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Stability analysis of a wake with the complex ray theory

Nobutake Itoh and Shohei Takagi

Japan Aerospace Exploration Agency

ABSTRACT
Instability of the wake behind a plate is investigated theoretically with the complex ray theory. Three kinds of velocity
distributions are comparatively used to evaluate effects of the basic-flow approximation on stability characteristics of the
wake. Streamwise variation of the maximum velocity deffect is approximately described by using a parabolic bridge
between the value at the trailing edge and those of the far wake. Computations show the frequency selection through
absolute-global instability as well as growth and decay of the global mode far downstream.

Key Words: wake, convective instability, absolute instability, global mode, frequency selection
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Zen and Prof. Tani

T. Motohashi

Dept. of Aerospace Eng., Nihon University

ABSTRACT

Professor I. Tani proposed an idea of procedure for gaining adequate understanding of flow phenomena.

The idea was based on the two approaches; one is concerned with the attitude of data processing, the

other is a methodology to extract reasonable models of the flowfield. The attitude stems from Zen

Buddism and the methodology is referred to Peirce’s logical reasoning. Prof.Tani’s proposals made 30

years ago are still available for analyzing the vast numerical or experimental data.
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Considerations on the velocity profile of turbulent boundary layer

Michio.Nishioka
Graduate School of Eng., Kyoto University

ABSTRACT
This paper is concerned with the flat plate turbulent boundary layer without pressure gradient. It is shown that
the recent measurements almost perfectly follow the Rotta skin friction law derived by assuming the existence
of the logarithmic overlap region, and that the Schoenherr empirical formula holds as a high Reynolds
number asymptotic form of the Rotta law. We next clarify the Reynolds number dependent mean flow
dynamics of the inner wall layer. With these results we discuss usefulness of the so-called combined

velocity profile.

Key Words: turbulent boundary layer, Rotta skin friction law, law of the wall, combined velocity profile
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Aerodynamic sound of flow in corrugated tubes

Fujihiko Sakao*

ABSTRACT

Aerodynamic sound emitted by flow through a finite length duct with corrugated inner surface is
experimentaly investigated. As the mechanism of sound generating oscillation, so far popular
"cavity-tone" mechanism was definitely denied. The principal reason is : With corrugation of helical
geometry, no charateristic sound came on, while a pair of a nozzle edge and a leading edge both of which
are helical, with constant distance, made essentially as loud sound as a pair of normal edges. Other
reasons are : Sound level exponentially depends on the total length of the corrugated part, and frequency
of principal peak coincide with the estimated value based on corrugation pitch, rather than on the length

of recess.

Key Words : Aerodynamic sound, External sound, Corrugated duct, Cavity-tone mechanism denied
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Two Reserch Problems left by Professor Itiro Tani
T. Tatsumi
Kyoto University, Emeritus Professor
ABSTRACT

During half a century since the end of the War in 1945 to that of his life in 1990, Professor
Itiro Tani has been the most respectful senior of mine in scientific research as well as in aca-
demic life, but there have been only limited direct contacts between us, an experimentalst and
a theoretician, The first contact happened in the early 50th when I noted in his survey article
that Millionshchikov (1941)and Chou (1940) dealt with homogeneous isotropic turbulence
by making use of the "quasi-normal approximation". At that time I was looking for a proper
method of closure and asked him to let me know more about these works, but this was not
available due to the poor state of communication after the War. Then, I determined to attack
this problem myself and actually worked out those results published in Tatsumi (1957). The
second contact was again made by his report (1990) on the "turbulent secondary flow" made
in the turbulent flow through a rectanguar duct with arbitrary aspect-ratio, which he related
with the instability of the corresponding laminar flow. At that time, I was working on the
latter problem and going to publish a joint paper with Yoshimura (1990) including the critical
aspect-ratio of 3. 2 for the instability. To my deep regret, I failed to let him know these results
while he was alive.

Now, it may be appropriate to revisit these topics and look for further developments in tur-
bulence research, which have grown up to non-equilibrium statistical mechanics of turbulence,
covering both large-scale components in various flows and small-scale ones in an universal
local equilibrium.

Key Words: Professor Itiro Tani, Statistical theory of turbulence, Quasi-normal approximation,
Stability of rectangular duct flows, Turbulent secondary flows
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Boundary Layer Flows and Vorticity Model

Yasujiro Kobadhi and Michio Hayakawa
The vorticity model is introduced so that the mechanism and the structure of the

boundary layer flows can be made clear.

