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Jnenpoeckuii nayuonanvuwiii ynueepcumem umenu Oneca I onuapa

VIAP KPYI'JIOT'O TEJIA O IOBEPXHOCTH UJIEAJIBHOM
HEC)KUMAEMOM ) KUJIKOCTH

B pabore paccmaTpuBaeTcsi 3agaya B ILIOCKOIl MOCTaHOBKe 00 yaape Kpyrjoro Tejla o
TMOBEPXHOCTh H1eATbHOH HeCKMMAaeMoil JKUAKOCTH, He uMeloleill rpaHun. Teqo YyacTUYHO MOTpyxKeHO
B JKHAKOCTb, 2 €ro NOrpysKeHHasi 4acTh MMeeT (pOPMY KPYroBoro cermeHta. B HexkoTopblii MOMeHT
BpeMeHH MNPOUCXOIUT yAap, Nocje 4Yero TeJI0 MITHOBEHHO IOJIy4aeT MOCTyHaTeJbHYH CKOPOCTh U
BPallaTeJbHYI0 CKOPOCTh BOKPYI OCH, MEePHEHIUKY/JISAPHON MJIOCKOCTH, B KOTOPOil paccMaTpuBaeTcs
Tedenne. C momompbi0 KOHGOPMHOro 0TO0pazkeHHs, MepeBOAsNIero 00JacTh IOJYIUIOCKOCTH ¢
BbIPe3aHHBIM CerMEHTOM B MOJYIUIOCKOCTb, [JaHHAasl 3adaya CBOJMUTCS K CMEIIAHHOH 3agaue
Kengpima—CenoBa /sl BepXHeil MOJIYNJIOCKOCTH, pellleHne KOTOpPoil u3BecTHO B KBajapaTtypax. Takum
o0pa3oM, OblIa pellleHa yJapHasi KpaeBasl 33/1a4a €O CMEIIAHHLIMH FPAHUYHBIMH YCJOBHSIMH. BbL1
HalileH KOMIUIEKCHBbIH MOTeHIMAJ SKHAKOCTH B MIHOBeHHe IIOc/]e YAapa, a TaK:Ke MOTEHIHAJ
CKOPOCTH KMJAKOCTH HAa y4YacTKe CONMPHKOCHOBEHHUs TesJa C KUAKOCTbIO. IlonydyeHHBbIe pe3yJibTaThbl
NMPOAHATIM3MPOBAHBI B CJIy4asX BJIHSAHHUS HA KHIKOCTb CO CTOPOHBI TeJIa TOJbKO OAHOWH KOMIOHEHTHI
CKOpPOCTH, JU00 BceX Tpex KOMIOHEHT. Pe3yiabTaThl ObLIM HNPOWJIIOCTPHPOBAHBI ISl Pa3JIMYHBIX
YIVIOB MOrPYKeHHOI0 CerMeHTa U NMPOBeIeHO CPABHEHHE € Pe3yJbTATAMH /15 IUIaBaloIIe NJIaCTHHKH.

© T'oman O.I'., Hukymuna T.M., 2018
50



ISSN 2312 - 2897. Bicuuk J{ninposcekoro yniBepcutery. Cepis: Mexanika. Ne 5. T. 26. 2018. Bu. 22

