POCCUVICKAS KOHOEPEHUMA |

BblUMCJI HBIA
3KCMEPUMEHT = °’ !
B ADPOAKYCTUKE |

PacueTHOe nccneposaHue nynbcauum
AaB/IeHUA Ha ABUraTe/IbHOM OTCEKe
roJIOBHOM YacTU paKeTbl KOCMUYECKOro

Hd3HaA4YeéHUA
WU.B. AbanakuH, B.l. bo6Kos, A.I. ly6eHb, T.K. Ko3ybcKkasn

UHcmumym npuknadHoii mamemamuku um. M.B.Kenodsiwa

C.MN. Pbibak
PKK «3Hepaua»
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\ Ha6ezarowuii nomok M =0.8 + 1.3

Yucno Maxa Haberatowero notoka: 0.8, 0.85, 0.9, 0.95, 1.05, 1.3

E——

Yucna PeHonbAaca: ot 9.8-10° oo 7.4-10°

MNonyyeHne HecTaLMOHAPHDbIX XapPaKTEePUCTUK NOBEPXHOCTHOrO pacnpeaeneHun
AasneHusa Ha BA+[10 B Buae ocpeaHeHHOro Kosdpduumenta aasneHus C, n
cCpeAHEKBaAPaTUYHOrO OTK/IOHEHUA Nybcaumi AasneHua P’ o
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Cxema npoBeAeHMA pacyeTos CEIVY

9tan 1: RANS B ocecmmmeTpuyHomM noctaHosKe (SA, SST)

Llenb: BbISBUTb OCHOBHble 0COOEHHOCTU TeUeHMs, HeobxoanMble NapameTpbl
ana 3D RANS v IDDES, 3aBMCMMOCTb OT UCMOIb3YEMOWN MOAENN TYPOYNEHTHOCTY,
noArotosuTb BXxogHble gaHHble gnAa 3D RANS pacuerta

3tan 2: 3D RANS B ceKkTtope 45°
Lenb: nogrotosKka 3D IDDES pacyeTta ceKtopa

3tan 3: 3D SA IDDES pacyeTbl cekTopa 45°

ceHTAOps, 2018 K]
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TunnyHoe ana sBcex pacyetos ¢ ncnosnbdosaHnem RANS v IDDES
2D npoaonbHOe ceyeHne rubpmnaHom ceTku.
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3D ceTka— noBOpPOT 2D ceTKun No asumyTanbHOMY yray ¢ warom A = 21t / N,
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KoHeyHOo-06beMHan BEPLUMHHO-LEHTPUPOBAHHAA cxema C
K8a3uoOHomepHol pekoHcmpyKuyuel 80onb pebpa cemku (EBR)”
RANS: EBR-WENO pexkoHcmpyKkyusa™)

IDDES: 2ubpudHasa EBR CD+Upwind+WENO pekoHcmpykyua™ )

[MONHOCTbIO HEABHAA CXEMA UHTEFPMPOBAHUA NO BPEMEHW 2-T0 NOpAAKa
TOYHOCTU ABYX HECBA3HbIX CUCTEM YPABHEHUMN:

ra3oAMHaAMMNYECKOM CUCTEMBI YPpaBHEHUM (5 ypaBHeEHWUI)
7

TYpOyneHTHOM cnuctembl ypaBHeHUM (1 nam 2 ypaBHeHUA)

“Abalakin 1., Bakhvalov P., Kozubskaya T. Edge-based reconstruction schemes for unstructured tetrahedral

meshes // Int. J. Numer. Meth. Fluids, 2016, 81(6), 331-356.
™) Bakhvalov P., Kozubskaya T. EBR-WENO scheme for solving gas dynamics problems with discontinuities on
unstructured meshes // Comput. Fluids, 2017, 157, 312-324.

