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MOXKET IPOUCXOJNTHh B YCIOBIAX JOCTATOYHO OOJNBIIOH
HEPABHOMEPHOCTH TEMIICPATYPHOTO IO JTO, B CBOKO
oucpeab, MPUBOIUT K 3HAUUTEILHON MPOAOIBHOM U MOTIe-
pEUHOH HEPABHOMEPHOCTH PACIIPEACICHUS (DH3HUCCKHX
CBOMCTB JKHAKOCTH. Kak MOKA3BIBAOT paHEe HMPOBEACH-
HBIC WCCIICAOBAHMS, TAKAs HEPABHOMEPHOCTH OKA3bIBACT
00JIbIIOE BIMSIHIC HA XAPAKTCPUCTUKH TEUCHHS, O3 yue-
Ta KOTOPBIX HEBO3MOXKHO C TOCTATOUHOM TOYHOCTHEO IIPO-
BECTH THIPABIMYCCKUN PacueT CUCTEMBL Tak, HampuMep,
JU1 TAMHHAPHOTO PE/KMMA TCUCHUS IYTEM HHTETPUPOBA-
HIA cuctembl JupepeHImANIbHEIX ypaBHeHHIT Hapbe-
CTOKCa MOJyYCHBI PEHICHUS, CBHACTEIBCTBYIOMIHNE O CY-
IICCTBCHHON 3aBHCHMOCTH TOJCH CKOPOCTEH, Kacareib-
HbIX Hanpmennﬁ, JJIUHBI HAYAJIbHOTO YUACTKA OT CTCIC-
HH HEPAaBHOMCPHOCTH PACHpPEICTICHI BSI3KOCTH B ILIOC-
KHX M KOJbLEBbIX KaHamax [1]. TlokazaHo, 4TO, IpU mpo-
YHMX PABHBIX YCIOBHSIX, TCUCHHE C IEPEMEHHOHN BA3KOCTHIO
COIPOBOYKJACTCSI MCHBIIMMH THIPABIMYCCKHMH TOTEPSI-
Mmu. HecMOTps Ha 3HAYMTEIBHYIO CIOKHOCTD 3a/AYH, IT0-
JIOOHBIC PEHICHHS TOIYICHBI B AT TYPOY ICHTHBIX HEH30-
TepMHYCCKHUX TeueHuH B Kpyrmod Tpyoe (Ileryxos B.C.,
T'enwn JI.T'., KoBanes C.A)).

Boiienenne HepemeHHOii paHee uacTém oOmieit
npod.reMbl. boabmMMHCTBO PadOT, CBAZAHHBIX C HEH30-
TEPMHUYECKHM XapPAKTEPOM TEUCHHS, PACCMATPHBAIOT
BIIISTHUE 3TOTO (JAKTOpA HE CTOJIBKO HA THAPOIUHAMHUKY
MPOIECCa, CKOJIBKO HA OCOOCHHOCTH TEII0O0OMEHA. Bme-
CTE C TeM, HEOOXOIMMOCTh OOCCHCUCHMS IMPHEMIICMON
TOYHOCTH THIPABINYECKHX PACUCTOB AMKTYET HEOOXO-
JUMOCTh yuera (pakropa Hem3oTepMuuHOCTH. PazBuTHE
COBPEMEHHBIX MAKETOB MPHUKJIATHBIX IMPOIPAMM OTKPHI-
BAacT HOBBIC BO3MOXKHOCTH B HCCJICOOBAHHH TCUCHUH Ta-
KOTO KJIacca, B TOM YHCJIC B HANIOPHBIX KAHAJTAX CJIOK-
HOH (pOPMBL.

@opmymposanne nem padorel. Llemsro paboTh
SIBILICTCSl YCTAHOBJICHUC 3aBHCHMOCTH THIPOJUHAMHAYC-
CKHX XapaKTePHCTHK TYPOYJICHTHOTO HEH30TCPMUIECKOTO
TOTOKA BO3yXa B HATIOPHOM KaHAJIE KOJBLICBOTO CCUCHMUS
OT CTETICHH HEPABHOMEPHOCTH pacHpeacicHus ero Gusm-
YECKUX CBOUCTB.

