Contents

Session 1
Chairman: A. Roshko

P.W. Bearman
(Invited Lecture)

M.S. Triantafyllou
G.S. Triantafyllou

A.G. Tomboulides

G.L. Brown
G.E. Karniadakis

Session 2

Chairman: V. V. Kozlov

M. Kiya,

0. Mochizuki
Y. Ido

T. Suzuki

T. Arai

J.M.R. Graham
H. Arkell

R.
A.T. Degani
J.D.A. Walker

Session 8
Chairman: C.~-M. Ho

K. Kuwahara
(Invited Lecture)

U. Dallmann
H. Gebing
H. Vollmers

V.A. Gushchin
V.N. Konshin

T. Tamura
T. Otaguro
K. Kuwahara

Challenging problems in bluff body wakes.........ccccecoverneennenn 1

Reverse Karmén streets in the wake of flapping
foils for application in fish propulsion........c.cccccveeeererunnnnnn. 11

On the non—classical behavior of the vortex
street formed behind a half—cylinder.......cccoceeviiercecinneennn. *)

Flip—flopping flow around two bluff bodies
in tandem arrangement..........cccvveveriiinniinniin e 15

The effects of waves on vortex shedding from
CYURAEIS. .. v ivierivireiisiiirets it s ene e 19

Calculation of unsteady separation from........ccc.cceereriveennns 23
stationary and moving walls

The simulation of wakes up to high Reynolds
numbers and its visualization......co.evvveiiiniiiiiniicincnnnene *)

Unsteady three—dimensional separated flows
around a sphere — analysis of vortex chain
B {010 111: 1 10) (T RUORS RO PO ORI 27

Separated fluid flows - steady, periodical
and transitional regimes (numerical method,
results and COMPATISONS).c.ereerrerrererrerererreneeseensesrensessensanne 31

Simulation of separated and reattaching flows
around a circular cylinder at critical Reynolds
RUINDEIS. cveiresureesiresioruetrnssserseneesssneneseessssssnnsanmmsrsaresnnnorsses 35



XXV

Session 4

Poster discussion end presentations

Chairman: U. Dallmann

J. Borg
A.A. Szewczyk

J.-L. Champion
M. Coutanceaun

P.G. Esposito
R. Verzicco
P. Orlandi

G. Gerbeth
A. Alemany

H. Higuchi
H. Balligand

T. Hayashi

F. Yoshino

R. Waka

T. Kawamura

R.E. Hunt

P. Jenffer

J.E. Westreid

S. Goujon-Durand
R. Bénard

R. Boussora

B. Walter
M.M. Koochesfahani
J.F. Foss

S.C. Luo

Misirlioglu
Unal
Bearman

arasli

A.
M.
P.
P.
B.
J.M. Wallace

F.

w.

H. Nguyen
M

M.

Sheridan
Mllls

C. Thompson

J.
R.
K.
P.
M. Rudman
M.
M.C. Welsh

Unsteady base pressure measurements in
the near wake of a cylinder with imposed
three—dimensional disturbances........ccccovveeviiiiviiinniceniniianes 39

Development of the near wake structure on a
cantilevered circular cylinder with a
FrEe—eMd...ccoererrecrirrriniinrerresireeererrreesrentr e e e e aesesnrteese e sennes 43

Boundary condition influence on the flow
around a circular Cylinder.......c.cocveiviiicvnnncnen s 47

Magnetohydrodynamic flow around a circular
CTIRAET ... .. eeierereriereerinerremeraesieaecesasaneensessavessasnnssonnssnnesns 51

Development of vortex structure behind a circular
QESK. . corueriereirirererierireree s ernr s eesssrnnrreaeeaserassaseesaeasanesassessns 55

End effect on a yawed c:rcular cylinder in
URIOITR flOW....eieeircrrerieriiecnerr st erre s eeies srs e 59

Causal time—periodic solutions for spatially
developing media.......ccorvuiririeirvnsniiieiiiinnc e 63

Spatial properties along the flow of the
vortex emission behind a bluff body........cocvirerviivnvinivaninns *)

Transverse vorticity measurements in the
wake of an inverted oscillated D-shaped
CYHNAET.c.viviiriiiiiitircnnis vt 67

Two— and three—dimensional flow past circular
CYHDAEI(S)..c vt 71

Passive control of wake from a circular
cylinder with a splitter plate.......occeerviimnvevviericniiericinneenns (i

The vortical structure of the near wake of a
Circular CYHNAEL........covvrvireniveereriierrenireereesirinararreassessserennas 81

Conttol of wake formation and base pressure
by transverse perturbations..........coveerreerivrersreriererniioseaine 85



