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Cucrtema aBapuMHOro cnaceHus

« Paketa-HocuTtenb (PH)
NNNOTMPYyeMoro Kopabns
OCHaLlaeTcsl CUCTEMOM
aBapuimnHoro cnaceHusi (CAC)
aKunaxka

e —aR
BobiBegeHue
NnTK-3
(650 c)

- YBoa
7~ Ysop - Il ctynenn PBEAC
| crynenn PBEAC Pa6oTa Il (632 c)
(196 c) ctynexm PBAC
OTpeneHue
| ctynenn PH

Pa6ora |
ctynenu PBAC

* [lpwn aBapun PH CAC
cpabartbiBaeT 1 ysoauT
obuTaembin Bo3BpallaeMbli
annapart (BA) kopabns us J
OMacHOMn 30HbI

Mocapka BA
B pauoue Kocuonpo

/f&a\\ < 52 c nonera PH é@\\‘; é@§

Il
» CAC moxeT cpaboTtaTb Ha &

Pa3riM4HbIX 3Tarax
NnorieTa



Cucrtema aBapMuHOro cnaceHus

CpabatbiBaHne CAC kopabns cnbiTaHnsa cuctembl cnaceHust
Mepkypun-PegctoyH-1 (MP-1) KOCMWYECKOro kopabnsa AnonmoH
21 Hos16pst 1960 rooa NioHb 1965 roga



Llenb pabothbl

1NN

* [1pn otoeneHun Bo3Bpallaemoro annapata (BA) ot
asuratensHoro otceka (O) B 3a3ope Mmexay HUMm 4@
BO3HUKAET NUHTEHCUBHOE TYPOYNEHTHOE TEYEHNE, YTO
NpPUBOOMUT K 3HAYUTESIbHBLIM HECTaLMOHAPHbLIM Harpy3kam

Ha akpaHbl BA 1 [10 n Ha obTekaTenb ABuraTtenbHOro
otceka (O0O)

« DTN HArpy3Kkn HEOHXOANMO Y4YUTbIBaATb NPU
NPOEKTUPOBAHMN KOCMUYECKOro Kopabns BA

» [loBpexaeHne akpaHa BA MOXeT NpMBeCTU K NneperpeBy npu
cnycke B atMmocdepy

CAC

OKpaH BA

» PaspylweHune akpaHa nnun obtekarenss O MOXeT npuBecTn K
OkpaH 1O

ero B3pbIBY U nocrieqyolemMy nospexageHunio BA

* Llenb paboTbl COCTOMT B pac4eTHOM onpeaeneHnm —
yKa3aHHbIX HecTalWoHapHbIX Harpy3ok

oao




MaTtemaTuueckasa mogenb,
MeToA pacyeTa
u
ncnonb3yemMble BblYHUCNUTENbHLIE pecypChl



Bbi10op noaxoaa kK MmoaennpoBaHUIO
paccmMmaTtpuBaeMoro Te4eHus

* VIlcnonb3oBaHWe On4a pelleHna paccMmaTpmBaeMoun 3agavym ocpeqHEeHHbIX
no PenHonbacy ypaBHeHnn HaBbe-Ctokca (RANS) HEBO3MOXHO
» He nosesonsgert nony4ntb MHOpMaLUIO O HeCTaLMOHaPHbIX XapaKkTepucTnkax

NOTOKa M1, B YaCTHOCTU, 00 aMNNUTYOHbIX U CrEKTPanbHbIX XapakTepucTukax
nynbcaumn gasneHuns

« Heobxogmnmo ncnosnb3oBaHWE BUXpepaspeLlatowmx nogxonos K OrnmcaHuio
TYpOYyneHTHOCTH

> [na peweHna 3agadm ucnonbadyetcs rubpuaHsin RANS-LES noaxon

v' Obecne4ymBaeT 4OCTAaTOMHO BbICOKYH TOMHOCTb MpY NpUeMnemMbix
BblYUCINUTENBHbIX 3aTpaTax

