UATVI— LleHTpanbHbin A3porngpoanHammyeckun MHctutyt nm. H.E. XKykoBckoro

NAKET NMPUKNAOHBIX NMPOIMPAMM EWT-LATU:
PELLATEJTb ROS BO BPALLAIOWENCA CUCTEME
KOOPOUHAT

JIbICEHKOB ANIEKCAHAP
UAMV— ®rYM «LAMM»

e-mail: lysenkov@tsagi.ru
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

COAEPXAHUE

KpaTKoe onncaHue naketa n aoctmxkeHua s 2016r.
AKTYaNbHOCTb 334344

PacyeTHbI meToA

TectupoBaHue

OnTummnsauyua
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MnaHbl
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

COAEPXAHUE

KpaTKoe onncaHue naketa n aoctmxkeHua s 2016r.
AKTYaNbHOCTb 334344

PacyeTHbI meToA

TectupoBaHue

OnTummnsauyua

YV V.V V VYV V

MnaHbl
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

Xapaktepuctukm EWT-LUAIU

J CTpyKTypupoBaHHanA ceTKa

] fABHas 1 HeaABHas cxema UATN,
OCHOBaHHaA Ha [KP cxeme

J Sinep, HaBbe-CToKc, PeHonbAaC

J Mogenu typbynentHocTn LATUA

OCHOBaHHbIe Ha g- w, SST, SA, RSM
J MeTopa 60nbLINX BUXPEN

J CraumoHapHbIM U HeCTaLMOHAPHbI

pelwaTtenu _
. JloKkanbHbIK, robanbHbIN, AyanbHbIN, \—J\?
APO6HbIN Warn No BpemeHun SARID LY AGILE

 AkycTuueckasa nporpamma _ _
2 MPIl, MHOFOMOTOKOBOCTb EWT — Electronic Wind Tunnel

\
02.12.2016 CFD Weekend B MockBsa




CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

3aaaum 2016r.

» Tilda, Towards Industrial LES/DNS in Aeronautics - Paving the Way for Future
Accurate CFD - KOHeYHO-a1eMeHTHble CXeMbl BbICOKOro nopAaakKa
annpokcmmauun, DG (Pykosogutenu: C.M. BocHsaKos, A.B. Bonkos)

a HecTpyKTypUpOBaHHbIE CETKMU

a HoBbin pelwaTtens (c Hyns)

| PacyeTbl ¢ 6bonbwnm Konnyectsom notokos (ot 10000)
a BbICOKUIA NOPAAOK

» AGILE, Aircraft 3rd Generation MDO for Innovative Collaboration of
Heterogeneous Teams of Experts - BHeapeHMe pa3InyHbIX MHCTPYMEHTOB B
MHOTOAMNCLUUNAMHAPHYIO ONTUMM3ALUIO
(Pykosogurtenu: A.B. JlbiceHkos, K.C. AHuUcumos)

d ABTOMaTMUYECKOE NOCTPOEHME N NEePECTPOEHNE MAT. MOAENN
(CTPYKTYpUpPOBaHHbIE pacyYeTHble CETKN)

d Moaudunkaums metToanKk onTMmmsaumm

d MHorogmncunnanHapHble 3a4a4u

» Cxema MP-WENO - npumeHeHue K npakTMyeckum 3agadvam (Muxaiinos C.B.,
CaBenbeB A.A.)

