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In the article the author analyzes various aspects of the mathematical formulation of the general problem of fluid
current in the pipeline. In condensed form here are considered classical starting and boundary conditions and
their possible alternate versions, variants of turbulent flows modeling are analyzed. For the purpose of obtaining
the direct numerical solution of the differential equations system with finite-difference methods it is offered to
realize the idea of dynamic change of computing process strategy at each step and at each iteration.
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B TeOpenlyeCKOM rlJIaHe pacy:eT TeyeHH51 )I(H,ll,KOC-

TH B Tpy6e - 3TO CTaH,ll,apTHa513a,ll,aY:a MexaHHKH )I(H,ll,-

KOCTH 11 ra3a B 06weM BI1,ll,e, CcP0PMYJlI1pOBaHHa5I Ha-

npl1Mep B [1, 2] H ,ll,p. 06bIY:HO peweHHe TaKOM 3a,ll,aY:H

npOH3BO,ll,51T nOCJIe BBe,ll,eHI15I pa3JII1Y:HblX ynpoweHI1M

H ,ll,OnywemIH, CB513aHHbIX C KOHKpeTHbIM y:aCTHbIM

paCCMaTpHBaeMbIM CJIYY:aeM Tey:eHI151. TeM He MeHee,

B 60JIbWHHCTBe CJIyYaeB aHaJIHTI1y:eCKoe peWeHl1e rro-

JIYYHTb He B03MO)I(H0 H OHO l1llJ,eTC51 C rrpl1MeHeHl1eM

npl16JII1)I(eHHbIX MeTO,ll,OB BbIY:l1CJII1TeJIbHOM fI1,ll,pO,ll,I1-

HaMHKI1. COBpeMeHHbIM ypoBeHb pa3BHTH51 BbIY:l1CJII1-

TeJIbHbIX MOWHOCTeH n03BOJI5IeT CH51Tb rJIaBHOe orpa-

Hl1yeHl1e Ha TeXHl1yeCKHe B03MO)I(HOCTl1 H ,ll,OBeCTI1

peWeHl1e nOCTaBJIeHHOM 3a,ll,aY:11,ll,0 KOJIHy:eCTBeHHbIX

pe3yJIbTaTOB, LJTO BbIBO,ll,I1T Y:I1CJIeHHbIH 3KCnepl1MeHT

Ha HOBbIH ypoBeHb 3HaY:I1MOCTI1 11 n03BOJI51eT rrepeM-

Tl1 OT TeOpeTl1yeCKI1X l1CCJIe,ll,OBaHI1M K npl1MeHI1MbIM

Ha rrpaKTHKe TeXHHy:eCKI1M peWeHI151M.

CcP0PMYJIHpyeM nOCTaBJIeHHyIO 3a,ll,ay:y B 06-

weM BI1,ll,e. I1MeeTC51 Tpy6a ,ll,l1aMeTpOM D 11)l,JIl1HOM L,
C npoTeKalOweM B HeM peaJIbHOM )I(H,ll,KOCTblO. )K}r,ll,-

KOCTb O,ll,HOKOMnOHeHTHa51, XI1Ml1y:eCKl1e npeBpallJ,e-

HH51 11 nepeHOC H3JIyy:eHl1eM OTCYTCTByIOT. He113BeC-

THbIe napaMeTpbI )I(H,ll,KOCTH B JII060H TOY:Ke (x, y, z)
11 B JII060H MOMeHT BpeMeHI11 - BeKTOp CKopocnl w,
,ll,aBJIeHl1e P, TeMnepaTypa T 11 nJIOTHOCTb p - onpe-

,ll,eJUIIOT Bce OCTaJIbHble CBOMCTBa 11 xapaKTepl1CTI1KH

Tey:eHI15I. HI1KaKl1e ,ll,OnOJIHI1TeJIbHbIe I1CKYCCTBeHHble

OrpaHHyeHI151 He HaKJIa,ll,bIBaIOTC51.

MaTeMaTI1y:eCKa51 cPOPMYJIHpOBKa TaKOH 3a,ll,aY:11

BKJIIOyaeT ypaBHeHH5I ,ll,Bl1)KeHi'l5l (HaBbe-CTOKca),

Hepa3pbIBHOCTI1, 3Heprl111 H COCT051HI151, a TaK)Ke Ha-

Y:aJIbHbIe 11rpaHHY:Hble yCJIOBI15I.

