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IMpuBeneHsl pe3ynbTaThl pacueTHOro uccienoBanus nakerom nporpamm NUMECA FINE/Open o6TekaHusi 0OKOJIO-

3BYKOBBIM MTOTOKOM ra3a Tejia BpallleHUsl ¢ HOCOBOM YacThlO B BUJE MOJIyKaBepHbl PsOymmnHckoro ynauHeHuem A = 0.87

u 1.8 npu yrnax araku o # 0 . [lomydeHbl 3HaY€HNA YIJIOB aTaKU Oy, , IPU KOTOPBIX IIPOMCXOIUT OTPBIB TYPOYJIEHTHOTO

MOTOKA Ta3a C IMOBEPXHOCTH OOTEKAaeMBbIX TeJ MpH 4yrciax Maxa HaGeraromero motoka 0.5< M, <0.95.

Knaouesvie cnosa: monykaBepHa PsIOyIIMHCKOrO, TeJIO BpallleHUsI, OKOJIO3BYKOBOE OOTEKaHWE, IMMOrpaHUYHBIN CJION.

Kpuruueckoe yncio Maxa npu oOTeKaHUU Teja
BpallleHUS 3aJaHHOM JJIMHBI U 00beMa JOCTUTaeT MaK-
CUMaJIbHOTO 3HAY€HUS, KOTAa TeJo 00pa3oBaHO JIBY-
MS$1 COOCHBIMU AUCKAMU, OCTABJIEHHBIMU MOMNEPEK Ha-
Oerarouiero NoToka raza U COeIMHEHHBIMU TOBEPXHO-
CTbIO TOKA, B KaXIOW TOUYKE KOTOPOM peaiu3yeTcs
CKOPOCTb 3ByKa. DTO 0CECMMMETPUYHBIN Cydail uc-
cJIeHOBaHHBIX B padoTe [1] onTUMaIbHBIX IO KPUTU-
yeckoMy umucily Maxa Tejl. AHaJoroM 3TOro TeYEHUS
B HECXKMMAEeMOU XXUIKOCTH SBJSIETCS TaK Ha3bIBAEMOE
TeyeHue PsOylIMHCKOro, B KOTOPOM 00JIacTh IOCTO-
SIHHOTO JIABJIEHUS 32 IMCKOM, TOCTaBJIEHHbBIM TMONEPEeK
MOTOKa, 3aMbIKAETCS HA CUMMETPUYHOM OTHOCHUTEJIb-
HO TIJIOCKOCTH MUEJIEBOTO CEYEHUs] KaBepHBI «OTpa-
JKeHHOM» Iucke [2, 3].

Ha ocHoBaHuM BapuallMOHHOTO TNpUHIUMA Ps0y-
mmHckoro [4], passutoro ®punprixcom [5], B paboTax
[6, 7] Oblna JoKa3aHa TeOpeMa CYILIECTBOBAHMS OCECUM-
METPUUHBIX TeUeHUl TUMna PIOymmHcKoro, npuueM u3
3TOI TeOpeMbl B KaUeCTBE MPeAeIbHOrO YaCTHOIO CITy-
yasl BBITEKAeT pellieHue 3a1auu 00 OOTEKaHUU OCECUM-
METPUYHOTO Tesla ¢ 06CKOHEUHOM KaBepHOM (KUPXTo-
(oBckoro tuna) [8]. B kauecTBe MOATBEpXKAESHUS Ha-
JIe>KHOCTH pe3yJIbTaTOB pacyeTa 00TeKaHUs TTOTOKOM
HECXKMMaeMOM XUAKOCTU Pa3UUHBIX TeJ BpalleHUs,
B TOM 4YHCJIe paCCUMTAHHBIX MO cXxeMe Ps0yimmHcKo-
ro, MOXHO MpuBecTu padboThl [9—11].

