
IUIOTHOCTEH TEIUIOBBIX IIOTOKOB MPAKTHYECKH COBIAAAIOT C MPEAETbHBIMU
yIJIaM# 3aKpYTKH NOTOKa Ha HUX. HaOomaroTes siBHas CBsI3b MeXAY Biyk-
TyalusIMH TIOJTHOH CKOPOCTH, 3(Q(EKTHBHOH BS3KOCTBIO OKOJIO CTEHOK
KOJIBIIEBOT'0 KaHaJla ¢ INIOTHOCTSIMU TEIUIOBBIX IIOTOKOB Ha HUX.

Crnenyer OTMETUTb, YTO HanboJee BHICOKAs MHTEHCUBHOCTh TEIIOOT/a-
YM Ha BHELIHEH MOBEPXHOCTH HAOJIONAEeTCs B OOJACTSAX ITOJIOKHUTEIBHBIX
3HaYEHUH pajnaIbHON CKOPOCTH, @ Ha BHYTPEHHEH — OTpUIIATeNbHBIX.

U3-3a packpyTKH MOTOKA MPOUCXOAUT 3HAYUTENHHOE CHIDKCHUE CPEIHe-
ro kodp¢uuueHTa TEIUIOOTAayu MO AJIMHE BHENIHEH mnoBepxHocTu. Ha
BHYTPEHHEH CTEHKE MaJeHHE TEIUIOOTIaul MEHee UHTEHCUBHOE. DTO 00b-
SICHSIETCSL TEM, YTO INEPEeHOC BTOPHYHBIMU BUXPSMH Oojee TypOyIH3UpO-
BAaHHOTO NIOTOKA OT BHEIIHEH MMOBEPXHOCTH K BHYTPEHHEH CHM)KAeT KOHCEP-
BaTHBHOE BIMSHHE LIEHTPOOEKHBIX CHJI Ha TEIJIOOTAAUY.

Cnucok JiMTepaTyphbl

1. Jleyxun, FO.JI. HccrnenoBanue a’poJUHAMHUKH W TEIUIOOTAAYM CY)KAOIIMXCS
KOJIBIICBBIX KaHAJIOB C 3aKpy4deHHbIM TeueHueM mortoka / O.JI. Jleyxun, E.B.
INankparos, C.B. Kapnos // BectHux UepenoBerkoro rocy1apCcTBEHHOIO YHUBEP-
curera. — 2018. — Ne 1 (82) — C. 34-39.

E.V. Pankratov, E.A. Teterin, Yu.L. Leukhin

Northern (Arctic) Federal University named after M.V. Lomonosov, Russia,
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INVESTIGATION OF THE INFLUENCE OF TAYLOR-
GORTLER VORTEXES ON HEAT TRANSFER OF
ANNULAR CHANNEL
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CTPYKTYPA TYPBYJIEHTHOI'O IIOTOKA 3A
OUWJINHAPUYECKHUM NNPENIATCTBUEM B
OI'PAHMYEHHOM BOKOBbBIMU CTEHKAMMU KAHAJIE

HecmoTpsi Ha 3HaYUTENIbHOE KOJMYECTBO HKCIEPUMEHTAJbHBIX W YHC-
JICHHBIX HCCIIEJOBAaHWN OTpPBIBAa MOTOKA 32 MOMEPEYHBIMU MPETSTCTBUSIMH,
BJIMSHHE OTPaHUYCHHOCTH MOTOKA 10 pa3Maxy MpEISITCTBHS Ha CTPYKTYPY
TEYCHHs 3a HUM H3y4deHOo ciabo. [Ipunsro, uro mpu | > (10...12)h B uenrpe
MPEIATCTBUSL UMEETCSI JOCTATOYHO NMPOTSDKEHHAss 00JIacTh IBYMEPHOTo (B
cpennem) teuenus [1]. 3mech h — Beicota mpemsatctBus; | —ero pasmax. B
HacTosmel paboTe MPEeACTaBICHBI PE3ydbTaThl JKCIECPUMEHTAIBHBIX HC-
CJIeIOBaHUH TEUESHUS 32 HWIIMHIPUUECKUM BBICTYIIOM, PacIlOOKEeHHBIM 0e3
3a30pa Ha HIKHEH CTEHKe KaHaja MPSMOYTOJIBHOTO MOIIEPEYHOTO CEYEHHS
BbicoToi H =115 MM u mupuHoi B = 150 mm. [Iuamerp nunuHapa cOCTaB-
nsin 15 mm. TIpu momomm merona SIV [1] BBINONHEHBI H3MEPEHUST MTHO-
BEHHBIX BEKTOPHBIX TOJICH CKOPOCTH MOTOKA 3a MPEMATCTBHEM B JIBYX BEp-
TUKQJIBHBIX TUIOCKOCTSX (IJIOCKOCTH CHMMETPHH M IUIOCKOCTH, PacIioiio-
JKCHHOW Ha paccTOsSHUM 15 MM OT OOKOBOM CTEHKH KaHaya) M JIByX TOpH-
30HTAJIBHBIX TUIOCKOCTSIX HA PACCTOSIHUM 5 1 15 MM OT HWKHEH CTEHKH Ka-
Hasa. Bce u3mepeHuss mpoBoaMiIUCh npu uwmcie PeitHonmbaca Re = 3900,
PAaCCYMTaHHOM I10 TUaMEeTpPy LHIMHApA.

YCTaHOBIIEHO, YTO B HEMOCPEICTBEHHOW OJM30CTH OT IPENATCTBHA
(x/d = 0,58) mpomosTbHass KOMIOHEHTAa CKOPOCTH ClIab0 M3MEHSETCS 0 pas-
Maxy npenarctBus. C ynaleHHeM OT MPEmsTCTBUS 00JacTh IBYMEPHOTO B
CpeIHEM TeUCHHsS B LICHTPE KaHaia cokpamiaercs u mpu X/d > 2 oHa moiHo-
CTBIO HMcUe3aeT. BrIaBlIeHO oTanume npoduiaell CKOpOCTH B Pa3IHMYHbIX ce-
YEeHHUSX IO pa3Maxy MPEMsITCTBHS MPH OJMHAKOBOM PACCTOSHUH OT HETO.
Kpome TOro, oTOpBaBLIMICS CIOBHTOBOW CJIOW HCKPUBISETCS W B BEPTH-
KaJbHOHM IIOCKOCTH, O YeM CBUAETEIBCTBYET PAa3IMYHOE yIaJeHHe MaKCH-
MYMOB IyJIbCAI[Ui MPOJOIHHOM KOMIOHEHTHI CKOPOCTH MOTOKA OT HIKHEH
CTEHKH KaHaJia 110 ero mupHuHe (puc.2). BeIsIBIeHbI 1 qpyrue 3aKOHOMEPHO-
CTH TPEXMEPHOI'O PaclpeesiCHHs CTATUCTHYECKUX XapaKTEPUCTUK TEUCHUS
B Clieie MPEMSATCTBUS MPU HCCIISTyeMOM 3HaUeHHH Jucia PeiiHonbca.
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Puc. 1 IIpodunu npooapHOM KOMIIOHEHTBI CKOPOCTH MOTOKA 32 MPEMsATCTBUEM

x/d=0.58 106 154 204

4.0

uu

Puc. 2 IIpodunu mynbcanuii npogoabHONR KOMIIOHEHTHI CKOPOCTH 32 MPEISITCTBUEM

Paboma evinonnena npu gpunancosou noodepaicke epanma PHD Ne 20-61-47068

(n0020mMo6Ka KCNEPUMEHMANIbHO20 000pyoosanus) u epanma POOU Ne 20-08-
00621 (nposederue SIV usmepenuii).
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TURBULENT FLOW STRUCTURE BEHIND A
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UCCJIENOBAHUE BUXPEBOM CTPYKTYPbI TEUEHUS
PABOYHX CPEJ B JIEMEHTAX TPYBOIIPOBOA0OB
CYJOBbBIX A2y

AKTyalbHOCTh HCCIIEIOBAaHHMS T'MIPOJMHAMHYECKHX OCOOCHHOCTEH Teue-
HUSl TEIUIOHOCHUTENII M pabouux cpea B AJIEMEHTaX TeIJIOTHIPaBIMYECKOTIO
TpakTa cyaoBbix IOV o0ycioBieHa HEOOXOAMMOCTHIO MOBBIIICHHS TEXHUKO-
HKOHOMHMYECKUX MOKa3aTenell paboThl aTOMHBIX JIEJOKOJOB HOBOTO IIOKOJE-
HUSL.