Y)I(e Ha ,ll,aHHOM 3Tarre rrOCTaHOBKI1 3a,ll,aY:H B03-

HHKalOT BOnpOCbI. CyweCTBOBaHl1e 11 fJIa,ll,KOCTb pe-

weHHH ypaBHeHHM HaBbe-CTOKca, KaK H3BeCTHO,

5lBJUIeTC51 O,ll,HOM H3 CeMl1 MaTeMaTHy:eCKI1X 3a,ll,aY:

TbIC5Iy:eJIeTI151, a MaTeMaTHY:eCKoe OnHCaHl1e Typ6y-

JIeHTHOCTI1 - HepeWeHHa51 np06JIeMa cPI13I1KH. 3,ll,eCb

11,ll,aJIee B03HI1KalOT aJIbTepHaTI1BHble Bapl1aHTbI ,ll,aJIb-

HeHweH cPOpMyJIl1pOBKH 3a,ll,aY:l1, Tpe6Y1OWHe O,ll,HO-

3HaY:Horo npHH51TI151 peWeHl151: rrOHCK ClaCTHOrO aHa-

JII1TI1y:eCKoro peWeHI15I co MHOrl1MH OrpaHl1yeHI15IMH,

l1JII1 Y:I1CJIeHHOe MO,ll,eJII1pOBaHl1e C MI1HI1MaJIbHbIM

KOJIl1y:eCTBOM He06xo,ll,I1MbIX ,ll,OrryweHHH; BbI60p MO-

,ll,eJIH yYeTa Typ6yJIeHTHOCTH, 113 KOTOpbIX no KpaH-

HeM Mepe HeCKOJIbKO MO,ll,eJIeH HaXO,ll,51T wHpOKoe

rrpl1MeHeHHe, HJII1 B CJIyYae Y:I1CJIeHHOrO peWeHI151 -

H3MeJIby:eHHe npOCTpaHCTBeHHO-BpeMeHHOM CeTKI1

BrrJIOTb ,ll,0 C0l13Mepl1MblX C Bl1XpeM pa3MepOB; BbI60p

ypaBHeHH51 COCT051HI15I, a,ll,eKBaTHO Onl1CbIBalOwero

B3aI1MOCB5I3b HCKOMbIX HeI13BeCTHbIX napaMeTpoB,

11 MHoroe ,ll,pyroe. KpI1TepI1eM HCTI1HHOCTI1, B KOHI..I,e

KOHI..I,OB, 5IBJI5IeTC51 He MeTO,ll, peWeHI1513a,ll,aYI1, a nOJlY-

y:eHHoe peweHHe, KOTopoe COOTBeTcTByeT peaJIbHoMy

cPI1311y:eCKOMY 5lBJIeHI11O H npH nO,ll,CTaHOBKe B I1CXO,ll,-

Hoe ypaBHeHl1e npeBpawaeT ero B TO)I()l,eCTBO.

<1>OPMYJIl1pOBKa HaY:aJIbHbIX (HY) 11 rpaHI1YHbIX

(fY) YCJlOBI1H npe,ll,rrOJIaraeT 0,ll,H03HaY:Hoe nO,ll,p06-

Hoe Onl1CaHl1e cPH3I1'!eCKoro COCT051HI151 )I(H,ll,KOCTH

BO Bcex TOYKaX paCCMaTpI1BaeMOM 06JlaCTI1 B HaClaJIb-

HbIH MOMeHT BpeMeHI1, 3a,ll,aHl1e KOHCTPYKTI1BHbIX na-

paMeTpOB Tpy6bI (opl1eHTaI..l,l15I, pa3MepbI, MaTepHaJI

11 ,ll,p.), 060CHOBaHHoe 3a,ll,aHl1e 3aKOHOB 113MeHeHI151

rrapaMeTpOB Ha rpaHHI..I,aX paCCY:HTbIBaeMOH 06JlaCTI1.

