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Instability of Spatially Periodic Flows

Kanefusa GOTOH
College of Engineering, University of Osaka Prefecture

ABSTRACT

Theoretical approaches to the instability of parallel or cellular periodic flows are

surveyed.

Keywords: instability, periodic flow, Floquet exponent, Lagrangian chaos
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Coherent Vortex Structure
in a Two-Dimensional Excited Jet

by

Hideharu MAKITA, Takeshi MATSUMOTO and Koji SASSA
Dept. of Energy Eng., Toyohashi University

ABSTRACT

Experimental investigation was made for the structure of coherent vortices in a two-

dimensional excited jet with a parabolic velocity distribution. Two characteristic modes

of velocity fluctuation in the two-dimensional jet, i.e. the symmetrical and anti-symmetrical

mode, were acoustically excited to improve the reproducibility in appearance of the vortex

arrangement in each exciting mode. The employment of conditional sampling and phase

averaging for the hot-wire outputs made it possible to catch the coherent vortex arrange-

ments was clearly observed in vorticity contour maps. In each exciting mode, the convec-

tion velocity determined by the vorticity contour map was kept almost constant during

the coherent vortex traveled downstream through the linear interaction, nonlinear interaction

and randomizing regions.

Keywords: jet, transition, conditional sampling, acoustic excitation, vorticity, convection
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Turbulence Research — Where Should We Go?

Hiroshi SATO
Institute of Flow Research

ABSTRACT

Study of turbulent flows has two faces. One is as a branch of physics and the other
is as a basis of technology concerning flows of fluid. As physics many concepts in
turbulence, for instance, vortex and ordered motions have to be clarified. Experimentalists
should work for new discoveries. Computations must also aim at new findings. The

technical applications should include turbulence management, control of separation and

phase change.

Keywords: turbulence, flow control, separation
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Effects of Sound on the Artificially
Generated Longitudinal Vortex Pair in Boundary Layer

Yasuaki KOHAMA, T.J. WANG and Yu FUKUNISHI
Faculty of Engineering. Tohoku University

ABSTRACT

Characteristics of secondary instability which originates from a longitudinal vortex

pair due to the unstable inflectional velocity profile between their axes in a boundary

layer is investigated experimentally. The longitudinal vortex pair is generated artificially

by blowing air from a longitudinal slit in a flatplate. Behavior of secondary instability

fluctuation under the influence of sound is also examined. A nonlinear interaction observed

between generated sound frequencies and its corresponding peak frequencies is shown on
spectrum analysis. The flow field under the influence of secondary instability is influenced

by the sound.

Keywords: secondary instability, boundary layer, longitudinal vortex pair, acoustic

excitation
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Consideration on Boundary-Layer Receptivity

Michio NISHIOKA
College of Engineering, University of Osaka Prefecture

ABSTRACT

On the boundary-layer receptivity, the present paper describes the results of numerical
simulations and laboratory experiments to clarify the condition under which external
disturbances such as sound and free-stream turbulence can excite Tollmien-Schlichting
waves. The most important finding is that the unsteady pressure gradient on the wall
imposed by the external disturbance need to have such proper spatial scales as to match
A, the wavelength of T-S wave to be excited. In this case, the unsteady pressure gradient
induces the vortical wave of the proper scale and then Tollmien-Schlichting wave.

Keywords: boundary-layer receptivity, T-S wave, instability, transition
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Boundary Layer Transition in Coriolis Force Field
by

Shigeaki MATSUDA and Masaharu MATUBARA
Keio University ’

ABSTRACT

Experimental results on laminar-turbulent transition of Blasius boundary layer subject
to Coriolis force normal to the wall have been summarized. Coriolis force toward the
wall enhance the three-dimensional instability, resulting in the generation of counter-
rotating vortices and their secondary instability similar to those on a concave wall. Coriolis
force directed outward from the wall, on the other hand, suppresses the three-dimensionality
and the transition is delayed, being associated with turbulent spots similar to the stationary
boundary layer..

