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POCCUACKASA AKAIEMWUA HAVK
MHcTuTyT npobnem GezonacHoro pasBuTHMS ATOMHOMW IHEPreTHKM
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e Ha3dHavYeHue Koga

«MepneHHble» 3a4a4u «bbicTpble» 3aaa4un
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p= const p# const
* Te4yeHue XKMAKOMETANIMYECKOIO * TeuyeHwue cTpyn cmecu rasos
TennoHocHTeNs

* Te4yeHWA rasos nog KOHTaMHMEHTOM

HecxXnmaemasa XuUAKOCTb CKMMaeMblIN ras

Cnabo cxknmaemoe npmbamnxkeHune

p=c’(p—p*) p=(—Dpe

* MHOroKOMMNOHEHTHble TeYyeHunA
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1 WucTutyT npobnem GezonacHoro pa3BMTUR aTOMHOW 3HEPreTUKM

(I
wsra> QCOOEHHOCTU Koaa

* Kopg asnaetca peanmsaunen metoamkn KABAPE ansa nposBeaeHmUs MacCMBHbIX
napannenbHbIX BbIYUCNEHMIM HA KnacTepHbix 9BM 3aaa4 ruapoagnHaMmMKKM Ha
HECTPYKTYPUPOBAHHbIX reKCasApasibHbIX CETKAX

* PeannsoBaH Ha A3blke C++

* EAVHbBIN KOA, ANA HECKONIbKUX TMAPOANHAMUYECKUX MOAENEN

* BbluncneHua, ncxoga us nepsbix NpuHUKMNOB. OTCYyTCTBME B KOAE MOoAeNeN
TYPOYNEHTHOCTU M HAaCTPOEYHbIX MAaPaMETPOB

* B AMHEeNnHOM npubAnKEHUN — BTOPOM NOPAAOK TOYHOCTU HA HEPABHOMEPHbIX CETKaX

* B anvHenHom npubnmxkeHun — besgmuccunaTtmBHas cxema

* MPIl-pacnapannennBaHme Ha NPOU3BOJIbHOE YMCNO NPOLLECCOPOB

*  ACHHXPOHHbIN 0bMeH AaHHbIX 6e3 6NOKMPOBOK Yepes obune rpaHn syeek
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(o~

o ACMHXPOHHOE pacnapannenusaHue

1. 3apepKKa «rOTOBHOCTL — NOTPEOHOCTLY
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(I
mrao ACMHXPOHHOE pacnapannenmesaHue

2. NopAaaoK BblvUCNEHUMN
daza-1 daza-2 ®aza-3

il - un+1_un+1/2 1 6
Vot = V(U , Ugg) )
T/2 V k=1

[NapannenbHble BbIYNCNEHUA:

* Bce KoHCepBaTUBHbIE NepeMeHHbIe BbIYUCNAIOTCA IOKANIbHO

* Bknag B NOTOKOBYIO NEPEMEHHYIO OT KOHCEPBATUBHbIX BbIYUCNAETCA NOKANbHO

* Bknagbl B NOTOKOBbIE MNepeMeHHbIe NepecbiNaTCA MeXAy NApTULUAMMU

* [lOoTOKOBbIe NepeMeHHbIe BbIYUCAIOTCA Ha KaXXaA0M NapTULUUM eaAnHbIM 06pa3om
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(O
isras ACU HXPOHHOE pacChapariierinBaHne

2. MNopAanok BblMUCNEHUN

I'Iapanneanble BblMUC/IEHUA:

Bce KOHCepBaTMBHbIE NEPEMEHHbIE BbIYUCAAOTCA IOKA/IbHO

MNHBapmaHTbl Ha rPaHAX BbIYMCAAOTCA TOKA/IbHO

NHBapmaHTbl NepecbiNaloTca MexXay napTuumamm

MoTOKOBbIE NEpPeMEHHbIE MO UHBAPMAHTaM BbIYNCAAOTCA HA KaXKA0M rpaHu N0KaAbHO

Bbl4MCNEHNA MHBAPMAHTOB C OAHOM CTOPOHbI HA MHTEPPENCHbIX FPAHAX

OTﬂpaBKa MHBAPHUaAHTOB B coceaHUNe napTtuumnmn

BblumncieHMA NHBAPMAHTOB Ha BHYTPEHHUX rPaHAX
BblumncneHmne NOTOKOBbIX NepeMeHHbIX Ha BHYTPEeHHUX rpaHAX