Iloka3ano, 4To mocje yaapa :KHUAKOCTh MOKET HAYaTh JBHIaThcsl 0e30TPHIBHO, OJAHAKO, MNpH
HEKOTOPBIX 3HAYEHHSIX CKOPOCTH TeJIa MOKeT BO3HUKATH OTPBIB JKUIKOCTH OT NMOBepXHOCcTH Tesa. 06
ITOM CBUJIETEJILCTBYET TOT (PAKT, YTO 3HAYEHHE MOTEHIHAJIAa HA HEKOTOPOii YaCcTH MOBEPXHOCTH TeJia
CTAHOBUTCS MOJI0KNTeJbHbIM. Ha 3TOM y4yacTke Kak pa3 u GyaeT HaX0IUTbCS TOYKA OTPbIBa. B 3TOM
cJIydae MoJIy4eHHbIe PellleHUsl yiKe HeJIb3sl HCIOJIb30BaTh, U CJelyeT pacCMaTPUBATh 3a/1a4y € Y4eTOM
BO3HHKHOBEHHsSI 30HbI OTpPbIBa. B cilyyae BO3JeiicTBHSI CO CTOPOHBI TeJa TOJbKO BEPTHKAIBLHOW
KOMIIOHEHTHI CKOPOCTH MPH YIJIaX cerMeHTa MeHblne 90° OTPHIB KHJAKOCTH OT MOBEPXHOCTH TeJia
BO3HHMKATH He Oy/aeT.

KnwueBble ciaoBa: HeckuMmMaeMas IKHIKOCTb, yhapHas 3amava, 3amada Kennmeimra—Cenosa,
KOH(pOPMHOE 0TOOpaKeHHE, KOMIUICKCHBIH TOTEHIIHAIL.

B poGorti posriasaaeTbes 3aJaua B IUIOCKiH NMOCTAaHOBLI NPO yJaap KPYyIJoro Tijia 06 mOBEPXHIO
ifeasbHOI HeCTHCJIMBOI pifMHM, sika He Mae rpanunb. Tino yacTkoBo 3aHypeHe B piauHy, a iioro
3aHypeHa YacTHHA Ma€ (pOpMYy KPYToBOro cerMeHTa. B neBHuii MoMeHT yacy BindyBaerbces yaap, micis
Yoro TiJI0O MUTTEBO OTPHUMY€ MOCTYHNAJIBHY WIBHUAKICTL i o0epTaibHy WMIBHAKICTH HABKOJIO OCi,
NepHeHANKY/IsIPHOI 10 IUIOIUMHM, B fAKiii po3riasgaerbcs Tewis. 3a J0moMoror0 KoHGOPMHOro
Bifo0paskeHHs, 110 NEePEeBOJUTH 00JIACTh NMIBILIOIIMHU 3 BHPi3aHMM CerMEHTOM Yy HMiBILUIOLIMHY, JaHA
3a/1a4a 3BOAUThCA 10 3Mimanol 3aaa4i Keaaunma-Cenosa 1iisi BepXHbOI NiBIJIOIMHY, PO3B’f130K AKOI B
KBajparypax Bigomo. Takum uunOM, OyJjia po3B’si3aHa yJapHa KpaiioBa 3aja4ya 3i 3MillaHUMH
rpaHMYHNUMH yMoBaMH. Byno 3HaiiieHO KOMIICKCHUN @OTeHNiaJ pilMHM Yy MHUTb, IO CJiAye
0e3mocepeiHbO Micasi yaapy, a TAaKOK NOTeHUiaJ IIBUIKOCTI PiAMHU HAa AiNSAHUI JOTUKY Tina 3
pinnHoo. OTpuMaHi pe3yJbTaTH NPOAHAJI30BAHO Y BUNAJKAX BIUJIMBY HAa piiuHy 3 GoKy Tiiia ado
TiIBKM OJHi€I KOMIIOHEHTH IIBUAKOCTI, a00 BciX TPbOX KOMIOHEHT. Pe3yabTraTtu 0yia0
NMPOLTIOCTPOBAHO /ISl Pi3HUX KYTiB 3aHYPEHOr0 CerMeHTAa i MpoBeJeHO MOPIBHSIHHA 3 pe3yJIbTaTaMH
Jis ni1aBaoydol niactuiku. Ilokaszano, mo miciast ynapy pianHa Moxe no4aTu pyxarucs 6e3BiipuBHO,
OHAK, MPHU JeSIKMX 3HAYEHHSIX MIBUAKOCTI TijIa MO:Ke BUHMKATH BilpMB PiiMHM BiJ moBepxHi Tina.
IIpo ue cBiguuTh TOW (akT, WO 3HAYEHHS MOTEHUiaJy Ha Jeskiii yacTuHi MOBepxHi Tina crae
nopatHum. Ha niil ginaxuni sikpas i Oyae 3HaxoaMTHCS TOYKA BiAPHBY. Y TaKOMYy BHMIIAJKY OTPUMaHI
PO3B’SI3KM B)Ke He MOKYTh OyTH BHMKOPHCTaHi i cJIig po3riisiiaTu 3aaavy 3 ypaxyBaHHSIM yYTBOPEHHS
30HHM BipuBy. Y pa3i BILUIMBY 3 00Ky TijIa TiIbKM BEPTHKAJIbHOI KOMIOHEHTH IIBHIKOCTI MPH KyTax
cerMeHTa MeHiue 90° BiApuB piiMHuU Big mMOBepXHi Tijla BUHUKATHU He Oyje.

