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Nonlinear Stability Calculations of Pipe Flow

by

Nobutake ITOH

National Aerospace Laboratory

Hiroshi KADOTA
The University of Electro-Communications

ABSTRACT

Fully nonlinear computations with an iterative method are made to investigate

stability of pipe Poiseuille flow to axisymmetric and non-axisymmetric disturbances.

Numerical results indicate that the weakly nonlinear theory cannot predict nonlinear

development of disturbances, and that there is no equilibrium amplitude of mono-

chromatic-type disturbances in the wavenumber and Reynolds number range con-

cerned.

Keywords: pipe flow, nonlinear stability
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DNS on Control of Laminar-Turbulent
Transition in Channel Flow with Suction and Blowing

by

Kiyoshi YAMAMOTO
National Aerospace Laboratory

Takeo MURASE
Fujitsu Limited

J.M. Floryan

The University of Western Ontario, Canada

ABSTRACT

Numerical simulation of laminar-turbulent transition in channel flow with
spatially periodic suction/blowing from its channel walls is conducted with a spectral
method based on the Fourier spectral method. Reynolds number is fixed on a
subcritical value, 5000 and the influence of both amplitude and wave number of the
suction/blowing on the transition is investigated. When the amplitude is small, the
transition does not occur because the suction/blowing gives only a slight effect to the
basic flow and the resulted flow remains still to be stable to all three-dimenstonal
small disturbances. On ‘the other hand, when the amplitude is a large value, the
transition occurs in a finite time, and finally it is obtained instantaneously with a huge
value of the amplitude. It is found that the suction/blowing makes the separation ridges
on the wall, which maybe simulate a wall roughness. The transition times are obtained
for the moderately large amplitudes and wave numbers and obey nearly -2 power law
dependence of the ratio of amplitude to wave number.

Keywords: channel flow, DNS, suction, blowing, transition
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Turbulence Modeling and Compressibility

Akira YOSHIZAWA
Institute of Indusirial Science, University of Tokyo

ABSTRACT

Some prominent features of compressibility effects are discussed from the
viewpoint of turbulence modeling. The difference between the ensemble and mass-
weighted averagings is also referred to in relation to the feasibility of incorporating

compressibility effects.

Keywords: turbulence modeling, compressibility, high-speed flow
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Aerodynamic Sound due to Interaction
between a Two-Dimensional Free Shear Layer and the Leading
Edge of a Parallel Flat Plate

by

Fujihiko SAKAO

School of Engineering. Hiroshima University

ABSTRACT

Sound is generated aerodynamically when the leading edge of a flat plate is set
in the middle of a free shear layer. The mechanism for it is a self-maintaining
oscillation based on a feedback loop including perturbation of the shear layer by sound
at the nozzle lip, developments of the perturbation downstream, and sound generation
at the edge by passing of the perturbed vorticity. Due to absense of acoustic resonance
in the present set up, any change in parameters results in smooth, continuous and wide-
ranged changes in the outcome, unlike in previous experiments, where changes are
often sticky, discontinuous, and with hysterisis. It seems that there are more than two
different mechanisms, and either of them appears according to the conditions. Among
the conditions, whether the shear layer from the nozzle to the edge is laminar or
turbulent is very important.

Keywords: shear layer, laminar vs. turbulent, aerodynamic sound, self-maintained
oscillation sound by edge
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Fluctuations of
Longitudinal Vortices along a Cocave Wall

Akira ITO and Yasuyuki FUKUTOMI
Meiji University

ABSTRACT

The fluctuations of the longitudinal vortices along a concave wall of 1 m in

radious were visualized by smoke and measured by Hot-wire anemometer at a free air

stream velocity ranging from 2 to 5 m/s. It was shown that the magnitude of such

fluctuations increased as the length of straight channel set in front of the concave

channel increased. The experiments were carried out by three straight channels of
200 mm, 800 mm and 1600 mm in length. The relation between the fluctuation
behaviour and the turbulence intensity of the free stream flow in the straight channel

were investigated.