OnbIT SKCIUTyaTallii U aHAJINW3 KOHCTPYKIMH OCHOBHOTO M BCIIOMOTATElNb-
HOTrO 000pyAOBaHMS CYJOBBIX 1OV MO3BONMI BBIIEIUTH B HUX THUIIOBBIEC 3JIe-
MEHTBI, T€OMETPHUsI KOTOPBIX B TUHAMHYECKUX PEKHMaxX CIOCOOCTBYET reHe-
palMu yCTOWYMBBIX KpyHMHOMAacIuTaOHBIX BHXpeoOpazoBaHuil. B mepeucHb
00BEKTOB HACTOSALIETO HCCIIEOBAHUS BOLUIM: 3JIEMEHTHI TPYOOIPOBOJIOB C
JIByMsI U MISITHEO M3TMOAMU B PA3JIMUHBIX IUIOCKOCTAX, YYACTKH TPYOOIPOBOIOB
CHUCTEMBbl KOMIICHCAIIUM AABJICHHUS W NAapOTeHEPHUPYIOUIMX CHCTEM, COYETAIO-
mue B cebe MepeMeHHOCTh IIPOXOJHOTO CEYeHUsI C M3rMOaMu KaHaJoB, 3Mee-
BUKOBBIE KaHANBI U YY4aCTKU TPYOONPOBOIOB ¢ pa3BeTBIcHUEM. [[is BHIOpaH-
HBIX D3JIEMEHTOB THIIOBOM TreOMCTPHUN KaHaJIOB NPOBEACHBI BbIYHCIHUTCIBHBIC
SKCHEPUMEHTHI C IIeJIbI0 BBISABIICHUS BIMSAHUS CJIIOKHOU TMIPOJINHAMUKYI MOTO-
KOB Ha TEIUIOTUAPABINYECKYI0 3(PPEKTHBHOCTh U PECYpPCHYIO HaJEKHOCTb
cynoBbIX SI0Y.

B pesynbrare mpoBeneHHBIX pacdeTHO-TEOPETUIECKUX HCCIeTOBAHUMN ObI-
JI0 BBISBJICHO, YTO HAJMYKME TPEXMEPHOM KPUBU3HBI TPYOOIIPOBOAOB, B YACTHO-
CTH, HAJINYKE ABYX U OoJiee U3ruO0B BO B3aUMHO NEPIEHINKYIISIPHBIX TIOCKO-
CTAX MOXET NPUBOIUTH K (POPMUPOBAHHIO 3aKPYyUSHHOTO TEUEHHs B MacIuTade
BCETO IMONIEPEYHOI0 CEYCHHUS KaHaja.

D ekt HenpeqHaMepeHHOTO BOSHUKHOBEHUS 3aKPYTKH ITOTOKA B KOHTY-
pax OUPKYJSIIUH TEIUIOHOCUTENS U padovero Teiaa MOXET UMETh HEeraTHBHBIE
MOCJICCTBUSL B AMHAMUYECKHX PEKUMax pabOThl IPU OBICTPOM H3MEHEHUH
MOIITHOCTH PEaKkTopa B LIMPOKOM JMara3oHe. B 3ToM ciydae MOryT peaus3o-
BaThCs YCJIOBHS, KOTJ[a pacXoJHas CKOPOCTb B KaHaje MPHUOJIMKAETCS K KpH-
TUYECKOM CKOPOCTH 3aKpPYYEHHOTO TEUYCHHs, COOTBETCTBYIOLIEH CKOPOCTH
pacnpocTpaHeHHs AJIHHHBIX [EHTPOOEKHBIX BOJH, YTO NMPHBOIHUT K Upe3Mep-
HOMY BO3pacTaHUIO THAPABINYCCKOI'O COIPOTHUBJICHHUSA BIUIOTH OO 3allMPaAHUA
MOTOKA.
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Puc. 1. a) BuxpeBas CTpyKTypa MOTOKa IIOCIE MPOXOXKICHUS Y3KOTO CErMEHTa;
0) npoduib faBIeHUS B LIEHTPAIBHOM CEYCHUM BUXPEBOM CTPYKTYpPBI; B) HpOdHIb
MPOAOJIBHOM KOMIOHEHTBI CKOPOCTH B LICHTPAIBHOM CEUYCHHH BUXPEBOU CTPYKTYPBI

Teopust TaHHOTO SBIEHHS, MOTYYHBIIAs Ha3BaHHE KPH3UCA 3aKPYUCHHOTO
MOTOKa, U3J0XKeHa B MoHorpaduu akagemuka PAH U.U. HoBukosa [1]. Ma-
TEeMaTH4YECKOE ONUCAHUE SBJICHHS KPH3MCa 3aKPYYEHHOTO TEUEHMs, COIPOBO-
JKJIAIOLIEr0Csl BO3HUKHOBEHUEM 30HBI PELUPKYIALUOHHOIO (BO3BPATHOI'O)
TEUSHHsI B 3aMKHYTBIX KOHTYpaxX LUPKYJSIWH, MOJy4EeHO NP 0OOCHOBAHUHU
MOJIeM TpaHchopManuu Buxps B pabdore [2].

B kauectBe mpuMmepa Ha puc. | TpenCcTaBiIeHBI Pe3yJIbTaThl BBIYUCIUTENb-
HOTO PKCIIEPUMEHTA, TOJIyYEeHHBIE JUIs CIydasl peai3ali KPU3HUCHOTO PeXH-
Ma 3aKpY4YEHHOI0 TEUEHUs B OJHOM M3 3JIEMEHTOB TPYOOIPOBOJA CHCTEMBI
KOMITCHCAIIMH JIABJICHHSI C TIEPEMEHHON IUIONIAbI0 MPOXOJHOTO CEUYCHHs Ka-
Hana. Puc.la meMoHCTpHpYyeT TpeXMepHYIO CTPYKTYPY 30HBI PEUUPKYIISLHOH-
HOT'O TEUYEHUsI C HyJEBbIM HAIlOPOM JaBlieHus (puc.16) u oTpULATENIbHOM CKO-
pocThio TeueHus (puc. 1B).

Paboma evinonnena npu noodepaicke Poccutickoeo @onoa @yHoamMeHmAanbHbIX UC-
cnedosanuii, epanm Ne 19-08-00223 u [Ipocpammer nosviuieHuss KOHKYPEHMOCnOCOOHO-
emu HUAY MU®H (JJocosop No. 02.a03.21.0005).

