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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 concemning 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.



IMAMSITU TEHEPAJIBHOI'O KOHCTPYKTOPA PAKETHO-
KOCMHYECKOM TEXHUKHN BJIAJIUMUPA HUKOJIAEBUYA
YEJIOMEA (K 90-JIETUIO CO JHSA POXIEHUSA)
Hapexna FO. Knmknna
Poccuiickasa akagemus Hayk, MockBa, Poccus

B noxnane kpaTko U3J0KEHBI OCHOBHBIE (DaKThI KU3HH U NI TEHHO-
ctu akagemuka Bragumupa Huxonaesmua Yenomes, neaxasl I'epost Co-
nuanucruueckoro Tpyna, Jlaypeara Jlenunckoil m yerslpex I'ocymaper-
BEHHBIX MMPEMHH, OJTHOTO M3 KPYMHEHIINX yIeHBIX-MEXaHUKOB, HHXEHEpa,
PpaboTHl KOTOPOTO MIKMPOKO M3BECTHBI KaK B HAIlEH CTpaHe, TaK | 3a ee Mpe-
JenaMy.  Belparomuiics  KOHCTPYKTOpP — AQBHAllMOHHOW UM PaKETHO-
kocmuueckoit Texuuku, B.H.Uenomeii B Teuenne 10 net, ¢ 1974 mo 1984
roj, m3bupaics aemyrarom BepxoBHoro Coera CCCP ot Yysamickoit
ACCP.

Ponuncs B.H.Uenowmeit 30 utonst 1914 roxa B ropoae Cexien, aetTct-
BO U I0HOCTH Nponuti Ha Ykpause B [lonrase. B 1937 roay oxoHunn aBua-
UUOHHBIH (akynbTeT KHeBCKOro MOJUTEXHUYECKOT0 UHCTUTYTa, a B 1939
roy 3amuTii Kanauaarckyro aucceptamuto. C 1940 roga B.H.Yenomeii B
Mockse — nokropant AH CCCP, a ¢ 1941 roma — Hay4HBIH COTPYIHHUK
HUAM umenu [1L.U.bapanosa, rae B 1943 rogy co3maer BIepBbIe B Halleh
CTpaHe HOBBIM THIl BO3AYIIHO-PEAKTHBHOTO JABHTaTens (IyJIbCHUPYIOIIUiA
JIBUTaTelb), 3aT€M KPbUIAThIE PaKeThl MOPCKOTO, BO3AYIIHOTO M HA3€MHOTO
OasupoBanus. B Hauane 1945 roma 3TH pakeThl ObUIM MPUHATHI HA BOOPY-
skenue CoBeTCKOM ApMuu.

B 1951 roay on 3amutun B MBTY mokTOpcKyio AuCCEpTaIuio, a ¢
1952 roma — mpodeccop, opranuzyer B8 MBTY kadenpy “/Iunamuka ma-
IIUH", TJIC YUTACT KypC JICKIUA 10 TMHAMHYECKON YyCTOWYMBOCTH KOJjeOa-
TEJILHBIX CHCTEM.

Oco0oe MecTo B KOHCTpYKTOpckux padboTtax B.H.Uenomes 3anumaer
ero n3o0peTeHue, Kacarolleecsl pacKphITUSl Kpbula pakeThl B mosere. OH
BIIEPBBIC MPEIJIOKMI U pa3paboTal HOBBIM THIT PaKeThl, CTAPTYIOLIEH U3
TPaHCHIOPTA0ENBHOTO CHENMATBFHOTO IyCKOBOTO KOHTeWHepa. [Ipu paspa-
0OTKe anmaparoB CIeIyIoUIero MOKOJIeHHsS ObUIM pelIeHbl BOPOCH AMHA-
MUKH JIBWKEHHUSI paKeT MOPCKOTO 0a3MpoBaHKS Ha MOJBOJHOM YYacTKe U
CO3JIaHbI JUTUTETBHO paboTaloIye ABUTaTeld Ha TBEPAOM TOILTHBE.



C 1959 rona B.H.Yenomeii — renepaibHbIif KOHCTPYKTOp 00B-
eKTOB PaKeTHO-KOCMU4Yeckoil TexHuku. [log ero pykoBOACTBOM pa3zpado-
TaHbl paKkeThl HOCUTENIM M HCKYCCTBEHHBbIE CHYTHUKM 3emiH, “IlpoTon”,
“Tlonet”, opburanbheie cranimu “Cantor-3”, “Camor-5" u apyrue. Tsxke-
Jasg muIoTHpyemas opOuTanbHas craHiusa “Camior” MOATBEpIWiia CBOIO
YKU3HECTIOCOOHOCTh TMPHU MCHbITaHuAX crannuu “‘Camor-27, “Camror-3”,
Camrot-5”. Konctpykims cranmuii “Camor” crajna OCHOBOW TOJOBHOTO
050Ka JOJIrOBPEMEHHON KocMuueckoil cranimu “Mup”. OTBIT pakeTsl
“IIpoToH” OBLT HCHOIB30BaH MpH 00JsieTe JIyHbI OECMIOTHBIMH M MUJIOTH-
pPYEeMBIMH armapaTamMu NpH MATKOM mocajake Ha JIyHy aBTOMarMdecKux
cTaHimii, o6iere Benepsl 1 Mapca, mocajke aBTOMaTHYECKUX CTaHIIMKA Ha
9TH TJIaHETHI.

B 60-x 1 Hauanie 70-x rog0oB ObUIA CO3/IaHA TEpBas YHUBEpCAIbHAS
Oammictiyeckas pakera YP-200,a Tak e HOBBIE aBTOMaTH3HPOBAaHHbBIC
KOMIIJIEKCHI C YHUBEPCAIbHBIMHU PAaKeTaMHU W YNPOIIEHHOW MIaXTHOM Imyc-
KOBOH YCTaHOBKOM.

Herume B.H.Yenomes — HTO mamnHOCTpOEHUsS — €IMHCTBEHHOE B
MUpE TPEANPUSITHE PAKETHO-KOCMHYECKON OTpaciiy, Beayllee pa3padoTKy
KOMIUIEKCOB TPEX Pa3IMuHBbIX HAINIPAaBJICHHUH C KPbUIATBIMU pakeTaMu, Oaj-
JUCTUYECKMMHU pakeTaMH U KOCMHUYECKUMU armapaTaMu.

B noknane OyayT oTMedeHbl HaydHbIE U APY>KECKHE B3aMMOOTHOIIIE-
aus B.H.YUenomes ¢ akagemuxom JI.W.CenoBeiMm, mmBiinecs oomnee 30 JeT.

Ilpu cocraBneHnn 1OKJaja MUCIOIB30BAHBI JIOKYMEHTAIbHbIE MaTe-
puael U3 TUYHOTO fena akaneMuka B.H.Uenomes, xpaunsuiuecs B Apxuse
Poccuiickoii Akagemun Hayk (PAH), Hayanoro coBera PAH mo mexanuke
KUJIKOCTEH M Ta30B, BocnomMuHanusi npodeccopo [.H. AbOpamoBuua u
C.H.XpymieBa, nurepaTypHble HCTOYHUKH, TEMaTHYECKHE SHIIMKIIONEANH,
JOKYMEHTBI M (oToMarepuansl myses akagemuka B.H.Uemomes DIVII
“HTO mamuHoctpoenus” Peyroso (Haykorpan).

Joknan 6yzneT conpoBOKIaThCS TIOKa30M JIBYX (QHIBMOB.



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
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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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BO3MOXHOCTHU IPUMEHEHUSA TEXHOJIOT U
UCKYCCTBEHHbIX HEWPOHHBIX CETEWM ITPU PEILIEHUN
HEKOTOPBIX IPOBJIEM I'MIPOAUHAM UK
Buxtop C. A6pykos'”?, Jlapssi A. TpoemecTtoBa',
Anexcanap C. YepHos'

"Jypamckuii rocy1apcTBEHHBII YHUBEPCUTET,

15, MockoBckwuii ip., 428015 Uebokcapsl, Poccus
2‘Ie601<capc1<1/n71 uactutyT MI'OY,

54, yn. K.Mapxkca, 428000 UeGokcapsl, Poccus

UckyccrBennbie Heiponnsie cetn (MMHC) moryt paccmarpuBarbes
KaK YHHBEpCaJbHOE CPEICTBO MHOTOMEpHOM ammpokcumaruu. OCHOBOH
npumenenust MTHC cnyxur teopema Komvoroposa-ApHosbaa 0 BO3MOX-
HOCTH TIPE/ICTaBJICHUS MHOTOMEPHBIX (DYHKIMH MMOCPEICTBOM CYIEPIO3H-
K QYHKIWH 0HOM NepeMeHHOM NMpH 331aHHONH KOHEYHOW TOYHOCTH.

Omysitopsl MTHC - koMIbIOTEpHBIE IPOTPaMMBI, B OCHOBE MPHUMEHEHHUS
KOTOPBIX JISKUT 0OydeHHe Ha npuMepax. OHM MpeCTaBISIOT CO00i HEKOTOpOE
KOJIMYECTBO “HEUPOHOB”, KAKMIBIA U3 KOTOPBIX SIBIACTCS 3JIEMEHTAPHBIM TIPO-
LIECCOPOM, PEalTM3YIOIINM HEKOTOpYH0 Matemaruueckyro (ynkimto. MHC mo-
T'yT OBITh TPENCTaBJICHbl YaCTO B BUIE “HEHPOHOB”, OOBEAMHEHHBIX B CIIOU.
BxoJiHbIE naHHBIE NOCTYNAKOT HA IIEPBBIA CJIOM, 3aT€M Ha BTOPOU M Tak JaJiee.
Ioce nmpoxoxaeHust K&KAOTO CIiosl, THPOpMAaLMsl I3MEHSIETCA B COOTBETCTBHH
C CHHAIITHYECKUM BECaMU KaXKJIOTO HEMPOHA U €10 MaTeMaTudecKor (pyHKIHEH.
CuHanTH4ecKre Beca OTpayKaroT BKJIAJ KKIOTO BBIUHCIIEHUS, TIPOM3BOANMOIO
HEHPOHOM B KOHEYHBIH pe3ysbTar. 3aaa4a 00ydeHnss HeHPOHHOW CEeTH COCTOUT
B ONpEEIeHNN TaKUX CHHAITHYECKUX BECOB, MPH KOTOPBIX BXOJHbIE TaHHbIC
Oy/IyT MpaBWIBHO OTOOpaXaTh 3apaHee M3BECTHBIC BBIXOAHBIE JaHHBIEC. baza
naHHbIX Juis 00ydennss MHC Moxer ObITh chopMHUPOBaHA C TIOMOIIBIO Pa3JIiy-
HBIX METOJTHK.

OcHoBHOe mnpeumymniectBo TexHonornt MHC-monenmupoBanus co-
CTOUT B TOM, YTO OHH MOTYT MCIIOJIb30BaThCS MPU PELICHUU MPoOIIeM, KO-
TOpBIE HE UMEIOT anroputMudeckoro pemenus. MTHC no3BosoT BEIABIATE
3aKOHOMEPHOCTH TOBEACHUSI CHUCTEMBI Ha OCHOBE “‘HETOYHBIX aHHBIX"
(menonHO# MHpOpPMAIMK) O XapaKTEPUCTHKaX cucTeMbl. OCHOBHOE YCIIO-
BHe ycremHoro npumeHenust texHonoruii MHC - kayecTBo 0a3bl NaHHBIX,
WCTIOJIB3yeMOH JIJIst 00yUYEeHHS.

B nannoit paboTe npuBeaeH KpaTKuil 0030p MPUMEPOB MCIIOJIB30Ba-
uust MHC.

1. IpencraBneHsl HOBBIE TMYTH pelieHHs 0OpaTHBIX 331a4 ONTHKH C
nomotisto MHC. PaccmarpuBaroTcs 3a1a4il pelieHnss MHTErpajibHbIX ypaB-
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HEHMH, TO €CTh 33Jaud ONPEJENIeHHS IOJBIHTErPaIbHOTO BBIPAKEHUS
(pacnpeneneHus JIOKaJbHBIX XapaKTEPUCTHK OOBEKTa M3BECTHON CHMMET-
pHUH) C MOMOIIBIO pacrpeeieHus 3HaYeHUH MHTETPalioB 1O JIMHUH PEru-
cTpaiuu ontuyeckoro curHana [1]. OcHOBHas OCOOCHHOCTH - PEICHUEC
o0OpaTHBIX 33/1a4 ¢ TIOMOIIBIO HEMOJHOW MH(OPMAIMH O paclpeelieHu
3HayeHuit nHTerpasoB. Ilokazano, uro MHC no3BonsioT nomydars 3Have-
HUS TIOJBIHTErPAIBHOTO BBIPaXKEHHS BO BCEM HMHTEpBajie €ro M3MEHEHHs C
MOMOIIBIO TOJILKO OJHOTO 3HAa4YeHWsl MHTerpaia. basa manubix 1 oOyue-
wus MHC momyyanack ¢ TOMOIIBIO PEIICHUS MPSMON 3aa4u ONTUKU IS
PA3IMYHBIX THUIOB MOJBIHTETPAIBHBIX BBIpAKEHHH. AHAJIOTHYHBIN crocob
MOJKET MCIOJIB30BaThCs JJIs pelieHus: o0paTHbIX KpaeBbix 3a1a4 [ bC. baza
naHHbIX it o0yuenus MHC nomkHa OBITH CO3/1aHa C IOMOIIBIO PEIICHUIN
MPSIMBIX KPAaeBBIX 3aJay JUIs Pa3MUHBIX TUIIOB aHAIMTUYECKH 3aJJaHHBIX
¢bynkmii u cucteM audQepeHInaTbHbIX YpaBHEHHIH.

2. Bo3MOXKHOCTH MOJI€NMPOBAaHUS THIPOJNHAMHUYECKIX MPOLIECCOB U
ux nporHozuposanus ¢ nomombto MHC obcyxaenst B [2]. Paccmarpusa-
JIach 33J1a4a yapa jKECTKOW CTEHKHU O CIIOM KUIKOCTH U PACIPOCTPAHEHUS
BOJIHBI IO CBOOOTHOM MOBEPXHOCTH KHUJKOCTH. bbiio mokazano, yto MHC
MOTYT aNmnpOKCUMHUPOBATH (GOPMY BOJIHBI ¢ XOpolued TouHoCThIo. C mpak-
THYECKON TOYKHU 3PECHHMs IVIaBHBI MHTEPEC B STOM HAINPABICHUM HUCCIEIO-
BaHMU MOXKET MPEeNCTaBIATh uccienopanue npumenumocta MHC nns on-
penerneHus Cuia yaapa U ero KOOpAHWHAT ¢ MOMOUIbI0 M3MEPEeHUsT (OpMBI
BOJIHBI HA HEM3BECTHOM PAacCTOSTHUM OT MECTa yjiapa.

3. O6cyxknatotrcst Bo3MokHocTH mostydenust MHC-mozeneit pacnpo-
CTpaHeHUsl BOJHBI ropeHus. HOBBII MOAXO0J K PELICHUIO 33Ja4y OIIpeeIIe-
HUsL npoduieil Temmeparypsl U CKOPOCTH TEIUIOBBIIEIEHUS] ¢ TIOMOIIBIO
HNHC-Moneneit 1 sKCrepuMEHTAIbHOTO U3MEPEHHSI CKOPOCTH PaclpocTpa-
HEeHMs BOJIHBI Topenus npesactasiieH B [3]. Ilpocreitimas MHC-monens oxa-
HOMEPHOH CTallMOHAPHOUN BOJHBI TOPEHUs, OMHCHIBaeMOW Iu(epeHIu-
QIbHBIM YpPaBHEHHUEM TEIUIONPOBOAHOCTH C HCTOYHHKOM TeEIjla, MOKET
OBITh TOJIy4eHA clieayronuMm obpasom. CHauana, auddepenimaisHoe
ypaBHEHHE TEIUIONPOBOJHOCTH JIOJDKHO OBITH IPE0Opa3oBaHo B anreOpau-
YEeCKHE C TIOMOIIBIO PA3JIMYHbIX aHATUTHYECKU 3a/laHHbIX, HAIPUMED C TI0-
MOIIBI0 CUTMOMIANBHBIX (DYHKIMH, pachpeneneHnii Temneparypbl BO3-
MOXHBIX B BOJIHE ropeHus. Jlajee, MocpeicTBOM HM3MEHEHMs MapameTpa
CUTMOMJIBI, @ TAaK)K€ TEIUIOBBIX M KMHETHYECKMX MapaMeTpOB CHUCTEMBI,
MO>KHO TIOJy4UTh HAOOp 3HAUYEHHH CKOPOCTH TOPEHUsI, COOTBETCTBYIOIINX
HabopaM 3HAYCHUI MapaMeTpOB CHIMOWJBI, TCIUIOBBIX M KHHETHYECKHX
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napametpoB. [lonyueHHas “0a3za JaHHBIX” MOKET OBITH HCIIOJIB30BaHA JIJIS
o0yuennss MHC u moctpoenust MTHC-moeny BOJTHBI TOpEeHUSI.

4. MHC-monenp mepexo/ia OT TOPEHUs K IETOHAIMH TPH Pa3IMdHbIX
YCIIOBHAX 3KCIIEPUMEHTa Mpe/cTaBIeHa Kak MPOCTOM MpUMep «IpescKas3a-
TenbHbIX» Bo3MokHocTelt MHC. Ilepexon oT ropeHus K JAeTOHAIMU TpU
pa3IMYHBIX YCIOBMAX SKCIEepUMeHTa u3ydasica B [4]. JlanHble, nmpeacras-
JieHHble B [4] uMmenn mMHOro mpoOenoB (mpubmusutensHo 60 %). 3amaua
npenckazanus ux ¢ nomompto MHC Obuta mocraBnena B gaHHOM padorte.
[lony4yeHHsle pe3yabTaThl MOKAa3aJIM XOPOIINE «IIpeicKa3aTelbHble BO3-
MOXHOCTH» Bo3MmoxkHocTty MHC.

5. O6cyxnatorcsi Bo3MokHOCTH co3ianus MHC-monenu cucremsl
aBTOMaTHYECKOTO yMpaBieHus Kotioarperarom TOL[ B mepexoaHbIX pe-
xuMax. baza manueix ams oOyuenuss MHC Obina mojydeHa ¢ TOMOIIBIO
CHCTEMbl KOHEYHO-PAa3HOCTHBIX YpPaBHEHHH, COOTBETCTBYIOIIMX MOJHON
HEJMHEWHOW JTUHAMUYECKOW MATEMaTHUYECKON MOJIEU NMPOLECCOB, MPOTE-
KaloluX B Maponeperpesarene kotjoarperara. [lomyueHHble pe3ysibTaThl
MoKa3aiy XOpollne nepcrnekTuBbl ucnons3oBanuss MHC nns ynpasienus B
MepHoJ TUHAMUYECKHUX HEIMHEHWHBIX PEXHMOB HM3MEHEHHUs Harpy3KH, B
HECTallMOHAPHBIX PEXHMaX YXYILUIEHHOTO TEMJI000MEHa, a TaKKe PH BO3-
HUKHOBEHHH KPU3UCHOTO peXXHMa HCIIapeHHsl B KOTjioarperare.
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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., Il'inskiy N.B., Potashev A.V. Mathematical
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MUHUMHN3ALIUA KOOOOUIUEHTA COIIPOTUBJIEHUSA
KPBLJIOBOI'O ITPO®NJISI METOJAMU OIITUM AJIBHOT'O
YIIPABJIEHUSA
Jamup @. Ad3anus10B
HNU maTeMaTUKu U MEXAaHUKH
Kazanckoro rocynapcTBeHHOTO YHHUBEPCUTETA
17, yn. Yuusepcurerckas, 420008, Kazaus, Poccus

Haubounee 3ppekTHBHBINA CIIOCOO MOCTPOCHUS ONTUMAIBHBIX 10 a3-
POJAMHAMUYECKHM XapaKTEPUCTUKAM KpPBUIOBBIX mNpoduield OCHOBaH Ha
peIICHNU OOpaTHBIX KPAeBBIX 3aJ1ay a’pOTUAPOJUHAMHKH. 3aJlaBaeMoe B
HUX pacrpe/ielicHHe CKOPOCTH HANpPSAMYIO CBSI3aHO C LUPKYJISIIMEH HKHUIKO-
CTH W, CJICIOBATEIIBHO, ¢ KOA((QUIMEHTOM TMOIBhEMHOM CHIIbI KPBUIOBOTO
npo¢uis. KoapdunmeHt conpoTHBIeHUS KPBUIOBOTO NPOQHIIA HE CBS3aH C
pacrmpeieliecHHeM CKOPOCTH HamlpsMylo, TpeIBapUTeIbHO HE0OX0IUMO
npousBecTu pacyer norpanudHoro cios ([IC) u jaumbe nocne 3Toro, Ha-
npumep, 1o ¢Gopmyine Ckpaiipa-FOHra mimM HEMOCPEICTBEHHBIM HHTETPH-
pOBaHUEM BI3KHX CHJI OTPEICIUTh conpoTtuBicHue. [losTomy 3amava omn-
penerneHus ONTUMAIBHOTO paclpeleNieHusi CKOpocTH (ocobeHHo Ha anud-
(y30pHOM y4acTKe) SBJSICTCS aKTyaIbHOM.

B paborte paccMmaTtpuBaercs 3a1a4a NOCTPOSHUS KPBUIOBOTO MPO(MIist
M0 33JJaHHOMY paclpeleNeHHI0 CKOPOCTH (AaBJICHUs) HA €0 IOBEPXHOCTH.
Pacnipenenenune ckopocTy 3a1aeTcsi B MHOTONIAPaMETPUUYECKOM BUJIE, MTPH-
4yeM Ha JU(PQY30pHOM ydacTKE 3aKOH MaJCHUS CKOPOCTH HAaXOJUTCS W3
YCIOBHST MUHUMAJIBHOCTH COTIPOTHBJICHHMS M OTPAaHUYCHUS Ha OC30TPHIB-
HOCTh OOTCKaHMs TPU 33JaHHOM 4Yuciie PeliHosbaca Ha OECKOHEUYHOCTH.
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Wnrerpansusiit Merosa pacdera [IC ocHOBaH Ha COBMECTHOM MHTETPHPOBa-
HUM ypaBHEHHH MMITYJIbCOB U DHEPTHU C YCTAHOBJIEHHBIMU OTHOLICHUSIMHU
JUTs KO3 PUIMEHTOB TPEHUS U IUCCHUTIAIMH dHepruu [1].

W3BecTHBIM cocOOOM yMeHbIIeHHsT KOA((UIIMEHTa COTPOTHUBICHHS
KpbU1OBOTO mpoduis siBisiercs: otcoc [IC. Mcecnenosan cimydail HCIIOJB30-
BaHug orcoca [IC nmas ymydmeHds a’poAMHAMHYECKHX XapaKTEPUCTHK
KpBUIOBBIX mpodmiiell. B mocneanem ciiyuae MUHUMH3HpOBaJach CyMMa
Kod(PHIHEeHTA BSI3KOTO CONMPOTUBICHHS U KOA(D(DUIMEHTa IHEPTETHIECKUX
3atpat Ha otcoc. Cunranock, uto ToymuHa [IC 1 0TcoC He BIUSIIOT Ha CKO-
POCTh BHEIIHETO MOTOKA.

Jist mocTpoeHus Mpouils Mo 3alaHHOMY PaclpeeSICHHI0 CKOPOCTH
WCTIOJIK30BaAJIaCh TEOpHUsl OOpATHBIX KpaeBBIX 3a/ady a’dpOTHIPOAMHAMHKH
(cM., Hamp., [2]). BeimonHeHne Tpex yCIOBHH pa3pelIMMOCTH (YCIOBHS
3aMKHYTOCTH KOHTYpPa KPBUIOBOTO MPOQUJIS U YCIOBUE COBIAICHNUS 3a/1aH-
HOW CKOpPOCTH Ha OECKOHEYHOCTH C OTIPEAeIsIeMOil B Mpolecce pelieHus)
JOCTUTaJIOCh BapHaluen Tpex cBOOOIHBIX MapaMeTPOB.

3amavya HaXOXKACHUS pacnpedesieHusi CKopocTH Ha aupdy3opHOM
ydacTke copMyiIMpoBaHa B TEPMHHAX 3a/1a4 ONTHMAIBLHOTO YIPAaBJICHHS,
B KaueCTBE YNPaBJIIOMMX ()YHKIINHA BHIOpaHBl TPAJUEHT CKOPOCTH BHEII-
Hero TedeHus u ckopocth oTcoca IIC. [Ing pemreHus MCoOnIb30BaH MPUH-
un Makcumyma [loHTpsruHa.

Pabora BeimonHeHa npu ¢puHaHcoBoi noanepxke PODU (mpoekt Ne
02-01-00061) u pornna HUOKP Pecnyonuku Tatapcran.
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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 e[-1530]. 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 A4, 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 gpq
the distance from the bottom to the obstruction 4 = 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 Yy 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 / 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].

References
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YU CJEHHOE MOJIEJIMPOBAHUE B3AUM OJENCTBUSA
HOBEPXHOCTHBIX BOJIH HA YACTUYHO INIOI'PYKEHHOE
B KNJAKOCTbD TEJIO
Koncrantun E. ApanacreB, EBrennii H. bepe3un
Kemeposckuii ['ocynapcTBeHHbIl YHUBEPCUTET
Kpacnas 6, 650043 KemepoBo, Poccus

Teopus IBIKEHHUS KUAKOCTH CO CBOOOJTHBIMH TPAaHUIAMU SIBISIETCS
OJIHUM W3 HambOojee OypHO pa3BUBAIOIIMXCS HAMpaBJIEHUH COBPEMEHHON
rapovHaMuKH. Bompocam B3auMozeicTBHS MNOBEPXHOCTHBIX BOJH C
MPETSTCTBUSIMH MOCBSIIIEHO MHOKECTBO Pa0OT. 3a/1ayy TaKOTO Kjiacca Mo-
TYT HaXOJIUTh MHOTOYHUCIICHHbIE TEXHUYECKUE MPUIIOKEHUS TIPU TPOEKTH-
pPOBaHMM MOPCKHUX coopyxkeHud. OHON W3 BaKHEMIIMX 3a/1ad siBisSeTcs
oTIpe/ielicHHe BO3/ICHCTBHS MOBEPXHOCTHBIX BOJIH Ha TH O00BEKTHI. WHike-
HEpHbIE METOJbl pacuera BO3JEMCTBUSA MOBEPXHOCTHBIX BOJIH Ha THIpPO-
TEXHHYECKHE COOPY)KEHHS OCHOBAHBI Ha OOJBIIOM KOJMYECTBE JOIYIIe-
HUI ¥ UMEIOT 3HAYUTENbHYIO MOTPEIHOCTh. AHATUTUYECKHE METOIBI MO-
TyT JaTh JAOCTaTOYHO TOYHOE pEIIeHHE, OJJHAKO MPHU HUX HCIHOJIb30BaHUU
TPYJIHO HAAESIThCS HAa TOYHOE OINMCAHHE JIOKAIBHBIX XapaKTepUCTHK Teue-
HUSL.

Ilo cTpouTenbHBIM HOpMaMm M IpaBHiIaM, JEHUCTBYHOIIMM B Poccuii-
ckoit deneparmu [1], pacmpoCTpaHSIOMINMCS Ha PEYHBIE U MOPCKHE THI-
POTEXHUYECKUE COOPY)KEHUsSI, OCHOBHBIM NapamMeTpoM IpHU NPOEKTHPOBa-
HUM TUAPOTEXHHUUECKOTO COOPYKEHHs CIYyKUT Harpyska, co3jaBaeMas
BOJIHEHHEM MOBEPXHOCTH BOIEL. B cooTBercTBUU ¢ myHkToM 1.13 [1], om-
pezelicHre Harpy30K Ha BEPTUKAIBHYIO CTCHY OT BO3JICHCTBHSI TIPUOOMHBIX
BOJIH JIOIMYCKaeT NMPOU3BOAUTH TMHAMUYECKUMHU METO/IaMH, YUUTHIBAIOIIH-
MU MMITYJIbCBI JIaBJICHUS M WHEPIHUOHHbIE CUJibL. [l03TOMY BBIYHCIMTENH-
HBIf SKCIIEPUMEHT Ha OCHOBE MaTeMaTH4eCKONW MOJeNH MpeJCTaBIlsieT
MpaKTUYECKUil HHTEepeC, TaK Kak ¢ ero MOMOIIBI0 MOKHO JIOCTaTOYHO TOY-
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HO BOCIIPOU3BOIUTH BOJHOBYIO KapTHHY TEUCHHS U PACCUUTATh JUHAMMYEC-
CKHE XapaKTEPUCTUKH.

B nacrosimield paboTe paccMaTpuBaeTCsl YHCICHHOE PEelIeHNE 3a1a4H
O BOJIHOBOM [ABIDKEHUH HIEAILHON HEC)KMMAEMOM >XKUAKOCTH B OacceliHe
MOCTOSTHHOM TiryOuHel H =1, BO3HHKarOIeM B pe3yibTare HakaTa COJH-
TOHA Ha YaCTHUYHO MOTPY)KEHHOE 3aKperuieHHoe Teso. Pacuersl mpoBoau-
muck st obnmactu D € [—15,30]. Bepimna BOJHBI Ui BCEX pacueToB

Haxoamnach mpu ¢t =0 B Touke x =-—5. BappupyembiMu mapamerpamu
3a7a4d ObUTM BEJIMYHMHBI aMIUIATYAa BOJIHBI A, paccTOsHHE OT JHA J0

NPENSTCTBUS /1, IIUpUHA TeNna a = X, —X,,THe X, u X, a0CLKCCHI JIEBOM

W TNpaBOi BEPTHKAIBHBIX CTEHOK Teja, b - paccTosHHE MEXKIYy MpaBoif
CTEHKO#1 Tesa pH (X = X, ) ¥ paBo¥ rpaHuUIlel OacceliHa.

[lpu yBenMYEeHHH aMIUIMTY/bI BOJHBI A, 3a30pa /A W yMEHBIIEHUH
IITUPHHBI Tella HAOJFOIA0TCS PEKUMBI OITPOKHUIbIBaHUs. BoHA onpoKuIbI-
BaeTCs Ha3aJ BO BpEMs OTKara OT JIEBOM CTEHKH Te€jla, HO B NPOTUBOIIO-
JIO’KHOM HAaIlPaBJIEHUM OTHOCHUTENIbHO [IBMKEHUS B HadyalbHbIA MOMEHT
BPEMEHH yeAMHCHHOHN BOJHBL J[Is pasaudyHBIX 3HAYCHHUN aMIUUTYAbl A

HaGeraomeil BONHbI M3ydanoch BMsHMe wmpuHbl Tena 4=1 a=2
a=4 a=8 ypaccrosnus or aHa 10 npersitcrsust 4 = 0,4 Ha BeauuuHy

MaKCHUMAJIBHOT'O 3aIlJICCKa Yl Ha JICBYIO CTCHKY T€Jla, MaKCUMAJIbHOTO 3a-

mecka Y. , Ha NPaByIO CTEHKY Tella, aMIUIUTY/Ibl OTPAKEHHOM BOJIHEI ),

aMILATY bl TIPOIIEIEH BOTHBL ¢, W JMHAMHYECKOH Harpysku P Bon-

HOBOTO JIaBJIEHUS Ha JIEBOW U MPaBOM CTEHKax Teja. YHCIEHHbIE pacueThl
MOKa3ajii, 4YTO NP YBEIUUYEHUH LIUPHUHBI T€JIa 1 YMEHBLIEHUH PacCTOSHUA

h BeNMUYWHBI 3aIUIECKOB HA JICBOM CTEHKE TeJja, aMIUIUTyda OTPaKEHHOM
BOJIHBI U JAMHaMU4YecKas Harpy3ka Ha JIEBOM CTEHKE Tejla BO3pacTaioT, a
3aIUIECKH Ha MPaBOil CTEHKE TeJia, aMIUIUTY/la POIIEAIIE BOJIHbI U IUHA-
MUYecKasi Harpy3ka Ha MpaBoi CTEHKe Tena yObBaroT. Takoe MoBeaeHHE
XapaKTEePHCTHK, TakK ke OTMeuaeTcs B paboTte [4].

Ecin Teno pacronoxeHo BOJM3M MPaBOil BEPTUKAIBHOM CTEHKH Oac-
celiHa, TO B 3a30pe MEeXIy MPaBOd CTEHKOH Tela M MpaBOd CTEHKOH Oac-
celiHa TPOMCXOIUT TIOYTH PaBHOMEpPHOE KoJjeOaHWsi CTOJ0a >KHIKOCTH.
ypOBeHI) KHUJAKOCTH IIPU 3TUX KOJ'Ie6aHI/I$IX MOXKET MPEBOCXOAUTH BCINYH-
HYy aMIUTUTY/bI Ha0Oeraromieil BoHbL. J[J1s TaHHOTO Cciiydas MaKCUMaJlbHbIH
3ariecKk Ha MPaBOW CTEHKE Tesla MOXKET MPEBOCXOINUTh BEINYHHY 3aIulecKa
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Ha JIEBOW CTEHKE TeJia, Yero He HabIoaeTcs IPU PACHoJIOKESHUH Tela Ja-
JIEKO OT MpaBoii cTeHKu Oacceitna. [Ipu yBennueHUn pacCTosiHUsS /I OT THA
OacceiiHa 710 Tesla MOXET POUCXOIUTH OCYILIEHHE HWYKHEH TpaHMIIbI Tena.
3ajada B MOJHON HEIMHEHHOM MOCTAaHOBKE PEIIaeTCs METOIOM Irpa-
HUYHBIX teMeHToB (MI'D). Jlns omucaHusl TPaeKTOPHUI YacTHIl (TOUYECK)
cBOOOJHOH TpaHMIbl TpuMenseTcs MeTo Jlarpamxa. [Ipu aToM, nHTErpan
Komm-Jlarpamxka W KHHEMaTH4ecKoe YCIOBHE Ha CBOOOJHBIX TpaHHUIaX
XKHUJIKOCTU 3aliCHIBAIOTCS B BHJIE OOBIKHOBEHHBIX Au(depeHaibabx
ypaBHEHHH MEepBOTO MOpsaKa. 3ajiaua sBisSeTcs HecTallMOHApHOM U Jis ee
pellleHns IpUMeHsieTcs MeTo]l Dijiepa. MeToinKka pelieHns] HHTeTrpaibHO-
TO ypaBHEHHs, BHIOOp Iara mo BpeMmeHu, auddepeHnupoBanne QyHKIHHA
3aJJaHHBIX Ha TPaHMIe U Y4eT OCOOCHHOCTH TPU CMEHE THIA TPaHUYHBIX
YCIIOBHIA U3JI0kKEHBI B paboTax [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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YUCJIEHHOE MOAEJIMPOBAHUE IUHAMUKH
MPOCTPAHCTBEHHBIX ITIAPOI' A30OBBIX ITY3bIPEN
Koncrantun E. Apanacres, Upuna B. I'puropneBa
KemepoBckuii rocynapCTBeHHbIH YHUBEPCHUTET,
yi. Kpacnas 6, 650099 Kemeposo, Poccus

Pabora mocesieHa HCCIEAOBaHUIO JTUHAMUKH IMPOCTPAHCTBEHHOTO
1apora3oBoOTo My3bIpsAd B HWJ€aJbHON HEC)KMMAeMOU KUAKOCTH. B Hell pac-
CMaTpHUBAaETCs BOJIIONKS TAPOBOW M MMApOTa30Boi chepruuecKoil KaBepHbI B
Oe3rpaHMYHON WACATBHOW HECKUMACMOW KHUJIKOCTH, U3Yy4aeTCs BJIIMSHHC
CHJIBI TSIXKECTH M TA30COJIep>KaHUs Ha MPOIIECC IBOMIONNH My3bIpsi. OCHOB-
HOE€ BHHMMAaHME YIENSETCS U3YYCHHMIO B3aUMOJICHCTBUS IIApOra3oBOW I0-
JIOCTH C pa3IMYHBIMU TBEPJIBIMHU CTEHKaMHU.

OnwcanHas B TaHHOK paboTe MOJENb MPUMEHSETCS IJIsi MOJIEIUPO-
BaHUS Pa3IMYHBIX, HETIOXOKUX Ha TepBbIA B3MIAM, sBieHUNA. C 0JHON cTO-
POHBI paccMaTpHUBAETCsl TUHAMUKA MTOJABOJIHBIX B3pPBIBOB, C APYroil cropo-
HBbl TIPOTHO3UPYETCS YPOH OT KaBUTAIMOHHOM 3pO3MHM, KOTJA M3y4eHHE
BCETO SBJICHUS TMY3BIPHKOBOI KaBUTAlMK HEBO3MOXHO 0€3 M3y4YeHHUs -
HAMHKU OJIHOHM, OTJEIHLHO B3STOM, KaBUTALMOHHON ITOJIOCTH. JTH, HEIO-
X0KHME€ Ha TIepPBBIN B3I, SBJICHUS OOBEIUHSIOT BO3HUKAIOIIUE KYMYJIs-
TuBHBIE 3G QeKThl. [1y3bIph, pa3BUBasCh U3 KABUTALMOHOTO 3apO/IbIIIa, UITH
oOpa3yromuiics Ipy B3pBIBE 3apsia, B MPOIIECCEe CBOETO POCTa, KaK MpaBH-
JI0, coxpansieT opMy OJH3KYyH0 K chepuueckoii. loCTUTHYB HAHOOJIBIIETO
o0BbeMa, my3bIph Iepexo uT B a3y 3aMbIkaHus. bianzocts TBep0i rpaHu-
bl U (WIH) JeHCTBUE CHIIBI TSXKECTH HAapylIaroT OAHOMEPHOCTH TEUEHHUs,
JaKe eI B MOMEHT MaKCHMAaIIbHOTO PaCIIUpEeHus MOJI0CTh Oblia cdepu-
4yeckoil. B psige cimydaeB B mporecce 3aMbIKaHUs Iy3bIpsi (POPMHUPYETCs
CTpyMKa UJKOCTH, BHEAPSIOUIAsCS B My3bIph JO MOMEHTa KacaHHs €ro
MPOTHBOIIOIOXHOHN CTeHKH. Takast cTpysl MOXKET ObITh HalpaBiieHa B CTO-
POHY CTEHKH M UMETh CKOPOCTh MOPSJIKA COTEH, a MPH OCOOBIX YCIOBHSX,
JaKe THICSY METPOB B CeKyHAy. YacTullpl Ha JajbHEH OT CTEHKH MOBEpX-
HOCTHM IIy3bIpsi, B CJlydae €CJIM CTPYs HaIPaBICHA K CTEHKE, IOJIy4aroT
OoJpliee YCKOpEHHE, TO €CTh BO3HMKAET KIaCCHUECKHH KyMYJISATHUBHBIH
sddexT. [Ipeanonaraercs, 9T0 MEXaHU3M pa3pyLIEHUs MHIICHEH omnpee-
JII€TCS. UMEHHO BO3JIEUCTBHEM BBICOKOCKOPOCTHOW KYMYJISITUBHOHM CTpYH,
¢dbopmupyroLIelics Ha CTaAMK 3aMbIKaHHs IMy3bIps. [loaTomMy akTyanbHOM
3ajaueil sBISETCS BBIICHEHWE POJIM Pa3IMYHBIX (PaKTOPOB, TAKHX KaK Ha-
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JIM4ME ra3a B Iy3bIpe, IEUCTBUE CHUIIbI TSXKECTH, IIOJIOKEHUE TBEPAOU CTEH-
K{ Ha Tipo1iecc 00pa3oBaHus ¥ Pa3BUTUS KyMYJIATUBHOW CTPYH.