Keywords: transition, Blasius boundary layer, Coriolis force, Taylor-Gortler vortices,

turbulent spot
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Laminar-Turbulent Transition of
a Boundary Layer by Disturbances
in the Main Stream

Yasuhiro OUWA, Fujihiko SAKAO

Kinki University

Hiroshima University

Yoshihiro MATSUOKA
Kinki University

ABSTRACT

Development of disturbances in, and transition to turbulence of, a laminar boundary
layer on a flat plate caused by free stream disturbances which are in turn introduced by
a stational circular cylinder or an impulsively swung wing near the layer is investigated.
For most cases, transition to turbulence is observed at a place where disturbance by the
cylinder or the wing supposedly first arrives at the boundary layer.

Keywords: transition, boundary layer
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Three-Dimensional Boundary-Layer Transition
on a Swept Cylinder

Shohei TAKAGI
National Aerospace Laboratory

ABSTRACT

An experiment has been carried out on three-dimensional boundary-layer transition

along a swept cylinder with a diameter of 500 mm. The surface-oil-flow technique has
been used to study the development of stationary vortices, which are characteristic of
cross-flow instability. Hot-wire anemometer surveys show that two kinds of time-dependent
disturbances grow prior to turbulent state. The first disturbance may be ascribed to T-S
wave-type instability. The following second with one order higher frequency than that of
the first is caused by inflectional instability. There is no incongruity between experimental

and current theoretical results.

Keywords: 3-D boundary layer transition, swept cylinder, longitudinal vortex
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Three-Dimensional Boundary-Layer Transition
on a Swept Wing

by

Yasuaki KOHAMA
Tohoku University

ABSTRACT

Stability and transition experiments are conducted on a 45° swept airfoil in the ASU
Unsteady Wind Tunnel. The pressure gradient is designed to obtain pure crossflow-
dominated transition where the instability occurs through crossflow vortices that are generic
to three-dimensional boundary layers. Flow-visualization and hot-wires are used to show
that transition to turbulence occurs through a high-frequency, secondary instability that
appears when the streamwise velocity profile is distorted by the stationary crossflow
vortex. Multiple inflection points occur in the velocity profiles in very localized regions.
These regions, characterized by spanwise velocity gradients that are the same magnitude
as the normal-to-the-wall gradients, are the source of the sawtooth transition patterns. The
travelling crossflow waves, although strongly amplified, appear to play only a passive
role in the transition process. Detailed roughness measurements near the attachment line
account for the strongly three-dimensional transition patterns that have been observed.

Keywords: randomization process, drag reduction, crossflow instability, inflexional

instability
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Boundary-Layer Control on a Freely Falling Sphere

Yasuo IKUSHIMA and Michio OHII
The University of Electro-Communications

ABSTRACT

The effect of surface roughness on a sphere at free fall has been investigated. The test

sphere is of 100 mm in diameter, and is equipped with built-in processors such as a pressure

sensor, a tension sensor, an amplifier, a memory, a power supply and a CPU. The surface

roughness was obtained by a ring of ¢ 1 mm wire attached to the surface at angles ¢ r =
25° and 55°, respectively, measured from the stagnation point. In the case of ¢ r=25°,
the pressure distributions were same as a smooth sphere at Re < 10°. In the case of
¢ = 55°, on the other hand, the effects of trip ring were striking, indicating the laminar-

turbulent transition of the boundary layer at Re = 5 x 10%

Keywords: transition, built-in processors, freely falling sphere, unsteady flow, surface

roughness, trip ring
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Numerical Simulation of
Thermal Convection in a Rectangular Duct Flow
Heated from its Bottom

Kiyoshi YAMAMOTO
National Aerospace Laboratory
Iwao HOSOKAWA and Yoshinori TANAKA
University of Electro-Communications

ABSTRACT

Numerical simulation of thermal convection in a horizontal rectangular duct flow heated
from its bottom and side walls is conducted using a method based on the Fourier spectral
method. As a result, it is seen that the convective secondary flow is induced not only by
the Rayleigh-Benard convection but by the natural convection near the side walls. When
Reynolds numbers are rather larger values, 500 and 220, we have almost stationary
longitudinal convective rolls in the flow. On the other hand, when the Reynolds numbers
are smaller values, 90 and 50, the rolls fluctuate chaotically in space and time; then the
time-averaged secondary flow is almost vanishing and the fluid temperature widely constant

in the central part of the flow.