— 5
14.12.2016 CFD Weekend B MockBa \




CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

Bo3AyLWHbIN BUHT
MoTtoroHgona TPAO/L

MNunon TPAL
TemaTnueckoe Kpblsio

Iy Wy Wy Wy W

S-06pa3HbIN KaHan

Ontumunsauua s 2016 roagy

—
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

COAEPXAHUE

KpaTKoe onncaHue naketa n aoctmxkeHua s 2016r.
AKTYaNbHOCTb 3a4a4U

PacyeTHbI meToA

TectupoBaHue

OnTummnsauyua

YV V.V V VYV V

MnaHbl

~ 14.12.2016 CFD Weekend M Mocksa —




CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

MoaenupoBaHue KpynHomacluTabHoro cteHaa

» BocnonHeHue AaHHbIX

» Pacuet HegocTu»Kumblix 8 AAT
PEXUMOB

» OnTMmmn3lauma nonaTok

» Busyanusauus

» WccnepoBaHue nHtepdepeHumu
c AT

~ 14.12.2016  CFD Weekend M Mocksa




CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

UHTepdepeHumna BPOP ¢ nnaHepom

» BnnAaHme nnaHepa M NKUAOHA Ha
XapaKTePUCTUKM BUHTA

» CpepactBa ynpaB/ieHUA NOTOKOM AN
YMEHbLUEHUSA HEPAaBHOMEPHOCTU MNOTOKA,
Haberaowero Ha BUHT

» ConpoBOXAeHWe 3KCNePUMEHTaIbHbIX
nccneaoBaHUM

~ 14.12.2016 CFD Weekend M Mocksa T




CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

OTpbiB NOTOKA B BO3A4yxX03abopHuke

» Ha TeueHue B Bo3ayxo3abopHuke CpbiB MOTOKA
BINAET BEHTUNATOP

» 0coboe 3HaYeHME NMEET PeXnm
60KOBOro BeTpa Ha peXnme B3/IETA

» Heobxoanmo Kak YMCNEeHHO, TaK U
3KCNepuMeHTaIbHO MOAEeNNPOBaTh
BEHTUANATOP

e 10
14.12.2016 CFD Weekend B MockBa




CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

COAEPXXAHMUE
» KpaTKoe onuncaHune nakeTta u goctmxeHua B 2016r.
» AKTyanbHOCTb 3a4a4u
» PacueTHbIt meTog, (pewaTtenb RoS)
» TecTupoBaHue
» OnTMmusaums
» TnaHbl

~ 14.12.2016 CFD Weekend M Mocksa —
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

YpaBHEeHMA BO BPALLAIOLLENCA CUCTEME KOOPAUHAT AnAa abcontoTHOMU

CKOPOCTU

U <ofF
8t+zi:8X- =W,

[1na BpalleHnsa BOKpyr ocu X:
V,=0,V, =-z0, V,=Yyo

BBogaTca 4ONOMHUTENbHbIE YNEHbI B BbIYMCIIEHME NOTOKOB,
CBsi3aHHblE C MOTOKOM M3-3a BpaLLEHNSA CETKM.
B nctoyHnkoBbIX YneHax nonpaska Ha cuny Kopuonuca.

12
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

HeaBHana cxema, crnaXXusartesib ANA NO/NYY4eHUA CTaLMOHAPHOro
—N+1 — n+1
uinj+k _uinj k 1 TEUJEHMH* ) s
n + ) Z Fi+1/2 - Fi—1/2 _Wi,j,k =0
T Vi ik i,j.k

u™? RM AT, , + RM AT, + RM [, AT, D-W, .,
~RM{"4AG; 4 +|1+—RM" |AG; + RM{} AT y=——| F"{ —F"; |-W
Vi V, i+ i
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

30Ha/IbHbIX NoAXon,

esIBHbIE CXEMbI:
*bornbLune BbluMCNUTENBHbIE
3aTpaThbl Ha war
*CFL moxeT 6bITb OonbLue 1
* O PEKTUBHBI TONBKO Npu 6onbLLINX
CFL
Pe3ynbTaT: npornaTtbiBaeT

ynHomMacLiabHble NpoLecchl

30Ha ABHOW CXeMmbl

30Ha HeﬂBHOVI CcXeMb

BblgeneHune 30H:
*OCHOBHOM MOTOK — ABHaAA cxema

~ 14.12.2016 CFD Weekend B Mocksa * TOHKMM CroWA - _HeABHas 14




CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

Moaudukauum pewwarena RoS (ctaumoHapHbIin)

