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Una..v MoTtusauua

HeoaHopoaHOCTb NonAa TemnepaTypbl B Haberalowem MOTOKe MOXKeT
BO3HMKaATb NP NonagaHuun B Bo3ayxo3abopHuK (B3) ropsadyero cnepa asuratens
Apyroro  netatenbHoro annapata. [nA  NpaBuAbHOrO  onpeaeneHus
6e30nacHOCTM 3KcnayaTauuMu JieTaTeNibHOro annapata Tpebyetca 3HaThb
noBeJgeHWe Vy3/10B €ro CWI0BOM YCTaHOBKWM, B TOM 4YUCNE B YC/NOBUAX
HeoAHOPOAHOro Haberatowero NoToka nepes, B3. Buxpepaspelwatouwme metoapl
NO3BONAIOT MOAYy4aTb HEOOXOAMMbIE XaPaAKTEPUCTUKU TeyeHus, TaKue Kak
Ny/bCauumn CKOPOCTU, AaBAEeHUA, TemnepaTypbl, WYM B BAMMKHEM U AaNbHEM
nosae, CNeKTpbl Ny/bCcauuin JaBAeHUs.

Lenbo paHHOM paboTbl SABAANOCH UCCAeA0OBaHME C  MOMOLLbHO
RANS/ILES meToaa BAMAHUA pa3smepoB 061acTU C NOBbILLEHHOW TeMMepaTypomn
B MOTOKE U CTEMEHW ee MOBbILEHNA Ha CNEeKTPa/ibHble XapaKTEPUCTUKM LLIYMA
CBEpPX3BYKOBOTro B3 1 aKkycTnyeckoe BO34eNCTBME Ha CTEHKK B3.



UHAZ..V MoauduumposaHHbit BapuaHT RANS/ILES meToaa
(Mrobumos O.A., YectHbix A.O. NccneposaHne RANS/ILES meTogom TeyeHua B

BbICOKOCKOPOCTHOM BO3yX03abOpPHMKE CMELLAHHOrO CXKATUA HA PasNNYHbIX pexumax paboTbi //
TBT. MpuHAaTO K ny6AnKauunm)

PacctoaHue d, . onpeaenaeTca cneayowmm obpasom:
d) = max(d,,dy), roe:

d,=d, npn d<CA,. .,

d,=10°H, npu d>C,A, . (1)
d= dfy NPy f2f ymin

df=10°H, npu f,<f,... (2)

H — xapaKTepHaa BeANYMHa, K KOTOPOWN OTHECEHbI BCE pPa3Mepbl.
BbipaxkeHue ana f, B (2) umeeT CTPYKTYpy aHa/NOTMUYHYIO UCMONb30BAHHOM B MeToAe
IDDES:

f=max(fy,f,)(1+f W) (3)
B BbipaxkeHuu ana f, dyHkumuum fy, f, n W Takne ke, Kak n B metoge IDDES. B popmyne
(3) dyHKLMA f,, onpeneneHa cneayowmm obpasom:

fa=th((Cer 4)?) (4)

B BbipaxeHuax (1), (2) n (4) sennumnubl C,, Cy 1 .. NOAOMPANnCbL Ha OCHOBE
TecToBbIX pacyeToB. OKOHYATEIbHbIE 3HAYEHUA 3TUX MAPAMETPOB PAaBHANMUCH
cooTtBeTcTBeHHO: 1.0, 8.0 1 102 . Ipyrne pyHKumK, Bxoadawme B (3) n (4), cosnaaatoT

Cc aHanormyHbimu B metoae IDDES:
Shur M.L., Spalart P.R., Strelets M.K., Travin A.K. A hybrid RANS-LES approach with delayed-DES and wall-modeled LES capabilities // Int. J.
Heat Fluid Flow. 2008. V. 29. P. 1638-1649. 3
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4 MocTaHOBKa 3a4auu
. Schlieren
Cowl lip window Diffuser
feomeTpusa B3 [2] /
NMonHoe paBneHune 2.4x10°
i NoTOKa, P, Ma
Pressure
ramp Bleed LIRSS MonHasa Temnepartypa 320 K
noTtoka, T,
H