Keywords: aerodynamics, boundary layers, Gortler vortices, fluctuations
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Experiment on a High Reynolds Number Turbulent
Boundary Layer

Yu FUKUNISHI, Yasuaki KOHAMA and Ryoji KOBAYASHI
Fuculry of Engineering, Tohoku University

ABSTRACT

A smooth roof of a high-speed train was used to investigate turbulent boundary
layers at high Reynolds number. 19 hot-wire probes were used simultaneously to
obtain data. Conditional sampling technique was applied to the data in order to
investigate the features of coherent structures in turbulent boundary layers at high

Reynolds numbers.

Keywords: coherent structure, turbulent boundary layer, high Reynolds number,

conditional sampling technique
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On the Wake Behind a High Speed Train
by

Muneshige OKUDE and Hidetoshi HAYAFUIJI
Faculty of Science and Technology, Meijo University

Tatsuya MATSUI
Professor Emeritus, Gifu University

ABSTRACT

The velocity distributtons in the boundary layer on the side wall of a high speed
train were measured by using two rakes of the multiple hot-wires. One was set on the
wall of the last car of a train which was running at 320 km/h on the downway railroad,
the other was set on the nose of the first car of a train which was at rest on the upway
railroad. The instant the two rakes of multiple hot-wire came in a straight line, the
velocity distribution throughout the boundary layer could be obtained. After the instant
the velocity distributions in the outer part of the wake behind the running train were
measured by the stationary hot-wire rake set on the car at rest.

The thickness of the boundary layer on the wall of the last car was about 2.5 m.
The spectrum of the velocity fluctuations in the wake had strong intensity at about 1.5
and 3.5 Hz in its distribution.

The flow pattern in the wake was visualized by using the smoke generated by
smoke markers. Recording of the wake flow by a video camera was not successful, but
the naked eye observation noticed the alternating vortex shedding from the rear surface
of the last car as in the case of an automobile. The flow patterns on the rear surface
of the last car visualized by the tuft method also showed the alternating vortex
shedding. The shedding frequency could be roughly measured to be about 2 to 5 Hz.
The alternating vortex shedding can be one of the causes of the rolling oscillation of
the last car.

Keywords: boundary layer, wake, visualization
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Calibration of Anemometers at Low Speed by
Means of Towing Carriage

Yoshiya TERAO

National Research Laboratory of Metrology

ABSTRACT

A towing carriage system for anemometers in the range below 1 m/s is described.
Anemometers under calibration are set on the carriage which moves on the 45 meters
long rails through stationary air at a constant speed between 0.05 and 1 m/s. The output
of the anemometers are calibrated against the carriage velocity.

Keywords: anemometer, calibration, towing carriage
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Criteria for Onset of Boundary-Layer Transition
on Spinning Bodies

Yasuaki KOHAMA
Tohoku University

ABSTRACT

Boundary-Layers on spinning axisymmetric bodies become unstable much earlier
than two-dimensional cases owing to centrifugal, or crossflow instabilities. There is no
reliable parameter up to now with which the onset condition of turbulent transition is
predicted. Considering local flow conditions on a spinning cone, together with Gortler
instability condition on a concave wall, criteria for the onset condition on spinning

bodies 1s discussed.

Keywords: transition prediction, non-dimensional parameter, 3-D boundary-layer

transition, instability
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On the Formation Process of Karman Vortex Street

Michio NISHIOKA
College of Engineering, University of Osaka Prefecture

ABSTRACT

An experimental study is conducted on the formation process of Karman vortex street.
The growth of wave-disturbances into the vortex street is examined by introducing initially

small-amplitude disturbances using a loud-speaker, at a cylinder Reynolds number R =

3.2 x 10°. On the basis of the results of u-fluctuation measurements and stability calculations

it is shown that the formation process is initially controlled by wave-disturbances similar to
those of symmetric 4, which evolve into the antisymmetric type downstream and eventually
~ into vortex street. Thus the process is quite complex, and a further careful and detailed study

is required to obtain a better understanding of the mechanism of vortex formation, especially

in terms of the absolute instability.