The change of the flow structures from

laminar to turbulent of the boundary layer can be attributed to the the change of the

activity of the vorticity family due to the growth of Reynolds number. The

appearance of the organized structures in the turbulent boundary layers also can be

explained by the change of the activity of the vertical structure.
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Three dimentionality in the flow around a circular cylinder
perpendicular to a uniform flow

T.Matsui

Gifu University

ABSTRACT

It is usually thought that the flow around a circular cylinder perpendicular to a uniform flow is a two
dimensional flow. Usually we can observe that the axes of Karman vortices in the wake of a circular
cylinder are not parallel to the axis of the circular cylinder, but the angle of the Karman vortices to the
cylinder axis is about 15 degrees for Reynolds numbers less than one thousand. Also we can observe the
axial flow in the central part of every Karman vortex. The boundary layer on a rotating circular cylinder in a
uniform flow is composed of the inner layer of Taylor vortices and the outer layer of Gortler vortices, and
the outer layer separates from the inner layer, resulting in forming the Karman vortex street.

Key Words: separation, Karman vortex street, Taylor vortex, GOrtler vortex.
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Generation and breakdown of low-speed streaks

Masahito Asai

Dept. of Aerospace Eng., Tokyo Metropolitan University

ABSTRACT

Two-dimensional local wall suction is applied to a developed turbulent boundary layer such that most of
turbulent vortices in the original outer layer can survive the suction and cause the resulting laminar flow to
undergo re-transition. Near-wall low-speed streaks which are once suppressed by the local wall suction
soon start to grow downstream the suction. After attaining near-saturation the low-speed streaks soon
undergo the sinuous instability to lead to re-transition. Even under high-intensity turbulence conditions,
about half or slightly less than the turbulent intensity of developed wall turbulence, the sinuous instability
amplifies disturbances of almost the same wavelength as predicted from the linear stability theory though
the actual growth is in the form of wave packet with the number of wave periods not more than two. On
the other hand, when low-speed streaks are artificially produced by using a periodic array of screen set
immediately downstream of the suction trailing edge where turbulent fluctuations are as strong as in
the developed wall turbulence, the streak breakdown is governed not by the linear instability process
but by the transient disturbance growth.

Key Words: Transition, Low-speed streak, Streak instability, Transient growth, Wall turbulence
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Stability of steady flows in a precessing sphere

Shigeo Kida

Department of Mechanical Engineering and Science, Kyoto University

ABSTRACT

The stability characteristics of steady flows in a precessing spherical cavity, of which the

spin and precession axes are perpendicular to each other, are investigated numerically. The

steady / unsteady boundary of the flow, is identified over a wide range of values of control

parameters of the system.

Key Words: precessing sphere, stability
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The randomization process of 2-dimensional complicated wakes

H.Sato, H.Saito and H. Nakamura

Institute of Flow Research

ABSTRACT

The detail of randomization process of 2-.dimensional complicated wakes is studied by

experiments in a

wind-tunnel. A wake is formed by mixing a separated layer and the vortex street from a circular cylinder

immersed in the wake. A screen was placed perpendicular to the free stream,

The degree of randomization is expressed numerically by the newly-introduced wavelength and ampliytude

analysis.
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Deformation Mode of Vortices in the Wake
behind a Two Dimensional Body

Nobuyuki OKURA* and Muneshige OKUDE*

* Faculty of Science and Technology, Meijo University

ABSTRACT
The three-dimensional deformation of the vortices behind a two dimensional body was

investigated by using flow visualization technique. In the case of a flat plate perpendicular to the

uniform flow, the wavy deformation of the vortex filament was observed in the far wake. In the

case of a inclined plate, the rib structures appeared in regular intervals to the axial direction in a

vortex filament at the near wake. The ribs generate around a pair of vortex filaments which are

shedding alternately from a plate. The absolute value of circulation of alternate vortex was

different from each other in a pair of vortices in the case of a inclined plate. It seems that three

dimensional deformation of vortex in the near wake is caused by difference of circulation of

alternate vortex. The similar phenomenon was observed in the wake behind a circular cylinder

oscillating in the streamwise direction.
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Transition Detection of Experimental Supersonic Transport “NEXST-1"

Naoko Tokugawa, Dong-Youn Kwak and Kenji Yoshida

Japan Aerospace Exploration Agency

The experimental validation of Natural Laminar Flow wing designed with our original CFD-based

inverse design method is carried out by the flight test of an unmanned and scaled supersonic

experimental airplane. To add the reliability to the validation of Natural Laminar Flow wing concept,

the data analysis method and numerical prediction method is investigated and improved.