3aiaya pemraercsl B MOJHOM HENMHEWHOI MPOCTPaHCTBEHHOM MocTa-
HOBKe. B kadecTBe MHCTpyMEHTa YHCIIEHHBIX HCCIEAOBaHUN BBIOpaH Me-
TOJI TPAHUYHBIX JIEMEHTOB B TEPMUHAX (YHKIHMH MOTCHIMANa CKOPOCTH H
€ro HOpMalbHOH MPOM3BOJHON Ha OCHOBE TpeThed Gopmydsl ['puna. Io-
BEPXHOCTh IIy3bIpsl AlIIPOKCUMUPYETCS TPEYTOJBHBIMU 3JEMEHTaMU, Ha
KOTOPBIX MOTEHIUANI U €r0 HOpPMaJlbHAs NPOM3BOJHAS CUMUTAIOTCS JIMHEH-
HBIMU (QyHKIMAMHA. [[71 OBMOKEHHS MO0 BPEMEHM HMCIOJB3yeTcs cxema Ji-
JIepa IEpBOro MOPsAAKa.

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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YCTONYUBOCTh COEPUUYECKOI ®OPMBbI Y3bIPLKA [IPU
EI'O OTHOKPATHOM CHUJIBHOM PACIIUPEHUU-CKATUN
Anexcanap A. AranuH, Tatbesana C. I'yceBa
HNucturyr Mexanuku 1 MallmHOCTPOECHHUS
Kazanckwuit Hayunsiit Lleatp PAH
2/31, yn. Jlobauesckoro, 420111 Kazauns, Poccus

B 1990r sxcriepuMeHTanbHO ObIIIO OTKPBITO SIBJICHHE TEPHOJUIECKOTO
WCITYyCKaHMs CBETa MaJICHHKUM ITy3BIPBKOM, HaXOJSIIUMCS B YJIBTPa3BYKO-
BoU crostueit BoHe (single bubble sonoluminescence — SBSL) [1]. Uzyuenue
sBieHust SBSL nokazano, 4To myTeM pacuIdpeHHs-CKaThs MaJIEHBKOTO ITy-
3bIpbKa MOKHO JIOCTUYb BBICOKHX CTEIIEHEW CKaTus ras3a B Iy3bIpbke. Jleil-
CTBUTENBHO, TI0 OlleHKaM Ha pexkxume SBSL Temmeparypa u IIoTHOCTh ra3a
B Iy3bIpbKE€ B MOMEHT €r0 MaKCUMAaJIbHOTO CKaTHsl (KOoJularca) MpUHUMAIOT
3HaUYE€HUs TOpsAKa ~10°K u ~103KF/M3, cOoOTBeTCcTBEeHHO. IlombITKM OCTH-
JKEeHUs ele OOJIBIINX CTeTeHeH CKaThs ra3a B My3bIpbKe Ha peXUMe Mepro-
JTUYECKOM COHOJIIOMUHECHEHIIMH HAaTAJKUBAIOTCA Ha JOBOJILHO JKECTKHE OT-
paHMYCHUs YCTOMIMBOCTH MEPUOAMIECKUX KoebaHuid. B 3ToM cMmbicie Ha-
MHOTO 0o0Jiee TIEpCIEKTHBHBIM TPEICTABISETCS PEXIM OJHOKPATHOTO CHITb-
HOTO pacIIMpeHus-cKaTusi My3bIpbka. [103TOMy H3ydeHue BO3MOXKHOCTEH
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€ro peanu3alyy NpeCcTaBisieT 3HaunTeIbHbIH HHTepec. OHO U3 OrpaHuye-
HUM TaKKUX BO3MOXKHOCTEH 00YCIIOBJICHO MCKaXKEHUEM Ceprdeckoii (hopMbI
my3bIpbKka. OUeBUIHO, YTO [l IOCTHXKEHHS BBICOKMX CTETIEHEeH CoKaTHs ra3a
B Iy3bIpbKE HEOOXOAUMO, YTOOKI (hopMa My3bIpbKa O KOJUIATICA OCTaBajlach
Omm3Koi K cepuueckoil. MHave BbICOKas CTENEHb KyMYJBIMU aKyCTHUYe-
CKOW DHEPTHH IOCTUTHYTa He OyneT. [lyOimKanuy 1o ucKkakeHHuIo cdepude-
CKOH (popMBI IMy3bIpbKa MPH €r0 PacIIUpEHUSX-CKATUSIX OTHOCATCS, B OC-
HOBHOM, K nepuoamdeckomy pexumy SBSL [1].

Hacrosimas paboTa mocBsiIeHa UCCICIOBAHUIO YCTOMYMBOCTH Ce-
puueckoil (OpMBI Ta30BOTO My3bIphbKa MHUKPOHHBIX Pa3MEpOB B XOJE €ro
OJIHOKPATHOTO CHJIBHOTO pacHIMpeHus-ckaTus. Ha KoHeuHOM oOTpeske
BpPEMEHHN YCTOWYHMBOCTH cheprdeckoil (JOPMBI My3bIpbKa OTOKIAECTBISIETCS
C yYMEHBIIEHHEM aMIUIMTYZAbl €€ UCKakeHWi. PaccmarpuBaercs ciydai
BO3/YIIHOTO My3bIpbKa B BOJE MPU KOMHATHBIX ycJIoBUsiX. [1y3pipek Haxo-
JUTCS B IIGHTpe chepruieckoro oobema XuaAKocTH. [IoBepXHOCTh KOHTaKTa
MEXKIy JKUAKOCTBIO M Ta30M TPAaKTyeTCsl Kak CBOOO/IHAs TpaHHIa C YIETOM
JICUCTBYIOIIMX HAa HEW KanWJUIAPHBIX CUJ. [laBiieHHe Ha BHEIIHEN MOBEpX-
HOCTH XHUIIKOH cepbl U3MEHIEeTCsl TI0 TAPMOHUYECKOMY 3aKOHY, HauMHast
co craanu noHmwkeHusi. CHIIbHOE paciiupeHne-ckaTHe My3blpbKa JOCTUra-
eTcs 3a cueT OOJBIIMX 3HAYCHUH aMIUIUTY (bl U3MEHEeHHs 1aBieHus (B 1.4-
5 pa3 mpeBblIaONIei craTHdeckoe AaBlicHHE). Pasmepsl my3bIpbka Majbl
M0 CPaBHEHHIO C JJIMHOW BOJIHBI BHEIIHETO JAaBJieHus. PaccMarpuBaeMble
OTHOIIEHHSI MaKCUMAIILHOTO ¥ MUHUMAIILHOTO 00bEMOB Iy3bIpbKa HAMHO-
ro Oosblne Tex, 4yTo HaOmonatoTcs mpu SBSL. /lo Havana u3meHeHus 1aB-
JICHUsI B JKUJIKOCTH (hopMa My3bIpbKa coBeplIaeT KoJeOaHusl C MaJlol aM-
wmrynoii. O0beM my3bIpbKa MPU 3TOM OCTaeTCs HEM3MEeHHBbIM. 111 Mojie-
JUPOBAHUS JIBIKCHUS JKUIKOCTH M Ta3a HCIOJB3YIOTCS YpaBHEHHsS Ta3o-
BOH JMHAMHKH C YY€TOM TEIUIONPOBOJHOCTH Ccpellbl. B 1ensx cymiecTBeH-
HOTO TIOHFKEHUS 3aTPaT KOMIIBIOTEPHOTO BPEMEHH MPU OTHOCHUTEIILHO He-
OOJIBIIMX CKOPOCTSX JIBHKEHUsI IOBEPXHOCTH My3bIpbKa TIPUMEHSIETCS PSIT
MpUOIMKEHUN YpaBHEHUH Ta30BOM AMHAMUKUA (TOMOOApUYEecKoe MpuOIIH-
KEHHUE JIJIsl Ta3a B My3bIpbKe, NPUOIIDKEHUS MAJIOCKHUMAEMOU KUIKOCTH H
JMHEHHON aKyCTUKHM Uil OKpyXKaromied xuakoct) [2]. Hcmonb3yrorces
YpaBHEHUsI COCTOSIHUS KHUJIKOCTU W Ta3a, aJIeKBaTHBIE BBHICOKUM YPOBHIM
JIaBJICHUW M TeMIIEpaTyp, BOSHUKAIOIIUM B 3aiaue. J[Jig onucaHus u3MeHe-
HUSI UCKaKEHHsI cepruueckoil (opMBbl My3bIpbKa MPUMEHSETCS MOJIENb C
MPHOJIMKEHHBIM y4eTOM 3 QeKTa BI3KOCTH KUAKOCTH [3].

BrisiBrieHa cuibHas 3aBUCHMOCTh BENMYMHBI HCKaXEHUH cdepuue-
cKoi (popMBI My3bIpBKa B XOJI€ €r0 pacluIMpeHUs-CokaThs OT (asbl Komeda-
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HUH (HOpPMBI My3bIpbKa B MOMEHT Hauaia pacuiupeHus (HadalibHOH (asbi).
VYeToiunBOCTh  CHEpUIECKOro PaCHIMPEHHS-CKATUS aHATU3UPYETCs  TI0
HAaUXy/IIEMy CIIEHapHIO. YCTaHOBJICHO, YTO MPH MCCICAYEMBIX aMILIATY-
JaX BHCEUIHCI'O BO3Z[€I>'ICTBH$I BEJIMYMHA HCKaXC€HHUs B MOMCECHT KOJUIaIICca
my3bIpbKa OkasbiBaercst B 5—500 pa3 Oonblie HavanbpHOTO 3HadeHus. Ha
3aKJIIOYUTEIIBHOM OY€Hb KOPOTKOM HHTEPBAJC CTAJMU CXKATUs Iy3bIpbKa,
rac paaruajbHbIC CKOPOCTH YMCHBLIIAIOTCA OT OI'POMHBIX 3HAYCHU M 0 HY-
JIA, BEJIMUWHA UCKAXKCHUA YBEJINYNBACTCA IMMTPUMEPHO B 2 pasa.

Pabora BemomnHena npu nogaepxkke PODOU (kox mpoekra 02-01-
00100), B pamkax mporpamMmbl (DyHIaMEHTaIbHBIX wuccienoBanuii PAH
(mpoekt «/InHamuka HecepUuecKnX Ta30BBIX W MAPOBBIX MY3BIPHKOB B
KHUJIKOCTH Ha pPEKHUMax C CHUIbHBIM W CBEPXCUIBHBIM PpPaClIMPECHUCM-
cKaTHeM») U eaepabHON 1enieBoi iporpaMmMel « MHTeTrpanus» (Ko npo-
exta 50020).
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LIQUID VISCOSITY EFFECT IN DYNAMICS
OF ANONSPHERICAL 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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IDPOEKT BA3ZKOCTU KUJKOCTHU B IUHAMUKE
HEC®EPUYECKOI'O ITY3bIPBKA
Anexcanap A. Aranus, [Imutpunii 0. Tonopkos
Hucturyt mexanuku u mamuHoctpoenus: KHI[ PAH
2/31, yn. Jlobauesckoro, 420111 Kazans, Poccust

B mocnenHee BpemMsi akTUBHO 00CY>KAaeTcsi OTHOCHUTEIBHO HEAABHO
9KCIEPUMEHTAIBHO OTKPBITOE SIBJICHUE AJIEPHOTO M3IY4YEeHHUS MPHU aKyCTH-
YEeCKOM KaBUTalWH (BbIX0Jla HEUTPOHOB U AJiep TPUTHUS MPH aKyCTUUYECKOM
BO30YXKJIEHHU KJIacTepa MapOBBIX MY3bIPBKOB B JEHTEPHUPOBAHHOM alleTO-
He, 2002r.) [1]. Cornacho [1], 1S SKCIIEpUMEHTAIIBHOM peain3aliuu sBlie-
HUS SIZIEPHOTO M3y4eHHs BHYTPH PE30HATOpa C KUAKUM JeHTepupoBaH-
HBIM alleTOHOM 0e3 My3bIPhKOB (OPMHUPYETCS CTOsYas BOJIHA JABJICHUS C
amMIMTyZ01 B 156ap B myuHocTH. [Ipu Takoit aMIuinTy e moOHMWKEHUE J1aB-
JICHUsI 710 3HaYeHUH, OJM3KUX K MAaKCUMaJbHBIM OTPHLATEIFHBIM, BHI3bIBA-
€T B XHUJIKOCTU HaINpPsHKEHUsI, ONM3KHE Pa3pbIBHBIM, TaK YTO JIJII BOSHUKHO-
BEHHUS KaBUTALMK JOCTAaTOYHO JIMIIb HE3HAYUTEIHHOTO JOTOJHUTEIHLHOTO
Bo3MyIIeHus. B sxcnepumentax [1] o6pa3zoBanue My3bIpbKOB MPOUCXOIUT
OT HEWTPOHHOTO MCTOYHMKA, KOTOPHII BKItoUaeTcs B (paze, OJIM3KOH K Mak-
CUMaJIbHOMY TOHIKEHHIO JaBJIEHUs B cTosuel BojHe. B MOMEHT Bkimoye-
HUSI HEUTPOHHOTO MCTOYHHUKA B KHIKOCTH 00pa3yloTcst Melbuailiue my-
3BIPBKU Pa3MepOM TMOpsi/IKa HECKOJIBKUX HaHOMETPOB. B daze oTpunarens-
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HOTO JaBJICHUS] B JKUAKOCTH pa3Mepbl My3bIPbKOB MHOTOKPAaTHO YBEIMYH-
BAIOTCSI M JIOCTHTAIOT 3HAYCHWI MOpsIKa MUUIMMeETpa. SnepHoe u3myde-
HUE HaOJII0JaeTCs Ha MOCIenyromel (a3e ¢ MOJOKUTEIBHBIM JaBJICHUEM,
TJIe My3bIPbKU CTPEMHUTENFHO U OYEHb CUIIBHO CKHMAIOTCS.

[lo muenuto aBTOpoOB [1], B MOMEHT MaKCUMaJIBHOTO CHKATHS Mapo-
BBIX MY3BIPHKOB B HUX BO3HHKAIOT COCTOSIHUS BELIECTBA C TEMIIEPaTypaMHu
70 MUWUTMOHA TPaJyCoOB, YTO M BBI3BIBAET sIEpHOE M3TydeHHe. BaxkHel-
IIMM YCJIIOBHEM JJISl 3TOTO SIBISIETCS coXpaHeHue (popMbl my3bIpbKa OJu3-
KOH K cepHuueckoil BIULIOTh O MOMEHTa MaKCUMaJlbHOTO Cxkatusi. B Ha-
crosinield paboTe mM3ydaercss U3MEHEHHE MallbIX UCKaKEHHH cepuueckon
(hOopMBI OTUHOYHOTO My3BIPbKA B XOJ€ €r0 paclIMpeHHs-CKATHI B KCIIe-
pUMEHTAIBHBIX ycioBHaX [1]. OcHOBHOE BHUMaHUE YACNAETCS HUCCIIEI0Ba-
HUIO BIMSHHS BSI3KOCTH OKPY’KalOIIEH >KUAKOCTH, MOCKOJIBKY MPH MaJlbIX
pa3Mmepax Mmy3blpbka OHO MOXeET OBITh OY€Hb 3HaYUTEIbHBIM. HMcnonn3yer-
Csl MareMaTuieckasi MoJelb, B KOTOPOH KHMJIKOCTh BO3JIE My3bIpbKa MoJia-
raercs BSI3KOM HEC)KMMAEMOM, Iap B IIy3bIPbKE — UACAIBHBIM C OJHOPOJI-
HBIM paclpe/e/iecHieM JaBJICHUS. YUUTBIBAIOTCS MPOLIECCHl HEpaBHOBEC-
HBIX MCMApEeHUs-KOHACHCAIIMN W HECTAIlMOHAPHOHN TEIIONPOBOJAHOCTH B
nape u kuaxoctd. s aHammza d¢¢exTa BI3KOCTH KHUIKOCTH HapsIy C
TO4HOH Mozenbto (Moaens [Ipocnepertn 1977) [2] npumeHSIOTCS U HEKO-
TOPBIC CIIOCOOBI MPHUOMIKEHHOTO OTHMCAHMS €¢ BiIusSHUs. B mpuOikeH-
HBIX CIIOCO0aX HE YYUTHIBAIOTCH 3PQEKThl HecTalMoHapHOW nuddy3un
3aBUXPEHHOCTH KHUJIKOCTH.

W3yden xapakTep M3MEHEHHS UCKaXeHUs! cheprdeckoil PopMBbI mmy-
3bIpbKa B XOJI€ €ro pacimupeHus-cxatus. OOHapykeHa CHIbHAs 3aBUCH-
MOCTb BIIMSIHUS BA3KOCTH KHIKOCTH Ha M3MEHEHHE UCKaXCHHS KaK OT Ha-
YalbHBIX pa3MepOB My3bIPbKa, TaK M OT (pa3bl KojeOaHHUH aBICHUS JKUJI-
KOCTH, B KOTOpPYIO OH 00pa3yercsi. B yacTHOCTH, B MOMEHT MaKCHMaIbHOTO
CXKaTHs My3bIpbKa aMIIJIUTY/a UCKaXKEeHHsI eTo chepuaeckoit popMBI MOKET
OKa3aThCsl Kak OOJIbIE, TAK W MEHBILIE HAYAIBHOW B IECSATKU U COTHHU pas.
[penedpexenne 3h(HeKToM BI3KOCTH KHUJIKOCTH MOKET IPUBOJIUTH K MHO-
rokparHomy (o 100 pa3) 3aBBIIICHUIO 3HAUEHHS UCKKEHUs CPepUIecKOm
(hopMBI TTy3bIpbKa B MOMEHT €0 MaKCUMAIILHOTO CXKATHSl.

Pabora BemosnHena npu nogaepxkke PODU (kox mpoekra 02-01-
00100), B pamkax mporpamMmbl (DyHIaMEHTabHBIX wuccienoBanuii PAH
(mpoekt «/InHamuka HecepUIecKnX Ta30BBIX W MAPOBBIX IY3BIPHKOB B
KHUIKOCTH Ha PEXHMax C CHIBHBIM U CBEPXCHJIBHBIM DPacHIMPEHUEM-
cKaTHeM») U peaepanbHON 1enieBoil mporpaMmMel « MHTerpanus» (Ko npo-
exta 50020).
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DYNAMICS OF PARTICLES IN NON-STATIONARY FLOW
OF NON-VISCOUS FLUID
Nataliya G. Aniskina, Irina P. Boriskina, Sergey I. 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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JANHAMUKA YACTHUI B HECTALHMOHAPHOM IIOTOKE
UJAEAJBHOM )KUJIKOCTH
Hartanusa I'. Anuceknna, Upuna I1. Bopuckuna, Cepreiit U. MaptsbI-
HOB
Mop10BCKHii TOCYAApCTBEHHBII YHUBEPCUTET
68, yn. bomsmeBuctckas, 430000 Capanck, Poccust

B pabore paccmaTtpuBaercs JMHAMUKA YaCcTHUI] B TIOTEHIIUAILHOM I10-
TOKE HWACATBHOM JKHIKOCTH C yYE€TOM HX THUIAPOIUHAMHUYECKOTO B3aHUMO-
nevcTBus. J{s MOTEHIMAIbHBIX TE€YEHUH >KUIAKOCTH 3a7ada CBOJUTCS K
Haxo0XJEHUIO pelleHusl ypaBHeHud Jlamnaca mid noTeHUudasia, a 3Ha4yuT
MOXHO KCIOJIB30BaTh METO/, pa3paboTaHHblii B paboTax [1-2]. Ucnonp3ys
3TOT METOJI, MOJEIUPYETCA TUAPOANHAMUYECKOE B3aUMOJICHCTBUE YaCTHI]
B HECTAaI[MOHAPHOM I[IOTOKE HEC)KMMAEeMOU >KUIKOCTH, HEBO3MYIIICHHAS
CKOpPOCTh KOTOPOTO MPEACTABIISIETCS B BUAE MOJMHOMA NIEPBOM CTENEHH 11O
KoopauHataM. J[Ji1 gacTuil, pacCTOSIHUE MEXKTY KOTOPBIMU MHOTO MEHBIIIE
XapaKTEepHOro pa3Mepa, Ha KOTOPOM TNPOSIBIAETCS CKUMAEMOCThb KUIKO-
CTH, aHAJIOTMYHAsI MaTeMaTh4ecKas MOJEIb MPUMEHSETCA I MOAEIUPO-
BaHMA THAPOJMHAMUYECKOTO B3aUMOJICHCTBHUS YACTHUI] B HECTAIMOHAPHOM
MOTOKE CkUMaeMoil xxuakocTu. [IpeasioxkeHHble MOJIeU O3BOJISIIOT HAUTH
pacrpeeneHiue CKOpOCTH U JaBJICHUE B JKUIKOCTU BOKPYT YACTHUI[ U BBI-
YUCIUTH CUJIBI, JEHCTBYIONINX HA YaCTHUIBI CO CTOPOHBI XKHIKOCTH C Yyde-
TOM HX TUAPOJAHAMUYECKOTO B3aUMOICUCTBUS.

[IpencraBneHsl pe3yabTaThl 0 YUCICHHOMY MOJIEITUPOBAHUIO JIMHA-
MHKH YaCTHI] B HECTAIIMOHAPHBIX MOTOKAaX HealbHON KUAKoCcTH. Kak u3-
BECTHO, JIJISl CUCTEMBI TEJT B TAKUX MOTOKAX JIOJDKEH BBITIOIHATHCS Mapaioke
JanamOepa, TO ecTh CyMMapHasi CHJia Ha BCE TEla CO CTOPOHBI JKUIIKOCTH
paBHA HYJIIO BIOJIb CKOPOCTU NIOTOKA. OTIMIHOM OT HYJISI MOXKET OBITh TOJIh-
KO CHJIa NIEPIICHIUKYJISIPHAS BEKTOPY CKOPOCTH HAOEraromero rnoToka »Ku-
koctu. OnHaKo, Kak ykaspiBaeTcs B [3, ¢. 75], “mpu HanM4uu B TIOTOKE He-
CKOJIBKMX T€Jl HEJIb3sl YTBEP)KIAaTh, YTO COCTABJISIIOLIAS CHJIbI BO3IEUCTBUS
MOTOKA, MapajuiesibHasg CKOPOCTH, JJIsl KaXXJIOTO Tejla B OTAEJIIBHOCTH paBHA
Hymo”. TlosToMy, yder THIPOIWHAMIYECKOTO B3aUMOACHCTBUS YaCTHIIL
IIPUBOJMT K MOSBJICHUIO OTJIMYHOM OT HYJISl CHJIBL, ACHCTBYIOIIEH HA YacTH-
IIbI, KOTOPBIE MO/ ACHCTBUEM 3TON CUJIBI IPUXOAAT B ABIKeHHe. Kak moka-
3bIBAET YHUCIEHHOE MOJIETIUPOBAHUE, TTOBEAECHUE YACTHUL CYILIECTBEHHO 3aBU-
CUT OT MX MEPBOHAYAIBHOIO MOJO0KEHHUS OTHOCUTENIBHO MOTOKA KUAKOCTH.
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B 3aBUCHMOCTH OT 3TOTO HJaCTUullbl HI/I6O CTPEMATCA C6HI/I3I/ITI)C§I BIIJIOTH A0
KOHTAaKTa, JII00 Pa3ouTHCh Ha OECKOHEYHOCTb.

JIutepartypa
1. MapteoB C.U. I'uapoauHaMuyueckoe B3auMOACHCTBHE YacTHI //
Uzs. PAH. MXKT'. 1998. Ne 2. C.112-119.
2. MapteiHoB C.W. B3aumopeiicTBue yacTuil B TeUeHHH ¢ apadou-
yeckuM nipoduniem ckopoctu // MzB. PAH, MXKT'. 2000. Ne 1. C.84-91.
3. Cenos JI.. Mexanuka crtomHo cpeast M.: Hayka, 1976. T. 2. —

536 c.

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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YUCJEHHBIE HCCJIEJJOBAHUSI CTPYMUHBIX TEUEHU
BOJIbl C YYETOM C)KUMAEMOCTH
I'ennanuii A. AtanoB*, Anexkcanap H. Cemko**
* JIOHeIKMI OTKPBITHIN YHUBEPCHUTET,
yi. Aptéma, 1-a, 83086 Jlonenk, Ykpanna
** JIOHEIIKM HAIMOHAIIBHBIH YHUBEPCUTET
24, yn. Yuusepcurerckas, 83055 [lonenk, YkpauHa

B noxyage mpuBOASATCS pe3yNbTaThl CUCTEMATHYECKUX HCCIEN0BA-
HUHI UMITYJIBCHBIX CTPYHMHBIX TEYEHUN BOABI C YYETOM CKUMAEMOCTH.
PaccmarpuBaroTcs Tpu Kknacca 3a1ad.

1. 3agauu BHYTpeHHEH OajTMCTHKH, MOCBAIICHHBIE MPOLIECCAMU Te-
HEPUPOBaHUS UMIIYJIbCHBIX CTPYW B YCTaHOBKaX: UMITYJbCHOM BOJIOMETE,
ANEKTPOUM-TTYJBCHOM BOJOMETE, THAPOIyIIKax (6e3y1apHOTO U yAapHOTO
JeUCTBHSL, MOPOXOBOW), THIPOAMHAMHYECKON KYyMYJISIIIAH.

2. 3ajauu BHEUIHEH Oa/UTMCTHKH, CBSI3aHHBIC C MPOIECCAMU, COTPO-
BOK/JIAIOIMMH ABUKEHHUE CTPYH B BO3YXE U IIOJ BOJOM.

3. 3amauu 00 yaape CTpyH O mperpajy.

[IpuBoaATCS TakKe pemeHus 3aj1ad ONTUMHU3ALMK COIUIa THIPOITyII-
KM, TIOPOXOBBIX THAPONYIIKM W HMMIIYJIbCHOTO BOJIOMETa, 3JIEKTPOUM-
IIyJIbCHOTO BOJIOMETA.

3ajayu CTaBWINCH B ra3oMHAMHUYECKON TMOCTaHOBKE KaK KBa3WOJI-
HOMEpHBIE U OCECUMMETpPHUUHbIE. 3a/jaul ONTUMHU3AINH Pellaluch KaK Ba-
pHUAIMOHHBIC OOIIMM METOJO0M HEOIPEIeICHHBIX MHOXUTeNeH Jlarpanxka.
Yucnennple pacyeTbl NPOBOAWINCH B MOJABUXKHBIX CETKaX METOJOM Xapak-
TEPUCTUK, METOJIOM [ 0J1yHOBa, METOJIOM C UCKYCCTBEHHOU BA3KOCTBIO.

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.

OCOBEHHOCTHU ABUKEHUSA B BO3JAYXE CTPYH
MOPOXOBOM I'MAPONYIIIKHA
I'ennanuii A. AtanoB*, Asexkcanap H. Cemxo**, Jpuect C. I'ec-
KHH***

* JIOHeIKMI OTKPBITHIN YHUBEPCHUTET,

yi. Aptéma, 1-a, 83086 Jlonenk, Ykpanna

** JIOHEIKM HAIMOHAIIBHBIH YHUBEPCUTET

24, yn. Yuusepcurerckas, 83055 [lonenk, YkpauHa
***Hpro [>xepcu TexHOJIOTHYECKHH MHCTUTYT Hitoapk, CILIA

Jloxnax MOCBSINEH HCCIEJOBAHUIO UMITYJIBCHOM CTPYH BOJBI, T€HE-
PHUPYEMOM NIOPOXOBOY IMAPOIYIIKOW U JBHKYILIEHCSA B BO3JyXE CO CKOPO-
creio 1000-1200 m/c. DKcniepuMeHTANbHO H3y4aJloch M3MEHEHHE C pac-
CTOSIHMEM OT COILIA THUIPOMYIIKH CKOPOCTU U UMITyJbca CTpyu. M3mepeHue
CKOPOCTH OCHOBBIBAJIOCH Ha IPEPBIBAHUM CTPYEH Jydel ja3zepa, UMITYJIbC
oTpeensiyics Mo BEIMUYWHE OTKIOHEHHUS (PU3UUECKOTO MasiTHHKA.

INokazano, 4TO AaNBPHOOOMHOCTH TOPOXOBOM THAPOMYIIKHA 3HAUYHU-
TeNBbHO OOJIbLIE, YEM y TMAPOIYIIKH, paboTarollell Ha CKaToM Trase, uTo
00BSICHAETC OCOOCHHOCTSIMU ee KOHCTPYKIMU. [Ipu 3TOM CKOpOCTh CTpyH
CHM)KaeMCsl HE3HA4YMTENIbHO, YMEHbBINAsICh HA MYTH 10 PaspylleHUus CTpyH
Ha BeIuuuHy 10 15%, a paspymaronias ciocoOHOCTb CTPYU yTpadHBaeTCs
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noJHOCThI0. Ha ocHOBe aHamm3a TeHeBBIX Qororpaduii oObsIcHEeH Mexa-
HU3M yYMEHBIICHHUS pa3pyllalomeil cCrocoOHOCTH. DTO MPOUCXOJUT 3a CUET
noTepu CTPyEi mMacchl. J[Burasch ¢ OOJIBIION CBEPX3BYKOBOM CKOPOCTHIO,
CTpPYsl MCHBITHIBAET 3HAYUTEIBHOE BOJHOBOE compoTuBieHne. OHa pacTe-
KaeTCs B OKPECTHOCTHU TOJIOBHOM 4acTH, MoJ| JeHCTBHEM BCTPEUHOTO MOTO-
Ka npuodperaet rpudoBUAHYI0 (HopMy, BOKPYT CTpyH (popMuUpYETCs Tielie-
Ha, KOTOpasl JIETKO pa3pylIaeTcss U YHOCUTCS.

N3ydeHo BIMSHHUE MOJUMEPHBIX J00aBOK Ha MapameTpbl HMITYJIbC-
Ho¥ cTpyu. [lokazaHo, 4TO TOOABKM MPAKTHYECKU HE CKA3bIBAKOTCS Ha Be-
JINYMHE CKOPOCTH CTPYH, HO NMPHUBOJAT K HE3HAYMTEILHOMY YBEIIMYCHHIO
NaTbHOOOMHOCTH. OOBSICHEHBI MEXaHU3MBbI ATHX SIBJICHH.

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].
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OCAXJIEHUE HA ILTOCKOCTb YACTHIL B BA3KOM KU KO-
CTH
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Pabora mocesieHa W3y4YeHHIO IBWKEHHS TBEPIOW cdepuieckoit
YaCTHIIBI BOJIM3U IJIOCKON MOBEPXHOCTH B JKUAKOCTU MPHU MAJbIX YUCIAX
Petinomnbiica. Pemienue sToit 3a1aun akTyajabHO W TMO3BOJHIO Obl MOJICIH-
poBaTh 00pa30BaHUE W JBWKCHUE B BI3KOHM >KMIKOCTH BOJM3M IUIOCKOM
MOBEPXHOCTU KAKUX-JIMOO CTPYKTYP W3 YACTHIl, & TAKKE BIMSHHUE HA 3TOT
MPOLIECC Pa3IMYHBIX CUJ (HampuMep, dJEKTPUYECKHUX 3apsA/I0oB Ha 4acTH-
nax). s pemeHus 3ajauu mapaMmeTpbl JBUKCHUS KUIKOCTH BhIPAXKAIHNCh
4yepe3 4YacTHbIC MPOU3BOJHBIE (DYHIAMEHTAJIBHOTO PEIICHHS YPaBHCHUS
Jlarutaca u TeH30pHBIE KO3 duienTrl [1]. B pesynaprare ynanocs HalTH
napaMeTphl ABWKCHUS YaCTHUIIBI M 10JI€ CKOPOCTEH KHUIKOCTH C OOJIbIION
TOYHOCTBIO, YBEIWYMBAIOIIENHCS TPU YIAAJIEHUHM YacTUIBl OT IUIOCKOCTH.
[MpumMensiemblii METO PEIICHUS 3HAYUTEIBHO TOYHEE METOJa OTPaKEeHUM
[2], kxpome TOTO, B OTIMYME OT METOJa OTPAXKEHUH MO3BOJSIET MOIYIUTH
BEpHBIC DEIICHUS MJiA CiIydas MajiblX PACCTOSHMA MEXIYy YacTHIleH u
TUTOCKOCTBIO (BIUIOTH /10 KacaHHS).
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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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ONPEJEJEHUE XAPAKTEPUCTHUK EPbI3IOBOI CTPYU
B 3AJAYE O HATEKAHUMU KU JAKOI'O KJIIMHA
HA IIVIOCKOCTb
Pymus.K. beabxeesa
Nucturyr I'unponunamuku uMm. JlaBpeHtseBa
15, np. JIaBpentreBa, 630090 HoBocubupck, Poccust

PaccmaTtpuBaemas 3ajadya 0 HaTE€KaHUM KUAKOTO KJIMHA HAa BEPTH-
KaJbHYIO TBEPJYIO CTEHKY MpeJCTaBjieHa KaK aBTOMOJENbHas 3ajada co
cBOOOJHON TpaHUIEl, KOTOpas CBOJUTCS K KpaeBOW 3agade B KBajpare,
pacrmoJio’)keHHOM B Iiockoctd (yHkumm Barnepa. Haiinennele panee
ACHMNTOTHYECKHE PA3JIOKEHHUS PEHICHUsI B IBYX OCOOBIX TOYKaxX — B Bep-
IIUHE CTPYM M Ha OSCKOHEYHOCTH — MMEIOT OJMHAKOBYIO CTPYKTYpy. Oc-
HOBHOHM 4YacTbi0 pabOTHI SIBISIETCS COTJIACOBAHHE AaCHMITOTHYECKUX pPa3-
NoxeHui pemenus. Haiiena 3aBUCMMOCTD yriia OpbI3TOBOW CTPYH B TOUKE
KOHTaKkTa C TBEpJIOM CTEHKOIl OT pacTBOpa >KMIKOTO KJIMHA, MPHUBEIEHBI
MOTEHIUAJIBI U JINHUU TOKA MOJIST TeUEHHs.

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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NPUMEHEHUE NOTEHIUAJIA IPOCTOI'O CJ10s
B TEOPUU KABUTAIIUU
Anexcanap C. lemunos, A.I'. TepeHThEB
Yeboxkcapckuii nHCTHTYT MI'OY,
54, yn. K.Mapxkca, 428000 UebGokcapsl, Poccus

[oTeH1man npocToro ciaos OCBElIeH BCECTOPOHHEE BO MHOTHUX KJlac-
cHYecKHX paboTax Mo MaTeMaTHKe, HO ero MpUMEeHEHHE CONPSIKEHO C He-
KOTOPBIMH TPYAHOCTAMH BBIYHMCIMTENBFHOTO Xapakrepa. B yactHocTH, pu
BBIYMCIICHUHW KacaTeJbHOW MPOU3BOAHOM MOABIHTETpaibHas (yHKIUS nMe-
eT 0c0OEHHOCTD, UTO 3aTpYAHSET YUCIeHHbIe pacueThl. bonee pacmpoctpa-
HEHHbIMHM METOJAaMM B HACTOSAIIEE BpeMs SIBIISIOTCS METO/bI, OCHOBAHHBIE
Ha UHTETpaJIbHBIX TOXKAecTBax ['puHa 1 Ha MOTEHIMAaJIe BUXPEBOIO CIIOS.

B Hacrosmem pokianae mpenaraeTcss YUCIEHHBINH alrOpUTM pacdera
IUIOCKUX U OCECUMMETPUYHBIX KaBUTAIMOHHBIX TEUCHHM, OCHOBAHHBINA Ha
WCMOJIBb30BaHUU MpocToro ciost. dopMa KaBepHBI ONpeAessieTcs MoCien0-
BaTeNbHBIM TPUOIIKEHUEM. Pe3ynbraTbl YHCICHHBIX PacdeToB COTJIACY-
IOTCSI C BBICOKOW TOYHOCTBIO C aHAJMTHYCCKUMHU JaHHBIMU AL cepsl u
wIMHApa. JlaHo cpaBHEHHE YMCIEHHBIX pe3yJbTaToOB JJIs KaBUTAIMOHHO-
ro 00TeKaHUs TUIOCKUX U OCECUMMETPUYHBIX TEJ, BHIIOJHECHHBIX Pa3HBIMU
METO/IaMH.

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 OCECUMMETPHUYHbBIX TEJI
C OTPUUATEJIbHBIMU UYNCJIAMU KABUTALIUA
Hane:xna A. lumutpueBa
UyBamckuii rocyapCTBEHHbIN YHUBEPCUTET
15 Mockogckwuii mp., 428015 Uebokcapsl, Poccus

Teoperndeckoe ucciae0BaHNE KaBUTAIIOHHOTO OOTEKaHHS MPErsiT-
CTBHH C OTPHIATENbHBIMU YHCIAMU KaBUTAIMM OOBIYHO OTPaHUYWUBACTCS
paccmotpenreM oOrtekanus o cxeme Yarusiruna — Kosnbiepa [1, 2], xo-
r7a 3a TeioM o0pa3yercs 3acToiHast 30Ha U CONPOTHUBIIEHHE CUCTEMBI «Te-
JI0O — KaBepHa» paBHO HyJ0. B To ke Bpems, MoJenupysl KaBUTAIlMOHHOE
TeueHue cxemoil Tynuna — TepenTbeBa, MOKHO pacCMaTpUBaTh KaBUTALIU-
OHHOE O0TeKaHWe MPEISITCTBUI U IPU OTPULATEIBHBIX YHCIIAX KaBUTAIHH,
TOTAA COMPOTUBIIEHHE OyNeT OTIMYHO OT HyJA. ABTOPOM paHee HCCIeo-
BaHO Takoe oOTekaHue Kpyrosoro mwmHapa [3]. B Hacroseit padorte c
MOMOIIBIO allapara TEOPHUH p-aHATUTHYECKUX (DYHKIMH KOMILUIEKCHOTO
NepeMeHHOro [4] UCClIeIOBAaHO KaBUTAIIMOHHOE 00TeKkaHue cheprl Oe3rpa-
HUYHBIM TIOTOKOM HJI€aJIbHOM HEBECOMOW HECKUMAEMOM JKMJIKOCTH TPH
OTpHUIATEIbHBIX YHCIaX KaBUTAIIUH.
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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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I'IMCCUPOBAHUE CUCTEMBI IIVIACTHUH C 3AJAHHBIMH
HAT'PY3KAMU
Cranucaasn A. Jloruii, Muxaua B. MakaceeB
HanuonanbHBINA TEXHUYECKUN YHUBEPCUTET Y KPauHbL
"KueBckuil moauTeXHUIECKUH HHCTUTYT"
37, Ipocnext [MoGensl, 03056 Kues, Ykpanna

B paGore [1] pemiena 3aga4a 0 MIMCCUPOBAHUU TUIOCKOH IJIACTUHBI
NpH 3aJaHHOW HArpy3ke W (PUKCUPOBAHHOM yriie HakioHa. OcOoOEHHOCTh
3TOM 3a/1a4i 3aKJIH0YACTCS B TOM, UTO XapaKTEPHBIM JIMHEHHBIA pa3sMep, 10
KOTOpOMY Bbruucisiercsi yucio Ppyna, onpenensercsi, B OTIMYUE OT Teo-

pun JL.W.CenoBa, He o cModeHHOH jumne, a kKak L =3/A/pg , tne A -

Harpyska, pOg - yAeNnbHBIN Bec BOJIbl. CMOUYEHHas JJIMHA IPU 3TOM HIIEeTCS
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u3 pelieHus 3aaadn. B pabore [2] peniena npyrast 3aja4a, B KOTOPOH yro
X0Ja yxe He (PUKCUPOBAH, HO 33JaHO IMOJIOKEHHE IEHTPa TSHKECTH OTHO-
CUTEJIBHO 3aJIHEH KPOMKH Timccepa. [Ipu 3Tom yros xoaa cBOOOJIEH U yc-
TaHaBJIMBAeTCs B 3aBUCUMOCTH OT unciaa ®Ppyna. [lomyueHHble pacueTHble
JTaHHBIE 110 MOTPYKEHUIO KOPMBI, MUJIENS M HOca TIIMccepa B 3aBUCHMOCTH
oT yucna Ppyaa MOJHOCTBIO COOTBETCTBYIOT HM3BECTHBIM JHarpammam
I'".E.TTaBeHKo 1151 OBICTPOXOJHBIX CYIIOB.

