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MEMORIES OF THE GENERAL DESIGNER OF SPACE-ROCKET
ENGINEERING VLADIMIR NIKOLAEVICH CHELOMEY
(TO THE 90-ANNIVERSARY FROM BIRTHDAY)
Nadezhda Yu. Kishkina
Russian Academy of Sciences, Moscow, Russia

In the report facts in issue of life and activity of academician Vladi-
mir Nikolaevich Chelomey, twice the Hero of Socialist Work, the Winner
Lenin and four State premiums, one of the famous scientists of mechanics,
the engineer which works are widely known both in our country, and also
in many foreign countries. The outstanding designer of aviation and space-
rocket engineering, V.N. Chelomey within 10 years, with 1974 for 1984,
was selected the deputy of a Supreme Soviet of the USSR from Chuvash
Republic (former Chuvash ASSR).

V.N.Chelomey was born June, 30, 1914 in city of Sedlets, the child-
hood and youth have passed on Ukraine in Poltava. In 1937 has ended avia-
tion faculty of the Kiev polytechnic institute, and in 1939 has protected the
master's thesis. Since 1940 he studied and worked in Moscow in an Acad-
emy of Sciences of USSR, and since 1941 as scientific employer in CIAM
where in 1943 creates for the first time in our country new type of the air-
breathing engine (the pulsing engine), then cruise missiles of sea, air and
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ground basing. In the beginning of 1945 these rockets were taken advan-
tage the Soviet Army.

In 1951 he has protected in MVTU the thesis for a doctor's degree, and
since 1952 - the professor, organizes in MVTU faculty “Dynamics of machines”
where reads a rate of lectures on dynamic stability of oscillatory systems.

The special place in V.N.Chelomey's design works occupies his in-
vention concerning disclosing of a wing of a rocket in flight. He for the first
time has offered and has developed new type of a rocket, starting from the
special transportable container. By development of devices of the following
generation problems of movement of rockets on an underwater site were
solved and created long working engines on hard fuel.

Since 1959 V.N.Chelomey is a general designer of objects of space-
rocket engineering. Under his management rockets carriers and artificial
satellites of the Earth, "Proton", "Flight", orbital stations "Salute - 3", "Sa-
lute - 5" and others are developed. The design of stations "Salute" became a
basis of the head block of long-term space station "Mir". Experience of a
rocket "Proton" was used at flight of the Moon pilotless and also with pilots
by devices at soft landing to the Moon of automatic stations, flight of Ve-
nus and Mars, landing of automatic stations to these planets. In 60 and the
beginning of 70th years first universal ballistic missile UR-200, and as the
new automated complexes with universal rockets and the simplified mine
launcher was created.

V.N.Chelomey's child is NTO of mechanical engineering - the only
thing in the world the enterprise of the space-rocket branch conducting de-
velopment of complexes of three various directions with cruise missiles,
ballistic missiles and space vehicles.

In the report V.N.Chelomey's scientific and friendly mutual relation
with academician L.I.Sedov, 30 years continued more will be marked.

At drawing up of the report documentary materials from the private
affair of academician V.N.Chelomey, kept in Archive of the Russian Acad-
emy of Sciences, Scientific council of the Russian Academy of Sciences on
the mechanics of liquids and gases, memoirs of professors
G.N.Abramovich and S.N.Hrushchev, references, thematic encyclopedias,
documents and photographic materials of the museum of academician
V.N.Chelomey. The report will be accompanied by display of two films.



IMAMSTHU 'EHEPAJIBHOI'O KOHCTPYKTOPA PAKETHO-
KOCMMYECKOW TEXHUKHA BJIAJIUMUPA HUKOJIAEBHYA
YEJOMES (K 90-JIETUIO CO JAHS POXKJIEHUS)
Hanexnpa 10. Knmknna
Poccuiickas akagemus Hayk, MockBa, Poccus

B nokmane kpaTko W3I0KEHBI OCHOBHBIE (DaKThI KU3HH U IESTEIBHO-
ctu akanemuka Bmamuvupa Hukomaesmua YUemomest, aBaxknabl I'epost Co-
nuanucrtudeckoro Tpyna, Jlaypeara JlennHckod u uyerslpex l'ocynmapct-
BEHHBIX MPEMHUI, OTHOTO M3 KPYIMHEUIINX YUCHBIX-MEXaHUKOB, WHXKEHEpa,
paboThl KOTOPOTO MMPOKO M3BECTHBI KAK B HAILIEH CTpaHe, Tak M 3a ee mpe-
JenamMy.  Belparoomuiics  KOHCTPYKTOP — aBHAllMOHHOM M PaKETHO-
kocmuueckor TexHuku, B.H.YUenomeii B Teuenue 10 ner, ¢ 1974 mo 1984
roj, m3bupaincs aenyratom BepxosHoro Cosera CCCP or Yygarickoit
ACCP.

Pomgunca B.H.Yenomeit 30 urons 1914 roma B ropone Cemerr, neTcr-
BO U IOHOCTH Nponutd Ha Ykpause B [lontase. B 1937 rony okoHunn aBua-
IUOHHBIN (akynbTer KneBCcKOoro moiMTeXHUYeCKOro WHCTUTYTA, a B 1939
rofy 3amuTha Kauaunatckyto nucceptamuio. C 1940 roga B.H.Uenomeii B
Mockse — poktopant AH CCCP, a ¢ 1941 roma — HayuHBIi COTPYAHUK
HUAM umenn I1.1.bapanoBa, rae B 1943 rony co3maer BlepBbIe B HAIIEH
CTpaHe HOBBIA THI BO3AYLIIHO-PEAKTHBHOTO JBUTATENs (MyJIbCUPYIOMINA
JIBUTATENb), 3aTEM KpPbUIAThIe PAKEThl MOPCKOT'0, BO3IYIITHOTO U HA3€MHOT'0
OasupoBanus. B Hayane 1945 roxa »Tu pakeTsl ObUIM MPHHSATHI HA BOOPY-
skeHue CoBeTCKoi ApMun.

B 1951 roay on 3amutun 8 MBTY nokTopckyro nuccepTaliuio, a ¢
1952 roga — npodeccop, opranuzyer B MBTVY kadenpy “/Innamuka ma-
MKUH”, TJIC YUTACT KYPC JICKIMHA M0 JUHAMHYECKONH YCTOWYMBOCTH KojeOa-
TEJbHBIX CUCTEM.

Oco0oe MecTo B KOHCTpYKTOpckux paborax B.H.Yemomes 3aHnmaer
ero u3o0peTeHre, Kacalolleecsi PackpbITHS Kpblla pakeTsl B monere. OH
BIIEPBbIC MPEIUIOKUI U pa3padoTan HOBBIM THII pakeThl, CTAPTYIOIIEH u3
TPaHCNOPTa0EIBHOTO CIEUAILHOTO MTyCKOBOI'0 KoHTeWHepa. [Ipu paspa-
00TKe anmapaToB CIEAYIOUIEr0 MOKOJIEHHs ObUIM PEIIeHbI BOMPOCH JHHA-
MUKHU JABHXXEHUSI PaKeT MOPCKOro 0a3upoBaHHS Ha MOABOTHOM y4YacTKe U
CO3JaHbI JUTMTEIBHO paboTalolIre IBUTAaTEeNId Ha TBEPAOM TOIUIHBE.



C 1959 rona B.H.Yenomeit — renepanbHbIi KOHCTPYKTOp 00B-
eKTOB paKeTHO-KocMUYecKoil TexHuKH. [log ero pykoBoacTBoM paspabo-
TaHbl PaKeThl HOCUTEIM M HCKYCCTBEHHBIE CITyTHHUKM 3emud, “IIpoTon”,
“[Toner”, opbutansHbie cranun “Camot-3”, “Camtor-5" u npyrue. Tsbke-
nas mUIoTHpyemas opOuTanbHas cTaHnus “Cairor” MOATBEpPAWIIA CBOIO
YKU3HECIIOCOOHOCTh MpH HUCHbITaHUsAX craHiuu “Camor-2”, “Camor-37,
Camot-5”. Koncrpykiusa cranmuii “CaiioT” cTajia OCHOBOW TOJIOBHOTO
O70Ka JOJATOBPEMEHHOW KOCMHYEcKoW craHmmuu “Mup”. OmBIT pakersl
“ITpoToH” ObLT HCHONB30BaH Mpu obnere JIyHbI OeCIMIOTHBIMU U TTHIIOTH-
PYEMBIMH ammapaTtaMd Mpud MATKOH mocajke Ha JIyHy aBTOMaTHYECKHX
cTaHIumii, o0iere Benepsl 1 Mapca, mocajike aBTOMaTHYECKUX CTaHIMIA Ha
9TH TUIAHETHI.

B 60-x u Havane 70-x romoB ObUIa CO3/1aHAa MEpBas yHUBEpCaIbHAs
Oamncrtuyeckas pakera YP-200,a Tak ke HOBbIE aBTOMAaTHU3UPOBAHHBIC
KOMITJIEKCHI C YHUBEpCAbHBIMU PaKeTaMH M YIPOLICHHOW IaXTHOH Iyc-
KOBOHM yCTaHOBKOM.

Herume B.H.YUenomes — HTO mammHOCTpOSHUS — EAUHCTBEHHOE B
MUpE MpeNNnpusATHE PaKETHO-KOCMHUECKON OTpaciu, Beryliee pa3paboTKy
KOMITJIEKCOB TPEX Pa3JIMYHBIX HANpaBlICHUH C KPbUIATBIMU paKeTaMu, Oa-
JUCTUYECKIMH PaKeTaMH U KOCMHUUYECKHMH almapaTaMH.

B noknazne OyayT oTMeudeHbI Hay4HBIE U JPY>KECKHE B3aMMOOTHOIIIe-
uust B.H.Uenomes ¢ akagemukom JI.W.CenoseiM, mgausmiuecs oonee 30 miert.

[Ipu cocraBneHWu IOKIaAa MCIOIB30BaHBI JOKYMEHTaJbHBIE MaTe-
puansl U3 IUIHOrOo Aena akaaemuka B.H.Uenomes, xpansiiuecs B ApxuBe
Poccuiickoit Akanemun Hayk (PAH), Hayunoro coera PAH no mexanuke
JKUJKOCTEW W Ta30B, BocroMuHaHus npodeccopor [.H. AOGpamoBuua u
C.H.XpymeBa, nuTepaTypHble UCTOYHUKH, TEMATHUECKHE YHIMKIIONEANH,
JTOKyMeHTBl u (poTomarepuansl my3es akanemuka B.H.Uemomes OI'VII
“HTO mammnocTpoenus” Peyroro (Haykorpan).

Hoxan Oyner conpoBOXKIAThCS TOKA30M JBYX (DHUIBMOB.



APPLICATION OF ARTIFICIAL NEURAL NETWORKS METH-
ODS FOR SOME HYDRODYNAMIC PROBLEMS
Victor S. Abrukov'?, Daria A. Troeshestova', Alexander S. Chernov'
'Chuvash State University, 15, Moskovskiy pr., 428015 Cheboksary, Rus-
sia
*Cheboksary's Institute of the Moscow State Open University
54, Marks str., 428000 Cheboksary, Russia

Artificial neural networks (ANN) can be considered as universal tool
for multidimensional approximation. The Kolmogorov-Arnold theorem
dealing with capability of representation of multidimensional functions by
means of superposition of functions of one variable is a basis of ANN ap-
plication..

The ANN are computer codes training on examples. They represent
some quantity of “neurons” each of which is an elementary processor real-
izing a mathematical function. The ANN can be presented often as “neu-
rons” formed in layers. The input information goes on the first layer, then
on the second layer and so on. After passing each layer, the information
varies in accordance with synaptic weight of each neuron and its mathe-
matical function. The synaptic weight is a contribution of each neuron cal-
culation to a final result. The task of ANN training consist of a finding such
synaptic weights, at which ones the input information will correctly be
mapped in outcome information. A database for ANN training can be
formed by means of various techniques.

Main advantage of ANN technologies of simulation is that they can
be used at solution of problems, which ones have no obvious algorithmic
solution. The ANN allow to reveal legitimacies of a system behavior on a
basis of “inexact data" (or incomplete data) about the characteristics of the
system. The main condition of successful application of ANN is a quality
of the database used for training.

A short review of examples of ANN usage is presented in the paper.

1. New ways for solving of inverse problems of optics by means of
artificial neural networks (ANN) are presented. A task of integral equations
solution, i.e. a task of determination of an integrand (a distribution of local
characteristics of object with known symmetry) by means of the integral
meanings distribution is considered [1]. The main feature is the solution of
an inverse problem by means of incomplete data about integral meanings
distribution. It was shown that the ANN could reduce the values of an inte-
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grand on all intervals of its change by means of only one value of an inte-
gral. A database for ANN training was obtained by means of solution of
optics direct problems for various types of integrand. The way like this
could be used for solution of inverse boundary-value problems in the field
of HSH. A database for ANN training should be created by means of solu-
tions of direct boundary-value problems for various types of analytically
assigned functions and differential equations systems.

2. The possibilities of modeling of hydrodynamics phenomena and
their forecasting by means of ANN [2] are discussed. The tasks of hard
wall shock about a layer of fluid and of wave propagation on a free surface
of a fluid were considered. It was shown that ANN could approximate the
wave shape with a good accuracy. From a practical point of view, the major
interest is a research of ANN feasibility for determination the impact force
and coordinates of impact by means of a wave shape measured at unknown
distance from impact.

3. The ANN models of combustion wave (CW) propagation are dis-
cussed. The new approach to solution of the task of experimental determi-
nation of the profiles of temperature and heat release rate by means of the
ANN models and measurement of burning rate of combustion wave is rep-
resented [3]. The simplest ANN-model of one-dimensional CW, circum-
scribed by a differential heat conduction equation, can be obtained as fol-
lows. At first, a differential heat conduction equation has to be converted in
algebraic by means of an analytically represented temperature profiles like
sigmoid functions. Further, by means of variation of the sigmoid function
parameter and both thermal and kinetic parameters, it is possible to obtain a
set of burning rate values corresponding to a set of the sigmoid function
parameters, thermal and kinetic parameters. The “database” obtained has to
be used for ANN training and construction of ANN-model of CW.

4. An ANN model of deflagration-to-detonation transition under
various experiment conditions is presented as a simple example of the ANN
discovery possibilities. A deflagration-to-detonation transition under vari-
ous experiment conditions was studied in [4]. The data presented in [4] had
many blanks (about 60%). The task of filling them by means of ANN was
set. The results obtained show that the ANN discovery possibilities are
good.

5. An ANN model of automatic control system of boiler unit during
transient processes was created. A database for training of ANN was ob-
tained by means of system of finite-difference equations based on full dy-
namic non-linear mathematical model of boiler unit. The results obtained

8



show good perspectives of ANN usage for control during dynamic non-
linear modes of a power loading variation, during non-stationary modes of
deteriorated or critical heat transfer as well as during emergency on boiler
unit.
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BO3MOXKHOCTH NIPUMEHEHHU A TEXHOJIOT U
UCKYCCTBEHHbIX HEMPOHHBIX CETEM IIPA PEILIEHUU
HEKOTOPBIX IPOBJEM I'MAPOJANHAMUKHU
Buxtop C. A6pyxos'”’, lapss A. Tpoemectosa',
Anexcanap C. Uepnos'

"Uypamickuii rocy1apcTBEHHBINH YHUBEPCUTET,

15, MockoBckuii mp., 428015 Yebokcapsl, Poccust
*Yebokcapckuii uacturyr MI'OY,

54, yn. K.Mapkca, 428000 UebGokcapsi, Poccus

UckyccrBennsie Heiponnsle cetn (MHC) moryr paccmarpuBathest
KaK YHHBEpCaJIbHOE CPEICTBO MHOTOMEpPHOW ammpokcumaiuu. OCHOBOM
npumenenuss MHC ciyxur Teopema KommoropoBa-ApHoibaa 0 BO3MOXK-
HOCTH TIPE/ICTaBIICHHS MHOTOMEPHBIX (PYHKIUI MOCPEICTBOM CYIEpIo3u-
UM QYHKIMK OZHOW NepeMEeHHON NpH 3a1aHHON KOHEYHOH TOUHOCTH.

Omynsatopsl UHC - KoMITbIOTEpHBIE ITPOrpaMMBbl, B OCHOBE IIPUMEHEHHUS
KOTOPBIX JIGKUT 00ydeHre Ha ipumepax. OHU NMPEACTABISIOT CO00H HEKOTOpOe
KOJIMYECTBO “HEHPOHOB”, KaX/IbIi U3 KOTOPBIX SBIIAETCS JIEMEHTAPHBIM IIpO-
1IECCOPOM, PEATH3YIOIIMM HEKOTOpYI0 MateMaTudeckyro (ynkuuro. MTHC mo-
I'yT OBITh TPEJCTABJICHBI YacTO B BHJIC “‘HEHPOHOB”, OOBCIAWHEHHBIX B CIIOM.
BxoznHble JaHHBIE ITOCTYIIAIOT HA IIEPBBIA CIOM, 3aTEM HA BTOPOM U TaK JaJiee.
INocre mpoxoxIeHust KasKA0ro ciost, THQOpMAaLHs H3MEHSIETCS B COOTBETCTBUH
C CHHAITHYECKUM BECAMH KaXK0r0 HEMPOHA U €r0 MaTeMaTHIeCKON (PYHKIHEH.
CuHanTHuecKie Beca OTPakaroT BKJIAJ KKIOTO BBIUMCIEHUS, TIPOM3BOIUMOIO
HEHpPOHOM B KOHEYHBIH pe3yabTat. 3ajada 00y4eHHs HEHPOHHOW CETH COCTOUT
B OIpENETIeHNH TaKUX CUHANTHYECKUX BECOB, MPH KOTOPBIX BXOJHBIE JaHHbIE
OyIyT MpaBWIBHO OTOOpaskaTh 3apaHee M3BECTHBIC BHIXOIHBIC JaHHBIE. baza
nanHbIx it 00yuenuss MTHC moxer ObiTh c(hopMUpPOBAHA C TIOMOIIBIO pa3iiiy-
HBIX METOJIUK.

OcnoBHoe mnpeumymiectBo TexHomoruit MHC-moxenupoBanus co-
CTOHUT B TOM, YTO OHU MOTYT HCIOJb30BATHCS MPH PEIICHUH MPOOIeM, KO-
TOpbIe HEe UMEIOT aiaroputmudeckoro pemenns. MHC no3BomisioT BEIABIATE
3aKOHOMEPHOCTU TIOBEJACHMSI CHUCTEMBI HAa OCHOBE ‘“HETOYHBIX JaHHBIX"
(HenonHOM MHPOpPMAIMK) O XapaKTepUCcTUKax cucteMbl. OCHOBHOE yCIO-
BHeE ycremHoro npuMmenenust TexHonoruit MHC - kauecTBo 6a3bl JaHHBIX,
HCIIONB3YyEeMOH JIJIsl O0YUCHUSI.

B nanHo# pabote nmpuBeneH KpaTKuii 0030p MPUMEPOB HCIOIb30Ba-
uust MHC.

1. IIpeacraBieHsl HOBbIE MYTH pelIeHUS OOpaTHBIX 3a/la4 ONTHKU C
nomorpio MTHC. PaccmaTpuBatoTes 3a1a4uu pelieHusl HHTErpajibHbIX ypaB-
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HEHHWI, TO €CThb 3aJauM OIpEJeNIEHUS MOABIHTErPAIbHOIO BbIPAXKEHUS
(pactipenenenus JOKaJIbHBIX XapaKTEPUCTHUK 00bEKTa W3BECTHOW CHMMET-
pHH) C TIOMOIIBIO paclpeesieHns 3HaYeHUH MHTErpaioB Mo JMHUHM pPEeTH-
cTpanuu ontuueckoro curHaia [1]. OcHoBHas 0COOCHHOCTh - pEIICHHE
o0paTHBIX 3a7]a4 ¢ TIOMOMIBIO HEMOJHOW MH(OpMAIUH O pachpene’ieHnu
3HaueHuil uaterpanos. Ilokasano, uro MHC mo3BomnsiioT moiy4ats 3Haye-
HUS TOJBIHTETPAILHOTO BBIPAXKEHH BO BCEM MHTEpBAJIe €T0 U3MEHEHHS C
MOMOIIIBIO TOJIBKO OJTHOTO 3HaueHHs MHTerpana. basa maHHbIX g o0yue-
Hust MTHC monydanack ¢ MOMOIIBIO PEIICHUS PSIMOU 3aa4d ONTHKU JIsI
Pa3IMYHBIX THIIOB MOJBIHTEIPAIBHBIX BBIPAKCHUH. AHATIOTUYHBINA CIIOCO0
MOJKET HCIIOJIb30BaThCS JJIs pelieHus 00paTHbIX KpaeBbix 3a1a4y ['BC. baza
naHHbIX s o0yuenuss MHC gomkHa ObITh CO3/1aHa ¢ MTOMOIIBIO PEIICHUH
MPSIMBIX KPAeBBIX 3a/1a4 Ul Pa3IMYHBIX TUIIOB aHAJMTHYECKHU 3aJIJaHHBIX
¢bynkuunit u cucreM auddepeHanTbHbIX ypaBHEHHIH.

2. Bo3MO)XHOCTH MOAETHPOBAHUS THAPOANHAMUYECKUX MPOLIECCOB U
ux nporuosuposanus ¢ nomomsio MHC obcyxkaensr B [2]. PaccmaTpuBa-
JIach 3aJ]a4a yAAapa jKECTKOM CTEHKH O CJION XKUJKOCTH U PACIPOCTPAHEHHUS
BOJIHBI 110 CBOOOJTHOM MOBEPXHOCTH JKHUJKOCTU. Bbio mokazano, uto MHC
MOT'YT aIllllPOKCHMUPOBATh (GOPMY BOJHBI ¢ XOpoliel ToyHoCcTblo. C mpak-
THYECKON TOYKHU 3pEHUS TJIABHBIN UHTEPEC B 3TOM HAIPABJICHUH HUCCIENO0-
BaHUI MOXET MPENCTaBIATh uccienoBanue npumenumoctu MHC nmus om-
peleNieHHst cuila yjapa U ero KOOpAWHAT C MOMOIIbI0 W3MepeHus (popmbl
BOJIHBI Ha HEM3BECTHOM PaCcCTOSHUU OT MecTa yapa.

3. O6cyxnatorcs BosMoxkHocTH nonyuenus MHC-moneneli pacmpo-
CTpaHEHHMsI BOJIHBI ropeHus. HOBBINM NOIX0/1 K PELICHUIO 3aja4U OIIpesesie-
HUsl Tpoduiell TeMnepaTypbl H CKOPOCTH TEIUIOBBIICTIECHHUS! C MTOMOIIBIO
HNHC-monenelt 1 SKCIepUMEHTATIBFHOTO U3MEPEHUSI CKOPOCTH PaCIpoCTpa-
HEHHs BOJIHBI ropenus npencrasieH B [3]. [Ipocreitmass UHC-monens on-
HOMEpPHOW CTallMOHAPHOW BOJHBI TOPEHHsI, ONMUCHIBaeMol auddepeHIn-
albHBIM ypaBHEHHEM TEIUIONPOBOJHOCTH C HCTOYHUKOM TeIjga, MOXKET
OBITh TIONydYeHA CleAyrommM obpazom. CHavanma, auddepeHiaibHoe
ypaBHEHHUE TEIUIONPOBOTHOCTH JIOJHDKHO OBITH MPeoOpa3oBaHo B ainredpau-
YeCKHE C TIOMOIIBIO PAa3TNYHbIX aHAJTUTUYECKU 3a/1aHHBIX, HAIIPUMEp C MOo-
MOUIBIO CHUTMOWAATBHBIX (DYHKIMHA, pacmpefesieHnid TeMIepaTypsl BO3-
MOXKHBIX B BOJIHE ropeHus. [lanee, mocpeacTBOM HM3MEHEHHUs Iapamerpa
CUTMOMJIbI, @ TaKXe TEeIUIOBBIX M KHHETHYECKUX MapaMeTpOB CHCTEMBI,
MOXHO TOYYUTh HA0Op 3HAYEHHH CKOPOCTH TOPEHHS, COOTBETCTBYIOIINX
HabopaM 3Ha4YeHUI NapaMeTpPOB CHUTMOM[BI, TEMJIOBBIX M KHHETHYECKHX
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napamerpoB. [lonyuenHas “0a3a maHHBIX MOXKET OBITh HCIIOIb30BaHA IS
obyuenust MHC u noctpoennss MHC-Monenu BOIHBI TOPEHHUS.

4. UHC-mopens nepexoia oT TOPEeHUs K ACTOHAIUN TPU Pa3IMYHBIX
YCIIOBUSIX IKCIIEpUMEHTA MpeJicTaBlIeHa Kak MPOCTON MpUMEp «IpeacKasa-
TenbHbIX» Bo3MoxHOocTe MHC. Ilepexoa oT ropeHus x AeTOHALUU MpU
Pa3IMYHBIX YCIOBMSIX dKCIepUMeHTa u3ydaics B [4]. [lanHble, npencras-
JieHHbIE B [4] uMenu MHOro mpobOenoB (mpubnusutensHo 60 %). 3agaua
npeackazanusg ux ¢ nomomsio MHC Oputa mocTtaBieHa B JaHHOH pabore.
[ony4yeHHble pe3yabTaThl MOKAa3alHd XOPOLIME «IpeICKa3aTeIbHBIE BO3-
MOKHOCTH» BoaMoxkHocTH MHC.

5. O6cyxpmatorcs Bo3MoxHOCTH cosnanHus MHC-monenu cucrembl
aBTOMAaTHYECKOTO yIpaBieHus koTioarperatom TOLl B mepexomHbIx pe-
xumax. baza ganubpix mma oOyduenuss MHC Obina monmydeHa C MOMOIIBIO
CHCTEMBl KOHEUHO-PAa3HOCTHBIX YpaBHEHWH, COOTBETCTBYIOIIMX IOJTHOM
HEJIMHEWHOW IMHAMHUYECKOW MAaTEMaTHYE€CKON MOJENIHU MPOLIECCOB, IPOTE-
KaloUMX B Taporeperpeparene komioarperara. [logydeHHbIe pe3ynbTaThl
MOKa3alli XOopolIre nepcneKTuBsl ucnonb3oBanus MHC mist ynpasieHus B
Mepuo]] TUHAMUYECKUX HETMHEWHBIX PEKUMOB H3MEHEHHS Harpys3Kd, B
HeCTaI[MOHAPHBIX PEKUMAaX YXYALIEHHOTO TemaooOMeHa, a TaKkKe Mpu BO3-
HUKHOBEHHH KPH3MCHOTO P&KKMMA MCTIapeHHsl B KoToarperare.
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MINIMIZATION OF AN AIRFOIL DRAG COEFFICIENT
USING OPTIMUM CONTROL METHODS
Damir F. Abzalilov
Chebotarev Institute of Mathematics and Mechanics,
Kazan State University
17, Universitetskaya Str., 420008, Kazan, Russia

The most effective way of design airfoils with optimal aerodynamic
characteristics is based on the solution of inverse boundary-value problems
of aerohydrodynamics. Given velocity distribution is connected with the
circulation of a fluid directly and, hence, with the lift coefficient of an air-
foil. The drag coefficient of an airfoil is not connected with velocity distri-
bution directly, at first is necessary to perform boundary layer (BL) calcula-
tion and only after that, for example, using the Squire-Young formula or by
direct integration of viscous forces to define the drag. Therefore the prob-
lem of specifying of optimum velocity distribution (especially on the pres-
sure recovery region) is actual problem.

At present work the problem of an airfoil design by a velocity distribu-
tion given on the airfoil’s contour is considered. A velocity distribution is
specified with several free parameters, and on the pressure recovery region
the velocity decreasing type is determined from condition of minimum drag
coefficient and condition of no-separation. The Reynolds number on infinity
is given. The integral BL calculation method is based on joint integration of
the equations of momentum and energy with the fixed relations between
formparameters and coefficients of friction and energy dissipation [1].

Known way of drag reduction on an airfoil is BL suction. The case of
using suction for improving aerodynamic characteristics of an airfoil is in-
vestigated. In this case the sum of the drag coefficient and the coefficient of
energy consumption was minimized. Was considered, a BL thickness and
suction do not influence on an external stream.

For airfoil design by given velocity distribution the theory of inverse
boundary-value problems of aerohydrodynamics [2] is used. Three solv-
ability conditions (conditions of airfoil closure and the condition of coin-
ciding of specifying velocity on infinity with velocity, determined from
solution) are fulfilled by a variation of three free parameters.

The problem of finding of velocity distribution on the pressure re-
covering region is formulated in terms of optimum control problems, as
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control functions the gradient of velocity and BL suction velocity are cho-
sen. Solution was performed using the Pontryagin’s maximum principle.
The work was supported by RFFI (the project No 02-01-00061) and
by NIOKR fund of Tatarstan Republic.
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2. Elizarov A.M., ll'inskiy N.B., Potashev A.V. Mathematical
methods of airfoils design (inverse boundary-value problems of aero-
hydrodynamics). Berlin: Academie Verlag, 1997. 292 p.

MUHUMMU3AIIUA KOODOOUIUEHTA COITPOTUBJIEHUSA
KPBLJIOBOT'O MPO®NJISA METOJAMU OITTUMAJIBHOT' O
YIIPABJIEHUSA
Jamup ®. A03a1nJ10B
HUWUW matemaThku 1 MEXaHUKH
KazaHckoro rocyaapcTBEHHOTO YHUBEPCUTETA
17, yn. Yauepcurerckas, 420008, Kazans, Poccus

HauGonee 3¢dexTuBHbII CIOCO0 MOCTPOSHMS ONTUMAIBHBIX IO a3-
POAMHAMHUYECKHM XapaKTEPUCTHKAM KpPBUIOBBIX Mpoduiell ocHOBaH Ha
peleHnr OOpaTHBIX KPaeBBIX 3allad a’pOrHIpOJMHAMUKH. 3a/JaBacMoc B
HUX paclpeaeieHne CKOPOCTH HAIMPSIMYIO CBSI3aHO C ITUPKYISIUEH KHJIKO-
CTH H, CJICJOBATENIbHO, ¢ KO3(P(MUIMSHTOM IMOABEMHON CHJIBI KPBUIOBOTO
npoduiist. Koadduument conpoTuBieHns KpbIJIOBOTO MPOQHIIS HE CBSI3aH C
pacmpenencHieM CKOPOCTH HampsiMylo, TpPeIBapUTENbHO HE00XO0IUMO
npousBecTH pacuer norpanuuHoro cios ([1C) m naumb mocne aToro, Ha-
npumep, 1o Gopmyse Ckpaiipa-FOHTra WM HEMOCPEICTBEHHBIM HHTEIPH-
POBaHUEM BSI3KMX CHJI ONPENCIUTh conpoTuBieHue. [loaToMy 3amaya on-
pelneneHrsi ONTUMAIBHOTO pacipelieleHns CKopocT (0coOeHHO Ha -
(y30pHOM y4acTKe) sSIBJISETCS aKTYaJIbHOM.

B pabote paccmaTpuBaeTcs 3a1a4a IOCTPOSHHUS KPBUIOBOT'O MPOGUIIS
0 3aJJAHHOMY paclpeeNeHHI0 CKOPOCTH (JIaBJIeHHsI) Ha €ero TOBEPXHOCTH.
Pacnpenenenue ckopocTu 3a7aercsi B MHOTOlapaMeTpUYECKOM BUJIE, TIPH-
geM Ha AU y30pHOM ydacTKe 3aKOH MaJCHHsS CKOPOCTH HAaXOIWTCS M3
YCJIOBUS MUHUMAJIBHOCTH CONPOTHUBIICHHS W OrpaHHuYeHUs Ha Oe30TphIB-
HOCTh OOTEKaHWs NP 3aJaHHOM uucie PeliHoibica Ha OSCKOHEYHOCTH.
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WnTerpanpusbiii meron pacuera [IC ocHOBaH Ha COBMECTHOM MHTETPUpPOBa-
HUU ypaBHEHUH UMITYJIbCOB M SHEPTUU C YCTaHOBJIEHHBIMH OTHOLICHUSIMH
JUTE KO3 (UIIMSHTOB TPEHUSI U JUCCUTIAIINH dHepruw [1].

W3zBecTHBIM CrIOCOOOM yMEHbIICHUsT KOA(PPHUIMEHTa COMPOTHBIICHHS
KpbutoBOro npodmis sisasiercs: orcoc [1C. McenenoBan cinyvaid UCONB30-
BaHusi orcoca [IC aist ymydmieHus: a’pOJMHAMHYECKHX XapaKTepPHCTHK
KpBUIOBBIX TIpodmiell. B mocienneM ciydyae MHHHMH3UPOBAJaCh CyMMa
ko3 uimenTa BI3KOro CONPOTUBIEHUS 1 KO3 (UIleHTa SHepreTHI eCKIX
3atpat Ha orcoc. Cunranock, uto TonumHa [1C 1 0Tcoc He BIUAIOT Ha CKO-
POCTH BHEIIIHEro MOTOKA.

Jiist mocTpoeHust MpoQuiis o 3aJaHHOMY PaclpeieIeHUI0 CKOPOCTH
WCTIOJIb30BAJIaCh TEOpHs OOpaTHBIX KPaeBBIX 3ajiad a’pOorHIpOJUHAMUKH
(cMm., Hamp., [2]). BemmonHenwe Tpex YCIOBH pa3pemIMMocTd (yCIOBHUS
3aMKHYTOCTH KOHTYpa KPbUTIOBOTO MPOQWIIA U YCIOBUE COBIAICHHS 3alaH-
HOW CKOPOCTH Ha OECKOHEYHOCTH C ONPEAENsieMON B MPOIECCE PelIeHHUs)
JOCTHTAJIOCh Bapualueil Tpex cBOOOTHBIX MapaMeTpOB.

3amaua HaxXOKAEHHS pachpeneieHuss CKopocTH Ha auddy3opHOM
y4dacTke cpopMyIupoBaHa B TEPMUHAX 3a/a4 ONTUMAJIBHOTO YIPaBIICHHS,
B KayeCTBE YNPAaBJISAIOMMX (YHKIUI BHIOPaHbI IPaHeHT CKOPOCTH BHEII-
Hero TedyeHus u ckopocts orcoca [1C. JIns pemieHus MCHONB30BaH NMpPUH-
uun Makcumyma [loHTpsaruHa.

Pabota BrimonHeHa npu ¢puHaHCOBOU mogaep:kke PODU (mpoekt Ne
02-01-00061) u ponna HUOKP Pecriy6nmku Tatapcras.
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NUMERICAL SIMULATION OF INTERACTION OF SURFACE
WAVES WITH A SOLID PARTIALLY SUBMERGED
INTO A FLUID
Konstantin E. Afanasiev, Evgeny N. Berezin
Kemerovo State University, 6, Krasnaya str., 650043 Kemerovo, Russia

The theory of motion of a fluid with free boundaries is one of the
most thriving trends of modern hydrodynamics. Plenty of works are de-
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voted to the matters of interaction of surface waves with obstructions. Prob-
lems of this class can find numerous technical applications during projec-
tion of maritime works. One of the most important problems is determina-
tion of influence of surface waves on these objects. Engineering approaches
of calculation of the influence of surface waves on hydraulic structures are
based on a large number of assumptions and have considerable inaccuracy.
Analytical methods can lead to an accurate enough solution, however while
using them it is difficult to hope for precise description of local characteris-
tics of the flow.

In accordance with the building codes and rules current in the Rus-
sian Federation [1], applying to riverside and maritime works, the main
parameter for projection of a hydraulic structure is the load produced by
disturbance of the water surface. According to Item 1.13 [1], determination
of the vertical wall loads caused by the influence of landwash waves can be
executed by dynamical methods, considering the pressure impulses and
inertial forces. That is why the calculating experiment on the basis of the
mathematical model is of practical interest since it helps to reproduce the
wave pattern of flow accurately enough and to calculate the dynamical
characteristics.

The present work considers numerical solution of the problem of
wave motion of the ideal incompressible fluid in a pool of the constant
depth H =1, arising as a result of a soliton swash onto a partially sub-
merged fixed solid. The calculations are executed for the area
D €[-15,30]. The wave top for all the calculations at # =0 is located in
the point x =—5. The variable parameters of the problem are the values:
the wave amplitude A, the distance from the bottom to the obstruction /%,
the solid width a = X, =X, where x, and X, are the abscissas of the left

and the right vertical walls of the solid, b is the distance between the right
wall of the solid at (x = x,, ) and the right boundary of the pool.

In case of increase of the wave amplitude A, the gap /4 and decrease
of the solid width the modes of wave breaking are observed. The wave

breaks backward during its backwash off the left wall of the solid but in the
opposite direction to the solitary wave motion in the initial moment of time.

For different values of the amplitude 4 of the incoming wave we have in-

vestigated the influence of the solid width @ =1, a=2 a=4 a=8 apq
the distance from the bottom to the obstruction # = 0,4 on the value of the
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maximal overwash Y, onto the left wall of the solid, of the maximal over-
wash Y , onto the right wall of the solid, of the amplitude of the reflected

wave q,, of the amplitude of the past wave a, and the dynamic load P,

of the wave pressure on the left and the right walls of the solid. The nu-
merical calculations have shown that in case of increase of the solid width
and decrease of the distance 4 the overwash values on the left wall of the
solid, the amplitude of the reflected wave and the dynamic load on the left
wall of the solid increase, while the overwashes on the right wall of the
solid, the amplitude of the past wave and the dynamic load on the right wall
of the solid decrease. Such behavior of the characteristics is also mentioned
in the work [4].

If the solid is located near the right vertical wall of the pool, almost
even oscillations of the fluid column take place in the gap between the right
wall of the solid and the right wall of the pool. During these oscillations the
fluid level can exceed the value of the amplitude of the incoming wave. In
this case the maximal overwash on the right wall of the solid can exceed
the value of the overwash on the left wall of the solid, what is not observed
if the solid is located far from the right wall of the pool. In case of increase
of the distance /4 from the pool bottom to the solid, dewatering of the
lower boundary of the solid can take place.

The problem in its full nonlinear statement is solved by the boundary
element method (BEM). For description of the paths of the particles
(points) of the free boundary, the Lagrange method should be applied. At
that, the Cauchy-Lagrange integral and the kinematical condition on the
fluid free boundaries are written as usual differential first-order equations.
The problem is nonstationary, and is solved by the Euler method. The
methods of solution of the integral equation, selection of the step on time,
differentiation of the functions established on the boundary and considera-
tion of peculiarities in case of modification of the type of boundary condi-
tions are described in the works [2, 3].
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YU CJEHHOE MOJEJIUPOBAHUE B3AUMO/IEMCTBUSI
HOBEPXHOCTHBIX BOJIH HA YACTUYHO INNOTI'PY’KEHHOE
B /KUAKOCTbB TEJIO
Koncrantun E. ApanacseB, EBrennii H. bepesun
Kemeposckuii ['ocynapcTBeHHBIH YHUBEPCUTET
Kpacnas 6, 650043 Kemeposo, Poccust

Teopust IBUKEHUS KUAKOCTH CO CBOOOAHBIMU TPaHULIAMH SIBIISIETCS
OJJHUM M3 HanOoyiee OYpHO Pa3BUBAIOIIMXCS HANpPABICHHH COBPEMEHHOM
TUAPOAVMHAMUKM. BompocaM B3anMOJEHCTBHS IMOBEPXHOCTHBIX BOJH C
MPENSTCTBUSAME TIOCBSIIIEHO MHOXKECTBO padoT. 3a/1a4un TaKOro Kjacca Mo-
I'YT HaAXOJIUTh MHOTOYHCIEHHBIE TEXHUYECKUE TPUIIOKEHUS TP MTPOEKTH-
POBaHMH MOPCKUX coopykeHui. OnHOM M3 BaKHEWIIMX 3a/ad SBISIETCS
onpezeseHrne BO3eHCTBHS MOBEPXHOCTHBIX BOJH Ha 3TH 00beKTh. MHXKe-
HEpHbIE METO/bI pacuera BO3JEHCTBUS MOBEPXHOCTHBIX BOJH Ha THJIPO-
TEXHUYECKHE COOPYKEHHS OCHOBAHBI Ha OOJIBIIOM KOJIWYECTBE JOIMyIIe-
HUW ¥ UMEIOT 3HAYUTEIbHYIO MOTPEUIHOCTh. AHATUTHYECKHE METOJIbI MO-
TYT AaTh JOCTaTOYHO TOYHOE pEIIeHHE, OJHAKO NPU UX HCIOJIb30BAaHUU
TPYAHO HAAEATHCS Ha TOUHOE OMHMCAHHE JIOKAJIbHBIX XapaKTePUCTUK Teue-
HUSL

ITo cTpouTenbHBIM HOpMaM M IpaBUiaM, ACUCTBYIOIIHUM B Poccuii-
ckoit denepanuu [1], pacnpocTpaHAIONIMMCS Ha pe4YHblE U MOPCKHE TH-
POTEXHUYECKHE COOPYKEHMsI, OCHOBHBIM MapaMeTpoM IpH MPOEKTUPOBa-
HUU THAPOTEXHUYECKOTO COOPY)KEHHUs CIYXKHUT Harpyska, co3gaBaeMas
BOJIHEHHEM MOBEPXHOCTH BOABI. B coorBercTBHM C myHkToMm 1.13 [1], on-
peleieHrEe Harpy30K Ha BEPTUKAIBHYIO CTEHY OT BO3JICHCTBUS MPUOOHHBIX
BOJIH JIOMYCKAeT MPOU3BOJUTH TUHAMHUYECKUMHU METOJIaMH, YUUTHIBAIOIIN-
MU MMITYJIbCHI JaBJIEHUS] U MHEPUHMOHHBIE CHIIBI. [103TOMY BBIYHMCIUTENB-
HBIM SKCIIEpUMEHT Ha OCHOBE MAaTEMaTHYeCKOH MOJENIH Mpe/CTaBiser
MPaKTUYECKUH MHTEPEC, TaK KaK C ero MOMOIIbI0 MOXKHO J0CTaTOYHO TOY-
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HO BOCITPOM3BO/IMTH BOJIHOBYIO KapTUHY TCUCHUS U PACCUUTATh JUHAMUYC-
CKHE XapaKTEPUCTUKH.

B nacrosieit pabore paccMaTpuBaeTCs YUCIIEHHOE PelleHne 3a1aun
O BOJIHOBOM [BIIKEHHHU HEAILHOM HECKMMAeMOMl XKHUIKOCTH B Oacceline
MOCTOSIHHON Tiyounsl H =1, Bo3HUKAIOIIEM B pe3yiabTaTe HakaTa COJH-
TOHA Ha YaCTUYHO IMOTPYKEHHOE 3aKperieHHoe Teno. Pacyersl mpoBomu-
muck st obmactu D €[—15,30]. Bepirinaa BOMHBI Ui BCEX PacyeToB

Haxoawinack ipu f =0 B Touke x =-—5. BapbupyemMbIMU MapameTpamMu
3a1a4Yn 6I)IHI/I BCIIMYHNHBI aMHHI/ITy,Z[a BOJIHBI A, paCCTOHHI/Ie OT OHa A0
MPENSTCTBUA /1, IIUPUHA TeNla d = X, —X;,TAe X, ¥ X, aOcCIIUCCHI JIEBOM

W TIPaBOM BEPTHKAIBHBIX CTEHOK Teja, b - paccTOsSHHE MEKIY MpaBOM
CTEHKOM Tesa npu (X = X, ) U IIpaBoii rpanuueii 6acceiina.

ITpu yBenWYEeHUH aMILTMTYIBI BOJHBI A, 3a30pa /i W YMCHBIICHUH
IIMPUHBI TEJIa HAOIIOIAIOTCS PEXKUMBI OIPOKUIbIBaHMs. BoiHa onmpokuipI-
BaeTcs Has3aJ BO BpeMs OTKaTa OT JIEBOW CTEHKH Tejla, HO B MPOTHUBOIO-
JIOOKHOM HalpaBJI€HUM OTHOCUTEIBHO JBHMXKEHUS B HAYaJIbHbII MOMEHT
BpPEMEHM YEAWHEHHOM BOMHBI. [l Pa3MHUYHBIX 3HAUYECHWH aMIUTUTYabl A

Haberaromieil BOJHBI W3y4aaoCh BJHMSHHE INUPUHBI Teqa 4= 1 , 4= 2 ,
a=4 a=8 y paccrosuus or nHa 1o npensrereus i = 0,4 Ha BennunHy
MaKCHMaJIbHOTO 3aIiecka Y, Ha JIeByl0 CTEHKy Teja, MAaKCHUMAaJbHOIO 3a-

mecka Y, Ha MpaByro CTEHKY Tella, aMILTMTY/Ibl OTPAXKEHHOH BOJNHBI d),

aMILIATY/IbI IPOUIEIIEH BONHBI ¢, W JMHAMUYECKOH Harpysku P, Bou-

HOBOI'O JIaBJIEHUS HA JICBOM U MPaBOM CTEHKaX Tena. YHCIIEHHbIE PacyeThl
MOKa3aJIM, YTO MPU YBEIUYCHUH IIMPUHEI TENa U YMEHBIIEHUU PACCTOSHUS
h BeTMYWHBI 3aIJICCKOB HA JICBOI CTEHKE Tella, aMILUIUTYa OTpPa)KeHHON
BOJIHBI U JUHAMUYECKAsh Harpys3ka Ha JIEBOM CTEHKE Tela BO3PACTaloT, a
3aIUIECKH Ha MPABOM CTEHKE Tela, aMILUIUTYAa IPOIIeIIe BOTHBI U JUHA-
MUYeCKas Harpy3ka Ha MpaBOi CTCHKE Tella yObIBaloT. Takoe MOBEIeHHE
XapaKTEepPHUCTHUK, TaK ke oTMevaercs B pabore [4].

Ecnu teno pacrionoxxeHo BOJIU3U NMPaBOW BEPTHKAIBHON CTEHKU Oac-
ceifHa, TO B 3a30pe MEXIY MPaBOi CTEHKOH Tena M MpaBOil CTEHKOW Oac-
CeifHa MPOUCXOAMT IOYTH PABHOMEPHOE KOJieOaHMS CTOJI0A KHJIKOCTH.
YpOBEHb KUJIKOCTU TIPH ITHUX KOJICOAHUSX MOXKET MPEBOCXOJUThH BEIHYH-
HYy aMIUIATY]Ibl HaOeraromeil BoJHbL. [ JaHHOTO ciy4yas MaKCUMalbHBIN
3aIuUIecK Ha MPaBOil CTEHKE Tela MOXET MPEBOCXOIUTh BEMUUHY 3aIlJIECKa
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HAa JIEBOW CTEHKE Teja, Yero He HaOIoAaeTcs P PACIoIOKEHUH TeNa Ja-
JIEKO OT MpaBoii CTeHKH OacceiiHa. [Ipu yBenmMueHur paccTossHus /i OT JHa
OacceliHa 10 Tela MOXKET MTPOUCXOJUTh OCYIICHUE HHKHEH TpaHuIIbI Tea.
3azada B MOJHON HETMHEHWHON MOCTAHOBKE PEIIAETCS METOJOM T'pa-
HUYHBIX 37ieMeHTOB (MI'D). Jlns ommcaHus TpaeKTopuil yacTHil (TOYEK)
CBOOOJTHOM TpaHUIlbI TpUMeHsieTcst Metoy Jlarpawka. [Ipu 3Tom, uHTErpal
Komm-Jlarpamka M KHMHEMaTH4eCKOE YCIOBHE Ha CBOOOJHBIX TPaHMIAX
KHUJIKOCTH 3allMCBIBAIOTCS B BHJE OOBIKHOBEHHBIX AH(depeHIranbHbIX
ypaBHEHHUH MepBOro mopsiaka. 3afaaya sBJsieTcd HeCTallMOHAPHON U 1S ee
pelleHus MpUMeHsieTcsl MeTo Jiiepa. MeTouka perieHns HHTerpaibHoO-
TO ypaBHEHUS, BHIOOp IIara mo BpeMeHH, auddepeHunpoBanue QpyHKIHHA
3aJJaHHBIX Ha TPaHUIE U Y4eT OCOOEHHOCTH NMPH CMEHE TUIA IPaHUYHBIX
YCIIOBHI M3JIOKEHBI B padorax [2,3].
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NUMERICAL MODELLING OF DYNAMICS
A THREE-DIMENSIONAL VAPOUR-GAS BUBBLES
Konstantin E. Afanasiev, Irene V. Grigorieva
Kemerovo state university, 6, Krasnaya str., 650099 Kemerovo, Russia

The work is devoted to investigation of dynamics of a three-
dimensional gas-vapor bubble in an inviscid incompressible fluid. The flow
is assumed to be irrotational. The work consideres evolution of a gas-vapor
cavity both in the inviscid incompressible ambient fluid and near different
solid walls. Main attention is paid to investigation of interaction of the gas-
vapor cavity with different inclined solid walls.
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The described in this work model is applied for simulation of differ-
ent, unlike, on the face of it, phenomena. On the one hand, we consider dy-
namics of underwater explosions, on the other hand, we predict the damage
caused by cavitation erosion, when study of the whole phenomenon of bub-
ble cavitation is not possible without study of a single, taken individually,
cavity bubble. So what is common for these unlike, on the face of it, phe-
nomena? One of such features is caused cumulative effects. The bubble
developing from a cavitation germ (if it is a cavitation bubble), or forming
as a result of detonation products impact (if under consideration is an un-
derwater explosion), in the process of its growth, as a rule, keeps its shape
close to spherical. Having reached its most volume the bubble passes into
the phase of shrinkage. The solid wall closeness and (or) the effect of grav-
ity break one-dimensionality of the flow, even if in the moment of its
maximal expansion the cavity is spherical. In some cases in the process of
the bubble shrinkage the jet of fluid is formed and penetrates into the bub-
ble up to the moment of its contact with the opposite wall. This jet can be
directed toward the wall and its velocity can be of the order of several hun-
dred, and in especial conditions, even several thousand meters per second.
Particles on the bubble surface farthest from the wall, in case when the jet
is directed toward the wall, are accelerated at the most, i.e. the classical
cumulative effect takes place. It is assumed that the mechanism of target
destruction is determined just by the influence of the high-speed cumulative
jet formed on the stage of the bubble shrinkage. This work considers possi-
bility of prediction of the direction of the bubble migration and of the jet
development by means of the Kelvin impulse. The work describes methods
of estimation of the damage caused by the bubble to the solid wall. Under
consideration is evolution of the bubble near different inclined solid walls.
The problem is solved in full nonlinear spatial statement. As a tool of nu-
merical investigation we apply the boundary element method in terms of
function of potential of speed and its normal derivative, based on of Green's
third formula. The surface of a bubble is approximated by triangular ele-
ments on which the potential and its normal derivative are considered as
linear functions. For motion on time we apply the first-order Euler scheme.
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YUCJEHHOE MOAEJIMPOBAHUE TIUHAMUKHU
HPOCTPAHCTBEHHBIX ITAPOT'A30BBIX ITY3bIPEN
Koncrantun E. AdpanacseB, Upuna B. I'puropnena
KemepoBckuii rocy1apcTBeHHbIN YHUBEPCUTET,
yi. Kpacuas 6, 650099 Kemeposo, Poccust

PaboTa mocBsiieHa uccienoOBaHUIO AMHAMHKH MPOCTPAHCTBEHHOTO
[apora3oBOro My3bIps B UJI€AJIbHOW HEC)KMMAEMOM KUIKOCTU. B Hell pac-
CMaTpHBAaETCsl HBONIONMS TAPOBOH M MAPOTra30BOl chepruecKoii KaBepHBI B
0e3rpaHUYHON HJICATbHOW HECO)KMMAEMOW KHUJIKOCTH, M3Y4aeTCsl BIUSHHE
CHJIBI TSIKECTH U Ta30CoJepKaHMUs Ha MPOLECC IBOMIOUNHU MMy3bIps. OCHOB-
HO€ BHUMAaHUE YACIACTCS U3YYCHUIO B3aUMOJCHCTBUS IApOra3oBOW IIO-
JIOCTH C pa3INYHbIMU TBEPIBIMU CTEHKAMH.

OnwucanHas B JaHHOW paboTe MOJENb MPUMEHSETCS IS MOJEITHPO-
BaHHUA pa3IMYHBIX, HETOXOKMX Ha MEpBBIA B3I, siBieHuil. C onHOM cTo-
POHBI paccMaTpuBaeTcsa JUHAMHKA MMOABOAHBIX B3PHIBOB, C JAPYIroil CTOPO-
Hbl TIPOTHO3UPYETCSl YPOH OT KaBUTAIMIOHHOW 3pPO3UH, KOIja H3ydeHHe
BCEr0 SIBJICHUS IMy3bIPHKOBOW KaBUTALMM HEBO3MOXHO 0€3 M3ydeHHs IH-
HAaMUKH OJIHOM, OTJEIBbHO B3ITOM, KABHUTALIMOHHOH II0JIOCTHU. JTH, HEIO-
XO)KH€ Ha TIePBBIA B3TJISI, SIBICHHUS OOBENIUHSIOT BOSHHUKAOIINE KyMYJs-
TtuBHBIC 3 PexThl. [1y3bIph, pa3BUBasICh N3 KABUTALIMOHOTO 3aPOAbIIIA, HITH
o0pa3syromuiics Mpy B3pbIBE 3apsijia, B MPOIECCE CBOETO pOCTa, KaK MPaBH-
J10, coxpansier Gpopmy Onm3Kyr0 K cepudeckoi. [JoCTUTHYB HanOOIbINEro
o0bema, my3bIph MepexoAuT B (pa3y 3aMbikaHus. Biu30ocTh TBEpAOH TpaHu-
LBl ¥ (MJK) JefCTBHE CUJIBI TSKECTH HapyIIaroT OJHOMEPHOCTh TEUEHUS,
Ja’ke eClii B MOMEHT MaKCHMaJbHOTO PaCIIMPEHUs MOJIOCTh Oblia cdepu-
4yeckoil. B psge ciydaeB B mporecce 3aMbIKaHUSI My3bIps GopMHUpyeTcs
CTpyHKa >KHUJKOCTH, BHEIpPSIOUIasCcsS B My3bIph A0 MOMEHTa KacaHUsS €ro
MPOTHUBOIOJIOKHON CTeHKH. Takas CTpys MOXeT ObITh HalpaBJeHa B CTO-
POHY CTEHKH M MMETh CKOPOCTb TOPSIKA COTEH, & MPU OCOOBIX YCIIOBHSX,
Jake THICSY METPOB B CEeKYHJy. YacTHIlbl Ha JajbHEH OT CTEHKH IOBEpX-
HOCTH IIy3bIpsl, B CIy4ae €ClIM CTpys HAIPABICHA K CTEHKE, IOJIyd4aroT
Oonplliee YCKOpPEHHE, TO €CTh BO3HWUKAET KIACCHYECKUU KyMYJISTHBHBIN
sddexr. [Ipeanonaraercs, 4To MEXaHW3M pa3pyLICHUs] MHILIEHEH omnpeze-
JII€TCS. UMEHHO BO3JCHCTBUEM BBICOKOCKOPOCTHOW KyMYJISTUBHOW CTpYH,
¢dbopmupylomieiics Ha cTaauu 3aMbIKaHusl TMy3bIps. [loaToMy akTyasbHON
3aa4ueil sIBISETCS BBIACHEHHE PONM Pa3lIMUHBIX (PAKTOPOB, TAKMX KaK Ha-
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JIU4Me ra3a B My3bIpe, JeCTBUE CUIIBI TSHKECTH, MOJIOKEHNE TBEPIOM CTeH-
KU Ha Iporiecc 00pa3oBaHus U Pa3BUTHS KyMYJISATUBHON CTPYH.