Key Words : Natural Laminar Flow, SST, Boundary Layers, Transition Measurement, Flight Testing
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On Frequency-selection Mechanism of Trailing-edge Noise from 2-Dimensional Airfoil

S. Takagi', and Y. Konishi"

" Institute of Aerospace Technology, JAXA

ABSTRACT
The trailing-edge noise from 2-Dimensional airfoil is experimentally investigated to reveal the mechanism of the frequency
selection. The splitter plate is placed at the trailing-edge of the airfoil to produce the no sound emitted condition. At this
condition, the instability wave with broad band spectrum which central frequency is almost coincide the tonal noise
frequency is clearly observed on the pressure side. The artificial acoustic disturbances which are the feedback of the
instability wave on the airfoil are introduced at no sound emitted condition. and it is observed that the broad-band spectrum
become discrete soon after the feedback is excited. These results confirmed that the trailing-edge noise is the consequence of
the acoustic feedback loop between a vortex shedding at the trailing edge and an instability wave on the pressure side of the

airfoil.

Key Words: trailing-edge noise, boundary layer instability, acoustic feedback loop

1. i

ITHE, BREERREIC KRG 2 72 D2 BV T HAK
B bR b TWA, 2T, AETIE, ot
AR DRAT DBEURIE BT DI A T = X LT
HHLEREZRBZ o7

Z DBERURIRECE DRAERA B = X AT —wiTiE, B2
Ffain & i S5 5 & DRI OB C 3=
HTSPEDEFET 4 — Ky 7 LE5bhTng., 2o
HG 500 CEEZ 5288k L7-DIZ Paterson SV TH Y,
Z OBERENEEGE S, BIRE LT, BRBES &
WHEICL > CTEE DM AU IRD Z L, £-RPMHY
WL U 2R D 2 L AR LTZ. Nash 9%, IO
TEEBC R A i = & 12 o TR e 21
0, FEEH OB E 2RI~ 2 ORER, TE
JIH OB TV TZE B R DMFAE LA C 2583
RIS 2L, MIELEMERRIC LD PSS D RE
TEJERE O B — 7 RIS N D BTN - & %
HELTWA.

ST, RBGR, FHEN L7 10— K3y 7 B
ThdrETHE, TOMEL L THNDHSREBEST
W2 T, BEOMBITEE L LW b s, 22
T, JAECERESRIAZ B L, A7) v H—T
L— AR SPUCEY TE./ A ROl aimz, ik
HOEDIRWWIISR R L, AT 7 4 — K3y
7wk iz

2. FREEER L UYL
KBRL, HACKZAARI AR OIRELE R
JEVRETAT o 72, BEEIIBARIL S U, B3 ot

LIEETHD. BT NACA0012, HiZE 400mm ThH
L. BOWEIIE, N F o T ARV EWET +— 5
MBI DIHEL HHF DIV D, £, RO
EREORIR T 1 v r— I X B omm a2z 5 B
HCRIERA O L A A IER U REROLEESE S 1
TV,

BEE, B&K O~ A 717 4 5 LURGHRERT,
FEFEE A —ZREEBICEDET, 2121
[ XHT{To 77,

EFHEE Us=18m/s, HZ AT DS L-LRED
o7l L.

T.E./ A ZPIOT=OIZH (HTF H AT » & —T
—h WIFSP.ERT) 1, LB LEFUEEDO 1 mm
DAT VAT, BOa— Nhm~R#HEZET 52 &

1000

Top view

Flow

e

Hot wire ®

1000
|
I

Microphon

3D-traverce system

1. FHEEEMEL AT mm)

This document is provided by JAXA.

