YucieHHbIe METOBI, aJITOPUTMBI, IIPOTPaMMBI U TOUHBIC PEILICHUS 201

AHAJIMTUYECKMI MMOJIXO/ B 3AJJAUE
B3AUMO/JIENCTBUSI CKAUKA
CO CJABUT'OBBIM CJIOEM

A.JI. AIPUAHOB

Cubupckuii rocy1apCTBEHHBIH a9pOKOCMUYECKUN YHUBEPCHUTET
uM. akaa. M.®. PemerneBa, Kpacuosipck, Poccust

B nanHo# paboTe 1mosy4eHo aHaJIUTHYECKOE pelIeHUe
CTaI[IOHAPHOM 33/1a4i O MPOHMKHOBEHHH CKayKa YIUIOT-
Henust (CY) B caBUroBsii ciioil. Cpeau MCIOTb30BaHHBIX
JOMyIIeHNH HamboJiee CYIIECTBCHHBIMU SIBISIFOTCS: 3a-
MEHa CKayka IMOBEPXHOCTHIO CHIJIBHOTO Ta30JMHAMUYe-
CKOTO pa3phlBa C aCUMITOTHYECKHM y4eToM 3(h(deKkToB
BSI3KOCTH M TEIJIONPOBOJHOCTH CPEAbI, a TaKXKe HCKIIO-
YeHHEe HECYIIECTBEHHOTO UIA JAHHOW 3a1add KpaeBOro
a¢¢dexra. [Ipu crenmaHHBIX JOMYMICHUSX HCXO/HAS Ha-
JaabHO—KpaeBas 3amada Juis ypaBHeHui HaBpe—Crtokca
cBeneHa k 3amgade Komm nist cucrembl OJ1Y, xecTkocTh
KOTOpOW YyBEIMYMBACTCS 110 MEpe YMEHBILUCHUS 4Yuclia
Peitnonbaca. CymiecTBeHHO, UTO MPH TIOJyYEHUH ITPABBIX
yacTe ypaBHEHUH NPUMEHSETCS CHCTeMa aHaluTH4e-
ckux mpeobOpa3oBanuii Ha OBM. PaccMotpensl ambTep-
HATHBHBIC METOJIBI 3alCH M PEIICHHUs NAaHHON CHCTEMBI
YpaBHEHHI: KJIaCCHYECKHH — ¢ HOpMauM3anueil u 0e3
Hee — OCHOBAHHBII Ha HEBSI3KOM NpHOIIMKeHHH. Bropoit
METOJ] OKa3biBaeTcs A(p(eKTUBHEE B OOJACTH BBICOKHX
yrcen PeliHoabaca MoToKa U, 9To 00JIee BaXKHO, aBTOMa-
THYECKH DPEOYLHUPYET PEHmIaeMyi0 CHCTEMY A0 BTOPOTO
MOpsiAKa B TIPEACTHHOM HEBA3KOM (M HETEIUIONPOBOJ-
HOM) CITy4ae.

YuCIIEHHO NPOCIEeXUBAETCS BIUSHUE HAYaJbHOM HH-
TEHCUBHOCTHM IaJaloIIero ckKayka, 4duciaa PeiHombca,
BUJIa TPaHWYHBIX (HAYaJIbHBIX) YCIOBHMH, KpaeBoro 3¢-
(exTa M Opyrux napamMeTrpoB Ha MeXaHH3M pedpakiuu
CV B caBurosom cioe. M3 mpoBeieHHBIX PacyeToB B Ya-
CTHOCTH CIIEAYeT, YTO BSI3KOCTh H TEIUIOMPOBOJHOCTH
CYIIECTBEHHO MPEISATCTBYIOT PACHpPOCTPAHECHUIO JIHIIH
CITa0bIX («aKyCTHYECKUX») BO3MYIIEHHA, Ocalmsist u 6e3
TOTO Malyl0 WX HadaJbHYI0 MWHTEHCHUBHOCTH, a KpaeBOH
3 QeKT KaKk W B HEBA3KOM Cllyyae HE OKa3bIBaeT NP
STOM PEIIAIOIIETO BIMSHUS Ha MIPOIECC B3aUMOICHCTBHSI.
[pu 3HaunTenbHOM MHTeHCUBHOCTH CY, HA00OPOT: JeH-
CTBUC BA3BKOCTU U TEIJIONPOBOJHOCTH HE3HAYMUTCIIBHO,
B CpaBHCHHH, HallpuMeEp, C ﬂeﬁCTBHeM, OKa3bIBA€EMbIM
KpaeBbIM 3¢ (HeKTOM. BEIUHCIUTENBHBIM ITyTEM J10Ka3aHO
00pa3oBaHNe «30HBI aBTOMOJIEJIIFHOCTHY 110 4Hcily Peii-
HOJIbJICa B Bo3MylIeHHOM (3a CVY) TeueHHMH NpH yBeiu-
YeHWW HaYaJhbHONH WHTCHCHBHOCTH MAJAIOIIETO CKadKa,
TO €CTh, KOTZIa CHJIBI JAaBIICHHUS YK€ MPEBANHAPYIOT Hal
BSI3KUMHE CHJIAMH U, CIIEJIOBaTEeNFHO, paboTaeT ra3oqiuHa-
Mudeckoe mnpuOimkenue. JlaHHbld (Qu3HuecKuii (hakTt
MTOITBEPXKTAaeTCI M OoJiee CIOKHBIMU pacyeTaMH Ha OcC-
HOBE IIOJHOW MOJEIM HECTAalMOHApPHBIX YPaBHEHU
Haspe—Crokca.

st mpakTUKK BaXkKHO, YTO MOCTPOCHHAs B JaHHOMN
paboTe MozelNb TO3BOJSIET B PaMKax €IUHOTO BBIUMCIIH-
TEJIPHOTO aJITOPUTMA HACKBO3b IPOXOAUTH OT I'a30AMHA-
Mudeckoil no nud¢ysmoHHONH cramun 3Bomonnn CY
B CJIO€, YeM JOCTHraeTcs 3HAa4MTeNbHAs YKOHOMHS BbI-
YUCJIUTEIBHOIO pecypca. B JaHHOM NOCTAaHOBKE 3anadyu
COXPAHSIETCSl €CTECTBEHHBIN OSCKOHEUHBIH MOPSIOK TJIaj-
KOCTH B KacaTesbHOM K CY HarpaBiieHHH.

C TeopeTuueckoi TOUKU 3pEHUs] BaXKHO TaKXkKe TO, UTO
OOIIETIPHHATOE U CTPOTO 0OOCHOBAHHOE JIAIIH IS MOJE-
JM WIEaNbHOTO Ta3a — BbBLIEIEHHE DPa3pbiBa, Oyaydu
NIPUMEHEHHBIM, B BSI3KOM Ta3e, aBTOMAaTHYECKH PacIIu-
pSieT W TpaHUNBl NMPUMEHUMOCTH aHAJIMTHYECKOTO TOA-
X0/1a B LIEJIOM.

AN ANALYTICAL APPROACH FOR
THE PROBLEM OF SHOCK-SHEAR LAYER
INTERACTION

A.L. ADRIANOV

Siberian State Aerospace University named after Academician
M.F. Reshetnev, Krasnoyarsk, Russia

A steady-state analytical solution is obtained for the
problem of shock penetration in the shear layer. In this
approach, the shock wave is considered to be a strong
gasdynamic discontinuity (Shock fitting technique) with
the Rankine—Hugoniot and differential relations including
effects of gas viscosity and heat conductivity. In addition,
there is excluded the boundary effect behind the shock
which is not important for this problem. These conditions
allow one to reduce the general boundary problem for
Navier—Stocks equations to the initial problem for ODE
system with the complex right-hand side. Were consid-
ered alternative methods of finding of solution of the
given system: classical — with normalization and without
it, based on inviscid case. The second method has advan-
tages in high

Reynolds number.

From numerical analyses it is evident the influence of
Reynolds number and initial-boundary conditions on the
refraction mechanism of the shock penetration. It is
proofed the existence of a self—similarity with respect to
Reynolds number for a perturbed flow.

It’s important for practice, that the model, build in this
work lets in the frame of unique calculation algorithm go
through beginning from gasdynamic up to diffuse stage
of shock evaluations. It helps to reach — the economy of
computation resources.
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PACYET TEYEHUI C JETOHAIIMOHHBIMU
BOJIHAMHU HA NOJABUXKHbBIX AJTAIITUBHBIX
CETKAX

B.H. ABAPEHOK

Boruncnurensusiit Lientp PAH, Mocksa, Poccust

PaccmarpuBaercss MeTon pacdera HeCTallMOHAPHBIX
TEYEHUI ra3a ¢ JEeTOHALMOHHBIMU BOJIHAMU HA IMOJBHXK-
HBIX CETKaX, aJanTUPYIOLUIMXCS K OCOOCHHOCTSM pellle-
HUs. MogenupoBaHue mpolecca IpOBOAUTCS Ha OCHOBE
peuleHHsT CHCTEMbl YPaBHEHUM TIa30BOM IUHAMUKHU
Y ypaBHEHUSI XMMHUYECKON KUHETHKH, 3alIMCaHHBIX B BU-
Jleé MHTErpaJIbHBIX 3aKOHOB coxpaHeHus. Mcnosb3yercs
Moaudukanys cxembl ['oyHOBa BTOpPOTO IMOpsiKa TOY-
HOCTH TI0 BpeMeHH W mpocTpaHcTBy [1, 2]. YpaBHEeHUs
ANIPOKCUMUPYIOTCSL Ha MOABHXKHOM CeTKe. DTO MO3BO-
JII€T NEPECUYUTHIBATh I'a30JMHAMUYECKHE BEJIMYMHBI Ha
HOBOM BPEMEHHOM CIIO€ HEMOCPEACTBEHHO Ha IOJBHXK-
HYI0 ceTky 0e3 mnepeuHTeprnosiiuu. [loctpeHue mon-
BIXKHOI CETKU OCYILECTBISIETCA C UCIOJIB30BAaHHEM Ba-
PHAMOHHOTO TOAX0Ma. ATaNTHBHAS CETKa TeHEpUpPYeT-
Cs Ha KaXXJOM IIare 1o BPEMEHH IPU PEIICHUM 3ajauu
MUHUMH3AaIUN (YHKIMOHATA TIIAAKOCTH, 3alHCAaHHOTO
Ha TIOBEpXHOCTH yHpaBisitome pynkunu [3, 4]. B kaue-
CTBE yHpaBisTIomiedl (QyHKIMM HCTIONB3YeTCsI OAWH U3
napaMeTpoB MoToka. CUIBHOE CTyIEHHE KOOPAUHATHBIX
JIMHUM pacdyeTHOW CETKHU MO3BOJISIET pa3MellaTh B IMOIe-
PEYHOM HAINpaBICHUHU 30HBI TOPEHUS HECKOJBKO sUeeK
H, CIIeIOBAaTENHHO, pa3pemaTh TOHKYIO CTPYKTYpy (poHTa
peaxIy, HanpuMmep, 3apoXkIeHHe BUXpeld B JABYMEpHOM
ciayyae. IlpuBonsTcss mpuMepsl pacueTra paBHOBECHOM
neronanuu YenmeHa—Kyre m HEyCTOWUYMBOM Mepecika-
TOM I€TOHALIMOHHOW BOJIHBI B OTHOMEPHOM M JBYMEPHOM
ClIydasx.
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FLOW CALCULATIONS WITH DETONATION
WAVES ON MOVING ADAPTIVE MESHES

B.N. AZARENOK

Computing Center of Russian Academy of Sciences,
Moscow, Russia

The method of calculating the system of gas dynamics
equations coupled with the chemical reaction equation is
considered. The flow parameters are updated in hole
without splitting the system into hydrodynamical part and
ODE for the kinetic equation as it is usually performed to
the fractional step method. The algorithm is based on the
Godunov's scheme on deformed meshes with some modi-
fication increasing the order of the scheme in time and
space [1, 2]. To generate the moving mesh the variational
approach is applied. At every time step the functional of
smoothness, written on the graph of the control function,
is minimized [3, 4]. One of the flow parameters is used as
the control function. The grid-lines are condensed in the
vicinity of singularity in the solution and, thus, an adap-
tive mesh is generated. Strong grid—lines condensing al-
lows placing several cells into the burning zone and, thus,
resolving a fine structure of the reaction front, e. g. ap-
pearance of vortices. The numerical examples relating to
the Chapman—Jouguet detonation and unstable overdriven
detonation wave calculation in the 1D and 2D approach
are presented.
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AJITOPUTM KOHCEPBATUBHOM
HMHTEPHOJIAAIAY TASOJUHAMUYECKHUX
ITOJIEN HA TEKCAS/IPAJIBHBIX CETKAX

b.H. ABAPEHOK

Boruucnurensusiii Lentp PAH, Mocksa, Poccus

PaccmarpuBaercss anropuTM WHTEPHOJIIIUN Ta301u-
HaMUYECKUX IOJEH C ONHOM PEryJIIpHOW reKcasapab-
HOM ceTkH Ha npyryio [1]. Kaxxnasa cerka, crapas u Ho-
Bas, COCTaBJIECHA U3 reKca’pajibHbIX sS4eek. MHTepnous-
LU SIBIISIETCS JIOKAJIbHO KOHCEPBAaTHBHOM, T. €. oOlee
KOJIMYECTBO KOHCEPBATHBHOW BEJIMYMHBI (MaccChl, KOM-
TIOHEHT UMITyJIbCa, TIOJIHOM 3HEPrHu M T. J.) B paccMmar-
puBaeMoil 00JIaCTH ITOIHKHO OCTAaBAaTHCS JOKAJIbHO HEH3-
MEHHBIM TI0CJIE Tepecyera ra30qUHAMUYECKAX IapameT-
pOB C ceTkH Ha ceTKy. VHTeprnosisiuus MUMeeT NEepBbIA
MOPSAAOK TOYHOCTH M CBOAMTCS K BBIYHCICHHUIO 00HEMOB
obnacTeil mepecedeHus sUeeK CTapoldl M HOBOM CETOK.
3amaya mOCTpoeHUsT (UTypHl MEepecedeHHs MIECTUTPaH-
HBIX S4YeeK C JIMHEeHMYaTbIMHU rpaHsaMu  3aMCHACTCA
HoCTpoeHHeM (Urypbl IepecedeHus JABEHaJlaTUrpaH-
HBIX A4YCCK C IUIOCKUMHU TPEYTOJbHBIMU TpaHAMU.
[ocTpoenne ¢urypsl mnepeceueHus ABYX JBEHAALATH-
TPaHHBIX siYeeK (OTHOCSIIMXCSI COOTBETCTBEHHO K CTapoOi
1 HOBOM CETKe) OCYLIECTBIISIETCS C MOMOIIBIO JINHUH T1e-
pecedeHns TpeyronbHBIX TpaHed Li. Ha TpeyrompHBIX
TpaHsIX JBEHAIIATUTPAHHUKOB CTPOSTCS MHOTOYTOJIHHH-
ku Pi, Beipe3aemblie muHusAME Li. OObeIuHEHNE BCEX TO-
CTPOEHHBIX MHOTOYTOJIBHUKOB Pi 1 hopMupyer rpaHuity
¢buryps nepeceuenusi. s GUKCUPOBAHHON SYSHKU HO-
BO CETKU UCIOJb3YETCsl ONTUMAJIbHBIN allfOPUTM Iepe-
Oopa sUeeK CTapoil CETKH C TeM, YTOOBI IPOBEPSITH TOJIb-
KO T€ CTapble sUeiKH, KOTOpble MUMEIOT B NEPeceueHUU
C paccMaTpUBaeMOM S4YEHKOH HOBOM CETKH HEMyCcToe
MHOKECTBO.
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A CONSERVATIVE 3D REMAPPING
ALGORITHM ON HEXAHEDRAL MESHES
TO GAS DYNAMICS PARAMETERS

B.N. AZARENOK

Computing Center of Russian Academy of Sciences,
Moscow, Russia

An algorithm on remapping the gas dynamics pa-
rameters from one hexahedral mesh onto another is con-
sidered [1]. Each mesh, new and old, is composed of the
hexahedral (or ruled) cells. The interpolation procedure is
locally conservative, i.e. the total amount of the conser-
vative parameter (mass, momentum, total energy, etc.) in
the domain should be locally unchangeable after updating
the hydrodynamical parameters from one mesh onto the
other. The remapping is of the first-order accuracy and is
reduced to the volume calculation of the intersection do-
main between the cells of the old and new meshes. The
problem of constructing the intersection figure between
the hexahedral cells with the ruled faces is substituted by
constructing the intersection figure between the dodeca-
hedral cells with the planar triangle facets. We construct
the intersection figure between two dodecahedrons (re-
lating to the old and new mesh, respectively) using the
intersection lines Li between the triangle facets. On the
triangle facets we construct polygons, which are cut out
by the lines Li. Union of all those polygons forms the
boundary surface of the intersection figure. To the new
mesh cell we apply the optimal algorithm on selecting the
old mesh cells with purpose to check only those old cells,
which have not empty set at intersection with the new
mesh cell considered (or in other words have nontrivial
intersection).
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TPEXMEPHbBI KOMILIEKC ITPOT'PAMM /13
JUIS PEHHEHUS 3AJTAY MEXAHUKHU
CILJIOIIHOM CPE/JIbI B MEPEMEHHbIX
JIATPAH/KA

A.JO. APTEMBEB, B.. BY/IHUKOB, B.b. BEPILIMHIH,
B.N. JIENOB, JI.M. JIMHHUK, O.O. MYPYT'OBA,
B.B. CATUMKOB, [0./]. YEPHBIIIIEB

Poccuiickuii ¢penepanbHbIil sICPHBIN IEHTP —
Bceepoccutiicknit HUU skcniepumeHTansHoi GU3HKY,
Capos, Poccus

B ocHoBe TpexmepHoro komiuiekca /I3 nexur 0600-
IIEHHAas Ha Cilydail TpeX IMpPOCTPAaHCTBEHHBIX IEpPEMEH-
HBIX [1] MeToMKa pacueTa IByMEPHBIX HECTAIMOHAPHBIX
3aj1a4 ra30JUHaMHKH B lepeMeHHbIX Jlarpamka (MeToau-
ka J[ [2]). Ucxomnas cucrema auddepeHInaTbHbIX
YpaBHEHUH ra30BOH AWHAMUKH 3aIMCBIBACTCS B AEKAPTO-
BBIX KOOpIMHAT. B KauecTBEe 3JIEMEHTApHBIX SYEEK IPH
MIOCTPOEHUH PA3HOCTHOM CXEMBI OepyTCs IIECTHUTPAaHHU-
K{, TPaHM KOTOPBIX IMPEACTABISAIOT CO00H MOBEPXHOCTH
runepooauieckux napadononoB. B xomrekce /I3 pea-
JIM30BaHbI JBE PA3INYHBIE CXEMBbI, alllIPOKCUMHUPYIOIINE
YpaBHCHUA OBUKCHUS. ﬂﬂﬂ CKBO3HOT'O CUCTa YJIAapHBIX
BOJIH B PA3HOCTHYIO CXE€MY BBEJICHa MCKYCCTBEHHAs BSI3-
KOCTb. B 11e110M, CKOHCTpyHpOBaHHasi pa3HOCTHAsA cXeMa
pacdyera Tra30oJUMHAMHMKH — SIBHAas, Ha pPaBHOMEPHBIX
ceTKax B 00JacTAX INIaJKOCTH pPELIeHUH HMMeeT BTOPOi
MOPSIZIOK  aIIIPOKCHMANWH, Kak 10 BPEMEHH, TaK W IO
npocTpaHcTBy. [loaydeHo HEOOX0MUMOE YCIIOBHE YCTOM-
YUBOCTH Pa3HOCTHOM cxeMbl Tumna ycioBus KypaHra.
HccnenoBanue npoBeaeHO Ha paBHOMEPHOM MO KaXI0My
13 HaNpaBi€HUM IIECTUIPAHHOW CETKE B BUIE NPSAMBIX
HapauIeenuIeioB.

st ydera ynpyroiacTUYECKUX CBOMCTB BELIECTB
B KomIuiekce /I3 ncnomip3yrores nBe Moaenu[3]: KoHcep-
BaTHBHAs MOIU(HKaNKsg METola YWIKWHCA, B KOTOPOIi
i depeHIMaTbHO—Pa3HOCTHBIE YPABHEHHUS TOJTyYEHbI M3
3aKOHA B3aMMHOIO TIPEBPAILEHUS] KUHETHYECKON U BHYT-
PEHHEH 3HEpruil, ¥ CYIIECTBEHHO OoJiee CII0XKHas MOJIEIb,
OCHOBaHHAasl Ha Y4YeTe peJlaKCalliM CIBHIOBBIX Hampsi-
JKEHUH.

IIpu pacuere neroHauuu B Komiuiekce [I3 ucmosib-
3yeTCsl HECKOJBKO PA3IMYHBIX MOJENCH: CUET JeTOHa-
muu 0e3 ydera KHHETHKH TOPEHHS OCHOBBIBAETCS Ha
cootHoureHnn Yenmena—Kyre, OCHOBHBIE METOABI pac-

YeTa IETOHAINU C YIeTOM KHHETHKH TOPEHUs, OCHOBAHBI
Ha MoJersix Mopo3oBa—Kaprenko u Kompimesa.

J1s1 nopaBieHHs KOPOTKOBOJIHOBBIX BO3MYILEHUH
CKOpPOCTH pealn30BaHa MporpaMMa CTIIaXKUBAHUS CKOPO-
creil. B xommuekce mporpamm /I3 mpumensroTcs aBa
orepaTopa CrilaXHBaHHs: 0OOOIIEHHBIN Ha TPEXMEPHBIH
cllydail oreparop criakuBaHus YeHa yeTBepTOro Hmopsii-
Ka M allTOPUTM, OCHOBAaHHBII Ha UCIIOJIb30BAaHUHU ammapa-
Ta UCKYCCTBEHHBIX CKAJIIPHBIX BSA3KOCTEW, AJS MPENOT-
BpaIeHus BHIPOXKACHUS IMICCTUTPAHHBIX SYEEK pacder-
HOM J1arpaHXeBOU CETKHU.

Jl1s1 ToKanbHOM KOPPEKLMU JIArPaHKEBOM CETKU pea-
JU30BaHA METOIWKAa  aBTOMATHYECKOTO HCIPABICHUSA
IUJIOXUX» TOYEK TPEXMEPHOM JIarpaHKeBOM CETKU U Tie-
pecueTa ra30IMHAMAYECKUX BEIIMYMH Ha MCIPABICHHYIO
ceTky. Pa3zpaboTanHas MeToJMKa MaKCHMallbHO COXpa-
HSET JIarpaH)kKeBOe MNPEICTaBICHUE Tra30JUHAMHUYECKOrO
TEUeHUs] 3a CYeT JIOKAIBHOCTH HCHpaBieHus. g ucmp
ABJICHUS TOYEK Ha IPaHULIAX Pa3fena pasiIMyHbIX BEIIECTB
UCTIONB3yeTCs METOJMKA pacueTa CMEIIAHHBIX S4eeK, OC-
HOBaHHas Ha BBEJCHUU aJallTUBHBIX CETOK B syeilKkax,
COJIEpKAITUX HECKOIBKO BEIICCTB.

[MoMuMoO OIMCaHWSA METOIVK B TOKJIAAE COOOIIAeTCS
0 CTPYKType KOMILIEKca, ero 0aze JaHHBIX C OMHCAHUEM
OCHOBHBIX CETOYHBIX W TPAaHMYHBIX MaccHBOB. Jlaercs
MpeacTaBieHre 00 YHPaBIAIONIEH CUETOM MpOTrpaMMe,
KpaTKO TPHUBOIHUTCS OMNFCAaHUE IOCIEJOBATEIEHOCTH
JIEUCTBUI NpPU pacyeTe OAHOIO Iara no BPEMEHH, a TaK-
’K€ ONMUCHIBAIOTCS YCIIOBHS NPEPHIBAHUSA CUYETa U MPHKa-
3bl, HauOoOJiee YacTO HCIIOJIB3yeMble B KOMIUIEKCE NP
MPOBEACHUHN pacueToB. B KkauecTBE YUCIIEHHBIX NpPHUMeE-
POB IIPUBOAATCS PE3yJIbTaThl PACUETOB TECTOBBIX 3ajau.
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THREE-DIMENSIONAL COMPLEX D3 FOR
SOLVING CONTINUUM MECHANICS
PROBLEMS IN LGRANGIAN VARIABLES

A.YU. ARTEMYEV, V.I. BUDNIKOV, V.B. VERSHININ,
V.I. DELOV, D.M. LINNIK, O.O. MURUGOVA,
V.V. SADCHIKOV, YU.D. CHERNYSHEV

Russian Federal Nuclear Center —
All-Russian Scientific Research
Institute of Experimental Physics, Sarov, Russia

The three—dimensional complex 3D is based on the
code for computing 2D gas—dynamics nonstationary
problems in Lagrangian variables (code D [2]) extended
to three spatial variables [1]. The initial gas—dynamics
differential equation system is written in Cartesian
coordinates. Hexahedra, whose faces are hyperbolic
paraboloid surfaces, are taken for the low—level cells in
the difference scheme construction. The complex 3D
implements two different schemes approximating the
equations of motion. Artificial viscosity has been intro-
duced to the difference scheme for the integrated
computation of shock waves. On the whole, the diffe-
rence gas—dynamics scheme constructed is explicit, has
the second approximation order both in time and space in
solution smoothness regions on uniform grids. The
necessary Courant condition of the difference scheme
stability has been obtained. The study was conducted on
a hexahedral grid uniform in each of the directions in the
form of right parallelepipeds.

The complex 3D uses two models to include elastic—
plastic properties of materials [3]: a conservative modifi-
cation to Wilkins method, in which the differential-dif-
ference equations follow from the law of mutual conser-
vation of kinetic and internal energies, and a significantly
more complex model based on the shear stress relaxation.

The complex 3D calculates detonation with several
different models: the detonation calculation without in-
clusion of burning kinetics using the Chapman—Jouguet
relation, principal methods for the detonation calculation
with inclusion of the burning kinetics using Morozov’s—
Karpenko’s and Kopyshev’s models.

A velocity—smoothing program has been implemented
for the short—wave velocity perturbation suppression. The
program complex D3 employs two smoothing operators:
the fourth—order Chen smoothing operator extended to

three dimensions and the algorithm based on the artificial
scalar viscosity apparatus to prevent degeneracy of the
hexahedral Lagrangian grid cells.

For the local regridding of the Lagrangian grid,
a technique for automatic correction of «poor» points of
the 3D Lagrangian grid and re—calculation of gas—dy-
namic quantities to the corrected grid has been imple-
mented. The developed technique ensures maximum pos-
sible retention of the Lagrangian gas—dynamic flow rep-
resentation due to the local correction. Interface points
are corrected using a mixed—cell technique that intro-
duces adaptive grids in multi-material cells.

Besides the techniques, the paper reports on the com-
plex arrangement, database with the description of the
basic grid and boundary arrays. The computation control
program is outlined, the order of operations in computa-
tion of one timestep is briefly described, and conditions
for the computation interrupt and instructions used most
frequently in the computations by the complex are dis-
cussed. Results of test problem computations are pre-
sented as numerical examples.
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KOMIUIEKC ITPOT'PAMM JI2T AK
W NPUHIMIIBI PEAJIM3AIIMA KOMIIJIEKCA
HA MHOT' OITPOLECCOPHBIX 3BM
C PACIIPEJIEJIEHHOM MAMATHIO

I1.A. ABJEEB, M.B. APTAMOHOB, C.M. BAXPAX,
C.B. BEJIMYKO, B.®. CriiPuJI0HOB, H.A. BOJIOJJMHA,
H.M. BorPOBBEBA, C.II. EropimH, E.H. ECAEBA,
A.JI. KOBAJIEBA, M.B. JIvuuHuH, C.H. [TPOHEBHNY,
N.1I0. TAPAZIAY, A.H. TAPACOBA, E.B. IIIVBAJIOBA
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Poccuiickuii GpenepanbHblil SOCPHBIA HEHTP —
Bceepoccutiickunit HUM sxcniepuMeHTanbHON (PH3HKH,
Capos, Poccus

W3naraioTcsi OCHOBBI METOJUKH, pEalM30BaHHOU
B KomIuiekce nporpamm JISI'AK, npeanasHaueHHOM A7s
pacuera HeCTallMOHAPHBIX T€YEHUH MHOTOKOMITOHEHTHOM
CIUIOILHOW Cpeapbl.

OO6cyXIaroTcsl MPHUHIAIEL pacIIapaUIeIHBAHUS KOM-
mwiekca mporpamMm JIDTAK Ha MHOTONMPOIECCOPHBIX
OBM c pacnpeneneHHOl MaMAThIO.

Peammzanms xommurekca JISTAK Ha MHOTOMpOIEC-
COPHBIX BBIYUCIUTEIBHBIX CUCTEMAX I103BOJIMJIA MPOBO-
IUTHh PAacdeThl CO 3HAYUTEIHHO OOJBIINM YHCIOM CUET-
HBIX TOYEK, 9eM B pacyeTax Ha CKasIpHBIX OBM, dTo
0c000 CYIIECTBEHHO NPH YHCIEHHOM MOJEIHPOBAHUH
SIBJICHUSI HEyCTOMYMBOCTH KOHTAKTHBIX TPAHMIL.

PROGRAM COMPLEX LEGAK
AND PRINCIPLES OF THE COMPLEX
IMPLEMENTATION ON MULTIPROCESSOR
DISTRIBUTED-MEMORY COMPUTERS

P.A. AVDEEV, M.V. ARTAMONOV, S.M. BAKHRAKH,
S.V. VELICHKO, V.F. SPIRIDONOV, N.A. VOLODINA,
N.M. VOROBYEVA, S.P. EGORSHIN, E.N. ESAEVA,
A.D. KOVALEVA, M.V. LUCHININ, S.N. PRONEVICH,
1.YU. TARADAY, A.N. TARASOVA, E.V. SHUVALOVA

Russian Federal Nuclear Center —
All-Russian Scientific Research
Institute of Experimental Physics, Sarov, Russia

The paper describes fundamentals of the method im-
plemented in the program complex LEGAK intended for
time—dependent multi—constituent continuum flow com-
putations.

The principles of LEGAK program complex paralleli-
zation using multiprocessor distributed—memory compu-
ters are discussed.