» Pacuetbl npoBoaunuck ¢ nomoubto CFD koga NTS naboparopumn
“‘BbluncnurenbHasa aspoakyctmka n TypoyneHTHocTs Cl16MMyY

v" Kog npoluen BCeCTOPOHHEE TECTUPOBAHME NMYTEM COMOCTABIEHUS C
OPYrYMMU LLUMPOKO MCMNOSb3yeMbIMU KogaMun OS19 adpoAanHaMUYECKMUX
pacyetoB (CFL3D kog NASA, GGNS n BCFD koagbl komnaHnn Boeing,
TAU kog DLR, kommepyeckne kogbl ANSYS-CFX n ANSYS-FLUENT)



[MlocTaHOBKa U MeTOA pelleHUA 3afauum

» Pac4eTbl NpoBOAATCSA NPU pasnuUyHbIX PUKCUMPOBAHHbLIX PacCTOAHMAX (dX)
mexay akpaHamu BA v 1O (kBasuctaumoHapHaga mogernb pasaerieHms)

« [Insa pelwleHns 3agadm Ucnonb3yeTcs AByXaTarnHaa npoueaypa pac4yera

» [lepsbinn 31an: 3D RANS pacyeT Bcero TedeHns B cektope 45° ¢
NCMNONb30BaHMEM YCNOBUN CUMMETPUMN

> BTopon aTan: pacyeT TedeHnst B «LeneBon obnactny», BkNoYvarwLemn 4actm BA u
OO0 v 3a30p Mexay HAMK 8 paMkax suxpepaspeuwarouie2o nooxoda DDES

v' [Ans yMeHbLUEHNSA XapaKTepHOW ANs 3TOro noaxoaa 3adepXkkm nepexoaa K
pa3snTon 3D TypOyneHTHOCTU B OTOPBABLUMXCHA CIOEB CMELLEHNS
ncnosb3yeTca Mmogudmkaunsa nogceTouHoro NMHenHoro macwraba Ag,

< =|
— dX <W
oao
BA
| ¢ 0o

doparMeHT paKkeTbl-

HocuTens (PH)

PacueTHaga obnacte DDES




| atan: RANS pacuer

* Llenbto RANS pacuyeTta aBnaetcsa onpenerneHne
XapaKTepUCTUK NOTOKa Ha BXOOHOW rpaHuLe
DDES obnactu, Heobxoammbix Ans
npoBeaeH BTOPOro atana pacyera

» [ns 3amblkaHna RANS ucnonbayetcs Moaernb
TypOyneHTHocTn k-w SST ¢ nonpaBkon Ha
KPUBU3HY NMUHUN TOKa

» Pasmep pacuyetHon obnactu RANS gocrtaTtoyeH
051 BO3MOXXHOCTU 3aaHNS Ha ee BHELLUHEN
rpaHuLe napamMeTpoB HEBO3MYLLEHHOIO NOTOKa

* Pacuet npoBogutcs B cektope 45° no
asMMyTaribHOM KoopaAMHAaTE C UCMOoSib30BaHMEM
YyCNoBUN CUMMETPUM (ceTka okono 17 MIH)

» [ns NCKMoYeHNa CUHTYIAPHOCTY B
OKPECTHOCTM OCU CUMMETPUKN B 3a30pe MexXay
BA n O10 pobaBneH TOHKUI "CKOMNb3KUn"
UUNuHAp

» OTO He BIUSIET HA PELLEHNE Ha BXOJE B
DDES obnacTtb
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Il aTan: DDES pacuer

B 30He oTpbiBa (B 3a3ope mexay BA n O1O) metogq DDES pyHKUMOHMpPYET
kak LES n obecneumBaeT paspelleHne TypOyneHTHbIX CTPYKTYP B 9TOM

30HE

» [na yckopeHus nepexona ot RANS k LES
NCMorb3yeTcs NOACETOYHbIN MacLuTao,
afanTUpoBaHHbIN K CNOAM cMmeLleHns Ag