Keywords: numerical simulation, rectangular duct flow, convection, transition
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Streamwise Vortices and
Distortion of Velocity Distribution
in Parallel Flows

by

Nobutake ITOH
National Aerospace Laboratory

ABSTRACT

Occurrence and important role of streamwise vortices in the instability and transition
process are frequently pointed out. This study theoretically examines fundamental effects
of the vortices placed in a very simple flow on the development of velocity distribution
into three-dimensional and inflexional forms.

Keywords: laminar-turbulent transition, streamwise vortices, inflexional instability
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Turbulent Secondary Flow as a Coherent
Structure of Turbulent Shear Flows

by

Tomomasa TATSUMI
Kyoto Institute of Technology
Takahiro YOSHIMURA
Information System Developments, Hitachi Ltd.

ABSTRACT

Turbulent secondary flow in a rectangular duct is a typical example of coherent structure
in turbulent shear flows. The generation of the secondary flow is investigated in the
framework of hydrodynamical stability of the corresponding laminar flow and the secondary
flow is described as an equilibrium state of growing unstable disturbances.

Keywords: secondary flow, instability, duct flow
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Variations in the Character of Gortler Instability
as a Function of Mean Flow Velocity Distribution and
Curvature of the Wall

by

J.M. FLORYAN
Dept. of Mechanical Engineering
The University of Western Ontario, London, Ontario, N6A 5B9. Canada

ABSTRACT

Gortler instability occurs in the concave and convex wall cases provided that the
mean flow has a nonmonotonic velocity distribution. Change from a monotonic to a non-
monotonic velocity distribution results in large changes in the character of the streamwise
disturbance evolution.

Keywords: Gortler instability, centrifugal instability, laminar-turbulent transition

1. INTRODUCTION

Boundary layers over curved surfaces exhibit
an interesting phenomenon known as Gortler or
Taylor-Gortler instability. The instability process
is caused by centrifugal forces associated with the
change in direction of motion forced on the fluid
by the geometry of the surface. These forces may,
under certain conditions, generate a steady
secondary flow in the form of counter-rotating
vortex pairs with axis parallel to the mean flow
direction. The existence of such a secondary
motion is well documented experimentally [1-3].

Floryan [4] has shown on the basis of inviscid
analysis that centrifugal instability occurs in shear
layers over both convex and concave walls. The
stability properties depend on whether the velocity
distribution is monotonic or not. In the former
case, the flow is unstable only for the concave
wall curvature, while in the latter case it is unstable
regardless of the sign of the wall curvature. When
the velocity distribution is nonmonotonic, the flow
consists of layers that alternately violate and
satisfy the inviscid stability criterion [4], and this

could lead to an interesting evolution of the un-
stable motion. The purposes of this note are (i) to
demonstrate that the instability does occur for a
viscous fluid both in the concave as well as convex
wall cases, and (ii) to compare vortex evolution
for the cases of monotonic and nonmonotonic
mean flow velocity profiles. Wall jet (Blasius
boundary layer) has been selected as an example
of a simplest flow with a nonmonotonic (mono-
tonic) velocity distribution. While the whole
Blasius boundary layer is inviscidly unstable, it is
only the part of the flow between the wall and the
point of maximum velocity that violates the
inviscid stability criterion in the case of wall jet.