Cnucok 1uTepaTypbl

1. Hosukos U.U. Tepmonunamuxa. M.: Mammaoctpoenue. — 1984.- C. 316-366.
2. Mutpodanosa O.B. I'mapoavHaMHKa M TEIUIOOOMEH 3aKPYYCHHBIX MOTOKOB B
KaHasax s;IepHbIX YSHEPreTHIecKUX ycTaHoBok. M3n.2-e. M.: IEHAH/L, 2019. 352 c.
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! HanmoHaIbHbIH HCCTe0BATEIBCKII yHUBepcUTET «MOCKOBCKUI dHEPreTHUeCcKuit
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IKCHEPUMEHTAJIBHOE NCCJIEJOBAHUE
TEIIVIOOBMEHA ITPU TEYEHUU KUJKOI'O METAJLUIA B
KOHTYPE ECTECTBEHHOU IIUPKYJIALIUA

[TaccuBubie cuctemsl oxnaxzaenus (IICO), mpuBoaumble B neiicTBUE MpH-
POIHBIMH CHJIAMU, IIPUBJIEKIN HHTEPEC HCClenoBaTenel nocie apapud Ha ADC
"®ykycuma". Muorue IICO 6bu1u pa3paboTaHbl B KaU€CTBE KOHEUHOI'O TEILIO-
OTBOJA HA ATOMHBIX IEKTPOCTaHUMAX. HacTo uCHoib3yeMas KOHCTPYKLMA
TernoobmMeHHNKoB 1K BKIOYaeT BepTHKAIBHYIO TEOMETPHIO TPYOBI C ecTecT-
BEHHbIM KOHBEKTUBHBIM IOTOKOM TEIUIOHOCUTENSI BHYTpHU. BHyTpeHHUH U
BHELIHUH TEIIOBBIE PEXHUMBI BEPTUKAIBLHON TPyObl OKa3bIBAIOT 3HAYMTEIILHOE
BIIMSIHUE Ha OXJIAXKIAOMIYI0 CTIOCOOHOCTh CHCTeMbI. EcTecTBeHHas KOHBEKTHB-
Has TeInlonepeada BHYTPH BEPTUKAIBHOMN TPYOBI H3MEHSETCS B 3aBHCHMOCTH
OT JUTMHBI ¥ INaMeTpa TpyOBl, a Takke CBOMCTB MaTeprana paboue sKUIKOCTH.
OTH mepeMeHHbIE BIUSIOT HA PA3BUTHE UMITYJIbCHBIX M TEIUIOBBIX HMOIPAHUY-
HBIX CIIOEB.

Jlnst TpyOBI GONBIIOrO qUaMeTpa MOTPAHHYHBIE CIIOH, KOTOPBIC Pa3BHBAIOT-
Csl U3 TIPOTHUBOIIONOXKHBIX CTEHOK TpyOBI, He B3amMopeiicTByroT. Takum obpa-
30M, SBIEHHS TEIUIONEpeNadd aHAJIOTHYHBI TeM, KOTOphIe HAaOIIOJAIoTCsS Ha
BEPTUKATBHBIX IIOCKUX TIacTUHAX. st TpyObl Majoro AMamerpa MOrpaHHd-
HBIE CIIOU B3aHMMOJCHUCTBYIOT, CIIMBAIOTCSI U IOJHOCTBIO PAa3BUBAIOTCS BHYTPHU
TpyOBl, U TakuM 00pa3oM Ha TeIulolepenady BIUseT AuaMmeTp kaHana. Cius-
LIMACS TOPSYHN HIICH( MOXKET YCKOPATHCS BIIOJb BEPTHKAIBLHON TPYOBI, Aeias
ee ToXOokeH Ha IBIMOXO0J. M3-3a ycioBHMif MMOTOKa B KaHaJe OOBEMHBIH Macco-
BBIIf PacXoJl Ha Ka)KIOH BEICOTE JHOMKEH OBITh OJHHAKOBEIM.

Heo0xonuMo paccMOTpEeTh CIIOXKHBIE SIBIEHHS B BEPTHKAIBHBIX TpyOax.
BonbIIMHCTBO HUCCIENOBAHUM, KacarolUXcs TeIUIoNepeJaud BHYTPH BEPTH-
KaJIbHBIX TPYO, ObLIM COCPEAOTOUCHBl HAa YCIOBHUSX NPUHYIUTEIbHON KOHBEK-
mmu. VccaenoBaHus, Kacarolmuecss €CTECTBEHHOTO KOHBEKTHBHOTO TEIII000Me-
Ha B BEPTHKAJBHBIX TPyOax, peakd. BoNbIIMHCTBO HCCIENOBaHUI Kacaaoch
OJIHOTO MJIM [IBYX aCHEKTOB 3THX SIBICHHI.

B OUBT PAH Ha pryrHoM crenge PK-2 cMOHTHpOBaHa IETJIS €CTECTBEH-
HOHU LMPKYJALMHU, TJ€ MIPOBOAATCA HUCCIEIOBaHMS TEIIOOOMEHa IPU TEYEHUH
MOJIEJTBHOTO XKHAKOTO MeTallia (PTyTH) B BEpTUKATbHOM KaHaIe.

) H.A. JIyanukun, LuchinkinNA @yandex.ru
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[etns BkItOUaeT B ceOsi BEPTUKAJIBbHBIC YUACTKH TPYO: OMyCKHOE TCUCHHE C
XOJIOMMIHPHUKOM U TIOJTheMHAsI C HarpeBaTeIeM.

HccnenoBanus MpoOBOIUIIMCH HA TpyOe ¢ HarpeBaresieM 30HOBBIMH METO-
JIAMH C WCTOJIb30BAaHHEM MHKPO-TEPMOMNAPHBIX NaT4UKOB. C MOMOILBIO KOppe-
JISIIMOHHOTO JIBYX-TEPMOIIAPHOTO JIaTYMKa B CEYEHHM KaHajla IMOJIy4eHbI Ipo-
(UM OCpeTHEHHOW CKOPOCTH M TEMIIEPaTyphl, HHTEHCUBHOCTh TEMIIEpaTyp-
HBIX MYJbCAIMH, PaCTIpeeTICHUE TEMIIEPATYPhl CTCHKH M KOG (GHUIIMEHTOB TeTl-
mootaauu (puc.l). B sxcmeprMeHTax BaphbHUPOBAIHCH IUIOTHOCTH MOIIHOCTH
o0orpeBa M THIPaBIMYECKOE COMPOTHUBIICHUE METIH. Pe3ynbraThl 10 TEmioo0-
MeHy oboOmatores rpaduxamu uncina Hyccenbra ot uncen Ilekne, ['pacroda u
Puuapnacona.

TemnooOMeH B peXUMe €CTECTBEHHON HUPKYJIALUN (AKTHUECKH COOTBET-
CTBYET PEeXHMY CMELIaHHOW TypOYJIeHTHOH KOHBEKIIMU B BEPTHKAJIBHOH TpyOe
MpU MOJBEME TEUSHHs MPU MaJbIX pacxoiax TeIIOHOCUTens (duciax Peit-
Houspjca u [eke).
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Puc.1. Ilpoduie ocpennernoii ckopoctu (a) u Temmeparypsl (0), pacnpenenenue bes-
pa3MepHOil TemIiepaTypbl CTEHKM (B) B PEKHUME €CTECTBEHHOW HUPKyIsuuu (=20
KB1/M?.

Cnucok JInTepaTypbl
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EXPERIMENTAL STUDY OF HEAT TRANSFER DURING THE
LIQUID METAL FLOW IN THE NATURAL CIRCULATION
LOOP
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SKCHEPUMEHTAJBHOE HCCJIEJJOBAHUE
TEIIJIOMACCOOBMEHA KOJIBLIEBBIX UMITAKTHBIX
CTPYH

PaGora npencraBisieT co00i 3KCIIEPUMEHTAIBHOE UCCIIEA0BAaHHE TypOy-
JICHTHOTO MAacCOIEpeHOoca U TeljIooO0MeHa B CHCTEME KOJIbIIEBBIX HMIIAKT-
HBIX CTPYH Al opraHu3auuyl 3QQEKTUBHOTO OXJIAXJIEHHS MOBEPXHOCTEH.
CucTeMbl OXJIQXKICHUS, BKIIOYAIOMINE B Ce0S OXJIaXKJICHUE KOJBIECBBIMH
CTPYSIMH, SIBJIIOTCS TOBOJIBHO IPOCTHIMHU B MCIOJB30BaHUH. Takue cucrte-
MBI TOCTATOYHO TOAPOOHO m3yuensl [1-5], HO emuHOl (yHIAMEHTATHHON
TEOPHH 10 CETOJHSIIHEr0 JHS HE CO3/IaHo.