T.K. Sengupta

Dynamics of near wake of circular cylinder

R. Sengupta at high Reynolds numbers.........coccoveeervirerceeerivrerrunansesssens 89
G.K. Suryanarayana Passive control of the wake of a sphere by
H. Pauer VERtation......civis it 93
G.E.A. Mejer
S. Szepessy The effect of free stream turbulence on a

circular cylinder for various aspect ratios.......cccoeevrereriveenann 97
V. Uruba On the three—dimensionality of fluctuating

forces exerted on a circular cylinder in a

turbulent crossS—air—flOW.....cccovrveeierrvrersisinervreneenensnnvnneneenn 101
Session 5§
Chairman: V.Ya. Levchenko
P. Huerre Global and local instabilities.......covivivievvnininncisincncnnnn, *)
(Invited Lecture)
V. Schwarz Numerical investigation of instability waves
H. Bestek in the wake of an axisymmetric bluff body.........ccevvvveeenn. 105
H. Fasel
T.C. Corke Secondary growth of 3—D modes in far—wakes
M. Ghassemi through tuned and detuned subharmonic

TESOMATICE. eevevriissuururrerrrescorssssnsntesnssereeessstteereeeetsesnnnienssnss 109
Session 6
Chairman: M. Kiya
J. Sheridan The Kelvin—Helmholtz instability of the separated
J. Soria shear layer from a circular cylinder.......ccccoevveveveniinenrennns 115
W. Jie
M.C. Welsh
J.R. Chaplin Pressure distributions on a cylinder in planar

oscillatory flow at high Reynolds numbers............c.......e... 119
K. Al-Asmi Vortex shedding in oscillatory flow:
I.P. Castro Effects of free-stream turbulence...........ccocccvvvnvieeiinnnnnnnnen, 123
J.H. Gerrard Numerical analysis of the instabilities in the

near wake of a circular cylinder at low Reynolds

NUINDET. e svvniiirreeniic ittt ittt e e reesseeeaeaannneesrerrennnrnses 127
R.W. Miksad The effect of mean flow unsteadiness on the
M.R. Hajj dynamics of a plane wake.........coeeininiiiiniininineninenenn, 131
R.S. Solis
E.J. Powers



XXVI

Session 7
Chairman: G.L. Brown

M. Morzyhski
F. Thiele
(Invited Lecture)

B.R. Noack
H. Eckelmann

S. Le Dizés

P.A. Monkewitz
P. Huerre

Session 8

Numerical investigation of wake instabilities..........c.cooue.n. 135

Theoretical investigation of the cylinder wake
with a low-dimensional Galerkin method.........ccooecuuiinneee,

Nonlinear stability analysis of slowly-diverging flows:

Limitations of the weakly nonlinear approach.........c......... 147

Poster discussion and presentations
Chairman: H.-D. Papenfuss

S.P. Bardakhanov
V.V. Kozlov

B. Basara
B.A. Younis

S. Minevich

W.J. Hiller
T.A. Kowalewski

P. Lechey
Y. Giir

T. Kawamura
T. Hayashi

G. Riccardi
R. Piva

M.K. Bull
J.M. Pickles

Y. Mochimaru

T. Nakagawa

Y. Nakamura
K. Hirata

Onset and development of disturbances in wakes
behind bodies.......ccevrmmiiicniiiorieneenniee e

Prediction of two- and three~dimensional separated

flows with a non-linear k-¢ model.........coevvvrevvnrvcerevnnnens 157

Numerical investigation of square—section
cylinder vibration in line with an incident

UTHIOTIN TLOW....vveieviiniiiiereeeeeeereinrierereensrerereeeersssnnrneerenees 161

Wake patterns of a piston gliding in a

rotating circular duct.........covevvimriciniirniereiineicrenisneinenns 165

Flow measurements on an axially symmetric

body at large angle of attack.....cc.evvevircrieriiriirenrnennns 171

Numerical study of three dimensional wake
structure behind a yawed circular cylinder.........ccvuvviriens

Vorticity shedding from a lentil at large

incidence in uniform flow.......cooecvevviivnnnerinirencieeiiiienneeenn.s 179

The influence of a downstream body on
wake formation behind a bluff body..........c.ccereiiiivienninnen.

Numerical simulation of a steady flow behind
a body of revolution at moderate and high

Reynolds numbers, using a spectral method..........ccevennen. 189

Sound generation mechanism around a
square prism and an airfoil arranged in
tandem in transonic flows.......cccccovurmvnrrensenecnnievee e

A unified approach to galloping of rectangular
cylinders with or without a stationary
splitter plate

...................................................................



R. Martinuzzi
C. Tropea
J. Volkert

H. Stapountzis
G. Xenopoulos
S. Raptopoulos
Y. Sugiyama
H. Vollmers
W. Geifiler

W. Kithn

F. Klatt

V.L. Zhdanov
H. Eckelmann
B. Stasicki

Session 9

Chairman: M. Gharib

P.A. Monkewitz

(Invited Lecture)

F. Ohle
H. Eckelmann

P. Paranthoén
J.C. Lecordier

Session 10

Chatrman: J.H. Gerrard

K. Roussopoulos

C.R. Kaykayoglu

J.R. Meneghini
P.W. Bearman

Session 11

Chairman: M. Provansal

D. Rockwell

(Invited Lecture)

XXVl

Observations of the flow over prismatic obstacles
in a fully developed channel flow........cccveeveeevecriencneennenn. 201

