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UccnepoBaHue COGCTBEHHbIX (PYHKUUN BO3MYLLEHUS
paavanbHOM COCTaBNAAIOLWEN CKOPOCTU MNOTOKA!

Husamosa A.[.

MHcTuTyT MexaHnuku um. P.P. MaentotoBa YOUL, PAH, Yda

PaccmoTpeHo TeuyeHne TEpMOBA3KOM MOLENbHOM XUAKOCTU B KOMbLEEBOM KaHane € 33AaHHbIM TEMNepaTypPHbIM MONEM.
3apaya 06 yCTOMYMBOCTM TeYEHUS TEPMOBSI3KOM XMAKOCTU peLlaeTcs Ha 0CHoBe 0606LLEeHHOro ypaBHeHMs cnekTpasb-
HbIM METOLOM pa3noXeHus no nonnHomam Yebbiwesa nepBoro pona. Mccnenyercs BAMsIHME yyeTa SKCMOHEHLMANbHOW
3aBUCMMOCTM BA3KOCTM XMAKOCTM OT TEMMEPATYPbl U FEOMETPUM KaHaNa Ha CNeKTpasibHble XapaKTepUCTUKM YPaBHEHMS
rMAPOAMHAMUYECKON YCTOMYMBOCTM TEYUEHUS HECKUMAEMOM XMAKOCTU B KONbLEBOM KaHane. YMCneHHO nonyyeHsl
CNeKTpbl COBCTBEHHBIX 3HaUeHMI. CneKkTpanbHble XapakTePUCTUKM OMpPeaenstoT CTPYKTYpYy CO6CTBEHHbBIX QYHKLMI 1 KpU-
TUYECKME NMapaMeTpbl TEYEHUS TEPMOBSA3KOM XMUAKOCTU. [pn 3TOM cOBCTBEHHbIE DYHKLIMKU AEMOHCTPUPYIOT NOBEAEHME
BO3MYLLEHMI NONepeyYHOM CKOPOCTU, X BO3MOXHBIWA POCT UM 3aTyXaHWe C TeyeHneM BpemeHu. [locTpoeHbl rpadumkm
CobCTBEHHDBIX BYHKLMIA 0606LLEHHOTO YypaBHEHUS YCTOMYMBOCTM TeYEHUS B KO/bLLEBOM KaHane. [lokasaHo, 4To CTpyKTypa
CMEeKTPOB B 3HAUMTE/bHOW CTEMEHM 3aBUCUT Kak OT CBOMCTB XWUAKOCTH, ONpenensiemMbix nokasatenem dyHKLMOHANbHON
33aBMCMMOCTM BA3KOCTH, TaK M OT reOMeTpum KaHana. YCTOMYMBOCTb TEYEHMS TEPMOBSA3KOM XMAKOCTU 3aBUCUT OT HaNMUKS
COBCTBEHHOIO 3HAYEHMS C NONOXKMUTENBHOM MHMMOM YaCTbio CPEAy BCEr0 MHOXECTBA HaAeHHbIX COBCTBEHHbIX 3HAYEHUI
npu GMKCMPOBAHHbIX NapaMeTpax Yucna PeltHonbAca M BOMTHOBOMO YMC/A. YCTAHOB/EHO, YTO MPU MasbiX 3HaYEHUAX
napaMeTpa TEPMOBSA3KOCTH CNEKTP CONOCTAaBUM CNEKTPY AN M30TEPMMUYECKOro TEYEHUS XMAKOCTU B NIOCKOM KaHane,
OJHAKO MpU Er0 YBENUYEHUM YMCIO COBCTBEHHBIX 3HAYEHWI U MX MIOTHOCTb BO3PACTAIOT, TO ECTb CyLIecTByeT 6onbluiee
KOMIMYECTBO TOYEK, MPM KOTOPbIX 3a43a4a MMEET HeHyNeBble aMMINTYAbl BO3MYLLEHWIA nonepeyHoi ckopoctu. Ctout
OTMETUTb, 4TO Pa3HO0BpPa3mni0 CNEKTPOB COBCTBEHHbIX 3HAYEHUI COOTBETCTBYET pa3Hoo6pa3ne cOBCTBEHHbIX BDYHKLIWA,
UMeIoLLMX HETPUBUANIbHBIM XapaKTep pacnpeneneHns aMnanTyabl OCLIMNALMIA MO CEYEHMIO B KXKAOM cnyJae. [nagkve
KPpWBbIE NOMYYaOTCA A4 Y3KOro KaHana, Kak 1 Ans Clydas nnockoro kaHana. OfHako npu yBeNMYEHUMN OTHOLIEHNS
pafMycoB KaHana HabnopaeTcs NosBAeHUE KCKAYKOB». Takxe 3aMeTuM, YTo cobCTBeHHble QYHKUMKM He obnagatoT
MPU3HaKOM CUMMETPUK, 3TO CNeayeT M3 Toro, YTo Npodub CKOPOCTU B HEBO3MYLLEHHOM COCTOSIHUM Takxke He obnagaet
cMMMeTpueit. MakcuManbHble 3Ha4eHns COBCTBEHHbIX DYHKLMIA CMeLLEeHbl BIPABO OT LIEHTPa KaHana, 4To COOTBETCTBYET
TOMY, YTO BO3MYLUEHUS BO3HMKAIOT U MHTEHCUBHO PacTyT BOAM3M ropsyeit CTeHKM.