B pesyabTaTe aKcniepuMeHTaIbHBIX UCCIeIOBaHUIA,
npoBeneHHBIM B AT T-112 LIAT'U [12], 6bu10 0OHA-
PY>XEHO, UTO HOCOBasl YacTh Tejia BpallleHUsI, 00pa3o-
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BaHHasl U3 MOJOBUHBI (0 MUAEJEBOTO CEUECHMST) KaBep-
HbI PSIOYIIMHCKOTO C TJI0OCKUM 3aTyIJICHUEM, KOOPIU-
HaTbhl KOTOPOI ObLIY TOJYYEeHBI MPU PELIEHUN 3aJa4uu
CTpYyHHOTO OOTEeKaHMs Teja BpallleHUsI BUXPEIOTEH-
LHaJbHBIM ITOTOKOM Hecxknmaemoi xuakoctu [11, 13],
00J1a1aeT ONTUMAIbHBIMU a3POAMHAMUYECKUMU XapaK-
TEpUCTUKAMM B Auamna3oHe yuces Maxa Haberarolie-

ro noroka rasza 0.8<M_<0.97 npu yrnax araku

0<a<10° (puc. 1—3).

B 51001 pabore, Hapsamy ¢ HOCOBBIMU YAcTAMU B
BHJIE TOJYKaBEPHBI PAGYIIMHCKOTO, UCCIIEN0BATUCE
TaKKe MCIIOJIb3yeMbIE Ha JIETaTeIbHBIX arapaTax Ho-
COBBIE YACTU CTEMEHHOM Y MapaboIM4ecKoi (pOpPMBI,
obJagarone HU3KUM JOOOBLIM COIPOTUBIIEHUEM B
OKOJIO3BYKOBOM JMara3oHe o0TekaHus. Bee nccmemny-
€Mble€ HOCOBBIE YACTU ONMHAKOBOIO VIJIMHEHUS

A=L/D=0.87

roe L — mimHa HOCOBOU 4qacTu,
D — INaMETp €€ MUICIsd, COCAUMHAINCH C HMJINH-

JIpoOM Tipu oOmieM yaauHeHun A = 3.5.

C

x0

BaxxHocTh TOApPOOHOIO MCCAeIO0BaHUSI HOCOBBIX
yacTell B BUJE ToJyKaBepHbl PsIOyIIMHCKOTrO Takke
nokaszaHa B pabore [14], rme sKcnepMMeHTaJIbHBIM
NyTéM BBISIBJICHA ITIOJIOXUTENbHAsI UHTep(epeHIIUs
MEX]y TaKOl HOCOBOI1 YacThl0 U KOPITYCOM TI'pakaaH-
CKOT'0 Maccaxkupckoro camoJjiera. [1pu mpoekTupona-
HUM JIETATeIbHBIX alllapaToB TAKXKe Ba’KHO MMOMHMUTD,
YTO HaJIMYMe OTPHIBOB MOTOKA 3HAYUTEIbHO BIUSIET Ha
adPOJMHAMMUYECKHUE XapaKTePUCTUKU KaK OTIEIbHBIX
BJIEMEHTOB, TaK W JIeTaTeJbHOIO amrmapara B LIeJIOM
[15, 16]. B paGote [17] mocpeacTBOM YMCIEHHOTO MC-
CJIeIOBAaHUS MOKAa3aHO OTCYTCTBUE OTPhIBA TypOYyJIeH-
THOTO MOTPAHUYHOTO CJIOSI C TTIOBEPXHOCTU MOJIyKaBep-
HbI PSIOYIIMHCKOTO C MJIOCKUM 3aTyIUIEHUEM TPpU HY-
JICBOM yIJie aTaKd BO BCEM JO3BYKOBOM U OKOJIO3BY-

KOBOM Juarna3oHe 4ucen Maxa Broiots 1o M =0.95.