Wake flow measurements in an oscillating
delta wing at high incidence........cooocvvricninriniiicncnce....208

Formation and behavior of the vortices
associated with a transverse jet.......c.oovvvviiecvvvoininnninnens 211

Kinematical investigation of the 2—D—flow
over an oscillating airfoil under stall........c.ccocervvennneenneen. 215

Wake flow and vortex generation behind
groups of cylinders in tandem and triangle

3 8 11053 10153 1O PP 219
Base bleed efficiency criterion......c.ccccevveeveeiivicenrecinnen, 223
Wake CONLIOL ..evrrrrrreeiiirrnenssssnsisonersssnerenninressessannessssons 227

No—feedback control of Kirmén vortex streets

at low Reynolds numbers.........ccovvevivennisiiecrinnnienecnans 241
Control of the wake instability at low

Reynolds numbers by thermal effect...........ccccveveenininnns 245
Aspects of bluff body wake control.........ccccovvnnvinvinneennnnn, 249

Vortex method simulation of the wake from a rigid
cylinder at Re = 200 subjected to streamwise
amplitude—modulated flow excitation..............cccoeeuveinns 253

Numerical simulation of control of bluff
body flow using a discrete vortex method
incorporating viscous diffusion...........ceeeviviiiiiiiiiniieiin, 257

Quantitative visualization of bluff-body wakes
via particle image velocimetry.....occvvveiveririisiieniiincinnnn, 263



XXVl
M.M. Zdravkovich
C. Norberg

M. Braza
H. Persillon

Session 12
Chairman: F.R. Hama

G. Polidori

G. Pineau

K. Abed Meraim
M. Coutanceau

E
A
H.-D. Papenfufl
K. Gersten

Session 13

Chairman: J.D.A. Walker

N. Yavorsky
(Invited Lecture)

Y.G. Guezennec
T.J. Gieseke

P. Albaréde
T. Leweke
M. Provansal

D.S. Park
L.G. Redekopp

Mini- Symposium

A reflection on two modes of eddy

shedding at Re = 180 & 300.......cceoiviiiiiiminicininiicianininnn 271

Pressure forces on a circular cylinder in

CEOSS TLOW .. cuerieeeeeeiiirierevrereisirseriisrssirsrerseeesassessssnsannsnsens 275

Prediction of certain transition characteristics
in the wake of a circular cylinder in free and

B 103 TX-1 R 10y 20O OUR ORIt 279

Shedding process of the initial vortices from
impulsively started cylinders at Re = 1000:

end and body geometry effects........oocevevviiiiciiviinnniciniin, 285

Control of wakes by manipulating mean

VElOCity PIOfles....cc.covvevvreiieiiiriieiitecettecsneece et 289

Unsteady wakes of three dimensional bodies...........c....cc.o. 293

Separated flows behind bluff bodies including
ground effects: application of the zonal

D711 1 Lo« PO OSSPSR UPURN 297

Laminar and turbulent wakes of bodies of

arbitrary shape in uniform flow.......cccocinniinivninnnnniniinne 301

Three-dimensional structure and dynamics

of the turbulent far Wake.......ooovveuvvvrrniiiieieereerereeereeencerees 309

The Ginzburg—Landau equation as a model
of the three—dimensional circular cylinder

wake at low Reynolds numbers......cccceovvevrierreeeriiineeereranens 313

Selection principles for spatio—temporal
patterns in wake flows......ccrevveevrverninireerinirererere e e

Chairman: J.M.R. Graham

J.M.R. Graham

Report on the Session comparing computation of
flow past circular cylinders with experimental

Baba.ceeeciei e s 317



Session 14
Chairman: M.K. Bull

‘E. Meiburg
(Invited Lecture)

C.H.K. Williamson

D.R. Williams
H. Mansy
P.-M. Yang

Session 15

Chairman: T.C. Corke
M. Konig

H. Eckelmann

C.G. Lewis

M. Gharib

M. Hammache
M. Gharib

P.S. Piccirillo
C.W. Van Atta

A. Papangelou

XXIX

The three-dimensional evolution of oblique
Waves in Plane Wakes.......cveeerreerernreesenrceeseerneersasensenanes 325

Three—dimensional phenomena in bluff body wakes:
Part 1: 3-D phase dynamics;
Part 2: Wave interactions in the far wake......coceerreervnnnnnns 333

Symmetry of two- and three-dimensional
modes at a vortex shedding interface in a
cylinder Wake......ccoveuivcieniinnineice e 337

An experimental study of the three—dimensional
structure of the wake of circular cylinders in the
laminar and transitional Reynolds number range.............. 341

The effect of axial motion on the wake of
a cylinder in steady uniform flow......ccocovvviiinviiininniinnens 345

On the evolution of three—dimensionalities
in laminar bluff~body wakes.......cccceevvverivnricinineciinrcnennnne 349

Experiments on vortex shedding behind
linearly tapered cylinders.......cveivivrinveinirenseneeiiinnnnnines 357

Vortex shedding from slender cones at low
Reynolds DUMDELS.....cccvivereineneeiininreiie st 361

*) paper not available at time of printing



