fCEAA

BUXPEPA3SPELLAKOLWLEE MOAOENTNPOBAHUE
TYPYBJIEHTHOIO OBTEKAHUA TEN,
3AAAHHbBIX METOAOM MNOIPYXEHHbIX TPAHUL,
HA HECTPYKTYPUPOBAHHbDIX CETKAX

@44 U.A6anakuH, A.ly6eHb, H.X{aaHoBa, T.Ko3ybckasn
S NHCTUTYT npuKnagHon matematnkm um. M.B.Kenapiwa PAH
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Llenb paboTbl — MccnegoBaTb NPUMEHUMOCTb METOAA NOTPYXKEHHbIX FTPAHUL, B 3a4a4aX

YMCNEHHOro MOAENMPOBAHMA TYpbyneHTHOro obTeKaHnA Ten Ha

HECTPYKTYPUPOBAHHbIX CETKaX.
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MeTog, norpy»KeHHbIx rpaHuy, (1) ffCEAA

HecxXnmaemble ypasHeHnAa HaBbe-CToKca

0C); - NnoBepxHOCTbL 06TekaeMoro Tena

QQ, - obTekaemoe Teno  £); - obnacTb TeYeHWs
ou . 1 1
—+div(u®u)+=Vp=—Au, xeQt>0
ot P Re
u(x,t)=u, Xe0Qg, >0

u(x,0)=u,(x), XeQ,

MeTopa, norpy»XeHHbIX rpaHunL,
(Ha4YanbHO-KpaeBana 3a4a4a 3ameHsieTca 3agaden Kown)

ou . 1 1 1
a—t“+d|v(un®un)+EVpn +Xﬁ(“n _UB):R_eAu“' xeQ,,t>0

u, (x,0)=u,(x), XeQ,

n<<l — wTpadHoN NnapameTp

1, XeQ;uoi,
X= 0, xXeQ,

1/4
TeopeTnyeckasa OLEeHKa CXOAMMOCTH: Hun —UH = O(n ) (Angot, 1999)
LB http://caa.imamod.ru




MeToa norpy*KeHHbIX rpaHuy, (2) ffCEAA

CucTema ypaBHeHuii HaBbe-CTOKca €O WTPadHbIMU GYHKLMAMM

0

X pn(un—uB) :Riev.FV(Q”)’ xeQ,, t>0
P, (un — U, ) u,

\Q(X,O)ZQO( ), XeQ),

0Q,

> +V-F(Qn)+

1
u

L4 http://caa.imamod.ru



MeTtop, norpy»XeHHbix rpaHuy, (3) ffCEAA

CxXumaemble ypasHeHna Hasbe-CTtoKca u ypasHeHue Cnanapra-Anamapaca

@4_%20
ot ox

- Opuu. ~ OUT,
opu; , PUY; | By _ oM ~Loy
ot ox; 0% OX; M

]
a E u. au.~ . .
ok + ( + p) i _ J“T'J + aql _lpuiui
ot OX ox.  OX

2
=D, +G, _Cwlfw(l) —lpv.
; n

opv s opvu.
o ox

L 1

n<<1l — wTpadHoON NnapameTp

1, XxeQgpuoiQ,
— r= 0, xeQ,
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MopaennpoBaHue Te4eHUA BOKPYT TPEXMEPHOro LMaAMHApa ffCEAA

Re=3900

Buxpepa3pemaromuii noaxoa: meroq DDES

I'paHn4HOE yCJI0BHE HA MOBEPXHOCTH: 3/1Ma0aTUUECKOE YCJIOBHUE U YCIOBUE MPHIHIIAHUS
MopesmpoBaHue TBEpPAOIo TeJia: METOJI MOTPYKEHHBIX TPAHHII

YucjeHHaa cxema: BCPIHIMHHO-ICHTPHUPOBAHHAs MOBBIIIIEHHOM TOYHOCTH C pe6epH0-

OpPUEHTUPOBAHHOM peKOHCTpYyKIMel moTtokoB (EBR cxema)

Re =3900

LB http://caa.imamod.ru



MOAEI’IMPOBaHMe Te4YeHUA BOKPYr TpexmepHoro umanmHgpa CEAA

Re=3900

T
R
eire
“““!t
LI5S

e
]
e

T

T
SR
i
““‘S\‘:“-“‘

27

e
g Nyl i,
A

’f*{&‘t};’:&‘t@'

e et

e et

T

% o
o
S

5,
Sy Ty,
AT T
SRR
arite Sy vy,
L AT I N, Tl
GRIDETITES

S

e
SRR
et
%

o,

retts

5

.
55
54
pioles
2
o,
7
o

£
s

=
1

o

S
gt s
Ko

.
o
e
.
T
R
o

ok

!
X X
i

i
ol
2
b,
(e
¥y
7
s

A
{5

o
o

<,

9‘0
iy
L7
%
5

o

2
o B
ORI
’Q Lo

5 (o
SRy

<
e
25
Loty
L
i
=
350
o
i
SRR
N

L
S

T
e
53
e

"y

g
=

5
56
vt
o
e
o

s
o

.
s
<

<
'4: sl

R
oS

o
555

PacueTHasn ceTKa PacueTHan ceTKa,
ANA MeToda NOrpy»KeHHbIX rpaHunL, COrnacoBaHHas C rpaHuLLEen




