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Flow Characteristics of a Living Tree
Hitoshi ISHIKAWA, Tokyo University of Science

ABSTRACT

The purpose of this study is to investigate flow characteristics of a living tree as the basic research of the
wind-break forest. A goldcrest conifer, a kind of garden plant, was used as the test piece in the wind tunnel
experiment. Drag force of a living tree was measured by the 6-axis force torque sensor. Drag coefficient of a
living tree was decreased as mean tlow velocity increased in the range of 5~15 m/s. Wake profile behind a
living tree was also measured by means of the wind tunnel experiment. The reverse flow was found at

downstream region of just behind tree. Because main flow passes through the crown leaves of a living tree and
flow velocity decreased calmly. In being decreased, it makes to retard the development of the shear layer.

Key Words: Windbreak Forest, Living Tree, Drag, Wake Profile, Turbulence

1. FE®IZ 7
B ARSI bR T L < 0 B TV B R O it ,//\\ 6 axis torque sensor
JEPEIZOVNT, B FR R R R AT - TR : \ & :
U, BEARIE, BRI L ABEEMAEL, S5
RIS E L b, BALBREELEEs 2~
— MEETHLOT, FREOREREL b MY .
EEOE, Ao AHRE TS EPHES o
NThad., o TEORARERE, SEomikl it zLi‘
¥

A/D Converter

RELBRDRENDSH L. AHIETIE, Ao
AROmAZFEIRAPICRE L, £ ORNNEREPEH R
WELR LT~ bDOTHS. %

2. EBREEBLUAE
EERICER Lo iR, WEREE S 6,000mm, 18 Fig. 1 Experimental setup
1,500mm, = & 1,200mm OB ETR CTH 5. Eis
1T - 7= EWEE DAL U=5~15m/s THY, D
RO ZIIERD 03% L FTHD. ek, =D
EptE IR TOH AR ITERBETH .
HWEOHEIZZ I, BLUOAT Y v b7 4008
B 7 o — T e, AR OB ORI E T,
6 Wt h—2fE R Uiz, BIARIE 6 o324
oY —ICEERY b, —h b7
FlEFILADERES L Tr—ba e a
—HF = IAEND. FUOIORIEIZITRI O X H
LAJRR (H P 1 250mm x 250mm) HfEH L7-.
B 1ok & H U RG & B 7= BR o, FEBREERE oM
BaR3. ERCE, e/ xBoa=77— (d—
WRZLRAR) EWISHERMEFEA L., ZOHA
IR AT DI D~ VIR AT WA D TH

5. i%ﬁﬁﬁ}ﬂ Ll 2adia=7 r—% 274 Conifer (D Conifer @
ENFhOTHEFazT7y OO EHRHRE S

A=170mm, fERAEEY ES &=5Tmm, =2 =7 7—© Fig. 2 Living trees (conifer). White line shows the
i¥ h=125mm, d=57mm Th 5. projected area.

This document is provided by JAXA.



2 FEANZERT B SS M AERE B JAXA-SP-05-012

3. HAOHAREY
FARE C, I

C, = D (1
1/2pU2 4

TEZEIND. DIZ6HOTHAE—THEE L
5, pliEREBETHS. BEEHEAL K2k
MICEHBETRT LI, hEBAERVES dE2X
ML T AMUBICHRI L TCRD T, 28, BARD
PR R AB8121%, HEDE 2 B OIEXH
MEREE LT, ERICATAMEL4HMAIZEXT,
FOREEEZRNTNS, B3, a=77—0¢
2= 77 —@IZONWT O, EFEEIIHT S C,0R
L&t FPICIZFEC 6 BT Ak o —THIE

L7=MFE &SR D C b TORLTH S,
=7 7 —O0 CAIFRE OIS LigER %

L, UsSm/s Tldc, 127005, S RTE U~15m/s
T, ¢, =08 ETREA L. HE, FROZNLD
HLINESWEE R TS, ZREXLa=T757—0
HIEE—EOEER L. ZiUE 227 7 —Q0K
BO LR BLRholzZ LICERT L EEA DN
%, ZOX S ITHAROF LIS, EARESKE
HETOHBANDD.

4. BAROBEES

B 412, BIREFO xy TEIZBT 5, FHHES
I UDERFOEERT.BARTSHBEAD x/d=1.0
IZBWTIE, y/d=0 2B L CHERIFRONHNE LI
TW5., LI TROBEE »/d=2.0~4.0 TIIHED
DR B R ONA L2 b.

X 5120%, xz ¥@micBits, UoERFRElE
T WEMLENE, y FEICEARF.LD p/d=0, z 5
FHCBR OIS D 2h=0 Th D, FRUTIE, 3
DFBBPEOEE L T 5720, EHLICK > TH
EENZIES L OERENRORKRA I TORL
THAY, Iy, @O CIIMERERZ IR
SN EAET A DK L, BIR & BRMEN T,
THRICUERERAFES D, 20 &iE, BARP
FEMEAEOBE, Wik@E% o LRSI
ENTHERD D20, WIREZ CIRURERIE
a2, Fo, FHIZWD T OIERE DS EH
S, BABBRARLZEIL D BRI S 1L
Az, EEZLND.