LEGAK implementation on multiprocessor computer
systems allowed computations with a significantly larger
number of computational points than using non—scalar
computers which is of especial importance when numeri-
cally simulating contact boundary instabilities.

v

KOJIEBAHUSA THAPOJAUHAMHNYECKHA
CBA3AHHBIX CUCTEM

B.C. ®E0TOBCKMIA, T.H. BEPEILATHHA

T'ocynapcTBenHblii HayuHbli LIeHTp Poccuiickoi denepann —
DusnKo—3HepreTHyeckuit KHCTUTYT, OOHKUHCK, Poccust

OnHOl M3 BaKHBIX Ipo0JIeM, CBS3aHHBIX ¢ Oe3orac-
HOCTBIO SAJICPHBIX SHCPTECTUYCCKUX YCTAHOBOK, SABJIACTCSA
mpobiemMa BUOpaIwii AIeMEHTOB oOopymoBaHus. Ode-
BUJAHO, YTO ITOBBIIICHHBIC Bu6pau1/11/1 3JIEMCHTOB IIPUBO-
T K TPEXKIESBPEMEHHOMY W3HOCY M BBIXOAY U3 CTPOA,
KaK OTHACJbHBIX Y3JIOB, TaK W MLCJbIX CUCTCM. B cBs3u
¢ 3TOH TpoOIeMOil BO3HUKIIA M MPOAOIDKACT OCTABATHCS
aKTyaJIbHOH HEOOXOIMMOCTb JETAILHOIO MCCIIENOBaHUS
TUHAMAYECKUX XapaKTePUCTUK KOHCTPYKTUBHBIX dJe-
MCHTOB, IOTPYXCHHBIX B XHUAKOCTbH WU O6TeKaeMle
MTOTOKOM YKHIKOCTH.

THUNUYHBIMY 3JIEMEHTAaMU PEAKTOPOB M TEIJIOOOMEH-
HBIX aNapaToB SBISIOTCS ITyYKH CTEPXKHEBBIX JJIEMEH-
TOB WM TPYO, OOTEKaeMbIX JKHIKUM TEIUIOHOCHUTEJIEM,
a TaKXKe CHUCTEMbI Tuna Tpyba B TpyOe, ¢ IpoTeKarome
KHUIKOCTBI0 (TpyOka @unpna). Hammume sxumaxoctu
B TaKMX CHCTEMaxX MNPUBOIMT HE TOJBKO K HM3MEHEHHIO
COOCTBEHHBIX YaCTOT KOJICOAHUH DIIEMEHTOB M IUCCHUIIA-
TUBHBIX CBOMCTB CHCTEMBI. JIBIJKEHHE >KHIIKOCTH, BBI-
3BaHHOE KOJEOAHMSIMH OJHOTO 3JEMEHTa, OKa3bIBAeT
BJIMSIHUE Ha KOJEeOaHUs IPyTuX, OJM3KO PaCIOIOKEHHBIX
AIIEMEHTOB KOHCTPYKIIHH, TO €CTh OCYIIECTBISIET 2UOPO-
OUHAMUYECKYIO C6513b KOJICOAHUH OTIENbHBIX JIEMEHTOB.
Yem Onmke pacroyioXKeHbl YIPYrHe DIEMEHTBI JpyrT
K JIpyTy, TEM CHJIbHEE NPOSBISIETCS TUAPOANHAMUYECKAs
CBSI3aHHOCTB MX KOJICOaHMIHA.

Teopust KoneGaHuil yIpyro CBSI3aHHBIX CHCTEM XOPOILIO
pa3paboTaHa, OHAKO, HEKOTOpBIE 3a/1adll KoyeOaHWil THI-
POIMHAMHYECKH CBSI3aHHBIX CHCTEM HENOCTAaTOYHO OCBE-
IIeHBl B JIUTEpaType, HeCMOTPS Ha pPACIPOCTPAHEHHOCTH
TaKUX CUCTEM B PA3JIMYHbIX 06J'IaCT§IX TEXHUKU.

Ha mpumepe omHOMEpHBIX KOJICOaHWI Tena ¢ TOJO-
CThIO, 3aII0JTHEHHOM JKMJIKOCTBIO, U COJEpXkalIel Apyroe
TEJNO, PACCMOTPEHBI OCOOCHHOCTH THAPOJMHAMUYCCKU
CBSI3aHHBIX KOJIe0ATeNbHBIX cHCTeM. [loyydeHa 3aBHCH-
MOCTh MEXIy DIIEMEHTaMH MAaTPHUIIBI MPHCOCTUHEHHBIX
Macc M MPOBEJIEH aHAJIU3 COOCTBEHHBIX YacTOT M aMILIU-
Ty BBIHY)KACHHBIX KOJCOaHWH CHCTEMBI C YYETOM BSI3-
KOro AeMiQpupoBaHusi.

[Tomy4eHO COOTHOIIEHUE MapaMEeTPOB CHCTEMBI, IPH
KOTOpOM KOJIeOaHHsT Ha OZHOW M3 COOCTBEHHBIX 4acCTOT
MPOUCXOoIAT Oe3 3aTyXaHWs, HECMOTpPS Ha IHCCHUIIATHB-
HBIE CBOMCTBA JKUAKOCTH. AHAJOTHMYHBIE COOTHOIICHUS
MOTYT OBITh HAWJICHBI U JUIS IPYTUX THIPOAHMHAMIYCCKU
CBSI3aHHBIX CHCTEM, HAaIpUMep, Ui KoleOaHWi KOHIIEH-
TPUYECKUX 000JI0YEK B )KUAKOCTH.

[IpuBeneHs! >KCIIEpUMEHTAIbHBIE AaHHBIE, TOATBEp-
JK/IAIOIIME PE3yJIbTaThl pacyeTa aMIUIUTYJHO—4aCTOTHBIX
XapaKTepUCTHK THUAPOTUHAMUYECKHA CBSI3aHHOM Koieba-
TEJIFHOM CHUCTEMBI TUIIa «TpyOa B TpyOe».
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VIBRATIONS OF THE HYDRODYNAMICALLY
CONNECTED SYSTEMS

V.S. FEDOTOVSKY, T.N. VERESTCHAGINA

State Scientific Center Institute of Physics and Power
Engineering, Obninsk, Russia

Vibrations of equipment elements is one of the im-
portant problem connected to nuclear power plants safety.
High vibrations of elements results in premature deterio-
ration and failure of separate units and systems in whole.
Detailed investigation of constructive elements vibration
in a liquid or streamline liquid flow is actually.

The rod or pipe bundles being streamlined by liquid
coolant and «pipe in pipe» systems (Field’s tube) are
typical nuclear reactor elements and heat—exchange de-
vices. The presence of liquid in such systems results both
in change of own frequencies of elements and dissipative
properties of system. The movement of liquid caused by
vibrations of one element influence on vibrations close
located other elements of a construction, so Aydrody-
namical connection of separate elements vibrations take
place. The closer elastic elements are located to each
other, the stronger a hydrodynamic connection of their
vibrations is revealed.

The theory of vibrations of the elastically connected
systems is developed well. However some tasks of oscil-
lations of hydrodynamically connected systems are cov-
ered in the literature insufficiently despite of prevalence
of such systems in various areas of engineering.

Features of the hydrodynamically connected vibrating
systems are considered as an example of one—dimen-
sional vibrations of a body with a cavity containing liquid
and other body. As a result the dependence between ele-
ments of added masses matrix is obtained and the analy-
sis of own frequencies and amplitudes of the coupled
vibrations of system is carried out in view of viscous
damping.

The correlation of system parameters is obtained
where the fluctuations at one of own frequencies occur
without attenuation despite of dissipative liquid property.
Analogous correlations can be obtained for another hy-
drodinamically coupled systems, such as concentric
shells.

The experimental data on hydrodynamically con-
nected oscillating systems «pipe in pipe» are given. There

is a good correlation between calculated and experimental
results.

v

DDAD-CXEMA JJIs1 YUCJIIEHHOTI'O PEHIEHUSL
YPABHEHUS ITIEPEHOCA

A.Jl. TAJDKUEB, N.A. KOHJIAKOB, B.H. CEJIE3HEB,
O.1. CTAPOAYMOB, A.A. IIIECTAKOB

Poccuiickuii penepabHbIN SIEPHBINA IEHTP —
Bceepoccuiickuit HUU texHuueckoit Gpusuku
M. akana. E.M. 3a6abaxuna, Cuexunck, Poccus

OnHUM U3 OCHOBHBIX METOJIOB IIPH PELICHUU ypaBHe-
HUS TepeHoca sBisieTcss DS,—meron [1]. Xopomo u3z-

BeCTHO, 4To DS,—MeTrox BTOporo mnopsiika TOYHOCTHU
(DD—cxema) B onTHYECKH IUIOTHOM cpejie aeT OCLMIIIH-
pytoiee peutenue [2]. [Ipuuunoit atoro nedekra sBis-
eTcsa npuMeHeHue B DD—cxeme TMHeNHON HHTePIOIILUY
BBIpQXXEHUS ON , ONMCHIBAIOIIETO MOIJIONICHUE YacCTHUI]
B KHHETHYECKOM YPaBHEHMH. Takas ammpOKCHMAIHs
MOpPOXKJaeT B INepBOM audQepeHranbHOM IpHOIMKe-
o 52 0N

5 Ecmu

HUU aHTUAWCCUIIATUBHYIO NOOaBKY —
ox
BMecto DD—-cxembl ucnons3oBats LD, LM nan LC—cxe-
MbI [3], UMerolIre TPETUH UM YETBEPThIN MOPSIIOK TOY-
HOCTH, TO OTMEUYEHHBIN Je(eKT NpOSBISIETCS C CyIIEeCT-
BEHHO MEHbIIEH aMIuuTynoi. Ho 3T MeToauku cIoXKHO
0000IIUTh HAa JBYMEpHbBIE KPHUBOJMHEWHBIE, HEOPTOrO-
HAJIBHBIC CETKH.
Hpyroit nmogxon Obin mpezioxkeH B pabote [2], rae
B ONTHYECKH IJIOTHOH cpere (/i > 2 ) peKOMEHIOBAaHHO
MIPUMEHSTHh TPEXTOUCUHYIO CXEMY, a B ONTHUCCKH Majo-
IUIOTHOM cpene (oh <2) TPUMEHATh ABYXTOUCUHYIO
cxeMmy. B TpexTouedHOW cXemMe HET WHTCPIOJISIHUU BBI-
paxenust aN kak B DD-cxeme, nmoromy He oOpasyercs
AHTHIUCCHUIIATHBHAS J00aBKa, O KOTOPOH TOBOPHUIOCH
Bbime. OnHaKo, KOMOMHHPOBAHHAS CXEMa CIIOXKHA IS
YUCJIEHHOM peanu3auuu. B maHHOM JoKiane mpu perie-
HUH JBYMEPHOI'O YypaBHEHHSA IIEpEHOCA HAa HEOPTOIo-
HAIBHBIX CETKAaX W3 BBITYKIBIX YETHIPEXYTOJEHUKOB
IIpeJyIaraeTcs cleayolee pelieHne: OCTaBasCh B paMKax
JIBYXTOYEUHOM W mpocTod ans peanuzauuun DD—cxemsl,
CHATb aHTUAUCCUIIAIUIO IMIYTEM €€ BbIYMTAaHUA HU3 OCTa-
TogHOTO WieHa. OT HOBOrO MeToaa MBI OyneM TpeboBaTh
COXpaHEHUs] BTOPOro mnopsaka ToyHOcTH. [locTpoeHHbIH
yKa3aHHBIM CIIOCO0OM MeTO.I moy4ri HazBaHue DDAD—
cxembl (Diamond Difference with the Artificial Dissipa
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tion), To ectb DD—cxema ¢ nobaBneanem AD — uckyc-
CTBEHHOM JIHMCCHUITALINU.

B Hacrosimiem poknaze paccMOTpEH KOHKPETHBIN Ba-
puantT DDAD-cxeMbl ¢ BEIOOPOM MapaMeTpoB Ha OCHOBE
LC-Bapuanra cxembl. DdexruBHocTs LC—BapHaHTa BbI-
0opa mapaMeTpoB ObUTa TIOATBEPXKIEHA B OJHOMEPHBIX
U JIBYMEPHBIX pacyerax MepeHoca HEHTPOHOB M pacueTax
JIBYMEPHOTI'0 MIEPEHOCA TEILIOBOTO H3JTyUCHHUS.
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DDAD-SCHEME FOR NUMERICAL SOLUTION
OF A TRANSPORT EQUATION

A.D. GADZHIEV, [.A. KONDAKOV, V.N. SELEZNEV,
O.I. STARODUMOV, A.A. SHESTAKOV

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

One of the main methods for the solution of a trans-
port equation is the DS,—method /1/. Well-known, that

a DS,—method of the second order of accuracy
(DD-scheme) produces the oscillating solution in an opti-
cally dense medium [2]. The use in the DD-scheme of
a linear interpolation for the absorb term oV is the cause of
this defect. That interpolation involves the antidissipative
o*N
ox?
mation. If instead of the DD—scheme to use LD, LM or
LC—scheme [3], which have the third or fourth order of
accuracy, the marked defect will have essentially smaller
amplitude. But these techniques are difficult to extend on
curvilinear, not orthogonal 2D—grids.

Other approach offered in article [2], where in an op-
tically dense medium (ok>2) is advised to apply a
three—point scheme, and in optically transparent medium
(ah < 2) to apply the two—point scheme. The three—point
scheme has not the interpolation of the term oN and it
involves not the antidissipative component about which
one was spoken above. However, the combined scheme is

component —%hz in first differential approxi-

difficult for program realization. That report contains the
following offer for the solution of the transport equation
on not orthogonal 2D—grids consisting of convex tetra-
gons: to remain within the framework of simple two—
point DD—scheme and to remove the antidissipation by
means of subtraction the antidissipative component from
the remainder of series. We shall require of a new method
preservation of the second order of accuracy.
The method, built by an indicated way, is titled the
DDAD-scheme (Diamond Difference with the Artificial
Dissipation) that is DD—scheme with attachment of the
artificial dissipation.

The present report is dedicated to the concrete version
of the DDAD-scheme with selection of parameters on the
basis of the LC—scheme variant. The efficiency of LC—
variant parameters was affirmed in 1D and 2D neutron
transport calculations and also in 2D heat radiation trans-
port calculations.
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TOYHBIE PEIIEHUS /151 IEHTPUPOBAHHOM
BOJIHBI PASPEKEHMSI 1 CTAIMOHAPHOI
YJIAPHOI BOJIHBI B CPEJIE
C PABHOBECHBIMHY U HEPABHOBECHBIMU
®A30BBIMHU MEPEXOIAMU

IT.J0. TEPIIYK, A.T. CATIO)XHUKOB

Poccuiickuii penepanbHblil sIIEPHBINA HEHTP —
Bceepoccniicknit HUM texuudeckoit ¢pusukn
uM. akana. E.W. 3ababaxuna, Cuexunck, Poccus

JIyisi IpOBEpKM TOYHOCTH Pa3HOCTHBIX METOZOB pac-
yera 3((EeKTUBHBIM CPEJCTBOM SIBJISICTCS CPAaBHEHHE pe-
3yJIbTaTOB YHCJIECHHBIX PACYETOB C TOUHBIMH PEIICHUSMHU
muddepeHnpansHON  3a1a4yM, MO3TOMY  IOCTPOCHHE
TOYHBIX WM AHAJUTHUYECKUX PELICHUH SBISETCS IM0—
NpeXHEMY akTyalnbHBIM. OCOOEHHO 5TO BAXHO TIpU
BKJIFOYCHUHM HOBBIX MPOLECCOB B MPOrpaMMBbl pacyera
JMHAMUKHU CPe.
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TouHbIe penieHuss MOTYT OBITH JBYX THIIOB: aHAIUTH-
YEeCKHE PEIICHHS WIH PEUICHHUs, TOTyIeHHBIE YHNCIEHHO,
MIOTPEUTHOCTh KOTOPBIX JOCTATOYHO MaJia M U3BECTHA.

B noxmane m3naraeTcst crocod u MpeCTaBISIOTCS pe-
3yJbTaTbl MOCTPOCHUSA TOYHBIX pemeﬂnﬁ 3aga4 O CTa-
LIMOHAPHOH yJapHOM BOJIHE C PAaBHOBECHBIM M HEPABHO-
BECHBIM (Da30BBIM MEPEXOJIOM B BSI3KOW M HEBSI3KOM cpe-
Iie, a TaKkkKe Ui NEHTPUPOBAHHOW BOJIHBI Pa3peKEHUS C
paBHOBECHBIM (ha30BBIM IT1E€pPEeX0/0M. TOYHBIE peIleHHUs
TTOCTPOEHBI I MOZIETBHOTO IBYX(a3HOTO YpaBHEHUS
COCTOSIHUSI, KOTOpOE OTpaXkaeT OCHOBHBIE YEPTHI NOBEIe-
HUsL BelecTBa NpH (a3oBBIX IEpexonax, a HMEHHO,
CKa4KH C’)KHMAEeMOCTH Ha TpaHMIax (a3 ¥ HEBBITYKIOCTh
W30TEpM, W3IHTPOIl M yIapHbIX anuadar. Popmyna ais
cKkopocTH (ha30BOTO IEpexoa KAadeCTBEHHO IPaBUIIBHO
OMHKCBIBAET KUHETUKY TOrO MPOLECcCa.

TlocTpoeHue TOYHBIX peUIeHUH ISl CTalMOHApHOU
yIapHOH BOJIHBI C PaBHOBECHBIM M HEPaBHOBECHBIM (pa-
30BBIM IIEPEXOIOM CBOJIUTCA K HMHTETPHUPOBAHUIO OOBIK-
HOBEHHBIX U QepeHIHaTbHbIX YPaBHEHHUH.

s ynobctBa cpaBHEHUS PE3yIbTaTOB Pa3HOCTHBIX
pacueToB ¢ TOYHBIMH PEIICHHSIMU MOCIEIHUE MPEICTaB-
JIEHBI B BUJIE JOCTATOYHO MOAPOOHBIX TaOHII.

EXACT SOLUTIONS FOR CENTERED
RAREFACTION WAVE AND STATIONARY
SHOCK WAVE FOR THE MEDIUM WITH
EQUILIBRIUM AND NONEQUILIBRIUM PHASE
TRANSITIONS

P.D. GERSHCHUK, A.T. SAPOZHNIKOV

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

The effective way to verify the precision of difference
methods is to compare the numerical computations with
the exact solution of the differential problem, and that’s
why the exact or analytical solutions construction prob-
lem is actual. It is especially important if the new proc-
esses are included in the continuum dynamics code.

There are two types of exact solutions: analytical and
numerically computed with small and defined error.

In this report the method is described and the re-
sults are given for exact solutions construction for the
problems with stationary shock wave with equilibrium
and nonequilibrium phase transition in viscous and non—
viscous medium as well as for centered rarefaction wave
with equilibrium phase transition. The exact solutions are
constructed for model two—phase equation of state that
reflects major features of medium behaviour during phase
transitions namely sudden changes of compressibility on
phases boundaries and non—convexity of isotherms, isen-
trops and Hugoniots. Phase transition rate formula is

qualitatively correct when describing the kinetics of this
process.

The problem of exact solutions constructing for sta-
tionary shock wave with equilibrium and nonequilibrium
phase transition is reduced to integration of ordinary dif-
ferential equations.

For handy comparison of the result of difference cal-
culations with exact solutions the latter can be presented
in the form of sufficiently detailed tables.
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BU3YAJIU3ALIUSA JIPIﬁPIfI TOKA U METO/bI
KOMIVIEKCHOHU BU3YAJIM3AIIMN
JUCKPETHBIX BEKTOPHBIX ITIOJIEH

K.B. JIEIKOBA, J1.B. MOTWJIEHCKHX,
W.B. I1ABJIOB, B.B. ®E0OPOB

Poccuiickuii ¢penepanbHbIi sIICPHBIN IEHTP —
Bcepoccniickuit HUM texundeckoit pusuku
uM. akana. E.W. 3a6abaxuna, CHe:kUHCK, Poccust

B pabote npuBOIUTCS OMHCAaHHE METOAOB TOCTOOpa-
0OTKM M BHU3yaJlM3alusi pe3yJIbTaToB JBYMEPHOIO 4YHC-
JICHHOTO MOJIETUPOBAHMS PA3HOCTHBIMU METOAAMH 3314
MEXaHUKH CIUIOIIHOW CPEJIbl, B YACTHOCTH METOMBI 00pa-
OOTKM M BU3yaJTU3aIA BEKTOPHBIX MOJIEH.

Onucanue MpoOBOJIUTCS HAa TPUMEPE METOJOB MOJIe-
JUPOBAHUSA, KOTOPHIE HCIIONB3YIOT ABYMEPHBIC PETYISp-
HbIe pa3HOCTHBIE ceTKH. Ha ceTke 3ajjaHa BEeKTOpHas Be-
suurHa U. B KaxnoM y371e 3a1aHbl IB€ €€ KOOpAUHATHbIE

cocrasisomue (Uy, Uy).
Coneprxanue paOdOTHI:

1.  YucineHHbI alropuTM HAXOXKIACHUS JIUHUM TOKa
(JIT) — moctoOpaboTKa HAKOIUICHHBIX PE3yJIbTaTOB
1 HaXO’KeHHe HOBOW MH(OPMAIHH.

2.  ®yskuun Busyanusaiuu JIT — crniocoOsl rpaduye-
CKOTO TPEICTABICHHSI.

3. Meroapl KOMIUIEKCHON BH3yalW3alllH JJIsl YBEIH-
YeHHUs HHPOPMATUBHOCTH — MIPUMEHEHNE (QYHKINH
Br3yanuzaun JIT omHOBpeMEHHO ¢ IPpYTUMHU (QYHK-
HUAMHA BU3Yyain3alluu.

st naxoxnaenus: JIT BEKTOPHOTO MOJISL IPUMEHSIETCS
JIByMepHbII a”ayor ajropurma ®onra.

Peanuzanus anropurma:

Hlar 1 (Manumanmzanus JIT). Mannmanuzanus 6a30B0it
touku (BT) Ha oGmacTu onpeneneH s BEKTOPHOTO TOJIS.

ar 2 (Jlokanuzamuss BT). Ompenenenue mnpuHai-
nexHocty BT siuetike.

Hlar 3 (Murepnonsauus Ponra). Haxoxnenue JIT
0azmpyercs Ha IOAXoaX OMIMHEHHONW MHTEPITOIISIINH.

ar 4 (IToctpoenue JIT):

Numerical Methods, Algoritms, Codes and Accurate Solutions
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— Cnoco0 1. DOMnupudecku 3amaercs IUIHMHA 3JIEMEH-

TapHoro mara cmeuienus ot bT Baons BekTopa.

— Cnoco6 2. basupyercs Ha OIHOW JHHEHHOMN

WHTEPIIOJISILIUY BJIOJIb pedpa sueiKH.

PaccMOTpeHBI JOTONHEHUS W 3aMEUYaHHs IO alro-
pUTMY:
— ocTa”oBKa noctpoenus JIT;

— mepeceuenne JIT mexmy coboii;
— TOYHOCTB YHCIIeHHOTO roctpoenust JIT;
— mnoctpoenue JIT B 00paTHOM HampaBIICHHUH;
— CTOJIKHOBEHHE IOTOKOB, HEOIIPEIEIICHHOCTD;
— sYeevHbIC BEKTOPA.
B pabore mpencTaBieHO HECKOJIBKO CIIOCOOOB aHU-
Manuu rnceBpoguHamuku JIT BEKTOPHOTO MO M HX
MpaKTHYeCKasl peayn3anusi.

AJTOpUTM pean30BaH B CCTEME Hay4YHOW BHU3yallu-
3aIM Pe3yJIbTATOB IBYMEPHOTO YHMCIEHHOTO MOIEIHpPO-
BaHMs U dKcniepuMenToB VIZI2D [*]. Pabora minroctpu-
poBaHa.
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INPOCTPAHCTBEHHOE UCTEUEHHE
HNIEAJIBHOI'O T'A3A B BAKYYM

C.JI. IEPABNH

VYpanbsckuii rocy1apCTBEHHBII YHUBEPCUTET IyTeH COOOICHNS,
Exarepun0ypr, Poccus

PaccmatpuBaroTCs MPOCTPAHCTBEHHBIC HEU3IHTPOITHU-
YEeCKHE TEUYEHHsI WIEaIbHOTO IOJIMTPOITHOTO Ta3a, BO3-
HUKIIHE B Pe3yJbTaTe MIHOBCHHOTO pPa3pyIICHHS IIO-
BEPXHOCTH, OTHCISIONIEd ra3 oT BakyyMma. I[lomoOHbIe
TEUCHUS BO3HHUKAIOT, HAIPUMEp, NPU KyMYJSALUU Taza
B cheprudecKyro moiocTs [1].

HckoMbIe TeUeHUsl SIBISIFOTCS PEIICHHSME XapaKTepH-
cTrdeckux 3amad Ko cranmapTHOTO BUIA [2] U CTPOSTCS
B BHJC CXOISIUXCS pAnoB. JlokaspBaeTcs, 9T0 001aCTh
CXOJIMMOCTH 3THUX PSJIOB MOKPHIBAET BCIO 30HY TCUCHUS
BIUIOTH JI0 CBOOOJHOIM MOBEPXHOCTH — TPAHUIIBI ra3—
BaKyyM, BKIIIOYUTEIbHO. B 3aBUCHMOCTH OT HAYaJIbHBIX
yCHOBl/Iﬁ MOJYUYCHBI PA3JIMYHBIC 3aKOHbI JIBHKCHUS
CcBOOOTHO TOBEPXHOCTH.

Ecim BeKTOp CKOpOCTM HCTedYeHHMS ra3a B HadaJbHBIN
MOMEHT BpeMEHH HE JIOKHT B KacaTebHOH ILUIOCKOCTH
K MICXOIHOI OBEPXHOCTH pa3/iena, TO KaK/lasl YacTuIla raza
Ha cBOOOTHOM MTOBEPXHOCTH JIBUIKETCS TI0 CBOEH MPSMOH CO
CBOCH MOCTOSIHHOW CKOPOCTBIO, COXPaHssi MCXOJHYIO 9H-
TPONMIO. JTa KapTHHA TEYEHUSI COXPAHAETCS U TOra, Koraa
BEKTOP CKOPOCTH HCTEYEHHS Ta3a JISKHT B KacaTeJIbHOH
IUIOCKOCTH, HO HE NPHHAIUIGKUT HCXOTHOM MOBEPXHOCTH
pazzena ra3-BakyyM. B ciiydae, Korga MCXOjHasi MOBEPX-
HOCTb pa3zienia — JIMHeif4aTas M BEKTOp HCTEYEeHHS rasa
JIGKUT Ha oOpasyrolleil 3Toil MOBEPXHOCTH, TOTa CBOOO-
Hasl TIOBEPXHOCTH COBIAJACT C HCXOJHOH IMOBEPXHOCTHIO
pazzena, To eCTh CTOMT Ha MECTE, 8 YaCTHILIbI ra3a JIBIKYTCS
BIOJIb 00pa3yIoMmuX 3TOi moBepxHOCTH. [Ipn ydyere BHemI-
HHMX MacCOBBIX CHJI J0Ka3aHO, Y4TO YacTHIIbl I'a3a Ha CBO-
0OJIHO MOBEPXHOCTH ABIDKYTCS KaK MaTepUaIbHBIC TOUKH
B II0JIE ICMCTBUSI 3TOU CHUJIBL.

Jokazano, 4To mOOOOHBIE KOH(UTYpamuyd TEYEeHUH
COXPAHSIOTCS: MO0 10 MOMEHTa (DOKYCHPOBKH CBOOOI-
HOIl MOBEPXHOCTH; OO O MOMEHTOB BO3HHKHOBEHUS
0OECKOHEYHBIX NMPOM3BOAHBIX Ha CBOOOIHON NOBEPXHOCTH
WM Ha MOBEPXHOCTH ciaboro paspeiBa. MccienoBanue
TPaHCIIOPTHBIX ypPaBHEHUH MO3BOJIWIO OMNPEAEIUTh 3TH
MOMEHTHI BPEMEHH.

CchLIKH
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SPACTIAL OUTFLOW
OF A IDEAL GAS INTO A VACUUM

S.L. DERYABIN

Ural state university of railway transport,
Yekaterinburg, Russia

The space non—isotropic flows of an ideal polytropic
gas are considered that occur in the background flows as
a result of the instantaneous removal of the surface which
separates gas from vacuum. The similar flows have been
appeared for the example, when the gases are cumulated
into a spherical cavity [1].

These flows are the characteristic problem Cauchy
solutions [2] and are constructed in the form of converg-
ing series. It is proved that the region of convergence this
series coves the whole flow region to the free gas—vac-
uum surface inclusive. It was constructed different low of
motion of the free surface depended on initial data.

Section 6
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If at an initial instant of time vector the gas velocity is
not lie in the pertaining plane of the gas—vacuum surface
then the each particle of gas on free surface moves with
the your constant velocity along your straight conserving
initial entropy. This configuration of the flow is con-
served also in the case when vector the gas velocity lies
in the pertaining plane of the gas—vacuum surface but is
not belong to the initial gas—vacuum surface. In the case
when initial gas—vacuum surface is the ruled surface and
vector the gas velocity lies on generator that surface then
the free surface is coincided with the initial gas—vacuum
surface and particles of gas move along generator that
surface. It is proved that the particles of gas on the free
surface move as the material points in the field when
external mass forces act in.

It is proved that a similar configuration of the flow is
conserved or until the instant of focusing free surface or
until instant of time when infinity derivatives appear on
the free surface. This instant of time were defined as re-
sult investigation transport equations.

References

1. Zababahin E.I., Zababahin L.LE. The phenomenon un-
limited accumulation. — Moscow: Science, 1988. —
P.—172. (in Russian).

2. Bautin S.P. The mathematical theory shockless of
strong compression of ideal gas. — Novosibirsk:
Science, 1997. —P. 160. (in Russian).

v

CYHWECTBOBAHUE TEILJIOBOM BOJIHBI,
MNOPOKAEHHOU KPAEBBIM PEXKUMOM

A.A. EJINCEEB

VYpanbckuii rocy1apcTBEHHBIH YHHBEPCHUTET ITyTeH COOOMIeH s,
Exarepun6ypr, Poccus

CocraBHble pellieHre THIa TEIUIOBOM BOJIHBI /ISl HEJH-
HEWHOTO ypaBHEHHS TCIUIONPOBOJIHOCTH HAXOMAT TPHMeE-
HEHHeE MPU MaTeMaTHYECKOM MOJICJTMPOBAHUH ITPOIIECCOB,
MPOUCXOMAIINX TPU  YIPABIIEMOM  TEPMOSACPHOM
cunTtese [1].

PaccmarpuBaercss 3amada ¢ 3aJaHHBIM KPaeBBIM pe-
KMMOM JUIi MHOTOMEPHOTO HEJIMHEHHOI0 YpaBHEHUsI
TEIUIONPOBOJHOCTH ¥ TPHUBOJAUTCS JTOKA3aTEIbCTBO TEO-
peMbl O CYIIECTBOBAHHUM M EJMHCTBEHHOCTH PELICHUS
9TOW 3aJaud B BUAC (POPMAaIBHOTO CTEIICHHOTO psja.
Jloka3aTenbCTBO IMPOBOAUTCS AHAJIOTHYHO COOTBETCT-
BYIOIIEMY JOKa3aTEIECTBY B OJTHOMEPHOM IUIOCKO CHM-

METPUYHOM ciyyae [2, 3] myTeM CBeAEHUs K paHee JOoKa-
3aHHOU Teopeme [4].