Keywords: Kdarman vortex street, flow instability, stability theory, absolute instability, acoustic

excitation, transition
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Nonlinear Instability of a Laminar
Flow in a Rectangular
Duct and Generation of the Turbulent Secondary Flow

Tomomasa TATSUMI
Kyoto Institute of Technology

Takahiro YOSHIMURA
Information System Developments, Hitachi Ltd.

ABSTRACT

The generation of the turbulent secondary flow in a rectangular duct is investigated in

the framework of hydrodynamical nonlinear instability of the corresponding laminar flow.

The secondary flow is obtained as an equilibrium state of growing unstable disturbances.

Keywords: turbulent secondary flow, hydrodynamical stability, duct flow
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Curvature Effects in Three - Dimensional Boundary Layers

R.-S.LIN
Mechanical and Aerospace Engineering

Arizona State University

H.L. REED
Thermophysical Properties of Fiuids Section
Institute of Fluid Science, Tohoku University

ABSTRACT

The effect of including wall and streamline curvature terms in swept-wing
boundary-layer stability calculations is studied. The linear disturbance equations are
cast on a fixed, body-intrinsic, curvilinear coordinate system. Those nonparalle]l terms
which contribute mainly to the streamline-curvature effect are retained in this
formulation and approximated by their local finite-difference values. Convex wall
curvature has a stabilizing effect, while streamline curvature is destabilizing.

Keywords: crossflow instability, swept-wing flows, laminar-turbulent transition

1. INTRODUCTION

Three-dimensional boundary-layer stability
and transition on a swept wing has become an
increasingly important research subject for the
effective application of Laminar Flow Control.
A recent review is given by Reed & Saric [1].
Although there are a variety of instability
mechanisms which may cause transition in a
swept-wing boundary layer, the present work
focuses on the study of the stationary crossflow
instability.

For  non-rotating three-dimensional
boundary-layer flow, Malik & Poll [2] adopted
Stuart's theory [3] and studied the
incompressible flow over the windward face of a
yawed infinite cylinder and reported that the

location of transition had an N factor of 11, as
compared with 17 when the effects of curvature
were neglected. However, this work contained
the surface curvature and was inconclusive as
far as the streamline-curvature effects were
concerned. To apply Stuart's stability theory,
one must guess the wave direction, which is part
of the' solution and is generally difficult to
approximate. Malik & Poll suggested iteratively
rotating the coordinate system until one of the
coordinate axes aligns with the wavenumber
vector. Then the local growth rates are
obtained. Two metric terms my9 and my; (3]
associated with the final coordinate system are
claimed to provide the effects of streamline
curvature. This seems to be difficult to justify
for three reasons.
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First, there is no unique coordinate system
satisfying tangency to the wavenumber vector,
and hence the values of mjp and my; can
depend on the choice of the trial coordinate
system. Second, to overcome the pressure force
in the crossflow direction, near the wall in a
swept-wing boundary layer, the flow must
follow streamlines that are more curved than the
local inviscid streamlines. Thus, streamline
curvature must vary with the normal direction
and typically my5 and my; are locally taken as
constants.  Third, streamline curvature is
actually induced by the spatial variations of the
basic state, which have long been known as
"nonparallel effects”. In previous work, these
have been routinely neglected.

2. DISCUSSION

In this work the effects of wall curvature
and streamline curvature on the stationary
crossflow instability of a swept-wing boundary
layer are addressed. The disturbance equations
are written on a fixed body-intrinsic coordinate
system; thus the wall curvature is consistently
formulated. The length scale chosen is

L=RvIUYI?

where R is the local radius of wall curvature.
The streamwise derivatives of basic-state
quantities are retained and approximated by
their local finite-difference values. These terms
represent the streamline curvature and cannot be
neglected; in all previous works, they have been
routinely neglected. = The complete, new
equations are found in Lin & Reed [4]; they are
too lengthy to be included here.