PeweHune 3agavn PumaHa o pacnage nponsBoSibHOro
paspbiBa Ha NOOBMXHOU CceTKe
Moaundukaunsa rpaHUYHbIX YCIOBUN:

ycnosue npununaHms — 3agaeTcsa CKOPOCTb BpalLleHuns

ycnoBue HenpoTekaHUa —

ycrioBue ctasutca gna V=V, —V.,.
dycnosue «PumaH» — npu onpegeneHnn HanpasrieHUs
NOTOKa YYNUTLIBAETCA CKOPOCTb BpaLLEHNS CETKU

[1nsa ABHOW CXeMbl KOPPEKLMA Ha Lar no BpeMeHH!
[1nsa HessBHOW cxeMbl MoandonumnpytoTca maTtpuubl Poy
[TpumeHsaeTca KOMOMHMPOBAHHLIN LLAr No BpeMeHu
[1ns1 o6bEKTOB BpaLLAOLLMXCA C Pa3HOWU CKOPOCTbIO
NPUMEHSATCA CEMENCTBA

— 15
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

COAEPXAHUE

KpaTKoe onncaHue naketa n aoctmxkeHua s 2016r.
AKTya/IbHOCTb 3a4a4u

PacyeTHbI meToA

TectnpoBaHue

OnTummnsauyua

YV V.V V VYV V

MnaHbl

~ 14.12.2016 CFD Weekend M Mocksa —
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

TecToBble cny4vyamu

Mo IKCNepUMeHTa/ibHbiIM AadaHHbIM
CO34aHbl TEeCTOBbIE C/1y4an.

J WectnnonacTtHOM BUHT
(D=0.8 m)

1 [IByxnonacTHOM BUHT
(D=2.9 m)
) BupoTtatmsHbIN BUHT (D=0.32 m)

] BupoTaTuBHbIN
BUHTOBeHTUAATOP (D=0.72)

PacueTHble METO/IBI TOTKHBI
BepUPUITIPOBATHCS

17
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

U3meputenbHoe obopyaoBaHue

AKyCTHKa
Becnl
PSP e
AsponrHamMuKa
JHedopmanms
1 BUOpaLus '
’T"“IT

02.12.2016 CFD Weekend B MockBsa

Fesremerpus |

18




CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

LLecTunonacTHOU BUHT

N

o
=

%

J

X JKcnepumeHT

=>Kommepueckui MMM

==EWT-UAIAN
=0—=EWT 6e3 NC

Tos

JKcTpanonauua no PuyapacoHy

Ha HY/1eBOM LUar CeTKun
0,0086

0,0084

0,0082 %
0,008

00078 | & \

0,0076 \\
0,0074

~ 14.12.2016

CFD Weekend B MockBa

0,0072 1 NI\ 2
0,007 T T T / ( ./3)
0 0,00005 0,0001 0,00015 0,0002

T B 27iM ] V
a e — = -
on°D* on°D? nD
ToyHOCTb Ha BoNbLUMHCTBE
PAaCCMOTpPEHHbIX pexXmmax —3 -4 %
19
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

[ABYyXNONacTHOU BUHT

[1ByxnonacTtHOW BUHT
TOHKKMe npodounns
Manble ckopocCTHu
be3 konbua TOYHOCTb
pacyeta KI'1[ BuHTa
cocTtaBnseT ~ 4%

Kng

“1
Cp

77:

X IECHepiMeHT
——EWT-LIAT'H pengas cetra c [1C
——EWT-LIATH penkas cetra Ges [1C
——rommepaeckii [T penxas ceTra
=8 pommepaecknii [T nogpotnag cetka

—  J

20
— \
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

BUpPOTaTUBHLIN BUHTOBEHTUIATOP B MOTOTOHA0/1€

» COOTBETCTBYET peasibHOMY
aKcnepmmeHTanbHomy TPAN HK-93 co
cBepXHONbLLION CTENEHBIO ABYXKOHTYPHOCTH

\4

macwTab 1:4

\4

B3/IETHO-NOCA404YHbIE PeXKUMbI

\4

NOsIyYeHbl cneayolme XapaKTePUCTUKN:

) pacxopn uepes gBuratens (Yepes Kaxabli
KOHTYP),

] creneHb noBbIWeHMA AaBNEHMUA
BMHTOBEHTUAATOPA, kcnepumeHT B.O. AkuHumes,

N.®. KabaHeu, B.®. KypunubiH
) nonHoe AaBneHue Ha BXoae B ABUraTeNb

[Mpuemnembim BygeT cuntTaTbCa OTNYME OT IKCNEPUMEHTA MO
NHTErpanbHbIM XapakTepUcTukam BUHTOBEHTUNATOPA He Bornee
3-4%, No xapakTepucTukam Bo3ayxosabopHuka - 1%.