Taxoke paccMOTpeHbI CiTydau LWJIMHIPUYECKOH M cde-
PHUYECKON CHMMETPUH M JOKa3aHbl COOTBETCTBYIOIIE TEO-
pEMBI O CYIECTBOBAaHMM U €JUHCTBEHHOCTH TEIIOBBIX
BOJIH, TIOPOXICHHBIX KPAaEBBIM PEXHMOM, 33aJaHHBIM HE
HA OCH U HE B IEHTPE CUMMETPHH.
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THE HEAT WAVE GENERATED BY THE
BOUNDARY LAW EXISTENCE

A.A. ELISEYEV

Ural state university of railway transport,
Yekaterinburg, Russia

Aggregate solutions of nonlinear heat—conducting
differential equation, described as heat wave, find an appli-
cation for mathematical modeling of processes, which occur
during controlled thermonuclear synthesis [1].

In this work the boundary—value problem for non-
linear heat-conducting differential equation is conside-
red. The existence and uniqueness theorem proof is
adduced for concerned problem. The solution of this
problem is constructed as a formal power series. The
proof is realized according to the corresponding one—
dimensional plain—symmetric case one [2, 3], by means
of reduction to the pre—proven theorem [4].

The cylindrical and spherical symmetry cases are also
considered here, and the corresponding existence and
uniqueness theorems are proved for heat waves that are
generated by the boundary law, which is established
neither on line of symmetry nor symmetry point.
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Ob ONACHOCTH CTOJIKHOBEHUA
KOCMMYECKOTI'O TEJIA C 3EMJIEA
M EE IIPEJOTBPAIIIEHUA

B.B. TAKMEBA, B.I1. EJICYKOB,
J.B. TIETPOB, B.A. CUMOHEHKO

Poccuiickuii penepabHbIN SIEPHBIH IEHTP —
Bcepoccuiickuit HUU texundeckoit hpusuku
uM. akan. E.W. 3a6abaxuna, CHexunck, Poccus

B noxnaze mpuBeneHbl HEKOTOpPBIE NMPHUMEPHI OIAac-
HBIX, B TOM YHCIIe U KaTacTpO(UUECKUX CTOJIKHOBEHHUI
KOCMUYECKUX Ted ¢ 3emuied. JIs oleHKn Mephl OIacHo-
CTH M BO3MOXXHOCTH €€ MpeloTBpaIlleHHs] NPOBEICHO
MOJIEIUPOBAHHE TPEX TUIIOB 3aad.

B mepBoii paccMOTpeH yaap Tena mo actepouay Jpoc,
nMmeromeMy pasMmepbl 33x13x13 kM, KOTOpBIA TMpHBEN
K 00pa3oBaHUIO HA acTEPOMIE Kparepa ANaMETPOM OKO-
10 6 kM. IIpu 3TOM actepous U3MEHHI CBOK CKOPOCThb
TOJBKO MpuMepHO Ha 0,2 m/c.

Bo BTOpOI#l 3amaue pacCMOTpeHa MOJENb B3PBIBHOIO
TOPMOXEHHSI U (PparMeHTaIlliu METEOPUTOB B aTMochepe
3eMiH Ui OLEHKH pa3MepoB JOJETAIOMIMX JI0 MOBEPX-
HOCTH 3eMIIH METEOPUTOB.

B tperneit 3aaue MpenokKEHO B3PHIBHOE JUCHIEPIU-
pOBaHHE MaJoro KaMeHHOro tena pazMepoM 100 M B ka-
4Y€CTBC MCEXaHHU3Ma TMPCAOTBpalllCeHUsA CTOJKHOBCHUA
¢ anM. [lokazaHa 3()(eKTHBHOCTh NMPUMEHEHHS paccpe-
JOTOYCHHBIX MaﬂOSaFﬂy6ﬂeHHbIX B3PLIBOB.

ON IMPACT DANGER OF SPACE BODIES
WITH EARTH AND ITS AVOIDANCE

V.V. GADZHIEVA, V.P. ELSUKOV,
D.V. PETROV, V.A. SIMONENKO

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

The report presents several examples of dangerous,
including disastrous, impacts of space bodies with Earth.
To estimate the danger measure and potential means for
its avoidance the problems of three types were simulated.

The first problem deals with a body impact with as-
teroid Eros of size 33x13x13 km, which resulted in
forming a crater in the asteroid of dim about 6 km. At that
the asteroid changed its velocity just by 0.2 m/sec ap-
proximately.

The second problem deals with a model of explosive
deceleration and meteorite fragmentation within Earth’s
atmosphere to estimate the sizes of meteorites reaching
Earth’s surface.

The third problem proposes explosive dispersion of
a small stony body of size 100 m as a mechanism of the
impact avoidance. The efficiency of applying the divided
low—buried explosions is shown.

v

KOMIIBIOTEPHAS IABOPATOPUSI COMGA
MOJIEJIUPOBAHUSA HA OCHOBE YPABHEHUU
HABBE-CTOKCA

M.K. EPMAKOB

WucturyT npobnem mexannku PAH,
Mocksa, Poccus

Kommnelotepnas nabopatopusi COMGA ocHoBaHa Ha
JUIUTEJIEHOM OIbITe peuieHus ypaBHeHuit HaBbe—CTokca
B npubmmkenun byccmnecka [1—3] m mpemHazHaueHa
JUIsl pelIeHus 3a]a4 KOHBEKTHBHOIO TersioMaccooOMeHa
METOAOM MPSMOr0 YHCICHHOTO MOJAEIMPOBAHUS B ABY-
MEpHBIX M TPEXMEPHBIX 00yacTsiXx HpocTod (HopMbI Ha
PETYJISPHBIX NPSAMOYTOJIBHBIX CETKaX Ha MEePCOHAIbHOM
KOMITbIOTEpE. BBIUMCINTENbHBIE METOIUKH IO3BOJISIOT
OBICTPO M KAUECTBEHHO MOJICIMPOBATH CIA0ble U WHTEH-
CHBHBIC T€UYEHHS ECTECTBEHHOH, BBIHYKJCHHON 1 KaITHI-
JSIPHOM KOHBEKLWH, HCCIEIOBATh MOTEPI0 YCTOMYMBOCTH
n Oudyprauuy TeUCHUH.

Section 6
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[TonsTHE KOMIBIOTEpPHOW (BHUpPTyanbHOW) JabopaTo-
pUU BKIIIOYAET B ceOsl:
— TIOCTaHOBKY M peIlIeHne OOIIMX U CTaHAAPTHBIX 3a1ad
KOHBEKIIMH B pa3MEPHOM U Oe3pa3MepHOM BUAAX
— 3¢¢eKTUBHbBIE AITOPUTMBI, IO3BOJIIONINE BECTH
BBIYHCIICHHS B PEallbHOM BPEMEHH I10JIb30BATEIS
— BH3YyaJM3alMIo, JAIOIIYI0 BIEYaTJICHUE MPOBEINCHUS
71a00paTOPHOTO HKCIICPHUMEHTA
— anpoOanuio Ha U3BECTHBIX PEIICHUSIX U TeCTax
— IOUpOKyro 0a3zy pemeHHBIX MPOoOJieM, TOTIOIHEHHYIO
OKCIICPUMCHTAJIbHBIMHU JaHHBIMU u HO[[pO6HOl7[
oubmmorpadueit
— TMOJIHBII AOCTYN K PELIEHUIO
— JIpyXecTBEeHHBIH wHTepdeiic u mnpodeccHoHaTbHOE
COINPOBOXKICHUE
KommbioTeprasts npabopatopust AuIsl pelleHHs 3amad
KOHBCKTHUBHOI'O TeHﬂOMaCCOO6MeHa ABJISICTCA NPUHIIA-
MMHaJIbHO HOBBIM CEPTU(HUINPOBAHHBIM CPEICTBOM HC-
CJIe/IOBaHMsI, OOy4eHHs, HAKOIUIEHUsS W IIPEICTaBICHHS
Ppe3yIbTaToOB MOJIeNupoBaHus. Pa3BuBaemas 6a3a JaHHbBIX
peuenuit, oubimorpadus 1 KOMIBIOTEPHAs J1a00paTOPHUs
COCTaBJISIIOT OCHOBY 3KCIEPTHOM CHCTEMBI B 001acTH
TEIUI0— ¥ MaccooOmena [4].
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COMPUTER LABORATORY COMGA
FOR MODELLING ON THE BASIS
OF NAVIER-STOKES EQUATIONS

M.K. ERMAKOV

Insititute for Problems in Mechanics RAS, Moscow, Russia

Computer laboratory COMGA is based on long expe-
rience of solutions of Navier—Stokes equations in Boussi-
nesq approxiamation [1—3] and is intended for solutions

of convective heat and mass transfer by direct numerical
modelling in a simple 2-D and 3-D regions on rectangu-
lar grids on PCs. Numerical algorithms allow to model
fast and qualitively a weak and intensive flows of forced,
natural and capillary convection, to study loss of flow
stability and bifurcations.
A concept of computer (virtual) laboratory includes:
— statement and solution of common and standard
problems of convection in both dimensional and non—
dimensional forms
— effective algorithms to make calculation in real user
time
— visualization creating of impression of laboratory—
experiment development
— approbation on known solutions and tests
— wide database of solved problems supplied with ex-
perimental data and bibliography
— full access to a solution
— friendly interface and professional support
The computer laboratory for solution of convective
heat and mass transfer problems is a principally new ser-
tified tool for research, learning, collection and presenta-
tion of modelling results. Developing database of solu-
tions, bibliography and computer laboratory compose
a base of expert system in heat and mass transfer [4].
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Ermakov M.K., Nikitin S.A., Polezhaev V.I. The

system and computer laboratory for modelling of heat

and mass transfer convective processes // Fluid Me-

chanics. — 1997. — V. 15. —P. 975—984.

4. http://www.comga.ru
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YUCJEHHBIA AMR-KO/I
JJIA MOAEJINPOBAHUA
KOJIJIAIICUPYIOIINUX
IMPOTO3BE3HbIX OBJIAKOB

A.E. IvaoproB, A.T'. XKiJikuH, O.A. KY3HEIIOB
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Yensbunckuii ['ocynapcTBeHHBIH Y HUBEPCUTET,
Yensbunck, Poccus

JluHaMHU4ecKy aJanTHBHBIE HEPapXUUECKHE CETKH
(AMR — Adaptive Mesh Refinement) — sddexruBHas
COBPEMEHHAs TEXHOJIOTHSI ISl YUCICHHOTO MOJIETPOBa-
HUS KoJUlarica M ()parMeHTaIlil MPOTO3BE3THBIX 00IIa-
KOB. Ee BeIUncCIUTENbHBIE IPEUMYIIECTBA B IPUMEHEHUH
K TaKUM 3aJa4aM OCOOCHHO SIPKO TIPOSIBISIIOT ce0s Ha
craguu GopmMHupoBaHUsl Hemnpo3padHoro sapa. K sromy
MOMEHTY CTpPYKTypa oOjaka XapaKTepu3yercs pe3Ko
HEOJHOPOAHBIMU NPOQWISIMU  IUIOTHOCTH, CKOPOCTH
U Ipyrux BenuyuH. [1o3TOMY XapakTepHbIe MPOCTPAHCT-
BEHHbIC W BPEMEHHBIE MacIITaObl B IEHTPAJIbHONW YacCTH
obmaka W Ha ero mepupepurd MOTYT pPa3TUIaThCS Ha
HECKOJIBKO TOpPsiAKOB. JliIsi MOAENMpOBaHUS KoJlarca
BPAIIAIOMINXCS MATHUTHBIX MPOTO3BE3IHBIX OOJAKOB MBI
paspabotann  TpexMepHbId  uucieHHbli AMR-—kon
«Megalion». SIlnpo AMR—anroputmMa oCHOBaHO Ha OBICT-
poli mponenype (IIOMCK IO KIIOYY) IOMCKa JIOKAIbHBIX
COCEeTHUX sYeeK pacyeTHOH ceTku. bazoBblil MHTEpdeEiic-
HbI makeT, peanu3yromii AMR-anroputm, MOXeT
paboTath B OXHOMEpPHOM, ABYMEPHOM H TPEXMEPHOM
ciayyasx. UucneHHbI METOX PEIIEHUs YpaBHEHUH Mar-
HUTHOH ra30AMHAMUKH OCHOBaH Ha CXEME I'OJyHOBCKOTO
THUIA TIOBBILIEHHOTO TOpsKA TOYHOCTH. [IpencraBieHbt
pe3ysbTaThl HEKOTOPBIX PAacueTOB, JEMOHCTPUPYIOLIMX
BO3MOXKHOCTH KOJa.

Pabora wactmyno momnmepxkaHa TpaHTOM PDOOU
# 02-02-17642.

NUMERICAL CODE WITH ADAPTIVE MESH
REFINEMENT FOR SIMULATION
OF COLLAPSING PROTOSTELLAR CLOUDS

A.E. DUDOROV, A.G. ZHILKIN, O.A. KUZNETSOV
Chelyabinsk State University, Chelyabinsk, Russia

Adaptive Mesh Refinement (AMR) is very useful
technique for numerical simulation of collapse and frag-
mentation of protostellar clouds. Computational advan-
tages of AMR in this problem are manifested especially
on the advanced stages of the collapse, when the opaque
core (protostar) is formed. At this moment the cloud
structure is characterized by strongly non—uniform pro-
files of density and other quantities. Therefore the spatial
and time scales of dynamical evolution in central and
outer parts of collapsing cloud are very different. We
elaborate the 3D numerical AMR—code «Megalion» for
simulation of collapse of the rotating magnetized protos-

tellar clouds. The kernel of AMR-algorithm is based on
the fast procedure of the key—oriented search of the local
neighboring mesh cells. The developed interface AMR—
package is dimensionally independent. The numerical
code is based on the high-resolution Godunov-type
scheme for the MHD equations. Any illustrative
computations of the collapse of protostellar clouds are
presented.

This work is supported partially by grant RFBR
#02-02-17642.

v

AHAJIU3 HEKOTOPBIX METO/J1OB
BO3JAEMCTBUS HA CBJIWKAIOIEECS
C 3EMJIEA MAJIOE HEBECHOE TEJIO

B.B. UBALIKWH

WuctutyT npuknanHoi matematuku um. M.B. Kengpima
PAH, Mockga, Poccust

B pamkax mpobiembl oOecriedeHus] acTepOrIHO—KO-
METHOW 0e30MacHOCTH 3eMJIM BBHITIOJTHEH aHAIU3 Xapak-
TEPHUCTUK HECKOJBKHX METOJOB BO3ICHCTBHS Ha HeOec-
HBIA 00BeKT, cOnmmxaromuiics ¢ 3emieit (OC3), — acrte-
pouz, KOMETy — C IENBI0 KOPPEKIUH er0 OPOUTHI U OT-
KJIOHEHHsI ero OT 3eMiIu Wi ero paspymeHus. CHagana
HCCIIEJOBAaHO MEXaHMYECKOE yJapHO—KHHETHYECKOE BO3-
nerictBue kocmuueckoro anmapara (KA) ma OC3. Tlpen-
CTaBIJICHBI PE3YJIETAThl YUCICHHOTO aHaIH3a BO3MOXKHO-
cTeil m3MeHeHus: opoutsl i rpynnsl OC3, Takux, Kak
actepounnl Castalia, Nereus, Orpheus, Phaethon, Toutatis
(cemetictBa Apollo), Hathor, Khufu (cemeiictBa Aten),
KOpOTKOIiepronieckue kometsl Tuma P/Biela. Uccneno-
BaHBI TepMmosinepHoe BozzaeiicTBue Ha OC3 m BO3nEHCT-
BHC Ha SIPO KOMETHI IS YIIPABIIEMOTO U3MEHCHHUS €Tro
MBIJICBON MaHTHH M, HA OCHOBE 3TOTrO, €r0 CyOIMManu-
OHHOM aKTUBHOCTH. PaccMOTpeHO Takke MOIIHOE Ja3ep-
Hoe Bo3zaeiicTBre Ha OC3 ¢ KOCMUYECKOW JTyHHOH WU
opOuTanbHOl cranuuu. [Ipu 3TOM mHpemaycMOTpeHO Hc-
MONTb30BAHNE COJIHEYHOM »JHEPIWH, CHCNaHBl OLEHKU
pa3MepoB COJHEYHBIX Oarapeil. s co3maHus JIyHHOMH
CTaHIIMM OTMEYECHA BO3MOXKHOCTh MPHUMEHEHUS SKOHO-
MHUYHBIX «O00XOJHBIX» TpaeKTopuil mojera k JIyHe ¢ Bpe-
MEHHBIM 3axBaToM Touku JIyHO#. Pa3zpaboTtanpl kauect-
BEHHBIC MOJICIM YKa3aHHBIX BO3JCHCTBUI. MccienoBaHbl
TaKre XapaKTepucTuku Bo3aehcTBus Ha OC3, kak mepe-
JaBacMbIe TEIy OHEPrus U KOJIMYCCTBO JBIDKCHHS,
coo0mmaeMblii HeOECHOMY TEIy MMITYIhC CKOPOCTH (WITH
YCKOpEHHeE), OTKIIOHEHHE Tenia oT 3emiii. PaboTa BbITON-
HeHa npu noanepxkke Poccuiickoro @onga @yHaameH-
TanbHbIX uccienoanuii (['pant # 01-01-00133).
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ANALYSIS OF SOME EFFECTS
ON NEAR-EARTH SMALL CELESTIAL BODY

V.V. IVASHKIN

M.V. Keldysh Institute of Applied Mathematics,
RAS, Moscow, Russia

In frame of the asteroid—comet hazard problem study,
a qualitative analysis of some methods for the effect on
a celestial near—Earth object (NEO) — asteroid, comet —
is carried out. The goal of the effect is correction of this
object orbit and its deflection from the Earth or its
destroying. First, there is studied mechanical impact—
kinetic effect of spacecraft (SC) on the NEO. Numerical
analysis results are given for a group of NEOs such as
some asteroids from the Apollo family (Castalia, Nereus,
Orpheus, Phaethon, Toutatis, etc.) and from the Aten
family (Hathor, Khufu, etc.) as well as some short—
periodic comets similar the comet P/Biela. A thermo-
nuclear effect, an effect on a cometary nucleus for
a controlled change of its dusty mantle and its
sublimation activity are studied then. There is considered
a powerful laser effect on the NEO from a space lunar or
orbital station. In this case, using of the solar energy is
analyzed; evaluations of size for the solar panels are
performed. Possible use of new «detour» Earth—to—Moon
trajectories to make the Ilunar station is shown.
Qualitative models of these effects are developed. There
are studied some characteristics of the effects on the
NEOs such as the energy and momentum given to the
NEO, velocity impulse (or acceleration) applied to the
body, its deflection from the Earth. The study is sup-
ported by the Russian Foundation of the Basic Studies
(Grant # 01-01-00133).

AJI'OPUTM KOHTYP_MN30
JJIAA HAXOXKIEHWA 1 BU3YAJIM3ALIUU
CEUYEHUI TPEXMEPHBIX OFBEKTOB
CIIEHUAJIBHOI'O BUJJA C TIOMOIIBIO
MOCTPOEHUS U30JIUHUI

C. B. KOJIOMEIKO, 1. B. MOT'MJIEHCKHX

Poccwuiickuii GpenepanbHbIi SISPHBIA IEHTP —
Bceepoccuiickuit HUW Texanueckoi pusuku
uM. akana. E.W. 3ab6abaxuna, CHexuHck, Poccus

JanHast paboTa sBISETCS MPOIOJKCHHEM IPECTAB-
JICHUSI ATOPUTMOB HAXOXKJICHUS M BU3YyallM3allud Ceve-
HU TPEXMEPHBIX OOBEKTOB, 3aJAHHBIX PA3JIUYHBIMU
cnocobamu. Anroputm KOHTYP MN30 naer ouens xo-
pomre pe3yiaspTatel it 3D 0OBEKTOB OIMpPEaeTeHHOTO

kiacca. [IpukiagHoit 06IacThi0 JaHHOW PaOOTHI SBISET-

Ccsl TPEXMEpPHOM YMCIIEHHOE MOJENUpOoBaHuEe. Brinenum

JIBa KOHKPETHBIX HAIPaBICHUS YHCICHHOTO MOIEIHPO-

BaHHUE, IZle HEOOXOINMO aJeKBAaTHOE 3a/aHHE U aHAJH3

TpexmepHoi reomerpun (TI):

— 3anmanue TT ans MonmenwpoBaHUS METOAOM MOHTE—
Kapmo.

— 3amanue TI' u nmanpHeimas reHepanus pa3HOCTHBIX
CETOK B Pa3HOCTHBIX METOJIaX TPEXMEPHOTO MOICIIH-
poBaHusl.

B uneitHoMm mane, JaHHBIN aJTOPUTM SBIISETCS MPO-
TuBONONOXKHEIM anroputMamM KOHTYP u KOHTYP M
[1]. On yctymaer uM mo OOIIHOCTH NPUMEHEHUS, T. €.
anroputm KOHTYP_M30 mpuMeHNM TONBKO A HEKO-
TOPOro Habopa OOBEKTOB, HO IPH TOM OH HMEET Pl
CYIIECTBEHHBIX MPEUMYILECTB IIPH HAXOXKICHUH CEYCHUI
TaKUX 0OBEKTOB.

PesynbraThl paboThl aJIrOPUTMOB HWILTIOCTPUPYIOTCS
Ha HECKOJIbKHX MPHMEpax.

v

COEPUYECKHU U IWJINHJAPNYECKHA
CUMMETPUYHOE HECTAIIMOHAPHOE
CXATHUE UJEAJIBHOT'O I'A3A

A.H. KPAllKO

LlenTpanbHBIN HHCTUTYT aBUAIIOHHOTO MOTOPOCTPOCHUS
(IUAM) um. I1.11. Bapanosa, Mocksa, Poccus

PaccmarpuBatorcst 3amaunt cepuueckd M LIHIMHIPH-
YeCKH CUMMETPUYHOI0 HECTAIlMOHAPHOTO CHKATHS Heaib-
HOTO rasa.

BapuanuonHast 3agaua SHEpreTHIECKH ONTHMAIBHOTO
0e3ylapHOTO CXKaTusl NMPH 3aJaHHBIX BPEMEHU COKaTHA
{y 27T, THe T — BpeMs mpodera 3BYKOBOH BOJIHEI OT

CTCHKH JI0 IIEHTpa HAYaJIbHOTO 00beMa U CTCIEHHU CHKa-
TUsl (OTHOIICHUH 71 HAYaJbHOIO 00BbeMa K KOHCYHOMY),
CBEJICHA K PECIICHUIO HECKOJBKHX CTAHMAPTHBIX 3313y

sk
METOJla XapakTepucTuk. Eciu ¢ f >t > TO ONTHUMAJIBHO

H33HTPOINMNYCCKOC CIKATUC «U3 ITIOKOA B HOKOﬁ)}, ocy1ie-
CTBHUMOC 3a KOHEYHOC BpEMs. HpI/I 9TOM 717 — OTHOILICHUC

o o o *
KOHCYHOHU M Ha4YaJIbHOM INIOTHOCTCH, a tf' , 3aBHUCAIICC OT

n, He TpeBBIIIaeT 2T. DHEepPreTHYecKe 3aTpaThl U3PHTPO-
MUYECKOT0 COKAaTHs U3 IOKOS B IOKOH CPaBHUBAIOTCS
C 3arparaMu, KOTOpbIE IOJIYy4YalOTCS MHpPH JBUKECHUU
MOPIIHS COMVIACHO PELICHUSM H3BECTHBIX aBTOMOJEINb-
HBIX 3anad. Hambosee ONM3KMM K HM39HTPOIHMYECKOMY
C)KAaTHIO M3 TIOKOS B IOKOH OKa3aJoCh aBTOMOJIENIBHOE

Numerical Methods, Algoritms, Codes and Accurate Solutions
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HEU3DHTPOITUYECKOE CKATUE TAKIKE M3 TMTOKOS B ITOKOMU, HO
C OTPaKEHHOH OT IEHTPa WM OCH CHMMETPHUH YAapHOH
BOJIHOM.

Jnst ty < T TpedyeMoe cxKaThe HAYMHACTCS C yIap-

HOM BOJIHBI, UAYLIEH K LUEHTPY WIH K OCH CUMMETPUHU.
B ux Manol OKpecTHOCTH TEUEHUE ONUCBIBAECTCS peLie-
nHueMm ['ynepnes (PI'). Cornacuo PI' mnoTHOCTS B yKa3aH-
HOM OKpECTHOCTH BO3pacTaeT B KOHEYHOE YUCIIO pa3. Tak
JIOKAJIBHBIC CTCICHU CXKATHUA B LOCHTPE CUMMCTPUU
n = 145 npu nokasarene aguadatei raza y = 1,4 u 32,7 —
npu y = 5/3. Peanu3zanus 6oipiiero (B IEHTPE WK HA OCH
CHUMMETpHH — OECKOHEYHOTO) CXKaTHSl BO3MOXKHA, €CIH
JBIOKEHUE NopmHSA Hax C —XapakTepUCTHKOH, IOro-
HSIOUIEH YAApHYIO BOJIHY B MOMEHT €€ IPUXOJAa B LEHTP
WIN Ha och, obecneunBaeT (OKycHpoBKy B HuXx C —xa-
PaKTEPUCTHK.

Pabota BemonHena npu noguepxxke POOU (npoekrt:
02-01-00422) u T'ocymapCTBeHHOW NpPOrpaMMBI IOJ-
JIEPXKKU BEIyIIMX HaydHbIX mmKoad Pd (mpoekTs
00-15-99039 u HII-2124-2003.1).

SPHERICALLY AND CILINDRICALLY
YMMETRIC NON-STATIONARY
COMPRESSION OF IDEAL GAS

AN. KRAJKO

The Central Institute of Aviation Motors (CIAM)
of P.I. Baranov, Moscow, Russia

The problems of spherically and cilindrically symmet-
ric non-stationary compression of ideal gas are con-
sidered.

A variational problem of energetically optimum un-
shocked compression at given time of compression
tp2t, where 7 is a time of sound wave movement from

a wall up to the centre of initial volume, and a degree of
compression (the ratio n of initial volume to final one),
is reduced to the solving of several standard problems of

a method of characteristics. If 7, > t? , then the optimum

isentropical compression «from rest to rest», is feasible
for the final time. Thus # is the ratio of final to initial

density, and t}» , dependent from #n, does not exceed 2r.

Power expenses of isentropical compression from rest to
rest are compared to expenses that turn out at movement
of the piston according to the solutions of known auto-
modelling problems. The most closed to isentropical
compression from rest to rest appeared the automodelling
nonisentropical compression also from rest to rest, but
with reflected from the centre or an axis of symmetry
a shock wave.

For ¢, <t the required compression begins with

a shock wave going to the centre or to an axis of symme-
try. In their small vicinity the flow is described by Gu-
derley solution (GS). According to GS the density in the
specified vicinity increases in final number of times. So
local degrees of compression in the centre of symmetry
n = 145 for a value of gas specific heat ratio y = 1.4 and is
equal to 32.7 for y = 5/3. Realization of the greater (in the
centre or on an axis of symmetry — infinite) compression
is possible, if the movement of the piston above the
C —characteristic, that is catching up a shock wave in the
moment of its arrival to the centre or on an axis, provides
focussing in it C"—characteristics.

The investigation is carried out at a support of RFFI
(the project: 02—-01-00422) and the State program of
a support of the leading scientific schools of the Russian
Federation (projects 00—15-99039 and HIII-2124— 2003.1).

v

OJJTHOAPAMETPHUYECKHUM KJACC TOYHBIX
OCECHMMETPUYHBIX PEIIEHUAM
YPABHEHUWM 'A30BO JTUHAMUKU,
OIIMCHIBAIOIIUX SIBJIEHUS
HEOI'PAHUYEHHON KYMYVY.JISILIUA

B.A. KYKYIIKVH

HuctutyT MaTemaTuku 1 Mexanuku YpO PAH,
Exarepun0ypr, Poccus.

PaccmarpuBaercs 3a1a4a 0 HaXOXAEHHUHM TOUHBIX pe-
LIEHUH YpaBHEHUH ABMXKEHUS HIIE€ANBHOIO MOJUTPOIIHO-
T0O ra3a, B KOTOPBIX 32 KOHEYHBIM NMPOMEXYTOK BPEMEHU
TUTOTHOCTP Ta3a PacTeT HEOTPaHWIEHHO 0e3 00pa3oBaHUA
yaapHbIx BosH. [IpenyoskeH HOBbII BUJ YaCTHOrO peuie-
HUS, TO3BOJIAIOIIMN CBECTU HCXOAHYIO CUCTEMY HEJH-
HEIHBIX ypaBHEHUH B YACTHBIX NMPOU3BOAHBIX K OJHOMY
oObIkHOBEHHOMY  1uddepeHInaIbHOMY — YpaBHEHHIO.
[TpoBeneHo aHATMTUYECKOE UCCIIeIOBAaHNE 0COO0H TOUKH
9TOro ypaBHeHus. [loka3aHo, 4TO MHTErpaIbHON KPUBOH,
MIPOXOAAIICH Yepe3 0cCoOyI0 TOUKY THIIA Ceajla, COOTBET-
CTBYET TE€YEHUE ra3a ¢ HEOTPAaHUYEHHBIM POCTOM ILIOT-
HOCTH. YCTaHOBJIEHbl ACHUMIITOTHUUYECKHE OLEHKU BEJH-
YUH CKOPOCTH, MJIOTHOCTH, KHHETUYECKON U BHYTpEHHEN
sHepruil rasa. [lonydyeHHoOe pelleHne MOXHO HMCHOJb30-
BaTh JAJISl OCTPOEHUS IpoLecca CKaTHA OCECUMMETPHU-
HOTO Ta30BOT0 00BEMa THMA TAPEJKH, TaK KaK OHO OIH-
ChIBA€T TE€UECHUE, BO3HUKAIOIIEE B ONPEAEICHHON 4acTu
ckuMmaeMoro obbema. [ MoCcTpoeHusl TedeHusi B OC-
TaBLIEHCSA YacTH, YHCIEHHO PEIIAloch YPaBHEHHS IS
AaBTOMO/JIENIBHOIO IOTEHLIMAa CKOPOCTH.

Section 6
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Pabora BbIMONHEHAa TpU (UHAHCOBOH IOJUIEPKKE
Poccuiickoro ¢onna QyHIaMeHTaNbHBIX HCCIEHOBAHUI
Ne 02-01-00354 u IIporpamMMbl MOIAEPKKH (yHIAAMEH-
TaNbHBIX uccnenosanuii [Ipesunnyma PAH.

CchLIKH

1. Kykymkua B.A. O0 omHOM mporecce OCeCHMMET-
PUYHOTO HEOTPAaHMYEHHOTO Oe3yZapHOTO CHKATHS
nneanpHoro rasa // IIMM. — 2003. — T.67. —
Beim. 3. — C. 434—441.