Yucno Maxa notoka, M 2

CKopocTtb noToKa, U 535 m/c

Cratuyeckasn

178 K
TemnepaTtypa noTtoka, T

0

CeuyeHune pacyeTHoM ceTkn, 4.5mnH aueek. KpacHoi amHmnen o6o03HaveHo Yucno PeitHonbaca no
BbIXOZHOE CeyeHue, rae bpanuncb napameTpbl NOTOKa ANA XapakTepuctuk B3. | gpicote Bxoaa, Re

1 P 3 4 5 3 7 8 8 16 71
X/H

2.7x10°

Ha BHeLIHNX CBEPX3BYKOBbIX rPaHnLLax PUKCUPOBANINCL BCE MapaMeTpbl.

Ha Hapy»XHOW BbIXOAHOM rpaHuMLEe — rpaHUYHOE YCA0BUE SKCTPANoNALUN.

Ha BbIxogae W3 CUCTEMbl CAMBA MNOFPaHUYHOIO C/NOSA  YCTAaHAB/IMBA/ZIUCL CTAaTUYECKMe
napameTpbl HaberawLero NoTokKa.

Ha Bbixoge M3 fA03ByKoBoro Auddysopa ANA CBEPXKPUTUYECKUX PEXMMOB 3a/aBasioChb
CTaTUYecKoe  fAaBfieHWe,  U3MEHeHMe  pPeMmMa  OCYLLECTBAS/IOCb  M3MEHEHUEM
NPOTUBOAABNAEHMA.

Ha [AOKPUTMYECKMX MOMMNAXKHbIX PEeXMMax [POoCCeMPOBaHNE OCYLLECTBASANIOCH CyXeHUEM
cevyeHuna KaHana nepes, BbIXOAHOM.

HeoaHOpoAHOCTb MOTOKa cO34aBanacb M3MEHEHWEeM TemnepaTypbl Ha 4YacTu BXOAHOM
rpaHuLbl pacyeTHoi obnactu nepen, B3. 4



UnAa..y KoHdurypauma HeoaHopoaHOCTU NOTOKA Ha BXxoae B B3

NccnepoBanocb 5 BapuaHToB Haberatoulero

NOTOKa:
1) OpHopogHbIn noToKk ¢ M=2 (pacyeTHbIi
peXnm)
2) [MoBblweHne Temnepatypbl Ha AT=5K Bo
BCeM NOTOKe, 4YTo cooTBeTcTBYeT M=1.97
3) CratMyeckas TemnepaTypa MOBbIWEHA Ha
Ha NONOBUHeE NaowWwaamn exoga 8 B3
4) CraTnyecKas TemnepaTtypa MOBbIWeEHA Ha
AT=15K Ha nonoBuHe nnowaan exoga s B3
OAHOPOAHbIN NOTOK OZAHOPOAHbIN NOTOK 5) CratMyeckas TemnepaTypa MOBbIWEHA Ha
M=2 M=1.97 AT=20K Ha yeTBepTK B3

T=188K

M=1.94

NonoBuHa nogorpeTa NMNonosnHa nogorpeta
Ha Ha AT=15K
M =1.97 M ,=1.96

YeTBepTb nogorpeTta Ha
AT=20K
M ,=1.97
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YnoBneTBoputeNbHOE COBMNageHWEe pacyeTa U SKCNEepUMEHTA B YCNOBMAX OAHOPOAHOro
notoka ¢ M=2 Ha ceTke 4.5x10° aueex.
Ha cBepXKpUTUYECKUX pexmmax P OCTaeTcA OAMHAKOBbIM A4 BCEX Tpex BapuaHTOB CO
cpesHum yncnom Maxa M,=1.97.
B «yrnoBoi Touke» cHUXaetca o: Ha 0.5% ans
C oAHOpOAHbIM NoToKkom M=1.97.