H30:xenne 0CHOBHOTO MaTepnasia. B o0mem ciydae,
(pm3pyecKre CBOHCTBA Ta3a 3aBHCAT KAK OT TEMIICPATypBL
TaK u oT JaBicHi. CTeneHb BIMSHI 3THX TAPAMETPOB HA
CBOMCTBA HE OMUHAKOBA. TaK, €CIH TEUCHUE MPOUCXOTUT CO
CKOpPOCTBIO, 3HAYMTCIPHO MCHBINCH CKOPOCTH 3BYKa, TO
C/KHMAEMOCTBIO0 MOXKHO TIPEHEOpPEYh M CUMTATh, UTO IDIOT-
HOCTb 2 3aBHCHT TOJIBKO OT TeMIeparypsL Jpyrue dusme-
CKHE CBOHCTBA — JMHAMHYCCKAS BI3KOCTD /., YIACTbHAS TCII-
JOEMKOCTb C,, KO3(()HIUHEHT TEIIONPOBOJHOCTH ) OT JaB-
JICHWSI IPAKTHYCCKU HE 3aBUCAT. XapakTep UX 3aBUCHMOCTH
OT TEMIIEPaTypPhl ONpPENEIBIeTCSI aTOMHOCTBEO Taza. [l
BO3AyXa (ABYXaTOMHOTO Ta3d) XapakTCPHO BO3PACTAHHC
3HAYCHUH 4, ¢, U  TIDU POcTe Temmeparypel. IIpmyem, oco-
OCHHO CHITBHBIN POCT HAOIFOJACTCS Y BA3KOCTH — OCHOBHO-
IO rUIPOAMHAMHYECKOTO CBOMCTBA KHAKOCTH. XapakTep e
3dBHCUMOCTH OT TEMIICPATYPBI LA TA30B OIMHCBIBACTCA
ypasaeHHeM CatepieHaa.

Ecmm xapakTep 3aBHCHMOCTH CBOWCTB OT TEMIICPaTy-
PBI BBIPA3HTh C TOMOINBIO MPHOMKCHHBIX CTCIICHHBIX
cootromeHmi (TletyxoB B.C., T'ernn JLT'., Kosames C.A.)
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TO I TEIJIOOOMEHA C TPAHHYHBIMH YCIIOBUSIMH TICPBOTO
poxa (7. = const), KOTOpBIC H OYAyT PacCCMATPHBATHCS Ja-
nee, K03 (PUIMECHT THAPABIIMUCCKOTO TPCHHSA

A=f(x/d, Re;, Pr, 0, x; y, z),

e 6, = T/T . — OC3pasMepHas TeMIICpaTypa HIIH TEM-
meparypHsiil (aktop (7, — TeMmeparypa CTCHKH, 7, —
CpeaHeMAaccoBas TEMICpaTypa rasa);, x/d — OTHOCHTCITb-
HOE YAAJCHHE PACCMATPHUBACMOTO CEUCHHSI OT BXOJA B
TpyOy (IPHHIMACTCA K PACCMOTPCHHIO IS CCUCHHH, TAC
HA THIPOJUHAMHKY TOTOKA OKA3BIBAIOT BIWSHHE yCJO-
BHS BX0/12).

YUHuTHIBAS, YTO C M3MCHEHHWEM TEMIICPATYPhI YHCIIO
[Ipasaras uM3MEHseTCs HE CYMIECTBEHHO, a MOKA3aTeIH
creneny B (1) ama 3a0aHHOrO rasa (Bo3ayXa) HEM3MCHHBL,
TO, B Cy4ae TEUYCHHS BJAMHM OT BXOJa B TpyOy, mpoiecc
CJICAYCT MOJCTHPOBATH IO Re U 6,

MogenmupoBaHue, OCHOBHOM 3aJa4ei KOTOPOTO SBIIA-
JOCh OTPEACICHUE 3aBHCHMOCTH A OT TEMIIEPAaTypHOTO
(axropa, TPOBOAMIOCH C moOMOmBE makera SOLID
WORKS COSMOS FLO, B KOTOpPOM HCHIONB3yeTCA k—¢
Mozaens TypOynentHoctr [2]. PaccmarpuBamacek Tpyda
KOIIBLIEBOTO IIOTIEPEYHOTO CEYCHHS C AMAMETPOM BHYT-
peHHel moBepxHOCTH D1=109MM B AHAMETPOM HAPYKHOU
TMOBEpXHOCTH [),=202MM. OKBHBAJCHTHAA IICPOXOBA-
TOCTh CTCHOK IMPUHUMAIIACh PaBHOU 0,15MM, 4TO COOTBET-
CTBYET OLIMHKOBAHOMY »kene3y. [lons Temmeparyp u cko-
pocTeii Ha BXOAE 331aBAICH OJTHOPOIHBIC.

PaccmarpuBanuch TpaHHUHBIC YCIOBHA IIEPBOTO PO-
Jla — HApy’KHAs (TSIJIOW30JIMPOBAHHAA) CTCHKA M ra3 Ha
BXOJIC HMEJTH KOMHATHYIO TEMIEpaTypy f=4L=20 C=const,
a BHYTpEHHsA cTeHKa =500 u 1000 C=const. Takum 06-
pa3oM, pPaccMaTpUBajOCh TEUCHHE BO3AyXa B KaHAJC,
Pa3oTpeBacMOM H3HYTPH.