3amaya pemiaercs B NMOJTHON HETMHEHHOHN MPOCTpaHCTBEHHOW IoOcCTa-
HOBKe. B kadecTBe MHCTpyMEHTa YHMCICHHBIX UCCIEJOBAHUI BBIOpaH Me-
TOJ] TPAaHUYHBIX DJIEMEHTOB B TepMHHAX (YHKLIWH MOTEHIMala CKOPOCTU H
€ro HOpMaJIbHOM MPOM3BOAHOW Ha OCHOBE Tperbell ¢opmyisl ['puna. [lo-
BEPXHOCTh Iy3BIpS ANIPOKCUMHUPYETCS TPEYrONbHBIMU JJIEMEHTaMH, Ha
KOTOPBIX MOTEHIMaJI ¥ €ro HOpMajibHas MPOM3BO/AHAA CUMTAIOTCS JIMHEH-
HBIMH (GYHKUIUSMH. J{71s1 TBYOKEHHSI TT0 BPEMEHH MCIONB3YeTcsl cxema -
JIepa IIEpBOro MOPAIKA.

STABILITY OF THE SPHERICAL SHAPE OF A BUBBLE UNDER
ITS
SINGLE STRONG ENLARGEMENT-COMPRESSION
Alexander A. Aganin, Tatyana S. Guseva
Institute of Mechanics and Engineering, Kazan Science Center RAS
2/31, Lobachevsky str., 420111 Kazan, Russia

In 1990 a phenomenon of periodic light emission by a small gas bub-
ble in ultrasonic standing wave (single bubble sonoluminescence, SBSL)
was experimentally discovered [1]. Investigation of the SBSL phenomenon
has shown that very high compression rates of the gas in the bubble can be
achieved by means of enlargement-compression of a small bubble. In fact,
according to some estimates, in the regime of SBSL the temperatures and
the densities of the gas in the bubble at the time of its maximum compres-
sion (collapse) become equal to the values of ~10°K and of ~10°kg/m’, re-
spectively. Attempts of attaining even higher rates of compression of the
gas in the bubble in the regime of periodic sonoluminescence run into
rather severe restrictions of stability conditions of periodic oscillations. In
this sense the regime of single strong bubble enlargement-compression
seems to be much more prospective. Therefore, investigation of opportuni-
ties of realization of this regime is of significant interest. One of restrictions
of such opportunities is caused by distortion of the spherical shape of the
bubble. It is evident that to attain high compression rates of the gas in the
bubble the bubble shape must be kept close to the spherical one till the
moment of collapse. Otherwise, the high rate of the acoustic energy cumu-
lation will not be derived. Publications on distortion of the spherical shape
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of a bubble are mainly devoted to the regime of periodic SBSL [1].

In the present work we study stability of the spherical shape of a gas
bubble a few micron in size during its single strong enlargement-
compression. In the finite time interval the stability of the spherical shape
of the bubble is identified with decreasing the amplitude of its distortions.
The case of air bubble in water is considered under room conditions. The
bubble is located in the center of a spherical volume of a liquid. The
boundary between the gas and the liquid is considered as a free surface with
allowing for its capillary forces. The pressure on the external surface of the
liquid sphere varies with respect to the harmonic law starting in the stage of
its lowering. Strong enlargement-compression of the bubble is attained due
to great values of the external pressure variation amplitudes (1.4-5 greater
than the static liquid pressure). The size of the bubble is small as compared
with the length of the external pressure wave. The ratio of maximum bub-
ble volume to its minimum value under consideration is significantly higher
than that observed for SBSL. Prior to the beginning of variation of the pres-
sure in the liquid the shape of the bubble executes oscillations with small
amplitude. The volume of the bubble during these oscillations remains con-
stant. Gas dynamics equations with allowing for heat conduction are used
to describe the gas and the liquid motion. In order to reduce the computa-
tional time consumption a number of approximations to gas dynamics
equations are applied when velocities of the bubble surface motion are rela-
tively small (homobaric approximation for the gas in the bubble, approxi-
mation of low compressible liquid and linear acoustics for the surrounding
liquid) [2]. Equations of states of the gas and the liquid are used in the form
adequate to high levels of temperature and pressure arising during the simu-
lation [2]. The liquid viscosity effect during the bubble shape oscillations is
described similar to [3].

Strong dependence of the value of the distortion of the spherical shape
of the bubble during its enlargement-compression has been found on the
phase of oscillations of the bubble shape at the moment of the beginning of
the bubble enlargement (initial phase). Stability of the spherical enlargement-
compression of the bubble is investigated utilizing the worst scenario. It has
been found that in the range of excitation amplitudes under consideration the
distortion amplitude at the bubble collapse appears to be 5-500 times more
than their initial value. In the extremely short finale interval of bubble com-
pression stage where the radial velocities decrease from vary large values to
zero the distortion amplitude increases by a factor of about 2.
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YCTOMYUBOCTHh COPEPUYECKOMN ®OPMbI ITY3bIPLKA TP
ET'O OJHOKPATHOM CHJIbBHOM PACIIUPEHUN-CKATUN
Aunexkcanap A. Aranus, Taresina C. I'yceBa
Nuctutyr Mexanuku 1 MalmmHOCTpOeHUs
Kazanckuit Hayunsnii Lentp PAH
2/31, yn. JlobaueBckoro, 420111 Kasaus, Poccus

B 1990r skcneprMeHTaIbHO OBUIO OTKPBITO SIBIICHUE MEPHOANIECKOTO
WCIYCKaHHs CBETa MAJIEHBKUM ITy3BIPHKOM, HAXOSIIMMCS B YJIBTPa3ByKoO-
BO#1 crostueli BosHe (single bubble sonoluminescence — SBSL) [1]. M3yuenue
serieHns SBSL moka3zano, 4To myTeM paclIMpeHus-cKaThs MaJeHbKOro ITy-
3bIpbKa MOXHO JIOCTUYb BBICOKMX CTEIIEHEH CXKaThs ra3a B Iy3bIpbke. [leil-
CTBUTENBHO, MO OIleHKaM Ha pexume SBSL TemnepaTypa v MIOTHOCTH Ta3a
B MY3bIPbKE B MOMEHT €0 MaKCHMAJIBHOTO CKaTus (KoJijiarca) IpUHUMAIOT
3HAUCHHUS TMOpSAKa ~10'K u ~103KF/M3, cooTBeTCTBeHHO. IlonbITKH HOCTH-
JKEHUS elle OONBIINX CTENeHel CKaTHs ra3a B My3bIpbKe Ha PEKUME TIEpPHO-
JTMYECKON COHOJIIOMUHECIIEHIIMM HAaTaJIKUBAIOTCS HA JIOBOJBHO KECTKUE Or-
paHWYEHHsT YCTOMYMBOCTH NEPHOIUUECKUX KoneOaHuil. B aTom cmbicie Ha-
MHOT0 00Jiee MepCIeKTUBHBIM MPECTABIISETCS PEKUM OJHOKPATHOTO CHIIb-
HOTO pacCHIMpeHUus-CKaTus My3bIpbka. [loaToMy M3ydeHHe BO3MOXKHOCTEH
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ero peajun3aly MPeACTaBIIsieT 3HAaUMTENbHbINA nHTepec. OHO U3 OrpaHuye-
HUH TaKUX BO3MOXKHOCTEH 00YCIIOBJIEHO HCKayKeHHEM chepruiecKoil (opMBbl
my3bIpbKa. OUeBHIHO, YTO ISl TOCTHXKECHUS BEICOKHX CTETICHEH CKaTHs rasa
B My3bIpbKE HEOOXOMMO, YTOOBI (hopMa My3bIpbKa JIO KOJLIarca ocTaBajiach
Oomm3Koi K cdepuyeckoi. MHaue BbICOKas CTeeHb KyMYJSIMH aKyCTHYe-
CKOH 2Hepruu JocTurayta e Oyner. [1ybiaukamum no uckakeHHio chepuye-
CKOM (popMBI My3BIpbKa MPH €ro PaCIIMPEHUSX-CKATUSIX OTHOCATCS, B OC-
HOBHOM, K niepuoguueckomy pexumy SBSL [1].

Hacrosiiast pabora mocBsIeHa HCCICAOBAaHUIO YCTONYMBOCTH Ce-
puueckoii GopMBI Ta30BOTO My3bIpbKa MHKPOHHBIX Pa3MepOB B XONE €ro
OJITHOKPATHOTO CHJIBHOTO pacIIMpeHHs-ckaTHs. Ha KoHeuHOM oTpeske
BpEMEHH YCTOHYNBOCTh Chepruieckoil popMBbl My3bIpbKa OTOXKIIECTBIISETCS
C yYMEHBIICHHEM aMILUIUTYJbl €€ HCKaxeHuil. PaccMarpuBaercs ciydai
BO3/IYIIHOTO MYy3bIPbKa B BOJIE TIPU KOMHATHBIX ycioBHsiX. [1y3bipek Haxo-
JHUTCS B LIEHTpe cpeprueckoro oobeMa KUAKOCTH. [I0BepXHOCTh KOHTaKTa
MEKAY KHUJIKOCTBIO U Ta30M TPAKTYETCsl Kak cBOOOIHAs TPaHUIA C YIeTOM
JEHCTBYIOIIMX HA HEW KaNWUIAPHBIX CWJI. JlaBlieHUE HA BHEUIHEH IOBEPX-
HOCTH KUAKOH chepbl H3MEHsETCsl IO TApMOHMYECKOMY 3aKOHY, HauMHas
co craanu noHwkeHus.. CHIIbHOE pacIIupeHne-CKaTHe My3bIpbKa J0CTHTa-
ercs 3a cueT OOJBIINX 3HAYSHWH aMIUTUTYAbl U3MeHeHust AaBieHus (B 1.4-
5 pa3 mpeBbIILIAONIEH cTaTHYecKoe JaaBieHne). Pa3Mepsl Mmy3blpbka Mallbl
M0 CPaBHEHUIO C JJMHOW BOJNHBI BHEIIHEro JaBieHus. PaccMaTpuBaembie
OTHOIICHUS] MaKCUMaJIbHOTO ¥ MUHHMAJIBHOTO 00BEMOB My3bIpbKa HAMHO-
ro OoJjblie Tex, uro Habmonates npu SBSL. [lo Hauana u3MeHeHuUs 1aB-
JIEHUs1 B KHUJKOCTH (opMa My3bIpbKa COBEpIUIAET KoJeOaHUs C Mo am-
wTynoi. O0beM my3bIpbKa TPU STOM OCTaeTcsl Hem3MeHHBbIM. Jliist Mofe-
JUPOBAHUS IBMKECHHSI )KUIAKOCTH M Ta3a UCIONB3YIOTCS YpaBHEHHS Tazo-
BOW JAMHAMHKH C YYETOM TEIIONPOBOAHOCTH cpelbl. B 1ensx cymiecTBeH-
HOT'O MOHWKEHUS 3aTPaT KOMITBIOTEPHOT'O BPEMEHH IPU OTHOCUTEIHHO He-
OONBIINX CKOPOCTSIX IBM)KEHHSI TOBEPXHOCTU Iy3bIpbKa MPUMEHSIETCS P
MPUOIKEHUI ypaBHEHHI Ta30BOW JUHAMUKH (TOMOOapHYecKoe MpuOIIu-
KEHUE JJIS Ta3a B My3bIpbKe, MPHOIMKEHUSI MATOCKIMAEMOHN JKUAKOCTU H
JUHEHHON aKyCTHKH Ui OKpyKatomeid >kxuakoctu) [2]. HMcmomb3yrores
yYpaBHEHHUSI COCTOSIHUS KUJIKOCTH U ras3a, aJIeKBaTHBIE BBICOKUM YPOBHSM
JaBJICHUI W TeMIlepaTyp, BO3HUKAIOIIUM B 3ajaue. [is onmucanus u3MeHe-
HUSl UCKa)XeHUs cepruueckoil (OpMbI My3bIpbKa MPUMEHSIETCS MOACTH C
MPHOJIMKEHHBIM YueToM ¢ (eKTa BA3KOCTH KHUIKOCTH [3].

BrisiBieHa cuibHAs 3aBUCMMOCTh BEIWYHHBI MCKa)KeHHH cepuye-
CKOW (OpMBI TY3bIPBKA B XO/I€ €r0 paclIMpeHHus-CKaTHa OT (a3bl Koneba-

26



HUl (HOpMBI My3bIpbKa B MOMEHT Hadalla pacliupeHus (HadanbHOH (asbl).
VY CTOHYMBOCTE  C(HEPUUECKOr0 PACHIMPEHUSA-CKATUS AHATM3UPYETCS  TI0
HaMXY/IIEMy CLIEHAPHIO. YCTAHOBICHO, YTO TPH HCCIICAYyEMbIX aMILIUTY-
Jax BHEIIHEro BO3ICHCTBUS BEIMYMHA HMCKaXXCHHS B MOMEHT KoJjuiarca
nmy3bIpbka Oka3biBaercss B 5—500 pa3 Oonbplie HavajgbHOro 3HaveHus. Ha
3aKJIFOYMTENIHHOM OYCHb KOPOTKOM MHTEpPBAJIC CTAIMU CXKATHS My3bIPbKa,
rlie pajauaibHble CKOPOCTH YMEHBILIAKTCS OT OIPOMHBIX 3HAYCHHUI JI0 HY-
JIs1, BeJIMYMHA MCKKEHUS YBEIIMYMBACTCS IPUMEPHO B 2 pasa.

Pabora Bemmonnena mpu nomgepxkke POOU (xox mpoekra 02-01-
00100), B pamkax mporpaMMmbl (yHIaMEHTadbHBIX HcciaenoBaHuii PAH
(mpoekT «/luHamMKKa Hec(epuyecKuX ra30BbIX M MApPOBBIX IMy3bIPHKOB B
KHUJKOCTH Ha PEKHMAaX C CHJIbHBIM M CBEPXCHJIBHBIM PaCIIHpPEHUEM-
CKaTHEM») U (efepanbHON LeneBoi mporpaMmel «MHTerpanus» (Ko mpo-
exta 50020).
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LIQUID VISCOSITY EFFECT IN DYNAMICS
OF A NONSPHERICAL BUBBLE
Alexander A. Aganin, Dmitry Yu. Toporkov
Institute of Mechanics and Engineering KSC
of the Russian Academy of Science
2/31, Lobachevsky str., 420111 Kazan, Russia

A phenomenon of nuclear radiation during acoustic cavitation (output
of neutrons and tritium nuclei under acoustic excitation of a cluster of va-
por bubbles in liquid deuterated acetone, 2002) [1] recently discovered ex-
perimentally is currently actively discussed. According to [1], for experi-
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mental realization of the phenomenon of nuclear radiation a standing wave
of pressure with amplitude of 15 bar in the antinode is formed inside the
resonator with liquid deuterated acetone initially without bubbles. At so
high amplitude of oscillations the liquid pressure lowers to such the nega-
tive values which are close to the liquid rapture threshold so that a small
additional perturbation can be enough to the liquid cavitation. In experi-
ments of [1] bubbles are formed from a neutron source which is switched
on at the moment slightly prior to the maximal pressure lowering in a
standing wave. At the moment of switching on the neutron source tiny
bubbles of a few nanometers in size are formed in liquid. During the phase
of negative pressure in liquid the bubble size increases very much to be-
come on the order of millimeter. Nuclear radiation is observed in the sub-
sequent phase of positive liquid pressure where bubbles are very rapidly
and strongly compressed.

In opinion of authors of [1], states of substance with temperatures up
to one million degrees and even higher arise in vapor bubbles at the mo-
ment of their maximum compression, and this is the cause of the nuclear
radiation. The most important condition for so strong bubble compression
is preservation of the bubble shape close to the spherical one down to the
moment of the maximum bubble compression. In the present work varia-
tion of small distortions of the spherical shape of a single bubble is studied
during its expansion-compression in experimental conditions [1]. The main
attention is drawn to influence of viscosity of the liquid since it can be very
significant at the small sizes of the bubble. The mathematical model in
which the liquid near the bubble is viscous incompressible, vapor is ideal
with homogeneous distribution of pressure is used. Processes of non-
equilibrium evaporation-condensation and non-stationary heat conduction
in vapor and a liquid are taken into account. The exact model by Prosper-
etti, 1977 [2] and a number of the approximate ways of description of in-
fluence of viscosity of a liquid are applied. In the approximate ways effects
of non-stationary diffusion of liquid vorticity are not taken into account.

Character of variation of distortion of the spherical shape of the bub-
ble has been investigated during its expansion-compression. Influence of
viscosity of a liquid on variation of the distortion has been found to be
strongly dependent on both the initial size of the bubble and the moment of
oscillation of pressure in a liquid at which the bubble is formed. In particu-
lar, at the moment of the maximum compression of the bubble the ampli-
tude of the distortion of its spherical shape can be both more and less than
the initial one in tens and hundreds times. The neglect of effect of viscosity
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of a liquid can result in multiple (up to 100 times) overestimate of value of
distortion of the spherical shape of the bubble at the moment of its maxi-
mum compression.

This work was supported in part by the Russian Foundation of Basic
Research (project 02-01-00100), the Program of Basic Research of the RAS
(project “Dynamics of non-spherical gas and vapor bubbles in a liquid un-
der strong and super-strong enlargement-compression”) and the Federal
Target Program "Integration" (project B0020).
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IOPEKT BA3ZKOCTHU XKUIKOCTU B ITUHAMUKE
HEC®EPUYECKOI'O ITY3bIPBKA
Aunexcangp A. Aranus, {mutpuii 1O. Tonopkos
Wnctutyt Mmexanuku u MammHoctpoenus KHL PAH
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B mocnennee Bpemsi akTHBHO 0OCY)KIAE€TCS OTHOCHUTEIFHO HEIaBHO
9KCIIEPUMEHTAIBHO OTKPBITOE ABJIEHHE SIIEPHOTO M3IYUYEHUS NPHU aKyCTH-
YecKol KaBUTAIMM (BBIXO/1a HEUTPOHOB U SAep TPUTHUA MPU aKyCTHUECKOM
BO30YXKJEHUHU KJ1acTepa MapoBbIX MY3bIPHKOB B JICHTEPUPOBAHHOM aIeTO-
He, 2002r.) [1]. Cormacho [1], 11 SKCTIepUMEHTAIBHONU peaTu3aluu sSBiie-
HUA SIIEPHOTO H3JIyYEHUS BHYTPHU PE30HATOpA C KUIKUM JIeHTepHpoBaH-
HBIM alleTOHOM 0e3 MY3bIPbKOB (OPMHPYETCS CTOSYasi BOJHA JaBIICHUS C
ammutynoi B 156ap B myunoctu. [Ipu Takoi aMmimnTy/ie MOHMKEHNE AaB-
JIeHUs1 10 3HaYeHUH, ONM3KMX K MAKCUMAaJIbHBIM OTPUIATEIbHBIM, BBI3bIBA-
€T B JKUJIKOCTH HaNpsHKEHUs, OJIN3KHE Pa3pbIBHBIM, TaK YTO JUISI BO3HUKHO-
BEHUS KaBUTALIUM JIOCTATOYHO JIMIIL HE3HAYUTEIHHOIO JOMOJHUTEIHHOIO
Bo3MyIIeHus. B skcriepumenTax [1] oOpa3zoBaHne My3bIPEKOB MIPOHCXOAUT
OT HEHTPOHHOT'O UCTOUYHHMKA, KOTOPHIH BKITIOUaeTcs B (aze, OMM3KOM K Mak-
CUMaJIbHOMY TTOHM)KEHHIO JaBJICHUs B CTOS4YeH BojHE. B MOMEHT BKITIOUe-
HUSl HEHTPOHHOTO UCTOYHHMKA B >KUAKOCTU 0Opa3yloTcsi Melb4ailine Imy-
3BIPBKU Pa3MEPOM TIOpSIKA HECKONBKHX HAHOMETPOB. B dasze otpunarens-
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HOT'O JIaBJICHUSI B HJKOCTH pa3Mephl My3bIPbKOB MHOTOKPATHO YBEIWYH-
BAlOTCSl W JIOCTUTAIOT 3HAUCHUHU TMOpsKa MHJUIMMETpa. SnepHoe m3myde-
HUe HaOJII0MaeTCs Ha MOCenyonlel (as3e ¢ MOJ0KUTEIILHBIM JaBICHUEM,
T'Jie My3bIPbKH CTPEMHUTEIBHO U OYE€Hb CUIIBHO CKMMAIOTCS.

[To MHeHuIO aBTOPOB [1], B MOMEHT MaKCHMAaJILHOTO CXATHUS Mapo-
BBIX ITy3BIPHKOB B HUX BO3HHKAIOT COCTOSIHHUS BEIIECTBA C TEMIIepaTypaMu
70 MUJUTMOHA TPaayCcoB, YTO M BBI3BIBAET AJepHOE M3NTyueHHe. BakHeii-
IIMM YCIIOBHEM JJISl 3TOTO SABIISIETCS COXpaHEHWe (OpMBI Mmy3bIpbKa Onm3-
KO K ceprudecKoil BIUIOTH 1O MOMEHTAa MaKCHMallbHOTO CkaTus. B Ha-
CTosIILe paboTe M3ydaeTcsi U3MEHEHHE MallbIX MCKKEHHH cepryecKoit
(hOpMBI OJJMHOYHOTO MY3bIPbKa B XO/€ €ro PaclIMpPEeHUs-CXKATUS B DKCIIe-
pPUMEHTaIBHBIX yCIoBUAX [1]. OCHOBHOE BHUMAaHUE YAENSETCS MUCCIIE0Ba-
HUIO BJIMSHUS BSI3KOCTH OKPYKAIOIIEH KUAKOCTH, TIOCKOJBKY MPH MajIbIX
pasmepax Mmy3bIpbka OHO MOXKET OBITh OYEHb 3HAUMTEIbHBIM. Mcmonb3yer-
csl MaTeMaTH4YecKasi MOJIellb, B KOTOPOH JKUAKOCTh BO3JE My3bIpbKa IOJia-
raercs BsI3KOW HECX)KMMaeMoH, map B MYy3bIpbKe — HCalbHBIM C OIHOPO/-
HBIM paclpeesicHUeM AaBJeHUsl. YUHUTBHIBAIOTCA MPOLEecChl HepaBHOBEC-
HBIX HCHApEHUS-KOHACHCAIIMM M HECTAlMOHAPHON TEIIONPOBOIHOCTH B
nape u kuakoctd. s aHanmuza 3¢ ¢deKkTa BS3KOCTH KUAKOCTH Hapsay ¢
TOYHOHM Mozenbio (Monens [Ipocnepertu 1977) [2] npuUMEHSIOTCS M HEKO-
TOpBIE CIIOCOOBI MPHOJIIMKEHHOTO OMUCAHUS €e BIUsHUS. B mpuOimkeH-
HBIX CIOCO0aX HE YYUTHIBAIOTCA 3(PQPEKThl HECTAIMOHAPHOW MU(hy3uu
3aBHXPEHHOCTH >KUAKOCTH.

Uzyuen xapakTep M3MEHEHUS! MCKaKeHUs cepruueckoi (GopMBI My-
3bIpbKa B XOJI€ €ro pacimmpeHus-ckatus. OOHapyKeHa CHIIbHAsi 3aBHCH-
MOCTb BJIMSIHUS BSI3KOCTH KHJIKOCTH HA W3MEHEHHE MCKaKEHHsI KaK OT Ha-
YalbHBIX Pa3MEpOB My3bIPbKa, Tak M OT (ha3bl KOIeOAHWH JaBICHUS JKU-
KOCTH, B KOTOPYIO OH 00pa3yercs. B 4acTHOCTH, B MOMEHT MaKCHMaJIBHOTO
COKaTHSI My3bIPbKa aMILTUTY/1a UCKaKEHUs ero chepruaeckoi HopMbl MOKET
0Ka3aThCsl Kak OOJbIIe, TAaK ¥ MEHBIIE HaYaJbHON B JIECATKUA M COTHH Pas.
[penedpexenne 3¢ HEKToM BA3KOCTH KUKOCTH MOXKET IPUBOAUTH K MHO-
rokpatHoMy (10 100 pa3) 3aBBILIEHIIO 3HAYEHHUS UCKaXECHUS CepruecKOi
(hopMBI y3bIpbKa B MOMEHT €ro MaKCUMAaJIbHOTO CHKATHSI.

Pabora Bemmonnena mpu nomgepxkke POOU (xox mpoekra 02-01-
00100), B pamkax mporpaMMmbl (yHIaMEHTadbHBIX HccienoBaHuii PAH
(mpoexT «/luHaMuka HechepUUECKUX Ta30BBIX M MAPOBBIX ITY3BIPHKOB B
KHUJIKOCTH Ha PEKUMaxX C CHIBHBIM M CBEPXCHIIBHBIM PaCHIMPEHUEM-
CKaTHEM») U (eepanbHON LeneBoi mporpaMmel «MHTerpanusy (Ko mpo-
exta 50020).
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DYNAMICS OF PARTICLES IN NON-STATIONARY FLOW
OF NON-VISCOUS FLUID
Nataliya G. Aniskina, Irina P. Boriskina, Sergey 1. Martynov
Mordovian State University
68, Bolshevistckaya str., 430000 Saransk, Russia

Method of investigation of problem of hydrodynamic interaction of
particles in viscous fluid was developed in [1, 2]. The same method can be
used for the obtained solution of the problem of hydrodynamic interaction
of particles in potential flow of compressible and incompressible non-
viscosity fluid also. The forces exerted on the particles and linear particle
velocities are calculated. Since the force exerted on system of particles
along the velocity of fluid is equal to zero (Dalamber’s paradox) each parti-
cle of the system is under non-zero force [3]. That is result of hydrody-
namic interaction of the particles. The forces exerted on the each particle
were obtained. Result depends on the position of particles relatively the
flow velocity. Using these forces dynamic simulation of motion of particles
in linear flow of compressible and incompressible fluid were done numeri-
cally. A comparison with the results obtained earlier is given.
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JANHAMMUKA YACTHUI B HECTAHUMOHAPHOM IIOTOKE
NIAEAJBHOU )KUIKOCTHU
Haranusa I'. Anucsknna, Upuna I1. Bopuckuna, Cepreii 1. MapTsi-
HOB
Mop0oBCKUN rOCYAApCTBEHHBIN YHUBEPCUTET
68, yn. bonpmesucrckast, 430000 Capanck, Poccust

B pabGote paccmaTpuBaeTcs TMHAMUKA YaCTHUIL B TOTCHI[UAIBHOM T10-
TOKE HMJCAJbHOM JKMJIKOCTH C YYETOM HX THJIPOJUHAMUYECKOIO B3aUMO-
JeUcTBUS. [[1s MOTEHIMANbHBIX TEUEHUW >KUJKOCTH 3ajlada CBOAUTCS K
HAXOXKJEHUIO peElIeHusl ypaBHeHHUs Jlamaca sl MOTEHIMajla, a 3HAYUT
MOKHO HCIIOJIB30BaTh METOJI, pa3paboTanHblii B padorax [1-2]. Ucnonb3ys
3TOT METOJ, MOJIEIIUPYETCA TUAPOJIMHAMUYECKOE B3aUMOJIENCTBUE YACTHIL
B HECTAallMOHAPHOM MOTOKE HEC)KUMAEeMOW >KUIKOCTH, HEBO3MYILCHHAs
CKOPOCTb KOTOPOT'O MPECTABISAETCS B BUAE NOJIMHOMA IEPBOM CTENEHU MO
KoopauHaTaMm. [[ns yactuil, pacCTOSSHUE MEXIY KOTOPBIMA MHOI'O MEHbIIIE
XapaKTEPHOIr0 pa3sMepa, Ha KOTOPOM MPOSIBISAETCS CKUMAEMOCTh JKHUJKO-
CTH, aHAJIOTMYHasg MaTeMaTU4ecKas MOJENb MPUMEHSAETCS JUIsl MOJIEIUPO-
BaHUA TUIPOJUHAMUYECKOI0 B3aMMOJEHCTBHS YaCTUL] B HECTAIIMOHAPHOM
MOTOKE C)KMMaeMOol KUIKoCTU. [IpennoxxeHHbie MOAEIN O3BOISAIOT HAUTU
pacnpeqie’eHue CKOPOCTH U JABJICHUE B KUIKOCTH BOKPYI YAacCTHUIl U BbI-
YUCIIUTh CWJIbI, JIEACTBYIOIMIMX HA YACTHIIBI CO CTOPOHBI KUAKOCTH C y4e-
TOM HUX THJPOJMHAMUYECKOTO B3aUMOJICHCTBUSL.

IIpencraBnensl pe3ysibraThl IO YMCIEHHOMY MOJAEIUPOBAHUIO JUHA-
MUKH YaCTHUI] B HECTAIIMOHAPHBIX MOTOKAX HJEATbHOM >KUIKOCTH. Kak m3-
BECTHO, JIJIsl CHCTEMBI TEJl B TAKMX MOTOKAX JIOJKEH BBINOIHATHCS MapajoKc
Janambepa, TO ecTh CyMMapHasi CHJIa Ha BCE Tella CO CTOPOHBI YKUJIKOCTH
paBHa HYJIIO BJIOJIb CKOPOCTH MOTOKAa. OTIMYHOM OT HYJISI MOXET OBITh TOJIb-
KO CHJIa TIEPICHIMKYJISIpHAsl BEKTOPY CKOPOCTUA HAOEraroIiero moToka -
koctu. OHAKO, KaK yKas3bIBaeTcs B [3, ¢. 75], “mpu HAIU4YMM B MOTOKE He-
CKOJIBKUX TEJl HENb3s YTBEPKIAaTh, YTO COCTABIIAIONIAS CUJIbI BO3/ICHCTBUA
MOTOKa, NapajljieibHasi CKOPOCTH, JUIsl KayKJIOrO Tea B OTAEIBHOCTH paBHA
Hymo”. IlosToMy, yder TUAPOAMHAMUYECKOIO B3aUMOJACHUCTBUS YaCTHI]
NPUBOJUT K IMOSBJIEHUIO OTJIMYHOW OT HYJISI CUJIbL, ACUCTBYIOIIEH HA YacCTU-
IIbI, KOTOpBIE MO/ AEHCTBUEM 3TOM CHUIBI MPUXOMAT B JBMkeHue. Kak moka-
3bIBAET YUCIIEHHOE MOJEIUPOBAHUE, IOBEJICHUE YACTHUL] CYLIECTBEHHO 3aBU-
CUT OT MX MEPBOHAYAILHOIO MOJIOKEHUSI OTHOCUTEIBHO MOTOKA HKUIKOCTH.
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B 3aBUCUMOCTHU OT 3TOI'0 4aCTUILIbI HI/I6O CTpeMSITCSI C6J'II/I3I/ITI)C$I BIUIOTH O0
KOHTAaKTa, 1100 Pa30iTUCh HA OECKOHEUYHOCTb.
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NUMERICAL ANALYSIS OF THE JET FLOWS
OF COMPRESSIBLE WATER
Gennadiy A. Atanov*, Alexander N. Semko**
*Donetsk Open University, 1-a, Artioma str., 83086 Donetsk, Ukraine
**Donetsk National University,
24, Universitetskaya str., 83055 Donetsk, Ukraine

In the paper, results of the systematical investigations of the impul-
sive jet flows of compressible water are given. Three kinds of problems are
considered.

1.  The internal ballistics problems devoted to processes of
producing the impulsive water jets with the help of the installations: ex-
trusive impulsive jets device, electrical impulsive jets device, hydro-
cannon (nonpercussive and percussive, power droved), of hydrody-
namic cumulation.

2. The external ballistics problems deal with the motion of the
impulsive water jets in the air and under water.

3. Problems about jet-target impact.

Solutions of different optimization problems are given: of the hydro-
cannon profile nozzle, of the powder hydro-cannon, of the electrical impul-
sive jets device.

All the problems were put in the gas dynamic approach as quasi-one-
dimensional and axis-symmetrical ones. The optimization problems were
solved as variation ones with the general method of the indefinite La-
grange’s multipliers. Numerical calculations were carried out in moving
grids with the method of characteristics, Godunov’s method, and method
with artificial viscosity.
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YUCJIEHHBIE UCCJEJOBAHUSI CTPYUHbBIX TEUEHUN
BO/JIbl C YYETOM C XUMAEMOCTH
I'ennammii A. AtanoB*, Anexcanap H. Cemko**
* JlOHEKUH OTKPBITBIA YHUBEPCHUTET,
yi. Aptéma, 1-a, 83086 [onenk, YkpanHa
** JlOHeNKHii HAIIMOHAJILHBIA YHUBEPCUTET
24, yn. Yausepcuterckas, 83055 Jlonenk, Ykpauna

B noxiane NpuBOAATCS PE3yJIbTAaThl CUCTEMATUYECKUX HCCIIEN0BA-
HHUW UMITYJIbCHBIX CTPYWHBIX TEUEHUH BOABI C YUETOM CKUMAEMOCTH.
PaccmatpuBaroTcs Tpu kitacca 3aj1ad.

1. 3agaum BHyTpeHHeH OaJUIMCTHKH, MOCBAILICHHBIC MPOLECCAMH Te-
HEpUPOBAHUS MMITYJIBCHBIX CTPYH B yCTAHOBKaXxX: MUMITYJIbCHOM BOJIOMETE,
ANEKTPOUM-TTYJIbCHOM BOAOMETE, THIPOMyIIKax (6e3yAapHOro 1 yaapHOro
JeWCTBHS, TOPOXOBOH ), THAPOJMHAMUYESCKONW KyMYJIISIIHH.

2. 3ajauv BHEIIHEW OAJUIMCTUKH, CBS3aHHBIC C MPOLECCAMH, COIPO-
BOXKJIAIOUIMMHM JIBUKEHUE CTPYH B BO3/AyX€ U MO BOAOH.

3. 3amaum 00 yzmape CTpyH O mperpamy.

[IpuBoasTCs Takke perieHrs 3ajad ONTUMU3AlUN COIJIa THAPOITYII-
KM, TIOPOXOBBIX THJIPOMYIIKM W HMITYJIbCHOTO BOJOMETa, 3JIEKTPOUM-
IIyJICHOI'O BOZOMETA.

3ajaun CTaBWJIMCh B Ta30/lMHAMUYECKON MOCTaHOBKE KaK KBa3HO[-
HOMEpHBIE U OCECUMMETpUYHBIE. 3aJaul ONTUMH3AIMH PElIauch Kak Ba-
pUAIMOHHBIC OOIIMM METOJIOM HEONpEe/ICHHBIX MHOXUTeeH Jlarpanxka.
UucneHHble pacyeTbl MPOBOAMIUCH B TIOJBHKHBIX CETKaX METOJIOM Xapak-
TEPUCTUK, METOAOM ['0yHOBA, METOJIOM C UCKYCCTBEHHOM BSI3KOCTBIO.

PECULIARITIES OF THE MOTION OF THE POWDER HYDRO
-CANNON JET IN THE AIR
Gennadiy A. Atanov*, Alexander N. Semko**, Ernest S. Geskin***
*Donetsk Open University, 1-a, Artioma str., 83086 Donetsk, Ukraine
**Donetsk National University,
24, Universitetskaya str., 83055 Donetsk, Ukraine
***New Jersey Institute of Thechnology, Newark, USA

The paper deals with investigation of the impulsive water jet being
produced by the powder hydro-cannon and moving with speed of 1000-
1200 m/s in the air. Dependences of the jet speed and momentum on dis-
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tance from the hydro-cannon nozzle are experimentally investigated. The
speed measuring was grounded on the interrupting the laser rays by the jet,
the jet momentum was measured with the help of a physical pendulum.

It is shown that the stand off distance of the powder hydro-cannon is
much more than that of the gas droved hydro-cannon. As this takes place,
the jet speed is insignificantly changed being reduced of 15% to the disin-
tegration instant but the jet demolition ability has spent in full. On the base
of the shadow photographies, the mechanism of increasing the jet demoli-
tion ability is explained. The reason here is losses of mass. Moving with a
big supersonic speed, the jet experiences considerable air resistance. It
spreads near the its head and takes a mushroom form. A water shroud arises
round the jet that is disintegrated easy and took away by the air.

Influence of polymer additions on the jet parameters is studied. It is
shown that the additions does not influence on the jet speed value but lead
to insignificant increase of the stand off distance. The mechanisms of the
phenomena are explained.

OCOBEHHOCTH ABU/KEHUS B BO3AYXE CTPYH
MOPOXOBOM I'JIPONTYLLIKA
I'ennammii A. AtanoB*, Anexcanap H. Cemko**, Jpuecr C. I'ec-
KI/IH***

* JlOHEKUH OTKPBITBIA YHUBEPCHUTET,

yi. Aptéma, 1-a, 83086 Jloneuk, YkpauHa

** JlOHeNKHi HAIIMOHAJILHBIA YHUBEPCUTET

24, yn. Yausepcuterckas, 83055 Jlonenk, Ykpauna
***Hpro [Ikepcu TexHomornueckuii ”HCTUTYT Hetoapk, CLLIA

JIoKJ1a IMOCBSIIEH UCCIIEOBAHUIO UMITYJIbCHOM CTPYH BOABI, T€HE-
PUPYEMOI IIOPOXOBOW I'MAPONYIIKON U JBUXKYILEUCS B BO3LYXE CO CKOPO-
ctbio 1000-1200 M/c. DKCHEpUMEHTaIbHO M3Yy4alioch M3MEHEHHE C pac-
CTOSIHUEM OT COIIa TUAPONYIIKKA CKOPOCTH U UMITyJibca CTpyu. M3Mepenue
CKOPOCTH OCHOBBIBJIOCH HA IPEPBIBAHUU CTPYEH JIydel jasepa, UMILYJIbC
OIpEeNsUICS TI0 BEJTMYMHE OTKIOHEHHUsT (PU3NUECKOr0 MasiTHUKA.

ITokazaHo, 4TO Aa’IBHOOOWHOCTH TIOPOXOBOH THUAPOMYIIKH 3HAYH-
TenpHO OOJbIle, YeM y THIPOMYIIKH, paboTaromieil Ha c)KaToM rase, 4To
00BsICHSIETCS 0OCOOEHHOCTSIMU €€ KOHCTPYKUUH. [Ipu 3TOM CKOpOCTH CTpyH
CHHJKaeMCsl HE3HAYUTENILHO, YMEHBIIAACh Ha MYTH 10 paspylIeHUs CTPYyH
Ha BenuuuHy 10 15%, a paspymaromas crnocoOHOCTh CTPYH yTpaunBaeTcs
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NMoJAHOCThI0. Ha ocHOBe aHanm3a TeHEBHIX (oTorpaduii oObsICHEH Mexa-
HU3M YMEHbBIIICHUS Pa3pyllaoneii CrIocOOHOCTH. DTO MPOUCXOIUT 3a CUET
norepu cTpyéil Macchl. JIBUTAsCh ¢ OONBINON CBEPX3BYKOBOW CKOPOCTHIO,
CTPYsl HCHBITHIBAET 3HAUUTEIHLHOE BOMHOBOE compoTuBiieHHEe. OHa pacrte-
KaeTcsi B OKPECTHOCTH T'OJIOBHOM 4YacTH, MO/ AECHCTBUEM BCTPEUYHOIO MOTO-
Ka mpuodperaer rpuOoBUAHYIO (HOpMy, BOKPYT CTpyH (OpMHUpYyETCs Teme-
Ha, KOTOpas JIETKO Pa3pyIIaeTcsi ¥ YHOCUTCS.

N3ydeHo BIMsHUE MOJIMMEPHBIX JOOABOK Ha MapaMeTpPhl HMITYJIbC-
Hoii cTpyw. [TokazaHo, 4TO OOABKM MPAKTHYECKH HE CKa3bIBAIOTCS HA Be-
JUYUHE CKOPOCTU CTPYH, HO MPHUBOAAT K HE3HAYUTEIHHOMY YBEIHMUYECHUIO
JNaTbHOOOMHOCTU. OOBSICHEHBI MEXaHU3MBI 3TUX SIBIICHHM.

SEDIMENTATION OF PARTICLES ON THE PLANE
Vitaly E. Baranov, Sergey 1. Martynov
Mordovian State University,

68, Bolshevistskaya str., 430000 Saransk, Russia

The influence hydrodynamic interaction of a spherical solid particles
moving near the plane is considered in present work. Results can be used as
for obtained average velocity of sedimentation of the particles on the wall
as for numerical simulation the formation of the structures of the particles
in the flow near the plan. The method of the present work is based on the
results [1]. The velocity of particles and the flow field of fluid around ones
were obtained with a high accuracy. The solution is more precise than can
be obtained by reflection method [2].

References
1. MaptemoB C.U. B3zaumonelicTBue 4acTuil B CYCICH3UH. -
Kazanb, 1998.- 135 c.
2. Happel 1., Brenner H. Low Reynolds number hydrodynam-
ics. Englewood Giffs: Prentice - Hall, 1965. — 553 p.

OCAXJIEHUE HA IIVIOCKOCTbh YACTHII B BSI3KOM JKHJIKO-
CTn
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PaboTta mocBsilieHa HM3Y4YEHUIO ABHMKEHUS TBEPAOH c(epuuecKon
YacTHUIIBl BOJMU3M TUIOCKOH MOBEPXHOCTH B JKMUAKOCTU MPH MallbIX YUCIaX
Petinonbica. Perienue 370 3a1auu akTyaabHO U TO3BOJUIIO OBl MOJICIH-
poBaTh 0Opa30BaHUEC M JIBIKCHHE B BS3KOM KHJKOCTH BOJIM3U ILIOCKOM
MOBEPXHOCTH KaKUX-THOO CTPYKTYp M3 YacTHUI], a TaKKe BIMSHUE Ha 3TOT
MPOLIECC Pa3NUYHBIX CHJI (HampHMep, 3JEKTPHUECKHX 3apsaoB Ha YacTH-
nax). st pemenns 3aa4u napaMeTpsl IBHKEHUS )KUAKOCTH BBIPAXKAIICh
4yepe3 4YacTHBIE NPOW3BOJIHBIE (DYHIAMEHTAILHOTO PELIeHUs ypaBHEHUS
Jlanmaca u Ten3opHbie ko3 duiuentsl [1]. B pe3ynabTare ynanock HalTh
napaMeTpsbl ABMKEHUSI YACTHIIBI U TIOJI€ CKOPOCTEH KHUIKOCTH C OONBIION
TOYHOCTBIO, YBETHYMBAIOIIEIHCS NMPU YAAJEHUM YacTUIbl OT IUIOCKOCTH.
[TpumensieMblii METO PELIEHUS 3HAUYUTENBHO TOYHEE METOJA OTPaKEHUU
[2], xpome TOro, B OTIMYHME OT METO/A OTPAKEHHM MO3BOJSET MOTYyYUThH
BEpHbIE PEUIeHMs A Claydas MaJIbIX PacCTOSHUM MEXIy 4acTHLed H
IJIOCKOCTBIO (BILJIOTH JIO KacaHWs).
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DETERMINATION OF TIP JET CHARACTERISTICS
IN THE PROBLEM OF LIQUID WEDGE RUNNING INTO A
PLANE
Rumiya K. Belkheeva
Lavrentyev Institute of Hydrodynamics
15, Lavrentyev Avenu, 630090 Novosibirsk, Russia

The problem of liquid wedge running into a vertical solid wall is con-
sidered. This problem is represented as a self-similar one with a free
boundary that is reduced to a boundary-value problem in the right-angled
triangle situated in the Wagner function plane. Obtained before at infinity
and jet tip, asymptotic expansions of the solution have the same structure.
The main part of the paper is matching asymptotic expansions of the solu-
tion. The dependence of the angle between the free surface and the solid
wall on the liquid wedge angle is found; velocity potentials and stream
functions are presented.
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OIIPEJIEJIEHUE XAPAKTEPUCTHK EPbI3SIOBOM CTPYH
B 3AJAYE O HATEKAHUH ’KUAKOI'O KJIMHA
HA IIVIOCKOCTb
Pymus.K. bexbxeeBa
Nucruryt I'mapoarnamuku uM. JIaBpeHTbEBa
15, mp. JlaBpentnesa, 630090 HoBocubupck, Poccust

PaccmaTpuBaemas 3ajaya 0 HaTE€KaHUM >KMJIKOTO KJIMHA Ha BEpTH-
KaJIbHYIO TBEpAYIO CTEHKY IpeJICTaBleHa KaK aBTOMOJENbHas 3ajladya co
CBOOO/IHOM TpaHMIIEH, KOTOpasi CBOAMUTCS K KpaeBOHM 3ajade B KBajpare,
pacronoXeHHOM B IUIOCKOCTH (yHKUMM Barnepa. HaiineHneie panee
ACHMIITOTHYECKHE PA3JIOKEHHUS PEIICHHs B IBYX OCOOBIX TOYKAaX — B BEp-
IIMHE CTPYH U Ha OECKOHEYHOCTH — MMEIOT OJMHAKOBYIO CTPYKTYpy. Oc-
HOBHOH YacThlO PalOTHI SIBJSIETCS COTJIAaCOBaHHME ACHMIITOTHUECKHX pPas-
NoXeHu# pemienust. Haiinena 3aBUCUMOCTD yriza OpbI3rOBOM CTPYH B TOYKE
KOHTaKTa C TBEpJON CTEHKOW OT pacTBOpa *HAKOIO KIWHA, MPUBEACHBI
MOTEHIIMAJIbI U IMHUU TOKA IMOJIS TEUSHMUS.

A CAVITATION FLOW MODEL WITH NUCLEATION
AND BUBBLE DYNAMICS INCORPORATING
BUBBLE/BUBBLE INTERACTIONS, THERMAL DAMPING
AND BUBBLE FISSION
Can F. Delale
Istanbul Technical University, 34469 Maslak, Istanbul, Turkey

A cavitation flow model with nucleation and bubble dynamics, which
takes into account bubble/bubble interactions, thermal damping and bubble
fission by a modified Rayleigh-Plesset equation, is constructed. Nucleation
is considered by an improved version of the classical nucleation theory [1],
that corrects for the discrepancy between theory and experiments (espe-
cially, for water) with reasonable nucleation rates. The bubble/bubble inter-
actions are taken into account in the mean-field theory [2] by introducing a
parameter which characterizes the range of influence of interacting bubbles.
Thermal damping [3] is considered in the uniform pressure approximation
within the bubbles, similar to the work of Nigmatulin et al. [4] and Pros-
peretti [5]. Energy dissipation in violent bubble collapses due to bubble
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fission is taken into account by a simple model [6] that conserves volume
during bubble break-up. The cavitation model is then applied to steady and
unsteady bubbly cavitating flows with/without nucleation [2, 7]. Thermal
damping and bubble fission seem to be the dominant mechanisms of energy
dissipation in cavitating flows.
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APPLICATION OF POTENTIAL OF THE SIMPLE LAYER
IN THE CAVITATION
Alexander S. Demidov, Alexey G.Terentiev
Cheboksary's Institute of the Moscow State Open University
54, Marks str., 428000 Cheboksary, Russia

The potential of a simple layer is covered all-round in many classical
works in mathematics, but its application is connected to some difficulties
of computing character. Namely, the integrant of a tangent derivative has
singularity that complicates numerical calculations. More widespread
methods now are the methods based on integral identities of Green and on
potential of a vortices layer.

In the present report the numerical algorithm of calculation of a cavitating
flow around flat and axisymmetric foils based on a simple layer is offered. The
form of a cavity is determined by consecutive approach. Results of numerical
calculations coincide to high accuracy with analytical data for sphere and the
cylinder. Comparison of numerical results for cavitating flows of flat and ax-
isimmetric bodies executed by different methods is given.
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NOPUMEHEHHUE NOTEHIUAJIA TIPOCTOTI'O CJI0Os1
B TEOPUU KABUTALIUU
Anexcanap C. demunos, A.I'. TepentbeB
Yebokcapckuit uncTuTyT MI'OY,
54, yn. K.Mapkca, 428000 Uebokcapsi, Poccus

[ToTenmman mpocToro cost OCBEIIEH BCECTOPOHHEE BO MHOTHX KJlac-
CHYECKUX paboTax Mo MaTeMaTHKe, HO €ro MPUMEHEHHUE COIMPSKEHO ¢ He-
KOTOPBIMHU TPYAHOCTSIMH BBIYMCIIMTENBHOIO Xapakrepa. B yactHoCcTH, ITpU
BBIYHCJICHUY KacaTeIbHON NIPOU3BOIHON MOABIHTErpalibHAs (DYHKIUS HUMe-
€T 0COOEHHOCTb, YTO 3aTPYIHIET YHCIeHHbIe pacyeTsl. bonee pacnpoctpa-
HCHHBIMU METOAAMHU B HACTOAIICC BPCMA ABJIAIOTCA METOABI, OCHOBAHHBIC
Ha MHTEI'PpAJIbHBIX TOKACCTBAX FpI/IHa 1 Ha NOTCHIIMAJIC BUXPEBOI'O CJI04.

B HacTodmem qoknaje npeajgaraercsl YACIEHHbIM aIropuT™M pacuera
IJIOCKUX U OCCCUMMETPUYHBIX KaBUTAIUOHHBIX TG‘IGHI/II‘/'I, OCHOBaHHBIN Ha
WCIOJIB30BaHUM MpocToro ciod. dopma KaBEpHHI OIpeeNnseTcs Mmociaeno-
BaTCIIbHBIM HpI/I6J'H/DKeHI/IeM. Pe3yanaTm YHCJICHHBIX pacye€ToB cCorjaacy-
IOTCS C BBICOKOM TOYHOCTBIO C aHAJIUTHYESCKUMH JaHHbIMU AJIs1 Cq)epbl u
HUuIrHIapa. I[aHO CpaBHECHUEC YHCJIICHHBIX PE3YJIbTATOB IJI1 KaBUTAIMOHHO-
To 06TeKaHI/I$I IMJIOCKUX U OCECCUMMETPUYIHBIX TCJI, BLIIIOJIHCHHBIX Pa3HbBIMU
METOJIaMHU.

CAVITATING FLOW ON THE AXISYMMETRIC BODIES
WITH NEGATIVE CAVITATION NUMBERS
Nadezhda A.Dimitrieva
Chuvash State University
15 Moskovsky Pr., 428015 Cheboksary, Russia

The theoretical investigate of the cavitating flows with the negative
cavitation numbers usually is limit with consideration of Chaplygin — Kol-
sher scheme [1, 2], in which the stagnation zone over the body is formed
and the drag of the “body — cavity” system is equal to zero. At the same
time may be to consider the cavitating flow using the Tulin — Terentiev
scheme for negative cavitation numbers too, then the drag will be not equal
to zero. Such flow on circular cylinder was investigated by author early [3].
In present work the cavitation flow on the sphere in infinite stream of an
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ideal incompressible weightless liquid with negative cavitation numbers

study with the help of the p-analytical functions complex variables [4].
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KABUTAIIMOHHOE OB TEKAHUE OCECUMMETPHUYHBIX TEJI
C OTPUIATEJIBHBIMU YUCJIAMU KABUTALIUA
Hapexna A. lumutpueBa
UyBauickuil TocyJapCTBEHHBIA YHUBEPCUTET
15 Mockosckuii nip., 428015 Yebokcapsl, Poccust

Teopernueckoe HcclieIoBaHNE KABUTAIIMOHHOTO OOTEKAaHUs MPETIsT-
CTBHH C OTPUUATEIBHBIMH YUCIAMH KaBUTALUH OOBIYHO OTPaHMYMBAETCS
paccMmoTpenueM ootekanus 1o cxeme Yarsiruaa — Konbmepa [1, 2], ko-
rZIa 3a TeIoM o0pa3yercsl 3aCTOMHasi 30Ha U COMPOTHBIICHHE CUCTEMBI «Te-
JI0 — KaBepHa» PaBHO HYJI0. B To ke BpeMs, MoJenupys KaBUTAIIMOHHOE
TeueHue cxemor TynuHa — TepeHTbeBa, MOKHO pacCMaTpUBATh KaBUTALU-
OHHOE 00TEeKaHWE MPEMSITCTBUI U MPH OTPULATEILHBIX YUCIIAX KaBUTAIUH,
TOT/Ia CONPOTUBJICHUE OyJeT OTIMYHO OT HyJsl. ABTOPOM paHee UCCIeno-
BaHO Takoe oOTekaHWe KpyroBoro nuiauipa [3]. B Hacrosmei paborte c
MOMOIIBIO alapaTa TEOPUH p-aHATUTHYECKHX (PYHKIHMHA KOMILIEKCHOTO
nepemMeHHoro [4] uccienoBaHo KaBUTalMOHHOE oOTeKaHune chepbl Oe3rpa-
HHUYHBIM ITOTOKOM HJI€AJIbHOM HEBECOMOM HEC)KMMAEMOW KUAKOCTU IIPU
OTpUILIATENbHBIX YUCIIAX KaBUTAIIWH.
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2. Koxypo JI.A. O6Tekanue cepnl ¢ 3a0CTPESHHBIMU 00J1aCTSMHU TOCTOSH-
HOro jaBjieHus. YucaeHHbIE METOAbI B MEXaHUKE CIUIOIHON cpeabl. HoBo-
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JIOKalM1 U UTCpallMi B KaBUTAIIMOHHBLIX 3aJaydax. FI/I,HpOI[I/IHaMI/IKa orpa-
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tions to investigate cavitating flows. Proceedings of International Summer
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PLANING OF A PLATES SYSTEM WITH GIVEN LOADS
Stanislav A. Dovgiy, Michael V. Makasyeyev
National Technical University of Ukraine "Kyiv Polytechnic Institute"
37, Peremohy pr., 03056 Kyiv, Ukraine

The problem about a planing of a flat plate at given load and fixed
trim angle is resolved in paper [1]. The feature of this problem is that the
characteristic linear size, on which one is calculated a Froude number, is
determined, as against the theory L.I.Sedov, not on wetted length, and as

L =3/A/pg , where A - weight of a planing craft, pg - specific gravity
of water. Wetted length thus is searched from the solution to the problem.
In paper [2] other problem is resolved, in which one trim angle is not fixed
any more, but the center of gravity position concerning a trailing edge of a
plates presets. Thus the angle of lean is free and is set depending on a
Froude number. The obtained predicted data on immersing of a stern, mid-
ship and nose of a hydroplane depending on a Froude number completely
correspond to the known charts G.E.Pavlenko for flyboats.