41



42

SFHTZE e B AR SRR E B JAXA-SP-08-006

22 H 72, FEBRICAWER &, B E 20mm A5
80mm THY, =— RO 5~20%TH5.

3. RBIUER

¥ 2. |2 SP.ESITxT D BERE AT OB E L ~L
DEALERT. ZORER, BRI EHEITE, K
ORI SIHZ Lo T=. -, £X60mm T
BIENRER S L~UL L —F Lo, JEHmAOEER
JEDTERITELIIOER Lo L b s.

£ X 60mm O SP.ZHY T34, EEY OFihs
E&D,ﬁbﬁ%@@ﬁnkuﬁw%w.%:f,ﬁ
NZREETH-OICE TR Z LIk > T3
ED@@F‘%# EF—ET 5L

\OHEEZEEN) S B S VT BEELD AT N VAR
75:%?“. TE./ A RFAERAL, BRI CTh o7 AT |k
VAR, HAEIT D & BB L B IRHE D %
N7 MvERRD. Fie, ZOHERENE, IHETE./
A ADJER S E—E L THBY, TE./ A A3EIEIH
DO RZERE DB EN 2 Bl LD Z &b
5.

AT NIV 72 DR, HEE T o — R
VI ThHDHEINTND., ZZT, SPEERY TR
MTFICHBNT, ©e=0.925 (BT AIEEFTEE P —D
EEE D 5B 300Hz LA N OARFEEH R Gy %~ A 23
AT ANE—IZLVBRELEE, A——hbHE
FRELE LTRAUCEAT D Z LK > TATR 7 ¢
— NNy VAR LTz

4. 1%, A7 MO E R LIZLOTHS.

2T, =0 WAL T 4 — Ry Z il zE8 A Uiz
R CH 5. A EAT D & ITAT MVHE
BN 72D Z D, Lo T, INHIROPEELD A
AT NV, FET ¢ — RNy 712 X0 SRR EER
RIBEIRENC 72D Z L MFERES -,

F72, K5, 1%, FEE 2 DAY — D —DE G
OOREHEL FD & ZELNDHBERE R LT O
ThD. BEIOFITICBWT, FAEICBWTRIE2
DOOFENEEINEIR NS Z Evbhotz. D2 Lk

JEREGERIC BT, REEW & B OB TOMHD

Ny F U VINHETHD T LR L TN 5.

4. £+

T.E./ A ZAOFERRE, FrRBESSRR A OB EEIC
HEB L TEREIT 7.

TE./ A XDFAEZEINZ D DITHBEIR AT » B —TF
L— hOESE, BEYED 15%THY, Ziud, R
BERELR~NERE Lo ThHhD. 2oL, B BTk
HIRERNIEZ > TEY, TE. /A ADEWEL, £
O REER & —Ed 5 2 E MDD BT,

F7o, NTHICERE 7 4 — RNy ZHIEENZ L 0 i
TUTEAT L Z LI LY, JRHARD AT M V)sEfk
MNZR B Z EREnz. BlkoZ s, TE /A X
DOFAENE, JESER DAL ER & %505 OB
ELZ7 4 — BNy I =TI S Tns 2 b

iy oYY el

L L2y h, FEAFEREIZED IAEN D256
%@%%_wai AROBEEHRETHS.
BEER
1) Paterson, R. et al.: J. Aircrafi 10 (1973), P.296-302.
2) Nash, C.E. et al.”” J. Fluid Mech. Vol.382 (1999), p.27.

90

) O SPme
80 background |
O
@ 70
]
O
5 60
50 o b
40 - - y
0 20 40 60 80
s (mm)
2. A7 v H—Hilz L EEORR.
2
10
10
10
S
= 10
10
10 ‘ ‘ ‘
1 2 3 4
10 10 10 10
f(Hz)

X 3. HELEIRART LD x/c=0.925.

"5 10 15

1(s)
EET  aam
-100 o -20

4. AT7 4= RSy 71T 21

460

o
§4m Q\@\@\:\%K\\w
S~

400 &\&\@

380 ; :
1.5 2 2.5 3

[ (m)
X 5. A —I—RENEEZRIND)E
OB,

This document is provided by JAXA.