— 21
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

MaTtemaTuyecKkaa mogesnb

Jlomactu

Jlomacru eroporo PK
nepeoro FK

Bxop B 3:KexTOp

NoToroHgona

Henmopem:sHaa 4acTe
0bTexar ena gana

OBTEeKATENE BaTa

—
&\‘\\\\“w.

a
NN \' t' ' /’ /
\ \‘r‘w[%{’/

\

Pepkasn 1.2 mnH.
CpeaHan 10 mnH.
NoppobHan 79 MNH.
[MaBnuk C.B.
22
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

MaTtemaTuyecKkaa mogesnb

Jlonmacru
Jlomact eroporo PK

Bxop B 3:KexTOp

IoTtoroHgoaa

Henmopem:sHaa 4acTe
0bTexar ena gana
= £
: =l OBTEeKATENE BaTa
iE = f
o=

ry Knn ry EWT-UATU NoBepxHOCTU, HA KOTOPbIX NOcTaBaeHo NY

YcnoBus HeCOrNacoBaHHOM CTbIKOBKU Connect Ha rpaHsx c pa3pbiBOM CKOPOCTU BpaLLEHUA
MepuoanyHocTb - lpaHM cekTOpa pacyéTHOM obnactu

lpaHu cekTopa pac4yETHOM 061aCTU Ha NAOCKOCTU
Cummetpus -
CUMMETPUMN

Solid_Insulated JlonacTtu, obTekatenb Bana, MOTOroHA0/1a

Wall HenoaBu»kHana YacTb ob6TeKkaTena Bana
Riemann nepegHAA rpaHb AaNbHEro Nons pacyeTHou obnactu
Riemann 3a[HAA rpaHb AasbHEro Noaa pacyeTHol obnactu

BTekaHue U BbITeKaHUe U3 pacyeTHOMU Riemann BepxHAas, HUXKHAA, BOKOBasA rpaHn AanbHEro nons
obnactu pacyeTHoM obnacTtm

14.12.2016 CFD Weekend B MockBa ——
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

Bepudpukauyums
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1
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

Bepudpukauyums
-1.2
13 _ 1
1
-1.005 23 \
2 . Ll‘
Cx -1.01- § ‘
e
4.5 Y
\\
- -1.015 : \
e R R R r \
1.7 4000 o 16000 ) .
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T ey e e e o »
0 5000 10000 15000 T T s © 00 " 15000
iter
001 1,156
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1,00€-08 1,00€-07 1,00€-06 1,00E-08 1,00E-07 1,00E-06
1/N 1/N
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

Bannpauusn, cteneHb CXKaTtuA

3KkcnepumeHT 500006/MUH

X
1,28 CTEI'I Hb CXXaTuUA X dkcnepumeHT 600006/MUH
%X IKkcnepumeHT 640006/MUH

1,26 = = = KM 500006/MuH
= = = KM 600006/Mu1H
1,24 = = = KM 640006/MWH
e E\WWT 500006/ MUH
cey. 2 ceJy. 4 1,22 1=~ EWT 600006/MmH
. X“ ‘~-_~-~ e EWT 640006/MWH
s —t o
= 1,2 ———-a
© - e e -
P 21,18 ——wﬁ_; 4 —
04 g s------_-___ \
J— Q aiandl ry—r
T = G 1,16 = X