KuarouoBi cjoBa: HecTucnmBa piaWHa, ygapHa 3afgada, 3agada Kemauma-CenoBa, koH(pOpMHE
BiZIOOpaKEHHS, KOMIUICKCHUH MOTEHIIIA.

In this article the problem about the impact of a circular body on the surface of an ideal
incompressible fluid that does not have boundaries is considered in a plane statement. The body is
partially submerged in the liquid, and its submerged part has the shape of a circular segment. At some
point in time a shock occurs, after which the body instantaneously receives translational velocity and
rotational velocity about an axis that is perpendicular to the plane of flow. Using a conformal mapping
that maps a half-plane domain with a cut segment into a half-plane, this problem reduces to a mixed
Keldysh-Sedov problem for the upper half-plane, the solution of which is known in quadratures. In this
way, the shock boundary value problem with mixed boundary conditions has been solved. The complex
potential of the liquid flow after the impact has been found, as well as the potential of velocity of the
liquid at the site of contact between the body and the liquid. The results obtained has been analyzed in
cases of influence on the liquid from the body side of only one velocity component, or all three
components. In addition, the results has been illustrated for different angles of the submerged segment
and compared with the results for a floating plate. It is shown that the fluid flow can move around the
body without interruption after the impact. However, at certain values of the velocity of the body,
liquid can detach from the body. This is evidenced by the fact that the value of the potential on some
part of the surface of the body becomes greater than zero. On this site just would be the point of
separation. In this case, the obtained solutions can not already be used and the problem should be
considered taking into account the occurrence of the separation zone. In the case of the impact on the
part of the body only the vertical component of the velocity at segment angles of less than 90 °,
separation of the liquid from the surface of the body will not occur.

Keywords: incompressible fluid, shock problem, Keldysh—-Sedov problem, conformal mapping,
complex potential.
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IloctanoBka 3agaum. B  pabotre paccmaTpuBaeTcss 3afada  yIapHOTO
B3aUMOJICUCTBHS Teja C JKUIAKOCTBIO, B YCIOBHUSX IUIABAHMUS Teja HA IMOBEPXHOCTH
HEOTPAHUYCHHONW HACATbHON HECKUMAEMOM >KUIKOCTH. 3ajada pacCMaTpUBAcTCS B
TUIOCKOH MMOCTaHOBKE, U YacTh TeJia, MOTPYKEHHAS B KUAKOCTh, UIMEET (hOpMy CEKTOpa.
Teno 4acTUYHO TOTPYKEHO B XKHJKOCTh, NIUPHHA TIOTPYKEHHOW YacTH paBHa 2a , yrou
MeXTy TIOBEPXHOCTHIO JKAIKOCTH U KacaTeNbHON K ceKTopy B Toukax A m A; paBeH a
(puc. 1). [lycTh B HEKOTOpBI MOMEHT BPEMEHH IMPOUCXOAWT YAAp, MOCJIE YEro TeJo
MTHOBEHHO TIONy4aeT BEPTHKAIBHYI0 KOMIIOHEHTY CKOpPOCTH V, TOPH30HTAIBHYIO
ckopocTh U 1 BpamaTelbHy0 CKOPOCTh ® BOKPYT OCH, MIEPICHINKYIIIPHON TUIOCKOCTH, B
KOTOPOW paccMaTpuBacTCs TeueHHe. TpeOyeTcsi HAWTH TOJe CKOPOCTEH JKUIKOCTH
HEIIOCPEICTBEHHO I0CIE yaapa.

