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MOTUBALIUA

BblUMCAUTENIbHBIA SKCNEPUMEHT B a3P0aKYCTUKE MOKET NPeTeHa0BaTb

Ha BOCTPebOBAHHOCTb B MHXKEHEPHbIX pa3paboTKax 418 NPOU3BOJIbHO C/IOMKHbIX
reoMeTpUYeCcKnx KoHoUrypauuii, ecnm oH byaget obecneymsaTb

Tpebyemyio TOUHOCTb BOCNPOU3BEAEHUA HECTALUOHAPHDbIX TYPOYNEeHTHbIX
TeYEeHUU U reHepupyemblii UMK LLYM 33 NpUeMmsieMmoe Bpems pacuyera

Lenb
pa3paboTaTb y40BAETBOPAIOLNMA STUM YCNOBUAM YNCNEHHBIA aNTOPUTM,
paboTalowmun Ha HECTPYKTYPUPOBAHHbIX CETKaX («HECTPYKTYPUPOBAHHbIA» anropuTtm)

Crpym
paccMmaTpuBaem Kak oaAnH 13 6a30BbIX 31€MEHTOB CNOKHOTO TypbyneHTHOro
TeuyeHus, 0COOEeHHO YyBCTBUTENbHbIX K KAYECTBY YMC/IEHHOIO MOAE/IMPOBAHMUSA
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® NocnepHaa moaudukauma DDES meTtopa [Shur et. al, 2015]

® BepwuHHO-UeHTpupoBaHHan EBR cxema
NOBbILLEHHOM TOYHOCTU U NOHUMKEHHOW CTOMMOCTH
- He Bbllle BTOPOro nopAaaKa TOHHOCTU Ha NPON3BOJIbHbIX HECTPYKTYPUNPOBAHHbIX CTEKAX B PaMKaX
KOHEeYHO-06bEMHOro noaxoaa
- 5-6 NOPAAOK TOYHOCTM Ha CETKAX TUMA PAaBHOMEPHbIX PELLETOK
(TPaHCNAUMOHHO-MHBAPUAHTHbIE CETKM)
B PaMKaX KOHE4YHO-pPa3HOCTHOIo nNoaxoaa

MoBblweHHas To4HOCTb EBR cxembl obecneumBaeTca 3a CHET KBA3MOAHOMEPHOM PEKOHCTPYKL UM
NMOTOKOBbIX NEPEMEHHbIX Ha PaCIMPEHHOM PEHBEPHO-OPNEHTUPOBAHHOM WabnoHe

® WENO-EBR cxema gna 3agay ¢ paspbiBamu
® ApantmsHaa rubpupHan cxema ana MUHUMMU3ALMU CXEMHOW AMccunaLmm

® WHTerpupoBaHue no BpemeHwu
- ABHAA cxema PyHre-KyTTbl 4-ro nopaakKa;
- BTOPOro nopajKa HeABHaA CXeMa Ha OCHOBEe JInHeapu3auum No HbloTOHY,
anrebpanyecknii conBep — metoa buconpskeHHbIx rpaaueHTos (BCGStab)

Kon



BbluncamtenbHaa NoCTaHOBKa 1 ﬁ@_@.&g
® 3atonneHHaa HeHarpeTtas A03BYKoBas Kpyrnas ctpya (Rey=1.1-106, Mjet=0.9)
BblYMCAUTENbHAA NOCTaHOBKa (ceTkn u RANS-npodumnm Ha cpese conna)
npepoctasneHa M.J1. lypom n M.X. Ctpenbuom n3 CM6Iny
HaHHble ana cpaBHeHUA
o TypbyneHTHOCTb: [Lau, 1981], [Arakeri et al., 2003], [Simonich et al., 2001]
o AkyctuKa: [Viswanathan, 2004]
® Cetku: 1.52M (Grid 1), 4.13 (Grid 2), 8.87 (Grid 3) PacuéTbi:
® AKyCcTMKa ganbHero nona: FWH metop, 280-700 CPU apep
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QU /D=0.5 isosurface
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TpexmepHble BUXpeBble CTPYKTYpPbI
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OcpepgHeHHble npoduau B NpoA0/IbHOM HaNpPasBAeHUU
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OcpepgHeHHble Nnpodunu B nonepeyHbiom Hanpas/ieHUU
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AKYCTUKa ganbHero nona
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® 3artonneHHas ropavan (NTR=2.97) HepgopacwumpeHHan
Kpyrnas ctpys (Rey=1.27-10°, NPR=3.86)
fully expanded M=1.54, M _=2.18, U..,=748.4 m/s,

BbluMCAUTENbHAA NocTaHoBKa (ceTkn n RANS-npodumam Ha cpese
conna) npegocrtasneHa M.J. Lypom n M.X. Ctpenbuom ns CMNeny

jet

[JaHHble anAa cpaBHeHUA
o AKycTtuKa: [Ahuja et al., 1979]

® CetKa: 4.55M, 80 y3108B B a3MMyTa/lbHOM HanpasaeHun 2° g 20 xD 40 60
® AkyctuKka ganbHero nona: FWH metopg,
s Pacuérbl
2 | 768 CPU sagep
0
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CeueHue z/D=0 (06nacTb AApPa CTPYM NOKpPalLUeHa BEIMYMHON 3aBUXPEHHOCTH)
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MrHoBeHHOE nose rpagueHTa NIOTHOCTU (YNC/IeHHble WANPEH)