™) Duben A.P. and Kozubskaya T.K. Jet Noise Simulation Using Quasi-1D Schemes on Unstructured Meshes.
AIAA Paper 2017-3856, 23rd AIAA/CEAS Aeroacoustics Conference, Denver, Colorado, 2017.
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BbluncautenbHaa NnoCTaHOBKA 3a4a4um

® Moaxon: SA RANS, SST RANS, ocecummeTpuyHasn (RZ) noctaHoBKa

® YpycnenHasa cxema: EBR-WENO nosbilleHHOW TOYHOCTHU

® Cetka: 0.52 mnH. y3nos, Ay <1
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1 3Tan: pacyeTbl B 0CECUMMETPUYHOM NOCTaHOBKe (2)
OcHOBHble 0CO6eHHOCTH TeueHUA

12000

12000

12000

14000

14000

14000

B 3aBMCMMOCTM OT UCNO/Ib3yeMOI moaenu TypbyneHTHOCTH
SST

16000

16000
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18000

18000

Mach: 0.7 0.75 0.8 085 08 085 1 1.05 1.1

X 20000 22000 24000 26000 28000

Mach: 0.7 0.75 0.8 0.85 09 085 1 1.05 1.1 115 1.2 125 1.3

X 20000 22000 24000 26000 28000

Mach: 0.7 0.75 0.8 085 09 085 1 1.05 11 115 12 125 1.3

X 20000 22000 24000 26000 28000

10000 12000 14000 18000

SST RZ

10000 12000 14000 18000

17 ceHTa0ps, 2018

Mach: 0.7 0.75 0.8 0.85 08 095 1 105 11 1

X 20000 22000 24000 26000 28000

Mach: 0.7 0.75 0.8 0.85 09 095 1 1.05 1.1 115 1.2 125 1.3

Mach: 0.7 0.75 0.8 0.85 08 095 1 105 11 115 1.2 125 1.3

X 20000 22000 24000 26000 28000




1 3Tan: pacyeTbl B 0CECMMMETPUYHOMN NOCTaHOBKe (3)
OcHOBHble 0CO6eHHOCTH TeueHUA

B 3aBMCMMOCTM OT UCNO/Ib3yeMOI moaenu TypbyneHTHOCTH

Mach: 0.7 0.Y5 0.8 0.85 09 095 1 1.05 11 1.15 1.2 125 1.3 1.35 14 145 15

10000 12000 14000 16000 18000 X 20000 22000 24000 26000 28000 10000 12000 14000 16000 18000 X 20000 22000 24000 26000 28000

SST RZ

Mach: 0.7 0.75 0.8 0.85 0.9 0.95 1.05 1.1 1.15 1.2 125 1.3 1.35 1.4 145 1.5

10000 12000 14000 16000 18000 XZUOUO 22000 24000 26000 28000 10000 12000 14000 16000 18000 xzuouu 22000 24000 26000 28000

SST RZ

| Mach: 08 09 1 11 12 13 14 15 16 17

10000 12000 14000 18000 X 20000 22000 24000 26000 28000 12000 18000 20000 24000 26000

17 ceHTA6ps, 2018
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1 stan: 3D RANS pacyert B ceKktope 45° (1) CELY

BbluncantenbHaa NOCTaHOBKA 3a4a4un
Moaxopa: SA RANS, SST RANS cektope 45°

paHUYHbIE ycnoBuA: BxogHas rpaHmua — npodunmn ns RANS RZ
YCI0BMA CUMMETPUN
nosepxHocTtn K'Y n PH — ycnosua npunamnaHuma
BbIXO/,— CHOC MO XapaKTepPUCTUKN

YucneHHaa cxema: EBR-WENO CetKa: 3.5 mnH. y3108, 8.7 M/IH. 91€MEHTOB

v
"\Jj/z
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OcHOBHbIe 0COOEeHHOCTU TeYeHuUA

B 3aBUCMMOCTM OT UCNO/Ib3YyeMON MoAEeNU TYPOYNEHTHOCTH
SA SST

SST 3D [

| Mach: 07 075 08 085 09 095 1 105 11 115 12 125 13
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1 stan: 3D RANS pacuer B ceKkTope 45° (2)