B paccmarpuBaemMoii 3agade yagoOHO pactoIOXKUTh CUCTEMY KOOPJIUHAT TaK, YTOOBI
JKUAKOCTH HAXOMIMIIACh B BEPXHEH MOMYTITOCKOCTH (puc. 1).

Ay

®

Do A o \ A De .

-d da X

Puc.1. Cxema K mocTaHOBKe 3aJa4u

Pemenue 3amaun. Kak wusBectHo [4; 6], pemienue ymapHO# KpaeBoil 3amadu
OIHCHIBACTCST KOMIUIEKCHBIM TTOTCHIIMATIOM W HITH XapaKTePUCTHICCKON (DYHKIHEH

x=—Ww =y —igp,
IUIL OTIpeJIeNIeHHUsI KOTOPOH HMMeeM cIelylollie TIpaHW4YHBIE YCIOBHSA: HA YYacTKax
cBoboaHoi rpanunel D_,,Ay u AD_ 3anaHa ¢yHknus ¢ =0; Ha IMOBEPXHOCTH Tella

A BA 3amana ¢yuxkims Ttoka \(z)=Uy-VX —%(X2 + y2). Takum o6pasom s
¢yHKIHHN % , nMeeM cMernanHyto 3axady Kemgpiima—Cenosa.

Jna 3anaun Kengeima—CeioBa U3BECTHO pelIEHUE B BUE KBaapaTyp AJIs BEpXHEH
MOJYIUIOCKOCTH. UTOOBI UM BOCHOJIB30BaThCs, HYXKHO COBEPIIMTH Takoe KOH(QOpMHOE
oTtoOpakeHHe, 4TOOBI BEPXHAS IOJIYIUIOCKOCTh C JIYHKOH B (DU3UUECKOW obnactu
z =X+ iy oro0pa3wiachk Ha BEPXHIOI MOIYIIOCKOCTh MapaMeTpUYecKOl MepeMeHHON

C=¢&+in. Ilpu 3TOM 10OMKHO COOMIOATBCSA TAKOE COOTBETCTBHE, YTOOBI TOYKA z =@
nepexoamwia B Touky { =1, Touka z=—qa — B Touky =—1, Touka z = B — B TOuKy
€ =0,aTouka Z=00 —B TOUKy ( =0 (puc.2).
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Puc. 2. Ob61acTh napaMeTpu4ecKkoii nepeMeHHoOM

VYkazanHoe KOH()OPMHOE 0TOOpakeHue OyneT UMeTh BUJ [4]:
s T

(z+a)™a +(z—q)"a

&(z)=

(z+a)va —(z—q)va

s obpatHOTO IpeoOpazoBaHus nMeeM (HopMyITy:
n—a n—a

SRR VE

(C+1) ™ —(C-1) ™
[lepedopmymupoBannas 3amada Kennmprma—CemoBa aisi BepXHEH MOMYINIOCKOCTH
MMEET CIEAYIOILYI0 nocTaHoBKy. Onpenenuts GyHkmio y(z(L)) mpu Im{ >0 ¢ TakuMu
IPaHUYHBIMH YCJIIOBHSMH: Ha 00pa3e cBOOOJHON MoBepXHOCTH =0 mpu o << —1 un

1 <& <ow,n=0; ana obpase nosepxnoctu Tena y(z(L))=wy(g) mpu —1<&<1,n=0.
[Mpumensist hopmyny KOHGOPMHOTO OTOOPaKEHHSI, OKOHYATEIBHO MOTYIHM:
a

