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AKTYanbHOCTb. XapakTepuCTyKi OTPbIBHbIX TyPOYIEHTHbIX TEHYEHMI XIUAKOCTY 1 Fa3a UrpakoT BaxHyIo posib NPy MPOEKTUPOBaHIM 3¢-
hekTBHOr0 060PYAOBaHNS TMAPO- U TEMIOINEKTPOCTaHUMM. B Takoro poda noTokax peann3yioTcs pexmMbl TeHEHNS C BPELOHOCHBIMY
KBa3Mnepuoam4eckmMim OCLMINALMAMY BENNYUHBI CKOPOCTM 1 AABIEHUS BbICOKOV aMUTybl 3a TeloM 0bTekaHus. Takim 06pa3om,
3HaHWsA 0 cnocobax yrpaseHns TypOYNEHTHbIMI TOTOKaMi MOTYT HE TONIbKO CHU3MTb M3HOC paboymx Yactey 060pya0BaHus, HO 1 rpe-
0TBPATUTL WX paspyLeHne. Kpome Toro, Ans MCCnenqoBaHus BO3HUKAIOLMX ONTUMU3aLMOHHBIX 3aAa4 C napaMeTpamu, MeHsIOLLMMM-
CA B LUMPOKOM AManasoHe, HeobXoaMMbl BanuaMpOBaHHbIE MOAENM TyPOYIEeHTHOCTY, KOTOPbIE CYLLECTBEHHO SKOHOMSAT BbIYMC/ATESb -
Hoe BpeMsi M0 CPaBHEHMIO C UCO/Tb30BaHNEM METOAA KPYMHbIX BUXPEU 1 NPSMOro Y/ACTIEHHOro MOAEMPOBAHMS.

Llenb paboTbi: Ha npyvepe MOAEbHON 3a[1a4u 0bTeKaHMS BECKOHEYHOro LUMAVHAPA MPYUMEHUTL NEPCIEKTUBHYIO TEXHUKY KOHTPOJIS
10TOKa My MOMOLLM BPALLATEbHbIX KOIebaHWy CTeHKY LIMIMHAPA BOKPYI CBOEU OCH. VICCie[oBaHms IpOBEAEHb! NPy MpakTuyecku pe-
ann3yembix BbICOKMX YuCnax PeviHonbAca, Re=1,4x10° npy 1Crosb30BaHWM BaMANPOBAHHBIX YUCIIEHHbBIX METOLOB A/ TOro, 4T00b!
MPOAEMOHCTPUPOBATE BO3MOXHOCTb CyLLIECTBEHHOIO MOHMXEHWS KO3 uLyeHTa 1060BOro conpoTuBaeHIs 1 ryKTyaLmi nogbeMHOMN
CUIIbl, AEVICTBYIOLLEN Ha LUMAVHAP.

MeTogpl. VIcronb3yeTcs BblYmcnTenbHbiv Kod T-FIowsS, ocHOBaHHbIN Ha MeToAe KOHEYHbIX 06bEMOB 1 HECTPYKTYPUPOBAHHbIX pacyeT-
HbIX CETKaX, Y METOL HeCTaLMOHaPHbIX OCPEAHEHHBIX 110 PeriHonbACY ypaBHeHW HaBbe—CToKca ¢ 3aMblikaHVeM PeViHOMbACOBbIX Hanps-
XKEHWV BTOPOro MopsAaKa.

Pe3ynbTarbl. [10ka3aHbl BO3MOXHOCTA YIPAaBAEHNS TOTOKOM ~ YMEHbLUIEHWNE LUMPUHBI CIEAa 3@ UMAVMHAPOM, NOAABAEHNE PELMPKY -
LIMOHHOW 30Hbl, YBEIMYEHME YaCTOTbl CPbIBA BUXPEV, CHUXKEHIME CONPOTUBCHUS W (DITYKTyaLmu NoAbeMHOM Cuibl. [TokasaHo, 470 npu
onpeneneHHbIX napameTpax KonebaHns UMIMHAPa KO3MPULMEHT CONPOTUBIEHMS MOXET ObiTb YMeHbLUEH Ha 78 % M0 CPaBHEHMIO C He-
BO3MYLUEHHbIM [TOTOKOM.

Knrouesble cnosa:
TypbyneHTHOCTb, 0bTekaHue ummmHapa, yrpasneHne, URANS, cHUXeHve ConpoTUBAEHNS.