2. Cunopo A.®. HoBble peXMMBlI HEOIPAaHHMUEHHOI'O
6e3ynapHoro cxarus rasa. // Joxit. PAH. — 1999. —
T.364. — Ne 2. — C. 199—202.

ONE-PARAMETRIC CLASS OF EXACT
AXTALLY SYMMETRIC SOLUTION
OF GAS DYNAMIC EQUATIONS DESCRIBING
UNLIMITED CUMULATION PHENOMENAS

V.A. KUKUSHKIN

Institute mathematics and mechanics UB of RAS,
Yekaterinburg, Russia.

Equations of ideal polytrophic gas motion are under
consideration. Let us find exact solutions in which at fi-
nite time interval density of gas increases unlimited with-
out forming the shock waves. New representation of par-
ticular solution is offered. It allows us to reduce a original
system of nonlinear partial differential equations to one
ordinary differential equation. Singular point of this
equation was analytically analyzed. It is shown that solu-
tion containing this singular point correspondent to gas
flow with unlimited density increase. Asymptotic esti-
mates of velocity, density, kinetic and internal energy
values were obtained. It is possible to use obtained solu-
tion to construct process of compression of «platen—like
axi-symmetric gas volume. This solution describes gas
flow in the certain part of compressing volume. Equation
of self-similar velocity potential was solved numerically
to construct gas flow in other part.

This research was supported financially by Russian
Foundation for Basic Research Ne 02—01-00354 and Pre-
sidium of Russian Academy of Sciences Program of Ba-
sic Research Support.

v

KOJJIAIIC COPEPHYECKOTI'O ITY3bIPBKA
B UAEAJIBHOU CKUMAEMOMU KUJIKOCTHU

B.®. KYPOITATEHKO

Poccuiickuit GpenepanbHblil SOCpPHBIA HEHTP —
Bceepoccuiickuit HUU TexHuueckoit Gpusuku
uM. akana. E.W. 3a06abaxuna, CHe:kUHCK, Poccust

PaccmarpuBaeTcsi aHaIMTUYECKOE pEIIeHUE 3aJayu
O CXJIONBIBAaHUHM YEIUHEHHOTO My3bIpbKa (KaBEpHBI)
B UJICATbHON CKMMAaeMOMN >KUAKOCTU. ISt CIOXKHOTO ypaB-
HEHMsI COCTOSTHUSL MKHUJKOCTH, COAEPKAILEro Kak MUHUMYM
JIB€ pa3MEpHbIE MOCTOSIHHBIE, 3a/laua HE CBOJAUTCS K aBTO-

y 1 [EWJ

MozenbHO. [Tockomeky cxumaemocts ——| — | # 0, 10O
V\oP ),
CKOpPOCTB 3BYyKa B )KHIKOCTH KOHEYHA U CHCTEMa 3aKOHOB
coxpaHeHHs rurepOonudHa. B aTOM 3akmrouaercs cyte-
CTBEHHOE OTJIMYHE OT MPHONMKCHUS HEC)KHIMaeMOH
KHUIKOCTH, B KOTOpPOH CKOPOCTh 3ByKa OECKOHEYHa,
a cucrema mapabonuaHa. PocT nmaBieHus B KHIKOCTH,
OKpY’Kalollel KaBepHY, MPOMCXOIUT M3—3a TOTIOMICHHUS
KHUJIKOCTBIO 3HEPTUH H3JIyuyeHHs. DTOT HPOLECC OMHUCHI-
BAa€TCA AOMOJHUTCIBHBIM YJICHOM B YPABHCHUU OHEPIrUu.
DHeproBoulieieHHE SBISETCS CHEPUUECKH CUMMETpHY-
HBIM W 3aBUCSIIIMM OT PACCTOSHHSI OT MOBEPXHOCTH Ka-
BEpHBI U OT BpeMeHH. Pemienne omm4aeTcs OT MmojydeH-
HBIX paHee Paneem u E.M. 3a0abaxuHbBIM pe3yapTaTOB 11O
KOJIJIAIICy KaBepHBI B HEC)KUMAaeMOit XuaKocTH. Permenne
OTIIMYACTCA TAKXKe OT aBTOMOJENBHBIX PEUICHUH 3a1adu
0 CXJIONIBIBAaHUY KaBEPHBI B CXKMMAaeMOM rase, HOIydeH-
HeIX B paszHoe Bpems K.II. CrantokoBuuem, S1.b. 3embmo-
BuueM, K.A. Cemenasessv, SI.M. Kaxnanom, K.B. bpymi-
nuHckuM U K. Xantepom.

IloBbIIIEHHOE BHUMAaHHE YACICHO aHalIn3y HU3MCHC-
HUs BCJIMYUH B MPUJICTAIOIEM K KaBEpHE IIapOBOM CJIOC
NOCTOSTHHOM Macchl. [Ipn 3ajaHnn Ha BHELIHEH rpaHuIe
3TOTO CJIOSI CKOPOCTH WJIM JaBJIEHHsI, 3aBUCSIIUX OT Bpe-
MEHH, TOJIy4YaeTcsl pEeIIeHHE 3aayd O CXJIONBIBAHUH
chepryeck CUMMETPHYHONW OOOJIOYKH M3 CHKUMAEMOTO
MaTepHana.

Pabora BemonHeHa npu noanepxkke PODU, mpoekt
# 01-01-00574.

v
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KOMIIBIOTEPHOE MOJIEJINPOBAHUE
JUHAMUKU BBICOKOTEMIIEPATYPHBIX
IA30- KUAKOCTHBIX TENNIOMEXAHUYECKHUX
CUCTEM

B.D. KoprT

banTuiickuit ['ocynapcrBennbiit Texuuueckuit Y HUBEpCUTET
«Boenmexy», Cankr-IlerepOypr, Poccust

E.1. PAXMAHOBA

OI'VII KoHCTpyKTOpCKOE OIOPO CHEHUAIBEHOTO
MamuHoctpoenus, Cankt—IleTepOypr, Poccus

W3znararorcss OCHOBBHI pa3pa0OTaHHOW METOJMKU MaTe-
MaTUYECKOTO MOJICITMPOBAHUS JHHAMUKHA SHEPrOHACHI-
IICHHBIX BEICOKOTEMITIEPATYPHBIX Ta30—KUAKOCTHBIX TEIIO-
Mexaamdeckux cucreM (IDKTMC), peanm3oBaHHOI
B BHE IMaKeTa MPUKIAIHBIX MPOTpaMM MAIIWMHHOTO aHa-
JU3a TeITIOMEXaHNIeCcKuX cucteM «Martmex». B 6azoBoit
BEPCHH METOAMKH TPEIOaraeTcs, YT0 CHCTEMa MOXKET
OBITH NIPEICTaBJICHA B BUIEC COBOKYITHOCTH 00BEMOB (co-
CyIIOB), CBSI3aHHBIX OTBEPCTHSIMHA WJIH TPOTSHKEHHBIMHU
KaHallaM{, MMEIOLIUX IPOrpeBacMble CTEHKH U COJiep-
Kalux MOABMIKHBIC DJIEMCHTBI, KOTOPBIEC ABUIKYTCA OT-
HOCHTEJILHO KOPITyCa CHCTEMBI, HEMOABHXKHOTO B HMHEP-
UATLHOM MPOCTpaHCTBE. [10JBMKHBIC 3JIEMEHTHI MOTYT
00pa30BBIBATh THUIOBHIC MEXaHWYECKHAE IOJCHCTEMBI
TBEPABIX TEN, ABHXKYIIUXCS COBMECTHO. DHEPTHUS IS
IBIYKEHUS DIIEMEHTOB IONy4YaeTCsl B pe3yNIbTaTe TOPSHNUS
3epHEHBIX U MOHOOJIOUHBIX TIOPOXOBBIX 3apsIoOB, pa3Me-
OICHHBIX B COCylaX W KaHalaX CHCTeMBl. B kadecTBe
pabouero tema IJKTMC moxeT BbICTymaTh OWHapHas
ra3oBasi CMECh C TEIIOPHU3NUECKUMH CBOICTBAMH, 3aBHCS-
LIMMHU OT TEMIIEpaTypbl, IBYX WM TpexdasHas reTeporeH-
Hasl Ta30—II0POXOBAasi CMECh, KarlellbHas CKMMaemasl JKH-
KocTh. Cucrema pa30OMBaeTCsl HA THIIOBBIE DJIEMEHTHI U €€
CTPYKTypa 3aaeTcs rpadoM, KOAUPYIOMIUM THAPOTa30.IH-
HAMUYECKUE CBSI3M KaHAJIOB M COCYIIOB CHCTEMEIL. B wumcio
TUIOBBIX JJICMECHTOB MOTYT BXOJUTH THAPABINICCKHC
MTOJICUCTEMBI THIIA CUCTEM BBITECHUTEIBHBIX IFITHHIIPOB.
CTpykTypa CHCTEMBI MOXXET HM3MEHSATHCS BO BPEMEHH
B 3aBHCHMOCTH OT Pa3BUTHs Tporiecca QyHKIIMOHUPOBA-
Husl. Peann3oBaHHBI NakeT MNpPOrpaMM MPEJICTABIISIET
co00l MmapamMeTpuvecKr HacTpanBaeMbIi MPOTPaMMHBIH
KOMIUIEKC, 00eCIeunBaloni aBTOMATHIECKYI0 COOpPKY
MaTeMaTH4ecKOW MOJIENIM CUCTEMBI B IIEJIOM, pacueT ee
(YHKIMOHMPOBaHUSI U 00pabOTKY M NIPENCTaBICHHE pe-
3yJIbTATOB B TaOMM4HOW U rpaduyeckoit Gopme. B 6azo-
BOM BEpPCHM MaKeTa MCIOJIBL3YIOTCS MOJENIN C COCPENOTO-
YCHHBIMH MapaMeTpaMy JUIsl ONHCAHUS MPOIIECCOB B TH-
MTOBBIX COCYJIaX, KBA3UOJHOMEPHBIC MOJCIH JJIsl OIHCa-
HUS TEYCHUH MO KaHajaM, OJHOMEpHBIE W JBYMEpHBIE
MOJIENH [T pacueTa TeMIIEpaTyPHBIX IOJieH B CTEHKAX.

YpaBHEHHUS aNNPOKCUMHPYIOTCS KOHEYHO—PA3HOCTHBIMH
CXeMaMH M PELIAIOTCSl COBMECTHO B IIpOLIECCEe peau3a-
IIUM UTEPALIOHHOTO alropuTMa pacyera (yHKIMOHHPO-
BaHUS CHCTEMBI B LIeJIOM. BO3MOXXHOCTH METOIMKH WII-
JIOCTPUPYIOTCS Ha TpUMEpe pacuyera JAWHAMHUKUA MO-
JETBbHOTO BBICOKOTEMIIEPATypPHOIO Ta30BOTO IPHUBOJA,
BKJIIOYAIOIET0 MHOTOIIOJIOCTHON Ia30I€HepaTop ¢ MOHO-
OJIOYHBIM 3apsIOM YHHUTAPHOTO TOIUIMBA W 3E€PHEHBIM
3apsI0M BOCIUIAMEHHTEJIS, TPOTSDKEHHYIO Marucrpaib
(xaHal) U UCTIONHUTENbHBIN MEXaHU3M B BHIE LWIMHAPA
C MOpLIHEM, ITOJHUMAIOIUM Tpy3. [IpoBeneHo 4ncieH-
HO€ HCCIICJOBaHME BIMSHHUSA OCOOCHHOCTEH TeImio—
U MaccooOMeHa B NPUBOJE HA AUHAMHKY HCIIOJHUTENb-
HOTO MeXaHW3Ma. BhIgBIeHa poJb TEIUIOBHIX IOTEPh Ha
IPOrPeB CTEHOK Tra30reHepaTopa, KaHajla WM HCIOJIHHU-
TeJIbHBIX LUAMHAPOB. CopMyaHpoBaHa COBOKYIMHOCTh
MaTeMaTH4eCKUX MojeneH, o0ecrneynBaromux Moaudu-
KallMl0 METOIMKH C LEJIbI0 OTKa3a OT MCIOJb30BAHU
MOJY3MIIMPHUUECKUX COOTHOIICHHUH Il KO3()(UINECHTOB
TerIoo0MeHa M TPEHHs, y4eTa pa3BETBICHHOCTH Maru-
CTpaJiei, HaIN4usl ITHEBMOTHPABINYECCKHX BCIIOMOTa-
TENbHBIX MOACUCTEM, ONTHUMHU3ALUH KOHCTPYKTHUBHBIX
[apaMeTpOB CHCTEMBI B LIEJIOM.

COMPUTATIONAL MODELLING
OF HIGH TEMPERATURE GAS-FLUID-HEAT-
MECHANICAL SYSTEMS DYNAMICS

B.E. KERT, E.I. RACHMANOVA

Baltic State Technical University, St. Petersburg, Russia

A method to calculate functioning of a gas—fluid—
heat-mechanical system (GFHMS) consisting of a num-
ber of vessels, connected by channels and containing
movable elements, was worked out. The energy to be
consumed is taken from burning blocks or portion of
solid monopropellant grains which are placed in vessels
or channels. The structure of the system may change
during functioning. It is taken into account that propellant
grains can be carried away from one vessel to another and
burn down there. The heat loss for heating the walls of
the system and the influence of wall heating on heat and
mass transfer in the system are taken into consideration.
The heat—mechanical systems described are divided into
typical elements: vessels, channels, heated walls, mecha-
nical systems. Every element is presented as a set of
mathematical models. The work of vessels is described
by ordinary differential equation systems. A typical
vessel may include up to three contacts with adjoining
vessels, may be a source or a sink of not more than three
channels, may include not more than six movable
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elements and up to four surfaces of heat exchange with
the structure walls. The gaseous phase is considered to be
a binary mixture of perfect or covolume gases. The gas
mass flow rate through the orifices is calculated by means
of Sen—Venan formulas, in which free cross—sectional
areas are corrected to take into account the volume of
flowing solid particles. The gas influx from block
burning is calculated according to the geometric burning
law. The area of the burning surface of non—traditional
form blocks can be calculated using splain—approxi-
mation of surfaces. Grain burning calculated using linear
burning rate combined with special algorithms to
calculate grain burning surfaces. A typical channel may
be cylindrical, flat or circular, may connect two vessels,
may have a close end or moving pistons to restrict the
flow. Channel flows may be quasi—steady or unsteady.
The propulsive mass may be varied from a binary mixture
of perfect or covolume gases to heterogeneous two phase
mixture of gases, burning grains and unburning solid
remainder. It is possible to take into consideration the
gaseous phase viscosity, heat conductivity and diffusion.
The cross—section of a typical wall may be composed of
homogeneous layers or rectangles with temperature—
related heat—transfer properties. GFHMS work as a whole
is calculated as divided into system elements and physical
processes, as well as by iterations for nonlinearities and
finite difference approximations. The method was
realized as a package of application programs
«MATMEX» to make computer—aided analysis of gas—
fluid-heat-mechanical system dynamics. The package
permits one to calculate work of a wide range of technical
systems and to carry out calculations of the system
evolving during its creation. Package are: a library of
computation modules, a data screen preparation and entry
system, a packet to retrieve, present and store calculation
results. The package permits one to create and use a data
base and automatically present calculation results in
a graphic or tabular form. The package of application
programs was used to calculate the interior ballistic
processes in separated containers, high temperature gas
drives, multipiston multichamber ballistical plants, system of
automatic pyrotechnic and pneudraulic mechanisms. It can
be used for solve a wide range of problems dealing with
ballistics, hydraulics, gasdyna-mics, heat and mass
transfer. A package of programms was applied to
calculate the work of high—temperature gas—drive
consisting of monopropellant gas generator connected
by a long channel with cylinder with a piston . Some
results of calculation experiments are discussed.

v

KOMIIJIEKC ITPOT'PAMM «TYP»
JJIA IMTIOCTPOEHUA N UCCJIEJOBAHUA
YPABHEHUI COCTOSIHUS

A.T. CAIOXXHUKOB, E.E. MPOHOBA

Poccuiickuii penepabHbIN SIEPHBIA LHEHTP —
Bceepoccuiickuit HUW TexHndeckor Gu3uKm
uM. akana. E.M. 3a6abaxuna, Cuexunck, Poccus

Kommnexe mporpamm «TYP» npennazHaueH s Ma-
TEMaTHYECKOTO 00ECIeUeHHUs TOCTPOCHHU M HCCIIEI0Ba-
HUSIM ypaBHEHMH cOCTOSTHMSA. KOMIUIEKC BKIJIIOYAET Mpo-
rpaMMBbl YpaBHEHHUI COCTOSTHMS, HA0OPBI KOHCTaHT ypaB-
HEHUI COCTOSIHMS Ul KOHKPETHBIX BEIIECTB M CIIEIHa-
JU3UPOBAHHBIE MPOTPAaMMBbI JUI PELICHUs 3a/1ad, KOTOo-
pble BO3HHKAIOT MNPH IOCTPOCHHHM M HCCIECIOBAaHUU
CBOMCTB YPaBHEHUI COCTOSIHUS.

Kommiexe «TYPy» cocrout u3 tpex oubimorek: 6uob-
IMoTekn crenuanuzupoBanHbix nporpamm (BCIIT), 6uob-
nmrotekn ypaBHeHn#d coctosHust (BYPC) m Oubnamnorexn
HabopoB koHcraHT(mapamerpoB) (BHK) ypaBuenuii co-
crostaus (YPC) 151 KOHKPETHBIX BEUIECTB.

Crnenunanu3ipoBaHHbIe POrpaMMbl MEpBOH OMOIHO-
TEKH JIeJIATCS 10 CBOEMY Ha3HA4YCHHUIO Ha Tpu Buza. [lep-
BBIH BUJI — 3TO IPOrPaMMBI ISl TIPOBEICHUST TEPMO/IH-
HaMHUYECKUX PAacdeTOB, B TOM 4YHcie (Pa3oBBIX JHArpaMM.
Bropoii Bua nporpamm IpeiHa3sHAueH MUl dJIEMEHTap-
HBIX Ta30JMHAMHYECKMX pacyeToB (pacder pacmajga
MIPOU3BOJIFHOTO pa3pbiBa, MapaMeTPOB YJApHBIX BOJH
U IEHTPUPOBAHHBIX BOJH pa3pekeHus). TpeTtuit BuLI
CHEIMAIM3UPOBAHHBIX TMPOrpaMM MpeAHa3HadeH MaJIst
MIOCTPOEHMS TAaOIWYHBIX W AHAIUTHYECKUX YPaBHEHHUH
cocTosiHUSA. B 1iensx aBToMaTH3anum mporecca co3aaHus
TaOJMWYHBIX YPaBHEHUH COCTOSIHMS CO3JaH psi Ipo-
rpaMM: IpOrpamMMa «CIIUBKH», KOTOpas obecreunBaeT
MIOCTPOEHHE IIMPOKOIUANA30HHBIX YPaBHEHUH COCTOS-
HUSI Ha OCHOBE JIOKAJBHBIX, NPOrpaMMa TaOyJIUpPOBAHUS
TEPMOJMHAMUYECKNX (PYHKIUI C aBTOMaTHYECKUM BBI-
00pOM ONTHMAaJbHBIX CETOK, MPOrpaMMma CIIIaKUBAHHS
(GYHKIMH OHOW M IBYX NEPEMEHHBIX U JIpYTHE.

bubmoreka mnporpamm YPC xomruiekca «TYPy»
cogepxut YPC tpex Bunos. K nmepsomy Bumy oTHOcsATCS
YPaBHEHHS COCTOSIHUS, NIPECTABIISIOLINE TONBKO HAY4HBIH
MHTEPEC, MOCKOJIBKY, 110 CBOUM XapaKTEepUCTHUKaM, Ha-
IIpUMep, MO0 SKOHOMHYHOCTH, OHU HE TOISTCS IS MpU-
MEHEHHs B IIporpaMMmax pacdera IUHaMHKH cpex. Ko
BTOPOMY BHIy OTHOCsTCS npukianasie YPC. Tperuii Bug
YpaBHEHUH COCTOSHHSI — TEOPETHYECKHE MOJIEIH Tep-
MOAMHAMHUYECKUX CBOMCTB. IIprMepoM 311ech MOKET Cily-
KHUTh MOZIEJIb HOHN3AIIMOHHOTO PaBHOBECHS B Tazax (Mo-
nenb Caxa).

Kommnieke «TYP» ycnemHo mnpumeHsercst A Io-
CTPOEHHS MIMPOKOJWANA30HHBIX aHATUTHYECKUX M Tal-
JIMYHBIX YPaBHEHUI COCTOSHHSI.
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SOFTWARE PACKAGE «TUR»
FOR EQUATIONS OF STATE CONSTRUCTION
AND INVESTIGATION

A.T. SAPOZHNIKOV, E.E. MIRONOVA

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

The software package «Tur» has been created for
mathematical support of the equations of state construc-
tion and investigation. The package includes the equa-
tions of state, the sets of EOS constants for a range of
materials and a set of auxiliary subroutines which are
used when solving the problems arising in the process of
an equation of state construction and investigation of its
properties.

The package consists of three libraries: the auxiliary
subroutines library, the EOS library and the library of the
sets of EOS constants for different materials.

The auxiliary subroutines of the first library are sub-
divided into three groups. First group is for the thermo-
dynamic calculations including phase diagrams. Second
group is for simple gas dynamics calculations (calculation
of the arbitrary discontinuity splitting, shock and centered
rarefaction waves parameters). Third group is for the
tabular and analytical EOS construction. To make the
process of a tabular equation of state construction auto-
matic a number of subroutines has been created: the
«sewing together» subroutine which is used when con-
structing wide range equations of state on the basis of
local EOSs, the «tabulator» subroutine which is used for
optimum mesh construction, the functions moothing sub-
routine (for one and two variables).

The EOS library contains EOS of three types. First,
EOSs having the scientific interest only because they are
too complex to be used in the hydrodynamic codes.
Second, apllied EOSs. Third, EOSs — theoretical models
of thermodynamic properties. For example Saha model of
ionization equilibrium in gases.

The software package «TUR» is successfully applied
when constructing wide range analytical and tabular
equations of state.

v

AJITOPUTM «KOHTYP_M»
JUIS1 HAXOJKAEHUS M BU3YATTU3ALIMMA
CEYEHUI1 3D-OFbEKTOB

C.B. KOJIOMEIKO, C.H. MEJIbHUKOBA,
JI.B. MOTMJIEHCKUX

Poccuiickuii penepanbHblil sIIEPHBINA HEHTP —
Bcepoccuiickuit HUU texunueckoit pusukn
um. akan. E.W. 3a6abaxuna, CHexxuHCK, Poccust

B nmaHHO# paboTre mpencTaBieH alalTHUBHBIA auro-
putv KOHTYP M nns HaxoxAeHUS U BU3yalU3allUd
CeYeHMs, aHAJTMTHYECKH 3aJlaHHBIX TPEXMEPHBIX O00BEK-
TOB C IIOMOIIbIO T€HEPALUH CHEIMATU3UPOBAHHON aIu-
TUBHOM JBYMEPHOW CETKU W TE€HEpalMH Ha HEH H30JU-
Hui. JlaHHas pabota sBIsETCS pa3BUTHEM PadOThI «AJl-
roputm «KOHTYPy» mis HaXoXIeHUS W BU3yaJTH3aIHA
IUIOCKHX cedyeHni 3D—00beKToB», KOTOpasl MpeicTaBiis-
nach Ha JTaHHOH KoH(epernwu B 2002 roxy.

PaccMoTpeHbl (yHKIMOHAIBHBIE OTPaHUYEHHUS JPY-
TUX aITOPUTMOB W TpexacrtarieH anmroputMm KOHTYP M
JUIS pa3pelieHus Takux orpaHmdeHuil. Kpatko uznoxeH
TEOPETHKO—MHOKECTBEHHBIH IMOAXOJ K 33/JaHHI0 TpeX-
MEpHBIX OOBEKTOB, KOTOpHII npumensiercsi B POSIAL] —
BHUUT®. AnroputMm pealn3oBaH B CHUCTEME BHU3Yya-
mzanun «VIZI Surfy. PesynbraThl paboThl anropuTMoB
WITIOCTPUPYIOTCS. Ha IPUMEpax aHAIMTHYECKOTO 3a/1a-
HUS TPEXMEPHOU T'€OMETPHH.

v

METOJ HEOIIPEJAEJIEHHBIX
KO3®PUIUEHTOB JJIA 3AJAYHN
O PACITAIE TPOU3JOJIBHOI'O PA3PBIBA

T.A. KOB3EBA, H.51. MOMCEEB

Poccuiickuii penepanbHblil sIIEPHBINA HEHTP —
Bceepoccuiickuit HUU texunueckoit pusuku
uM. akan. E.W. 3a0abaxuna, CHexunck, Poccust

PaccMoTpeH monxon K pelIeHHIO 33a4yd O pacrajie
MPOU3BOJNILHOTO pa3pbiBa Ha OCHOBE 3aMEHBI CIIOMKHBIX
YPaBHEHUI COCTOSIHUSI JABYWICHHBIMH —ypaBHCHHUSIMH
¢ HeomnpeneneHHbIME KodddurenTamu. Koadhurments:
BBIOMPAIOTCS TaK, YTOOBI PEICHUs 3a/1a4y O pacrane pas-
pbIBa JUIA ABYYICHHBIX M MCXOJHBIX YPaBHEHHUH COCTOs-
HUS COBITAJAlId MEXIy co00i. J[1s KOHKpETHBIX 3Hade-
HUH KO3()(HULIMEHTOB Cpebl MOIYHHSIIOTCS IBYWICHHBIM
YPaBHEHUSIM COCTOSIHHMS, [UI KOTOPBIX 33jladya O pacrajie
IPOU3BOJIEHOTO pa3phiBa MOJIHOCTHIO PEIICHa.

HrepaunoHHbIN nponecc pelieHus 3aaad ajis cpen,
NMOAYUHAOMUXCA ABYWICHHBIM YpPaBHCHUAM COCTOSHUS,
MOCTPOCH HA OCHOBE METOoJla 00OpaTHOM mapabondecKoit
MHTEPIOJSIIMN 1 MMEET KyOHMYEecKyl0 CKOPOCTb CXOJIH-
MOCTH.

Co3naHa mporpaMma Ha sI3bIKE MPOrPaMMHPOBAHHS
C++ B cpene Visual C++ 6.0 xak SDI-npuioxenne ams
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pelIeHus 3a1aui B MHTEPaKTHBHOM pexume. [Iporpamma
“MeeT yOOOHBIN HHTepderc I MOATOTOBKH HadaIbHBIX
JAHHBIX W BU3yaJH3allU PEe3yJIbTATOB PACUCTOB 3adaud
0 pacmajie pa3pbiBa.
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METHOD OF UNCERTAIN COEFFICIENTS
FOR DECISION OF A PROBLEM
OF DISINTEGRATION OF ANY BREAK

T.A. KOBZEVA, N.YA. MOISEYEV

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

The approach to decision of a problem of disintegra-
tion of any break is considered on the basis of replace-
ment of the complex equations of condition by binomial
equations with uncertain coefficients. Coefficients are
chosen so that decisions of problems on disintegration of
break for binomial and the initial equations of condition
coincide. For concrete values of coefficients environ-
ments submit to binomial equations of condition for
which the problem of disintegration of any break is com-
pletely solved.

Iterative process of the decision of problems for the
environments submitting to binomial equations of condi-
tion, is constructed on the basis of a method of return
parabolic interpolation and has cubic speed of conver-
gence.

The program is created using the C++ programming
language in Visual C ++ 6.0 environment as the SDI-ap-
pendix for the decision of a problem in an interactive
mode. The program has the convenient interface for

preparation of the initial data and visualization of results
of calculations of a problem of disintegration of break.
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MOCTPOEHUE ACUMIITOTUYECKOI'O
PA3JIOKEHUSI PELIEHUS 3AJAYH O COKATUHN
IUIOCKOT'O CJIOS TA3A
C MAJIOA BSI3BKOCTBIO

JI.A. HEYJIAUUH

WuctutyT MaTeMaTuku U MexaHuku Ypo PAH,
Exatepun6ypr, Poccus

B mpencraBieHHoit paboTe wHccienyercs cucTemMa
YpaBHEHMH, ONUCHIBAIOIIAs OJHOMEPHOE CXKAaTHe IIOCKO-
'O €J105 ra3a ¢ Majloil BA3KocTh0. IIpu HyneBol BA3KOCTH
3aaya CUMTAeTCd HEBO3MYIICHHOM, ee pelieHHe Npen-
MOJIaTaeTCsd M3BECTHBIM. JIaHHOE pEIIeHUEe COAEPKUT
OJIHY JIMHMIO cJIaboro paspbiBa. PemieHne BO3MyIIEHHOM
3a7a4d BHE 00JacTH ci1aboro paspbiBa CTPOUTCS C TO-
MOIIBI0 (OPMAIBHOTO ACHMOTOTHYECKOTO psiia 1Mo CTe-
MICHSAM MAJIOTO TapameTpa. JTOT PsiJ SBISIETCS BHEIIHUM
ACHMIITOTHYECKUM Pa3JIOKEHHEM peleHus 3anaun. Ilocme
MacIITabupyoLeil 3aMeHbl HEe3aBHCHUMBIX I€PEMEHHBIX
B o0macTy c1aboro pa3pbiBa MOMy4YeHa CHCTEMa yPaBHEHHH
1 Ha4YaJIbHBIE YCJIOBUSA K HEW JUTSI HAXOXKICHHS BHYTPEHHETO
pazinoxeHusi pelieHus. B pesynbrare nojctaHoBkH Qop-
MaJIbHOTO pPsZa MO CTEeleHsSM MaJIoro Inapamerpa Obuia
MIOJTy4eHa II0CIIEA0BATEIbHOCTh PEKYPPEHTHBIX CHCTEM
YpaBHEHUH JUI HaXOXJIEHHS ero Kod(hQHIMECHTOB.
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CchopmynupoBaHbl ¥ JOKa3aHbI TEOPEMBI CYIIECTBOBAHUS
JUIS 5TUX 3a1ad. [l 4acTHOTrO ciay4as HEOTPAaHUYEHHOTIO
0e3ylapHOTO CXAaTHsl IUIOCKOTO CIIOS Ta3a MCCIEI0BAHO
BIIMSHHAE MAJIOW AMCCUIIALIUU B TOUKE KOJLIAIICA.

PaGora BbIMONHEHa nHpU (UHAHCOBOH IMOJJIEPKKE
nporpammbl  (pyHAaMEeHTalbHBIX HccienoBanuil [Ipesu-
nuyma PAH u MHTI] Ne 1778.