2
o
Y(E)=—
F~ +2Fcosa+1
npu & € (—1;1), n=0,rzae

(—V(F2 —1)+ 2Fsino(U + amctga ) —%,

n—a

-y

Pemenne 3anaun Kennpima—CenoBa 11 miockoct ¢ umeet Bup [1, 4, 5]:

1) =—iw =y —ip=— \/7]\/&;12
1-1

ITo popmyne Coxoukoro [1] HaiizeM, yeMy paBHO 3HaYCHHE UHTETPAja HA BEPXHEH
CTOpOHE OTpe3ka —1 <& <1:

+_ A 2 | v() i
“v@-i-gt

—i'
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Ha »stoM yuactke ¢yHKUIuS W 3a7aHa I'PaHUYHBIMU YCJIOBHUSIMH, CII€AOBAaTEIbHO,
OCTaJIbHasl YacTh 3TOU GOpMYJIbI €CTh GYHKIHS — [P, OTKY/A JUIs 3HAUYCHHUS MOTCHI[HATA
Ha TIOBEPXHOCTH TeJla B IEPEMEHHBIX ( OyJIeM MMETh BBIPAKEHUE:

o= 11- 2 [ w0 dr

TW1—¢2 18
I[aHHBIﬁ I/IHTel“paJ'l ABIIACTCA I/IHTerpaJ'IOM TUIIA KOH_II/I, KOTOpLIﬁ CﬂeﬂyeT IIOHUMATh
B CMBICIIC €I'0 TIJIaBHOI'O 3HA4YCHMSI. ﬂﬂﬂ BBIUUCIICHUS ITOTCHIIHAaJIa CKOpOCTI/I
(pBOCHOHB?)yeMCH CHeﬂyIOH_II/IM aJIFOpI/ITMOM BBIYUCJIICHUA I/IHTer‘paJ'Ia KOH_II/I B CMBICJIC

TJIaBHOTO 3HaYeHus [1]:

v w® |dr wE© , 1-¢

| + In .

AN1-r 182 Ji-E f1g2 146
CoriacHo OOLWIMM IONOXKEHHUSIM TEOPHH IPHCOEAMHEHHBIX Macc [6], mMeem

cepyrowee Beipaxkenue 1t () :

PO =0 U+ 9,/ + 0,

0©)=11-¢
T

rae

¢ =245 93 = 24053 06 = (2a)° g}
1

or =+ 2 2F (t)sin a 1 dt
¢ =-—v1- 5 ’
2n CF®2+2F(t)cosa+141_ 2 t-§

1 2
02 = F™-1 1 dt
0y =——y1-&° > ;
2n' 7 R +2F(cosatl g2 18

\/—I( 2F (t)cosa 1) 1 F(E) = (1+g]

F®2 +2FM)cosa+1 2 J1-t2 t—% 1-¢
AHanu3 pe3yJbTaToB. TakuMm o0pa3oM, HalJIeHO 3HaueHHE MOTECHIMala TeUCHHUs
Ha Tene, OTKyJa MOXXHO HAWTH WMITYyJIbCHOE IaBJIEHHE, JEHCTBYIOIIEE Ha 3JIEMEHTHI
MOBEPXHOCTH Tella CO CTOPOHBI JKUAKOCTH. VMITyJIbCHOE HaBIC€HHE C TOYHOCTHIO 10
HPOU3BOJIBHOM TOCTOSIHHOM paBHO [3, 4]:
R =—pp.
Ha puc. 3, 4, 5, 6 npeacraBneHsl pe3yabTaThl 3HAUSHUN Oe3pa3MepHBIX (DyHKIHI

(pl, ®o, (p6 ol CErMEHTOB TEJIa C Pas3IMYHBIMU  yIJIaMU Ol B 3aBUCHUMOCTH OT
Oe3pasMepHOl KoopauHaTel X = X/a, rge X — abcumcca TOYKM Ha IMOBEPXHOCTH
CEeKTOpA.

