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Instability of Three-Dimensional
Boundary Layers Along Concave Walls

Nobutake ITOH

National Aerospace Laboratory

ABSTRACT

A three-dimensional boundary layer along a concave wall encounters three possible kinds
of instability, namely the Tollmien-Schlichting instability, the cross-flow instability and the
Taylor-Gortler instability. Prediction of the most dangerous mode among these instabilities is
made with comparison of the critical Reynolds numbers to small disturbances of the three

types.

Key Words: boundary layer, instability, concave wall
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Chaotic Behabior of Natural Convection
Around a Horizontal Isothermal Cylinder
(Effect of the Upper Plate)

Hiroyoshi KoizuMi, Iwao HOSOKAWA and Hironori MIYOSHI

University of Electro-Communications

ABSTRACT

This study aims at revealing the effect of the upper plate on the flow and heat transfer
performance around a horizontal isothermal cylinder. We show various flow patterns depending
on Rayleigh number, the distance between the plate and the cylinder, and the temperature condition
of the plate. The unsteady flows are shown to be chaotic by calculating a set of Liapunov exponents
from the observed time series of a single variable.

Key Words: natural convection, horizontal isothermal cylinder, heat transfer performance, chaos,

effect of the upper plate
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On the Minimum Critical Reynols Number
for Transition to Wall Turbulence

M. NISHIOKA

Department of Aerospace Engineering. University of Osaka Prefecture

ABSTRACT

When considering Laminar Control and/or Turbulence Manipulation of boundary layer,
we need to know the turbulence characteristics at the lowest Reynolds numbers for the wall
turbulence to be self-sustained. However, the related information is so far quite limited and
insufficient. In fact, the critical flow condition for self-sustaining wall turbulence and the related
minimum Reynolds number for the possible subcritical transition are not clarified yet.

In the present paper, through observing the subcritical transition of a flat-plate boundary
layer triggered by a group of circular cylinders (of 3 mm dia. and 3.8 mm height) placed near
the leading edge or on a wind wall immediately downstream of the contraction, the minimum
critical Reynolds number for self-sustaining wall turbulence is examined experimentally. It is
found that the cylinder-generated energetic hairpin eddies can trigger the subcritical disturbance
growth at such low R (based on momentum thickness) as 110~130. Downstream, the mean flow
can follow the log-law distribution beyond R =210 and if the Clauser parameter G=(U_/u )(H-
1)/H is below about 7, where u_and H denote the friction velocity and the shape factor respectively.
With describing these results, this paper discusses the subcritical disturbance growth due to
cylinder-generated hairpin eddies.
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Recent Development on Basic Studies in
Aerodynamic Noise Control

H. Fuiita

Precision and Intelligence Laboratory, Tokvo Institute of Technology

ABSTRACT

Recent development on basic studies in aerodynamic noise control are reviewed in various
aspects. In the theoretical study on modeling of the noise sources, models of Lighthill, Curle,
Powell and Howe are discussed. In the experimental study on the noise generation mechanism,
development of a low noise wind tunnel and the treatment of the jet edge in open test sections
are discussed in order to obtain reliable experimental data. Measurement of the spanwise

correlation of the surface pressure fluctuations on a 2-dimensional circular cylinder is discussed
together with the development of the prediction scheme of the noise generation from the cylinder

using numerical simulation.
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Search of Order in Random Field

Hiroshi SATO

Institute of Flow Research

ABSTRACT

In order to promote the fundamental research on ordered motions in turbulent flows we
try to clarify the relationship between order and randomness and propose a new method for

finding ordered patterns in a random field. There is no complete order nor complete randomness.

