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BeeaeHue

MpoBoanTca paboTa No NOBbILWEHUIO TOYHOCTU pPeLleHUa 3a4a4 C BUXPEBLIMU C/iegaMu
CBobogHble BUXpeBble cneabl moaennpytotcs *LES meTogamu

dopmunpoBaHmMe BUXpeBOro cieda mogenmpyerca *DES meTogamm

HaknagbiBaloTcA orpaHUYeHNA Ha Pa3MepPHOCTb CETKU CHU3Y

— TpebyeTtca pa3pelleHre ocobeHHOoCTeEN TeYeHuns

— BbinonHeHue TpeboBaHMI NOACETOUYHbBIX MOAENEN

[MoBblWEHME TOYHOCTU PELLEHNIN AOCTUKMUMO NCNoAb3oBaHMem PaspbiBHoro Metoaa
[anepKMHa BbICOKOro nopAagkKa

PMI BbICOKOro nopAagKa XpaHUT paspeLlaeT CTPYKTYPY Te4eHMA Ha NoACeTOYHOM
ypoOBHe
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Cucrtema ypaBHEeHUMU

> PewatoTcA ypaBHEHMSA ra30BOM AMHAMUKN UK UX GUNBTPOBAHHbIN aHaNor

U
S +V-EU,G) =0
U = (p, pu, pv, pw, pE)" G=VU F = Fo 4 Fff

T
F;:cunv — (Puk; puu + Péxk: pULy + Péyk: PWU + Pazk,- PEHk + puk)

; T
1
P‘;ff = (0; Txks Tykf Tzk, Tkl + Ty‘kv + Thw + qk)

» Tpu Tecra:
— 1-D 3apauva o beryuwen BonHe (ypaBHeHUs Jinnepa, Fyq = 0)
— 2-D 3apauva c Buxpem (ypasHeHus Jinnepa F .= 0)

— 3-D 3apaya o anccmnaumm typbynenTHocTtH (iLES, LES)
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UATYV——

o " EEE—)
PacyeTHbIM meToA BbICOKOro nopagKa I ".DA
Pa3pbiBHbIM meTo, ManépknHa ¢ noaxoaom baccn-Pnban-2
PeannsoBaH ANAa ypaBHEHWUN, 3aNNCAHHbIX B KOHCePBATUBHOMN dopme

Ncnonb3yeTca OpTOHOPMUPOBAHHbLIN 6a3nc (HET MaccoBOW MaTpuULbl)

U(x 1) =D u; 0 (), %+ [Fngds = [FVvpda
! z Q

PelieHune BHYTpU s4ekmn obnagaeTt CTPYKTypou 1
BO3MOXHO paspelleHne NoAceTOUYHbIX KonebaHum g NonnHombl JlexkaHpa :113;’
o
0.1 o

0.2

g 0

> WMcnonb3oBaHHblE HECTALMOHAPHbIE CXEMbI — 0.2

C rnob6asibHbIM LLUATOM: 04

— fAiBHas dinepa (1-ro nopaaka) —0.6

—  PyHre-KytTta SSP 5-warosas 4-ro nopaaka 08

-1

T T
—  «KNnaccuueckaa» 4-x warosas ~1 -0.8-0.6—04-0.2 0 0.2 04 06 08 1

T
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beryuwi,aa BoaHa

> 1-D 3apaya ana ypaBHeHUN dnunepa

> 0O6nactb L=200 co cpeaHMM NOTOKOM

1 (ca = \/YPa/pPa =1)

Uy =M, =0.5,v, =0, w, =0

{pa =1/7,pa

> HaknaabiBaeTcA BO3MYLLEHUNE —
aKycTuyeckas BosHa: {Vx, t=0}; {x=0, t>0}

( . 2c (2.1) =
u =z (z,t) =
y-1

2
T =z (x,t) =
v—1
—=z0(ac,t)=p—f';,

a

> [nunHa BoAHbl A=1

> AHanuMTUYecKoe pelleHune onpeaenserTca u3

ypaBHEHUS

7o (z,t) = %sin (271' !x — (ua + ¢4

:

Ug +
r‘)/

uCL_

—0.0005

I T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110
x

2c,

AHanuTUyecKoe pelueHue:
- oCTOAHCTBO amNAnTyAbl
- 3aBan GpoHTa BO/HbI

2c

1% +esin[2m(z — (ua + ca)t)],
v—1)’

e=10"3

0,0005 -

u'(x,t)

i 0,\ /1 3

X
1 ——A=0.0005 t=0
] ——A=0.0005 t=60

A=0.0005 t=1000

y+1

o))