2. DISCUSSION

Disturbance equations and method of analysis
are described in [5]. Figure 1 displays neutral
curves [4] as a function of the spanwise wavenum-
ber o and Gértler number G =U_§ /v (3 / R)2.
Here R denotes radius of curvature of the wall,
& =(vx /Ur)”2 is the reference length, v is kinetic
viscosity, X 1s distance from the leading edge (or
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virtual origin of the wall jet), U, is the velocity of
the external stream (or maximum of the
streamwise velocity in the case of wall jet). These
results demonstrate that (i) the instability does
occur in the convex wall case, (ii) the disturbance
motion could have a qualitatively different
character for the same mean flow in the concave
and convex wall cases, and (iii) the critical Gortler
number could be increased by making the velocity
distribution nonmonotonic, e.g., tangential
blowing. The following discussion concentrates
on changes in the character of the disturbance
motion induced by change in the type of the mean
flow in the concave wall case [6, 7). Figure 2
displays curves of constant amplification rate B
as a function of G and o. Because there is no
critical wavenumber, the wavelength selection
mechanism is determined by the disturbance
growth process. It is convenient to introduce a
dimensionless wavelength parameter A = (U A/
v) (L/R)"? (which is constant in the flow direc-
tion) in order to follow streamwise development
of a vortex of a constant dimensional wavelength
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R)'2, where F is the dimensional “flux of external
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Fig. 2 Curves of constant amplification rate 3 as
a function of Gortler number G and wave-
number ¢ for Blasius boundary layer (A)
and wall jet (B) over a concave wall

3/2 (5/6) correspond to a constant A in Fig. 2A
(Fig. 2B). These results demonstrate that (i) the
wavelength selection mechanism based on the
maximum amplification is a tenable concept for
the monotonic case but it is not very practical for
the nonmonotonic case, (ii) there exists a strong
self-stabilization mechanism that eliminates small
vortices in the nonmonotonic case, (iii) the first
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Fig. 3 Curves of the total amplification of dis-
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parameter A. Blasius boundary layer (A)
and wall jet (B) over a concave wall

mode of the instability does not need to corre-
spond to a single layer of vortices (see Fig. 2B),
and (iv) disturbances split sequentially into an ever
larger number of vortex layers during streamwise
evolution but only in the nonmonotonic case. The
difficulties with the concept of the wavelength
selection mechanism based on the maximum
amplification are illustrated in Fig. 3, which dis-
plays the total amplification of disturbances that
occurred between the neutral curve and stream-
wise locations corresponding to G = 5, 10, 15 and
20. The total amplification is defined as [5]

G
A = exp J g——gdG
G

0

[
(e}
T

AYPLIFICATION FACTOR | IN(D
v

0 1 | | -
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3
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g
B
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g
0 { 1
0 5 10 5 2
GORTLER NUMBER, 6
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Fig. 4 Curves of the total amplification as a func-
tion of Gortler number G. Blasius boundary
layer (A) and wall jet (B) over a concave
wall

where A (G,) = 1. Here A denotes the amplitude
of disturbances and subscript 0 stands for the
initial conditions. The results show that in the
monotonic case (Fig. 3A) maximum amplification
occurs within the same range of A regardless of
the streamwise location. In contrast, in the non-
monotonic case the maximum amplification shifts
from A =48 at G =5 to A = 85 at G = 20. the
existence of the self-stabilization mechanism in
the nonmonotonic case is illustrated in Fig. 4. All
vortices grow initially in a similar manner. When
the Gortler number becomes sufficiently large, the
rate of growth of small vortices gradually de-
creases and then becomes negative. Comparisons
of Figs. 4B and 2B show that it is the increased
dissipation resulting from the vortex split phe-
nomenon that leads to reduction in the growth
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rates and eventual stabilization of vortices of short
wavelengths.
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Development of Wall Turbulence Structure

Masahito ASAI
College of Engineering, University of Osaka Prefecture

ABSTRACT

In order to investigate the mechanism of wall turbulence generation, we have been

studying a subcritical transition in a flat-plate boundary layer experimentally, through

observing its nonlinear response to energetic hairpin eddies acoustically excited near the

leading edge of boundary-layer plate. In this paper, our recent results on the development

of wall turbulence structure in this transition is presented to reveal that the break-up of

three-dimensional wall shear layers (with streamwise vortices) into hairpin eddies leads

to wall turbulence. The effect of riblets on the development of wall turbulence is also

reported and discussed.