BTO)I(e BpeM51 pa3Hble aBTopbI cPOPMYJII1PYlOT HY - fY

)l,JUI O,ll,HHX 11 Tex )I(e 3a,ll,ay: no-pa3HOMY, He Hapywa5I

rrpl1 3TOM cPI1311yeCKOM CYWHOCTH 11 MaTeMaTl1yeCKOH

TOY:HOCTl1 nOJIyYaeMoro peWeHI15I.

B ,ll,aJIbHeHWeM BbI6I1paeM Y:l1CJleHHbIH MeTO,ll, -

KOHeY:Ho-pa3HocTHyIO arrrrpOKCI1MaI..l,I1IO I1CXO,ll,HOH

CI1CTeMbI ,ll,HcPcPepeHI..I,l1aJIbHbIX ypaBHeHHH [3-5],
Y:TO rr03BOJl51eT B npOI..l,eCce peWeHI151 paCCMaTpl1-

BaTb HaI160Jlee 6Jll13KY!O rro cP11311y:ecKoH CYWHOCTI1

11 MaTeMaTHY:eCKOM nOCTaHOBKe 3a,ll,aYy. nonyyeH-

HYIO CI1CTeMY pa3HOCTHbIX ypaBHeHI1H 6y,ll,eM pewaTb

I1TepaI..l,I10HHbIM MeTO,ll,OM, YTOYH5I51 3HayeHI151 Bcex

Hel13BeCTHbIX napaMeTpOB 11 K03cPcPI1I..1,I1eHTOB B ypaB-

HeHI15IX Ha Ka)I()l,OH I1TepaI..l,I1I1. TaKoH no,ll,XO,ll, n03-

BOJIl1T yYeCTb Jl106bIe HeJII1HeMHOCTH 11 npl1 YCJlOBI1I1

06ecney:eHI151 CXO,ll,l1MOCTI1 rrOJIYLJI1Tb OKOHLJaTeJIbHOe

peWeHl1e.



LJ,JUI Tpy6bl KpyrJloro CelfeHI151 HaVl60JIee y)J,06HO

VlCnOJIb30BaHVle UMJIVlH)J,pl1'-IeCKOW CMCTeMbI KOOp)J,M-

HaT, O)J,HaKO npl1 TaKOW rrOCTaHOBKe B )J,aJIbHeWWeM

6y)J,eT 3aTpY)J,HVlTeJlbHO pacnpOCTpaHI1Tb pe3YJlbTaTbI

MO)J,eJlVlpOBaHI151 Ha KaHaJIbI CJlO)KHoro VI nepeMeHHO-

ro CelfeHVl5I, n03TOMY BbI6MpaeM )J,eKapToBy cMcTeMy

Koop)J,MHaT. OorpeWHOCTb onMCaHM5I rJIMKMX CKpVlB-

JleHHbIX nOBepXHOCTeH 6y)J,eM YMeHbwaTb B npouecce

)J,p06JleHVl5I npOCTpaHCTBeHHOH CeTKM BnJIOTb )J,O)J,O-

CTVI)t(eHI15I )t(eJlaeMOH TOlfHOCTVI pe3YJlbTaTa. 3)J,eCb

VlCnOJIb3yeTc5I O)J,MH Vl3 npe)J,JlaraeMblX npMHUl1nOB -

ynpOll.l,eHVle MaTeMaTVllfeCKOH CJlO)t(HOCTVI 3a ClfeT Ha-

pall.l,l1BaHVl5I BbIlfl1CJlVlTeJIbHbIX pecypCOB. vb 3TI1X )l(e

c006pa)l(eHVlH VlCnOJlb3yeM He caMYJO 3cPcPeKTMBHYJO,

HO caMylO npOCTYJO np5IMOYTOJIbHYJO ceTKy.

Ell.I,e O)J,HVlM npVlHUl1rrVlaJIbHbIM)J,JI5I )J,OCTIDKeHI151

pe3YJIbTaTa peweHVleM 51BJI5IeTC5I BbI60p pa3HOCTHOW

CXeMbI. KOJll1lfeCTBO pa3HOCTHbIX cxeM VI I1X KOM611-

HaUVlH npaKTVllfeCKM HeorpaHVllfeHHO. CIO)J,a BXO)J,51T:

pa3MepbI VI COOTHOWeHM5I warOB rrpOCTpaHCTBeHHO-

BpeMeHHOH ceTKM; MHO)t(eCTBO BI1)J,OB pa3HOCTHOW

annpOKCVlMaUVlI1 OT)J,eJlbHbLX lfJIeHOB CVlCTeMbI )J,HcP-

cPepeHUHaJlbHbIX ypaBHeHHW; 3aKOHbI H3MeHeHH5I

npOCTpaHCTBeHHO-BpeMeHHOH ceTKM H arrnpOKCI1-

MaUI10HHbiX ypaBHeHI1W B npouecce paClfeTa VI )J,p.

