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Havyana paboTbl

CBepx3BYKOBO# caMoJIeT CONEPKUT
«KJIMHOBH/HBbIE 3JIEMEHTbI KOHCTPYKIHH,
KOTOpPbI€ BbI3bIBAIOT NOSIBJIEHHE OTPHIBOB

ITorepu MONMHOTO aBIEHUS B OTPBIBHBIX 30HAX
B COTHM Pa3 MPEBBIIIAIOT JONYCTUMBIE MPEIEIIbI U
SIBIIIOTCSI CEPbE3HOM MPOOIEMON TIpU
MIPOEKTUPOBAHUH JIEMEHTOB CHJIOBOU YCTaHOBKH

CyuiecTByloline B  HacTosllee BpeMd
mMogenu TypbyneHTHOCTM MoOryT [JaBaTtb
cepbesHble oWwubkn npu  onpegeneHun
YCNOBMA Hayana oTpbiBa (C rnagkou
NOBEPXHOCTU) U AaBaTb HETOYHbIE 3HAYEHUS
napamMeTpoB BHYTPU OTPbIBHbIX 30H.

CEAA2018, 17-19 ceHTAbpa 2018 ropa, r. CBeTN0ropckK




Cnyyaun KAUHAa CKaTUS

(CuiibHBIE OTPBIBHBIE 30HBI)

CranpapTHeie
OTpBIB Ha KJIMHEC moaenes SST, V3Solver

(koppexkuna Matswa C.B.)
monens SA, COBRA
SEI : 3 (pacueT Babynuna AA)

% R 3 mopens SST,
T cranpaprwas, V3Solver

Hacrtpoennas

JQoote

LGOI e e

Moaens g-m,
cTaHgapTHas, V3Solver
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Y10 6bIN0 M3BECTHO Nepen Havyanom PaboTbl

* B pamkax nporpammbl NASP B CLUA 6b1a1 NnoAroTOBAEHDI
TectoBble Cnyyan, 4acTb U3 KOTOPbIX Obinn onybanKoBaHbl. A.A.
HKentoBoaoB NPUHMMAN aKTUBHOE y4acTMe B NOATOTOBKE 3TUX
Cnyuaes. B UAT'M npobnemon oTpbiBa 3aHMMmanca B.A. boposow.

1. Settles G.S., Dolling D.S. Swept shock-wave/boundary-layer interactions. Tactical Missile
Aerodynamics // Progress in Astronautics and Aerodynamics Vol. 104. / Eds. M.J. Hemsch and
J.N. Nilsen. — New York: American Institute of Aeronautics and Astronautics, 1986. — P. 297—
379.

2. Zheltovodov A.A. Shock waves/turbulent boundary-layer interactions — fundamental studies and
applications: AIAA Paper 96-1977, 1996.

3. Knight D.D., Zheltovodov A.A. Ideal-gas shock wave — turbulent boundary-layer interactions
(STBLIS) in supersonic flows and their modeling: Two-dimensional interactions // Shock Wave
— Boundary-Layer Interactions. Chapter 4 / Eds. H. Babinsky, J. Harvey. Cambridge Aerospace
Series. New York et al.: Cambridge University Press, 2011. P. 137-201. [ISBN 980-0-521-
84852-7].

4. Dolling D.S. Fifty years of shock-wave/boundary-layer interactions research: What next? //
AlIAAJ. —2001. - \ol. 39, ? 8. — P. 1517-1531.
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[lopOXHaAa KapTa

* MoTtuBauua

* JKcnepumeHTaNbHOe uccnepoBaHue

* [locTaHOBKa pacyeTa

* ConocTaB/ieHUe pacyeTa U SKCNepuMeHTa

e 3aKaKyeHue




JkcnepumeHT A.A. entosoaoa (UTIMM CO PAH)

* JKCnepumeHTasibHble AaHHbIE NOAYYEHbI B ABYX a3pOANHAMUNYECKNX Tpybax
NTMNM c ncnonb3oBaHnem H60NbLUMHCTBA M3BECTHbIX METOA0B NPOBEAEHUA
3KCNepuMeHTa

[@3oamMHamuka MMynbcaunn n TpeHune
[TnTo

«[lpeHax
*TepmoaHeMoMeETp
«Caxa-macro
*Tepmonapbl
*Tennep
‘NHTepdepomeTp
[onorpamma

T-313 T-325
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OnucaHne mo4enun n pexmma

>
o
BFS 45 45°
Moze1s M. Pyg. xI1a P.. xIla To. K Re;x107™°, u™
BFS 45 3.01£0.005 419.7+2 11.2+0.1 292104 32.7+0.7
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N3meputenbHble ceyeHUA

= I....I
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TOYHOCTb 3KCMEPUMEHTA/IbHOTO 060pPYyA0BaAHMA