VYcenex B penieHNH yKa3aHHBIX 3a[ad IMO3BOJIWI CHOPMYIHPOBATh U
PEIINTh AT CUCTEMBI TIIHMCCUPYIOIINX TUTACTHH PsI 3a]1ad, UMEIOIUX pe-
AITBHBIN (PU3NUECKUN CMBICT U OOJIBIIIOE MPAaKTUUECKOe 3HaueHue. B dacT-
HOCTH, TIOJY4€HO TeopeThueckoe 00OCHOBaHWE NPUHIMIIA PEreHepaluu
SHEpPTHH MOBEPXHOCTHHIX BOJIH MPHU TIMCCHPOBAHHU CHCTEMBI TIOBEPXHO-
cTel, chopMyIMPOBAHHOTO BIEPBBIC akajeMukoM Akanemun Hayk Yk-
paussl ['.E.[TaBnenko. [lpuHOMn 3akiroyaercss B TOM, YTO YacTh dHEPTUH,
3aTpadyeHHOM MEepBOM TIMCCUPYIOIIEH MOBEPXHOCThIO HA CO3/IaHHE BOJIHO-
BOTO Cle/la, MOYKET HCIOJIb30BaThCs BTOPOM MOBEPXHOCTHIO MPHU MPaBUIIb-
HOM €€ PacrojioKeHUH OTHOCUTEIHHO BOJIHBL

B noxmage paccMOTpeHbI 33aud O TIIMCCUPOBAHWU CUCTEMBI CBSI-
3aHHBIX U HE CBA3aHHBIX IUIACTHH TaHJeM. CBs3aHHas cUCTeMa MOXKET MO-
JIeMpOBaTh JBWKEHHE IIccepa Ha penaHax. [lpu 3Tom 3amaercs cymmap-
Has Harpy3ka Ha CHCTEMY U TOJIOXKEHHE LIEHTpa TSKECTH OTHOCHUTEIIBHO
3aHell KPOMKHM BTOpOM IutacTuHbL. Mcciienyercss BIMSIHUE TeOMETpHYe-
CKUX ITapaMeTpOB Ha THAPOAMHAMUYECKHIE XapaKTEPUCTHUKH CUCTEMBI.

PaccmaTpuBaercs ciydail cyniecTBoBaHHS KaBEpHBI B IIPOCTPAHCTBE
MEXK]y peAaHaMHy, MPUYeM KaBepHa MOXKET ObITh KaKk BEHTHJIUPYEMOii, Tak
U ecTecTBeHHOU. [Ipy rmuccupoBaHuy HE3aBUCUMBIX IIIACTUH 4ucio Dpy-
Jla ompeneisercs Mo HEKOTOpON XapaKTepHOM Harpyske, HampumMep, 0
MAaKCUMaJIbHON nnu cpenHeld. llonoxeHue 1eHTpa TSKECTH 3a1aeTcs Ha
Ka)X1011 TUIaCTHHE.

Hcnonp3yercss METO CUHTYIISPHBIX MHTETPAbHBIX YpaBHEHUH, dKcC-
JIEHHOE pEeIIeHNE OCYLIECTBIISIETCS METOJIOM JMCKpPEeTHBIX Buxpeil. Ormpe-
JiefieHue CMOYCHHBIX JJIUH TJIMCCHPYIOMIMX IUIACTHH MPEICTaBIsIeT cO00M
HEeJIMHENHYI0 33/1a4y, IJIs pelIeHus] KOTOPOU MpUMeHsSeTCsl alfTOPUTM MHO-
romepHoro noucka no Henaepy u Muny.
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SOME NEW RESULTS OF THE LINEAR THEORY OF PLANNING
ON A HEAVY FLUID SURFACE.
Ion 1. 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 PE3YJIbTATHI TMHEMHOM TEO-
PUM I'IMCCUPOBAHUSA IO NOBEPXHOCTH TAXKEJIOM
KNIKOCTHU.
Hon U. Eppemos
Ky6anckuii 'ocynapcTBeHHbIN Y HUBEPCHUTET,
149, CraBpomnonbckas ynuna, 350040 Kpacuomap, Poccus

PaccmarpuBaercs 3agada rMcCUpOBaHUS TUIACTUHKY B TIOCTAHOBKE
JL.LU.CenoBa. Beipaxkenue /i GyHKIIUM TOKa, noayueHHoe JI.W.CenoBbiM,
HCHOJIB3YCTCA JId BbIBOJA MHTCIPAJILHOTO YPpaBHCHUA OTHOCHUTCIIBHO JaB-
JICHUA KUJIKOCTH Ha CMOYCHHYIO YaCTh IJIaCTHUHKH. Ilo CTPOCHHOC ypaBHC-
HUEC CPAaBHHUBACTCA C YpaBHCHHAMMU, MOJTYYCHHBIMU pPaHEC. I[J'DI BBIYUCJIC-

45



HUS Si{pa UHTETPAIbHOIO YPaBHEHHMs B BHUJEe MHTerpaa Oypee npemioxe-
Ha 3¢ (eKTHBHAS METOAMKA C MEPEX0J0M K MHTETPUPOBAHHUIO 10 MHUMOMU
OCH KOMIIIEKCHOM IIJIOCKOCTH.

IlosmydeHbl 4KMCIEHHBIE PE3yNbTaThl I TMAPOJUHAMUYECKUX Xa-
PAKTEPUCTUK TUIACTUHKU C 33JaHHOM CMOUYEHHOW JJIMHOW. BbhIBEAEHBI HO-
Bble (pOPMYINBI I BBIYHUCIECHUST KO3(PPHUIUEHTA TOJBEMHON CHIIBI U MO-
MEHTa, KOTOPBIEC ANIPOKCUMUPYIOT YUCIECHHBIE PE3YJIbTAaThl BO BCEM JIHA-
nazoHe u3MeHeHus uncia Opyna.

IIpennoskeHa npocras METOJAUKA ONPENEIICHUsST HEU3BECTHOU CMO-
YEHHOU JUIMHBI TJIMCCUPYIOLIEH IUIACTMHKH, OCHOBAaHHAs HA HCIIOJIb30Ba-
HUU METOJA CEKYLIUX PELICHNs HEJIMHEWHBIX YPaBHEHUM.

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 PELIEHUSI TUHENHBIX HECTAIITMOHAPHBIX 3AJAY
I'mapOAPOANHAMUKNU CBEAEHUEM
K CTAHMOHAPHBIM 3ATAYAM
Hon U. Eppemos, Enena II. Jlykamuk
Ky6anckuii ['ocynapcTBeHHbIN Y HUBEPCHUTET,
149, CraBpomnossckas yiuna, 350040 Kpacnonap, Poccus

Meros1 OCHOBaH Ha MPECTABJICHHUH SIIep MHTETPANbHBIX ypaBHEHUI
THAPOA’POJUHAMHUKHN TOHKUX NMPOoQUIIe U KPbUIbEB B BUje uHTErpaia dy-
pwe. MHTerpanisHoe ypaBHEHHE HECTAMOHAPHOW 3a1a41 3aMEHSIeTCSI HHTEe-
TPAIBHBIM YpaBHEHHEM COOTBETCTBYIOIIEH CTallMOHAPHOW 3a7ayu ¢ U3Me-
HEHHOW MpaBoOl 4acThio (BEPTUKAIBHOM CKOPOCTBIO) C 100aBICHHEM HEH3-
BECTHOHM KOHCTaHTBHI (1751 pOGuIIs) WM HEH3BECTHOM (YHKIMH, 3aBUCS-
LIeW OT MEPEMEHHOM BJOJb pa3Maxa B ciyyae Kpbuia. HenzpecTHble 3Haue-
HUSI KOHCTAHTHI WM QYHKIMH OTPEACTISIOTCS U3 YCIOBHUS YAOBIECTBOPEHUS
CKOHCTPYHPOBAHHOTO PEIIEHHsI UCXOJHOMY MHTETPaTbHOMY YPAaBHEHHUIO B
Kakoi—1100 Touke mpoduiisi WK Ha TpeOyeMOM MHOXECTBE TOYEK BJOJb
pasmaxa.

O dekTHBHOCTH NPEII0KESHHOTO METO/Ia OTIPOOOBaHA HA HOBOM TIO-
CTPOCHHUH M3BECTHOTO TOYHOTO PEHICHHUs] HECTAIMOHAPHOM 3a/1auM O KOJie-
OaHUsIX TOHKOTO MpouIsl B O€3rpaHMYHOM MOTOKE U TIOJTy4YEHHU MPHOIHU-
KEHHOTO YHCIIEHHOTO PEIIeHHs 3aJadd O KOJeOaHWSX MPSMOYrOJIbHOTO
KpBbUIa.

VARIATIONAL INVERSE BOUNDARY-VALUE PROBLEMS
AND AIRFOIL SHAPE OPTIMISATION
Alexander M. Elizarov, Nikolay B. II’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 oD 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 J. 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 acrodynamics.

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 aecrodynam-
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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BAPUALIMOHHBIE OBPATHBIE KPAEBBIE 3AJIAYU U OIITU-
MU3AIUA ADPOAUHAMUYECKUX ®OPM
Anexcanap M. Eauzapos, Hukoaaii b. UabuHckuii
HWU maremaTrku 1 mexanuku uM. H. I'. Yeborapera
Kazanckoro rocyiapcTBEHHOTO YHHUBEPCUTETA
17, yn. Yuusepcurerckas, 420008 Kazans, Poccus.

st 0603HaueHHs KJlacca KPaeBhIX 3a7ay, B KOTOPBIX HCKOMBIMH SIB-
JSIIOTCSL Kak peuieHne TudQepeHInaIbHor0 ypaBHEHUsT B YaCTHBIX TPOH3-
BOJAHBIX (B YaCTHOCTH, aHAJTUTHYECKash (PyHKIHs), TaK ¥ cama 00JacTh ero
ompeneNneHns, KOorjJa TOCIeNHss 00JialaeT HEKOTOPBIM JKCTPEMalbHBIM
CBOWCTBOM, OyleM HCIOJB30BaTh TEPMHUH «BapUALMOHHBIE OOpaTHbIC
kpaesble 3anaun (BOK3)». Kak u B kitaccuuecknx NpsAMBIX KpaeBbIX 3aja-
Yax, Ha TpaHHIE 00JIacTH 3aJaeTcsi OJTHO KpaeBoe ycioBue. Bmecre ¢ Tem
caMa rpaHHIa SBIISIETCS MICKOMBIM 3JIEMEHTOM PEIICHHUs, U TOITOMY TaKHe
3a7aui MPUMBIKAIOT K IIUPOKOMY KJIacCy KpaeBbIX 3a7ay C HEM3BECTHBIMHU
rpaHuiamMy. B KauecTBe BTOPOTO KPaeBOTO YCIOBHUs HAa HEU3BECTHOW Tpa-
HUIIE BBICTYMAET SKCTPEMAIbHOE CBOWCTBO MCKOMOW OONACTH, BBIpa)KEH-
HOE B BHJIC TPEOOBAaHMS MaKCUMU3auK (MUHUMU3AIMK) 3a1aHHOTO (hyHK-
nuoHana J (BO3MOXKHO, TIPH JIOTIOJTHUTEIBHBIX OTPaHHYCHHUSX).

K nacrosmemy Bpemenu crneuuansHas Teopusi BOK3 ne coznana. C
OJIHOW CTOPOHBI, TO OOBSCHSIETCA TEM, YTO B CHIIy CaMOW MOCTAaHOBKH
3THX 3a/1a4 QYHKIMOHAI J JOJDKEH BBIpaKaTh HEKOTOPOE SKCTPEMabHOE
CBOMCTBO KaK MCKOMOM 00JIaCTH, TaK M KCKOMOU (DYHKIMH, U MIOATOMY JIJIS
KOPPEKTHOCTH 3a/laul HE0OXOIMMO 3apaHee 3a(UKCHPOBATH KIACChl UCKO-
MBIX 00BEKTOB. 3HAUHT, aHANN3 KapTHHBI paspemrnmoctn BOK3 Oyzer He-
MOCPENICTBEHHO CBsI3aH C BHIOOPOM Kilacca () yHKIIHOHAJIOB J , IpUYEM Ha-
JMYUE WM OTCYTCTBHE IOTOJHHUTEIFHBIX OTPaHUYEHHH MOXKET CYIECT-
BEHHO M3MEHHTH 3Ty KapTuHY. [I09TOMY HYKHO ONpeNeuTh, Kakue (yHK-
UOHAJIBI [IEJIECO00Pa3HO paccMaTpUBaTh M Kakue JOTOJHHUTEIBHBIE OTrpa-
HUYEHHSI HY>KHO MpUBIeKaTh. M3 o0mIMx cooOpakeHnid OTBETHI Ha STH BO-
Mpockl HaiiTh 3aTtpyanuTensHo. C apyroit croponsl, BOK3 no camoit cBoeit
MOCTAaHOBKE OTHOCATCS K 3a/ladaM ONTUMAIbHOTO TMPOEKTUPOBAHHUS (CM.,
Hanpumep, [1, 2]), 111 KOTOPBIX TEOPUS Pa3pelIMMOCTH Ha SA3bIKE CBOMCTB
(GYHKIMOHAJIOB J YXe mocTpoeHa. [Ipu 3TOM poJib JIOTONHUTENBHBIX OT-
paHUYCHUI CBOJIUTCA K OOECIEUYEHUI0 KOMIAKTHOCTH (MJIM HEKOTOPOTO
aHajora 3TOTO CBOMCTBA) MHOKECTBA OMPEACTCHUsI J , a €AUHCTBEHHOCTh
pelieHus, BooOIe ToBOps, He rapaHTupyercs. Bmecre ¢ TeM, ecTecTBeH-
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HbIM HcTouHHKOM BOK3 sBmnsitoTCca Teopuu, CBSI3aHHbIE C ONMHUCAaHUEM IpH-
POJIHBIX SIBJICHUH (HampuMep, TeYeHHH )KUAKOCTH WM ra3a), MpUYeM BbI-
00p ONTUMH3UPYEMBIX (YHKIMOHAJIOB W JOMOJHUTEIBHBIX OrpaHHYCHHUIT
ompenensiercs GUINUECKUM CMBICTIOM TEX MPOLIECCOB U SBICHUH, KOTOpEIE
MOJIeTIpYeT BapuanuoHHas 3amada. OFHOM W3 TaKUX TEOPUU SBIAETCA
KJlaccu4eckasi a3poruapoJuHaMHUKa.

3anaun HaXOXKIEHUS (DOPMBI TEN, UMEIOIINX SKCTPEMaIbHbIE THIIPO-
JUHAMHUYECKHE WM a’pOJMHAMHYECKUE XapaKTePUCTHKU MPH O0OTEKaHHU
YKUJIKOCTBIO WJIM Ta30M, BO3ZHHUKIIM C CaMOTO Hayaya pa3BUTHSA adpOTHIPO-
JUHAMHUKH M KaK YHCTO TEOPETHYECKUE, M KaK BAKHBIC AJISI MPHIOKEHUH
npo0aeMbl. TpaJUIIMOHHBIA TOIXO0J K a3pOAMHAMUYECCKOW ONTUMU3AIUU
OazupyeTcsl Ha PelIeHUH MPSIMBIX KpaeBbIX 3aqad. Hanpumep, ans cioydas
TUTOCKHMX TEUEHHWH OH 3aKII0UYaeTcsi B CleIylouieM: Uil MoAn(PUKAINN HC-
XOJTHOTO KOHTYpa 33/1al0T HEKOTOPOE MHOTOIapaMeTpuiecKkoe ceMeicTBO
KOHTYPOB; ISl KQKJ0TO NPO(UIIs, OTPaHUYEHHOTO TaKUM KOHTYPOM, pac-
CUUTBIBAIOT a3POIMHAMHYECKHE XapaKTEPUCTUKH, & MX ONTHMHU3ALIUIO TPO-
BOJAT 3a cyeT BbIOOpa 3HaueHHH CBOOOJHBIX MapaMeTpOB B ypaBHEHHH
KOHTYypa MpHU Pa3IMYHbIX OrpaHUYEHUAX. TakoW Moaxo[ MO3BOJIAET HANTH
ONTUMAJIBHBINA TPO(UITE B PUKCHUPOBAHHOM MHOTOMAPaMETPHUIECKOM KIac-
ce, HO TpeOyeT B CBOIO OUYEpeb CHEeNHalbHBIX CIIOCO00B Nepedopa KOHTY-
POB 3aJJaHHOTO CeMeHCTBa, TaK KaK NMpY MPOU3BOJIFHOM M3MEHEHUH 3HAaYe-
HUH YOpaBJIAONMX MapaMeTpoB MOTYT HApYIIUTHCS BBEACHHBIC OTPaHU-
yenusi. Kpome Toro, mpu TakoMm MOAXOAE HE yJaeTcsl B SIBHOM BHJIE 3alld-
caTh ONTUMHU3UpYeMble (YHKIHOHAJBI, a MOCIeJ0BATEIbHOE pelIeHHe
NpSIMBIX 33724 TpeOyeT NMpUMEHEHUsT METOAO0B YUCICHHON ONTUMH3ALNU U
3HAYMTENHHBIX 3aTPaT BHIYUCIUTEIBHBIX CPECTB. V3BECTHBI pe3ybTaThl B
3TOM HaIlpaBJIEHUH JUJIsI MPOCTPAHCTBEHHOIO Cydasl U JOCTaTOYHO CIOXK-
HBIX MaTeMaTHYECKHX MO/IeJIel TEUCHUI.

OnHO¥l 13 KIIacCHYECKUX ONTUMH3ALUOHHBIX 33a4 adpOrHIpOJUHA-
MHKH SIBJISICTCSI 3ajiaya OMNpeeNieHuss GopMbl Mpoduisi Kpbula caMoJeTa,
o0Jajaromero MakCUMaIBHON TOAbeMHON cuiod. MHTepec k 3Toi mpo-
OyieMe, TposiBJCHHBIH emie B Havane 20-ro crojieTs B paborax
H. E. Kykosckoro u C. A. YaruibiruHa, coxpaHsIeTcs J0 CHX TOp, a UCTO-
pHsl ee MCClieIoBaHMsl BKITFOUAeT pabOThl MHOTHX aBTOPOB, CTaBIIME KJac-
cudeckuMu. TeM He MeHee, IS COBPEMEHHOH a’pOoAMHAMHKH Pa3iIMYHbIC
MoAu(DUKAIMK 331a9¥ MaKCHUMHU3AIMU TOJbEMHOH CHIIBI KPBUIOBOTO IIPO-
¢uIs ocTaroTcsl aKTyalbHBIMH.

B Hacrosmieli paboTe omnucaHbl OCHOBHBIC MMOXOJIbI, IPUMEHIEMbIC
JUTSl pellieHrs Ha3BaHHOHM 3aia4yu M Oazupyromuecs Ha TEOpHH 0OpaTHBIX
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KpaeBbIX 3a7ad a’poruapoauHaMuku [3]. OOCykIeHbl TOCTAHOBKH U Me-
toas! pemenuss BOK3 asporunponvHaMuki B paMKax KIaCCHYECKHX MO-
Jeeil MeXaHUKH KHUJIKOCTH M ra3a MpH H30NePUMETPUUECKUX OTpaHHYe-
HusgX. OmuUcaHbl CrOCOObI MOCTPOSHUS (DYHKIIMOHAIIOB, BBIPAKAFOIINX
MOJILEMHYIO CHITY TIPH Pa3JIMYHBIX CXeMax 00TeKaHusl, HalIeHbl dKCTpeMa-
nu. JlaHBl OLIEHKH MaKCHMabHOW Oe3pa3MepHON IUPKYIAIUN CKOPOCTH B
KJ1acce TJIaJKMX 3aMKHYTBIX HEMPOHHUIAEMBIX KOHTYPOB (PUKCHPOBaHHOTO
nepuMerpa, 00TeKaeMbIX MOTOKOM HACATFHON HEC)KMMAaeMOW KHIKOCTH,
HPH TOTIOJTHUTENBHBIX OTPAHUYCHHUSAX HA MaKCUMAJIbHYIO BEJIMYMHY CKOPO-
CTH Ha KOHTYPE M TEOPETUUECKUH yroyl aTaKu.

Pabora BeimonHeHa npu puHAHCOBOI Noxaepxkke Poccuiickoro hon-
na QyHIamMeHTanbHBIX uccienoBanuii (mpoektsl 02-01-00061, 03-01-
00015), mporpammbl «YHuBepcutetsl Poccum» (mpoekt YP 04.01.009) u
®onna HUOKP Pecniy6muku Tarapcras.
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MODELLING OF THE WATER COOLING PROCESS
IN THE COOLING TOWERS
Viadimir 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 MOJAEJIUPOBAHUU ITPOLECCOB,
MNPOTEKAIOLIUX ITPU OXJIAXKIEHHWU BOJbI B I'PAJIUPHSIX
Baanumup JI. ®easieB, Anexcanap b. Mas3o,

Bopuc A. Caurepes, Upuna B. Mopenko
HNuCcTUTYT MEXaHUKH U MalTMHOCTpOeHUsT KazaHCKOTO HAydyHOTO IIEHTpa
Poccuiickoli akageMuu Hayk,

2/31, yn. Jlobauesckoro, 420111 Kazauns, Poccust

I'pagupHu MIUPOKO NMPUMEHSIOTCS. B SHEPTETUKE, HA NMPEANPUATHIX
XUMUH, He(pTeXUMHUH, METATYPTHH, APYTHX OTpaciieidl IpOMBIILIICHHOCTH.
B rpagupHiax o6opoTHast Boaa oxJaxjaaeTcs arMocdepHbIM Bo3ayxom. B
OCHOBHOM BO3IyX IPOJYBaeTCS 4epe3 TPagupHIO BEHTWIATOPOM, HEIO-
CPEICTBEHHO KOHTaKTUPYys C BojoH. bompimas dacte Teruia mepenaercs
BO34YyXYy UCIIApCHUEM, MCHbIIAA 4aCTh 3a CUCT KOHBEKIIUU OT TEIJI0M BOJbI
K oXJIaxaaronemMy Bo3nyxy. OCHOBHBIMU yCTPONCTBAMHU TPAJAUPHU SBIIS-
I0TCSl BEHTWIATOP, KaIUIEyJIOBUTENb, CUCTEMA paclpeeseHnsl BOJIBI U 0pO-
CHUTENb.

B mnHacrosmeit pabote mpemjaractcs 3aMKHYTOE MaTeMaTH4ecKoe
OTIMCaHNE ABW)KEHMS BO3/yXa, IOJIeTa Kareib, MPOLECCOB OXJIaXIACHUS
BOJbI B I'PagUupHIX.

IIpuBoaaTcs pe3yabTaThl pacyeTOB IMOJIEH AABJIEHUN, CKOPOCTEH,
TeMIeparyp, TpaeKTopuil kamnenb. OleHUBACTCS TEIUIOBOM K.ILJ. TPaaup-
HH. TeopeTquCKHe OAaHHBIC AOIMOJHAIOTCA 3KCICPUMCHTAJIbHBIMU. Hpez[-
CTaBJIAIOTCSl 3aBUCHMOCTH JIJIsl OLIEHKU K03 uirrieHTa MaccooTnaum.

Ha ocHoBe mpoBeACHHBIX HCCIEAOBAaHMN BBIPAOATHIBAIOTCS PEKO-
MEHJalNH II0 MOAEPHU3ALUN PACCMAaTPUBAEMBIX TPAJUPEH.
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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) = —ox+2h(1—x"), x e[-1;1] without and with the
spoiler of the relative length & at its trailing edge at pointx =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, = ¢ .

A /\

L ——— . L . L
v

-15 -10 = -2 E \)/ 10 AE

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 Cp 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 APOTENTIAL FLOW
ABOUT the BODY with BLOWING ON ITS SURFACE
Vliadimir 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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ABYMEPHAS MOJEJIb TIOTEHUHUAJIBHOT'O TEHEHUS
OKOJIO TEJIA C Baysom :xuakocta HA EI'O IIOBEPXHOCTHU
Baagumup A. ®ponos
Camapckuii rocy1apCTBEHHBINH a3pOKOCMHUUYECKHN YHUBEPCUTET
34, Mockogckoe mocce, 443086 Camapa, Poccust

PaccmarpuBaetcs 3agada 00 oOTEeKaHWU Tesla IPU HAJIMYUH BIyBa
KUIAKOCTH Ha eTo moBepxHocTu. [IpenamosnaraeTcs, 4To cpeaa, B KOTOPOU
JIBUTACTCS TEJO, M BBITEKAIONIAsl >KUIKOCTh OJHOPOJIHBIC M OJUHAKOBEIC.
Hcnonk3zyercss moTeHIMANbHAS MOJEIh TEUCHUS HACATBHOU KUIKOCTH.
CXUMaeMOCTh TEUCHUS YUYUTHIBACTCS METOJIOM, OIMCAHHBIM B padoTax
aBTopa[1,2].

[loctaHoBka 3amadm CBOAWTCS K pEIICHUI0 ypaBHeHMs Jlammaca c
IPaHUYHBIMH YCJIOBHSAMH Ha OSECKOHEYHOCTH M Ha TIOBEPXHOCTH Tena. J[is
pELIeHMs] TOCTABJIEHHOM 3a/lauM MCIOJB3YETCS YMCICHHBIM IaHEJIbHBIN
METOJI C pa3MEIICHHEM Ha TPaHUYHBIX 3JIEMEHTaX pachpeleIeHHBIX HC-
TOYHHUKOB. [ paHMYHBIE YCIOBUS yIOBIECTBOPIIOTCS B KOHTPOJIBHBIX TOUKAX
(TOuKax KOJUIOKAIWii), KOTOPBIC BHIOUPAIOTCS HA CEPEIMHE KAXKIOW MaHe-
7. B KOHTPOJBHBIX TOYKAX Ha MOBEPXHOCTHU TEJA, TAe OTCYTCTBYET BIYB,
BBITIOJIHSAIOTCSL  YCIOBHUSI HENpPOTEKaHWs (PaBEHCTBA HYJIO HOPMAaIbHOM
KOMIIOHEHTHI MOJIHOM CKOPOCTH TEUEHHS ), & Ha TPAHULIC KOHTYpA, TIe UMe-
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€T MECTO BBITEKaHUE JKUAKOCTH, BHITIOJIHAIOTCS YCJIOBHS PaBEHCTBA MECT-
HOM CKOpOCTH TeueHHs 3a/JlaHHOM cKopocTH BAyBa. Takas mocTaHoBKa 3a-
Jlauy MPUBOJAMT K PEIICHUIO CUCTEMBI TUHEHHBIX alreOpandecKux ypaBHe-
uuii (CJIAY), B KOTOPOW HEW3BECTHBIMHU SIBIISIIOTCSI HHTEHCHBHOCTH pac-
MpeielIeHHBIX UCTOYHUKOB. MaTpuIia a3poJMHAMUYECKOTO BIUSHHUS UMEET
IUIOTHYIO CTPYKTYPY C Npe00JiaJlaHueM 3HAYCHHUI Ha TJIABHOUM JUAaroHaIH.
Pemenne CJIAY 5KOHOMHUYHO BBINOJNHATH MeTonoM (akropuzaunuu (LU-
pasiokeHue), TOCKOJIBKY JUIsl 3a/laHHOM TeOMETPHH Tella MOKHO MOJydaTh
pelleHns Uil Pa3iMyHbIX PEKUMOB BAYBA JKUIKOCTH, Pa3JIOKHB MaTPHUILY
a3pOJMHAMHUYECKOTO BIIMSTHUS HA BEPXHIOIO M HIDKHIOIO TPEYrOJbHBIE MaT-
puUIBl TOJIBKO OAMH pa3. Ilo modydyeHHbIM 3HaYeHMSAM HMHTEHCHBHOCTEH
pacnpeeNieHHbIX HMCTOYHUKOB BBIYMCIAIOTCS KOMIIOHEHTBI CKOpPOCTH B
nr000# Touke paboueii 06JacTH, BKIFOUasi TPaHUILY.

st oToOpakeHHs KapTHUHBI TEYSHUSI OKOJIO TEJl UCTIOJIB3YeTCs Me-
TOJI MHTETpUpOBaHus TU(PQPEepeHINATBHOTO YpaBHEHUS Ui JIMHUM TOKA.
WnrterpupoBanue BBITIOJNHSAETCS MO cxeMme Jilyiepa nepBoro nopsaka. ['u-
noTe3a CTa0WIM3alluy JIMHUKM TOKA, JIeKallas B OCHOBE METOJa y4eTa CHKH-
MaeMOCTH, MO3BOJISIET CTPOUTh KapTHHY TE€UEHHS TOJBKO Ui HeckKHMae-
MOTO TEUYEHHMs, TIOCKOJIBKY JJII C)KUMAaeMOTO TEUEHHS JIMHUHM TOKa OymyT
COBMAIATh C JTMHUSIMH TOKa JJIsl HECXKMMAaeMOro nmoToka. B pabote npuso-
JSITCS KapTHHBI 00 TEKaHUS SJUTUIITUYECKUX MPOo(UIIeH ¢ BAYBOM KUIKOCTH
Ha UX IOBEPXHOCTSIX.

Ha puc.1 npuBeneHsl TMHUM TOKa NP OOTEKAHWHU BIUTUIITUYECKOTO
10% mpodwuis co CKOPOCTHIO BIYBa XHUJIKOCTH B MHUJICJICBOM CEUCHHUH B 5
pa3 IpeBBIIAoNIeH CKOPOCTh TeUEHHsI Ha OECKOHEUHOCTH.

N3MenseMbIMU mapaMeTpaMHy 3a/ladil SBJSIOTCS: TE€OMETpHs Tena,
pacrnojoKeHne MeCT BBITEKaHUs >KMKOCTH, 3HaUeHHE 1 HalpaBJIeHUE CKO-
pocTu BayBa. PacnipeaeneHue qaBieHUE 10 MOBEPXHOCTH TeJla BHIUHUCIIACT-
Csl Ha OCHOBAHWM ypaBHEHUS bepHyim miis cTpyWKkH TOKa HECKUMAEMOTO
raza. J{ms ckuMMaeMoro TedeHusl pacrnpesesieHue NaBJeHUs MepecyUThIBa-
eTcs Mo MmapaMmeTpaM KUAKOCTH M unciay Maxa [2]. MHTerpupoBanue pac-
MpeieleHus JaBJIeHUs 110 MOBEPXHOCTH TeJa MO3BOJIAET ONPENEINTh CHIIBI
1 MOMEHTBI, JIEUCTBYIOIINE Ha TEJIO.
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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==E&+in
nT nT TT
d— ot — T+ —

a) b)

Fig.1

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

3
W » 1;[91(u—n1.)94(u—m1.)

=V 5 ,
1_[194(u—nl.)191 (u—m;)

dz *

%ﬁg{—ln@(u )3 mz——m——ln@(u - m——n@}
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H(d 1 1 d 1 1
+V ; {Ju In3 (u—c—4 9 (u—c4—4 m)_du In3 (u—d—4 ¢ wu—d 4—4 m)}+l§ (1

where K — 1s a real constant.
The solution includes 11 variables:
n,ny,nymy,my,myc,d, K,q = eilg Q. There are 10 conditions to de-

termine them:

dw
- doubly periodicity of the function — :

du
no+n,+n,=m +m,+m,+c+d (2)
- uniqueness of the representing function: z(0) = z(n) ; 3)

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

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

of the flow:
dw dw dw dw
—m)=—m,)=—(n;)=——(0)=0; 5
du(l) du(z) du(3) du() (5
- the length of the plate /, the immersion depth of the plate in the

flow h& the width of the flow on the left-side in the infinity: :
z(m)—z(my) = le ",

1 ) dz 1 B
Im{W(O) - W(Z 7[‘[):| =hV,_, mi- res[a (c+ Zﬁr)j =H. (6)

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

Y H
C, =+ =2—siny, (7)
—pV..I
2p ©

where y is the angle of the wash such that

3
y = —2Z[arg94(d -, +%m) —arg9,(d —m, +im)]+

i=1

3
+ ZZ(arg&l(c—ni +i7n')—argz94(c—mi +im’)} (8)

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—>oo,c—d—)O,where|H(c—d)|£M<oo.

OBTEKAHME 110/ CBOBO/JHOM MOBEPXHOCThHIO
JKUJKOCTH NMPSAMOJMHEAHOI' O ITPO®UIIA
C HICTOYHHUKOM U CTOKOM
Amnatoauii B. I'ananun, Onaer B. Unbun
Uysamickuii rocyfaapcTseHHblid yausepcuret uM. ML H.YiesnoBa
15, MockoBckwuii mp., 428015 Uebokcapsl, Poccus

B psne pabot mzyuanuce 3agaun oOTekaHusi nMpouied ¢ UCTOUHU-
KOM (CTOKOM) Ha HMX MOBEPXHOCTH. B nmaHHO# paboTe paccMmarpuBaeTcs
3ajada 0OTEKaHUS MPSIMOJMHEHHOTO MPOQWIS ¢ UCTOYHUKOM M CTOKOM
OJIMHAKOBOI MHTEHCHUBHOCTH CBOOOIHOM cTpyeil sxuakoctH. M3 pemenus
9TOM 3a7auu B YACTHOM Clly4ae CIIeAyeT pellleHHne 3a1auu 00TeKaHus Iuia-
CTHHBI C HCTOYHHKOM-CTOKOM T10/1 CBOOO/IHOM MOBEPXHOCTHIO OECKOHEUHO
[IIyOOKOM KUJIKOCTH.

Pemenne 3amaun uiercss B IUIOCKOCTH MPSIMOYTOJIbHHMKA, Ha KOTO-
phlii 0TOOpaxkaeTcss 00JIaCTh TEUCHHUS C pa3pe3oM BIOJb KpuBoi 1-4 (2-3)
(Fig .1)

B napamerpuueckom Bue pelieHne KWHEMAaTHYeCKOH 3a/1a4u UMEeeT
Bua (1), tae K — neicTBUTENbHAS TOCTOSTHHAS.

B pelieHue BXOJUT 11 apaMeTpoOB:

-l

nl,nz,n&ml,mz,m&c,d,K,q =e ""'u Q. Jlns ux onpejeNeHus UMeeM

10 cnegyrommx ycJIoBUn
- IBOSIKO-TIEPHOANYHOCTD GYHKIHH (2);
- OIHO3HAYHOCTH 0ToOpaxaromei Gy (3);
- 3aJlaHAe CKOPOCTH Ha OEeCKOHEYHOCTH (4);

aw
- 06pameHHe B HYJIb d_ B KPUTHYCCKUX TOYKAX M TOYKE CXOoda IIO-
u

Toka (5);
- CHUTAKTCA 3aJdaHHbIMU AJIMHA I1JIaCTHHBI l, FHy6I/IHa MOTPYy>XKCHUA
TUTACTUHBI B CTPYE /4 U IIMPUHA CTPYU Ha OECKOHEYHOCTH ciieBa (6).
KoagduimmeHT noabeMHONM CHIIBI TUIACTHHBI B CTPYE OTPEICIIACTCS
¢dopmynoii (7), Tae y - yroa ckoca MOTOKa BeIMHCISIETCS 10 Gopmyde (8).
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3 NmpUBEIEHHOTO BBIIE PEUICHUs IMYTEM IPEAEIBHOTO MePEXoa
H—>w,c—d—>0, npu |H(c — d)| <M <00 MOKHO MOJYYHTH pelrie-

HHUE 33/1a4¥ Uil TUTACTHUHBI MOJI CBOOOJHON MOBEPXHOCTHI0 OECKOHEUHO-
[ITyOOKOM KUJKOCTH.

