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Beepenne

MoTueauyus

@ B coBpemeHHBIX 33/1a9aX BBIYUCIUTENHHON adPOaAKyCTHKU T
TypbOysienTHOCTH ucnob3yorcs RANS/LES nepexonpt. Heobxoammvo
3a7aBaTh HECTAIMOHAPHBIN IO MPUPOE TYPOYIEHTHBIN MOTOK, KOTOPBIi
HEBO3MO?KHO HAIIPAMYIO MHTOJIYYUTh U3 OCPEJHEHHBIX BEJIMYWH.

@ lcmosb30BaHne NCKYCCTBEHHO CTEHEPUPOBAHHBIX TYyPOYIEHTHBIX TOJIEH
— HambOJIee MEPCIEKTUBHBINA MOIX0 K PEITeHUI0 TPODJIeMBI.

@ Cunrernyeckoe TypOyJIEHTHOE I10JIe JOJI2KHO 00JIaJaTh
JIETEPMUHUPOBAHHBIMU M CTATUCTUYECKUMU CBOMCTBAMHU, OJIU3KUMU K
peanbHOI dusuKe.

o BesauBeprenTHOCTD OIS MyIbCAIMOHHBIX cKOpocTeil mpu M < 1.

o CoBnazenue OJHOTOYEIHBIX MOMEHTOB 1-10, 2-T0 U 3-T0O MOPSIIKOB,
JABYXTOY€YHBIX MOMEHTOB BTOPOI'O IOPAJIKA.

e DHepreTuyuecKnil CneKTp TypOYyIeHTHOCTH.

o HeskemarenbHOIt ABIAETCA JTOKHASA MEPUOTUIHOCTD CTOXACTUIECKIX
TIOJIEH.

J1.B. JopoaHuubiH NeHepauns cCUHTETUYECKOW TypbyneHTHOCTH. . .



Beepenne

3agaya

o [lose y/IBCAITMOHHBIX CKOPOCTEH OOBITHO CTPOUTCA KAK KOHEUHAd
CyMMa TAPMOHUK CO CJIYIafHBIMM, B TOM WX UHOM CMBIC/IE,
mapaMeTpaMHu.

@ BbosbmmHcTBO aBTOPOB pacCMaTpUBAOT HAOOP CHHYCOU C
PUKCHPOBAHHBIMI BOJTHOBBIMHU YUCIAMHI. DTO BICUET JIOKHYIO
TMTePUOSUIHOCTH KOJIEDAHMIA.

o Ilpumenenne BaiiBiIeT-paznoKennii 6osee TPYI0EMKO U TTOBBIIIAET
BBIYUCJUTEbHBIE 32TPATHI.

o /lerepMuHUPOBAHHBIM 0Aa3MCHBIM (QYHKIIUSAM JIyYIlle TTPEIII0YECTh
GYHKIME CO CTOXAaCTUYIECKUMU apaMerpamMu, aTo dosee
COOTBETCTBYET IIPUPO/Ie TYPOYJIEHTHOCTH.
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Beepenne

O cuHTeTnyeckoin TypbyneHTHOCTY

o R. Kraichnan. Diffusion by a random velocity field // Phys. of Fluids, 1970, v.13,
No.1, pp.22-31.

o W. Bechara, C. Bailly, P. Lafon, S.M. Candel. Stochastic approach to noise
modeling for free turbulent flows // ATIAA J., 1994, v.32, No.3, pp.455—463.

o A. Smirnov, S. Shi, I. Celik. Random Flow Generation Technique for Large Eddy
Simulations and Particle-Dynamics Modeling // J. Fluids Eng., 2001, 123(2),
pp.359-371.
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MaTtemaTuyeckas mopens

MeToauka 4ncaeHHOro MofenvipoBaHus

1. Burumcisiercss ycraHOBHBIIEeCs CpelHee TedeHne U OCpeJHeHHbIe
XapaKTEPUCTUKY TypOyIeHTHOCTH Ha ocHOBe Momenn RANS.

2. Tlo 1mo/Iy9eHHBIM CTATUCTUICCKUM JIAHHBIM CTPOUTCS CJIydaifHOe
II0JI€ CKOPOCTH, KOTOPOE UCIIOIb3YEeTCd B KA4eCTBe HAYAJIbHDBIX
manuLIx A7st 30ubl LES.

3. PaccunTniBaercs sBOTIONHS BO BpeMeHH TYPOYJIEHTHOTO TeYEHUsT
mo momesm LES ¢ 3amammem caydaiinoro TypOymeHTHOTO TTOTOKA HA
BXOJIHO# rpaHuiie.
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MaTtemaTuyeckas mopens
L Je]

[locTpoeHue cny4aitHOro nosisi CKOPOCTM

Paznaraem mose ckopocreit Ha (DOHOBYIO U MyJICAIIMOHHYIO COCTABJISIIOIIHE.
Ilocnenusisi peanu3dyercs: B BUJe CyMMbI TAPMOHHUK:

N
o
- ! /
u(x) =u(x) +u'(x), u(x)=—= u,(x).
VN —
n=1
B ciyuae ogHOpOAHOI M30TPOMHON TYpPOYJIEHTHOCTA TAPMOHUKYA UMEIOT BH]L
=N _"I’L : =N —n —n
u,(x) = Q(d™) [{ sin(ky, (@™ - x)) + 77" cos (ky, (& x))} .
3uech ky, ", £, 7" — caydaiiHble YUCIa U BEKTODBI.
Q(&) — marpuma: ¢j; = 0j; — wjw; . Ona obecreunsaer V - u’ = 0.
Bekrop & = (w1, ws,ws), |&] = 1, paBHOMEpPHO pacnpeesieH no cbepe.
" " — HAbOPBI CTATUCTUYECKU HE3ABUCUMBIX 3-MEDHBIX BEKTOPOB
~ N(0,1).
Bomanosbie uncna k = k,, cOCTaBASIOT HAOOP HE3ABUCUMBIX CIYYaHBIX
BEJINYUH, PACIPEIEJCHHBIX B COOTBETCTBUU C SHEPTETUIECKUM CIIEKTPOM

E(k), tne
IS E(k) dk = o2

J1.B. JopoaHuubiH NeHepauns cCUHTETUYECKOW TypbyneHTHOCTH. . .



MaTtemaTuyeckas mopens
oe

DHePreTuIecKnii CreKTp

MonmudunupoBanHas cClieKTpaJibHad mioTHocTs Kapmana-ITao

4
B — /K
(1+ k/k)?)
rae fp(k) 1 feu(k) — smnupudeckue dymkimn.

17/6 f’f?fCut )

o J.I0. Adamvan, M.X. Cmpeney, A.K. Tpasun. DddexkruBnblii MmeTo/1 renepanuu
CHHTETHYIECKON TypOYJIeHTHOCTH Ha BXOMHBIX rpannnax LES obmactu B pamkax
kombmanpoBanabix RANS-LES mogaxonos k pacaery TypOyraeHTHBIX Teuenuii //
Marem. mogemuposanme, 2011, .23, Ne 7 ¢.3-19.
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PesynbraTh!
°

nntoctpaunn TypbyneHTHOro noss

Peanuzarua mosia ckopoctu Q-xkpurepuii
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PesynbraTh!
©00000

OpHoTo4e4Hble MOMEHTbI TYpOyaeHTHOro noss
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PesynbraTh!
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PesynbraTh!
00000

O,D;HOTO‘{G‘-IHBIG MOMEHTBI BTOPOI'O IMOPsAJIKa

<U2>
<V2>
] <W2>

.
TR o g g

<U% <% <W

T T T T

T T T T T
1000 1500 2000 2500 3000

Yucno peanusayumn

T
0 500

J1.B. JopoaHuubiH NeHepauns cCUHTETUYECKOW TypbyneHTHOCTH. . .



PesynbraTh!
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O,ILHOTO‘{G‘-IHBIG MOMEHTDBI TPEThEro ImopsAIKa
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PesynbraTh!
0000@0

JIByXTOUYETHbIE MOMEHTHI BTOPOTO TIOPSIKA

[Ipononbhas u nomepednast KOPPESANUOHHBIE (DYHKIIAN
Kapmana-Xosapra  f(r) = (uz(0,0,0) ug(r,0,0))/{us(0,0,0)?) u
g(r) = (uy(0,0,0) uy(r,0,0))/(uy(0,0,0)).

—— MpoponbHas k.. KapmaHa-XoapTa
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PesynbraTh!
[elelelelel )

OTHollleHre UHTEerPaJioB KOPPEIANMOHHBIX (DYHKITHA

Ip= [ fr)ydr, Ip= [T g(r)dr. Ip/I,— 2.

5
B OTHOYeHMWe nHTErpana oT NPoAosIbHOM
. KOPPENALMOHHOM YHKLMN K UHTErpasy oT nonepe4yHomn
KoppensauuoHHon gyHKuuin KapmaHa-XosapTa.
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PesynbraTh!
°0

JHepreTn4eckne CnexkTpbi

CxomumocTh K 3Heprernveckomy crnekrpy E(k) ¢ yBequmuenunem auca

peasmmzaruit N.

von Karman v\/
—=—10k }
5k
£ —o—1k
i
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PesynbraTh!
oce

JHepreTn4eckne CnexkTpbi

Bocnpousseienue sueprerndeckoro crekrpa F (k).
N = 10000 peanm3aruii.
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Buisogb!

BbiBoabi

o [locTpoennrrit TpexXMePHBIH PAHIOMU3APOBAHHBIM CIIEKTPAIbHBIMN
MEeTO/T aeT PU3NIECKU KOPPEKTHBIE PE3YIbTAThI.

o Xopomaﬂ TOYHOCTH CTATUCTHUYICCKUX IIaPaMETPOB JOCTUTACTCA
TOJIBKO pu OGOJIBIIOM YKCJIE PeaTn3aliiii. TO MOXKeT OBbITh
CBSI3AHO CO CJYYAMHBIM XapaKTepOM PACIpeIeIeHUsT BOJTHOBBIX
wucea ki, .

o EcTth BO3MOXKHOCTD MOCTPOUTH SKOHOMUIHBIN METO/] 32, TaHNsT
TYpOYJIEHTHOTO TI0JIsl, TIOCKOJIBKY TIPOIIEypa 33/1eficTBOBaHA
TOJBKO TIPU TTOCTAHOBKE HAYAJIBHBIX U TPAHUYHBIX YCIOBUIL.
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Cnacubo 3a sBaumMmanue!
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