Mpu nNomna)ke Ha [APOoCCebHOW XapaKTepUCTUKe

n Ha 1.6% gna AT=20K no cpaBHEHUIO

oTIM4YnNA He3HaAYUTEIbHbI,

HO npwu

O,EIIVIHaKOBOl‘/'I cTerneHn gpoccennpoBaHmnA ¢ HEOAHOPOAHOCTbIO B NOTOKE CyWecTBeHHO, 40 3
pPa3, CHn>xaetcA MHTEHCUBHOCTDb nynbcau,m}i CTaTnu4yecKoro gassaeHunAa B BbIXOAHOM Ce4eHNHN.
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B pacuyeTe Ha cTeHKax 6blan pacnonoXKeHbl 29 AaTYMKOB, aHA/IOTMYHO TOMY, KaK OHU Obiin
PacnonoXKeHbl B akcnepumenTe [2]. JaTyMKmM Ha BOKOBOM CTEHKE pacnonara/inCb Ha CTOPOHE
C NOBbIWEHHOW TemnepaTypon. [JaTyMKM Ha HUXKHENM N BEPXHEN CTEHKe Haxoguaucb B
NJOCKOCTU cummeTpun B3.

Ha Ka)gom ware no BpeMeHM B AaTYMKax COXPaHANMUCb 3HAYEHUA MApPaMeTPOB TeYEHUS:
OaBNeHMe, TemnepaTtypa, NI0THOCTb, COCTABAAIOLWME BEKTOPA CKOPOCTW.

Mpn  pasnnMyHbIX  KOHPUrypaumax Haberawowero noTtoka MNPoOBeAeHO CpPaBHEHMe
obWenHTerpanbHOro ypOBHA WyMa B AaTY4MKax AJA CXOAHbIX APOCCENbHbIX PEXUMOB:
CBEPXKPUTUYECKNIN pPEXMM pPaboTbl, «yrnoBaA TO4YKa» APOCCENbHON XapPaKTEPUCTUKU U
«MOMMAXK».

lNpeacTtasneHbl CpaBHEHMA ANA gaTtynkos 22, 14, 7.
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LUA." 'CBerKpMTquCKMﬁ pexxum. MNona ocpegHeHHOU ckopocTu u OASPL
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OCHOBHbIM UCTOYHUKOM nynbcau,mﬁ AdaBneHnAa ABNAKOTCA CKa4YKM yNAOTHEHNA Ha BXO4E B B3 1 Hag nonocTblo cinBa
norpaHN4YHOro cnosA, B38MMO,CI,€VICTBVPOLLI,M€ C TeYEHNEM B HEMN.
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bonee MHTEHCUBHbIM 3aMbIKAOLLMIM MPAMON CKAYOK HA PAaCYETHOM PEXUME BEAET K POCTY Ny/NbCaLMi B 4O3BYKOBOM
andoysope. Ha none OASPL ana AT=20K y BepxHel CTEHKM BUAHA 06/1aCTb NOBbIWEHHbIX NY/1bCalUiA, BbI3BaHHasA
OTPbIBOM TEYEHMUA. 13
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LW Triomnasubiii pexxum. lNona ocpegHeHHOU ckopocTtu n OASPL
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Ha kapTtuHax pacnpegenenua OASPL B ceyeHUM BUAHO, YTO NO KaHany B3 ypoBeHb nynbcaunii meHaetca cnabo,
BHYTPEHHUI MAKCMMYM My/NbCaLMIA HAXOAUTCA Ha KPOMKE NMONOCTU CZIMBA NOrPAHMYHOro cnoA. CHapyXn nmeroTca

06/1aCTN UHTEHCUBHbIX I'IYI'IbCE!LI,Mlz AaBneHnAa, BO3HUKLWNE U3-3a UMKINYECKOTIo ABUNXKEHUA NPAMOTO CKayKa. 16
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B HM3KO4acTOTHOM 4acTM cnekTpa B AumanasoHe Sh=0.0042-0.0051 (22.5-27.3 Tu) HaxogATcs

CMEeKTPOoB,

COOTBETCTBYHOWLMNE YaCTOTamM MNOMMax*a.