OKCHepUMEHTAIBHBI CTEHJ, TMPEeAHA3HAYEHHBIH ISl HCCIEeIOBaHUS
JIO3BYKOBBIX TEUCHUH, BKJIIOYAI B ce0st OECKOHTaKTHBIN H3MEPHUTENIb CKOPO-
ctu (ToueuHbIit 2-kommoHeHTHIH LDA). Takke HCIoNb30Baics TEIIOBH30D
JUTS TETUIOBBIX M3MEpeHUi ckopocTH ¢ paspetieanem 600x800.

[IpoBeseHO KCIEpUMEHTANBHOE HUCCIICAOBAaHUE UMIIAKTHOM KOJIBLIEBOH
crpyu ripu Re=5500 u Re=11000. IIpu 3T0M BapbHpOBaIOCH PACCTOSHUE OT
comia 1o cteHkd. Ha puc. 1 mpencraBieH xapakTepHbIH TEIUIOBU3MOHHBIN
CHUMOK IOBEPXHOCTH OXJIQXKJAaeMOH KOJbLIEBOM MMHakTHOH cTpyeil. Oc-
HOBHOEC BHHMAaHHE OBUIO YJEJIEHO KOH(UrypaiusM, ¢ HEOOJBIIUMHU pac-
CTOSIHUSIMH OT COIUIA JIO CTEHKHU. DTO OOYCJIOBJIEHO MAacCOW MPaKTHYECKUX
MIPUIOKEHUI TAKUX CHCTEM B 3JIEMEHTAX TETJIOBOM 3allUTHI.

54,4 °C

Puc. 1. Pacnipenenenue TemmepaTypsl Ha MOBEPXHOCTH MPHU
HaTeKaHUM MMITAKTHOI KoubIeBoi ctpyn. Re=5500.

ITpu u3yueHnu a’3poJMHAMUKU KONBILEBOH MMIAKTHOH CcTpyu ObLIO 00-
Hapy>XeHO, Kak U y aBTopa paboTsl [5], 4To CyIecTBYIOT pa3inudHbIe BUIBI
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TEYEHUs, CBS3aHHBIC C
o0pa3oBaHHEM  TOpPOH-
JTAJIBHOTO BUXPSl Ha BBI-
X0JIe KOJBIEBOW CTpPYyH.
IlepBbIii BUO — 3TO IpH-
JIUIaHUE TOPOUIAIBHOTO
BUXpS K OXJIQXJaeMOil

TOBEPXHOCTH  (MPH  Ma- Py 2. Busyanuzanys IMIIaKTHOH KOJIBLIEBOU CTPYH.
JIBIX PACCTOSHUAX OT CO-
Re=5500.

la J0 TOBEPXHOCTH)
(puc.2). Bropoit BuJ, 9TO CMBIKaHUE KOJIBIIEBOH CTPYH Mepel yAapoM O T10-
BEPXHOCTH (TIpH OOJBIIMX OT COIJIa). B mepexoqHoM pexume oOpasyeTcs
CJIO)KHAsI KapTHHA TeUeHHs, BOHUKACT IYJIbCUPOBAaHHE KOJBLEBOH CTPYH,
MIEPEKITIOUCHIE PEKUMOB. IJTO CONPOBOXKIAETCS 0Opa30BaHUSIMHU BUXPEH,
«BBITPBITMBAOIINX) BAOJIb CTCHKH TO BJICBO, TO BIIPAaBO.

V3MeHeHne pexHMOB TEUEHHS 3HAYUTENIBHO BIIMSET Ha MPOLECC OXJIaxK-
JIeHUs KOJBLIEBOM CTPYH H MPECTABISIET CEPhE3HBI HHTEPEC B MCCIIEA0BA-
HUH TEIIOMacCOOOMEHAa KOJIIIEBOH MMITAKTHON CTPYH.

Paboma evinonnena npu noooepoicke Poccuiickoeo ¢onoa ¢yroamen-
manvHuIx uccredoganutl (epanm Ne 20-58-26003 Yexus_a) u eocydapcm-
sennoeo konmpakma Ne 121031800217-8.
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1. B.H. Tepexos, C.B. Kanuuuna, K.A. IllapoB KonBexTuBHBIH TemIooOMeH mnpu
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TEIIVIOOBMEH U TPEHUE ITPU HEPABHOBECHOM
HOJIOKUTEJIBHOM I'PAJIMEHTE JJABJIEHUSA

HccnenoBanusa TMHAMHUYECKUX MTOTPAHUYHBIX CJIOEB C MOJOKHUTEIBHBIM Ipa-
JMEHTOM JaBJICHUsI BeAyTCs yxe modtu crojerue [1,2]. Tlpu aTtoMm HaGIIOAAI0T-
Csl MHOTOYHCJICHHBIE PA3HOIJIACHS - KaK B IOAXOJaX, TaK U B PE3yJIbTaTax dKC-
MepUMEHTAIBHBIX M YUCIEHHBIX padoT. TeIoBsle MorpaHUYHBIE CIION 00eme-
Hbl TaKUM INPHUCTAJIbHBIM BHUMAaHHEM, OJHAKO pa3sHOIJIACHs IMPUCYTCTBYIOT U
31€Ch.

B nanHOi# paboTe mpencTaBiIeHbl Pe3ybTaThl AKCIIEPUMEHTAIBHOTO HCCIle-
JOBaHUS KO3(Q(UIMEHTOB TEIIO0TAAYN U TPEHUS IIPU HAIMUUM CJIa00ro U yme-
PEHHOT0 HEOJIArONpPHUATHOIO HEPABHOBECHOIO IMPOJONBHOIO IpaJUeHTa JaBie-
HUSL.

OKCIIepUMEHTaIbHBIE HUCCIIEA0BAaHUs MPOBOAMINCH HAa Mallod JO3BYKOBOM
asponmHamuueckoi Tpyoe [3,4]. 1lleneBoii pabounit kanan umen mmuay 1190
MM, BbICOTY S0MM U mmpuHy 300 MM. HikHss cTeHKa KaHana Oblia BBIIOJHEHA
HarpeBaeMoil. PaGouuii kaHan cocTosur u3 2-x cexkuuil. IlepBas cexuust AIMHON
920 MM W TIOCTOSIHHOTO IMOTEPEYHOTO CEYEeHHS CIYXKHJa Uil Pa3BUTHS MOTpa-
HAYHBIX CJIO€B Ha HIDKHEHW cTeHke. Bropas cexmms mmHo# 270 MM cimyXuima
JUI CO3/IaHMsl MPOJOJIBHOTO IpajeHTa NaBieHus. B 3Toil cexuun Ha HWDKHEH
CTEHKE pacrojiarajach MOIEb Ha IUIABalOLIeM dJIeMeHTe. BepxHss cTeHka Obl-
J1a MPSAMOJIMHENHON M MOJBM)KHOW — B XOJI€ 9KCIIEPUMEHTOB YIOJI PacKpBITHs
n3Mensuics B auanasone 0-14° ¢ marom B 1°. J{nst usmepeHus NpoQuiIsl CTaT-
YeCKOTO JaBJICHHS HIDKHSSA CTEHKa Oblla IPEHHpOBaHA Ha ydacTKe TpajHeHTa
nasieHus ¢ maroM B 10 Mmm. CKOpOCTb MOTOKA HA BXOJIE B KaHAJ JAJIs BCEX KOH-
¢durypanumii kanana cocrasisiia 50 m/c.