CpenHepacxoaHble CKOPOCTH BO BXOJHOM CCUCHHH V)
3amaBamichk pasabivu 5; 10; 11; 12; 13; 14 u 15 m/c. U3-3a
HATPEBAHMS BO3AYXa M €TI0 TEMIICPATYPHOTO PACIIHPCHIL
CKOPOCTH BJIOJIb KAHAJA BO3PACTANIA, 4, CIICJOBATEIHHO, MC-
Hoch M uucao PeifHonbaca. Bospacrana Takke W BA3-
KOCTh. TakuM 00pazoM, KaKI0H BXOAHON CKOPOCTH COOT-
BCTCTBOBANl CBOH HHTCpBAaT M3MCHCHHA Re (Re=
(VPO )/t s H=0,5(D, — Dy); v; — cpeaHepacxoaHast

CKOPOCTb BO3YXA B I~TOM CCUCHHH, Pyge M fhyge — CPEIHE-
MAaCCOBBIC INIOTHOCTb H BSI3KOCTH B 3TOM CCUCHHH).

[To pe3yapraTaM YHCICHHOTO MOACIHUPOBAHUS CTPO-
HAuCh TpadukyW HM3MEHEHHA BAONb KaHAIa CpeaHEH
CKOPOCTH, CTATHYCCKOTO JABJICHHSA, KACATCIbHBIX HAIl-
PSOKEHUH HA CTEHKAX, CPEIHEMACCOBBIX TEPMOIHMHAMHU-
YECKOM TeMIEpaTyphl, IUIOTHOCTH U JUHAMHYECKOH
BS3KOCTH.

TumpaBmaeckuit kKO3()(OUUECHT TPCHUS PACCUHTHI-
BaJICS JBYMSI CIIOCOOAMH: TIO TIEPETazy JABJICHHS HA He-
KOTOPOM YYACTKE W MO 3HAYCHUSM KACATCIIHHBIX HATIPSI-
JKCHUH HA MPOTHUBOIIONIOKHBIX CTCHKAX.
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2. SolidWorks. KommbrorepHOE MOJCTHPOBAHUE B HHXKC-
HepHOH mpakTuke /[Amamvosckuit A.A., Cobaukma A.A.,
Omuanos EB. u ap.] — CI16.: BXB-IlerepOypr, 2005. —
800 c.

Alyamovskiy, A.A., Sobachkin, A.A. and Odintsov,
Ye.V. (2005), SolidWorks Kompyuternoye modelirovani-
ye v inzhenernoy praktike [SolidWorks. Computer Mod-
eling in Engineering Practice], VHV-Peterburg, St.-
Petersburg, Russia.

Mera. Bu3HaueHHS TiZPOAWHAMIYHUX XapaKTCpH-
CTHK HEi30TepMiuHOi TypOyJNEHTHOI Teuii MOBITPI B
HAIPHOMY KaHAJ KUIBIICBOTO NEpepily 3 TPAHUYIHHMH
YMOBaMH IIEPIIOTO POy .

MeTtoanka. Peamizaniss METH TOCIIHKEHHS 3iHCHIO-
BaJacs IIJIXOM YHCIOBOTO MOJCITIOBAHHA Y IPOTPaM-
HOMY cepenosumi Solid Works COSMOS FLO.

Pesymnrarn, OTpuMaHi 3aJICKHOCTI 3MIiHH TiIpaBIid-
HOTO KOe(IIfieHTa TEpTS B3IOBXK KUIBLEBOTO KAHAIY, IO
00IrpiBA€THCS Yepe3 BHYTPILIHIO CTIHKY, a TAKOK Tpadiku
3aJICKHOCT] JIOKAIBbHOTO 3HAa4YeHHS Koepimierra Jlapci Bix
uymcna PefiHONMBACA 1A PI3HUX 3HAYCHB CTYIICHSI HEpiB-
HOMIPHOCT1 PO3MOILUNY B S3KOCTI B mboMy mepepisi. Po-
3pax0BaHi 3HAYCHHS TOBINWHH IPHUCTIHHUX INApiB, JOTHY-
HHX HATPY> KCHb Ta TPAJIEHTIB NIBUIKOCTI O/ CTIHOK Ka-
Hany. Hasenenwit ananiz 0coOMuBOCTEH TiAPOIMHAMIMHOL
crabimizamii Hel30TEPMIYHOTO TYpPOYJICHTHOTO IIOTOKY B
KAHAJI KiJIBIICBOTO TICPEPi3y.