We introduce the concept of degree of order or degree of randomness. The basic idea for search
for ordered motions is that the turbulent flow is not a mixture of random and ordered fluctuations
but consists of fluctuations of different degrees of order. The proposed method is the use of
three-dimensional test patterns of different size and shape. They are traversed in a turbulent flow

and the correlation coefficient is computed at every point in the flow. If the correlation with

specific test pattern is large at some point, we consider that an ordered motion exists there. This
method is still subjective but we cannot get rid of subjectivity when we deal with patterns.
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Distortion of Wave-Front of Compression Wave
Travelling in Shinkansen Tunnel

Satoru OZAWA

Tokvo Engineering University

Tatsuo MAEDA

Railway Technical Research Institute

ABSTRACT

A pressure pulse—we call it ‘micro-pressure wave’—radiates out of the tunnel exit when
a compression wave generated by a Shinkansen train entering a tunnel arrives at the tunnel exit.
The micro-pressure wave depends on the shape of the compression wave arriving at the tunnel
exit; the shape of the micro-pressure wave is approximately proportional to the time derivative
of the pressure of the incident compression wave. The micro-pressure wave is large at the exit
of a long tunnel with the concrete slab track because the wave-front of the compression wave
steepens during propagation in the tunnel. This paper deals with the factors which counteract
steepening of the wave-front of the compression wave due to nonlinear effect: ballasted track,

side branches in a tunnel, frictional force at the tunnel wall.

Key Words: pressure wave, boom, tunnel, Shinkansen
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Wake Characteristics of a High Speed Train
in Relation to Tail Coach Oscillations

Y. KOHAMA

Institute of Fluid Science, Touhoku University, Sendai, Japan

ABSTRACT

High speed train involves several different aerodynamic problems as the cruise speed is

increased. Among them, tail coach oscillation problem exists which is important as long as
comfortable cruise condition is concerned. However, the reason why such oscillation occurs is
not known. Many possible cause may exist. Railway might have major influence to the oscillation,
or wake characteristics of the tail coach might have prominent effects, since the aerodynamic

force becomes larger the train speed increases.
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On Natural Instability in the Near Region
of Initially Turbulent Free Jets

Michio HAYAKAWA

Hokkaido University

ABSTRACT

Frequency-centered activity has been observed in the near region of initially turbulent

circular jets. The dominant frequency determined from frequency spectra of velocity fluctuation
scales better with local momentum thickness than with jet diameter, suggesting that the shear
layer type of instability is responsible for the quasi periodicity. This is basically consistent with

the notion of Petersen & Samet, that natural instabilities in circular jets scale with local shear-
layer thickness, and the jet diameter is merely a subsidiary parameter. However the present
result shows that the dominant frequency nondimensionalized with the local mean flow properties
significantly varies with the ratio of local momentum thickness to jet diameter. Discussion is

mainly made in the context of instability in shear flow turbulence.

Key Words: turbulent jet, instability, preferred mode, initial condition
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Growth of a Turbulent
Spot in a Coriolis Force Field

Shigeaki MASUDA

Keio University

Masaharu MATUBARA

Roval Institute of Technology

ABSTRACT

The structure and the growth of a turbulent spot in a Blasius boundary layer stabilized by
Coriolis force has been investigated. The hot-wire measurement suggested the roll of hairpin
vortices on the growth of the turbulent spot. The growth rate was found to be reduced by Coriolis
force, the mechanism of which has been explained in connection with the cancellation of hairpin

vortices by system rotation.

Key Words: transition, Coriolis force, turbulent spot, system rotation, artificial disturbance
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Receptivity of Flat-Plate Boundary Layer
with Two-Dimensional
Roughness Element to Sound

Yu FUKUNISHI, Ryoji KOBAYASHI and Yasuaki KOHAMA

Tohoku University

William S. SARIC and Helen L. REED

Arizona State University

ABSTRACT

The receptivity of a flat-plate boundary layer to freestream sound when one or two roughness
elements are attached to the surface is investigated by both wind tunnel experiments and numerical
simulations. It is shown that the amplitude of the T-S waves which develop downstream can be
controlled by changing the distance between the two-dimensional elements. When single roughness
element is on the surface of the flat-plate, the results of the numerical simulation show that the
amplitude of the generated T-S wave is a function of the roughness width. It is shown that this
effect can be explained as an interaction between the waves generated at the upstream edge of
the element and the waves generated at the downstream edge.