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
1500m/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

Grant, J.R., and LN. Kirschner (2003) “High-Speed Motion in Bub-
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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, (¢) 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 ABU/KEHUSA  KUJKOCTH
B JUHAMUKE HEC®EPUYECKOI'O ITY3bIPBKA
Penara K. I'y0aiinynauna*, Hanna A. Xucmartyinanna**
* IHCTUTYT MEXaHWKH U MallMHOCTpOoeHus KazaHcKoro Hay4yHOTO HEeHTpa
Poccuiickoli akageMuu Hayk,
2/31, yn. Jlobauesckoro, 420111 r. Kazans, Poccus
**KazaHCKUI rocyapCTBEHHBIN eAarorndeckuii yHUBEPCUTET
1, yn. M. Mexunayka, 420021 Kazans, Poccus

B patote [1] A. Ilpocrneperru npeyiokKua Criocod OMUCAHUS BIMSHUSL
BSI3KOCTH KHAKOCTH Ha HechepriIeckre KoJieOaHusl My3bIphKa Ta3a B KHAKOCTH,
SIBISTIOIIUICA TIPH MaJIbIX UCKKEHUIX ceprieckold GOpMBI My3bIpbKa SKBH-
BAJICHTHBIM OIMTMCaHUI0 3TOr0 3(dekta ypaBHeHnsMu Hasrhe-Crokca. OmHako
JI0 HEJTABHETO BpeMEHH croco0 [ 1] MpakTHYeCKH He HCTIONb30BAJICI. YI0BIie-
TBOPHTEIILHBIC PE3YJIBTaThl YAABAJIOCH TIOJYIHTh MPU PA3THUHBIX PHOIIIDKEH-
HBIX CIOCO0aX, B KOTOPBIX HECTAIMOHAPHBIA XapakTep Au(dy3un 3aBUXPEHHO-
CTH HE YYUTBHIBAICA. ITO, TIO-BHINMOMY, OOBSCHIETCS OTHOCUTENIBHO OOJIBIIHN-
MH pa3MepaMH pacCMaTPUBAEMBIX ITy3bIPbKOB. OTKpBITHE SBIEHHUS yCTOMIMBON
TIEPUOINYECKON COHOJFOMUHECIICHITNN OTIIEIBHOTO My3bIphka [2] aKTUBI3U-
POBAIO M3YYEHUE MCKKEHUH cepruyecKoil (opMbl MUKPOHHBIX MY3BIPHKOB,
pa3Mepbl KOTOPBIX T'Opa30 MEHBIIE PasMepOB paHee paccMaTpUBACMBIX ITy-
3BIPBKOB. Hapsity ¢ 9THM, BO3pOciio BHUMAaHKE K TOYHOCTH ommicanus ddgexta
BSI3KOCTH KHMJIKOCTH, TaK KaK C yMEHBIICHHEM Pa3MEpOB ITy3bIpbKa BIMSHUC
BSI3KOCTH yBeJM4MBaercs. B paboTe [3] mokasaHo, 4TO yHpoIlieHHBIE CHIOCOObI
OTIMCAHMS BIMSHUS BSI3KOCTH KUIKOCTH MOTYT MPUBOAUTD K pe3yJibTaTaM, 3Ha-
YUTENTHHO OTIIMYAIOLIMMCS OT PE3YJIbTaTOB, MOJIYy9aeMBbIX C MPUMEHEHHEM CIIO-
coba [1]. [lpu 3TOM OTIIMUUS MOTYT OBITH HE TOJIBKO KOJIMYECTBEHHBIMH, HO U
KauecTBeHHbIMU. B MarematideckoM riaHe onmcanue 3(pheKra BI3KOCTH JKUJl-
KOCTH COTJIacHO crioco0y [ 1] mpeacrasisieT coOol ypaBHEHHE B YACTHBIX TPO-
W3BOAHBIX C MHTETPAIBHBIM TPAHUYHBIM ycsioBHeM. [loaToMy nprMeHeHHe 3To-
T0 crnoco0a CBsI3aHO C UCTIONBE30BAHNEM YMCIIEHHBIX METOOB JJIS COBMECTHOTO
peleHnsl 0OBIKHOBEHHOTO JHU((EPEHIMAIBHOTO YPaBHEHUSI, OTMCHIBAIOIIETO
UCKaKeHHe c(EepUYecKOl TOBEPXHOCTH ITy3bIPbKA, W YPAaBHCHHSI B YaCTHBIX
MPOM3BOHBIX, OTIMCHIBAIOIIETO TOJIE 3aBUXPEHHOCTH KHAKOCTU. [Ipu aTOM or1-
pezesieHue ToJIsl 3aBUXPEHHOCTH KUAKOCTH SIBIIETCS. C TOUKH 3PEHHS KOMITBIO-
TEPHOTO BPEMEHHU 3HAYHTEIILHO 0OJIee 3aTPaTHBIM, TaK YTO AJIS €70 HAXOXKICHUST
CJIelyeT UCTIONB30BaTh MAKCUMAIIBHO IKOHOMHYHBIE CTIOCOOBL.
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B Hactosiieli pabore B pamkax crioco0a [ 1] mydaercs 3 QeKTHBHOCT
JIByX METOJIOB pacdeTa BHXPEBOTO ABIKECHMS JKUIKOCTH MPH Hec]epruaecKux
KoJteDaHWsAX OJMHOYHBIX MY3BIPBKOB Ta3a B JKUIKOCTH. PaccMaTpuBaroTes pe-
KUMBI C OOJIBIINMHU U3MEHEHUSAMH 00bEMa y3bIpbKa, XapaKTepPHBIMH IS Tie-
PHOANYECKOH OTHOITY3bIPBKOBOI COHOTIOMHUHECLICHIIMH M TPEBBIIAIOIIAMU HX.
Hccnenytorcs MeTo[1 KOHEUHBIX Pa3HOCTEN C MCIIOJIb30BAHUEM HESIBHOW CXEMBbI
W METO/I KOJIJIOKAIMH C MCTOJIB30BaHUEM TIOJMHOMOB YeOblleBa YeTHBIX Mo-
PSIIKOB B KauecTBe 0a3uCHBIX (QYyHKIMA. DKOHOMUYHOCTh pacyera 3aBUXpPEHHO-
CTH JKUJIKOCTU aHATM3UPYETCS B 3aj1a4ax TpeX BUIOB: () Oe3 yuera Teriomnpo-
BOJIHOCTH U JKUJIKOCTH, ¥ 1333, (b) ¢ y4eTOM TeIIOPOBOHOCTH TOJIBKO ra3a u
(¢) ¢ yueToM TerUIoNpOBOAHOCTH U Ta3a, U KHAKOCTH. Bo Bcex ciydasx koneba-
HESI TTy3bIpbKa MPOMCXOMAT TOJ JEHCTBHEM TapMOHIYECKOTO M3MEHEHHUs! JaB-
JICHUSI OKPYXKAIOIIEeN JKUIKOCTU. TerionpoBOIHOCTb U T'a3a, U KUIKOCTU ONK-
ChIBAC€TCA YPAaBHCHUAMM B HACTHBIX MMPOU3BOJHBIX OTHOCUTEIIBHO TEMIICPATYPbL
[NpumeHenne 06onX paccMaTpUBaEMBIX METOJIOB CBOJIUT PEILICHHE YPABHEHUI B
YaCTHBIX MPON3BOAHBIX I 3aBUXPEHHOCTH U TEMIICPATYPHI B I'a3€ U JKHUIKOCTU
K cHCTeMe OOBIKHOBEHHBIX JU(PPEPSHIMAIBHBIX ypaBHCHHNA. JTa CUCTeMa UH-
Terpupyercs mo BpeMeHu Mmetonom Jlopmana-llpunca [4], oTHocsmuMcs K
Kinaccy MetofioB Pynre-KyTTa BBICOKOTO MOpsiIKa TOYHOCTH C aBTOMATHYECKAM
BBIOOPOM I1ara HHTeTpUpoBaHus. CpaBHUTENBHBIN aHATIU3 IBYX METOZIOB TIOKa-
3aJI, 4TO B OOJIBIIMHCTBE PACCMOTPEHHBIX 33124 PUMEHEHHE METOUKH, OCHO-
BaHHOW Ha METO/IE KOHEUHBIX Pa3HOCTEH, SBJSIETCS 0 3aTpaTaM KOMITBIOTEPHO-
TO BpeMEeHH 0oJiee PEANOYTUTEILHBIM.

Pabota BeimonHeHa npu noiepxkke PODU (kox mpoekra 02-01-00100),
B paMKax NporpaMMmbl (hyHAaMEHTaIbHBIX uccnenoBanuii PAH (nipoekt «/lu-
HaMPVIKa HeC(hepUUECKIX TA30BBIX M MAPOBBIX MY3bIPHKOB B KUIKOCTH Ha PEXKH-
Max C CHJIbHBIM M CBEPXCHJIBHBIM PAaCIMpEHUEM-CKATHEM») U (enepaabHOI
nienieBoi mporpammel «MHTerparms» (ko mpoekra 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.

UCIOJIb30BAHUE T'MJIPOMHAMUWYECKHUX MOJIEJIEM JJIsI
OIIEHKHU TOYHOCTMU PELIEHUS 3ATAY
HECTAIHMOHAPHOI'O 3JIEKTPOXUMHUYECKOI'O
®OPMOOBPA30OBAHUA
AntoH B. I'yniynaes, Aiipat P. Ypakos
Y dumMckuii rocyjapCcTBEHHBIN aBHAIOHHBIN TEXHUUECKUH YHUBEPCUTET

12, yn.K.Mapkca, Yda 450000, Poccus

3amava IIeKTPOXUMUYECKOH pa3MepHoil 00pabOTKK COCTOUT B TIOMC-
ke (popMBI aHOJHOM IpaHUIIbl, 00pa3yIOLIEHCs B X01€ €€ paCTBOPEHHS MO/
BO3/1€HICTBHEM 3JIEKTPUUECKOT0 TOKA.

INpouecc pacTBopeHns: HeCTAIIMOHAPHBIN, HO XOPOIIO W3BECTHHI CTa-
UOHApHBIE CIIy4au, CBS3aHHBIE C PABHOMEPHBIM JBIKEHHEM 3JICKTPO]Ia-
MHCTPYMEHTA. XOPOUIO U3BECTEH CIOCO0 pellleHus AaHHOH 3ajgaul B Of-
HOMEPHOU MOCTaHOBKE, B KOTOPOM HE YYUTHIBACTCS B MOJHOW MEpEe BIIHsI-
Hue Gopmbl 0OpabaTbiBaeMOro Marepuala, Tak Kak NpPEAINoyaraercs, 4To
CKOPOCTb PacTBOPEHMS ONPEENISICTCSl PACCTOSIHUEM MEXIy MaTepuaioM u
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UHCTpYMeHTOM. Tem He MeHee, TaKoe PEeIIeHHe HaCTOJILKO IPOCTO U Y100-
HO, YTO XOTEJIOCh OBl HCMONB30BATh €T0 JJIsl OBICTPBIX MPEIBAPHUTENHHBIX U
OIICHOYHBIX PacUYETOB.

Jist Toro, 94TO OBl OLIGHUTH MOTPEIIHOCTH TAKOTO JOMYIICHHs, He00-
XOJIUMO PEIINTh HECTAlMOHAPHYIO 33]]ady B JABYMEpPHOW MOCTaHOBKE. DTO
nenaerca ¢ ucnosb3oBaHueM MetronoB TOKIL npu 3ToM ucnomnb3yercs
KBa3HCTALMOHAPHOE MPHUOIMKEHHE, KOT/Ia Ha KaXKJOM Illare pacCUMThIBa-
eTcsl TWIOTHOCTh TOKAa B BBIOPAHHBIX TOYKaxX aHOAHOM rpanmupbl. [lanee B
3THX TOYKax JIeJIaeTcs LIar M0 BPEMEHH, 10 HOBBIM TOYKaM CTPOMTCS HO-
Basi (popMa TpaHUIIBI ¥ CHOBA BBINOJHSAETCS pacyeT IJIOTHOCTH Toka. Kak
MOKa3bIBaeT MPAKTHKA, TAKOW YUCTO YUCICHHBIN COCO0 Ui Halllel oleH-
K{ WCTIOJIb30BaTh HEBO3MOKHO, TaK Kak OH TpeOyeT TPOMO3JIKAX BBIUUCIIE-
HUM, TUIOXO CXOJAWTCS, UMEET HU3KYI0 TOYHOCTh U MOKET OBITh MOJydeH
TOJIBKO Ha JIOCTaTOYHO MIAJAKUX TPaHULIAX.

[pexxae Bcero, MOXKHO HMCHOJIB30BaTh TOT (akT, YTO HECTALOHAp-
HBII IIPOLIECC CXOAMUTCS C COOTBETCTBYIOIIEMY aBTOMOJEIBHOMY, €CIIU IO-
CJIEZIHUI CYIIECTBYET I 3a/laHHBIX YCIIOBHUI pacTBopeHus. B uactHOcTH,
JOMYyIEHNs] OJJHOMEPHOTO Mpoliecca MPEeNnoIaraoT, 4To o000 mpouecc
(hopmM0o0Opa3oBaHKs IUIOCKHM BJIEKTPOJOM CXOAMTCS K TPUBHAILHOMY aB-
TOMOJAEIBHOMY CIIy4alo.

Jnst pelreHuss AByMEPHOM 3aJauu 3JIEKTPOXMMHUYECKOTO PACTBOpE-
HUSI TIOCPEJCTBOM aHAJIMTHYECKHX MNpeoOpa3oBaHWil MOXHO MepelTH K
THIPOJIMHAMHUYECKOH 3a/1aye CO CXOAHBIMHU TPAaHUYHBIMH yCJOBHUsIMHU. [le-
pPexoJi CTAaHOBUTCSI BO3MOXHBIM H3-3a TOTO, YTO KPaeBOE YCIOBUE aBTOMO-
JIEJIBHOTO 3JIEKTPOXUMHUYECKOTO PAaCTBOPEHHS CXOJHO C KPaeBbIM YCIIOBH-
eM 00TeKaHHs MOTOKOM HJI€alTbHOM KHUKOCTH JIyTH OKPYKHOCTH.

IIpuMmeneHne TUAPOAUHAMUYECKON MOJEIM IO3BOJSIET NMEPEUTH OT
YUCTO YHCIEHHOTO PElIeHUs K YUCICHHO-aHAJIUTHYECKOMY PEIIEeHHIo, a B
HEKOTOPBIX YACTHBIX CIydasX MOJYYUTh aHAINTUYECKOE PElIeHHEe 3aJauH.
IN'uppoaunamMudeckas MOJEIb CYIIECTBEHHO YIPOIIAET IOIy4EHUE PE3YIlb-
TaTOB M MO3BOJISET JIETKO JJOCTUYb BBICOKON TOYHOCTH PEIICHHUS.

Jl1s OlleHKH HeCTallMOHApHBIX PEeleHHH B TeX CydasX, Korjua aBTo-
MOJIEJIFHOTO PEUIEHHs HE CYIECTBYET, aJTOPUTM YHCICHHOTO peIIeHUs
ObUT MOAM(MUIIMPOBAH, TAKMM 00pa3oM, YTOOBI yMEHBIIUTE 00BEM Tpedye-
MBIX BBIYMCIICHUH M PACHIMPHUTH KIacC pemraeMbix 3aaad. Moaudukarms
3aKJII0YaeTcs B TOM, YTO HEM3BECTHAs, U3MEHSIONIAsAC aHO/IHAs TPaHHIIA B
ANEKTPOXUMHUUYECKON 3a/1a4e 0ToOpakaeTcsi Ha (PUKCUPOBAHHYIO TPAaHHILY B
BUC AYTM OKpyxHOCTH. KoHdopmHOEe oToOpakeHne oOmacrteil, cooTBeT-
CTBYIOILIUX MEKDIIEKTPOJAHOMY IPOCTPAHCTBY, OCYLIECTBIIAETCS C IIOMO-
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b0 crulaiHa. JlJig omnpeneneHus CIBUIa TOYEK MOBEPXHOCTH AHOJIHOU
TpaHUIIBI IPU PACTBOPSHHUU YMCJICHHO peIlaeTcs KpaeBas 3ajaua o0 orpe-
JIEJICHUH YaCTHBIX TPOU3BOJIHBIX KOOPJHMHAT TOBEPXHOCTHU IO BPEMEHHU.
Hns 51X 1eneit Takke UCToJIb3yeTcs CIlaiiH. PeleHue noJnKHO yaoBle-
TBOPSATH KPAaeBOMY YCJIOBHIO CIEIMABHOTO BHA, CBA3BIBAIOIIEMY YacT-
HBIE IPOU3BOJIHBIE KOOPAUHAT 110 BPEMEHU C YACTHBIMU MIPOU3BOIHBIMHU 110
napameTpy, OnpeneNaoieMy MoJI0KEeHHE TOUKN Ha OKpykHOCTU. KpaeBoe
YCIIOBHE TIOJY4eHO U3 AU PEpEeHIINATLHOTO BhlpakeHus 3akoHa Dapaes.

B cooOuieHny npuBOIUTCS CpaBHEHHUE PE3YJIBTATOR PEIICHHS 3a1a41
HECTAIMOHAPHOTO 3JICKTPOXUMHUUECKOTO (hOpMOOOpa30BaHUsI B OJHOMEP-
HOM TIOCTaHOBKE, C pe3yJbTaTaMH, IMOJIYYCHHBIMH C MOMOIIBIO MPEAJo-
JKEHHBIX METO/IOB.

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 ( St ) 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 S, . 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 S7,,, 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).

IOOEKTUBHOCTD OCAKIEHUSA ADPO30JIbHBIX YACTHUILL
B UMITAKTOPE C YI'JIYBJIEHUEM
Hlamuas X, 3ap1/m03*, Ammurpuii B. Makakos', Bepnep XOJ'IJ'IaHIlep**
* HUU matemaruku u mexanuku uM. H. . Ueborapesa
Kazanckoro rocynapcTBEHHOTO YHHUBEPCHUTETA,
17, yn. Yuusepcurerckas, 420008 Kazann, Poccus.
“Fraunhofer Institut Toxikologie und Experimentelle Medizin

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

[Ipennoxena maremMaTuueckas MOJEIb TEUEHHS a’dpo30id B CTPYi-
HOM MMIIAKTOPE, YJIaBIUBAIONIAs TOBEPXHOCTh KOTOPOTO COJAEPIKUT yIITyO-
JICHUE MPsIMOYTOJIbHON (opmbl. [lonoOHBIE yriTyOJIeHHs MOTYT HCIOJB30-
BaThCsl IUIA YAEpKaHUS OT pPacTeKaHWs KUIKOCTH, KOTOPOH CMa3bIBarOT
UMIAaKTUPYEMYIO TUIOCKOCTh C LENBI0 MPEAOTBPALICHUS] OTCKOKa YacTHII.
Hanmume yrimyOmneHust MeHSIET KapTHHY TEUEHHUSI B OTAEIBHON CTYICHU UM-
MaKTopa W BIHMSET Ha MPOLECC OCAXKIACHUS a’dpo30JbHBIX dacTi. CTpys,
BBITEKAIOIas] U3 ILEJIEBOr0 COIUIAa C OTPHIBOM, PACTEKAETCs MO OeCKOHed-
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HO¥ IJIOCKOCTH, COJIepKalliel NpsIMOyroJibHOe yriyoaenue. MoaenupoBa-
HUE TEUEHHUS adpOo30Ji1 CBOJUTCS K PELIEHHIO ABYX 3ajau: ONpEIesICHHUIO
HOJIsL CKOPOCTEH raza M pacuery TPacKTOPUM YacTULl B HAWJIEHHOM IOJE.
Hecymas cpena Mmoaenupyercs NOTEHIIMAIBHBIM T€UEHUEM HJ€AIBHOI He-
C)KMMaeMOM JKUAKOCTH. 3alKChIBACTCs aHAIMTUYECKOE pelIeHue Sl KOM-
TUIEKCHO-CONPSKEHHOM cKopocTu. /st ynoOcTBa MHTETpUPOBaHHS YpaB-
HEHUS JIBWKEHUS YacTHI] MPeoOpa3yloTcsl K MepeMeHHbIM B MapaMeTpuye-
cKoil miockocTH. PaccunrtaHbl mpenenbHble TPAeKTOPHUM YacTHll, pasfe-
JISIIOLINE TIOTOK MMIIAKTUPYEMBIX YacCTHIl OT YacTHII, MPOXOJASIIUX B Cie-
IYIONIYIO CTyleHb uMnaktopa. [loctpoensl KpuBbie 3PPEKTHBHOCTH OCaXK-
JI€HHS 4acTHUI] B 3aBUCUMOCTH OT uncia CTokca s pa3IMyHbIX 3HaUEHUM
TTyOMHBI M IIUPUHBI BhIeMKU. KpuBble 3 ()eKTHBHOCTH OCasKACHUS CTaHO-

BATCs Ooliee mosioruMu U unciao Crokca Stso% , cootBercTBytomee 50%

3G PEKTUBHOCTH OCKACHUS YaCTUI, YMEHBINAETCs, C POCTOM TIyOHHBI
BBIEMKH 10 HEKOTOPOTO 3HAY€HHsI paBHOTO MPUMEPHO MOJIYIIUPHHE BXOJ-

HOTO comia. JlanbHeliee yBenHueHHe TIyOUHBI MPUBOJUT K POCTy Sty

JIBa OCHOBHBIX MEXaHW3Ma BJIMSET Ha MPOLECC OCAKACHUS YaCTUI] B UM-
nakrope ¢ yrimyomenueMm. C yBenuMueHHEM TIyOWHBI BBHIEMKH pacTeT IIo-
BEPXHOCTh UMIAKIMHU 32 CUeT OOKOBOM CTEHKH, U, CIIe0BaTENIbHO, BO3paC-
TaeT 3 pekTUBHOCTH 3axBaTa yacTull. Bmecte ¢ TeM npu OOJBIINX TITyOH-
HaX YBEJMYMBAETCS BHIHOC YACTHIl U3 BBIEMKH 32 CYET 0OpaTHOTO MOTOKa,

¥ TO3TOMY, CyIIECTBYeT MHHUMANbHOE 3HaueHue St , 3aBHCSAIIEE OT

LIMPUHBI YTITyOIeHus.
PabGoTa BmImmosHeHAa mnpuM (QUHAHCOBOW moaIep)kke Poccuiickoro
®ouna Oynnamenranpabix Mccnenoranuii (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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PE3YJIbTATbI BBIYMUCJIUTEJBHBIX DKCIIEPUMEHTOB
B 3AJAUYAX OIITUMU3ALIUU ®OPMbI
r'MmapOANHAMUYECKOI'O TIPO®UJISA C OTPAHUYEHUEM
HA MAKCUM YM CKOPOCTH
Anuca H. UxcanoBa
HWU marematuku u mexannku uM. H.I'. Yebotapera
KazaHckoro rocyapcTBEHHOTO YHUBEPCHUTETA
17 yn. Yausepcurerckas, 420008 Kazans, Tarapctan, Poccus

Pemiens! miockue oNTHMU3AIMOHHBIE THAPOAMHAMHYECKHE 3ajauH,
B KOTOPBIX OTHICKHBANACh (popMa HEMPOHUIIAEMOTO MPOQUIIS TIPH HATUIHU
OrpaHMYEHHs] HA MaKCHMMaJbHOE 3HAYeHHE CKOPOCTH Ha €ro KOHType, a B
Ka4yecTBE ONTUMH3HPYEMOW XapaKTepPHCTHKH PaccMaTpUBaMCh KOd(pu-
IUEHT MOJbEMHOM CHIIBI MM a’3poJMHaMUYecKoe KadecTBo. [loaxon k pe-
HICHUIO 0a3HupyeTcss Ha TEOPHH BapUALMOHHBIX OOpaTHBIX KPaeBBbIX 3a1ad
(cm., Hanpumep, [1]).

UmucnenHas peanuszanus MpOBOJWIACE METOJOM MTpadHBIX (QyHK-
LU 1 METOJIOM, OCHOBaHHBIM Ha ypaBHeHusx Kyna-Takkepa (cM., Hanpu-
Mep, [2]). BeraucnurenbHble 3KCIEPUMEHTHI TIOKa3aliu, 4To 0ojiee 3¢ dhek-
TUBHBIM SIBJISIETCS BTOPOUM METOJ, TIOCKOJIBKY B MeTo/e TpadHbX QyHK-
i BeIOOp Kod(dunmenta mTpada CymIEeCTBEHHO BIMSET HA Pe3yNbTaT
ontuMu3auun. [lomydeHHble YHCIEHHbIE PElIeHHs AJS TIaJKOTO KOHTypa
CPaBHUBAIMCH C TOYHBIMH PEIICHUSIMU, TTOCTPOCHHBIMH B [3] AJs 3TOTO
ciydas. [IpoBeneHHbIe CpaBHEHHUS MOKA3aIM XOPOUIYI0 TOYHOCTh COBIAJIe-
HUU pe3yJIbTaTOB.

[poBeneHbl MHOTOYHMCIICHHBIE BBIYHUCIUTENbHBIE IKCIICPUMEHTHI H
MOCTpOEHB! (OPMBI ONTUMHU3HPOBAHHBIX Tpodunei. Jns Bepudukammm
pe3yibTaroB B nakere Fluent 6.0. gynciieHHoO penieHa npsiMas 3aj1ava pacdie-
Ta o0TeKaHHS ONTUMHU3MPOBaHHBIX (GopMm 1o moxaenn Hawe-Crokca. B
ciiyqae OSCKOHEYHO TOHKOW 3aJHell KPOMKH 3TH PacdeThl IMOJTBEPAMIH
0€30TPBIBHBINH XapakTep OoOTeKaHWs, a MOJyYeHHbIe THIPOIMHAMHYECKHE
XapaKTEePUCTHKH COBIIAIH C PACUETHBIMH IIPY ONTHMH3AIHH.

Breipaxaro riayOokyro OnarogapHocth npodeccopam  Emmzapo-
By A.M. u ®okuny J[.A. 3a nomors B paboTe.

Pabora BemonHeHa mpu ¢uHaHCOBOW moaaepxkke PODU (mpoekt
03-01-00015), mnporpammbel «YuuBepcutersl Poccum» (mpoekr VYP
04.01.0009) u ®ouna HUOKP Pecnybnuku Tarapcran.
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PROBLEM OF CLASSIC AIRFOILS MODIFICATION
FOR IMPROVING AEROHYDRODYNAMIC CHARACTERISTICS
Nikolay B. IPinskiy, 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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MOJUPUKALUS KJIACCUUYECKHUX KPBIJIOBBIX TPO®UJIENA
C HEJBbIO YAYUYUIEHUSA UX XAPAKTEPUCTHUK
Huxonaii b. Unbunckuii, Oasra C. HeGepoBa
HWU marematuku u mexannku uM. H.I'. Yebotapera
KazaHckoro rocyapcTBEHHOTO YHUBEPCUTETA
17 yn. Yausepcurerckas, 420008 Kazans, Tarapctan, Poccus

Haxoxnenune onTuManbHbBIX (OPM BHICOKOHECYIINX KPBUIOBBIX MPO-
¢unei ocraercsi akTyalbHOU npobaeMoii asporuapoanHaMuky. [Ipu sTom
WHTEPECHOU sIBIsIeTCA 3ajada MOAM(HKAHMK KIaCCHYECKMX KpPBUIOBBIX
npouIIeil ¢ HeNblo YIydlIeH!s] X adpOTUAPOAHMHAMHYECKHX W TEOMETpH-
YECKHUX XapaKTEPHUCTHK.

CyTp 3aauu 3aKjroyaercs B cleaytonieM. BHauane pemarorcs npsi-
MBbI€ 33J]au1 a’pOTHAPOJANHAMHYIECKOTO pacdeTa U3BECTHBIX KIACCHYECKUX
npoduieit (mpodunst Kykosckoro, npoduneii cepuii Clark, NACA u np.
[1,2]) 1 HaxoasTCs pacnpeAesieHUs] CKOPOCTEH M0 KOHTYpaM 3THX Npodu-
Jie kak (QyHKImMM AyroBol aOciwicchl KOHTypa. Jlanee, OCHOBBIBasCh Ha
MeTOJjax penieHns o0paTHRIX KpaeBbIX 3aaa4 adporuapoanHaMuku (OK3A)
U THUAPOJAMHAMHYECKH MeJeCO00Pa3HbIX pachlpeneineHunii CKOpocTH (cM.,
Hamp., [3]), mpemiararoTcss MOAX0bl K MOJU(MUKAIMN UCXOJHBIX JaHHBIX
OK3A nns HaxoxaeHus: GOpMbI KPBUIOBBIX MPOQUICH C YIydlICHHBIMH
XapakTepucTHKaMu. B kadectBe TpeboBaHHi K MOAUMUIMPOBAHHBIM IIPO-
(UM BBIABUTAIOTCS YCIOBHSI O€30TPBHIBHOCTH OOTEKaHHS, yCIOBHUs CTa-
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TUYECKOW YCTOMYMBOCTH MO YIIIy aTakv M yCIOBHE 0€3MOMEHTHOCTH HC-
KOMOTO TpOQuJIs.

Pa3zpaboTaHbl anropuTMBbl, COCTaBJieHa MPOTpaMMa PEHIeHUs] COOT-
BETCTBYIOIUX 3a/1a4, IPUBEACHBI PE3YJITAaThl PACYCTOB M UX aHAIIH3.

Pabora BeimonHeHa npu ¢puHaHcoBoit noanepxke PODU (mpoekt Ne
02-01-00061) u ®onna HUOKP Pecny6uku Tarapcran.
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THE PROBLEM OF DESIGN OF AN AIRFOIL OF A WING WITH
AILERON IN FLOW WITH SEPARATION
Nikolay B. IPinskiy, 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) (S 1is 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 =1iln(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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3AJAYA ITOCTPOEHUSA TPODPUJIA KPBLJIA C 3JIEPOHOM
NP OTPBIBHOM OB TEKAHUU
Huxonaii b. Unbunckuii, Jlrommuia I'. IlnoTHukoBa
HWU marematuku u mexannku uMm. H.I'. YeboTapera
Kazanckoro rocynapcTBeHHOTO YHUBEPCUTETA
17 yn. Yausepcurerckas, 420008 Kazans, Tarapctan, Poccus

Uccnenyercs 3amada moctpoeHus: npouiisi Kpbljla ¢ 3JIEPOHOM, 00-
TEKAaeMOT0 OTPBIBHBIM MOTOKOM. Popma npoduiIs Kpbljla C SIEPOHOM Ha-

XOJHUTCSA II0 pacHpeaesICHUI0 CKOPOCTHU V(S) (S — nyroBas a0ciucca KOH-

Typa), IOJy4EHHOMY IyTeM MOJAU(QUKAINN paclpeesieHnus] CKOPOCTH MPH
06TeKaHI/H/I INTaCTUHKHU CO IIHUTKOM. O6TeKaHI/Ie INIACTUHKU CO MIIUTKOM
paccuuThiBaeTCS 1O cxeme By ¢ jmomnosiHeHMEM M300apuYecKoi 00JIACTH.
Jlyist perieHust 3To 3a7auu BBOJMTCS BCIIOMOTaTeNbHasi 00J1aCTh — BEPXHSS
HOJTYIUIOCKOCTh, M B 9TOW 00JIACTH pelIaeTcsi CMEIIaHHas KpaeBas 3aj1ada

mwt anamrnyeckoit Gynxuan ¥ =1 In(dw/V,dz). B pesymrare ee

pELICHHS] HAXOJUTCS PACIpPEACICHHE CKOPOCTH Ha BCEM KOHTYpE, KOTOPOE
Mouduimpyercs. Cyrb MOIUGUKAIMH CKOPOCTH IO IJIACTUHKE CO IIUT-
KOM 3aKJIFOYAeTCsS B YCTPAHCHWH OCCKOHEYHO OOJIBIION BEIIMYHMHBI CKOPO-
CTU B MEPEIHEN KPOMKE IUIACTUHKH, BBI3BAHHOW MPUMEHSEMON MOJIEIIBIO
HJeAIbHOU HECKUMAEMOU KUIKOCTH.
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Ilo MogudUIMPOBAaHHOMY pacIpeleNieHuI0 CKOPOCTH pelaeTcs 3a-
Jlada MOCTPOCHUsSI MPOQUIIS Kpblla C AJIEPOHOM, 00TEKaeMOTo C OTPHIBOM
MOTOKA. YCIOBHUS Pa3pelIuMOCTH 3a7auyd HaxoJsATcid C TPUMEHEHHEM Me-
TOJa KBa3UPEIICHUI 00paTHBIX KPAeBBIX 3aj1a4 a’poruapoaunamuku [1]. B
KayecTBE MaTeMaTH4eCKOW MOJENN OTPHIBHOTO OOTEKaHWS HMCIOJB3YeTCs
MO/IETIh BSI3KO-HEBSI3KOTO B3auMOIeHcTBUA [2].

[puBoasTCS pe3yabpTaThl YUCIOBBIX PACUETOB U MX aHAJIH3.

Pabora BeimonHeHa npu ¢punaHcoBoit noanepxke PODU (mpoekT Ne
02-01-00061), MunucrepctBa obpazoBanusi PO u ®onna HUOKP Pec-
nyonmuku 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
**Institute 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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HEJIMHEVMHBIE HEC®EPUUYECKHUE KOJIEBAHUSA
IMY3bIPBKA I'A3A B ) KUIKOCTHU
M.A. Uasramos*, JI.A. Koconanosa**, B.I'. Manaxos**
* AkazieMusi Hayk peciyOsmkn bamkopTtocran
6, yn. K. Mapkca, Yda 450015, Poccus
**MuacTUTYT MexaHuku 1 MamuHocTpoenus: KasHI[ PAH
2/3, yn. Jlobauesckoro, Kazaus 1420111, Poccust

PaccmatpuBatorcs ocecuMMeTpUdHbBIE KOJIeOaHusI Ta30BOTO My3bIphKa B
KHUJIKOCTH Ha PEXKUME MEPHOAMYECKOH COHOJIIOMUHECUEHIMH OTEIBHOTO
BO3IYIIHOTO IMy3bIPbKa B BOJIE NMPU KOMHATHBIX YCJIOBWsIX. MHTEpec K 3ToH
3ajlaue BOZHHK B CBSI3M C TOMBITKAMH HCCIIeIOBaTeNel 0ObsSICHUTD 3TO sIBJie-
HHE, OTKPBITOE B HaYaJle JAEBSTHOCTHIX TOJIOB, M TIOHSATH YCJIOBUSI €10 BOCIIPO-
m3Befenws[ 1]. OquuM U3 YCIOBUN SKCIIEPUMEHTATIBHON PealTM3aIliy IepHo-
JMYECKON COHOJIFOMHHECHICHIIMN OTIENLHOTO TY3BbIphKa SIBJISICTCS YCTONYH-
BOCTB c(hepryeckoii GopMBbl My3bIPBKA MPU MEPUOAMIECKHUX KoJiebanusx. Uc-
CIIEIOBAHMIO STOTO BOIPOCA TMOCBAIIEHO JIOBOJBHO OOJIBIIOE YHCIO paboT.
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Onnako B OOJIBIIMHCTBE M3 HUX HCCIENOBAaHME HMCKAXKEHHH CeprIecKoi
(OpMBI TIy3BIPEKA BBIMOJHEHO C MPUMEHEHHEM MPENTOJIOKEHHS O MaJloCTH
BO3HHKAIOIIMX OTKJIOHEHHH (OpMBI My3bIpbka OT chepuueckoid. [Ipu stom, B
YaCTHOCTH, MHOTO BHHUMAaHUs YJIEJICHO M3YyYEHUIO BJIMSHUS BS3KOCTH OKPY-
xaromiei xuakoctH [2]. HenvueiiHbie 3¢ eKTsl, 00yCIOBIEHHbBIE pealbHBIMU
HCKaKeHUsIMH cepuueckoil popMbI My3bIpbKa, OCTAJINCh HE HCCIIEI0BaHHbI-
Mu. Hacrosimas pabota nocesiliieHa H3y4eHUIO BIUSHAS HEJMHEUHBIX 3P dek-
TOB KakK Ha Xapakrep HecepudecKuX KOJIeOaHHi My3bIpbKa, TaK U Ha TPAHUILY
00J1aCTH YCTOMYHMBOCTH CPEPUICSCKUX KOJICOAHUIA.

Jng uccneqoBaHUs HCIOJB3YIOTCS COOTHOILIEHMS, TOJy4YEHHBIE B
MPETONIOKEHUH, YTO KHUIKOCTh B OMMKHEH K My3bIPbKY 00JACTH BA3Kas W
HEC)KMMaeMas, a COKUMAEMOCTh YIUTHIBAETCsl TOJBKO B AajibHEH 00JacTH ¢
NPUMEHEHUEM YPAaBHEHUW JIMHENHON aKyCTUKH. /[BU)KEHHE KUAKOCTH CUU-
TaeTcsl MOTEHINAIBHBIM, BSI3KOCTb YUMTHIBAETCS depe3 JUHAMHUYECKOoe Ipa-
HUYHOE yCJIOBHE Ha TIOBEPXHOCTH ITy3bIpbKa. ['a3 B My3bIpbKe HieaIbHbIN, C
pPaBHOMEPHBIM pacHpeeleHHeM JaBJIeHUs, KOTOpOe TNMOJUMHAETCA 3aKOHY
Ban-pnep-Baanbca. OTkiIOHEHHE TMOBEPXHOCTH MY3bIpbKa OT cepruuecKoit
Oepercst B BUE psia N0 CPeprUUeCKUM TapMOHUKAM, B YPaBHEHHSAX YUHTHI-
BAIOTCS YJIEHBI BTOPOTO MOpPsKa MaJOCTH MO OTHOLIEHHWIO K BEJIMYHHAM,
XapaKTepU3yIOUINM HCKakeHne cdepruueckodl GopMbl my3bIpbka. JlaHHBIN
MOJIXOJ SBJSICTCS PA3BUTHEM METOJMKH, MPEIJIOKEHHOH B padore [3] mis
n3y4eHus: HecepruecKnxX KoJieOaHWi My3bIpbKa B UICATBHON Hec)KnMmae-
Mo sxunkocTu. [lomyyennsie B [3] COOTHOIICHUS YUUTHIBAIOT YJICHBI BTOPO-
ro TIOpSAKA MaJOCTH MO OTHOIICHHUIO K BEIWYHMHE OTKIOHEHUS (POPMBI My-
3bIpbKa OT chepuueckor AJsl cilydas, KOT/a OTKIOHEHHE TIOBEPXHOCTH My-
3bIpbKa OT cpepruueckoi Oepercst B BUIE BTOPOil chepuiueckoil rapMOHHKH.
[Ipeanonoxenne 0 MOTEHIUAIBHOCTH JBUKEHHS JKHUIKOCTH, KOTOPOE MOXK-
HO TIPUHATDH NMPU MaJION BI3KOCTH KHJIKOCTH, CYIIECTBEHHO YIPOIIAET COOT-
HOIIEHMs 3a7aud. Tak, ecau Mojaens [2] BKIIOYAeT ypaBHEHHE B YACTHBIX
MPOM3BOAHBIX JJIsl onpeneneHus (YyHKINH 3aBUXPEHHOCTH, TO MOJeNb Ha-
cTosiIel paboThl, Kak ¥ paboThl [3], OMHUCHIBACTCS CHCTEMON OOBIKHOBEH-
HBIX AuddepeHIanbHbIX YpaBHeHNH. [J1s pelieHus 3Toi CHCTeMBI ypaBHe-
HUH ucnoib3yercs Meron Jlopmana-IlpuHca cenpbMoro mnopsaka TOYHOCTU
[4].

Jnist TecTupoBaHus pa3paboTaHHOW METOAHMKH MPOBEICHO CPaBHEHHE
pe3yabTaToB HACTOSIIEH paboThI C pe3ybTaTaMy, MOJyYSeHHBIMHU IO MOJIe-
s paboThl [3] msl ciydas wieaibHON HeckuMaeMol skunakocTh. [lomyue-
HO MX Y/IOBJIETBOPUTENIFHOE COTJIACOBAHHUE.
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HccnenoBano BIMSAHWE AMIUTUTYABI TapPMOHUYECKOTO HW3MEHEHUS
JaBJICHUS. B JKWUAKOCTH, Ha4albHOTO C(EpHYECKOTO paamyca Iy3blpbka W
BEJIMYHMHBI HAYAJBHOTO MCKAKEHUsS chepruieckoil popMbl Ha mporecc Ko-
nebanuii my3bipbKka. [IpoBeneH aHaau3 BIUSHUS HEJIMHEHHBIX 3(P(HEKTOB
Kak JJIl OJJHOW OTAEJIbHO B3ATOM FapMOHHUKH, TaK U MPU B3aUMOJCHCTBUU
HECKOJIBKMX TapMOHHK. [loka3aHo, 4TO MpW HATMYUKM HAYAILHOTO OTKIIO-
HEHUS TI0 MO00H U3 paCCMOTPEHHBIX TAPMOHHUK, MOTYT HaOMIOJaThCs He3a-
Tyxatouue Heceprueckre KosieOaHus 10 YETHBIM TApMOHHUKAM.