(SR ER O LI WFFEGRER SO (5 41 [8] - 55 42 [A]) 43

IRENBET v RV DB

BRERE, LARHFE (JAXA)

Transition of a channel flow
Under the oscillating-wall condition

T. Atobe, and K. Yamamoto

Japan Aerospace Exploration Agency

ABSTRACT
Transition of a channel flow with longitudinal wall-oscillation is investigated by DNS (Direct
Numerical Simulation). Since this flow field can be thought as a superimposition of a channel
flow with the Stokes layer because of linearity of the government equation, the results are
considered from the point of view of stability of the Stokes layer. Parametric study shows the
acceleration of the transition has a correlation of the stability feature of the Stokes flow.
Furthermore, it is find that the deceleration is demonstrated owing to the parameters.

Key Words: transition, channel flow, longitudinal wall-oscillation, Stokes layer
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Experimental study on the instability modes of axisymmetric wake

S. Hoshino*, A. Inasawa*, M. Asai*,
Y. Konishi**, S. Takagi**, and H. Sawada”"

" Dept. of Aerospace Eng., Tokyo Metropolitan University
Japan Aerospace and Exploration Agency (JAXA)

ABSTRACT

The instability of axisymmetric laminar wake behind a body of revolution whose cross section is a
NACAO0018 airfoil is studied experimentally under a natural disturbance condition. Magnetic Suspension and
Balance Systems (MSBS) are used to support the axisymmetric body in order to avoid undesirable influences
of mechanical supports on the disturbance development. A multi-hotwire-sensor probe is used to identify
helical instability modes. The experiment is conducted mainly at a Reynolds number based on the
maximum diameter Re = 1.9 x 10*. It is found that the wake is convectively unstable despite that the flow is
slightly reversed near the trailing edge. Spatially-growing instability waves are found to be helical modes
with azimuthal wavenumber of 1 as predicted by the linear stability theory for the axisymmetric wake. The
spatial growth rate and amplitude distribution obtained experimentally agree well with those calculated from
the linear stability theory.

Key Words: axisymmetric wake, convective instability, absolute instability, helical instability mode
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Experimental Study of the Process
Which an Outer Disturbance is Taken into a Boundary Layer

Y. Fukunishi, T. Ohno, M. Kurihara and S. Izawa
Dept. of Mech. Eng., Tohoku University

ABSTRACT

The effect of outer disturbances on the boundary layer transition is investigated experimentally.
The outer disturbances are introduced above a boundary layer by small jets that are ejected in the
downstream direction through small holes opened in the circular pipe located outside the boundary
layer. It is observed that the low-frequency component fluctuations of outer disturbances jump
obliquely into the boundary layer in the spanwise and downward directions.

Key Words : outer disturbance, receptivity, boundary layer
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Transition and convective instability of flow in a symmetric channel
with spatially periodic structures

Jiro Mizushima, Masanori Takaoka, Hisakazu Yamamoto and Taro Sano
Department of Mechanical Engineering, Doshisha University

ABSTRACT

Transition and convective instability of flow in a two-dimensional symmetric channel with
periodic suddenly expanded sections is investigated numerically and experimentally. The
flow is found to deflect in the opposite side in every pair of adjacent expanded sections
due to a pitchfork bifucation and has a spatial period twice the periodicity of the channel
geometry. Adding a localized disturbance at the inlet of the channel, the subsequent
spatiotemporal development of the disturbance is observed. The disturbance induces two
localized packet-like waves, one of which travels downstream reversing each deflection
direction in expanded sections, and the other localized wave travels downstream forming
a wave-packet. It is found that the wave-packet always splits into two intrinsic waves
propagating with distinct phase velocities. The spatial structure and the phase velocity
of the intrinsic waves are compared with the eigen mode of stability under two different
periodic boundary conditions, one of which imposes the flow to have the same periodic
length with that of the channel geometry and the other twice the periodic length together
with a shift-and-reflect symmetry.

Key Words: symmetric channel, periodic sudden expansions, bifurcation, convective stability.
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Hierarchical Relation between the Deformation Fields and Vortical Structures

in a Homogeneous Isotropic Turbulence

M. Kurihara, S. Izawa, M. Shigeta and Y. Fukunishi
Dept. of Mech. Eng., Tohoku University

ABSTRACT

Hierarchical relation between the deformation fields and vortical structures in a homogeneous
isotropic turbulence is investigated. The stretching rates of the vortical structures are evaluated
by replacing the extracted vortical structures by the vortex blobs. As a result, it is found that the
individual vortices are likely to be stretched along the principal strain axes of flow field of larger

scales.
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Relationship between unsteady flow around flapping wings and resultant
aerodynamic forces