Lenbio HacTosieir pabOThI SIBJISICTCSI YMCIICHHOE
HcCIe0BaHUEe O0TeKaHUsI YKa3aHHOM BBIIIIE MOJIEIH C
HOCOBOI1 YacThIO B BUIIE TOJYKaBepHbI PsOyImHCKO-

ro oTHocuTeabHoro ymauHeHus A= 0.87 u 1.8 B nua-

naszoHe yncen Maxa 0.8<M_<0.95 npu HeHynaeBbIX

i 3

H ¥

1.0 M,

3 i

1.34-10° 1.36-10°

1.51 - 10° 1.58-10° Re,,

Puc. 1. ®opma HOCOBBIX YacTeil M 3aBUCUMOCTh K03 dUIIMeHTa JJ060BOTO COMPOTUBIIEHMS OT Yncia Maxa Haberalole-
ro MOTOKa MpU HyJeBoM yrie atraku: B — HOCoBas YacTh C TIJIOCKUM 3aTyrieHneM; O — HOcoBast 4acTh CO chepuyecKum

3aTyIicHueM; @ — CTeleHHasi HOCOBasl YacTh C IOoKas3aTejieM CTeleHH obpasytoleii n = 0.3; A — mapabosrueckast HO-

coBas uacTb # = (.3; A — TapaodecKast HocoBas 4acTb n = 0.5; O — yceueHHBIil KoHyc; Re p — 3HaueHus uucia Peii-

HOJbACA, OTHECCHHLIC K TUAaMETPy MUIACTIA HOCOBOI 4acTu
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Puc. 2. KosddpuumneHT aspoanHAMUUECKON TMOABEMHOI
cunbl ipu M, =0.958. 3nmech u Ha puc. 3 o603HaYEHUS

TaKkue Xe, Kak Ha puc. |

yIJlax aTakyd U ompeeeHre 3HAYCHUI YIJIOB OTPhIBA

a otp Typ6y.J'I€HTHOI‘O IIOrpaHMYHOIo CJIOA.

YucneHHoe UCCIeNoBaHUE BBITIOJIHEHO B pamMKax
ocpedHeHHbIX N0 PeiitHonbacy ypaBHeHuil HaBbe—
Crokca nakerom nporpamm NUMECA FINE/Open
[18]. PacueTsl ipoBeneHbI IJIs TTOJIOBUHBLI MOJIEJIM, Ha
rekcasapalibHOi HeCTPYKTYpUPOBAHHOM (IeKapTOBOIA)
ceTKe, KOJIMYECTBO g4eeK B KOTopoii nocturaio 20-10°.
TonmuHa NorpaHUYHOIO CJI0s1, BLICOTA MEPBOIA sTUeii-
KU U KOJIMYECTBO MPUCTEHOUYHBIX CJIOEB BHIOMPATUCH
HUcxodsl U3 obecrieyeHus 3HaUeHUsI 6e3pa3zMepHOTo
napameTpa paspelieHus] CeTKU B MOrPaHUYHOM CJIoe
Y* < 1. Pacuersl mpoBeeHBI B paMKaxX MOZIEJIH TIOTHO-
CTBIO TYpOYJIECHTHOTO TeUeHMS, 6¢3 yueTa JJAMIHApHO-
TypOyJIEHTHOTO TIepexoa, ¢ TPUMEHEHNEM TIOTYIMITH -
puueckux mojeseit TypoyseHTHocTH Spalart-Allmaras
(SA) [19] u k- SST [20]. BT Moaeaun TYpOyIEeHT-
HOCTH XOPOIIIO 3apeKOMEHIOBAIIA CeOsI IJTST TIPOMBIIII-
JIEHHBIX PACYETOB B a9POKOCMUYECKOU OTpaciau U mo-
Ka3bIBAIOT HEIJIOXUE PEe3YybTaThl ISl OOJbIIMHCTBA
MNpUKIaaHbIX 3ama4 [21, 22].

JIis onpeneneHrs rpaHull 6€30TPBIBHOTO 00TeKa-
HUSI IPOBOAWICS pacyeT B CTAllMOHAPHON MOCTaHOB-
Ke TIPY pa3IMYHbBIX yIJIaX aTaku, TP 3TOM IToKa3arte-
JIEM OTpbIBA MOTOKA SIBJISIETCSl HAUIMYME HA MOBEPXHO-
CTU UCCIEAYyEeMOU MoAeau 30HbI, TAe KoM duUIMeHT
TpeHUs Cf< 0. B xauecTBe mpuMepa pacCMOTPEHO 00-
TEeKaHUe MOJIEJIU C HOCOBOM yacThio PsOyiHckoro yi-
JuHeHueM A = 0.87, coeIMHEHHOM ¢ LIMJIMHAPOM, TIpU

obieM ymmmHeHUn A = 3.5, IOTOKOM Ta3a C YHUCJIOM
Maxa M =0.9. Ha puc. 4 nokazaHo pacnpeseieHue