-0,0005

» TecT oTBeyaeT Ha BONPOC O pa3pelieHMU NoACeTOUYHbIX KonebaHui

A MHCTUTYT um. npod. H.E. }yKoBcKoro



Pe3ynbTratbl pacyértos
> Cxembl K=3, 4, 5; HecTtaumMoHapHbIM pacyéTt ao t=60

> BnoxeHHble paBHOMepHble ceTkn 50, 100, ..., 3200 ayeek

Amnautyaa CTpyKTypa pelwieHun
0'%0_888% 1K3 /A= 1/ : Ynasnusaetcs ¢asa
= 00004984 00— ] u popma dpoHTa
0.000496=— RET 0.0004 $opma ¢p
- m—— HEJIMHEHHOE
0.0004 = 0.0002 - — K3 h/A=1/4
. — K4 h/x=1/2

1 == K4h/A=1/8

0.0002 WA =172 ) ] —K5h§/\=1§2
] K5 h/)\ = 1/4

//E/A\:]' L L D A . T VO I B LB LB |
0 - J J J ! ™ ! 100 100.1 100.2 100.3  100.4  100.5
0 20 40 60 80 100 120 5
T
> [lpepen paspeluatoLLen 0.0005 {
cnocobHocTu:
K3: h/A=1/2  K4: h/A=1/2 “

> Ha rpybbix ceTKax:

- 3aTyxaHme CUrHana C rpaHumLbl 1(|J4 1(I)6 1(I)8

xr

ry ‘
— WN3meHeHue AnnHbl BOAHbI HY « = K5h/A=1 —K5h/A=2 ==KS5h/\=4 — K4h/A=4
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TecT ¢ «31N1epOBCKUM BUXPEM»

YpaBHeHuna 3nepa 19
Mnocko-napannenbHada 3ajaya 10
O6nactb 100x100 g

Ha4yanbHOe ycnosue:
BUXpb MakKopmaka

Uy, M/C

['=300m%/c,r.=2Mm

&L — 0 9 4 6 8 10

HayanbHOe ycnoBue ABAAETCA pelleHneM 3a4a4m
Buxpb pagnanbHO yCTONYNB

Mpepgmet nHTepeca — paspeLleHne CTPYKTypbl
BUXPA YUC/IEHHOMU CXeMOW

— TecTt paccmaTpuBaeT BAUAHUE
CBOMNCTB YNCN€HHOMN CXeMbl

Central Aerohydrodynamic Institute named after prof. N.E. Zhukovsky




Nonyyaemoe pelwieHue

> Pacuét nposoautca go t=100 c (100 o6opoToB BUXPS)

> YBenunyeHue nopAaKa cxXxembl yTtoyHAET BU 4 YNCNTEHHOIO peweHnA

12 - A t=100c

v, M/C

—— QHAJIIUTHKA

I

DG K2
DG K3
DG K5

T, M

>  W3mepseTca owmbKa N0 MaKCMMaNbHOM OKPYXKHOW CKOPOCTHU

e — ‘1 N Utmam(t) ‘

Utmax (U)

Vimaz(0) &= 11.937 m/c

CeTKa 32%32
OKono 1 ayenku
Ha paaunyc aapa BUXps

Mpepen
pa3speLwiaroLien
CNnocooOHoCTU

K3: h/r.=0.5
K4: h/r.=0.5
K5: h/r=1;
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OueHKa TOYHOCTU pacuyéTa BUXpA

»  Pesynbrtatbl LAIU

100 > OueHmnBaeTcAa «CXeMHaA BA3KOCTb»

» CpaBHMBaeTcsa BennumnHa € B Eu pacuérte
n mogenbHom 1D NS pacuéte

1071 5

107 4 o= pPa K1

PeweHue

1% DG K2 0CEeCMMMETPUYHOM BA3KOM
10-3 4 DG K3
1 . poKs 3apaum (HaBbe-CToKc)
J-——Fluent 2
10—+ 1= Fluent 3
i T - T —— ] KnHematnueckasn €
10 108 10° Npor BA3KOCTb, M2/c

> Pesynbtatbl 13 UMM nm. M. Kengbiwa PAH

(T. K. Kosybckas, M.A. baxsanos) 0.0100 0,2687

e g oo
- DG K4 0,0048

v B oo
-#- SD-RT P3

10° 106 » 3JddeKTUBHaA cTpaTerna: NnosblleHue
Npor nopAAKa CXembl + CryweHmne CeTKu
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Aunccnnauuna TypbyneHTHOCTU

> Pewatotca punbTpoBaHHble ypaBHeHUA NS (LES) None KOMMNOHEHTbI
— O6nacTb 213 CKOpPOCTH

— Ha4vanbHOe nose ckopocTu

v; (r) = 0; (ky,) - cos(k,r + @,,)