MopenupoBaHue Te4eHUA BOKPYr TPEeXMepHOro umamHapa
Re=3900

XapaKTepVICTVIKVI HeCTauMoHapHOro nonda re4yeHnAa

(CD )rms _CD (CL )rms

IBC meTopa 0.00028 0.11
BF meTop, 0.00033

JKCNepumMeHT

3onoBepxHOCTU Nyribcauuin KOMMNOHEHTbLI CKOPOCTH
B HanpasneHun obpasyoLen unmHgpa

http://caa.imamod.ru



MopagenupoBaHue Te4eHUA BOKPYr TpeXmepHOro uMamHapa rfCEAA
Re=3900

XapaKTepucTukmn ocpegHeHHOoro noas TeyeHus

Cd esep I'r 'Cpb
IBC meTop 1.04 87 1.58 0.86
BF meTtop, 0.97 89 1.67 0.83
a
” IKCNEepUMEHT 1.00 86 1.58 0.90
1.0 5
/ - ——BF
// 0‘8_- IBC
¢ 0.6 m  Experiment
R—— 04 ]
HIBC method - ]
D.4‘ I ‘O.BI ‘ 0.8 1 ‘ ‘1.2| — 0'2__
A 0.0 4
9“-0.2-'
PacnpeneneHne no NnoBEpPXHOCTH 4]
LUMAMMHADPE OCPEAHEHHOTO  ——> -]
KoadbpurumeHTa gaBneHus o]
-1-20 . 2|0 I 4|0 . 6l0 I 8|0 ' 160 I 150 I 14;0 I 1E|30 I 150
90
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F_CEAA

MoaenupoBaHune Te4eHUA BOKPYr TPEXMEPHOTo LMAUHAPA

XapaKTepucTukn ocpegHeHHOro noasa TeyeHus

BI:/ IBC/ m Experiment “1/D = 1.06 BF / IBC/ m Experiment

1x/D =1.06

A—_.5 - —1I.0 o —'.' . ' ' ' ' I o ' i A—_.5 - —1I.0
" lxD=154

ix/D=1.54

0.0
y/D
[Mpodomnnun ocpegHeHHOW NPOAOSIBHOMN 1 MONEPEYHON CKOPOCTEN

B Pa3JIM4HbIX CEYEHNAX

LB http://caa.imamod.ru



MoaenupoBaHue Te4eHUA BOKPYr TPEXMEPHOTO LIUAUHAPA
Re=3900

OAHOMEpPHbI 3HEPreTUYECKNiA CNEeKTP Ny/ZIbCaLumn CKOPOCTY,
HanpaB/E€HHOMU BAO/Ib OCU

X/D=3

—— BF meTop
----1BC meToa
JKCnepuMeHT

F —BF MeToq
IBC meToq
SOKkcnepumMeHT

LB http://caa.imamod.ru



MopaennpoBaHue TeueHUsA BOKPYr TaHAEeMa
KBaApaTHbIX LUANHAPOB

IMapameTpsl notoka: M = 0.2, Rey= 180000

u/U:-1 -06-0202 06 1

Buxpepaspemaroumuii noaxox: DDES ¢ noacerounsiv macmradom A= A

Yucaennas cxema: ruopuanas CD+Upw EBR-cxema

http://caa.imamod.ru



MopaennpoBaHue TeueHUA BOKPYr TaHAEeMa
KBaApaTHbIX LUANHAPOB

® BF:10.5M y3noB
® IB:11.5M y3noB

® L=3D, N,=100
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MopgenupoBaHue Te4eHUA BOKPYr TaHAema
KBagpaTHbIX LUANHAPOB
HectaunoHapHoOe nosae TeyeHUA

[Q: 1.0 1.4 21 30 44 63 9.1 13.219.1 27.7 40.0 |Q: 1.0 14 21 30 44 63 9.1 13.219.1 27.7 40.0

S en gl ey v/Vi 20 50 126 317 79.6 200.0




MopenupoBaHue TeueHUs BOKPYr TaHAEeMa rf(:EAA
KBaZpaTHbIX LUWIUHAPOB

T y T y 0.5 . . .
o o Exp.(NLR) _ o o Exp. (NLR)
—BF ' —FBF
—IB . —IB

- .