Pa3mep pacyeTHoM obracTtu B NMiNOCKOCTU
(X, r) coctaenget npumepHo 10 pasmepos BA
» B asmmyTtanbHOM HanpasfieHUn pacyer
npon3BoanTcAa B noriHon obnactu 360°

Ha BxogHbIX rpaHuuax pacyeTHon obnactu
3agarotcd Npodounm CKOPOCTK, NOMyyYeHHble
Ha nepsom atane (RANS pacuyer)

Bpems HakonneHna HecTaumMoHapHou

r,m

40 //////’///
30

| PacueTHas

| obnacTtb
20 1 DDES
10 -

| EEHEF IIHEH
0_‘f| “?{/'\"SI—‘\" Tt

-10 0 10 20 30 Xx,m
Pa3mepbl pacdyeTHoOM obnacTtu

DDES no npogonbHom u
pagnanbHOM KoopanHaTtam

NHopmMaummn, HeobxogmMmMoe Ansa pacyeTa CTaTUCTUYECKNX XapaKTEPUCTUK
TypbyneHTHOCTU, cocTaBnsaeT npumepHo 80 D/U,
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SESSEees:
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LES aTana

y,m

PacuyeTHana ceTka ansa
« CeTKa namernbyeHa ang obecne4vyeHus

naMmeribdeHne CETKMn oCyecTB/1€EHO B

paspeLleHna TYpPOYNeHTHbIX CTPYKTYpP
» Hanbonee cyliecTBeHHOE

B 3a3ope mexay BA n 01O

oTopBasLluemMcs oT BA crnoe cmelueHus
* B 3aBUCMMOCTW OT pacCTOAHUA MexXAay
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akpaHamu BA n O[]0, pa3smep ceTku
cocTasngeT oT 27 oo 38 MUIINTMOHOB

A4Yeek



Ucnon b3yéMbl€ BblHUCIIUTEJIbHbIC PEeCYypPChbI

» PacueTsl BbinosrHeHbl Ha knactepe TopHago CKL, CI16M1Y
» Copepxunt 712 y3noB ¢ 2 npoueccopammu Xeon E5 2697v3 (22 nm)
v 14 apep | G 2
v 2.6 GHz
v 64 Gb RAM

» [lonHoe KonnyecTBo S4ep:
19936

> Y3nbl 00begnHeEHbI
BbICOKOCKOPOCTHOWN
ceTbto InfiniBand

* BbluncnutenbHble pecypchl kKnactepa agodekTnBHoO ncnosnb3ytotcd NTS
KogoMm 3a cyeT rmbpugHon (MP1/OpenMP) napannenusauum

» MPI (TexHonorus pacnpeneneHHon namsaT) ncnosnb3yeTca angd
napannesribHbIX BblYMCIEHNN OTAESbHbIX CETOYHbIX O510KOB

» OpenMP ucnonb3yoTca a4nga OonofHUTEeNbLHOW napansnenmsauum
BbIYNCITEHUN BHYTPU KaXXOoro n3 6r10KoB CETKU

13



Pe3ynkTaTthl pacyeToB



BnuaHue SGS moaenu ana LES

« [1ns metoga DDES B co4yeTaHuu co cTaHgapTHbIM NMNOACETOYHbIM
mMacwTabom A, XapakTepHa 3agepkka TypOynmsaumm notoka B
OTOPBAaBLLUUXCA CIIOSIX CMELUEeHUs, YTO CYLLECTBEHHO CKa3bliBaeTCA Ha
TOYHOCTU NpeackasaHug nynbcauun gasneHnsa Ha nosepxHocTn BA

» OPFPEKTUBHLIM METOLOM COKpaLLEHNA 3TOU 3aepPXKKM ABNSETCA
NcnonbL3oBaHMe NMHENHOIo NOACETOYHOIro MacwTaba, aganTMpoBaHHOIO K

cnoamM cMmelleHnsa Ag A

Pexwum 3, M=0.85, dX/D=1 Pexum 3, M=0.85, dX/D=1
. 2]y, m
PR ) 20.0

15.8

12.6 2

10.0

7.9

6.3

5.0

4.0 0

ag

25

2.0

1.6

1.3 )