BeepeHue HHsA, YTO, B CBOIO OUePeIb, MOKET BEI3BATh PE30HAHC B

IIp¥ IPOEKTUPOBAHAY 0GODY/I0BAHUS THAPO- ¥ Te-  KOHCTPYKIIMH U IIOBDEJHTS ee [eJ0CTHOCTD [1-3]. ITo-
IIJIO3JIEKTPOCTAHIIMY BOSHUKAIOT 3aaUll OMUCAHUA 1 A0GHBIE IPOGIEMBI BOSHUKAIOT IIPX IPOEKTUPOBAHNH
ONTUMUBAINY XaPAKTEPUCTUK OTPHIBHBIX TYPOYJIEHT- 000pyOBaHKs THAPO- U TEmIodeKTpocTanuuii. Ta-
HEIX TeueHnil. B GobIInECTBe 3a1a4 06TeKaHns 38aT0-  KUM 00Da30M, DasBUTHE PABIUIHBIX TEXHUK KOHTPO-
IJIEHHBIX TeJ MOTOKOM *KIJKOCTH WM Tasa peanusy- 14 B 3afladax 06T9R311Hﬂ ABJIACTCA BAXKHOMU Ipobite-
eTcA HeCTaI[VIOHAPHBIN KBA3UIIePUONMIECKHH pexxyy ~ MOU KakK C (usuuecKOl TOUKY 3PEHN, TAK U C DKOHO-
TeUeHUs, IPXA KOTOPOM C IIPOTHBOIOJOMKHEIX KpoMoK ~ MHUYECKOU.
TeJIa CPBIBAIOTCSA KpyIHOMAacuITabHbele Buxpu. Iloime- B smreparype uccienyoTca pasiuuHbIe CIOCOOBI
DEMeHHBIH CPHIB BUXDEH TPHBOJUT K CYIIECTBEHHpIM ~ IO/IABJCHUS ONUCAHHOTO HECTATMOHAPHOTO PEsKUMA —
OCIJWIIATIAAM CHIIBI, LeHCTBYIOIel Ha Teso ofTeka-  TAK HA3BIBAEMOIl BUXPEBOM JOPOKKH Kapmana. Ha
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IpuMepe 3a4aur 00TeKaHusa MUIKHAPA OTHOPOJHBIM
IIOTOKOM PaCcCMOTPEHBI CJAeAYIOIINe TeXHUKHU: yCTa-
HOBKA JOTOJTHUTENbHON ILTACTHHBI B 00JIACTH CJiefa
[4], BayB/oTCOC Ha mOBepxHOCTH HuIUHApA [5-9],
Bpall[eHre WX BpallaTeIbHble KoJIe0aHusa MUInHAPa
BOKDYT cBoeil ocu [10—13], HarpeB moBepXHOCTH Tesa
[14, 15], ycraHoBKa MOMOJHUTEJIBHOIO MAJIOTO II-
JITHIPA PALOM C II0BePXHOCTBIO [16—18], mpumeneHnme
cunsl Jlopenra [19], MoguduKamnusa cBOKCTB MOBEPX-
HocTu muauHApa [20-24].

B nannoit pabore mccaexyerca sp(HeKT BAUIHUA
BpalaTeabHBIX KOeOaHW HA XapaKTePUCTHKY IIPO-
1ecca 00TeKaHusA MUIXHAPA AuaMeTpoM D B O4HOPO/I-
HOM IIOTOKE HECKMMAaeMO# KUIKOCTU cKopocTu U.,.
PaccmarpuBaercsa JOCTaTOYHO BBICOKOE UMCJIO Peii-
Hoabaca: Re=U,D/v=1,4x10°, mnpencraBisdioIiee
IpaKTHUYeCKU HHTEpec, e V — KHHEeMATHYeCKas
BSIBKOCTb, KOTOPAsd COOTBETCTBYET AOKPUTHUECKOMY
PeRUMY 00TeKaHMA C OTPHIBOM JIAMUHAPHOTO IOTPa-
HUYHOTO CJIOS, BOMM3YM K SBJIEHUIO KPHU3UCA COIPO-
ruBienusa (Rex2,0x10°), rme koadduimerT compo-
TUBJICHHUS €CTECTBEHHO IOHMKAETCA.