Results on a highly swept wing [4,5]
indicate that curvature has only a minor effect
on wave angle. By comparing with solutions of
the Orr-Sommerfeld equation, wall curvature is
found to be stabilizing and streamline curvature

is found to be destabilizing for the stationary
crossflow instability. This is evident in Figure 1
which shows comparisons of amplification
factors for different curvature formulations:
O-S (no curvature)
bdy01 (body curvature only)

bdyl1 (body and streamline curvature)
Results were verified by more computer-
resource-intensive linear Navier-Stokes
calculations [4,5]. Also, recently, Schrauf et al.
[6] have reported a destabilizing effect of
streamline curvature in a swept-wing boundary
layer. However, their formulation does not
include the nonparallel terms included here.

One curious observation is that streamline
curvature is stabilizing on a rotating disk, but
destabilizing on a swept wing. Pfenninger [7]
points out that "the mean boundary layer
crossflow of a rotating disk is directed from the
concave towards the convex edge of the
disturbance vortices, in contrast to swept wings,
where it is directed from the convex towards the
concave vortex edge.” For the swept wing, the
resulting centrifugally unstable stratification in
the crossflow direction of the streamtubes
destabilizes the boundary-layer flow. The
opposite occurs for the rotating disk, where the
stratification is centrifugally stable. |

The strength of linear theories is in their
use for design by comparing N factors from one
configuration to another. A configuration with a
smaller N factor (using the same theory) is
Tt has been
demonstrated here that the new theory at least
qualitatively  contains  the  appropriate
relationships between body and surface
curvature for 3-D boundary layers and in this
sense will aid in the evaluation of new airfoil

likely to remain laminar longer.

shapes for swept wings.
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Simultaneous 3D Turbulent Large-scale Structures in a Flood
Flow by Multi-channels Measuring System

Mikio HINO, Yang MENG and Nobuyoshi MURAYAMA
Tokyo Institute of Technology

ABSTRACT

Field measurements on turbulent large-scale structure of a flood flow in the Hinuma
river at a high Reynolds number of the order of 10° were conducted with 16-channels
electromagnetic velocimometers. The turbulent velocity components (u, v) at 8 points in a
plane perpendicular to the mean flow have been sampled and recorded simultaneously by a
A/D converter. The quasi-instantaneous 3D images of coherent structures in the flood flow
were reconstructed from these data by using a new method of data analysis. These structures
detected near the river bed are low-velocity lumps of fluid and generate intermittently peaks
of the high positive Reynolds stress. The high concentration of the suspend load in the flood
flow may be explained by these structures. Near water surface, the coherent structure has

also been found and they generated small-scale boils.
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A Numerical Experiment of Boundary
Layer Transition at Subcritical Reynolds Numbers

M. Asal

University of Osaka Prefecture

ABSTRACT

In order to clarify the mechanism of wall turbulence generation, the response of
boundary layer to strong disturbances at subcritical Reynolds numbers is investigated through
a direct numerical simulation. To trigger the subcritical transition, a discrete vortex is

initially introduced upstream of the leading edge of boundary-layer plate. The preliminary

results on the vortical flow structures excited, as well as the deformation and viscous

damping of vortices, are presented.

Keywords: boundary layer, subcritical transition, wall turbulence, numerical simulation
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Turbulent Boundary Layer Interacting with Spanwise
Periodic Longitudinal Vortex Arrays

Hideo OSAKA and Chiharu FUKUSHIMA
Dept. of Mechanical Engineering, Yamaguchi University

ABSTRACT

Detailed mean and turbulent flow measurements have been made to investigate the

development of turbulent boundary layer interacting with artifically generated trailing vortex

arrays in a free stream. Two parameters, namely spanwise period of the longitudinal vortex
arrays (L/S) and ratio of the longitudinal vortex scale to boundary layer scale (b/3), were
varied for five cases. As a results, it can be found that whether each quantity shows linear or
nonlinear interaction is significantly dependent on the value of L/S.