CONSTRUCTION ASYMPTOTIC
OF DECOMPOSITION OF THE DECISION
OF THE PROBLEM COMPRESSION THE FLAT
LAYER OF GAS WITH SMALL VISCOSITY

D.I. NEUDACHIN

Institute of Mathematics and Mechanics UB RAS,
Ekaterinburg, Russia

In the submitted work the system of the equations
describing one—dimensional compression of a flat layer of
gas with small viscosity is investigated. At zero viscosity
the task is considered not indignant, its (her) decision is
supposed known. The given decision contains one line of
weak break. The decision of the indignant problem
outside of area of weak break is under construction with
the help formal aasimptotic lines on degrees of small
parameter. This number is external asimptotic decompo-
sition of the decision of a problem. After scaling
replacement of independent variables in the field of weak
break the system of the equations and entry conditions to
it for a finding of internal decomposition of the decision
is received. As a result of substitution of formal lines on
degrees of small parameter the sequence of recurrent
systems of the equations for a finding of its factors was
received. Theorems of existence for these tasks are
formulated and proved. For a special case of unlimited
unaccented compression of a flat layer of gas influence
weak dissipation in a point of a collapse is investigated.

The work is supported by programm of fundamental
investigations of Presidium RAS and ISTC Project
Ne 1778.
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NPUBJNKEHHOE PEIIEHUE 3AJAYN
O TEMIIEPATYPHOM JE®OPMAILIAU
MPSAMOYI'OJIBHOI'O OTBEPCTHSI
B YIIPYT'OM CPEJIE

B.H. I1ABJEHKO, X.P. HU3BAMEEB

YenstOMHCKUH roCcyIapCTBEHHBIN YHUBEPCHUTET,
Yensiounck, Poccust

H.B. I'opuH, H.P. CAZIbIKOB

Poccuiickuii penepabHbIN SIEPHBIH HEHTP —
Bceepoccniicknit HUU texundeckoit ¢pusukn
uM. akana. E.W. 3ababaxuna, CHexxunck, Poccus

Jist moctpoeHust NPUOIMKEHHOTO pEIISHHs 3a/lauu
MOJIO)KUM B TIEPBOM IPHOJIVMDKEHHH, YTO KaXkgas T'paHb
OTBEPCTHsI MPEICTaBsIeT COoOOW YacTh CBOOOTHOM IIO-
BEPXHOCTH YIPYIOd Cpefibl, OrPaHUYEHHON IIOCKOCTBIO.
W3BectHO [1], uTo ecnu minockocts Z = 0 sBisieTcs rpa-
HUIICH TOTyOeCKOHEYHOTO Teja U cuia P, neiicTByromas
Ha 3Ty IUIOCKOCTh HaIpaBJIeHa BIOJb OCH Z, TO IepeMe-
IIEHNE TOYEK IUIOCKOCTH MOXKHO BBIYHCIUTH 1O (hopmy-
nam Byccunecka. 3aMeHHB AEHCTBHE COCPEIOTOUYEHHON
CHJIBI, CHWJIaMH paclpeAe]IeHHBIMH 110 ITOBEPXHOCTH,
MOXHO TIOJIyYHMTh (DOPMYJIBI JUIsl COCTABIISIONIMX BEKTOpa
nedopMmanuii ympyroro Ttema. Jlamee HMCIIONB3YS METOX
ycrpaHeHus: nedopmanuii [2], 3ameHsist 00beMHBIE H T10-
BEPXHOCTHBIE CHIIBI JCHCTBHEM TEMIIEPATYPHOIO OIS
T (x, y, z), IOXy4UM TEPMOYIIpYTHe MEePEMEIIEHUS TOUeK
HIPSIMOYTOJIBHOTO OTBEPCTHSI.

Pabora BEIMOAHEHA mpW mMoanepkke Poccuiickoro
®ouna dynnamenranbhbix  HccnemoBanuid.  Ilpoekt
#01-02-96441.
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APPROXIMATED SOLUTION PROBLEM
ON TEMPERATURE DEFORMATION
RIGHT-ANGLED HOLE IN
ELASTIC SURROUNDINGS

V.N. PAVLENKO, H.R. NIZAMEEV

Chelyabinsk state university, Chelyabinsk, Russia
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N.V. GORIN, N.R. SADYKOV

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

For approximate solution suppose that every side hole
is part free surface elastic surrounding limit to flatness. It
is common knowledge [1] that if flatness Z = 0 is boun-
dary of elastic body and strength P act on boundary direct
at Z, then transference flatness calculate by formulas
Boussinesq. Substitute action concentrated strength
distribute to surface receive formulas for vector defor-
mation. Use of method removal deformations [2], sub-
stitute volume and surface strength through temperature
field T (x, y, z) obtain temperature deformations right-
angled hole.

This work was supported by Russian Foundation for
Basic Research (Grant # 01-02—96441 Ural)
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MOJEJTUPOBAHUE TPEXMEPHOI'O TEUEHHUS
T'A3A METOJAOM YACTHI]
HA AJJAITUBHO-BCTPAMBAEMOI CETKE.
PACUYET 3AJIAYM O TOUEYHOM B3PHIBE

O.H. ITABJIEHKO, U.A. JINTBUHEHKO

Poccuiickuii GpenepanbHblil SOCPHBIA HEHTP —
Bceepoccuiickuit HUU Texanveckoit GU3NKH
uM. akana. E.W. 3ab6abaxuna, Cuexunck, Poccus

B nokmnane mpeacraBieH MeTOZ YAacTHII Ha KyOmde-
CKOM aJanTHBHO—BCTPaUBAEMOM CETKE ISl YUCIEHHOIO
MOJCIMPOBAHUS TPEXMEPHBIX TEUCHHM Ta3a ¢ OOJBITIMH
nepopmanusamu. ONMUCaH BBIYUCITATEIBHBIA AJITOPUTM,
MIPUBEACHBI pe3yJIbTaThl pacueTa TECTOBOM 3ajauu O TO-
YeYHOM B3pbIBE. AHAIN3 YHCIEHHOTO PEIleHus ToKa3al,
YTO aJaNTHBHO—BCTpaWBaeMasi CETKa IO3BOJISET Tepe-
JaTb IBHXKCHHUEC CKAyKa yl'[J'IOTHeHI/IH u3 O6J'IaCTI/l B3pblBa,
koropass B 200 pa3 MeHbIe pacyeTHOH oOJyacTu.
HecMmoTps Ha ucmonb3oBaHHUE KyOMYECKOH CETKH, cde-
PUYHOCTB pelieHus coxpansercs. Habmromaercs ynoie-
TBOPUTEIHLHOE COTJIache ¢ aHAIUTUYECKUM PELICHUEM.

[IpencraBneH pacder 3amadn 0 B3aUMOJEHCTBUN ce-
pUYeCKOil BOJIHBI, TIOPOKICHHON TOYEYHBIM B3PBIBOM,

C IUIOTHBIM TeloM cepudeckoil Gopmel. Pe3ynbraTsl,
HOJTy4EeHHbIe 110 TPEXMEPHOW INporpamMme, XOpOLIO CO-
ITIaCYIOTCS C YUCICHHBIM pElIeHHeM aHAIOTMYHOH 3aia-
YH B IByMEPHOIl IOCTaHOBKE.

3D SIMULATION OF GAS FLOW BY PIC
CODE WITH AMR TECHNIQUE. THE SEDOV’S
IMPLOSION PROBLEM.

O.N. PAVLENKO, I.A. LITVINENKO

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

The original PIC method with AMR technique for 3D
simulation of gas flow is presented. Numerical algorithm is
described. The Sedov’s problem simulation results are pre-
sented. The analysis of numerical solution has showed that
AMR allows us to follow the shock incepting from region
up to 200 times less then task’s region dimension. The
spherical property of solution retains despite of cube grid
using. The good agreement with analytic is demonstrated.

In addition the simulation of another problem is pre-
sented. The interaction of spherical wave and dense body
is considered. 3D simulations are in good accordance
with 2D PIC simulations.

Ob OJJTHOM METO/IE IOJIYYEHU S
TOUYHBIX PEIIEHUMN KBASWINHENHBIX
JTA®OEPEHIIMAJIBHBIX YPABHEHUI
BTOPOI'O MOPSIJIKA C IBYMSI
HE3ABUCHUMBIMHA NEPEMEHHBIMUA

JLU. PYBUHA

HuctutyT MaTemaTuku U Mexanuku YpO PAH,
Exatepun0ypr, Poccus

PaccmarpuBaeTcst TpOM3BOIIEHOE KBAa3WJIMHEHHOE ypaB-
HEHHE B YaCTHBIX IPOM3BOJHBIX BTOPOTO HOPSIKA C ABY-
MsI HE3aBUCUMBIMH IIEPEMEHHBIMU B 00JIaCTH HETIPEephIB-
HOH 1uddepeHunpyemMocti GYHKIMI U UX TPOU3BOIHBIX.

Jaetcs onpezeneHye NOJIHOTO HHTErpalla YpaBHEHHSL.
[omy4yeHs! yCIIOBHSI, BBITONHEHUS KOTOPBIX JHOCTaTOYHO,
4yToOBl Orubaromias OJHONAPAMETPHUYECKOTO CEeMeWCTBa
TIOJTHBIX MHTETPAJIOB ObLIA pEIIeHHEM KBa3WJIMHEHHOTO
ypaBHEHHSI.

Ha mpumepe ypaBHEHHsS BTOPOTO MOpPSAKA C IBYMs
HE3aBHCUMBIMU IEPEMEHHBIMU C KBaJpPaTUYHOW HEIH
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HEIHOCTBIO PACCMOTPEH OAMH U3 METOAOB IOIYy4EHUS
TOYHBIX PEIICHUH, KOTOPbIE SBILIFOTCS IOJIHBIMH HHTE-
rpajiaMu ypaBHeHUs. MeToA OCHOBaH Ha U3yYCHHU Xa-
PaKTEPUCTHK PacCMaTpUBAaEMOTO ypaBHEHHUS.

IToxa3aHo, Kak ¢ IOMOIBIO OJTHOIO UHTErpaa MoXk-
HO MOJy4YaTh TOYHbIC W NPUONMKEHHbIE PELICHUs Ha-
YaabHBIX M KPAaeBbIX 3a/ad JUll YpaBHEHHH B YaCTHBIX
MIPOM3BOAHBIX BTOPOTO MOPSIKA.

PaGora BbImONHEHa THpU (UHAHCOBOH IMOJJIEPKKE
mporpamMMbl  (yHIAMEHTANBHBIX HccienoBaHmii [Ipesn-
nuyma PAH u MHTI] Ne 1778.

ABOUT ONE METHOD CONSTRUCTION
OF EXACT SOLUTIONS OF QUASILINEAR
PARTIAL DIFFERENTIAL EQUATION
OF SECOND ORDER WITH TWO INDEPENDENT

L.I. RUBINA

Institute mathematics and mechanics Ur O RAN,
Ekaterinburg, Russian

The report is analyzing arbitrary quasilinear partial
differential equation of second order with two indepen-
dent arguments in continuous differentiability functions
and derivatives domain.

It is formulated definition of quasilinear partial dif-
ferential equation of second order with two independent
arguments complete integral.

Sufficient conditions in order that complete integral
one—parameter class of solutions envelope was solution
were represented.

One method of faithful representation of quasilinear
partial differential equation of second order with two in-
dependent arguments solutions was considered as an
example for equation with quadratic nonlinearity. Solu-
tions are complete integrals. The method is based on use
of characteristic's equation.

The construction of exact and approximate quasilinear
partial differential equation of second order with two
independent arguments initial and boundary—value prob-
lem solutions was represented. It is used complete
integrals.

AHTHIN®DY3UA U JOITOJTHUTEJIBHASA
BA3KOCTD JJIs1 METOJA T'OAYHOBA

H.4A. MOUCEEB, H.JI. ®POJIOBA

Poccuiickuii penepabHbIN SIEPHBIH IEHTP —
Bceepoccuiickuit HUU texunueckoit pusuku
uM. akana. E.W. 3ababaxuna, CHexxunck, Poccus

E.IO. CMUPHOB

CrexuHckas ['ocynapcTBeHHas PU3NKO—TEXHUYIECKAS
akagemusi, CHexXHHCK, Poccust

PaccMoTpeH 1moixo/1 K MOBBILIEHHUIO TOYHOCTH METO1a
lomyHoBa mist pemieHust OJHOMEPHBIX 3a/ad Ta30BOM
JUHAMUKH Ha OCHOBE BBEACHHMS AaNIPOKCUMAIIMOHHOM
aHTHIUPPY3UNA I KOPPEKTHPOBKU «OOINBIIHNX)» BEJH-
YMH, BBIYMCIICHHBIX W3 pELICHHs 3aJa4yd O pacnaje Ipo-
M3BOJIFHOTO pa3phIBa.

IToctpoena rubpuaHas pa3HOCTHas CXeMa, KOTopas
Ha TJaAKAX PEIICHUIX AaNlPOKCUMUPYIOT ypaBHEHUS
aKyCTHKH C IOCTOSHHBIMH KOod(duimeHTamu B ciryuae
TUIOCKOM CUMMETPUH CO BTOPBIM M TPETHUM IOPSIKAMH
10 BPEMEHH U 110 POCTPAHCTBY.

IMonxon sBisieTcss AOCTATOYHO IPOCTBIM M €CTECT-
BEHHBIM 00pa30M MOXKET OBbITh aAaNTHPOBaH K PELICHHIO
JBYMEPHBIX U TPEXMEPHBIX 33/1a4. B moaxone ucnoib3y-
eTcsl TONBKO MH(OpMalMs O PEIICHUH 3aJadd pacnaja
pa3pbIBa, YTO JENACT €ro MO CPAaBHEHUIO C W3BECTHBIMU
HOAXOJaMHU K HOBBIILIEHHIO TOYHOCTH Meroaa ["onyHoBa
601€€ SKOHOMUYHBIM.

[IpuBeneHo cpaBHEHHE C TOYHBIMH PELICHHSAMH pe-
3yJITATOB PAcyeTOB TECTOBBIX 33Jay, MOJITBEPIKAAIOIICE
3(QPEKTUBHOCTH U BHICOKYIO TOYHOCTh MOAU(HIIUPOBAH-
Horo Meroja I'ogyHoBa.

ITo pesynbpraTaM pacyeToB TECTOBBIX 3a7a4 MOYKHO
c/enaTh 3aKIIOYEHHE, YTO MpodjeMa pacdyeToB INIAJKHX
TEUYEHHWH, TUIa BOJH pPa3pexeHus, MeToxoM [ omyHoBa
¢ BBeieHHOU aHTHAN(y3Heii B OCHOBHOM peIlIeHa.
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ANTIDIFFUSION AND ADDITIONAL VISCOSITY
FOR GODUNOV METHOD

N.YA. MOISEYEV, N.L. FROLOVA

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

E.YU. SMIRNOV

The State Physicotechnical Academy of Snezhinsk,
Snezhinsk, Russia

The approach to increase of accuracy of Godunov
method for decision of one—dimensional problems of gas
dynamics is considered on the basis of introduction of
approximated antidiffusion for updating of «big» values
calculated from the decision of a problem of disintegra-
tion of any break.

The hybrid differential scheme which on smooth deci-
sions approximate the equations of acoustics with con-
stant factors in case of flat symmetry with the second and
third orders on time and on space was constructed.

The approach is simple enough and may be naturally
adapted to decision of bi—dimensional and three—dimen-
sional problems. In the approach the only information
about decision of a problem of disintegration of break is
used, that makes it more economic in comparison with
known approaches to increase of accuracy of Godunov
method.

Comparison with exact decisions of results of calcu-
lations of the test tasks, confirming efficiency and high
accuracy of modified Godunov method is given.

According to results of test tasks calculations it is
possible to make the conclusion that the problem of cal-
culations of smooth currents, such as rarefaction waves,
by Godunov method with entered antidiffusion is solved
basically.
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Ob OJHOM METOJE PEHIEHUA YPABHEHUA
BOJIBIIMAHA METOJIOM YACTHUII

H.I'. KAPJIBIXAHOB, A.B. COKOJIOB, A.C. IIIHUTKO

Poccuiickuii GpenepanbHblil SOCPHBIA HEHTP —
Bceepoccuiickuit HUU TexHuueckort Gpusuku
uM. akan. E.W. 3a06abaxuna, CHexunck, Poccus

PaccmaTpuBaeTcs oaMH MOIXOJ UIA PEICHHS ypaB-
HeHust BosbliMaHa, OCHOBaHHBIN Ha uaee KBasHIUPDy-
3un[1]. IlpemroxxeHHas cxema peajm3oBaHa IS OTHO-
MepHOH cdepuueckold reomerpun. [Ipoenena cepus
pacyeToB 3a7a4yd O 3apsLKCHHOM 30HZIE B ruiazme. Cpas-
HEHUE C OJHOMEPHBIMU pacueTamu 1o Merony Melicona
[2] mokaszamm pabGoTOCIOCOOHOCTH mpemIaraeMoil Me-
TOJUKH.
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ONE WAY OF SOLVING BOLTZMANN
EQUATION BY PIC METHOD

N.G. KARLYKHANOV, A.V. SOKOLOV, S.A. SHNITKO

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

One approach for the solution of Boltzmann equation
is esteemed, based on an idea of quasi—diffusion [1]. The
offered scheme is realized for the one—dimensional
spherical geometry. Calculations of a problem about the
charged probe in plasma were conducted. Matching with
one—dimensional calculations based on method [2] is
good enough and shows function ability of the tendered
technique.
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BE3ABOCTHAS TEXHOJIOTUS PACUETA
TEYEHWH CIIOIIHOM CPE/bI
IO METOJAUKE «JIIT'AK»
HA MHOI'OITPOLIECCOPHbBIX BM

C.M. baxpraX, C.B. BEJIMYKO, B.®. CriiPHJOHOB

Poccuiickuit GpenepanbHblil SOCPHBIA HEHTP —
Bceepoccuiickuit HUU sxcnepumenTanbHoi Gusuky,
Capos, Poccus

B pabore u35105%KeHbI OCHOBHBIE ITPUHIAIIBI METOIUKH
JIST'AK u xommekca nporpamm JIOI'AK, nmpenxasHa-
YEHHOT'O JJIsl pacueTa HEeCTAI[MOHAPHBIX TEYEHUH CIIIOII-
HOW cpenpl. OOCYKAAIOTCS MPUHLMIBL  peai3aluu
KOMIUIEKca IporpaMM Ha MHOTOIponeccopHeix OBM
¢ pacnpeneneHHoW namsThlo. IIpuBozasTcst naHHble 00
3¢ GEKTUBHOCTH pacmapaieNuBaHusd U 0e3aBOCTHOCTH
IIPU pacyere IByMEPHbBIX 33/1a4.

CRASH-FREE TECHNOLOGY
FOR CONTINUUM FLOW COMPUTATIONS
USING «LEGAK» CODE ON MULTYPROCESSOR
COMPUTER SYSTEMS

S.M. BAKHRAKH, S.V. VELICHKO, V.F. SPIRIDONOV

Russian Federal Nuclear Center — All-Russian Scientific
Research Institute of Experimental Physics, Sarov, Russia

The paper describes major principles of LEGAK
techniques and LEGAK code complex intended for com-
putations of time—dependent continuum flows. The ideas
of the code system implementation on distributed—me-
mory multiprocessor systems are discussed. Data on the

parallelization performance and crash resistance for 2D
problem computations are given.

v

O HEKOTOPBIX TOYHBIX PEHIEHUAX
JUIA TEYEHHWU BA3KOU KUJKOCTH

O.H. YJIbSIHOB

HuctutyT MatemaTtuku u Mexanuku YpO PAH,
Exarepunbypr, Poccus

PerreHns1, B KOTOPBIX KOMITOHEHTHI BEKTOPA CKOPOCTH
JUHEWHO 3aBUCAT OT BCeX (IOBIDKEHHS C OJHOPOIHOU
nedopmanueit [1—4] nim ot yacTH HE3aBUCHMBIX TI€pe-
MEHHBIX (IBIDKEHUS ¢ 0000IICHHOW 0JHOPOIHOM aedop-
Maruei [5, 6], XOpoIo U3BECTHBHI.

B pabore wu3ydaroTcsi IBIKEHHS C 000OIICHHOM
OIHOPOIHOM aedopManueit It  OCCCHMMETPHYHBIX
TEYEHUN HECO)KUMAEMOU >KUIAKOCTH. {71 BSI3KOM KUIKO-
CTH HaWJEHbl KJIaCChl TOYHBIX PELIEHUN KaK JJIsl CTaluo-
HapHOTO, TaK M HecTauuoHapHoro ciy4as. s runep-
BSI3KOW JKUJKOCTH HAWJICHBI CTAllHOHAPHBIC TOYHBIC
peuienus. [IpuBeneHbl pe3ynbTaThl YACICHHBIX PACUETOB.
OO0cyxmaeTcss BOIPOC O TIPUMEHHMOCTH HaWICHHBIX
KJIaCCOB pEIICHH K M3YYCHUIO0 aTMOC(EPHBIX U OKEaHU-
YECKUX BUXpEH.

Pabora BwImosHEHA TIpH (HUHAHCOBOW MOAJEPIKKE
nporpammbl  (DyHJAaMEHTaNbHBIX HccienoBanuii [Ipesu-
nuyma PAH.
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6. Cumopo A.®. O nByX KJIaccax pemieHW ypaBHEHUI
MEXaHUKH >KUJIKOCTH U Ta3a U UX CBSI3U C Teopuei Oe-
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ON SOME EXACT SOLUTIONS
FOR VISCOUS FLUID FLOWS

O.N. ULYANOV

Institute of Mathematics and Mechanics of UB RAS,
Ekaterinburg, Russia

Solutions, in which components of a vector of veloc-
ity linearly depend on all independent variables (move-
ments with homogeneous deformation (see, for example,
[1—4]) or a part of independent variables (movements
with generalized homogeneous deformation (see, for ex-
ample, [5, 6]), are well-known.

In the work the movements with the homogeneous de-
formation for axial-symmetric flows of incompressible
fluid are studied. For a viscous fluid some classes of ex-
act solutions as for stationary case and a non—stationary
case are found. For a hyperviscous fluid stationary exact
solutions are found. Results of numerical calculations are
given. The question on applicability of the found classes
of solutions to studying atmospheric and oceanic vortexes
is discussed.

The work was supported by Program of fundamental
researches of Presidium of Russian Academy of Sciences.
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HESIBHASI CXEMA PEIIEHUS HEJIMHEMHOT'O
YPABHEHMSI TEIUIONPOBOJHOCTH
HA KBA/IPATHOU AJAIITUBHOU CETKE

H.I'. KAPJILIXAHOB, A.B. YPAKOBA

Poccuiickuii penepabHbIN SIEPHBIH IEHTP —
Bceepoccuiickuit HUU texnuueckoit Gpusuku
uM. akan. E.W. 3a6abaxuna, CHexunck, Poccus

PaccmarpuBaeTcs HesiBHasI cXeMa I PEICHHs ypaBHe-
HUS TEIUIONPOBOAHOCTH B JIBYMEPHOM OCECHMMETPHIHOM
Cllydyae Ha KBaJIpaTHOM ajanTuBHOW cerke. IIpuBeneHa
cepust OTHOMEPHBIX (IS IEKapTOBON M IIMIIMHAPHUIECKOM
CHCTEMbI KOOPIMHAT) PAcYETOB HA UCKAKCHHON OBYMEp-
HOW ceTke. CpaBHEHHME C OJHOMEPHBIMH pacdyeTaMH IO
nporpamme OPA [1] mokaszanu TouHOCTH M paboTOCHO-
COOHOCTH TIpejylaraeMoil Metonuku. IlpoBeneH mosHO-
MacuITaOHBIN JBYMEPHBIH pacyeT paclpocTpaHEeHUs Terl-
Ja B 00JIaCTH CO CJIOKHOM reoMeTpHel, KOTOPbIH MoKa-
3aJ1 3 PEKTUBHOCTH MPEIaraeMoro MeToa.
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XKypHas BEIMUCTUTETLHOW MaTeMaTHKU U MaTeMaTH-
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THE IMPLICIT SCHEME OF SOLVING
NON-LINEAR HEAT CONDUCTION EQUATION
ON A SQUARE ADAPTIVE GRID

N.G. KARLYKHANOV, A.V. URAKOVA

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

The implicit scheme for the solution of a heat con-
duction equation in a two—dimensional axis symmetrical
case on a square adaptive grid is esteemed. One—dimen-
sional (for Cartesian and cylindrical coordinate systems)
calculations on the distorted two—dimensional grid is ad-
duced. Matching with one—dimensional calculations by

Numerical Methods, Algoritms,

Codes and Accurate Solutions



228 Cekrus 6

the program ERA [1] shows an accuracy of the tendered
technique. The full scale of the two—dimensional calcula-
tions of propagation of heat in the area with the compos-
ite geometry is conducted. These computations show
efficiency of a tendered method.
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AJITOPUTMBI HOCTPOEHUSA PETI'YJIAPHBIX
TPEXMEPHBIX CETOK

T.H. bBPOHUHA, U.A. TACHJIOBA, O.B. YIIIAKOBA

WuctutyT MaTemaTuku U Mexanuku YpO PAH,
Exatepun6ypr, Poccus

[Ipennararorcsi anropuTMbI TIOCTPOCHUS PETYIISPHBIX
TPEXMEPHBIX CETOK B 00JACTIX T€OMETPHUECKH CII0XKHON
¢dopwmsl [1]. DTO anrOpUTMBI U pacueTa CETOK B o0Jac-
TSIX BpalICHUs, B TPyOONPOBOJAx M ajJrOPUTMbI TJ100ab-
HOH NepecTpoiiKu CETOK.

[pennoxxeHHbIe anropuTMbl pa3padaTbIBAOTCS B paM-
Kax MOJAX0Aa [2] u mpenHa3HAu€HB! JUISL YUCIEHHOTO MO-
JIETUPOBAHNS TPEXMEPHBIX BUXPEBBIX MHOTOKOMIIOHEHT-
HBIX Cpel U Ul PELICHUs IPYrUX MNPHUKJIAJHBIX U UHXKe-
HEpHBIX 33/1a4.

ANropuTMBI Ui oOJlacTeil BpaleHus IpeaHa3Hayde-
HBl A1 MOCTPOEHHS TPEXMEPHBIX PETYJSIPHBIX CETOK
B 00JACTSIX, IOJlyYEHHBIX BpAlleHWEM HaIPaBIIIOIICH
BOKpyYT ocH. IIpeanararorcst anroputmsl, B KOTOPBIX IO-
CTPOEHUE TPEXMEPHOH CETKH HE CBOAUTCS K BPAILECHUIO
JIBYMEPHOH CETKH BOKPYI OCH. AJTOPHUTMBI BpAIICHUS
renepupytor cetkn O (C) Tuma, comepskaiye BBIPOX-
JICHHBIE SYEHKH Ha OCH BpAILEHHs, O0OJee TOro BBIPOXK-
JICHHbIE STYEWKH CTAHOBSTCS MAaJbIMU JUIS MallblX yTJOB
MOBOPOTa. B mpennoxeHHpIX anroputMax Takue 0coOeH-
HOCTHU HE BO3HHKAIOT.

AJTOPUTMEI U TPYOOIIPOBOAOB CTPOSAT CETKH B 00-
JIACTSX THIA TPYOOIPOBOIOB C IMOMEPEYHBIM CCUCHHEM
3BE3JHOTO THIIA M TaKKe HE COZIEpKaT OCOOEHHOCTEH,
cBoMcTBeHHBIX O—CceTKaMm.

AJTOPUTMEI TIIO0ANEHOW EPECTPOUKH CETKH OCYIIe-
CTBJIAIOT IIEPECTPOMKY CETKHU, HEYOBJIETBOPUTEIBHOM 110
Ka4yecTBY, ONM3KOH K BBIPOKICHHOH, CHIIBHO OTIIHYAIO-
LIEICS OT PaBHOMEPHOW M OPTOIOHAIBHOM, C ILEJIBIO
yJIy4IIeHus ee kadecTna. [110xoro kauecTBa CETKH MOTYT
BO3HUKaTh, Hampumep, npu JlarpamxkeBoM u Ditnepo—
JlarpanxeBoM MeTone, KOIZJa MEpecTpoiiKka CETKH

paH)KEBOM METOJIE, KOTAA MePEeCTPOiika CETKH OCYIECTB-
JSIETCSl HE3aBUCHMO 110 TPEM KOOPAMHATHBIM Harpasie-
HUSIM. AJITOPUTMBI TJIO0QIBHON IIEPECTPOHKH CETKH
HUMEIOT CaMOCTOSTENILHOE 3HAUCHHMS, TAK KaK MX MOXKHO
HIPUMEHSTH Ul IOCTPOEHUS TPEXMEPHBIX CETOK OT HEKO-
TOPOM HauaNbHON HEBBIPOKAEHHOMN CETKHU.
PaccmaTpuBatoTcst o0imne BOIPOCH! MMOCTPOEHHS ce-
TOK, MIPUBOJSITCS PE3yIbTAThl MCCIEAOBAHUM 1O BBIOOPY
KPUTEPUEB KAadeCTBA CETOK: HEBBIPOKAECHHOCTH, OIU30C-
TH K PABHOMEPHBIM U OPTOTOHAIIbHBIM.
JIeMOHCTPHUPYIOTCS IPUMEPBHI PACIETOB CETOK.
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Variational methods of construction of optimal grids.
Handbook of Grid Generation / J.F. Thompson,
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ALGORITHMS FOR GENERATION OF
REGULAR THREE-DIMENSIONAL GRIDS

T.N. BRONINA, I.A. GASILOVA, O.V. USHAKOVA

Institute of Mathematics and Mechanics of the Ural Branch
of RAS, Yekaterinburg, Russia

The algorithms for generation of regular three—dimen-
sional grids in the domains of complex geometries are
suggested [1]. These are the algorithms for the volume of
revolution, for pipelines and algorithms for the global
reconstrucion of the grid.

Suggested algorithms are elaborated within the ap-
proach [2] and are designed for multimaterial hydrody-
namic simulation and for solving other physical and
engineering problems.

The algorithms for the volume of revolution are de-
veloped for calculating grids in the domains obtained by
the rotation of the ruling curve about the axis. We suggest
the algorithms that cannot be reduced to the rotation of
a two—dimensional grid about the axis. Algorithms of
rotation produce O-type grids containing degenerate cells
on the axis of rotation, moreover these degenerate cells
become too small for a small angle of rotation. In the
suggested algorithms such singularities do not arise.
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The algorithms for pipe volumes construct the grid for
the pipeline domains with cross sections of a star—shaped
type and also do not produce singularities inherent in
O-type grids.

The algorithms for the global reconstruction of the
grid carry out the reconstruction of the grid unsatisfactory
by its quality, close to degenerate, that are not close to
uniform orthogonal grid, with the purpose to improve the
grid. A bad quality grid can arise, for example, in La-
grangian or Euler—lagrangian methods when construction
of the grid is utilized independently in three coordinate
directions. The grid reconstruction algorithms have inde-
pendent status since they can be applied for computing
the grid from some initial nondegenerate grid.

General questions of grid generation are considered,
the results of investigation on the choice of a grid quality
are given.