VI MeHHO 3TH napaMeTpbl onpe)J,eJI5IIOT CXO)J,MMOCTb

BbllfVlCJIVlTeJlbHOrO npouecca K peWeHI1IO, no)J, KOTO-

POH TPMHUHOHHO nOHHMaeTC5I CTpeMJIeHMe peWeHM5I

KOHelfHo-pa3HOCTHoro aHaJIOra ypaBHeHH5I B lfaCT-

HbIX npOVl3BO)J,HbIX K peweHHIO I1CXO)J,Horo ypaBHeHH5I

()J,Jl5IO)J,MHaKOBbIX HalfaJIbHblX 11rpaHH4HbIX yCJlOBHH)

npl1 113MeJIblfeHI111 ceTKM.

06bI4HO He06xo)J,VlMbIM YCJIOBl1eM CXO)J,I1MOCTH

pa3HOCTHOH cxeMbI )J,JI5I nonylfeHI15I peWeHM5I KOp-

peKTHO nOCTaBJleHHOH 3Malfl1 51BJI5leTC5I BblIIOJlHe-

HVle YCJlOBHH yCTOHlfHBOCTI1, Kor)J,a Ha K~OM ware

H Ha K~OH VlTepaUVlH JI106a51 OWl16Ka (norpeWHOCTb

OKpYTJIeHI151, norpeWHOCTb annpOKCI1MaUMH, npOCTO

oWH6Ka) He B03paCTaeT npl1 nepexo)J,e OT O)J,Horo wara

K )J,pyroMy. AHaJlHTWleCKI1 )J,OKa3aTb B HaweM CJIy'-Iae

CXO)J,VlMOCTb HeB03MO)KH0, n03TOMY OCTaeTC5I e)J,MHC-

TBeHHa51 B03MO)KHOCTb - lfHCJIeHHbIW 3KcrrepMMeHT.

nO)J,06HbIH no)J,xo)J, peaJIM30BaH B lfaCTHOCTM B [6].
~eTo)J,MKa npOBe)J,eHH5I lfMCJleHHOrO 3KcrrepHMeHTa

)J,Jl5I onpe)J,eJleHM5I YCJIOBI1W CXO)J,MMOCTM HaXO)J,HTC5I

Ha CTMVlH pa3pa60TKI1; ee npHMeHeHVle )J,Jl51)J,HHa-

MHlfeCKoro 113MeHeHH5I CTpaTerHH BbI4V1CJlHTeJlbHOrO

npouecca Ha K~OM ware H Ha K~OH HTepaUHH

MO)t(eT OKa3aTbC5I cepbe3HbIM npO)J,BIDKeHHeM rrpH pe-

weHHH CJlO)l(HeHWHX cPI13HlfeCKMX H MaTeMaTHlfeCKMX

3Malf.

CTaH)J,apTHbIM Ha60poM ry rrpH paClfeTe Telfe-

HH5I )l(H)J,KOCTH B Tpy6e 5IBJI5IeTC5I3MaHVle CKOpOCTH w
B

VI )J,aBJIeHH5I p. nOTOKa BO BXO)J,HOM celfeHHH H )J,aBJIe-

HH5I (HJIH )J,PYToro napaMeTpa) B HeKOTopOM KOHelf-

HOM ce4eHVlVI, a TaK)l(e 3MaHHe CKOpOCTH M rpaHHlf-

HbIX yCJIOBHH II pO)J,a )J,Jl51TeMrrepaTypbI (TerrJlOrre-

pe)J,a4a TenJlOnpOBO)J,HOCTblO B rrpHCTeHOlfHOM CJIoe

)t(H)J,KOCTVI) Ha CTeHKe Tpy6bI. 3)J,eCb TaK)t(e HMeIOTC5I

npOTHBOpeCIH5I.