Ha puc. 3 n300paskeHbl pacCUUTaHHBIE TIO IOIYYEHHBIM QopMyiaM rpaduku (pz(x)

31ech NMPHUCYTCTBYET BIUSHHE TOJBKO BEPTUKAIBHOW KOMIIOHEHTHI CKOpocTH V co
CTOpoHBI Tena. ['opr3oHTanbHas W BpallaTelIbHAas KOMIIOHEHTHI CKOPOCTH NPH 3TOM
paBHbl Hymo. llomyuennsle pesynpTaTel mpu o — 0 corjacyroTcs C JaHHBIMH JUIS
IUIOCKOM TTACTHHBI, YIAPSIOIIYI0 O CBOOOTHYIO ITOBEPXHOCTH, [4].
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Puc. 3. I'padpuxu pyHkuuu (P_Z(X) JUIS1 Pa3HBIX YIVIOB O

(BJIUsIHHE BEPTHKAILHON KOMIIOHEHTHI cKopocTH V):
1-0=5%2-0=15° 3 — 0=30° 4 — 0=45°, 5 — a=60°

a4

02 e

. 1123 4 5

54 3 21

Rk

04

1]

e

Puc. 4. I'padpuxn pyHkuuun (p_l()_() JUISl pa3HBIX YIVIOB (L

(BJIUSIHHE TOPH30HTAIBLHOI KOMIIOHEHTHI ckopocT U):
1-0=5%2-0=15° 3 - 0=30° 4 — 0=45°, 5 — a=60°
Ha puc. 4 uzo0paxenbl rpaduxku (pl(x) 31ech OPUCYTCTBYET TOJIBKO BIIHSTHUE
TOPU30HTAJIBHON KOMIOHEHTH! ckopoctu U co croponsl Tena. Ha puc. 5 m3zo0paxeHsl
rpagukn @ (x) 31ech NPUCYTCTBYET TOJIBKO BJIMSHUE BPALIaTEIbHOW KOMIIOHEHTHI
CKOPOCTH ® CO CTOPOHBI Tena. Pe3ynbTaTsl Ais 3HaUYCHUH (YHKLIUH (P_6 npu o —0

COIIACYIOTCS C JJAHHBIMHU JUISI TJIOCKOW TIJIACTHUHBI, TOABEPKEHHON MIHOBEHHOM YIJIOBOM

ckopocTH, [2].
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al

5 4 3 2|1

Q3

Q3

k- a5 0 0s 1
X

Puc. S. I'padpuxu pyHxuuun q)_e()_() JJIS1 Pa3HBIX YIVIOB O

(BJMsIHHE BPAINATEILHOI KOMIIOHEHTHI CKOPOCTH ):
1-0=5%2—-0=15° 3 — 0=30° 4 — 0=45°, 5 — a=60°

Ha puc. 6 B xauecTBe mpumepa H300paskeHbI rpaduKu (p(x) JUISL pa3iNUYHbIX YTJIOB

— m2a
(@ — 4@y + Qg ——. 3IeCb CO CTOPOHBI Tela BIHUSIIOT BCE TpHU
2aV (P1V P2 + Qg v

KOMIIOHCHTBI CKOPOCTH, IIPUYEM IIPUHATO: \ =1; H =
\%

o; =

2am
\

wIlN

1
37

05

12345

NN /
1N /

0s 1

-1 05 0

X

Puc. 6. I'padpuxu pynkuuu (p_()_() JJIsl pa3HbIX YIVIOB (L
(BJIMsIHME TPEX KOMIOHEHT ckopocteii U, V, ):

1-0=5%2-0=15° 3 —0=30° 4 — 0=45°, 5 — a=60°
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B 3amaue paccMaTpHBaIMCh Clydad, KOTJa peaau3yercsi 0e30TphbIBHOE OOTEKaHHE
tena. OmHaKo, KaK BHUAHO W3 pHC. 4, 5, MPH HaJUMYUU TOJBKO OJHOTO CKOPOCTHOTO
(hakropa U mim o (a Takke IpuU UX COBMECTHOM BO3CHCTBHHU) HAa YaCTH MOBEPXHOCTHU
Tella 3HaueHue moreHuuana ¢ >0, 4TO CBUAETEIbCTBYET O TOM, YTO Ha ITUX y4aCTKax