The success in the solution of the indicated problems has allowed to
formulate and find solution to the series of problems for a planing system
having actual physical sense and large practical significance. In particular,
the theoretical substantiation of a principle of recovery of energy of surface
waves is obtained at planing of a surface system formulated for the first
time by academician of an Academy of sciences of Ukraine G.E.Pavlenko.
The principle is that the part of energy loiter maiden planing surface on
creation of a wake can be used by the second surface at its exact arrange-
ment concerning a wave.

In the paper the problems about a planing of a system of bound and
irrelevant plates a tandem are presented. The bound system can model mo-
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tion of a hydroplane on planing steps. Thus the total loading at a system
and center of gravity position concerning a trailing edge of the second plate
is set. Influencing geometrical parameters on hydrodynamic characteristics
of a system is investigated.

The case of existence of a cavern in space between planing steps is
esteemed, and the cavern can be both ventilated, and natural. At a planing
of independent laminas the Froude number is determined on some refer-
ence load, for example, on maximum, or on mean. The center of gravity
position is set on each plate.

The method of singular integral equations is used. The numerical so-
lution is implemented by a method of discrete vortexes. The definition of
wetted lengths of planing plates represents a non-linear problem, for solv-
ing which the algorithm of multidimensional search by Nelder and Mead is
used.
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INIMCCUPOBAHUE CUCTEMBI IIVIACTHUH C 3AJJAHHBIMH
HATI'PY3KAMU
Cranucaas A. Jlosruii, Muxaua B. MakaceeB
HannonanbHbIM TEXHUYECKUM YHUBEPCUTET Y KPaWHbI
"KueBckuii momuTeXHU4eCKUi HHCTUTYT"
37, Ipocmekt [To6exnsr, 03056 Kue, Ykpanna

B paGote [1] perieHa 3ajia4a O TJIMCCUPOBAHUU IIOCKOM TIACTHHBI
MpH 33/IaHHOI Harpy3ke W (UKCHPOBAHHOM yriie HakjioHa. OcoOeHHOCTh
3TOM 3aJ]a4M 3aKJIIOYAETCS B TOM, UTO XapaKTEPHBIN JIMHEWMHBIN pa3mep, 1o
KoTopoMy Berumcisiercs uucio Opyna, onpenensiercs, B OTIHYHE OT TEO-

puu JLU.Cenosa, He 110 cMO4eHHOU ynHe, a Kak L =3/A/ pg , rne A -

Harpyska, pg - y[[GHI:HLIﬁ BE€C BOJHI. CMoueHHas JAJIMHA TIPpU 3TOM UILCTCA
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U3 pelieHus 3aaaun. B pabote [2] perieHa apyras 3ajada, B KOTOPOW yroi
X0/1a yxe He (PMKCUPOBaH, HO 3aJaHO TMOJIOKEHUE IICHTPa TSHKECTH OTHO-
CUTEJIBHO 3aJHEeH KpoMkH Timccepa. [Ipu aToM yrom xoia cBoOOIEH U yc-
TaHaBJIMBAETCS B 3aBUCUMOCTH OT uucia @pyna. IlonydyeHHble pacueTHbIe
JaHHBIE TI0 MOTPY>KEHUIO0 KOPMBI, MUJIESl M HOCa TJIMCcepa B 3aBUCUMOCTH
or uyucia Ppyna MOTHOCTHIO COOTBETCTBYIOT H3BECTHBIM JuarpaMmam
I'.E.ITaBnenko 115t ObICTPOXOIHBIX CY/IOB.

VYcnex B pelleHUH yKa3aHHBIX 3a7ad TMO3BOJHI cHOPMYIHUPOBATh M
PEeIINTh Ui CUCTEMBI TIIMCCUPYIOUINX IMJIACTHH Psifi 3a]a4, UMEIOIINX pe-
ANbHBIA (U3MYECKUH CMBICT M OONBLIOE MPaKTHYECKOoe 3HavYeHne. B gact-
HOCTH, MOJYYEHO TEOpeTHYecKoe OOOCHOBAaHWE MPUHIIUIA pEreHepanuu
SHEpPTUM MOBEPXHOCTHHIX BOJIH MPH TIUCCUPOBAHHU CHCTEMBI TTOBEPXHO-
CTeH, CPOPMYJIMPOBAHHOIO BIEPBBbIC akajeMukom Axajaemuu Hayk Yk-
pausnsl ['.E.IlaBnenko. [IpuHuun 3akiroyaercss B TOM, YTO YacTb DHEPIUH,
3aTpadyeHHON MEepBOIl TIIMCCHPYIOLIEH MOBEPXHOCThIO HA CO3/IJaHUE BOJIHO-
BOTO cJie/la, MOXKET HCIOJIb30BAThCs BTOPON MOBEPXHOCTHIO MPH MPAaBUIIb-
HOM €€ pacioj0KeHINH OTHOCUTEIHHO BOJIHBI.

B noxnane paccMoTpeHsl 3a7ayd O TIMCCUPOBAHHUM CUCTEMBI CBS-
3aHHBIX U HE CBSI3aHHBIX IUIACTUH TaHAeM. CBsi3aHHas cUCTeMa MOXKET MO-
JeupoBaTh ABM)KEHHUE Tuccepa Ha pefaHax. [Ipu aToM 3amaercs cymmap-
Hasg Harpyska Ha CHUCTEMY U MOJOXEHHE LEHTpa TSHKECTH OTHOCHUTEIBHO
3aJHEll KpPOMKU BTOPOM IUIacTHHBL Mccienyercs BIIMSHHE I€OMETpU4e-
CKUX MapaMeTpoB Ha THAPOINHAMUYECKNE XapaKTEPUCTHKU CHCTEMBI.

PaccmatpuBaercs cnydall CyleCTBOBAHUS KaBEPHBI B IIPOCTPAHCTBE
MEKAY pellaHaMH, TPUYeM KaBepHa MOXKET ObITh KaK BEHTHIIUPYEMOU, TakK
U ecTecTBeHHOU. [Ipy rimccupoBaHUM HE3aBUCUMBIX IUIACTUH 4ncio Dpy-
Jla Ompesensercsd Mo HEKOTOpOW XapaKTepHOW Harpyske, Harpumep, Mo
MaKCUMaJbHOW Wi cpenHed. [lonoxkeHue LieHTpa TSKECTH 3aJaercs Ha
Ka) oW MJIaCTUHE.

Hcnons3yercs METO/I CUHTYJISIPHBIX HHTErpaJIbHBIX YpaBHEHUH, dnc-
JICHHOE pellleHHe OCYLIECTBIISIETCS METOJIOM TUCKPETHBIX Buxpeil. Ompe-
JieTICHWe CMOUYEHHBIX JJTUH TIMCCHPYIOUIMX TUIACTHH MPENCTaBIseT CoOO0H
HEJMHEIHYI0 3a1a4y, Ui pelleHrs KOTOpOoil MpuMeHseTcs alrOpUTM MHO-
roMepHoro noucka no Hennepy u Muny.
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SOME NEW RESULTS OF THE LINEAR THEORY OF PLANNING
ON A HEAVY FLUID SURFACE.
Ion I. Efremov
Kuban State University
149, Stavropolskaya street, 350040 Krasnodar, Russia

It is considered the task of a planning of a plate in L.[.Sedova's
statement. Expression for a flow function, obtained by L.I.Sedov, is used
for a conclusion of an integral equation concerning pressure of a fluid on
the moistened part of a plate. The constructed equation is compared to the
equations obtained earlier. For an evaluation of a kernel function of an in-
tegral equation as an Fourier integral it is offered the effective technique
with passage to an integration on a imaginary axis of a complex plane.

There are obtained numerical results for hydrodynamic characteric-
tics of a plate with the known moistened length. Also there are obtained new
formulas for evaluation of a lift coefficient and the moment which approxi-
mate numerical data in all a range of a modification of a Froude number.

It is offered the simple technique of definition of the unknown
moistened length of a planning plate using a method of secants for a solu-
tion of the nonlinear equations.

HEKOTOPBIE HOBBIE PE3YJIbTATbhI IMHEMHOM TEO-
PUU I''TACCUPOBAHUSA IO TOBEPXHOCTH TSIKEJIOM
KUIKOCTH.
Hon U. Eppemon
Kyb6anckwuii ['ocynapcTBeHHBIH YHUBEPCHUTET,
149, CraBpononbckas ynuna, 350040 Kpacuogap, Poccust

PaccmatpuBaercs 3a1aua riMcCHpPOBaHUS TUTACTUHKH B TIOCTAHOBKE
JL.U.CenoBa. Beipaxenue uist GyHKIMU Toka, noiayueHHoe JI.M.CenoBbim,
HCIIOJIB3YCTCA JJid BbIBOJAa MHTCTPAJIBHOI'O YPABHCHUA OTHOCUTCIILHO J1aB-
JICHUA ) XUAKOCTU Ha CMOYCHHYIO YaCTh IJIACTUHKHU. HOCTpoeHHOG YpaBHE-
HHUC CPAaBHUBACTCA C YPABHCHHAMM, IOITYUYCHHBIMU pPaHEC. I[J'IH BbIYUCIIC-
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HUS SIpAa UHTErPaJIbHOrO YPAaBHEHHMSI B BUJIE HHTErpasia Dypbe Mpeaioxe-
Ha 3QdexTHBHAs METOANKA C MEePEX0J0M K MHTErPHUPOBAHUIO IO MHUMOU
OCH KOMIIJIEKCHOH IIJIOCKOCTH.

ITosydeHsl 4MCIEHHBIE PE3YNbTATHI JJI TMAPOJAUHAMUUYECKHX Xa-
PaKTEPUCTUK TUIACTUHKHU C 3aJJaHHOM CMOYEHHOM JITMHOM. BhIBeAeHBI HO-
Bble ()OPMYJIBI JUISL BBIYMCIEHUSI KO3(QHUIMEHTa MOIBEMHON CHUIIBI U MO-
MEHTa, KOTOpbIE alllIPOKCUMUPYIOT YUCIIEHHBIE PE3YJIbTaThl BO BCEM JUa-
nasoHe u3MeHeHus uncia Opyna.

IIpennoxkeHa mpocTass METOAUKA ONPEIEIICHHUS] HEU3BECTHOM CMO-
YEHHOMN JUIMHBI TJIMCCUPYIOLIEH IJIACTUHKH, OCHOBaHHAas Ha HCIIOJIb30Ba-
HHUM METOJIa CEKYLUX PEIICHUs HEIUHENHBIX YPABHEHUN.

METHOD OF THE SOLUTION OF LINEAR NON-STATIONARY
HYDROAERODYNAMICS PROBLEMS BY REDUCTION
TO STATIONARY PROBLEMS
Ion I. Efremov, Elena P. Lukashchik
Kuban State University
149, Stavropolskaya str., 350040 Krasnodar, Russia

The method is based on representation of kernel functions of integral
equations of hydroaerodynamics of thin profile and wing as a Fourier inte-
grals. The integral equation of a non-stationary problem is replaced with an
integral equation of a corresponding stationary problem with the changed
right part (vertical velocity) with addition of a unknown constant (for a pro-
file ) or the unknown function dependent on a variable along span in case
of a wing. Unknown values of a constant or a function are determined from
a condition of satisfaction of the constructed solution to an initial integral
equation in any point of a profile or on required set of points along span.

Efficiency of the offered method is tested on new construction of a
known exact solution of a non-stationary problem about oscillations of a
thin section in unlimited flow and obtaining of the approximate numerical
solution of a problem about oscillations of a rectangular wing.
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METO/I PELIEHUS IMHEMHBIX HECTALIIMOHAPHBIX 3AJIAY
Ir'maPOADPOJUHAMUKU CBEJIEHUEM
K CTAHUOHAPHBIM 3ATAYAM
Houn U. Eppemos, Eaena II. Jlykamuk
Kybanckwuii ['ocynapcTBeHHBIH YHUBEPCHUTET,
149, CraBpononbckas ynuna, 350040 Kpacuogap, Poccust

Meron OCHOBaH Ha MPEICTABICHUH SIep MHTErpalibHBIX ypaBHEHUH
THIIPOadpPOANHAMHKH TOHKHX Mpoduiiel U KpbuIbeB B BHJE nHTerpana dy-
pbe. MHTerpansHoe ypaBHEHHE HECTAIMOHAPHOM 3a/1a4M 3aMEeHsIeTCsI HHTe-
IPAJIBHBIM YPaBHEHUEM COOTBETCTBYIOILIEH CTAallMOHAPHOM 3aJlaud C U3Me-
HEHHOW MpaBOH YacThlO (BEPTHKAIBHON CKOPOCTHIO) € J0OABICHUEM HEU3-
BECTHOM KOHCTAHTHI (IJ1s1 MPOQUIIS) WM HEU3BECTHOH (DYHKIIMH, 3aBUCS-
LIeN OT MEPEMEHHON BJIOJIb pa3Maxa B ciiydae Kpbuia. HenzpecTHbie 3Haue-
HUSI KOHCTaHTBI WX (YHKIUHU ONPEACISIOTCS U3 YCIOBUS YAOBIETBOPEHUS
CKOHCTPYHUPOBAHHOT'O PELICHUS! HCXOAHOMY WHTErPATbHOMY YPaBHEHHIO B
KaKoi—100 Touke mpoduis Uik Ha TpeOyeMOM MHOXECTBE TOUYEK BJIOJb
pa3maxa.

O PekTUBHOCTD TPEIOKESHHOT'0 METO/Ia ONPOOOBaHA HA HOBOM I10-
CTPOEHHMH M3BECTHOT'O TOYHOTO PEIICHUs] HECTAIIMOHAPHON 3aJ]auul O KoJje-
0aHUAX TOHKOTO Mpoduis B 0e3rpaHMYHOM MOTOKE M TONYy4YEeHHH MPUOIH-
KEHHOT'0 YHMCIICHHOTO pelIeHHs 3aJadd O KojeOaHHsX MPsIMOYTOJILHOTO
KpBbLIa.

VARIATIONAL INVERSE BOUNDARY-VALUE PROBLEMS
AND AIRFOIL SHAPE OPTIMISATION
Alexander M. Elizarov, Nikolay B. IP’inskiy

Chebotarev Institute of Mathematics and Mechanics
of Kazan State University
17, Universitetskaya Str., 420008 Kazan, Russia

We use the term «variation inverse boundary-value problems»
(VIBVP) to denote a class of boundary-value problems with free bounda-
ries, where both the solution of partial differential equation and the domain
D where the solution is determined are unknown. Moreover only one con-
dition is prescribed on the boundary ap of the domain. The extremal prop-
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erty of the domain is the requirement of maximization (minimization) of a
given functional J (usually under additional constraints). According to the
formulation these problems belong to the class of the optimal shape design
problems (see e. g. [1, 2]) and the presence of the additional restrictions
may significantly affect the solvability of the problems. Therefore it is nec-
essary to determine which functionals can be used and which additional
restrictions can be imposed. It is difficult to answer the questions from only
general considerations.

At the present time there is no special theory of the VIBVP. From
one side this is explained by the fact that the functional J must express
some extremal properties of the unknown domain and the extremal function
to be found. It means that for a correct formulation of the problem it is nec-
essary to prescribe beforehand the class of both unknown objects. Thus the
analysis of the solvability of the VIBVP depends on the choice of J.
Moreover additional restrictions may significantly affect the correctness of
the formulation. Therefore it is necessary to determine which functional it
is reasonable to consider and what additional restrictions can be imposed.
The general answers for these questions are rather difficult. From the other
side the VIBVP according to their formulation belong to the optimal shape
design problems. For these problems the theory of correctness is already
developed in the terms of the functional . In this case for the problem
solvability the additional constraints must provide the compactness (or
some similar property) of the set of functions where the functional J is
determined. The uniqueness of the solution is not guaranteed. So far the
only source of the VIBVP are the theories describing certain natural phe-
nomena (e. g. fluid or gas flows) and the choice of the optimized functional
and additional restrictions is determined by the physical sense of the proc-
esses and phenomena modeled by the variational problem. One of these
theories is the classical aerodynamics.

Problems of determination of body shapes with extremal hydrody-
namic or aerodynamic characteristics in an incompressible or a gas flow
appeared at the very beginning of the development of modern aerodynam-
ics. Traditional approach to the aerodynamic optimization is based on solu-
tion of direct boundary value problems. For example for the case of 2D
flows the approach can be realized as follows: some multi-parametrical
class of airfoil contours is determined, for every airfoil from this class di-
rect calculation is performed to determine the aerodynamic characteristics,
and optimization of the airfoil contour is performed by a proper choice of
free parameters with the account of several restrictions. This approach al-
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lows finding an optimal airfoil in a given multi-parametrical class. How-
ever, the approach requires special methods for the contour representation;
due to arbitrary changes of the contour the constraints of the problem can
be violated. Moreover with this approach we cannot write explicitly the
optimized functional, and solution of the direct problem is rather time con-
suming. There are some results known where these problems are solved
numerically for 3D cases and for complex mathematical models of flow.

One of the classical optimization problems of aerodynamics is the
problem of determination of a wing profile providing maximum lift. Inter-
est to this problem, first exposed in the works of N. E. Zhukovsky and
S. A. Chaplygin, is still remained and the history of this question includes
many works that have already become classical. Nevertheless for the mod-
ern aerodynamics several modifications of the problem of maximization of
the lift are still of practical interest.

In the present paper the basic approaches used for solving of the
mentioned problem are described. The approaches are based on the theory
of inverse boundary value problems of aerohydrodynamics [3]. Several
formulations and methods of solution for VIBVP in the framework of clas-
sical models of fluid dynamics under isoparametrical constraints are dis-
cussed. Methods for deriving functionals, which express the lift for differ-
ent flow topologies, are described. Extremal solution of the functional is
found. Upper estimates for the maximal value of dimensionless velocity
circulation for the class of airfoils with smooth contours of given length in
an incompressible ideal flow under several restrictions on theoretical angle
of attack and maximal velocity on the airfoil are obtained.

This work was supported by Russian Foundation for Basic Re-
searches, projects 02-01-00061, 03-01-00015.
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BAPUALINOHHBIE OBPATHBIE KPAEBBIE 3AJIAYU U OIITHU-
MMU3ALUA ASDPOANHAMUYECKHUX ®OPM
Aunexcangp M. Esm3zapos, Hukonaii b. Unenncknii
HUU marematuku u mexanuku um. H. I'. Ueborapesa
Kazanckoro rocyiapcTBeHHOT0 YHUBEpPCHUTETA
17, yn. Yausepcuterckas, 420008 Kasanp, Poccus.

st 0003HavYeHus Kiacca KpaeBbIX 3ajad, B KOTOPBIX MCKOMBIMH SIB-
JSIIOTCSL Kak pemieHne AuddepeHansHoro ypaBHEHUS! B YaCTHBIX TPOU3-
BOJIHBIX (B YaCTHOCTH, aHAJIMTHYECKast (YHKLHUS), TaK U cama 00JacTb ero
ompereNieHns, KOrAa TOcheAHssi oOnagaeT HEKOTOPHIM JKCTpeMalbHbIM
CBOMCTBOM, OyJeM HCIOJIb30BaTh TEPMUH «BapHAIMOHHBIE OOpaTHBIC
kpaesble 3aaaun (BOK3)». Kak u B kitaccnyeckux mpsMBIX KpaeBbIX 3a7a-
Yax, Ha IpaHHLe 00JIaCTH 3aJaeTcs OAHO KpaeBoe ycioBue. Bmecte ¢ Tem
cama TrpaHulla SBISETCS MCKOMBIM AJIEMEHTOM PEHICHUS, U MMOITOMY TaKue
3a]a4i MPUMBIKAIOT K HIMPOKOMY KJIacCy KpaeBhIX 3a]ad ¢ HEU3BECTHBIMHU
rpaHunamMu. B kadecTBe BTOPOro KpaeBOro ycjIOBUsI Ha HEM3BECTHOW Tpa-
HUIE BBICTYMAET 3KCTPEMATbHOE CBOMCTBO MCKOMOH 001acTH, BBIpakKeH-
HOE€ B BHJEC TpeOOBaHUS MAKCUMH3AaLMN (MHHUMH3AIWH) 3aJaHHOTO (QyHK-
nuoHana J (BO3MOXKHO, TIPH JIOTIOJTHUTENBHBIX OTPaHUYEHHSIX).

K nactosmemy Bpemenu crneruanbHasg Teopuss BOK3 ne coznana. C
OZIHOH CTOpPOHBI, 3TO OOBSCHSAETCS TE€M, YTO B CHJIY CaMOH IOCTaHOBKH
9THX 3a71a4 (PyHKIMOHAT J JOJDKEH BBIPaXKaTh HEKOTOPOE IKCTpEMalIbHOE
CBOMCTBO KaK UCKOMOM 00JacTH, TaK ¥ HCKOMOW (PYHKIIUH, X TIOITOMY JJIS
KOPPEKTHOCTH 3a7]a4ll HEOOXOAMMO 3apaHee 3aUKCHPOBAThH KIacChl HCKO-
MbIX 00BEKTOB. 3HAUUT, aHAIIN3 KapTUHBI pa3pemumoctu BOK3 Oyner He-
MOCPEJICTBEHHO CBSI3aH C BBIOOPOM Kilacca (yHKLIMOHAJIOB J , IPUYEM Ha-
JUYUE WK OTCYTCTBHE JIONOJHHUTENBHBIX OTPAaHUYEHHH MOXKET CYIIECT-
BEHHO M3MEHHTH 3Ty KapTHHY. [103TOMYy HY>KHO ONpEAeNuTh, Kakue QyHK-
LUOHANBI [eNIeCO00pa3HO paccMaTpUBaTh M KaKue JIONOJTHUTENBHBIE Orpa-
HUYEHHs HY>KHO TpuBJeKaThb. M3 o0mux cooOpaxxeHni OTBETHI Ha 3TH BO-
Mpockl HalTH 3aTpyaHUTeNbHO. C apyroi ctoponsl, BOK3 no camoii coeit
MOCTAHOBKE OTHOCSTCS K 3a/layaM OINTHMAaJbHOTO MPOEKTHPOBaHUsS (CM.,
Hanpumep, [1, 2]), U1 KOTOPHIX TEOPHs Pa3pelInMOCTH Ha SI3bIKE CBOWCTB
(GYHKIMOHANOB J YXe HOocTpoeHa. [Ipu 3ToM poib JOMOIHUTENBHBIX OT-
paHMYEeHUN CBOAWTCS K OOECIEYeHWI0 KOMIMAKTHOCTH (MM HEKOTOPOIo
aHaJiora 3TOro CBOWCTBAa) MHOXKECTBA OMpeNeNieHHs J , a eAMHCTBEHHOCTh
peleHus, BooOIe roBops, He rapaHTUpyercs. Bmecte ¢ TeM, ecTecTBEH-
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HbIM uctouHnkoM BOK3 sBnsrorcs Teopun, cBsS3aHHbIE C ONMCAHUEM TIPH-
POIHBIX SIBJCHUN (HAmpuUMep, TEUCHUH KHUJKOCTU WJIU Ta3a), IPUYEM BbI-
00p ONTHMH3UPYEMBIX (DYHKI[MOHAJIOB W JIOTIOJHHUTEIBHBIX OrpaHHYCHUIH
onpezensercss GU3NIECKUM CMBICIOM TeX MPOLECCOB U SIBJICHUH, KOTOPHIE
MOJIETUPYET BapuanvoHHas 3anada. OMHOM M3 TaKUX TEOpUU SBIISETCA
KJIacCHYecKasl adporuApoIMHAMUKA.

3amaun HaXOKICHUS (POPMBI Tell, HMEIOIIUX IKCTPEMaIbHbIE THAPO-
JMHAMHYECKHE WM adpOAWHAMHUYECKHAE XapaKTEpPUCTHKH MPU OOTEKaHUH
KUAKOCTBIO WJIM Ta30M, BO3HHUKIM C CAMOT0 Hayaja pa3BUTHS a3porujipo-
JMHAMHKH ¥ KaK YHCTO TEOPETHYCCKUE, U KaK BaXKHBIC JIJIS MPHIIOKEHUMA
npo0sieMbl. TpaIuIMOHHBIA MOIXO0A K a’pOJAMHAMUYECKON ONTUMHU3AIUU
Oazupyercs Ha pelIeHWH MPSMBIX KpaeBbIX 3aaad. Hampumep, i ciydas
TUTOCKHX TEUEHHH OH 3aKIII0Yaercs B CIeIyIomeM: I MOAU(PUKAIMHA UC-
XOJHOTO KOHTYypa 3a/lal0T HEKOTOpPOE MHOIONapaMeTpHyYecKoe CEMENHCTBO
KOHTYPOB; JJISl K&KIOTO MPOQUIIs, OTpaHHIEHHOr0 TAKUM KOHTYPOM, pac-
CUMTHIBAIOT a3pOAMHAMMUYECKHE XapaKTePUCTUKH, a UX ONTUMHU3AIUIO MPO-
BOIST 3a CYET BHIOOpa 3HAUYCHUH CBOOOJHBIX MMAapaMeTpPOB B YpaBHEHHH
KOHTYpa MpHU Pa3IMYHbIX OrpaHUYEHUAX. Takol MOAXO0[ MO3BOJISET HAUTH
ONTHUMAJILHBIA POQUIb B (UKCHPOBAHHOM MHOIONApaMeTPHYECKOM Kilac-
ce, HO TpedyeT B CBOIO oYepellb CIelHaIbHbIX CIOCO00B mepedopa KOHTY-
POB 3aJJaHHOTO CEMeMCTBa, TaK Kak MPH MPOU3BOJILHOM M3MEHEHHUH 3Hade-
HUW YIPaBJSIONIUX MAapaMETPOB MOT'YT HAPYIIUTHCS BBEICHHBIC OrpaHU-
yeHud. Kpome Toro, npu TakoM Moaxoje He yJaercs B SBHOM BHJE 3aIlu-
caTb ONTHMHU3UpPYyeMble (YHKIMOHANBI, a IOCIEeJOBATEIFHOE pEIIeHne
NPSIMBIX 33724 TpeOyeT MPUMEHEHHsI METOJIOB YNCIIEHHON ONTUMH3AINN U
3HAUUTENBHBIX 3aTPAT BEIYMCIUTEIBHBIX CpencTB. VI3BeCTHBI pe3yabTaThl B
3TOM HaIlpaBJIEHUH JJI MPOCTPAHCTBEHHOTO Cllydas M JIOCTATOYHO CIOXK-
HBIX MaTeMaTUYECKUX MOJIeNell TeueHn .

OpHOM M3 KITaCCMYECKUX ONTHMMM3AMOHHBIX 33/1a4 a’dpOTUAPOIMHA-
MUKH SIBIIICTCS 3ajlaya OmpesesieHus (opMbl MPOQHIIsl KpblUla camoJeTa,
obnajaroniero MakCMMalbHOM moxbeMHON cuiod. MHTepec k 3Toil mpo-
OyeMe, TpOsBICHHBIN enle B Hadane 20-ro croieTus B paboTax
H. E. XKykosckoro u C. A. YaruislriiHa, COXpaHsieTcss 10 CUX IOp, a UCTO-
pHsl ee UCCIeIoBaHUs BKIIFOUaeT paboThl MHOT'HX aBTOPOB, CTaBIIME KIlac-
cudeckuMu. TeMm He MeHee, I COBPEMEHHOW a3pOJMHAMUKH Pa3JIMYHbIE
Mou(UKAIHNK 3a7a4ll MaKCUMH3AIHK TOABEMHON CHJIBI KPBUIOBOTO TPO-
(U OCTarOTCS AKTYaJIbHBIMH.

B nacrosieli pabore onucaHbl OCHOBHBIC MOAXOJIbI, TPUMEHICMbIC
JUIsl peleHus] Ha3BaHHOM 3ajaull ¥ 0a3upylolInMecs Ha TEOPUH OOpaTHBIX
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KpaeBbIX 3a/a4 adporuapoaunHaMuku [3]. OOGCYXIeHbI TOCTAHOBKH U Me-
tonel pemennss BOK3 asporugpoauHaMuki B paMKax KJIACCHUECKHX MO-
Jeneld MEXaHWKH JKUAKOCTH U ra3a MpH M30MEePHUMETPUUYECKUX OrpaHHue-
HusX. OnucaHbl CHOCOOBI MOCTPOCHUS (PYHKIMOHAIIOB, BBIPAXKAIOIINX
MOJbEMHYIO CHITY TIPH Pa3iIMYHBIX cXeMaX 00TeKaHWsl, HalJeHbl SKCTpeMa-
mu. JlaHbl OLEHKH MaKCHMAaJbHOW 0e3pa3MepHO MUPKYISIUN CKOPOCTH B
KJlacce TaJKAX 3aMKHYTBIX HEMpPOHUIAEMBIX KOHTYPOB (PMKCHPOBAHHOTO
MepUMeTpa, O00TEKAeMBIX MOTOKOM HJICATIbHON HEC)KUMAEMOH IKUIKOCTH,
MPH TOTOJTHUTENBHBIX OTPAHNYECHHISIX HAa MaKCUMAIIbHYIO BEIMYUHY CKOPO-
CTH Ha KOHTYpE M TEOPETHUECKHI yroi aTaKu.

Pabota BrimonHeHa npu prUHAHCOBOH mozyiepxke Poccuiickoro ¢on-
na  (dyHmaMeHTalbHBIX uccienoBanui (mpoektel 02-01-00061, 03-01-
00015), nporpammbl «YHuBepcuteTsl Poccun» (mpoekt YP 04.01.009) u
®onna HUOKP Pecriyonuku Tatapceras.
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MODELLING OF THE WATER COOLING PROCESS
IN THE COOLING TOWERS
Vladimir L. Fedyaev, Alexander B. Mazo,
Boris A. Snigerev, Irina V. Morenko
Institute of Mechanics and Engineering of Kazan Science Center of
Russian Academy of Sciences,
2/31, Lobachevsky str., 420111 Kazan, Russia

The cooling towers are widespread in the energetics, chemical and
metallurgical works and the like. In a cooling towers water is cooled by air.
On the whole the air moved by a fan, is brought in close contact with water.
The main part of heat transfer is achieved by evaporation of some of the
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circulating water, a smaller part by convection of the warm water to the
colder air. The main devices of the cooling towers are the fan, drift elimina-
tor, water distribution system and fill.

In this work a closed mathematical description of the air motion,
drops flight, cooling water process is proposed.

The results of calculation of the pressure, speeds, temperature fields,
drops trajectory are given and the heat efficiency of the cooling tower is
estimated. The dependencies for estimation of coefficients of mass transfer
are presented.

On the basis of the investigations done the recommendations on re-
construction of the considered cooling towers have been worked out.

O MOJIEJIMPOBAHUU ITPOLECCOB,
MNPOTEKAIOIIUX ITPU OXJIAXKJIEHWHU BO/JbI B 'PAIUPHAX
Baagumup JI. ®easieB, Asexkcanap b. Ma3so,

Bopuc A. Caurepes, Upuna B. Mopenko
HNHCTUTYT MEXaHUKH U MalInHOCTpOeHHsT Ka3zaHCKoro HayqHoOro 1eHTpa
Poccuiickoit akanemun Hayk,

2/31, yn. JlobaueBckoro, 420111 Kazaus, Poccus

I'panvpHu IMPOKO NPUMEHSIOTCS B 3HEPrETHKE, HA MPEANPUATUAX
XMMUH, HePTEXUMHUH, METAITYPTUH, APYTHX OTpaciied MPOMBIIUICHHOCTH.
B rpaaupHsx o0opoTHas BoJa oxyaxaaercs aTMOC(epHBIM BO3ayxoMm. B
OCHOBHOM BO3[yX IPOAYBAaeTCS 4Yepe3 TPaJMpHI0 BEHTHJSTOPOM, HEIO-
CPEICTBEHHO KOHTAKTUPYs C BOAOW. Bonbimas 4acTh Temia nepenaercs
BO3AYXY UCITap€HHUEM, MCHbIIIAsd 4aCThb 3a CYHET KOHBCKIIMU OT TeII0i BOAbI
K oxJIaxjaromemMy Bo3ayxy. OCHOBHBIMH YCTPOMCTBAMM TpaJMpHH SBIS-
I0TCSl BEHTUJISATOP, KarlIeyJIOBUTENb, CHCTEMA PACIIPEICICH S BOJIBI U OPO-
CHTEIb.

B Hacrosmedd pabote mpensaraercs 3aMKHYTOE€ MaTeMaTH4YecKoe
ONKMCAaHHE JIBM)KCHUS BO3/yXa, MOJIETa Karelb, MPOIECCOB OXJIAXKICHHS
BO/IbI B I'paiupHIX.

IIpuBopsTCs pe3yapTaThl pPacdyeTOB IIOJIEH NABJIEHUN, CKOPOCTEH,
TeMmeparyp, TpaekTopuil kamneib. OIEHUBACTCS TEIJIOBOM K.I.J. Tpaup-
HH. TeopeTquCKHe JAaHHBIC JOMOJHAIOTCA SKCIICPUMCHTAJIbHBIMU. Hpe[[-
CTaBJISIFOTCS 3aBUCUMOCTH JIJIsI OLICHKU KO3(D(pHUIMEHTa MaCCOOT/Aauu.

Ha ocHoBe mpoBeAcHHBIX HCCICAOBAHUI BBIPAOATHIBAIOTCS PEKO-
MCHIAAIMU 11O MOJCPHU3AIUN paCCMAaTPUBACMBIX I'PaIUPECH.

53



PLANING HYDROFOIL WITH SPOILER UNDER GRAVITY:
LINEARIZED THEORY AND ASYMPTOTIC APPROACH
Gregory M. Fridman
St.Petersburg State Technical Marine University
3, Lotsmanskaya str., 190008 St.Petersburg, Russia

The paper addresses itself to a free-surface lifting flow problem of
two-dimensional irrotational flow past a planing hydrofoil with spoiler
mounted on its trailing edge under gravity. The matched asymptotic tech-
nique is used to account for the influence of the regions in the edges vicin-
ity where the perturbations are not small. Two approaches are used in the
outer domain far from the edges: analytical method developed by L.I. Se-
dov and numerical approach introduced by E.O. Tuck. Numerical results
are obtained for pressure distribution, hydrodynamic coefficients and flow
patterns for various ranges of parameters. In the vicinities of leading and
trailing edges nonlinear solutions are derived to be matched with the outer
one.

Two figures below demonstrate flow pattern around the planing arc
of a parabola y(x) = —ax +2h(1—x*), x €[~1;1] without and with the
spoiler of the relative length& at its trailing edge at point x = 1. The fol-
lowing flow parameters are chosen: the Froude number
Fr=1;h/a =0.25;¢/a =1. It is assumed that the flow far before the hy-
drofoil is given by the potential
w(z) = (4, +id,)exp(ivz)and 4, = 4, = ..

4

-15 -10 -5 -2 10 15
-4

Figure 2: Flow pattern for a planing parabola arc with spoiler at the
trailing edge.
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CAVITATING HYDROFOIL WITH STAGNATION ZONE IN THE
SPOILER VICINITY: A VARIETY OF CAVITY CLOSURE
SCHEMES
Gregory M. Fridman and Alexander K. Uryadov
St.Petersburg State Technical Marine University
3, Lotsmanskaya str., 190008 St. Petersburg, Russia

The paper presents an analytical solution and corresponding numeri-
cal results for the nonlinear problem of the flow past a cavitating flat plate
with stagnation zone in the spoiler vicinity. Three cavity closure models are
analysed: Tulin-Terentev single-vortex scheme, Gilbarg-Efros scheme with
re-entrant jet and so called second Tulin’s scheme with double-vortex ter-
mination. In all three cases the flow region is mapped into the one and the
same rectangular on auxiliary plane. With the correspondence between the
physical plane and auxiliary quadrant the Chaplygin method enables one to
write down three corresponding exact solutions each in the form of two
derivatives of the complex potential with respect to physical and auxiliary
variables, the elliptic theta-functions technique being adopted.

Systematic numerical analysis is performed not only for the force co-
efficient but also for flow patterns including the contour of the stagnation
zone (see pictures below for all three schemes; angle of attack is 15 deg;
cavitation number 0.65; spoiler length 0.25 and stagnation zone length
0.65). Numerical data obtained for Cr and Cp, versus the length of the stag-
nation zone demonstrate a minimum of the hydrodynamic coefficients to
exist in all the considered cases. It is numerically verified that the length of
the stagnation zone corresponding to these minimums ensure Brillouin's
condition of smooth detachment to be satisfied. A new expression is pro-
posed for the force coefficient in the case of the Tulin-Terentev cavity clo-
sure scheme generalizing a well-known formula for the drag coefficient.
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TWO-DIMENTIONAL MODEL of A POTENTIAL FLOW
ABOUT the BODY with BLOWING ON ITS SURFACE
Vladimir A. Frolov
Samara State Aerospace University
34 Moscowskoe shosse, 443086 Samara, Russia

The paper presents a solution for problem about flow of a body
with blowing on its surface. It is supposed that both the fluid in which the
body moves and the blowing fluid are homogeneous and identical. The po-
tential model of flow of an ideal fluid is used. Compressibility of flow is
taken into account by a method described in works of the author [1, 2].

Statement of a problem is reduced to the solution of Laplace equa-
tion with boundary conditions at infinity and on surface of the body. For
the solution of problem, the numerical panel method with distributed
sources on boundary elements is used. Boundary conditions are satisfied in
control points (points of collocations), which are taken in the middle of
each panel. In control points at the surface of the body where there is no
blowing, boundary conditions of zero normal velocity is satisfied, and at
the part of the surface where blowing takes place, local speed of flow is
equal to blowing velocity. Such statement of problem results in a system of
linear algebraic equations in which unknown variables are intensity of the
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distributed sources. The matrix of aerodynamic influence has dense struc-
ture with prevalence of values on the main diagonal. The effective method
for the solution of the system is a method of factorization (LU-
decomposition), as for the prescribed geometry of a body it is possible to
receive solution for various modes of blowing, decomposing a matrix of
aerodynamic influence on the top and bottom triangular matrixes only once.
On the obtained values of intensities of the distributed sources the compo-
nents of velocity in any point of computational domain, including border
are calculated.

For display of a picture of flow about bodies, the method of inte-
gration of the differential equation for streamlines is used. Integration is
carried out with Euler's first order method. The “hypothesis of streamlines
stabilization”, underlying a method of the account of compressibility, al-
lows to build a picture of flow only for incompressible flow, as for com-
pressible flow the streamlines will coincide with streamlines of an incom-
pressible flow. In the paper pictures of the flow about elliptic profiles with
blowing on their surface are presented.

In Fig. 1 streamlines are resulted at a flow of elliptic 10% profile
with velocity of blowing in mid-section in 5 times exceeding velocity of
flow on infinity.

Fig. 1: The flow about elliptic 10 % profile with blowing

Variable parameters of a problem are: geometry of a body, an ar-
rangement of places of blowing, value and direction of blowing velocity.
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Pressure distribution at the surface of a body is calculated based on the Ber-
noulli equation for an incompressible fluid. For compressible flow, pres-
sure distribution is recalculated basing on fluid properties and Mach num-
ber [2]. Integration of pressure distribution at the surface of a body allows
defining forces and the moments affecting on a body.
References
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JABYMEPHAS MOAEJIb IIOTEHIIUAJIBHOI'O TEHEHUSA
OKOJIO TEJIA C Baysowm :xkuakoctu HA EI'O IIOBEPXHOCTHU
Baagumup A. ®poJioB
Camapckuii rocy1apcTBEHHBIN a3pOKOCMUYECKUIT YHUBEPCUTET
34, Mockosckoe mocce, 443086 Camapa, Poccust

PaccmartpuBaercs 3agada 00 00TeKaHWHW Tena MPU HAJIMYUHU BIyBa
JKUJKOCTH Ha ero nosepxHocru. lIpenmnosmaraercs, 4yTo cpena, B KOTOPOU
JIBUTAETCS] TEJI0, U BBITEKAIOUIAsl KUIKOCTh OJTHOPOJIHBIE M OJMHAKOBBIE.
Ucnonw3yercs moTeHIMalbHAs MOJAEIb TEUEHUS MJI€ANbHOM KUAKOCTH.
CXMMaeMOCTb TEUEHHsS YYUTHIBAETCS METOJIOM, OIMCAHHBIM B paboTax
aBtopa [1,2].

[locraHoBKa 3amauM CBOAWTCS K pelleHHIo ypaBHeHus Jlammaca c
TPAaHUYHBIMH YCIOBHSIMH Ha OECKOHEYHOCTH W Ha MOBEPXHOCTH Tena. s
pELIECHUs] TIOCTABJIEHHOM 3a/J1aud HCIMOJb3YETCS YMCIIEHHBIM MaHEIbHBIN
METOJI C pa3MeIleHHEM Ha T'PaHWYHBIX 3JIEMEHTaxX pachpeleseHHBbIX HC-
TOYHUKOB. | paHIYHBIE YCITIOBHS YOBIETBOPSIIOTCS B KOHTPOJIBHBIX TOUKaX
(Toukax KOJNJIOKalWi), KOTOpbIe BBIOMPAIOTCS HA CepearHEe KaXIoW maHe-
JU. B KOHTPOJBHBIX TOUKAaX Ha MOBEPXHOCTHU Tefa, I/ie OTCYTCTBYET BAYB,
BBITIOJHSIOTCSL YCIIOBUSI HENpPOTEKaHMs (PaBEHCTBA HYJI0 HOPMaJIbHOM
KOMITOHEHTBI TIOJTHOW CKOPOCTH TEUEHHs), a Ha TPaHUIIE KOHTYypa, TIe uMe-
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€T MECTO BBITEKaHHE >KMJIKOCTH, BBITIOJIHSIIOTCS YCIIOBUSI PaBEHCTBA MECT-
HOM CKOPOCTH TE€UEeHHS 3aJJaHHOW CKOpOCTH BIyBa. Takasi MOCTaHOBKA 3a-
Jlaud MPUBOJUT K PELICHUIO CUCTEMBI IMHEHHBIX aJreOpandecKux ypaBHe-
Huii (CJIAY), B KOTOpOH HEHM3BECTHBIMH SIBIISIIOTCSI MHTEHCHBHOCTH pac-
MpeaeIeHHBIX UCTOYHUKOB. MaTpuia a3poAMHaMUYECKOTO BIUSHUS UMEET
TUIOTHYIO CTPYKTYpY € TpeoOiiafaHneM 3Ha4eHUil Ha TIIaBHOW JAMAaroHaiu.
Pemenne CJIAY 5KOHOMHYHO BBIMOJHATH MeToAoM (akTtopuzauun (LU-
pa3oKeHne), TOCKONBKY JUIS 3aJIaHHOW TEOMETPHH Tela MOKHO TOJIy4aTh
pelieHus A pasindHbIX PeKUMOB BAYBa JKUJIKOCTH, PA3JIOKHUB MAaTPUILY
a’POIMHAMUYECKOr 0 BIUSHUS Ha BEPXHIOIO M HIKHIOIO TPEYTroJbHbIE MaT-
pULBl TOJIBKO OAMH pa3. [lo momyd4eHHbIM 3HAUYEHUSIM MHTEHCHUBHOCTEH
pacnpeneneHHbIX HCTOYHUKOB BBIYMCISIOTCS KOMIIOHEHTBI CKOPOCTH B
mo6oii Touke pabouei 001aCTH, BKIIOYAs TPAHUILY.

st oToOpa)keHus! KapTUHBI TEUEHHsI OKOJIO TEJ MCIIOJB3YeTCs Me-
TOJ MHTErpupoBaHus auddepeHnnaIbHOr0 ypaBHEHHUs AJISl JIMHUHM TOKAa.
WnTerpupoBanue BBHIMONHAETCS MO cxeMme Jilepa nepBoro nopsanaka. I'u-
noTre3a CTa0MIN3alH JIMHUH TOKA, JIKallas B OCHOBE METO/Ia yueTa CKH-
MaeMOCTH, MO3BOJISIET CTPOUTHh KapTHHY TEUEHMs TOJBKO Ui HEc)KUMae-
MOT'0 TE€UCHUS, TOCKOJBKY JJIsl CXKMMAeMOro TeUeHHsl JIMHUM TOKa OyIayT
COBMAJATh C JTMHUAMH TOKA JJISI HECKMMAEMOro MMoToka. B pabote mpuso-
JSITCSL KAPTUHBI O0TEKaHUS DJUTMITHYECKUX MTPOPHIIEH ¢ BAYBOM KHJIKOCTH
Ha UX MTOBEPXHOCTSX.

Ha puc.1 npuBeneHsl TMHUU TOKA NPU OOTEKaHWUHU DIUIMITUYECKOTO
10% npoduiis co CKOPOCTHIO BIIyBa KUIKOCTH B MUJIEIICBOM CCUYCHHUH B 5
pa3 mpeBbIIAIONIel CKOPOCTh T€UEHUSI Ha OECKOHEYHOCTH.

N3mensemMbIMu MapaMeTpaMu 3a/iadydl SBJISIOTCS: T€OMETpus Tena,
pacrnoiokeHne MeCT BBITEKaHUS KUJKOCTH, 3HaUeHNE U HalpaBJIeHHE CKO-
pocTH BIyBa. Pacnpenenenue qaBieHue 110 TOBEPXHOCTH Tejla BBIUMCIISET-
Csl Ha OCHOBAaHMHM ypaBHEHHS bepHyM A CTpyWKH TOKa HEC)KHMaeMoro
raza. Jlnsg cxkuMaeMoro TeYeHMsl paclipefesieHue AaBJIeHHs NepecUuThIBa-
ercs Mo mapamerpam XHUAKOCTH U duciay Maxa [2]. UaterpupoBanue pac-
MpeaeNieHus JaBieHus 110 MOBEPXHOCTH Tefa MO3BOJISET ONPEAETUTh CHITbI
U MOMEHTBHI, JISHCTBYIOIIME HA TEJNO.
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FLOW ABOUT THE RECTILINEAR FOIL
HAVING A SOURCE & RUN-OFF BY FREE LIQUID SUR-
FACE
Anatolij V. Galanin, Oleg V. Ilyin
Chuvash State University, 15 Moskovsky Pr., 428015 Cheboksary,
Russia

Problems connected with flow about foils having a source (a run-off)
of the surface have been studied in a number of papers. A problem of flow
about a rectilinear foil having a source & a run-off of the same intensity by
the free stream of liquid is considered in the given paper. Particular solving
of this problem is followed by solving of the problem connected with flow
about a plate having a source & run-off by free surface of infinitely deep
liquid.

Solution of the problem is within the rectangle plane which displays
the area of flow with section along the curve 1-4 (2-3) (Fig .1).

u==&+in

T T T

H+— c+t — T+ —

Omonsmymyn ms T

Fig.1

Variable form of solution of a kinematical problem looks as follows:

ﬁgl(u_ni)94(u_mi)

aw ia =l
d_:Vw.e 3 ’
: | |'94(u_ni)'91(u_mi)
dw 0fd 1 d 1
—==!"1 _ —m —— —1] _ —m ——
Py ﬂ{ dunﬂ(u m)3qu—m, 27”) dun&(u m)q(u—m 2ﬂf)}+
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H|d 1 1 d 1 1
+V, 7[ {du lan}(u—c-4 7[1}.2@1—04»4 m)»du 1n£:}(u—d-4 7rz}.2(u—d4»4 7[1)}+K (1)

where K — is a real constant.
The solution includes 11 variables:
n,ny,nymy,my,myc,d,K,q = el Q. There are 10 conditions to de-

termine them:

d
- doubly periodicity of the function — :

du
no+n,+n,=m +m,+m;+c+d )
- uniqueness of the representing function: z(0) = z(r); 3)

aw 1
- assignment of the rate in the infinity: d_ (c+ Z )=V, ; 4
iz

o aw . .. . . .
- vanishing of d_ in the critical points & in the convergence point
u

of the ﬂow

—( )— ( 2)— ( )——(0) 0; )

- the length of the plate l, the immersion depth of the plate in the
flow h& the width of the flow on the left-side in the infinity: :
z2(m) — z(my) =le™™,

1 d. 1

Im{ W) —-W(=nt)|=hV,_, ni-res —Z(c +—nt)|=H. (6)
4 du 4

Lift factor of the plate in the flow is defined by the next formula

Y

C =
C L
5 PV

where y is the angle of the wash such that

3 1
—22 [argéﬁ4 (d—n, + %7[‘[) —arg9,(d —m; + Zﬁ‘[)] +

H .
=2—siny, @)

+2i(arg9 (c—n, +41‘7n') arg9,(c —m, +47[T)J (®)

i=1
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Solution of the problem for the plate under free surface of infinitely —
deep liquid can be got from the given above solution by passage to the limit

H—> o, c—d—0, where |H(c—d)|£M<oo.

OBTEKAHME IOJI CBOBOJHOM NOBEPXHOCTHIO
JKUJKOCTHU NMPSIMOJIMHEMHOI'O ITPO®UJIA
C UICTOYHUKOM U CTOKOM
Amnaroanii B. I'ananun, Ojer B. Uabun
Uysauickuil rocygapcTseHHbld yHuBepcuteT uM. ML.H. Y nbstHoBa
15, MockoBckuii mp., 428015 Yebokcapsl, Poccus

B psne paGot u3ydanuce 3amaun o0TeKaHHS MPOQHUIIeH ¢ UCTOYHU-
KoM (CTOKOM) Ha WX MOBEpXHOCTH. B maHHol pabore paccMaTpuBaercs
3ajlaya OOTEKaHUS TPSIMOJIMHEHHOrO MpPO(uiIs ¢ MCTOYHUKOM U CTOKOM
OJIMHAKOBON MHTEHCHMBHOCTH CBOOOIHON cTpyeil »uakoctu. U3 perieHus
9TOH 3aJa4u B YaCTHOM CiIydyae CIIeAyeT pelIeHue 3aJaud oO0TeKaHus Iia-
CTHHBI C HCTOYHUKOM-CTOKOM T10J] CBOOOIHOM MOBEPXHOCTHIO OECKOHEUHO
rITyOOKOM KUIKOCTH.

Pemenune 3agaun uiercs B INIOCKOCTH MPSAMOYTOJbHUKA, HA KOTO-
phIii 0TOOpaXkaeTcsi 00JIACTh TEUSHHS ¢ pa3pe3oM BIOJb KpuBod 1-4 (2-3)
(Fig .1)

B nmapamerpuueckoM Buje pelieHne KWHEMAaTHUYeCKON 3a/lauil UMeeT
Bux (1), rie K — neicTBUTENbHAS TOCTOSTHHAS.

B pelieHue BXOJUT 11 MapaMeTpPoB:

il

n,ny,nym,m,,myc,d,K,qg=e """ n Q. Jlng ux onpenencHus umMeem

10 cremyronmx ycioBHiA
- IBOSIKO-TIEPUOINYHOCTD pyHKIHH (2);
- OTHO3HAYHOCTH OTOOpaxkaromel pyHkuu (3);
- 3aJJaHHe CKOPOCTH Ha OECKOHEYHOCTH (4);

dw
- 06pameHI/Ie B HYJIb d_ B KPUTHYCCKUX TOYKAX M TOYKEC CXOAa I10-
u

ToKa (5);
- CUMTAIOTCA 3aJJaHHBIMH JUIMHA TJIACTHHBI [, TIIyOWHA MOTPY>KEHHS
IJIACTHHBI B CTPYE h U IMIMPUHA CTPYU Ha OECKOHEUHOCTH ciieBa (6).
Koa¢dpuumenT moxbeMHON CHITBI TUIACTHHBI B CTpPYE OMpelenseTcs
¢dopmynoii (7), rae y - yroa ckoca IMoToka BeIYucisercs no gpopmyie (8).
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V3 NpUBENEHHOTO BBIIE PEIICHHs MYTEM MPENebHOrO Mepexoja
H —>w,c—d—>0, npn |H(c - d)| <M < o0 MOXHO TOJYYUTh pele-

HHUE 3aJa4d IS TJIACTHHBI MO/ CBOOOMHOM MOBEPXHOCTHIO OECKOHEUHO-
rITyOOKOM KUIKOCTH.

HIGH-SPEED MOTION IN BUBBLY FLOW:
COMMENTS ON DRAG
John R. Grant, Ivan N. Kirschner, James S. Uhlman
Engineering Technology Center, Applied Mechanics Department
One Corporate Place, Middletown, RI 02842-6277 USA

The present paper is devoted to a continuing analysis of high-speed
motion through a liquid containing bubbles. As is well known, the presence
of gas in a liquid tends to reduce the sound speed, and even small concen-
trations of gas have a dramatic effect. For example, for air in water at stan-
dard atmospheric conditions, even a concentration of 1% reduces the sound
speed to only approximately 120m/s from its value of approximately
1500my/s in the pure liquid. Moreover, if the finite radii of the bubbles are
taken into account, the sound speed is frequency dependent.

Grant and Kirschner (2003) recognized the similarity of the prob-
lem of high-speed motion in such a mixture to Kelvin’s problem for a ship
wake, where the wave speed is also frequency dependent. They further pre-
sented a formulation for predicting the wave patterns that can be expected
in axisymmetric flow and developed the equivalent of Green’s function for
the potential due to a source in the bubbly mixture.

In the current paper, this line of development has been continued to con-
sider the wave drag acting on an object moving at high speed in a bubbly flow.
Predictions are made comparing the drag on a given object in an air-water mixture
to the drag on the same object at an arbitrary supersonic speed in pure water. These
results are presented for various values of the void fraction, the bubble radius, and
the velocity of an object of fixed approximate size. The importance of these results
is that wave drag due to supersonic effects is predicted to occur at significantly
lower speeds in a bubbly mixture than would be the case in the pure liquid.

References
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COMPUTATION OF VORTEX MOTION OF LIQUID
IN NON-SPHERICAL BUBBLE DYNAMICS
Renata K. Gubaidullina*, Nailya A. Khismatullina**
*Institute of Mechanics and Engineering of Kazan Science Center of
Russian Academy of Sciences,
2/31, Lobachevsky str., 420111 Kazan, Russia
**Kazan State Pedagogical University,
1, Mezhlauk str., 420021 Kazan, Russia

In paper [1] A. Prosperetti proposed a method which describes liquid
viscosity influence on nonspherical oscillations of a gas bubble in a liquid.
At small distortions of the spherical shape of the bubble this method is
equivalent to the description of viscosity influence by Navier-Stokes equa-
tions. However till recently the method [1] has been used rather rarely.
Various approximate methods in which unsteady character of vorticity dif-
fusion is neglected were used instead and they gave satisfactory results
which may be accounted for large size of bubbles under consideration. The
discovery of the stable periodic single bubble sonoluminescence in a stand-
ing acoustic wave in 1990 [2] and its active investigation stimulated re-
search of surface distortion of bubbles the size of which is much less than
that of the bubbles considered earlier. Along with this, accurate description
of viscosity effect became significantly more important since influence of
the liquid viscosity increases as bubble’s size decreases. It is shown in [3]
that simplified methods of describing viscosity effect may lead to results
noticeably different from what is obtained by using the way [1]. The differ-
ence can be not only quantitative but qualitative at the same time. Accord-
ing to the way [1], the description of the liquid viscosity effect is a partial
differential equation with an integral boundary condition. Therefore, the
use of this way involves application of numerical methods for joint solution
of the ordinary differential equation for the distortion of the spherical shape
of the bubble and the partial differential equation describing the liquid vor-
ticity. From the computational point of view, the numerical procedure of
solving the liquid vorticity equation is much more expensive. Therefore,
the efficiency of such a numerical procedure is very important.