He npVlH5ITO 3MaBaTb rpMHeHT CKOpOCTH

MJlH )J,aBJIeHH5I Ha Bxo)J,e/Bblxo)J,e Tpy6bI, T. K. 3Ta Be-

JlH4HHa 51BJI5leTC5I pe3YJIbTaTOM paClfeTa. Ha caMOM

)J,eJle B MaTeMaTHlfeCKOM CMbICJIe TaKHe YCJlOBH5I

He 51BJI5IlOTC5I OWH604HbIMH, 60JIee TOro, OHH MorYT

6bITb CcP0PMYJIHpOBaHbI B pe3YJIbTaTe cPH3M4eCKoro

3KcrrepHMeHTa H TeM caMbIM )"{HTbIBaTb xapaKTepVlC-

TVlKM peaJIbHOrO HarHeTalOll.I,erO yCTpoHcTBa Ha BXO-

)J,e HJIH Ha BbLXO)J,e nOTOKa H3 arrrrapaTa. npH MO)J,e-

JIHpOBaHHH )J,HHaMHKM rrycKoBoro pe)l(HMa Ha BXO)J,e

B Tpy6y CJIe)J,yeT 3MaTb CKalfKo06pa3Hoe H3MeHeHHe

CKOpOCTH H )J,aBJIeHM5I. B MaTeMaTHlfeCKOM nJlaHe -

3TO pa3pbIB, lfTO Tpe6yeT oc060ro rro)J,xo)J,a K nOHCKy

peWeHH5I, HO rrepexo)J, B MeTO)J,e KOHelfHbIX pa3HO-

CTew OT 6eCKOHe4HO MaJIbIX )J,HcPcPepeHUHaJIOB K KO-

HelfHbIM pa3HOCT5IM aBTOMaTHlfeCKM npe)J,orrpe)J,eJl5IeT

HeKOTopoe CrJIa)l(HBaHHe BO BpeMeHH H orrHCbIBaeT

Hepa3pbIBHbIW C cPH3HlfeCKOH TOlfKM 3peHI151 rrpouecc.

TeM He MeHee HHTepeCHbIM 51BJl5leTC5I3MaHHe Ha BXO-

)J,e B Tpy6y (z = 0) B HalfaJIbHbIH rrpOMe)l(yTOK BpeMe-

HH 0 ~ 1: ~ 1:. POCT )J,aBJIeHH5I )J,O p. M CKOpOCTH )J,O W.

B COOTBeTCTBHH C onpe)J,eJIeHHbIM 3aKOHOM H3MeHe-

HH5I, Harrpl1Mep, JIHHeHHbIM: p(1:)= PH + (P. - PH )1:/1:.,
W(1:)= W.1:/1:•.

CKOPOCTb Ha CTeHKe 06bIlfHO 3MalOT HyJleBOH

(YCJIOBHe «npHJIHnaHI151»), ClfHTa5l, 4TO «rrpOCKaJIb-

3bIBaHHe» MOJIeKyJl B)J,OJIb CTeHKM B03HHKaeT TOJlbKO

)J,Jl5I OlfeHb 60JIblllHX CKopOCTeH rrpM Te4eHHH CHJlb-

HO pa3pe)t(eHHbLX ra30B. B 3TOM CJIylfae rrpHMeH5IIOT

pa3JlHlfHble MO)J,eJIH JIaMHHapHoro M Typ6YJIeHTHOro

nOTOKOB, HanpHMep, )J,OCTaT04HO rrpOCTYJO B rrpHMe-

HeHHM TeopMIO rryrH CMellleHH5I.