A.lida", H.Ogisu *,and M. Fukawa

" Dept. Of Mech. Eng., Toyohashi University of Technology,
™ Dept. of Mech. Eng., Kogakuin University

ABSTRACT

The purpose of this research is to clarify generation mechanism of aerodynamic force of flying insects such as
the dragonfly. To understand the mechanism of insect flight is important to develop Micro Air Vehicles
(MAYV) for rescue inquiry devices of disaster area. The aim of this investigation is a quantitative correlation
analysis between vortex structure around a dragonfly and aerodynamic force. Unsteady aerodynamic force
and flow field were measured by micro load-cell system and dynamic PIV system. As a result, the continuous
vortex tubes were observed such as the U-shaped separation. The topology of the separated flow is almost
two dimensional without near wing-tip. When the distance of vortex core was small, the large amounts of
aerodynamic forces were generated. The experimental results showed strong interaction between the vortices
and wings occurred when the distance of vortex core was almost same as the chord length. We also
developed a mechanical flapper based on the experimental results of the flow around a dragonfly. The
aerodynamic force of the mechanical flapper was proportional to the second powers of the flapping frequency.
The aerodynamic lifting force of the mechanical flapper was 0.68 times of weight the flapper at the flapping
frequency of 37.6 Hz. It corresponded to twice of dragonflies’ weight, it therefore indicated that the
mechanical flapper generated sufficiently large enough to lift of dragonflies.

Key Words: Unsteady flow, Vortex structures, MAV, PIV, Biomimetics
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Fig. 1 Vortex structures around a flapping airfoil of
a dragonfly
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Organized structures in atmosphere; tornadoes and downbursts

K. Sassa

Dept. of Applied Science, Kochi University

ABSTRACT
Atmospheric turbulence is composed of hierarchy of various organized structures from synoptic scale to
micro scale. Tornadoes and downbursts are the most violent winds in all of them though their scales are
relatively small. It is difficult for ordinary meteorological observation systems, e.g., Doppler radar and so on,
to catch these hazard winds in detail. Then, we need experimental simulations of these hazard winds to clear
their structure and generation mechanism of them. Some recent results of our experiments on tornadoes and

downbursts are shown in the present paper.

Key Words: organized structure, tornado, tornado simulator, PIV
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Vorical flow in Boundary layers of Taconis oscillation

M. Ishigaki* and K. Ishii**

* Dept. of Comp. Sci. Eng., Nagoya University,
** Information Technology Center, Nagoya University

ABSTRACT
Taconis oscillation is one of thermoacoustic oscillations. Taconis oscillation in a closed long tube
is studied by the numerical simulations of the 2D compressible Navier-Stokes equations. Both end
walls of the tube are hot (T" = Ty), and the central regions of side walls are cold (T' = T¢). A
spontaneous oscillation is amplified when the temperature ratio (711 /7¢) is large, and damping when
the temperature ratio (Ty/Tc) is small. The time development of the vorticity and temperature

fields in the tube are analyzed.

Key Words: Taconis oscillation, viscous and thermal boundary layers
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The characteristics of the Aeolian tone generated from two-dimensional models

Hajime Fujita
Nihon University

ABSTRACT
The characteristics of the Aeolian tone generated from two-dimensional cylinders with various cross
sections are studied experimentally in a low noise wind tunnel. Models are a circular cylinder with 20
mm diameter, square cylinder of 20 x 20 mm cross section, square cylinder with rounded corners and a
half-round-half square (HRHS) model. The Aeolian tone is found minimum in the HRHS model when
circular part is facing to the flow. The Karman vortex generation occurred at far more downstream
compared with other models and this is the reason for the minimum Aeolian tone generation.

Key Words: aerodynamic noise, Karman vortex shedding, circular cylinder, square cylinder
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The effect of viscosity on the flow of real fluids
(The cases of vortex rings and of a rotating cylinder)

T.Matsui (Gifu Univercity)

ABSTRACT
For some time it was believed that in a pair of vortex rings successively ejected in
a real fluid, the second one could not pass through the first one due to viscosity.
But it was due to the smallness of Reynolds number, not to the viscosity, that thT
passing-through was unsuccessful. Next, in a uniform flow passing a rotating circu—
lar cylinder, viscous effects appear in the boundary layer of the cylinder and in
the wake of the cylinder. In the boundary layer, vortices of the same kind as Taylor
vortices could be observed. In the flow outside the boundary layer near the front
stagnation point, longitudinal vortices of the same type as GOrtler vortices were
observed depending on the curvature of streamlines. The periodicity in the direc-
tion of the cylinder axis in Karman vortex street in the wake is due to the Taylor

vortices left in the separated boundary layer.