1.0

y, m <2

20.0
15.8
12.6
10.0
7.9
6.3
5.0
4.0
3.2
2.5
2.0
1.6
1.3
1.0

4 6 8 10 12 x,m 14 4 6 8 10 12 x,m 14
JNInHenHbIN MmacwTab A, , JIInHeNHbIN macwTab Ay ,

« Bce panbHenwwmne pacyeTbl BbINOMHEHbI C UCMOMNb30BaHNEM Ag 5
15



PaCCMOTpeHHI:Ie PeXKMUMbBI U CTPYKTYPa TeHEeHUA

« PaccmoTpeHbl 17 pexxMmoB TEYEHUS, COOTBETCTBYHOLLIMX Pa3NUYHbIM CTaanAM
BbIBEAEHNSA NUNOTUPYEMOro kopabnsa Ha opouTy

» BbicoTa noneta H ot 4 go 16 kunometpos (Yncno Maxa noneta M ot 0.6 o 1.5)

« [1na Bcex pexxmMmMoB TypOyneHTHbIE CIou CMeLLleHns, cxoadwme ¢ BA,
B3anmoaenctytoT ¢ akpaHom O n O[O, a akpaH BA noaBepraetcs
BO34ENCTBUIO TYPOYNEHTHbIX CTPYKTYP, POPMUPYIOLLIMXCA B 30HE PELMPKYNALNN

Pexum 2, M=0.8, dX/D=0.5 |Q|-D/U, y, m Pexum 15, M=1.5, dX/D=1.5 |2|-D/U,

MrHoBeHHbIe nonsa

3aBUXPEHHOCTU
| S ~ ! - n yncna Maxa
4 6 8 10 12 X, m 14 4 6 8 10 12 14 16 X, m ,EI,J'IFl HeKOTOprX pe)KMMOB
Pexum 2, M=0.8, dX/D=0.5 Mach y m Pexwum 15, M=1.5, dX/D=1.5 Mach TeyeHUnsa

1.8

90090 900 Ak et
ShvwhoNDmOOoOSbDWRON

4 6 8 10 12 14 16 X, m 16



OcpeaHeHHOE Te4yeHuUe

« [ocTtatoyHo 6onbloe Bpemsa ocpeaHeHus (T=80 D/U,) obecneumsaet
rMagKoCTb CPEAHEro peLleHuns

» [na manoro pacctosHua mexay akpaHamm dX/D=0.5 ocpeagHeHHOe TeyeHne
SABNAETCA CUMMETPUYHbBIM

Pexum 6, M=0.9, dX/D=0.5 C, Pexum 6, M=0.9, dX/D=0.5 K/U? y, m Pexwum 6, M=0.9, dX/D=0.5 c,
: : mm 007 BA -0.46
- 0.06 4 .381?,8
0.05 . Ak
0.04 -0.56
y | 0.03 3 :828
0.02 T - -0.62
(f 0.01 1 oot
/7 14
\\g‘\:—/ | 2]
4 6 8 10 12 X,m 14 4 6 8 10 12 x,m 14 2 1 0 1 2zm
» [lpwn yBenndenun paccrtosHuma (dX/D=1.0) oceBasg cMMmeTpua TepseTca
(CI/IMMeTpl/I‘-IHOe Te4eHNEe OKa3blBaeTCHA HeyCTOVIqMBbIM)
y,m Pexum 9, M=0.95, dX/D=1.5 C, Y, m Pexm 9, M=0.95, dX/D=1.5 KJU? y, m Pexum 9, M=0.95, dX/D=1.5 C,
4 01 B 024
24 -0.26
0.09 -0.28
008 032
0.07 L 0.34

-0.36
0.06 -0.38

0.05 04
0.04
0.03

0.02

0.01




HecTtauuoHapHble Harpy3sku (dX/D21.0)

* [Npn BonblUMX paccTosaHnAX mexay akpaHamu (dX/D=1.0) HecTaumnoHapHas
Harpy3ka okasblBaeTcsl Hanbosiee cubHOM Ha BHELLHEN YacTu akpaHa O