Keywords: wall turbulence, boundary layer, transition, subcritical Reynolds number,

hairpin eddies, riblet
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Mechanism of the Mode Selection in Bifurcations

Jiro MIZUSHIMA
Wakayama University

ABSTRACT

The mechanism of the mode selection is investigated by a set of amplitude equations.
It is shown that the most unstable mode is selected if there is no resonant interactions
between the modes, whereas the wavenumber of the mode selected is shifted if there is

resonant interactions.

Keywords: pattern selection, mode selection, bifurcation, resonance, nonlinear stability
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The Influence of Density Gradient on Turbulent
Structure in the 2D Shear Flow

by

K. NOTTMEYER
Technische Universitat Berlin
Ryuji TAKAKI
Tokyo University of Agriculture and Technology

ABSTRACT

The plane turbulent mixing layer in the presence of density gradient was studied
experimentally. Its behavior, such as the growth rate, depended critically on whether the
density gradient had the same sign as the velocity gradient. A new technique to use the
thermochromism for simultaneous and non-intrusive measurements of velocity and temper-

ature was introduced to the 2D mixing layer with temperature distribution. This technique
has proved useful for this kind of research.

Keywords: 2D shear layer, density gradient, growth rate, thermochromism, non-intrusive
measurement, coherent structure
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Drag Reduction Mechanism and Coherent
Strucute in Near Wall Turbulence with Riblets

Hirofumi OHNARI
Tokuyama College of Technology

ABSTRACT

The coherent structure in near wall region of turbulent channel flow with riblets are

investigated using a visualization technique that utilizes fluorescent dye excited by an

Argon laser light sheet in the case of a low Reynolds number. The results indicate that

the increase of viscous sublayer thickness on the riblet wall and the behaviour of a pair

of small streamwise vortices formed on the vertex of a triangle riblet play an important

role in the drag reduction of near wall turbulence.

Keywords: drag reduction, coherent structure, near wall turbulence, riblets, transition
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A New Parameter for Predicting Crossflow Instability

Yasuaki KOHAMA
Tohoku University

ABSTRACT

Instability of boundary-layers over a concave wall and a rotating disk which were
thought to be essentially different in instability sources, are compared in order to investigate
whether or not a single crossflow parameter can be defined. Using a newly defined cross-
flow parameter, prediction was attempted on a yawed cylinder boundary-layer transition.
By comparing the calculation with experiment, it was found out that this parameter can
document fairly well the onset condition of the crossflow instability.

Keywords: crossflow instability, centrifugal instability, laminar flow control
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Experiments on Swept-Wing Boundary-Layer Transition
by

Shohei TAKAGI
National Aerospace Laboratory

W.S. SARIC

Arizona State Universiry

ABSTRACT

The three-dimensional boundary-layer experiments were conducted on a 45° swept
wing in the ASU Unsteady Wind Tunnel. Crossflow-dominated transition was produced
on a very smooth surface with contoured end liners to simulate infinite swept-wing flow.
The model surface was carefully polished and buffed up to £3 pm to minimize roughness
effects on transition. Fixed-wavelength vortices, traveling wave and inflectional breakdown
were subsequently observed prior to turbulent state as before, but the transition location
moved further 10% — 20% downstream of the chordlength. In order to control traveling
wave and inflectional breakdown, two kinds of acoustic sounds, which tune up the traveling
wave and breakdown, respectively, were introduced visualizing the surface flow via two-
or three-dimensional roughness elements. No acoustic effect was observed in visualization.

Keywords: three-dimensional boundary-layer transition, inflectional instability, traveling
wave
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