KniwoueBblie cnosa:
KOJIbLLEBOM KaHan

TEepMOBA3Kas XMAKOCTb, TMAPOAMHAMUYECKAS YCTOWYMBOCTb, COOCTBEHHbIE (YHKLMM,

1. BBepeHue

B uccimenoBaHMsIX yCTOMUMBOCTY TEUEHUI SKUIKO-
CTeli B INIOCKMX KaHajlax B HaCcTosIIee BpeMsl HaKOTM -
JIeH AOCTAaTOYHbIN 3aie/, OGHAKO IIPU U3YUeHUM 3TO
3aJlauy 4acTo IMpeHe6peraT BO3AECTBMEM TEMITe-
patypHoro ¢akTopa Ha CMeHy pekuma TeueHuit. Ha-

1PaGora BrImonHeHa Tpy GPUHAHCOBOI MOATepsKKe Poccuitckoro
HayyHoro ¢doHpa (mpoekt N2 22-21-00915).

© NHctuTyT Mexanuku um. P.P. MasnwotoBa YOI PAH
© Husamosa A.[l.

TpuMep, B paboTax [1-5] uMc/IeHHO MOTyYeHO KPUTH-
yeckoe unciio PeiiHonbaca paBHoe 5772, Ipu KOTOPOM
TeueHMe CTAaHOBUTCS HeyCTounBbIM. OfHako, B pabo-
Te [6] BBIIIOJIHEH YUYeT TeMIIepaTypHOJ 3aBUCHMOCTHU
BSI3KOCTU XUAKOCTU. [IpOBeseHO unciieHHOe UCcaeno-
BaHMe TeueHMsI BOLHOTO PacTBOpa MPOIMUIEHIJINKO-
7 45 %, MeoIIero mMypoKoe IMpuMeHeHMe B CUCTe-
Max OTOIIEHMSI IPOMBIIIJIEHHBIX IOMEIleHN, B IJIOC-
KOM KaHaJjie, ¥ yCTaHOBJIEHO, UTO KPUTHUUYECKOe UMCIIO
PeitHonbaca cHUsKaeTcst 1o 1563 1 3aBUCUT OT QyHK-
LIMOHAJIBHOTO BU/IA 3aBUCUMOCTY BSI3KOCTU XKUIKOCTU
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OT TeMIepaTyphbl. Tak KaK TeYeHUS KUIKOCTe !l BO3SHM-
KalOT B PA3IMYHBIX OTPACISIX TPOMBIIIIEHHOCTY IPK
9KCIUTyaTalyy TEXHUYIECKNX YCTPOICTB, TO B ITUX CITy-
yasix BasKHOM ITP06IeMOoii SIB/ISIeTCS BbISIBJIEHNE 0CO-
6eHHOCTel TeueHUit IIPU Pa3INIHBIX peKMUMax, OT-
HOCUTEIbHO SHepreTunueckoit 3¢ dekTMBHOCTM BaxkeH
JIAMUHAPHBIN PEKMM, OTHAKO IIpU yueTe 3hdeKTUB-
HOCTY TeIVIOMAacCcoIlepeHoca — TypOyIeHTHBIIA.