Pabora BemomnHena npu nogaepxkke PODOU (kox mpoekra 02-01-
00100), B pamkax mporpamMmbl (DyHIaMEHTaIbHBIX wuccienoBanuii PAH
(npoekt «/luHamuka HecepUUECKHX Ta30BBIX M TMAPOBBIX IMy3BIPHKOB B
JKHUJIKOCTH HAa PEKUMaX C CWIbHBIM M CBEPXCHIBHBIM PaCIIUPCHUEM-
cKaTHeM») U eaepabHON 1enieBoi iporpaMmMel « MHTeTrpanus» (Ko npo-
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.

IKCHEPUMEHTAJIBHOE UCCJIEJOBAHUE BJIMAHUSA
BO3AYXOCOIEPKAHUSA BOJAbl HA BOSBHUKHOBEHHUE
KABUTAIUU OCEBOI'O BUXPSI TPEBHOI'O BUHTA
Banuwm I1. Uasun, I0pwnii JI. JleBkoBCcKuii
OI'VII «IITHUU um. akan. A.H. KpsuioBay
44, Mockogckoe mocce, 196158 Cankr-IlerepOypr, Poccus

B Hacrosimield pabote NpUBOASATCS pe3yJabTaThl IKCIIEPUMEHTATIBHOTO
OTIpe/ICNiCHUsT B KaBUTAI[MOHHOW TPYyOE 3aBUCUMOCTH OT OTHOCHUTEIILHOU
MOCTYIIN KPUTUYCCKOTO YKMCJIa BOSHMKHOBCHHSA KaBUTAllUM OCEBOI'0 BUXPA
I'pC6HOFO BHUHTA IIPpU pa3IMYHbIX 3HAYCHHUAX BO3YyXOCOJACPKaHUA BOABI U
YaCTOThl BpallilCHUA MOJCIIN. Bbrio BBISIBJICHO, YTO KaKaﬁ-HI/I6O 3aKOHOMCp-
HOCTh M3MEHEHHSI KPUTHYECKOTO YHCIa KaBUTAaIMH, 0Opa30BaHHOTO, Kak
06BI‘IHO, IO JaBJICHWIO HACBIIICHHBIX IMApPOB, OTCYTCTBYET, BCJICACTBUC YC-
ro NOJIYy4YUThb €ro YHUBCPCAJIbHYIO 3aBUCHUMOCTb OT OTHOCHUTEJIBHOMN IoCTy-
1 0KAa3aJI0Ch HEBO3MOXKHBIM. [10JTydeHHBI pe3yJbTaT 103BOJIAI NIPEIIIO-
JIOKUTb, UTO KaBUTAIUsA OCEBOI'0 BUXPA I'p€6HOFO BHUHTAa MUMCCT HE Mapo-
BYIO, a Ta30BYIO MIPHUPOTY, T.€. TIOJIOE SAIPO BUXPsI 3amoHseTcs: audQyHIu-
PYIOIUM M3 OKPY’KaIOLIEro pacTBOpa ra3oM, a He IMapaMu KHIKOCTH. JlaB-
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JIEHUE Ta3a B pE€ BUXPS IPHU 3TOM JOJDKHO 3aBUCETh OT JIABJICHUS B OK-
pyXxaromieit rpeOHOH BUHT JKHJKOCTH, T.€. B YCIOBHUAX DKCIIEPUMEHTA — OT
CTaTHYECKOTO JIaBJIeHHsI B paboyeM ydacTKe KaBUTAIlMOHHOH TpyOwl. B pe-
3yJbTaTe UCIOJB30BAHUS 3TOTO MPEANOJIOKEHUS HAWJECH KPUTEPUNA MOJIe-
JIMPOBaHUSI BO3HUKHOBEHUS KAaBUTALMH, C IIOMOIIBIO KOTOPOIO IOJy4YeHa
YHHUBEPCAJIbHAS 3aBUCUMOCTh MOMEHTA BO3HUKHOBEHHUSI KaBUTALUU OCEBO-
TO BUXPS OT OTHOCUTENBHOMN MOCTYIH. 3aBUCUMOCTD K€ 3TOTO MOMEHTA OT
BO3AYXOCOJEPKAHUS BOJBI U YacCTOThl BPAIECHUS BUHTA YUYUTHIBACTCA
CTPYKTYPOM MPEMJIOKEHHOTO KPUTEPUS MOJEIUPOBAHUS.

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 =*00) 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.
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OJHONMAPAMETPUYECKHUE IMTPO®PUJIN CKOPOCTHU
B PACUETE IOTPAHUYHOI'O CJIOA U CJIEJIA
MNVIIOXOOBTEKAEMBIX TEJI
Anexcanap M. Kumkun
MocKoBCKast TOCYJapCTBEHHAs aKaaeMusi PUOOPOCTPOCHHS X IHPOPMATHKH
20, yn.Ctpomsiaka, MockBa, Poccus

B pabote ucciienoBaHbl oHONapaMeTpUIecKre MpOo(UIM CKOPOCTH
JUIsl pacdé€ra napamerpoB MOIPAaHWYHOIO CJIosl U ciena. B pacuérax uc-
MOJIB3YIOTCS MHTETPAJIbHBIC COOTHOIICHUA pacXoaa, UMITyJIbCa U SHCPIUU U
ypaBHEHHE ABW)KEHMA Ha BHYTPEHHEW TpaHHIIEe CJOS WIM Ha OCH Cllea.
[lpuBenén BBIBOJA ATHX COOTHOLICHHH B (M3MYECKH SCHOW (opMe C HuC-
MOJIb30BaHNEM HEONpeAeNEHHOTO Ha HauaJlbHOM 3Tane GopMmapaMerpa m.
B pesylbTarte paccMOTPEHHMs pPasiMYHBIX ACHMITOTHUeckux (& ~*00)
npoduiei (ApoOHO-pAIOHAILHBIX, SKCIIOHEHIMALHBIX U THIIEPOOIHYe-
CKHMX) TPUHAT YIOBJIETBOPUTEILHO COOTBETCTBYIOIINI TEOPHH U HU3MEpe-
HusiM th -nipoduib. BelpakeHue XapaKTepHBIX TOJIIMH MOTPaHUYHOTO
CIIOSI CBEACHO K DJIEMEHTapHBIM TaOJNMYHBIM MHTErpajaM. B mpenmomnoxe-
HHUH MTOCTOSTHCTBA KOA(PPHUIMEHTA TPEHHS TONIEPEK BCETO CIOS BBIYUCIIAET-
Cs1 KOHEUHBIN ITapameTp JUCCUIIALINY.

PaCXO)KZ[eHI/Ie TMOJIYYCHHBIX KPUBBIX JIC)KUT B MPCACIaxX MOTPCUIHO-
CTH 3KCIIEPUMCHTAIBHBIX JaHHBIX. B 3aBucuMocTH OT (opmmnapamerpa
paccMOTpeHa pa3pelImMOCTh U30BITOYHOM CHCTEMBI MEPEYUCTICHHBIX COOT-
HOILIEHUWA. PekoMeH0BaH anroputM pacuéra ciosd U Clella, UCIOJIb3YIo-
MUK TPOCTYIO NPUOMIKEHHYIO CBS3b TONIIMHBI T€Jla BBHITECHEHUS U CKO-
POCTHU BHECIIHCTO TCUCHUA.

ABOUT DIFFERENT MODES CARRY-OVER OF GAS FROM
VENTILATED CAVITY WITH A NEGATIVE
CAVITATION NUMBER
Ivan 1. 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

87



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 PE2XKUMAX YHOCA T'A3A
U3 BEHTUJINPYMOM KABEPHBI C OTPULIATEJIbHBIM
YUCJIOM KABUTALIUN
HBan U. Ko3nos, Biagucaas B. [Ipokod nen
HNucturyr mexanuku MI'Y
1, MuuypuHckmii mpocriekt, 119899 Mocksa, Poccust

IIpoBenennble B mHCTUTYTE MexaHuku MI'Y 3kcCnepUMeEHTAIBHBIE
HCCTIEZIOBaHUs TUIOCKOTO CTPYWHOTO TedeHus ¢ 0Opa3oBaHHEM HCKYCCT-
BEHHOM BEHTWJIHPYEMOI KaBepHbI C OTPHUIATEIbHBIM YHCJIOM KaBUTAILlUU
MOKa3ajM, 4TO B OTJINUKE OT OOBMHOM KaBEepHBI YHOC Ta3a 3/1eCh CyLIecT-
BEHHO CBS3aH C peJel-TeHIOpOBCKON HEYCTOWYMBOCTHIO TPAHUIBI KaBep-
HBI, IPUYEM B HayalbHOM CTaJlMU Pa3BUTHS BOJH Ha rpaHUIE KaBEpHHI (B
TOJIOBHOW YacTH), UMEET MECTO PEXHM OJIM3KUI K MEPUOTUIECKOMY OJTHO-
MOJIOBOMY, 3aT€M CHEKTp BO3MYLIEHMH pacHIMpsieTcs, JOMUHHUPYIOIINe
BOJIHBI NiponafatoT. Oxazanock, 4To HabII0JacMasi B OKCIIEPUMEHTE JTOMU-
HUpYIOLIast JAJIMHA BOJIHBI OJIM3Ka K JUIMHE BOJHBI Hambojee OBICTpO pac-
TylIeMy BO3MYILEHHIO B COOTBETCTBUH C JIMHEHHOUN Teopueid, 00JacTh Ha-
0J110/1aeMOTO 0THOMOJIOBOTO PEXHMa OTpaHUYHMBaETCs (€CTIM CPAaBHUBATH C
KJIACCUYECKOW 3ajiadyeil) HavyajaoM CTaJIud HEJIMHEWHOTO POCTa BO3MYIIIC-
HUH B BUJIE “‘CTAIIIOHAPHBIX ITy3BIPEH.

C apyroii CTOpOHBI CYIIECTBYIOT Pa3jIMYHbIC PEKUMBI COOCTBEHHO
KaBUTALIMOHHBIX TeUEHUs. MOXKHO yKa3aTb Ha MPEACIIbHBIM KPUTHYECKUN
PEeXHM, KOTJa KaBepHa 3aMbIKaeTcsi 0e3 BO3BPATHOW CTpYyH. DKCIEPUMEHT
MoKa3aJ, 4TO MO OTHOLIEHHIO K 3TOM BENIMYMHE PEXUMBI KaBUTAIIMOHHOTO
TEUEHUSI MOKHO Pa3JelIUTh HA JIOKPUTUYECKUN M CBEpXKpHUTHYECKUU. B
CBEpXKPUTHYECKOM pexHuMe oOpasyercsi ra3oBas CTpys, HCTEKalolas W3
KaBEpHBI, KOTOpas OBICTPO MEPEMENINBACTCS C KHUIKOCTHIO, 00pa3ysl MeH-
HBII cnen. Vsmepenus koddduimenrta pacxoaa raza, yHOCUMOTO U3 KaBep-
HBI TIOKA3aJIM, YTO 3Ta BEIMUWHA PACTeT NMPUOIU3UTEIBHO JIMHEHHO C poc-
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TOM KOd(Q(uIMeHTa IaBjeHHS B KaBepHE B JOKPUTHUYECKOM W B Hadaie
CBEpXKpPUTHYECKOTO peknMa. [lokazaHo, 4TO eciau MpOHOPMHPOBATh KO-
a¢uimeHT pacxoaa M0 KPUTUIESCKON BEIMUMHE, a U3 KOd(PUIMeHTa 1aB-
JIEHHS B KaBEpHE BBIYECTb €r0 BEJIMYMHY B OTCYTCTBHE MOJyBa, TO B HO-
BBIX TIEPEMEHHBIX €IMHas JIMHEHHas 3aBUCUMOCTD CIpaBeInBa JId IHUpPO-
KOro auanazoHa napamerpoB. Oka3ajoch, YTO BEIMYMHA KPUTHUYECKOTO
Kod(pHIMeHTa YHOCA MPOMOPLUUOHATIbHA KBaJpaTy AJHHBI KaBEPHBI, YTO
MO>XHO OOBSICHUTH M3BECTHBIM KBaJIPATHYHBIM 3aKOHOM PacIlpOCTpaHeHHs
($poHTa penel-TeHIOPOBCKOTO MEepeMEIIUBaHus NPU TYpOYJIEHTHOM pe-
KUME TepeMellInBaHus. 3aMeueHo, 0JTHAKO, YTO KBaJpaTUYHBIN 3aKOH Ha-
OmtoaeTcs M sl AOCTAaTOYHO KOPOTKHUX KaBepH, KOTAA CYIIECTBYET OJHO-
MOJIOBBIA PEXUM Pa3BUTHUS BOJH. J[€70 B TOM, 4TO B OTJIMYHUE OT KJIacCUYe-
CKOI1 3a71auM pOCT aMIUIUTYABI BOJH 37ieCh HE BBIXOJUT Ha CTallMOHAp, TaK
KaK yCKOpEHHE KMIKOCTH 3HaYUTEIbHO MEHSETCS NPU IBWKEHUH 0 HOP-
MaJu K TpaHulle KaBepHel. Ho B oTimume oT TypOyJIeHTHOTO B OJTHOMOJIO-
BOM PEXHUME MMEET MECTO 3aMeTHas 3aBHCUMOCTh KOd(pQHIMEeHTa yHOCa
raza ot uucina Bebepa. DKkcniepuMeHT MoKazall, 4To KpUTHIECKui kodhdu-
IIUEHT YHOCA 3aMeTHO (IIPHMEPHO MPOIOPIMOHANEHO unchy Bebepa B cre-
nenn —0,3) Bo3pacTraer ¢ yMeHblIeHHeM 4ucia Bebepa. OTMeTnM, 4To ISt
OYEHb KOPOTKHX KaBEpH, JJISI KOTOPBIX MMEET MECTO JIMHEHHBIH pexuM
pa3BUTHS BO3MYIIEHHUH, YHOC ra3a JOJDKEH 3KCIIOHEHIMAJIBFHO 3aBUCETh OT
JUTMHBI KaBEPHBI.

Urak, momydyeHa sMmupuydeckas 3aBUCHMOCTD Uil KO3 duimeHTa
yHOCa ra3a M3 IUIOCKOW KaBepHBI C OTPHULATENbHBIM YHCIOM KaBUTAIUH.
[lokazaHo 4TO peXMMBI YHOCA Ta3a ONpeAeNsIoTCs Kak peKUMaMU pa3BH-
THS penel-TeHIOpOBCKON HEYCTOWYMBOCTH, TaK U peKUMaMH COOCTBEHHO
KaBUTAI[MIOHHOTO TeueHus. HeycToiunBOCTh Ha rpaHMIle KaBepHHBI pa3Bu-
BAaE€TCSl AaHAJIOTMYHO KJIACCHYECKOM 3a7adye O pPENeU-TeUSIOpOBCKOM Iiepe-
MEUINBaHNUH, OJTHAKO UMEIOTCS U CYILIECTBEHHbIE OTJINYHS.

Pabora BeimonHena npu GuHaHcoBO# noaaepxkke rpanta POOU 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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MATEMATHUYECKASI MOJEJb 1] CONPS)KEHHOM
3AJJAYU TEIIVIOMACCOOBMEHA T'A30BOI'O IOTOKA
CO CTEHKOM 13 NOJIMM EPHOI'O KOMIIO3UIIMOHHOI'O
MATEPUAJIA KOCMHUYECKOI'O CITYCKAEMOI'O AIIITAPATA
Buauna M. Kynosiposa
Y dumMckuii rocyjapCcTBEHHBIN aBHAOHHBIN TEXHUUECKUH YHUBEPCUTET
12, yn. K. Mapxca, 450000 Yda, Poccus

TemnoBas 3ammra OBIBaeT ABYX THIIOB: pa3pylLiaromascs U He pas-
pywaromasics. B naHHOM J0KIIae paccMaTpUBaeTCs pa3pyLIaronasicst Tem-
JoBas 3amuTa. PaspyiieHne moBEpPXHOCTHOTO CIIOS POUCXOAUT B PE3YIib-
TaTe Pa3INYHBIX (U3IUKO-XUMHUUYECKUX IMPEBpAIICHUN MOJI BO3JACHCTBHEM
MOABOAMMBIX K MOBCPXHOCTHU KOHBCKTHUBHBIX U paJUAlMOHHBIX TCIIJIOBBIX
IIOTOKOB, Z[I/I(l)(i)y?)I/IOHHBIX IIOTOKOB XMMHWYCCKH AaKTHBHBIX KOMIIOHCHT, a
TaKXe MOJ JEHCTBUEM CHJI IaBJICHUS U TPEHUS.

B xauecTBe paspyliaromieiics TEIUIOBOW 3aIlUThl IPUMEHSIOTCS
CTEKJIOTUIACTUKM Ha (heHoJopopManbaeruaHoM cBsa3yomeM. Oxoso 10-
30% macchl TEIIOBOM 3allIMThl IPEBPALIAeTCsl B Ta3000pa3Hble MPOYKTHI
H2, CH4, CO, CO2. Onu nocTynaioT B CIIOHM ra3a, MpUJICTAOIMMNNA K TI0-
BEPXHOCTH KOCMHYECKOTO CITyCKaeMoro anmnaparta. [Ipu stom:

® M3MEHSETCsl COCTaB HAOeTaloIero ra30BOTo MOTOKA,

® B NPWISKAIINWN K MOBEPXHOCTH CIOW ra3a MOJBOIMUTCS TEIJIO H3-
BHE;

® [IOTJIOIAETCS YacTh TeIJla, MOJIBEACHHOTO K TTOBEPXHOCTH KOCMH-
YEeCKOTO CITyCKaeMOro ammapara, 3a cyeT (PU3NKO-XUMUYECKUX IMpeBpalie-
HUU Ha MIOBEPXHOCTH TEIUIOBOW 3alLUTHI;

® MIPOUCXOJIUT TEIIIOMaccOOOMEH C MOBEPXHOCTHIO TEIUIOBOW 3alllu-
THI.

B mponecce nccnenoBanus ObUT W3YyUeH MPOLECC TEPMOACCTPYKIUH
TEIJIOBOH 3alUThI U3 CTEKJIOIUIACTHKA, OMpPEJENIEH COCTaB ra3oB MpH pas-
pymenun. Takxke mMpeioskeHa METOAMKAa TEOPETHYECKOTO OMpeleneHHs
SHEPTHUH, 3aTPauynBacMOi Ha TEPMOAECTPYKLHIO, CPOpPMYIMPOBaHO MOJEp-
HU3MpOoBaHHOEe ypaBHeHHe HaBbe-CToKca ¢ yueToM yKa3aHHBIX MPOLIECCOB.

Hannas paboTa mpoBeneHa npu (UHAHCOBOU MoAAepkke MUHMCTED-
cTBa oOpaszoBanus PO (rpant Ne A03-3.18-125).
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APPLYING OF TERMOMECHANIC EFFECTS OF CAVITATION
TO VARIOUS TECHNOLOGY
Viadimir 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 INIOJAXOJE K OITUMUN3AIINHN
TEJECHOI'O I'HAPOIIPO®NJIA
Banepumii I'. JleontbeB, Anapeii B. Ilotames
HWU marematuku u mexannku uMm. H.I'. YeboTapera
Kazanckoro rocyaapcTBeHHOTO yHUBEpCHUTETa
17 yn. Yausepcurerckas, 420008 Kazans, Tarapctan, Poccus

[pu mpoexkTHpOBaHWHU KPBUIOBBIX U THIPOIUHAMHUYECKUX MpOoQuiei
OJIHO¥ M3 HauboJsiee BaXXKHBIX NPOOJEM sBIsieTcs: BHIOOP (GopMbl poduis,
oOecreunBaroniell ONTUMAIIBHBIE a3POTHAPOJUHAMHUYECKIE XapaKTepUCTH-
ku. B pabote [1] MOCTPOCHO YHUCICHHOE PEIICHUE 3aJaud HaXOXJCHHS
(GhopMBI  OECKOHEYHO-TOHKHMX MpOoQuici, 00JaJaroNmx MaKCUMaILHON
nobeMHO# cuiol. Llenbro naHHO# paboThI sBIIsIACh pa3paboTKa METOo 1A
pellleHns aHaJIOTUYHBIX 3a]a4 JJis1 Tpouiiel KOHEYHOH TOJIIUHBL.

B nanHOM ciydae TenecHbI NMPOQMIbL MOACITHUPYETCS HEKOTOPOM
«CKEJETHOW» JIMHUEW, BIOJIb KOTOPOW HENPEPBIBHO PacCIpeleieHbl 0CO-
OCHHOCTH — UCTOYHUKH U CTOKH [2]. [Ipu 3TOM JIMHMM TOKA, BBIXOJISIIUE U3
KPUTHYECKOW TOYKH M 3aMBIKAIOMIMECS B KOHEUHOW TOUKE «CKEJIETHOM
JTMHUY OyIyT MOJEIUPOBATh KOHTYP UCKOMOTO MPOQUIIS.

Js nomydenust npouiisi ¢ MAKCHMMAJIBHOM TOTbEMHOM CHUJION B Ka4eCT-
BE MHUHUMU3UPYEMOTO (hYHKITHOHATA Opasioch 3HaYCHHUE KOd(dHIMEeHTa 10 Th-
eMHOM CHJIBI ¢ 00paTHBIM 3HakoM. Ha ormrumusupyemsblii pyHKIMOHAI B BUIE
mTpadHbIX (DYHKIMH HAKIAIBBATOCH OTPAHMYEHHE — BBINOJHEHHE YCIOBUS
0e30TphIBHOCTH 00TekaHus. Kpome Toro, Meromka pacueTa Mmo3BOJIIET HaX0-
IuTh GopMy TPOQUIsI ¢ MHUHAMAIBHBIM KO3(M(HIIMEHTOM COTPOTUBICHHS H
npoduilb ¢ HAUOOBIIMM a3POJMHAMMYECKAM KadecTBOM. [IpoBeneHsl yucnio-
BBIE PacyeThl, MOCTPOCHBI MPUMEPBI ONITUM ABHBIX IPOQHJICH.

Pabora BeimonHeHa npu ¢puHaHcoBoi noanepxke PODU (mpoekT Ne
02-01-00061) u ®onna HUOKP Pecny6nuku Tarapcran.

JIutepartypa

1. Jleoumves B.[I. UucneHHoe pelieHue 3a1adyd 00 ONTUMU3AIMU
IOYKKH BOJIM3H TOPHU30HTANBHOTO SKpana / CoBpeMeHHbIe MpOoOJIeMBl a3-
pokocmuyeckod Haykun U TexHuku. [I  MexayHaponHas HaydHO-
TeXHUYECKass KOH(EPEHIHs MOJOABIX YUYEHBIX M CIEHUAINCTOB. JKyKOB-
ckuid, 8-12 oxtsi6ps 2002 r. Tesucer nokmanoB. — XKykosckmii: LATU:
ABmanMoHHbI nieuaTHbIi 1Bop, 2002. C.126

2. Buxmopoe [I. B. T'maponunHaMuyeckass TeOpHs pELIEeTOK. —
M.: Hayxka, 1979.-536c¢.
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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, BbI3BBAHHOE JIBUKEHUEM
TEJ
C BOJIBITIUMU CKOPOCTSIMHU U YCKOPEHUAMMU
KOpwii JI. JleBkoBcKkuii
OI'VIT «HIHUU um. akag. A.H. Kpsiiosay,
44, MockoBsckoe mocce, 196158 Cankr-IlerepOypr, Poccust

B knaccudeckoil akyCTHKe TPaJUIIMOHHO MCCIEAYETCS H3JydeHHe,
BO3HHKAOIIEe MPH TAPMOHNYECKUX KOJIeOaHHUsAX Te Ha Pa3IMIHBIX MO/IaX.
npoko M3BECTHO pelIeHHe 3a/1au 00 M3Iy4eHHH 3ByKa MyJbCHPYIOLIEH
U ocuwuMpyomeil cdepoii, B To BpeMsl Kak XapaKTEPUCTUKH H3ITydeHHs
TIPY €€ arepuoInIecKOM ABM)KEHUH HCCIIEI0BAHbl HE0CTATOYHO.

Henbto nokiaaa sBIsieTcsl BOCHOJIHEHKE 3TOro mpobena. [lpusoantces
TOYHOE pelIeHHe 3a/Ja4i 00 aKyCTHYeCKOM H3TydeHHH cdepsl, mocrymna-
TEJbHO JIBWXKYLIEHCA U3 COCTOSHHUS MOKOS C MPOU3BOJIBHBIM YCKOPEHHUEM.

INokazano, 4To MpH OOJBIIMX CKOPOCTAX M YCKOPEHHSX CIEKTpPaib-
HbI€ YPOBHHU HIMPOKOIIOJIOCHOTO M3MY4YEHHs OKa3bIBAIOTCS 3HAYUTENbHBI-
MH.

Pesynbrarel mosydeHHOTO pemieHds 0000maroTCs Ha Tela TPOU3-
BOJIGHOH ()OPMBL.

95



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,
00 =S 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 AJITOPUTM OTPBIBHOI'O OBTEKAHUA
Bcesogion B. Jlexnes, Anexceii H. MapkoBckuii
Ky06aHckuii rocyapcTBeHHBIH YHUBEPCUTET
350040, Kpacunoaap, yn. CraBponosckas, 149

Hacrosias paboTa NoCBsileHa 3aj1ade OTPBIBHOTO OOTEKaHUs TyrH
S waeanbHOU KUIKOCTH. PaccMaTpuBaetcs pemenne #(X) KpaeBoii 3ama-

91 JUIE OUrapMOHUYECKOTO YpaBHEHUsI B OTPBIBHOM 30He O, 00 =S U L,

Yepes ¢ynkimio u(x) onpenensercs GYHKIMS TOKA BHEIIHETO TCUCHHS,
CKOPOCTh KOTOPOTO Ha L moCTOsIHHA, U L ABISIeTCS IMHUEH 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 CTAIIMUOHAPHBIX OTPBIBHBIX
TEYEHUI BOKPYT ILJIOXO OBTEKAEMBIX TEJI
B PAMKAX TEOPUU CBOEO/JHOI'O B3AUMOJIEMCTBUA
M.A. JlymiHnkoB
HNucturyt mexanuku MI'Y,
1, Muuypunckuii ip-1, 119899 Mocksa, Poccus

Hccnenyercs nmepexoa OT aCUMITOTHYECKOH CTPYKTYPBI OTPBIBHOTO
TEYeHHsl 3aTYIUICHHOTO Teja, K CTPYKTYpe TE€UEHHUsI OKOJIO TOHKOTO MpO-
¢uns B paMKax TEOPHUH CBOOOIHOTO B3aWMOJEHCTBHA. Takoil mepexon
MOXKHO TOJIyYHTh, PacCMaTpHUBas TeUEHHE BOKPYT DJUTHUNTHYECKOTO LH-
JMHAPA ¥ YMEHbIIas €r0 yUIMHEHUE IO 3HAYCHUS Y TOHKOW TUTACTHHKH.

[poBeneHo yucneHHOE MOAETMPOBAaHUE 3TOTO Tepexoaa. Pemnraercs
3ajada 00TEeKaHUs PElIeTKH Teld u3MeHseMoro ymmHenus. [Ipu sTom 3a-
BHCUMOCTh YJJIMHCHHs OT uucia PeliHoisbaca mojoOpaHa Tak, 4TO TIO-
CTaBJIeHHas 3ajaya CBelleHa K THITy 337a4 0 CBOOOTHOM B3aWMOJICHCTBHH
B KOMIIEHCAIIMOHHOM pexkume. [locneqHee o3Havaer, 4YTO TpagveHT JaB-
JICHUsI OTpEJeNseTcsl U3 YCIOBUS MOCTOSHCTBA PAacXo/1a )KUAKOCTH Yepes
pa3nMYHbIE CEYCHHUS PEHIETKH BIOJb MOTOKa. [Ipy yBennyeHuu miara pe-
HIETKA BO3HUKAET PEKUM, B KOTOPOM CMBIKAHHE OTPHIBHOM 30HBI TIPOMC-
XOAHT B JIOKAJBbHO-HEBI3KON 00AacTH MPHUCOEIMHEHUs] TOTOKA, BHYTPH
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KOTOpOH cIpaBe[JIMB HMHTerpan bepHylH; ee MOJ0oKeHHE MOJIHOCTHIO
ompenensieTcs ycIOBUEM COXpaHEeHHsI KOJMYEeCTBA IBHKCHUS Ha pa3phIBeE.

[pemyaraercs: aHaIM3 MOJyYSHHBIX PEIICHUH M 00JIACTH U3MEHEHUS
napamMeTpoB 3aJadyd, B KOTOPOH CYIIECTBYET CXOIAIIEECs pelIeHHEe CO
CTallMOHAPHBIMU KPACBBIMU YCIIOBUSMH.

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 ONITUMAJIbHOM ®OPMbI
JAmurpuii B. Makijiakos
HWU marematuku u mexannku um. H.I'. YeboTapera
Kazanckoro rocynapcTBEHHOTO YHUBEPCUTETA
Yuusepcuterckas, 17, 420008 Kazaub, Poccus

B paboTax [1]-[4] peuieHa cepus 3aaa4 00 ONMpPEICICHUN ONTHMAITh-
HbIX TUAPOAWHAMUYCCKUX q)OpM B TCUCHHUAX CO CBO6OZ[HLIMI/I rpaHuliaMu.
OHTI/IMI/I?:aHI/ISI OCHOBaHa Ha HCTPUBUAJIBHOM HNPHUMCEHCHHHU HCEPABCHCTBA
ﬁeHCGHa K IOJIy4YCHHBIM q)yHKHI/IOHaIIaM C HeJIMHEWHBIMU OTpaHUYCHHUAMMU.
B pa6oTe [1] pemrena 3anada o aediekrope onTUMaIbHON (DOPMBI, OTKJIIO-
HAOIIEM CBOOOIHYIO cTpyro. B pabote [2] uccnenyercs 3amaue o dopme
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OTNITUMAJIBHOTO MapalTa npu 00Tekanuu 1o cxeme Kupxrodga. B padore
[3] 3amaua 00 onTHMaJIBHOM Mapaiitore 0000IIeHa Ha CiTyyall 00TeKaHuUs
o cxeme JKykoBckoro — Pomko —Onmiepa. B crarwse [4] Haiinena gopma
ONTUMAJILHON TJIMCCUPYIOLIEH miacTUHbL. J[Ji1 Bcex BhIlIE€yKa3aHHBIX 3a-
724 TIOCTPOCHBI TOYHBIC aHAJUTHYECKHe perieHus. CucTeMaTnieckoe u3-
JIO)KEHUE PE3YIIFTaTOB MOYKHO HalTH B MOHOTpaduu [5].

B nannoii cratbe 00oO0IIaeTcs 3aaaua, pemennas B [1]. Teneps ne-
(IIEKTOp OTKIIOHSET CTPYIO, HCTEKAIOUIYI0 M3 MOJTyOECKOHEYHOTO KaHalla
KOHEYHOM IUPHUHBIL. Y CTPOMCTBA JIJIsi OTKJIOHEHUS CTPYH — JMeIeKTOphI —
HNPUMEHSIOTCS BO MHOTHX O0JIACTAX TEXHHKH. B 4acTHOCTH, peBepCHBHOE
YCTPOWCTBO KOBIIOBOTO THIIA ISl TYPOO—PEaKTUBHBIX JBUTATEICH MOXKET
paccMaTpuBaThCs Kak JeQIICKTOP, OTKIOHAIONIUA DPEBEPCUBHYIO CTPYIO
JUIsl co3/laHusl 0OpaTHOH TATH, HEOOXOAMMOM AJIST TOPMOIKEHHSI caMoJIeTa.
OCHOBHOW BEJNWYHMHOM, ompeaenstonieit 3pheKTUBHOCTh padOThI Ae(IieK-
TOpa, SIBJIAETCS Yroj OTKIOHEeHUs cTpyu. Llenbio uccnenoBanmii, MpoBOAH-
MBIX B JaHHOW paboTe, sIBIsiETCs omperneneHue aediaekTopa Hawmydlien
¢dopMBbl, KOTOpas 00ecreuynuT OTKIOHEHHE CTPYH Ha MaKCUMAaJbHBIH yroi
NpH 331aHHOH IMHE AyTy AedeKTopa, TMb0, 9TO paBHO3HAYHO, OTKIJIOHE-
HUE CTPYH Ha 3alaHHBIN yIroJ IpU MUHUMAJIBHOM JuIMHE Ayry. losoxxenue
nedrekTopa Mo OTHOIICHHIO K Cpe3y KaHaia OIpeaelisieTcs B X0/e pelie-
Hus 3a1a4u. [Ipu 3ToM K03 QUIMEHT CKaTUSI CTPYH CYMTACTCS 3aIaHHBIM.
IToxa3aHo, 4TO pelIEHUE JAHHOM CYILIECTBEHHO HEIMHENHOW 3a1a41 MOKET
OBITh MPE/ICTABICHO KAaK CYNEpPIO3MIMs PEIICHUH IBYX HEIMHEWHBIX 3a-
nad: o aedieKkTope oNTUMaibHOM (hOPMBI B CBOOOIHOM CcTpye U O Jediek-
TOpe ONTUMAIBLHON (popMbI BHYTpH OeckoHedHoro kaHana. [loctpoeHa ce-
pHsL ONTUMANBHBIX Ae()JICKTOPOB /ISl Pa3IMUHBIX YIJIOB OTKIOHEHHUS U KO-
a¢puimenToB cxarus. J(okazaHo, YUTO HaWJIEHHBIC PEUICHHUS PEATU3YIOT
TI00aNBHBIA AKCTPEMYM.

PaboTa nonyunna ¢unancoByro nojuepxky PODU (mpoekt N 02—
01-00836).
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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.

IMY3bIPBbKU U KABEPHbI,
KAK CPEACTBA AJIs1 CHUKEHUSA CONMPOTUBJIEHUSA
Jleonnn . Magnbues, bopuc I'. HoBukos
Wneruryt termoduzuku CO PAH
1, np. Akagemuka JlaBpentbeBa, 630090 HoBocubupck, Poccus

OnHOW U3 MEepCNEeKTUBHBIX BO3MOKHOCTEN MPAKTUYECKOIO HCIOJIb-
30BaHUS KaBUTAIIMOHHBIX TEUEHWH ISl YMEHbIIEHHS CONPOTHUBIIEHUS CY-
JIOB SIBJSIETCS O0pa30BaHUE CPAaBHUTEIHLHO TOHKOW Ta30BOW IMPOCIIONKU
(kaBepHBI) MO/ JTHUIIIEM Oapk U TaHKePOB. J[Jist ITOro HEe0OX0IUMO, YTOOBI
¢opMa IHUINA CyJIHA COOTBETCTBOBAIA (DOpME CBOOOIHON MOBEPXHOCTH
paszaena (MOBEPXHOCTH MOCTOSIHHOTO naBieHus1). Mcnonbp3oBaHue B Kade-
CTBE KaBUTaTOpa KIMHA (MHTEpLENTOpa) MalonpoayKTuBHO. [Ipu Manbix
yucnax ®Ppyna mpenenbHas AJUMHA KaBEpHH! 3a KJIMHOM MHOTO MEHbIIE
JuiHBL cyaHa. Co3fjaHne HECKOJBbKUX KaBEepH M0 JUIMHE CyAHa 3HAYUTEIhb-
HO yMeHbIIaeT 3QQeKTUBHOCTL MeToga. PaccMoTpeHa BO3MOKHOCTH BBI-
O0opa (opMbI KaBUTaTOpa, 0OCSCIICYMBAIOIIECTO CO3/IaHUE HA IUIOCKOM Iia-
CTHUHE CPABHUTEJIBHO TOHKOW Ia30BOM NPOCIONKYU NMPAKTUYECKU HEOTPAHU-
YEHHOU NPOTSIKEHHOCTH.

AnbTepHaTHBON KaBHUTAIMM SBJSIETCS HACBIIEHHE IOTPaHUYHOTO
CJI0s1 Ty3bIpbKaMU. BBIIBIEHO HECKOJBKO BO3MOXKHBIX CYIIECTBEHHO pas-
JIMYAIOLIUXCSl MEXaHU3MOB BO3JIEUCTBUS IEJIEHbI MYy3bIPbKOB Ha XapakTe-
PHUCTHKH MOTpaHUYHOTO ciiosl. [Ipu 1ocTaTouHo OONBLION CKOPOCTH MOjAa-
YU B TMOTPAHUYHBINA CJIOM BO3/yXa 3a MOPUCTOH BCTABKOW BO3MOXKHO (Op-
MUpOBaHKe 3acTOWHON 00macTi. OIHAKO ee JIMHA CPaBHUTEILHO HEBENH-
ka. [Ipu manoif 1 ymMepeHHO# CKOpPOCTH MOja4yM ra3a B Oe3rpaJMeHTHBIN
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MOTPaHUYHBIN CIIOHM OTPEAENAIONIYI0 POJb UTPaeT KOHIEHTPAIHs My3bIphb-
KOB B MPHUCTEHHOM Clloe y' = § -u" /v < 200 . OnHako, NPUCTEHHBII

CJIOM MPOJOJIBHBIX BUXPEH CTPEMHUTCS OTTECHUTb OT CMOYEHHOW IOBEPX-
HOCTH IIEJIEHY ITy3bIPbKOB. [103TOMY IpH HyJIE€BOM U MOJIOKHUTEIBHOM I'pa-
JIUEHTE JaBJICHUS INPOTSKEHHOCTb HACBILEHHOTO ITy3BIPbKAMH  CJOS

y" < 200 Becerma orpanHuueHa.