OCHOBHBIC U3MEPEHUSI PpaACOPENCIICHUNA JaBJICHUSI Ha TOBEPXHOCTH
MOJIEJIM MPOBOJMIIUCH ¢ ToMolIblo pa3zpadoranHoro B UTIIM CO PAH
MHOTOKaHaJIbHOTO MTHEBMOKOMMYTaTopa MN/I-100 C
TeH3oMeTpuueckuMmu jgaruukamu HomuHaima 0.1 MITA knacca 0.2, a
TaKXe CTaHJAPTHBIX IPYIIOBBIX PETUCTPUPYIONTUX MaHOMETPOB I PM-2
kiacca 0.5 ¢ mpenenamu usmepenuss 0++1 arMm, 4TO rapaHTUPOBAJIO
TOYHOCTh u3MepeHuid He Xxyxke 0.5%. IIpoBeneHHbIE CpaBHEHUS
00€CIIeUnBAIOT AaHAJOTUYHYI0 TOYHOCTh <0.5%. IlapamienbHo cC
30HIMPOBAHUEM TEUCHHUS MPOBOJAUIINCH JIONOIHUTEIBHBIC H3MEPEHUS
JABJICHUSI HA TTIOBEPXHOCTU MOJICTIN B UCCIIETyEMOM CEYEHUHU C TTOMOIIBIO

nononauTenpHoro patunka JIMHM nomuuana 100 Kma knacca 0.5.

CEAA2018, 17-19 ceHTA6pa 2018 roaa, r. CeBeTnoropck



[lopOXHaAa KapTa

* MoTuBauua

* JKCNnepumeHTa/IbHOe nuccneagoBaHume

* [ocTtaHOBKa pacuyeTa

* ConocTtaBneHune pacyeTa 1 SKCNepPMMEHTA

e 3aK/IloYeHmne




PacyeTHaa metoaonorma UAIU

RANS (12 mnH. Ayeek)

MeToa loayHOBa BTOPOro nopAaka TOYHOCTU

HeAaBHbIN MHTErpaTOp NO BPEMEHMU

ABHbIN MHTErpaTop Mo BpeMEHM C GPaAKLUMOHHbBIM LLIATOM
Mopaenun TypbynentHocTm SST, SA, g-Q

Romnnekc nporpamm EWT — UATU

MocTtpoenune cetkn GridCreator n GridEditor
[padunyeckana obpaboTtKa Field Editor

Mopgundunkauma mogenn TypbyneHTHOCTU BnaceHKko-MaTaLu

CEAA2018, 17-19 ceHTA6pAa 2018 roaa, r. CBeTA0ropcK



® Mopgudumrauma DDES metopa [Shur et. al, 2015]

® BepwUHHO-UeHTpupoBaHHan EBR cxema
- He BbllWe BTOPOro nopAaaKa TOYHOCTM HA NPOU3BOJIbHbIX
HECTPYKTYPUPOBAHHbIX CTEKAX B PaMKax KOHEYHO-06bEMHOIo Noaxoaa
- 5-6 NOPAJOK TOYHOCTN HA CETKAX TUNA PAaBHOMEPHDbIX peLleToK
(TPaHCNAUMOHHO-MHBAPUNAHTHbIE CETKM) B PaMKax KOHEYHO-
Pa3HOCTHOro noaxoaa

® WENO-EBR cxema ans 3aa4 ¢ paspbiBamu

® ApantusHasa rubpuaHas cxema MUHUMANbHOW AMccMNauum

® WHTerpupoBaHMe No BpemeHU
- ABHaA cxema PyHre-KyTTbl 4-ro nopaakKa;
- HeABHaA cxema HbloTOHa 2-ro nopAaakKa;
- meToa, buconpsaAxKeHHbIX rpaanenHTos (BCGStab)

Kon

18.09.2018 CEAA2018, 17-19 ceHTabpa 2018 roaa, r. CBeTA0ropck



[MpuBA3Ka no norpaHnyHomy caoto (LATA)

TEST M1 Pl 4] §* S&% Cfli
MODELS [kKG/cm?*] [mm] [mm] (mm] x10

BFS45 2.90 0.123 5.08 1.84 0.38 1.41
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[lpnBA3Ka nNo norpaHn4yHomy cnoto UMM

VSTG* — reHepaTop CUHTETUYECKOW TYpOYNEeHTHOCTU nepen ycTynom,
TYpOyneHTHble Nynbcauun 3agatoTca Yepes pacnpenerneHHbIn
0OBbEMHbIN NCTOYHUK

Ha BxogHon rpanuue: npodunmn na RANS pacyeta

BbluncnutenbHbin goMmeH: -3<x/h<50; -1<y/h<50; -1.5<z/h<1.5
(nepuoamka no z)