B pa6ote [10] aBTOpEI M3yUaIy aHAJOTUUHYIO 3a-
nauy mpu Oosee yMepeHHOM umciae PefiHosbica:
Re=1,5x10", u moxasanu, 4T0 KOd(P(UILEHT COIPO-
TUBJIEHUA MOXKeT ObITh MoHMsKeH Ha 80 % , ecau cTeH-
Ka IMJIXHIPA OCYIIECTBJIAET BBICOKOUACTOTHOE Bpa-
II[aTeJIbHOE ABHIKEHNE BOKDPYI' OCH CHMMETPUHU ClJie-
IYIOL[Ero BUA:

0 ‘wall

:%sin(ant),

rae U, — TaHTeHIMAIbHAA CKOPOCTh; () — aMILIUTyaa
Kosebanuit; f — wacrora; ¢ — Bpems. dusnueckas npu-
YMHA 3HAUUTEJIHHOTO CHUKEHUA CONPOTUBIIEHUSA CO-
CTOUT B U3MEHEHUH TPO(UIIA CKOPOCTH B cJiefie, KOTO-
DB PEOPTaHM3YeTCA W CTAHOBUTCA 0ojiee Y3KUM
(puc. 1). B pabore [25] aBTOPEI KaueCTBEHHO TIOTBED-
o pe3yabTathl [10] ¢ HOMOIbI0 JBYMEPHBIX HecTa-
IIMOHAPHBIX PACUETOB B MHTEPBaJIE urces PeftHoIbACA
150<Re<1,5x10*, moguepKHYyB, UTO 5PQPEKT CHUMEKE-
HUS COMPOTUBJIEHNS YBEINUNBAETCSI BMECTE C UMCIOM
Petinonbnca. OTHOCHTENBHO TPYOBIE TPEXMEPHBIE
pacuersl MerofoM KpymHBIX Buxped (LES), BbImOI-
HeHHBIe B pabore [26] mpu Re=1,5x10", tak:ke moa-
TBEPIKIAI0T pe3yabTaTsl 13 padoTsl [10], XoTa u co
CHUKEHVEM COIPOTUBJIEHUA Ha 57 % BMECTO OITHU-
mucTuHbIX 80 Y% , TOMYUEHHBIX B 9KCIIEPHMEHTE 13-
3a HETOUHOT'O METO/[a JIJIA OIpeiesieHus Koa(duiiuen-
Ta CONPOTUBJIECHNA.

B rexyimeii paboTe MBI HCIOJB3YeM IIPeIBAPHU-
TeJbHO BAJTUAMPOBAHHBIN METOJ HECTAIIMOHAPHBIX OC-
penHeHHBIX 0 PeitHonbacy ypasuennit HaBbe—Crok-
ca ¢ MOJIEJIbI0 3aMBIKAHUSA BTOPOTO IIOPATKA, ONACAH-
ueii B pabore [27] (URANS RSM JH), utobs! uccie-
JOBATh BIMSHUE BPaIllaTeIbHBIX KOJeOAHUI Ha CIIY
COTIPOTUBIEHUA U TOJBEMHYIO CHJIY B ITUPOKOM [IH-
arasoHe IapaMeTPOB BPAIeHNA B 3agaue 00TeKaHUA
[UIAHAPA HATEKAIOIIUM IIOTOKOM. JTa MOJeIh ObLIa
paHee Bepu(UIMPOBaHA IPOTUB AaHHBIX LES Ha TOM
JKe caMoM ciyuae 0es BpamieHud [28] u sxcrepuMeH-

TaJbHBIX JaHHBIX [29]. lanHas paboTa IpencTaBiseT
[PaKTHYECKUIl WHTEPeC, TaK KaK B OTJIMYME OT 00JIb-
IIXHCTBA IPEABIAYINUX UCCAETOBAHUI KOHTPOJIS IIPK
TIOMOIITY BpAIATeJIbHBIX KOIe0aHU TypOYIeHTHOTO
00TeKaHUs IUINHIPA, TIPOBOJUMBIX TIPU HUBKUX CKO-
POCTSX TOTOKA, BHITIOJNHEHA TIPU OTHOCUTEIBHO BBICO-
koM uucie Peiinonsaca Re=1,4x10°.