Ipencrapnsercs Gonee >hHEKTUBHBIM YyIpaBICHUE XapaKTEPUCTH-
KaMM HaCBIIIEHHOTO IMy3bIpbKaMU MOTPAaHUYHOTO CJIOSI ¢ TTOMOIIBIO CO3/1a-
HUSl HY’KHOTO TpajJiieHTa JaBJIeHUs BJOJb CMOYEHHOU moBepxHocTH. Ilox
BO3/ICHCTBIEM OTPHUIIATENILHOTO TPaJUeHTa AaBICHHUS My3bIPbKH OOTOHSIOT
oKpysKatomue ciou xunkoctu. Cuibl JKykoBckoro, Bo3AeiCTByIOIIME HA
JBIDKYIIMECS B CABUTOBOM CIJIO€ Iy3BIPBKH, MPIKUMAIOT MX K CMOYEHHOU
[IOBEPXHOCTH, YBEIMYMBAs HA HEl rpaaueHT ckopoctu. Ilon Bo3aeiicTBreM
MOJIO’KUTENIFHOTO TPaJiMeHTa JaBJIeHHUS IMy3bIPbKH JBHXKYTCS MPOTHB Teye-
Hus, moj Bo3aeiicTBueM cuiibl JKYKOBCKOTO BBITECHSIIOTCS M3  CJOA

¥ <200 ¥ ymeHbLIAIOT IPajMeHT CKOPOCTH BO BCEH TomEe Typoy-

JICHTHOTO TOTPAHUYHOTO CJIOSA. 37IeCh MBI CTaJIKHUBaeMCs C 3a1adeil ompe-
JesieHust JOPMBI TeJa ¢ 33JJaHHBIM PacTpee/iCHHEM JIaBJICHUs Ha OOJIbIICH
YacTH JJIMHBI ICKOMOT'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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NPUBJMKEHHBIA METO/I IPOEKTHPOBAHMUSI
Ir'MaIPOAUHAMUYECKOI'O TIPO®UJIS
BbBJIN3U DKPAHA IO/l YI'JIOM ATAKHA

Penat ®. MapaaHos
HWU marematuku u mexannku um. H.I'. YeboTapera
Kazanckoro rocyaapcTBeHHOIO yHUBEpCHUTETa
17 yn. Yausepcurerckas, 420008 Kazans, Tarapctan, Poccus

Kak u3BecTHO, MpW pemIeHWH 3aaud MPOEKTUPOBAHUS MPOduIs
KpbUla dKpaHOIUIaHA Jak€ B paMKax MOJEIH WACAIbHON HEC)KUMaeMOil
xuakoctu (MHX) Berpeuaercs psin MareMaTnieckux TPYJHOCTEH, OCHOB-
Hasi U3 KOTOPBIX — ABYCBSI3BHOCTh 00JiacTh TeueHus. Pelenue 3Toit 3agaun,
onuparolieecss Ha KIaCCHUECKHH anmapar 3JUIMNTHYECKUX (YHKUUH, MpH-
BeJzieHO B paboTte [1]. B pabdoTte [2] moj 3kpaHOM BBOJUTCS B PACCMOTPEHUE
($UKTHBHBIN MIocKonapaensHblii motok MHX, 6naromaps yemy oGmnacth
TEYEHHs] CTAHOBHUTCSI OJTHOCBSI3HON, HO (DYHKIMSI KOMIUIEKCHOTO MOTEHIINA-
Jla — KyCOYHO-aHAIUTHYECKOU. [Ipyr HEKOTOPBIX 3HAUECHUSAX MUCXOJHBIX I1a-
pPaMeTpoB B 3TUX METO/aX BO3HUKAIOT TPYIHOCTH IIPH YMCIOBBIX pacyerax,
MO3TOMY LeTIeCO00pa3HBIM OKa3bIBACTCSl HCIOJIb30BaHKE MPHOIMKEHHOTO
Merona [3], KOTOpHIi MO3BOMAET MPOBOIUTH MPOEKTUPOBOUYHBIE PACUETHI C
HEOOJIBIINMHU MalIMHHBIMH 3aTpaTaMd M XOpolued TodHOoCcThlo. OmHaKo
CYILIECTBEHHBIM OTPaHUYEHHEM PUMEHUMOCTH 3TOTO METO/a SIBIISIETCA TO,
YTO CIPOEKTHUPOBAHHBIE MPO(MIN UMEIOT HWKHIOI TTOBEPXHOCTh MPAaKTH-
YeCcKH NapauleIbHYI0 SKpaHy.

B Hacrosieit paboTe 3TOT MeTon 00001IeH Ha cliydail POeKTHPOBa-
HUSL KPBUIOBOTO mpoduis OJIM3M 3KpaHa MOJ YoM arakd. HrokHss mo-
BEPXHOCTh MPOQHIA MONaraercsi IIOCKOW, HAKJIOHEHHOW MOJ 3alaHHBIM
YIJIOM K DKpaHy, a Ha BEpXHEH MOBEPXHOCTH 3aJaeTcsl pacrpeleleHre
CKOpPOCTH Kak (pyHKIHs mapamerpa BO BCIOMOTATelIbHOU mutockocTH. [ly-
TEM BBEJICHHS KaHAJIOB 0TOOpa W BBIAYBA, 33ja4a CBOJUTCS K CMEIIaHHON
oOpaTHO KpaeBoH 3amaye AJsl aHATMTHYECKOW (QYHKIUH B OJHOCBS3HOM
o0JacTH, a UMEHHO, K 3aJjaue MPOCKTUPOBaHUS B HEOTPAHUUYEHHOM MOTOKE
CUMMETPHYHOTO KPBUIOBOTO MpOo(dmisi ¢ KaHaIoM O0TOOpa B OKPECTHOCTH
nepeaHeil KpOMKH U ¢ KaHaJloM BbIAyBa B 3aaHed kpomke npodmis. O6-
JIaCTh TeUEHHs B (PU3NYECKOH MIOCKOCTH CTAHOBUTCS MPHU 3TOM OJTHOCBSI3-
HOH, HO JBYIHMCTHON. IIpOBENEHO YHCICHHO-aHAINTHYECKOE PELICHUE 3TON
3aJaui ¥ NPUBEACHBI MPUMEPHI YUCIOBBIX PACYETOB ISl Pa3IMUHBIX YTIIOB
HaKJIOHA TIPOQUIISI M Pa3INUHBIX OTCTOSHHUIN €T0 3aJHeH KPOMKH OT DKpaHa.
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JlaHo cpaBHEHHUE paclpeielicHHs CKOPOCTH KakK ()yHKIIMU JYTOBOM a0CIuC-
CBbl, MOJYYEHHOTO TPU PEICHUH 3a/1a4H MPUOJIKEHHBIM METOAOM, C pac-
Mpe/ieJIeHUeM CKOPOCTH, TIOJYYeHHBIM TOYHBIM METOJIOM [2], U Ha OCHOBE
3TOTO CZeJIaHbl BHIBOJBI O IPUMEHUMOCTH TP EAJIOKEHHOTO MPHOIMKEHHO-
ro MeToja.

Pabora BeimonHeHa npu ¢puHaHcoBOi noanepxke PODU (mpoekT Ne
02-01-00061) u ponna HUOKP Pecnybnuku Tatapcran.
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THE MOTION OF VISCOUS FLUID CONTAINING
A PERIODIC LATTICE
Sergey I. 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, = Cl.].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].

References
1. MapteiHoB C.M. Bzaumoneiictue gactun B cycnensun /C.M. MapTbi-
HOB. - Ka3anp: U3a-Bo Kasan. matem. 00-Ba, 1998. - 135 c.
2. bepauuenckuii B.JI. BapnannonHsle TpUHIMIB MEXaHUKN CIUIOIIHOMN
cpenst /B. JI. bepauueBckuii. - M.: Hayka. ['n1. pen. ¢us.-mat. ur., 1983. -
448 c.
3. Nunan K.C. Effective viscosity of a periodic suspension/ Nunan K.C.,
Keller J.B.// J.Fluid Mech. - 1984. - Vol.142. - P.269-287.

TEYEHUE BS3KOU )KUJIKOCTHU C NEPUOANYECKOM
PEIIETKOM YACTHI]
Cepreii U. MapTbinoB, Ajiekceil O. CripoMACOB
Mop10BCKHii TOCYAApCTBEHHBII YHUBEPCUTET
68, yn. bomsmeBuctckas, 430000 Capanck, Poccust

PaccmaTpuBaeTcsi cABUTOBOI MOTOK BSI3KOM JKHUIKOCTH ¢ OECKOHEU-
HOW KyOMUYecKoW pemieTkoil cdep, Ha KOTOPYIO HE IEHCTBYIOT BHEUIHHE
cwibl W MOMEHThL. CKOpPOCTh M JaBJICHHWE WIIYTCA B  BHIE:

u, = Cl./.x/., pP= P+ p', rae v; ¥ p’ — BO3MYIICHHUS, 00YCIIOBIICHHBIE

NPHUCYTCTBUEM DPEUIETKH, JIMHEHHAasl M0 X KOMIIOHEHTa CKOPOCTH W TOCTO-
STHHasl COCTABIISIONIAsl JABJICHUS] CUMTAIOTCS M3BeCTHBIMH. [yt ompenene-
HUSI BO3MYILEHHH MoAr(UIMPYETCs METO/], H3J0xkeHHbIH B [1]. Ciocobom,
OTIMCAHHBIM B [2], MOCTPOEHBI CHENUAIbHBIC (YHKIMH, SBIISIOIINACCS IIe-
PHUOIUYECKUMH IO TPEM IMEPEMEHHBIM U YJOBJIETBOPSIONINE ypPaBHEHHIO
Crokca. Ykazan Han0Oosee 001Kl BUJ] BO3MYIIEHHS CKOPOCTH H JaBJICHUS.
Hcxons U3 9TOro mostyyeH BUI YCIOBUS HEC)KUMAEMOCTH ISl JaHHOTO TH-
na noroka. B cucreme Mathematica HanmcaHa mporpaMMa, MO3BOJISIOLIAS
MOJICTAHOBKOW B YCIIOBHS Ha MOBEPXHOCTH c(epbl, IEHTP KOTOPOil Haxo-
IUTCS B Havajie KOOPJAWHAT, HAWTH COOTHOUICHHUSI MEXIY KOMIOHEHTaMHU
TEH30POB, ONMUCHIBAIOIINX BO3MYIIIEHHE MOJISI CKOPOCTHU U JaBiieHus. Mcxo-
ISl U3 9TUX COOTHOIIEHHH, YCTaHOBIIEHA CTPYKTypa AaHHBIX TeH30poB. [lo-
Ka3aHO, YTO B OTCYTCTBHE BHEIIHET0O MOMEHTa YacTHUIIbl HE BpallaroTcs
OTHOCHUTEJIBHO >KUAKOCTH. TeM caMbIM YCTaHOBJICHO Ka4eCTBEHHOE OTIIH-
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4He OT cllydas JBYX THAPOJWHAMUYECKH B3aUMOACUCTBYIOIIUX cdep, KO-
TOpPBIE BPAIAIOTCS OTHOCUTENBHO KHUJIKOCTH B OTCYTCTBHE BHEUIHETO MO-
MeHTa [ 1] ¥ ToATBEpKAEHbI pe3yabTaThl, NOJy4YeHHbIE 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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MATEMATHYECKOE MOJEJIUPOBAHUE BXO/JIA B BOAY
KJIMHA TPU KOHEYHBIX YUCJIAX ®PYJIA
Anexcanap H. Maiidopoaa
KueBckas rocygapcTBeHHas akageMusi BOJHOTO TPaHCIOPTa
yi. ®pynze 9, 04071 Kues, Ykpanna

PaboTa mocesiieHa MareMaTHYECKOMY MOJICIMPOBAHMIO TpoIecca
BXOJia B BOJY TBEPAOTO Tela. 3agadya pacCMaTpUBaeTCs B HECTAIMOHAPHOM
HEJIMHEWHOW NOCTaHOBKE. B oTiinuKe OT M3BECTHBIX MOAXOJO0B MpeJiara-
eTcs Oosiee o01Ias (opMyJIMpOBKa 3aJ1auH, YIUTHIBAIOIIAS

— MPOMW3BOJIGHBIA 3aKOH ABIKEHHS TeNla, B TOM 4Hcie aedopmanm-
OHHO€ JIBMXCHHUC,

— BIHMsHWE OPBI3TOBOW CTPYH M KOHEUHBIE BO3MYILEHHS CBOOOJHOM
MIOBEPXHOCTH KUJIKOCTH;

— HaJIMYWe HAa4YaJbHOTO JABIKEHHUS W (OPMBI CBOOOTHON MOBEPXHO-
CTH KUJKOCTH;

— BECOMOCTb JKHJIKOCTH.

CMouYeHHas TTOBEPXHOCTh Tella U BO3MYIIIEHHAs CBOOOHAs TpaHUIla
KUAKOCTHU TPECTABIAIOTCA BUXPEBBIMU CIIOSIMHU. CKOPOCTH BO3MYIIIEHHO-
ro IBMKCHUSA KUJIKOCTHU OIMUCBIBACTCA MHTETPAJIOM THIIA Ko n CTPOUTCA
CUHTYJIAPHOC MHTCIPAJIbHOC YPABHCHUC JJIA OIMMPEACIICHUA TINIOTHOCTH BUX-
pEBOTO CJI0S CMOYEHHOM MOBEPXHOCTH Tena. JJid onpeneneHus mioTHOCTH
BHUXPEBOI'O CJIOA CBO6OZ[HI)IX rpaHull npeajaracrcd mMaréMarndeckas MoO-
JIeJTb KOPaOeIbHBIX BOJIH.

Yucnennas peanmm3anud MaTeMaTH4eCcKoi MOJACIN BBIIIOJIHACTCA C
HCIIOJI30BAaHUEM METOJ]a JUCKPETHBIX BUXpEl. B nopsake tectupoBaHUs
MOJIETIH PacCMaTPUBACTCS YHCICHHOE MOJIEIMPOBAHUE MTOTPYKEHUS KIMHb-
€B, KaK THUIMAYHBIX 00pa30BaHUil CyJOBBIX KOPIycoB. Pe3ynbrarel pacuéra
CYMMAapHBIX M PAacCOpeleSIEHHbIX Harpy3oK, a TaKXe 3aKOHOB JBHKCHHS
KIIMHBCB 660KOHC‘IHOI71 M KOHEYHOM MaccChl CpaBHUBAIOTCA C M3BCCTHLBIMU
OKCIICPUMECHTAJIbHBIMH JaHHBIMHU.
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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.

I'PAHUYHBIE YCJIOBUS JJ151 YPABHEHUI
HABBE-CTOKCA B IIEPEMEHHbBIX ®YHKIIUA
TOKA - 3ABUXPEHHOCTD
Anexcanap b. Maso
I/IHCTI/ITyT MCXaHHMKU U MAITMHOCTPOCHHUA
Kazanckoro nayunoro nientpa Poccuiickoit akageMun HayK
2/31, yn. Jlobauesckoro, 420111 Kazans, Poccus

[pennoxeno pemieHne MpoOIEMbl OCTAHOBKU TPAHUYHBIX YCIIO-
Buil s ypaBHeHnid HaBbe-CTokca B mepeMeHHBIX (DYHKIMS TOKa-BUXDb
MPH MOJEIMPOBAHNH HECTAIMOHAPHOTO HECHMMETPHYHOTO 00TEKaHHs Tl
JJAMUHApHBIM TOTOKOM HEC)KMMAaeMOM BsI3KOM kunkocTh. llomydensl He
3aBUCSIIKE OT CHocoda MPOCTPAHCTBEHHOW TUCKpPETH3allMH YpaBHEHHH
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YHUBEPCAJIbHBIC COOTHOIICHHUS, OTIPEISIIAIONINE 3HAUCHUS UCKOMBIX (DyHK-
Ui Ha 00TEKAaEMBIX MOBEPXHOCTSX.

3HaueHus (DYHKIMU TOKA HAa KOHTYpaX OIMpPEIEIIeTCsS Yepe3 CUCTEMY
BCIIOMOTATEIIbHBIX TapMOHMYEeCKHX (yHKIMH. CaMu 3TH (YHKIUU SIBIIS-
FOTCSl PELIEHUEM NPOCTHIX OJHOTUIHBIX 3a7a4, ONPEAEISIOTCS TOJIbKO I'€0-
MEeTpHeH pacueTHON 00JIaCTH U TIOPTOMY BBIMUCIISIOTCS OJIUH Pas3.

CdhopmynupoBana 3ajiadya, peIICHUE KOTOPOW JlaeT pachpeielicHHue
3aBUXPEHHOCTH IO 00TeKaeMoMy KOHTYpy. CTaHIapTHBIC MPOLEIYPhI KO-
HEYHO-Pa3HOCTHOM WUJIM KOHEYHOJIEMEHTHOMN TUCKPETU3ALIMU 3TOU 33/1aun
MPUBOJAT K (hOpMYyJIaM TPaHUYHBIX yCIOBUN [lupuxiie Uit BUXPS TOTO Ke
NopsAJKa TOYHOCTH, YTO U IPH allpOKCUMAaILIMA OCHOBHBIX YPaBHEHUM.

[Ipumenenne MaHHBIX MOAXOJ0B K MTOCTAHOBKE TPAHUYHBIX YCIOBUI
MPAKTUUYECKHA HE YBEITUUMBAET BBIYMCIIUTEILHBIE 3aTPAThl, OJHAKO CYIIECT-
BEHHO pACHIUPSET KJIACC 3ajad, KOTOPHIE MOTYT OBbITh PEIICHBI B PamMKax
Mozenu HaBre-CTokca B IepeMEeHHBIX (DYHKIUS TOKA-BUXPb.

KOPPEJISIHUOHHBIE @YHKIUUHU T'NAPOANHAMHNYECKUX
®JIYKTYAIIMIA B AHU3OTPOITHBIX )KUJIKOCTSAX BBIIIE
MHOPOI'A TEPMOKOHBEKLIUN
Hawnius I'. Murpasnos
bamkupckuii rocyjapCTBEHHbIN IEAATOTMYE€CKUIT YHUBEPCUTET
3-A, yn. Okrsa6prckoii PeBommonium, 450000 Yda, Poccust

I'uppoaunamudeckue (QIIyKTyaluu BOJM3H TOYKH OW(ypKamuu ro-
PHU30HTAIBHOTO €J1051 0OBIYHOM XKHIKOCTH, HATPEBAEMOIO CHU3Y, paccMmar-
puBanuch panee B padore I'pamall]. MbI paccmarpuBaeM 3ajady, CBs3aH-
HYIO0 C aHU30TPOIHOM KUJKOCTBIO, JJI1 ONMUCAHUSA KOTOPOM BBOJUTCA €IIU-
HUYHBII BEKTOP N, KOTOPHIH MpeacTaBisieT co00i ycpeqHeHHOe HarpasJie-
HUE JUIMHHBIX OCed OPTaHMYECKHUX MOJIEKYJ, COCTABIIIONINX ATy aHU30-
TPOTIHYIO KHIKOCTh. B m1aHHOW paboTe MBI paccMaTpUBacM IUIAHAPHYHO
OPHUEHTAIIMIO BBIICYIOMSIHYTHIX MOJICKYJ KOT/Ia MOJIEKYJIBI JIeXkKaT B IIJIOC-
KOCTH TapaJUIeJbHON NJaCTUHAM, OTPAHUYMBAIOLIUM CJIOW YKUJIKOCTH M
HMEIOT TPEUMYIIECTBEHHOEe HampapieHue BaoJb ocu OX. TumuaHeiM
MIPEACTABUTENIEM TaKUX S>KUIKOCTEH SIBIAIOTCS KUAKUE KpUCTaUibl. He-
CMOTpPsI Ha pa3HoOOpa3ue KUIKHX KPUCTAJUIOB: HEMAaTHYECKUX, XOJecTe-
PUYECKUX U CMEKTUYECKHUX BCE OHM BO BHEIIHHUX IMOJIIX BHIIIE TOPOTOBBIX
00pa3yroT IMCCUIIATUBHBIX CTPYKTYphL. Bo3pacraromuii nHTEpec K aHu30-
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TPOTHBIM JKHJIKOCTSIM CBS3aH C YCIeXaMH MO OOHapy>KeHHE OTPOMHOTO
pa3HooOpa3usi HoBBIX 3(Q(PEKTOB B *KHUIKUX KpUCTaLIaX. Takol mporpecc B
OoJplIel CTENeHW MPOM30MIET BCICACTBHE MOSBICHUS KU3HECTIOCOOHOMN
MaKpOCKOIIMYECKOH TEOPHUH U HEOOXOIUMOCTBIO pa3paboTOK TEXHUIECKUX
npuOOpoB. 3alyTaHHOE MEXaHWKO-TEIUIOBOE B3aWMOJICHCTBUE MEXIY MO-
TOKaMH, TEMIIEPATYPON U OPUEHTALUEN OCH aHU30TPOIIUU B KUAKUX KpH-
CTaJUlaX TPHUBOJUT K BO3MOXKHOCTH MOSBICHUS 3()dekToB, He HaOOMae-
MBIX B 00BMHOM )unkocTH. Kak pe3ynbraT BO3MOXHBI MOSBICHUS THIPO-
JUHAMWYECKUX HEYCTONUMBOCTH W TpPU HarpeBe >XKHUIKUX KPHUCTAIJIOB
CBEpXY Hapsly ¢ TPaAULUMOHHOM 3a7auel beHapa, koria HarpeB UIIET CHU-
3y. Bonee Toro Bo3MOKHBI KoJieOaTebHbIE KOHBEKTUBHBIC HEYCTOHYHBO-
CTH ¢ 00paTHBIMU OM(QYPKAITUOHHBIMH U THCTEpe3UCHBIME 3 dexTamu. B
paboTe MBI MpeAnonaraeM, 4To KOHBEKIUS 00pa3yeTcs BUIE JBYMEPHBIX
poJuIoB. JIMpEKTOP N, OMUCHIBAIOLIMK AaHU3OTPOIHUIO JKUJIKOCTH B HAIlIEH
npo0JyieMe paccMaTpHBaeTCs KaK IOJHOIpPaBHAS TMEepeMEeHHas Hapsay ¢
JOPYTUMH THAPOJAWHAMHYECKAMH NEepEeMEHHbIMU. BcoMHMM, 4TO BOIM3H
nopora HeCcTaOWILHOCTH THApOAWHaMHKa (B mpuOmmkeHnn becceHecka)
3HAYUTEIHHO YIPOIIAeTCs TMOSBICHUEM MEJJICHHO HM3MEHSIOIENHCs KOM-
TUIEKCHOM aMILTUTYIbI W, Ybe aOCOJIOTHOE 3HadeHHe W (paza OMHCHIBAIOT
WHTCHCUBHOCTh W IMOJIO)KEHUE KOHBEKTHBHBIX POJUIOB. O000IIas mpebl-
NyIIUe MCCeqoBaHMs, clieinanHbie ['paMom B [1] 1iisi OOBIYHBIX MKHJIKO-
CTel, M pa3BMBas €ro WAEH Jaibllle, KaKk HampuMep A 3JIEKTPHUYECKUX
noJield [2], HaMK OBUTO TOJyYEHO MPHONMKEHHOE YpaBHEHHE IBWKEHHS
MEJICHHOW aMIUTHTY bl 00pa3iia HeMaTHYeCKOTo KHUIKoro Kpuctamia. Ho-
BBIM B HalleM aHalu3e ObUIO BKIIOYEHHE B aHHU30TPONHYIO >KUIKOCTD
(ITyKTyallMOHHBIX YJIEHOB, KOTOpPbIE PUBOIAT K MHIETEPMUHUPOBAHHOMY
ypaBHenuto JlamxkeBena. [Ipeanonaraercs, 4to (QIIyKTyalu yAOBJIETBO-
PAIOT MPHHIMITY JeTalbHO paBHOBecHs. CooTBeTcTBEHHO BBOAMTCS O000-
mennblii Tepmoaunamudeckuii [orenman (OTII) nnmm agpyroe Ha3BaHUE —
¢ynkponan Jlsmynosa. OTII sBisercst pyHKIHOHATIOM MeEIJIEHHOH am-
IUTUTYZ Bl W, KOTOpas UTpaeT poJib MapameTpa nopsaka nepexonaa. Jlaercs
JanbHeHmas olleHKa THAPOJUHAMUYECKIX (IyKTyaluil st 0e3rpaHuaHO-
ro B miockoctr XOY ciiost HemaTruka BOIM3U TOYKK beHapa ¢ ucrnoJsin3oBa-
aueM OTII mpu cooTBeTCTBYIOIUX MpUOMIKeHUsAX. [ cTporo aBymep-
HBIX TIOTOKOB (KOTJ1a OTCYTCTBYET 3aBUCHMOCTH OT OJIHOM U3 TOPU30HTAIIb-
HBIX TIEPEMEHHBIX) M JUJI CTAllMOHAPHBIX COCTOSIHUM yAaeTcsl paccuuTarh
KOTEPEHTHbIC UIMHBI BO3MYIIEHUH, CBSI3aHHBIX ¢ (UIyKTyauusiMu, 06e3 Ka-
KHX-TMOO JOMOJHUTENBHBIX YIPOLIeHNn. MBI HCTIONBb30BaIN KBa3WINHEH-
HYIO alpOKCHMAIHIO JIJI OTIMCAaHUsl AMHAMHYECKHX CBOHCTB (ObLIM ompe-
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JieNieHbl KOTePEHTHBIE BPEMEHA) CHUCTEMBl M TPEXMEPHBIX (IIYKTYaIHi.
Bbino mokaszaHo, 4To G0NbIINE W JAOJITOXKUBYIINE (IIyKTyallud KOMIIOHEHT
JTUPEKTOpa, CKOPOCTEH MOTOKa M TeMIepaTyphl MOSBISIIOTCS MpU OMpese-
JICHHBIX 3HAYECHUSIX KPUTHUUYECKOTO BOJHOBOTO YHCNA BOJIM3HM KOHBEKTHB-
HOM HEYCTONYHMBOCTH.
JIutrepartypa

[1] Graham R. 1974, Phys. Rev. Ser.A. - 10, N 5,p.1762.

[2] Murpanos H.I'., 1996, 'mapoannamudeckue (QIyKTyaluy U AHC-
CHIIaTUBHBIE CTPYKTYPHI B HEMaTHUYECKHX XHIKHX KpHUcTalioB Yda. U3-
Bo:YHI[ PAH 133 c1p.

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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YUCJIEHHOE MOAEJIMPOBAHUE BA3KOI'O OTPBIBHOI'O
OBTEKAHUS BPAILAIOII ETI'OCS KPYT'OBOI'O HUJIMH/APA
Hpuna B. Mopenko, Anexcanap b. Mazo
WHctuTyT MexaHuku 1 MamuHocTpoeHnsa KasaHckoro Hay4HOro HeHTpa
Poccuiickoii akageMun Hayk
2/31, yn. Jlobauesckoro, 420111 r. Kazans, Poccus

Jnst onucaHusl JBMKEHUS BSI3KOM HECKUMAEMOMW JKHJIKOCTU BOKPYT
KpPYroBOTO IIJIMHAPA C BPalIaTeIbHON CTENEHbI0 CBOOOIbI UCTIONB3YIOTCS
HecTalnoHapHble ypaBHeHUs1 HaBbe-CTokca B mepeMeHHbIX (YHKIUS TOKa
— BUXph — JaBiieHHe. MeTOJOM KOHEUHBIX 3J€MEHTOB PpPAacCCUMTHIBAETCS
KapTHHA TeYeHUs, KOd(PPHUIMEHTH! COMPOTHUBICHUS U MOJIBEMHOM CHIIBI B
3aBUCUMOCTH OT umciia PeiiHob/ica U CKOPOCTH BpallleHUs] LIWJIMHAPA.

Uucno PeitHomnbica BapbupoBasioch B quanasone ot 70 1o 150, korma
B clieie 3a IMHAPOM GopMUpyeTcsl BUXpeBas nopokka Kapmana, a nBu-
KEHHE KUJKOCTH KOPPEKTHO OIUCHIBAeTCA ABYMEpHOW Mopenbto. Tectu-
pOBaHHE YHUCIEHHOTO aJTOPUTMa TOKa3ajio XOpOIllee coriachue ¢ MMEIOIIH-
MHCS SKCIIEPUMEHTATIBHBIMY 1 PAaCYETHBIMH JJAHHBIMH JIPYTHX aBTOPOB.

HccnenoBanbl pa3nuyuHble peXKUMbl OOTEKaHHUS: HETIOJBHKHBIA 1U-
JUHJp; BpallleHHe C 3a/laHHOM CKOPOCTHIO; B3aUMO/I€HCTBHE TIOTOKA C He-
BECOMBIM M MHEPIMOHHBIM LIUJIMHIPOM, UMEIOIINM BpallaTeIbHYIO CTele-
HBIO CBOOO/IBI.

[onyuensr 3aBucuMocTH urciaa Crpyxais, ko3()HUIMEHTOB COMpo-
TUBJICHUS, aMIUTUTYAbl KacaTelIbHbIX HaNpsKEeHUH, YIJIOBOH CKOpPOCTH
BpalleHus ot uucia PeitHosbaca. [IpoBeneHO 4MCIIEHHOE MOJIEIUPOBaHUE
M0/1aBJICHNS TIEPHOUUECKOTO CPhIBa BUXpEH NPHU BpaIleHNH.

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’ =

2lng

where B is the derivative of the radius at the cavity origin point x=0, ¢ is

+20x +1, (1)

the thickness parameter( for example, for the conical cavitator ¢=) . 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 o 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,x.=15, R,=3.8 R,Cp
— body shape 1
J f ;
6=-0.212 iy i i
05 i
2t i
i
1 0 M LT
‘ 10 0 10 ‘20 30 X
0 5 10 15 %
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, > 10’ For example, with V' =0.5m", U, =100m/s the value

of ReV is 6.1-10’ (v=13- 10_6m2/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
\/— 2
0.073 V1
and for the turbulent one: C s T 3)
Re/7 V 2

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- 104,

V =5.5-10""), eq. (2) gives the drag diminishing of 31% (in compari-
son with the unseparated flow pattern Vh =V)"). For the pure turbulent
boundary-layer (eq. (3)) the advantage is 47%. Eq. (3) yields the estimation
C R 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 ReV =8.5-10° (see [9]). The diminishing Vh /'V 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.

TEPMOSIJIEPHBIV CUHTE3 B CXJIONBIBAIOIUXCSI
KABUTAIMOHHBIX ITAPOBBIX ITY3bIPBKAX
PoGept U. HurmaTtymu
Hucruryr Mexanuku Y pumMckoro HaydHoro nentpa PAH
6, yn. K. Mapkca, 450 000 Ya, Poccus

B Oyxk-Pumxckoit Harmonanero#i (siaepHoit) Jlaboparopuu (TeHne-
cu, CIIIA) no mpemiokeHuro aBTopa JaHHOTO JOKJIaJa ObUTM TPOBEICHBI
3KCIIEPUMEHTHI C YIbTPA3BYKOBON aKyCTUYECKON KaBUTALUEH JEUTEPUPO-
BaHHOTO aleToHa ¢ 00pa3oBaHNeM My3bIPBKOBOTO Kiactepa. YacTtoTa yibT-
pasByka (o = 2nx20 Kri) cooTBeTcTBOBaa aKyCTHYECKOMY pPE30HAaHCY
HWIMHAPUYECKOTO cocyaa (muamerp D = 65 MM) ¢ XKUIKOCTBIO. B MoMeH-
ThI IEPHOAMYECKOTO CKATHSI My3BIPHKOBOTO KiacTepa 3aQKCHPOBAHBI CO-
HOJIFOMUHCCHCHTHBIC BCIBIIIKNW CBC€TAa U U3JTYYCHUC 6I)ICTpI)IX HeﬁTpOHOB
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(2,5 MoB) ¢ unTencuBHOCTHIO ~ (4 — 7) x 10° ¢!, TIpumepHO ¢ Takoii xKe
WHTEHCUBHOCTBHIO 3a(MKCHPOBAHO IPOU3BOJICTBO sIIEp TPUTHA. ITO, IO
MHenuto aBTopoB (R.Nigmatulin, R. Lahey, R. Taleyarkhan, C. West, R.
Block), siBnsieTcst criecTBHEM TEPMOSIEPHOM peakluy CUHTE3a JeHTepril —
JIedTepuif. DKCIIEPUMEHTAIBHBIC JTaHHBIE W WX TCOPETHYECKUU aHalu3,
npoBoAuMBIN rpynmoit u3 Muctutyra mexanukun Y HL| PAH, nocne nmu-
TeNpHOTO 00CcyXaeHus B Oyk-Puke v TIIATEEHOTO pelieH3NpOBaHuUs ObI-
JI1 OMyOJIMKOBaHbBI B xypHase «Science» B mapte 2002 rona. /IBa cotpya-
Huka Oyk-Pumxka (D. Shapira u M. Saltmarsh) kputrkoBanm Haury cucre-
MY M3MEPEHUM IOTOKA HEMTPOHOB U OLEHUBAIM WHTEHCHBHOCTb HEUTPO-
HOB Ha JIBa-TpH nopsiaka meHeineil. HexaBHo xypHan Physics Review (E)
Mociie JUIMTENbHOTO PEleH3UPOBaHMs MPUHAJ Hally BTOPYIO CTaThio C J10-
MOJIHUTENBHBIMH 00Jiee TOYHBIMH HM3MEPEHUSIMH HEHTPOHHOTO TOTOKA C
sHeprueit 2,5 M3B, B KOTOpOH MOJATBEPKAAETCSA HAIll MPEIbITYIINI pe3yib-
tat (~ 4 x 10° ¢"). CTaThst MpoILIa OTKPHITOE PEIEH3NPOBAHNE 25 CrielHa-
muctamu Oyk-Pumxa v 4 3akpbITHIMEU pelieH3eHTaM U JKypHasa.

INocne BBIXOa MEPBOY CTAThH B XKypHaJe «Science» Mbl (B KauecTBe
TUICHAPHBIX WM TPUTJAIICHHBIX JIEKTOPOB) JOKJIaAbIBAIN JIKCIIEPHMEH-
TaJbHbIE W3MEPEHMs, a aBTOp HACTOSILIEro JOKIaja M UX TEOpPETHUECKHUI
aHaJM3 Ha PsJie COBEIIaHMH M KOH(pepeHnui. B 4acTHOCTH, MBI JOKJIA/IbI-
BaJIl Ha TOJAWYHOM ceccu AMEpUKAaHCKOTO siiepHoro obmectBa (Maliamu,
®nopuna, CILIA, 2002), na III MexayHapoJHOM CUMIIO3UYME TIO MPOLeC-
cam mepeHoca B jByx(asueix cpemax (Kembre, [lonema, 2002), Ha 1V
Kondepenuun EBpomex mo HenmueiHbM KosiebanusiM (Mocksa, 2002), Ha
XVI MexyHapoJHOM CHMIIO3MyMe IO HelIMHeiHoM akycTuke (Mockaa,
2002), na 145-i koH(pepeHIIMn AMEPUKaHCKOTO aKyCTHYECKOTO OO0IIecTBa
(HomBun, Tennecu, CILA, 2003), Ha crenuaibHOM COBELIAHUH IO TIEP-
CHEKTHBAM COHOJIIOMHMHECHEHIIMM U COHOTEPMOSTy B ATEHTCTBE IO Tep-
CTIEKTUBHBIM 000poHHBIM mpoekTtaM (DARPA) (ApmunrToH, Bupmkunus,
CHIA, 2003). ABTOp HACTOSIIEro JOKIaa MPEACTABIIST PE3yabTaThl SKC-
MEPUMEHTOB U HX TEOPETUYECKUH aHaJM3 TaKKe B POCCHUICKUX SIEPHBIX
uentpax (Muacturyr um Kypuarosa (2000), Cuexwunck (2000, 2002), dy6-
Ha (2002)) u cemuHapax 1o mexanuke (Chbe3a MO TEOPETUUECKOH W IMPH-
knagHoi mexanuke (Ilepmp, 2001), MacTuTyT Mexanuku MI'Y (2002), Un-
crutyT npobmem mexanukun PAH (2002), bropo Otnenenusi 3HEpreTHKH,
MAaIlTUHOCTPOCHHUS, MEXaHUKH U TrporieccoB ynpasinenus PAH (2003)).

B nanHOM noxnaze m3naraercs cxema 3KCHEpHMEHTa M TeopeTHue-
CKHUIl aHaJIu3 Mpoliecca paclIupeHus (B CTaIuK OTPUIATEIbHOTO aKycTHYe-
CKOTO JIaBJICHHS) M CXJIOTIBIBaHUS (B CTaIHH TOJOXKHUTENHHOTO aKyCTHYe-
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CKOTO JIaBJIeHHS) MapOBOT0 KABUTAIIMOHHOTO IMy3bIPbKa C UCTIOJIL30BAHNEM
ypaBHEHWI Ta30BOM JMHAMUKH, TEIUIO- U MAacCOOMEHA, JHMCCOIMAIMH U
VMOHM3ALIMU C YPAaBHEHUSIMHU COCTOSHUS HUJIKOCTH, Mapa U IUIa3Mbl B IIH-
pOKOM amara3oHe nasiennii p ot 0 1o 10! 6ap u Temmneparyp T ot 10 10
10° K ¥ KMHeTHMKH si/lepHOM peaKiuy CHHTe3a neifTepuii — neifTepwii.
YpaBHEHHE COCTOSHHS CXKATOTO alleTOHA MOJydeHO Ha OCHOBE JKCIEpH-
MEHTaIBHON yAapHOH aguadarsl, noaydeHHoi P. Tpyrunsmm (1992).

AHanu3 mokasal, 9YTO YCJIOBHUS JUIsI TEPMOSIEPHOM peakiyu peau-
3YIOTCS B IIEHTPAIbHOM SAPE CXJIOTBIBAIOIIETOCS IMy3bIpbKa, pagnyc KOTO-
poro 7 ~ 50 — 80 HM. DTa 30Ha oOpa3yercs 3a cueT KyMYyJSIUH YAapHBIX
BOJIH, MHULMHMPOBAHHBIX CXOMSINENCS >KMIKOCThIO. MIHTEHCUBHOCTh WHH-
LIUUPYEMBIX YIapHBIX BOJIH CHJIBHO 3aBHCHUT OT HEIMHEHHOHN CKUMAeMOCTH
JKUJIKOCTH Ha Mexda3Hoi rpanuiie. [Ipu 3ToM XUAKOCTh Ha MeK(Da3HOU
TPaHHUIIE HAXOJHUTCA TIPH BHICOKOM JaBIIeHHH p ~ 10° Gap B TeueHHe Bpe-
MeHn ¢ ~ 107 ¢. 3a 3T0 BpeMst KHIKOCTh COXPAHSET CBOI0 MOJIEKYIIPHYIO
CTPYKTYPY, T.K. JJISl «XOJIOJHOM» TUCCOIMAIIH MOJIEKYJ )KUAKOCTH TPeOy-
etcst Bpemst ¢ ~ 107 ¢. CoxpaHeHHe MOJEKYIIAPHOI CTPYKTYPBI KHIKOCTH B
TE€YeHHE YKa3aHHOTO KOPOTKOTO BPEMEHH, B T€UEHHE KOTOPOTO KMJIKOCTb
(kax MopIIeHb) MHUIUUPYET YAapHYIO BOJHY B mape, 00ecreynBaeT ee oT-
HOCHTENBHO TOBBIIIEHHYIO yIapHYIO KECTKOCTh (MEHBIIYIO CKUMAEMOCTh
M0 CPABHEHUIO C JKUIKOCTBIO C PAaBHOBECHOM aucconumaiueii). B pesyinbra-
Te yJapHas BOJIHA B Mape sIBIIETCS TOpa3ao 0oJiee CUIIbHOM, YeM, eciii Obl
OHa MHUIMHPOBAJIACh PABHOBECHO AUCCOLMHpYIOMIEH (o] EeHCTBUE BBI-
COKOTO JIaBJICHUSI ) )KUIKOCTHIO.

MakcumanbHOe MPOU3BOJICTBO HEWTPOHOB M TPUTHS MPOUCXOIUT B
LEHTPAILHOM 30HEe MHUKPOIY3bIpbKa paguycoMm  ~ 10 — 20 um. Xapakrep-
HbIE 3HAUEHMs TIAPAMETPOB B 3TOI 30HE PABHBI: HOHHAsS Temreparypa I; ~
10° K, muoTHOCTD p*~ 107 r/cm® u naBienue p* ~ 10" 0ap W JIUTCS 3TO
COCTOSIHHE CyIepCKaTHs B TedeHne Bpemenn 1 ~ 107" ¢. 3a 310 cBepxKo-
pPOTKOE BpeMsl 3JIEKTPOHHBIA I'a3 HE YCIIEBAET HAIPEThCsl MOHHBIM T'a30M U
3a0paTh Ha ATO 3HAYUTEIBHYIO DHEPTHIO MOHOB, YTO TO3BOJISIET JAOCTHYBL
YKa3aHHOU BBICOKOI TEMIIEPATYpPbI HOHOB.