O)J,HaKO, H3BeCTeH cPeHOMeH CKalfKo06pa3Horo

pOCTa CKOpOCTH rrOTOKa B pe3YJIbTaTe BKJIIOlfeHH5I Me-

xaHH3Ma «rrpOCKaJIb3bIBaHH5I», KOTOpbIH B lfaCTHOCTH

Ha6JIIO)J,aJIC5I Ha peaJIbHOM 3KcrrepHMeHTe npM Telfe-

HHH HeKOTopbIX MHorOKOMnOHeHTHbIX )I(l1)J,KOCTeH

B pe3YJIbTaTe BbI)l(HMaHM5I )I(l1pHOH cPpaKUHH Vl3 51)J,pa

nOTOKa K CTeHKe Tpy6bI. n03TOMY B onpe)J,eJIeHHbIX

CJIYlfa5IX npH paClfeTe TelfeHM5I peaJIbHbIX )I(l1)J,KOCTew

CJIe)J,yeT 3aKJIMbIBaTb B fY Ha CTeHKe K03cPcPVlUVleHT

rrpOCKaJIb3bIBaHH5I 0:::: e:::: 1, a CKOpOCTb Ha CTeHKe orr-

pe)J,eJI5lTb, HanpMMep, lfepe3 CKOpOCTb B 51)J,pe nOTOKa

Ww = eWe. nOXO)l(l1H no)J,Xo)J, npHMeHeH B [7] nYTeM

BBe)J,eHH5I TaK Ha3bIBaeMbIX «CKOJIb351LUHX» BeJlHlfHH

CKOpOCTH y CTeHKM HJIH B [8] - BBe)J,eHHeM CKOJIb-

)t(eHH5I )J,Jl5I yqeTa JIaMHHapHoro nO)J,CJI051 B BHxpeBOH

Tpy6e.

LJ,JI5I 3MaHH5I TeMnepaTypbI Ha CTeHKe paCCMOT-

pMM O)J,HH H3 xapaKTepHbIX CJIY4aeB, Koma K TeKyll.l,eH

rro Tpy6e )I(l1)J,KOCTH nO)J,BO)J,HTC5I H3BHe TerrJlOTa C 3a-

)J,aHHOW rrJIOTHOCTblO TerrJIOBOrO rrOTOKa q. B KalfeCTBe

rpaHHlfHoro yCJIOBH5I rrpHH5ITO ClfHTaTb, lfTO TenJIOTa

OTBO)J,HTC5IOT CTeHKH 3a ClfeT TenJIOnpOBO)J,HOCTVI )I(l1)J,-

KOCTH. TerrJIOBbIe COrrpOTHBJIeHH5I rrpOueCCOB TenJlO-

npOBO)J,HOCTH )I(l1)J,KOCTH B npHJIeralOLUeM K CTeHKe

CJIoe (KOH)J,yKTHBHbIH npouecc) 11TenJlOOT)J,alfH OT Ha-

rpeBaeMOW CTeHKM K rrOTOKy )I(l1)J,KOCTM (KOHBeKTHB-

HbIW rrpouecc) CyW,eCTBeHHO 3aBHC5IT OT CKOpOCTH,

reOMeTpMM H THrra )I(l1)J,KOCTVI 11 MoryT CMJlbHO pa3-

JlMlfaTbC5I. 003TOMY orrpaB)J,aHHbIM CJle)J,yeT CCIl1TaTb

3Mamle TeMrrepaTypbI Ha CTeHKe rro HToraM 3KCnepl1-



MeHTaJIbHblX HCCJle'uOBaHMW, T. e. C I1CnOJlb30BaHl1eM

3MnHpWIeCKOH XapaKTepMCTI1Kl1 - K03Q:>Q:>I1lJ,l1eHTa

TenJlOOT,Ua'-lH a: Tw = ~ + q/a.
Becb npolJ,ecc nOCTaHOBKM 3a,Ua'-lM 11 nOJIY'-IeHI15I

peWeHH5I OLleHb CHJlbHO 3aBl1Cl1T OT Bbl60pa Mo,UeJlI1

Typ6yJleHTHOCTM. IIpl1 HCnOJlb30BaHl1H pa3JIM'-IHhIX

nOJlY3MnHpl1'-1eCKl1X Mo,UeJIeH Q:>eHOMeHOJlOrM'-IeCKO-

ro Tl1na, CB5I3aHHbIX C TeM MJlI1 I1HhIM cnoc060M 3a-

MbIKaHI151 ocpe,UHeHHblX no PeHHOJIh,UCy ypaBHeHI1W

HaBbe-CTOKca, B03MO)l(HO nOJIy'-leHl1e peweHHH pa3-

JIH'-IHhlX 11H)l(eHepHblX 3a,Ua'-l C npl1MeHeHl1eM pacnpo-

CTpaHeHHblX nporpaMMHhIX npO'uYKTOB, HanpHMep

ANSYS I1JlI1 FLUENT.