BbliuncnutensHasa cetka: 13.9 MniH. y3anoB; AX=3d10; Az=d/20; Ay,*<1

NOISEtte

CEAA2018, 17-19 ceHTA6pAa 2018 roaa, r. CBeTA0ropcK



I1OpOXHaAa KapTa

* ConocrtaBneHue pacyeta U SKCNepuMeHTa

CEAA2018, 17-19 ceHTA6pa 2018 roaa, r. CeBeTnoropck



ConocTaBsieHUe TeHeBbIX «poTOrpadpun»

< ’

LIAMW

SA IDDES + VSTG

NTM

CEAA2018, 17-19 ceHTA6pAa 2018 roaa, r. CBeTA0ropcK



TeHeBaa KapTuHa noapobHo (MMM, UTINM)

NTM

NTTM
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2D Pacuet HentoBoaosa (UTMNM)

P/P, [ =% . | d
08 I Moo= 3,0',:450

——
04 fa3 A R X

v 3KCI'IepMMEHT |Pusc-3-7-BFS-45-M3-P-Cf-Tonu,
| — k-¢€
U ] ! 1 ] ] ] ]
0 A 80 160 X, mm

18.09.2018 CEAA2018, 17-19 ceHTAbpa 2018 roaa, r. CBeTN0ropcK



3D pacnpegeneHmne cTaTM4ECcKoro AaBaeHuns

o Exp.
SA RANS
—— SA IDDES + VSTG
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Y [cm]

Mpodunm nonHoro gasnenma (LAIN)

3 —

% 3KCNeprM eHTalbHble daHHble
@ 3KCNepUM eHT anbHbIE JaHHbIe G KOppeKLuMen o
mogene SST, Zeus (koppekuuwa Matswa C.B.)
moaens SA, Zeus
mopens SST, cTangapTHas, Zeus

Moaens g-, CTaHgapTHaa, Zeus

| ! | ' | ' | ' I 0
1 2 3 4 5
P, [kr/cm?]

® 3KCNEpHM EHTaNkHEI € AaHHE 8

® 5KCNepUM eHTaNbHLI @ AaHHBI@ C KOppeKuuen
mogens SST, Zeus (koppekuna Matawa C.B.)
Mogene SA, Zeus
mogens SST, cTaHgapTHan, Zeus

Mojens -, CTaHgapTHas, Zeus

p, [kr/cm?]

CEAA2018, 17-19 ceHTA6pAa 2018 roaa, r. CBeTA0ropcK



[Tpodounu nonHoro aasneHunsa (LLAIN)

L ] ® aKcnepum eHT anksHblE AaHHB e <
® @ 3KCNepUM eHTanNbHbIE [laHHbI & ¢ KOppeK Lnejig
moaens SST, Zeus (koppekuua Matawa C. =4
Moaens SA, Zeus -
moaens SST, cTangapTHan, Zeus

= MOfAEenk q-(, CTaHaapTHan, Zeus

py [kr/cm?]
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Macnanbie (UTIMNM) n pacyetHble (LATU) nMHum Toka

D=8 n 50

40| M1
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MrHoBeHHasa «poTorpadpusa Te4eHma» CBEPXY
(UMM)
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[lopOXHaAa KapTa

* MoTuBauua

* JKCnepumeHTaNbHOE uccnegoBaHme

* [locTaHOBKa pacyeTa

* ConocTaBneHMe pacyeTa U SKCNepmmeHTa

e 3aKn4YeHue




3aknwdeHue UMV

* |IDDES no3Bonsaet 6onee KOPpPEKTHO NpeacKa3aTtb 0CO6eHHOCTH
TeYeHMA, OAHAKO CETOYHOrO pa3peLleHna 0Ka3anoch
HeA0CTaTOYHO

* BBuay 6onbworo yncna PemHonbaca n cpaBHUTENbHO 60NbLIOW
TO/ILLMHBI NOrpaHUYHOro cnos (8g g9 = h/3) B UyBCTBUTENBHOM
obnactn (Bo3ne KPOMKM yCTyna) XapaKTEPUCTUKN TeyeHUs (ToYKa
oTpbiBa) onpeaenatotTca RANS pexkxumom IDDES, KoTopbin
paboTaeT HEKOPPEKTHO

e [1nA ynyyweHus pe3ynbraTtoB Heobxoamma ceTka C Ay4Lwmnm
paspelieHnem

18.09.2018 CEAA2018, 17-19 ceHTabpa 2018 roaa, r. CBeTA0ropck



3akntoyeHmne LUATA

* ConnpapHbl c UMM

 OcHOBHaA Nnpobnema 3aKNOYaETCA B HApYyLLUEHUM
MacLITaboB BUXPEBbLIX CTPYKTYP M NOKA HE BUAHO
nyTV NPeoaosieHna 3TOU npobaembl nyTem
HAaCcTPOEeK moadenemn.

18.09.2018 CEAA2018, 17-19 ceHTAbpa 2018 roaa, r. CBeTN0ropcK