Underexpanded hot jet: numerical results

5

2SIV

[Vpl: 0.40 0.78 1.51 2.95 5.73

Instantaneous (left) and averaged (right) fieldsof Mach number (top)
and density gradient (numerical schlieren) (bottom)

Edges where pure WENOS reconstruction is used are marked in red




On higher accuracy of EBR schemes (— SAA

on arbitrary unstructured meshes (1/3)

Basic scheme for flux calculation

______
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On higher accuracy of EBR schemes R CEIY

on arbitrary unstructured meshes (2/3)

EBR3-WENO scheme
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On higher accuracy of EBR schemes R CEIY

on arbitrary unstructured meshes (3/3)

EBR5-WENO scheme
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OASPL Ha pacctoaHmnmn 100D (BepxHsaa neBas) U 1/3-0KkTaBHble CNEKTPbI A1 Pa3HbIX YI10B
HabnogaTenAa B CpaBHEHMU C SKCMNEPUMEHTANIbHBIMU U YUCAEHHBIMU AAHHbBIMMU

Shur M.L., Spalart P.R., Strelets M.Kh., “LES-based noise prediction for unexpanded jets shocked jets in static and

flight conditions”, AIAA Journal, 2011, v.49, No.9, pp. 2000-2017
Ahuja, K. K., Tanna, H. K., and Tester, B. J., “Effect of Simulated Forward Flight on Jet Noise, Shock Noise and Internal

Noise,” AIAA Paper 1979-0615, March 1979
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3aTonneHHaA HeHarpeTasa A03BYKOBaA KPyrnaa cTpya ~oEap

® W3oTponHas TeTpasgpanbHas ceTka 6.1M y3nos, 36.8M Tetpasgpos (Cetka U 1)

Pasmep AYeek U Ko3bdPULMEHTbI CryLeHns NoAo6HbI «ayyLel» cTpykTypuposaHHoii ceTke Grid 3 (8.8M)
o A=0.003D B6113n KpomKku conna (~1047 asmmyTanibHbIX TOYEK)
o A,,,=0.075D 862m3n FWH nosepxHocTu B pernoHe 0<x/D<10
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3aTonneHHaA HeHarpeTtasa A03BYKOBAA Kpyrnaa crpys N CEIV
3D BuXpeBble CTPYKTYPbI: cpaBHEHUE pe3y/bTaToB
Ha «JIy4Llen» CTPYKTYPUPOBAHHOM N ABYX HECTPYKTYPUPOBAHHbIX CETKaX

Grid 3

Q-UMID=0.5 isosurface Q-UMID=0.‘5 isosurface
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Ocpe.quHHble npocbvmw B npo.qoanOM HanpaBneva
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OcpeaHeHHble Npodunu B nonepeyHoM HanpaBreHun
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AKYCTUKa ganbHero nona
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MpeactaBNeHHbIM SKOHOMHbIM HECTPYKTYPUPOBAHHbBIN a/ITOPUTM NOBbILLIEHHOMN
TOYHOCTU NMNO3BONAET NPeAcKa3bliBaTb

C TOYHOCTbIO, BbilLE TOU, KOTOPYHO 0b6ecnevynBaroT KTPAAMLMOHHbIE» KOHEYHO-
0b6bEMHbIE CXeMbl BTOPOTrO NOopAAKa KaK Ha CTPYKTYPUPOBAHHbIX, TaK U
HEeCTPYKTYPUPOBAHHbIX CETKaX

MpeacTaBAeHHbIN HECTPYKTYPUPOBAHHbIM anropuTM No3BonAeT NpeackasbliBaTb

C NpuemnemMoi TOYHOCTbIO
Ha CTPYKTYPUPOBAHHDbIX CETKAX U B HEKOTOPbIX CIYy4aAX Ha HECTPYKTYPUPOBAHHDbIX CTEKaXx.
B o6uwem cnyyae, ypOBHU aKYCTUYECKMX CNEKTPOB MMEIOT TEHAEHLMIO K 3aBblLLIEHUIO
MOLLHOCTW 3BYKOBOTO M3/ly4eHMA MU3-32 YNCNEHHOM HEeYyCTOMUYMBOCTH.

OAHaKo, BblABNEHHbIA HEA0CTAaTOK B NepBYIO oyepeab,
3a CYET Nyywen agantauum BecoBbiX KOadpPpuumeHToB rubpmuaHomn cxembol aNs
obecneyeHna 6onee TOHKOro KOHTPO/1S1 3@ 06 BEMOM YMCNEHHOM AMccMnauum

[lna npeAcTaBNEHHOro HECTPYKTYPMUPOBAHHOIO a/IrOPUTMa BbIFOAHbI CETKU C
BK/IIOYEHMEM YHACTKOB TPAHCAALMOHHO-MHBAPUAHTHbIX CETOK NPU 06A3aTeNIbHOM
obecneyeHnn rNapKoro U30TPONHOrO cryweHusa/paspexeHus
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Cnacubo!

Aetann moXXHO NOCMOTpPETb
Ha CTeHAae

U NPpU }KenaHum gake obcyautb!

September ??, 2018 32 of ?2?



