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MoaeaupyemMsbie MPOIECCHI

JIBM>KEHME BSI3KOM MHOTOKOMIIOHEHTHOU
OJHOCKOPOCTHOM CpeIbl

YIIpyromiacTu4eCKrue U NpOYHOCTHBIE CBOMCTBA
MaTEPUAIIOB

TypOyaeHTHOCTH

JInHenHas TEIIONPOBOIHOCTD
HN3nydyenue

[IepeHOC HENTPOHOB

Yyer 3amna3ablBaloInuX HEUTPOHOB, PE3OHAHCHOM
CaMOAKPAHUPOBKH CEYCHUN U Jomiep-3Pdekra

Y4eT BBITOpaHus H30TOIIOB



Mopaeau cpeabl

HACAJIbHAsA KNIKOCTh C YHCTOM
MHOT'OKOMIIOHCHTHOCTHU CPCIbI

YIIPYTrO€ TEJI0, INIACTUIHOCTh, CXKUMAEMOCTb,
pa3pylIcHUE, IUIaBJICHUE, HCIIAPCHUE

BJ3Kas dKUIAKOCTb C Y4CTOM
MHOT'OKOMIIOHCHTHOCTH CPCIbI

TypOYJICHTHOCTD

IrCcOMCTPHUYUCCKAs] MOIACJIb N3JTYUCHHA



Moayan

HeCTal[MOHapHAas TUAPOIMHAMUKA
TypOYJICHTHOE II€pEeMEIINBAHNE

HECTallMOHApHAA TUAPOJUHAMUKA C YYETOM
YIPYTO-IJIACTUYECKUX U IPOYHOCTHBIX CBOMCTB
cpenbl

TEIUIOIPOBOJHOCTD
U3JIY4YECHUE
IIEPEHOC HEUTPOHOB

HEUTPOHHO-SJIEPHASA KUHETHUKA



MeTtoa perieHUsI YPABHCHHUH ra30BOH
TUHAMUKH

e ALE-MeTon

* /IBHO-HEsABHAA cXeMa C Pa3HECEHHBIM
1a0JIOHOM

 TVD pna sunepoBoro srarna



HesiBHa"g cxeMma

e CucreMa ypaBHEHHUM 1 BA3KOI'O JIABJICHMS

 Cxema 1. MHTEpHIOISILIMS CKOPOCTH

* Cxema 2. BBegenue yCckopeHus

1
- n+—

e e
W % =;(Un+1_Un)



Cxema «PoMO»

an, i+1, j+1
i1, j
e [[Ta0moH —t
VVE = Vf-nga ng, %>> <_> W§3,
W,=W:-a, f
A
e Metong CII — 1D : €, L
. Ve
L]

e JlOTIOMHUTENbHBIE YCIOBUSA

U 1 =l(Uz’+1 +Ui)+9 1(B+1 _B)’
i+5 2 i+5

itl =

P 1 =l(B+1+B)+5 1(U' Ui)
i+§ 2 i+5



Cxema «Pom0» 0e3 pacmiensieHus

Ilepexon K BA3KUM BEJIMYHHAM
=U+6-grad P, p=P+6 -divU
ATIIpoKCcCUMAaIuA

JlOmMOJTHUTEIBHBIE COOTHOILICHUS
_p1+1+p p]+1+pj

(W)Hl (W) ) (W)J+1+(W)

]+1/2

Pis1/2,j+1/2

% ),.0.

Pemienue CHAY UTEPALMOHHBIM METOI0OM




MoaesupoBaHue MOYTH HECKUMACMOH
KUTAKOCTH
¢ M<<1

 Moaudukanus ypaBHCHUM -
MAacCIITaOMpPOBaHUE TPAJUECHTA TABICHHUS

Jpu
dt

+V(piiii ) = —iﬁp
a
* Br10op mapameTpa o

SP,/P<¢e, e<<l, a=1



Moaeau TYpOYJEHTHOIO TeYeHU A

e LLv Monenn
v Ypasuenns HaBbe-CTokca
v KosdpumueHT TypOyaeHTHOM BA3KOCTH
w=pr*(G:Vii)
e Ke Monenn

v/ pacueT ypaBHEHMH ra30AMHAMUKHN U T€HEPaI[Hiu
TypOyJICHTHOCTH

v yuet TypOyaeuTHo#i gudy3uu, TypOyIEeHTHOTO
TABJICHUS W PEIICHUE YPABHEHUS SHEPTUU

v/ yYET TEIUIOBOTO ITOTOKA TEIUIA M TypOYIEHTHOIO

TeIJIONEpPeHOca
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TecrupoBanue koga SINARA

e Tectnl mJ11 ypaBHEHUM Ta30BOM TUHAMUKHA
1 TEIUIOIIPOBOIHOCTH

v'Habop tectoB - BAHT

e Bsaskue HeC)KMMaeMble TCUECHUS

v'PacyeT KOHBEKIIMM BO3IyXa B ITOJIE CHUII
TSKECTH

v' Teuenune [lyaiizens HECKMMAEMOM KUIKOCTU B
UIAHIPUYECKOU TpyOe
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TecrupoBanue koga SINARA