Examples of computed grids are demonstrated.
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O IIPEJCTABJIEHUX HOBBIMH
KOHCTPYKLMSIMU CHEIUAAJIBHBIX PSIJIOB
PEIIEHUN HEJIMHENHBIX YPABHEHHU I
C YACTHBIMH ITPOU3BOIHBIMU

M.1O. ®PMIMMOHOB

Huctutyt MaTtemaTuku U Mexanuku YpO PAH,
ExatepunOypr, Poccus

IIpensioxkeHbl HOBbIE KOHCTPYKLMH CHELHAIbHBIX
PAIOB AJISl MIPEACTABIEHUS PELICHUM HEMMHEHHBIX ypaB-
HEHUW C YaCTHBIMM HPOU3BOAHBIMU. JlaHHBIN MHOIXO.
SIBIISIETCS. AAJIbHEHIIIMM Pa3BUTUEM METOJIa CHELMATIbHBIX
psanoB [1], oTn4MuTeNnbHOW YEpPTOM KOTOPOTo SBISETCA

KOHCTPYKTUBHOE NPEACTABICHHE PEIICHUI HEMHEHHBIX
YpaBHEHHUH B BUAE PsAAa MO CTEHEHSM CIEIHAIbHBIX 0a-
3UCHBIX (YHKIMH ¢ KOI(QQUIMEHTaMH, BBIYHCISIEMBIMH
MIOCJIE0BATENILHO KaK PEIICHHs JIMHEHHBIX OOBIKHOBEH-
HeIX JuddepeHunansHpXx ypaBHeHud. I[lokasano, 4TO
JAHHBIC PSAABI MOJKHO HCIIOJIB30BaTh JUIA PELICHUS
HA4aJIbHO—KPAEBBIX 33aa4 C TOUYHBIM YIOBIETBOPEHUEM
KpaeBbIX ycioBUi. IMEIoTCsl IpUMeEphI TOUHBIX PELIEHUI
AL ABYX HEJIMHEHHBIX OBOJJIFOIITMOHHBIX ypaBHeHI/Iﬂ
B BHJI€ KOHEYHON CyMMBI CIIeIMaIbHBIX psinoB. Mceneno-
BaHa 00JIaCTh CXOJMMOCTh MPEATI0KEHHBIX PIJOB U MPHU-
BEICHBI Pe3yIbTaThl YNCIEHHBIX PACUETOB.

PaGora BbIMONHEHa THpU (UHAHCOBOH IMOJJIEPKKE
mporpamMMbl  (PyHIAMEHTANBHBIX HccienoBanmii [Ipesn-
nuyma PAH u MHTI] Ne 1778.

CchlIKH

1. Filimonov M.Yu., Korzunin L.G., Sidorov A.F. Ap-
proximate methods for solving nonlinear initial
boundary—value problems based on special construc-
tion of series.// Russian Journal of Numerical Analy-
sis and Mathematical Modelling. — 1993. — V. 8. —
No. 2. —P. 101—125.

ON REPRESENTATION OF SOLUTIONS
OF NONLINEAR PARTIAL DIFFERENTIAL
EQUATIONS BY NEW CONSTRUCTIONS
OF SPECIAL SERIES

M.YU. FILIMONOV

Institute of Mathematics and Mechanics UB RAS,
Ekaterinburg, Russia

New constructions of consistent special series for rep-
resentation of solutions of nonlinear partial differential
equations are presented. This approach is the continuation
of the special series method [1] the main feature of which
is constructive representation of solutions of nonlinear
equations by the form of infinite sums by the powers of
special basic functions with recurrently calculated coeffi-
cients found from solutions of ordinary differential equa-
tions. It is shown these series may be used for boundary—
initial problems solving with exact satisfying boundary
conditions. Examples of exact solutions in the form of
finite sums of special series for two nonlinear evolution-
ary equations are presented. . The convergency area of
suggested series is investigated and results of numerical
experiments are presented.

The work is supported by programm of fundamental
investigations of Presidium RAS and ISTC Project
Ne 1778.
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PAJIUAJIBHBIE IBUKEHUS T'A3A
noa AEMCTBUEM NIOPIHIHA

C.B. XABHUPOB

WuctutyTt mexanuku PAH, Y da, Poccus

PanuanbHoe mpsIMONIMHENHOE JBMKEHHE Ta30BOTO
mapa K LEHTPY M OT LIEHTpa MOXXHO HENPEPBIBHO CO-
NpsYb Yepe3 XapaKTEPUCTUKY C TBUKEHHEM, B KOTOPOM
ra3 OCTaHaBJIMBAaeTCS cpa3dy BO BceM Iuape. [[BuxeHue
OIIUCBIBACTCA C IIOMOIIBHO HHBapHaHTHOﬁ nmoaMoaeiinu
panra oxuH. OTpaXKeHHE 10 BPEMEHH IT03BOJISIET TOCTPO-
UTh pelIeHue, 33/1a0lee MePpUoIUIecKoe IBIKEHUE ra-
30BOrO 11apa MOoJ ACHCTBUEM MOPILHSL.

PapuanbHOe npsMOSIMHEWHOE BUKEHHE MOXET MpH-
MBIKaTh K JIBYM THIaM YAApHBIX BOJH: MPSMOJIMHEHHBIM
nu KpHBOﬂMHeﬁHbIM, C COOTBCTCTByIOU_lI/lM OTpa)KeHl/IeM oT
LeHTpa. 3a yOapHOW BOJIHOW CYIIECTBYET JBHKCHUSA,
OITUChIBACMBbIC HHBapHaHTHOﬂ nIoaAMOACIIBHO paHra OJUH
1 OCTaHABJIMBAIOILKE ra3 cpa3zy BO BCEM IIape NOJ JeH-
CTBUECM HOpIJ_IHH.

Pabora BeImONHEHA TpH (PUHAHCOBOW IMOIICPIKKE
Poccuiickoro ¢onma ¢yHIaMeHTaNbHBIX HCCIIEIOBaHUM
(mpoekt 02—01-00550).

RADIAL GAS MOTIONS BY PISTON ACTIONS

S.V. KHABIROV

Institute of Mechanics, Sciences Ufa Center RAS

The radial straight line motion of a gas ball to center
and away from center may be conjugated continuously
through the characteristic with such motion that gas come
to a stop in the all ball at once. This motion may be writ-
ten with the help of the invariant submodel of the rank 1.

The periodic continuous bounded motion of a gas ball
by piston action may be constructed by means of the time
reflections.

The radial straight line and curved line. The reflec-
tions from center was corresponding. There exists the
motion across beyond the shock wave by writing inva-
riant submodel of the rank 1 and doing a gas stop in the
all ball at once by the piston action.

This research was supported by the Russian Founda-
tion for Basic Research (project 02—01-00550).

v

O PACUETE HAYAJIbHOM CTAJIUA
KOJUTIAIICA CUMMETPUYHBIX
I'A30BbIX ITPU3M

0O.b. XAUPYJUIMHA

HuctutyT MaTemaTtuku U Mexanuku YpO PAH,
Exarepun0ypr, Poccust

Paspabotan anroput™ pacuera mapameTpoB Oe3ynap-
HO C)KMMAaeMOro ra3a CHUMMETPHYHBIX YeThIPEXI'PaHHBIX
ra30BBIX MPHU3M I10 33JJaHHOMY 3aKOHY JIBW)KEHHS OJTHOTO
u3 pedep IPU3MBI TIO TUIOCKOCTH CHMMETPHH.

Kak u B [1], B 0065acT BO3MYIIIEHHOTO TEUCHHS Ta3a
BBIICNAIOTCSA TPU TMOJOOJIACTH, B KAXKIOH M3 KOTOPBIX
MOTEHINAJ CKOPOCTH CTPOUTCS B BUJAE XapaKTEPHCTHIC-
CKOTO psifia IO CBOMM TIepeMeHHBIM. B oxHO# momobia-
CTH peIlIeHHe ONpeAessieTCs 3aJaHHBIM 3aKOHOM JBIDKE-
HUS pedpa W YCIIOBHEM CHUMMETPUH, B ABYX APYTHUX —
YCIIOBHSIMHA HETIPEPBIBHOCTH €T0 MapaMeTpoB Ha T'paHH-
L[aX CTBIKOBKH IOJ00JACTeH, SBISIOIIMXCS XapaKTepu-
CTHKaMH, U YCIIOBUEM HENPOTEKaHHs ra3a 4epe3 BTOpPYIo
IJIOCKOCTb CUMMETPHUH. YYET YCIOBUM CUMMETPUU IIO-
3BOJISIET OJIHO3HAYHO OIPEAEIHUTH IapaMeTpbl TEUEHHS
ra3a u GpopMy MopIIHS B CkuMaeMoi npusme. [IpuBeneH
MpUMeEp pacyera pelIeHHs, COBMAMAIONIET0 B YacTH 00-
JIACTH C M3BECTHBIM aBTOMOJCIBHBIM TOYHBIM PEIICHHEM
[2, 3], xorma moka3aTens amuabaTel M BENMYMHA JIBY-
IPaHHOTO YIVIa INPU3Mbl COIJIACOBaHHBI. B ocTanbHOU
YaCcTH MOJYYCHBl AHATUTHYECKHE BBIPAKEHUS IJS TO-
TEHIMajga CKOPOCTH U (DOPMBI CTEHKH CXKUMAaeMOM Tra3o-
BOM MPHU3MBI, JOCTATOYHO TOYHO IEpe/IaloIue UX 3Haue-
HUS IIPY Ha4aJIbHOM CTaJuu KoJjIarca.

PaGora BbINONHEHAa TUpU (QHUHAHCOBOH IOJJEPKKE
Poccuiickoro ¢oHna ¢yHIaMEeHTAIBHBIX HCCIIEA0BAHUM
o rpanty 02—-01-00047.
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THE CALCULATION OF INITIAL STAGE
OF COLLAPSE OF SYMMETRIC
GASEOUS PRISMS

0O.B. KHAIRULLINA

Institute of Mathematics and Mechanics, UrB RAS,
Ekaterinburg, Russia

An algorithm is developed for calculating the pa-
rameters of a shock—free compressible gas of symmetric
tetrahedral gas prisms according to a given law of motion
of a prism edge along the plane of symmetry.

As in [1], three subdomains are distinguished in the
domain of the perturbed gas flow, in each of which a ve-
locity potential is constructed in the form of a character-
istic series by own variables. In one subdomain, the solu-
tion is defined by the specified law of motion of the edge
and symmetry condition, in the other two subdomains the
solutions are defined by the condition of the continuity of
gas parameters at the boundaries along which the subdo-
mains are joined, which are the characteristics and the
condition, that no gas flows across the second plane of
symmetry. It is shown that by taking account of symme-
try one can determine uniquely the parameters of the gas
flow and the piston shape in a compressible prism. An
example of the calculation of a solution is given which, in
a part of the domain, is identical to a known, self—similar
exact solution [2, 3], when the adiabatic exponent and the
magnitude of the dihedral angle of the prism are matched.
All the rest of it, analytical expressions are obtained for
the velocity potential and the shape of the wall of the gas
prism being compressed.

The work is supported by RFBR, grant 02—-01-00047.
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YUCJIEHHOE UCCIEJOBAHUE PEXXUMA
ABTOKOJIEBAHUU B METOJE YACTHUII

M.A. XAPJIOBA, U.A. JINTBUHEHKO

Poccuiickuit GpenepanbHblil SOCPHBIA HEHTP —
Bceepoccuiickuit HUU texHuueckoit Gpusuku
uM. akan. E.W. 3ab6abaxuna, CHexunck, Poccus

B pabote npezncraBieHbl pe3ynbTaThl YUCIEHHOTO HC-
CJIeZIOBaHUs aBTOKOJIEOaHUI B METOJIC YaCTHI B sSTUEiKax.
Jlist mpoBenieHnsT pacdyeToB ObUIA HANMCaHa MPOrpamMma,
peanu3yomas METOAUKY B OJHOMepHOM ciyyae. IIpo-
L[eCC UCCIIE0BaHNs IPUPOIBI aBTOKOICOAHNH 3aKIF0Yal-
CAd B M3YYCHHU YaCTOTBI U aMIUIUTYAbI KOJ'le6aHl/Il71 oT-
JIENBHBIX YacCTHI[ Ha MPOCTOM Ipumepe. bwin mposeneH
aHaJIM3 BIMSHUS PA3JIMYHBIX (PAKTOPOB, TAKMX KaK: YHUCIIO
YacTHI] Ha SYEHKY, YUCIIO aHCaMOJIe, pa3Mep sTIeeK CeT-
KM, BEIOOp BPEMEHHOTO Il1ara, HauyajlbHOE PacCIIOJIOKEHUE
4yacTull, BEIMYMHA CKOpocTH 3Byka. Ha ocHoBe mpose-
JIEHHOTO HCCIIENOBAHUSL BBISBIEH DSl BO3MOMKHOCTEH,
MIO/JABJISIOIINX aBTOKOJICOAHMSI.

NUMERICAL INVESTIGATION
OF THE AUTOOSCILLATIONS
IN THE PARTICAL-IN-CELL METHOD

M.A. KHARLOVA, I.A. LITVINENKO

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

The results of self—oscillation’s numerical research in
a Particle-in—Cell method are presented. 1D version of
gase—dynamic PIC code was considered. It was the sim
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ple stationary test on that the nature of particle’s auto—
oscillations had been studied by means of frequency and
amplitude analysis. The cell size, number of particles in a
cell, number of ensembles, an initial arrangement of par-
ticles, value of a time step, and a sound of speed value
was taken into account. As an investigation result some
proposals to depress auto—oscillations had been made.

v

HOBBIE ITAPAJIJIEJIBHBIE AJITOPUTMBbI
N TEXHOJIOTHUH B 3AJTIAYE O HEPEHOCE
PAJMAIIMOHHOTI'O U3JIYYEHUS

E.®. JIENUMKOBA, JI.U. PYBUHA,
O.H. VJbsHOB, M.A. YALLIUH

WuctutyT MaTematuku 1 Mexanuku YpO PAH
Exatepun0ypr, Poccus

ABTOpaMH Ha NPOTSHKEHHH psAa JIET IPOBOAATCS
HCCIIENOBAHMS M0 YHCIEHHOMY MOJIEIUPOBAHHIO MPOIIEC-
COB B3aMMOJCHCTBHS PAIUALMOHHOTO W3JIy4eHHs C Be-
mecTBOM. Pa3pa0OoTaHbl ABa pa3iMYHBIX aAJITOPUTMa,
OIUH M3 KOTOPBIX OCHOBAaH HAa COYETAHWU ACHMITOTHU-
YEeCKUX NPEACTaBICHUI U SBHOTO DELICHUS YpaBHEHUS
NepeHoca NMpy U3BECTHBIX (YHKIMHM UCTOYHHMKA U KOI(-
¢unmente nornomenus (anroputm MAIIN), npyroit —
Ha IMpEeJICTaBJICHUH PEIICHUS B BUJE HHTEPIIOISIIMOHHOTO
MHoOrowreHa Jlarpamka IO y3/laM HWHTEPHOISALUAN —
KopHsIM MHorowieHa YeOwimesa (asroputm MITJIY). dost
CiIydasi TUTOCKOTO CJIOSl CO3[jaHa J0CTaTOYHO 3(dekTrs-
Hasi METOAWKA PEIICHNS YPaBHEHHS IEPEHOCA M3y ICHHS
B HEMOJBIDKHBIX CPEax, UCIIOIb3YIOIas pacnapauienu-
BaHHME AJITOPUTMOB I MHOTOIIPOIIECCOPHBIX BBIYHCIIHU-
TeTbHBIX cucTeM [1].

B noxnane npencTaBieHs! pe3ynbTaThl Pa3BUTHSA Me-
TOJWKH, MOJTyYSHHBIE 3a MEepUo/i, MPOIIEAIN CO Bpeme-
Hu VI 3ababaxmHckuX Hay4HbBIX yTeHHH. OCHOBHBIMH
CpeIu HUX SBISIOTCS:

— BKJIIOYEHHE B KOMIUIEKC IIPOrPaMM HOBBIX IIPOTPaMM,
KOTOpble peanu3yroT anroputM MIIIY ans cioydas
HETIOJIBIKHOTO  OAHOPOJHOTO  CJIOS, 3allOJIHEHHOTO
HE OJJHUM BEILIECTBOM, & CMECHIO HECKOJIBKUX BEILIECTB.

— pa3paboTka HOBOH MapaIeNbHOW MPOTPaMMBI IS
anroputMa MIIJIY B cinyyae OJHOKOMIIOHEHTHOM
cpempl B OJHOPOJHOM CJIO€, COCTOSIIEM U3
HECKOJIbKMX TOJICIIOeB, € TnpumMeHeHneM DVM-
CHCTEMBI apajelbHOro IPOrpaMMHUPOBAHHUS.
CpaBHEHHE PacyueToB, MPOBEICHHBIX MO Pa3HbIM aJro-

pHUTMaM, O3BOJISIET OJTy4aTh OoJIee Ha/IeKHbIE PE3YJIbTaThl

MozenupoBanus. Ilepexom K HOBBIM TapanIeIbHBIM
TEXHOJIOTUSIM, OCHOBAaHHBIM Ha HCIIOJb30BaHMHM DVM-—
CHCTEMBI, TO3BOJISIET pa3padaThiBaTh MOOWJIBHBIE IMPOT-
paMMbl, Jierde HX MOAUGHIMPOBATH NP H3MEHEHHUH
(dbu3nyeckoit Mojenu, ouneHUBaTh 3()(HEKTUBHOCTH pac-
napajieIMBaHusl.

PaGora BbINONHEHAa TUpU (QHUHAHCOBOH IOJJEPKKE
PO®U, npoexr 01-07-90210, u nporpammsl GpyHIaMeH-
TanbHBIX UccaeaoBanuit [Ipesuanyma PAH.
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1. JlemukoBa E.®., Pyouna JI.U., Yaesao O.H., Ya-
uH M.A. TlapamienbHble BBIYUCIUTENbHBIE TEX-
HOJOTMM B 3aJadyeé O T[epeHOCEe paJUaliOHHOTO
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Cep. MatemaTnueckoe MOJETUPOBaHHE (HUINICCKUX
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NEW PARALLEL ALGORITHMS
AND TECHNOLOGIES FOR RADIATION
TRANSFER PROBLEM

E.F. LELIKOVA, L.I. RUBINA,
O.N. ULYANOV, M.A. CHASCHIN

Institute of Mathematics and Mechanics of Ural Branch
of Russian Academy of Sciences, Ekaterinburg, Russia

Authors during a number of years carried out re-
searches on numerical modeling processes of interaction
of radiation with substance. Two various algorithms are
developed. First algorithm is based on a combination of
asymptotic representations and explicit solution of
radiation transfer equation at known source function and
absorption factor (algorithm MAPI). Another algorithm
based on representations of the solutions as inter-
polational Lagrange polynomials on Chebyshev knots of
interpolation (algorithm MPLCh). For a case of flat layer,
the effective enough technique of solving equations of
radiation transfer for immovable media using parallel
algorithms for multiprocessor computer systems was cre-
ated [1].

In the report results of development of the techniques
received for the period, past from time VI Zababakhin
Scientific Talks are submitted. The basic among them
are:

— inclusion in a complex of programs new codes which
realize algorithm MPLCh for a case of the motionless
homogeneous layer filled a mix of several substances;

— creation of new parallel program for algorithm
MPLCh in case of the unicomponent media in the

Section 6
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homogeneous layer consisting of several sublayers,

with using DVM-system of parallel programming.

Comparison of the calculations which have been
carried out on different algorithms, allows to receive
more reliable results of modelling. Transition to the new
parallel technologies based on use of DVM-system,
allows to develop mobile programs, it is easier to modify
them at change of physical model and to estimate
efficiency.

The work was supported by Russian fund of funda-
mental researches (project 01-07-90210), and by Pro-
gram of fundamental researches of Presidium of Russian
Academy of Sciences.
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M.A. Parallel computing technologies for problem of
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CYIECTBOBAHUE AHAJIMTHYECKOI'O
PEINEHMS Y 3AIAYM KOILIHA
JIJIs1 CAMOTPABUTHPYIOIIETO I'A3A
CO CBOBOJ/IHOM I'PAHUIIEN

H.I1. YVEB

Ypanbckuil rocyJapcTBEHHbBIH YHUBEPCUTET Iy Tel cOOOLICHUS,
ExatepunOypr, Poccust

B nanHO# paboTe mpUBOIATCS pe3yNbTaThl aHAIHTH-
YEeCKHUX HCCIIeIOBAaHUN 33734 JUHAMUKU TPABUTUPYIOILE-
ro 1o 3aKkoHy HbI0TOHA rasa npu ycioBUH, YTO MOTEHIIN-
aJl CUJI NMPUTATHBAHUA YIOBJIETBOpsAET ypaBHeHHIo Jlam-
naca. PaccmaTpuBaeTcs TpexMEpHOE MCTEUYEHHE Ta3a
B BaKyyM, IPHUBOJUTCA TOYHOE pEIICHHE HAYaIbHO—
KpaeBoW 3amauyu Uil HeJIMHeHHOW MHTerpo—auddeper—
LUaJIBHON CHCTEMBI C YaCTHBIMM IPOU3BOIHBIMU JBYX IIE-
PEMEHHBIX B BHJE CXOJAIIUXCA CTEIEHHBIX PSJIOB.
Pemenne 3amaum O TIAagKOM NPHUMBIKAHHHM K BakyyMy
B TPEXMEPHOM CIIy4yae OCYILECTBIIIETCSI C HCIONb30-
BaHMEM YpaBHEHHH Ta30BOW AWHAMHUKH B (opme Jlar-
pamxa.

Jloka3aTenbCTBO CYIIECTBOBAHUSI M €AWHCTBEHHOCTH
pelIeHUI HENMHEHHBIX CHUCTEMBbl YpPaBHEHUN TIa30BOH
JUHAMMKHU ¥ PEACTABICHUS UX B BUJIE CTETICHHBIX PSIIOB
onupaercss Ha kinaccuueckyro TeopeMy C. KopaneBckoit
u teopemy C.II Baytuna o pemeHnn XapakTepucTHIeCKON
3amayn Komm 1j1g aHaIUTHYECKOM KBa3WJIMHEHMHOM CHC-
Temsl [1].

JlaHHBIe HMCCIEI0BAHUS BBIIOIHEHB] IPU MOIIEPIKKE
PO®U, mpoekt 02-01-01122.

CcblUIKH

1. Bayrun C.II. MaTtemarudeckass Teopusi 0€3yAapHOTO
CIJIBHOTO C)XaTusl ujaeanpHoro rasa. — Hoocu-
oupck: Hayxka, 1997. — 160 c.

EXISTENCE OF ANALYTIC SOLUTION
OF THE CAUCHY PROBLEM FOR
THE SELF-GRAVITATING GAS
WITH FREE BOUNDARIES

N.P. CHUYEV

Ural state university of railway transport,
Yekaterinburg, Russia

This proceeding gives the results of analytic
investigations of the problems of dynamics of the gas
engraving according to the Newton’s law, provided the
potential of gravitation forces obeys the equation of
Laplace. The proceeding considers three—dimensional
escape of gas into a vacuum, gives an exact solution of
the initial boundary—value problem of the non-linear
integro—differential system with partial differentials of
two variables in the form of converging power series. The
solution of the problem of a gas continuously adjacent to
a vacuum in a three—dimensional case is carried out using
the equations of gas dynamics in the Lagrangian form.

The proof of the existence and uniqueness of the solution
for non-linear systems of gas—dynamic equations and
representation of them in the form of power series are based
on the classic Kowalewski’s theorem and the Bautin
theorem of the solution for the characteristic Cauchy
problem for the analytic quasilinear system [1].

The research is supported RFBR, the project # 02—-01—
01122.
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1. Bautin S.P. The mathematical theory shockless of
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Ob OJHOM AHAJIMTUYECKOM PELIEHUH,
OIIUCBIBAIOIIEM JIBUKEHUE YJIAPHOU
BOJIHBI C YYETOM U3JYUYEHUSA

A.A. IIIECTAKOB

Poccuiickuii penepabHbIN SIEPHBIH IEHTP —
Bcepoccniickuit HUM texundeckoit pusuku
uM. akan. E.W. 3a6abaxuna, CHe:xuHCK, Poccust

B mocnexHane roabpl Bce Ooipliee BHUMAHHE TPHBIIE-
KafoT 33/1a4d paJuanioHHON ra3oBoil nuHamuku (PTI).
CHOXHOCTh 3THX 3amad IPEKAE BCETO OIPeNeseTcs
HEOOXOIMMOCTBIO ydeTa OOJIBIIOr0 KONMWYECTBa (hU3mUec-
KHX TIPOLIECCOB.

B nanHOM noKIIaze pacCMOTPEHO aHAJIUTUYECKOe pe-
IIEeHUE IJid TPEXMEPHOI'0 YypaBHCHUA IEPEHOCA SHCPIUU
U3JTyYeHHEeM B MPHOIMKEHUH JTyYUCTON TETJIONPOBOJIHO-
CTH C YYETOM JIBHKCHUS Cpelbl. B ypaBHCHHH TBUKCHUS
BKIIQJI M3ITyYCHHS YYUTHIBACTCS 4epe3 TPAJMCHT JaBJie-
HUS W3JIyYeHWs, a B YPaBHEHUC JSHEPrHH 4Yepe3 IUIOT-
HOCTB, TIOTOK U JTaBJICHUE H3ITyUCHUS.

IToMuMO JyyuCTOM TEIJIONPOBOJHOCTH, KOTOpas
B YpaBHEHWHU SHEPTHH OMHCHIBACTCS Yepe3 MOTOK H3IY-
YEHMsI, TPONOPLUMOHAIBHBIM T'PaAUEHTy YETBEPTOMl CTe-
MIEHU TeMIIEPaTypHl, B TaHHOM PELICHUH TaKXKe paccMmar-
puBaercs Apyroil BUJ HEJIUHEHHOW TEIIONPOBOAHOCTH.
OTo mporecc, KOTOPbIl yUUTHIBAET MOJEKYJSIPHYIO HIIU
UIEKTPOHHYIO TEIUIONPOBOAHOCTh U ONHCHIBAETCS B yPaB-
HEHUM DHEPruM 4epe3 I'paJueHT TeMIIEparTypbl, YMHO-
KEHHbIM Ha kodddunueHT TeronpoBoaHocTH. B Heko-
TOPBIX 33Ja4ax €CThb €Ie MOHHAs TeIIONPOBOJHOCTh, HO
OHAa WUTpaeT 3HAYUTEIHHO MEHBIIYIO POIb, YEM DIICK-
TPOHHAsI, TOPTOMY B JOKJIa/le HE PaCCMaTPHBAETCS.

AHAINTHYECKOE PEUICHHE PAacCCMOTPEHO B CHCTEME,
cocTosIIel u3 yeTbipex obmacteit. IlepBas o6macTh - 3TO
HEBO3MYIIIEHHAs, HETOABIKHASA, CHIBHO pa3peXeHHas
o0acTe, Yepe3 KOTOPYIO MPOXOANUT U3ITy4EHHUE, MPAKTH-
YECKHU HE B3aMMOJIEUCTBYs C BeulecTBOM. M3BecTHO, 4TO
Ipy 00JIy4eHHH BellleCTBa M3JIydeHHEeM o0pasyeTcs Terl-
JoBasg BONHA. M3nydeHue majmaer Ha TpaHUILy BTOpPOH
o0iacTi M HauyWHAET ee Nporpesarthb, Gopmupys QpoHT
TEIUIOBOW BONHBL. BTOpas o0nacTe, OXBaueHHAs TEILIO-
BOH BOJIHOM — 3TO Pa3peKEHHAas U CHUIBHO IPOrpeTas
obmactb. TemyioBast BOJIHA BBITYCKAeT BIIEPEAH CeOs
CWIBHYK) VIAapHYIO BOJIHY C TIPEACIbHBIM CXKaTHEM.
B oOmactn, oxBaueHHOH yAapHOI BOIHOW, COCPEIOTOYE-
Ha OCHOBHAsI Macca, yJacTBYIOIIAas B pa3iieTe BeIIecTBa
Ha3zag. [lo 3akoHy coxpaHEHHS BCS SHEprus IOJDKHA
OBITH COCPENIOTOUCHA B pasfieTaromieics oomactu. TpeTbs

007acTh, MEXIY TEIUIOBOH M yIApPHOW BOJHAMH, — 3TO
0o0nacTe OOJBIION IIOTHOCTH M HU3KOH TeMIIepaTypHl.
UYerBeprass 0o0nacTh, Iepen yNapHOW BOJTHOH — 3TO

HEBO3MYIIEHHAsA, HETIOBIDKHAS, XOJIOAHAS 00JIacTh C IOC-
TOSIHHOM MJIOTHOCTBIO M HYJIEBOW TeMIIEpaTypPOi.

IloMuMO caMOCTOSTENHHOIO HHTEpECa JId U3YUCHUA
aBTOMOJEIBHBIX JIBMKECHHH 3TH PEUICHUA TaKXE MOTYT
OBITH IMPUMEHCHBI B KaUCCTBC TECTOB. TectoBBIC 3aJa4yun
MO’XHO HCIIOJB30BaTh JJId OTJIaAKW OJHOMEPHBIX U MHO-
TOMEPHBIX YHUCJIICHHbIX MCTOJUK.

v

METO/J JTOKAJIBHBIX HPEOBEA3OBAHHFI
JJIsA OITMCAHUSA HEJIMHEMHOU TIUHAMUWKHU
I'PAHUIIBI

K.A. TAJIAJIA, A.E. MATEP, A.I1. SIJIOBEL]

YensOMHCKUM rocyJapCTBEHHbIH YHUBEPCHUTET,
Oumsnueckuil Gpakynprer, YenssOunck, Poccus

H.B. BOJIKOB

Uucrturyt anexrpodusuku YpO PAH,
Exarepunbypr, Poccus

B paMKax MOACIN MOTCHUHUAJIBHOTO TCUCHUSA HCCKH-
MaeMOH KHUJIKOCTH OMKMCaH METOJ PEIyKIHU TUAPOIHHA-
MHYECKOTO TCUYCHHUS B 00bEME, 3aHATOM OJHON WJIH JBY-
Ms1 JKUAKOCTSMH C PA3INYHON IUIOTHOCTBIO, K 9BOJIIOLIUU
CBOOOIHOW WJIM KOHTaKTHOW TpaHULbl. MeToa OCHOBaH
Ha JIOKQJIEHOM OTOOpa)KeHUH TPAHHIBI B ITOIYIUIOCKOCTb,
YTO MO3BOJIICT BbIPA3UTh KOMIIOHCHTBI BEKTOPHOT'O
MOTEHIMaNga Ha TPAaHUILE 4Yepe3 CKaJIPHBIM MOTEHIHUAL.
[MonyueHsl nUHAMHUYECKUE YpaBHEHHUsI Ui CBOOOJHOM
U KOHTAKTHOM TIpaHHLIbl B IBYMEPHOM U TpEeXMEpHOU
JlekapToBoif reomeTpuy. ONMUCaH METOJ PEUIeHUs IMOJTy-
YEHHBIX YPABHEHUIA.