Koadduunent tpeHus Ha IIafKoid MOBEPXHOCTH IPH T€UYEHHHU C IpagueH-
TOM [IaBJIEHUS OIPENEIIUICS ABYMs CHOCOO0aMH — IO U3MEPEHHOMY HpOQUII0
CKOPOCTH Ha JIOTapU(PMHUIECKOM yJacTKe IMOTPAaHUIHOTO CIIOSI U B3BEIIMBAHHEM
MOJENM Ha IUIaBafouieM sjieMente. J{Is u3MepeHus mpoduieil cKOpoCTH HC-
HOJIB30BAJICS OJHOKOMIIOHEHTHBII TepMoaHeMoMeTp. JlaTuuk ObUI YCTaHOBJIEH
Ha KOOPAMHATHOE YCTPOHCTBO, MMO3BOJISBILEE MIEPEMENIATh €r0 B TIO0YIO TOUKY
CEKLIMHU C TPAJMEeHTOM JAaBlieHus B quana3zone aiauH 10...220MM oT Hadasna y4a-
cTKa ¢ To4HOCThi0 0.02 MM B HOPMAaJIBbHOM K CTEHKE HanpasieHuu. [TnaBaromuit
9JIEMEHT OBUI MOJABEIIEH Ha OJXHOKOMIIOHEHTHBIX TEH30METPHUYECKHX BeCax.
Jns ydera ycunusi, BBI3BAaHHOTO TEPENafoM CTaTHUECKOTO JABJICHHS HA JUIMHE
JJIEMEHTA, B NIEPEJHEM U 33JHEM 3a30pax IUIaBAIOLIErO 3JIEMEHTa YCTaHOBIIEHbI
oTOOpHMKH aaBneHui. liMHa miaBaromiero sjneMeHTa - 125 M, mmpuHa —

40



100 mm. [TnaBarormuii 3eMeHT ObLT YCTAHOBJICH Ha paccTossHUM 80 MM OT Hava-
Jla y9acTKa ¢ TpaJueHTOM JaBieHus. s onpenenenus kodhhULueHTa Temio-
OTIAa4YH PUMEHSJICS METO HECTAlIHOHAPHOTO TEIUIOOOMEHa.

Ha ocHoBanuun MPOBCACHHBIX 3KCIICPUMCHTAJIbHBIX I/ICCJ'IGJIOBaHI/Iﬁ MOX>XKHO
clienIaTh CIeNyIOIIUe BBIBOBI O BIMSIHUM HEPAaBHOBECHOI'O IPOJIOJIBHOTO MOJIO-
JKUTENHHOTO TpaJieHTa NaBleHUs Ha KOd(D(OUIHUEHTH TPEHHUs, TEINIOOTAAYH U
(dakTopa PeiiHombca B TypOyJIEHTHOM MOTPaHUYHOM CJIOE Ha TIIQJIKON TIOBEpX-
HOCTH:

- YHUBepcanbHBIH JIorapuMuueckoil mpouiab CKOPOCTH COXPAHSETCS B
paccMaTpuBaeMOM JTHana3oHe MapaMeTpoB TEUSHHUSI.

- [TapameTpsr npoduiis ckopoctu (hopmnapamerpsl H u G, mapamerp cie-
na IT) cymecTBeHHO YBEIMUUBAIOTCS C POCTOM I'paJUeHTa JIaBICHUS.

- Kak nokanbHbIH, Tak ¥ OCPEIHEHHBIH OTHOCUTEIBbHBIH KO3()(UIIMCHTHI
TPEHHs TaKXKe CYIIECTBCHHBIM 00pa30M 3aBHCAT OT 0e3pa3MepHOro Iapamerpa
rpaTvieHTa JaBJICHHS - CHIKAIOTCS C POCTOM ITapaMeTpa TpaJueHTa JaBICHUSL.

- Be3pasmepHsblii OTHOCHUTENBHBIN KOI(D(OUIMEHT TEMJIO0TAaud Ha TIIAIAKOU
TIOBEPXHOCTHU CHMIKACTCA IPU HAJIMYUU I'paduCHTa AaBJICHUSA, OJHAKO, 3TO CHH-
JKEHHUE Ha TaKoe CYIECTBEHHOE, KAK Y OTHOCUTEIBHOTO KO3 (HUIIMEHTa TPEHHUS.

- @akTop aHanoruu PeliHomb/ca pacTeT ¢ YyBEIWYEHUEM IMPOJIOJIBHOTO Ipa-
IueHTa faBieHns. OTHOLNICHHE OTHOCHTENFHOTO KO GHUIMEHTa TEIIO0TIAYN K
OTHOCHUTEJILHOMY KO3((GUIMEHTY TpeHusi nocturayio 1.16 mpu MakcHMalibHOM
3HAUEHMU NapaMeTpa rpajiueHTa.

Hccnedosanue evinonneno 3a cuem cpedcme 2panma Poccutickozo nayunoz2o (ponoa
(npoexm Ne]9-79-10213).
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TPEHUE U TEIUIOOBMEH B KAHAJIE TPV TEYEHHU 3A
LUJIAHIPOM

CornacHo psimy pabot [1,2], ycTaHOBKa pa3In9HBIX MAHHUITYJIATOPOB (JIEHT,
a’pOoAMHAMHUUYECKUX NMpoduiIel, NINHAPOB) B IOTPAHUYHBIN CJIOH Ha INIaJKOH
IUIACTHHE TPUBOJUT K CYIIECTBEHHOMY HapyIIECHHIO aHAJIOTWU PeiiHombica:
CHIDKCHHUE TPCHHS B IIOTPAHUYHOM ciioe Ha creHke (1o 30% [1]) 3a mauumyss-
TOPOM COMPOBOXKIAETCS HMHTEHCHU(pHKaimed Termmooomena (mo 1.9 pasa [2]).
OnHako OONBIINI MPaKTUUSCKUH WHTEpEC MPEICTABIIOT TEUCHHS B TPYOaxX H
KaHajax. B maHHOM paboTe MpOBEAEHO HKCIEPUMEHTAIBHOE W YUCICHHOE HC-
cienoBaHue Ko3((UIMEHTOB TEIUIOOTAAYM M TPEHHs Ha IVIAJKOH MOBEPXHO-
CTH, PAaCIOJIO)KEHHOH B LIIEJIEBOM KaHaJIe B CIIEJIE 32 IIIIUHIPOM.