Buyanum3aums notoka b6e3 v ¢ BpalyatenbHbiMu Koneba-
HuaMu 13 skcnepumenTa [10]. Yactora f, cootsercTayer
€CTECTBEHHOM (HEBO3MYLLEHHOM) YacToTe CpbiBa BUXPEL

Visualization of the flow with and without rotary oscilla-
tions from the experiment [10]. Frequency f, corresponds
to the natural (unforced) vortex shedding frequency

OnucaHue BbIYUCIUTENBHDIX feTanei

PacueTsl IpoBeieHbI IIPU TIOMOIIY BHIUUCIUTENb-
Horo kKoja T-FlowS, ocHoBaHHOrO Ha MeTOIE KOHEU-
HBIX 00BEMOB ¥ HECTPYKTYPHPOBAHHBIX DPACUETHBIX
cetkax. KoHBeKTUBHOE U 11(h(hy3NOHHOE CIaraeMoe B
YPaBHEHWY MMITYJIbCA JUCKPETU30BAHO TP HOMOIIA
pasHocTHOI cxembl TVD u 1eHTpaIbHO-PABHOCTHON
CXeMbI BTOPOTO TIOPSAJKA ANIPOKCHMAIUE COOTBET-
crBeHHO. VIHTerpupoBaHue 10 BpeMeHU IIPOUBBE/IEHO
C TIOMOIITHIO TPEXITIaTOBON HesBHOH cxeMbl. [101s cKo-
POCTH ¥ JaBJEHUS CBA3AHBI IPY HOMOIIX IIPOIIETYPHI
SIMPLE. Cetka coctout u3 2,3x10° rekcaroHaabHBIX
dueek. BrrumenurenpHaA 00JaCTh MPEACTABIAET CO-
0ol mapaJutesienuies AauHoi 25D B MPOgOIbHOM Ha-
mpaBaeHun (o motoky) u 20D — B momepeuyHoM, B TO
BpeMs KaK BJOJb I[UJIMHIPUUECKON OCU CUMMETPUH —
2D (puc. 2). IlenTp muiuHApa PacroJoKeH Ha pac-
crogauy 10D oT BXOJHON I'PAHUIILI C 3aJaHHON CKOPO-
creio U, U HyJIeBBIM ypoBHeM TypOyaenTHoctd. Ha
BepxXHell W HUMKHEH rpaHuIax o0JacTé IIOCTaBIEHO
VCJIOBYE IIPOCKAIb3BIBAHUA, HA BRIXO/I€ — KOHBEKTB-
HOe TPAaHWYHOE YCJIOBHME U YCJIOBUE MPUJIUIAHUA Ha
CTeHKe IMInHApa. [leprognueckne rpaHUYHBIE YCJIO-
BUSA HAJIO/KEHBI BIIOJb OCU IUJIMH/PA.

0Gcy>paeHM e pe3ynbTaToB

OcHOBHBIMYU IIapaMeTpPaMu AAHHOHN 3afavyy SABJIS-
10TCA KO(QUIINEHTHI COIPOTHUBICHUA U IIOIbEMHOI
CYLITBI:

Co = 2F, /(U?S), C, =2F, /(pU’S),

T7ie 0 — IJIOTHOCTD JKUIKOCTH; S — MJIONAAb CTEHKN
IMIKHAPA, PACCUNTAHHAS HA eJUHUIY NINHBL KoM-
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TIOHEHTHI CUIbL F, 1 F ), IeiCTBYIOIME Ha TeJI0, BKJIIO-
YaloT CUJIY [aBJeHUsd U BA3Koe Tperue. [ caydas
Q=0 ocpenuennoe mo Bpemenu 3Hauenume C,=1,27
(1,24 - B axkcmepumenTax [29]).

Bup, cBepxy ! 1

2 Uo—>» z 31

Puc. 2. BobiymcnvtensHas obnacts. Lngpsl ot 1[0 4 coorset-
CTBYIOT MEPUOANYECKOMY, BXOLHOMY, KOHBEKTUBHOMY
BbIXOAHOMY TPaHUYHOMY yCIIOBUMIO U YCII0BUIO MPO-
CKallb3bIBaHusl, COOTBETCTBEHHO