OcHOBHble 0C06eHHOCTU TeueHuUA
B 3aBMCUMOCTHU OT UCMOJ/Ib3YEMOIN MOAENN TYPOYNIEHTHOCTH

10000 12000 14000 16000 18000 X 20000 22000 24000 26000 28000 10000 12000 14000 16000 18000 X 22000 24000 26000 28000

17 ceHTA6ps, 2018



1 stan: 3D RANS pacuert B ceKktope 45° (4) INCEIV

TypbyneHTHaA sHeprua B 3aBUCMMOCTU OT a3UMYTa/IbHOIO Yrna

M=0.8 M=0.95
SST \ SST \
X X

T TKE: 1.0E-03 2.5E-03 6.3E-03 1.6E-02 4.0E-02 1.0E-01 |

i
TKE: 1.0E-03 2.5E-03 6.3E-03 1.6E-02 4.0E-02 1.0E-01

17 ceHTA6ps, 2018
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1 stan: SA IDDES pacuert B ceKtope 45° (1) CEIV

BbluncautenbHaa NnOCTaHOBKA 3a4a4M

Mogpgenb: SA IDDES B cekTope 45°

® NOACETOYHbIN IMHENHbIN MacwTab TypByNEeHTHOCTV aganTUPOBaH K CN0AM CMelleHus: A = Ag , )
® yrnosas nepuopgmka no asMmyTanbHOMY HanpaBAEHUIO

YucneHHasa cxema: rmb6punaHan EBR CD+Upwind+WENO

Co3zpaHue TypbyneHTHbIX NyAbcaunii B NOrpaHUYHOM C/10€ Nepes, BbIeMKOMW:
® reHepaTop CMHTETUYECKOMN TypbyneHTHocTn — STG™)
® TypbyneHTHble Ny/bCaLMK 33A3}0TCA Hepes pacnpeneneHHbl 06beMHbIN NCTOUHMK — VSTG

***)

") Shur M., Spalart P, Strelets M., Travin A. // Flow Turbul. Combust., 2015, 95(4), 2015, 709-737.

™ Shur M., Spalart P, Strelets M., Travin A. // Flow, Turbul. Combust., 2014, 93(1), 63-92.
M. Shur, M. Strelets, A. Travin, et al. // C. Mockett et al. (eds.), Go4Hybrid: Grey Area Mitigation for Hybrid RANS-
LES Methods, Notes on Numerical Fluid Mechanics and Multidisciplinary Design 134, 15-87
2HTA0pA, 2018 14
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1 stan: SA IDDES pacuert B ceKkTope 45° (2)

PacueTHasa ceTKa

45000

® 27.2 mnH. y3nos, 2D: 0.132 mAH. y3noB
® 200 Ayeek B a3MMyTa/IbHOM HaMnpaBAeHUM 40000
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® Ax<6/10 =20 mm (6 = 899 - E25000
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® Ay, <6/20 = 10 mm (a3umyTanbHoe)
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Isosurfaces of Q criterion

wU,:-05 -01 03 07 11 15




P~ —
/‘(C-E;-\_;\

MrHoBeHHOe TeueHue: schlieren Busyanmnsauusn
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ISAVAN
CpepHee IDDES vs RZ-RANS-SA vs 3D-RANS-SA (M =1.3)
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1 stan: SA IDDES pacuert B ceKtope 45° (7) ~CEAn

CpenHee 3HayeHue KoOapPULUUEHTa AaB/IEHUA HA TBEPAOI NOBEPXHOCTU

X
F7 Z
Y
M =1.3
L_/
N e
Cp: 2 15 -1 05 0 05 1

eHTA0pA, 2018
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CpeaHeKBaapaTUYHOE 3HAYeHUe Ny/sbcauuii AaB/IeHUA Ha TBepAoi NOBEePXHOCTU

L

OASPL [dB]: 130 135 140 145 150 155 160 165 170

y

OASPL [dB]: 130 135 140 145 150 155 160 165 170

0

OASPL [dB]: 130 135 140 145 150 155 160 165 170