Haykora voBmsHA, J[OBSACHO, MO TPH TYPOYJICHTHIH
TeHii MOBITPSHOTO TIOTOKY B HAMPHOMY KaHAI KUTBLICBOTO
mepepizy mpu HOro oOirpiBi uepe3 BHYTPIIIHIO CTIHKY Ta
TIPU TPAHWYHUX YMOBAX MEPIIOTO POAY, TiPABIIMHIH OTIp
B3IOBXK Teuil 3pocTae. [ToACHCHHA HpOMYy C(ECKTY HATAHO
MUEIXOM AHANIZY MPHYHH 1 XapakTepy 3MiHH B3IOBK KaHA-
Jy TOBIIWHM IPUCTIHHUX INAPIB, JOTHIHHX HAIPY>KeHb Ta
TPazi€HTIB MBHAKOCTI. BcTaHOBNIEHO, MO 30UIBIICHHS CTY-
TICHS HEPIBHOMIPHOCT1 PO3MOALTY B S3KOCTI B JTAHOMY Iic-
PETHHI TPHU3BOIUTH 10 3HWKCHHSA IIOKATHPHOTO 3HAYCHHS
roedimieHTa rigpaBmivHEX BTpar. Ha miacTaBi aHamizy
0COOIMBOCTEH TIAPOAMHAMIMHOI cTadlm3arii Hei30TepMiu-
HOTO ITOTOKY B SIKOCTI KPHTEPisl cTadimizamii 3armponoHoBa-
HA BEJIMYHMHA TyPOYJICHTHOL B SI3KOCTI.

MNpaktnuaa 3HaumMicTs. Heisotepmiuna TypOy-
JICHTHA TCUiS B HAMIPHUX KAHAJNAX KiTBLIEBOTO MEPEpisy
XapaKTePHA I TCIIOOOMIHHAX anapaTis THIy ,, Tpy0a y
TpyOi“. IlpoekTyBaHHS mWX amapaTie mepeadadae ix
TiIPaBIIYHAN PO3PAXyHOK. Y TAHHH Yac Taki PO3paxyH-
KH BEAyThCs O€3 ypaxyBaHHS HEPIBHOMIPHOCTI TEMIIEpa-
TypHOTO TOJ. BCTanoBneHi 3aKOHOMIPHOCTI J03BOJII-
FOTh YPaXyBaTH HEI30TCPMIUHHH XapakTep Tedii # TaKuM
YHHOM TIiIBHIMUTH TOYHICTH T1APABIIMHUX PO3PAXYHKIB.
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KmouoBi ciioBa: weizomepmivnuii nomix, enacmu-
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Purpose. Determination of hydrodynamic features
of non-isothermal turbulent flow of air in the pressure
channel of the annular section with the boundary condi-
tions of the first kind.

Methodology. The realization of the research objec-
tive was carried out by means of numerical simulation in
the SOLID WORKS COSMOS FLO software.

Findings. The dependences of changes of the hy-
draulic coefficient of the friction along the annular
channel, heated through the inner wall were obtained as
well as graphs of dependences of the local value of
Darcy coefficient on the Reynolds number for different
values of the degree of uneven distribution of viscosity
in the section. The values of the thickness of wall lay-
ers, shear stresses and velocity gradients near the chan-
nel walls were calculated. The features of hydrodynam-
ic stabilization of non-isothermal turbulent flow in a
channel of the annular section were analyzed.

Originality. It has been proved that hydraulic re-
sistance along the flow increases under a turbulent flow of
the air stream in the annular flow channel of cross section
when heating through inner wall under boundary conditions
of the first kind. The explanation for this effect is given by
the analysis of the causes and nature of changes along the
channel thickness of wall layers, shear stresses and velocity
gradients. It has been found that the increase of the degree
of uneven distribution of viscosity in this section leads to a
decrease of the local values of the coefficient of hydraulic
losses. The value of turbulent viscosity has been proposed
as a criterion on the basis of analyzing the hydrodynamic
stabilization peculiarities of non-isothermal flow.

Practical value. Non-isothermal turbulent flow in the
flow channel of the annular section is typical for pipe-in-
pipe heat exchangers. The design of these devices involves
their hydraulic calculation. Currently, such calculations are
carried out ignoring nonuniformity of the temperature
field. The revealed regularitics allow taking into account
the nature of non-isothermal flow, and thereby improve
the accuracy of hydraulic calculations.

Keywords: non-isothermal flow, fluid properties, hy-
draulic friction, shear stresses, velocity gradient, thick-
ness of the boundary layer, turbulent viscosity
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