2. MNoctaHoOBKa 3aaauu

PaccmoTrpuM 3amauy 06 YCTOMUMBOCTY TEUEHUS
TEepPMOBSI3KOJ JKMIKOCTHU B KOJIbLIEBOM KaHaJIe C 3a1aH-
HBIM ITpodMIEM TEeMITEPATYPHI.

3ajayva ruIpoAaMHaMMUYECKOl YCTOMUMBOCTH Te-
YeHUSI TEepPMOBSI3KOI >KMIAKOCTM B IUIOCKOIMapas-
JIeTbHOM KaHale ¢ HeOOHOPOAHBIM TeMITepaTyp-
HBIM [OJIEM CBOIUTCS K 0600IIIEHHOMY YPaBHEHMIO
Oppa-3ommepdenbaa [6-8].

AHAJIOTMYHO IUIOCKOMY CTyYar0 pacCMOTPUM Te-
YyeHMe HeCKMMAaeMOii TePMOBSI3KOI SKUIKOCTY B KOJIb-
IIeBOM KaHaJle Iof AeiCTBMEM ITeperiaia JaBIeHus C
(bMKCMPOBAaHHBIMY BHEIITHVM Y BHYTPEHHUM pagunyca-
MM KaHaJia M1 HarpeBae€eMbIM BHYTPEHHMM CTEP>XKHEM.

AHaJIOTMYHBIMMU K 3a7ja4e O TUIPOAMHAMUIECKOA
YCTOMUMBOCTU TEPMOBSI3KOI KUAKOCTU B TVIOCKOM
KaHaJie mpeo6pasoBaHMSIMM ITOTYUMM 0006IIeHHOe
ypaBHeHMe 00 YCTOMUMBOCTM TEUEHMS KUAKOCTU B
KOJIbIIEBOM KaHasIe:

v, 2 3 1 1
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@(r) =¢(r2) =0, ¢'(r1) =¢'(r2) =0,

TJe o U r{ — BHEIIHUI ¥ BHYTPEHHUI paJuyChl KaHa-
na; u = exp(—aT) — BSI3KOCTb XXUAKOCTH; () — aM-
TJTATYIa BO3MYIIeHUS paguabHO KOMIIOHEHTbI CKO-
pocty; ug = up(y) — IpoduIb CKOPOCTM B HEBO3MY-
IIeHHOM COCTOSIHUM ; i — MHUMAaS eIuHNIa; ¢ = w/k —
(azoBast ckOpoCTb BOJHBI BIOJIb OCU KaHaja (Cco6-
CTBEHHOe 3HaueHMe); w — 4acToTa; k — MpoeKius
BOJIHOBOT'O BEKTOPA Ha OCb KaHasia (BOTHOBOE YMCIIO);
Re — uncio PeliHonbaca. Bce mapaMeTpsl mpeacTaB-

.
JIeHbI B 6e3pa3MepHOM BUJIE; § = 21,

"
CrnenyeT OTMETUTb, YTO BBIBOJ, IIPeLCTaBIEHHO-

r'o BbIlll€ YpaBHEHMS OCYIIECTBJISJICA IMPU 3aJaHUN

BO3MYILEHNIT TOJIBKO Ha JaB/IEHNME ¥ KOMIIOHEHTbI
BEKTOpa CKOPOCTH.