JlaHHBII METO IO3BOMIAET AOCTATOYHO IIPOCTO U 3KO-
HOMUYHO HUCCIIEIOBaTh CYIIECTBEHHO HEJIMHEHMHBbIE CTa-
TN HEYCTOMYMBOCTH CBOOOHBIX U KOHTAKTHBIX TPaHHMII,
BKJIIOYasl CTaJUU C HEOJHO3HAUYHOM rpaHULIEH.

[Toxa3ano, 9TO Mamoe BO3MYIIEHHE CBOOOIHOU IIO-
BEPXHOCTH IIPUBOJUT 32 KOHEYHOE BpeMs K (GpopMHpoBa-
HUIO U OTPBIBY Kaluld. Majoe BO3MyILEHUE KOHTAaKTHOM
TpaHULIBl CPEl C Pa3HOM IIOTHOCTBIO MPHUBOAMT 34 KO-
HEYHOE BpeMs K (OPMHPOBAHHIO U IOCIEYIOLIeMY OT-
PBIBY KPYITHOMACIITAOHOTO BUXPS TSKEJION JKHIKOCTH.

ITomy4eHHbIE ¢ TOMOLIBIO METOAA JTOKAIBHBIX NTPE00-
pa3oBaHUI pe3yabTaThl KAYECTBEHHO U KOJIMYECTBEHHO
COIIACYIOTCSL C DKCIEPUMEHTAMHM W PacueTaMu APYTHX
aBTopoB [1, 2].

CcblIKH
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THE LOCAL TRANSFORMATION METHOD
FOR THE CALCULATION OF NONLINEAR
BOUNDARY DYNAMICS

K.A. TALALA, A.E. MAYER, A.P. YALOVETS

Chelyabinsk State University, Physical Faculty, Theoretical
Physics Department, Chelyabinsk, Russia

N.B. VoLKOV

Institute of Electrophysics, Russian Academy of Sciences,
Ural Branch, Yekaterinburg, Russia

In the frame of incompressible fluid potential flows
a new method of reduction of hydrodynamic flow in bulk,
filled by two fluids with different densities, to the
evolution of contact boundary is proposed and described.
This method base on the local transformation of fluid
domain with complicated boundary into the half-plane,
the transformation let one to state the components of
vector potential on boundary through the scalar potential
distribution. The dynamical equations for free boundary
and contact boundary in two-dimensional and three-
dimensional Cartesian coordinates are obtained. The
method of obtained equations solution is described.

The described method let one to investigate simply
and effectively the substantially nonlinear stages of free
surface and contact boundary instabilities, including the
stages with ambiguous boundary.

It is showed, that a little perturbation of free surface
results in formation and separation of drop during the
finite time. A little perturbation of contact boundary of
fluids with different densities results in formation and
separation of a large-scale eddy of heavy fluid during the
finite time.

The results, obtained with the use of local transfor-
mation method, are in a qualitative and quantitative ac-
cordance with experimental data and with data of other
calculations [1, 2].
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OB OJTHO BO3MOKHOCTH BbIIEJIEHUSI
MOBEPXHOCTEM PA3PBIBOB CKOPOCTEMN
B UNCJIEHHBIX PACYUETAX YJIAPHOI'O
JE®OPMHUPOBAHUA

A.A. BYPEHHH, I1.B. 3MHOBBEB, B.E. PATO3MHA

WucTuTyT aBTOMATHKH ¥ IporieccoB ympasienus [IBO PAH,
BrnaguBoctok, Poccus

[Ipobnema BbliENEeHHs pa3pbIBOB CKOPOCTEH B IPO-
1eccax YHCIEHHBIX PacdyeToB OOCY)XIaeTcs B Ta30BOM
nuHamuke. CriennaibHO BKIIFOUAEMBIE B allTOPUTMBI pac-
YeTOB JJIS TaKOM IeIH BBIYHUCIUTEIBHBIC IPOLEIYPHI
paspaboransl. OQHAKO TEPEHECTH WX B IUHAMHUKY Jie-
(bopMHUpPYEMBIX CpeJl He yAaeTcsi U3—3a MPUCYTCTBHS BMe-
cre ¢ nedopmanusamMu odbeMa ellle M Iporecca pacrpo-
cTpaHeHus nedopmanuii usmeHeHus ¢Gopmbl. CBs3aH-
HOCTh J@HHBIX JBYX IIPOLIECCOB PACIPOCTPAHEHHUS IIO
neGopMUpyEMOMY Telly TPaHUYHBIX YAApHBIX BO3MYIIE-
HUH HE NMO3BOJISIET AJITOPUTMUYECKH pealli30BaTh HU Me-
TOJl XapaKTepUCTHUK, HHM CHOCOO pacraja pa3phIBOB.
IMosTOoMy U1 pacderoB yAAapHOrO JAehOPMUPOBAHUS
TJIABHBIM 00pa3oM WCIIONB3YIOTCS Pa3HbIE BapHUAHTHI
CXeM CKBO3HOTO cyerta. U Bce ke cuTyanuu, KOTaa BhIe-
JICHHE Pa3phIBOB OKa3BIBAETCS HEOOXOIUMBIM, TIPUCYTCT-
BYIOT U B AMHAMHUKE Ae()OPMUPYEMBIX Cpell B YCIOBHIX
CYIIECTBEHHOW HECTAI[MOHAPHOCTH TIPOIECCOB (OTpaxke-
HUC ¥ B3aMMOJCHCTBHE BOJHOBBIX (POHTOB). B HacTOs-
LIeM COOOILEHUU PACCMOTPEHa BO3MOXHOCThH HMCIOJIb30-
BaHMs ISl 9TOM LeNU NPUPPOHTOBBIX Pas3oKEHHH pe-
IIEHUH IMYTEM BKIIOYCHUA WX B CIICHHUAJIBHO MOCTPOCH-
HYI0 HESBHYI0O KOHEYHO—PA3HOCTHYIO CXEMY pPacCieTOB.
Taxue paziokeHHs] peleHHH MOXKHO MOCTPOUTH MCXOIS
U3 METOJa BO3MYIICHHN (BHYTpPEHHEE PAa3JIOKEHHE CHH-
TYJSIPHOW 3ajadu), Tu0O0 OMHpasiCh HAa JTYYEBOH METO..
B mo6oM ciydyae maHHOE pasiioKeHHe, IPUTOTHOE BOIH-
31 (ppoHTa, OyeT BKIIIOYATh B ce0sl HEM3BECTHBIE MOCTO-
SIHHBIE, KOTOPBIE M OKAa3bIBAIOTCA HMCKOMBIMH IEPEMEH-
HBIMU KOHEYHO—PA3HOCTHOU cXeMbl pacueToB. [Ipu aTom
TOCJI€ UX BBIYUCIICHUA TMOJIOKCHUA MOBEPXHOCTHU Pa3PbI-
BOB Ha KaXXJIOM mIare ykKasbIBa€TCsA C TOYHOCTHIO BbIYUC-
nenuit. B cooOmieHnn OynyT NpOJEeMOHCTPHUPOBAHBI
IIPUMEpPBl PacuyeToB KOHKPETHBIX KpaeBBIX 3a/a4 HeNH-
HEIHOHI TUHAMUYECKON TEOPUH YIPYTOCTH

ABOUT ONE OPPORTUNITY OF ALLOCATION
OF SURFACES OF BREAKS OF VELOCITY IN
NUMERICAL CALCULATIONS OF SHOCK
DEFORMATION

A.A. BURENIN, P.V. ZINOVYEV, V.E. RAGOZINA
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Institute of automation and control processes Far Eastern
Branch of the Russian Academy of Science,
Vladivostok, Russia

The problem of allocation of breaks of velocity in
processes of numerical calculations is discussed in gas
dynamics. Specially included in algorithms of
calculations for such purpose computing procedures are
developed. However to transfer them to dynamics of
deformable environments it is not possible because
of presence together with deformations of volume also
process of distribution of deformations of change of the
form. Coherence of the given two processes of
distribution on a deformable body of boundary shock
indignations does not allow to realize algorithmically
neither a method of characteristics, nor a way of
disintegration of breaks. Therefore for calculations
of shock deformation different variants of schemes of the
through account are mainly used. And still situations
when allocation of breaks appears necessary, are present
and at dynamics of deformable environments in
conditions essential no stationary processes (reflection
and interaction of wave fronts). In the present message
the opportunity of use for this purpose of front
decomposition of decisions is considered by their
inclusion in specially constructed no obvious finite—
different scheme of calculation. Such decomposition of
decisions can be constructed proceeding from a method
of indignations (internal decomposition singular
problems), or basing on a radial method. In any case the
given decomposition, suitable near to front, will include
unknown constants which appear required variables
finite—different scheme of calculation. At this after their
calculation the position of a surface of breaks on each
step it is underlined with accuracy of calculations. In the
message examples of calculations of concrete boundary
problems of the nonlinear dynamic theory of elasticity
will be shown.
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HNCCJIEJOBAHUE TEYEHUMSA
MHOT'OKOMIIOHEHTHBIX CPE]]
B KOJIBIIEBBIX COIIVIAX

A.JI. KAPTAIIEB, M.A. KAPTAIIIEBA

UYenssOMHCKUI ToCcy1apCTBEHHBIH YHUBEPCUTET,
Yensobunck, Poccust

B coBpeMEHHBIX PaKETHBIX JBHTATEIIX Ha TBEPIOM
TOIUTMBE HAILIM IIHPOKOE MPUMEHEHHE METaJIH3HpO-
BaHHBIE paKeTHBIC TOIUTMBA. B 3TOM ciryyae TedeHue mpo-
IYKTOB CTOpaHUs B COIIE PAKETHOTO ABHUTATENS Mpea-
CTaBJIICT COOOH TEUCHHE MHOTOKOMIIOHCHTHOW CpPE[IbL.
Paznuune B TPACKTOPUAX ABUIKCHHA ra3a U 4aCTHUL KOH-
JICHCUPOBAaHHOW (pa3bl, CBSI3aHHOEC C HMHEPIHUOHHOCTHIO
YacTHII, BBI3BIBAET HUX OCAXKACHHE Ha MOBEPXHOCTH CO-
J1a, MPUBOJAILIEE K MOTEPSAM YIEIbHOIO UMITYJIbCA TATH
BCJICICTBHE Tepeqadd (YaCTHYHO WIIM TOJHOCTBIO) MM-
MyJbCa YacTHIl CTEHKaM coruia (B JAIBHEHIIEM «HM-
MyJIbCa OCAXKICHUS YACTHID).

TeueHne MHOTOKOMIIOHEHTHOW Cpebl B KOJIBLIEBOM
COIIIe MPHUBOANUT K OCAXKICHUIO YaCTHI[ KOHACHCHPOBAH-
HOM (a3pl HAa CTEHKH COIUIA: BHEIIHIOI 00eYaiKy W IIeH-
TpanbHOe Teno. OmpeseneHue MoTeph TATH BCIIEIACTBHE
OCaXJICHUS YaCTHI] MIPEJCTABISCT COO0 OHY U3 OCHOB-
HBIX 3a1a4 HUCCIICAOBAaHUSA I'a30JHMHAMUKH MHOI'OKOMIIO-
HEHTHBIX TE€UEHUI B KOJBLEBBIX COIMJIaX.

[IpoBeneHo maTemMaTuyeckoe MOJIEIMPOBAHHUE Teue-
HUSL MHOTOKOMIIOHEHTHBIX Cpell B KOJIBLEBBIX COIUIAX.
[Tonmy4yeHpl 3HaYeHWs BETUYMHBI UMITYJIbCAa OCAXKICHUS
YacTUI] KOHACHCHPOBAHHOW (pa3bl Ha IEHTPAIBEHOE TEJO
W BHEIIHIOK 00edalfky KOJBIIEBOTO coruta. MccnemoBanbt
TPAGKTOPUHU IBIKEHUS YACTHI[ IONHIMCIIEPCHOM KOH-
JIEHCUPOBAaHHON (Da3bl B YCIOBHAX PA3IMYHBIX I'€OMET-
pHYeCKUX KOH(Urypanuid KoJbleBbix comneia. Pdopma
TPAaeKTOPUH YacTUl] KOHICHCUPOBAaHHOW a3kl B MHOTO-
KOMITOHEHTHOM TIOTOKE CYIIIECTBEHHO 3aBHCHUT OT pa3Me-
pa uvactuu. IlpenenbHble TPAaeKTOPUM YACTHI, OIpeJe-
JISIIOLLME MECTO UX BBINAJEHUS Ha CTEHKH COILIa, TAKOBBI,
9TO KaXaas (Qpakiys UMEET CBOI 00JacTh OCaKIACHUS,
MpU 3TOM B JO3BYKOBOH YACTH COIDIA CHadaja OCaX-
JaroTcst Ooiee KPyMHBIE (PpaKIiy, 3aTeM MEJKHe (pak-
IIUH, 2 B CBEPX3BYKOBOHM YacTH CHadanxa MEIKHE, 3aTeM
6oJee KpyITHBIE.

YacTuibl KOHISHCUPOBAHHON (ha3bl OKa3bIBAIOT PO-
3MOHHOE BO3/ICHCTBHE Ha KOHCTPYKLIMOHHBIE MaTE€PHAJIBI
COIUla, MUHMMAJIBHBIA pa3Mep (pakuuu, HayMHAIOIIEH
OKa3bIBaTh 3aMETHOE paspyllaroliee BO3JEHCTBUE CO-
crapsieT ~0,5+1 mxM. OAHMM M3 BO3MOKHBIX CIIOCOOOB
CHW)KEHMSI pa3pylIAlOUIero BO3AECUCTBUS KOHIEHCHPO-
BaHHOU (Da3bl HA MOBEPXHOCTHU COILIA SBJISICTCS yIIpaBIIe-
HUC JBI)KCHHUEM KOHJICHCHPOBAaHHOW (ha3bl. B kadecTBe
crocoba ympaBJeHHs ABIKCHHEM KOHICHCHPOBAHHOM
¢da3el paccMOTpeHa 3aKpyTKa MHOTO(a3HOTO IIOTOKA,
HCTEKAIOIIETO M3 KOJBIICBOTO COIUIA BHEIIHErO PAaCIId-
pernsa. IIpoBemeHo MareMaTH4ecKoe MOJETUPOBAHKE
JIBIDKEHUSI MHOTO(a3HOTO ITOTOKA, 3aKPY4EHHOTO OTHO-
cuTesnbHO ocu coma. Ilo pesynbraraMm uccienoBaHUN
MPEUIOKEH CIOCO0 YIIYYIICHUS TATOBO—HUMITYJIbCHBIX
XapaKTCPUCTUK KOJIBLCBLIX COIICI, HOSBOJ’U{}OHJ,I/II‘/II 3HaA4Yu-
TE€JIbHO CHHU3UTHh MOTEPU HMITYJIbCa H3—3a OCAKICHUS
YacTHUI[ U PACIIUPUTH OOJACTH NMPUMEHEHHS KOJBIEBBIX
comel, B KOTOPBIX B Ka4eCcTBE padO4yero Teja WCIOJb-
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3yIOTCSI MHOTOKOMITOHEHTHBIE TIPOAYKTHI CrOpaHHs pa-
KETHOTO TOILIMBA.

RESEARCH OF FLOW OF MULTICOMPONENT
MEDIUMS IN AN ANNULAR NOZZLES

A.L. KARTASHEV, M.A. KARTASHEVA

Chelyabinsk state university, Chelyabinsk, Russia

In modern rocket engines on solid propellant have
found broad application of metallized rocket propellants.
In this case flow of combustion products in a rocket
engine nozzle represents flow of multicomponent
me-dium. Distinction in trajectories of motion of gas and
particles of a condensed phase, bound with a sluggishness
of particles, calls their precipitation on a surface of
a nozzle, resulting in to losses of specific impulse
of thrust owing to transfer (partially or completely)
impulse of particles to walls of a nozzle (hereinafter
«of an impulse of a deposition of particles»).

The flow of multicomponent medium in an annular
nozzle results in a deposition of particles of a condensed
phase on walls of a nozzle: external cover and center-
body. The definition of losses of thrust owing to a depo-
sition of particles represents one of primal problems of
research of a gasdynamics of multicomponent flows in an
annular nozzles.

The mathematical modelling of flow of multicompo-
nent mediums in an annular nozzles is conducted. The
values of quantity of an impulse of a precipitation of
particles of a condensed phase on a centerbody and outer
cowling of annular nozzle are obtained. The trajectories
of a motion of particles of a polydisperse condensed
phase in requirements of different geometrical configura-
tions of annular nozzles are explored. The shape of trajec-
tories of particles of a condensed phase in a multicompo-
nent stream essentially depends on the size of particles.
The boundary trajectories of particles, defining place of
their dropout on walls of a nozzle, are those, that each
fraction has the field of a precipitation, thus in a subsonic
part of a nozzle at first larger fractions, then small—sized
fractions, and in a supersonic part at first small-sized,
then larger are precipitate.

The particles of a condensed phase render erosive
action on constructional material of a nozzle, the mini-
mum size of a fraction initial to render noticeable
destructive effect makes ~0.5+1 micron. One of possible
method of a decrease of destructive effect of a condensed
phase on a surface of a nozzle is the traffic control of
a condensed phase. As an method of a traffic control
of a condensed phase the swirl of a polyphase flow
elapsing from an annular nozzle of external expansion is

considered. The mathematical modelling of a motion of
a polyphase flow, swirling relatively an axis of a nozzle is
conducted. By results of researches the method of
improving of thrust—pulse characteristic of annular
nozzles permitting considerably to reduce losses of an
impulse because of a precipitation of particles and to
expand areas of application of annular nozzles, in which
one as a propulsive mass the multicomponent combustion
products of a propellant will be used, is proposed.

v

O BBIYMCJIEHU BPEMEHMU PEJIAKCAIIUN
KACATEJIbHBIX HAIIPSI)KEHUI
IO PE3YJIBTATAM JTUHAMUYECKHUX
UCIBITAHUIA METAJLJIOB

B.H. AEMUI0B

WucTuTyT QU3MKK IPOYHOCTH U MATEPUATIOBEICHUS
CO PAH, Poccus

B.I1. HEMBITOB

Tomckuii rocyaapcTBeHHsbli yHuBepeuret, Tomck, Poccus

PaccmatpuBaetcs 3aiaua 00 ornpezenacHu (QyHKIHO-
HaJIbHOHM 3aBHCHMMOCTH BPEMEHHM pEJaKCalllu KacaTellb-
HBIX HANpPsDKEHWH OT IapaMeTpoB COCTOSIHUS (Hampspke-
HUMH, nedopManuii, TemMneparypsl) nedopmupyemoii cpe-
nbl. Bpems penakcauuu npelcTaBisieTcs ONpeeeHHON
WHTEPIOJIIIOHHON (HOpMYIIoii, comeprkarield HeCKOJIBKO
CBOOOIHBIX MapaMeTPOB, IMOUICKAIINX OIPEAEICHUIO Ha
OCHOBE 3KCICPHUMEHTAIBHBIX JaHHBIX. B kadecTBe moc-
JIETHUX MCIOB3YIOTCS (M3BECTHBIE U3 JINTEPATYPHI) AHa-
rpaMMbl 1e(pOPMHUPOBAHHMS, CBA3BIBAIOLINE HAIPSIKCHUS
u aedopMalii B YCJIOBUSAX OJHOOCHOTO PACTSDKCHHSI—
CIKaTus, U MOJYYCHHBIC IPU PA3JIMIHBIX CKOPOCTAX HATrpy-
JKEHUSI W Pa3iIMYHBIX TeMIlepaTypax. DKCIepHUMEHTalb-
Hast HHpOpMaNUsT MHTEPIPETUPYETCS B paMKax MOJEIH
MaKCBeJUIOBCKOW Bsi3koymnpyroi cpens! ('ogynos C.K.,
Pomenckuit U.E), a cremeHp OMM30CTH TEOPETHUYECKHUX
(pacyeTHBIX) M OKCIIEPUMEHTAIBHBIX JIaHHBIX OICHH-
BaeTCs, KaKk OOBIYHO, (PYHKIMOHAIOM CpPEIHEKBAIPaTHU-
HOTO OTKJIOHEHMs. B mTore 3ajada CBOAWUTCS K HEITMHEN-
HOH mpoOjemMe HauMEHBIMX KBaapaTtoB. OMHAKO, B OT-
JMYHE OT TPAJAWUIMOHHOIO IMOJAXO0Ja, OCOOEHHOCTb pac-
CMaTpHUBaeMOi 3a7la4d COCTOMT B TOM, 4TO (DYHKI[HOHAI
CPEIHEKBaIpaTUYHOTO  OTKJIOHEHWS! 3aJlaH  HEsIBHO,
U MUHHMH3HPYETCS Ha MHOXKECTBE (QYHKLHWH, SBIISIO-
IIMXCSl pEIICHHEM HEeKOTOpoil cucrembl auddepeHnn-
anpHbIX ypaBHeHHH. [ToJoOHas mocTaHOBKa 3aiadyd BO3
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HHUKAeT BCJIEJCTBHE TOTO, YTO BPEMS peNaKkcaliy HpH
JUHAMHYECKUX HCIBITAHUSIX MAaTepHalioB HEMOCPECT-
BEHHO He (uKcupyercs. V3MepeHHIo U MOCHenyIoIeMy
aHaIM3y MOCTYIHBI JIMIIb KOCBEHHBIC IPOSIBICHHS pe-
JJaKCallMOHHBIX ﬂBJ’leHHﬂ, B 4YaCTHOCTH, HCHOHbSyeMbIﬂ
B JIaHHOW paboTe MaKpOCKOMUYECKHH 3 PEKT, COCTOSIINI
B OTJIMYUM JHarpamM Je(OpMHUpPOBaHUs, COOTBETCTBYIO-
LIUX Pa3IMuYHBIM CKOPOCTSM HarpyxeHus. Pacuetnas nua-
rpaMma J1eOpMHpOBaHMsI TOJydYaeTcs B pe3yJbTare
YHUCJICHHOTO WMHTETPUPOBAHMS OIHOMEPHBIX YPaBHEHUH
BSI3KOYTIPYTOH cpeibl. Bpemst pemakcari BXOAUT B KO-
(UIEHTHI STUX ypaBHEHHH.

INonck MuHHMyMa (yHKIHMOHANA CPEIHEKBAAPATHY-
HOTO OTKJIOHEHHS OCYIIECTBIJIIETCS C HCIOJIb30BaHUEM
merona Hengepa—Muna (meroma «aedopmupyemoro
MHOTOTpaHHMKa»). [Ipym 3TOM Ha KaXJIOM IIare urepa-
LIMOHHOTO TIpollecca CHayajla pemaerca 3afada (Wiu
HECKOJIBKO 3a/1ad — B 3aBUCHMOCTH OT KOJHMYECTBA HC-
MOJIb3YEMBIX 3KCIIEPUMEHTAIBHBIX KPUBBIX) O AedopMu-
POBAaHUHU OJHOPOJHOTIO CTEP)KHS, MOJEIHUPYIOLIAas COOT-
BETCTBYIOLIUN 3KCIEPUMEHT. DTO MO3BOJSAET MOCTPOUTH
pacyeTHyIO KpHUBYIO JIe()OPMUPOBAHHS U BEIYUCINTD 3HA-
YyeHue (PyHKIMOHAaJa CPEAHEKBAAPATHIHOTO OTKJIOHCHHS.
3areM BapbUPYIOTCS CBOOOIHBIC MapaMeTphl, BXOSIINE
B HMHTEPIOJSIMOHHYIO (hopMyily BpEMEHH pelaKcauu,
U MPOLIECC MTOBTOPSETCS [0 TEX IOp, MOKa He OyaeT Joc-
TUTHYT KPHUTEPUHA CXOAUMOCTH. [ J100aIbHOCTh HaiilieH-
HOTO KCTPEMyMa KOHTPOJIHPYETCS. BBIOOPOM pa3INiHBIX
CTapTOBBIX TOYEK M HM3MEHEHHEM pa3MepOB HAYaJIbHOIO
MHOTOTrpaHHHKA.

PaccMoTpeHbl pa3nuuHble MHTEPHONSHOHHBIE (op-
MyJIBl Ul BpeMeHHU penakcanuu. [lomydeHHsle pesyabra-
THI TIO3BOJISIFOT OLICHUTH pab0TOCIIOCOOHOCTh U THOKOCTH
TOW MM WHOHM (OPMYJIBI IIPH ONMHCAHUK COOTBETCTBYIO-
11ero Habopa KCIEPUMEHTAIBHBIX PE3yIbTaTOB.

ON CALCULATION OF RELAXATION TIME
OF TANGENT STRESSES USING THE RESULTS
OF DYNAMIC TESTING OF METALS

V.N. DEMIDOV

Institute of Strength Physics and Material Science
SB RAS, Russia

V.P. NEMYTOV

Tomsk State University, Tomsk, Russia

The problem on the determination of functional de-
pendence of relaxation time of tangent stresses on state
parameters (stresses, strains and temperature) of deform-
able medium is examined. The relaxation time is pre-
sented as certain interpolation formula, containing several
free parameters, which could be determined on the base
of experimental data. The diagrams of deformation
known from literature, connecting the stresses and strains
under condition of one—axis tension — compression and
obtained for various loading rates and temperatures are
used as the latter. Experimental information is interpreted
in term of Maxwell model of viscoelastic medium (Go-
dunov S.K., Romenskii L.E.), and proximity degree of
theoretical (numerical) and experimental data is estimated
as usual with help of the functional mean—square devia-
tion. In the upshot the problem is reduced to the nonlinear
problem of least—squares. Besides, unlike the traditional
approach, the feature of the problem under study consists
in the following. The functional of mean—square devia-
tion is given implicitly and minimized among multitude
of the functions, which are the solution of some differen-
tial equation system. Similar problem formulation ap-
pears because the relaxation time is not fixated immedi-
ately during dynamic testing. Only the indirect manifes-
tations of the relaxation phenomena are accessible for
external observation and following analysis, particularly
macro effect used in this work: the distinction of defor-
mation diagrams for various loading rates. The calcula-
tion deformation diagram is result of numerical integra-
tion of one—dimensional equations of viscoelastic me-
dium. The relaxation time enter into the coefficients of
this equations.

The searching of the minimum of the mean—square
deviation is carried out using the method of Nelder—-Mid
(method of «deformable polyhedrony). In this connection
on each step of the iteration process, firstly one problem
is solved (or several problems depending on quantity of
the used experimental curves) on deformation of uniform
rood, modeling corresponding experiment. That allows
constructing the computation curve and calculating the
value of functional of the mean—square deviation. Than
the free parameters of interpolation formula for relaxation
time are varied, and the process is repeated till conver-
gence criterion reaches. The globality of found extreme is
controlled by the choice of various start points and
change of the size of initial polyhedron.

The different interpolation formulae for the relaxation
time are viewed. The obtained results allow estimating
the efficiency and the flexibility of that or another for-
mula when the description of corresponding set of the
experimental data is realized.
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MOJEJUPOBAHUE KOHTAKTHbBIX
HOBEPXHOCTEM B KOMILJIEKCE MAX-3
C HCITOJIB30BAHUEM CMEINAHHBIX AYEEK
"N MAPKEPOB

H.H. AHY4YMHA, B.11. BOJIKOB, B.A. TOPAENYVK,
H.C. EcbkoB, O.M. KO3EIPEB

Poccuiickuii penepanbHbIi SISPHBIA IEHTP —
Bceepoccuiickuit HUU Texandeckoid GU3NKH
uM. akana. E.W. 3ab6abaxuna, Cuexunck, Poccus

B pabore maHO KpaTkoe ONMHCaHHUE PEaTH30BAHHOTO
B xomruiekce MAX-3 [1] meroma mpeacTaBieHUs] KOH-
TaKTHOM TPaHUIIBI C TIOMOIIBIO HEPETYJISIPHOU TPEYTroib-
HOHM CETKH MapKepoB.

[IpuBonsaTcs mMOCTaHOBKAa M PE3yJbTaThl CpPaBHU-
TeJAbHBIX TecTOBBIX 2D u 3D pacueToB s ABYX METO-
JIOB: METO/a KOHIIEHTPAIMI K MeTo/1a MapKepoB.

AJITOPUTMBL METOJIa MApKEPOB ONPEIEISIIOT IOJIO-
JKEHUE KOHTAKTHBIX IIOBEPXHOCTEH Ha SHJIEPOBOU CETKU
U BIUSIIOT HA pacyeT KOHBEKTUBHBIX IOTOKOB.

Pe3ynbraTsl pacueToB MOKa3aiH, YTO MpeagaraeMblii
METOJ] MapKepoB TIO3BOJSIET 0OJee TOYHO MepeaaBaTh
MOJIO)KEHNE KOHTAKTHOM TPaHMIIBI U JaeT MEHBIIYIO TO-
TPEIIHOCTh B paclpeIe]ICHAH 0 00bEMOB BEIIECTB.
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Ilyutina O.S., Kozyrev O.M. and Volkov V.I., Three—
Dimensional Numerical Simulation of Rayleigh—
Taylor Instability by MAH-3 Code // In Proc. of 6th
International Workshop on The Physics of Compres-
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des Systemes Thermiques Industriels, Marseille,
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SIMULATION BY THE MAH-3 CODE OF THE
INTERFACES USING AN MIXED CELLS
AND MARKERS

N.N. ANUCHINA, N.S. ES’KOV, V.A. GORDEICHUCK,
0O.S. ILYUTINA, O.M. KOZYREV, V.I. VOLKOV

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

The paper presents a 3D method of describing inter-
faces with unstructured mesh of markers, which is im-
plemented in the MAH-3 code [1].

Set—up and computed data of 2D and 3D test prob-
lems are presented to compare two methods: the method
of material mixture concentrations and the markers
method.

Marker—based algorithms control the interface loca-

tion in time on an Eulerian mesh and influence on calcu-
lation of convective fluids flows.
The numerical results show, that the proposed markers
method allows the robust calculation of the interface lo-
cation and gives less error in volume—fraction distribu-
tion.
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MO/JIEJIMPOBAHUE HEYCTOMUYNUBOCTEM
B BECCTOJIKHOBUTEJIBHBIX CUCTEMAX
CO CTOXACTUWYECKUMHU YACTHLIAMUA

B.H. CHBITHUKOB, B.A. BIIMBKOB, C.A. HUKUTUH

WuctutyT karanuza uM. I'.K. bopeckona;
HuctutyT BeruncnutenbHbex TexHoioruit CO PAH;
WuctutyT saepHoit pusuku um. .M. Byakepa CO PAH,
Hoocubupck, Poccust

Ha npumepe 3amadn o pa3BuTuu HU3HUECKON KOJIIEK-
TUBHOM HEYCTOMYMBOCTU B TaJJAKTUYECKUX HIIA OKOJIO-
3BE3JHBIX JUCKaX C CaMOCOIJIaCOBAHHOM TI'PABUTALMOH-
HOM JMHAMHMKOW MHOTMX TeJl PAaCCMOTPEH HOBBIA METOH
BBIJICJICHUSI CTOXACTHMYECKOM U JAETepPMHUHUPOBAHHOU
[IOJICUCTEM U3 BCETO MHOXKECTBA YaCTUL.