DKCcHeprMEeHTAIbHBIE UCCIEIOBAHNS MPOBOIMINCE Ha MAaJOW JTO3BYKOBOU
aspoaunHamuueckoit Tpyoe [3,4]. IlleneBoit pabounii kaman umen miuay 1080
MM, BbicoTy 30MM u mupuny 300 mm. Jns wccnenoBanusi Ko3(GGHUIIMEHTOB
TEIUIOOTIa4M HMXKHsISI CTEHKA KaHaja BbIIIOJHEHA HarpeBaeMmoil. Ha ocu kana-
J1a TIoNepeK MOTOKa (MapalyiesIbHO HIDKHEH CTEHKE) YCTaHABJIMBAJICSA KPYTOBOM
IWJITMHAD, 3aTHs1 KPOMKa KOTOPOTo pacroaranack Ha pacctosHun 700 MM ot
Havajia KaHana. VcciuenoBanuch ciueaylonye IuaMeTpsl mummHapa: 2.75, 3.2,
4.2,5.8, 7.4 u 8 Mm. CKOpOCTh TIOTOKA Ha BXOJIC B KaHaJ JUII BCeX KOHDUTY-
paumii kanana cocrapisuia 50 M/c. Bo BpeMsi 9KCIIEpUMEHTOB PErHCTPUPOBa-
JIUCH:

- mporIIM OCPEeTHEHHOW W ITyJIbCAI[HOHHON KOMITOHEHT CKOPOCTH (B cede-
augx 1-10 mm ¢ mrarom B 1 MM, B ceuennsax 20-100 mm ¢ marom B 10 MM 1 B
ceueHur 120 MM OT 3aiHel KPOMKH LMIMHIPOB) C HMOMOMIBIO OJHOKOMIIO-
HEHTHOTO TEPMOAHEMOMETPA;

- CymmapHoOe ycuine, BhI3BaHHOE KacaTellbHBIM HaNpsHKEHHEM Ha y4acTKe
0-120 MM OT 3aiHe# KPOMKH IMJIMHIPOB C IOMOIIBIO TIABAIOIIET0 AJIEMEHTa;

- TEMII OXJIAKACHUS TIaJ Kol moBepxHocTH (Ha y4actke 0-120 MM ot 3an-
Hel cTeHkn) ¢ nomoursio MK-kamepsr;

- mpoMIIN CTaTUYECKOTO JABJICHUSI HA HIDKHEH CTeHKe KaHaja Ha yJacTKe
-45...145 MM (c marom 10 MM) OT 3aJHEH KPOMKY LIUIUHIPOB.

KoadduitneHT TpeHus onpeaensics IByMs Crioco0aMu — 1o U3MEPEHHOMY
NpOoQHIII0 CKOPOCTH Ha JIOTAPU(PMHUYECKOM YYACTKE MOTPAHHUYHOTO CJOs, U
B3BEIIMBAHUEM MOJIENIU Ha IUIABAIOLIEM 3JIeMeHTe. B nepBoM ciyuae onpene-
JSIeTCSI JIOKANBHBIN KO(Q(UIIEHT TPEeHNs, BO BTOPOM - OCPEIHEHHBIN MO IJTHU-
He IU1aBatoniero anemMenTa (Ha ydactke 0...120 mm). J{ns onpeneneHust Koad-
(ULHeHTa TeIUIO0TAAYHM TPUMEHSIICS METO HECTAI[HOHAPHOTO TEIII000MEHa.
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JIByMepHas 3amava pemiajack INpPU MOMOIIM KOMMEPYECKOro MaKeTa
ANSYS Fluent. Teyenne MmoaenupoBaioch B CTallMOHapHOW noctaHoBke. [Ipu
MMOCTPOCHNHN ceTKH ucnoib3oBaics npemnporeccop ANSYS ICEM CFD. Ilpu
MOJICTIMPOBAHUH HCIONB30BAICA METOJ IIepeceKaronuxcs ceTok. Juckpernsa-
s ypaBHeHuit HaBre-Crokca ocpennénubix mo PeiiHonbiucy (RANS), ypas-
HEHUsSI JHEPTUH W YpaBHEHHU COOTBETCTBYIOIIEH MOJIETH TypOYyJIEHTHOCTH
MPOBOAMJIACE HAa OCHOBE MeToJa KOHTpoJbHOro o0bnéma. [Ipum mpoBenenuu
YHCIIEHHOTO MOJEIUPOBAHHsI CKOPOCTh IOTOKAa HA BXOJE B KaHANl TaKke CO-
craBisuia 50 m/c.

IMonyueHs! ciienyonye pe3ynbTaThl:

- YHUBEPCAJBHBINA JOTapUPMUIECKONH MPOQUIE CKOPOCTH COXpaHseTcs B
paccMaTpuBaeMOM JHara3oHe MapaMeTpoB TeUeHUs U reomeTpuil kaHama. Oc-
penHeHHble KOd(Q(UIIMEHTHl TPEHUs, ONPEeNICHHBIE M0 MPOQIII0 CKOPOCTH U
C MOMOIIBIO IIABAIOIIETO HJICMEHTa COBIIAAIOT;

- K03()(ULUEHTH! TPEHUS U TEIUIOOTAAYM B CleJe 3a LWIMHAPOM (Ha yda-
ctke 3-120 MM OT 3aHel KpOMKH) BCer/ia BbIlIe, YeM B KaHalle 0e3 IUIHHIpa
U PacTyT ¢ yBEIWUCHHEM JUaMeTpa LuiuHapa. PopMnapaMeTp morpaHuYHOro
CJI0S TIPH 3TOM BCerJa HIxke (opMIapaMeTrpa HEBO3MYLIEHHOTO MOIPaHUYHO-
TO cJos;

- ocpeqHeHHble Ha yuacTke 0-120 MM k03¢ GUIUEHTb TPEHUs BCETaa BbI-
mre, 4eM KO3 QUIHEHTHI TeIUIOOTAaYH.

Paboma evinonnena npu nodoepoicke epanmos POOU Ne 18-08-00413 u CII- CII-
4172.2021.1.
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OBIIUE 3AKOHOMEPHOCTHU KOHBEKTHUBHOI'O
TEIIONEPEHOCA JJ151 OTHOPOJHBIX 1
CMEIIAHHBIX TPAHUYHBIX YCJIOBUU

ITpu uccienoBaHUN KOHBEKTHBHOI'O TEIIOOOMEHA YacTO BCTAET BOIPOC
0 3aBHCUMOCTH 3(P(HEKTHBHOCTH TEIUIONEPEHOCA OT KIFOUEBBIX MApaMETPOB
3agaun. B kauectBe kputepust 3PPEKTUBHOCTH MPU 3TOM BBICTYNAET YHUCIIO
Hyccenbra — OTHOIIEHHE NOJTHOTO IMOTOKA TEIUIA K TEIUIONPOBOAHOMY.

Ha ceropnsmnuii 1eHp HaubOolsiee MOAPOOHO TPOLECCHI TEIMI00OMEHa
U3Yy4EeHBI JUIs CIydasi OZHOPOAHOIO HarpeBa CHU3Y (KIaccHYecKas KOHBEK-
must Panes-benapa). CymecTByeT OonblLION KiacTep UCCIENOBaHUM, KOTO-
pBIe paccMaTpPHUBAIOT BJIUSHUE CBOMCTB >KMIKOCTH, BEJIMYUHBI HAJKPUTHY-
HOCTH M CBOMCTB IOBEPXHOCTU HA MHTEHCU(DUKALUIO TEIIO0OMEHa A
KoHBekInn Pases-benapa [1-3].

Jpyrum ciyuyaeM, KOTOPBIH MPeACTaBIsieT OONBIION HHTEpeC, SBISETCS
cllydail HEOJHOPOJHOTO HarpeBa. TemnooOMEH B TaKUX CHCTEMaX MOXKET
3aBUCETh HE TOJILKO OT CBOWCTB KHIKOCTH U TIOBEPXHOCTH, HO M OT KOH(H-
rypauuu HarpeBaeMbix oOmacteidl. OnHako B [4] ObUIO MOKa3aHO, YTO IS
Mo00ro THIAa TPaHUYHBIX YCJIOBHH, Koraa 4mcio Hyccembra cTaHOBUTCS
ropasgo OOJbIEe eIUMHUIIBI, BEICOTA TEMIIEPATyPHOTO MOTPAHWIHOTO CIIOS U
COOTBETCTBEHHO 3()()EKTUBHOCTH TEIUIOOOMEHA NMPAKTUYECKU HE 3aBHCUT OT
TOJIIMHBI CJIOSL XKHUJIKOCTU U CTPYKTYPbI TEUEHHUS.