Key Words: vortex ring, boundary layer, wake, Taylor vortex, Karman vortex

street, GOrtler vortex.
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Effect of seams on the aerodynamical properties of a hard baseball

Y. Yokoyama*, K. Takami*, J. Tanaka*, T. Miyazaki*, and R. Himeno**
x  Dept. Mechanical Engineering and Intelligent Systems, Univ. Electro-Commun.

% RIKEN Advanced Computing and Communication Center

ABSTRACT

Using a high-speed video camera, we measured the trajectory and the rotation of a hard baseball thrown by
a pitching machine. We determined the drag and lift coefficients of gyro-balls and backspin straight balls, by
analyzing the video images. Two kinds of seam pattern, i.e., 2- and 4-seams, relative to the translational direction
are investigated for 0.6 x 10° < Re < 2.5 x 10°. The spin parameter (SP) is set to be 0.12,0.23 and 0.35. The drag
coefficient of a 4-seam gyro-ball decreases gradually with Re. In contrast, the drag coefficient of a 2-seam gyro-ball
with SP = 0.12 and that with SP = 0.23, decrease in two steps, and their minima (about 0.2) are attained at
Re = 2.2 x 10° and 1.8 x 10, respectively. The drag coefficient of a backspin straight ball with SP = 0.12 and that
with SP = 0.23 attain their minima (about 0.3) at Re = 1.5 x 10° and 1.35 x 10, respectively. The lift coefficient
of a backspin straight ball increases monotonically with Re, approaching a constant value 0.2 for SP = 0.12, 0.25
for SP = 0.23, and 0.3 for SP = 0.35, respectively. No significant difference in the Re—dependence of the drag and
lift coefficients is observed between 2- and 4-seams backspin straight balls.

Keywords: Hard-Baseball, Drag coefficient, Lift coefficient, Gyro-ball, Backspin straight ball, Drag crisis, Negative
magnus effect
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Particle methods and improvements on them

Y. Suzuki* and S. Koshizuka™

* Mizuho Information and Research Institute Inc.,

*k

Dept. of Quantum Eng. Systems Science, University of Tokyo

ABSTRACT

Particle methods are meshless simulation techniques in which motion of continua is
approximated by discrete dynamics of a finite number of particles. Therefore they have a great
degree of flexibility in dealing with the complex motion of surfaces or boundaries. In this study,
novel particle methods are developed as discrete Hamiltonian systems which approximate the
infinite dimensional Hamiltonian systems for incompressible fluid flows and nonlinear
elastodynamics. Some numerical tests indicate the excellence of these methods in conservation
of mechanical energy as well as linear and angular momenta.

Key Words: particle method, Hamiltonian, symplectic, nonlinear wave, nonlinear elastodynamics
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Velocity profile of turbulent pipe flow

Michio.Nishioka
Graduate School of Eng., Kyoto University

ABSTRACT
Recent experimental studies on flat plate turbulent boundary layer and turbulent pipe flow show that the
results contradict the classical view of a Reynolds number independent logarithmic overlap region. This poses
serious problems directly related to our understanding of the structure and scaling of wall-bounded flows. We

take up one of such problems, namely, a re-examination of the velocity profile for the whole layer.
such a type for the velocity profile that can describe the effect of the Reynolds number.

We need
And we here focus

on the Reichardt-Finley composite velocity profile and show that it well represents the velocity profile of

turbulent pipe flow.
velocity data by optimizing the profile fitting.

Indeed we can determine the constants x and B of the logarithmic profile from the

Key Words: turbulent wall-bounded flow, law of the wall, velocity defect law, combined velocity profile
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&), ORI K DEESOFBL: £ OREEIZEY
FHATND. AR CIEE PRELIROMEERN B 210k
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102110 0.421 5.6 0.2631 0425 5.75 0.2885
127380 0.421 5.6 02786 0.422 5.65 0.2827
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