In the present work the efficiency of two methods of computation of
vortex motion of liquid during non-spherical oscillations of a single gas
bubble is studied. Regimes of oscillations with large bubble volume
changes around those typical of periodic single bubble sonoluminescence
are considered. Implicit scheme of the finite difference method and the col-
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location method with Chebyshev polynomials of even order as basis func-
tions are investigated. The efficiency of the liquid vorticity computation is
analyzed using problems of three kinds: (a) without taking into account
heat conduction in both the gas and the liquid, (b) with taking into account
heat conduction in the gas only, (c) with taking into account heat conduc-
tion in both the gas and the liquid. In all the cases the bubble oscillations
are excited by harmonic variation of the pressure in the liquid. The heat
conduction in the gas and the liquid is governed by the partial differential
equations in temperature. Both methods considered in this study reduce all
the partial differential equations (for the liquid vorticity and the tempera-
ture in the gas and the liquid) to the ordinary differential equations in time.
The ordinary differential equations are solved by Dorman-Prince algorithm
which is a kind of Runge-Kutta method of high order of accuracy with
automatic choice of the time step.

Comparative analysis of the efficiency of two methods of the liquid
vorticity computation during non-spherical single gas bubble oscillations
performed in the present work has shown that for most of the problems
considered the finite difference method is more preferable.

This work was supported in part by the Russian Foundation of Basic
Research (project 02-01-00100), the Program of Basic Research of the RAS
(project “Dynamics of non-spherical gas and vapor bubbles in a liquid un-
der strong and super-strong enlargement-compression”) and the Federal
Target Program "Integration" (project B0020).
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PACYET BUXPEBOI'O ABUKEHUS ’KUIKOCTHU
B IJMHAMUKE HEC®EPUYECKOI'O ITY3bIPBKA
Penara K. I'ybaiinynnuna*®, Haunsa A. Xucmaryanuna**
* HCTUTYT MEXaHUKH U MalMHOCTpoeHus1 KazaHCKOro Hay4HOro 1eHTpa
Poccuiickoit akanemuu Hayk,
2/31, yn. Jlobauesckoro, 420111 r. Kazaus, Poccus
**KaszaHCKui ToCcyIapCTBEHHBIN NeJarornuecKiii yHUBEPCUTET
1, yn. M. Mexmnayka, 420021 Kazans, Poccus

B pa6ore [1] A. Ilpocreperti MpemIoKUI CIIOCO0 ONMMCAHUS BIIHSIHHS
BSI3KOCTH JKHJIKOCTH Ha HecpeprUuecKue KoJeOaHHs Iy3bIphKa raza B KHIKOCTH,
SIBJISIIOIMICS TIPU MaJIBIX MCKaKEHUsIX cepryeckoil GopMbl My3bIpbKa IKBH-
BaJICHTHBIM OIMHCAHUIO 3TOro 3hdekra ypaBHeHusiMu HaBbe-Ctokca. OnHako
JI0 HEIABHEro BpeMeHU criocol [1] mpakTUYecKu He MCIONB30BAJICS. YIIOBIIe-
TBOPUTENBHBIE PE3YNIBTAThl YIaBAJIOCh MOIYYUTh TP PA3IUYHBIX MPUOIIKEH-
HBIX CII0C00aX, B KOTOPBIX HECTAIIMOHAPHBIN Xapaktep AU dy3un 3aBUXPEHHO-
CTH HE YUUTBIBAJICS. ITO, IO-BUAUMOMY, OOBSICHSIETCS] OTHOCUTETHHO OOMNBIITHI-
MH pa3MepaMH pacCMaTpUBAEMBIX ITy3bIPEKOB. OTKPBITHE SIBJICHUS YCTONYMBOM
TIEPUOANYECKON COHOMFOMUHECIICHIIMY OTACIBHOrO Iy3bIpbKa [2] aKTUBH3U-
POBAIO M3y4YEeHHE MCKAKEHWH c(HepruecKoil (OpMbl MUKPOHHBIX ITY3BIPHKOB,
pa3Mepbl KOTOPBIX Iopa3/io MEHbIE pa3MEpPOB paHee paccMaTpPUBAEMBIX ITy-
3BIPEKOB. Hapsiay ¢ 3TM, BO3pociio BHUMaHKE K TOYHOCTH onuvcanust dddexra
BSI3KOCTH JKHJIKOCTH, TaK KaK C YMEHBILIEHHEM Pa3MepOB ITy3bIpbKa BIHSHUE
BSI3KOCTH yBenuumBaercs. B pabote [3] mokazaHo, 4To yIpoIIEHHBIE CIIOCOOBI
ONMCAHMS BIMSHUS BA3KOCTH KUIKOCTH MOTYT IIPUBOUTH K pe3yiibTaTaM, 3Ha-
YUTETFHO OTIIMYAIOLIMMCS OT PE3YJIbTaTOB, MOIYYAEMbIX C TIPUMEHEHHUEM CIIO-
coba [1]. [Tpu 3TOM OTIHMYMST MOTYT OBITH HE TONBKO KOJIMYECTBEHHBIMU, HO U
KaueCTBEHHBIMHU. B MaTeMaTiyeckoM IiaHe ornrcanue 3QQeKTa BI3KOCTH K-
KOCTH COJIacHO criocoOy [1] mpencrarisier coOol ypaBHEHUE B YaCTHBIX TPO-
W3BOJIHBIX C WHTErPATBHBIM TPaHUYHBIM ycnoBreM. [loaToMy npumMeHeHHe 3To-
0 croco0a CBA3aHO C UCIIONB30BAHNEM YMCIICHHBIX METOJIOB ISl COBMECTHOTO
peleHusi OOBIKHOBEHHOTO JU(dEpEeHIINaIbHOTO YpaBHEHHS, OMMCHIBAIOIIETO
HCKa)KeHUE cepryecKoi MOBEPXHOCTH Iy3bIPbKa, M YPaBHEHHUS B YaCTHBIX
MPOU3BO/HBIX, OMMUCHIBAIOLIETO MOJIE 3aBUXPEHHOCTH >KUIKOCTH. [TpH 3TOM or1-
pezeneHue mois 3aBUXPEHHOCTH YKUIKOCTH SIBIISIETCS ¢ TOYKU 3PEHUSI KOMITBIO-
TEPHOT0 BPEMEHH 3HAUUTENBHO OOJIee 3aTPAaTHBIM, TaK UTO JJIs €70 HAXOXKICHUS
CIIE/TyET MCIOIb30BaTh MAKCUMAIIBHO SKOHOMUYHBIE CTTOCOOBI.
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B Hacrosieit pabore B pamkax crocoba [1] usydaercs 3¢ ¢eKTUBHOCTD
JIBYX METOJIOB pacyeTa BHUXPEBOTO ABWKEHHS KUAKOCTH MPU HECPEPUUECKHUX
KoJe0aHMsIX OMHOYHBIX ITy3BIPBKOB Ia3a B UAKOCTH. PaccmaTpuBarotces pe-
KHMBI C 6OHI)HII/II\/II/I N3MCHCHUSAMU O6'LCM3 ITY3bIpbKa, XapaKTCPHbLIMU JJIA T1C-
PHOIMUECKON OAHOMY3bIPHKOBOM COHOTFOMUHECIEHIIMHN Y [PEBBILLIAIOIIMMH HUX.
Hccnenyrorcs METOJT KOHEUHBIX Pa3HOCTEN C UCIIONIb30BAHUEM HEABHOM CXEMBbI
W METOJ] KOJJIOKAIH C MCIOJIb30BaHWEM MOJMHOMOB YeOblleBa YeTHBIX I10-
PSIIKOB B KayecTBe Oa3uCHBIX (DYHKIMHA. DKOHOMIUYHOCTh pacyera 3aBUXpeHHO-
CTH UJIKOCTH aHAJIM3UPYETCS B 3a/lauax Tpex BUIOB: (a) Oe3 yuera Teronpo-
BOJIHOCTH Y HUJKOCTH, U 1a3a, (b) C y4eTOM TEIIONPOBOJIHOCTH TOJIBKO Ta3a U
(c) ¢ yueroM TEIIONPOBOHOCTH U Ta3a, M KUAKOCTH. Bo Beex ciydasx xoneda-
HUA IY3bIPbKa IMMPOUCXOOAT 101 ,HCP'ICTBI/ICM TapMOHUYECKOIo U3MCHCHUS aB-
JICHUSI OKPY’KaIOILENH KUJIKOCTH. TerIonpoBOJHOCTh U ra3a, U XKUAKOCTH OIH-
CbIBACTCA YpaBHCHUSMU B YaCTHBIX MPOU3BOJHBIX OTHOCUTEIILHO TEMIIEPATYPhI.
[pumeneHnue 000MX paccMaTpUBAEMBIX METOIOB CBOJIUT PEILICHHE YPaBHEHUI B
YaCTHBIX IMPOMU3BOAHBIX MJIA 3aBUXPEHHOCTH U TEMIIEPATYPHI B I'a3€ U KUJIKOCTU
K cucteMe OOBIKHOBEHHBIX JHU(QepeHIMaNbHbIX YPaBHEHHA. JTa CHCTeMa UH-
Terpupyercst mo BpeMeHH MmertoaoM Jlopmana-IIpunca [4], oTHocsmmMcs K
Ki1accy MerofioB Pynre-KyTTa BbICOKOr0 mOpsiika TOYHOCTH ¢ aBTOMaTHYECKUM
BBIOOPOM IlIara MHTErpupoBaHus.. CpaBHUTENBHBIN aHATIM3 ABYX METOJOB MOKa-
3aJ1, YTO B OOJIBIIMHCTBE PACCMOTPEHHBIX 3324 IPUMEHEHNE METOAMKH, OCHO-
BaHHOW Ha METOZE KOHEYHBIX pPa3HOCTEH, SIBJIIETCA O 3aTpaTaM KOMITbIOTEPHO-
o BpEMCHU 6OJICC MpeANOYTHUTCIIbHBIM.

PaGora Beimonaena npu nozyepxkke PODU (kox mpoekra 02-01-00100),
B paMKax Nporpammbl (pyHIaMeHTaIbHbIX uccienoBanuii PAH (mipoekt «/lu-
HaMHKa Hec(hepUIECKUX Ia30BbIX M TAPOBBIX ITy3bIPHKOB B KUAKOCTH HA PEXU-
Max C CHJIHBIM M CBEPXCHIIBHBIM paclIMpeHHEM-CKaTHeM») U (eaepaabHOMI
1esneBoid mporpammebl «MHTerpammsy (kox mpoekta 50020).
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USING OF HYDRODYNAMIC MODELS TO ESTIMATE
ACCURACY OF UNIVARIATE SOLUTION FOR
NON-STATIONARY ELECTROCHEMICAL FORMING TASK
Anton V. Gutsunaev, Airat R. Urakov
The State Aviation Technical University of Ufa, Russia
12, K. Marx st., Ufa 450000, Russia

The electrochemical-forming problem means the searching of anode
border shapes that are obtained due to dissolving by electric current.

The process of dissolving is nonstationary, but there are some well-
known stationary cases as a result of electrode tool uniform motion. The
way of solving the task in one-dimensional case is known well too. Here
we do not take into account the influence of treated surface form in a full
measure, because we assume that dissolving rate is defined by the distance
between the material and the electrode-tool only. But this solution is so
simple and easy that can be used for scoping and assessment calculations.

We have to solve the plain task to estimate the error of the one-
dimensional solution. Here we can use methods of theory complex variable
functions and a quasistationary approximation. In this case the current den-
sity in the chosen anodic border points is calculated at each time step. Fur-
ther on a time step is made in these points, a new border form is made over
new points and current density calculation is made again. The solution of
the task by this pure numeric way requires tremendous calculations, has
bad convergence, low precision and the solution can be obtained for rather
smooth surfaces only.

First of all we can use the fact that the nonstationary process tends to
a self-similar process if the latter exists for given conditions of the task.
Particular while using one-dimensional solution we assume that any non-
stationary forming by a plane electrode always trends to a self-similar proc-
ess.

The self-similar electrochemical-forming task can be solved by ana-
lytic transformations. To do that, we turn to hydrodynamic task with simi-
lar boundary conditions. It becomes possible because of the fact that the
boundary condition of self-similar electrochemical machining task is simi-
lar to the boundary condition of a task where a perfect liquid flows around
a circular arc. Using of the hydrodynamic model allows changing pure nu-
merical solution to numerical-analytical solution. Moreover the hydrody-
namic model makes an analytical solution in some special cases possible.
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The hydrodynamic model simplifies the obtaining of the results considera-
bly and lets us get high accuracy of solution easily. That is why, it is desir-
able to use appropriate hydrodynamic model instead of pure numerical so-
lution in practical calculations of the electrochemical machining tasks.

To test that the nonstationary process converges to the self-similar
process, algorithm of numerical solution was modified in order to decrease
the quantity of required calculations and to increase the set of tasks that can
be solved. Modification involves mapping of unknown changing anode
border on the fixed border in the form of a circular arc. Conformal mapping
of inter-electrode space on physical plane onto half-disc is made by the
spline. For obtaining anodic border surface points in the process of dissolv-
ing, the boundary task of defining of surface coordinates time partial de-
rivatives is solved numerically. For these purposes spline is used too. The
solution must satisfy boundary condition of a special form, connecting time
partial derivatives of coordinates with partial derivatives by the parameter,
defining the position of the point on the circle. Boundary condition is ob-
tained from differential expression of Faraday’s law.

The paper gives the comparison of the results obtained by the one-
dimensional solution with solutions obtained by the given methods.

MCHOJIb30OBAHUE T'HJIPOJUHAMUYECKHAX MOJEJIENA J1JIsI
O EHKH TOYHOCTU PELIEHUSA 3AAY
HECTAIIMOHAPHOTI O JIEKTPOXUMHUYECKOI'O
O®OPMOOBPA3ZOBAHUSA
AnToH B. I'ynynaes, Aiipar P. Ypakos
Y ¢pumcknii TocyIapCTBEHHBIN aBUAIMOHHBIA TEXHUYECKUH YHUBEPCUTET

12, yn.K.Mapkca, ¥Y¢a 450000, Poccus

3aj1aua AIEKTPOXUMHUICCKON pa3MepHOil 00pa0OTKH COCTOUT B TTOUC-
Ke (DOpMbI aHO/THOM TPaHUIIbI, 00PA3YIOIICHCS B X0/ €€ PACTBOPEHUS MO/
BO3/IEMCTBUEM JIEKTPUUECKOTO TOKA.

[pomuecc pacTBOpeHUsI HECTALIMOHAPHBIN, HO XOPOLIO W3BECTHHI CTa-
IMUOHAPHLBIC CilIydau, CBA3AHHBIC C PABHOMEPHBLIM IBUKCHUCM JJICKTPOJa-
WHCTPYMEHTA. XOpOIIO M3BECTEH CIOCO0 pelIeHUs] JaHHOW 3a/la4yd B Of-
HOMEPHOH IIOCTAaHOBKE, B KOTOPOM HE YUYHUTBHIBAETCS B IIOJHOW MEpeE BIIMSI-
HUE QOpMBI 00pabaThIBAEMOro MaTepHala, TaK Kak Mpearoiaraercs, 4To
CKOPOCTh PAacTBOPEHUS OMPENENETCS PACCTOSHHEM MEXKIy MaTepuaioM U
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WHCTpYMeHTOM. TeM He MeHee, TaKkoe pelleHrne HACTOIBKO MPOCTO U YA00-
HO, YTO XOTENOCh OBbI CIIOIBb30BATh €ro JUIsl OBICTPBIX MPEIBAPUTEIBHBIX U
OLIEHOYHBIX PACUETOB.

st Toro, 4to OBl OLIEHUTh MOTPEIIHOCTH TaKOro JOMYIIEHHs, Heo0-
XOIMMO PEUINTh HECTAIMOHAPHYIO 3a/1a4y B JBYMEPHOW IMOCTaHOBKE. JTO
nenaercst ¢ ucnonb3oBaHueM meronoB TOKIIL, npu 3tom ucnomb3yercs
KBa3HCTAllMOHAPHOE MPHONMKEHNe, KOrga Ha KaKJIOM IIare pacCYMThIBa-
ercsl MJIOTHOCTh TOKa B BBHIOPAHHBIX TOYKAaX aHOMHOW rpaHuibl. Jlanee B
3THX TOYKAX JeIaeTcs mar mo BPEMEHH, 0 HOBBIM TOYKAaM CTPOUTCS HO-
Bas (hopMa TpaHUIIBI U CHOBA BBITIONHSETCS pacyeT IUIOTHOCTH Toka. Kak
MOKAa3bIBAET MPAaKTHKA, TAKOH YMCTO YMCICHHBIN CIIOCO0 /sl Hallel OIeH-
K{ HCIONB30BaTh HEBO3MOXKHO, TaK KaK OH TpeOyeT IpOMO3AKNX BBIUUCIIE-
HUH, TI0X0 CXOIUTCS, UMEET HU3KYI0 TOYHOCTh M MOXET OBITh MOIY4eH
TOJILKO Ha JIOCTATOYHO TJIaJKUX TPAaHHIIAX.

[Ipexxae Bcero, MOXXKHO HCIIOIB30BATh TOT (PAKT, YTO HECTAIIMOHAP-
HBIW MPOLECC CXOAUTCSI C COOTBETCTBYIONIEMY aBTOMOJEIBHOMY, €CITU TMOo-
CIIeIHUH CylIecTBYeT JUIsl 3a/IaHHBIX YCIOBHI pacTBOopeHus. B wactHOCTH,
JOMYIIEHUs] OJJHOMEPHOTO Mpollecca MpeanoiaraiT, YTo 0ol mporecce
(hopM0O0OOpa3OBaHUS TUIOCKUM 3JICKTPOJOM CXOJUTCS K TPUBHAILHOMY aB-
TOMOJIEIEHOMY CITy4arlo.

it pemieHuss JByMEpPHOM 3aJadd 3JIEKTPOXUMUYECKOTO PacTBOpE-
HUSl TIOCPEACTBOM aHAJUTHUYECKHX MPeoOpa3oBaHWil MOXKHO TEpelTH K
THIIPOIMHAMHYECKOH 3a/laue CO CXOTHBIMU TPAaHUYHBIMHU YCIOBHSMU. [le-
PEX0J] CTAHOBUTCS BO3MOXKHBIM H3-33 TOTO, YTO KPAE€BOE YCIOBHE aBTOMO-
JETHHOTO AJIEKTPOXUMHUYECKOT0 PACTBOPEHHUSI CXOJHO C KPaeBBbIM YCIIOBH-
eM 00TeKaHHs IOTOKOM HACATbHON XKHUIKOCTH JYT'H OKPY>KHOCTH.

[Ipumenenne ruIpoIMHAMHUYECKOW MOJENH TO3BOJISIET MEPEUTH OT
YHCTO YMCIEHHOTO pEelIeHHs K YUCIEHHO-aHAIMTHUECKOMY PElICHUIO, a B
HEKOTOPBIX YaCTHBIX CIyYasx MOJYYHTh aHAJMTUYECKOE pEellCHHE 3a1auH.
I'uaponmuaMuveckast MOJENb CYHIECTBEHHO YIPOIIAET TOIyYeHHE PE3ylb-
TATOB U MO3BOJISIET JIETKO IOCTHYb BBICOKOH TOUHOCTH PELIEHUSI.

JA71st OLIEHKH HEeCTAl[MOHAPHBIX PElIeHHH B TeX CIydasX, Korja aBTo-
MOJIETILHOTO PELIeHUs] HE CYIIECTBYET, alTOPUTM UYHWCIEHHOTO pPELIeHUs
0BT MOIM(HUIMPOBAH, TAKUM 00pa30M, 4TOOBI YMEHbLIUTH 00beM Tpedye-
MBIX BBIUYMCICHUH M PACIIUPUTH KIacC pelaeMbix 3ajiad. Momuduxamnus
3aKIII0YaeTCsl B TOM, YTO HEM3BECTHAS, M3MEHSIOMIAsACS aHOAHAS TPAaHHIIA B
ANEKTPOXUMHUYECKOH 3a71aue oToOpakaeTcsi Ha (PUKCHPOBAHHYIO TPaHHUILY B
BUJE Iyru OokpyxkHOcTH. KoH(opMHOE oToOpa)keHHe obmacTel, cOOTBeT-
CTBYIOIIUX MEKIIIEKTPOTHOMY TPOCTPAHCTBY, OCYIIECTBIISIETCS C TOMO-
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el crutaitHa. [[mst ompeneneHust caBUra TOYEK MOBEPXHOCTH AHOIHOU
TpaHMIIBI IPY PACTBOPEHHUHU YMCIICHHO PelIaeTcs Kpaesas 3ajada o0 ompe-
ACICHUN YaCTHBIX MPOMU3BOAHBLIX KOOPpAWMHAT IOBEPXHOCTU IIO BPEMCHU.
[ns 3TUX uenei Takke MCIOJIb3yeTcs CIUIaiiH. PenieHue JoKHO yaoBIe-
TBOPSTH KPAeBOMY YCIIOBUIO CHEIMATIBFHOTO BHJA, CBSA3BIBAIOIIEMY YacT-
HBIC ITPOU3BOJHBIC KOOPAUHAT IO BPpEMCHU C YaCTHBIMHA IIPON3BOAHBIMH 110
rapameTpy, olpeNeNsoleMy MoI0XKeHe TOUKH Ha okpykHocTH. KpaeBoe
yCJIOBHE MONy4YeHOo U3 JudQepeHInanIbsHOro BeipakeHust 3akoHa Papayes.

B coolmienun npuBoAUTCS cpaBHEHUE PE3YIBTATOB PELISHUS 3a1a4Un
HECTAI[IOHAPHOTO 3JIEKTPOXUMUYECKOro (opMooOpa3oBaHUS B OJHOMEP-
HOM MMOCTAaHOBKE, C pE3yjibTaTaMH, MOJYYCHHBIMH C IMOMOLIBIO IIPEIIIO0-
J’KEHHBIX METOJIOB.

AN EFFICIENCY OF DEPOSITION OF AEROSOL
PARTICLES IN THE IMPACTOR WITH PIT ON
THE IMPACTION SURFACE
Werner Hollander, Dmitri V. Maklakov,

Shamil K. Zaripov
*Chebotarev Institute of Mathematics and Mechanics,
Kazan State University
17, Universitetskaya Str., 420008 Kazan, Russia
“Fraunhofer Institut Toxikologie und Experimentelle Medizin
Nikolai-Fuchs-Str. 1, D-30625, Hannover, Germany

A mathematical model of an aerosol flow in a rectangular impactor
with pit on the impaction surface is proposed. To avoid the bounce of parti-
cles in jet impactors the impaction plate is usually smeared with liquid. The
smeared liquid can be kept by means of pits of small depth. The pits influ-
ence the process of particle deposition. To find the optimal depth and hori-
zontal sizes of pits it is important to study the impaction efficiency of a sin-
gle stage in the presence of the pit. The plane jet flowing out of a slot noz-
zle spreads sideways over the plate that contains a rectangular pit. The
modeling of the aerosol flow is reduced to the solution of two problems,
namely, determining the carrier-phase velocity field and calculating the
particle trajectories in this filed. The carrier phase flow is modeled as a
plane potential flow of an incompressible fluid. The analytical solution for
the complex conjugate velocity of fluid was obtained. Once the fluid flow
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is obtained then the particle paths can be traced by numerical integrating
the equations of motion of particles. For ease of integrating the equations of
motion are transformed to the variables in the parametrical plane. The lim-
iting trajectory that separates the impacted particles from those that are not
impacted is found numerically. The impactor efficiency was calculated as
Stokes number function for different depths and lengths of the pit. In the
presence of the pit the efficiency curves smear out and the value of Stokes
number at the 50% efficiency (S, ) decreases with increase of pit depth
to some value that is approximately equal to the half-width of the input
nozzle. Further growth of the pit depth leads to the increase of St . Two

effects influence deposition of aerosol particles in the impactor with pit.
The impaction surface increases for in-depth pits due to the pit side in-
crease and it affects on the pit collection capacity. On the other hand as the
depth increases the flow recirculation causes decrease of particle deposi-

tion. Because of this, there is a minimal value St that depends also on

the pit length.
Authors gratefully acknowledge support of this work by Russian
Foundation for Basic Research for support (grant number N 02-01-00836).

IPOEKTUBHOCTD OCAXKJIEHUSA ADPO30JIbHBIX YACTUIL
B UMITAKTOPE C YIJIYBJIEHUEM
Hlamuas X. 3ap1/m03*, Amupuii B. MakJ1aKoB , Bepuep XOJ‘IJ‘IaHIlepH
* HWU matematuku u Mmexanuku uMm. H. I'. UeGorapeBa
KazaHckoro rocyaapcTBEHHOTO YHUBEPCUTETA,
17, yn. YauBepcurerckas, 420008 Kazaub, Poccus.
“Fraunhofer Institut Toxikologie und Experimentelle Medizin

Nikolai-Fuchs-Str. 1, D-30625, Hannover, Germany

[Ipennoxena MaTeMaTudeckas MOJEIb TEUEHUS a’po30isl B CTPYH-
HOM HUMIIAKTOpE, YIaBIMBAIONIAs TTOBEPXHOCTh KOTOPOTO COMEPKHUT yriryo-
JIeHWEe TPAMOYTOIbHON QopMbl. [Togo0HbBIE yrimyOaeHHS MOTYT HCIIOIB30-
BaThCS sl YAEPKAHUS OT PAaCTEeKaHHs >KUAKOCTH, KOTOPOW CMa3bIBaroOT
UMIAKTHPYEMYIO TUIOCKOCTh C LIENBI0 MPEAOTBpPAIICHHS] OTCKOKA YaCTHII.
Hanuyne yrimyOneHust MeHsIeT KapTHHY TEUEHUS B OTACIBHON CTYIIEHH M-
HaKTOpa U BIMSET HAa IMPOLIECC OCAXIEHUs adpo30ibHbIX yacTHl. CTpys,
BBITEKAIOIIAs M3 LIEIEBOr0 COIUIA C OTPBIBOM, pacTeKaeTcs Mo OecKoHeu-

72



HOW IIJIOCKOCTH, COJIepKallell MpsMOyroibHOe yriyonenue. Mojenuposa-
HUE€ TE€YEeHHUs a’po30is CBOAMUTCA K PEIICHUIO JABYX 3a/ad: ONpEAeiIeHUIO
IIOJISL CKOPOCTEH ra3a M pacdyery TPAaeKTOPHM 4acCTHL] B HAUJECHHOM IIOJE.
Hecymas cpena Moaenupyercs MOTEHIIMAIBHBIM T€UEHUEM H1€albHOI He-
C)KMMaeMoM JKMJIKOCTH. 3alKChIBaeTCs aHAIMTHYECKOE pelleHHe i KOM-
TUIEKCHO-COMPSDKEHHON ckopocTH. st ynoOcTBa MHTErpUpPOBaHUS ypaB-
HEHHs JBWKEHUS YacTUIl Mpeodpa3yloTcs K IepeMEeHHBIM B MapaMeTpuye-
CKOM miockocTH. PaccunmTaHbl mNpenenbHble TPAEKTOPHHM YacCTHII, pasje-
JIAIOUIME MOTOK MMIAKTUPYEMBIX YaCTHUI[ OT YaCTHI], MPOXOJALINX B Clle-
JYIONIYIO CTyIeHb UMMakTopa. IlocTpoensl KpuBbie 3 (EKTHBHOCTH OCAXK-
JIEHHsI 4acTHUIl B 3aBUCHMOCTH OT yucyia CTokca /Ui pa3lu4HbIX 3HAYeHUH
TITyOMHBI U IIMPHUHBI BEIeMKU. KprBbIe 23 EKTUBHOCTH OCaKICHUS CTaHO-

BATCs Oonee monmormmu U umucao Crokca Sty ,

3G (GEKTUBHOCTH OCAKACHUS YaCTHI, YMEHBIIAETCS, C POCTOM TIITyOWHBI
BBIEMKH JI0 HEKOTOPOTO 3HAYEHHUsI paBHOTO MPUMEPHO MOMYIIHNPUHE BXO/-

cootBercTBytomee 50%

Horo coma. JlanpHeiiliee yBenudeHne TIIyOMHBI IPUBOAUT K PocTy Sty .

/IBa OCHOBHBIX MEXaHU3Ma BIIMSET Ha IPOLIECC OCAXKIAEHUSA YACTHUL B UM-
naktope ¢ yrimyomenueM. C yBelMuYeHHEM TIIyOWHBI BBHIEMKH PacTeT Mo-
BEPXHOCTh UMIIAKIMH 33 c4eT OOKOBOM CTEHKH, U, CJIeIOBATENBHO, BO3pac-
Taer 3¢ dexTHBHOCTD 3axBaTa YacTuil. BMmecte ¢ TeM npu OOJbIINX TITyOH-
HaX YBEJIIMYHMBAETCS BBIHOC YACTHUI] M3 BBIEMKH 3a CUET OOpaTHOTO MOTOKA,

¥ T03TOMY, CYIIECTBYeT MHHHMMAIbHOE 3HaueHue St , 3aBHCAIICE OT

HIMPHUHBI YTITyOIeHusI.
PabGora BeImonHeHa mnpu (UHAHCOBOW MOJIepKKe Poccuiickoro
®onna Oynnamenranbabix Mecnenosanuii (mpoekt N 02-01-00836).

COMPUTING EXPERIMENTS RESULTS IN OPTIMIZATION
PROBLEMS FOR HYDRODYNAMICAL PROFILES WITH
MAXIMUM VELOCITY LIMITATION
Anisa N. Thsanova
Chebotarev Research Institute of Mathematic and Mechanic,
Kazan StateUuniversity,

17, Universitetskaya str., Kazan 420008, Tatarstan, Russia

A 2-D optimal hydrodynamic problems are solved. In these problems
the form of an impermeable profile was found where the restriction on the
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maximal value of velocity on its contour exists. As the optimized character-
istic the lift coefficient or the aerodynamic quality were considered. The
approach of solution is based on the theory of variational inverse boundary-
value problems (see, for example, [1]).

Numerical realization was performed by penalty function method
and by method based on Kuhn-Tucker equations (see, for example, [2]).
Computing experiments has shown, that more effective is the second
method, because in penalty function method the choice of penalty coeffi-
cient essentially influences to the result of optimization. The received nu-
merical solution for a smooth contour were compared with exact solution,
constructed in [3] for this case. The conducted comparisons were shown
good accuracy of coincidences of results.

Numerous computing experiments are conducted and forms of the
optimized profile are constructed. For verification of results in package
Fluent 6.0. The direct problem of calculation of a flow of the optimized
forms in Navier-Stokes models is numerically solved. These calculations,
in a case of indefinitely thin trailing edge, were confirmed non-separation
character of a flow and obtained hydrodynamic characteristics coincided
with optimization results.

I express profound gratitude to professors Elizarov A.M. and Fokin
D.A. for the help in work.

This work was supported by Russian Foundation for Basic Re-
searches, project 03-01-00015, programs «Universities of Russia» (the pro-
ject UR 04.01.0009) and by NIOKR found of Tatarstan Republic.
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PE3YJIbTATHBI BBIYMUCJIUTEJBHbIX OKCIIEPUMEHTOB
B 3AJAYAX OIITUMU3ALIUU ®OPMBbI
r’maPOAUNHAMUYECKOI'O MPO®UJISI C OTPAHUYEHUEM
HA MAKCUMYM CKOPOCTH
Anuca H. UxcanoBa
HUU marematuku u mexanuku uMm. H.I'. Ueborapesa
KazaHnckoro rocy1apcTBEHHOT'O YHUBEPCUTETA
17 yn. YauBepcurerckas, 420008 Kazaub, TaTapcran, Poccus

Pemrens! miockue ONTHMH3AaLMOHHBIE THAPOIMHAMUYECKUE 3a]auHu,
B KOTOPBIX OTBICKWBaach popMa HEPOHHUIIAEMOT0 POQUIIS MPH HATTMYNH
OrpaHMYEHHS HA MaKCHMaJbHOE 3HAYEHHE CKOPOCTH Ha €ro KOHTYpE, a B
KayecTBE ONTHMH3HPYEMOH XapaKTepHCTUKH paccMaTpHBaINCh Kod(pu-
IUEHT MOIbEMHON CHJIBI MJIM a’poJMHaMU4Yeckoe KauecTBo. [logxon k pe-
HICHUIO 0a3upyercss Ha TEOPUH BapUAIlMOHHBIX OOpaTHBIX KpaeBBIX 3ajad
(cM., Hanpumep, [1]).

UmncnenHas peanu3anysi NPOBOIWIACHE METOIOM IITpadHBIX (QYHK-
IUH 1 METOJIOM, OCHOBaHHBIM Ha ypaBHeHHsix Kyna-Takkepa (cM., Hanpu-
Mep, [2]). BerauciautenbHblie 3KCIIEPUMEHTHI TIOKa3aiu, 4to 0omnee 3ddek-
TUBHBIM SIBJISIETCS BTOPOM METO[, MMOCKONBKY B MeTOJie mTpadHbIX (HyHK-
nuil BeIOOp K03 (duimenTa mTpada CyIIeCTBEHHO BIHUSET Ha pe3yibTar
onTUMH3auuu. [lomydeHHbIe YUCIEHHBIE PElIeH s TSl TIIaJKOr0 KOHTYypa
CPaBHUBAJUCH C TOUYHBIMH PEUICHUSMHU, MTOCTPOSHHBIMH B [3] IS 3TOTO
ciydast. [IpoBeseHHbIE CpaBHEHHS MMOKa3aJld XOPOIIYI0 TOYHOCTh COBIAJe-
HUW pe3yJIbTaTOB.

[IpoBeneHbl MHOT'OYHMCIEHHBIE BBIYMCIUTEIbHBIE DKCIIEPUMEHTHI U
MOCTPOEHBI (POPMBI ONTUMHU3HUPOBAHHBIX Tpoduieid. [l Bepubukanmuu
pesynbraToB B nakere Fluent 6.0. ynucnenHo peleHa npsiMas 3ajada pacue-
Ta OOTEKaHUs ONTUMHU3MPOBaHHBIX (popm mo momenu Haebe-Ctokca. B
ciiydyae OECKOHEYHO TOHKOH 3aJjHell KPOMKH 3TH pacuerbl MOATBEpININ
OC30TPBIBHBIN XapakTep OOTeKaHWs, a TMOJyYeHHbIE THIPOJUHAMHUYECKUE
XapaKTePUCTUKU COBMAJH C PaCUETHBIMU NIPU ONTHMHU3AIHH.

Breipaxkato riyOokyro OmaromapHocTh Tpodeccopam  Enmsapo-
By A.M. u ®okuny JI.A. 3a momouib B padore.

Pabora BwmonHena mpu ¢uHaHCOBOW moaaepxkke PODU (mpoekr
03-01-00015), mporpammbel «YHuBepcutersl Poccum» (mpoexkt VYP
04.01.0009) u ®onna HUOKP Pecniyonuku TaTtapcras.
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PROBLEM OF CLASSIC AIRFOILS MODIFICATION
FOR IMPROVING AEROHYDRODYNAMIC CHARACTERISTICS
Nikolay B. Il’inskiy, Olga S. Neberova
Chebotarev Research Institute of Mathematic and Mechanic,
Kazan State Uuniversity
17, Universitetskaya str., Kazan 420008, Tatarstan, Russia

The actual problem of aerohydrodynamic is the find of optimal
shapes of airfoils. Another interesting problem is a problem of modification
of classic airfoils for improving their aerohydrodynamic characteristics.

The main idea of this problem is in solving of the direct problems of
the aerohydrodynamic calculation of well-known classic airfoils
(Zhukovskiy airfoils, Clark airfoils, NACA airfoils and etc. [1,2]) and ve-
locity distributions on the contours of their airfoils are being found as the
function of arc length. Then, using methods of solving inverse boundary-
value problems and hydrodynamically reasonable velocity distribution
([e.g. [3]), ways of modification of initial data of the inverse boundary-
value problem for finding of shapes of airfoils with improved characteris-
tics. Requirements to modified airfoils conditions of the flow without sepa-
ration, static stability and zero-moment are posed.

Algorithms are developed, the program of solving corresponding
problems is made, the numerical results and their analyses are shown.
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MOJUPUKALMS KTACCUYECKUX KPBIJIOBBIX ITPO®UJIEN
C OEJIBIO YJIYYHIEHUS UX XAPAKTEPUCTHUK
Huxonaii b. Unbunckuii, Oabra C. HebepoBa
HUU marematuku u mexanuku uMm. H.I'. Ueborapesa
Kazanckoro rocyiapcTBEHHOr0 yHUBEpPCHUTETA
17 yn. Yauepcurerckas, 420008 Kazanb, TaTapcran, Poccus

Haxoxaenue onTUManbHBIX (OPM BBICOKOHECYIIMX KPBUIOBBIX MPO-
¢uneit ocraercs akTyanbHOU mpoOieMol a’poruaponuHaMukd. [Ipu sTom
WHTEPECHON sBIIsIeTCA 3ajjadya MOAW(QUKAIMK KIACCHUECKHX KpPBUTOBBIX
npoduiiel ¢ HeNblo YIYYIIeH!s! UX a3pPOruApOJMHAMUYECKIX U TEOMETPH-
YECKUX XapaKTePUCTHUK.

CyTb 3a7aum 3aKiovaeTcs B cleayromeM. BHavane pemarorcst mpsi-
MBI€ 3aJla4i adpPOrHAPOAMHAMUYECKOTO pacueTa M3BECTHBIX KIACCHYECKHX
npodunei (mpodumns XKykosckoro, npoduneit cepuit Clark, NACA u np.
[1,2]) u HaxomsTCs pacHpeneleHusi CKOPOCTEeH Mo KOHTYpaM 3THX Mpodu-
Jiel Kak (pyHKIMH JyroBO# aOciuccel KoHTypa. Jlanee, oCHOBBIBasCh Ha
METO/IaX pelieHus: 00paTHBIX KpaeBbIX 3a1au asporuapoarnHamMuku (OK3A)
Y THAPOJMHAMHMYECKH I[€JIeCO00pa3HbIX PaCIPENeICHU CKOPOCTH (CM.,
Hamp., [3]), npeaiararoTcs MOAX0Abl K MOJU(PUKAIMNA UCXOMHBIX JAHHBIX
OK3A nmns HaxoxneHus: (OPMBI KPBUIOBBIX MPOQHIEH C YIydlIeHHBIMU
XapakTepucTuKaMu. B kauectBe TpeOOBaHUN K MOTU(PHUIIMPOBAHHBIM MPO-
(WM BBIABHTAIOTCS YCIIOBUS OE30TPHIBHOCTH OOTEKAHHS, YCIOBHS CTa-
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TUYECKOH YCTOWYMBOCTH IO YIJIy aTaKh M YCIOBHE 0€3MOMEHTHOCTH HC-
KOMOTO MPOQUIIA.

Pa3paboranbl airopuTMbl, COCTaBJIeHa MpPOrpaMMa pEIIeHHs COOT-
BETCTBYIOIIMX 3aJa4, IPUBEACHBI PE3yIbTaThl PACUETOB U MX aHAJIH3.

Pabota BrimonHeHa npu ¢puHaHCOBOU mogaep:kke PODU (mpoekt Ne
02-01-00061) u ®onga HUOKP Pecnyonuku Tatapcras.
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THE PROBLEM OF DESIGN OF AN AIRFOIL OF A WING WITH
AILERON IN FLOW WITH SEPARATION
Nikolay B. IP’inskiy, Ludmila G. Plotnikova
Chebotarev Research Institute of Mathematic and Mechanic,
Kazan State Uuniversity
17, Universitetskaya str., Kazan 420008, Tatarstan, Russia

The problem of construction of an airfoil with aileron without flow
separation was investigated. The form of an airfoil of a wing with aileron is

found by velocity distribution V() (s is arc length of a contour), re-

ceived by modification of velocity distribution of flow around a plate with
flap. The flow around a plate with flap is calculated using Wu scheme with
adding an isobaric area. For the solution of this problem the auxiliary area
(top half plane) is introduces, and in this area the mixed boundary-value

problem for analytical function y =iln(dw/ Vodz) is solved. As a re-

sult of solution a velocity distribution is found and it is modified. The es-
sence of velocity distribution modification on a plate with flap consists in
elimination of infinite velocity in a leading edge of the plate caused by used
model of an ideal incompressible fluid.

On the modified velocity distribution the inverse problem of design
an airfoil of a wing with aileron with a separation area. Solvability condi-
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tions are found using quasisolution methods of inverse boundary-value
problem of aerohydrodynamics [1]. As a mathematical model of flow with
separation the model of viscous-nonviscous interaction [2] is used.

Results of numerical calculations and their analysis are given.

The present research was supported by the Russian Foundation for
Basic Research (Ne 02-01-00061), Department of education of Russian
Federation and by NIOKR fund of Republic of Tatarstan.
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3AJJAYA ITOCTPOEHUSA ITPO®UJIA KPBLJIA C 9JIEPOHOM
IIPU OTPBIBHOM OBTEKAHUU
Huxonai b. Unbuncknii, Jivoovmuaa I'. [LnotHukoBa
HUU marematuku u mexanuku uMm. H.I'. Ueborapepa
KazaHckoro rocyaapcTBEHHOTO YHHUBEPCUTETA
17 yn. Yuuepcurerckas, 420008 Kazanb, TaTapcran, Poccus

Uccnenyercs 3aiavya mocTpoeHus: TpoQuiis Kpbula ¢ 3JIEpOHOM, 00-
TEKaeMOro OTPBHIBHBIM MOTOKOM. Dopma mpoduis Kpbuia ¢ 3JepOHOM Ha-

XOOUTCS IO PAcIpPeaeIeHUuI0 CKOPOCTHU V(S) (8 — myroBas abcIucca KOH-

Typa), TIOJIy4eHHOMY IIyTeM MOJU(HKAINU paclpeneseHus CKOPOCTH MPH
06TeKaHI/H/I INTAaCTUHKHU CO HIUTKOM. O6TCK3HI/IG IINTaCTUHKKU CO HIUTKOM
paccunThIBaeTCS MO cxeMe By c jnomonHeHueM n300apryueckoi 001acTu.
IL]'DI peuIcHuA 9TOM 3aJa4d BBOAUTCS BCIIOMOTI'aTCJIbHAs O6J'IaCTI) — BCPXHSA
MOJYIUIOCKOCTh, U B OTOM 00JacTH pelaercsl cMellaHHas KpaeBasi 3ajava
A1 aHalIuTUYecKod QyHKuMum Y =1 ln(dw/ Vodz). B pesyneraTe ee
pelleHnsT HaXOAUTCS pacipeieliecHue CKOPOCTH Ha BCEM KOHTYpE, KOTOpoe
Momupuimpyercs. Cyrh MoaudUKAIME CKOPOCTH MO TUTACTUHKE CO IIUT-
KOM 3aKJII0YaeTcs B yCTpaHEHHH OSCKOHEYHO OOJNBIION BETMYMHBI CKOPO-

CTU B NEPEIHEW KPOMKE IUIACTUHKH, BBI3BAHHOW IMPUMEHSEMON MOJEIbIO
HUJIeaJILHOM HECOKMMAEeMOU KU JIKOCTH.
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ITo MoauduupoBaHHOMY paclpeAcieHHI0 CKOPOCTH pelaercs 3a-
Jada MoCTpoeHus Mpoduis Kpbuia ¢ AIEPOHOM, OOTEKaeMOTo C OTPHIBOM
MOTOKA. Y CIOBHS Pa3pelIMMOCTH 3aJjaudl HaXOoJATCs C MPUMEHEHHEM Me-
TOJIa KBa3UPEIICHN 00pPaTHBIX KPaeBbIX 3ajau adporuapoauHamuku [1]. B
KayecTBE MaTEeMaTHYECKOW MOJEIH OTPHIBHOIO OOTEKaHUsSI HCIONB3YeTCs
MOJIETTb BSI3KO-HEBS3KOT0 B3auMOIeHCTBUSA [2].

[TpuBonsATCS pe3ynbTaThl YUCIOBBIX PACUETOB M UX aHAJIH3.

Pabota BrimonHeHa npu ¢puHaHCOBOU mojaep:kke PODU (mpoekt Ne
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nyonuku Tatapcras.
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NONLINEAR NON-SPHERICAL OSCILLATIONS
OF A GAS BUBBLE IN A LIQUID
Marat A.llgamov, Ludmila A.Kosolapova, Vladimir G.Malakhov
*Academy of Sciences of Bashkortostan,
6, K. Marks str., Ufa 450015, Russia
**nstitute of Mechanics and Engineering KazSC RAS
2/3 Lobachevsky str., Kazan 1420111, Russia

Axisymmetrical oscillations of a gas bubble in a liquid are considered
in the regime of periodic sonoluminesence of a single air bubble in water
under room conditions [1]. This problem became of interest in the context of
attempts of investigators to explain this phenomenon discovered in the be-
ginning of the nineties and to find out the conditions of its reproduction. One
of the restrictions of experimental realization of the periodic sonolumi-
nesence of a single bubble is stability of the spherical shape of the bubble
during periodic oscillations. This issue has been investigated in quite a large
number of papers. Nevertheless, nearly all of those studies used the assump-
tion that during the oscillations the deflection of the bubble shape from the
spherical one always remains small. At the same time, in particular, much
attention was drawn to investigation of the influence of viscosity of the sur-
rounding liquid. Nonlinear effects due to actual distortions of the spherical
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shape of the bubble remained not considered. The present work is aimed at
revealing the influence of the nonlinear effects on both the character of non-
spherical oscillations and the boundary of stability of spherical oscillations.

In the mathematical model of the present work the liquid in the aria
near the bubble is assumed viscous incompressible. The liquid compressibil-
ity is taken into account only in the area far from the bubble where its dy-
namics is governed by the linear acoustics. The liquid motion is assumed
potential. The liquid viscosity is taken into account via the boundary condi-
tion on the bubble surface. The gas in the bubble is ideal with spacially uni-
form pressure distribution varying in time with respect to the van-der-Waalse
equation of state. The deflection of the bubble surface from the spherical one
is presented in the form of a series in spherical harmonics. The final equa-
tions are derived up to second order of smallness relative to the values char-
acterizing the distortion of the spherical shape of the bubble. This approach is
a development of the technique proposed in [3] for investigation nonspherical
oscillations of a bubble in the inviscid incompressible liquid. The mathemati-
cal model of [3] takes into consideration the terms of the second order of
smallness relative to the value of the deflection of the shape from the spheri-
cal one only in the case when the deflection of the bubble surface from the
spherical one is taken in the form of the second spherical harmonic. The as-
sumption that the liquid flow is potential, which can be used if the liquid vis-
cosity is small, leads to essential simplifications of the problem statement.
For example, the model of [2] includes a partial differential equation for the
liquid vorticity function while the model of the present work similar to that of
[3] is a set ordinary differential equations. Those equations are solved by
dormann-Prince method of the sevens order of accuracy. [4].

The technique developed in this work has first been tested by com-
parison of the results of its application with those obtained by the model [3]
in the case of inviscid incompressible liquid. The satisfactory coincidence
has been attained.

Then the influence of the amplitude of the harmonic variation of the
pressure in the liquid and the value of the initial distortion of the spherical
shape of the bubble on the nonspherical bubble oscillations have been in-
vestigated. The influence of nonlinear effects has been analyzed with and
without nonlinear interaction of the initially perturbed single harmonic with
others initially free of any perturbation. It has been shown that initially
small perturbation of any single harmonic can lead to nondecaying non-
spherical oscillations in the form of even harmonics.
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HEJIMHEMHBIE HEC®EPUUYECKHUE KOJEBAHUS
MMY3bIPbKA I'A3A B ’)KUAKOCTH
M.A. Uabramo*, JI.A. Koconanosa**, B.I'. ManaxoB**
* Akaziemusi HayK pecniyOnnkn bamkoproctan
6, yin. K. Mapkca, ¥Y¢a 450015, Poccus
**Uuctutyt Mmexanuku U mammHocTpoeHust KasHI[ PAH
2/3, yn. Jlobauerckoro, Kazans 1420111, Poccust

PaccmatprBaroTcsi ocecuMMeTpUiHbIE KONeOaHHsI Ta30BOTO My3bIpbKa B
KHUIKOCTH HAa PEXHME IMEePUOANYECKOH COHOMIOMUHECICHIIMH OTAENBHOrO
BO3YILIHOTO MY3bIpbKa B BOJIE MPU KOMHATHBIX YCIOBHsX. VHTepec K aToM
3a/1a4€ BO3HUK B CBSI3U C MOMBITKAMH HCCIeoBaTeNeld OOBSICHUTD 3TO SIBIIE-
HHE, OTKPBITOE B Hayaje JIEBTHOCTBIX TOJIOB, M TIOHATH YCJIOBHS €r0 BOCIIPO-
n3BenieHysA[1]. OnHUM U3 YCTIOBHM 3KCIEPUMEHTAILHON peau3aluy Iepro-
JIMYECKOH COHOJIIOMUHECIIEHIIMM OTIEIBHOTO My3bIpbKa SIBISIETCS YCTOWYH-
BOCTh chepruueckoli (hOpMBI My3bIpbKa ITPU MEPHUOANICCKUX Koebanusx. Mc-
CJIEIOBAHUIO STOI0 BOMPOCA TIOCBSIIEHO JOBOIBHO OOJBIIOE YHCIO padoT.
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Onnako B OONBIIMHCTBE M3 HHUX HCCIEIOBaHME HMCKaKEHUH cdepuueckoin
(OpMBI Ty3bIpbKa BBIMOIHEHO C MIPUMEHEHHEM NPEIIMOIOKEHUs] 0 MAJIOCTH
BOZHHKAIOIINX OTKIOHEHUH (OpPMBI Iy3bIpbKa oT ceprudeckoid. [Ipu atom, B
YaCTHOCTH, MHOIO BHMMAaHMS YAEIEHO M3YYEHWIO BIMSHUS BA3KOCTH OKpY-
xatoren sxuakocty [2]. Hemuelinbie 3 QekThl, 00ycI0BIeHHBIE PeaTbHBIMH
HCKaKEHUSIMU chepriaecKoi (OpMBI My3bIPbKa, OCTATUCH HE HCCISOBAHHbI-
mu. Hacrositast paboTa mocBsIeHa n3y4eHnIo BIUSIHUS HeMMHEHHBIX dddek-
TOB KaK Ha XapakTep HechepuuecKux KoineOaHui My3bIpbKa, TaK ¥ Ha TPAHHILY
00JIaCTH YCTOMYMBOCTH C(HEPUIECKUX KOJICOAHHIA.

Jng uccnenoBaHUsT HUCMONB3YIOTCS COOTHOILIEHHS, IOMy4YeHHbIE B
MPEATONI0KEHHUH, YTO YKUAKOCTh B OJIMKHEW K My3bIPBKY 00J1acTH Bs3Kas U
HEC)KMMaeMasi, a COKUMAaeMOCTh YUUTBIBAETCS TOJBKO B JabHEH 00NacT C
NPUMEHEHUEM YPABHEHUMN JTUHENHOW aKyCTHKH. JIBM>KEHHE JKMJIKOCTH CUM-
TaeTcsl MOTEHINAIBHBIM, BSI3KOCTh YUUTHIBAETCS Yepe3 JAWHAMHUYECKOe Ipa-
HUYHOE YCJIOBHE Ha MTOBEPXHOCTH My3bIpbKa. ['a3 B My3bIpbKe UJEaIbHBIN, C
paBHOMEpPHBIM pacIpeeIeHUeM JaBlIeHNs, KOTOPOEe MOJUMHSETCS 3aKOHY
Ban-nep-Baanbca. OTkIIOHEHHE MOBEPXHOCTH MY3bIpbKa OT chepryecKon
Oepercst B BUJE psiAa M0 chepuyecKuM TapMOHUKAM, B YPaBHEHHUSX YUUTHI-
BAlOTCSl WIEHBl BTOPOTO MOpPSAKA MAJOCTH IO OTHOIIEHHIO K BETMYMHAM,
XapaKTepu3yoUIM UCKakeHHe cheprueckoil opMbl My3bIpbKa. [laHHBIHA
MOJIXOJ1 SIBJIACTCSI Pa3BUTHUEM METOJMKH, MPEUIOKEHHOW B padote [3] ms
n3yueHus: HechepuiecKnx KoieOaHWH My3bIpbKa B HMJCABHOM HEC)KHMMae-
Moit xxuakoctd. [lomyuennsie B [3] COOTHOIIEHUST YUUTHIBAIOT YWICHBI BTOPO-
T'0 TIOpsAKAa MaJOCTH N0 OTHOLICHHIO K BEIWYMHE OTKIOHEHHs (OpMBI Imy-
3bIpbKa OT c()epUUEecKOi Uil Cilydas, KOrja OTKJIOHEHHE MTOBEPXHOCTH ITy-
3bIpbKa OT chepuvecKkoii Oepercst B BUE BTOPOW ChepuuecKoil rapMOHUKH.
[Ipennonoxxenue o MOTEHIMAIBLHOCTH JABHIKEHUS KHUJIKOCTH, KOTOPOE MOXK-
HO MPHUHATH IPU MAJIOH BSI3KOCTH JKHUIKOCTH, CYILIECTBEHHO YIIPOIIAET COOT-
HOIIEHUS 3a7aui. Tak, eciau Mojaenb [2] BKIIIOYAeT ypaBHEHHE B YaCTHBIX
MPOMU3BOMIHBIX IS ompeseineHus] QYHKIMN 3aBUXPEHHOCTH, TO MOJENb Ha-
cTositiell paboThl, KaKk W pabOTHI [3], OMUCHIBACTCS CUCTEMOW OOBIKHOBEH-
HBIX IuddepeHnnanbHbIX ypaBHeHUH. [ peneHus 3Toi cucTeMbl ypaBHe-
HUN ucnomb3yercs Mero Jlopmana-IIpuHca cenbMoro mopsiaka TOYHOCTH
[4].

s TecTpoBaHus pa3paboTaHHON METOJMKH MPOBEACHO CPaBHEHHE
PE3YIbTATOB HACTOSIIEH paboThl ¢ pe3ynbTaTaMH, OTyYEeHHBIMHU 110 MOJIe-
Ju paboThl [3] s ciydas ujaeaabHONH Hec)kuMaeMoit xuakoctu. [lomyue-
HO HX YJOBJIETBOPUTEIBHOE COTJIacOBaHHUE.