Keywords: turbulence, boundary layer, longitudinal vortex arrays, mean and turbulent flow
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Fig.1 Schematic diagram of flowfield, airfoil arrays,
nomenclature and coordinate system.
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Case5 8° 150 120 4 45 17.5 1.6 1775
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Fig.2 Relationship between the paths of
longitudinal vortex arrays and the
skin friction coefficient.
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Turbulent Drag Reduction of a d-Type
Rough Wall Boundary Layer with Longitudinal Ribs
Placed within the Grooves

Hideo OSAKA and Shinsuke MOCHIZUKI
Department of Mechanical Engineering, Yamaguchi University

ABSTRACT

In order to control the turbulent energy production and transport processes due to

the coherent vortices associated with the bursting phenomenon in a d-type rough wall
turbulent boundary layer, longitudinal thin ribs were placed within the transverse
grooves with a suitable spanwise spacing. Direct measurements of the local skin

friction coefficient evidently show the effectiveness of drag reduction using the

longitudinal ribs. Maximum drag reduction rates to d-type rough wall flow and to
smooth wall flow are —-10% and -3%, respectively. The drag reduction rate can be
reasonably expressed in terms of the rib Reynolds number. Comparisons of some mean

flow properties between the modified flow and the d-type rough wall flow provide

evidence that the present passive control device reduces the turbulent energy

production rate.

Keywords: turbulence, turbulent flow, boundary layer, d-type rough wall, drag reduction,
coherent structure, longitudinal ribs
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"Coherent Structure in Near Wall Turburence with Riblets

Hirofumi OHNARI
Tokuyama Coliege of Technology

ABSTRACT

Coherent structures in near-wall region of turbulent boundary layer with riblets are
investigated using the technique of flow visualization. The results indicate that the pattern of
low speed streaks near the riblet wall is a straight line at Reynolds number 4240 and
different from the streaky structure near the smooth wall of turburent boundary layer.

Keywords: drag reduction, coherent structure, near wall turburence, riblets, transition
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Instability Around an Isolated Roughness Element

Tatsuo MOTOHASHI
Dept. of Aerospace Engineering, Nihon University

ABSTRACT

Detailed measurements were made of the flow field around an isolated roughness
element. High shear layers generated in the near wake of the roughness element were
disclosed through the hot wire measurements. In the region immediate behind the roughness,
the shear stress in the vertical direction is responsible for the instability. On the other hand,

the spanwise distribution of shear stress becomes to play a dominant role in the transition

process in the downstream region.

Keywords: instability, roughness, wake of cylinder
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Idea of Underground Airplane

Hiroshi SATO

Institute of Flow Research

ABSTRACT

As a rapid transit system between large cities an underground airplane is proposed. A
large-diameter tunnel is constructed and medium-size airplanes are operated at around
600 km/hr. The tunnel can be used also for storage and transportation of material, energy

and information.

Keywords: rapid transit, deep-underground
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Growth and Breakdown of Taylor-Gortler Vortices in Rotating
Blasius Boundary Layer

Masaharu MATSUBARA and Shigeaki MASUDA
Dept. of Mechanical Engineering. Keio University

ABSTRACT

The Coriolis force affecting normal to the wall causes Taylor-Gortler vortices in a

boundary layer rotating around the spanwise axis. These vortices distort the basic Blasius
boundary layer to be inflectional distribution that should be inviscidly unstable. The experimental
results showed that the pitch of Taylor-Gortler vortices are independent of the given initial

disturbance, and suggested some mechanisms to select the spanwise pitch. The velocity

fluctuation was founded near the inflectional point of the spanwise velocity distribution,

though it was not clear whether it was caused by the inviscid inflectional instability or by the

spanwise fluctuation of the Taylor-Gortler vortex itself.

