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XapakTtepuCcTUKK Koaa:
HasBaHue kopa:
JET3D
YTto moagenupyeTcs (Knaccbl Te4eHUN):
HecCXXuMaeMbie me4yeHus
C)KUMaeMble meYeHusi: 0038YK - 2urnep38yK
aspoaKycmuka
Mopenu:
H-C
MoaenupoBaHue TYPOYNEHTHbIX TEYEHUN:
URANS DES RANSJ/ILES
CeTKN U CeTOYHbIe TEXHOSIOIUMN:
CMpPYyKmMypupoeaHHbIe MHO206J104HbIe KPpUBOJIUHEeUHbIe cCemku
YucneHHble MeToabl.
KoHe4yHO-06beMHbIe
lNlepeMeHHbIe: MTIOMHOCMb-CKOPOCMb
lMopsidok annpokcumayuu no npocmpaHcmay 3-5 Osisi HeCXXUMaeMbIX
me4eHuu, 5-9 Ons npedpacrnadHbix Nnapamempoes 8 cxeme Poy Onsi
C)KUMaeMbIX me4vyeHuu
UHTerpupoBaHume no BpeMeHu:
HesieHasi cxema



URANS-BeTBb JET3D



UccnepoBaHue ¢ nomouwbio URANS TeyueHUA B MoaeribHOM CBepPX3BYKOBOM
Bo3ayxo3abopHuke (B3) cmelwwaHHoro cxatus npyu M =5.9 npu pa3nunyHbIx
cTeneHAX ApoccenupoBaHuA

dPoTtorpacdhma n cxema mogenu B3 U3 crtatbu:

Li Z., Gao W., Jiang H., Yang J. Unsteady Behaviors of a Hypersonic Inlet Caused by Throttling in
Shock Tunnel // AIAA J. 2013. V. 51, Ne 10. P. 2485- 2492.

BokoBble CTeHKU MO MbICIN

3KCNepUMEeHTaTopoB
AONMXKHbI 6bINN 0obecneunTb : 7 .. .
ABYMepHOe TeyeHue Ha WU os ¢ e IO 3 3 v 1 10
Bxoae B B3 .
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BnusaHue gpoccennpoBaHna Ha TedyeHue B KaHane B3. Nona yucen Maxa.
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OT norpaHUYHOrO CNoA Ha WeKax B3 uayT ckauku
YyN/I0THEeHUs, B pe3ybTaTe B KaHane B3 HabnlogaeTtca Pa3spyLluaeTca cucTema CKauKoB YNJIOTHEHUA; TeUeHue
CNOXHaA TpeXxmepHasa CTPYKTypa TeueHusa TepAeT YyCTOMUYMBOCTb U CTAHOBUTCA aCUMMETPUYUYHBIM
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PacnpepneneHue ctatnyecKoro gaBneHnsa BAOSib BepxHen cTeHku B3

CpaBHeHue pe3ynbLTaToB pacvyeToB C 3KCNePUMEHTOM
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CpaBHeHuMe pac4yeToB HACTOALUNM
MetToaoM un naketom FASTRAN ¢

OaHHbIMU 3KcnepumeHTa gna TR=0.
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BnusiHme gpoccennpoBaHus.
CpaBHeHue pacyeTOB HaCTOSILLUM
MeTOAOM C 3KCNepUMEHTOM.

NMona ctatnyeckoro gasneHua B B3 npn TR=0.
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Momnax B3. TR=0.4

Ocuunnorpamma naBrieHUs,
CpaBHEHMEe C 3KCNEePUMEHTOM

200 —

|P/Pin¢

160 —{

Exp. |
URANS

120

80

=

il

-

0 T T T T T
0
PR ' 77 X
/ W Shoulder Isolat(/)% Plug|
>
g° N A
126 | 120 / 40
440
200
_P/ Pinf

160 —{

120

80'/ﬁ< /[:%\ /

MY

\/

ol

0 |

0

| | I I
0.0025 0.005 0.0075 0.01
t,c

0.0125 0.015

400 0O 400 800 1200

P/Pinf:

0

20 40 60

80 100 120

MrHoBeHHOe none aaBrieHUs

YacTtoTa nomnaxa B pacyete 3000y,
B aKcnepumeHTte — 220Ny,



RANS/ILES-BeTtBb JET3D



BnusHue gpoccennpoBaHna Ha Te4eHUe U YpoBeHb TYPOYNEeHTHbIX
nynbcauui B KOHBEpreHTHOM cBepx3BykoBoMm B3 M =1.8

FeomeTpusa BozayxosabopHuka (B3)

Yucno ayeek 3.5x106

M=1.82 Re=1.6x10°

O6wun Bua Bo3ayxoszabopHuka *
a — BuAa cOOKy B MNOCKOCTU CUMMETpuM, 6 — BuUg
CBepXy, B — BUA, cnepeau
1 — NOBEPXHOCTN TOPMOXEHUSA, 2 — ODOKOBbIE CTEHKMN,
3 — obevanka, 4 — nossykoBon anddysop, 5 — okHa
nepenycka 6 — uunMHOpU4eckasa cekuus nepeq
BXOAOM B ABuUraTtenb

Paccmarpusanuce ABa BapyaHTa CUCTEMbI
CnuBa NOrpaHMYHoOro cnos ¢ Hyjeq=0.05H; n
Hpeeq=0.1H,. H, — BbicOTa Bxoga B3.