Key Words: receptivity, roughness elements, T-S waves, wave interaction
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The Three-Dimensional
Instability of Kirchhoff’s

Elliptic Vortex and the Elliptical Instability

Takeshi MIYAZAKI

Univerlety of Electro-Communications

Takesht IMAI

Univerlety of Electro-Communications

Yasuhide FUKUMOTO

Nagova University

ABSTRACT

The three-dimensional linear instability of Kirchhoff’s elliptic vortex in an inviscid
incompressible fluid is investigated numerically. Any elliptic vortex is shown to be unstable to
an infinite number of short-wave bending modes with azimuthal wavenumber m=1. In the limit
of small ellipticity, the axial wavenumber of each unstable mode approaches the value obtained
by the asymptotic theory of Vladimirov & II'in, indicating that the instability is caused by a
resonance phenomenon. As the ellipticity increases, the bandwidth broadens and neighbouring
bands overlap each other. The maximum growth rate of each mode, except for that of the longest
one, is very close to that of the elliptical instability under the influence of a Coriolis force.

Key Words: Kirchhoff’s elliptic vortex, three-dimensional linear instability, elliptical instability
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Streamline Curvature
Instability of Three-Dimensional Boundary Layers

Nobutake ITOH

National Aerospace Laboratory

ABSTRACT

An eigenvalue problem posed by simplified disturbance equations is numerically solved
to evaluate effects of streamline curvature on critical Reynolds numbers of the Falkner-Skan-
Cooke family of velocity profiles. The results predict possibility of a new kind of centrifugal

instability, due to the streamline curvature.

Key Words: boundary layer, instability, streamline
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Flow Visualization on Process of
Breakdown of Horseshoe-type Vortices
Along a Concave Wall

Akira ITO and Kousuke INAYAMA

School of Science and Technology, Meiji University

ABSTRACT

The breakdown process of the horseshoe-type vortices along a concave wall in radius of
1 m was visualized using smoke-wire method. The experiments were carried out under airflow
velocity of 1.6 m/s and Gortler parameter of about 40. The behaviour of the vortices was taken
using new moving smoke-wire method with Strobo vision scope. Furthermore, the mean velocity,
turbulent intensity and velocity gradient were also measured, and these distributions were
compared with the behaviour of the vortices.

Key Words: Horseshoe type vortices, Breakdown, Boundary layer transition, Smoke-wire

method
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“Observation of Votex Pattens”
versus
“Measurement of Velocity Fluctuations”

Hiroshi NAGATA, Chiharu FUKUSHIMA and Tomonori MORI

Gifu University

ABSTRACT

Two conventional methods, i.e., observation and measurement, have been applied to
investigate the vortex flows. The relation between the observation and the measurement are
discussed. Two methods are complementary to each other in a full understanding of the unsteady
vortex flows, since the observation of vortex patterns is useful to know the spatial variation of
the flow at an instant and the measurement of velocity fluctuation is useful to know the temporal
variation of the flow at a local point. In order to know both spatial and temporal variation of
vortex flows, a new method was developed to measure the velocity field by means of hydrogen
bubble techniques. By use of the method the velocity field in Karman vortex streets were obtained
and the patterns of sectional streamlines and contours of vorticity were determined in the region

of the near of a cylinder.

Key Words: vortex, visualization, hydrogen bubble techniques, sectional streamlines, vorticity,

Karman vortex street
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On the Organized Motions of a Turbulent
Boundary Layer

Yasujiro KOBASHI
Hokkaido University

ABSTRACT

The organized structure, which is defined by the vortex core in which distributed vortices
are contained, builds up the outer layer of the boundary layer, and gives rise to burst structures
near the wall. In study the problem why the coherent structures appear quite seldom is more
stressed than now to detect them either by visualization or direct numerical simulation studies.