Fig. 2. Computational domain. Numbers from 1to 4 corres-

pond to periodic, inflow, convective outflow and slip
boundary conditions

B nmamuHo# paboTe OBLIM PaCCMOTPEHBI ABE XapaK-
TepHEIe YacToThl Bosmyimenus: f=f, u f=2,5f,. Ilepsorit
pPEeKUM He TOKasas CYNIeCTBEHHOTO YMeHbBIIEHUS
CUJI, NEHCTBYOIINX HA IWJINHAD, B TO BpeMs KaK pe-
sum ¢ f=2,5f) moxasan cymecrsennoe cuuskenue C, u
aMIIuTy sl Kosebanus C;. Bee ciyuau ObLIM paccuu-
TaHbI ¢ 6e3pasMepHoit ammautynoi Q=1, 2 u 3 (3Ha-
yerue (QD/U,). Tabmuia morassiBaeT OCPeIHEHHOE

o Bpemenu sHauernue Cp, 1iis pasauansix Q u f, Omu-
MAaJIbHBIM CPeIy PACCMOTPEHHBIX IAapaMeTPOB SBJIS-
ercs pesxum ¢ Q=2 u f=2,5f,, mpu sToM 3HAUEHNUE KO-
sdduiuenra conporusienusa (C,=0,28) cHmkaercs
Ha 78 % II0 CPABHEHUIO C HEBPAIAIOIIIMCS CIyIaeM
(Cp=1,27).

Tabnuuya. OCpenHEHHbIN 10 BPeMeHn Ko3gguumeHT Cp npu
Re=1,4x10°" ans paznnyHbix Q u f
Table. Time-averaged drag force coefficient C, at
Re=1,4x10" for various Q and f
Q
f 1 2 3
1,01 1,30 1,21 1,33
2,5 0,56 0,28 0,42

ITpumep moBefenus KoaQ( UIKEHTa COMPOTHBIIE-
HUS U TOI'beMHOM CUJIBI BO BDEMEHHU TOKAa3aH Ha Puc. 3
s pasnuunbix Q mpu f =2,5f,. IIpu orHOCHTEIBHO
HuskoM Q=1 curnan C; ©MeeT CX0KWii BUL CO CayUa-
em Q=0. IIpu Gosree BbICOKMX () CUTHAJ CTAHOBUTCS
2,5fmeprogrueckum. BaskHBIM SBJISETCS HE TOJBKO
cpenuee sHauenue C,, HO TaKKe W aMILIATYAA OCIIMII-
aanuid. OUTUMANBHBIN CPeU PACCMOTPEHHBIX PEIKH-
moB ¢ Q=2 u f=2,5f, o61agaer HaumeHbIIMY CPEAHY-
MU 3HAYEHUAMHU U aMILTATyAamMu ociuianui Cpu C;.

Ha pwuc. 4 orTpaskeHBl JUHUU TOKa, IPOAOJHHOE
1I0JIe CKOPOCTH ¥ II0JIe 3aBUXPEHHOCTH [IJIS Pasud-
HBIX Pe:kuMOB. Kax ObLIO YIIOMAHYTO PaHee, BHICOKO-
YacTOTHOE BO3JIEHCTBHE PEOPTaHU3YeT BUXPEBYIO
CTPYKTYPY cliefia, CHMKAd TOJIIUHY TOPMOMKEHM
UMITyJIBCA, YTO BEJET K CYIIECTBEHHOMY YMEHBIIIE-
uusaw C,. JlanpHeiimasa paboTa OyaeT mocBAIeHa pac-
IIAPEHUI0 KapThl TapaMeTpos Q-f,

3aKnioyeHne

HcnonpsoBanne KojedaTeIbHBIX BpAaIlleHUH IH-
JIMHAPA BOKPYT CBOEH OCH IpU OOTEKAHWH ero OJHO-
POSHBEIM MOTOKOM JKuAKOCTH Ipu Re=1,4x10° mo3B0-
JIseT TMOHU3UTh KO0d(D(OUIMEHT CONPOTHUBIEHHUA Ha

W= O

Ll

I | I I
172 174 176 178 180

I | | I
170 172 174 176 178 180

Puc. 3. KoagpguumeHTsl 106080ro conpotnaneHus (cnesa) v nogbemHost cubl (cripasa) ans pacyetos ¢ f=2,5 f, u paznndHbimm Q

Fig. 3.  Drag (left) and lift (right) coefficients for simulations with f=2,5 f, and various
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Puc. 4. TIponosnbHas ckopocTs (cieBa) v z-3aBUXPEHHOCTb (CripaBa) Asist pacHeTos ¢ pasnnyHbimm Q u f