* [eomeTpusa npegoctaeneHa CtenaHosbiM B.A., BuHorpagossim B.A.(LLMAM)



BrnusHne gpoccenupoBaHuAa Ha TeyeHue B KaHane B3 ansa H,,..,=0.05H,
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RANS/ILES

BnusHue TemnepaTtypbl CTPYU U 3KpaHa TeyeHue B Hepac4eTHOM
CBepX3BYKOBOW CTpye U3 NPSAMOYrofibHOro conna

Y/Dh

X/Dh

Conno 6e3 akpaHa

PacueTHble ceTku (7.4-7.8)x10°
M;=1.467
T,=300K, Re=1.142x106
T,=600K, Re=0.466x10°
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BrnusHue Temnepatypbl CTPYU U 3KpaHa Te4eHMe B Hepac4eTHOMn
CBepX3BYKOBOW CTpye M3 NPAMOYrofibHOro conna (npogomkeHue)

Conno 6e3 akpaHa. T~..=300K
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ropU3oHTaNIbHOM HanpaBrieHUM



XonopgHble cTpyM

Mopsiume cTpym

BnunsHue Temnepartypbl CTPYU U 3KpaHa Ha OOLLMK YPOBEHb LUyMa B
Hepac4YeTHON CBepPX3BYKOBOMU CTpye U3 npamMoyronbHoro conna (R/Dh=200)
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XornoaHble U ropsiune HepacyeTHbIe CBEPX3BYKOBbIE€ MPUCTEHOYHbIE CTPYU U
NMPUCTEHOYHasi CTPYU C OTOOMHUKOM Tr=4, M,=1.56

Neometpua C-D conna
(AIAA P. 2013. Ne323) M =1.5

[MpucTeHo4Has cTpy4.
Cetka 6.7x10° sayeek.

Maz

[MpucteHo4Hasa cTpya ¢ OTOOMHUKOM.

X Cetka 8.5%x10° gyeek.

1.6D
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Cxema pacnonoxeHus conna, noBepxHOCTH
aspoapoma n oTbonHuka

XonopgHasa, T=300K, Re=2.4x106

MNopsiyas, T=600K, Re=1.5%106
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HaTtekaHue cTpyn Ha oT6oONHUK. AHnmaums Q-
Kputepus
( B uBETaAX KOHUEHTPAaLUM NacCMBHOW NpUMecH,
KOTOPOW NnomeyeHa cTpys).

TpaHcBepcanbHoe pacTekaHue
NPUCTEHOYHOMN XONOLHOWN CTPYMW.
MrHoBeHHas npoforibHaa CKOPOCTb.
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N3onuHum ocpegHeHHON CTaTUYECKOU TemMnepaTypbl U nNyfbcauumn
OaBneHusa ana ropsaumx ctpyn. OnpedesieHue 30HbI 6e3onacHocmu.
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XornoaHble cTpywm

lopsyme cTpym

YpoBeHb LWyma B ganbHeMm none CcTpyu Ha pacctosaHum R/D =49
CBobGopgHas cTpys
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B xonoaHbIX CTpysAX BIUSIHME NOBEPXHOCTU a3poapoMa U OTOOMHUKA Ha YPOBEHb LUyMa M AnarpamMmmMy HanpaBfieHHOCTHU
cunbHee , YeM B ropsiunx. B npucTeHOUYHbIX CTPYAX LWYM MeHbLUEe Ha BbICOKMX YacTOTaX, HO MeHbLLe Ha HU3KUX.



OueHKa TOYHOCTU MOAVICbVILWIpOBaHHOFO r<PAaHN4YHOrIO ycrioBusa Ans

BmecTo 3KCNaHCUBHOrO pacyeTa
TeyeHua B 'CC,
MCNONIb30BaHO

moamnduumnpoBaHHOE rpaHUYHOe
yCNnoBUeE Ha CTEHKe:
V, =qX%sin(2xnxfxt)

*[MpsimoyronbHbIN andcysop
*OTHOLLEHMEe NnoLwaan Bbixoaa K
nnowaan Bxoga: 2

*Yron HaknoHa HMKHEN CTEHKN:
15°

*BbicoTa Bxoga: 75mm

*LllnpmHa kaHana: 100mMm
*PacueTHas cetka: (1.8-3.5)x10°
A4eek
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3ameHa 'CC rpaHNYHbIMM yCIIOBMAMU ob6ecne4vunsio npuemMnemMyro TOYHOCTb pac4yeToB