MNonyyeHne NHBAPMAHTOB OT COCEAHUX I'IapTMLI,MVI

ok wnNE

BbluncieHMe NOTOKOBbIX MepeMeHHbIX Ha MHTep(IJEﬁCHbIX rpaHAx




OOHO-KOMIMOHEHTHAA
HECXKUMAEMAA XUOKOCTb
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Tiao CBoboaHasa KoHBeKUUa HaTpusa B Tpybe L/D=5*

e [lpamas yunuHOpuyeckaa mpyba 1
3aM0MHEeHa ¥UOKUM Hampuem 2. A

* Ha o0Hom mopue mpybbl pacrnonoxceH
Hazpesamesb, COCMOAUWUU U3 MEOHO-20
maccusa 3 U mpéx 00HOBPEMEHHO
pabomarouw,ux Konbyesbix
anneKkmpoHazpesameneli 4, 5, 6.

* Ha dpyzom mopue mpybesi pacronoxceH
merna006MeHHUK Hampuli-maco,
cocmoAawul u3 medHo20 maccusa 7 u
KpblWKU 8. B MeOHOM maccuse
merna00b6MeHHUKQA rno nosocmu A
UupKynupyem mu-HepasibHoe Macso.

e Tpyba nonHocMbO Menaou3oaupo-eaHa
MUHepanbHoU samol 9.

* Re=310%

* JkcnepuMeHnTaabHbIi cTeHal B OKBM um. Appuxkanrosa, Huxuuit Hosropoa 2014
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A
e CBOOOAHAA KOHBEKUMA HaTpus B Tpybe

CemoyHasa moodens (110 000
2€KCa30pasIbHbIX AYEEK)




MHcTuTyT npobnem GezonacHoro pasBuTHMS ATOMHOMW IHEPreTHKM

/_OpU3OHmC1fIbHO€ rnosioxceHue
(m POCCUNCKASl AKAJIEMUS HAYK

(o
wrao CBOOOAHAA KOHBEKUUSA HaTpuUA B Tpyde
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BepmuKkanbHoe nosoxceHue
m POCCUNCKASl AKAJIEMUS HAYK
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(o
wrao CBOOOAHAA KOHBEKUUSA HaTpuUA B Tpyde

PacueT nop, yrnom 45 rpaaycos (c yyeTom Bcex maTepuanos, ceTka 1,5 MaH. sueek)

TemnepaTtypa Mopaynb CKopoCTu
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mrao CpaBHEHUE cpeHen Temneparypbl

CpaBHeHMe cpeaHel TemnepaTtypbl BAOb cTeHKM ¢ CFX-pacyeTom (moaenm k-eps,
k-omega, RNG k-eps)

T av, [K]

= « «CABARET == Cah(notemp) =ssess CABARET_BIG
i CF¥_k-eps

CF¥_k_omega CF¥_RNG k-eps
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I~
usrad CMelleHue pasHoTeMnepaTypHbIX NOTOKOB cnnaea Pose B

T-obpa3HomMm cmecutene

Cxema 3KcnepumMeHTaIbHOM
yCTaHOBKKN™

1 — ocHosHOU b6aK; 2 — bak
014 «2opsaYeli» #UuoKocmu;
3 — 6akK 014 «x0n100HOU»
HUuoKocmu; 4 — AUHUA
noosooa #uoKocmu K

9 6akam; 5 — nuHusa nodsoda
«X0/100HOU» HUOKocmu,; 6 —

1 /IUHUA 100800a «20pAYeli»
HuoKkocmu,; 7 — 6oKc ¢
1o0s8o0om e2opAaYezo
8030yxa; 8 — cmecumerns; 9 —
MmOoYKa c1usa