®dusnyeckass HEYCTOWYMBOCTh HM3y4€HA IIyTEM 4YHC-
JIEGHHOTO MOJIEJIMPOBAHUS 110 CO3AaHHBIM Hamu 3D kogam
C pellleHneM HeCTallMOHAapHOTrO ypaBHeHHMs BriacoBa —
JnyBwins ans yactuu v ypaBHenus [lyaccona st camo-
COTJIACOBAHHOI'O MOTEHLMAJIa C ONpENEICHUEM ChJl, OeH-
CTBYIOIIMX Ha 4YacTHLbl. OCOOEHHOCTh CO3/IaHHOTO KOJia
COCTOUT B TOM, YTO OH NpPEAHA3HAYEH ISl U3YUYEHHUS pa3-
BUTUS (PU3MYECKUX HEYCTOMYMBOCTEH C MX BBIXOJOM Ha
HEIMHEHHBIe cTaaun. B HeM mpeomoneHa mpobiemMa BBIYIC
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JINTEIHHOMU (1)I/I3I/IKI/I, CBsA3aHHAad ¢ OAHOBPEMCHHBIM BbITIOJI-
HEHUEM 3aKOHOB COXPaHEHMs JSHEPruuv, MMITyJbCa U YIJIO-
BOI'0O MOMCEHTA B MCTO/IC YaCTHL], YMCJIO KOTOPBIX JOCTUTACT

B pacuerax 10°. B xone obecrieueHb! anmpoKCUMAIys HcC-
XOJHBIX YPaBHEHHWH M CXOAMMOCTH YHCIICHHOTO DELICHHS
IIPU OTCYTCTBUM YCTONUMBOCTH B JIMHEWHOM NPUOIKEHUN
B M3y4aeMoi 00J1acTH 3HAUYCHUI TapaMeTpOB.

BrruucnurenbHbie OKCIICPUMEHTBI TIO3BOJIMJIM  BbI-
SIBUTh JETEPMUHHPOBAHHBIE YCTOWYHMBBIE TPACKTOPHU
Cpeld HEYyCTOMYMBBIX PACXOJAIIMXCSA TPACKTOPUM BO3-
HUKAOLIETO CIy4YalWHOTO ABM)KEHHS YacTHIl B (Da30BOM
MIPOCTPAHCTBE BCIEICTBUE CTOXACTHUECKOW MPUPOIBI
MOJIETINPYEMbIX KOJUICKTHBHBIX SBJICHHH B TI'paBHTallH-
OHHOI1 ¢u3uke. lcmomp3yemblii MOOXOX TEPEHOCHUTCS
JUISL IBUOKEHHS YaCTHI] B JJIEKTPOMAarHUTHBIX TOJISIX.

Ha xaxnaplii MOMEHT BpEMEHH MPOCTPAHCTBEHHAA
JIOKaNn3ays 00JIaCTH Pa3BUTHUS HEYCTOHUMBOCTH CBsI3a-
Ha C YacTHLaMH, IOMABIIMX B C(HOPMHPOBABIIYIOCH
00J1acTh CTOXaCTHYECKOro ABMXKEHHS B (pazoBoM Ipo-
cTpancTBe. MckimounB u3 paccMoTperust obiactu ¢azo-
BOr'O NPOCTPAHCTBA C JAETEPMHHUPOBAHHBIM JIBI)KCHHEM
YacTHIl, ObUI BBIYMCJIEH OOOOIIEHHBIA SKCIIOHEHINAJIb-
HBIN TOKa3aTenb HeycToiunBocTH. B 3D pacuerax Obuiu
BBIJIEIICHBI IIEHTPBI 3aPOKICHUS U PACIIUPSIOIIUECS Ipa-
HUIBI 00J1acTel TMHAMHYECKOT0 Xaoca.

COMPUTER SIMULATION OF GLOBAL
INSTABILITY WITH STOCHASTIC MOTION
OF PARTICLES

V.N. SNYTNIKOV, S.A. NIKITIN, V.A.VSHIVKOV

Boreskov's Institute of Catalysis;
Insitute of Computational Technology;
Budker's Insitute of Nuclear Physics;
Novosibirsk, Russia

The problem of development of collective instability
in galactic or circumstellar disks with the self—consistent
gravitational dynamics of many solids was considered as
an example of using a new method for separation
of stochastic and regular subsystems from the entire set of
particles.

Collective instability is studied via numerical
modeling using the 3D codes we designed, with solving
the nonstationary Vlasov—Liuville’s equation for particles
and the Poisson’s equation for self-consistent potential,
and detecting the forces that affect the particles.
A characteristic property of the code we designed is that
it is intended for studying the development of physical
instabilities approaching the nonlinear stages. This code
overcomes the problem of computational physics related
to infraction of conservation laws of energy, impulse and
angular momentum in the PIC method. The number of

. . . 9 .
particles in calculations may be 10~ and more that it's less

or compare to number of stars 1010—1011 in galactics.
This code provides approximation of initial equations and
convergence of numerical solution in the absence of
stability in linear approximation.

Proposed method for separation of stochastic and
regular motion of particles has been based on computer
experiments with the identical initial conditions and
controllable disturbances of rounding errors. The
rounding errors were accumulated slowly for regular
trajectories. ~ Computational  experiments  allowed
detection of regular stable trajectories among the unstable
diverging trajectories of the particles motion in the phase
space caused by the stochastic nature of simulated
collective phenomena. This approach is applied also to
the particles motion in electromagnetic fields.

At each instant of time, space location of the area of
instability is related to the particles caught in the
stochastic motion region being formed in the phase space.
Excluding from consideration the areas of phase space
with regular motion, we calculated a global exponential
parameter of instability. 3D calculations allowed
separating the sites of generation and the extending
boundaries of the dynamic chaos regions.

v

YU CJIEHHBIE AJITOPUTMBI JJISI PACYETA
YIAAPHO-BOJIHOBLIX 1 JTETOHAIIMOHHBIX
IMPOLECCOB B I'A30B3BECAX
PEATUPYIOIINX YACTHUILY

T.A. XMEJIb

HucTutyT Teopernueckoit u npuxiiaguoi mexanuku CO PAH,
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O CBEPXTJTYBOKOM NPOHUKAHUN
YACTHIBI B VIIPYTOILIACTHYECKYIO
CPENY

B.JI. KoJIMOrorPOB

WuctutyTt Mammzoctpoenus YPO PAH, Tomck, Poccus
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3AIIMTA JIEMEHTOB KOHCTPYKIAM
OT B3PBIBHOI'O HATPY KEHUSA

A.B. 'EPACIMOB

HWU npuknannoit MaTeMaTHKHU U MEXAHUKH,
BrnaguBoctok, Poccus
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YIAIAPHO-BOJIHOBBIE I1OJIS ITPU B3PbIBE
BBJIN3 KOHTAKTHOU I'PAHUILbBI

C.D. IOMBPOBCKHUI

Hay4uHo—-uccreioBaTenbCKuid IEeHTp 6e30MacHOCTH
texauuecknx cucteM MO P®, Cankr—IletepOypr, Poccus

B nmoknanme paccmaTpuBaroTCs pe3ysIbTaThl TEOPETH-
YECKMX U AKCIEPUMEHTAJIBHBIX UCCIENOBaHUN Mpolecca
JICTOHAIINH, a TaK)Ke (OPMHUPOBAHHS U PACIIPOCTPAHEHUSI
yIapHO—BOJIHOBOTO BO3MYIIEHUSI B OJNM)KHEH 30HE B3pHI-
Ba KOHJIEHCHMpoBaHHOTO BB, mnpousBeneHHOro BOJM3HU
CBOOO/IHOW TTOBEPXHOCTH S>KHIKOCTH. PaspabarbiBaercs
MOzenb OJNMKHEH 30HBI B3pbIBA, Ha 0a3e KOTOPOW pac-
CUMTBIBAIOTCS TOJI JABJICHUN B BOJAE M B BO3AyXE NPHU
B3pBIBE ABYX 3apsIOB BOJM3M TPAaHUIBI pasfena cpem.
[lomyueHHBIE pE3yabTAThl CPAaBHUBAIOTCS C JTAHHBIMHU
(hU3UIECKOTO OIIBITA.

Monens B3pbIBa 0a3mpyercss HAa YpaBHEHHAX IBIDKE-
HUS HACAIBHOM COKMMAEeMOM JKHAKOCTH W HU3BECTHBIX
YpaBHEHHAX COCTOSIHHS HPOIYyKTOB B3PHIBA, BOJIBI U BO3-
nyxa. Jletomammsa paccMmarpuBaeTcsl B NPHONMKCHUN
CTallMOHAPHOM MOJIENH.

}1.]'[51 OMMMCaHUsA TCUYCHHSA BBOAATCA HUWIMHAPHUYCCKUEC
KOOPAUHATHI (7, z), IPOIOJIbHAS OCh Z KOTOPBIX COBIAJa-
€T C OChI0 CHUMMETPUHU TEYEHUS, a Hadalo KOOPAMHAT
HAXOAUTCS B LIEHTPE 3apsja.

B kadecTBe HaYaNbHBIX YCIOBHU MPHUHUMAIOTCS IIa-
pameTpsl HEBO3MYIICHHBIX B3PHIBYATOTO BEIECTBA WIIH
MPOAYKTOB ACTOHALMH. 3a TpeneinaMu 00JacTh SHEpro-
BBIJICJICHHUS 3a[1aI0TCS MapaMeTphl HEBO3MYIICHHOHN cpe-
Il KpaeBbie ycioBHs pean3yloTcsi HOCPEACTBOM JKCT-
panoyALIUN MapaMeTpoB TEUEHUS 3a IPEAesbl pacaeTHON
00JTacTH U COOTBETCTBYIOT: Ha OCH CHMMETPHH — YCJIO-
BHIO Ha TBEPIOM CTEHKE, a HA OTKPBITOM rpaHuLEe — YyC-
JIOBHIO CBOOOTHOTO PACIIPOCTPAHEHHUS CPE/IbI.

AHanu3 pe3yJabTaTOB BBIYHCIUTENBHBIX 3KCIIEPHMEH-
TOB IIOKa3bIBACT, YTO BOJIHOBAA KapTHUHA B BOAEC IIPU HAl-
BOZHOM B3pbIBE ONPEACIIAETCS HEIUHEHMHON CYNEepIo3u-
[UCH SIUIICHTPATBHON BOJHBI M COOCTBEHHO MpPEIOM-
JIGHHOM. ONUIEeHTpalbHasi BOJIHA MPEBAIUPYET B OIIU-

HEHTpaIbHOW 00JacTh M 00yCJIOBJICHA IaBIICHHEM BO3-
JyITHOW yIapHOW BOJHBI M BBICOKOCKOPOCTHBIM JIBHXKE-
HHEM TIPOTYKTOB JETOHALUHN M MX TOPMOXXCHHUEM Ha CBO-
0O0THOM TPaHUIIE YKUIKOCTH.

BonnoBele KapTUHBI TECYCHU ITPU TOABOJHOM B3PbIBE
KOHJeHCUpOBaHHOrOo BB B ycCll0BUSX NPOBENEHUS OIBITA
B pPa3JIMYHbBIC MOMCHTBI BPEMCECHU SABJIAIOTCA CJIOKHOM
CyIepHo3uIMell NpsIMOi BOJIHBI, a TaKXe BOJH, OTpa-
KEHHBIX OT TPAHUIl BOJIOEMA U Ta30BOTO ITy3bIPS TIPOIYK-
TOB B3pHIBa.

Ha ocHOBaHMH COIIOCTaBIICHUS PE3yHTATOB BBIYMCIIH-
TENFHBIX AKCIICPUMEHTOB C JaHHBIMH OITBITA TTOKA3hIBACTCS
4TO, pa3pabOTaHHBI METOJ, MO3BOJIIET C JOCTATOYHOM
TOYHOCTBIO OIICHMBATH IMapaMeTpPhl yIAapPHO—BOJIHOBBIX
roJiel B OvKHEH 30HE B3PbIBA, IPOU3BEIEHHOTO BOJIM3H
CBOOOIHOW TOBEPXHOCTH JKUIKOCTH.

SHOCK WAVE FIELDS AT EXPLOSION
NEAR BY CONTACT BORDER

S.E. DOMBROVSKY

Russian Defence Scientific Research Centre for the Safety
of Technical Systems, Saint Petersburg, Russia

Theoretical and experimental investigation results of
a detonation and also formation and propagation shock
wave disturbation in a near zone of TNT explosion,
which made near by a free surface of a liquid are consid-
ered in this report. The model of a near zone of explosion
is developed. Fields of pressure in water and in air at
explosion of two charges near by contact border of medi-
ums are calculated on the basis of this model. The re-
ceived results are compared with the data of physical
experiment.

The model of explosion is based on the equations for

ideal compressible flows and the known equations of
state of explosion products, water and air. The detonation
is considered in approximation of stationary model.
For the description of flow the cylindrical coordinates
(r, z) are entered. A longitudinal axis z coincides with an
axis of flow symmetry, and the origin of coordinates is in
the centre of a charge.

As initial conditions the parameters of quiet explosive
or detonation products are accepted. The parameters of
quiet (non disturbed) environment are set for outside the
explosion area. Boundary conditions are set by means of
extrapolation of flow parameters beyond the limits of
computation domain and correspond: on an axis of sym-
metry - to condition on solid wall, and on open border —
to condition of free environment distribution.

Numerical Methods, Algoritms, Codes and Accurate Solutions
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The analysis of results of numerical experiments
shows that the wave picture in water at surface explosion
is defined by nonlinear superposition of epicentrum wave
and actually refracted one. First of the named waves pre-
vails in epicenter area and is caused by pressure of an air
shock wave and high-speed detonation products and their
braking upon free surface of liquid.

Wave pictures of flows at underwater explosion of
condensed TNT in conditions of realization of experiment
at the various moments of time are superposition of
a direct wave and also the waves reflected from borders
of a reservoir and a gas bubble of explosion products.

It is show that the basis of comparison of numerical
experiments results to the data of experiment the devel-
oped method with sufficient accuracy allows to estimate
the parameters of shock wave fields in a near zone of the
explosion realized near a free surface of a liquid.

v

METO/IbI PACUETA IO.JISI JABJIEHUSI
B BJIMVKHEM 30HE
MOJABOJHOI'O B3PbIBA

C.D. TomePOBCKUit, C.A. TTAJTbMUH

Hayuno—mnccnenoBarensCckuii HEHTp 0€30IIaCHOCTH
Texauueckux cucteM MO P®, Cankr—IletepOypr, Poccus

B noxmane paccmarpuBaroTcs pe3yJbTaTbl TEOPETH-
YEeCKHUX M 3KCIEePUMEHTAJIBHBIX MCCIIEOBaHUI Mpolecca
JIETOHAIMH, a TaKKe (POPMUPOBAHUS M PaCIIPOCTPAHEHUS
MOJJBOJHOW YAapHOW BOJIHBI B OJIMDKHEH 30HE I10/IBOJIHO-
ro B3peiBa BB. Pa3pabarsiBaeTcsi MOIeNb I10/{BOJJHOTO
B3pHIBa, Ha 0a3e KOTOPOH pacCUUTHIBAIOTCS ITOJIS JIaBJIe-
HUIl B CBOOOIHOM BOJIE TIPU B3PHIBE CHCTEMBI, COCTOSIIEH
13 IBYX LIWJIMHApUYECKUX 3apsioB BB, a Taxxke mumHi-
PpUYECKOro 3apsiia, TAKOro K€ paauyca, HO YABOCHHOM
JUIMHBI, 110 CPaBHEHUIO C OJMHOYHBIM 3apsaoM. Ilomy-
YeHHBIE PE3yJbTaThl CPaBHHUBAIOTCA MEXIy coboil. Co-
[IOCTABJICHUE NPOU3BOJUTCS B IPOCTPAHCTBEHHO—BpE-
MEHHOW 00J1aCTH, KOTOpasi XapaKTepU3yeTcsl ONpeesieH-
HOW BEJIMYMHOMN JTABJICHUS BO (DPOHTE YJAPHON BOJIHEI.

JIBueHne IMPOAYKTOB B3pbIBAa U BOJbl ONMCHIBAETCS
YPaBHEHUSIMH COXPAHEHUSI MACChl, UMITYJIbCA U DHEPIHH.
[Tpouecc neroHannu paccMaTpuBaeTCsi B MPUOIMIKEHUH
CTallMOHApHOM Mojenu. B xadyecTBe ypaBHEHHs COCTOSI-
HUSL JUId NPOAYKTOB JNETOHALMU NPUHUMAETCS YypaBHE-
Hue coctosHus Kypomatenko. CocTosHHE OKpYIKaromei
cpenbl IPHU BBICOKUX YPOBHSX 3HEPIHMM OIUCHIBAETCA
TabIU4HOM (HOPMON MHTEPITOIAHOHHON TEPMOIMHAMHE-
YecKOH MOJeNd i BOABI B OONACTH OIHOPOJHBIX
1 IByX(pa3HBIX COCTOSHUI.

B paccmoTpenue BBOIATCS IUIMHIPHYICCKHE KOOPIIHA-
THI (7, Z), TAK 9TO MPOJOIBHAS OCh Z CUCTEMBI KOOPIUHAT
COBIIAJIA€T C OChIO CHMMETPUH TEUCHH. 32 TOJI0KHUTENb-
HOE HAampaBlICHHE OCH 2z NPUHUMACTCA HaIpPaBICHUE
WHULIMMPOBAHUS LWIMHAPUYECKOro 3apsaa. PaccrosHus
OTCUMTHIBAIOTCA OT TOUKH, PACIOJIOKEHHOM MocepeanHe
MCXKIY MIApOBBIMU 3apdaaMu, UKW OT HCHTpA HUJIMHAPU-
4ECKOro 3apsaja.

Cucrema ypaBHEHUH COXPAaHEHHUs UHTETPUPYETCS

YUCIICHHO TIPH TTOMOIIHA METOJa, OTHOCSIIIErOCs K KIIAcCy
JarpaHXeBO—3MUIEPOBBIX METOJOB CKBO3HOTO CUETA,
B KOTOPOM pa3BUBAIOTCS OCHOBHBIC MJIEH MOIUPHUIIAPO-
BaHHOT'O METO/1a KPYIHBIX YaCTHII.
OO6cyXaaroTca pe3yiabTaThl BBIYUCIUTEIBHOTO JKCIIEPHU-
MEHTa, B KOTOPOM pPacCMaTpUBAJIIOCh HHUIIMHPOBAHUE
JACTOHAIIUN TUJIMHAPUYCCKOI'O 3apsaia pasjiMdyHbIMU CII0-
co0aMu: OZHOTOYEYHBIM (M3 CEpelIHbI TOPIIA) U MOBEPX-
HOCTHO—KOJIBLICBbIM. Ananus PE3YJIbLTATOB ITOKAa3bIBACT,
4TO 00JIaCTH, C XapaKTEPHBIM ITMKOBBIM JIaBJICHHEM,
NPaKTHYECKH COBNAJAIOT NPU 000MX Crloco0ax MHUIMH-
poBaHusl.

ConOCTaBIIIOTCS PE3YNIbTAaThl BEIYUCIUTEIBHBIX JKC-
MIEPUMEHTOB, B KOTOPBIX PACCMATPHUBAJICS B3pPBIB CHCTE-
MBI JIBYX IIApPOBBIX 3apsIOB C Pa3IMYHBIMH BpEMEHAMHU
3aIep’KKA  MEXKIy MEPBBIM U BTOPHIM MOJAPHIBaMH. AHa-
JIU3 MOKA3bIBAaeT 4TO, HAOMIONAeTCs YCHICHHE IaBJICHUS
BO (pOHTE yHApHOH BOJIHBI, PACHPOCTPAHSIOICHCS
B MEPHEHANKYISAPHOM HAIMPAaBIECHUHA OTHOCHUTEILHO OCH,
MPOXOJAUIEN Yepe3 LIEHTPhI 3apsA0B, PU OJHOBPEMEH-
HOM B3pbIBe. [Ipy yBenMueHUr BpEMEHU 3aepKKHU yaap-
HO—BOJIHOBOE T10JIe TPaHC(HOPMUPYETCS TaK, YTO B IPO-
cTpaHcTBe (popMHpyeTcs KOHYC C OCHOBAaHHMEM, B BHJE
KpPYroBo#l 00JacTH, B KOTOPOW NaBIEHWE NOCTHTAeT Xa-
PaKTEpHON BEIMUYUHBL.

Takum 00pa3oM, Ha OCHOBAaHWUHU PE3YJIBTATOB BBIYHCIIH-
TENBHBIX HKCIIEPUMEHTOB MOYKHO 3aKJIFOUNTh, YTO UMEET-
Csl IPUHLIMIHNAIBHAS BO3MOXXHOCTH (DOPMHPOBAHUS THI-
POAMHAMHUYECKOTO TOJIsI HAMpaBlIEHHOTO AeicTBus. Pas-
paboraHHasi MOJEb, B LEJIOM, aJE€KBATHO OIUCHIBAET
JUHAMUKY JBIDKEHUS IIPOAYKTOB JETOHALMU U BOJBI
B OJIMDKHEH 30HE MOABO/IHOTO B3pPhIBa

CALCULATION METHODS OF A PRESSURE
FIELD IN A NEAR ZONE OF UNDERWATER
EXPLOSION

S.E. DOMBROVSKY, S.A. PALMIN

Russian Defence Scientific Research Centre for the Safety
of Technical Systems, Saint Petersburg, Russia
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In the report theoretical and experimental inves-
tigation results of detonation and also formation and
propagation of an underwater shock wave in a near zone
of underwater TNT explosion are considered. The model
of underwater explosion is developed. On it’s basis the
fields of pressure in clear water at explosion of the
system consisting of two cylindrical charges TNT, and
also cylindrical charge, the same radius, but the double
length in comparison with a single charge are calculated.
The received results are compared among themselves.
Comparison is made in existential area, which is
characterized by the certain value of pressure in the shock
wave front.

The explosion products and water motion is described
by the equations of mass, momentum and energy conser-
vation. Process of a detonation is considered in approxi-
mation of stationary model. As the equation of state for
detonation products the equation of state Kuropatenko is
accepted. The condition of an environment at high levels
of energy is described by the tabulared form thermody-
namic interpolation model for water at homogeneous and
biphasic conditions.

Cylindrical coordinates (7, z) so the longitudinal axis z
coincides with an axis of symmetry of flow are entered.
For a positive direction of an axis z the direction of ini-
tiation of a cylindrical charge is accepted. Distances are
counted from a point located in the middle between
charges, or from the centre of a cylindrical charge.

The system of the equations of conservation is inte-
grated numerically by means of a method concerning
a class of Lagrangian—Eulerian methods in which the
basic ideas of the modified method of large particles are
developed.

There are discussed the results of numerical
experiment in which initiation of a cylindrical charge
detonation by various ways was considered: one—dot
(from middle of the butt) and superficial — circular. The
analyses of results shows that area with characteristic
peak pressure practically coincide at both ways of
initiation.

Results of numerical experiments in which explosion
of two charges system with various delay time between
the first and second blast are compared. The analysis
shows that amplification of pressure in front of the shock
wave extending in a perpendicular direction concerning
an axis passing through the centers of charges is observed
at simultaneous explosion. When increasing time of
a delay the shock wave field is transformed so that in
space the cone with the basis, as circular area in which
pressure achieves characteristic amplitude is formed.

Thus it is possible to conclude that there is a principle
opportunity of formation of a hydrodynamical field of the
directed action. The developed model as a whole ade-
quately describes dynamics of products of a detonation
and water in a near zone of underwater explosion

v

HAT'PEB IWJIMHJIPUYECKOM 3ATOTOBKH
P TOYEHUH B HECKOJIBKO ITPOXO10B

H.B. ITAamALikuii, C.H. KOHOHOB, A .B. ITPOXOPOB

Ounmman KOHO—Y panbCKoro rocy1apCTBEHHOTO
yHuBepcurera, O3epck, Poccus

[Ipu 00TOUYKE Bajia MPOUCXOINUT €0 HArPEB B Pe3yJib-
TaTe BBIACICHUS TeIUia B 30HE pe3aHus. /i moimydeHus
U3JIENUsl ¢ 3aJaHHBIMH TMapaMeTpaMu JOJDKHA YYUTBI-
BaThCs TEMIepaTypa HarpeBa Baja.

[loBrIMIeHNE TEMITEpaTyphl 3arOTOBKU TMPH TOYCHUH
3aBUCUT OT T€OMETPHUYECKUX Pa3MEPOB Baja, TETUIO(H-
3UYECKHUX CBOMCTB Marepuajla 3aroTOBKH, YCJIOBUH OX-
JQXKICHUS, a TAKOKE OT PEKUMa Pe3aHusl.

BCHC}ICTBI/Ie BblCOKOﬁ qaCTOThI Bpa]_lleHl/Iﬂ BaJjia TeII-
JIOTa, BBIICISIFONIASCS B 30HE Pe3aHusi, ObICTPO pacrpe-
JCIISICTCS 11O Opr)KHOCTl/I HI/IHI/IHILpa, U UCTOYHHUK TCIlJIa
MOXXHO CYHTaTh KOJBICBBIM. [Ipenmomnaraercs, dYTo
IJIOTHOCTH TEILIOBOI'O ITIOTOKA NCTOYHHKA BJIOJIL OCH Bajia
pacrpenenseTcss 10 HOpMalbHOMY 3aKoHY. Taxke moia-
raeM, 4YTO KOJBIEBOM HCTOYHHMK TeIlla HEIOIBHIKEH,
a 3aroTtoBKa (OECKOHEYHO UIMHHBIA IWIMHAP) TepeMe-
I[aeTCsl B OCEBOM HAIPABJICHUU CO CKOPOCTBIO V, COOT-
BETCTBYIOIIECH NOJjaue HHCTPYMEHTA .

Hunmanprdeckas cucTteMa KOOpAMHAT CBs3aHAa C WC-
TOYHHKOM TEIUla U Takke HenojBwkHa. OO0O03HAYCHHUS,
TIPUHATHIE Jajee B TeKCTe: ¥, X — IIHHAPHIECKHIE KOOP-

JIMHATBI, 1y — 3(GdeKTHBHBIA pa3Mep HCTOYHHKA, R —

paaryc TOBEPXHOCTH LHJIMHAPA, O, — KOI(PPUIMECHT KOH-
BEKTHBHOH TEIUIOOT/AAYM C IOBEPXHOCTH Bajla B OKpY-
Karouyto cpeny, ¢ — anuMHa 0oOpadaThIBaeMOro y4acTka
BaJa.

HduddepernnansHoe ypaBHEHHE SHEPTHH TSI MaTe-
pHanga JIBHKYLIErocss OECKOHEYHOTO IMIMHAPA HMEET

BUI:
or o’T 10T o°T

o —+—+——

0z arz r or 6x2

0, (M

rae T — mpupocT TeMIeparypsl (fajee MpocTo TeMIle-
paTypa) B TaHHOH TOYKe IMIUHIPA, @ — KOo3(duiueHt
TEMIEePaTypPOIPOBOJHOCTH Marepuana, ¢ — (QyHKIUA
BHYTPEHHUX UCTOYHHUKOB TEIUIA.

OYHKIMS @ MOJENUPYET NEHCTBUE BHEIIHEIO KOJb-

LIEBOTO MCTOYHHKA TEIUIa M TPEACTABISETCS B CIEHYIO-
IIEM BHJIE:
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2
qro R-r X
¢=——exp —k -I—=1 |- (2
cp R )
B 3TOM BBIp@)XX€HUM: ¢j( — IUIOTHOCTb TEILIOBBIIENE-

HUS Ha OKpyxkHoctM mpu r=R u x=0; ¢, p —
TETIOEMKOCTb ¥ INIOTHOCTh MaTepHana 3aroToBKU; ky —

CMECTUTh
Hapy>XHOU

rnapaMerp,  IO3BOJIAIOIINI
HCTOYHUKH  Temia K
UWJIMHAPUIECKOTO Tea.
JMuddepennuansaoe ypapuenue (1) 1omoyHseTCs Hy-
JIEBBIM TPAHUYHBIM YCIOBHEM INpPH X = 100 IpaHUYHBIM
YCIIOBHEM TPETHETO POZa Ha TIOBEPXHOCTH.
Pemenne ypasaenus (1) maer:

T(xr)=4 B,J (um %jx

m=0

X exp{—x+(b':"r0j ][l—erf[%+b’"Tr0D+ 3)
C,h x C,n
+exp|:—x+( 4 j :l(l‘f'ei’f[g Tj] .

®opmyna (3) ucnonb3yercss Ul pacueTa TemIepa-
TYPHOTO ITOJIsl B LMJIMHAPUYECKOHN JIeTaIN PU TOUYEHHUHU B
OJIMH TPOXO/I.

BHYTpPEHHHE
MIOBEPXHOCTH

Ecimn y4acTok Bana JuiMHOU 14 oOpabaTsIBaeTCs pes-
IIOM B HECKOJIbKO NPOXOJOB, TO IJIS ONpPEIeiIeHHs TeM-
IepaTypsl IPUMEHSETCS BBIPAKEHUE:

nxr ZT

€ 7 — YHUCIO MPOXOJoB, a T (x—

—(k=1),7) 4)

(k—l) E,r) TO Xe,
ato u (3) mpu 3amene x Ha x —(k—1) .

I'paduueckue mocTpoeHus, npoBeaeHHbBIE MO (4) mMo-
Kazajd, 4TO MaKCUMaJlbHasi TeMIepaTypa LUIMHAPA MOJ
PE3LOM PACTET VISl KAKIOTO CIEAYIOLIEro MPOXo/a.

HEATING OF CYLINDRICALPREPARATION
AT WHETTING IN SOME PASSES

N.V. PASHACKY, S.N. KONONOV, A.V. PROKHOROV

Branch of the Southern Ural State University, Ozersk, Russia

At turning a shaft there is its heating as a result of
heat release in a cutting area. In order to take of a product

with the set parameters the temperature of heating of a
shaft should be taken into account.

Heating of billet at turning depends on the geometri-
cal sizes of a shaft, thermophysical properties of a mate-
rial of billet, conditions of cooling, and also from a mode
of processing.

In work analytic form for temperature fields of the
work piece is found, taking into account of the parame-
ters above. The formula is found for two cases — for
turning in one and several cut.

Under resulting formulas graphic constructions are
carried out. For example, they have shown that the
maximal temperature of the shaft under a cutter grows for
each following cut.

v

DISCUSSION OF VLM EQUATION OF STATES

HE B1
Institute of Fluids Physics, CAEP, China

v

ADAPTIVE SIMULATION FOR MULTI-FLUID
INTERFACE INSTABILITIES

L1 PING
Institute of Fluids Physics, CAEP, China
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