Fig. 4. Axial velocity (left) and z-vorticity (right) for simulations with various Q and f

78 % ¥ yMEeHBIINUTE QIYKTYAINIO TOBEMHON CUIIBI,
YTO TOATBEPK AT BO3MOKHOCTD YIIPABJIEHNUS XapaK-
TEPUCTUKAMY PACCMATPUBAEMOTO TYPOYIEHTHOTO Te-

YeHUud.
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Relevance. Characteristics of separated turbulent streams are of great importance when designing effective hydro- and thermal power
plants equipment. In such streams the flow regimes with harmful quasi-periodic high-amplitude oscillations of velocity and pressure
behind the body are implemented. Thus, the knowledge on the ways of controlling turbulent streams can not only reduce the wear of
working parts of equipment but prevent their destruction. Besides, to study the occurring optimization problems with the parameters,
which change in a wide range, one needs the validated turbulence models which save significantly the computing time compared to Lar-
ge-eddy simulations and direct numerical simulations.

The aim of the research is to apply a promising method to control the flow using the rotary oscillations of cylinder around the axis of
symmetry. The authors have carried out the investigations using high Reynolds numbers Re=1,4x10°, and the validated numerical me-
thods, to demonstrate the capabilities of the chosen control strategy to decrease the drag coefficient and fluctuating lift force effecting
the cylinder.

Methods. The authors used T-FlowS code which is based on finite-volume method and unstructured grids and solve unsteadly Reynolds-
averaged Navier—Stokes equations with second-moments closure.

Results. The paper demonstrates the possibility to control the flow — decrease of trace width behind the cylinder, suppression of recir-
culating zone, increase of vortex shedding frequency, reduction of drag and lift forces. It is shown that at certain oscillating parameters
of cylinder the resistance factor may be decreased by 78 % in comparison with non-rotating case.
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Turbulence, flow around cylinder, control, URANS, drag reduction.

The research was financially supported by the RSF grant no. 14-29-00203. The authors appreciate Siberian supercomputer
center for computational resources.

REFERENCES 6. Wood C.dJ. Visualization of an incompressible wake with base bleed.
Journal of Fluid Mechanics, 1967, vol. 29, pp. 259-272.

7. Dong 8., Triantafyllou G.S., Karniadakis G.E. Elimination of

nymi i passivnymi metodami (obzor) [Reduction of turbulent fric- vortex streets in bluff-body flows. Physical Review Letters, 2008,

isz)mijljalnviec: nzo%%ss‘l;;inll; n(z) ;.(;(;\flix;v;]_l%e?rmop ysics an 8. Shtendel T., Seifert A. Three-dimensional aspects of cylinder

drag reduction by suction and oscillatory blowing. International

1. Chang P.K. Separation of flow. Hungary, Elsevier, 1970. 771 p.
2. Kornilov V.I. Problemy snizheniya turbulentnogo treniya aktiv-

3. Williamson C.H.K. Vortex dynamics in the cylinder wake. Annu-

al Review of Fluid Mechanics, 1996, vol. 28, pp. 477-539. Journal of Heat and Fluid Flow, 2014, vol. 45, pp. 109-127.
4. Roshko A. On the wake and drag of bluff bodies. Journal of the Ae- 9. LiuY.G., Feng L.H. Suppression of lift fluctuations on a circular
ronautical Sciences, 1955, vol. 22, pp. 124-132. cylinder by inducing the symmetric vortex shedding mode. Jour-

5. Delaunay Y., Kaiktsis L. Control of circular cylinder wakes using nal of Fluids and S tmctyr es, 2015, vol. 5.4’ Pp. T43-T59. .
base mass transpiration. Physics of Fluids, 2001, vol. 13, 10. Tokumaru P.T., Dimotakis P.E. Rotary oscillation control of a cylin-

pp. 3285-3302. der wake. Journal of Fluid Mechanics, 1991, vol. 224, pp. 77-90.

93



Palkin E.V. et al. / Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2016. V. 327. 9. 88-94

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Tokumaru P.T., Dimotakis P.E. The lift of a cylinder executing
rotary motions in a uniform flow. Journal of Fluid Mechanics,
1993, vol. 255, pp. 1-10.

Mittal S., Kumar B. Flow past a rotating cylinder. Journal of
Fluid Mechanics, 2003, vol. 476, pp. 303-334.