MmeroTca meHee WHTEeHCUBHble

OVCKpPEeTHble 4acToTbl, KpaTHble 2-mM, 3-M W 4-M 4YacToTam MOMMaxa, OCOOEHHO XOPOLWO OHMU
pasnMuMMbl B CneKTpax datymka 14. Ona sapuaHTa ¢ AT=20K nNMKM C KpaTHOM 4YacTOTON He Takue
WHTEHCUBHbIE, NPU TOM, YTO ANA HEro NpeacTaB/eHbl pe3ynbTaThl Npu 6osbluem APOCCENUPOBAHUM,
4Yem y OCTa/ibHbIX BapuaHToB. B aatumke 14 Ha yactotax Sh=0.09 u 0.26 (480 n 1390 lu) ecTb cnabo
BblpaKeHHbIE€ /I0KaNbHble MaKCMMyMbl. [Tpy 3TOM B CnNeKTpax gaTyMka 7 ecTb bonee Bblgenawowmecs
MWKM Ha YacToTax B =1.5 pasa 6onbwmnx — Sh=0.14 1 0.4 (750 My 1 2140 lu).
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A4 3aKkaw4yeHue

RANS/ILES-meToagom uccnenoBaHo BAUAHME GOPMbl U CTENEHUM HEOAHOPOAHOCTU B MoJe
TemnepaTtypbl Haberawowero CBEpPX3BYKOBOrO MOTOKAa Ha YPOBEHb W CMNEKTpa/ibHble
XapaKTePUCTUKN NyNbCaLMN AaBIEHMA B BO34YX03aOOPHUKE CMELLEHHOTO CXKaTUA.

Ha KpUTUYECKMUX N CBEPXKPUTUUYECKUX PEKMUMAX HaMbOoNbLLUNIA YPOBEHb NY/bCaLWIA AaBNEHUA
(>170 nb) Ha cTeHKax KaHana Habnwoaaetca B ropae (gaTynk N26) M NONOCTU CUCTEMbBI CNMBA
norpaHuyHoro cnos (aatumk No29).

Mpwn nomna)ke ypoBeHb Ny/abCalUiM AaB/IEHMA Ha CTEHKaxX No BCcemy KaHany B3 Haxoautca B
AnanasoHe 160-180 ab, 3HaumMTenbHo meHblwe (<130 AB) MHTEHCMBHOCTb MyAbCaUUNA Ha
nepBbIX ABYX MOBEPXHOCTAX CBEPX3BYKOBOINO TOPMOKEHWA, MOCKOJIbKY BbIOUTbI NMPAMON
CKAYOK HaxoAuTcas Ha TPeTbemM K/AMHe, He [A0CTUraa nepsbiXx AByX , 6onee 2/3 uukna
nomnarka.

Ha nomna*XHOM pexmme Ha MHTEHCUBHOCTb nynbcau,mﬁ AaB/1IeHNA Ha CTEHKaAX B MepBYyHO
oyvepeqb BamAaet yncno Maxa Ha6era+om,ero NMNOTOKaA.

MonocTb cAMBA MOrPaHUYHOIO C/A0A ABAAETCA WMCTOYMHUMKOM My/AbCauMn OaBAEHUsA U3-3a
BO3HMKHOBEHWA Ha HEM CNOA CMELLEHNA N €ro B3aMMOAENCTBUA CO CKAYKaMM YNIOTHEHMA U
3alHEN KPOMKOM MOMOCTU CUCTEMbI CAMBA. Ha CBEPXKPUTUUECKUX peXMMaX MNONOCTb C/MBA
reHepupyeT UHTeHcusHoe usnydyeHme (OASPL >170 ab) Ha uactotax Sh=0.37, 0.5-0.6, 0.8
(1980, 2670-3205, 4275 Tuy), B wunpokom AmanasoHe npu Sh=1 (5345 lu) u Ha yacToTaX,
KPaTHbIMM 3TUM.

CnekTpbl NyAbCauui AaBNEHMA Ha MOMMAXKe CUAbHO OT/INYAKOTCA OT KPUTUYECKOTo W
CBEPXKPUTUYECKOTO  peruMmoB. OCHOBHAA 4YaCTb 3HepPrMuM Nynbcaumi  OaBNEHMUS
cocpeaoTodeHa B HWM3KOYACTOTHbIX MOMMaXKHbIX Konebanuax npu Sh=0.0047 (25 Tu) wu
KpaTHbIM eMmy 4YacToTax.
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