Iyis pereHust 3amauM 06 YCTOMYMBOCTU Tede-
HUS KUJIKOCTY HeOOXOAMMO HaTV BCe COOCTBEHHbIE
3HAYEHUS ¢, KOTOPbIM COOTBETCTBYIOT HETPUBUAb-
Hble cobcTBeHHbIe PyHKIVM (Y ). Torma KpuTeprem
HEYCTOUMBOCTH, OUeBUIHO, OymeT yciaoBue ¢; > 0:
€CJIM CYIIECTBYET XOTsI O6bI OOHO COGCTBEHHOE 3HAUe-
HIe C MOJOXUTEeIbHOM MHMMOI 4acThlO, TO TeYEeHME
SIBJISIETCSI HEYCTOMUMBBIM TP 3aJaHHbBIX unciie Peii-
HOJIbICA ¥ BOJIHOBOM uciie. Eciiv ke Bce COOCTBEHHbIE
3HAUYEHMS IMEIOT HETIONOXUTETbHYI0 MHMMYIO YacTh,
TO TeUeHle YCTOMUMBOE ITPY 3aaHHbIX ITapaMeTpax.

YcioBue ¢; = 0 gaeT HENTPaaAbHYIO KPUBYIO, HA
KOTOPOI1 BO3MYIIIeHUS He PacTyT U He 3aTyXaloT. Mu-
HMUMaJIbHOe 3HaueHMe uucia PeliHonbaca Ha Heli-
TPaJIbHOJ KPUBOI Ha3bIBAETCSI KPUTUUECKUM UMCIOM
PeitHonbaca Re,.

CornacHo Teopuu [5] paccMaTpuBaeTcs: yCTOMUIM-
BOCTb T€UEHU I SKUIKOCTENM OTHOCUTEILHO BO3MYIIE-
HUJ TIOTIepEeUHO CKOPOCTU, TaK KaK OHU SIBJISIFOTCS
CaMbIMU «OTIACHBIMM» [IJIsI TYPOYIM3aluu TeUeHUS.

3. Pe3yanaTb| YUcZIeHHoro mccneaoBa-
HUsA

YricsieHHOE MUCCIe0BaHVe BITTOMHSIOCH C TIOMO-
IIBIO CITEKTPATLHOTO METO/A PA3/IOKEHUS 0 TTOTIUHO-
mam YeObimeBa mmepBoro poaa [6].

[ToctpoeHbl cob6CTBeHHbIe GYHKIMUM IS COO-
CTBEHHBIX 3HAU€HUI, KOTOpble pAacIiojaralTcs Ha
JIeBOii BeTBU, OObemuHsIONIIel Mombl Jiipu (A),
BK/IIOUAOIIel eJMHCTBEHHYI0 HEYCTOMUYMBYIO MOOY
C TIOJIOKUTENIbHO MHMMOM YacThl0 COOCTBEHHOTO
3HAYEHMSI, ¥ Ha MpPaBOil BEeTBU, OOBEOUHSIOIIEN
moppsl [Tekepuca (P).

Pa3sHo06pasuio CIieKTPOB COOGCTBEHHBIX 3Haue-
Huii [9, 10] cooTBeTCTBYET pa3Hoo6pasme COOCTBEH-
HbIX QYHKIN, UMEIOIIX HeTPUBUAIbHBIN XapaKTep
pacrpezeneHus aMIUTUTYIbI OCHMIUISILIUIA T10 CEYeHUIO
B KaXgoM ciiydae (puc. 1 u 2). Ilmagkue KpuBble IONy-
YaloTCs [Js Y3KOTO KaHasla, Kak M JJIs ciayJast Tioc-
KoTo KaHasa. OgHAaKO MPY yBeIMUYeHUM OTHOIIeHUS
paycoB KaHajIa HABGMIOAAeTCs IOSIBJIEHNE «CKAUKOB».
CTOUT OTMETUTB, UTO COOCTBEHHBIE QYHKIIUY He 00-
7a1a10T IPU3HAKOM CUMMeTPUH, 3TO CleyeT U3 TOTro,
YTO IPOdWIb CKOPOCTY B HEBO3MYIIIEHHOM COCTOSIHUY
TaKkKe He 06/1aaeT cMMMeTpueit. MakcuManbHble 3Ha-
YyeHUsI COGCTBEHHBIX (PYHKIIMIT CMelleHbl BITPAaBO OT
LIeHTpa KaHaJla, YTO COOTBETCTBYET TOMY, UTO BO3-
MYII€HNS] BOSHUKAIOT U UHTEHCUBHO PaCTyT BOIU3U
ropsiueit CTeHKU.
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(©)