500

‘ Tx, Qx

* JKcnepuMeHTAJNbHbINA cTeHa B uHcTUTYTe Temiogudnku uM. C.C. Kyrarenanze CO PAH, r.
HoBocudupck
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o 1 1pOX0XAEHUE BUXPEU NO rpaHuue AByX
KOMMOHEHT

llnorHocrTp 3aBHUXPEHHOCTb

RHO: 05 0.6 0.7 08 09 1 i ROTZ: 10 6§ 0 5 10 15
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npobnem Ge30nNacHOro pa3BUTHR ATOMHOW IHEPreTHKM

[

RHO: 05 0.6 0.7 08 0.9 1 ROTZ: -0 5 0 5 10
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(O
UBPAD

KonyeHnTpaymnsa 1

Konyerntpaymnsa 2

KSI1: 0.1 03 05 0.7 0.9

KSI12:
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(I - -
mra> HeycToM4mBocTb Panes-Teunopa
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o WxekTupoBaHue cTpyu ropavero sogopoaa B
3aKPbITYIO NONOCTb C BO3AYXOM
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MBPAD CpaBHeHme C aHaliIMTU4eCK1UM peLlieHnem
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pOXOXOeHWe yaapHou BonHbl M=1.21
yepes TaXxXenbin ras

HUBPAD

OTcnexknBaemble napameTpbl:

XR, XL, YT - KpaliHAA npaBas, 1eBas U BEPXHASA
TOYKM, B KOTOPbIX MonAapHaa gona SF6
coctasnaet 99%.

0 0.1 0.25 0.45

PacuyeTHaa obnactb - 0.45 x 0.2

Air 1.4 1.153 O6nacTb c SF6 -0.15x0.1
CeTKa -720 x 320
>F-6 L3512 Lbt Yucno KypaHTa -0.45

MNocTaHOBKa aKcnepumeHTa B3aTa U3 “Bates K. R., Nikiforakis N., Holder D. Richtmyer—Meshkov instability induced by
the interaction of a shock wave with a rectangular block of SF6 // Physics of Fluids. 2007.”



POCCUACKASA AKAIEMWUA HAVK
: WucTutyT npobnem GezonacHoro pa3BMTUR aTOMHOW 3HEPreTUKM

HLPAD

0.2

NAOTHOCTb
0.15

> 0.1

0.05

02F
r;PagmneHTbl NJ1IOTHOCTU U
gis 8 AaBneHunn
> 01+
0.05 |

0.1 — 02 . 03 04




POCCUACKASA AKAIEMWUA HAVK
: WucTutyT npobnem GezonacHoro pa3BMTUR aTOMHOW 3HEPreTUKM

(L

UBPAD
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X
[TonoXKeHne KpanHen NeBON U KpamHen [MonoXkeHne KpanHen BEPXHEN TOYKM C
npaBon ToyeK ¢ SF6. LUtpmuxoBaa anHua -  SF6. LUTpmnxosaa nnHua - KABAPE,
KABAPE, cnnowHaa - WENO, oTpesku - cnnowHaa - WENO, otpesku -
9KCNepuMeHTabHble AaHHble C 3KCNepuMeHTaibHble JaHHble C

NOrpewHoOCTbHO. NOorpewHoOCTblO.
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ow 1poxoxaeHune YB M=1.21 yepes nysbipb
NNerkoro ra3d

0.0445 S
n Air
0 >
C .
K He+Air
0 0.05 0.085 0.3
_mm PacueTHasa obnactb - 0.3 x 0.445
Paguyc nysblpA - 0.025
Air 1.4 1 CeTka - 1450 x 215
He-+Air 1.648 0.182 ducnoKypanta - 0.45

NocTaHOBKA 3KCcnepumeHTa B3ATa U3 paboTtbl “Lagumbay R. S.,Vasilyev O. V.,
Haselbacher A. Homogeneous Equilibrium Mixture Model for Simulation of
Multiphase/Multicomponent Flows // International journal for numerical
methods in fluids. 2007.”
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(I
MBPAD CpaBHeHI/Ie
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(c) 201 ps. (e) 674 ps.

Puc 3. ConocTtaBneHue pe3ynbTatoB No Kabape (cBepxy) c pe3ynbratamu

no WENO (cHu3y) Ha momeHTbl BpemeHn 201 mc (chesa) n 674 mc
(cnpaga)
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