VIIl Poccunckasa koHpepeHuus
BbIYUCIIUTENbHbIN 3KCMEPUMEHT
B ASPOAKYCTUKE N ASPOANHAMUKE ~_

*{r(

20—25 ceHTabpsa 2021 r., TEJIEHXKUK

MoaennpoBaHme asapoaAnHAMMKM TECTOBOW
KoHpurypaumm CRM-HL naccakmpckoro

CaMOJ1eTa B pexrnme NoCadk¥
A.MN. Ayb6ensb, T.K. Ko3ybckas, .B. PoanoHos




VI Poccuiickas koHdpepeHums BbIYUCITTIUTEbHbIN 3KCMEPUMEHT B A3SPOAKYCTUKE U ASPOANHAMUKE

MoTnBaumAa

an peweHnn NPpakTn4eCKknx 3aaa4y saingaumna matemaTtnuyeCKmnx MOLI,eI'IEI\/JI, YNCNEHHbIX MEeTOA0B U
peann3yromnx nx Kogos Urpaet KAmn4veByro PO/ib.

HecmoTpa Ha MHOroobpasune A0CTYNHbIX BaANAALMOHHbIX TECTOB B 06/1aCTU BbIYUC/INTE/IbHOM ra30BOWA
AVHAMUKU, KOJIMYECTBO TECTOB, NPUOBAUMKEHHbIX K NOCTAaHOBKAM NPAKTUYECKMX 33434, BCe eLle
CPaBHUTENIbHO HEBEJIMKO, XOTA NOTPEOHOCTb B HUX TONIbKO Bo3pacTaeT. CTOUT OTMETUTb, YTO
3KCNepuMMeHTabHble AaHHble ANA NPAKTUKO-OPUEHTUPOBAHHbIX TECTOB YaCcTO OCTatOTCA
HeaOoCTYNMHbIMU LUMPOKOMY KPYry nccneaosaTtene.

B choxKuswmxca ycnoBmuax ocoboe 3HayeHne npuobpeTatoT MexayHapoaHble BOPKLLONbI, B paMKax
KOTOPbIX N060M XKenatowmm MoXKeT NoNYYUTb A0CTYN K HAAEXKHBbIM 3KCMNEePUMEHTANIbHbIM AaHHbIM, a
TaK)Ke YaCTMYHO K YNCNEHHbIM pe3y/ibTaTaM APYrux aBTopos. OgHUM U3 TaKUX MePONPUATUI ABNAETCA
AIAA CFD High Lift Prediction Workshop.



VI Poccuiickas koHdpepeHums BbIYUCITTIUTEbHbIN 3KCMEPUMEHT B A3SPOAKYCTUKE U ASPOANHAMUKE

4th AIAA CFD High Lift Prediction Workshop

10%-ana moaenbHaa reomeTpua naccaxkmpckoro camoneta Common Research Model (CRM) B KoHpurypauum high
lift (c BbINYLLEHHbIMW NPEAKPbIIKAMW U 3aKPbIIKAMMK)

JKCNepuMeHT NpoBeaAeH B 5-MeTpoBOM HU3KOCKOPOCTHOM aspoauHamumnyeckon Tpybe QinetiQ
- TP

i

NocTaHOBKa:
M =0.2, Re =5.49 x 10°
o=2.78°— 21.47° (corrected)

JlocTynHble gaHHble:

NHTerpanbHble XapaKTEPUCTUKM
Cl, cd, My

KoadduuymeHT pasneHus B
cevyeHmsax

Busyanmsayms tTe4eHms no
MACNAHbIM KAPTUHAM U MUHU-
HUTAM (mini-tufts)
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BblumncamtenbHaa NOCTaHOBKA 3a4a4M

CeTKu: Kog NOISEtte, RANS SA, cxema EBR5S
N Ny NHTerpmpoBaHue nNo NnceBgoBPEMEHMN:
Level A 12 332 217 303 972 HeABHaA CXema NepBoro NopaaKa, paspeliaemas npw
Level B 32303132 700 270 nomouwm metoaa HototoHa (1-2 ntepaumm)
Level C 91981488 1297525 Ha Ka)kpoi utepaunm ncnonssyetca metoq, BiCGSTAB ¢

npenobycnasnmatesiem AKobu
Level A:

Level A:
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VIIl Poccuinckaa koH

a=7.05° obwmm Bna Te4yeHums

NOISEtte, Level A:




VI Poccuiickas koHdpepeHums BbIYUCITTIUTEbHbIN 3KCMEPUMEHT B A3SPOAKYCTUKE U ASPOANHAMUKE

o= /.05"
MHTErpasibHble XapaKTePUCTUKMU
CL Exp 1.77862 err
Level A 1.735 2.45%
Level B 1.764 0.82%
Level C 1.76 1.05%
CD Exp 0.18671 err
Level A 0.1785 4.40%
Level B 0.183 1.99%
Level C 0.1835 1.72%
MY Exp -0.3706 err
Level A -0.333 10.15%
Level B -0.354 4.48%
Level C -0.35 5.56%

i

MN3mepeHne naBieHnA B ceYeHnAX




VI Poccuiickas koHdpepeHums BbIYUCITTIUTEbHbIN 3KCMEPUMEHT B A3SPOAKYCTUKE U ASPOANHAMUKE

o= /.05"
MHTETPaJ/IbHblIE XdPaRKTEPUCTUKN
CL Exp 1.77862 err
Level A 1.735 2.45%
Level B 1.764 0.82%
Level C 1.76 1.05%
CD Exp 0.18671 err
Level A 0.1785 4.40%
Level B 0.183 1.99%
Level C 0.1835 1.72%
MY Exp -0.3706 err
Level A -0.333 10.15%
Level B -0.354 4.48%
Level C -0.35 5.56%

MN3mepeHne naBieHnA B ceYeHnAX
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e g Ty " ™

a = 7.05% KO3ddUUMEHT AaBAEeHMA Ha MPeaKPbIAKAX
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a = 7.05% Ko3ddMUMEHT AaBAEHMA HA KPblne
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a = 7.05% KoO3pdUUMEHT AaBAEHMA HA 3aKPbIIKaAX
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o Ty, "

a = 7.05% Ko3pdUUMEHT AaBAEHMA Ha BOIN3M 3aKOHLLOBKM KPbIa
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VIIl Poccuiickas koHdepeHums BbIYUCTTUTESIbHbIM 3KCMEPUMEHT B ASPOAKYCTUKE U A3POANHAMUKE

a = 7.05% KO3QOUUMNEHT TPEHUS

Mpumep ¢ carTa BOpKLIONA: NOISEtte, Level C:
~ Y

L

Cf

Y effects of slat

~— 0.015 bracket wakes
0.014
0.013 .
[ )

0.012
0.011
0.01

0.009
0.008

0007 effects of nacelle,

Cose | pylon, chine

0.004
0.003
0.002
0.001

separation

nacelle/pylon

wing root
flow patterns

flow patterns
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a= /.05 f"MHNWM TOKa

[Mpumep c canTa BOpKLLIONa: NOISEtte, Level C:

effects of slat
bracket wakes

effects of nacelle,
pylon, chine

separation

nacelle/pylon / .

wing root
flow patterns

flow patterns
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MHTerpanbHble XapakTepUCTUKKM Ans Bcex yrnos ataku (CL, CD, MY)

an yBEINYEHWNU YI/1a aTaKU TOYHHOCTb MoAe/TMpoBaHNA NOCTENEHHO CHUMXKAETCA.

Mocne AOCTUXKEHWNA KPUTMUUYECKOTO Yr/1a aTakM HECOOTBETCTBME SKCNEPUMEHTA U pe3ybTaToB
MOJeNMPOBaHNA PE3KO BO3PACTAET, YTO CBA3AHO C 0O6pPa3oBaHNEM IOXKHOIO OTPbIBA Ha Kpblae B6AM3K

drosensarka.
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a=11.29°: obwmm BNA TEYEHUS
NOISEtte, Level A:
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e g Ty " ™

a=11.29°: KOAPPULUMEHT AaBAEHUA HA NPEeaKPbIIKAX
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a=11.29°: KOAGPULUMEHT AaBAEHUA HA KPble
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a=11.29°: KOAPPULMEHT AaBAEHUA HA 3aKPbIJIKAX
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a=11.29°: KOadPNUMEHT AaBaeHUsa Ha BOAM3NM 3aKOHLLOBKM KPbla
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Level A: Level B:
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a=17.05°: KOadPUUMEHT AaBAEeHUA Ha NPEeaKPbIIKaX
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a=17.05": KOadPUUMEHT AaBAEHUA HA KPblae
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a=17.05°: KOadPULUMEHT AaBAEHUA HA 3aKPbIJIKAX
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o Ty, "

a=17.05": kKoadpPmnumeHT aasaeHnsa Ha BOAM3N 3aKOHLLOBKM KPbla
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Level A: Level B: Level C:
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a=19.57°: obwmm BNA TEYEHUS
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KpaTkoe onucaHue pesynbtatoB (NOISEtte, RANS SA)

Mpun Hebonbwmnx yrnax atakm RANS pacyeT no mogenu SA aaeT pesynbraTt, COOTBETCTBYHOLW MM
3KCNEePUMEHTY.