» 3TO BbI3BaHO NMPAMbIM B3anmogencTtBuemM TypOyrneHTHbIX CIoeB CMELLEHNS
C NOBEPXHOCTbIO 9KpaHa: ee BenunymHa gocturaet 170 ob

y, m Pexwum 3, M=0.85, dX/D=1 RMS(P), dB y, m Pexum 3, M=0.85, dX/D=1 RMS(P)}, dB

160
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145}

165

145}

157
156
155
154
153
152
151
150

158 e 172

150}

160
155+
150

145 |

171
170
169
168
167
166
165
164
163
162
161
160
159
158
157
156

165




Pe3oHaHCHbIX pexum (1/3)

M=0.85, BA: r=0

* [Npn manblXx pacCcTosSHUAX MexXay
akpaHamu BA n 10O (dX/D=0.5) B
3a30p€e BO3HUKAKOT UHTEHCUBHbLIE
rmobanbHble KonebaHua gaBneHus

» B cnekTtpe paBneHunsa Habniogaetcs

SPL (dB/Hz); SPL, .., (dB)

APKO BblpaxkeHHbIN (go 20-30 ob) CReKkTp AaBneHus! B
rapmMoHu4ecKasa coctasnstoLlas LeHTpe akpaHa BA
Pexwum 2, M=0.8, dX/D=0.5 Pexwum 2, M=0.8, dX/D=0.5

4 6 8 10 12 X, m 14 4 6 8 10 12 X,m 14
Pe3OHaHCHb|l7l pe>Kl/|M: dHMMaunn gaBiieHnAa U 3aBl/|XpeHHOCTVI



Pe3oHaHCHLIU pexxum (2/3)

RMS(P), dB  Pexum 2, M=0.8, dX/D=0.5, ¢=0°

« Boagencrene rapMoHM4ecKoro
curHana Ha akpaHsl BA n 10
Hanbonee CyLEeCTBEHHO B UX
LeHTpax 1951

150}

165

160}

(L] e i et e oo

0 0.5 1 1.5 2 r,m
y, m Pexwum 2, M=0.8, dX/D=0.5 y, m Pexwum 2, M=0.8, dX/D=0.5
VAmiU, [ao {(Tm/U,) =

: 2 0.0
I
o
.
o

2 4 0 1 zzm 2 4 0 1 2zm

AHMMaUMA BO3MYLLEHNS OaBNEHNS HAa NOBEPXHOCTU aKkpaHoB BA n [10



Pe3oHaHCHBLIN pexum (3/3)

* [lpn TpaHC3BYKOBLIX peXnMax pacnpegeneHne NHTEHCUBHOCTU
rapMOHNYECKNX KoriebaHum B NPOCTPaHCTBE KpanHe YyBCTBUTESTbHO K
BenunyumHe dyncna Maxa

Y, dX/D=0.5 1/3 octave SPL

Y, Pexwum 2a, M=085, dX/D=0.5 1/3 octave SPL y, m Pexwum 6, M=0.9, dX/D=0.5 1/3 octave SPL
/ g »

160 160 160
155 155 155
150 150 150
145 145 145
140 140 140
135 135 135
130 130 130
125 125 125
120 " 120 120

» [lpn nameHeHnn yncrie Maxa B y3kom gmnanasoHe ot 0.85 go 0.9 npoucxoout
3Ha4YNTENbHOE N3MEHEHME YaCTOTbl KonebaHum