Koa(pduimeHTa TpeHus Cf 10 TTOBEPXHOCTU MOJE/IN B
JIBYX TUIOCKOCTSIX Cpe3a: BepTUKAJbHOM (BEpXHSIS U
HIDKHSIS TTOBEPXHOCTH) W TOPU3OHTAIBbHOM (OOKOBast

K= Cy/Cx
2,5} .

|
10° a

Puc. 3. AsponnHamMuyeckoe KauectBo npu M, =0.957

IMOBEPXHOCTh) B cJydyae OOTEKAHUS C YIJIOM aTakKu
0 =4°. Ha 2TOM pUCyHKe MpeacTaBJIeHbl Pe3yIbTaThl
pacyeTa ¢ MCITOJIb30BAaHUEM MOZAEIH TypOYJICHTHOCTH
SA (puc. 4,a) u k - w SST (puc. 4,6), oba rpacuka mo-
Ka3bIBAIOT OTCYTCTBHE OTPHIBA MTOTOKA C TTOBEPXHOCTH
MOJIEIIH.

Ha pwuc. 5 mipencraBieHbl 3aBUCUMOCTH KO3~
IIMEHTa TPEHUS, HO M1 cydast OOTeKaHWS MOIETN C
VIJIOM aTaku O = 6°, OTKyJa BUAHO, YTO HA BEpXHEN
MMOBEPXHOCTH MPOUCXOIUT CPBIB ITOTOKA.

Ha puc. 6 mokasaHbl 30HbI OTPhIBA TOTPAHUYHOTO
CJI0ST Ha TIOBEPXHOCTH Tejla MPU OOTEKAHUU C YUCIOM

Maxa M_ =0.9 u yrjom araku O = 5°, paccCUMTaHHbIE

C TIOMOIIIBIO IBYX PACCMOTPEHHBIX MOJIEIICH TypOy IeH-
THOCTH, a TaKKe TIPEICTAaBIICHO pacmpenaeieHne Koad-
unmenTa TpeHUS Cf 10 BEpPXHEM MOBEPXHOCTH.

Kak BUAHO M3 JTaHHOTO PUCYHKA, TTOJIOXEHUS OT-
PBIBHOM 30HBI Ha pHC. 6,a U 6 OJTU3KU, XOTS U MOJEITH
TypOYJI€HTHOCTU SA TMOKa3bIBAET MEHbIIIUI €€ pa3mep,
YTO TOBOPUT O HEKOTOPOM «3aTATUBAHNI» OTPhIBA 3TOM
MOJIEJTBIO TYPOYJICHTHOCTH, YTO TIOATBEPXKIACT aHAIO-
TAYHOE 3aMeuaHue, caejaanHoe B [21]. C yuyeToM Toro
YTO MOJIeJIb TYpOYJIEHTHOCTU SA, TpU MPaKTUUECKU
OIMHAKOBBIX pe3y/IbTaTax C MOAEIbBIO K - ), TTOTPeOIsIeT
MEHbIIIe BHIUMCIUTEIbHBIX PECYPCOB U 00JIaaeT JTyd-
1LIEeH CXOMMMOCTBIO PeIleHUs, TTOJABIsIIoIIee OObIINH-
CTBO PacyeToOB B HACTOSIIIE paboTe BBIMOJIHEHO C
NpUMEHEHUEM MoJeau TypOyJdeHTHOCTH Spalart-
Allmaras. CpaBHeHUe MOJYYSHHBIX C UCITOJb30BAaHUEM
monenu SA U MoJeau K - () 3HAYEHUM YIJI0B aTakW,
P KOTOPBIX HAYMHAETCS OTPBIB ITOMPAHUYHOTO CJIOS,
MOKAa3bIBAET, UTO Pa3HUIIA HE TIpeBbIIIacT 1°.