Keywords: Taylor-Gortler vortex, instability, transition, Coriolis force, boundary layer
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Traveling Disturbances Appearing in Yawed Cylinder
Boundary Layer Transition

Yasuaki KOHAMA
Tohoku University

ABSTRACT

Unsteady disturbances with two different frequency f,, f, were detected in the boundary
layer transition process on a yawed cylinder surface. Detailed velocity field measurement
were performed using rotatable hot wire system. It was found out that high frequency (f,)
disturbance seems to be streamwise inflectional instability appeared locally over each top of
crossflow vortices, and drive the flow field directly to full turbulent state. Directions and
phase velocities of these disturbances are measured and found out that high frequency
disturbance (f,) is the secondary instability which was visualized by smoke previously.

Keywords: swept wing flow, 3-D boundary-layer transition, randomization process, traveling

disturbance

1. F L&IC

MZERIROBRBRIFREORFE PR E B
SET, HREERITETOLDIOLETHS
s, M, ERHUAREREFFRL, HEEILE
BAIEIHRE LTV B, BRENALTERRE
DAHA=ZXLICBRRALENE CRENTED,
o> THEABHBEODE I > THIEL, #IRM
HRERBEIZIDLHORNWEERT 20T, K
ERICBLTRIDBRNGEFMICAET S &
WEDEBBEDOA N =X LERBATEHEIEEE BB,

2. ARERLER

X1icg@mEiticsvbs - FEESE
BREEMTLAERE2 7Y, HEEZIZ 300mm
THY, 200 HERLERIKDIRLTH 5,

« RALKRFIFE

B&Z fi=1kHz & f,=12kHz iC - 7 %H T 3
WEDSHEEL TV S EHBB, Poll') & 1kHz
L17.5kHz D 2 RO TR AR L T35,

ZOHMOVWTRERLTE ST, AELEHOD
ERAEESY, BN A =X LR3FEATH -1,
—%, EHLOBEOMI L ZARCEEY i
MR ELETIRERNOMBEREUI AL ER
BEBFEINTEY, B EFEESHFERT LR
HBICET 3 2RALEY TV, EELI LN
TWids, TNETENEREBATEERBRERDS
SNTWIEW, FLTLZTIREIT7o— 7%
BLXH, f, LOREAME, &I& (H) EE,

(EEH B A FMICBIE Lz, 2ORE. £ IEA
BERICINBEE-27%28 L, £, IRFRAG
o, WHEAREICIWLAEICEBRICE N
XDE-2FEBELTWATEMHALA, $1.

K 2@)~CcRT LD, EEAMEIEI L B

Thic dociiment i nrovided hv TAXA



88 ZEFH BRI EI8%)

(Uw=44m/s, A = 45°, ¢ = 84°,z = 0.7Tmumn) 1{1

N |

agv | k\ \//\/l\

50 LOG 20kH2

X1 BQHREORBEESITER
(V.=44m/s, A =45°, $=84°, Z=0.7mm)

AN HENC, f BERRKHFLTHBLZ30°DH
CHZAEIE L TW A EDHEAL 1z, X, £ 14,
(@R T LI K Z A RILOER L1313
LTWB &ML, BRUARESICETS 21K
ALETHHrgEtEModly, LD 2IRAKEL
EERAERY, 3% 2 LCHBRY icbRits T
B, SWTHAR—# VRN C L
T& 5, (BEEIIZ, f,1224m/s (U-= 34.5m/
s), f,1318m/s (U»=43.6m/s) ThH -7,