Key Words: turbulent boundary layer, outer layer, inner layer, organized structure, vortex and

voriex core, burst structure .
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Pattern Formation in
Flows—Rayleigh-Bénard Convection

Jiro MIZUSHIMA

Faculty of Engineering, Doshisha University

ABSTRACT

In the previous paper, an attempt was made to clarify the mechanism of the pattern formation
in Rayleigh-Bénard convection by proposing a set of model equations which describe the time
development of the amplitudes of Fourier modes. The coefficients involved in the model equations
are assumed appropriately there, and it was shown that a hexagonal cellular pattern is a stable
steady solution of the set of model equations. In the present paper, the coefficients are evaluated
from the basic equations by the weakly nonlinear stability theory. A temperature dependence of

the viscosity of the fluid is considered.

Key Words: pattern formation, Rayleigh-Bénard convection, stability
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Numerical Simulation of
Isotropic Turbulence Using NWT

Kiyoshi YAMAMOTO

National Aerospace Laboratory

Iwao HOSOKAWA and Shin-ichi OIDE

The University of Electro-Communications

ABSTRACT

Direct numerical simulation (DNS) of homogeneous isotropic turbulence is made using
the Numerical Wind Tunnel (NWT), a new parallel computer introduced to NAL last year. The
DNS having 512 mesh points in space can be conducted by the NWT with 128 processor element,
whose performance attains to 53 GFLOPS for the DNS. The fully developed turbulent fields,
velocity and temperature, are obtained by the DNS which is used the Fourier spectral method
for the calculation of the Navier-Stokes equation. The energy spectrum obtained has the k-7
power law region in it. The probability distribution functions show the Gaussian distribution for
the velocity, but exponential functions for the velocity derivatives. The intense vorticity
concentrates into various short tube like regions. but the temperature into sheet like regions in

space.

Key Words: DNS, parallel computer, isotropic turbulence, energy spectrum
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Time-Space Structure of Organized Motor
in Near Wall Turbulence

Hirofumi ONARI

Tokuvama College of Technology

ABSTRACT

Space-time structure of organized motion in the near wall turbulence is investigated using
‘Dye-Particle-Image Velocimetry (DPIV)’ technique. The results indicate that transverse vortical
structure in outer layer associates with the vorticity and uv structures. Further, the evolution of
the vortical structure depends on the diffusion of vorticity and the increase of instantaneous-uv
in space-time. DPIV plays an important role to understand the physics of organized motion in

the near-wall turbulence.
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Velocity Spikes in
the Wake of a Circular Cylinder

Yasuhiro OUWA and Fujiocka SAKAO

School of Engineering, Kinki University

Yoshihiro MATSUOKA

School of Science and Technology, Kinki University

ABSTRACT

Velocity fluctuations were investigated with hot-wire anemometers in the wake of a circular
cylinder placed perpendicular to the main stream. Large and sharp fluctuation of velocity though
occasional, designated “‘spike”, found in the wake, tends to distribute itself transversely much
wider than steady small fluctuations which contribute most to the r.m.s. (root-mean-square) value
because of persistent appearance. With the cylinder set rather far from a plate (parallel to the
flow), for its boundary layer transition to turbulence, such spikes are found to play the dominant
role. In this paper, an outline of extent of the spike in the wake of the cylinder is presented.

Key Words: spike, wake, transition, boundary layer
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A Study on the Instability of the Wake

Masahito ASAI

Tokyo Metropolitan Institute of Technology

ABSTRACT

In order to better understand the relation between the von Karman vortex shedding and
the wake (absolute) instability, the wake development behind a blunt-ended flat-plate is examined
experimentally. When the vortex shedding is controlled by another flat-plate in the wake, the
shedding frequency is remarkedly changed. Such change in frequency is found to be closely
related to the change in the absolute instability characteristics in the near-wake field.

Key Words: wake, vortex shedding, absolute instability
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