Flinois T.L., Colonius T. Optimal control of circular cylinder wa-
kes using long control horizons. Physics of Fluids, 2015, vol. 27,
no. 8, pp. 087105.

Lecordier J.C., Hamma L., Paranthoen P. The control of vortex
shedding behind heated circular cylinders at low Reynolds num-
bers. Experiments in Fluids, 1991, vol. 10, pp. 224-229.

Isaev S.A., Baranov P.A., Kudryavtsev N.A., Zhukova Yr.V. Chi-
slennoe modelirovanie nestatsionarnogo teploobmena pri turbu-
lentnom obtekanii krugovogo tsilindra. Ch. 1. Metodicheskoe is-
sledovanie [Numerical simulation of unsteady heat exchange at a
turbulent flow around a circular cylinder. P. 1. Methodical stu-
dy]. Thermophysics and Aeromechanics, 2005, vol. 12, pp. 27-38.
Strykowski P.dJ., Sreenivasan K.R. On the formation and sup-
pression of vortex ‘shedding’ at low Reynolds numbers. Journal
of Fluid Mechanics, 1990, vol. 218, pp. 71-107.

Mittal S., Raghuvanshi A. Control of vortex shedding behind cir-
cular cylinder for flows at low Reynolds numbers. International
Journal of Numerical Methods in Fluids, 2001, vol. 35,
pp. 421-447.

Yildirim I., Rindt C.C.M., Steenhoven A.A. Vortex dynamics in a
wire-disturbed cylinder wake. Physics of Fluids, 2010, vol. 22,
no. 094101, pp. 1-15.

Chen Z., Aubry N. Active control of cylinder wake. Communica-
tions in Nonlinear Science and Numerical Simulations, 2005,
vol. 10, pp. 205-216.

Rothstein J.P. Slip on superhydrophobic surfaces. Annual Review
of Fluid Mechanics, 2010, vol. 42, pp. 89-109.

Information about the authors

21.

22.

23.

24,

25.

26.

27.

28.

29.

Egor V. Palkin, postgraduate, Novosibirsk State University.

You D., Moin P. Effects of hydrophobic surfaces on the drag and
lift of a circular cylinder. Physics of Fluids, 2007, vol. 19,
no. 081701, pp. 1-4.

Legendre D., Lauga E., Magnaudet J. Influence of slip on the dy-
namics of two-dimensional wakes. Journal of Fluid Mechanics,
2009, vol. 633, pp. 437-441.

Mastrokalos M.E., Papadopoulos C.I., Kaiktsis L. Optimal stabi-
lization of a flow past a partially hydrophobic circular cylinder.
Computers and Fluids, 2015, vol. 107, pp. 256-271.

Jie H., Liu Y.Z. Large eddy simulation of turbulent flow over a
cactus-analogue grooved cylinder. Journal of Visualization,
2016, vol. 19 (1), pp. 61-78.

Shiels D., Leonard A. Investigation of a drag reduction on a circu-
lar cylinder in rotary oscillation. Journal of Fluid Mechanics,
2001, vol. 431, pp. 297-322.

Du L., Dalton C. LES calculation for uniform flow past a rotatio-
nally oscillating cylinder. Journal of Fluids and Structures,
2013, vol. 42, pp. 40-54.

Jakirli¢ S., Hanjali¢ K. A new approach to modelling near-wall
turbulence energy and stress dissipation. Journal of Fluid Mecha-
nics, 2002, vol. 459, pp. 139-166.

Palkin E., Mullyadzhanov R., Hadziabdi¢ M., Hanjali¢ K. Scruti-
nizing URANS models in shedding flows: the case of the cylinder
in cross flow. Proc. 8" International Symposium on Turbulence,
Heat and Mass Transfer. Sarajevo, Bosnia and Herzegovina,
2015. pp. 1-15.

Cantwell B., Coles D. An experimental study of entrainment and
transport in the turbulent near wake of a circular cylinder. Jour-
nal of Fluid Mechanics, 1983, vol. 136, pp. 321-374.

Received 02 September 2016.

Rustam I. Mullyadzhanov, Cand. Sc., research scientist, Institute of Thermophysics; research scientist, Novosi-
birsk State University.

Muhamed Hadziabdic, Dr. Sc., associate professor, International University of Sarajevo.

Kemal Hanjalic, PhD professor, Delft University of Technology; professor, Novosibirsk State University.

94