3. VY IS

BAENALES T, FEELAREBEADBE L,
FREERAREZ LD, BEAGIER S
HogARKpotis i, TEAHREOEBOHD
“ETHEAREH " EREHSVLSEEPLT?] &L
ADTH5, EHENED ( 1IRARE ) [FEEmIiCHE
ELTRETIOPFEREBE>T0H, SKRK
ORETIR, EELTVRIARIE 1 > HTET
WHWEWH, EDXH AN = X LBERNE
ABICH L CEE S AEEZ LTV BD00,
SRIBRBOZBHLOLLOY THRDTEER
ThsrEES, X, BERBEOEBIf, OVENE
HEHHSHIIE > TW W, AT, BEFRI
N, 1RALESE L CEICEE L #ELick
AUTHHEEAE T 2ERNALERSRELET
B3 THB, f, TINEBRBHMMEICEEL
TW5H, EEFRRHTVWS, 50805, &
IHEH> T HZFOEBLBEEZBBTL LT
EREYRN

(U = 34.5m/s, A = 45°)

@) EEZEEL f

(Ueo = 43.6m/s, A = 45°)
b SAKEE £

(© 2ERARE DALY
K2 #T&EILOEEAR

2 £ X M

1) D. 1. A. Poll : J. Fluid Mech., Vol.150
(1985), 329-356.

Thic dociiment i nrovided hv TAXA



2)

3)

4)

5)

MEREEBORY L HIE] HALBHERE 89

Y. Kohama, F. Ohta and K. Segawa :
Laminar-Turbulent Trasition, D. Arnal,
R. Michel Eds., Springer-Verlag (1989),
431-440.

Y. Kohama :
21-38.

Y. Kohama and R. Kobayashi : J. Fluid
Mech., Vol.1371 (1983), 153-164.

Y. Kohama, W. S. Saric and J. H. Hoos :

Acta Mech., Vol.66 (1987),

6)

7)

8)

Proc. Boundary Layer Trasition Control
Conf. Cambridge, UK (1991), 4.14.13.
P b BAMZFEHTFRE, 25%, 835
(1977), 390-394.

S. Masuda and M. Matubara :
Turbulent Transition, D. Arnal, R. Michel
Eds., Springer-Verlag (1989), 465-474.
R.Kobayashi, Y.Kohama and M. Kurosawa
: J. Fluid Mech., Vol.127 (1983), 341-352.

Laminar-

Thic dociiment i nrovided hv TAXA



Thic dociiment i nrovided hv TAXA



22

91

A * ABITRRIC BT A= RFIORERE

X H "

| AL ¥ £

Visual Structure of Karman Vortex Streets in a Route to Chaotic
States Exited by Oscillation of a Circular Cylinder

Hiroshi NAGATA and Takashi ISHIMARU
Faculry of Engineering, Gifu University

ABSTRACT

The structure of Karman vortex streets formed behind a circular cylinder oscillated in

the streamwise direction was studied by using flow visualization and hot-film anemometry.
The spectra of velocity fluctuation at one point which is located immediately downstream of
the absolute instability region were found to correspond intimately to the global structure of

the vortex street. The chaotic vortex streets appear in the two ranges both around the lower

and the upper boundaries of the lock-in range for the frequency of the cylinder oscillation. In

the ranges outside the lock-in and the chaotic ranges, the velocity fluctuations become quasi-
periodic states. The variation of the structure of the vortex streets can be interpreted as a
result of nonlinear interaction between the pattern created by the oscillation of the cylinder

and the pattern formed by natural shedding of the vortices. The chaotic vortex streets are

considered to develop under the unsteady states in a competition between these two pattemns.

Keywords: Karman vortex street, chaos, three dimensional flow, nonlinear interaction,
pattern formation, flow visualization
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Boundary Conditions and Bifurcations in Plane
Poiseuille Flow

Makoto UMEKI

Department of Physics, University of Tokyo

ABSTRACT

Effects of boundary conditions on bifurcation structures of two-dimensional

steady progressive waves in plane Poiseuille flows are considered. There may exists a

Hopf bifurcation on the upper branch of the progressive waves. In terms of the spectral

method, the dimension of evolution equations of modes with a constant pressure

gradient is larger by one than that with a constant flux.

Keywords: plane Poiseuille flow, bifurcation theory, boundary condition
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