Pacdersl MoKa3pIBalOT, YTO B YKa3aHHBIX YCIOBHUIX 00pasyercs npu-
mepro 107 - 10" HeliTpoHOB 3a KoIUIATIC MHKPOMY3bIpbKA. B sKCrepuMeH-
Tax ymaercs obecneunTs okono 10! KOJIIancoB B CeKyHIy CO CBETOBBIMH
BCIIBIIIKAMH, a B KjiacTepe uMeercs okosio 10 — 107 koancupyromux
MHKpOIY3bIpbKOB. [l03TOMY pacdersl cornacyrorcs ¢ U3MEpPEHHbIM IMOTO-
KOM TEpMOSIJIEpPHBIX HEWTPOHOB M HMHTEHCHBHOCTHIO 00Opa3oBaHUs sep
TPUTHSL.
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Pacyerbl moka3bIBarOT 3HAYMTEIBHBIC PECYPChl COXpaHEHUs cdepu-
YECKU-CUMMETPUYHOMN KYMYJISIIIUM MHKPOITY3BIPEKOB, YEM 3TO CIICAYET U3
TPAJAMIIMOHHOTO aHaJIM3a YCTOWYHBOCTH.

B noxmane oOCykmar0TCs MEPCIEKTUBBI MHTCHCH(DUKAIMU SIEPHO-
(PM3UYECKUX MPOIIECCOB B CXJIOMBIBAIONIUXCS ITy3bIPbKax, YTOObI OHU CTa-
JI1 «MUKPOBOJOPOAHBIMU OOMOAMU» WM MCTOYHUKOM OBICTPBIX HEUTPO-
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
HECTAIIMOHAPHOI'O I''IMCCUPOBAHMUMS TEJI
Ivuas B. [apsimes
Ounman GI'YIT HAT'U “MockoBckuii komiuieke [TAT”
17, yn. Paguo, 107005 Mocksa, Poccust

PaccmarpuBaercs mmccupoBaHUE Tela BPALLECHUS 110 KPHUBOJIUHEW-
HOM BO3MYILIEHHOM IIOBEPXHOCTHU XUAKOCTU. MICIONB3yeTCs peneHue mio-
CKOH 33/1a4M O MOTPYKEHUH PACIIUPSIIOIIEroCcs IUINHPA Ye€pe3 KPYrOBYIO
rpaHully >KUAKOCTH NEPEMEHHOro paauyca. [[ns omnpeneneHus IeHUCTBYIO-
IUX HA TEJIO TMAPOJMHAMUYECKUX CHJI NPUMEHSETCS METOJ IJIOCKUX IIO-
MEPEYHBIX CEUCHHUI C YIETOM 0COOCHHOCTEH, OTINYAIONINX TIINCCUPOBAHNE
[0 KPUBOJIMHEMHOW I'pAaHHLE OT INIMCCUPOBAHMSA 10 HEBO3MYIIECHHOW IIO-
BEPXHOCTH BOJIBI.
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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.

ACUMIITOTUYECKHWI 3AKOH PACIIUPEHUSA
OCECUMMETPUYHBIX CTPYH
Anexcanap I'. Iletpos
Wucruryt npobiem mexanukun PAH
101, xopm. 1, np.Bepnanckoro, 119526 Mocksa, Poccus

Jlis ocecMMMETPHUYHOM 3a/1a4i KaBUTAIIMOHHOTO 00TeKaHus JIeBuH-
coH (1946) u I'ypesny M.U. (1947) He3aBUCUMO YCTAaHOBMIIA aCUMIITOTH-
YECKUIM 3aKOH PACUIUPEHUS TPaHMIbI (CTpyH), Ha KOTOPOH CKOPOCTH TO-
CTOSIHHA U paBHA CKOPOCTH Ha OSCKOHEYHOCTH. JICBUHCOH UCXOJMI U3 WH-
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TErpajibHOTO TOKIECTBA JIJIA TAPMOHUYECKOH (DYHKIMH M YCJIOBHUS MOCTO-
STHCTBAa CKOPOCTH Ha CBOOOJHOM rpanuiie. M3-3a 4pe3BbIMaiiHON CII0KHO-
CTH TaKOTO MOJAXOJa CIEAYIONIME YJIeHBI Pa3l0oKEeHHS TaKhUM CIOCOOOM
HaWTH He ynaeTcs. HeT Takke BO3MOXHOCTH BBIYHCIUTH CHITY

conpotusiierus. [logxon e ['ypeBruda mo3BoisieT BEIMUCIUTD CHITY,
JEWCTBYIONIYIO Ha KaBUTATOp, IyT€M MNPUMEHEHHS 3aKOHA KOJIMUECTBa
JBWKEHHS K TOJyOECKOHEYHOMY Ty KOHEUHOTO COTPOTHUBIICHHS, OJTHAKO
TaKke HE MO3BOJSIET HAXOAWTH CICAYIONINE YJIEHBI PA30oKEHHS B aCHM-
NTOTHYECKOM 3aKOHE CTPYH.

B pabote man BbIBOJ MHTErpO-AuddepeHnaIbHoro ypaBHeHus 1o-
nyOeckoHeUHO! cBOOOMHOW TpaHuIbl. HaiiieH ero TOYHBIA HHTErpam M
MOCTPOEHO OJIHO-TIAPaMETPHIECKOE CEMEHCTBO €ro aCHMIITOTHYECKUX Pa3-
JIO’)KEHHH, CYIIECTBEHHO YTOUHSAIOMUX 3aKoH I'ypeBnua-JleBuncona. C mo-
MOIIBIO0 BapHallMOHHOTO MPHHIIMIA MapaMeTp ceMeiicTBa BBIpaKeH depes
CHily, ICHCTBYIOIIYIO Ha KAaBUTATOp. YpaBHEHHE M TOJYUYECHHOE PELICHHUE
HE 3aBUCAT OT (pOpMBI KaBHTaTOpa, U B 3TOM CMBICIE SIBISIIOTCS MaKCH-
MalbHO TOYHBIMH. JlanbHelIine yTOYHEHHs ypaBHEHHs yxe OyayT 3aBu-
ceTh OT POPMBI 0OTEKAEMOTO TeJa.

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 Ifthe 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.

CO3JAHUE MPOI'PAMMHO-UCCJIIEJOBATEJBCKOI'O
KOMIUJIEKCA JJIs1 PEIIEHUA 3ATAY
MATEMATHYECKOI'O MOAEJINPOBAHUA
Anexceii A. Pozenman
Yumckuii 'ocynapcTBeHHbII ABHAITHOHHBIH TeXHUYECKHiT YHUBEPCUTET
12, yn. K.Mapxkca, 450000 Yda, Poccus

OpHa W3 KIIOYEBBIX MPOOJieM COBPEMEHHOH HayKH — TIOBBILICHUE
3¢ PEKTUBHOCTH METOJO0B MaTEeMaTHUECKOTO MOJEINPOBaHuUs, pa3paboTka
CpCACTB ONTUMAJIBHOI'O0 COUCTAHUA aHAIIUTUYCCKUX pCHIeHI/Iﬁ 1 BBIYUCIIHU-
TENBHOTO 3KCIEPUMEHTA.

JIJist 9UCTICHHOTO PeIleHMs 33/1a4 MaTeMaTHYeCKOTO MOJICITUPOBAHHUS
B HACTOSIIEE BPEMs HCIOJIB3YIOTCS CIICAYIOLINE MaTeMAaTUYECKHE MAKEThI:
MathCAD, Mathematica, Maple u HekoTopsie npyrue. OgHaKo, IPU Bcex
HECOMHCHHBIX JOCTOMHCTBAX 3TUX YHUBEPCAJIBHLIX IPOTPAMMHLBIX IIPO-
AYKTOB, CYHICCTBYCT psAd NPpUYXH, ACTAONNX HEBO3MOXHBIM, HeyI[O6HLIM
WM HEONIpaBAaHHBIM MX HUCIIOJIB30BaHUEC IJIA O6eCHe‘IeHI/IH BBIYUCIIUT €J1b-
HOTO dKCIEepUMEHTa: IpobJeMa OLEHKH TOYHOCTH MOJYyYEHHBIX pe3yJibTa-
TOB; pobJsieMa cBOOOTHOTO JIOCTYNa K AaHHBIM M3 CTOPOHHHUX MPOTPamMM;
npo0JieMa UCTIONIL30BaHUs IPOTPaMM, HAMMMCAHHBIX HAa JPYTUX MPOOJIeMHO-
OPUCHTUPOBAHHBIX A3bIKAX.

B paboTe 3arparusaercs nmpobsieMa HHQOPMAIMOHHOTO 00eCIeueHuUs
BBIYMCIIMTEIIBHOTO JKcrepuMeHTa. Hemocratok wiu n30BITOK HHpOpMa-
o1, MNPOMEKYTOUHBIC ISKCIICPUMCEHTBI, MHOXCECTBO CXOIHBLIX ITPOCKTOB
94acTO HE MO3BOJISIET MCCICAOBATENIO OBICTPO M MOJHOLCHHO OICHHTH pe-
3yJbTaThl, MMOJYUYCHHBIC B XOAC YUCICHHOT'O SKCIICPUMCHTA.

Llenbto HacTosimiel pabOTHI SABISIETCS pa3padOTKa MHCTpyMEHTapus,
MO3BOJISIOIIETO CENaTh ATOT MPOLECC MpOIIle, HArMISIIHEE U YA00Hee, pH
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3TOM He TOTEPITh PYHKINOHANLHOCTH U THOKOCTH MPOTrpaMMHOTo obecrie-
YEeHUSI.

TecToBBIM MPUMEPOM, C TIOMOLIBIO KOTOPOTO MPOBOJUIOCH UCTIBITA-
HUE TPOTPAaMMHOTO KOMIUIEKCAa, SBISAJIOCH YUCIEHHOE pEelIeHHE 33aJayu
00TeKaHUs AUTOIIS TOTOKOM BECOMOM JKUAKOCTH.

CymiecTByIolye MakeThl TPOTPAMMHOTO OOeCleueHHus, SIBISISICh 3a-
KPBITBIMH CHCTEMaMH, HE MOTYT 00eCIeYUTh HCCIe0BaTellsl JOCTaTOYHOR
CBO0OO/IOM JCHCTBUH, NIPU 3TOM YacTO HEU3BECTHOW OCTAeTCS TOYHOCTH, C
KOTOpOIl TMOJlydeH pe3ysibTaT, 4TO SBJSIETCS HENpHUEeMJIEMBIM. OTH MpO-
rpaMMHBIE IPOAYKTHI HE AalOT BO3MOYKHOCTH MPOM3BECTH OLICHKY MOTPEII-
HOCTH TIOJyY€HHBIX PEe3yJbTaTOB, MOCKOJBKY METOJbI BHIYUCICHUH OCTa-
IOTCSI CKPBITBIMH OT TIOJIb30BATES.

ANbTEepHATHBHBIM BapUaHTOM SBIISIETCS HCIIOJB30BAHUE AJISL pelie-
HUS 3a]a4 pa3HbIX CpeACTB. B 3ToM ciyyae MBI HE MMeeM OTAEIBHON 3a-
KPBITOW CUCTEMBI, a UCTIOJIB3YEM BBIYHCIUTEIHLHOE CPEICTBO, YA0OHOE NS
peleHnss KOHKPETHOH 3afgaun (s3bIK mporpammupoBanus). OgHako Tpu
3TOM BO3HHKAET MpoOJieMa XpaHeHHs pe3yIbTaToB Pa3IMYHBIX (OPMATOB U
MPOrPaMMHOTO KOJ1a, KOTOPBIM MOPOXKICHBI IaHHBIE.

B nanHoit paboTte ObuIa BRIIBUHYTA WES CO3JaHUS 000JIOYKH, KOTO-
pasi TO3BOJISIET CHATH OTPaHMYCHHUS, HaKJIabIBAEMbIC TEM WM MHBIM MPO-
TrpaMMHBIM TIaKETOM, WU 3TUM TPEJOCTABUTH ONpEJelICHHbIE yO00CTBa IS
HCCIIeIOBaHUM, BO3MOXKHOCTh JJOCTYMA K TPeOyeMbIM HCXOAHBIM JTaHHBIM,
pe3yibTaram, a TakKe K IPOrpaMMHOMY KOI.

OCHOBHOM LIENTBIO CO3/IaHMs TaHHOTO KOMIDIEKCA SIBJSETCS MOBBIIIIE-
HHUE THOKOCTH ¥ 3()p(PEeKTUBHOCTH MPOBEACHUS BHIYUCIUTEIHLHOTO SKCIEPH-
MEHTa HCCIIeJoBaTeNieM, MOBBIIICHHE Ka4eCTBEHHOTO YPOBHS Mpe/IcTaBlie-
HUSI PE3YJIbTAaTOB, a TAKXKE YPOBHI aBTOMaTH3aly pabodvero mporecca uc-
crnenoBareni. Ha ocHoBaHMM aHanm3a OBUIM ONpEACTCHBI W CO3JaHbI OC-
HOBHBIE MO/JIENN HH(POPMAIMOHHBIX TIPOIIECCOB.

HUrak, nonp3oBaTens HMEET BOZMOXKHOCTD pabOTaTh Ha CIIEAYIOIINX
YPOBHSX:

® YpOBEHb TPYII MPOEKTOB;

o MPOEKTHl MOTYT 00BETUHATHCS B TPYIIIIHI [0 KAKOMY-JIH00
KPUTEPHIO. DTO TI03BOJISIECT 00JIETYUTh MIOUCK U YUET CYIISCTBYIOIIMX MPO-
EKTOB.

® YPOBEHb TEKYILEro MPOEKTa;

o KQXJIbII IPOEKT COCTOUT U3 TPEX PA3JEN0B: POrPaMMHBIN
KOJ pemarens, (aiiapl HauanbHbIX JaHHBIX, (aiiibl ¢ MOTy4eHHBIMH JTaH-
HbIMU. [IpoekT MokeT OBITh peanr30BaH Ha JIFOOOM NPOOJIEMHO-
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OpPUEHTUPOBAHHOM $I3BIKE, IPU STOM T0JIb30BaTEIb MOKET BEIOpaTh y100-
HBIN JIJI1 HETO PEJaKTOP, WK MIPOTrPaMMy-000JI04KYy CaMOTro MPOOJIEMHOTO
SA3BIKA.

® [0JIy4YeHUE JAHHBIX;

o €CIM poTpaMMa-peniaTesib Obiia OTKOMIMIMPOBAHA, TO MOJb-
30BaTellb MOKET 3aIyCTHTh €€ ¢ TPeOyeMbIMU HauaIbHBIMH JIaHHBIMHU 1
MOJIYYHUTh PE3yIbTaT.

® 00paboTKa JaHHBIX, BKJIIOYAIOIIAs IPUMEHEHHE Pa3IMYHBIX METO-
J0B (M peaM3yIoNuX X IPOrpamMM) SKCTPAOSILUH, IPOBEPKU HA HaJIU-
YHe PaccoriacoBaHMs C IaHHBIMH, TIOTy4YE€HHBIMHU IPYTUMH CIIOCOOaMU.

o okoH4aHNK paboOTH MPOTPAMMBI-pEIATENS, TOTyYSHHBIE PE3yITb-
TaThl aBTOMATHYECKU CTAHOBSITCS JOCTYIHBIMU JUIsl JAaibHeiend paboThl.
JlaHHbIC MOTYT OBITH MPEACTABICHBI B BUJC TAOJIHIl, PUCYHKOB U Tpadu-
KOB, KOTOpBIE B CBOIO OYepe/lb MOTYT OBITh BHIBEJCHBI Ha JKpaH, B (ailn
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 INEPCIIEKTUB CO3JAHUS CKOPOCTHBIX
TPAHCHOPTHBIX CPEACTB HA OCHOBE OIIBITA
MNPOEKTUPOBAHMUS U DKCIIJIYATALIUU BBICTPOXOIHbIX
CYJ1I0B POCCUHMCKOI'O ®JIOTA
Anexcanap A. Pycenxni
OI'VIT «HIHUU nm. akan. A.H. Kpsiiosay,

44, MockoBsckoe mocce, 196158 Cankr-IlerepOypr, Poccust

B ycnoBusx o0mied TEHIEHIMU TOBBIIICHUS CKOPOCTEH TpaHC-
MOPTHBIX CPENICTB aHATU3UPYIOTCS O0COOEHHOCTH Pa3MYHBIX THAPOAHMHA-
MHUYECKHX KOMIIOHOBOK, OOECTIEUHBAIOIINX CHWKEHHE COTNPOTHUBIICHHUS 32
CYeT NMPUMEHEHHUS NMOABOAHBIX KPbUIbEB, NCKYCCTBEHHON KaBHUTAI[UH, BO3-
OyHIHO# pasrpy3ku. OLEeHHBAIOTCS OTpaHHYCHUS! 00YCIOBIICHHBIE €CTecT-
BEHHOM KaBUTalMEeN M paccMaTpUBAIOTCA MEPCIEKTUBbBI OTKa3a OT KOHTAK-
Ta C BOJHOM MOBEPXHOCTHIO.

AHanu3upyercsi OMbIT UCCIEAOBaHUN MO CO3/JaHUI0 CKOPOCTHBIX
cynoB Poccuiickoro ®nota. Oco6oe BHUMaHUE YICIEHO OTPa0OTKE KPbLIb-
€BBIX CHUCTEM W ABIDKUTENCH HanOoliee KPYMHBIX U OBICTPOXOJHBIX CY/IOB
Ha MOJIBOAHBIX KPBUIbSX.

IIpuBonsTCS pe3ynabTaTbl UCCIECAOBAHUM, HANPABICHHBIX HA CO3-
JlaHue KopaoJiel co CKOPOCTIMU CBbIle 60 y3JIOB, ITyTEM MPUMEHEHUS CY-
MEPKaBUTHPYIONIUX MOJIBOJHBIX KPBUIBEB, CXEM C BO3JYIIHOM pasrpy3koi
Y, B KOHEYHOM CYEeTe, alfnapaToB HCHOJb3YIOUIUX TOJIBKO BO3IYLIHBIE KPbI-
TbsI IBMOKYIIUECS BOJIM3U DKpaHa.

COMPUTER SIMULATION OF SUPERCAVITATION PROCESSES
Viadimir 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 ITHM 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, etc.

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 SCAV, 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 ACAY, 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 MOAEJIUPOBAHUE ITPOLECCOB
CYIHEPKABUTALIUA
Baagumup H. Cemenenko
HanumonansHas akagemust Hayk YKpaussl — MHCTUTYT THAPOMEXAHUKU
8/4., yn. Kensbosa, 03680 Kuep-180, Ykpanna

B rteuenue psnma ner B8 UI'M HAHY pa3spabarbiBaeTcsi KOMILICKC
MpOrpaMM KOMIBIOTEPHOTO MOAETHMPOBAHMUS HECTALMOHAPHBIX CyIEepKaBH-
TaIMOHHBIX TEYEHHU, B KOTOPBIX MCIOJB3yeTCsl anlpOKCUMAallMOHHAs Ma-
TeMaThyeckass MOJellb HEeCTallMOHAPHOW CylepKaBepHbI, OCHOBaHHAs Ha
MIpUHLIUIIE HE3aBHCHMOCTH pacimpeHus Ce4YeHnH KaBepHBI
I'.B.JloreunoBuua [1]. Pa3zpaboTaHHble HAMH MTPOTPAMMBI ITO3BOJITIOT BOC-
MIPOM3BOJUTH HAa dKpaHe KOMIIbIOTEpa HECTAallMOHAapHbIE CylepKaBUTaIH-
OHHBIE MPOLIECCH! CIEAYIOMUX THUIIOB: 3BOJIIOILMS CYNEpKaBEepH MpU H3Me-
HEHWH CKOPOCTH JBWKEHHS M OpPUEHTALlMM MOJeJel; peakius cynepka-
BEpPH Ha BO3MYILEHHUS OKPY’KAIOIIETo JIaBJICHUS B BOJIE; SBOJIOIMSA BEHTH-
JUPYEeMBbIX KaBepH NMpH U3MEHEHHHU IOJJlyBa BO3JAyXa B KaBEpHY; aBTOKO-
ne0aHnsl BEHTWIMPYEMBIX KaBepH, U T.11.

[lporpaMmMbl  UMEOT TPOCTOW B HCHOJB30BaHMKM  Windows-
uHTEpQElic U MO3BOJISIOT MOJIB30BATEIO TPOBOIUTH “KOMITBIOTEPHBIE DKC-
MEPUMEHTHI B peaIbHOM BpeMeHH . OHM MOTYT OBITh MCIOJB30BaHBI TPH
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MPaKTUYECKOM IPOEKTUPOBAHUN BBICOKOCKOPOCTHBIX MOJIBOJHBIX MOJe-
JIeH, IBMKYIIMXCS B PEKMMaxX €CTECTBEHHOM M MCKYCCTBEHHOM CyIlepKa-
BUTAIIMH, a TaKXKe B 00pa3oBaTeNbHBIX LEJsX. B 10KIage KpaTko OMHCAaHbI
BO3MOXHOCTH TIOCJIETHUX BEPCUI TpeX OCHOBHBIX MpPOTpaMM KOMILIEKca,
MIpUBEIEHB IPUMEPHI UX TPUMEHEHHUS.

1. Ilporpamma SCAYV, Version 2.3 mnpenHazHaueHa M1 pacyeTa
(opMBI HECTAIMOHAPHBIX CYNEpPKaBEPH U W3MEHEHHS CKOPOCTH BBICOKO-
CKOPOCTHBIX CYNEPKaBUTHPYIOUIUX MOJENel, NBIKYIIMXCS 10 HHEPIMH
MOJT IPOM3BOJIEHBIM YIJIOM K TOPH30HTY, a Takxke Mpu padoTaromieM IBU-
xuresne. TedeHHe CUMTaeTCs OCECHMMETPUUYHBIM, JIBUKEHUE — MPSIMOJIH-
HeitHbM. [Iporpamma SCAYV no3BosisieT B MHTEPaKTUBHOM PEXHUME “‘desio-
BEK-KOMIBIOTEP” BBIOMpaTh GOPMY U MacCy MOAETH U3 YCIOBHS MPOXOXK-
JICHHS 33JaHHOM JMCTAHIMW W/WIW 33JaHHOW CKOPOCTH MOJICIH B KOHIIC
nuctaHiyd. IlpuBondrcs mpuMepsl pemieHus 3ajad ONTUMM3AlNHU JIBHKe-
HUSL BBICOKOCKOPOCTHBIX CYNEPKABUTHUPYIOUIUX MOJENEeH MpH pa3iIudyHOM
BBIOOPE 11eIeBOM (hYHKIINH.

2. Ilporpamma STAB, Version 2.3 mpenHazHadeHa Jisi KOMIIbIO-
TEPHOTO MOJIEIMPOBAHMS JAMNHAMUKU BBICOKOCKOPOCTHBIX CYHEpKaBUTH-
pyromux moaeneil. [lporpamma BkiIroYaeT MOAyJib pacueTra ruApPOJANHAMHU-
YECKMX CHWJI U MOMEHTOB, JEMCTBYIOIIMX NPU HECTAMOHAPHOM B3aUMO-
JEHCTBUM MOJICNIM CO CTCHKOW KaBEpPHBI, KOTOPBINA UCIOJB3YyeT MH(pOpMa-
LU0 O B3aMMHOM IIOJIOKEHUH U CKOPOCTSIX OTHOCHUTENIBHOTO JIBMKEHUS
MOJIEJIU U IpaHull KaBepHbl. [IporpamMa mo3Bosser uccneaoBarh yCTOWUH-
BOCTh ABW)KEHUS CyNEpKaBUTHPYIOIIMX MoJenel “B LEJIOM™” U PacCUUThI-
BaTh peaIbHYI0 TPAEKTOPHUIO MOJENel MpH 3aJlaHHBIX HadaJbHBIX BO3MY-
menusax. IlpuBeneHHble MpuUMeEpbl KOMITBIOTEPHOTO MOJEIUPOBAHUS Je-
MOHCTPHPYIOT MEXaHH3M CaMOCTaOMIN3allMi BBICOKOCKOPOCTHBIX CYIIep-
KaBUTUPYIOUINX MOJielel MyTeM PUKOIIETHPOBAHUS XBOCTOBOM 4acTH MO-
JIeNT OT CTCHOK KaBEPHBI, KOTOPBI 0OOHApy>KEH HAMH DKCIIEPUMEHTAIILHO
[2].

3. Ilporpamma ACAYV, Version 2.3 npegHazHaueHa JJjisl KOMITbIO-
TEPHOTO MOJIEIMPOBAHMS HECTAI[IOHAPHBIX IMPOIIECCOB YIPABJICHUS BEH-
TWIMPYEMBbIMH KaBEepHaMHU. 3ajaua yIpaBJiIeHUs BEHTWINPYEMOil KaBepHOU
COCTOMT B MOJAJEPKAHUU WM U3MEHEHNH pa3MepOB KaBEPHBI MO 331aHHO-
MY 3aKOHY NpU U3MEHEHWH CKOPOCTH MOJIEIH MyTeM PEeryJHpOBaHUs MOJI-
IyBa ra3a B kKaBepHy. IIporpamma ucnonb3yer pa3inuHble 3aKOHBI YHOCA
ra3a U3 KaBepHbI B 3aBUCUMOCTH OT 3HaYEHMs 4Kcel KaBuTuTauuu u Opy-
71a, a TaKkKe NPU 3aMbIKaHUM KaBepHBI Ha Tenie. [IpuBeaeHsl npuMepsl pac-
YEeTOB, KOTOphIE JTAalOT XapaKTEePHYIO 3aIla3/bIBAIOIIYI0 PEAKINIO0 KaBepHBI
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Ha M3MEHEHHe Pacxoja Trasa, a TaKkkKe MepexojHble KojebaTenbHbie Mpo-
ECChbl, BBI3BAHHBLIC pryFOCTI)IO ra3za B KaBepHe. HpI/IBCILeHI)I HpI/IMepI)I
MOJIETTMPOBAHMS TIPOIIecca MOTEPH YCTOWUYMBOCTH M BO3HHUKHOBEHHS aBTO-
KOJIeOaHi BEHTUIIMPYEMBIX KaBEpH MPHU U30BITOYHOM TMOTYBE.
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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 KABUTALIMOHHBIE TEHEHUS C UCKYCTBEH-
HBIM IOAAYBOM: COITPOTUBJIEHUE U BOITPOCHI EI'O
YMEHBUIEHUA
Baagumup B. Cepepsikos
Wnctutyt ruappomexannkn HanmonansHoit Akanemun Hayk Yikpanssl
yi. XKensoosa 8/4, 03057 Kues, Ykpauna

IlpencraBineHsl pe3yabTaThl UCCIEIOBAHUN CYNEPKAaBUTALMM C UC-
KYCCTBEHHBIM IOJYBOM IPHU BBICOKOCKOPOCTHOM JIBIKEHHH B Boje. Oni-
HUMH W3 OCHOBHBIX SBIISIIOTCSI BOTIPOCHI (JOPMHPOBAHHS M YMCHBILICHHS
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KaBUTALIMOHHOTO COMPOTHBIICHUS W BHIPAOOTKH BO3MOXKHO OoJiee oOImuX
KpuTepueB d(QPEKTUBHOCTH CYINEPKABUTAIMOHHOTO JBIDKeHHUS. OCHOBHOE
BHHMAaHHUE yJICJICHO MPOABIKCHHIO YPOBHS MOHMUMAHHUS POOJIEMBI B LIEJIOM
C Y4eTOM BO3JEHCTBHUSI OCHOBHBIX (u3nueckux 3¢dekros. Hccnenopanue
OCHOBBIBACTCSI HAa MPUMEHEHUH TIPOCTHIX IBPUCTUYCCKHX MOJECICH U 3aBH-
CHMOCTEH, WHTETPAIbHBIX 3aKOHOB COXPAHEHHMS, TMAPOIMHAMUKU TOHKUX
TEJ U IPYTUX MPHUOIIKCHUIT

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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J0-, TPAHC-, CBEPX3BYKOBBIE TEYUEHUSA B BOJE
C PABBUTOM KABUTAILIMEN
Baagumup B. cepeOpsikoB*, Guenter Schnerr**,
* MuctutyT ruapomexanuki HanponansHolt Akagemuu Hayk Ykpanssl
8/4, yn. Kensoosa, 03057 Kues, Ykpanna
**Technical University of Munich
15, Boltzmannstrasse, D-85748 Garching, Germany

Jloksan TOCBAIIEH aHAIM3Y U TIPOJIBIKEHUIO YPOBHS IOHUMAHHMSI COBpE-
MEHHOTO COCTOSTHHSI UICCIIEIOBAHHH B IIEJIOM B IOCTaTOYHO HOBOHM 00JIACTH TU/I-
POMHAMUKH - CBEPXBBICOKUX JIO- U CBEPX3BYKOBBIX CKOPOCTEH JBM)KCHUS B
BOJIC YAJIMHEHHBIX B YACTHOCTH OJIM3KMX K OCECUMMETpHYHBIM Tell. Hanbomee
BaKHBIE TIPOOJIEMBI 31€Ch. C OHOM CTOPOHBI, CBA3aHBI C TPOSIBIIEHUEM OCHOB-
HBIX AP(EKTOB CKUMAEMOCTH BOJIBI KaK CKUMAEMOM JKUIKOCTH TIPH CKOPOCTAX
JIBWKEHHSI CPaBHUMBIX CO CKOPOCTBHIO 3ByKa B Boae ~1500 m/c. D10 Hammme
CKauKOB YIUIOTHEHHS, BOJTHOBOTO CONPOTHBJICHHUS, TPAHC3BYKOBBIX 3(p(eKTOB 1
np. Jpyroii psin paccMarprBaeMbIx TIPOOJIEM CBSI3aH C MPOSIBJICHUEM CBEPXBbI-
COKHX THAPOJAMHAMHUYECKHUX HANPSHKEHUH MPH CBEPXBBICOKUX CKOPOCTSIX, KOTO-
pble MOTYT IPEBOCXOJUTH MPEeNbl MPOYHOCTH HanboJiee NPOYHBIX CTaleld U
COOTBETCTBEHHO HEOOXOAMMOCTBIO Ydera HalpshKeHHO-IehOpMUPOBAHHOTO
COCTOSTHISI JIBIDKYIIMXCS TeJl, BKITFOUast TUAPO-YIpyrue 3heKThl, pe30HaHCHBIE
sBrieHust 1 Ap. OCHOBOW aHaM3a SIBISIIOTCS OJHM M3 HauOoJsiee HASKHBIX U
3(](eKTHUBHBIX METOJIOB 3apeKOMEHIOBaBIINE cedsi MpU PazpabdoTKe TEOpUH
KIIACCHYECKOW CyTNepKaBUTAIIMK B HEC)KUMAEMOW KUIKOCTH. DTO MpUMEHEHHE
MPOCTBIX ABPUCTHUECKAX MOENEH COBMECTHO C HHTETPATBHBIMH 3aKOHAMH
COXpaHEHHMsl, TEOPHH Pa3MEpHOCTEH, TMIPOAMHAMHUKNA TOHKUX TeJl Ha OCHOBE
METO/Ia CPAIIMBAEMBIX ACUMIITOTHYECKUX PA3JIOKEHHUH U IPYTHX MPUOIIKEHUH
NPUMCHACMBIX B KaBUTAllUN.

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; (¢) 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(§), where ( 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
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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 ¢ = ¢ ? of the semicircle C. 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 z({) as the sum

Z(é’) = h[ZO (g“) + 2z, (g“ )], where zy(C) 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.
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OBTEKAHUE IIUTA BECOMOM )KUJKOCTbIO
C OBPA30BAHUEM CBOBOJHOI'O BUXPS
Hatanua M. lllepeixaanna, Anekceii A. Ommapun

Yumcknit ABuanoHHbI TexHudecknii Y HUBEpCUTET
12, yn. Kapna Mapkca, 450000 Yda, Poccus

PaccmarpuBaeTcsi TeueHue H€aIbHOW HEBA3KOM BECOMOM HECKH-
MaeMOM JKUAKOCTH BAOJb MOITyOECKOHEUHOTO LIMTA C U3IOMOM M 00pa3o-
BaHHeM BUXps BOJIM3M m3ioMa. C OJIHOM CTOPOHBI MOTOK OTPpaHWYEH CBO-
00HOH TMOBEPXHOCTHIO. PaccMaTpuBalOTCsl TEUSHHS THMA YyEAHMHEHHOW
BOJIHBI.

Bekrop ckopocTu ¥ oToKa 10 MOJIYJIF0 Ha CBOOOTHOM MOBEPXHOCTH
CBsA3aH ¢ opauHaTo ) ypaBHeHwem bepuymiu. Ha mute Imz=0, rae
z=x+iy — KOMIUJIEKCHasl KOOpJuHaTa TOYKU. [I0TOK KMAKOCTH, B COOTBET-
CTBUM C JOMYUICHUSMH, MOTEHIHAJIEH, HO COJEPKUT TOUEUHBIH BUXPb.
Pemenne Moxer OBITh HaiileHO B BHUJIE AHATUTHYECKHX (YHKIUH KOM-
miekcHoro nepemeHHoro z(C), w({), rae € - napaMerpudeckas repeMeHHasl.
Ob6nacte U3MeHeHUs niepeMeHHoH { — monyKpyr. OyHKIUS W - KOMIUIEKC-
HBIN MOTeHIMAN. [ paHMIIbl MOTOKA — HEMPOHMIIAEMBI, TOTa 00JIACThIO M0~
TOKAa Ha IUIOCKOCTU KOMIUIEKCHOTO INOTEHIHMANA SBJISETCS I0JI0Ca C IPH-
COCAMHEHHOW MOJYMOJIOCOH. DTa MOoJIynojoca ecTh 00pa3 oTpaHMYEHHON
00J1aCTH IOTOKA BOKPYT BUXPSL.

PaccMoTpum 3amady oOTekaHusi BHXpS B MOJYKPYIJIOM KaHaie. B
3TOM Cily4ae 00JIacTh TEUEHHsI COBIAIacT ¢ 00JaCThIO Ha MIIOCKOCTH Mapa-
METPUYECKOTO TiepeMeHHoro, T.e. z=C. [Ipu pemeHunn 3agadu co cBOOO-
HBIM BUXPEM BUXPb JOJDKEH HAXOJMTHCS B PAaBHOBECHH, MO3TOMY CHIA,
JeWCTBYIOIIAs Ha BUXPh JOJDKHA OBITh paBHa Hymo. [locie mposeneHus
npeoOpa3oBaHmii OJIydyaeM ypaBHEHHE, KOTOPOE He UMEET PEIICHUH.

Ipu oOTekaHun BUXPsl B KPYIJIIOM KaHasle 00JacTh TeUEHHS MOTyda-

2
eTCs M3 MOJyKpyra C C MOMOIIBI0 OTOOpaXKeHHS é = é . I3 ycnoBus

paBHOBecHsI CBOOOJHOTO BHXpS MOJIydaeM, YTO 3a/laua UMEET eJUHCTBEH-
HOE PEIIEHUE, T.€. IapaMeTPhl BUXPS MOJHOCTBIO ONPEAEISIIOTCS BHEIIHU-
MM YCIIOBHSIMU.

PaccMmoTpenme 3agaun 0OTeKaHUs] BUXPSl TIOTOKOM HEBECOMOM JKHJI-
KOCTH TIOKa3bIBa€T OTCYTCTBHUE PEIICHHUS CO CBOOOAHBIM BUXPEM.

3anada 0 TE4EHUH BECOMOU >KUAKOCTU PELIAETCsl METOIOM KOJUIOKaA-
nui. YpaBHeHue bepHyIuIn BBINOJHAETCS B IUCKPETHBIX TOUKax. Pemenue
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umercs B Buge  QyHkumu  z(§),  mpeactaBuMoOil  cymMMO#

Z(g) = h[ZO (g) + Z (g )], rae zo(C) - pelleHue aHAOTHYHOW 3ajadn

JUTsl HeBeCOMOM JKUAKOCTH, z1(£) - QyHKIMs, KOTopas HeoOX0oArMa JIJIsl BbI-
nosiHeHus ycioBus bepHymm. s HaxoxkIeHus 3TOH QYHKIUH ObUT MPU-
MEHEH BUIOU3MeHeHHbIH MeTo 1 JleBu-UuButhl [1]. OmubKka BMUCICHUI
ompenensiaack ¢ nmomollslo obobmenHoro npaswia Pynre. Kpome Ttoro,
HEKOTOpbIe TapaMeTpbl TEYeHUS] MOTYT OBITh HaWJEHBI aHAIUTHYECKU.
CoBnafieHne pe3yabTaToOB PEIICHUS] IBYMs METOJIaMH IMO3BOJISIET CHENaTh
BBIBO/] O JIOCTOBEPHOCTH TIOTyYEHHBIX OIIEHOK.