B nmanHO# paboTe MBI XOTHM HPOBEPUTH 3TO Hpennonoxenue. OObek-
TOM HCCIIE/IOBaHUS SIBJIAETCS KOHBEKIHS OT JIOKAJIW30BAHHOTO HMCTOYHHKA
TeIia B TOPU30HTAIEHOM CJI0€ KHUIKOCTH (pHc. 1).

D

Puc.1 Cxemarudeckoe H300pakeHUE SKCIICPUMEHTAIBHOH YCTAHOBKH
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B skcnepuMeHTe BapbHPOBATUCEH CIEAYIONINE MAapaMeTpPhI: BHICOTA CIIOS
sxunkoctu h, quamerp narpesarens 2R, muamerp moxenu D, MomHOCTS Ha-
rpeBa U CBOMCTBa paboyveil ®uakocTu. [y Bcero nuamnasoHa ynpaBisiFOIX
IapaMeTpoB TOJIydeHa 3aBUCHMOCTb uncia Hyccenbra oT umcna Poases,
MIPOBE/IEHO CPaBHEHHUE PE3YJIbTATOB C MPENbIIyIINMHU HccienoBaHusMu. Ha
OCHOBE TIOJTyYeHHBIX AaHHBIX BBISBICHBI OOLIHE 3aKOHOMEPHOCTH KOHBEK-
THUBHOTO TEIUIONEPEeHOca Uil OJHOPOIHBIX U CMEIIAHHBIX TPAaHUIHBIX YCIIO-
Buil. [TopoOHO pe3ysbTaThl paboThl U3II0KEHBI B [S].

Paboma evinoanena npu noodepoicke Ilpasumenscmea Ilepmckozo xpas (npo-
exm Ne C-26/788.
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BJIMAHUE MATEPUAJIA HAHOYACTHUI 1 UX
OBBEMHOW J0JIU HA ECTECTBEHHYIO KOHBEKIIMIO
HEHBIOTOHOBCKOW HAHOXKUJKOCTHU B
KBAJIPATHOM MMOJOCTH C JOKAJIbHBIM
HNCTOYHUKOM SHEPI'UHN

EcTecTBEHHO-KOHBEKTHUBHBII TEILUIONEPEHOC B 3aMKHYTBIX IIOJIOCTSX SB-
JIieTCs JOCTaTOYHO PAaCIPOCTPAHEHHBIM SIBICHHMEM BO MHOTMX HHXEHEPHBIX
MPWIOKEHUSX: TEINIOOOMEHHHMKAX, JHEPreTHYECKMX CHCTEMax, a TaKKe
BCTpEUaeTcs MPU CO3JaHUU MACCUBHBIX CHUCTEM OXJIAXKACHHS 3JIEKTPOHHBIX
351eMeHTOB. CUCTEMBI IACCUBHOTO OXJIAXKACHUS, OCHOBAHHBIE HA Pa3BUTUH
CBOOOTHOKOHBEKTHBHOTO TEIJIOOOMEHA, UMEIOT PSIJl MPEUMYILECTB, TAKHX
KaK HU3KO€ SHEpronoTpebiieHue, HalekKHOCTb, CIaldblil IIyM, JErKOCTb pea-
JM3alUH U HU3Kasg CTOMMOCTh. D(P(EKTHBHOCTh TaKMX CHCTEM CHIBHO 3a-
BHUCHUT OT TEIUIOPHU3NUECKUX CBOWCTB pabouero tena. Takum oOpazom, of-
HHUM U3 BO3MOXHBIX CIIOCOOOB YJIyUIIEHUS TEIIO0OMEHHBIX XapaKTEPUCTHK
CHCTEMBI SBJSIETCS 3aMEHa TPAJUIMOHHBIX OXJIAKIAIOIIUX CPel] HAHOXKHU-
KOCTSIMH, 3()(heKTHBHAS TEILIONPOBOAHOCTb KOTOPBIX, KAK U3BECTHO, BBIIIE,
Y Ty =0 YeM Y YHUCTOro 6a30BOr0 TEIJIOHO-

curedst (Boaa, macio) [1].

B nanHOM mccrnenoBaHuM mpo-
& BOJAWUTCS  YHUCICHHBIM  aHaIu3
I BIMSHUSA MaTepuana HaHOYACTHIL
= cmenenan T 1 UX 0OBEMHOH JONM Ha ecTecT-
HEHbIOMONOGCKAs BEHHYIO KOHBEKIMI0 HEHbIOTO-

HAHONCUOKOCI D o o
HOBCKOH CTENEHHOW HAaHOXHIKO-
CTH B KBaJpaTHOM 3aMKHYTOH IO-
x JIOCTH C TETUIOBBIIEIAIONINM y4a-
CTKOM HIJ)KHEH CTEHKH IOJIOCTH.
I'eomerpuueckass mocTaHoBKa 3a-
Jla4yd IpesCTaBIeHa Ha pUCyHKe 1.
Hccnenyemas monocts 3amosn-
HEHA HEHbIOTOHOBCKOI CTENEHHOI HaHOXMIKOCTbIO. B kauecTBe 6a30Boii
HEHBIOTOHOBCKOI Cpelbl HCIOJIB30Balach CMECh KapOOKCHIMETHIILEIUTIO-
no3a/Boaa (0.0%-0.3%), xoTopas MposBIISET MCEBAOIUIACTUYECKUN Xapak-

L

q
aT/éy =0 arjéy =

©) J1.C. Jloerko, d.s.loenko@mail.tsu.ru
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Tep. B kadecTBe MaTeprana HAaHOYACTHI[ OBUTH MCIIOJIb30BAHBI CICAYIOIINE
BemectBa: Cu, Al,O3, CuO, TiO,. XapakTepucTuku 6a30BOM CMECH U MaTe-
pHYaIOB HAHOYACTHII TIPEJICTABICHEI B [2].

HeHbI0TOHOBCKHI XapakTep HOBeICHUS 0a30BOH JKUIKOCTH OIHCHIBACT-
¢ cTeneHHol mojenbsto OctBanbaa-ae-Bus [3]:

n-1
Tjj = 2 Dj = 2K(2DyDy ) 2 Dy 1)

KpaeBast 3agaua mMaTemaruueckoil ¢usuku Oblaa choOpMyIHpOBaHA Ha
OCHOBE 3aKOHOB COXPaHEHHs MAacChl, MMITYJIbCa W DHEPTUU B Ipeodpas3o-
BaHHBIX IEPEMEHHBIX «(YHKIUS TOKa — 3aBUXPEHHOCTHY. UMCIeHHOE MO-
JIeIUpOBaHKe ObUIO NPOBEAEHO C UCIIOJIb30BAaHMEM METO/a KOHEYHBIX pas-
Hoctel [4]. [lomyueHnHble pe3yabTaThl MPOAHATIU3UPOBAHBI C TIOMOIIBIO MO-
CTPOEHUSI PACIpeleNeHUu M30MUHUIl (YHKIMU TOKa M TEMIEpaTypsl, a
TaK)Ke Ha OCHOBE 3aBHCHMOCTed cpenHero uucina HyccenbTa u cpennein
TeMIIepaTypbl OT BPEMEHH U ONPEACIIAIOINX TapaMeTPOB.

Paboma svinoanena npu ghunancosoti noodepoicke Poccutickoeo Hayuno2o @on-
oa (npoexm Ne 17-79-20141).
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BJIUSTHUE YMCJIEHHON CXEMBI HA PE3YJIbTATBI
PACUETA JIBYMEPHOI'O TEUEHUS B
TPAHC3BYKOBOM PEHIETKE OCEBOI'O
KOMIIPECCOPA

B cnyyae cBepX3BYKOBOrO HaTE€KaHUS Ia3a Ha JIONMATKH BEHLA OCEBOTO
KOMITpeccopa, KOTAa Ha BXOJe B MEXKJIONATOYHBIA KaHal (HOpMHUpPYeTCs
CKAUOK YIUIOTHEHHS, KaueCTBO UYUCIEHHOTO BOCIIPOM3BENCHUS KIIIOUEBBIX
0COOEHHOCTEH YAapHO-BOJIHOBOTO B3aHMOJIEHCTBYS, BKJIIOYAs
B3aUMOJICHCTBHE CKauyKa YIUIOTHEHHS C MOTPaHUYHBIM CJIOEM, BO MHOTOM
onpenensercsi BbHIOOPOM CXEMbl Ul  anlpOKCUMALMH KOHBEKTHBHBIX
IIOTOKOB.