83



HccnenoBano BiMsHWE aMIUIMTYAbl TapMOHUYECKOTO HM3MEHCHHS
JaBJICHUS B >KUJKOCTH, HayaJIbHOTO c(hEepUUYEecKOro paauwyca Mmy3bIpbka H
BEJIMYMHBI HAYaIIBHOTO MCKa)KeHUsl cepuueckoil (GopMbl Ha Mpolecc Ko-
neGaHuii my3bipbKa. [IpoBeneH aHanmu3 BIMSHUS HEMMHEHHBIX 3(dexToB
Kak Ul OJHOM OTJENbHO B3ATOM TApMOHUKH, TaK U IPHU B3aUMOJEHCTBUU
HECKOJIbKUX TapMOHHK. [loka3zaHo, YTO MpH HANWYUK HAYAIBHOTO OTKIIO-
HEHHS 110 JTI000H U3 pacCMOTPEHHBIX TAPMOHMK, MOTYT HaOMI0IaThCsl He3a-
Tyxaromue Hecepuueckre KoaebaHus M0 YeTHBIM TaAPMOHUKAM.

Pabora Bemmonnena mpu nomgepxkke POOU (xox mpoekra 02-01-
00100), B pamkax mporpaMMmbl (yHIaMEHTadbHBIX HccienoBaHuii PAH
(mpoexT «/luHaMuka HechepUUECKUX Ta30BBIX M MAPOBBIX ITY3BIPHKOB B
KHUJIKOCTH Ha PEKUMaxX C CHIBHBIM M CBEPXCHIIBHBIM PaCHIMPEHUEM-
CKaTHEM») U (efepanbHON LeneBoi mporpaMmel «MHTerpanus» (Ko mpo-
exta 50020).
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EXPERIMENTAL STUDIES INTO THE EFFECT OF AIR
CONTENT ON THE HUB VORTEX CAVITATION INCEPTION
Vadim P. Ilyin, Yurii L. Levkovsky
Krylov Shipbuilding Research Institute
44, Moskovskoe Shosse, 196158 St.Petersburg, Russia

The paper discusses the results of experimental studies obtained in
the cavitation tunnel on the relationship between the hub vortex incipient
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cavitation number and the advance ratio for various values of air content of
water and model propeller speed. The analysis of the data showed no regu-
larity in changing of the incipient cavitation number generally based on the
pressure of saturated vapours, so it proved to be impossible to obtain a uni-
versal relationship between the cavitation number and the advance ratio.

This allowed the experimenters to suppose that the hub vortex cavita-
tion is of gaseous rather than vapourous origin, i.e. the hollow hub-vortex
core is filled with gas diffusing from circumfluent water and not with water
vapours. In this case the gas pressure in the core should be determined by
the pressure of the ambient liquid, i.e. under experimental conditions, by
the static pressure in the test section of the cavitation tunnel.

By using this assumption a criterion for simulating inception of cavi-
tation was found which helped to obtain the universal relationship between
the moment of hub vortex cavitation inception and the advance ratio. The
dependence of this moment on the air content of water and propeller revo-
lutions per unit time is taken into account by the structure of the suggested
criterion.

SKCHEPUMEHTAJIBHOE UCCJIEAOBAHMUME BJIUAHUA
BO3AYXOCOIAEPKAHUSA BOJAbl HA BOBHUKHOBEHUE
KABUTAIINU OCEBOI'O BUXPA I'PEBHOI'O BUHTA
Bamum I1. Uabun, FOpnii JI. JleBkoBckni
OI'VII « [ THUU um. akan. A.H. KpsiioBa»

44, Mockogckoe 1occe, 196158 Caukr-Ilerepoypr, Poccus

B nacrosimeit paboTe mpuBOISTCS Pe3yNbTaThl SKCIEPUMEHTAILHOTO
OmpezielieHns] B KaBUTAIIMOHHOW TpyOe 3aBHCHMOCTH OT OTHOCHUTEIHHOM
MOCTYIIU KPUTHYCCKOI'0 YUCjia BOBHUKHOBCHHA KaBUTAllUU OCCBOI'O BUXPS
rpe6H0r0 BHHTA IPU Pa3IMUHBIX 3HAYCHUAX BO3AYXOCOACPKaHHA BOIbI U
4acTOTHI BpallleHUsI MOJIe)Id. BBUIO BBISIBIIEHO, YTO KaKas-JIN0O 3aKOHOMEP-
HOCTb M3MEHEHHs KPUTUYECKOTO YHCia KaBUTAIMH, 00pa30oBaHHOTO, Kak
06I)I‘IHO, 10 AaBJICHHUIO HACBIMICHHBIX MMAapOB, OTCYTCTBYCT, BCIICACTBUC YC-
T'o HNOJYYUTHh €0 YHUBCPCAJIbHYIO 3aBUCUMOCTh OT OTHOCHUTEIHLHOU IocCTy-
A 0Ka3aJIOCh HEBO3MOXKHBIM. I10/ydeHHBIN pe3yapTaT MO3BOJIAI IIPEAIIO-
JIOKHUTD, YTO KaBHUTAIUA OCCBOI'O BHUXP rpe6H0r0 BHHTa MMECT HC Mapo-
BYIO, a Ta30BYIO MPHUPOY, T.€. TIOJIOE AP0 BUXPA 3amonHsercs 1upyHam-
PYIOLIMM U3 OKPYXKAaIOIIEro pacTBOpa ra3oM, a He mapaMu xuJKocTu. [las-
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JIHHWE Ta3a B sipe BUXPs MPHU 3TOM JOJKHO 3aBHCETh OT JaBJIEHUS B OK-
pyXaromiei TpeOHON BHHT XKHJIKOCTH, T.€. B YCIOBHIX SKCIIEPUMEHTA — OT
CTaTUYECKOTO JaBJICHHA B pabodeM ydacTke KaBUTAIMOHHOW TpyObl. B pe-
3yJIbTaTe MCIOJIb30BAHMSI 3TOTO MPEANONIOKEHHS HalJIeH KpUTepuil Moie-
JUPOBAHUS BO3HUKHOBEHHS KaBHTALUM, C TIOMOIIBI0 KOTOPOTO IOJIydeHa
yHHMBepcaJlbHas 3aBUCHMOCTh MOMEHTAa BOSHMKHOBEHHUS KaBUTAI[MH OCEBO-
r'0 BUXPSI OT OTHOCHTEIbHON MOCTYIH. 3aBUCUMOCTh € 3TOI0 MOMEHTa OT
BO3[yXOCOJIep’)KaHHsg BOABI M YacTOTHl BpallleHUs BHUHTA YYUTHIBAETCA
CTPYKTYpPOH IPEATTOKEHHOT0 KPUTEPHUS MOAETHUPOBAHUS.

ONE-PARAMETRICAL STRUCTURES OF SPEED IN ACCOUNT
OF A BOUNDARY LAYER AND TRACE OF POORLY
STREAMLINE BODIES
Alexander M. Kishkin
Moscow State Akademy of Instrument Making and Informatic
20, Stromynka str., Moscow, Russia

In work the one-parametrical structures of speed for account of pa-
rameters of a boundary layer and trace are investigated. In accounts the in-
tegrated parities(ratio) of the charge, pulse both energy and equation of
movement on internal border of a layer or on an axis of a trace are used.
The conclusion of these parities(ratio) in the physically clear form with use
uncertain on the initial stage of formparametre m is given. As a result of

consideration various asymptotic (5 —202) structures (fractional-rational,
exponential and hyperbolic) is accepted satisfactorily appropriate to the
theory and measurements th a structure. Expression of characteristic thick-
ness of a boundary layer are shown to elementary tabulared integrals. In the
assumption of a constancy of factor of friction across all layer final parame-
ter of dissipaion is calculated.

The divergence of the received curves lays within the limits of an er-
ror of experimental data. Depending on formparametre is considered solu-
tion of superfluous system of the listed parities. The algorithm of account of
a layer and trace using simple approached communication (connection) of
thickness of a body of replacement and speed of external current is recom-
mended.

86



OJHONMAPAMETPUYECKHE IMTPOPUJIHN CKOPOCTHU
B PACUYETE IIOTPAHUYHOI'O CJIOS U CJEJA
IVIIOXOOBTEKAEMBIX TEJI
Anexcanap M. Kumikun
MockoBCKasi ToCyIapCTBEHHAS aKaIeMHs TPHOOPOCTPOSHUSI M HH(POPMATHKH
20, yn.Ctpombiaka, Mocksa, Poccus

B pabote uccrnenoBanbl ogHONapaMeTpHUECKHe MPOPUIN CKOPOCTH
JUIsl pacu€ra mapameTpoB MOTPAaHUYHOrO Cios W ciena. B pacuérax wuc-
MOJIB3YIOTCS] MHTETPaIbHBIE COOTHOILIIEHHSI pacXo/ia, UMITYJIbca U SJHEPTUU U
ypaBHEHHE JIBUKEHMsI Ha BHYTPEHHEW I'paHUIle CJIOS WJIM Ha OCH CIeAa.
[IpuBenéH BBIBOI ATHX COOTHOIIEHWH B (hM3MUECKH sicHOW (opme ¢ uc-
MOJIb30BAHUEM HEONPEAEIEHHOr0 Ha HaYallbHOM dTarne ¢popMiapaMerpa m.

B pesynbTaTe paccMOTpEHHs PAsTMUHBIX acHMITOTHueckux (€ —209)
npoduiel (IpoOHO-pallMOHANILHBIX, SKCIIOHCHIIUAIBHBIX U TUIEpOOIHYe-
CKHX) MPHUHAT yIOBIETBOPHTENHLHO COOTBETCTBYIOIIUI TECOPHUH W HM3MEpe-
HusaM th -mpoduib. BeipakeHne XapakTepPHBIX TOJIIMH TTOTPAHUYHOTO
CITOST CBEJIEHO K DJIEMEHTApHBIM TaOJIMUHBIM HHTErpajiaM. B mpemmonoxe-
HUH TIOCTOSTHCTBA K03 uItneHTa TpeHus Momepeék BCEro CI0s BBIUMCIIACT-
sl KOHEUHBIH TTapaMeTp JTUCCHUITAITHH.

PacxokeHne MONydYeHHBIX KPUBBIX JIOKUT B Tpeaeaax MOrPerHo-
CTH DKCIEPHUMEHTANBHBIX JaHHBIX. B 3aBHCHMOCTH OT (opMmmapamerpa
paccMoTpeHa pa3pernuMoCcTh H30BITOYHON CHCTEMBI MEPEUNCIIEHHBIX COOT-
HOUIEHUW. PexoMeHI0BaH alropuTM pacyéra cjios U cieda, UCIONb3YIo-
AN TPOCTYIO TPUOIIKEHHYIO CBSI3b TONIIMHBI TeNa BBITECHEHUS U CKO-
POCTH BHEIITHETO TECUEHHS.

ABOUT DIFFERENT MODES CARRY-OVER OF GAS FROM
VENTILATED CAVITY WITH A NEGATIVE
CAVITATION NUMBER
Ivan L. Kozlov, Vladislav V. Prokof’ev
Institute of Mechanics, Moscow State University
1, Michurinsky pr., 119899 Moscow, Russia

The mechanics, conducted in Institute of Mechanics MSU, of ex-
perimental researches of flat jet flow with formation of a artificial venti-
lated cavity with a negative cavitation number have shown, that as against a
customary cavity the carry-over of gas is here essentially connected to
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Rayleigh -Taylor instability of boundary of a cavity, and in an incipient
state of development of surges on boundary of a cavity (in a nose cone), the
mode close to periodic monomode takes place, then the spectrum of distur-
bances extends, the predominant surges disappear. Has appeared, that the
predominant wavelength, observed in experiment, is close to a wavelength
to a most fast planting disturbance pursuant to a linear theory, the area of an
observed single mode limits (if to compare to a classic problem) beginning
of stage of non-linear growth of disturbances by the way "of stable" bub-
bles.

On the other hand there are different modes alone cavitating flows. It
is possible to indicate a limiting critical mode, when the cavity closes with-
out a reentrant jet. The experiment has shown, that in relation to this value
the modes of cavitating flow can be divide on subcritical and supercritical.
In a supercritical mode the gas jet elapsed from a cavity will be derivate
which one fast mixes up with a liquid, derivating a foam track. The meas-
urements of a flow coefficient of gas entrained from a cavity have shown,
that this value grows approximately linearly with growth of a pressure ratio
in a cavity in subcritical and in the beginning of a supercritical mode. It is
shown, that if to normalize a flow coefficient on critical value, and from a
pressure ratio in a cavity to deduct its value in absence submission of gas,
in new variables the unified linear dependence is fair for a wide range of
parameters. Has appeared that the value of a critical factor carry-over of gas
is proportional to a square of length of a cavity that it is possible to explain
by the known quadratic law of propagation of front of Rayleigh -Taylor
mixing at a turbulent mode of mixing. Is remarked, however, that the quad-
ratic law is watched and for enough short cavity’s, when there is a single
mode of development of waves. The business that as against a classic prob-
lem growth of amplitude of waves here does not leave on stability, as the
acceleration of a liquid considerably varies at motion on a normal to
boundary of a cavity. But as against turbulent in a single mode the notice-
able relation of a factor carry-over of gas to a Weber number takes place.
The experiment has shown, that the critical factor notably (is approximately
proportional to a Weber number in a degree -0,3) increases with reduction
of a Weber number. Let's mark, that for very short cavity’s, for which one
the linear condition of development of disturbances takes place, the carry-
over of gas owes is exponential to depend on length of a cavity.

So, the empirical-formula dependence for a factor of carry-over of
gas from a flat cavity with a negative cavitation number is obtained. It is
shown, that the modes of carry-over of gas are determined both modes of
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development of Rayleigh -Taylor instability, and modes alone cavitating
flows. The instability on boundary of a cavity develops to a similarly clas-
sic problem about Rayleigh -Taylor mixing, however there are also essen-
tial differences.

The activity is executed at financial support of the RFBR grant N 02-
01-01065.

O PA3JIMYHBIX PEXKUMAX YHOCA I'A3A
U3 BEHTUWJIMPYMOM KABEPHbBI C OTPULIATEJIbHBIM
YUCJIOM KABUTALIUN
HNBan U. Ko3nos, Baragucnas B. IIpokodnen
HNuctutyt mexanuku MI'Y
1, Muuypunckuit mpocrniekt, 119899 Mocksa, Poccus

IIpoBeneHHbIe B MHCTUTYTE MeXxaHUKUM MI'Y skcnepuMeEHTANIbHbIE
WCCIIEIOBaHMS TIJIOCKOTO CTPYHHOTO TEYeHHs ¢ 00pa30BaHHWEM HCKYCCT-
BEHHOW BEHTWJIMPYEMOW KaBEpHBI C OTPHUIATEIbHBIM YHUCIOM KaBUTALlUU
MOKa3alii, YTO B OTJIIMYME OT OOBIYHON KaBEpHBI YHOC Ta3a 37eCh CYIECT-
BEHHO CBSI3aH C pelei-TelI0pOBCKOI HEYyCTOMUNBOCTBIO TPAaHUIIBI KaBep-
HBI, IPUYEM B HAYAIBHOW CTaJMM Pa3BHTHUS BOJH Ha TpaHMIIE KaBEpPHHI (B
TOJIOBHOHM YacTH), UMEET MECTO PEXKUM OJHM3KUI K IEPUOAMYECKOMY OJHO-
MOJIOBOMY, 3aT€M CIIEKTp BO3MYIIEHUH pacIIMpsieTcs, JTOMUHUPYIOIIHE
BOJTHBI TponaaaoT. Oka3anock, 4To HaOM0AaeMas B SKCIEPUMEHTE JOMH-
HUpYIOLIas JJIMHA BOIHBI OJIM3Ka K JJIMHE BOJHBI Hanbojee OBICTpO pac-
TylIeMy BO3MYIIEHHIO B COOTBETCTBHH C JMHEHHOI Teopueill, o0nacTp Ha-
0J110/12eMOT0 OTHOMOJIOBOTO PEKHMa OTPaHUYMBaETCs (€CIM CpPaBHHUBATH C
KJIACCUYECKOM 3a/iaucii) HavajJoM CTaJud HETUHEHHOr0o pocTa BO3MYIIIE-
HU B BUJIE “‘CTAIlMOHAPHBIX" My3bIpEH.

C apyroii CTOPOHBI CYIIECTBYIOT PA3JIUYHBIC PEKUMBI COOCTBEHHO
KaBUTAlMOHHBIX T€YeHMsS. MOXHO yKa3aThb HA IPEIECIbHBIA KPUTHUYECKHUM
PEXHUM, KOT/Ia KaBepHa 3aMbIKaeTcsi 0€3 BO3BPATHOW CTPYH. DKCIIEPUMEHT
MoKa3aj, YTO 10 OTHOIIEHHIO K 3TON BEIMYMHE PEXUMBI KaBUTALlMOHHOTO
TEYEHUS] MOXKHO Pa3lelIuTh HA JOKPUTUUYECKUN M CBEPXKpPUTHYECKUI. B
CBEPXKPUTUYECKOM pEKHUME 00pa3yercst ra3oBasi CTpys, HCTeKamomas H3
KaBepHBI, KOTopasi ObICTPO TepeMelInBaeTCsl ¢ )KUIKOCTBIO, 00pa3ys MeH-
HBIl cien. V3amepenns kodgQuiMenTa pacxoa ra3a, yHoCHMOro U3 KaBep-
HBI TIOKa3aJIM, YTO 3Ta BEIMYMHA PacTeT NPUOTU3UTEIBHO JTMHEHHO ¢ poc-
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ToM Kod(duureHTa naBieHUs B KaBepHE B JOKPUTUYECKOM M B Hadyaje
CBEpXKpHUTHYECKOro pexxuma. [lokazaHo, YyTO eciu MPOHOPMHUPOBATH KO-
a¢uIMEeHT pacxoaa Mo KPUTUIECKOM BEIMUYUHE, a U3 KO3 PHUIIMeHTa TaB-
JIEHWsI B KaBEpHE BBIYECTh €T0 BEJIMYMHY B OTCYTCTBHE IMOJJYBa, TO B HO-
BBIX ITIEPEMEHHBIX €IMHas JUHEHHas 3aBUCHMOCTh CIIPaBEJIMBA JUIs IIUPO-
KOro auamna3oHa mapamerpoB. Oka3anoch, 4TO BETMYMHA KPUTHUECKOTO
ko3 duimenTa yHoca MpoONOpIHOHATbHA KBAApaTy AJIUHBI KaBEPHBI, YTO
MOXHO OOBSICHUTh M3BECTHBIM KBaJIPaTUYHBIM 3aKOHOM PaCHpOCTpaHEHUs
(dpoHTa penel-TeiIoOpOBCKOr0 MepeMelnBaHus NMpH TypOyJIeHTHOM pe-
XKUME TepeMelIBaHus. 3aMeueHo, OJJHaKO, YTO KBaJpaTUYHbIN 3aKOH Ha-
Omroaercs M U I0OCTaTOYHO KOPOTKUX KaBEpH, KOTJIa CYHIECTBYET OJJHO-
MOJIOBBIN PEKUM pa3BUTHUS BOJIH. [[e/10 B TOM, 4TO B OTJIMYHUE OT KIIACCUYe-
CKOM 3aJ1auy poCT aMITUTY/b! BOJIH 3/1eCh HE BBIXOAUT HA CTallMOHAp, TaK
KaK YCKOpPEHME KHUJIKOCTH 3HAUYUTEbHO MEHSETCs MpHU JABMKEHUH M0 HOp-
MaJd K rpaHuie kaBepHbl. Ho B ominume oT TypOyJeHTHOTO B OHOMO/IO-
BOM PEKHME MMEET MECTO 3aMeTHasl 3aBHCUMOCTb KOd((UIMEHTa yHOCA
raza ot yucia BeGepa. DkcnepruMeHT moKasaj, 4To KpUTHUECKUN Kod(du-
IUEHT YHOCA 3aMETHO (MPUMEPHO MPOMOpIMOHAIBEHO uyucy Bebepa B cre-
nenn —0,3) Bo3pacTaer ¢ yMeHbllleHHeM uncia Bebepa. OtmeruMm, uTo Jyis
O4YeHb KOPOTKHX KaBEpH, JUISI KOTOPBIX MMEET MECTO JIMHEHHBIH peXUM
Pa3BUTHS BO3MYIIEHUHN, YHOC ra3a JOJDKEH SKCIOHEHIIMAIbHO 3aBHCETh OT
JUIMHBI KaBEPHBI.

Urak, nomyuena sMnupudeckasl 3aBUCUMOCTb JUIsl KO3 UIIEeHTa
yHOCa ras3a M3 IUIOCKOW KaBEepHBI C OTPULIATENIbHBIM YHCIIOM KaBUTAIIMU.
[ToxazaHo 4TO peXUMBI YHOCA Ta3a OMPEAENAIOTCS KaK peKHMMaMy pa3Bu-
THS peNei-TeIOpOBCKO HEYCTOMYMBOCTH, TaK U PeKUMaMH COOCTBEHHO
KaBUTALIMOHHOTO TeueHus. HeycToHunBOCTh Ha TpaHMIlE KaBEpHBI pa3BU-
BaeTCsl aHAJOTUYHO KIIACCMYECKOM 3ajlauye O peeh-TEeHIIOpOBCKOM Iepe-
MEIINBaHUH, OJJHAKO UMEIOTCS U CYIIECTBEHHbIE OTINYHS.

PaGota BeImonHeHa npu ¢uHAHCOBOW moaaepxke rpanta PODOU Ne
02-01-01065.
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MATHEMATICAL MODEL FOR INTEGRATED PROBLEM
OF THE HEAT AND MASS TRANSFER OF THE GAS FLOW
WITH THE WALL MADE OF POLYMER COMPOSITE
MATERIAL OF THE DESCENDING SPACECRAFT
Vilina M. Kudoyarova
State Aviation Technical University of Ufa,

12, K. Marks str., 450000 Ufa, Russia

Thermal protection may be one of two types: destruction and not de-
struction. In the given report destruction thermal protection is considered.
Destruction of a surface layer occurs as a result of various physical and
chemical transformations under influence of exposed to surface convective
and radiation heat flows and diffusive flows of chemical active compo-
nents, and also under action of forces of pressure and friction.

As a destruction thermal protection are applied the glass-reinforced
plastics on phenolformaldehyde binder. About 10-30 % of weight of ther-
mal protection transforms to gaseous products H2, CH4, CO, CO2. These
gases go in adjoining to a surface of a descending spacecraft a layer of gas.
Thus:

o changes the structure of an influencing gas flow;

o from the outside the heat is brought to adjoining the layer
of gas to a surface;

o the part of heat brought to a surface of a descending space-
craft is absorbed, due to physical and chemical transformations on
a surface of thermal protection;

o there is a process of the heat and mass transfer with a sur-
face of thermal protection.

During research a process thermodestruction thermal protection from
glass fibre plastics was investigated and the structure of gases is determined
at destruction. also is offered a technique of theoretical definition of the
energy spent on thermodestruction and Navie-Stoks equation is formulated
in a modernized view with the specified processes.

This work is carried out with a financial support of the Ministry of
Education of the Russian Federation (the grant NeA03-3.18-125).
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MATEMATHUYECKAS MOJEJb 1] CONPSXKEHHOM
3AJAYU TEIINIOMACCOOBMEHA I'A30BOI'O IIOTOKA
CO CTEHKOM M3 NOJJMMEPHOI'O KOMIIO3UIL[MOHHOI'O
MATEPHAJIA KOCMHUYECKOI'O CITYCKAEMOI'O AIIITAPATA
Buauna M. Kynosiposa
Y ¢pumcknii TocyIapCTBEHHBIN aBUAIMOHHBIA TEXHUYECKUH YHUBEPCUTET
12, yn. K. Mapkca, 450000 Y ¢a, Poccus

TennoBas 3ammTa OBIBACT ABYX THIIOB: pa3pyliaromiasics U HE pas-
pyuatomascsa. B naHHOM Jokiiazie paccMaTpuBaeTcs paspyluaromascs Ter-
JoBast 3amuTa. PazpylieHne moBepXHOCTHOTO CJI0S IMPOUCXOIUT B pe3yiib-
Tare Pa3IMYHBIX (DPU3UKO-XUMUYECKUX IMPEBPAICHUN I0JI BO3JCHCTBUEM
MOABOJUMBIX K IMOBEPXHOCTH KOHBCKTUBHBLIX U PaJUAIMOHHBIX TCIIJIOBBIX
II0TOKOB, I[I/Iq)q)y?)I/IOHHI)IX IIOTOKOB XHMMHWYCCKHU AKTHBHBIX KOMIIOHEHT, a
TaKXKE I10] I[eﬁCTBHeM CHUJI 1aBJICHUSA U TPCHUA.

B kauecTBe paspylIaroledcs TEIIOBOM 3alUThl PUMEHSIOTCS
CTEKJIOIUIACTUKN Ha (eHoopopMaiibaerugHoM cpsizytomiem. Okono 10-
30% Macchl TETUIOBOH 3alIMTHI MpeBpaliaeTcs B ra3000pa3Hble TPOTYKTHI
H2, CH4, CO, CO2. Ouu moctynaroT B CJIOH rasza, IpUJIEraromii K mo-
BEPXHOCTH KOCMHUYECKOTO CITyCKaeMoro anmnapata. [Ipu sTom:

® U3MEHsIeTCS COCTaB HaOeraromero ra3oBoro MoToKa;

® B MpUJICKAIINI K MOBEPXHOCTU CIIOM Tasza MOJBOAMTCS TEIJIO W3-
BHE;

® TIOTJIOIAeTCA YacTh TeIUla, TOABEJCHHOI0 K MOBEPXHOCTH KOCMH-
YECKOro CIyCKaeMoro ammapara, 3a c4eT (PU3MKO-XHMHUYECKUX IMpeBparle-
HHUW Ha IOBEPXHOCTHU TEIJIOBOM 3aILUTHI;

® IPOHUCXOUT TEMIOMAacCOOOMEH C TIOBEPXHOCTBIO TEIJIOBOH 3ally-
THI.

B mpornecce uccneaoBanus ObUT H3y4eH MPOLECC TEPMOJECTPYKIUH
TEIUIOBOW 3alllUThl U3 CTEKJIOIIACTHKA, OMpPEENieH COCTaB ra3oB MpH pas-
pyumiennn. Tarxke mHpeio)keHa METOAHMKAa TEOPETHYECKOro ONpeAereHUs
SHEPTUH, 3aTPauuBaEMOi Ha TEPMOJECTPYKIHUIO, CHOPMYITUPOBAHO MOAEP-
HU3HUpOBaHHOE ypaBHeHHE HaBhe-CToKca C yueToM yKa3aHHBIX HPOLIECCOB.

Hannas pabota mpoBeneHa npu (puHaHCOBOH moaaep:xke MuHuCTEp-
cTBa oOpaszoBanusi PO (rpant Ne A03-3.18-125).
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APPLYING OF TERMOMECHANIC EFFECTS OF CAVITATION
TO VARIOUS TECHNOLOGY
Vladimir A. Kulagin
Krasnoyarsk State Technical University, Krasnoyarsk, Russia

ABOUT ONE APPROACH OF OPTIMIZATION
OF THE BODY HYDROPROFILE
Valeriy G. Leontyev, Andrey V.Potashev
Chebotarev Research Institute of Mathematic and Mechanic,
Kazan StateUuniversity
17, Universitetskaya str., Kazan 420008, Tatarstan, Russia

At designing airfoils and hydroprofiles of one of the most important prob-
lems the choice of the form of the structure providing optimum aerohydrody-
namical characteristics is. In work [1] the numerical decision of a problem of a
finding of the form of the indefinite - thin airfoils possessing the maximal lift
coefficient is constructed. The purpose of the given work was development of a
method of the decision of similar problems for structures of final thickness.

In this case the corporal structure is modelled by some "skeletal" line
along which features - sources and drains [2] are continuously distributed.
Thus lines of the current which is leaving a critical point and becoming isolated
in a final point of a "skeletal" line will model a contour of a required structure.

For reception of a airfoil with the maximal lift coefficient in quality
of minimized functional value of factor of lift coefficient with the opposite
sign is familiar. On optimized functional as penal functions restriction -
performance of a unseparative condition flows was imposed. Besides the
design procedure allows to find the form of a profile with the minimal drag
coefficient and a profile with high aerodynamic quality. Numerical calcula-
tions are lead, examples of optimum profiles are constructed.

The present research was supported by Russian Foundation for Basic
Research (Ne 02-01-00061) and by NIOKR fund of Tatarstan republic.
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Ob OJHOM NNOAXOJAE K OITUMHU3ALINUU
TEJECHOI'O T'MAPOITPOPNJIIA
Banepuii I'. JleonTbeB, Anapeii B. IloTames
HUU marematuku u mexanuku uMm. H.I'. Ueborapesa
KazaHckoro rocyapcTBeHHOTO YHUBEPCUTETA
17 yn. Yuuepcurerckas, 420008 Kazaunb, TaTapcran, Poccus

[Tpu poeKTUPOBAHNUN KPBUIOBBIX W THAPOAMHAMHYECKHX MPOQUIICH
OZIHOH M3 HamOollee BaXKHBIX MPOOIIEeM sIBIIsIETCS BHIOOp OPMBI TPOQHIIs,
obecreunBalolleil ONTUMaNbHBIE a3POTHAPOANHAMUYECKAE XapaKTEepUCTHU-
ku. B pabore [1] mMOCTpOEHO 4YKCIIEHHOE pEIICHUE 3a/lauyd HAXOXKIICHHSI
(hopMBI  OECKOHEUHO-TOHKUX mpoduiici, 001anaommMX MaKCUMaIbHOM
nobeMHOM cuitoi. Llenpio gaHHO#M paboThI SIBJISTIACH pa3paboTKa METo/a
pelleHrs] aHAJIOTHYHBIX 3a1a4 JUisl Tpoduiieil KOHEUHON TONIIHHBL

B nmanHOM ciiydae TelecHbI Mpoduiib MOIEIUPYETCs] HEKOTOPOU
«CKEJIETHOM» JIMHUEHN, BJOJIb KOTOPOW HENPEPHIBHO PACIpPEACIIEHbI OCO-
OCHHOCTU — MCTOYHUKHU U CTOKH [2]. [Ipu 3TOM THUHMM TOKA, BBIXOJSAIINE U3
KPUTHYECKOM TOUYKM U 3aMBIKAIOIIUECS B KOHEYHOM TOYKE «CKEJIETHOMN»
TUHAN OyoyT MOAENHPOBATh KOHTYP HCKOMOT'O MPOQHIIA.

Jnst monmy4deHust Npoguitst ¢ MaKCHMAaJIbHOW TIOTbeMHOM CHIION B KadecT-
B€ MUHAMHU3UpYEMOro (hyHKIMOHANA Opasioch 3Ha4eHre KOd(PUIMEHTa MOTb-
eMHOW CHIIBI ¢ OOpaTHBIM 3HaKoM. Ha onTumisupyemblid GyHKIMOHAT B BUJIE
mrpadHbIX QYHKIMI HaKIaApIBaIOCh OTPAaHUYEHHE — BBIIIOIHEHHE YCIIOBHS
0e30TpbIBHOCTH 00Tekanus. Kpome Toro, Meromuka pacyera mo3BOJISET HAXO-
IUTh (opMy NpodIis ¢ MUHUMAJIGHBIM KO3()(MHUIMEHTOM COMPOTHUBICHHUS U
npoduiIb ¢ HAMOONBIIMM a3POMHAMHYECKUM KauecTBOM. [IpoBeneHsbl unciio-
BbI€ PacyeThl, TOCTPOESHBI IPUMEPHI ONTUMAIIBLHBIX ITPOMIIICH.

Pabota BrimonHeHa npu ¢puHaHCOBOU nmogaep:kke PODU (mpoekt Ne
02-01-00061) u ®onga HUOKP Peciyonuku Tatapcran.
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SOUND RADIATION INDUCED BY BODIES MOTION
WITH HIGH SPEED AND ACCELERATIONS
Yurii L. Levkovsky
Krylov Shipbuilding Research Institute
44, Moskovskoye shosse, 196158 St.Petersburg, Russia

Traditionally in classical acoustics the radiation excited by simple
harmonic fluctuations of bodies on various modes is investigated. The solu-
tion of the task on radiation of a sound by a pulsing and oscillating sphere
is widely known, while characteristics of radiation at it aperiodic motion
are investigated insufficiently.

The aim of the paper is to make up for the deficiency. It is presented
the exact solution of the task on sound radiation of a sphere moving for-
ward from a quiet state with arbitrary acceleration.

It is shown, that at the high speeds and accelerations the spectral lev-
els of a broad-band radiation are significant.

The results of obtained solution are extended on bodies of an arbitrary form.

AKYCTHYECKOE U3J1YYEHUE, BI3BAHHOE I1BUKEHUEM
TEJ
C BOJIbIINMHU CKOPOCTSAMHU U YCKOPEHUSAMU
KOpuii JI. JIeBkoBcKuii
OI'VIT « [ UHWU um. akan. A.H. Kpbuiosay,
44, Mockosckoe mocce, 196158 Cankr-IlerepOypr, Poccust

B xnaccudeckoi aKyCTHKE TPaJULMOHHO MCCIEAYETCS HU3Iy4YEHUE,
BO3HHKAIOIIEe MTPU TAPMOHMYECKHX KOJeOaHMsIX Tel Ha Pa3IMIHBbIX MOJaX.
[IInpoko U3BECTHO pelIeHHe 3a1auu 00 U3Iy4eHUH 3ByKa MyJbCHUpYIOILEil
W OCHMUIMpYIONIEH cdepoii, B TO BpeMs KaK XapaKTePUCTHKH H3ITyYeHUs
MIPH €€ allepHOINIECKOM JBHKEHUH UCCIIEIOBAHBI HEOCTATOYHO.

Llenbto nokana sIBIsiETCS BOCHOIHEHUE 3TOro npobena. [Ipusoaurcs
TOYHOE pelIeHHe 3aaud 00 aKyCTHUYECKOM HM3IIyuyeHHH cdepbl, IOoCTyma-
TENBHO ABMKYLICHCS M3 COCTOSIHUS TIOKOS C TPOM3BOIBHBIM YCKOPEHUEM.

[NokazaHo, 4yTo mpHU OONBIIUX CKOPOCTSAX M YCKOPEHUSIX CHEKTpallb-
HbIE YPOBHHU IIMPOKOMOJIOCHOTO HM3IyYEHHs OKa3bIBAIOTCSI 3HAYUTENbHBI-
MHU.

Pe3ynbTaThl monyuyeHHOro pemieHus o0OOIIAIOTCS Ha Tena Mpou3-
BOJILHOH (JOPMBI.
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ONE ALGORITHM OF THE SEPARATING FLOW
Vsevolod V. Lezhnev, Aleksey N. Markovsky
Kuban State University
149 Stavropolskaya str., 350040 Krasnodar, Russia

The present paper is devoted the problem of separating flow of the
arc S for the ideal liquid. We shall consider the solution u(x) of the
boundary problem for the biharmonic equation in the separation zone Q,
0Q =S8 U L. By the function u(x) we can determine the stream function
of exterior flow, the velocity of wich is constant on the L, and the L is a
streamline.

OJIUH AJIT'OPUTM OTPBIBHOI'O OB TEKAHMUA
BceBoaoa B. JlexxHes, Asekceii H. MapkoBckuii
KybaHckuii rocyaapcTBeHHBIH YHHBEPCUTET
350040, Kpacuomap, yn. CtaBpononsckas, 149

Hacrosimast pabora MOCBSAIIEHa 3a/[a4e OTPLIBHOIO OOTEKAHHs JIyTH
S wmneansHOM *)uAKOCTH. PaccmarpuBaercs perenne #(X) KpaeBoii 3aja-
9y Jyist OUrapMOHUYECKOTO YpaBHEHUs B OTPbIBHOM 30He O, 00 =S U L,
Yepes dynkimio u(x) ompemensiercs GpyHKIMsS TOKA BHEIIHErO TEYCHHS,
CKOPOCTh KOTOpOro Ha L. moCTOsHHA, U L ABJISIETCS TMHUEH TOKA.

CHARACTERISTIC EQUATIONS OF DOUBLE-ROW
CASCADE FLOW
S.C. Li
Fluid Dynamic Research Centre, Warwick University
Gibbet Hill, Coventry CV4 7AL, UK

This paper, for the first time, presents the characteristic equations of
double-row cascade flow, which was derived 40 years ago'.

" It was part of graduation thesis (PhD equivalent) that also included numerical and
experimental verification and an example case. It has been circulated internally in
China but never published outside due to historical reasons.
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The analytical solution to double-row cascade flow was then needed
for developing a novel runner structure of hydraulic turbines by using dou-
ble-row cascade (or named as split blade or long-short blade) to improve
their cavitation performance. This theoretical solution has served well for
the purpose and led to the high-performance turbo-machine developments
in 1960’s. For example, based this result, a Francis turbine of 100 MW was
developed by the Harbin Research Institution of Large Electric Machinery
for Yunfeng Power Station (China) in 1965, showing great improvement of
cavitation performance compared with its counterpart. In 1970, this theo-
retical solution has been applied to an axial flow pump by Shanghai Pump
Factory and also showed remarkable advance in cavitation performance.
These prototype tests verified the theoretical prediction that

e The cavitation performance improvement is due to the even up of
the velocity distribution on the suction surface of blades, which results in
lower cavitation index of machine;

o Better off-design energy-performance stems from the assistant role
of the leading row cascade in reducing the blade-inlet loading of the main
cascade, which widens up the high efficiency zone.

Recently, it has also been proven that this structure offers a great re-
sistance to silt-erosion owing to the reductions of both the blade-inlet load
and the inter-blade vortices, as shown by the Francis turbine at Lubuge
power station (China). Now this type of runner structure is a preferable
choice for anti-synergistic erosion’ turbines. Having seen such a remark-
able development in the last 40 years, | would like to present the original
theoretical work to the HSH-2004.

STUDY OF THE STRUCTURE OF THE STATIONARY
SEPARATED FLOWS AROUND BLUFF BODIES
WITHIN THE FREE-INTERACTION THEORY FRAMEWORK
Maxim A. Lushnikov
Institute of Mechanics, Moscow State University
Michurinsky prospect, 119899, Moscow, Russia

The transition from the asymptotic structure of separated flow past a
bluff body to the structure of the flow past a thin body within the frame-
work of the free interaction theory is studied. Such transition occurs in the

? That is, the concert damage caused by cavitation and silt abrasion.
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flow past an elliptical cylinder when its elongation tends to the case of a
flat plate.

This transition is studied numerically. The problem of the flow past
a cascade of elongated bodies is solved. The dependency of the elongation
on the Reynolds number is prescribed in such a way that the problem is
reduced to the free-interaction problem in the compensation regime. This
means that the pressure gradient is determined by the requirement of hav-
ing the same flow rate through different cross-sections of the cascade
along the flow. As the distance between the bodies in the cascade in-
creases the onset of a regime is expected when the reattachment occurs in
a locally inviscid zone where the Bernoulli equation holds true, and the
momentum conservation uniquely determines the position of this zone.

The solution obtained are analysed in the range of the flow parame-
ters in which convergent solutions of the problem with stationary bound-
ary conditions were obtained.

N3YUYEHUE CTPYKTYPbI CTAIIMOHAPHBIX OTPBIBHBIX
TEYEHU BOKPYT ILJIOXO OBTEKAEMBIX TE.JI
B PAMKAX TEOPUU CBOEO/IHOI'O B3AUMO/JENCTBHUA
ML.A. JlymiHuKoB
HNucturyTt mexanuku MI'Y,
1, Muuypunckuit ip-T, 119899 Mocksa, Poccus

Uccnenyercs nepexos OT aCUMITOTHYECKON CTPYKTYPBI OTPBIBHOTO
TEUYEHUs 3aTYIUIEHHOrO Tela, K CTPYKTYpe TeUEHHs] OKOJIO TOHKOIO Ipo-
¢uns B paMKax TEOpHH CBOOOAHOI'O B3aMMOjeicTBUA. Takod mepexon
MOXKHO TOJIYYHTh, paccMaTpuBas T€UEHHE BOKPYT SJUIMITUYECKOIO IHU-
JIUHJApa U YMEHbIIasl €ro yJUIMHEHUE JI0 3HaU€HUs Y TOHKOM IJIaCTHHKH.

IIpoBeneHO YMCIIEHHOE MOAEIUPOBAHUE DTOr0 Iepexoa. Pemaercs
3amada oOTeKaHMs PEIIeTKH Tell u3MeHseMoro yanuaeHus. [Ipu stom 3a-
BHCHUMOCTh YIUIMHEHHS OT uuciia PeifHonmpaca mojoOpaHa Tak, 4To TO-
CTaBJIEHHAs 3a/1a4a CBEJIeHAa K TUILY 3a7a4 O CBOOOJHOM B3aUMOJCHCTBUU
B KOMIIEHCALIMOHHOM peskuMe. [lociiennee o3Hayaer, 4TO IpaJueHT IaB-
JICHHs] OIPEIEISETCs. U3 YCIOBHs IOCTOSHCTBA PAacXxoJa JKUIKOCTH 4epes
pa3IuYHbIe CeUEHUs pelIeTKH BAOJb MoToka. [Ipu yBennueHun mara pe-
LIETKH BO3HUKAET PE&KHUM, B KOTOPOM CMBIKAaHHE OTPHIBHOM 30HBI MPOMC-
XOUT B JIOKaJbHO-HEBSI3KOM 00JaCTH MPHCOCAMHEHHS TOTOKA, BHYTPH
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KOTOpOH CHpaBeAjIiMB HMHTErpajl bepHyluH; ee MoloKeHHe IOITHOCTBIO
OIPENENSICTCS YCIOBUEM COXPAHEHUS KOJIMYECTBA JIBMKCHUS Ha pa3phiBe.

[Ipemnaraercs aHanKU3 MOJYUYCHHBIX PEIICHUN M 00JaCTH U3MEHCHUS
napaMeTpoB 3ajaud, B KOTOPOW CYIIECTBYET CXOJIIeecs pelieHHe CO
CTaIlMOHAPHBIMH KPAaeBbIMU YCIIOBUSIMU.

ON THE DEFLECTORS OF OPTIMUM SHAPE
Dmitry V. Maklakov
Chebotarev Research Institute of Mathematic and Mechanic,
Kazan State Uuniversity
17, Universitetskya str., 420008 Kazan, Russia

In the papers [1]-[4] a series of problems on defining optimum hy-
drodynamic shapes in free-surface flows has been solved. The optimization
has been based on nontrivial application of Jensen’s inequality to the ob-
tained functionals under nonlinear restrictions. In [1] the problem on the
deflector of optimum shape that declines a free jet has been solved. In [2]
the problem on the optimum parachute in Helmholtz flow has been investi-
gated. In [3] the problem on the optimum parachute has been generalized
for the wake model by Joukovsky — Roshko — Eppler. In [4] the optimum
shape of a planing plate has been found. For all of the indicated problems
exact analytical solutions have been constructed. A systematical presenta-
tion of the results can be found in the monograph [5].

In this paper the problem solved in [1] is generalized. The deflector
now declines the jet that effuses from a semi infinite nozzle of finite width.
The devices for declining the jets — deflectors — have applications in many
technical domains. In particular, the thrust reversal device of bucket type
for turbojet engine can be considered as a deflector that declines the rever-
sal jet to create the back thrust that needs for braking an aircraft. The prin-
cipal value that defines the effectiveness of the deflector is the deflection
angle of the jet. The goal of the investigations carried out in the work is to
define the deflector of the best shape that provedes either the deflection of
the jet through the maximum angle under the given arc length of the deflec-
tor or (that is equivalent) provides the minimum arc length of the deflector
under the given deflection angle. The location of the deflector with respect
to the outside nozzle section is determined in solving. In so doing the con-
traction coefficient of the jet is assumed to be given. It is demonstrated that
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the solution of this essentially nonlinear problem can be represented as a
superposition of two nonlinear ones : the problem on the deflector of opti-
mum shape in the free jet and that on the deflector of optimum shape inside
an infinite nozzle. The series of optimal defelctor is constructed for a vari-
ety of deflection angles and contraction jet coefficients. It is shown that the
obtained solutions realize global extremes

The work has been supported by the Russian Foundation of Basic
Research under grant N 02-01-00836.
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O JE®JIEKTOPAX ONTUMAJIbHOM ®OPMbI
JAmutpuii B. Makjiakos
HUU marematuku u mexanuku uMm. H.I'. Ueborapesa
KazaHckoro rocyaapcTBEHHOTO YHUBEPCUTETA
Yuuepcuterckas, 17, 420008 Kazaus, Poccust

B paborax [1]-[4] pemieHa cepust 3a1a4 00 ONMPENEICHUH ONTHMAITb-
HBIX TUAPOANHAMUYCCKUX q)OpM B TCUCHUAX CO CBO6OZ[HI)IMI/I rpaHuamMu.
OHTI/IMI/I?:aHI/I)I OCHOBaHa Ha HCTPUBUAJIBHOM IIPHUMCHCHHU HCEPABCHCTBA
ﬁeHCGHa K IOJIYUYCHHBIM (I)yHKHI/IOHaJ'IaM C HEJIMHENHBIMU OrpaHUYCHUAMMU.
B pabore [1] pemena 3amaya o aediaekTope ONTUMAIBLHONW (OPMBI, OTKIIO-
HSIOIIEM CBOOOJHYIO CTpyr. B pabote [2] uccnenyercs 3agade o Gopme
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OIITUMAJIBHOT'O MapaloTa npu ooTekanuu 1o cxeme Kupxrodda. B padore
[3] 3amaya 00 onTUMaTIBHOM TapalIoTe 0000IIeHa Ha Cilydall 00TeKaHUs
o cxeme JKykoBckoro — Pomko —Omnmiepa. B crathe [4] Haiinena gopma
ONTUMAJIBHOW TJIMCCUPYIOUIEN Tu1acTUHBI. J[J11 BCeX BBIILIEYKa3aHHBIX 3a-
Jlad MOCTPOEHBI TOYHBIC aHAIUTHUYECKHE pemieHns. CHcTeMaTHIecKoe H3-
JIOKEHUE Pe3yIbTaTOB MOXKHO HaliTH B MOHOTpadu [5].

B nmanHoli craTthe 000Omaercs 3anaya, pemienHas B [1]. Teneps ne-
(IIEKTOp OTKIIOHSIET CTPYIO, MCTEKAIOUIYI0 M3 MOJIyOeCKOHEYHOro KaHalia
KOHEUHOM IMMPUHBI. Y CTPONUCTBA JIIS OTKIOHEHUS CTPYH — Je(IeKTophl —
MPUMEHSIFOTCS. BO MHOTHX OOJIaCTAX TEXHHMKH. B 4acTHOCTH, peBepCHBHOE
YCTPOMCTBO KOBLIOBOI'O THIA JUI TypOO—pEaKTHBHBIX ABHTATElleii MOXKET
paccMaTpuBaThCs Kak Ae(IIEKTOp, OTKIOHSIOMIMH PEBEPCUBHYIO CTPYIO
JUIsl co3JaHus 0OpaTHOM TSTH, HEOOXOJUMOM JUISl TOPMOXKEHHUSI caMmoJiera.
OcCHOBHOI BenuuuHOMU, onpenenstoneii 3hGekTuBHOCTh PadOThI aedIiek-
TOpa, SIBJISAETCS Yroll OTKIOHEeHHus cTpyu. Llenbio uccnenoBanuii, mpoBoIu-
MBIX B JIaHHOW paboTe, SBIAETCA ONpeAencHue JedeKkTopa Hauilyduieid
¢dopmbI, KoTOpasi 00eCeYlT OTKJIOHEHHE CTPYH Ha MaKCHMAJbHBIA Yroi
MU 3aJaHHOW JuIMHE OyrH JedekTopa, 1100, 9TO paBHO3HAYHO, OTKIIOHE-
HHE CTPYU HA 3aJIlaHHBIN yrojl IpU MUHUMAIbHOW anuHe nyru. Ilonoxenue
nedekTopa Mo OTHOLICHHUIO K Cpe3y KaHalla OMpenensercs B XoJe pelle-
Hus 3agaun. [Ipu 5ToM K03 OUIHEHT CKATHSA CTPYH CUMTACTCS 3aJJaHHBIM.
ITokazaHo, 4TO pelIeHHE TaHHOW CYHIECTBEHHO HETMHEMHON 3aja4l MOXKET
OBITH TIPEACTABJICHO KaK CYNEpPIO3WIUS PEIICHUH JBYX HEMMHEHHBIX 3a-
nad: 0 nedIIeKTope ONTUMANBHOM (hOPMBI B CBOOOIIHOI CTpye U 0 JedieK-
TOpe OnTUMalbHON (opMbI BHYTpH OeckoHeuHoro kaHana. [Toctpoena ce-
pHs ONITUMAJIBHBIX Je(IEKTOPOB ISl Pa3IMYHbBIX YIJIOB OTKJIOHEHHS M KO-
a¢unmenToB cxatus. JlokazaHO, YTO HAWMJICHHBIC PEIICHHUS PEaTU3YIOT
TII00aBHBINA SKCTPEMYM.

Pabora nomyunna ¢uHancoByo nogaepxxky POOU (mpoekt N 02—
01-00836).

Jluteparypa
1.  Maknakos JI.B. O makcumyMme CONpPOTHBIIEHUS KPHUBOJIMHEHHOTO
npensiTcTBus, oorekaemoro ¢ orpeiBoM crpyii. JJAH CCCP, 298, No.3,
1988, c. 574 — 577.
2. 2. Maklakov D.V. Some remarks on the exact solution for an optimal
impermeable parachute problem. Journal of Computational and Applied
Mathematics, 166 (2) , 2004 , pp.591-596.

101



3. 3. Maklakov, D.V., Uglov, A.N., On the maximum drag of a curved
plate in flow with a wake, European Journal Appl. Math., 6 (5), 1995, pp.
517 - 527.

4.  Maklakov, Dmitri V. A note on the optimum profile of a sprayless
planing surface, J. Fluid Mech, 384, 1999, pp. 281-292 .

5. Maknakos /I.B., HenuHelinble 3aja4u TUIPOJIMHAMUKHA MOTEHLIHANb-

HBIX T€UEHUHN ¢ HEM3BECTHBIMU TrpaHuiiamMu. Mocksa: Aunyc-K, 1997, 280 p.
[ISBN 5-88929-033-9].

BUBBLES AND CAVITIES AS TOOLS FOR DRAG REDUCTION
Leonid I. Maltzev, Boris G. Novikov
Institute of Thermophysics SB RAS
1, Acad. Lavrentyev Av., 630090 Novosibirsk, Russia

One of the promising fields in application of cavitation flows for re-
duction of ship drag is formation of rather thin gaseous stratum (cavity)
under the bottom of barges and tankers. This requires that the shape of ship
bottom was in compliance with the interface shape (the surface of equal
pressure). The usage of a wedge (interceptor) as a cavitator is not efficient.
For low Froude numbers, the limiting length of the cavity behind the wedge
is much smaller than the ship length. The variant of several cavities along
the ship length decreases the method’s efficiency. We considered the op-
portunity to choose the shape of a cavitator that creates on a flat plate a thin
gaseous stratum with almost unlimited spread.

The alternative to cavitation is saturation of boundary layer with gas
bubbles. There exist several very different mechanisms for influence of
bubbly shroud on parameters of boundary layer. For a high rate of air feed
into the boundary layer, a formation of stagnation zone behind the porous
insertion is possible. But its length is long enough. At low and middle gas
flow rate into the gradientless boundary layer the key role belongs to con-
centration of bubbles in the near-wall layer y* =y -u /v <200 .
However, this near-wall layer of longitudinal vortices tends to press back
the bubbly shroud from the wetted surface. Therefore for the zero and posi-
tive pressure gradient the length of the bubble-saturated layer y* < 200 is
not high.

The more efficient way to control the characteristics of the bubbly
boundary layer through formation of the proper pressure gradient along the
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wetted surface. Under impact of a negative pressure gradient the bubbles
outstrip the surrounding liquid layers. Under impact of a positive pressure
gradient the bubbles move counter-stream. The Zhukovsky’s force, that cat
on bubbles moving in a shear layer, pushes those bubbles to the wetted sur-
face and increases here the velocity gradient. The positive gradient moves
the bubbles counter-flow, and the Zhukovsky’s force repulses them out

from the layer y © < 200 ; this reduces the velocity gradient in the depth

of a turbulent boundary layer. Here we see the problem of finding a body
shape with a given pressure distribution on the most of the length of the
contour sought.

IMY3bIPbKHU U KABEPHBI,
KAK CPEJACTBA JJis1 CHUXKEHUSA COIMTPOTUBJIEHUSA
Jleonug U. Masbuies, bopuc I'. HoBukos
Wuctutyt Temnoduszuxku CO PAH
1, mp. Axagemuka JlaBpentheBa, 630090 HorocuOupck, Poccust

OnHOM M3 MepCrneKTUBHBIX BO3MO)KHOCTEH MPAaKTHYECKOTO HCIOIb-
30BaHUsl KaBUTAIIMOHHBIX TEUEHUH JUIsl YMEHBIIEHHS CONMPOTHUBIIEHUS CY-
JIOB sIBJISETCS OOpa3oBaHUE CPABHUTEIBLHO TOHKOW Ta30BOM MPOCIOWKH
(KaBEpHBI) MO THUIIIEM Oap U TaHKEpOB. J[j1sl 3TOro HEOOXOIUMO, YTOOBI
¢opma JgHMINA CyIHA COOTBETCTBOBaja (hopMe CBOOOIHOH MOBEPXHOCTH
paznena (MOBEpXHOCTH MOCTOSHHOTO JaBieHus). Mcnonbp3oBaHue B Kade-
CTBE KaBUTAaTOpa KIMHA (MHTEPLENTOpa) MaJonpoAyKTUBHO. [lpn Mambix
yucnax Ppyna npenenbHas ATUHA KaBEpHBI 332 KIMHOM MHOTO MEHBIIIE
JUIMHBI cyaHa. Co3jaHue HECKOJIbKUX KaBEpH I0 JUIMHE CyJHa 3Ha4YUTeNb-
HO yMeHbIIaeT 3QQeKTUBHOCTL MeToAa. PaccMoTpeHa BO3MOXKHOCTH BBI-
0opa (GopMbl KaBUTATOpa, O0OECIEUMBAIOIICIO CO3JaHME HA TUIOCKOMW ILia-
CTHUHE CPaBHUTENBHO TOHKON Ia30BOM IIPOCIONKY ITPAKTUYECKU HEOIPAHMU-
YEHHOU MPOTSKEHHOCTH.