* TecThl 110 TYpOYJIEHTHOCTH
v/ TeUeHHE B IIEPOXOBATOM TPyOE

v IIJIOCKUH JBYMEPHBIN CTAIMOHAPHBIN CI0M
CMEIICHUS

v IpaBUTAIMOHHAS HEYCTONYHNBOCTE
v/ TeIU1I0Basi KOHBEKITHS
e (Cxema pacuera agBeKIHUU
v'Pacnaj paspeiBa
v'Pa3nér TpeyronpHOM MPU3MBI B BAKYyM
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IlpsiMmoe MoaeTMpPOBaHUE
HeyCTOMYUBOCTH Puxrmanepa-MelukoBa

e DKCIIEPUMEHT HA 3JIEKTPOMArHUTHOMW YIAPHOU
TpyOe
e llepexon ¥YB u3 jgerkoro rasa B TSXKEIbIN
v' VB - HeycroiiunBocTs PuxT™Maliepa-Merkosa

v BoaHa paspexeHus - FPaBUTAlHOHHO-YCTOMYNBOE
COCTOSIHHE

* llepexon ¥YB u3 uU3 TSAKEIOro BEMIECTBA B JIETKOE

v HaJI0’KEHME HEYCTOMYNBOCTEH PruxT™Maiiepa-
MemkoBa u Penes-Teunnopa

13



X (mm)

A
Konpurypamnus 1
100
I II
—>
A A
>

0 240(| y=y, + a,cos(2nx/\) 1500 Y (mm)
Kr ¥o=240 mm He
0=0.00336 A=50 mm p=0.00016
y=1.689 8=1; 2.5 mm y=1.63

['pannunoe ycinosue (y=0): u=U exp(-t/T),
U,=0.948 mm/us, T =153.56 us

HauvansHoe nasiienue: p,=0.984 bar

14



X (mm)

Konpurypanus 2
100
I II
—>
A N\ A -
0 1290 1695 Y (mm)
=y +
He y _yi)zg(c)zocos(ZrcX/k) e
0=0.000163 Yo~ '~ T 0=0.005383
=1.665 A=30 mm ~1.667
L a,=1;2.5; 7.5 mm L
[’ parnunoe ycnoBue (y=0):
Rl O<t<t
P(t)=1P exp(-2t/t)sin’ (2nt/T), t <t=<T/2
0, t=T/2

P =1.217 bars, t=1.2 us, P*=123.3 bar, T=75 us, 1=97.4 us

HauvaneHoe nasiienue: p,=0.976 bar



O Mmoaeasax cMmeceu

* T'oMoreHHast MORCIb  (T,p,m,,...,m.n,,....n, )

* ['ereporenHas MoJiciib
(Tl, ...,Tk,pl,...,pk,ml,...,mk,Vl,...,Vk,nl,...,nk)

k

k
s Eai &, .])i(pi’T;)’ £ = Eci €, (pw];)
i=1 i=1
v'PaBHAs COKNMAEMOCTD BEIIECTB CMECH
v’ JIluHaMH4YeCKO€e paBHOBECHUE BEIIECTB B CMECH

v' PaBeHCTBO MpHpaIeHUH TaBIeHNN
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PesyabTarsl 1Js KOHpuUrypauuu 1
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PesyabTarsl 1Js KOHpuUrypauuu 1
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PesyabTarsl 1Js KOHpuUrypauuu 1
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PesyabTarsl 1Js KOHpuUrypauuu 1
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a,=2.5 mm
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Pe3yabTarhl 1J1 KOHQUIypanuu 2

alay s

3

1

T | T | T | T ‘i’
100 200 300 400
time (mcs)

500
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10.00

5.00

0.00

110.00

Pe3yabTarhl 1J1 KOHQUIypanuu 2

a,=1 mm
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10.00

5.00

0.00

110.00

Pe3yabTarhl 1J1 KOHQUIypanuu 2

a,=2.5 mm

1
120.00 130.00 140.00
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10.00

5.00

0.00

110.00

Pe3yabTarhl 1J1 KOHQUIypanuu 2

a,=7/.5 mm

120.00 130.00
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O0cy:xaeHue pe3yjabTaToB sl
KOH(purypanuu 1

e 3aBHCHUMOCTH JIJISI OIIMCAHUS PEATBHOTO
pa3Mepa 30HbI IEPEMEIIINBAHUS

A
* ABTOMOJICJIbHAS [IIUPUHA 30HbI L = A2S
v'A —uaucno AtByna, A=(p, - p,)/(p, +p,)
v'S — IyTh TOPMOXKEHHS, S =AU ¢ - Ak
e 3HAYECHUE O

Jad = di1d(N28) a,,, =026
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VL (mm'2)

10

U3Menenue o 1 KoHpurypauuu 1

experiment

SINARA

Vortex Method

8 10 12
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Thank you
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