MTOBEPXHOCTH JTOJKEH BO3HWKHYTH OTPBIB. B ciiydae BOSHMKHOBEHHS OTpHIBA 3ajada 00
yAape J0JDKHA pacCMaTpUBATHCS B IPYTOW MOCTAHOBKE C YUETOM HAJIUYMsI TOYKU OTPHIBA
B CaMO1 IOCTaHOBKE.

bubaunorpaguyeckne cCbLIKH

1. T'axos, @. 1. Kpaessie 3agaun [Tekct] / @. /1. TaxoB. — M.: Hayka, 1977. — 640 c.

2. Toman, O. I'. YmapHoe B3anmMOJACHCTBHE HEC)KMMaeMOW JXHIKOCTH W BEPTHKAIBHOU
IUIACTHHBI, IIaBafOlICH Ha ee MOBEPXHOCTH, B YCIOBHSAX OOpa30BaHMS OJHOW 30HBI OTPHIBA U
Haymunn Bpamenus [Texcr] / O. I. Toman, B. A. Karan // Bicu. duinp. yu-ty. Cep.: Mexanika. —
2013. - Bum. 17, 1. 1. — C. 191-205.

3. Kouun, H. E. Teopernueckast ruapomexannka B 2-x 4. Hacts 1 [Teker] / H. E. Kouwus,
N. A. Kubens, H. B. Poze. — M.: 'ocrexmu3gar, 4. 1. — 1948, — 536 c.

4. JlaBpentbeB, M. A. Metoas! Teopun QyHKIMI KOMIUIEKCHOTO niepementoro [Tekcr] /
M. A. JlaBpentses, b. B. lllabar. — M.: Hayka, 1973. — 736 c.

5. MycxeanmBuiian, H. HW. Cunrynspeele wuHTerpanbibie ypaBHenus [Texcr] /
H. 1. Mycxenumsuiuu. — M.: Hayka, 1968. — 512 c.

6. Cenos, JI. . Ilinockue 3amaud rHApOJMHAMHKHA ¥ aspoaunHamuku [Tekct] / JI. U.
Cenos. — M.: Hayka, 1966. — 448 c.

Haoitiwna 0o peoxoneeii 19.06.2018

VJIK 532.526 : 532.24
C. B. AnekceeHKO

Jnenpoeckuii nayuonanvuuii ynusepcumem umenu Onecs I'onuapa
YUCJIEHHOE MOJAEJIMPOBAHUE OBTEKAHUSA KPbBIJIA ONERA M6

A methodology and software-methodical support for describing the processes of flow over bodies
by a viscous compressible flow in a three-dimensional formulation on the basis of Reynolds averaged
Navier—Stokesequations using the Baldwin-Lomax turbulence model are developed. The discretization
of the system of initial Navier—Stokesequations is performed using a finite-dimensional method for
curvilinear coordinates. To calculate the convective terms, the Row scheme was used. To provide a
second-order accuracy over space, extrapolation with the flow limiter, which is a function of the
differences in the parameters at neighboring points proposed by Jameson, was used in the paper. The
block-matrix system of algebraic equations was solved by the iterative Gauss-Seidel algorithm. In the
calculations a computational grid of type ""O" was used, constructed according to algebraic formulas
with the use of local interpolation and the method of many surfaces. The outer boundary of the
computational domain was the conjugation of a cylindrical and spherical surface. At the boundary of
the calculated region coinciding with the wing surface, the conditions for adhesion, non-flow and
absence of heat exchange were specified. On the outer boundary, when the boundary conditions were
realized, the method of characteristics was used; to calculate the normal velocity component at the
boundary, one-dimensional Euler equations in the characteristic form were used. The verification of
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