AnbpTepHaTHBONW KaBUTALlUM SBJIAETCS HACHIIMIEHHE IOTPaHUYHOTO
CJI0s My3bIpbKaMU. BBISBIEHO HECKOMBKO BO3MOXKHBIX CYIIECTBEHHO pas-
JUYAIOIIUXCS MEXaHU3MOB BO3JEHCTBHA MENEHBl My3bIPHKOB Ha XapaKTe-
PUCTHKH TOTPaHUYHOro cliosl. [Ipu mocTaTouHo OONBIIOH CKOPOCTH Moja-
Y B IMOTPAaHUYHBIA CJIOM BO3JyXa 3a MOPHUCTONW BCTABKOM BO3MOXHO (hop-
MUpPOBaHUE 3aCTONHHOIN obOmactr. OqHAKO ee JJIMHA CPAaBHUTENBHO HEBEIH-
ka. [Ipu maJioif 1 yMepeHHOW CKOpPOCTH IMOJauu raza B 0e3rpajueHTHBIH
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HOTPAHUYHBIA CIIOM ONPENENSIONIY0 POIb UIPAET KOHIIEHTPALHS My3bIPh-
KOB B IpHCTeHHOM cioe ¥y = y-u /v < 200 . Oxnako, OpHCTEHHBbIIT

CJIOM NPOAOIBHBIX BUXPEU CTPEMUTCS OTTECHUTb OT CMOYEHHOW IOBEPX-
HOCTH IEJIEHY IIy3bIPbKOB. [I03TOMY Ipy HYJIEBOM U IIOJIOKHUTEIIBHOM Ipa-
JUEHTE JaBJIEHUS IPOTSHKEHHOCTh HACBIIIEHHOTO IIy3BIPbKAMM  CIIOA

y* < 200 Bechbma orpannyeHa.

[pencraBnsercst Oonee 3PpPeKTUBHBIM yNpaBICHHE XapaKTEPUCTHU-
KaMM HacCBIIIEHHOTO MYy3bIphKaMU MOTPAaHUYHOTO CJI0S C MOMOIIBIO CO3/1a-
HUS HY)KHOTO TpaJiMeHTa JIaBJIeHUs BJOJIb CMOYEHHON MoBepxHOCTH. [lox
BO3/ICHICTBHEM OTPHUIATENLHOTO TPaJMeHTa JaBICHHUS ITy3bIPHKH OOTOHSIOT
OKpyxaromue ciaou kuaxkoctu. Cuibl JKyKoBCKOro, BO3AEHCTBYIOLIME Ha
JBUKYIIMECS B CIIBUTOBOM CJIO€ MY3BIPHKH, MPUKUMAIOT UX K CMOYEHHOM
IIOBEPXHOCTH, YBEIIMUUBAsI HA HEW TpaJueHT ckopocTh. Ilox Bo3nelicTBrEM
MOJIOKUTENBHOTO TPaJeHTa JaBJIEHHs My3bIPbKU JABHKYTCS IPOTUB Teue-
HUfA, TMOA Bo3AeWcTBHEM cuibl JKyKOBCKOrO BBITECHSIIOTCS U3  CJOA

vy <200 u yMeHbIIAIOT IPpaMeHT CKOPOCTH BO BCel Tomue TypOy-

JIEHTHOTO TIOTPaHUYHOTO CJ0s. 3/1eCh MBI CTaJIKMBaeMCs C 3ajadell ompe-
neneHust (OopMBI TeNa ¢ 3aJaHHBIM paclpeelieHreM JIaBJIeHus Ha Oonbliei
YaCTH JJTUHBI HCKOMOT'O KOHTYpa.

APPROACHED METHOD OF DESIGNING AIRFOIL
NEAR GROUND AT ANGLE OF ATTACK
Renat F. Mardanov
Chebotarev Research Institute of Mathematic and Mechanic,
Kazan State Uuniversity
17, Universitetskaya St., Kazan 420008, Tatarstan, Russia

It is known, what the solving of problem of aerodynamic design of
airfoil near ground even in the framework of model of ideal incompressible
fluid (IIF) has several the mathematical difficulties, main of them — double-
connectivity of flow area. Solution of this problem, based on the theory of
elliptic functions, has been presented in work [1]. Dummy plane-parallel
stream IIF under the ground is entered in consideration in work [2], due to
what flow area becomes simple connectivity but the function of complex
potential becomes piecewise analytic. At some values of initial parameters
in these methods difficulties during the numeric calculations appear. There-
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fore using of approached method [3] is expedient. It permits to make fast a
calculation with good accuracy. However designed airfoils have the lower
surface practically parallel to the ground and this is an essential restriction
of application of this method.

In the present work this method is generalized on a case of design
airfoil near ground at angle of attack. Lower surface of airfoil is assumed
plain and turned on given angle to ground. On an upper surface of airfoil
velocity distribution as function of parameter in canonical areas is given.
By consider of suction and blowing channels the given problem is reduced
to mixed boundary-value problem for analytical function in simple connec-
tivity area, namely to problem of aerodynamic design of symmetric airfoil
in unbounded flow with suction channel near nose of airfoil and with blow-
ing cannel in trailing edge. Flow area becomes simple-connectivity, but
two-sheeted. Numerically analytical solution of this problem has been
found and examples of airfoil have been calculated for different angles of
inclination of airfoil and different distances from trailing edge of airfoil to
ground. The comparison of velocity distribution as function of arc abscissa
obtained by approach method with velocity distribution obtained by exact
method [2] has been presented, and on its basis conclusions about adapta-
bility developed approach method has been made.

The work was supported by RFFI (the project No 02-01-00061) and
by NIOKR fund of Tatarstan Republic.
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NPUBJIWXEHHBIIA METO/I MPOEKTUPOBAHU S
I'maPOANHAMUYECKOI'O ITPO®UJIS
BBJIN3U DKPAHA IO YI'JIOM ATAKHA

Penar ®. Mapaanos
HUU marematuku u mexanuku uMm. H.I'. Ueborapesa
Kazanckoro rocyaapcTBeHHOr0 yHUBEpCUTETA
17 yn. Yuuepcurerckas, 420008 Kazaunb, TaTapcran, Poccus

Kak wm3BecTHO, mMpHW pelIeHUH 3allaud MPOEKTUPOBAHHS TPOQHIISL
KpblJla DKpaHOIJIaHA JaX€ B paMKaxX MOJENU WJI€aIbHOM HEC)KUMaeMOu
xuakoctu (MHXK) BcTpewaercs psn MateMaTHUeCKUX TPYAHOCTEH, OCHOB-
Hasl U3 KOTOPBIX — JBYCBS3HOCTh 00NAacTH TeueHus. Pemenne 3Toii 3a1aun,
omnuparolieecsl Ha KIACCUYECKHH anmapaT JUTUITHYeCKUX (DYHKIHH, MpH-
BezieHO B pabore [1]. B pabore [2] mox s3xpaHOM BBOAUTCS B PACCMOTPEHHE
(UKTHBHBIHN mIocKonapauensHbiii motok MHXK, 6naronaps yemy obmactsb
TEUEHHsI CTAHOBUTCS OJHOCBA3HOM, HO (PYHKIIMSI KOMILIEKCHOTO TIOTEHIHa-
JIa — KyCOYHO-aHaIUTHU4ECKON. [Ipy HEKOTOPBIX 3HAYEHUSAX MCXOJIHBIX IIa-
pPaMeTpoB B OTHX METOJaX BOHUKAIOT TPYAHOCTH MPH YMCIOBBIX pacyuerax,
MO3TOMY LIeIecO00pa3HbIM OKa3bIBAETCSl UCIIONB30BaHUE MPHOIMKEHHOTO
Meroja [3], KOTOphIi MO3BOJISET MPOBOAUTE MPOESKTHPOBOYHBIE PACUETHI C
HEOONBIIMMHM MAIIMHHBIMH 3aTpaTaMd M XOpomed To4HOCThio. OmHako
CYIIECTBEHHBIM OTpaHUYCHHEM PUMEHUMOCTH 3TOT'0 METO/Ia SIBIISIETCS TO,
YTO CHPOCKTUPOBAHHBIE MPOPHIN UMEIOT HIKHIOI TIOBEPXHOCTH MPAKTH-
YeCKH MapauIeNIbHYIO SKpaHy.

B HacTosmei pabote 3TOT MeToa 00001IeH Ha CiTy4yai MPOoeKTHpoBa-
HUSl KPBUIOBOTO Mpouist OMM3M 3KpaHa MoJ yriioM atakd. HiokHss mo-
BEPXHOCTH MPOQMIIS TOJlaraeTcsl IUIOCKOH, HAaKJIOHEHHOW IMOJ 3aJaHHBIM
YIJIOM K DKpaHy, a Ha BEpXHEH MOBEPXHOCTH 3aJaeTcsl paclpeieieHue
CKOPOCTH KaK (YHKIMS TapaMerpa BO BCIIOMOTaTenbHOH miockocTH. [1y-
TeM BBEJCHHUS KaHalloB 0TOOpa M BBIAYBa, 3a/1a4a CBOAUTCS K CMEIIaHHOH
o0paTHOI KpaeBoil 3afaue Ajisl aHAIUTHYECKOW (YHKIHMU B OJHOCBSI3HOM
o0nacTd, a UMEHHO, K 3ajJjade MPOEKTUPOBAHUS B HEOTPAHMUEHHOM ITOTOKE
CHMMETPHYHOT'0 KPBUIOBOTO MPOQHIsS ¢ KaHalioM oTOOpa B OKPECTHOCTH
nepenHel KpOMKH M ¢ KaHalloM BBIIyBa B 3ajHel kpoMke mpoduid. O6-
JIacTh TeUeHHs B (PU3MYECKOW MIOCKOCTH CTAHOBHUTCS MPH 3TOM OJIHOCBS3-
HOMH, HO ABYJIUCTHOM. [IpoBEAEHO YNCIEHHO-aHATUTUYECKOE PEIIEHUE 3TON
3a7a4i ¥ TIPUBEICHBI IPUMEPHI YHCIOBBIX PACUETOB JJISl Pa3IMUHBIX YTIIOB
HAKJIOHA MPOQUIIS M Pa3InYHbIX OTCTOSHUHN €ro 3aJJHe KPOMKH OT SKpaHa.
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JlaHo cpaBHEHUE pacHpee/ieHUs] CKOPOCTH Kak (PyHKIMK JyroBoi adciuc-
CBbl, TMOMYYEHHOTO NP PEIICHNU 3aJa4d MPUOIKEHHBIM METO/IOM, C pac-
MpeaeIeHueM CKOPOCTH, MOMyYeHHBIM TOYHBIM METOJIOM [2], 1 Ha OCHOBE
3TOTO CJIEJIaHBI BBIBOJIBI O MPUMEHUMOCTH MPEIIOKEHHOTO TPUOIIKEHHO-
ro METoJa.

Pabota BrimonHeHa npu ¢puHaHCOBOU mogaep:kke PODU (mpoekt Ne
02-01-00061) u ponna HUOKP Pecriy6nmuku Tatapcras.
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THE MOTION OF VISCOUS FLUID CONTAINING
A PERIODIC LATTICE
Sergey 1. Martynov, Alexey O. Syromyasov
Mordovian State University
68 Bolshevistskaya str., 430000 Saransk, Russia

The shear flow of viscous fluid containing infinite cubic lattice of
rigid spheres is considered. It is supposed that no external forces or torques
exert upon the lattice. The velocity and the pressure are

u, = C X P = P+ p' , where v; and p " are disturbances caused by the

presence of the lattice. The linear by x component of velocity and constant
summand P are presumed to be known. The method proposed in [1] is
modified to find the disturbances. Basing upon [2] special functions are
constructed. These functions are periodic by all 3 arguments and satisfy the
Stokes equation. The general form of the disturbances of velocity and pres-
sure is proposed. Basing upon it the form of the incompressibility condition
is obtained. The computer program written in Mathematica package helps
to find tensors, describing the behavior of the fluid. It is shown that in the
absence of the external torque spheres in the lattice don’t rotate relatively to
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the fluid. The obtained result confirms that of Nunan and Keller [3]. It is
found that the behavior of spheres in the lattice differs from the behavior of
two hydrodynamically interacting spheres, which rotate relatively to the
fluid even in the absence of the external torque [1].
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TEYEHHUE BSI3KOM ’KUJAKOCTHU C MEPUOJTUYECKON
PEIIETKOM YACTHI]
Cepreii U. MapTtbiHoB, Ajekceil O. CbipoMsicoB
Mopa0oBCKUN rOCYAApCTBEHHBIN YHUBEPCUTET
68, yn. bonpmesuctckast, 430000 Capanck, Poccust

PaccmartpuBaercsi cBUTOBOM MOTOK BSI3KOW JKHAKOCTH ¢ OecKOHeu-
HOW KyOMuYecKoW pemieTkoi cdep, Ha KOTOpYIO HE ACHCTBYIOT BHEIIHHE
Cibl M MOMeHThl. CKOpOCTh M  JaBlieHHME WUIyTCs B  BUJE:

u, = Cl.].xj s P= P+ p', rae v; 1 p’ — BO3MYLICHUS, 00yCIOBIEHHBIC

MPHUCYTCTBHEM PEIIETKH, JTMHEWHasi 110 X KOMIOHEHTa CKOPOCTH M TOCTO-
SIHHasI COCTaBIISIOINAs JAaBJICHUSI CUMTAIOTCS M3BeCTHBIMH. [lJisi ompenere-
HUS BOBMYLIEHUH MOANPUIUPYETCs METO/, U3N0KeHHBIH B [1]. Criocobom,
OIMCAHHBIM B [2], TIOCTPOCHBI CIieIUaIbHbIC (DYHKIUH, SBIISIOUIMECS TIc-
PHOAWYECKUMH TI0 TPEM TEPEMEHHBIM M YAOBIETBOPSIONINE YPaBHEHHIO
Crokca. Yka3aH HauOosiee OOIIMi BH]T BOSMYIICHUSI CKOPDOCTH U JIaBJICHUSI.
Hcxons 3 3TOr0 Moiay4eH BHJ YCIOBUS HECKMMAEMOCTH JJIsl JaHHOTO TH-
na noTtoka. B cucreme Mathematica Hanrcana mporpamma, O3BOJISIOIIAS
MOJICTAHOBKOH B YCJIOBUSI HA TIOBEPXHOCTH C(ephl, LIEHTP KOTOPOH HaXo-
IUTCS B Hayalle KOOPJIUHAT, HAUTH COOTHOILEHHS MEXAYy KOMIIOHEHTaMHU
TEH30pOB, OMUCHIBAIOIINX BO3MYIICHHUE MOJIS CKOPOCTH U AaBieHus. Mcxo-
Tsl B3 3TUX COOTHOIICHHH, YCTaHOBJIEHA CTPYKTYpa JaHHBIX TeH30poB. [1o-
Ka3aHo, YTO B OTCYTCTBHE BHEIIHEr0 MOMEHTa YaCTHIIbI HE BPallaroTcs
OTHOCHUTENBHO JKUIKOCTH. Te€M CaMblM YCTaHOBIIEHO KayeCTBEHHOE OTJIU-
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4re OT ciiydasl ABYX TMJIPOAWHAMHYECKH B3aMMOJCHCTBYIOIIHMX cdep, KO-
TOpBIE€ BPAIIAIOTCAd OTHOCUTENHHO KHUJIKOCTH B OTCYTCTBHE BHEIIHETO MO-
MeHTa [1] 1 TOATBEpKAEHBI Pe3yIbTaThl, MOTyYeHHbIE B [3].
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MATHEMATICAL MODELLING OF WATER ENTRY
OF A WEDGE WITH FINITE FROUDE NUMBER
Oleksandr M. Mayboroda
Kyiv State Maritime Academy, 9, Frunse St., 04071 Kyiv, Ukraine

The present paper is devoted to mathematical modeling of water en-
try. The task is considered in common non-stationary nonlinear setting.
Unlike the well-know approaches more common formulation of the prob-
lem is provided here, taking into account the following:

— arbitrary law of motion, body shape and deformation motion;

— spray-roots effect and finite perturbations of free fluid surface;

— initial fluid velocity and free surface shape perturbation;

— gravity effect.

Wetted surface of bottom and free fluid surface are represented by
vortex sheets. The fluid perturbed motion velocity was described by means
of integral in Cauchy form and singular-integral equation for bottom vortex
density is constructed. The mathematical model of ship waves was con-
structed in order to determine the free surface vortex density.

The computational program utilizing the method of discrete vortices
is developed. In order to test the mathematical model the numerical realiza-
tion for immersion of wedges (as typical sections of ships hulls) ) was ap-
plied. The summary and distributed loads as well as the laws of motions for
the wedges of infinite and finite mass are obtained and compared with
known experimental results.
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MATEMATHUYECKOE MOJEJIUPOBAHUE BXOJA B BOAY
KJIMHA ITPU KOHEYHBIX YUCJIAX ®PY A
Aunexcanap H. Maiidopona
Kuesckas rocynapcTBeHHasi akaJgeMusi BOAHOTO TPaHCIIOpTa
yi. ®pynze 9, 04071 Kues, Ykpauna

PaboTa mocpsimeHa MaTeMaTHYECKOMY MOJEIHPOBAHUIO IpoIlecca
BXOJIa B BOJy TBEP/IOTO Tena. 3ajaya pacCMaTpHUBAETCsl B HECTAILIMOHAPHOM
HEJIMHEWHOW TOCTaHOBKE. B OTiIMUME OT M3BECTHBIX MOAXOAOB Ipejara-
ercs Oosiee o0mas GopMyITMPOBKA 3a/lauu, YIUTHIBAIOIIAS:

— TPOM3BOJBHBINA 3aKOH JBM)KEHHS Tela, B TOM 4ucie aedopMalim-
OHHOE JIBUKEHUE;

— BIHsAHUE OPBI3TOBOM CTPYHM M KOHEUHBIE BO3MYILIEHHUs CBOOOIHOM
MTOBEPXHOCTH JKUIKOCTH;

— HaJlM4ue Ha4allbHOTO JBMXKEHUS M (OPMBI CBOOOTHON MOBEPXHO-
CTH JKUJKOCTH;

— BECOMOCTb KHJIKOCTH.

CMoueHHasi TOBEPXHOCTh Tella M BO3MYIIEHHAsI CBOOOAHAS TpaHUIIA
XKHUAKOCTH TIPEICTABISAIOTCS BUXPEBBIMHU clI0AMU. CKOPOCTh BO3MYIIEHHO-
r'o ABM)KEHUS KMJIKOCTH OIMUCBIBAaeTCs MHTerpaioM tuna Ko u crpoutcs
CHUHTYJIIpHOE UHTETpaIbHOE YpaBHEHUE Ul OIpeeeHus IJIOTHOCTH BUX-
pEBOrO CI0si CMOYEHHOW MOBEPXHOCTH Tena. JJid onpeneneHus mioTHOCTH
BHUXPEBOT0 CJI0S CBOOOJHBIX T'paHUIl MpeiJiaraercs mMaTeMaTHyeckas Mo-
JIeITb KOpaOebHBIX BOJIH.

UucneHHast peanu3alis MaTeMaTHYeCKOH MOJENM BBIMOIHSIETCS C
HCIIOJIB30BAaHUEM METOAA JUCKPETHBIX BUXpel. B nopsnke TecTupoBaHus
MOJIENI paccCMaTpUBAETCS YHCIEHHOE MOIETIPOBaHHE MOTPYKEHUS KITUHb-
B, KaK THIIMYHBIX 00pa30BaHUIl CyJOBBIX KOpIycoB. Pe3ynbTathl pacuéra
CYMMAapHBIX U pacHpeAeNeHHBIX Harpy3oK, a TakXKe 3aKOHOB JBHIKEHUS
KIMHbEB OECKOHEUYHOHW M KOHEYHOW MAacChl CPaBHUBAIOTCS C M3BECTHBIMHU
9KCIEPUMEHTAIbHBIMU TAaHHBIMHU.
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THE BOUNDARY CONDITIONS FOR THE STREAM
FUNCTION-VORTICITY NAVIER-STOKES EQUATIONS
Alexander B. Mazo
Institute of Mechanics and Engineering
of Kazan Science Center of Russian Academy of Sciences,

2/31, Lobachevsky str., 420111 Kazan, Russia

A solution of the boundary conditions statement for stream function-
vorticity Navier-Stokes equations was suggested in the case of laminar in-
compressible viscous flow. The universal formulations for the desired
boundary functions, independent on spatial discretization method, were
obtained. Values of the stream function on the walls are defined by means
of the set of the intermediary harmonic functions. These functions are solu-
tions of the ordinary equitype problems, they defined only by the computed
area geometry, and so calculated once.

The boundary value problem for the vorticity distribution along the
flowed profile was formulated. Standard approaches of finite-differences or
finite element discretization for this problem lead to the vorticity Dirichlet
boundary statements with order of accuracy the same approximation order
for basic equations.

Application these methods to the boundary conditions statement do
not increase computational burden but at once they expand much the class
of problems which may be solved in the frame of the stream function-
vorticity Navier-Stokes model.

T'PAHUYHBIE YCJIOBUA J1JIs1 YPABHEHUI
HABBE-CTOKCA B IEPEMEHHbBIX ®YHKIUA
TOKA - 3ABUXPEHHOCTbD
Aunexkcanap b. Ma3zo
I/IHCTI/ITyT MCXaHHUKU U MAIIMHOCTPOCHU A
Kazanckoro nayanoro 1entpa Poccuiickoit akageMuu HayK
2/31, yn. JlobaueBckoro, 420111 Kazaus, Poccus

[peanoxeno pemenne npoOIeMbl TOCTAHOBKH T'PAHUYHBIX YCIIO-
BUl g ypaBHeHunit HaBbe-CTokca B TiepeMEeHHBIX ()YHKIHS TOKa-BHXPb
MPH MOJICIIMPOBAHUH HECTAIIMOHAPHOTO HECHMMETPUYHOTO OOTEKaHHUs Tel
JJAMHHApPHBIM ITOTOKOM HEC)KMMAEMOW BA3KOM kuAkocTH. IlomydeHsl He
3aBHCAIIME OT crocoba MPOCTPAHCTBEHHOW IUCKPETU3AlMH YpaBHEHHH
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YHUBEpCAIbHBIE COOTHOIICHHS, ONPEEIIAIONIMEe 3HAYCHUSI HCKOMBIX (DyHK-
Ui Ha 00TeKaeMbIX TTOBEPXHOCTSIX.

3HauyeHus1 PYHKIWU TOKA HA KOHTYpax OMpeJeNsiercs yepe3 CUCTEMY
BCIIOMOTaTeNbHBIX TapMoHHYeckux (yHkumidt. Camu 3T QyHKIMU SBIIS-
FOTCS PELIEHUEM MPOCTBIX OJHOTHUIIHBIX 3aJa4, OIPENEISAIOTC TOIbKO Ieo-
MeTpHel pacueTHOIH 001acTH ¥ TOATOMY BBIYHCIISIOTCS OAMH Pas.

CdopmynupoBaHa 3aiaya, penieHHe KOTOPOH JaeT pacmpeleneHue
3aBHXPEHHOCTH 10 00TekaeMoMy KOHTYpy. CTaHIapTHbBIE MPOLEAYPHI KO-
HEYHO-PA3HOCTHON WM KOHEYHOZJIEMEHTHOW IUCKPETU3alMy 3TOW 3aJa4u
NPHUBOAAT K (OpMyJiaM TPpaHUYHBIX yCIoBHi Jupuxie s BUXPS TOTO Ke
MopsKa TOYHOCTH, YTO U MPH allPOKCUMAIIUN OCHOBHBIX YpaBHEHUH.

[IpumeHeHue TaHHBIX MOAXOJO0B K MMOCTAHOBKE I'PAaHUYHBIX YCIIOBUH
IIPAKTHYECKU HE YBEIUYMBAET BHIYMCIIUTENbHBIEC 3aTPATHI, OJHAKO CYILECT-
BEHHO pacHIMpsieT KJacc 3a/1a4, KOTOPbIe MOTYT OBITH pElIeHbl B pamKax
Mmozenu HaBbe-CTokca B IepeMeHHBIX (PYHKIHS TOKa-BUXPb.

KOPPEJSIMUMOHHBIE ®YHKIIUU T'NIPOANHAMUYECKHUX
®JIYKTYAIIU B AHU3OTPOITHBIX ) KUIKOCTSX BBIIIE
MHOPOI'A TEPMOKOHBEKIIHN
Hanas I'. Murpanos
bamkupckuil rocyJapCTBEHHBIN I1eJaroru4eCKuil yHUBEPCUTET
3-A, yn. Okrsa0pbckoii Pepomroruu, 450000 Y da, Poccus

I'uaponnnamuveckne Gaykryanun BOIM3W TOUKH OMpypKalUH To-
PHU30OHTAIILHOTO CJI0S1 OOBIYHOM JKUIKOCTH, HATPEBAEMOTO CHHU3Y, paccMaT-
puBanuch panee B padore ['pama[1]. Mbl paccmaTpuBaeM 3ajiauy, CBs3aH-
HYIO C aHM30TPOITHOM KUJKOCTBIO, JJI ONMUCAHUSA KOTOPOW BBOJIMUTCS €IH-
HUYHBIA BEKTOP N, KOTOPBIN MpeCcTaBisieT coOO0H ycpelHEHHOe HalmpaBiie-
HUE JUIMHHBIX OCEH OpraHMYeCKUX MOJIEKYJ, COCTaBJISIONIMX 3Ty aHU30-
TPOIHYIO KHJIKOCTh. B nmaHHOW paboTe MBI paccMaTpuUBacM IUIAHAPHYIO
OPUCHTAIIUIO BhIICYIIOMSAHYTBIX MOJICKYJ KOIr'Jia MOJICKYJIBI JICKAT B I1JIOC-
KOCTH TapaJUIeNbHOW TUIACTHHAM, OTPAaHMYUBAIOIIUM CIIOW JKHIKOCTH U
HMEIOT TPEUMYIIECTBEHHOEe HampasieHue BAoib ocu OX. Tunuuneim
MNpeACTaBUTCIICM TaKHUX )KHI[KOCTGﬁ SABJIAIOTCA KHUJIKNE KPHUCTAJIIBI. He-
CMOTpsSI Ha pa3HOOOpa3me >KUIKUX KPHUCTAJUIOB: HEMAaTHYECKUX, XOJlecTe-
PUUYCCKHUX U CMCKTUYECKUX BCC OHM BO BHCIIHUX ITOJIIX BBIIIEC MMOPOTrOBBIX
00pa3yroT AMCCUIIATUBHBIX CTPYKTYpHl. Bo3pacratommii MHTEpec K aHU30-
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TPOMHBIM KHJIKOCTSIM CBSI3aH C ycIexaMH Mo OOHapy)KeHHE OrpOMHOI0
pa3HooOpasusi HOBBIX A (EKTOB B KUAKHX KpHCTaJIaX. Takol mporpecc B
Oonplleil CTEleHN MPOW3OIIEN BCIEJCTBUE MOSABICHUS KH3HECIIOCOOHOM
MaKPOCKOITUYECKONH TEOPHH W HEOOXOAMMOCTBIO pa3paboTOK TEXHUYECKUX
npuOOpoB. 3amyTaHHOE MEXaHHKO-TEIJIOBOE B3aWMOJEHCTBHE MEXKAY MO-
TOKaMHM, TEMIIEPATYPON U OpPUEHTALUEN OCH AHW3OTPOIHUU B KUJIKUX KpU-
cTaJUlaX MPUBOIUT K BO3MOXHOCTH TOsIBJICHUS 3((eKToB, HE HaOIo1ac-
MBIX B OOBIYHOMW JKUAKOCTH. Kak pe3yiapTaT BOZMOXKHBI MOSBJICHHS THIPO-
JUHAMMYECKMX HEYCTOMYMBOCTH W TPU HarpeBe >KUAKUX KPHCTAIOB
CBEpXY Hapsaly ¢ TpaAULMOHHON 3anauei benapa, korna HarpeB UJET CHU-
3y. bornee Toro Bo3MOXkHBI KoJneOaTeabHbIE KOHBEKTUBHBIE HEYCTOHYHBO-
CTH ¢ 0OpaTHBIMH OM(YpPKalMOHHBIMH M THUCTEPE3UCHBIMH 3 ¢dexTamu. B
pabore MBI TpennoiaraeM, YTO KOHBEKIHMsS 00pa3yeTcsl BUJIE JIBYMEPHBIX
poiutoB. [IMpekTop n, ONKCHIBAIOIIMK aHU30TPOMMIO KUAKOCTH B HaIleH
npobieMe paccMaTpuBaeTcsl Kak IOMHONpPaBHAs IEpeMEeHHas Hapsagy ¢
JIPYTrUMH THIPOIUHAMHYECKUMH TepeMeHHBIMH. BcrnoMHuM, 4TO BOMM3H
nopora HecTaOWJIBHOCTH THApOJMHAMUKa (B mpuOmmkeHnn becceHecka)
3HAYUTENBHO YIIPOIIAETCS MOABIEHHEM MEMJIEHHO H3MEHSIoUecs KOoM-
TUIEKCHOH aMIUTUTYABI W, Ybe aOCOIIOTHOE 3HaueHne W (a3a OMHCHIBAIOT
WHTCHCHBHOCTh M TOJIOKEHHE KOHBEKTUBHBIX poiioB. O0o00mias mpensi-
IOyIIMe HcciaenoBaHus, cuenanubie ['pamoM B [1] misi OOBIYHBIX KHJIKO-
CTeW, W pa3BUBas €ro WMJEH Jajbllle, KaK HallpuMep AJS 3JIEKTPUYECKUX
nojel [2], HaMu OBUIO TONYy4YEHO MPHUOIMKEHHOE YpaBHEHWE JBHKEHUS
Me/IJIeHHON aMIUTUTY/AbI 00pa3iia HEeMaTHYecKOoro XKHUIKOro kpucraiia. Ho-
BBIM B HalleM aHaln3e ObII0 BKIIOYECHHE B aHHM30TPOITHYIO KHAKOCTh
(IIYKTYallMOHHBIX YJIEHOB, KOTOPBIE MPUBOIAT K UHACTEPMHUHUPOBAHHOMY
ypaBHeHuto JlamxkeBena. [Ipeamonaraercsi, 4to (IyKTyaluu yJIOBJIETBO-
PSIOT IPUHIMITY AeTaibHO paBHOBecHs. CooTBeTcTBeHHO BBOAUTC O600-
mennbiil Tepmoauaamuueckuit [lorennuan (OTII) unu apyroe Ha3BaHuE —
¢ynkunonan Jlsmynoa. OTII sBnsiercst pyHKIOHATIOM MEIJIEHHOH am-
IUTUTY/ABI W, KOTOpasi UrpaeT poib rapamerpa mnopsijika nepexona. Jlaercs
JanbHelIas OleHKa THAPOJMHAMUYECKUX (pIykTyanuii 1uis Oe3rpaHuYHO-
ro B iockoctd XOY ciios HemaTHka BOJIM3K Touku beHapa ¢ ncnosnb3oBa-
Huem OTII mpu cooTBercTByOmMX NpuOImKeHusx. st ctporo nBymep-
HBIX [TOTOKOB (KOT'/1a OTCYTCTBYET 3aBUCUMOCTb OT OJJHOW M3 TOPHU30HTAIIb-
HBIX TEepPEeMEHHBIX) U I CTAllMOHAPHBIX COCTOSIHMM YJaeTcsl paccuuTaTh
KOTEpEHTHBIE JUIMHBI BO3MYIICHUH, CBSI3aHHBIX ¢ (IyKTyalusMu, 0e3 Ka-
KHUX-TH00 TOTIOTHUTENBHBIX YIPOUIeHHH. MBI HCIIOJIb30BAIN KBa3UIIMHEH-
HYIO allllPOKCUMAIUIO AJIsl ONMCAHUS AMHAMHYECKUX CBOMCTB (OBLIH oIpe-
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JIeTICHbl KOTePEHTHBIE BPEMEHA) CHUCTEMBbI M TPEXMEPHBIX (DIyKTyallHid.
Bruo nmokazano, 4To OOJbIINE U JONTOXKUBYIIKE (PIYKTyallud KOMIIOHEHT
JTUPEKTOpa, CKOPOCTEN MOTOKAa M TeMIIepaTypbl MOSABISAIOTCS MPH OIpere-
JICHHBIX 3HAYEHUSX KPUTUYECKOTO BOJHOBOT'O YHCNA BOJIU3M KOHBEKTHB-
HOHI HEYCTOWYUBOCTH.
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NUMERICAL SIMULATION OF VISCOSITY SEPARATED FLOW
PAST A ROTATING CIRCULAR CYLINDER
Irina V. Morenko, Alexander B. Mazo
Institute of Mechanics and Engineering Kazan Science Center

Russian Academy of Sciences,
2/31, Lobachevsky str., 420111 Kazan, Russia

The viscosity incompressible fluid flow past a circular cylinder with
the rotational degree of freedom is calculated by means of the unsteady
stream function-vorticity-pressure Navier-Stokes equations. The flow field,
drag and lift coefficients in dependence on both Reynolds number and cyl-
inder rotating rate are evaluated by the finite-element method.

The Reynolds number is varied in the range from 70 to 150, when
the Karman vortex street is formed in the wake past a cylinder and the two-
dimensional model is adequate to this type of fluid flow. The numerical
algorithm testing showed good accordance with experiment and numerical
data obtained by other researchers.

Following flow regimes were studied: steady cylinder; given speed
rotating; interaction between the flow and unsubstantial or inertial rotating
cylinder.

The values of Strouhal number, drag and lift coefficients, amplitude
of the tangential stress, rotating speed in dependence on Reynolds number
were obtained. The suppression of periodic vortex shedding with cylinder
rotating were studied in the numerical simulation.
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YUCJEHHOE MOJAEJIMPOBAHUE BA3KOI'O OTPBIBHOT'O
OBTEKAHUS BPAITAIOIIEI'OCS KPYT'OBOI'O HUJIMHAPA
Hpuna B. Mopenko, Ainekcanap b. Mazo
WNHCTUTYT MEXaHUKH M MalIMHOCTpoeHus: Ka3aHckoro Hay4Horo neHTpa
Pocculickoit akaneMuu Hayk
2/31, yn. Jlobauesckoro, 420111 r. Kazaus, Poccus

JU1st onucaHusl IBUXKEHMS BSI3KOM HEC)KUMAEMOM >KMJIKOCTU BOKPYT
KPYTr'OBOI'O IIMJIMHJIPA C BPalaTebHON CTENEeHbI0 CBOOOIBI MCIIONB3YIOTCS
HecTaloHapHble ypaBHeHUs1 HaBbe-CTokca B IepeMEeHHBIX (DYHKIUS TOKa
— BUXpb — JaBiieHHMe. MeTOo/l0oM KOHEUHBIX 3JIEMEHTOB pPacCUUTHIBAETCS
KapTHHA TeYeHUs, KO3()PUIMEHTI COMPOTHBIEHHUS W TOABEMHOH CHJIBI B
3aBHCHUMOCTH OT uncia PeliHob/Ica U CKOPOCTH BpallleHUs! HAIMHIpA.

UYucno PeltHonbaca BappupoBanoch B nruanasone ot 70 go 150, korga
B clefie 3a NWIMHAPOM (hopMupyeTcs BUXpeBas qopoxkka Kapmana, a nBu-
YKEHHE JKUJKOCTH KOPPEKTHO OMHCHIBAeTCs JABYMEpHOI Mojenbo. Tectu-
pOBaHME YHCIEHHOTO aJroprUTMa MOoKa3alo XOpollee corjacue ¢ UMEou-
MUCS SKCIIEPUMEHTAIBHBIMU M pACUETHBIMH JTaHHBIMU IPYTHX aBTOPOB.

HccnenoBanbl pa3inyHble PeXUMbI OOTEKaHHs: HEMOABHKHBIN IIU-
JUHAP; BpallleHHe C 3aJJaHHON CKOPOCThIO; B3aMMOJEHCTBUE MTOTOKA C He-
BECOMBIM U MHEPIMOHHBIM LWIHHIPOM, UMEIOIIUM BpallaTelbHYIO CTere-
HBIO CBOOOJIBL.

[Monmyuens! 3aBucumoct yucia Ctpyxans, ko3(hOUIMEHTOB COmpo-
TUBJICHUS], aMIUIUTYJbl KacaTelbHBIX HANpPsKEHWH, YIJIOBOM CKOPOCTH
BpallleHus oT uuciia PeitHonbaca. 1IpoBeneHo YHCIIEHHOE MOJIETMPOBaHUE
MOJIaBJICHNS MTEPUOINYECKOT0 CPhIBA BUXPEH NMPH BpalleHUH.

LONG CAVITIES IN COMPRESSIBLE LIQUID AND PROBLEM
OF DRAG REDUCTION
Thor Nesteruk
Institute of Hydromechanics, NASU, Kyiv, Ukraine

2D and axisymmetric flows with slender cavities in compressible
homogeneous liquids at large Reynolds numbers are investigated with the
use of the linear and non-linear theories. The paper consists of 4 Sections:

1.Possible shapes of slender steady axisymmetric cavities in ideal
imponderable fluid are analyzed by means of the first approximation equa-
tion [1]
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R’ =

+2Px +1, (1)
2lng
where B is the derivative of the radius at the cavity origin point x=0, ¢ is

the thickness parameter( for example, for the conical cavitator e =) . Eq.

(1) is the same for both subsonic and supersonic flows [2]. It was shown
that cavities can be not only elliptic but also hyperbolic. The corresponding
regions of cavitation number ¢ are found, see also [3]. The most interest-
ing are concave cavities, which need no closing rigid body. An example
was calculated in [3] with the use of non-linear approach [4], see Fig. 1.
The examples of concave axisymmetric cavities for the case of partial cavi-
tation are calculated, see [5] and Fig. 2.

2. Peculiarities of 2D supersonic flows with free boundaries
are investigated with the use of the Ackeret theory, see [6]. It was
shown that slender plane cavity is almost straight (in comparison with
the convex shapes in the subsonic case). The shape of the supersonic
cavitator must be conformed to the cavitation number. The relation-
ships between the cone angle and the Mach number at different values
of the cavitation number are calculated, which ensure a subsonic super-
cavitating flow. Other values of parameters can cause the cavitation in-
side the liquid. The lift and pressure drag forces of cavitating cone
wing are estimated. This wing can ensure better hydrodynamic effi-
ciency in comparison with the traditional unseparated profiles.

If an underwater device is covered by the cavity shown in Fig.1 and its sec-
ond part (x>0) is close to the cavity shape, its pressure drag have to be
near to zero (due to Dalambert paradox). Only the friction in the boundary-
layer determines the body drag.

R B=0.1,%,=15, R, =3.8 R.Cp

- — body shape 1
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- — ©6=0.212 R(x). cavity
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Fig.1 Axisymmetric cavitator Fig 2. Partial cavities after a

(x<0) and cavity (x>0). Shape and cone (located at x<0) with B=0.1
pressure distribution. for different cavitation numbers.
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3.This fact differs this device from bodies located in cavities after a
disk or a cone, which have a significant pressure drag. The comparison of
the volumetric pressure drag of these standard supercavitating bodies (lo-
cated in cavities after a disk or a cone) with the volumetric friction drag of
shapes without separation and cavitation (see [3,7,8]) shows that unsepa-
rated shapes are preferable for the volumetric Reynolds number

Re, > 107 For example, with ¥ =0.5m’, U, =100m/s the value

of Re, is 6.1-10" (v=1.3- 10°m* /s ). Therefore, in this case a

disk or a conical cavitator cannot cover a body of small volumetric drag (in
comparison with the shape without separation and cavitation).

Nevertheless, the advantage of cavitation can be used with bodies
shown in Fig.1, since they have near to zero pressure drag (such as unsepa-
rated shapes), but their friction drag is smaller (in comparison with the un-
separated shapes) due to the smaller area of contact with the water. To es-
timate the values of this advantage, thefollowing formulae can be used for
the laminar boundary- layer, [7]:

4.708 |V,
CdV = \/ﬁ 7b (2)
0.073 V.7
and for the turbulent one: C w =T 3)
ReV% V &

where ¥, is the volume of the part wetted by water (in Fig.1 this part is lo-
cated at x < 0).

For example, for body shown in Fig. 1 (Vb =2.6- 1074,
V=55-10" ), €q. (2) gives the drag diminishing of 31% (in compari-
son with the unseparated flow pattern Vb =V"). For the pure turbulent
boundary-layer (eq. (3)) the advantage is 47%. Eq. (3) yields the estimation
CdV ~5-10™ for the body shown in Fig.1. This value is 14 times less
than the volumetric drag of the underwater apparatus “Dolphin” measured
at Re, =8.5-10°(see [9]). The diminishing ¥, /¥ leads to the drag

reduction. Nevertheless, short cavitators have more deep pressure minimum
at their surface. This fact can cause separation (and cavitation) upstream to
the point x =0 and another flow pattern with a large pressure drag.
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4.The investigation of separation behavior is very important not only
for the configuration shown in Fig.1. The unseparated flow pattern dimin-
ishes the total drag of vehicles moving both in liquid and in gas. The flow
without separation can be achieved with the use of a special pressure distri-
bution on the surface. The results of theoretical investigations and wind
tunnel tests, presented in [10-13], are reviewed. Progress in design of the
axisymmetric unseparated shapes aroused interest in appropriate 2D forms.
Symmetric profiles similar to the axisymmetric bodies have been obtained
in [14] with the use of the exact solution for an inviscid incompressible
fluid.

The unseparated flow patterns can prevent the cavitation inception
too, [12,15]. The investigation presented in [15] seems to be a pure experi-
ment proving the fact that separation is the main reason of cavitation.
Therefore, the shapes with a special pressure distribution can prevent both
separation and cavitation. Tests a water tunnel have to be carried out to in-
vestigate the cavitation inception characteristics and to prove the existence
of the unseparated flow pattern at higher Reynolds numbers. The next stage
could be the experimental investigation of presented hydrofoils in radial
pumps.
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NANOSCALE BUBBLE THERMONUCLEAR FUSION
IN ACOUSTICALLY CAVITATED DEUTORATED LIQUID
Robert I. Nigmatulin
Ufa Scientific Center of RAS , Ufa, Russia
6, K. Marx Street, 450077 Ufa, Russia

It has been experimentally shown (Taleyarkhan, West, Cho, Lahey,
Nigmatulin, Block, 2002, 2004) that neutron emission and tritium forma-
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tion may occur in deuterated acetone under acoustic cavitation conditions.
This suggests ultrahigh compression of matter produced inside bubbles dur-
ing their collapse. Systematic research is being carried out on vapor bubble
implosion in intense acoustic fields in D-acetone and D-benzol to give the
observed effect theoretical confirmation and explanation. The dynamics of
bubbles formed during maximum rarefaction in the liquid is numerically
studied on the basis of the developed models of a single bubble and bubble
clusters. It is supposed that during their growth the bubbles coagulate and
form one bigger bubble, which then collapses under the action of additional
pressure pulses produced in the liquid through the intensification of acous-
tic waves within the cluster. A shock wave is shown to be formed inside the
bubble during the latter’s rapid contraction. Focusing of this shock wave in
the bubble center results in violent increases in density (10* kgm®), pressure
(10"°-10" bar) and temperature 10°-10° K), high enough to produce nuclear
fusion reactions. The diameter of the neutron emission zone is about 100
nm. The highest neutron emission is recorded at about 10 nm from the bub-
ble center. The number of neutrons emitted during the implosion of a single
bubble is 0.1-10 neutrons per implosive collapse. It is found out that the
intensity of bubble implosion and the number of neutron emitted increase
with variations in nucleation phase, positive half-wave amplitude, liquid
temperature and also with the involvement of coagulation mechanisms
within the cluster during the bubble simultaneous growth.

TEPMOSIEPHBIA CUHTE3 B CXJIOIBIBAIOIIMUXCS
KABUTAIIMOHHBIX ITAPOBBIX ITY3bBIPBKAX
Pobept U. Hurmarynun
Huctutytr Mexanuku Y dpumckoro Hayynoro neHrpa PAH
6, yi. K. Mapkca, 450 000 Ya, Poccus

B Oyk-Pumxckoit Hanmonanenoii (saepuoit) Jlaboparopuu (TenHue-
cu, CIIHA) mo mpeioKeHnI0 aBTopa JaHHOTO JIOKJIa/la ObUTH TPOBEICHBI
3KCIIEPUMEHTHI C YIbTPA3BYKOBOM aKyCTUYECKOW KaBUTALMEH JEHTEpUPO-
BaHHOTO alleToHa ¢ 00pa3oBaHUEM Iy3bIPHKOBOTO KilacTepa. Yacrora yibT-
pasByka (o = 2mx20 Kriu) cooTBeTcTBOBasla aKyCTHYECKOMY DPE30HAHCY
HWIMHAPUYECKOTO cocyna (auamerp D = 65 MM) ¢ )KHUAKOCTBIO. B MoMmeH-
ThI TIEPHOANYECKOTO CXKATHsI My3bIPHKOBOTO KiacTepa 3aUKCHpPOBaHBI CO-
HOJIIOMHHECIICHTHBIE BCIBIIIKH CBETa W M3IyYeHHE OBICTPBIX HEUTPOHOB
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(2,5 M3B) ¢ unTeHcHBHOCTEIO ~ (4 — 7) x 10° ¢!, TIpumepHO ¢ Takoii xe
WHTCHCUBHOCTBIO 3a()MKCUPOBAHO MPOHM3BOJCTBO sAEp TPHUTUA. ITO, MO
MHeHuto aBTopoB (R.Nigmatulin, R. Lahey, R. Taleyarkhan, C. West, R.
Block), siBysiercst ciiecTBueM TEPMOSIICPHOM peakiuy CHHTE3a ACUTEpUid —
nelrepuil. DKClepUMEHTaIbHbIE JTaHHbIE M HMX TEOPEeTHYECKUH aHau3,
npoBoauMBbIi rpynnoit u3 Uucturyra mexanuku YHL PAH, nocne anu-
TenpHOro o0cyxaenus B Oyk-Pupke u TIatenbHOro pereH3upoBanus Obl-
JI1 OIyOJIMKOBAHBI B KypHase «Science» B mapte 2002 roma. [IBa cotpy-
Huka Oyk-Pumxka (D. Shapira m M. Saltmarsh) kpuTikoBanm Hamry cucte-
My HU3MEPEHHUM IIOTOKA HEWTPOHOB M OLEHUBAJIM UHTEHCUBHOCTb HEUTPO-
HOB Ha JIBa-TpH nopsjaka MeHbinei. HenaBuo xypHan Physics Review (E)
rocye JUIMTENbHOT0 PelleH3upOoBaHus MPUHSUT Hallly BTOPYIO CTaThio C J10-
MOJTHUTENFHBIMU 0OJIee TOYHBIMHA HM3MEPEHUSIMH HEWTPOHHOTO TOTOKa C
sHepruelt 2,5 MaB, B KOTOPO# MOATBEPKIAACTCS HAIIT NPEABITYIIUNA PE3YIIb-
1ar (~ 4 x 10°¢'). CTaThs NpoILIa OTKPHITOE PEllEH3UPOBAHHE 25 CrielHa-
nmuctamu Oyk-Pujika 1 4 3akpbITBIME pelleH3eHTaMU JKypHaJa.

[Nocne BbIX0aa mEepBOH CTaThH B )KypHale «Science» Mbl (B Ka4ecTBe
TUIEHAPHBIX WJIM MPUIJIANICHHBIX JIGKTOPOB) JOKJIAABIBAIN JKCIIEPUMEH-
TaJbHbIE M3MEPEHHd, a aBTOp HACTOALIETO JOKIAaZa M UX TEOPETUYECKUI
aHaJIM3 Ha PSJIC COBEIIAaHUN U KoH(epeHIui. B yacTHOCTH, MBI JOKIa/IbI-
BaJIM Ha TOAMYHON ceccu AMEPUKaHCKOTO siiepHoro oomiectBa (Matiamu,
Onopuna, CIIA, 2002), a III MexayHapoaHOM CHMIIO3MYME IO TIpoIiec-
cam mepeHoca B aByxdasubix cpenax (Kemwie, Ilonbma, 2002), va IV
Kondepenun EBpomex no HenuHeiHbIM Konebanusam (Mocksa, 2002), Ha
XVI MexnyHaponHOM CUMIO3MYME IO HEMUHEHHOH akycTuke (Mockaa,
2002), na 145-if xoHdepeHIIMH AMEPHUKAaHCKOI0 aKyCTHYECKOro o0IecTBa
(HomBuin, Tennecu, CIIIA, 2003), Ha cnenraJbHOM COBEIAHUU TIO TEp-
CHEKTHBaM COHOJIOMMHECIIEHIINM U COHOTEpPMOsily B ATEHTCTBE IO Mep-
CreKTUBHBIM 000poHHBIM mpoekTaM (DARPA) (Apnunrron, Bupmkunus,
CIIIA, 2003). ABTOp HACTOSAIIETO JOKJIAJa MPEACTABISIT PE3yIbTaThl KC-
MEPUMEHTOB M MX TEOPETHUECKHI aHalM3 TaKKe B POCCHICKHUX SIAEPHBIX
nentpax (Mucrutyt um Kypuarosa (2000), Caexunck (2000, 2002), 1y6-
Ha (2002)) u cemuHapax nmo mexanuke (Che3J M0 TEOPETUYESCKONW U TMPH-
knaanoi mexanuke (ITepmb, 2001), Macturyt mexanuku MI'Y (2002), Un-
crutyT npobiem Mexanuku PAH (2002), bropo OtaeneHusi sHepreTHKH,
MAaIIMHOCTPOCHUS, MEXaHUKU U mpoiieccoB ynpasienus PAH (2003)).

B nanHOM nmokiane u3naraercs cxema SKCIepHMEHTa U TeopeThye-
CKUH aHaJIW3 Mpoliecca paclIupeHus (B CTaluu OTPHUIATEIBHOTO aKycTHYe-
CKOr'0 JaBJIEHUS) U CXJIONBIBAHUA (B CTaJMHU TOJIOKUTEIBHOTO aKyCTHYe-
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CKOT'0 JIaBJIEHHsI) MTAPOBOr'0 KaBUTALIMOHHOI'O My3bIPbKa C UCIOIb30BaHUEM
ypaBHEHUI Ta30BOM JWHAMUKH, TEIUIO- U MaccoOMEHa, JTUCCOIMAIMH U
MOHM3AlMM C YPaBHEHUSAMHU COCTOSHHUS JKUIKOCTH, Mapa M IJIa3Mbl B IIH-
pokoM jmanasone jgasiennii p or 0 go 10" Gap u Temneparyp T ot 10° 110
10 K ¥ KMHETMKM S/IepHOH peakiuM CHHTe3a aeiiTepuil — neiiTepmii.
VYpaBHEHHE COCTOSAHHS CXKATOTO alleTOHA IOJIy4eHO Ha OCHOBE JKCIIEepH-
MEHTAIBHOW yaapHoO# annabaTel, moaydeHHoi P. Tpynunsim (1992).

AHanu3 rokasaj, 4To YCJIOBHUS JUIS TEPMOSJIEPHON pEaKINM peasn-
3YIOTCSl B LIEHTPAJIbHOM SIJIpe CXJIOMBIBAIOIIEr0Cs My3bIpbKa, paanyc KOTO-
poro » ~ 50 — 80 M. DTa 30Ha oOpas3yercs 3a cueT KyMYJISIIUU YAapHBIX
BOJTH, MHUIIMAPOBAHHBIX CXOJSIIEHCS KHAKOCThIO. IHTEHCUBHOCTh WHU-
LUUPYEMBIX YAAPHBIX BOJH CHJIBHO 3aBUCHUT OT HEMMHEWHOMN C)KUMaeMOCTH
KHUJIKOCTH Ha MexdaszHoi rpaHune. [Ipu 3ToM KuAKOCTh Ha Mex(pazHOU
TpaHMIIE HAXOAUTCA IPH BHICOKOM JaBieHHH p ~ 10° 6ap B TeueHue Bpe-
Mern ¢ ~ 107 ¢. 3a 3TO BpeMs KHIKOCTh COXPAHSET CBOKO MOJIEKY/ISPHYIO
CTPYKTYPY, T.K. JUI «XOJOAHOW» TUCCOIMALINN MOJIEKYJ KUAKOCTH TpeOy-
ercst Bpems ¢ ~ 1077 ¢c. CoxpaHeHHe MOIEKyIAPHOH CTPYKTYpbI KHIKOCTH B
Te4eHNE yKa3aHHOI'0 KOPOTKOTO BPEMEHH, B T€UEHHE KOTOPOIO XKHUIKOCTb
(KaK MOpIIEHb) HHUIMKPYET YAAPHYIO BOJHY B mape, o0ecreynBaceT ee oT-
HOCHTENBHO MOBBIIIEHHYIO YIapHYIO )K€CTKOCTh (MEHBIYIO CKUMAEMOCTh
0 CPaBHEHUIO C JKUJIKOCTBIO C pPABHOBECHOM Juccolualueii). B pesynbra-
Te yJaapHas BOJTHa B mape sIBIseTcsS ropas3io Ooliee CHIBHOM, YeM, eciii Obl
OHa MHMIIMMPOBAJach PaBHOBECHO TUCCOLMUpYIOIIEH (1OoJ JeHCTBUE BbI-
COKOTO JaBJICHHUS1) JKUAKOCTBIO.

MakcuManbHOe TPOU3BOACTBO HEHTPOHOB M TPUTHS MPOUCXOJIUT B
LIEHTPAJILHOM 30HE MUKPOITY3bIpbKa paguycoM » ~ 10 — 20 um. Xapakrep-
HbIE 3HAYEHHs TAPAMETPOB B OTOM 30HE PaBHBI: HOHHAs Temreparypa T; ~
10® K, mwioTHOCTD p'~ 10° r/eM® u naBnenue p* o~ 10" 0ap W JUIUTCA 3TO
COCTOSIHME CYIepCKaTHs B TeueHue BpeMenu 1 ~ 107" ¢. 3a 3To cBepxKo-
pPOTKOE BpeMsi AJIEKTPOHHBINA ra3 He yClleBaeT HAarpeThCsl HOHHBIM I'a3oM U
3a0paTh Ha ATO 3HAYMTENBHYIO HEPTHUI0 MOHOB, YTO IMO3BOJISIET JTOCTHYb
YKa3aHHOU BBICOKOW TeMIIEpaTypbl HOHOB.