Pexwum 2, M=0.8, dX/D=0.5
SPL (dB/Hz) [10: r=0 y, m l ( \

031 Al
o, ¢ : /
160 %7 A 0.0

5 s YAMUY) = 0.0 |oa RSN

Pexum 6, M=0.9, dX/D=0.5

1404

1204

100 ‘ — . . \ \
10’ 10° 10° f Hz 4 6 8 10 12 X, m 14 4 6 8 10 12 X, M 14




CpaBHeHUEe pe3ynbTaToB pacyeToB
¢ akcnepumentom ULHAUMALL



B 2017 ropy B ULHUAMALL 611 npoBeaeH paa 3KCNepUMEeHTOB

> Mopens B maciuTabe 1:70 Pexvm 2, M=0.8, dX/D=05  BA:r=1.5m

165

v" Yucno PerHonbaca npumepHo
B 30 pa3 MeHbLUE HaTypHOro

Exp.
———— DDES, ¢=0
———— DDES, ¢=22.5°

———— DDES, ¢=45°

1604

155

» Mopaenb BA 6bina HenoaBumkHa,
a mogenb O HenpepbIBHO U
pPaBHOMEPHO rnepemellanach
B OCEBOM HamnpasieHnn

150
1454

1404

SPL (dB/Hz); SPL,, . (dB)

135

v 3a 45 cek 3a3op mexay BA n 1O 130

10 RS RS f, Hz
PaBHOMEPHO pacLUnpancs
CnekTp gaBreHms Ha akpaHe BA
ot 0.5dX/D po 5.0dX/D pv M=0.8

* [1pn M=0.8 pesynsraTbl pacyeTa XopoLUo Pexum 6, M=0.9, dX/D=0.5 BA: r=1.5 m
170
COrnacyrTCs C 9KCMepUMEHTOM

* [lpn M=0.9 B akcnepumeHTe,
B OTNINYME OT pacyeTa, He
HabnaaeTca caBura 4YacToTbl NMKa

v' CKopee Bcero, 3T0 CBA3aHO
C pasnnYHbIMU rpaHnLamm 7
PE30HaHCHOIo pexunmMma B pacyeTte B TS LY t Hz

(noneTHble ycrnoBusl) CnekTp oaBrieHma Ha akpaHe BA
N B 3KCNepumeHTe (Moaenb) npu M=0.9 23

Exp.
———— DDES, ¢=0
———— DDES, ¢=22.5°

———— DDES, ¢=45°

165
1605
155:
150j

145

SPL (dB/Hz); SPL,,_., (dB)

1404




3akn4vyeHue

« B pamkax asyxatanHoro RANS-LES noaxoga ¢ ucnonb3oBaHMEM
NTS-koga npoBegeHbl HeCcTauMoOHapHbIe TPpeXMeEpPHLbIe pacyeThl
o0TeKkaHua NMNOTUPYEMOro KOCMUYECKOro Kopabns npun otaeneHnn
rofiloBHOro 6yioka anga pasnuyHbiX PEXXMMOB NnoneTa

» BbicoTa noneta ot 4 go 16 kunometpos, yncno Maxa ot 0.6 go 1.5

 [lokasaHo, YTO MakcumarsbHbIW ypoBeHb nynbcaunn (o 170 ob)
HabntogaeTcs Ha akpaHe OO B obnactn B3anMoaenNCcTBUSI C HUM
TYPOYNEHTHbIX CTPYKTYP CIOS CMELLEHUd, OTOpBaBLUEroCs OT
noBepxHocTn BA

* Ha HavanbHOoM cTaaumn pasgeneHust (Npu ManbiX PaCCTOAHUSAX MexXay
BA 1 [10) B 3a30pe BO3HMKAET aKyCTUYECKUN PE30OHAHC
(bopMUpylOTCA CTOAYME BOSIHbI), B pe3yrbraTte 4Yero B crnekrpax
OaBreHns NosIBMSATCA APKO BblpaXeHHble TOHA HA YacToTax OT
80Iu o160y

» VIMeHHO 3Tn ToHa onpeaensalT MakCUMaribHY akyCTUYECKYHO Harpysky
Ha noBepxHocTb BA, koTopasa gocturaet 160-165 ob

» Hanunyne pe3oHaHCHbIX PEXUMOB TaKXe NoaTBepXaaeTcd
akcnepumeHTtanbHbiMun nccnegosaHnamm LUHUMALL, BbinonHeHHbIMA
Ha mogenu macwTtadom 1:70



Cnacubo 3a BHUMaHue

© 2008 Anatoly Zak /| RussianSpaceWeb.com