B T1abn. 1 npuBeaeHbl MOJyYeHHBIE B pe3yjbTaTe
OIMMCAHHBIX BBIIIE YMCICHHBIX UCCIEIOBAaHUI 3Haue-

HUS YIJIOB aTaku d , TIPU KOTOPBIX MPOMCXOAUT

OTPbIB IMIOTOKA, C YKa3aHHUEM MECTA €TI0 paCIIOJIOKCHU .
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Puc. 4. Pacnipeaenenue koadduiimeHTa TpeHUst Cfno ane mofenm (M = 0.9, 0= 4° Re, = 1.44-106). Monenu Typ6y-
JIeHTHOCTU: @ — Spalart-Allmaras; 6 — k- SST

Jlanee ucciaenoBaHUE MeCTa PacIiooKEHMST OTPbIB-
HOIi 30HBI OBUIO MPOBEACHO JISI MOAEIM C HOCOBOI Ya-
CTbIO B BUJIE TOJIyKaBepHbl PSIOYIIMHCKOTO C yaJIMHe-

Re,, = (0.5—14)-10° B 0K0OJI03BYKOBOM MOTOKE rasa.
BosHukHOBEHME OTpBIBA TaKXKe (PUKCUPOBAIOCH ITyTEM
aHajli3a pacrnpenejieHne Ko3d@uireHta TpeHus 1o
HueM A = 1,8, CONpsKeHHON ¢ HWIMHAPOM, IIpu 00- TTOBEPXHOCTH MOZIETIN.

1IeM YIMHEHIH A = 6, TIOCKONBKY, COTTACHO Pe3y/ib- B Tab6a. 2 npuBeneHbI luionyquHbIe B pe3yJbTare
TaTam pa6oT [23, 24], ONTUMATBHBIC 10 1060BOMy co-  AC/ICHHBIX HMCCIENOBAHMH 3HAYCHUS YIIOB aTaKu

MPOTUBJIEHUIO HOCOBbIE YaCTU TPU A > 2, BeieAcTBUe Y orp » TPV KOTOPBIX IIPOMCXOAMT OTPBIB IIOTOKA, € yKa-
BJIMSIHUST TPEHUS Y TMOJOXEHUs JUHUU Mepexoa Jia-
MMHAPHOTO MTOrPaHUYHOTO CJI0$1 B TYpOY/JIEHTHBIH, T1e-
pecTaroT ObITh TAKOBBIMU B AMana3oHe yncea PeitHosb-
JIca, OTHECEHHBIX K MUIEII0 HOCOBOW YacTH,

3aHHUEM MECTa €ro pacCIlOJIOKCHMUA.
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Puc. 5. Pacnipenenenue koadhduiiieHTa TpeHust
JIeHTHOCTU: @ — Spalart-Allmaras; 6 — k- SST

C

BbiBoabI

B pesynbrate pacueTHOro UCCieI0BaHUsI O0TeKa-
HUS TypOYJICHTHBIM MOTOKaM Tra3a Teja BpalleHUs C
HOCOBOIi 4acThlO B BUIE MOJIyKaBepHbI PsIOyIIMHCKO-
TO C IUIOCKUM 3aTYIUICHUEM MOJIyYEHbl 3HAUCHUS Y-
JIOB aTaku, TIPU KOTOPBIX TTPOMCXOAUT OTPHIB ITOTpa-
HUYHOTO CJIOSI C MOBEPXHOCTU OOTEKAEMOro Teja B
auanaszoHe uvucea Maxa HaOeraroluero mnoToKa
0.5=sM_ <0.95.

1o anHe moze (M = 0.9, o= 6°, Re,, = 1.44:10°). Moznenu TypOy-
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Puc. 6. 3oHa OTphIBa MOTOKA Ha MMOBEPXHOCTH MCCAEIyeMOi MoJeH (BBEPXY) U pacripeneieHne KoadhUuimeHTa TpeHust
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Tabauya 1
IHonykaBepna Padymmnckoro A\ = 0.87
M o, Mecto oTphiBa M |a,,,’ MecTto oTpbiBa
Y 0
e 4
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Tabauya 2
IloaykasepHa Psoymmnckoro A = 1.8
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Y
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BOUNDARIES OF NON-SEPARATION FLOW-AROUND OF BODIES
OF ROTATION, WITH THE NOSE PART IN THE FORM
OF RIABOUCHINSKY HALF-CAVITY

Kuznetsov E.N., Lunin V.Yu.”, Panyushkin A.V.”, Chernyshev I.L.