-------_.N
1,1

0 20 40 60 80 100
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

Banupauusa, KoapPrUuMeHT BOCCTaHOB/IEHMNA NOJIHOTO AaB/IeHUs

1,14

12

T

cey. 2 11

cey. 4

1,08 -

> 1,06 —

V= 1,04

0 1,02

0,98

500006/MuH

X

)X

X DkcrepuMeHT,ceu2

X DOxkcnepumeHr,ceud
=0—EWT, ceu?
=A=EWT, ceud

20

~ 14.12.2016 CFD Weekend M Mocksa

40 60 80 100
V, Mm/c
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

Banupauusa, KoapPrUuMeHT BOCCTaHOB/IEHMNA NOJIHOTO AaB/IeHUs

1,14

12

T

cey. 2 11

cey. 4

1,08 -

> 1,06 —

V= 1,04

0 1,02

0,98

500006/MuH

X X %

)X

X DkcrepuMeHT,ceu2

X DkcnepumeHt,ceud
=0—EWT, ceu?

=—=EWT, ceud

2

20 40 60
V, Mm/c
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

Bannpauua, pacnpegeneHme KodppuumeHTa BOCCTaHOBNAEHUSA
NOJIHOro Aas/sieHusA

2 2

r—r P

_ | 8HYMP2PAH.CMPYU _ 0
CeyeHue 2 Fi=— . V=_
rHapyofcepaH.cmpyu o renympepancmpyu POOO
V=11.7m/c V=46.3m/c V=86.0m/c

1 ™ 1 - 1 >

L2
e 0.9 7

T » \g
i i

0.7 0 \
¢ SKCMepuMEeHT \ ¢ 3KCnepumeHT \
B 0.5 - ; \ B 0.5 - T B 05 1 o skcnepmment .
== Pacuért L
b3 Y 0.4 o 0.4 | ——Pacer i
0.3 0.3 0.3
4+ . >
0.2 0.2 0.2
o ‘A e b4 0.1 s
’ | ° ¢ 0 LY
1 L 4
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

Banupauusa, oTHOCUTENbHbIW pacxopa,

1 OTHOCUTEJILHBIN PACX0]l

= EWT 500006/muH
0,95

09 = —

e ° s E\WT 600006/MuH

g === EWT 640006/Mun
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. - -
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] / -
- = - - B DOkcnepumeHt 650006/MuH
]
0,7 / =="
! \
-
0,65
0 20 40/ yy/c 60 80 100
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

Banupauua, oTHocutenbHaa NosIHaA TemnepaTypa

1 -

//- 1,06
cey. 2 ceuv. 4 1,05
1,04
K-l 1,03
T axx =1 g
T0= 9 p= T
Tooe lo4 _q
1,01
02
0,99

6000006/MuUH

—X

—

I

X DkcriepuMeHT,ced2

X DOxkcnepumeHrt,ceud

=—-EWT, ceu2
=>e=EWT, ceud

X X

p{ |

0
Owwnbka B onpeaenenmn TO B 0,5%,

npueoauT K owmnbke B KINL 10%
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

Banupauua, oTHocutenbHaa NosIHaA TemnepaTypa

T
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TOoo 2 1,02
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CLUATVI—— LeHTpanbHblit AapornapoauHammyeckuii UHcTutyT um. H.E. XKykoBckoro