UccnepnoBaHne BNUAHUA CUHTETUYECKUX CTPYU Ha TeYeHMe B KaBepHe
M219 npwu 4O3BYKOBOM U CBEPX3BYKOBOWU CKOPOCTU BHELUHEro notoka

D=W=L/5, L — gnuHa KkaBepHbI,D —

T=300K; P=0.1MTl1a
BbicoTa, W- lWnpunHa

M=0.85, Re=1.36%106 M=1.5, Re=2.39x106

CeTka Bcero 2.626x10° gueek,
B kaBepHe 3.4x10° a4yeek OueHka TOYHOCTU MeToAa AHumauusa Q-kputepus
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KaBepHa BbINONHAET porb
TypbynusaTopa aAns BHELIHErO TeYeHUs
anMepbl nacCUBHOIO ynpaBJieHUsA
TedYeHuem

MN3onoBepxHOCTU rpagmMeHTa NIoTHOCTU (LUBETHLbIE)
n none dP/ot (4epHO-6enoe)

B3anmopeuncrene HeECTaAaLUMOHApPHOIo CJ104 CMeLLEHUA C
J03BYKOBbIM BHELLUHM MOTOKOM BbI3blBAa€T Pa3roH
nocrieaHero, 4Tto npmnBoauT K o6pasoBaHmo yOapHbIX BOJIH.



BrninsiHne nonoXeHus N peXXMMHbIX NapaMeTPOB CUHTETUYECKUX CTPYM
Ha Nynbcauun AaBreHUs1 Ha CTeHKaX KaBepHbI

M=0.85 S 200 I'u,, 100 m/c

P',%: 0 5 101520253035

P',%: 0 5101520253035

BRI R
M=1.5 P, % 4 914192429

P'.%: 4 914192429

P, %: 4 914192429

200 Iy, 100 M/C

\(‘




BnusaHue pacnonoXxeHusda N peXxuMHbIX NapamMeTpoB Ha NMKOBbIEe 3HAYeHUA
nynbcauuﬁ cTaTu4yeCKoro gaBrieHUA u TemMnepatypbl Ha CTEHKaX KaBepPHbI

210

180 -
150 -
120 -

\
0 ®
A,/0

e o o AP' Y,
e e 0AT' %

%0 ' & V=0.85
60 — .
20 ° ®
0 | [ ] L] :: q,
301 ¢ A AR IR A T e b | wie
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 1 8 |15 | 100
P 2 | 9|16 200 | 50
~ h - B 4 | 11|18 100
60 | 5 112|119 | 200
N 100
Yo
y * 6 13 20 300
30 7 |14 |21 | 1000
0 ;D ® :: ° . :: :. ! :: ® ] * ® L]
[ .. | ! L4 ® ! — M=1 5
-30 -

1

2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21




M=0.85. ToyHOCTb pac4yeTa Mo COOCTBEHHbIX KonebaHmn. BnusitHue CUHTETUYECKUX
CTPYM Ha CNEeKTp Nnynbcauuu AaBrieHUs Ha 3aHeN CTeHKe KaBepHbl.

1l mopa, Ny IV moga, lu
62.5 83.7
62.5 83.7
63.6 84.8
57.0 78.1
59.4 84.1

12.66kPa%/Hz

| mopa, Ny [l moga, Ny
OKCNEPUMEHT 18.0 38.2
LES 4.7x10° aueek (1.6%109) 19.6 40.3
DES 2.2x10° aueek (4.9%105) 20.7 40.3
dopmyna Poccutepa 14.9 36.0
RANS/ILES 2.6x10° auyeek (3.4%10°) 9.8 39.0
100 PSD, kPaZIIHZ Y point 7
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M=1.5. ToyHOCTb pacuyeTa Mo COOCTBEHHbIX KonebaHun. BnusaHne cMHTeTUYECKNX
CTPYM Ha CNeKTp Nynbcauuu OaBreHnUsa Ha 3agHeN CTeHKe KaBepHbI

| Mmopga, Iy Il moga, 'y Il moga, Ny IV mopa, Iy
dopmyna Poccutepa 21.2 51.0 80.8 110.6
RANS/ILES 27.1 55.0 92.0 129.1
4.85kPa?/H
100 PSD, kpaleZ point 7 1.33kpa§/|/_| z
10 1 LY 1.08Pa2/Hz
! \ \ 4.53kPa?/Hz
0001 i \ R |t O.83kPa2/Hz
. ' | 2
0.0001 ¢ Ha 3agHel cTeHke (200MM,100m/c) I
1E-005 = nepen kasepHow (300Iu, 50m/c) fi Hz
1E-006 =] T T 17T llIi T T 7T I | 392kpa2/Hz ,
O.34kPa2/Hz 0.69kPa {HZ
100 . PSD, kPa’lHz / soint 9 0.27kPa’/Hz
10 ﬁl I\
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Cnacu6o 3a BHuMmMaHwue!