Ha yrnax ataku 11.29° 1 Bblwie B6/1M3U 3aKOHLOBKM KPbl/1la BO3SHMKAET NIOXHbIN OTPbIB, KOTOPbIN
NPUBOANT K JIOKaZIbHOMY MOHUMKEHUIO TOYHOCTU MOAEINPOBaHUA. [ToBbilLeHNE CETOYHOIO
pa3pelleHns He NPUBOAUT K YCTPAHEHMUIO A@aHHOIo OTPbIBA.

Mpw AOCTUXKEHUN KPUTUYECKOTO YI/1a aTaKU BO3HMKAET A0NONHUTE/IbHbIA HEPU3UYHDBIN OTPbIB
B6AM3N dro3ensarka.

XapaKTepuCcTuku ¢pusnyeckn obycnoBneHHOro OTPbIBA, NOJY4AaEMOrO B SKCMEPUMEHTE Ha yrie
aTakn 21.47°, He yaaeTcAa KOPPEKTHO BOCNPOM3BECTU B paMKax MCNONb3YEMOTO YNC/IEHHOIO
noaxoaa.
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KpaTKoe onncaHune pe3yanbtaTtos, Moay4aemMblX MPU MOMOLLM APYTNX
No/x0/10B M KOZ0B

[pe3eHTaLnm ¢ ONUCbiBaeMbIMU pPe3yabTaTaMmn MOXKHO HaMTK Ha caliTe BOpKLIONa:
hiliftpw.larc.nasa.gov. U3noeHHble pe3ynbTaTbl He ABNAAKOTCA OKOHYATE/IbHbIMMW, BOPKLLON
npoaoKaeTcs.

OTCyTCTBME NOXKHOMO OTPbIBA OKON0 3aKOHUOBKK Kpblsla B pamKax RANS noaxona AeMOHCTpUpytoT
KOZbl, NCNONb3YIOLLME CTPYKTYPUPOBaHHbIE nepekpbiBatowmeca cetkm: LAVA, CHAMPS, OVERFLOW.
Cpean KOHYeHO-00bEMHbIX BEPLUMHHO-LEHTPUPOBAHHbIX KOAOB AaHHbINA OTPbIB OTCYTCTBYET Y
CFD++.

Kogbl, ncnonb3ytowme RANS c agantaumen, rubpmngHoie RANS-LES u WMLES meTtoabl, B uenom
OKa3bIBatoTCA bamKe K akcnepumeHTty, yem RANS Ha puKcmpoBaHHOM ceTKe, 0COBEeHHO Ha OKO10
KPUTUYECKNX N MOCTKPUTUYECKUX YI/1axX aTaKM, XOTA TaKKe MOTyT ObITb NOABEPHKEHbI MOAB/IEHUIO
JIOXHbIX OTPbIBOB U1 HEBO3HUKHOBEHUIO PU3MNYECKM 0OYCNOBNAEHHDIX. YBENIMYEHNE Pa3MepOoB
CeTOK ANA AaHHbIX METOA0B NPUBOAMUT K 3HAYUTE/IBHOMY YAYULLIEHUIO YNCNEHHbIX PEe3yNbTaToB.

HabntopaeTtca 3aBUCUMOCTb NOJIYYaEMbIX PELLEHMM OT HaYa/IbHbIX AaHHbIX: NOCTENEHHOoe
yBEe/IMYEHMeE YyIN1a aTaku aaet 6onee 6AN3KUIN K IKCNEPUMEHTY PE3YNbTaT, HEXENN CTAPT CO
cB0b6OAHOrO NOTOKA.
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Cnacnbo 3a BHMMaHue!

PaboTa noaaeprkaHa Poccunckum poHaom dyHaameHTanbHbIX nccnegoBanmi (Mpoekt Ne 19-51-80001,
akpoHum SONG, no PamouHoit nporpamme BRICS STI) n BbinonHeHa ¢ UCNoAb30BaHUEM FTMBpMAHOro
cynepkomnbtoTepa K60, yctaHOoBNEeHHOro B LieHTpe KonnekTuBHoro nonb3osaHmna UMM um. M.B. Kengbliwa
PAH, a Tak»ke ob6opynoBaHusa LleHTpa KONIEKTMBHOIO NO/1b30BAaHNA CBEPXBbICOKONPOU3BOAUTE/IbHBIMMU
BblunucauTenbHbiMmm pecypcamm MIY nmenn M.B. JlomoHocoBa.