Pacuersl MoKa3bIBaIOT, YTO B YKa3aHHBIX YCIOBUSAX 00pa3yeTcs Mpu-
mepHO 107 - 10" HeliTpoHOB 3a KoNIanc MUKPOMYy3bIphKa. B dKcIIepuMeH-
Tax yzmaercs obecreunth okono 10 KomIancos B cekyHIy CO CBETOBBIMH
BCIIBIIIKAMH, a B KiacTepe mMeercs okono 10 — 107 Kommancupyrommx
MUKpOITYy3bIpbKOB. [103TOMY pacdeTsl coriacyrorcs ¢ M3MEPEHHBIM MOTO-
KOM TEPMOSIEPHBIX HEWTPOHOB W WHTEHCHBHOCTHIO 0O0pa30OBaHHS siIiEp
TPHUTHSL.
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Pacuerpl moka3pIBalOT 3HAYMTENBHBIE PECYPCHI COXpaHEHUs cdepu-
YECKU-CUMMETPUYHON KyMYJISIIUE MHUKPOIY3bIPHKOB, YeM 3TO CIEAYET U3
TPaIUIIMOHHOTO aHaN3a YCTOWYHBOCTH.

B noknane obcykaaroTcsi TepcreKTHBB MHTEHCH(PHUKALUK SIepHO-
(DU3NYECKNX TPOLIECCOB B CXJIOMBIBAIOIINXCS My3bIpbKax, YTOObI OHM CTa-
M «MUKPOBOJOPOAHBIMUA OOMOAaMI» I UCTOUYHHKOM OBICTPBIX HEUTpPO-
HOB.

SOME ISSUES OF UNSTEADY BODY PLANING
Emil V. Paryshev
Central Aerohydrodynamic Institute named after Prof. N.E. Zhukovsky
Moscow Branch “Moscow Complex of TsAGI”
17, Radio str., 107005 Moscow, Russia

The planning of a body of revolution along a curvilinear disturbed
liquid surface is considered. Solution of the planar problem for immersion
of an expanding cylinder through circular liquid boundary which radius
varies in time is used. The planar cross sections method is applied to de-
termine hydrodynamic forces acting on the body, with account for specific
difference between the planning over a curvilinear surface form that over
flat undisturbed one.

HEKOTOPBIE BOITPOCHI
HECTAIUMOHAPHOI'O I''TMCCUPOBAHMUA TEJI
IOmuas B. Iapenues
®unnan OI'YII HAT'U “MockoBckuii komiieke [IAT ™
17, yn. Pagmo, 107005 Mocksa, Poccus

PaccmatpuBaercs riccupoBaHue Tena BPALLECHUS IO KPUBOJIUHEH-
HOH BO3MYILIEHHOW IOBEPXHOCTH XKUAKOCTH. Mcronb3yercs peleHue mio-
CKOH 3a/1a4 O NOTPYKEHUU PACHIUPSIOIIErocs WIMHIPA Yepe3 KPYroBYIO
IPAHMILY KUJKOCTH IIEPEMEHHOro pajuyca. /s onpeneneHust neUCTBYIO-
IUX Ha TEJO THIPOAUHAMUYECKUX CHJI IPUMEHSETCS METOJ IUIOCKUX IO-
MEPEYHBIX CEYEHHUH C yIeTOM 0COOEHHOCTEH, OTIMYAIOMINX [NIMCCUPOBAHHE
10 KPUBOJMHEHHOW I'PAHUIIE OT INIMCCUPOBAHUS 10 HEBO3MYILIECHHOM IIO-
BEPXHOCTU BOJBL.
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ASYMPTOTIC LAW OF AXISYMMETRIC STREAMLINES
AT INFINITY
Alexander G. Petrov
Institute of problems in mechanics of the russian academia of science
101/1, Vernadsky pr., 119526 Moscow, Russia

N. Levinson (1946) and M. Gurevich (1947) independently of one
another find asymptotic of infinity cavity behind an axially symmetric nose
moving through an ideal fluid. M. Gurevich obtain the drag of cavitator as
well.

Levinson proceeded from the integral identity for a harmonic func-
tion and the condition of velocity constancy at a free boundary. He suc-
ceeded in obtaining the next term in the asymptotic expansion. Gurevich
reduced the problem to the determination of the boundary of a semi-infinite
finite-drag body and not only obtained asymptotics but also established the
relation between the coefficient and the force acting on the semi-infinite
body which is absent in the Levinson’s study.

The following expression terms in the asymptotic law are unknown.

In this study the integro-differential equation for a free jet is derived
and its exact integral is obtained using the variational asymptotic theory for
thin cavities. Employing this integral a one-parameter family of the solu-
tions of this equation is constructed. The family parameter is expressed in
terms of the force. The equation and the asymptotic expansion obtained are
independent of the cavitator shape, are in this sense as accurate as possible,
and refine appreciably the existing expansions. Further improvements will
depend on the shape of the body in a flow.

ACUMIITOTUYECKHU 3AKOH PACIIUPEHUSI
OCECUMMETPHUYHBIX CTPY
Aunexcangp I'. Ilerpos
WuctutyT npobnem mexannku PAH
101, xopm. 1, np.Bepnanckoro, 119526 Mocksa, Poccus

JIJiss 0OCeCMMMETPUYHOM 3aJlauyl KaBUTAIIMOHHOTO O0TeKaHus JIeBUH-
coH (1946) u I'yperuu M.U. (1947) HE3aBUCHMO YCTaHOBUJIM aCUMITOTH-
YECKHMI 3aKOH paCIIMPEHHS TPaHUIlbl (CTPyH), HA KOTOPOM CKOPOCTH IO-
CTOSTHHA U paBHA CKOPOCTH Ha OSCKOHEUHOCTH. JICBUHCOH MCXOMII U3 WH-
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TErpajibHOrO TOXKIECTBA U TAPMOHMYECKONH (YHKIUH U YCIOBHUS IMOCTO-
STHCTBa CKOPOCTH Ha CBOOOHON rpanuile. M3-3a upe3BbIYaiiHON CIOXKHO-
CTH TaKOro TMOJXOla CIEAYIOUIME WIEHBl Pa3ioKeHHs] TaKHUM CII0COO0M
HalTu He yjaercs. Her Takske BO3MOXHOCTH BBIYUCIUTH CHILY

conporuBienus. [logxon xe ['ypeBuda mo3BossieT BHIYUCIUTH CHITY,
JEMCTBYIONIYI0O Ha KaBUTAaTOp, MyTeM INPUMEHEHHs 3aKOHa KOJIMYecTBa
JBIDKEHHS K TTOJTyOECKOHEYHOMY Tely KOHEUHOT'O CONMPOTHBIICHHUS, OJJHAKO
TaKXe HE TMO3BOJISET HAXOAWUTH CIEAYIOINE WIEHBl Pa3joKeHUs B aCHM-
MITOTUYECKOM 3aKOHE CTPYH.

B pabore naH BeIBOI MHTErpo-muddepeHnanbHOro ypaBHEHUS 10~
TyOeCKOHEYHOH CBOOOAHOHN TpaHuubl. HalieH ero TOYHBIN WHTErpan u
MTOCTPOEHO OJHO-TIAPAMETPUUYECKOE CEMENCTBO €ro aCUMITOTHYECKUX pa3-
JIOEHHH, CYIIECTBEHHO YTOUHSIONMX 3aKoH I ypeBnya-JleBuncona. C mo-
MOIIBI0 BapUALMOHHOIO MPHUHIIMIIA MapaMeTp ceMelcTBa BBIpaXKeH depes
CHITy, JIEHCTBYIOILYIO HAa KaBUTATOp. Y PaBHEHHE U TMOIYYEHHOE pElIeHHE
HE 3aBHCAT OT (JOpMBI KaBUTATOpPA, H B 3TOM CMBICIIE SBISIOTCS MaKCH-
MaJbHO TOYHBIMH. JlanpHelIe yTouHeHsl ypaBHEeHUs! yxe OyayT 3aBu-
ceTh OT POpMBI 00TEKAEMOTO Tea.

CREATION OF SOFTWARE AND RESEARCH COMPLEX FOR
SOLUTION OF MATHEMATICAL SIMULATION PROBLEMS
Alexey A. Rosenman
State Aviation Technical University of Ufa
12, K. Marx st., 450000 Ufa, Russia

One of the key problems of the modern science is to improve the ef-
ficiency of mathematical simulation methods, to develop software, combin-
ing analytical solutions and computational experiment.

At present the mathematical simulation problems are solved by
means of such mathematical packets, as MathCAD, Mathematica, Maple
and some others. However, no matter how good they are, there exists the
number of reasons, making it impossible, inconvenient or unjustified to use
them for computational experiment support: the estimate of results accu-
racy, free access to the data from outside programs, the use of programs,
written in other problem-oriented languages.

The paper touches upon the problem of information support of ex-
periment. The lack or excess of information, intermediary experiments and
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large amount of similar projects makes it very difficult for an investigator
to estimate and process the results of numerical experiments to the full ex-
tent.

The given work aims at the development of software complex, allow-
ing to make these processes much simpler, clearer and more convenient. At
the same time such complex shouldn’t lose its functionality and flexibility.

The complex was tested by the numerical solution of the problem of
weighable fluid flow past the dipole.

Since the existing software complexes are closed system, the re-
searcher is somehow limited in his studies. The computational methods in
these software programs are hidden, therefore, the accuracy of the results
remains unknown.

Quite another variant of action is when different means are used for
the solution of different tasks. In this case we are able to control the compu-
tation process and calculation accuracy. However, in this case, the problem
of results of various formats and the program codes storage comes up.

The given work presents the attempt to create the shell, which en-
ables to lift the restrictions of one or another program package and, at the
same time, to provide the access to the required input data, results and pro-
gram code.

The main objective of the created complex is to increase flexibility
and efficiency of computational experiment, improve the quality level of
results representation, as well as the level of investigation process automa-
tization. The conducted analysis allowed to determine and create the basic
models of information processes.

Thus, the following work levels are available:

. Level of project groups;

o Projects can be combined into groups according to various crite-
ria. This permits to facilitate the search and record of the existing projects.
. Level of current project;

o Each project consists of three sections: the program solver code,
files of input data, files with the obtained data. The project can be realized
with the help of any problem-oriented language; the user can choose the
required editor or shell program of the problem language itself as well.

. Data acquisition;

o If'the solver program was compiled, the user can run this program

with the required input data and obtain the results.
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. Data processing, including the application of various extrapolation
methods (and the corresponding programs), the control of the data coinci-
dence with those, obtained by other methods.

When solver program completes its tasks, the results automatically
become available for the further work.

The data can be presented in the form of tables, pictures and graphs,
which in their turn may be displayed on the screen, saved in files or printed
out.

CO3JAHHUE NTPOI'PAMMHO-UCCJIEJOBATEJIBCKOI'O
KOMIIVIEKCA JJI51 PEHHEHUA 3ATAY
MATEMATHYECKOI'O MOJAEJINPOBAHUA
Auekceii A. Pozenman
Y oumcknii 'ocynapcTBeHHbIl ABHaMOHHBIA TEeXHUYECKH YHUBEPCUTET
12, yn. K.Mapkca, 450000 Yda, Poccus

OnHa M3 KIFOUEBBIX MPOOJIEM COBPEMEHHOW HAYKH — TOBBILICHHE
3¢ (PEKTUBHOCTH METO/I0OB MaTeMaTHYECKOTO MOJESIHPOBaHuUs, pa3paboTka
CpCACTB ONTUMAJIBHOI'O COYCTAHUA aHAJIMTUUCCKUX peHICHI/Iﬁ U BbIYUCIIN-
TEJIBHOTO 3KCIIEPHUMEHTA.

JIJ1sl YUCTICHHOTO PeIIeHHUs 3a1a4 MaTeMaTHYeCKOr0 MOJCIUPOBAHHUS
B HACTOSIIEE BPEMS UCIIOIb3YIOTCS CICAYIONME MaTeMAaTHYSCKIE TTaKeTh:
MathCAD, Mathematica, Maple u Hekotopbie npyrue. OHaKo, MpH Bcex
HECOMHCHHBIX JOCTOMHCTBAX 3THUX YHHBEPCAJIBHBIX IMPOrpaMMHBIX IIPO-
AYKTOB, CYHICCTBYET PAA IMPUYNH, ACTAONIUX HEBO3MOXHBIM, HeyI[O6HLIM
HJIN HCOIIpaBJaHHBIM WX HCIIOJIB30BAHUC IJIA 06CCH6‘IGHI/IH BBIYHCIIUTCIIb-
HOT'O KCIIEpUMEHTa: TpodiieMa OIIEHKH TOYHOCTH MOYyYEHHBIX Pe3ybTa-
TOB; MpobieMa CBOOOAHOTO JOCTyNa K JaHHBIM M3 CTOPOHHHX MPOrpam;
npobieMa MCIOIb30BaHUs POTPaMM, HAlMCAaHHBIX Ha APYTUX MPOOIEMHO-
OPUCHTUPOBAHHBIX A3bIKAX.

B paborte 3aTparuBaercs npodiemMa HHPOPMAIIMOHHOTO 00eCIIeUSHUS
BBIUMCIUTEIBHOTO JKCIepuMeHTa. HemoctaTok miu m30bITOK MH(pOpMma-
oy, MPOMEKYTOYHBIC ISKCIICPUMCEHTBI, MHOXCECTBO CXOIHBLIX ITPOCKTOB
YacTO HE TO3BOJISIET MCCIIENOBATEN0 OBICTPO M MOJHOIICHHO OLICHUTH pe-
3yJbTaThbl, NOJYYCHHBIC B XOAC€ YHMCJIICHHOI'O SKCIICPUMCHTA.

Llenbto Hacrosimieil paboThI sBJISETCS pa3paboTKa HHCTPYMEHTapHs,
MO3BOJISIFOLIETO C/IETaTh ATOT MPOIECC MPOIIe, HATJsIHee U yno0Hee, Ipu
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3TOM HE MOTEPATh GYHKINOHAIBHOCTh U THOKOCTh MPOrpaMMHOTO obectie-
YEeHUSI.

TecTOBBIM MPHUMEPOM, € MIOMOLIBIO KOTOPOT'O MPOBOAMIOCH HCIIBITA-
HUE TMPOrpaMMHOT0 KOMILIEKCa, SIBJISUIOCH YHCIEHHOE pellieHHe 3alaqu
00TeKaHUs IUTIONS TOTOKOM BECOMOM KHJIKOCTH.

CymiecTByomye makeTbl MPOrpaMMHOro oOecrieueHus1, IBIssICh 3a-
KPBITBIMH CUCTEMaMH, HE MOT'YT 00€CIeUNTh UCCIe0BATENs IOCTATOUHON
CBOOO/I0M JIEHCTBUM, MPU STOM YacTO HEM3BECTHOM OCTAeTCs TOYHOCTb, C
KOTOpOH TOJYYeH pe3yibTaT, YTO SABISETcs HEMpHeMIIEMbIM. DTH IIpO-
TpaMMHBIE TPOIYKTHI HE JAI0T BO3MOXKHOCTH MTPOM3BECTH OLIEHKY MOTpell-
HOCTH TIOJYYEHHBIX Pe3yJIbTaTOB, TOCKOJIBKY METObl BBIYMCIEHUI OCTa-
IOTCSI CKPBITBIMH OT MOJIB30BATEI.

ANbTEepHATHBHBIM BapUaHTOM SIBJISIETCSl MCIOJIB30BaHHUE JJIsl pele-
HUS 33/1a4 pasHbIX CPEACTB. B 3TOM ciydae MBI HE ©MeeM OTIEIbHOH 3a-
KPBITOH CHCTEMBI, 4 UCTIOJIb3YeM BBIYMCIUTEIHHOE CPEACTBO, YA00HOE ISt
peleHnsT KOHKpEeTHOH 3aaauyd (SI3bIK IporpaMmupoBanus). OIHAKO MpH
3TOM BO3HHUKaeT IpobiieMa XpaHeHHsl pe3yJIbTaTOB pa3IHuyHbIX (HOPMATOB H
MPOrpaMMHOI0 KOAA, KOTOPBIM TIOPOKACHBI JaHHBIE.

B nanHO#1 paboTe ObLTa BBIBUHYTA HJIES CO3/IaHUS 000JIOUKH, KOTO-
pasi MO3BOJISIET CHATH OrPaHMYCHUS, HAKJIaJbIBAEMbIE TEM MM HMHBIM MPO-
TPaMMHBIM TAKETOM, M STHM IMPEIOCTaBUTh ONpEeiIeHHbIe ya00CcTBa IS
HCCIIeIOBaHUH, BOBMOXXHOCTh JIOCTYNa K TpeOyeMbIM MCXOJHBIM JaHHBIM,
pe3ynbTaTaM, a Takke K IpOrpaMMHOMY KOZY.

OCHOBHO#1 LENBbIO CO3/IaHUSI JAHHOTO KOMILJIEKCa SIBJISIETCS MOBBIIIe-
HUE THOKOCTH U 3P PEKTUBHOCTH MPOBEJCHUS BEIYACIUTEILHOTO DKCIIEPH-
MEHTa HCCcIeIoBaTeNeM, MMOBBIIICHIE KaYeCTBEHHOTO YPOBHS MpeCcTaBie-
HUS Pe3yJbTAaTOB, a TAKXKE YPOBHSA aBTOMAaTH3alMK pabodero mporecca uc-
crnenoBarens. Ha ocHOBaHMM aHanmu3a OBLIM OIMpPEAENCHBI U CO3JaHBI OC-
HOBHBIE MOZIETTH HH(OPMALIMOHHBIX MTPOILIECCOB.

Urak, nonap3oBaTenh HMEET BO3SMOXKHOCTh pa0d0OTaTh Ha CIIEAYIOIINX
YPOBHSX:

® YPOBEHb I'PYIII POCKTOB;

o MPOEKTHI MOT'YT O0BEANHATHCA B TPYIIIBI 10 KAKOMY-JTH00
KPUTEPHUIO. DTO TTO3BOJISET OOJIETYUTh MOMCK M YUET CYIIECTBYIOIIUX TIPO-
EKTOB.

® YPOBEHb TEKYIIETO MPOCKTa;

o Ka)KJIbII IPOEKT COCTOUT U3 TPEX Pa3AEIOB: IPOrPAMMHBIN
KOJI peraTernsi, paiiinpl Ha4adbHBIX TaHHBIX, (Daiibl ¢ TOMy4YeHHBIMU JaH-
HBIMU. [IpOeKT MOXeT OBITh peanrn30BaH Ha JIIOOOM MPOOIEeMHO-
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OPHEHTHPOBAHHOM SI3bIKE, IIPH STOM I0JIb30BATENIb MOXKET BBIOpATh y100-
HBIW 7151 HErO PeJaKTop, WK MPOrpaMMy-000JI09Ky Camoro mpodaeMHOro
S3BIKA.

® [10JIy4CHHE ITAaHHBIX;

o €cJIM IporpaMMa-perarens Obliia OTKOMIIMIMPOBAHA, TO MOJIb-
30BaTeb MOXKET 3aIyCTHTh €€ ¢ TpeOyeMbIMU HaYa IbHBIMH JaHHBIMU U
MOJY4UTh pe3ybTar.

® 00paboTKa JaHHBIX, BKIIOYAIONIAs] IPUMEHEHHE Pa3IHUHBIX METO-
JI0B (M peasM3yIoNMX UX IPOorpaMM) SKCTPANoNSIIK, TPOBEPKH HA HAJIU-
YHe PacCcOriacoBaHUs C JAHHBIMU, TOTYYCHHBIMHU JIPYTUMH CIIOCOOAMH.

ITo oxoHyaHuu pabOTHI MPOrPaMMBI-peLIATENs, OITyICHHBIE Pe3yb-
TaThl aBTOMATUYECKU CTAHOBSITCS JOCTYIHBIMHU JUIsS JalbHEHIIel paboThl.
JlaHHBIE MOT'YT OBITH MpENCTAaBIICHBl B BHJE TaONHIl, PUCYHKOB U Tpadu-
KOB, KOTOpBIE B CBOIO OY€pe]b MOTYT OBITh BBIBEJCHBI Ha JKpaH, B (aiin
WK TIPUHTED.

ESTIMATION OF PERSPECTIVES FOR DEVELOPMENT
OF FAST SPEED WATERBORNE TRANSPORTATION BASING
ON THE EXPERIENCE OF DESIGN AND EXPLOITATION
OF RUSSIAN FAST SPEED VEHICLES.

Alexander A. Rusetsky
Krylov Shipbuilding Research Institute
44, Moskovskoe Shosse, 196158 St. Petersburg, Russia

Looking to general trends of increasing of ship speed the analysis of
variouse hydrodynamic schemes was presented for resistance reduction by
hydrofoils, artificial cavities, air support. It is estimated the limitation
caused by natural cavitation and considered the aspects for separation of
vehicles from water surface.

Analyzing the experience of Russian fast speed ship development the
attention was paid to designing of foil system and propulsor for biggest and
fasts Russian hydrofoils.

It is presented the results of investigation for designing of 60-knots
ship with supercavitating hydrofoils, schemes with partial air support and
finally wigs.
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OLEHKA INEPCIHEKTHUB CO3JJAHUSA CKOPOCTHBIX
TPAHCIIOPTHBIX CPEACTB HA OCHOBE OIIBITA
MNPOEKTUPOBAHUA U DKCIIJIYATALIMU BBICTPOXOAHbIX
CYJIOB POCCUMICKOI'O ®JIOTA
Aunexcanap A. Pycenxuii
OI'VIT «[IHWU um. akan. A.H. Kpbuiosay,

44, Mockosckoe mocce, 196158 Cankr-IlerepOypr, Poccust

B ycnoBusx oOmieli TEHICHIIMM TOBBIIMICHHUS] CKOPOCTEH TpaHC-
MOPTHBIX CPENICTB aHAIM3HPYIOTCS OCOOEHHOCTH Pa3UYHBIX THIPOIUHA-
MHUYECKHUX KOMIIOHOBOK, OOECIEUMBAIONINX CHIKEHHE CONMPOTHBIICHUS 32
CYET MPUMEHEHHS MOJBOJHBIX KPBIJIbEB, HCKYCCTBEHHON KaBUTAllUH, BO3-
OymHoW pasrpy3ku. OLEHHBAIOTCsl OrpaHUueHUs 00yCIOBIEHHBIE €CTECT-
BEHHOW KaBHUTAIlMeH M pacCMaTpPUBAIOTCS MEPCHEKTHUBBI 0TKa3a OT KOHTAK-
Ta C BOJHOM MOBEPXHOCTBIO.

AHanusupyercs OIBIT UCCIEAOBAHUU MO CO3AaHMIO CKOPOCTHBIX
cynoB Poccuiickoro ®@nora. Ocoboe BHUMaHKE yAEIeHO 0TpaboTKe KPbLIb-
€BBIX CHCTEM W JBIKUTeNeld Hanbosee KPYMHBIX U OBICTPOXOAHBIX CYIIOB
Ha MOJIBOJTHBIX KPBUIbSX.

IIpuBopsTCs pe3ynapTaThl MCCIEAOBAHUM, HANPABIECHHBIX HAa CO3-
JaHue kopabieit co ckopocTsamMu cBbIlie 60 y3JI0B, MyTeM MPUMEHEHUS CY-
MEPKaBUTHPYIOMUX MOABOJAHBIX KPBUIBEB, CXEM C BO3JYIIHOW pasrpy3Koif
Y, B KOHEYHOM CYETe, allapaToB MCHOIb3YIOIUX TOIBKO BO3AYIIHbIE KPbI-
JbSI IBMOKYIIECS] BOJIM3H DKpaHa.

COMPUTER SIMULATION OF SUPERCAVITATION PROCESSES
Vladimir N. Semenenko

National Academy of Sciences of Ukraine — Institute of Hydromechanics,
8/4, Zhelyabov str., 03680 Kyiv-180, Ukraine

During years of time, a package of computer programs for the com-
puter simulation of the unsteady supercavitation flows is being developed
at the IHM NASU [1]. In these programs, the approximate mathematical
model of an unsteady supercavity is used wich based on the
G.V.Logvinovich’s principle of independence of the cavity section expan-
sion. The developed programs allows to reproduce the unsteady supercavi-
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tation processes of following types on a computer screen: the supercavity
evolution when both the model velocity and the model orientation vary; the
supercavity reaction on the ambient water pressure perturbation; the artifi-
cial ventilated cavity evolution when changing or ceasing the gas-supply
into the cavity; the self-induced oscillation of the ventilated cavities, efc.

The programs have an easy-to-use Windows interface and allow a
User to perform “computer experiments in real time”. They may be used
for practical designing the high-speed underwater models and vehicles
moving in both natural and artificial supercavitation regimes and for educa-
tional purposes as well. In this paper, possibilities of the latest versions of
three basic programs from the package are described, and some examples
of their application are given.

1. The SCAYV, Version 2.3 program is intended to calculate a shape
of the unsteady supercavities and the velocity variation of the high-speed
supercavitating models moving on inertia under an arbitrary angle to the
horizon or under an acting propulsor. A flow is considered to be axisym-
metric, the motion is straight-line. The SCAYV program allows to design a
shape and mass of the high-speed supercavitating models in interactive re-
gime “man-computer”, such that the model flies the desired distance and/or
the model has the specified velocity at the finish. Some examples of solv-
ing the optimization problems of the high-speed supercavitating model mo-
tion with the different criterion functions are given.

2. The STAB, Version 2.3 program is intended for computer simula-
tion of the high-speed supercavitating model dynamics. The program in-
cludes the module for calculation of the hydrodynamic forces and moments
acting at unsteady interaction between the model and the cavity wall. This
module uses the information about mutual position and velocities of both
the model body and the cavity boundaries. The program allows to investi-
gate stability of the supercavitating model motion “as a whole” and to com-
pute the real fligh path of the model at specified starting perturbations. Ex-
amples of the computer simulation demonstrate a mechanism of the super-
cavitating model self-stabilization by the way of ricocheting the model tail
from the cavity walls. We observed this stability mechanism experimen-
tally [2].

3. The ACAYV, Version 2.3 program is intended for computer simu-
lation of the unsteady processes of the ventilated cavity control. A problem
of control of the ventilated cavities is the problem of maintaining the cavity
dimensions or desired varying the cavity dimensions by regulating the gas-
supply into the cavity. The program uses different laws of the gas-leakage
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from the cavity in dependence on the cavitation number and the Froude
number and when the cavity closes on a body. The calculation examples are
given which demonstrate a characteristic lagging reaction of the cavity on
the changing the air-supply rate and the transient oscillating processes
caused by the elasticity of gas filling the cavity. Examples of simulating the
process of stability loss and self-induced oscillation of the ventilated cavi-
ties at the extra gas-supply are given.
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KOMIIBIOTEPHOE MOJAEJIMPOBAHUE IMPOLHECCOB
CYIIEPKABUTALIUU
Baagumup H. Cemenenko

HannonanbHas akagemust Hayk Y KpauHbl — IHCTUTYT THAPOMEXAHUKU
8/4., yn. Kensoora, 03680 Kuer-180, Ykpanna

B teuenue psga ner B UI'M HAHY paspabaTbiBaeTcss KOMITIEKC
MporpaMM KOMIIBIOTEPHOTO MOJIETMPOBAHMS HECTAIMOHAPHBIX CYyIEepKaBH-
TAalMOHHBIX T€UEHUH, B KOTOPBIX MCHOJIB3YeTCs aNMpOKCHUMAIMOHHAS Ma-
TeMaThuecKass MoJellb HeCTallMOHapHOM cylepKaBepHBbI, OCHOBaHHAas Ha
MIpUHIINIIE HE3aBHCHUMOCTH paciypeHus ceueHui KaBepHBI
I'.B.JlorsunoBuua [1]. Pa3paboTraHHbIC HAMU IPOrPaMMBI TIO3BOJISIIOT BOC-
MPOU3BOANTh HAa 3KpaHE KOMIIbIOTEpa HECTallMOHApHBIE CylepKaBUTallU-
OHHBIE MPOLECCH] CIEIYIOIUX THUIIOB: ABOJIOIUS CyIepKaBEpPH MpPU U3Me-
HEHUHM CKOpPOCTH JBUXEHHS M OpPHEHTALlMU MOJIENel; peakius cynepka-
BEpPH Ha BO3MYIIEHHS OKPYXAIOIIEro AaBJICHUS B BOJIE;, SBOJIIOLMS BEHTH-
JUPYEMBIX KaBepH MPH M3MEHEHUH IOJyBa BO3JlyXa B KaBEpHY; aBTOKO-
neGaHus BEHTHIIMPYEMBIX KaBepH, U T.J.

[IporpamMMbel  WUMEIOT TPOCTOM B HcHoib3oBaHUM  Windows-
uHTEep(EHC U MO3BOJSAIOT TONB30BATENIO MPOBOJUTD “KOMIBIOTEPHBIE DKC-
MEPUMEHTHI B pealibHOM BpeMeHH . OHU MOTYT OBITh MCIOJNB30BaHBI MPH

132



MPaKTUYECKOM TPOEKTHUPOBAHMM BBICOKOCKOPOCTHBIX IOABOIHBIX MOJe-
JIeH, JBWKYUIMXCS B PEKMMaxX €CTECTBEHHOM M MCKYCCTBEHHOH Cylepka-
BUTAIIMH, a TaKoke B 00pa30BaTelbHbIX LENAX. B 1oKiane KpaTKo ONMCaHbI
BO3MOYKHOCTHU TOCJIETHUX BEPCUI TpPeX OCHOBHBIX MPOrpaMM KOMILIEKCa,
MIpUBENIEHBI TPUMEPHI UX TPUMEHEHMUS.

1. Ilporpamma SCAYV, Version 2.3 npenHa3HaueHa Ajis pacuera
(OpMBI HECTallMOHAPHBIX CYNEpKAaBEpPH U M3MEHEHHsI CKOPOCTH BBICOKO-
CKOPOCTHBIX CYNEPKaBUTHPYIOIINX MOJEeH, MBUKYIIUXCS 10 HHEPLUU
MOJ] IPOU3BOJILHBIM YIJIOM K TOPU30HTY, a Takke Mpu paboTalolieM JBH-
xuTene. TedeHne CUMTaeTcd OCECHMMETPHUYHBIM, ABH)KEHHE — MPAMOIHU-
HeitHbpIM. [IporpamMma SCAYV mno3BosisieT B MHTEPAKTUBHOM PEXHUME ‘‘Uelno-
BEK-KOMITBIOTEp” BBIOMpATh (popMy M Maccy MOJENN U3 YCIOBUS MPOXOXK-
JICHHSI 33JJaHHOW JIMCTAHIIMU W/WIU 3aJIaHHOW CKOPOCTH MOJCTH B KOHIIE
nuctanuuu. IlpuBonaTcss mpuMepsl pelieHns 3aiayd ONTUMHU3ALUY JIBHKe-
HUS BBICOKOCKOPOCTHBIX CYNEPKaBUTHPYIOIIUX MOJENEH MPH pa3TudHOM
BBIOOpE TIeNIEBOM (PYHKINH.

2. IIporpamma STAB, Version 2.3 npemHazHaueHa Ui KOMITBIO-
TEPHOT0 MOJEIIMPOBAHUA TUHAMHMKH BBICOKOCKOPOCTHBIX CYIEpKaBUTH-
pytomux mozene. [Iporpamma BKItOYAaET MOAYJIb pacyera ruIpoJUHAMU-
YEeCKMX CHUJ U MOMEHTOB, JNEMCTBYIOUIMX MPHU HECTAllMOHAPHOM B3aMMO-
JICCTBUM MOJEIH CO CTEHKON KaBEpHBI, KOTOPBIA HCIIOJIb3YyeT WH(pOpMa-
LU0 O B3aUMHOM TOJOKEHHH M CKOPOCTSIX OTHOCHUTENBHOIO JIBUKEHHS
MOJIENIM U TpaHuIl KaBepHbI. [IporpamMma mo3Bossier ucciaenoBaTh yCTOMYH-
BOCTbH JIBW)KEHHS CYNEpKaBUTHPYIOIINX Mojenell “B LenoM” U paccUUThI-
BaTh PEaJbHYI0 TPAEKTOPHUIO MOJENeW MpPH 3aJaHHBIX HAYaJIbHBIX BO3MY-
meHusx. llpruBeneHHble MpUMEpPHl KOMIIBIOTEPHOIO MOJIEIHPOBAHUS Jie-
MOHCTPHUPYIOT MEXaHH3M CaMOCTaOWIIM3allui BBICOKOCKOPOCTHBIX CYyIIep-
KaBUTHPYIOLINX MOJeNel MyTeM PUKOLIETUPOBAHMS XBOCTOBOM YacTH MO-
JIeT OT CTEHOK KaBEpHBI, KOTOPBIH OOHAapyXeH HaMH SKCHEPHUMEHTAIBLHO
[2].

3. Ilporpamma ACAYV, Version 2.3 npenHa3sHadeHa Jisl KOMITbIO-
TEPHOT0 MOJIETMPOBAHMS HECTAI[MOHAPHBIX IPOILIECCOB YIIpaBJIEHUS BEH-
TUIMPYEMBIMH KaBepHAMHU. 3ajiaya yrpaBJIeHUs BEHTWINPYEMON KaBepHOM
COCTOMT B MOJIEP’KAHUHN WM U3MEHEHHH Pa3MepoB KaBEpHBI MO 3aJJaHHO-
My 3aKOHY IPHU U3MEHEHHH CKOPOCTH MOJIEIH IyTEeM PEryJIMpOBaHUs MOJ-
IyBa rasa B KaBepHy. [IporpamMma HCIIONb3yeT pas3IMyHbIE 3aKOHBI YHOCA
ra3a M3 KaBepHbl B 3aBUCHMOCTH OT 3HaYeHMsI YHcen KaBUTUTalu U Opy-
Jla, a TaKXKe MPU 3aMbIKaHUM KaBepHBI Ha Teje. [IpuBeneHs! npumeps! pac-
YeTOB, KOTOPbIE JAl0T XapaKTepHYIO 3aa3/bIBAIONIyI0 PEAKIIHIO KaBEPHBI
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Ha M3MEHEHHE Pacxoja ras3a, a TaKKe MepexojHble KojeOaTenbHbIe MPo-
eCChl, BBI3BAHHBIC pryFOCTLIO ra3za B KaBCpHC. HpI/IBCI[CHI)I HpI/IMepI)I
MOJICTTUPOBAHHUS TIPOIECCa TIOTEPH YCTOWYMBOCTA U BO3HHKHOBEHHS aBTO-
KoJleOaHWH BEHTHIIUPYEMBIX KaBEPH MPU U30BITOYHOM MOJITYBE.
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SUPERCAVITATION FLOWS WITH GAS INJECTION:
DRAG AND DRAG REDUCTION PROBLEMS
Vladimir V. Serebryakov
Institute of Hydromechanics, National Academy of Sciences,
8/4, Zheliabov Str., 03057 Kiev, Ukraine

The investigation results of the supercavitation with gas injection for
high speed motion of prolate axisymmetric bodies in water are presented.
The cavitation drag forming and drag reduction problems are considered on
base studying of the peculiarities of the supercavitation flows for cavities
with given pressure and with gas injections. Investigations are developed
on the ground of the simple heuristic models, integral conservation laws,
Slender Body Theory and another ordinary here approximations.

PA3BUTBIE KABUTALHUOHHBIE TEHEHUS C UCKYCTBEH-
HBIM NOAAYBOM: COITPOTUBJIEHHUE U BOITPOCHI EI'O
YMEHBUHIEHUSA
Baagumup B. CepeOpsixkoB
WnctutyT ruapomexannku HannonansHolt Akanemun Hayk YxkpauHsl
yi. XKensoosa 8/4, 03057 Kuer, Ykpauna

IIpencraBieHbl pe3ynbTaThl UCCIENOBAHUNM CYyIEPKaBUTALUU C HUC-
KYCCTBEHHBIM MOJUTyBOM INPU BBICOKOCKOPOCTHOM JIBUXKEHMH B Bojae. Of-
HUMH M3 OCHOBHBIX SIBJISIOTCS BOIPOCH (YOPMHPOBAHUS W yMEHBIICHUS
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KaBHTAIlHOHHOTO CONPOTHBJIEHUS M BBIPAOOTKH BO3MOXKHO Oosee o0mmx
KpuTepreB 3(Q(GEKTUBHOCTH CYIEPKaBUTAIIMOHHOTO IBMKeHUs. OCHOBHOE
BHUMaHHE YJICJICHO MTPOJIBM)KCHUIO YPOBHS TIOHMMAHUS ITPOOJIEMBI B 1IEJIOM
C y4eToM BO3ACHCTBHS OCHOBHBIX (pusmueckux s dexros. ccnenopanue
OCHOBBIBACTCS HA TPHUMEHEHHUHU MPOCTHIX 3BPUCTHYCCKUX MOJICICH U 3aBHU-
CHMOCTEH, MHTErPaIbHBIX 3aKOHOB COXPAHEHUS, TUAPOIUHAMUKH TOHKHX
TEJ U APYTUX TPHOIKESHUI

SUB- ,TRANS-, SUPERSONIC FLOWS IN WATER WITH
SUPERCAVITATION
Vladimir V. Serebryakov*, Guenter Schnerr**,
*Institute of Hydromechanics of National Academy of Sciences of Ukraine
8/4 Sheliabov Str., 03057 Kiev, Ukraine
**Technical University of Munich,
15, Boltzmannstrasse, D-85748 Garching, Germany

The paper contain analysis and advancing of the understanding level
in the modern state of investigations as whole in new enough field of hy-
drodynamics for the super high sub- and supersonic speeds of the motion in
water of prolate near to axisymmetric supercavitating bodies. The most im-
portant problems here from one hand are connected with appearance of key
compressibility effects of water as compressible fluid for speeds compared
with sonic speed in water a, ~1500m/s . This is shocks. wave resistance,

transonic effects and i.e. Another number of the problems is connected with
appearance for super high speeds super high hydrodynamics stresses which
can be over as compared to strength point of the strongest steels. So here it
is need to account of stresses deformation state of moving bodies including
influence of hydro elastics effects, resonance and i.e.

The analysis base are ones of the hopeful and effective methods ap-
plied for development of classical supercavitation in incompressible fluid.
This is application of simple heuristic model together with integral conser-
vation laws, Similarity Theory, Slender Body Theory (SBT) on base
Matched Asymptotic Expansion Method (MAEM) and another approxima-
tions usually used in the cavitation.
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10-, TPAHC-, CBEPX3BYKOBBIE TEUEHHUS B BOJE
C PABBUTOM KABUTAIIMEN
Baagumup B. cepedpsikoB®, Guenter Schnerr**,
* MuctutyT ruapoMexanuku HanmonansHoi Akanemun Hayk Ykpanssl
8/4, yn. Xensoosa, 03057 Kues, Ykpauna
**Technical University of Munich
15, Boltzmannstrasse, D-85748 Garching, Germany

Jlokia OCBSIILIEH aHAIU3Y U TIPOJIBIDKEHUIO YPOBHS TOHUMAaHHUS COBpe-
MEHHOI'O COCTOSIHUSI UCCIICIOBAHMI B IEJIOM B JIOCTATOYHO HOBOM 00JIacTH TH-
POIMHAMHUKH - CBEPXBBICOKUX JI0- U CBEPX3BYKOBBIX CKOPOCTEH JBIDKEHHUS B
BOJIC YIUIMHCHHBIX B YaCTHOCTH OJIM3KMX K OCECUMMETpUYHBIM Teil. Hanbonee
Ba’XHBIC HpO6J'ICMI)I 310ECh. C OI[HOﬁ CTOPOHBLI, CBA3aHbI C ITPOABJICHUEM OCHOB-
HBIX P PEKTOB CKIMAEMOCTH BOJBI KAK CKUMAEMOH KUIKOCTH MPH CKOPOCTSIX
JIBIDKEHUSI CPaBHUMBIX CO CKOPOCTBIO 3ByKa B Boze ~1500 m/c. D10 Hammune
CKa4KOB YIUIOTHEHHMSI, BOJTHOBOI'O COMPOTHBIICHHUS, TPAHC3BYKOBBIX dP(EKTOB 1
np. Jpyroit psit paccMaTpuBaeMbIX POOJIEM CBSI3aH C TIPOSIBJICHUEM CBEPXBBI-
COKHX TUJIPOANHAMUYECKHUX HATPSKEHUH MPH CBEPXBBICOKUX CKOPOCTSX, KOTO-
PpBIC MOTI'YT PEBOCXOAUTH NPEACIIbI IMPOYHOCTH HaI/I6OIIeC IMPOYHBIX cTajie u
COOTBETCTBEHHO HEOOXOMMOCTBIO Yydera HarpsbKeHHO-e(hOpMUPOBAHHOTO
COCTOSIHHSL IBHYKYLIMIXCS TeJI, BKIIFOYasi TAPO-YIpyrue 3hQeKTsl, pe30HaHCHEIE
sBiieHust v Jp. OCHOBOH aHanM3a SBIISIOTCS OAHW M3 HauOonee HaJeKHBIX U
3((eKTUBHBIX METOIOB 3apEeKOMEHJIOBaBIME ceOsi Mpu pazpaboTKe TeopuH
KJIACCHYECKOM CYIEPKABUTAIIMK B HECKIMMAEMOU KUJKOCTU. ITO TPUMEHEHHE
MPOCTBIX IBPUCTUUECKUX MOJENIEH COBMECTHO C HMHTETPATbHBIMH 3aKOHAMH
COXpaHeHHs, TEOPHH Pa3MEepPHOCTEH, TUIPONMHAMUKNA TOHKHX T€l Ha OCHOBE
METO/Ia CPALMBAEMBIX ACHMITTOTHYECKUX Pa3IoKEeHUH U APYrUX MPUOTVKEHHI
MMPUMCHACMBIX B KaBUTAIAU.

HYDRODYNAMIC FORCE OF SUPERCAVITATING VEHICLE
Xu Sheng
China ship scientific research center
P.o. box 116, Jiangsu Province, 214082 Wuxi, P. R. China

Supercavitating vehicle with high speed is becoming hot topic of hy-
drodynamics in the world. The paper is focus on hydrodynamic
forces[Thydroballistics and cavitating phenomena in both experimental and
theoretical ways.
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The experiment is to study hydroballistics of free-run large scale super-
cavitating vehicle with booster. The objects of the test are (a) to validate the
design outline of supercavitating vehicle; (b) to be certain the reliability of
booster with delay-action fuse; (c¢) to compare the predictions of cavity
shape and hydroballistics with test data.

The test results demonstrate that:

(a) Under nominal test velocity, the well fitting of supercavity with
the vehicle inside shows that the successful prediction of cavity shape and
design of vehicle configuration;

(b) The booster and delay-action fuse work well with high reliability.
The equivalence of thrust with drag indicates the correctness of drag pre-
diction and thrust design;

(c) When the supercavity is shortening as velocity decreasing, the tra-
jectory of model with partial cavity may deflect violently.

On the basis of potential flow theory, an improved method is presented to
determine the cavity shape and surface pressure distribution of test model
with sub- and super- cavitation. Compared with experimental data, the
method is valid, and is used for test model design.

GRAVITY FLUID FLOW PAST A BOAD WITH APPEARANCE
OF A FREE VORTEX
Natalia M. Sherykhalina, Alexey A. Oshmarin
The State Aviation Technical University of Ufa
12, K. Marx str., 450000 Ufa, Russia

A flow of ideal inviscid incompressible gravity fluid along a semi-
infinite board with a fracture and formation a vortex nearby the fracture is
under consideration. The flow is limited by free surface. The flows of soli-
tary wave type are discussed.

The vector of fluid velocity ' in modulo on the free surface is related
to the ordinate y by the Bernoulli’s equation. Imz=0 on the board, where
z=x+iy are the complex coordinates of points. The fluid flow is potential
according to the assumptions, but it contains a point vortex. The problem
solution can be found as the analytic functions of a complex variable z(C),
w(C), where C is a parametric variable. The range of this variable is a semi-
circle. The function w is the complex potential. The bounds of the flow are
impenetrable and the area of flow in the plane of the complex potential is a

137



belt with the half-belt connected with it. This half-belt is an image of the
flow domain closed around the vortex.

Let’s consider the problem of flow around the vortex in a semicircle
channel. In this case the area of flow coincides with the area on the para-
metrical variable plane, i.e. z=C. In the problem solution with free vortex,
the vortex must be in balance. Therefore the force, which acts to the vortex,
must be equal to zero. After some algebra we have an equation without so-
lution. So this problem does not have the equilibrium solutions.

In case the of flow around the vortex in a circle channel the area of

flow is result of mapping C L= C ? of the semicircle €. From the condition

of the balance of a free vortex we obtain the unique solution of this prob-
lem, i.e. the parameters of vortex completely defined by external condi-
tions.

The investigation of the problem of the flow of weightless fluid
around the vortex shows that problem with the free vortex has not solution.

The problem is solved by the collocation method [1]. The Bernoulli’s
equation is fulfilled at the discrete points. Solving the problem by confor-
mal mapping we seek the function 2z({) as the sum

z (g ) = h[ZO (g ) +z, (g )], where z(({) is the solution of a similar prob-

lem for weightless fluid, z;(€) is a function, which are chosen to fulfill the
Bernoulli’s equation. The modified Levi-Chivita method [1] is applied to
seek this function. The computations error is estimated by the improved
Runge's rule. Besides, some parameters can be found analytically.

Coincidence of results which obtained by the two different methods
is allows to say of reliability of the estimates.

The detailed results of numerical investigations demonstrate effi-
ciency of the developed algorithms of the problem solution.

References
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gimes in the nonlinear problem of vortex motion under the free surface of a
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OBTEKAHUE IIATA BECOMOM )KUJIKOCThIO
C OBPABOBAHUEM CBOBOJHOI'O BUXPA
Haranusa M. lllepsixanuna, Anekceii A. Ommapun
VYoumcknii ABranoHHbIN TexHuueckuii Y HUBEPCUTET
12, yn. Kapna Mapkca, 450000 Y da, Poccus

PaccmarpuBaercss TeueHue HAEAIBHOW HEBSI3KOW BECOMOM HECIKH-
MaeMOM KHUAKOCTH BJOJb MONyOSCKOHEUHOIO IIUTa C M3JIOMOM U 00pa3o-
BaHUeM BUXps BONMM3H nznoma. C OHOH CTOPOHBI MMOTOK OrpaHUYEH CBO-
0omHON TIOBEPXHOCTBIO. PaccMaTpuBalOTCsl TEUeHHsS THNA YEAWHEHHOM
BOJIHBI.

Bektop ckopoctu V moToka 1o MOJyJIt0 Ha CBOOOTHOM MMOBEPXHOCTH
CBS3aH C opauHaTOW y ypaBHeHueM bepnymmm. Ha murte Imz=0, rme
z=x+iy — KOMIUIEKCHas KOOpAWHAaTa TOYKH. [I0TOK >KUIKOCTH, B COOTBET-
CTBUHM C JONYLIEHUSIMH, MOTEHI[MATEH, HO COAEPKUT TOYEUHBIH BHUXPb.
Pemienne Moxxker ObITH HAMJIGHO B BUJE AHAJIUTUYCCKUX (DYHKIUH KOM-
miekcHoro nepemennoro z(C), w(f), rae € - mapamerpuyieckas rnepeMeHHasl.
O6nacte U3MeHEHUs nepeMeHHol ( — momykpyr. @yHKIUS W - KOMIUIEKC-
HBI ToTeHIuall. [ paHUIIBI TOTOKA — HETPOHHUIIAEMBI, TOT/Ia 00JIACTHIO I1O0-
TOKa Ha IUIOCKOCTH KOMIUIEKCHOI'O IIOTEHIMaNa SIBISIETCA I0JIOCA C IIpU-
COEIMHEHHOW TOJIYIONIOCO. JTa MOJynonoca ecTb 00pa3 orpaHMuYeHHON
00J1aCTH TIOTOKA BOKPYT BHXPAL.

Paccmorpum 3amady oOTekaHHs BHXpS B MONYKPYIJIOM KaHaye. B
3TOM ciiy4dae 00J1acTh TEUSHHUsI COBMAIAET ¢ 00JIACTHIO Ha TUIOCKOCTH Mapa-
METPHUYECKOTO MepeMeHHoro, T.e. z=C. [Ipu pemennn 3amaum co cBOOO-
HBIM BUXPEM BHUXpPhb JOJDKEH HAaXOAUTHCS B PaBHOBECHH, IOITOMY CHIIA,
JeWCTBYIONIAas Ha BHXPh JOJDKHA ObITh paBHa Hymwo. [locie mpoBeneHus
npeoOpa3oBaHMii OTydaeM ypaBHEHHE, KOTOPOE HE UMEET PEHICHHH.

[Tpu obTexaHnu BUXpS B KPYIJIOM KaHaie o0l1acTh TEUEHHS Moyda-

2
ercs u3 TMONyKpyra { ¢ TOMOIIbIO oToOpaskenus ( S ¢”. U3 ycnosus

paBHOBeCHs CBOOOJHOTO BUXPsI MONydaeM, 4TO 3a]ada UMEeT eIUHCTBEH-
HOE pELICHHE, T.€. TapaMeTpbl BUXPsI IIOJIHOCTBIO ONPEIEISIIOTCS BHEIIHMU-
MH YCIIOBUSIMH.

Paccmotpenue 3agaun oOTeKaHusI BUXPsl TOTOKOM HEBECOMOMW KH/I-
KOCTH TIOKa3bIBa€T OTCYTCTBUE PELICHHUSI CO CBOOOTHBIM BUXPEM.

3azaya 0 TEYCHUU BECOMOM JKUAKOCTU PELIAeTCsl METOJOM KOJLIOKa-
nui. YpaBHeHUe bepHyIln BBINIOIHSETCSA B JUCKPETHBIX TOUKax. Pemenue
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umercs B Buae  ¢yHkumum  z(€), mpeacraBUMOW  cyMMO#
z (Z; ) = h[Z 0 (Z; ) + Zz, (Z; )], rae zo(§) - pelieHrue aHAJIOTMYHOW 3aJlauu

JUTs HEBECOMOM JKUAKOCTH, z1(C) - PyHKIMS, KOTOpas HeoOX0auMa IS BbI-
nosiHeHust ycnoBus bepaymumu. J{inst HaxoxkieHust 3TOH (yHKIUU ObUT TPH-
MeHeH Buaou3MeHeHHbIH Meron Jleu-UuButhl [1]. OmuOka BhIUMCICHUN
onpezesiach ¢ MOMOIIbI0 0000menHoro npasmia Pynre. Kpome Toro,
HEKOTOpbIE MapaMerpbl TEeYeHHs MOTYT OBITh Hai/IeHbl aHAJTUTHYECKH.
CoBmiajieHne pe3yabTaTOB PEUICHUS ABYMsI METOIAMH TO3BOJISIET CHIENaTh
BBIBOJ O JOCTOBEPHOCTH MOJTYYEHHBIX OIICHOK.

B coobmenun npuBoAaTcs MOAPOOHBIE PE3yIbTaThl YHCICHHBIX HC-
CIIeIOBaHMH, KOTOpPbIE JAEMOHCTPUPYIOT 3(PGEKTHBHOCTH pa3paboTaHHBIX
QITOPUTMOB PEIICHHS 3a]IauH.
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THE APPLICATION OF THE EULER-LAGRANGE EQUATION
IN THE BOUNDARY LAYER TO RESEARCH OF THE MAIN
EQUATION FOR MOVEMENT OF THE BODY
WITH VARIABLE MASS
Victor A. Svyatskov
Cheboksary Institute of the Moscow State Open University
54, Marks str, 428000, Cheboksary, Russia

We shall enter designations: M - mass of a body at the moment of
time ¢, v - absolute speed of a body at the moment of time ¢, g - absolute

speed of a joining (separated) particle at the moment of time ¢, F - the
main vector of the forces enclosed to a body at the moment of time ¢. The
equation of movement of a body of variable mass in these designations
looks like [1]:
MQ:F_F(q_\_;).d_M’ (1)
dt dt
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Let in the equation (1) g = const . Then
d L —
MG -]=F. )
dt
Not breaking a generality of the further reasonings, we suppose, that
the body of variable mass moves rectilinearly. In this case the equation (1)

is applied. We shall enter Lagrangian L = L(Z,Xx,X) on the basis of

which we shall describe movement of a body. We shall present Euler - La-
grange equation as

iL =L . (3)
dt
From structure of record of the equation (2) follows, that this equa-
tion has the form of the equation (3).
Let's accept according to work [2]

Li=M(v-q); L =F, @)
where V=X
Generally functions F and M look like
M =M(t,x,%); F=F(,x,%).
As follows from works [2,3], Lagrangian L in a boundary layer A
looks like

1 1 1 1
L, (t,x,x)=S,-x+S, -tx+§SZu X +50-5c2 +ESM -t2x+§Sm 0+

+IS X +1K X +lSIZV e +10 - XX +lS3m
6 6 2 2" 6

)

1 1 1 1 a4 1 .
+ZSM” £ +gSﬁu - +E‘D-x4 +;1K2 5 +gSﬁv 1+

2y tu2v

+11< Wiy rels t)dz+laz-x2x2.
6 4 2 4
In last formula constants before argument ¢, variables
x =x(t), X = Xx(¢) are defined from statement of a problem and can be
found according to formulas (4, 5).
By the author it is investigated two cases of absolute speed of join-

ing particles: ¢ =constand ¢ =0.
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The possible applications of the equation of Euler — Lagrange in a
boundary layer researched by the author are specified in works [1,2]. One
of special cases (2-4) this equation can be applied in the following area: the
management of a movement of the rubbish collector in the space around the
earth.
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INPUMEHEHUE YPABHEHUS DUJIEPA — JIATPAHKA
B IOI'PAHUYHOM CJIOE K HCCJIEAOBAHUIO OCHOBHOI'O
YPABHEHMSI IBUKEHUSI TEJIA TEPEMEHHOM MACCHI
Buktop A. CBsiTCcKOB
Yebokcapckuit uncTHTYT MI'OY
54, yn. Mapkca, 428000 Ueboxkcapsi, Poccus

Besiem obo3nauenus: M — Macca Teja B MOMEHT BpEMEHH £, V - a0co-
JIFOTHAS CKOPOCTb TeJla B MOMEHT BPeMeHH #, § — abCOMOTHAst CKOPOCTh HPH-

COEMHSIIOIIEHCS (OT/IENSFOIIEHCS) YaCTHIIBI B MOMEHT BpeMeHH £, F' - TIIaBHBIH
BEKTOp NMPWIOKEHHBIX K TEIIy CWJI B MOMEHT BPEMEHHU f. Y paBHEHUE JBIKECHUS
Teja IEPEMEHHOM MacChl B 3THX 0003HAYEHUsAX umeet Bu [1]:

v = amM
MY _Fig-v) 2L I
o Er@-v—-, (D
ITycts B ypasuennu (1) ¢ = const . Torna
d _
—[M© -q)]=F. 2
LM =9 )

He napymas oOmHoCcTH AajdbHEHIINX paccyXICHUHN, MPEMONI0KUM,
YTO TEJIO TIEPEMEHHOM MaccChl JBMXKETCS MPSMOJIIMHENWHO. B 3TOM ciyuae
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npumenumo ypasaenue (1). Beenem marpamxuan L = L(t » X, x) , Ha oc-

HOBE KOTOpPOIO OIHUINEM JBMXKEHHE Tena. YpaBHeHue Oitnepa-Jlarpanxka
MPEJCTaBUM B CIIeyFoIel opme

d
—L. =L._. 3
dt * ®)

U3 cTpykTypbl 3amucH ypaBHeHUs (2) cliefyer, 9To 3TO ypaBHEHHE
umeer BuJ ypaBHenust (3). [Ipumem cornacHo padore [2]

Li=M{v-q); L =T, )
rie V=X. B obuem cnyyae QpyHkuun F u M NpUHAMAIOT BhIpae-
aus M =M (t,x,x); F=F(t,x,x).
Kak cienyer u3 pabor [2,3], narpawkuan L B nmorpanu4HoM ciioe A
UMEET B

2u”

. 1 I ., 1 1
L(t,x,x)=S,-x+S, -tx+—=S, X’ +—c- X’ +=8,, - 'x+=S, -tx’ +
2 2 2 2
1 ; 1 41 o1 o1 3
+=8, X +=K,-x +=S, -t +—0, - xx" +=8,, - r'x+
6 6 2 2 6 (5)
1 2.2 1 3 1 4 1 4 1 .3
+=8, X +=8,, X +—D-x"+—K, X" +=8§,;, - tx" +
4 6 24 24 6

t3v

1

22 2.2

oy XX +—0 , XX
4 u

+1K1u - xk +lSmV P +ls
6 4 2

B nocnenueit opmysie KOHCTaHTHI MEPe]] apPryMEHTOM f, MEepPEeMEH-
meiMu X = X(¢), X = X(¢) onmpenensiorcst U3 MOCTAHOBKH 3a/1a4H U MO-

r'yT ObITh HalJICHbI COrIacHO opmynam (4, 5).
ABTOpOM UCCIIEJIOBAHO JBa Ciiydas aOCOJIOTHOW CKOPOCTH IPH-
COCIUHAIOIIUXCSA YaCTHII: (7 =const u 6 =0

Bo3MokHbIE TPUITOKEHHS UCCIIEYEMOT0 aBTOPOM ypaBHEHUs Oii-
nepa — Jlarpanka B MOTpaHUYHOM CJIO€ YKa3aHbl B padorax [1,2]. Oqun u3
YacTHBIX cllydaeB (2-4) 3TOro ypaBHEHHS MOXeET ObITh MPHUMEHEH B Ciie-
aytomiel o0nacT: yrpaslieHHE TBH)KEHHEM MYCOPOCOOPIIMKOB B OKOJO-
3eMHOM TIPOCTPAHCTBE.
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DESIGN OF SUPERCAVITATING HYDROFOILS
Alexey .G. Terentiev
Cheboksary Institute of the Moscow State Open University
54, Marks str, 428000, Cheboksary, Russia

Supercavitating hydrofoils can be design as structures between some
curve of forcing side and a boundary of a cavity. By a variation of forcing
side, it is possible to design a hydrofoils with high enough characteristics.
Supercavitating hydrofoils were offered in 40th years of the last century by
V.L.Pozdjunin, and a bit later on the basis of the linear theory the super-
cavitating hydrofoils were calculated by M.P.Tulin (1954), and also multi-
ple parameter hydrofoils were considered by Johnson and Virgil (1961).
Alongside with extreme conditions concerning hydrodynamic characteris-
tics Supercavitating hydrofoils should satisfy to additional conditions of
constructive character. In particular, thickness of a structure should not be
too thin to not weaken elastic characteristics; the upper side of a hydrofoil
should be designed so that keeps high hydrodynamic characteristics on non
cavitating modes. During designing can arise and other conditions.