C ,UpyroH CTOpOHbl C lJ,eJIbIO BceCTopoHHero H3Y-

'-IeHH5I BHYTpeHHI1X npOlJ,eCCOB B Typ6yJleHTHhIX Te'-le-

HH5IX npH peaJIbHblX YCJIO)I(H5IIOUJ,I1X Q:>aKTopax B noc-

Jle,UHHe ro,Ubl Bce '-IaUJ,e ,UeJlaIOTC5I nOrrhlTKl1 rrp5IMOrO

'-IHCJleHHOrO Mo,UeJIl1pOBaHH5I Typ6yJIeHTHOCTM, 6a311-

pyIOUJ,erOC5I Ha peWeHl111 ypaBHeHMH HaBbe - CToKca,

HJlH Mo,UeJlHpOBaHH5I KpynHhlX BHxpew C I1CrrOJIb30Ba-

HHeM TaK Ha3blBaeMblX Mo,UeJIeH no,UceTO'-lHOrO Mac-

wTa6a,UJI5I npeO,UOJleHI15I Bbl'-lI1CJII1TeJIbHbIX np06JIeM,

CB5I3aHHhIX C npe,UCTaBJIeHl1eM O'-leHh MeJlKl1X BHxpew

Ha Bbl6paHHoH paC'-IeTHOW ceTKe [9]. Ha Me)I(,UyHa-

P0,UHOM ceMHHape B 1998 r. B OKcQ:>op,Ue '-IMCJIeHHOe

Mo,UeJIHpOBaHHe Typ6YJIeHTHOCTl1 M Mo,UeJIl1pOBaHMe

KpyrrHblMH BHXp5IMI1 6blJIO npl13HaHO O,UHHM 113 Tpex

aKTYaJIbHblX HayqHblx HarrpaBJIeHI1H COBpeMeHHOH

Bbl'-lI1CJIHTeJIbHOH fH,UpO,UMHaMI1Kl1. Bbl3BaHO TaKoe

peweHHe OLleHb 60JlbWl1Ml1 nOTpe6HOCT5IMH BbI'-IHC-

JlHTeJlbHblX pecypcoB - BpeMeHM M naM5ITI1, 'u3)I(e

npH peweHHH npOCTblX 3a,Ua'-l. IlpMMeHeHl1e HepaB-

HOMepHblX paC'-IeTHbiX ceTOK, napaJIJleJIbHhIX MaWMH

H ,Upyrl1X HOBblX MeTO,UOJIOfl1'-1eCKl1X 11 TeXHM'-IeCKMX

peweHHH n03BOJI5IeT nOCTerreHHO paCWl1p5ITb Kpyr

pewaeMblX 3a,Ua'-l.