|Q| 10 14 21 3.0 44 63 9.1 13.219.1 27.7 40.0
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MopaenupoBaHue TeueHUA BOKPYr TaHAEeMA 'fc‘EAA
KBagpaTHbIX LUANHAPOB

OcpeaHeHHOe none Te4eHuUs

AKCNepuMeHT

BF meton

http://caa.imamod.ru



MoaenupoBaHue Te4eHUA BOKpYr TaHAEMa
KBaApaTHbIX LUIUHAPOB
CneKTp nynbcauuii NOBEpPXHOCTHOrO AaB/eHUA

 __Exp(NLR) -
CYL1 ——FBF :

—IB

|Q| 10 14 21 3.0 44 63 9.1 13.219.1 27.7 40.0

AB http://caa.imamod.ru



MoaenupoBaHue Te4eHUA BOKpYr TaHAEMa
KBaApaTHbIX LUIUHAPOB
CneKTp nynbcauuii NOBEpPXHOCTHOrO AaB/eHUA

150 —— 150

CYL2 Exp (NLR)— front rear |
BF: front rear |
IB: front rear

IQl 10 14 21 3.0 44 6.3 9.1 13.219.1 27.7 40.0
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MopaennpoBaHue TeueHUA BOKPYr TaHAEeMa rfCEAA
KBaZpPaTHbIX LUWIUHAPOB

KOHTpOI’IbeIe TOYKU AasibHero nonAa

.O
105° 90

¢ *+7 "PWH surfaces
-

|Q| 10 14 21 3.0 44 63 9.1 13.219.1 27.7 40.0
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MopaenuposaHue TeueHUA BOKPYr TaHAEeMa ffCEAA
KBagpaTHbIX LUAMHOPOB

AKVCTM Ka Aa/ibHero nonAd
110 —————— -
[ ! 0=90°.

Exp (NLR) |
—FBF

—IB

PSD (dB/Hz)

" 1 " L L L
1500 2000

0=60°.

Exp (NLR) |
—BF
— B

PSD (dB/Hz)
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Ocuunnnunpyrowmni npopunb NACA 0012 rfCEAA

—IBC
Xiao (2010)

— 7T . 1 T T r T T T T T T 1 T T T T T 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

tT

Computed drag coefficient in comparison with
the numerical results from Xiao (2010)
m  Experiment, Anderson (1998)

—A— Xiao (2010)
3j| —o—IBC

St

Mean trust coefficient in comparison
with experimental data from Anderson (1998)

&4 http://caa.imamod.ru



r‘CEAA
UHAyuMpoBaHHbIe BHEWWHUMU cUNamm KonebaHua umamHapa

D.Shiels,
2001

Amnauntyga
ocUMNNALUN

C, . 0.5

0.57

Co

Yucno Crpyxana

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
t

BpemeHHasA 3aBUCMMOCTb CMeLLEeHNA UMAUHAPA
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INIunHamunyeckasa agantauus rf(:EAA
HEeCTPYKTYPUPOBaAHHOU PAaCYeTHOU CETKMU

Lenb:
NOBbICUTb TOYHOCTb MOAENUPOBAHUSA FPaHNYHBIX YCITIOBUSI C MPUMEHEHNEM MeToAa

NOrpy>XeHHbIX rpaHny, B TOM 4Yncine n and 3agad ¢ noaBm>XXHbIMA obTekaemMbiMn
TENamMun

FAVAN ¥
AVAYE 5

POOOOET SKIRELEET
eV, ’.::a%fl:,,. -\

.

/.\:ﬁr Vo ‘
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3aKk/1loyeHue ' iCEAA

- PaspaboTtaHHylo MeETOANKY YNCNEHHOIO MOAENTMPOBAHNSA MOXHO
paccMmaTpuBaTb, KaK MHCTPYMEHT YMCINEHHOrO UccregoBaHnsa obTekaHns
OBWXYLLIErOCS HENPOHML@EMOro Tena (Kak TBEpaoro, Tak u 4edpopmMnpyemMoro)
MOTOKOM BSI3KOIO CXXKMMaeMOro rasa.

ObTekaemoe TBepaoe TE0 MOXET ObITb NOABUXHBIM U UMETb

CITOXHY reOMETPUYECKYIO QOOPMY.

- [lpoBeneHa Bepudukaunsa paspadboTaHHOW METOAUKM HA NpUMepe
YUCIIEHHOIo0 MOAENUPOBAHUA TPEXMEPHbIX TYPOYNEHTHbIX TEYEHNN

L4 http://caa.imamod.ru



Cnacmbo 3a BHUMMaHue
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