It is not obviously possible all requirements to execute within the
framework of the linear theory, as the solution at a leading edge has a sin-
gularity and the cavity boundary cannot be calculated exactly. The problem
can be solved within the framework of the inverse theory of value prob-
lems, however, in this case not clearly from what reasons it is necessary to
set distribution of pressure on the bottom side of hydrofoils.

Below the problem of design of supercavitating hydrofoils is reduced
to a problem of conditional extremum. For this purpose, the base nonlinear
problem of a flow of a plate under Kirchoff’s model in the beginning is
used, and then the problem about a small curvature of a plate is solved. The
solution of a problem is as trigonometrically series represented which fac-
tors are determined from conditional extremum for quality or for the lift. A
number supercavitating hydrofoil is designed. Some of them will be coor-
dinated to the hydrofoils used on high-speed ships and supercavitating pro-
pellers.
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MOCTPOEHUE CYIEPKABUTHUPYIOUUX TPOPUIEN
Auexceii I'. TepeHTheB
Yebokcapcknuit HHCTUTYT
MockoBckoro ['ocynapctBeHHOro OTKpBITOro Y HUBEpCUTETA
54, yn. Mapkca, 428000 Ueboxkcapsi, Poccus

CynepkaBUTUpyONIHe MPOPUIN MOTYT OBITh TOCTPOEHBI Kak Mpo-
¢unm Mexay HEKOTOpOH KpUBOW HarHeTarolleil CTOPOHBI M TPaHMIEH Ka-
BepHBL. [lyTeM BapHaluy HarHeTarollell CTOPOHBI MOXHO MOIYYUTH MPO-
(UM ¢ T0CTaTOYHO BBHICOKUMH XapakTepucThukamu. CyrnepKkaBUTHPYIOIINE
npodunu ObUIM IpemIokens! enle B 40-x rogax mpoioro Beka B.JI. Tlo-
3IIOHMHBIM, HECKOJIBKO MO3Ke HA OCHOBE JIMHEHHOI TEOpUH CyNepKaBUTH-
pytomuii mpodunb 661 npeanoxed M.IT. Tynuabsim (1954), a Takxke MHO-
ronapamerpuyeckue npoduiaH ObUTM paccMOTpeHbl J[PKOHCOHOM H JIp.
(1961). Hapsiny ¢ skcTpeMaabHBIMU YCIIOBUSMH OTHOCHUTEIILHO THJIPOIIH-
HAMHYECKUX XapaKTEPUCTUK MPOGWIN JOJKHBI YAOBJIECTBOPATH JOMOIHH-
TENBHBIM YCIIOBHSIM KOHCTPYKTHBHOTO XapakTepa. B 4acTHOCTH, TONIIMHA
npouiIs He JTOJIKHA OBITh CIIMIIIKOM TOHKOH, YTOOBI HE 0CIa0UTh MPOYHO-
CTHBIE XapaKTEePUCTUKU, KOPMOBAst 4acTh MPoduIIst 10KHA OBITH cipodu-
JUPOBaHA TaKUM OOpPa3oM, YTOOBI COXPAaHUTH BBICOKHE T'HJIPOAWHAMHYE-
CKHe XapaKTepUCTUKU Ha HEKaBUTHPYIOIIMX pexnMax. B mporecce KoHCT-
PYUPOBaHHSA MOTYT BO3HUKHYTH U APYTHE YCIOBHS.

Bce TpeboBanus BBHIIONHUTH B paMKax JIMHEHHOH TEOpHUU HE Mpel-
CTaBIISIETCSl BOBMOXKHBIM, TIOCKOJIBKY B TepefHell KPOMKE pelieHne UMeeT
0COOCHHOCTh M TPaHMIA KaBEepPHBI UCKakaeTcsi. MOXXHO paccuuTaTh Mpo-
¢uIb B paMKax TEOpHH OOpaTHBIX KPaeBBbIX 3aJay, OJHAKO, B 3TOM CiIydae
HE SICHO M3 KaKuX COOOpa)KeHUH cleayeT 3aaaBaTh pacrpenelicHue JaBie-
HUS Ha HIDKHEH CTOPOHE MPOQUIIS.

Hwxe 3amava o moctpoeHuu Mpouiisi CBOAUTCA K 3a1a4e 00 yCIoB-
HOM dKcTpemyme. Jli1st 3Toro, BHavyase UCIob3yercs: 0a3oBas HeMHEHHAs
3ajaya 00 00TeKaHWU IIACTUHBI 1O cxeMe Kupxroda, 3atem pemaercs 3a-
Jlada 0 MaJioM MCKPUBJIEHUH IUIaCTUHBL. PelieHne 3ajauu HaXoquTcsl B BU-
Jie TPUTOHOMETPHUYECKOTO psfa, KO3(QPHUIUEHTb KOTOPOTrO OMPEACISIFOTCS
W3 YCJIOBHOT'O 3KCTpeMyMa JJisi KauecTBa MPOQMIISL WK AJS MOIbEMHON
cuiibl. PaccunTan psjn cynepkaBUTHPYIOIIMX MpoQuiield ¢ BHICOKUM Kaue-
cTBoM. HekoTopsie 3 HUX COMIacyIOTCs ¢ MPO(QUIIsIMUA, TIPUMEHSIEMBIMH Ha
CKOPOCTHBIX Cy/IaX U TPEOHBIX BUHTAX.
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CAVITATING FLOW OF A PLATE IN A GRAVITY FIELD
Alexey G. Terentiev, A.S. Demidov
Cheboksary Institute of the Moscow State Open University
54, Marks str, 428000, Cheboksary, Russia

It is investigated cavitating flows of a plate and a wedge in a gravity
field directed any way. The problem is considered in classical statement of
the nonlinear theory of cavitating flows: the Neumann’s condition on solid
boundary and a dynamic condition of constancy of pressure on a cavity
boundary are satisfied; the logarithmic function of complex velocity at the
end of a cavity has an integrality singularity. In case of gravity the dynamic
condition is expressed by the nonlinear equation concerning speed. The
problem is solved in a parametrical form by conformal mapping of a flow
domain onto an interior of a semicircle. The derivative of complex potential
in a parametrical plane is found analytically due to singularity and nulls,
and logarithmic function of complex speed in view of all singularities is
found as power series which factors are calculated in iteration manner.
Convergence of factors of lines depends on as far as singularities of flow
are taken full into account and conditions in separate points are satisfied.
The similar approach of power series is widely applied in hydrodynamics.

Alongside with classical statement of a problem of cavitating flow,
the Riabouchinsky’s model with short circuit of a cavity on a perpendicular
and inclined plate is considered. As parametrical domain the ring is used.
Iterative algorithms are developed. Numerical results are similar to results
from the linear theory (Tulin, Axosta, Efremov, Galanin and Gusev) or
from nonlinear statement by using different models (Lenau , Terentiev,
Kotlyar and Troepolskaya), however there are also essential distinctions in
a case of a transverse gravity field.

KABUTAIIMOHHOE OB TEKAHUE IIJIACTHUHBI
B NOJIE CUJI TSIZKECTHU
Aunekceii I'. TepentbeB, A.C. leMuaoB
Yebokcapckuit uncTHTYT MI'OY
54, yn. Mapkca, 428000 Ueboxkcapsi, Poccus

Hccnenyercs kaBUTallMOHHOE OOTEKaHUE TUIACTUHBI U KIIMHA B BECO-
MO# JKMJIKOCTH B TIPOM3BOJILHO OPUEHTHUPOBAHHOM TIOJIE CHII TSIKECTH. 3a-
Jlaya paccMaTpUBAaeTcad B KJIACCMYECKON MOCTaHOBKE HEIMHEHHON TEOpUHU
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KaBUTALIMOHHBIX TEUEHMI: HA TBEPJIOM TPAHUIIE YIOBIETBOPAETCS YCIOBUE
HeliMana, Ha rpaHuIaXx KaBepHBI - JUHAMHUYECKOE YCIIOBHUE IIOCTOSHCTBO
JaBJICHH, B KOHIIE KaBEepHBbI MHTErpUpyeMasi OCOOEHHOCTh. B ciydae Be-
COMOM >KMJIKOCTH TIOCJIETHEE YCIOBHE BBIpa)KaeTcs HETMHEHHBIM ypaBHe-
HUEM OTHOCHTEIBHO CKOPOCTH. 3ajaua pemaercs B mapaMeTpuyeckoM BU-
JIe IyTeM KOH(OPMHOT0 0TOOpa)KeHUsI 001aCTU TEUCHHsI HA BHYTPEHHOCTD
nonykpyra. [Ipon3BojHas KOMIUIEKCHOIO TIOTEHIIMAIa B TTapaMeTpHIecKOoi
TUIOCKOCTH OTBICKUBAETCSl aHAIMTHYECKH, a Jorapudmudeckas (QyHKIUS
KOMITJIEKCHOW CKOPOCTH C Y4€TOM BCEX OCOOCHHOCTEH OTHICKMBAETCS B
BHJIC CTEIEHHOTO psiaa, KO3 UIMEHTH KOTOPOro BBIUYUCISIOTCS METOIOM
utepanud. CXoquMocTs K03((GUIIMEHTOB psAJa 3aBUCUT OT TOTO, HACKOJIb-
KO TIOJTHO YYTEHbI 0OCOOGHHOCTH TE€UECHUS U YAOBIECTBOPEHBI YCIOBHS B OT-
JeNbHBIX Toukax. [1oM00HbIH MoAX01 NIMPOKO MPUMEHSIETCS] B THIPOIUHA-
MHUKE.

Hapsny ¢ kimaccuueckoii mocTaHOBKOMW 3a/1adi 0 KaBUTALIMOHHOM 00-
TEKaHUH PAaCcCMATPHUBACTCs OOTEKaHWE HAKJIOHHOW IUIACTHHBI IO cxeme Psi-
OYIIMHCKOTO C 3aMbIKaHHEM KaBEpPHbI Ha MEPHEHIAMKYIAPHYIO U HaKIOH-
Hyl0 (QUKTUBHYIO IUIacTHHY. B kadecTBe mapameTpuueckodl o0iIacTu Hc-
MOJIL3YETCS KOJIbI0. Pa3paboranbl UTepaloHHbIe aaropuTMbel. OOCyxa-
FOTCSl YHCJIOBBIE PE3yJbTaThl, KOTOPbIE AHAJIOTHYHBI pe3yjabTaTaM W3 JIU-
Heapu3oBanHol Teopun (TymuH, Akocra, Edpemos, ['ananun u ['yceB) nnn
pacCUMTaHHBIM IO Pa3HbIM KaBUTAIIMOHHBIM CX€MaM B HEIMHEWHOW Mo-
cranoBke (JIeno, Tepentnen, Kotnsap u Tpoenonbckast), 0IHAKO €CThb U CY-
LIECTBEHHBIE PA3JINYMS B CIIydae MOMepeyHoro Moisi CHII TAKECTH.

THE UNSTEADY LIQUID CURRENTS
WITH FREE BORDERS AND ENVIRONMENTS BOUNDARY
Natal'ya V. Vagizova, Arkadii V. Kuznetsov
Chebotarev Research Institute of Mathematic and Mechanic,
Kazan StateUuniversity,
17, Universitetskaya St., Kazan 420008, Tatarstan, Russia

The task of a jet flow of a varying obstacle and expirations from un-
der a board with a nonlinear dynamic condition on free borders, and the
task of non-stationary interaction of two flows of liquids with different
complete pressure are investigated by methods of the theory of poorly in-
dignant currents.
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It is shown, that the specified nonlinearity is the reason of formation
of liquid speed breaks and infinite sheeted spiral volutes on free borders
similar to double spiral "whirlwinds" in M. Tulin cavitation circuit. The
moment of occurrence, break evolution and other currents characteristics
are defined.

HEYCTAHOBUBUHINECS TEUEHUS ' KUJTKOCTHU
CO CBOBOJHBIMU 'PAHUILIAMUA
U I'PAHULIAMMU PA3JIEJIA CPEJ]
Haranbsa B. BarusoBa, Apkanuii B. Ky3neuos
HUU marematuku u mexanuku uMm. H.I'. Ueborapesa
KazaHckoro rocyaapcTBEeHHOTO YHHUBEPCUTETA
17 yn. Yuuepcurerckas, 420008 Kazaunb, TaTapcran, Poccus

Merogamu Teopuu €1ab0 BO3MYIICHHBIX TEUCHUN MCCIEIyeTCs 3a-
Jlada CTPYWHOrO0 OOTEKaHWsS KOJCOJIONIErocsl MPENSTCTBUS U WCTCUCHUS
M3-TIOJI IUTa C HEIMHEHHBIM JUHAMHYECKUM YCIOBUEM Ha CBOOOHBIX
rpaHuIax, a TaKXKe 3aJaya O HECTAllMOHAPHOM B3aMMOJEHCTBUU JBYX MO-
TOKOB >KHJKOCTEHN C pa3HbIMH MOJHBIMU JTABJIICHUSIMHU.

[NokazaHo, 4TO yKa3aHHAs HETMHEWHOCTb SIBJISCTCS MPUYUHON 00pa-
30BaHUs Pa3pbIBOB CKOPOCTU JKUJKOCTH U OCCKOHEYHOIMCTHBIX CIUPAJib-
HBIX 3aBUTKOB Ha CBOOOJIHBIX IPAHMIIAX, AHAJOTMYHBIX JIBOMHBIM CITUPAJIb-
HBIM "BUXpsM" B KaBuTalmoHHOM cxeme M. Tynuna. Ompenensiercss Mo-
MEHT BO3HMKHOBEHHS, SBOJIOLMSA Pa3pbiBa U OCTAJIbHBIE XapaKTEPUCTUKU
TEYEHHUM.

INFLUENCE OF SHIFTING FASTEN SECTION BEING
IN NON-UNIFORM FLOW ON PRESSURE DISTRIBUTION
ALONG ITS SURFACE
Leonid I. Vishnevsky*, Elena L. Vishnevskay**
*Krylov Ship Institute,

44, Moskovskoe shosse, 196158 S. Petersburg, Russia
**CBSI, 2, Victory square, 196158 S. Petersberg, Russia

In this report it is considered the movement of section in non-
uniform flow of ideal liquid. The section is movably fasten so that it is ad-
mitted the small elasticity two dimensional displacements. Flow perturba-
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tions is suggested as potential. Non-passage condition is met and at the
trailing edge there is postulate of Chaplygin-Jukovsky. The main attention
is put to after resonance oscillation of section which is in the condition of
circular flow around.

It is analytically shown that arising variable hydrodynamic loads and
acting on the section to be moved in prescribed non-uniform flow are al-
ways more in fixed conditions. Physically this phenomena it is explained
by the way that in the case of “soft” fastening the kinetic energy of non-
uniform flow is expended for creating of variable force on section and for
working which is connected to overcome of inertia with oscillation in after
resonance mode as well at the same time in the case of fixed section this
energy is expended only for creating of oscillating hydrodynamics loads.
With increasing of density material the influence of move ability on arising
variable loads turn to weaker. This effect is connected with the fact that
with increasing of the section mass the displacements become inconsider-
able and the work in this case tends to zero.

In this report it is obtained asymptotic expressions for defining of
pressure coefficient (PC). It is shown that amplitude of PC’ oscillation on
section to be oscillated in after resonance mode due to non-stationary flow
is always less in the case of “soft” fastening then in the case of non-
oscillating section. When the frequency of the hydrodynamics perturbations
is increasing this amplitude increases with square law and in as limit it be-
comes equal to amplitude of fixed section.

BJIUSHMUME ITOABUKHOI'O KPEIIJIEHUS ITPO®UJIS,
JABMXXYHIETOCS B YCJIOBUSIX HEPABHOMEPHOI'O
MNOTOKA, HA PACIIPEJAEJIEHUE JABJIEHUS
IO EIr'O HOBEPXHOCTH
Jleonna U. BumneBckuii*, Enena JI. BumneBckaa*®*
*[MTHWUU um. akan. A.H.Kpsiiosa,

44, Mockogckoe mocce, 196158, C. [erepOypr, Poccust
**CBSI, 2, miomazae [Todens:, 196158 C. IlerepOypr, Poccus

B paGore paccMOTpeHO MOCTYNaTEIbHOE JIBHIKEHUE TPOPHIIS B He-
PaBHOMEPHOM TIOTOKE UcanbHON )UAKOCTH. [Ipoduis momBrkHO 3aKper-
JIeH TaK, YTO JIOMYCKAIOTCSl Mallble YIPYyTHEe IUIOCKO IMapajlielbHbIE Tepe-
MeleHusl. Brl3BaHHOE TeueHUe KUIKOCTH MPEANoiaraeTcsi MOoTeHIUAh-
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HeIM. Ha mpoduine cobnronaercs ycaoBue HEMPOTEKaHUS, @ HA €ro BBIXO-
nselt kpoMke noctynat YamiasirnHa-KykoBckoro. OCHOBHOE BHUMaHUE B
pabote yaeneHo 3a pe30HAHCHBIM KOJNEeOaHUsIM MpOoQHIIsl, HaXOIAIIeMycs B
YCIIOBUSIX UPKYISHOHHOTO O0TEKaHHS.

AHAJIMTUYECKH TMOKA3aHO, YTO BO3HUKAIOIIUE MMEPEMEHHBIC THIPO-
AVHAMUYCCKHUEC HArpy3Ku Ha JABWXKXYILIEMCA B 33[[3HH0171 HEPABHOMCPHOCTHU
npoduie Bcerna OoJblIe B YCIOBUSAX €r0 JKECTKOro Kperuienus. dusuye-
CKH 3TOT (I)aKT 06’b$ICH$IeTC$I TEM, UTO IPpU «KMATKOM» KPCIJICHUHU KUHCTH-
YecKasi SHEpIusi HePaBHOMEPHOr'O MOTOKA 3aTPayMBacTCs Kak HA CO3JaHHE
HEepEMEHHBIX CHJI Ha Ipoduie, TaK U Ha paboTy, CBS3aHHYIO C IpeojoIe-
HHEM €T'0 UHEPpIUU IIPU KOHe6aHI/IﬂX B 3apC30HAHCHOM PEKUME, B TO BpEMA
KaK IpH KECTKOM KPCIUICHUU YIIOMAHYTASA BBIIIC SHEPIrUud 3aTpadynBaACTCA
TOJIKO Ha CO3/IaHME BO30OYKAAIOMMX Harpy3ok. C yBelW4eHHeM IUIOTHO-
CTHU MaTcpuraia HpO(i)I/IJ'DI BJIIMAHUE ITOJABUKHOCTHU HAa BO3HUKAIOIINEC HA HEM
HepeMEeHHbIe Harpy3KH ociabeBaeT. DTO CBS3aHO C TeM, YTO C YBEIHYCHH-
€M MacCcChI HpO(bI/IHSI €ro nepeMeuIcHrud CTAHOBATCA HE3HAYUTCIIbHBIMU, pa-
00Ta Ha KOTOPBIX CTPEMUTCS K HYIIO.

B paGore momydeHbl aCHMNTOTUYECKHE BHIPKEHHsI JJISI ONpesene-
Hus kodpdunuenta gasnenus (KJI). [Tokazano, uto ammnuTyna KojaeGaHuii
K/I Ha npodwuie, konedmromemMcs B 3ape30HaHCHON 00JIaCTH YacTOT BCIIEA-
CTBHE HECTAIIMOHAPHOCTH MOTOKA, BCEr[a MEHBIIIE B CITy4ae «MSTKOr'0» €ro
KpeIuieHus1, 4yeM y HekoneOmorerocst npopuis. C yBeIM4eHHEM 4acTOTHI
TUAPOAUHAMUYCCKOr0O BO3MYIICHUA 3Ta aMIUIMTyJa YBCIUYUBACTCA I10
KBaJ[PaTUYHOMY 3aKOHY M B IpEelie CTAHOBUTCS PABHOW aMILIUTYIE, CO-
OTBETCTBYIOLIEH KECTKOMY KpEIUIEHHIO Mpoduiis Ha IoJBece.

THE DEVELOPMENT OF THE TWO-ELEMENT AIRFOIL
DESIGN METHOD IN A CASE OF COMPRESSIBILITY
AND VISCOSITY INFLUENCE
Pavel A. Volkov
Chebotarev Institute of Mathematics and Mechanics,
Kazan State University
17 Universitetskaya Str., 420008 Kazan, Russia

Being based on [1], the two-element airfoil design method was de-
veloped in the case of simultaneous account of compressibility and viscos-
ity influence. Mathematical models of boundary layer and Chaplygin gas
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were used. The input data were: profiles perimeters; dimensionless velocity
distributions ll. (s)= Vl.(S)/ a,,(i= 1,_2) on displacement body con-
tours, where d, is the critical sonic velocity value and s is the contour arc
length; values of Mach number M and Reynolds number Re_; the
value of potential difference ¢ * the distance g between the profiles in w

plane. Velocity distributions /11. (8) were selected by form to guarantee a

non-separating flow within the framework of used mathematical models.
Actually initial problem was reduced to another problem, the essence of
witch consists in finding displacement body contours, flowed by inviscid

Chaplygin gas. At that displacement thickness 51. *(s) was found by the

uniparametric Kochin-Loytsyanskiy method [2]. The point of laminar
boundary layer transition was determined by Eppler criterion [3]. The ful-
fillment of solvability conditions was satisfied by variations of free parame-
ters. Numerical calculations were carried out.

The author wish to thank the science advisor professor N.B. II’inskiy
for supporting this work. The present research was supported by the Rus-
sian Foundation for Basic Research ( N 02-01-00061) and by NIOKR fund
of Tatarstan republic.
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OBOBIHIEHHUE 3AJAYU TIOCTPOEHUSI JIBYX3JEMEHTHOI'O
KPBLJIOBOI'O ITPO®WJISI HA CJIYUAM YUETA BSI3KOCTH
U C KUMAEMOCTH
ITIaBexa A. Boakos
HUU marematuku u mexanuku uMm. H.I'. Ueborapesa
KazaHckoro rocyaapcTBEHHOTO YHUBEPCUTETA
17 yn. Yuuepcurerckas, 420008 Kazaub, Poccust

Ommpasice Ha padoty [1], mpoBemeHo 0000IIEHNE 33/1a4l TTOCTPOCHUS
JABYX3JIEMEHTHOI'O KPBUIOBOrO MPO(MIIL Ha CIIy4ail OJHOBPEMEHHOrO y4eTa
BSI3KOCTH U C)KUMAEMOCTH TTOTOKA. BSI3KOCTh YUMTBIBAIACH 10 MOJIEIH MOTpa-
HHUYHOI'O CJI04A, a CKHUMAa€MOCTh — IO MOJCIIM ra3a YanmeiruHa. B xauecTtBe
HUCXOOHBIX HOAHHBIX 3a1aBaJIUCb PACHPEACIICHUA NPUBEACHHBIX CKOpOCTeﬁ

/ll. (S ),(i = 1,2) HA UCKOMBIX KOHTYPax IIOJIyTEN BBITECHEHUS, € S — Jyro-

Bast abcuycca. 3Havennst uncen Peiinonsaca Re n Maxa M | noroka Ha
GECKOHEYHOCTH, PACX0fia ¢ MEXKTy KOHTYpAaMHM U Pa3HOCTH IOTEHIIMAIIOB
¢ *Me)KZ[y TOYKaAMHU paSBeTBJIeHI/ISI IIOTOKA TaK X€ CUHUTAJIUCH 3aJaHHBIMHU.

Vcxonusie pacnpeenenns A, (S) BbOpaHb! B Bie, obecrieunBaromeM Ges-

OTPBIBHBIN XapaKTep OOTEKAHUsI B paMKax MPHUHSATHIX MaTEMATUYECKUX MOJICe-
neit. McxomHast 3a/1aua CBe/IeHa K HAXOXKJICHUI0 PAa30MKHYTHIX KOHTYPOB IO-
JIyT€J BBITCCHEHHUS, OOTEKAaeMbIX HEBS3KUM Ta3oM YarbirmHa, DyHKIwms

TOJIIMH BBITECHEHUS 51. * (S) Haiinena u3 pacuera [IC omHomapamerpuue-

ckum meronom Kounna-Jlowtsackoro [2]. s onpenenenus Todek nepexoaa
namunaapHoro [1C B TypOyJIeHTHBIH HCTIONB30BaH KPUTEPHH, MPEIIOKEHHBIH
P. Onmnepom [3]. Orcrynas BHYTpb TpaHUI TOMYTEN IO HOPMAIX Ha TOMIIH-

HbI BBITECHEHUS 51. * (S) , IOMy4nuM (OopMy MCKOMBIX Tpoduiel. s BbI-

MOJIHEHHS YCJIOBHH Pa3pelllMMOCTH 3a[a4l HCIIOJIb30BaH METOJA CBOOOIHBIX
napamerpos. [IpuBeeHbI PUMEpBI pacueroB.

ABTop Onaropaput Hay4dHOro pykooutens npod. H.b. MneruHckoro 3a
npeyiokeHHyto TeMy. Pabora BbIONHEHa MpU (HUHAHCOBOM MOAICPIKKE
PODU (mpoext Ne 02-01-00061) u @onna HUOKP Pecriy6nuku TaTtapcras.
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DETERMINATION OF METODICAL AND INSTRUMENTAL
ERRORS OF STATISTIC AND SPECTRAL MEASUREMENTS
N. A. Zaiko, Vladimir P. Zhitnikov
State Aviation Technical University of Ufa
12, K.Marx str., 450000 Ufa, Russia

At the end of the past century scientists came to the conclusion that
experimental error cannot be as small as we wish, because it belongs to the
experiment reality and must be a part of its theory. Measurement of physi-
cal quantity with the highest accuracy is a very difficult problem. The role
of errors in statistic and spectral measurements is especially great, because
neglect of errors or their incorrect calculation leads to erroneous results or
the necessity to repeat measurements. In any case it is accompanied by
great economic wastes.

As a rule, each factor influencing the error of statistic and spectral
measurements is assessed by its elementary error. As it takes place, errors
because of level quantization and time sampling of indications, limitedness
of sample size and realization length are taken into consideration sepa-
rately. For assessment of measurement accuracy of statistic and spectral
characteristics elementary errors are summed up.

Analysis showed that chosen from elementary errors quantizing in-
terval, spacing of time sampling, sample size and realization length cannot
be considered the best and characteristics of resulting error cannot be reli-
able. The explanation is that each elementary error is calculated of its own
method, on the basis of its own mathematical model and does not take into
consideration the influence of other factors. Taking into consideration inte-
grated effect of different factors in summing up elementary errors practi-
cally fails.

Methods of simulative modeling and experimental determination of
error characteristics are devoid of the disadvantage mentioned above. How-
ever, they require much time and availability of expensive reference means
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of measurement. Besides, experimental methods are known to have limited
functional potentials and are expensive.

The combined use of calculated and experimental methods and meth-
ods of simulative modeling appear to have considerable promise. However,
combination of such different by their nature methods is possible only on
the basis of suitable theory of measurement accuracy that is being worked
out nowadays.

The paper is devoted to the original complex approach to the error
determination of statistic and spectral measurements. This approach ex-
tends the possibilities of methods mentioned above at the expense of com-
plex calculation of the main factors that influence the accuracy of statistic
and spectral measurements: readings error, algorithms of signal restoration
between readings, spacing of time sampling, sample size and realization
length. The idea of complex approach consists of error measurement con-
sideration as a whole, transforming with the change of measurements
mode, operating conditions and other factors. It conforms well with ex-
perimental method and method of simulative modeling.

In the realization of complex approach the definition of ergodic ran-
dom processes is redetermined and measurement algorithms of probability
distribution densities and their errors are obtained. From them it is possible
to get measurement algorithms of characteristic functions, moment and
spectral characteristics of random processes and expressions for calculating
their errors.

Realization of the mentioned algorithms by means of digital devices
leads to the appearance of additional algorithms errors. Data inaccuracy is
defined by methodical readings error and speed of devices response in exe-
cution of different kinds of operations. Rounding-off and truncation errors
arise because of the limited word length of numbers representation in com-
puter. Therefore, it is necessary to carry out the analysis of calculation re-
sults with the output of the following recommendations on selection of the
necessary digital devices word length for providing the necessary meas-
urements accuracy.

Theoretical analysis and experimental check of these results showed
that complex approach to the error definition of statistic and spectral meas-
urements allows not only to receive scientific basis of accuracy appraisal
and reliable measurement results. Besides, it gives an opportunity to syn-
thesize quick and exact measurement algorithms of statistic and spectral
characteristics of random signal and to optimize measurement experiment.
So, synthesized algorithms allow with the same realization length to de-
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crease error measurement by 2-4 times in comparison with the well-known
algorithms. And vice versa, with the invariable accuracy of measurements
it is possible to decrease the realization length by 2-4 times too. Finally, the
theory of accuracy which is being worked out now allows to get effective
methods of decreasing errors, of analysis and synthesis of modern informa-
tion measuring systems.

Thus, the discussed theory of accuracy belongs to the fundamental
metrology problems. It is based on the original complex approach to the
errors definition that allows in correlation to take into consideration the
main factors influencing the measurements accuracy. Complex approach
possesses high reliability in comparison with the existing approach. It has
no summation of elementary errors which cannot be fulfilled correctly with
due regard to their correlation.

ONNPEJEJIEHUE METOIUYECKHUX U UHCTPYMEHTAJIbHBIX
MOTPEIIHOCTEN CTATUCTUYECKHUX
U CHETPAJIbHBIX U3MEPEHUM
H.A. 3auxo, Bnagumup I1. )KutHukos

Y ¢pumcknii TocyIapCTBEHHBIN aBUAIIMOHHBIA TEXHUYECKUH YHUBEPCUTET
12, yn. K. Mapkca, 450000 ¥ ¢a, Poccus

B koHIle yXOAfIIEro CTONETUS MPUILI0O OCO3HAHHE TOr0, YTO
AKCIIEPUMEHTAIBHYIO MOTPEIIHOCTh HENMb3s ClelaTh MO KEITAHUIO0 CKOJb
YroHO Majoi, K00 OHa OTHOCHUTCS K JCHCTBUTEIBHOCTH SKCIIEPUMEHTA U
JIOJDKHA BXOJAUTh B €ro TEOPUIO COCTaBHOM uyacThto. Yem TouHee
WCCIICJIOBATENIN XOTAT U3MEPUTh (PU3UUECKYIO BEIIMYMHY, TEM TPYJHEE UM
310 caenath. OcOOEHHO BENIMKA POJIb MOTPEITHOCTEH MPU CTATHUECKUX U
CHEKTPAIBbHBIX U3MEPECHUSX, KOTJla MPEHEOPESKCHUE TOTPEIIHOCTSIMA WITH
WX HEKOPPEKTHBIH YYeT TPHUBOASIT K CEPhE3HBIM OIIMOKAM WM
HEOOXOAMMOCTH TIOBTOPUTh HW3MepeHus. B jro0oMm  ciydae, 3TO
COIPOBOXKIAETCS OOJBIIMMU YKOHOMHYECKUMU 3aTpaTaMu.

Kaxk npaBuio, KakIblil BIHUSIONINI HA TOTPEITHOCTh CTATUCTHYECKUX
M CHEKTPaJbHBIX U3MEPEHUH (HaKTOp OIICHUBAETCS CBOCU 3JIEMEHTApHOM
MOTPEIIHOCThI0. Tak, OTAENbHO YYUTBHIBAIOTCS TMOTPEIIHOCTH H3-32
KBAaHTOBAaHHOCTU IO YPOBHIO M JWCKPETHOCTH BO BPEMEHH ITOKa3aHUA,
OIPaHUYCHHOCTH OObeMa BBIOOPKM W JUIMHBI peanu3aiuu. s oreHku
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TOYHOCTH H3MEPEHHsI CTATHCTHYECKHX M CIEKTPAIbHBIX XapaKTEPUCTHK
3JIeMEHTapHbIE MOTPEUTHOCTH CYMMHUPYIOTCS.

AHanu3 3TOro peuieHusi MpoOJIeMbl TOKa3ajl, YTO BHIOpaHHbBIEC W3
3JIEMEHTAPHBIX MOTPEIIHOCTEH anepTypbl KBaHTOBaHMS IO YPOBHIO, IlIar
JMCKPETU3allii BO BpeMEHH, 00beM BBHIOOPKH U JUIMHY pean3aliiy Heb3s
CUMTATh HAMIYYIINMH, & XapaKTEPUCTUKU PE3YJIbTUPYIONIEH MOTPEIIHOCTH
JOCTOBEPHBIMU. JTO OOBSICHSIETCS TEM, YTO KaxkIas dJeMEHTapHas
MOTPEIIHOCTh ~ HAaXOAMTCA CBOMM  METOAOM, Ha OCHOBE CBOei
MaTeMaTHYECKOM MOJIENN U HE YUUTHIBACT BIMSHHE OCTAIBHBIX (PaKTOPOB.
VYdecTh HHTETPAJIbHOE BIMSHUE PA3IMYHBIX (DAKTOPOB MPH CYMMHUPOBAHUU
3JIeMEHTAapPHBIX MOTPEIIHOCTEN MPAKTHUUECKH HE yIaeTcsl.

JanHoro  HejocTaTka  JIMIIEHBl ~ METOABI  MMHTALMOHHOTO
MOJIEIMPOBAHUS M 3KCIEPHUMEHTAIbHOIO OIpPEAENeHHs] XapaKTepUCTHUK
norpemHocTed. OgHAaKO OHM TPeOYIOT 3HAYUTENFHOIO BPEMEHU U HAJINYHS
JOpOTOCTOALIMX — O0pa3loOBBIX cpeacTB u3MepeHuid. Kpome Toro,
SKCTIEPUMEHTANIBHBI METOJl HMeEeT OrpaHH4YeHHbIe (YHKIMOHAJIBHEIC
BO3MOYKHOCTH U JIOpOT.

BecpMa mepcreKTUBHBIM CUMTAETCS COBMECTHOE HCIIONb30BaHUE
pacyeTHBIX M OKCHEPUMEHTAIBHBIX METOAOB, a TaKkKe METO/J0B
WMHUTAIMOHHOTO  MoaenupoBaHus. OpHako, oOBEOMHEHWE  CTOINb
pPa3IMYHBIX MO CBOEH MPUPOAE METOJOB BO3MOXKHO TOJIBKO Ha OCHOBE
aJIeKBaTHON TEOpHWH TOYHOCTH M3MEPEHUH, KOTOpas B HACTOsIIEe BpeMs
pa3pabaThiBaeTCsl.

Jloknaa TOCBALIEH OPUTMHAIBHOMY KOMIUIEKCHOMY TMOAXONY K
OINIPENIENeHNI0  TIOTPEIIHOCTe  CTAaTUCTMYECKUX M CHEKTPaJbHBIX
M3MEpEeHHH. OTOT MOAXOJ pacIIMpseT BO3MOXKHOCTH YKa3aHHBIX BBIIIE
METO/IOB 32 CYET KOMIUIEKCHOTO y4eTa OCHOBHBIX (haKTOPOB, BIUSIOIINX Ha
TOYHOCTh CTATUCTUYECKUX M CIEKTPAIbHBIX H3MEPEHUIl: MOrPEelIHOCTH
OTCYETOB, AJTOPUTMOB BOCCTAaHOBJEHHS CHUTHAJIOB MEXJy OTCUETaMH,
miara JUCKpeTH3anuu, oO0beMa BBIOODKM M JUIMHBI peanu3auuu. Mnes
KOMITJIEKCHOTO TIO/IXO/a 3aKIIoYaeTcss B TOM, 4YTOOBI paccMaTpUBaTh
MOTPEIIHOCTh  M3MEPEHMH  KaKk eIWHOe W HEJAeIMMoe  LeNoe,
TPaHC(OPMHUPYIOIIEECS C W3MEHEHHEM PEKUMOB HM3MEPCHHIA, YCIOBUH
SKCITyaTalui ®  Apyrux (akropoB. OH Xopomio coriacyercs ¢
9KCTIEPUMEHTAIBHBIM METOIOM U UMHUTAIIMOHHBIM MOJIETHPOBAHUEM.

Peanuzanus paccMOTPEHHBIX alTOPUTMOB C TOMOIIbIO HHU(POBBIX
YCTPOMCTB MPHUBOIUT K TIOSBICHHUIO JIOMOJHUTEIBHBIX MOTPEIIHOCTEN
anropuTMoB.  HeTodyHOCTh  JaHHBIX  ONpENensercs  MeTOAHYEcKOH
MOTPEIIHOCTBI0  OTCUETOB W OBICTPOAEHCTBHEM  YCTPOWCTB  MpH
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BBIIIOJIHEHUH PA3JIMYHOIO poja onepauuil. IlorpemHocTy OKpyrieHus u
yCEUECHUSI TIOPOXKAAIOTCS OTPAaHUYEHHOW pa3psiTHOCTBIO TMPEACTaBICHUS
gyucen B OBM. CnenoBaTenbHO, HEOOXOJMMO TNPOBOIUTH aHAIIU3
pE3yAbTAaTOB BBIUMUCIEHHUI C MOCIEAYIOLIEH Bblauyeld PEKOMEHAAMN M0
moI00Py HEOOXOMMOr0 YKCIIa PAa3PSI0B BEIYUCIUTEIBHBIX YCTPONCTB JIIS
obecriedueHysi HeOOXOIMMOM TOYHOCTH W3MEpEeHHH.

Teopernuecknii aHaM3 W OJKCIEPUMEHTAbHAS TPOBEPKA ITHUX
pE3YNbTAaTOB TOKAa3alHM, YTO KOMIUIEKCHBIH TOAXOA K OINpPEAeTIeHUI0
HOI‘peIHHOCTefI CTaTUCTUYCCKUX U CICKTPAJIbHBIX I/I3MCpCHI/II7[ IIO3BOJIACT,
npexJae BCEro, MOJIYYUTb HAYYHO O6OCHOBaHHLIC OLI€EHKK TOYHOCTH H
JOCTOBEPHOCTH PE3yJIbTaTOB H3MepeHuil. Kpome Toro, oH mo3Boser
CHUHTE3UPOBATH 6I)ICTpI)Ie u TOYHBIC AJITOPUTMBI HU3MCPCHUA
CTaTUCTUYCCKUX U CIHEKTPAJbHBIX XapaKTECPUCTUK CHy‘IaﬁHbIX CHUTHAJIOB.
TaK, CHUHTC3MPOBAHHLIC aJITOPUTMBI ITO3BOJIAIOT IIPU TOH Xe JUINTCIIBHOCTHU
peanu3alyy  YMEHBIIWTh TOTPEIIHOCTh Hu3MepeHuss B 2-4 pasa 1o
CPaBHEHHIO C U3BECTHBIMH anroputMamu. M, HaoObopoT, mpu HEM3MEHHOM
TOYHOCTH H3MepeHHI71 BO CTOJIBKO K€ pa3s MOKHO YMCHBUINTDH
JUTUTENBHOCTD peanu3anuu. Hakonen, pa3pabaTeiBaeMasi TEOpUST TOUHOCTH
MO3BOJISIET MONYYHUTh 3(PPEKTUBHBIE METOABI YMEHBIIEHUS MOTPEIIHOCTEMH,
aHalM3a ¥ CHHTE3a COBPEMEHHBIX HH()OPMAIMOHHO-U3MEPUTEIBHBIX
CHCTEM.

Taxkum oOpa3oM, pa3pabaTbiBaeMas TEOPUsS TOYHOCTU OTHOCHUTCS K
¢dbyHaaMeHTadbHBIM MpobjemMaM MeTponoruu. OHa OCHOBBIBaeTCsl Ha
OpPUTHHAJILHOM KOMILJIEKCHOM MOIXO/€ K ONpPEACICHUI0 TOTrPEelHOCTeH,
MO3BOJISIIONIEM BO B3AaUMOCBSI3U YUECTh OCHOBHBIC (DaKTOPBI, BIUSIOIINE HA
TOYHOCTh  u3MepeHud. KOMIUIEKCHBI  MOAX0 K OMpEISICHUIO
norpemHocTy obmagaer OoNbIIeH JOCTOBEPHOCTHIO IO CPAaBHEHHIO C
CYIIECTBYIOIIUM TOAXOAOM. B HEM OTCyTICTByeT CyMMHpPOBaHHE
SJICMCHTAPHBIX HOI‘peHIHOCTCﬁ, KOTOpPOC€ HC/Ib3A BBLIIIOJHUTHL KOPPEKTHO C
YYETOM WX KOPPEITHPOBAHHOCTH.
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PREDICTING CAVITATION IN CENTRIFUGAL PUMPS
Zgolli Ridha
Laboratoire LHME, Ecole Nationale d’Ingenieurs de Tunis
ENIT - BP. 37 Le Belvédeére -1002, Tunis, Tunisia

The numerical methods predicting the cavitation phenomenon in hydraulic
turbomachineries based on internal flow control, progress in two ways depend-
ing on the mathematical formulation adopted for analysing the internal flow with
fluid considered mono-phase or multi-phase. The latter are generally based on a
formulation of mixture of fluid considered to be homogeneous, using a modeling
of the formation and collapse of a cavity, realising an interfacial model of mass-
transfer and a global approach of the associated turbulent viscosity. In addition a
much research works into monophasic to predict cavitation, done independently
from flow computation based on a 3-D-RANS calculation, are carried out with
the help of a preliminary modeling of the formation and the evolution of the cav-
ity. And this modeling is generally based on an iterative procedure, whose results
remain closely related to the conditions of initialization. It is precisely within this
framework that we present a simplistic numerical approach here, making it pos-
sible to model the localization of the possible appearance of the first cavity, hold-
ing account of the geometry of the machine and its operating point. The ap-
proach is based on a blade to blade flow into quasi-stationary computation with
certain simplifying assumptions likely not to deteriorate the required results. The
industrial code Phoenics (Parabolic Hyperbolic Gold Elliptic Numerical Integra-
tion Series Codes) was used, with a MBFGE (MultiBlock Finite Grid Element)
special discretization. To dissociate the effects related to the volute, an iterative
procedure is adopted for the coupling of the flow through the impeller with a
constant rotational speed considered separate and converging towards the flow
through all the machine. The results are presented by application to a centrifugal
pump at low specific speed. We note that the presence of the volute does not as-
sign the hazardous region of the appearance of cavitation in the bladechannels of
the impeller. And a model of initialization for the prediction of cavitation was
established following the control of the flow through the wheel considered sepa-
rate. It is presented in the form of relation between the reduced values of the flow
and the curvilinear X-coordinate of the minimum pressure point calculated over
the suction side of the blade airfoil. This work will be use as a basurs for elabora-
tion of full cavity prediction computation.
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QUASI-ANALYTICAL METHOD OF CALCULATION OF NON-
STATIONARY ELECTROCHEMICAL SHAPING
V.P. Zhitnikov, G.I. Fedorova, O.R. Zinnatullina
The State Aviation Technical University of Ufa,
12, K.Marx str., 450000 Ufa, Russia

The nonstationary electrochemical shaping problem and boundary
conditions are formulated as a result of Faraday’s low. The problem is re-
duced to solving of two boundary problems for analytical function of com-
plex variable determination on each time step: the Dirichlet problem for
electric field intensity determination and Riemann-Gilbert problem for par-
tial derivatives calculation of interelectrode space points coordinates on
time (with images of points on auxiliary complex variable plane fixed).

In this field, methods of hydrodynamics boundary problems solution,
particularly complex variable theory methods are widely used.

Interelectrode space and complex potential are conformally mapped
onto elementary filed. For solved problems, semicircle mapping is mostly
careful. It allows to isolate singularities of solution, to accelerate conver-
gence and to increase stability filed. Moreover the problems solution is de-
termined as a sum of some functions, which are mapped onto semicircle.

Real part of the function is determined with Schwartz integral and
discrete values of imaginary part of f{{), mapping semicircle  onto inte-
relectrode space

Partial derivatives of real and imaginary part of f{{) are coefficients
of boundary conditions of Riemann-Gilbert problem. The time partial de-
rivative is determined as quadratures.

Next, time step is made when semicircle nodes or real part or imagi-
nary part of f{{) are fixed. These methods allow to escape self-crossing ef-
fect, which cause instability. To make this, high precision methods of
Cauchy problems for differential equations solving are used.

As a result of time step execution, new values of imaginary part of
A€) in new nodes are obtained, then the process is repeated.

For precision control and verification, Runge rule is used. Besides,
complementary method of error estimation is used. Curvilinear electrode
tool shape remains uniform in a time, but conformal mapping is changed.
The error of electrode tool shape can be taken as error estimate of work-
piece configuration. As the considered processes are reduced to stationary
processes, electrode tool machining problems, which have analytic station-
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ary solutions, are used as test examples. As the method doesn’t require
equation system solving (or using the solution of systems with banded ma-
trix for four-order precision spline interpolation), the calculation time is
proportional to 7”.

MHOUYTHU AHAJIUTUYECKHI METO/I PEILIEHUSA 3AJTAY
HECTAIIMOHAPHOTI O SJIEKTPOXUMHUYECKOI'O
O®OPMOOBPA3ZOBAHUSA
B.I1. ’KutHukos, I'.1. ®enoposa, O.P. 3unnaryannna
Y ¢pumcknii TocyIapCTBEHHBIN aBUAIIMOHHBIA TEXHUYECKUH YHUBEPCUTET

12, K. Mapkca, 450000 Y da, Poccus

Ha ocnoBe 3axona ®apajest chopMyIUpOBaHbI KpacBble YCIOBUS 3a-
Jauu 3JEKTPOXUMHUECKOro GopMooOpazoBanus. Ha xakaoM BpeMEeHHOM
miare 3aj1a4a CBOJMTCA K PEUICHUIO BYX KPaeBBbIX 3a7ad sl ONpeeeHus
AHATMTUYECKUX (PYHKIUI KOMIUIEKCHOT'O MEePEeMEHHOro: 3afgauu upuxie
IUIA HaXOXKACHUS HAMPS)KCHHOCTU 3JICKTPUYCECKOr'o IMOJIAA U 3aa4yun Puma-
Ha-I'munpOepTa AMs onpeneneHns YaCTHRIX MPOU3BOAHBIX KOOPIUHAT TOUEK
MEKAIIeKTpoHOoro npocrpancTBa (MOII) mo BpemeHH (MpH COXpaHEHHH
00pa3oB TOYEK Ha TMJIOCKOCTH BCIOMOTATEILHOI'O0 KOMIUIEKCHOTO Mpepe-
MEHHOT'0).

B nmanHOl 007acTH MIUPOKO MCIOB3YOTCSI METOJIBI PEIICHUS Kpae-
BBIX 3aJia4 THAPOJAUHAMHKHU, B HaCTHOCTHU, MECTOLOB TCOPUU q)yHKHI/H\/‘I KOM-
TJIEKCHOTO TIEPEMEHHOTO.

Ob6nactu MexanekTpoaHoro npocrpancTsa (MOII) 1 KOMIUIEKCHOTO
MOTEHI[MaIa KOH(POPMHO 0TOOpakarOTCs Ha 00JIACTH MPOCTON KOH(UTYpa-
uuu. s paccMOTPEHHBIX B COOOLIEHUH 3a/a4 Oonee yJOOHBIM SBISETCS
OoTOOpakeHUE Ha MOIYKPYT. ITO MO3BOJISET YUECTh OCOOCHHOCTU PEIICHMS,
YeM CYIIECTBEHHO YCKOPSETCS CXOIMMOCTh U YBEIIMYHBACTCS 00JIACTh yC-
ToitunBoCcTU. C 3TOM IENBIO PENICHUE UIETCS B BUJIE CYMMBI HECKOJIBKUX
(GYHKUMH, Kax/1as U3 KOTOPBIX MOXKET OTOOpaXkaThCS HA CBOM MOTYKPYT.

[NepBas yacTh 3agaun (OnpeaeNeHne HanpsHKEHHOCTH 3JIEKTPUYECKO-
ro MOJis) pemnraercs ciaeayrommM obpa3oM. [1o TUCKpPETHBIM 3HAYCHUSIM
MHUMO# "actu ¢yHkupH f{C), oTodpakatomier monykpyr £ na MOII, ¢ mo-
Motipto uHTerpana lllBapua ompexnensiercsi NelicTBUTENbHAS YacTb (YHK-
IHH.
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YacTtHble POU3BOAHBIEC AeHCTBUTEN HON U MHUMOW dactu f{C) siB-
JSI0TCs. KOG PUIMEHTaMH B KpaeBOM yCIIOBUM 3a1aun Pumana-I nin0epTa
JUTSL OIIPEJISNICHUS] YaCTHOM Mpou3BoaHOM f{() 10 BpeMeHH, pelIeHHe KOTO-
POl mony4aercst B BUJIE KBapaTyp.

Jlanee mMpoOW3BOIUTCS MIAr MO BPEMEHH MpH (UKCHPOBAHHBIX Y3JIO-
BBIX TOYKaX Ha MOJYOKPYXHOCTH, JTHOO (PUKCHUPYIOTCSI MHUMBIE MJTH JICH-
crBuTenbHbIe YacT f{(). ITH crocoObl CABUTA MO3BOJSIIOT H30ekKaTh (-
(ekTa caMonepeceueHus, NPUBOIAIIErO K HEYCTOHUUBOCTH. JlJsl BBIMOII-
HEHHMS IlIara MCIOJIb3YIOTCS METOJbI BHICOKOTO MOPSAKA TOYHOCTH pelle-
Hus 3a1a4n Komm 111 OOBIKHOBEHHBIX TU( B epeHITHaTbHBIX YPaBHCHUIA.

B pesynbraTe BBINONHEHHWS BPEMEHHOTO Ilara MOJy4aroTcsi HOBBIC
3Ha4eHUs MHUMOH dacTH f{{) B HOBBIX y3JIOBBIX TOUKaxX M MPOILECC MOBTO-
psiercsi.

Jnist KOHTPOJIST TOYHOCTH M JIOCTOBEPHOCTH PEIICHUS HCIONb30Ba-
mch npasuiio Pynre. Kpome Toro, A1 JaHHOTO METO/a PELICHUS CYIIECT-
BYET JOMOJHHUTENBHBIA CIOCO0 OIEHKH MOrpemHocTH. KpuBonuHeiHas
¢dopma anekrpona-uHcTpyMeHTa (OU) nomkHAa COXpPaHSATHCS BO BPEMEHH,
OJIHaKO, MeHseTcsl KoHPopMHOe oToOpaxkeHue. [lo otnuunio Gopmer U
MOXHO TaKXKe OLIEHUTh MOTPEeHIHOCTh pacyera (opMmbl 00pabaThiBacMOit
MoBepXHOCTH. [10CKONIBKY pacCMOTpPEHHBIE MPOIECCHl CXOAATCA K CTalHo-
HapHBIM, B KauecTBE TECTOBBIX NMPHMEPOB paccMaTpuBanach oOpaboTka
DU, 11 KOTOPBIX N3BECTHBI aHAUTHYECKHE CTAIHOHAPHBIE PEILICHHUS.

IMockonpky mpemiaraemblii MeTOA He TpeOyeT pelIeHUs CHCTeM
ypaBHEHUH (Mau TpeOyeT, HO TOJIBKO CHUCTEM C JICHTOYHON MaTpUIleH MpH
WHTEPIONSIUH CIUIAifHOM 4-TO TOpsAKa TOYHOCTH), TO BpeMs, 3aTpaycH-
HOE Ha BBIIIOIHEHHE PACUETOB HA KAXIOM IIATe IPOHOPLMOHAIBHO 71°.
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