3ameyaHue K peLueHuUro

3a30p Mexay nonactbio u Ml [None KnHeTu4eckom aHeprumn TypoOyneHTHOCTY

B (% B 1T

T() 0.940.98 1.02 1.06 1.1 k 0 20 40 60 80 100

"~ 14.12.2016 CFD Weekend M Mocksa




CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

COAEPXAHUE

KpaTKoe onncaHue naketa n aoctmxkeHua s 2016r.
AKTYaNbHOCTb 334344

PacyeTHbI meToA

TectupoBaHue

OnTummnsauyua

YV V.V V VYV V

MnaHbl

~ 14.12.2016 CFD Weekend M Mocksa —

34




CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

OnTMmun3auua Bo34yLLHOro BUHTA C YYETOM

Pacuer 6azoBoit dKYCTUYECKUX XapPaKTeEPUCTUK
FEOMETPUH
Coznanue Basopas
I'eomeTpuueckue KOITUH
. pacueTHas
napamMeTpsbl /L pacueTHOI cerka
CETKH U I0JIEN
IIepecTpoiika Hogsas / [Iepectpoenue
MPOCTPAHCTBEHHOM < [IOBEPXHOCTHAs “— TIOBEpXHOCTHOH |¢
CETKH CeTKa pacyeTHOM CeTKH
A 4
Hogas 3anyck
IIPOCTPAaHCTBEHHAS > MperpoleccuHara
CeTKa st EWT
IIposepka ycioBus
CXOIMMOCTH [Tonydyenue 3HaueHUs -
. HETIEBOlt Pyttt 1 Xapaxrepucrin Cxema ONTUMN3ALIMOHHOIO
ONTHMAJILHEIE OrpaHUYEHU BTOPOTo <_7/ M U
HapaMeTpsl pona rpotecca

Pewatenb RoS Ans pacyeTta aspoAnHaMMUYECKUX XapaKTepucTmuk BuHTa (RANS+SST)

OueHKa Wyma BUHTA N0 aMnNMpuyeckon popmyne

OrpaHn4eHnAa BTOPOro poga - orpaHUYeHMA Ha NOlydaeMble XapaKTepUCTUKMU

Anroputm EGO (Efficient Global Optimization) — anroputm rnobanbHo oNTUMKU3aALUK C UMUTALMOHHOM
MOAeNb, MOCTPOEHHON N0 MeToAY KPUTUHTa

o \

02.12.2016 CFD Weekend B MockBsa
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

Lenesas dyHkums - KT suTa Pe3ynbraTtbl oNTMMM3aALUN

Yrnbl ycTaHOBKM Npodunen al-a4 — nsmeHsemble reomeTpmuyeckme
napameTpbl onTMMmmnsaumm (ot -4° go +4°).

al a2 a3 a4
Ontummsayma mogenun BuHTa D=0.8m Ha B3NE€THOM pexume (H=O,/
V=140KkMm/u):

(] bBes orpaHuyeHnit ynydywenune KMo —5%;

L CorpaHnyeHuamm ynydwenne KN4 —1.2%.

OnTMMM3aLMA HAaTYPHOro BUMHTA D=3.9m Ha Kpencepckom pexmme
(H=6Km, V=500KkMm/u): [MpoBepka Ha

O OrpaHWYeHnA No TAre 1 LWYMY Ha B3/IETHOM PEKUME; ObyyeHne OnTMyM  rno6anbHOCTL

L Ynyywenue KNA Ha 0.3%. [ [ — \
basosbii | OnT. SO P
N A\ /
BUHT BUHT o2 VN AAA MY VYV VARA T
V VY VYAIN \f
Kpeicepckuin [e: 0.242 0.256 f Y
0.8
B Cp 0.778 0.824
n 0.83 0.832 078
o
B3NeTHbI Ct 0.359 0.369 *
0.76
pexxum Cp 0.322 0.333
n 0.684 0.678 0.74
L, a6 48.4 48.6 n

VICR PeLUchviA
0.72

02.12.2016 CFD Weekend B MockBsa o w0 2 = o«

iter



CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

YV V. VYV V

A\

NMnaHbl

DanbHellwee «HAaNONHEHUE» HOBOTrO pelwiatens, npoekr Tilda
HecTaumMoHapHbIN peluaTenb BO BPALLAKOLLIENCA CUCTEME KOOPAMHAT
YyeT namuHapHo-Typby/NeHTHOro Nnepexoaa B pacyeTax

YnyyweHne aBTOMaTUYECKOTO NepecTPoOeHna CTPYKTYPUPOBAHHOM
PACYETHOMN CETKU

yCKOpEH UAa npouecca ontummn3auummn

~ 14.12.2016 CFD Weekend M Mocksa ——
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CLIATVI—— LlleHTpankHblit AspornapoanHammueckuit UnctutyT um. H.E. Xykosckoro

JlbiceHKoB AnekcaHap Banepbesuy,

GIAE—M> K.T.H., AOUEHT, KU.0. Ha4. otaena HAO-1 UATU
Ten.: (495) 556-35-16

e-mail: lysenkov@tsagi.ru

CNMACUBO 3A BHUMAHMUE!
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