B Hacrosmieit paboTe TeCTOBbIE JBYMEpHBIE pacyeThl ITaHHOM
HaNpaBJIeHHOCTH MPOBOJWINCEH IS OBYX TPAHC3BYKOBBIX KOMIIPECCOPHBIX
PEIIETOK, AKCIIEPUMEHTAJbHBIE JAHHBIC Ui KOTOPBIX NpEACTaBJICHbI B
[1,2]. Hast BBIMOSHEHHS OCHOBHOW CEPHH PACUETOB HCIIOIB30BAJICS
KOHEYHO-OOBEMHBIN  «HECTPYKTYPHPOBaHHBIH»  HPOTPaMMHBIH  KOJ
SINF/Flag-S, paspabareiBaemeiii B MIIMM CIIGITY. B BerBu Kona,
npefHa3HAaYeHHOW [UI pPAcueToOB CXKMMAeMBIX TEUEHHH BI3KOTO Tasa,
aBTOpaMM  peajlM30BaH  IIMPOKMH  HA0Op CXeM  ammpoKCHMAaluu
KOHBEKTHBHBIX ~ TOTOKOB  BTOPOTO  MOpsgka  To4YHOCTH.  Kpocc-
BepH(UKAIMOHHBIE pAaCUEThI IPOBOMIIACH C TPUMEHEHUEM KOMMEPYECKOTO
nakera ANSYS Fluent 16.2. B 06oux ciiydasix pelaguch OCPeIHEHHBIE 110
PeitHonbacy YpaBHEHUS Haspe-Crokca, 3aMKHYTbIE o
OJIHOTIApaMETPUUECKON MoJienu TypOynenTHocTH Crianapra-AJsuimapaca.

B kauecTBe mpumepa pe3ysbTaToB KpOCC-BEpUPHUKAIMOHHBIX PAacyeTOB
Ha puc. | mpencraBieHsl pacnpenencHus Kod(hGHULIUeHTa AaBIeHHsS BIOJb
npouis JIOMATKH pabodero Kojeca KOMIIPeccopa, IOJIyYeHHbIe s
OJIHOTO M3 PEXHUMOB TEYEHHUs, HccieqoBaHHBIX B [1]. B atom pexume
peanuzyercst 0€30TPHIBHBIA PeXXUM 00TEKaHUs, BXOJHOE YUCI0 Maxa paBHO
1.03, BXOIHO# yroJ Mexay HampaBiIeHHeM II0TOKa U GPOHTOM peIleTKH, [,
cocrasisieT 147 rpagycoB (puc. 1a). CraunoHapHbIe peleHHs], TOITy4YeHHbIE
C TpUMEHEHHEM IBYX KOJIOB Ha TOXXAECTBEHHBIX CeTKaX (pa3MepHOCTHIO
~13 ThIC. A4YeeKk) O4yeHb OJU3KM, NMPHU TOM OHHM HAXOMAATCS B XOPOIIEM
COTJIACHH C 9KCIIEPUMEHTAIBHBIMHA JaHHBIMHE (puc. 1b).

® U.A. [umkuna, irina-shishkina-1998@mail.ru
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JletanbHoe mccnenoBaHne BIUSHUS YHUCIEHHBIX CXEM MPOBOIMIOCH IS
UCCIIEIOBAHHOTO B [2] peXuMma TeueHHs, NPH KOTOPOM B3aWMOJCHCTBHUE
KOCOT'O CKauKa yIJIOTHEHHUS ¢ IOTPAaHUYHBIM CJIOEM Ha JIOTIATKE TMPUBOJUT K
(hopMHUPOBaHUIO OTPBIBHOTO My3bIpsi. COMOCTABUTENbHBIE PACYETHI 110 KOAY
SINF/Flag-S Obuin mpoBefieHBI C HWCIIOJIb30BAHHEM HECKOJIBKUX CXEM
anmpoKCHMaIlii KOHBEKTUBHBIX ITOTOKOB: cxeMbl ['oxyHoBa, Poy, HLL(C),
AUSM(+up), AUSMD, SLAU. BTopoii TOpSAIOK TOYHOCTH CXEM
nocruraercs  nocpenctsom  npumenenuss  MUSCL  moxxoma  k
PEKOHCTPYKIUU HEPEMEHHBIX c HCTONB30BaHUEM  Pa3IMYHbIX
orpanuuuteneil. IlomydeH psj 3aKkiOYEHUI O BIUSHUU BBIOOpAa CXEMBI U
BH/Ia OTPAHWYMTEN HA CXOJUMOCTh UTEPALMOHHOIO PELICHHUS U KayeCTBO
COLIEANIErocsl PelIeHus], ¢ aKIEHTOM Ha 00JIacTb B3aMMOAEHCTBUS CKaduKa
YIUIOTHEHHS U IIOTPAHUYHOTO CIIOSI.

p @0® Experiment
SINF/Flag-S

124 ﬁrﬂ“ B 44+ ANSYS Flucnt
. ‘Fr}ﬁ‘” .
2 ) .
% ary :

04 4

>

0.0 0.2 0.4 0.6 0.8

(b)

Puc. 1. Cxema Teuenust (a) U pacyeTHbIe pacnpeleicHrue KodpduimenTa 1aBieHus
BJI0J1b 00BO/Ia POQUIIS B COMOCTABICHUE C ONBITHBIMU NaHHBIMU [ 1] (b)
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YUCJEHHOE MOJEJIUPOBAHUE
TEPMOI'PABUTAILIMOHHOM KOHBEKIIUH "KUJIKOCTH
NMEPEMEHHOM BSI3KOCTHU B KYBUUECKOM IOPUCTOMN
MOJIOCTH C TEIVIOBBIAEJISIIOIIUM SJEMEHTOM

Teopernueckoe HM3ydeHHE KOHBEKTUBHOI'O TEMJIOMAacCOIEpPEHOCca SBIISI-
€TCsl OIHMM M3 BOCTPEOOBaHHBIX HalpaBlICHWH (yHAaMEHTaJIbHOW HAYKH,
TaKk Kak MMEeT MHOTO NpaKTHYecKuX npuiokeHui. [TomoGHble 3amaun ak-
TyaJbHBl BO MHOTHX OTpPAacisiX MPOMBIIUICHHOCTH: MTPUOOPOCTPOCHHE, MHK-
PO3JIEKTPOHKKA, CTPOUTEIBCTBO 31aHui U ap. OcoObIli MHTEPEC BBHI3BIBAIOT
3aJa4i MOJICTTMPOBAHUS CUCTEM OXJIAKICHUS JJIsl HarpeBaTele pa3inyHbIX
tunos [1, 2].

Lenpro HacTosIIeH pabOTHI SIBISIETCS MaTeMaTHYECKOEe MOIETHPOBAHUE
cBOOOJTHOKOHBEKTHBHOI'O TEIUIONEPEHOCAa B MOPHCTON KyOHMUECKOH IoJoc-
74 TH, 3aIllOJHCHHOM IKHJIKO-
CTBIO NIEPEMEHHOM BA3KOCTH,
Opd HAJIMYUM  TEIUIOBBIJE-
JISFOIL