Central Aerohydrodynamic Institute named after N.E. Zhukovsky,
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Abstract

Bodies that are optimal at the so-called low critical
Mach number M*, at which at least one sonic point on
the body flown-over surface occurs, were studied
theoretically in Ref. [1]. It was confirmed that M*
achieves its maximum value and, consequently, the wave
drag minimum value occurred for the body identical to
the Riabouchinsky finite cavity in the classical theory
of incompressible fluids. It was experimentally studied
in Ref. [12], which demonstrated that in the transonic
velocities range the Riabouchinsky half- cavity had the
smallest drag among the bodies of rotation with the same

aspect ratio A=L/D=0.87 (where L is the nose part
length and D is the diameter of its mid-section). This

conclusion is incorrect for aspect ratios A > 2 due to the
friction impact the drag as it follows from Ref. [24]. The
absence of turbulent boundary layer separation from the
side surface of the body of rotation under study at zero
angle of attack in the range of Mach numbers

0.8<M_<0.95 was demonstrated in Ref. [17].
The main objective of this work is determination of
angles of attack o, at which turbulent boundary layer

separation from the side surface of the studied body
occurs. The study was performed with NUMECA
FINE/Open software based on Reynolds Averaged
Navier-Stokes equations (RANS). The solution of the
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problem was performed in the framework of fully
turbulent flow model without accounting for laminar-
turbulent transition using Spalart-Allmaras (SA) and
k-w SST turbulence models. To determine the
boundaries of the non-separated flow-around
computation was performed in stationary problem setting
at various angles of attack. With that, the flow separation
indicator was the presence of the zone on the model
surface where the friction coefficient Cf < 0. The results
obtained with two turbulence models are close to each
other, and the difference between the two separation
angles does not exceed 1°.

The results of the study obtained for Ogep for the
nose part with aspect ratio of A =0.87 are as follows:
o, = 157 for M,=0.5, a, =9 for M,=0.65,
O, = 12° for M_=0.8, o, = 13° for M_=0.85,
O, = 5" for M_=0.9, O, = 117 for M_=0.95.
Computing results for the longer nose part with aspect
ratio A= 1.8 are: a = 20" for M_=0.5, o, = 13° for
M, =07, a,,=21" for M,=0.9, a, = 18" for
M_=0.95.

The angles of attack a . which realize turbulent

p
boundary layer separation from the side surface of the
investigated body at free-stream Mach numbers

0.5<M_ <0.95

location is shown for various models and modes.

were obtained. Separation zones

Keywords: Riabouchinsky semi-cavity, body of
rotation, transonic flow-around, boundary layer.

References

1.  Gilbarg D., Shiffman M. On bodies achieving extreme
values of the critical Mach number. Journal of Rational
Mechanics and Analysis, 1954, vol. 3, no. 2, pp. 209—230.

2. Birkhoff G., Zarantonello E.H. Jets, wakes and cavities.
New York, Academic Press, 1957, 353 p.

3. Riabouchinsky D. On steady fluid motions with free
surfaces. Proceeding of the London Mathematical Society,
1921, vol. s2-19, issue 1, pp. 206—215. DOI: 10.1112/
plms/s2-19.1.206

4. Riabouchinsky D. Sur une problitme de variation.
Comptes rendus de I’Acadiimie des Sciences, 1927, vol. 185,
pp. 840—841.

5. Friedrichs K. Uber ein Minimumproblem fiir
Potentialstromungen mit freiem Rand. Mathematischen
Annalen. 1934. Bd. 109. H.1, s. 60—82.