B coobuiennn npuBoasSTCS MOAPOOHBIE pe3yabTaThl YNCICHHBIX HC-
CIIeIOBAaHUH, KOTOPBIE JEMOHCTPHPYIOT 3((}EeKTHBHOCTH pa3paboTaHHBIX
ITOPUTMOB PELICHUS 3a/1a4H.
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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]:
Md_v:F+(q_\_;).d_M’ (1)
dt dt
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Let in the equation (1) ¢ = const . Then

d L —

— MG -9]=F. 2
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, X, x) on the basis of

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

d
ELX = Lx . (3)
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]

L.=M(v-q); L. =F, (4)

where Vv = X .
Generally functions F and M look like

M =M(t,x,%); F=F(,x,x).
As follows from works [2,3], Lagrangian L in a boundary layer A
looks like

t2u

L (tx,%)=S, -x+S, -tx+%SZM X +—;G'j€2 +—;SM -t2x+—;S 08 +

+—IS3u X +1K1 X +lSt2v N +—lau X +lS3m x+
6 6 2 2 6

)

t3u t3v

+—lSm-t2x2 Ao +—1D-x4+iK2-x“+lS 16+
4 6 24 24 6

1 5 1 o 1 o 1 .
+8K1“ X +ZI S, X +§Stu2v N +ZI o, S
In last formula constants before argument ¢, variables
x =x(t), X = X(t) 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 g =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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HNPUMEHEHUE YPABHEHMS SUJIEPA — JIAT'PAHKA
B NIOI'PAHUYHOM CJIOE K UCCJIEJOBAHUIO OCHOBHOTI'O
YPABHEHMSI JIBUKEHMS TEJA IEPEMEHHON MACChHI
Buxtop A. CBsTCKOB
Yeboxkcapckuii uHCTUTYT MITOY
54, yn. Mapxkca, 428000 Yebokcapsi, Poccus

Baenem 0603Hauenyst: M — Macca Tejla B MOMEHT BpEMEHHU £, V - abco-
JTHOTHAsi CKOPOCTh TeTa B MOMEHT BPEMEHH #, ¢ — abCOMIOTHAs CKOPOCTh MpH-

COCITMHSFOLIEHCS (OTICISIOIICHCS) YaCTHIILI B MOMEHT BpEMEHH £, F - TIIaBHbIi
BEKTOp TPHJIOKEHHBIX K TEITy CHJI B MOMEHT BPEMEHH £. YpaBHEHUE ABIDKEHUS
TeJia MepeMEHHON MacChl B 3THX 0003Ha4YEHUSIX uMeet By [ 1]:

7 — dM
MY _F -y
5 Fra=v)—-, ()
Iycts B ypasrennu (1) g = const . Torna
d _
—[ My -9)]=F. 2
dt[ (v -q)] (2)

He napymast o01IHOCTH JalbHEHIINX pacCyKACHUH, MPEAOI0KIM,
YTO TEJIO NEPEMEHHOIN MacChl JABUKETCA NPAMOJIMHEWHO. B 3TOM ciydae
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npuMennmo ypasHenue (1). Beenem marpamxuan L = L(t, X, fC), Ha OcC-

HOBE KOTOPOTO OIHMIIEM JBIDKEHUE Tena. YpaBHeHue Oitnepa-Jlarpamka
MPEJICTaBUM B ClIeAyIONIeH hopme

d
—L.=L_. 3
dt X ( )

W3 ctpykTypshl 3anucu ypaBHeHUs (2) cieqyer, 4To 3TO ypaBHEHHE
umeeT Bu ypaBHeHus (3). [Ipumem coritacHo padote [2]

Li=M(v-9q); L =F, )
re V=X . B obuem ciydae Gpynkimu F u M NpUHUMAIOT BIpaskKe-
ot M =M (t,x,x); F=F(x,X).
Kax cnenyer u3 padot [2,3], narpamkuan L B nmorpaHu4HoM cioe A
UMeeT BUJ:

1 1 1 1
LA(t,x,fc)zSu-xwLSm-tx+—SZu-x2+50'~5c2+—Sz -t2x+ES,2u~tx2+

tu

+lS x+1Kx+S tx+la xx+lS x+
6 6 2 6

3
)
1 2 o 1 1 1
+=38,,,,t°x +—S, i+ —D-x'+—K, =S, 0+
4 6 24 24 6

tu2v

+éK X+ = Szﬂv- 2= S xx+i0'2xx

B nocnenneit q)opMyne KOHCTAHTHI MEPE aPTYMEHTOM £, TIEPEMEH-
mevu X = X(¢), X = X(¢) onpenensiorcss U3 MOCTAHOBKH 3a/1aq¥ U MO-

r'yT OBITh Hal/ICHBI COTIIACHO (hopMmysiam (4, 5).
ABTOpOM HCCJICZIOBAHO JIBa Cily4asi aOCOJIFOTHOW CKOPOCTH TpH-
COCIMHSIIONINXCS YaCTHII; q =const uqg=0

Bo3Mo:xHbBIE TPUITOKEHNS UCCIIEyeMOT0 aBTOPOM ypaBHEHHUs Jif-
nepa — Jlarpamka B MOrpaHUYHOM CJIO€ yKa3aHbl B padortax [1,2]. OnuH u3
Y4acTHBIX ciydaeB (2-4) 9TOro ypaBHEHHS MOXKET OBITh NPUMEHEH B Clie-
nytomiel o6nacTu: ynpaBlieHHE IBHKEHHEM MYCOPOCOOPIIMKOB B OKOJIO-
36eMHOM TMPOCTPAHCTBE.
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3.Svyatskov V.A. One Metod of Calculation for Optimal Shape of a
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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 CYNNEPKABUTHUPYIOUUX ITPOPUIEN
Anexceii I'. TepentneB
YeOokcapcKuii HHCTUTYT
Mockosckoro ['ocynapcrBeHHOro OTKpBITOTO YHUBEpCHUTETA
54, yn. Mapxkca, 428000 Yebokcapsi, Poccus

CynepkaBuTupytomue npoQuin MOTYT OBITh MOCTPOEHBI KakK Mpo-
(U MeXIly HEKOTOPOI KpUBOM HAarHETAIoLIed CTOPOHBI U TpaHHIel Ka-
BepHbl. [lyTem Bapualnuu HarHeTaroUleld CTOPOHBI MOXHO MOJYYHTH HPO-
(UM C TOCTaTOYHO BBICOKMMU XapakTepucTHKaMu. CyTnepKaBUTHPYIOIIUE
npodumm ObUIM Tpeanoxens eme B 40-x rogax npouutoro Beka B.JI. Tlo-
3IOHIHBIM, HECKOJIBKO MO3KE HAa OCHOBE JIMHEHHOM Teopuu CynepKaBUTHU-
pyromuii npoduis 66Ut peuiokern M.IL Tynunbiv (1954), a Takke MHO-
ronapaMerpudeckue npoduau ObUTM paccMOTpeHbl J[>KOHCOHOM U 1.
(1961). Hapsiay c 3KCTpeMallbHBIMU YCJIOBUSMH OTHOCHTENBLHO THIPOJIH-
HAMHYECKHX XapaKTePUCTUK MPO(UIN AOJKHBI YAOBICTBOPSTH AOTOIHH-
TEJILHBIM YCIIOBHSM KOHCTPYKTHBHOTO XapakTepa. B "acTHOCTH, ToMIHMHA
npoduis He JO/DKHA OBITH CIIMIIIKOM TOHKOM, YTOOBI HE OCJIA0MTH MPOYHO-
CTHBIE XapaKTEPUCTUKHU, KOPMOBAs 4acTh NpOUIs JOKHA OBITH cipodu-
JIMPOBaHa TaKUM 0Opa3oM, YTOOBI COXPAHUThH BHICOKHE THIPOIHMHAMUYEC-
CKHE XapaKTepUCTUKU Ha HEKaBUTUPYIOIIUX pexnMax. B mpomecce KOHCT-
PYHpPOBaHHS MOTYT BOSHUKHYTH U IPYTUE YCIOBHS.

Bce TpeboBanus BBINMOJHUTH B paMKax JIMHEHHOH Teopuu He mpe-
CTaBJISIETCSl BO3MOJKHBIM, TIOCKOJIBKY B TIEpe/IHEl KPOMKE pellleHHe MMeeT
0COOCHHOCTh W TpaHHIA KaBEepPHBI MCKaKaeTcsl. MOXHO paccuuTaTth Ipo-
¢uIb B paMKax Teopuu 0OpaTHBIX KpaeBbIX 3a/1a4, OJTHAKO, B ATOM Cllydae
HE SCHO M3 KaKUX COOOpaXCHUI ClIeNyeT 3a/laBaTh paclpesielicHue JaBlie-
HUS Ha HWKHEH CTOPOHE npoduIs.

Hwxe 3amaya o moctpoeHnr npouis CBOJAMUTCSA K 3ajaue 00 yCIIOB-
HOM 3KcTpemyMme. J1Jist 5TOro, BHavaje UCIOIb3yeTcsi 0a30Basi HeNMMHEHHAs
3agada 06 oO0TexkaHuu TacTuHBI 1o cxeme Kupxroda, 3atem pernaercs 3a-
Jlada 0 MaJloM MCKPHBIICHUH TJIACTHHEL. Pemenne 3agaqm HaXouTcs B BU-
Jie TPUTOHOMETPHYECKOTO Psizia, KO3 (GUIMEHTH KOTOPOTO OMPEeISIOTCS
W3 YCJIOBHOTO DKCTpeMyMa JUIsl KadecTBa Mpoduis WM Ui TOAbEMHON
cuibl. PaccunTan psij CynepkaBUTHPYIOMIMX NpOQuIiel ¢ BHICOKUM Kade-
cTBOM. HekoTopble U3 HUX COrNacyloTcs ¢ NpOPHIIMH, MPUMEHIEMbIMU 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, Akosrta, 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 OBTEKAHUE INJIACTUHbI
B ITOJIE CUJI TSIXKECTHU
Anexceii I'. TepentneB, A.C. lemunon
Yeboxkcapckuii uHCTUTYT MITOY
54, yn. Mapxkca, 428000 Yebokcapsi, Poccus

Hccnenyercst kaBUTAIMOHHOE OOTEKaHKUE IJIACTHHBI U KJIMHA B BECO-
MOM KUAKOCTH B MPOU3BOJIBHO OPUCHTUPOBAHHOM IOJI€ CHJT TSXKECTH. 3a-
Jlaya pacCMaTpUBaeTCs B KJIACCUYECKOW MOCTAHOBKE HEIMHENHOW TEOPUU
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KaBUTALIMOHHBIX TEUYECHUI: Ha TBEPJIOM TPAHULIE YAOBJIETBOPSAETCA YCIOBUE
Heiimana, Ha rpaHHIiax KaBepHbI - AUHAMUYECKOE YCJIOBHE MOCTOSTHCTBO
JIaBJICHWH, B KOHIIE KaBEpPHBI MHTETpUpyeMasi 0COOCHHOCTh. B ciyuae Be-
COMOM JKHJIKOCTH TOCJIE/THEE YCIOBHE BBIpAXKAeTCs HEIMHEWHBIM ypaBHe-
HUEM OTHOCHUTEIHHO CKOPOCTH. 3ajada peniaercs B napaMeTpuieckoM BH-
JIe yTeM KOH()OPMHOTO OTOOpaXKeHHs 00JIACTH TCUEHHS HA BHYTPESHHOCTD
noJtykpyra. [Ipon3BoHas KOMIUIEKCHOTO TOTEHIMala B apaMeTpUuecKoi
TUTOCKOCTH OTBICKUBAETCSl aHAIUTHUYECKH, a Jjorapudmuueckas QyHKIHs
KOMIUIEKCHOM CKOPOCTH C Y4YeTOM BCEX OCOOCHHOCTEHW OTBHICKMBAETCS B
BHJIC CTENIEHHOTO PAJa, KO3PPHUIUEHTH KOTOPOTO BBIYUCISIIOTCS METOI0M
utepanui. CXoauMOCTh K03(QQHUIMEHTOB psijia 3aBUCUT OT TOTO, HACKOJIb-
KO IIOJTHO YYTEHbI 0COOEHHOCTH TEUEHHS M yJOBICTBOPEHBI YCIOBUS B OT-
JeNbHBIX TOYKaX. [1010OHBIH MOJX0/1 IIUPOKO MPUMEHSIETCS] B TUAPOIHA-
MHKE.

Hapsiny ¢ kimaccuueckoii mocTaHOBKO# 3a/1a4i O KaBUTAI[MOHHOM 00-
TEeKaHWW paccMaTpuBaeTcsi 00TeKaHHWe HAKJIOHHOHN TUIACTHHEI IO cxeme Psi-
OYIIMHCKOTO C 3aMbIKaHWEM KaBEpHBI Ha TEPIEeHIUKYJSIPHYIO U HaKJIOH-
HYI0 (UKTHBHYIO IUIacTUHY. B KauecTBe mapameTpuyeckol o0iacTu mc-
MOJIL3yeTCs KOJIbI0. Pa3paboTaHkl urepanmoHHbie anropuTMbl. O0Cyxaa-
IOTCSl YHUCJIOBBIE PE3YJIBTaThl, KOTOPBIE aHAJIOTHYHBI pe3ysbTaraMm W3 JH-
HeapuzoBanHol Teopuu (TymuH, Axocra, Eppemos, ["'ananun u ['yceB) nmm
pPacCUHUTaHHBIM IO Pa3HbIM KaBUTAIIMOHHBIM CXeMaM B HEJMHEWHOW mo-
craHoBke (Jleno, TepentneB, Komisip u Tpoenomnbcekas), 0JHAKO €CTh U Cy-
LIECTBEHHBIE PA3JINUKsA B CIydae MOMEPEYHOTO MO CHIT TSHKECTH.

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.

HEYCTAHOBUBHIUECSA TEUEHUSA XKUJIKOCTHU
CO CBOBO/IHBIMU TPAHULIAMU
U IT'PAHUIIAMU PA3JEJIA CPE/L
Haraaba B. Barn3zoBa, Apkanuii B. Ky3nenosn
HWU marematuku u mexannku um. H.I'. YeboTapera
Kazanckoro rocynapcTBeHHOTO YHUBEPCUTETA
17 yn. Yausepcurerckas, 420008 Kazans, Tarapctan, Poccus

Meronamu Teopur c1ab0 BO3MYIIEHHBIX TE€UEHHH HCCIenyeTcs 3a-
Jada CTPYWHOTO OOTEKaHWs KOJEOMIOUIEroCcsl MPEMsSTCTBHS M HUCTCUCHHS
W3-TI0J] IUTa C HEJTMHEHHBIM JTMHAMHUYECKUM YCJIOBHEM Ha CBOOOJIHBIX
IPAHULIAX, & TAKXKE 3a/1a4a O HECTALMOHAPHOM B3aUMOJEHUCTBUU ABYX IIO-
TOKOB >KHJIKOCTEH C pa3HbIMH MTOJIHBIMU JAaBJICHUSAMHU.

INokazaHo, uTO ykazaHHas HEITMHEHHOCTH SIBISIETCS PUYMHON 00pa-
30BaHMsl Pa3pbIBOB CKOPOCTH YKUIKOCTH M OECKOHEYHOJMCTHBIX CIUPab-
HBIX 3aBHTKOB Ha CBOOOJHBIX TPaHUIAX, AHAJOTUYHBIX JBOWHBIM CIIHPAIIb-
HbIM "BuxpsaM" B kaBUTanuOHHOUW cxeme M. Tymmna. Omnpenensercss Mo-
MEHT BO3HUKHOBEHHs, DBOJIOLUS Pa3pblBa U OCTAIBHBIE XAPAKTEPUCTUKU
TEYEHUL.

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 tum 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.

BJIUSTHUE ITOJABUXHOI'O KPEIIJIEHUS ITPOP®UJIA,
JABUKYHIEI'OCS B YCJOBUSIX HEPABHOMEPHOI'O
INOTOKA, HA PACIIPEJAEJIEHUE JABJIEHUS
IO EI'O IOBEPXHOCTHU
Jleonua U. BumneBckuii*, Enena JI. BumHeBckas**
*ITHWUU um. akan. A.H.Kpsuiosa,

44, Mockogrckoe mocce, 196158, C. I[lerepOypr, Poccus
**CBSI, 2, iomans [lodensr, 196158 C. [letepOypr, Poccus

B pabote paccmoTpeHO mocTynaTenbHOE ABIKEHHE NPOGUIs B He-
PaBHOMEPHOM IOTOKE WACANBHOH KHuAKOCTH. [Ipoduie moagBmkHO 3aKkpen-
JIEH TaK, 4TO JOIYCKAlOTCA MaJible YINPYyTUe MJIIOCKO MapajulelbHbIe Mepe-
MelleHns. BbI3BaHHOE TeueHne KHUJIKOCTH MNpearnoJiaraercs MOTEHIHalb-
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HbIM. Ha npoduinie cobmonaercst ycioBue HENPOTEKaHNs, a Ha ero BBIXO-
nsmieit kpomke nocryiar YamisruHa- ) KykoBckoro. OCHOBHOE BHUMaHUE B
paboTe yzaeneHo 3a pe30HaHCHBIM KOJICOaHUSAM MPOQUIIs, HAXOSIIEeMycs B
YCIOBUSX IUPKYISAIAOHHOTO 00TEKAHHSI.

AHaJIUTHYECKH TOKa3aHO, YTO BO3HMKAIOIIME MEPEMEHHBbIC THIPO-
AVUHAMUYCCKUE HArpy3KW Ha ABMKYIIEMCHI B 33[[3HH0171 HEPABHOMCPHOCTHU
npoduie Bcerga OoJble B YCIOBUAX €ro JKECTKOTo KperuieHus. dusnue-
CKH OTOT q)aKT O6’b§ICHHeTCH TEM, YTO IPU «KMATKOM) KPCIUICHUHU KUHETH-
YecKasi SHeprusi HEePAaBHOMEPHOTO NMOTOKA 3aTpayMBaeTCs KaK Ha CO3JaHHe
HEePEMEHHBIX CHJI Ha MpoQuie, Tak U Ha paboTy, CBA3AHHYIO C MPEOJ0JIe-
HUEM €TI0 MHCPIUU IIPpU KOHe6aHI/I$IX B 3apC€30HAHCHOM PEIKHUME, B TO BPpEMA
KaK IpH KECTKOM KPCIUICHUHN YTIOMSHYTasd BBIIIC SHCPIUAd 3aTpavrBacCTCA
TOJIBKO Ha CO3JaHHe BO30yXJIamomux Harpy3ok. C yBelIMYeHHEM IUIOTHO-
CTHU MaTcpuajia HpO(bI/IJ'DI BIIMAHUEC IMOABHXHOCTH Ha BO3HHUKAKOIIME HA HEM
HepeMEHHbIC HArPy3KH Ooci1abdeBaeT. DTO CBS3aHO C TEM, YTO C yBEJIMYCHH-
€M Macchl MPOQHIIA ero MepeMelIeHUs CTAHOBITCS He3HAUUTENbHBIMH, Pa-
00Ta Ha KOTOPBIX CTPEMHTCS K HYIIO.

B pabote mosy4eHbl aCUMOTOTHYECKHE BBIPAKEHHUS ISl OTpeieie-
Hust kodp¢unmenta nasienus (K). [lokazano, uto amrumryna KojieOaHui
K/ na npodune, koynebmromemMcs: B 3ape30HAHCHON 00JIaCTH YacTOT BCJIE/-
CTBHE HECTAIMOHAPHOCTH MOTOKA, BCET/]a MEHBIIIE B CITydae «MSTKOTO» €ro
KperieHust, 4eM y HekoJeOmomierocss npouisi. C yBenM4eHHeM 4acTOThI
TMAPOAVMHAMUYCCKOI0 BO3MYHICHHA 35Ta aMIUIMTyJa YBCIUYUBACTCA 110
KBaJIpaTUYHOMY 3aKOHY U B TpEJelie CTAHOBUTCS PAaBHOW aMIUTUTY[E, CO-
OTBETCTBYIOILIEH KECTKOMY KpEeIUIeHHIO poduiIst Ha MoaBece.

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 @, is the critical sonic velocity value and s is the contour arc
length; values of Mach number M . and Reynolds number Rew; the
value of potential difference ¢ *; the distance ¢ between the profiles in w

plane. Velocity distributions /li (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 5i *(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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OBOBLIEHHUE 3AJJAYH ITOCTPOEHMUSA IBYX3JIEMEHTHOI'O
KPBIJIOBOI'O ITIPO®UJISI HA CJIYYAN YUETA BSIBKOCTH
N CKUMAEMOCTH
IMagea A. BoixoB
HWU marematuku u mexannku um. H.I'. YeboTapera
Kazanckoro rocynapcTBeHHOTO YHUBEPCUTETA
17 yn. Yausepcurerckas, 420008 Kazans, Poccus

Omnmpasice Ha paboty [1], mpoBeaeHO 0000IIEeHNE 3a/]aul TI0CTPOCHHS
JBYX3JIEMEHTHOTO KPBUIOBOTO Mpodmiisi Ha Ciiydail OJHOBPEMEHHOTO ydeTa
BSI3KOCTH M COKHMAEMOCTH TOTOKA. BSI3KOCTh YUMTHIBATIACH TI0 MOJIENH MOTPa-
HUYHOTO CJIOS, @ OKMMAeMOCTh — 10 Mojienu raza YaruibiriHa. B kadectse
MCXOMHBIX JAHHBIX 3a/1aBajMCh PACTpPENCICHNs] MPUBEICHHBIX CKOPOCTEi

),l_ (5),(i =1,2) na nckoMBIX KOHTYpax MOJTyTeN BHITECHEHHS, TTIE S — IyTO-

Bas abcumcca. 3navenns ucen Peiinonsaca R, n Maxa M notoxa na
GECKOHEUHOCTH, PAacXola ¢ MEKIy KOHTYPaMHM M PasHOCTH TOTEHIIHAJIOB
@ *MexTy TouKkaMu pa3BETBICHNA MOTOKA TAK )K€ CYMTAIHCH 3a1aHHBIMEL

HcxonHble pacnpesieneHus /li () BbiGpansl B BuIE, obecnieanBaroneM 6e3-

OTPHIBHBIN XapakTep 00TeKaHMs B paMKaxX MPUHATHIX MaTeMaTHIECKUX MOJIe-
neil. McxonHas 3aa4a CBEIEHA K HAXOXKIEHUIO PA30MKHYTBIX KOHTYPOB IIO-
JyTed BBITECHEHMs, OOTEKaeMbIX HeEBsI3KMM razoMm Yarubiruna. DyHKIwms

TOJILIVH BBITECHEHUSA 5i * (S) HaiaeHa u3 pacuera [IC oxHomapamerpude-

ckum MetogoM Kouunna-Jlotackoro [2]. g onpeneneHus ToUek mepexoaa
namuHapHOTO [IC B TYpOyJeHTHBIIN MCMONB30BaH KPUTEPHIA, MPE/JIOKEHHBIN
P. Ommnepom [3]. O1cTynas BHYTph TpaHUI] TOIYTeN [0 HOpMAaJK Ha TOJIIIH-

HbI BBITECHEHUS 51‘ * (S), noyanM (opMy HCKOMBIX mpodueit. Jns BbI-

MOJTHEHUS YCJIOBUH PaspelIMOCTH 3a/1add MCIOJIB30BaH METOJ CBOOOTHBIX
napameTpoB. [IpyuBeneHbI IpUMEpPHI pacuEeToB.

ABTop Gnarogapur HayaHoro pykoBoauress npod. H.b. MibuHCcKoTO 32
NPEAJIoKEeHHYI0 TeMy. PaboTa BbImoiHEHa Tpu (UHAHCOBOH TMOAJEPIKKE
PODU (mpoekt Ne 02-01-00061) u Ponna HUOKP Pecnybiuku Tatapctas.
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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.

ONNPEAEJIEHUE METOIUYECKHUX U UHCTPYMEHTAJIbHbBIX
HOTPEIIHOCTEMA CTATUCTHUYECKHUX
U CIIETPAJIbHBIX U3MEPEHUI
H.A. 3auko, Bnagumup I1. JKutHukos
Y dumMckuii rocyjapCcTBEHHBIN aBHAIIOHHBIN TEXHUUECKUH YHUBEPCUTET
12, yn. K. Mapxca, 450000 Yda, Poccus

B koHue yxoasmero croieTHs NPHUIUIO OCO3HAHHE TOTO, 4TO
9KCIEPUMEHTAIbHYIO MOTPEIIHOCTh HENb3sl CAeNaTh MO JKEeJTaHWI0 CKOJb
YrOJHO MaJloi, 10O OHa OTHOCHTCS K JIEHCTBUTEIBHOCTH SKCIEPUMEHTa U
JIOJDKHA BXOAUTb B €r0 TEOPHUIO COCTABHOM dacTbro. YeM TOYHEE
HCCTIeIOBATENN XOTAT U3MEPHUTh (PU3HUYECKYIO BEJIMUMHY, TEM TpyIHEe UM
3T0 caenatb. OCOOSHHO BENMKa POJIb MOTPENIHOCTEH MPU CTaTHYECKHX U
CIEKTPAJIbHBIX W3MEPEHUsIX, KOTAa NMpeHeOPEeKeHNEe TOTPEIIHOCTIMHU UITH
WX HEKOPPEKTHBIM y4eT TPHUBOAAT K CEpbe3HBIM OMIMOKaM WM
HEOOXOIMMOCTH TOBTOPHUTH M3MepeHus. B mobom  cimydae, 3To
COIPOBOKAAETCSI OONBUIMMH IKOHOMUYECKHMH 3aTpaTaMu.

Kak npaBuito, kax1plid BAUSIONINM HA MOTPEIIHOCTh CTATUCTHYECKUX
W CHEKTPaJbHBIX M3MepeHHH (aKTOp OIIEHHBAETCS CBOEH 3JIeMEHTapHOH
MOTPEIHOCThI0. Tak, OTHIEIbHO YUYWUTBHIBAIOTCS TIOTPEIIHOCTH H3-32
KBaHTOBAaHHOCTH IO YPOBHIO M JUCKPETHOCTH BO BPEMEHH IOKa3aHWA,
OTpaHNYEHHOCTH 00beMa BBHIOOPKM M AJIMHBI peanu3anuu. s omeHKH
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TOYHOCTH HM3MEPEHHUS CTATHCTHUECKHX M CHEKTPAIBHBIX XapaKTEPUCTHK
3JIeMEHTapHbIE IOTPEUTHOCTH CYMMUPYIOTCS.

AHaJIU3 3TOTO pEIICHUs MPOOJIEMBI MOKAa3al, YTO BBIOPAHHBIC W3
AIIEMEHTapHBIX MOTPEUIHOCTEH anepTyphl KBaHTOBAaHUs IO YPOBHIO, MLIar
JTUCKPETH3AIlK BO BpeMEHH, 00'beM BBIOOPKH U JIJIMHY peasli3ainy Hellb3s
CUUTATh HAWIYYIIUMH, & XapaKTEPUCTUKH PE3YJIbTHPYIOLIEH MOTPEUTHOCTH
JOCTOBEPHBIMU. JTO OOBACHSIETCS TeM, 4YTO Kaxzaas »dIieMEeHTapHas
MOTPEIIHOCTh ~ HAaXOJUTCd CBOMM  METOJIOM, Ha OCHOBE CBOEH
MaTeMaTHYECKOW MOJIENN U HE YYUTHIBACT BIUSHHE OCTAIBHBIX (DaKTOPOB.
VYdecTh HHTETPAJIBHOE BIUSHHE PA3IMYHBIX (PAKTOPOB NMPU CYMMHUPOBAHUH
3JIEMEHTAapPHBIX NMOTPEIIHOCTENH MPAKTUYECKH HE YAeTCsl.

JlaHHOTO  HEJOCTaTKa  JIMIICHBI ~ METOJbl  MMHTAIMOHHOTO
MOJICIUPOBAHUS M JKCIEPUMEHTAIBHOTO OINpEeAeNeHNusT XapaKTepUCTUK
norpemHocted. OIHaKO OHM TPEOYIOT 3HAYUTEILHOTO BPEMEHHU M HAJINYHS
JOPOTOCTOSIIMX ~ 00pa3slloBBIX  cpeAcTB  m3MepeHuid. Kpome Toro,
9KCTIIEPUMEHTAJbHBI METOJl HMMEET OTpaHHYeHHbIe (HYHKIHOHAIbHBIC
BO3MOHOCTH U JIOPOT.

Becpma nepcnekTHBHBIM CUHTAETCS COBMECTHOE WCIOJIb30BaHUE
pacueTHBIX ¥  OJKCIEPUMEHTAIBHBIX METOJOB, a Takke MEeTOA0B
UMUTAMOHHOTO ~ MonenupoBaHus. OjHako, OOBEAMHEHHWE  CTOJb
pa3IMYHBIX 10 CBOEH NPHUPOJE METOJOB BO3MOXHO TOJBKO Ha OCHOBE
a/IeKBaTHOM TEOPHM TOYHOCTH U3MEPEHMH, KOTOpas B HACTOsIIEee Bpems
paspabarbiBacTcs.

Jloknag TOCBSAIIEH OPUTHHAIBHOMY KOMIUIEKCHOMY IMOAXOIY K
OTpENENeHnI0  TMOTPEHIHOCTEH  CTAaTHCTHYECKHMX M CHEKTPaJbHBIX
M3MEpeHHd. DTOT MOJAXOJ[ pacIIUpsieT BO3MOXKHOCTH YKa3aHHBIX BBIIIE
METOJIOB 32 CUET KOMIUIEKCHOTO y4eTa OCHOBHBIX (JaKTOPOB, BIUSIOIINX Ha
TOYHOCTh CTaTUCTUYECKUX M CHEKTPAIBHBIX H3MEPEHHH: TOTPEIIHOCTH
OTCYETOB, AJTOPUTMOB BOCCTAHOBJIEHHS CHTHAJIOB MEXAY OTCHETaMH,
miara JUCKpeTH3aluuH, oObeMa BBHIOOPKM W JJIMHBI peanu3zanuu. Mpes
KOMIUIEKCHOTO TOAXO0Ja 3aKII0YaeTcss B TOM, YTOOBI paccMaTpHhBaTh
MOTPEIIHOCTh  M3MEpPEeHMH Kak eIWHOe W  HeJeIuMoe  IeJoe,
TpaHcOpMUpYIOIIEeCs ¢ WM3MECHEHHEM PEKUMOB HW3MEPEHHI, YCIOBHIA
JKCIUTyaTauuu W Jpyrux ¢axtopoB. OH Xopomo corjacyercs ¢
9KCIIEPUMEHTAJIBHBIM METOJIOM U HIMUTALIMOHHBIM MOJICITUPOBAHUEM.

Peammzanuss paccMOTPEHHBIX aNTOPUTMOB C MOMOIIBIO IH(POBBIX
YCTPOHCTB MPHUBOAWT K TMOSBICHUIO JIOTIOJHUTEIBHBIX TOTPEIIHOCTEH
AITOPUTMOB.  HeToyHOCTh  NaHHBIX  OMpeensercs  MeTOIUYecKOU
MOTPEIIHOCTBI0  OTCYETOB M OBICTPOJEHCTBHEM  YCTPOWCTB  TpH
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BBIMOJIHEHUH PAa3IMYHOTO poja onepanuid. [lorpemHocTi OKpyrieHus U
yCeueHHsT TOPOXKAAIOTCS OTPaHUYEHHON pa3psAHOCTBIO NPEACTABICHHS
gucen B OBM. CrenoBarenbHO, HEOOXOAMMO TPOBOJIUTH aHAIN3
pPEe3yAbTaTOB BBIYUCIEHUN C MOCIEAYIOLEH BblIayell PEKOMEHAALMH 10
no100py He0OXOAMMOTO YUCTA Pa3PsAOB BEIUNCIUTEIBHBIX YCTPOUCTB ISt
oOecrieueHus] HEOOXOAMMOM TOYHOCTH U3MEPECHHI.

Teopernuecknii aHanM3 M HKCHEPUMEHTANBHAS IIPOBEPKA ITHUX
pe3yJbTaToB MOKa3ajid, YTO KOMIUIEKCHBIH MOJAXOJ K OIpEeeleHHIO
MOTPEIIHOCTEH CTaTUCTUYECKUX M CIEKTPAIbHBIX M3MEPEHUH MO3BOJISIET,
NpexJie BCEro, MOJyYHTh HAYYHO OOOCHOBAaHHBIE OLECHKA TOYHOCTH H
JIOCTOBEPHOCTH pe3yJbTaToB u3MepeHuii. Kpome Toro, oH mO3BOJIsIET
CHHTE3MpOBaTh  OBICTPBIE W TOYHBIE  aNrOPUTMBI  HM3MEPEHHUS
CTaTHUCTHYECKHX W CHEKTPAIBHBIX XapaKTEPUCTUK CIyYallHBIX CHUTHAJIOB.
Tak, CHHTE3UpOBaHHBIC aJTOPUTMBI MTO3BOJIAIOT MPH TOU K€ IIUTENTHLHOCTH
peaM3alii  YMEHBIINTh MOTPEIIHOCTh H3MepeHuss B 2-4 paza 10
CPaBHEHHUIO C M3BECTHBIMHU alropuTMamu. W, Ha060poT, MpU HEM3MEHHOU
TOYHOCTH HM3MEPEHHH BO CTOJBKO JK€ pa3 MOXHO YMEHBIIUThH
JUTMTENBHOCTh peanu3anud. Hakonern, paspabaTeiBacMasi TeOpUsi TOYHOCTH
MO3BOJISIET MOIYYUTh 3P PEKTHBHBIE METObl YMEHBIICHHS MMOTPELIHOCTEH,
aHalM3a © CHHTE3a COBPEMEHHBIX HH(POPMAIMOHHO-U3MEPHUTEIBHBIX
CHCTEM.

Takum oOpasom, paspabarbiBagMasi TEOPUS TOYHOCTH OTHOCUTCS K
¢dbyHaaMeHTanbHBIM TpoOsieMaM MeTpojornd. OHa OCHOBBIBAaeTCS Ha
OpUTHHAIEHOM KOMIUIEKCHOM IMOJXOAE K OMNpENENCHHUIO TOTPEIIHOCTEH,
MO3BOJISIONIEM BO B3aUMOCBSI3H y4€CTh OCHOBHBIE (DaKTOPBI, BIUSIOIINE HA
TOYHOCTh  U3MepeHMid. KOMIIEKCHBIM  MOAXO0J K  OMPEIEICHHUIO
MOTPEIIHOCTH 00JanaeT OOJIbIIeH JOCTOBEPHOCTHIO 10 CPAaBHEHUIO C
CYIIECTBYIOIIUM TOAXOJOM. B HeM OTCYTCTByeT CyMMHpOBaHHE
3JIEMEHTapHBIX TOTPEIIHOCTEH, KOTOPOE HENb3s BHITOJHUTH KOPPEKTHO C
YYETOM UX KOPPEIUPOBAHHOCTH.
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PREDICTING CAVITATION IN CENTRIFUGAL PUMPS
Zgolli Ridha
Laboratoire LHME, Ecole Nationale d’Ingenieurs de Tunis
ENIT - BP. 37 Le Belvédére -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. [t 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 () 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{C) 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”,

MOUYTHU AHAJIMTUYECKHA METO/I PELLIEHUS 3AJIAY
HECTAIHMOHAPHOI'O 3JIEKTPOXUMHUYECKOI'O
®OPMOOBPA30OBAHUA
B.II. ’Knutnukos, I'.U. ®enoposa, O.P. 3unHaTyuinHa
Y dumMckuii rocyjapCcTBEHHBIN aBHAOHHBIN TEXHUUECKUH YHUBEPCUTET
12, K. Mapkca, 450000 Y da, Poccus

Ha ocnoBe 3akona ®apanes chopMyIMpOBaHbI KpacBbie YCIOBUS 3a-
Jlauu 3JeKTPOXUMHUIecKkoro (opmooOpazoBanms. Ha kaxmaom BpeMeHHOM
mIare 3ajiaya CBOJMTCS K PEIISHHIO IBYX KpaeBbIX 3aj1a4 ISl ONpeleneHHs
AQHATMTUYECKUX (YHKIMHA KOMILUIEKCHOTO MEpEeMEeHHOro: 3amaun Jupuxie
IJIA HaXOKACHHSA HAIPSXKCHHOCTHU JSJICKTPUYCCKOIO IOJIA M 3ala4u Prma-
Ha-FI/UH)6epTa IJiA OonpeACJICHUA YaCTHBIX MPOU3BOJHBIX KOOPAWHAT TOYCK
MeX3JIeKTpogHoro npoctpanctBa (MOII) mo Bpemenu (Tpu cOXpaHEHHH
00pa3oB TOYEK Ha MJIOCKOCTH BCIIOMOTATENbHOTO KOMIUIEKCHOTO Tpepe-
MEHHOTO).

B nanHO#M 00J1aCcTH MIMPOKO KCHOJB3YIOTCS METObI PEIICHHS Kpae-
BBIX 3aJ1a4 TMJIPOJIMHAMHUKH, B YaCTHOCTU, METOJIOB TCOPUHU (HYHKIIMHA KOM-
TUIEKCHOTO TIEPEMEHHOTO.

Obnactu MexanekTpoaHoro npocrtpanctsa (MIII) U KOMITIEKCHOTO
MOTEHIalIa KOHQOPMHO 0TOOPaXKAIOTCsl HAa 00JIACTH MPOCTON KOHpUTrypa-
uun. J{7s paccMOTpEHHBIX B COOOIIEHHH 3a/1au 0oJiee YAOOHBIM SIBISIETCS
O0TOOpaXEHHE Ha MOJIYKPYT. DTO MO3BOJISIET YU4ECTh OCOOCHHOCTH PEIICHUS,
YeM CYIIECTBEHHO YCKOPSETCS CXOAMMOCTh M YBEIMUMBaeTcsi 00JacTh yc-
TouuBOCTU. C ATOM IENBIO PEIICHUE UIETCS B BUIE CYMMBI HECKOJIBKUX
(GYHKIMH, KaXIas U3 KOTOPBIX MOXKET OTOOPaKaThCsl Ha CBOI MOJTYKPYT.

IepBas wacth 3agaun (onpeneneHne HanpsHKEHHOCTH 3JIeKTPHYECKO-
rO TOJIsl) pelraercs ciefyromuMm o0pa3oM. [lo AMCKpeTHBIM 3HAYCHUSM
MHUMOH yactu ¢pyHkimu f(), orodpaxkaromeit momykpyr ¢ Ha MOII, ¢ no-
Moo uHTerpana llBapua ompenensercss AelCTBHTENbHAS 4acTh (yHK-
IIUH.
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YacTHble IPOU3BOIHBIE JEHCTBUTENLHOW M MHUMOW udactu f(C) siB-
Js1t0TCsl Koo upeHTaMu B KpaeBoOM yCIIOBHH 3a1aun Pumana-I mipbepra
JUTSl ONpeZieNieHUs] YacTHOH npou3BogHOH f{C) Mo BpeMeHH, perieHne KOTo-
POl IoJIydaeTcs: B BUJIE KBaApaTyp.

Jlanee MpoW3BOAMTCS WIAr MO BPEMEHU NpU (PUKCHPOBAHHBIX Y3JIO-
BBIX TOYKaX Ha TOIyOKPYXKHOCTH, THOO (UKCHPYIOTCS MHUMBIE WUJIH JeH-
crButenbHble yact f(£). DTU cmocoObl cABHUra MO3BOJLSIIOT M30ekaTh 3¢-
(dexTa caMmonepecedeHus, MPUBOASIIETO K HEyCTOWYMBOCTH. i BBINOJ-
HEHHUs [Iara UCTOJB3YIOTCS METOABI BBICOKOTO MOPSAJIKA TOYHOCTH pellle-
Hust 3ana4n Koy 711 00OBIKHOBEHHBIX TG depeHIralbHbIX YPaBHEHUH.

B pesynbrare BBHITONHEHHS BPEMEHHOTO IIara IOIy4aroTcs HOBBIC
3HauYeHNs MHEUMOH dacTu f{C) B HOBBIX Y3JIOBBIX TOUKaX M MPOILECC MOBTO-
pseTcs.

Jii KOHTPOJISI TOYHOCTH M JIOCTOBEPHOCTH PEIICHHs HCIOJb30Ba-
ymck nipaBuiio Pynre. Kpome Toro, s TaHHOTO METOZa PEIeHUs CYIIecT-
BYET JOMOJHHUTENBHBIA CIOCO0 OIIGHKH morpemHocTH. KpuBonmHeiHas
¢dopma anekrpoaa-uHcTpymenta (OM) noinkHa COXpaHATHCS BO BPEMEHH,
OJIHaKO, MeHsieTcss KoH(popMHOe oToOpaxenue. [lo oTmmuuio Gopmer DU
MOXXHO TaKXe OLEHUTh MOTPEUIHOCTh pacueTra (Gopmbl oOpabaThiBacMOi
noBepxHocTH. [ToCKONBKY pacCMOTPEHHBIE MPOIECCHl CXOMATCS K CTaIHO-
HapHBIM, B KayecTBE TECTOBBIX IMPHMEPOB paccMarpuBaiach oOpaboTka
DU, 11 KOTOPBIX U3BECTHBI AHAJIMTHYECKUE CTAIIHOHAPHBIE PELICHUSI.

INockonbKy mpearaeMblii METOJ He TpeOyeT pelIeHUs] CHCTEM
ypaBHeHMi (WK TpeOyeT, HO TOJBKO CHCTEM C JICHTOYHOM MaTpuIleil npu
WHTEPIIOJSIIUH CIIJTalHOM 4-TO TIOPSAKA TOYHOCTH), TO BpeMs, 3aTpaveH-
HOE Ha BBINIOJIHEHHE PACYETOB HA KAX[OM LIare NpONOPIHOHAIBHO 712,
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