Puc. 1. CobcTBEHHbIE PYHKUMM aNng Re = 10%, k=1, o = 0.001, s = 0.001 u eTBelt A (@ n P (6)

(6)
l,a=2,s=2upersern A (@) nP (6)

()
Puc. 2. CobcTBeHHble dyHKUMM Ans Re = 104, k
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4. 3akJueHue

YCTaHOBJIEHO, UTO yYeT 3aBUCUMOCTH BSI3KOCTU
OT TeMIlepaTypbl 3HAUUTEIbHO BJIMSIET HA BbIBOMbI
OTHOCUTETbHO TMAPOAVHAMMNYECKO YCTOMUNBOCTH,
4yTO, 6€3YCJI0BHO, BAXKHO MPY aHA/IN3€E PEKMMOB Teue-
HMS B KaHAJIaX TeII006MeHHMKOB. [Tpy OmHUX U TeX
JKe 3HaueHusX umces PeifHO/MbACA M BOTHOBBIX UMCeJl,
OTMCHIBAIOIINX YCTOUMBbIE PEXXMMbI TEUEHMSI, BTN~
YyeHMe rmapaMeTpa TepMOBSI3KOCTU U U3MeHeHMe reo-
MeTpUUeCcKMX ITlapaMeTpoB KaHajia MOXKeT IIPUBEeCTU
K BO3HMKHOBEHMIO KaK YCTOMUMBBIX, TaK M HEYCTO -
YUBBIX pekxuMOB. CiefyeT OTMETUTb, UYTO IPU 3TOM
TIPOMUCXOAUT U KaueCTBEHHOe M3MeHeHe CTPYKTYPhI
COOCTBEHHBIX QYHKIIUIA.
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Investigation of eigenfunctions of perturbation of the
radial component of flow velocity

Nizamova A.D.

Mavlyutov Institute of Mechanics, UFRC RAS, Ufa, Russia

The flow of a thermoviscous model fluid in an annular channel with a given temperature field is considered. The
problem of the stability of the flow of a thermoviscous fluid is solved on the basis of a generalized equation by the
spectral method of expansion in Chebyshev polynomials of the first kind. The influence of taking into account the
exponential dependence of fluid viscosity on temperature and channel geometry on the spectral characteristics of the
equation of hydrodynamic stability of incompressible fluid flow in an annular channel is investigated. The eigenvalue
spectra were obtained numerically. The spectral characteristics determine the structure of the eigenfunctions and the
critical parameters of the flow of a thermoviscous fluid. In this case, the eigenfunctions demonstrate the behavior
of transverse velocity disturbances, their possible growth or decay over time. Graphs of the eigenfunctions of the
generalized flow stability equation in an annular channel have been constructed. It is shown that the structure of the
spectra largely depends on both the properties of the liquid, determined by the functional dependence of viscosity,
and on the geometry of the channel. The stability of the flow of a thermoviscous fluid depends on the presence of
an eigenvalue with a positive imaginary part among the entire set of found eigenvalues for fixed parameters of the
Reynolds number and wave number. It has been established that at small values of the thermoviscosity parameter
the spectrum is comparable to the spectrum for isothermal fluid flow in a flat channel, however, as it increases, the
number of eigenvalues and their density increase, that is, there are a greater number of points at which the problem
has non-zero amplitudes of transverse velocity disturbances. It is worth noting that the diversity of eigenvalue spectra
corresponds to the diversity of eigenfunctions, which have a nontrivial distribution of the oscillation amplitude over
the cross section in each case. Smooth curves are obtained for a narrow channel, as for the case of a flat channel.
However, as the ratio of the channel radii increases, “jumps” appear. Also, note that the eigenfunctions do not have
the property of symmetry; this follows from the fact that the velocity profile in the unperturbed state also does not
have symmetry. The maximum values of the eigenfunctions are shifted to the right from the center of the channel,
which corresponds to the fact that disturbances arise and grow intensively near the hot wall.

Keywords: thermoviscous liquid, hydrodynamics instability, eigenfunctions, annular channel
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