6. Garabedian P.R., Lewy H., Schiffer M. Axially
symmetric cavitational flow. Annals of Mathematics, 1952,
vol. 56, no. 3, pp. 560—602. DOI: 10.2307/1969661

7. Garabedian P.R., Spencer D.C. Extremal methods in
cavitational flows. Journal of Rational Mechanics and
Analysis, 1952, vol. 1, no. 3, pp. 359—409.

15.

16.

19.

20.

21.

22.

23.

24.

Loitsyanskii L.G. Mekhanika zhidkosti i gaza (Mechanics
of liquid and gas), Moscow, Nauka, 1987, 824 p.
Epshtein L.A. Techeniya okolo tel vrashcheniya pri
malykh chislakh kavitatsii (Flows near the bodies of
revolution at small cavitation numbers), Moscow,
TsAGI, 1961, 14 p.
Logvinovich G.V. Gidrodinamika techenii so svobodnymi
granitsami (Hydrodynamics of flows with free
boundaries), Kiev, Naukova dumka, 1969, 215 p.
Kozhuro L.A. Uchenye zapiski TsAGI, 1980, vol. XI,
no. 5, pp. 109—115.
Vyshinskii V.V. and Kuznetsov E.N. Flow past bodies
of revolution with a Riabouchinsky generatrix. Physics-
Doklady, 1991, vol. 36, no. 11, pp. 731-732.
Kuznetsov E.N. Tekhnika vozdushnogo flota, 2002, no.
1-2, pp. 24-26.
Barinov V.A., Bolsunovskii A.L., Buzoverya N.P.,
Kuznetsov E.N., Skomorokhov S.I., Chernyshev I.L.
Doklady Akademii nauk. Mekhanika, 2007, vol. 416, no.
4, pp. 474—476.
Artamonova L.G., Radtsig A.N., Ryzhov Yu.A.,
Semenchikov N.V., Tarkhov E.L., Chernov G.F.,
Yakovlevskii O.V. Vestnik Moskovskogo aviatsionnogo
instituta, 2005, vol. 12, no. 2, pp. 31-48.
Krasnov N.F.., Koshevoi V.N., Kalugin V.T.
Aerodinamika otryvnykh techenii (Aerodynamics of
separated flows), Moscow, Vysshaya shkola, 1988,
351 p.
Kuznetsov, E.N., Lunin V.Yu., Panyushkin A.V. and
Chernyshev I.L. Intact flow over a rotating body with
the nose part in the form of the Riabouchinsky half-
cavity. TsAGI Science Journal, 2017, vol. 48, no. 3, pp.
243-249.
Hirsch C. Numerical computation of internal and external
flows: The fundamentals of computational fluid dynamics.
Butterworth-Heinemann, 2007, 680 p.
Spalart P.R., Allmaras S.R. A one-equation turbulence
model for aerodynamic flows. 30th Aerospace Sciences
Meeting and Exhibit, 1992, Reno, NV, U.S.A. AIAA
Paper 1993-2906. DOI: 10.2514/6.1992-439
Menter F.R. Zonal two-equation k-mur turbulence
models for aerodynamic flows. 23rd Fluid Dynamics,
Plasmadynamics, and Lasers Conference. Orlando, FL,
U.S.A. AIAA Paper 1993-2906. DOI: 10.2514/6.1993-
2906
Garbaruk A.V., Strelets M.Kh., Shur M.L. Modelirovanie
turbulentnosti v raschetakh slozhnykh techenii (Modeling
of turbulence in calculation of complex flows), St.
Petersburg, Politekhnicheskii institut, 2012, pp. 15—25.
Nichols R.H. Turbulence Models and Their Application
to Complex Flows. University of Alabama at Birmingham,
Revision 4.01. 2010, 214 p.
Vyshinskii V.V., Kuznetsov E.N. [Izvestiya vysshikh
uchebnykh zavedenii. Aviatsionnaya tekhnika, 1988,
no. 1, pp. 90-91.
Kuznetsov E.N. The Effect of Friction on Drag for
Bodies of Revolution with the Riabouchinsky
Generatrix. Physics-Doklady, 1999, vol. 44, no. 7, p. 472.

BectHrk MockoBcKoro aBnauoHHoro nHeruryra. T.25. Ne4