Onpedensemcs, ucxoos
u3 oueHokK 1D 3ada4u

k

— [lepunoagunyeckue Iy

min_i = 2+4; kmax_izNi

— HecTaumoHapHbIM pacyéTt got<52 ¢

> OLI,eHVIBaETCFl B/IMAHUE CETKMU, YUCNEHHOM CXEMbI U
KOHCTaHTbI CDES Ha TedyeHune

> [lpoBepsieTcsa cnekTpasibHasA pa3pellatoas cnocobHoCcTb

LleHTpanbHbIN a3pornapoaMHammuyecku MHCTUTYT UM. npod. H.E. XykoBckoro 10




CKopocTH 3aTyxaHua

101 A
» CeTKku

— 16x16x16 0

— 32x32x32 ¢/e(to)

— 48x48x48 O L |
Moaenwu iLES, LES ——32ILES  e(t,)~102
NonnHombl K=3 10_5_716'ILE'S"""' N
(yeTBEpPTLIN NOPSAAOK) o0 a t_to,lfo v

> 3aKOH 3aTyxaHus 10° 3
KMHETUYECKOMN SHepruu: o]
0 =C-(t-t,)" 5
> TeopeTuueckue oueHku /i) 107
p=1.1+1.47 107 5 :gi gﬁi — 0.1625
> PacuyéTHble OLeHKM "= 32Cpes =02
104 132 Cpgs = 0.65
p=1.310.1 0 1w 10

t—to,C
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» XapaKTepHOoe KOHBEKTMBHOeEe
Bpemsa B As4EnKe
t~2n/N/q = 0.02 c (t,)
->9c (t,+10)

> Highly likely aHannsnpyem
MMEHHO TYPOYNEeHTHOCTb, a He
Ha4va/ibHOE yc/a0BMe

» [Ouccmnauma TypbyneHTHOCTH
npu Re = 10° -> 103

B Havane pacuéTta Ly, >1/k i,

MacwTtab Konmoroposa
Ag~Re34>>1/k

» Ha y4yacTke c pa3speluaembimun
KonebaHMAMM CnekTp
COOTBeTCTBYET -5/3, Kpome
Cpes=0.65

CnekTpbl

10?

10°

10t

108

109

104 -

OTCceyku CcToAT No

...................
------------

- -
L - -
il

- s Ha4

- -
-———— i
-
- -
-

— 16ILESt=10c¢c
—32ILESt=10¢
1—48ILESt=10c

100 102

k, I/m
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3akao4yeHue

> [lpun peweHnn ¢ nonnHomamm K=5 okasbiBaeTcs AOCTaTOUYHbIM OAHOM AYENKU ONA

dlNnNpPoKCUMaLUnn O4HOTO NOJIHOrIO KonebaHua nam NnoNoBUHbI BUXPA

> B DG Hepa3pelmaemblie KOPOTKOBOJIHOBbIE NyAbCaLMKn, NpuxoaALLMe C rpaHunL,

3aTyxatoT;

3aAaHHble B KayecTBe Havya/lbHOro yCnoBuAa — yBeaindmBatroT CBOKO AJIMHY BOJIHbI

» Temn 3aTyXaHUA BblCOKOpEIZHOfIb,EI,COBOIZ Typ6y.l'IeHTHOCTI/1 COOTBETCTBYET

A4osepuUtesibHOMY ANana3oHy, HE3aBUCUMO OT IryCTOTbl CETKN U KaﬂM6pOBKM CDES

> Temn 3aTyxaHus TypbyneHTHOCTM onpeaenaeTca Habopom KpynHenwmnx maclwtabos

NynbCalnii, paspeLliaembiX PpacyéTom

LleHTpanbHbIA a3pornapoaMHaMMUYEcKUii MHCTUTYT M. npod. H.E. XyKoBckoro




LleHTpanbHbIN a3pornapoaMHammuyecku MHCTUTYT UM. npod. H.E. XykoBckoro




Pa3bop aBneHum

N>

@ 1. DopmupoBaHMe norpaHcnon
@ 2. Cxop, BMXpeBOM NesieHbl (OTpbIBHOE TeYeHue)
@ 3. CBOpaymBaHMe B AUCKPETHbIE BUXPU

> 4. B3anumopgencreme c BHewHen atmochepoi
@ 5. Pa3BuTmne HeyCcTon4ynmBoCTeEM

> 6. TypbyneHTHOE pa3pyLieHme cneaa

Kaxkpoe aBneHue packnagbiBaeTca Ha XapaKTepHble ¢pusnyeckue npoueccol,
ANA KOTOPbIX PeLlaloTca MmogenbHbie 3a4auu

LleHTpanbHbIA a3pornapoaMHaMUYecKnii UHCTUTYT M. npod. H.E. }XyKoBcKoro