TaKl1M 06pa30M, HaM60JIee I1HTepeCHOW C Hayq-

HOH TOLIKl1 3peHl15I npe,UCTaBJl5IeTC5I rrOCTaHOBKa 3a-

,Ua'-lH np5IMoro '-IMCJIeHHOrO peWeHl15I CHCTeMhI ,UHQ:>-

Q:>epeHlJ,l1aJIbHblX ypaBHeHMW KOHe'-lHO-pa3HOCTHblMM

MeTo,UaMH npl1 HaJIH'-IMM peaJIbHbIX yCJIO)I(H5IIOUJ,HX

Q:>aKTOpOB. HeB03MO)I(HOCTb nOJIyqeHl15I TaKoro pewe-

HH5I He ,UOKa3aHa. Ilo MHeHMIO aBTopa, MHO)l(eCTBO cy-

UJ,eCTBYIOUJ,HXpa3pa60ToK B 06JIaCTM MaTeMaTM'-IeCKO-

ro onHCaHH5I pa3JIWIHblX acrreKTOB Te'-leHl15I )I(l1,UKOCTM

CJIe,nyeT nO,UKperrl1Tb COOTBeTCTBYIOUJ,HM pa3BI1Tl1eM

MeTO,UOB H aJIrOpMTMOB '-II1CJIeHHOrO aHaJIH3a, HanpaB-

JIeHHhIX Ha cepbe3Hoe yBeJIM'-IeHl1e CKOpOCTI1 11 pa,UH-

yca CXO,UI1MOCTM. B '-IaCTHOCTH, H,Ue5I LI,I1HaMWrecKoro

113MeHeHI151 CTpaTerHI1 BbI'-II1CJlI1TeJIhHOrO npolJ,eCca

Ha Ka)l(,UOM ware M Ha Ka)I(,UOH I1Tepall,HH MO)l(eT 6blTb

npMMeHeHa K BM,Uy H pa3Mepy pa3HocTHOH CeTKI1, pa3-

HOCTHhlM annpOKCI1MalJ,I15IM ypaBHeHHH B pa3JII1'-1HbIX

Y3JIaX, K03Q:>Q:>l1I.I,MeHTaMpeJIaKCalJ,MI1 H LI,pyrHM BBOLI,H-

MblM B cxeMY K03Q:>Q:>Hll,l1eHTaM, cOBMeUJ,eHI1IO/pa3LI,e-

JIeHI1IO HTepall,MOHHblX rrpOll,eCCOB paC'-IeTa )],Jl51 pa3-

JIH'-IHhIX nepeMeHHblX 11 MHoroe ,Upyroe, '-ITO, eCTeCT-

BeHHO, He LI,OJI)l(HO rrpOTMBOpe'-lMTh KoppeKTHOH noc-

TaHOBKe 3a,Ua'-ll1 H 'uOJI)l(HO 6blTb rrpOBepeHO Ha 60Jlb-

WOM KOJIM'-IeCTBe '-IMCJleHHhIX 3KcnepMMeHTOB.

1. floi1u,flHcKui1 fl. F. MeXaHI1Ka )I(11,UKOCTH

H ra3a. - M.: LJ:poQ:>a, 2003.

2. BaJlflaHaep C. B. JIeKI.l,l111 no fl1,Upoa3pOMexa-

HI1Ke. 2-e 113,U./Ilo,U pe,U. H. H. IlOJI5IKOBa. - CII6.:

I13,U-BO CII6fY, 2005.

3. AHaepcoH )J., TaHHexuflfl )JJIC., llflem'1ep P BbI-

'-I11CJII1TeJlbHa5I rl1,UpOMexaHHKa H TenJIo06MeH:

B 2-x T. - M.: Ml1p, 1990.

4. QI1CJIeHHhle MeTO,Uhl I1CCJIeLI,OBaHM5I Te'-le-

HI1H B5I3KOH )I(J1,UKOCTI1/ A. )J,. focMeH, B. M. naH,

A. K. PaH'-IeJI 11,Up./Ilep. C aHrJT. - M.: MHp, 1972.

5. llamaHKap C. B. QI1CJleHHOe peweHMe 3a,Ua'-l

TenJIOnpOBO,UHOCTI1 H KOHBeKTI1BHOrO TenJIo06MeHa

rrpl1 Te'-leHHH B KaHaJIax. Ilep. C aHrJl. - M.: 113LI,-

BO M3I1, 2003.

6. 3ai1u,eeA. B. Pa3pa60TKa aJIropHTMa peWeHH5I

ypaBHeHMw HaBbe-CTOKCa)],Jl51 Te'-leHI151 KpMoreHHoH

)I(l1LI,KOCTM B Tpy6e / / BecTHMK MAX. 2011. NQ 3.

7. llamaHKap C. B., CnoflaUH2)J. TenJIo- H Mac-

co06MeH B nOrpaHI1'-1HbIX CJlO5IX. Ilep. C aHrJl. - M.:
3Hepm5I, 1971.

8. llOflflHCKUi1 A. CP.) CKypUH JI. If. MO,Ll,eJlHpO-

BaHl1e Te'-leHI1H )I(l1,UKOCTM 11 ra3a B BI1XpeBOH Tpy6e

11cTpye / / MaTeMaTM'-IeCKOe Mo,UeJIMpOBaHl1e. 200 I.T.

13. NQ7.
9. David C. Wilcox. Turbulence modeling for

CFD. - DCW Industries, Inc. 1998.