5. Bhylz

ARG TIE, BEEA OB ARE FV=ER O RIRE
BRAATUN, IR OHL I EIE & 1R AT 2 i~z
ETHLAEEIC I TIE, BERO LR, HIE
OFEEICL Y, WEOHEMNE & HIZHUIREE
I B AR LN LT,

SRR
(DE H, KH, AR SR LR MRS
SCEE(2001)CD-ROM

25 — A Conifer O

A Conifer @
Circular cylinder
Flat plate
Artificial tree

05  —om e
5 10 15

UJmM

Fig.3 Drag coefficient of a living tree

Fig4 Mean velocity profile behind a living tree
(xz-plane)

1.0
0.8+ N °
e® o ° ’
06 2
° ty
S 04 v 8 ¥,
X020 e A
0.0 —¢ = -
©
-0.2 - es & % Living tree
% ;’ < Permeable hollowcylinder‘s)
—04 2 @ Circular cylinder 3
0 2 4 6 8 10

Fig.5 Mean velocity profile behind a living tree
(xz-plane)

This document is provided by JAXA.



(EREERBOMY &) TR RICE (8535 | - 55 36 [B) 3

T L2 HE e BE RNDOANLENE L BE
KETE, RIEEA (AEEAT)

Instability and transition of flow past a pair of circular cylinders
arranged in tandem

J. Mizushima, N. Suehiro
Dept. of Mech. Eng., Doshisha University, Kyotanabe, Kyoto 610-0394, Japan

ABSTRACT
Instability and transition of flow past a pair of circular cylinders placed parallel to the stream
in tandem are investigated by numerical simulation and linear stability analysis. We focus our
attention upon the effect of spacing between the two cylinders on the instability of flow. Transition
of the flow from a steady to a periodic state is clarified to occur due to a supercritical or subcritical
Hopf bifurcation depending upon the length of spacing between the two cylinders. We found that
there is a certain length of spacing where the flow becomes most stable, which we evaluated. The
origin of abrupt change in drag and lift coefficients reported previously was identified to come from

the existence of multiple solutions for the flow.

Key Words: flow past two cylinders, instability, transition, tandem arrangement
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Study of transition mechanism in a compressible boundary layer
forced with T-S and a pair of stable oblique waves

H. maekawa,

D. Watanabe

ABSTR AT

310 W AVa S §

Spatial direct numerical simulations are performed to study the formation and development of
three-dimensional structures in a compressible flat plate boundary layer, where the freestream Mach number
is 0.5 and the Reynolds number at the inlet based on the displacement thickness 1000. A pair of neutral/stable
oblique modes and a T-S wave is superimposed on the laminar profile at the inlet plane of the boundary layer

neeaq

computational box. The magnitudes of the disturbances

are chosen to be 1% or 0.5% of the freestream value.

After saturation of the T-S wave, the oblique modes produce peak-valley splitting downstream and hairpin
vortices (hairpin packet) on the low speed streak are observed further downstream. So-called subharmonic
transition appears downstream in the boundary layer. The numerical results show that the details of
three-dimensional structure depend on the magnitude of the disturbance.

Key Words: compressible boundary layer, transition, linear stability analysis, DNS
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Effect of the scale of free stream turbulence on boundary layer transition

Toshiaki Kenchi and Masaharu Matsubara

Department of Mechanical Systems Engineering, Shinshu University

ABSTRACT

sed on revealing effect of scales and directional components of free stream turbulence on

CEICLL UF SLAILS 4l O s O 1100 S

The present experiment focused o
boundary layer transition, especially the growth rate of the disturbance energy in the streamwise direction. Free stream
turbulence generated by a turbulence grid mounted upstream of the contraction has typical character of axisymmetric
turbulence with strong anisotropy. The experimental results with the anisotropic free stream turbulence show the
non-modal growth disturbance even at 0.7 % turbulence intensity. The correlation between the filtered free stream
fluctuation and growth rate of the disturbance suggests that the wall-normal velocity fluctuation in the free stream

dominates the disturbance growth.

Key Words: Boundary layer, Transition, Non-modal growth, Intermittency, Free-stream turbulence
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Instability, transition and turbulence in plane
Couette flow with system rotation

P. Henrik Alfredsson & Nils Tillmark
KTH Mekanik, SE-100 44 Stockholm, SWEDEN

System rotation may drastically change the flow behaviour both for laminar and turbulent shear
flows due to the effect of the Coriolis force. For rotating plane Couette flow the Coriolis force will
cither be stabilizing or destabilizing across the full channel width due to that the sign of vorticity
of the basic flow profile is the same across the channel.

Key Words: plane Couette flow, system rotation, instability, turbulence

1. Intreduction

It has been known for a long time that effects due to
body forces, such as curvature (centrifugal effects) or
rotation (Coriolis effects), may have strong influence on
boundary layer development: In cases with system
rotation, if there is a component of the rotation vector
that is parallel to the wall and normal to the mean flow
direction, the Coriolis effects may lead to an unstable
"stratification” which may lead to the development of
streamwise oriented vortices. If the flow experiences
system rotation the Coriolis force may be stabilizing or
destabilizing depending on the direction of rotation. If
the mean vorticity is of the opposite sign as compared to
the system rotation vector then the flow becomes
destabilized (anticyclonic rotation), whereas the flow
becomes stabilized if they have the same sign (cyclonic
rotation) (see figure 1).

T nlan DA 11
il piane Poiseuille flow the flow bec
1

destabilized on one side of the channel whereas in the
other part of the channel it becomes stabilized (see e.g.
Alfredsson & Persson, 1989). For plane Couette flow on
the other hand, the Coriolis force will either be
stabilizing or destabilizing across the full channel width.
There have been a few numerical studies made
on plane Couette flow rotating around its spanwise axis.
Bech & Andersson (1996, 1997) made simulations with

Anctaliliczing rafatinn an 11 £ 1
destabilizing rotation and found that secondary flow in

form of streamwise oriented vortices occurs also in this
case both for weak and strong rotation. The paper by
Komminaho et al. (1996) was mainly devoted to the
non-rotating case, however they also showed that the
flow can be relaminarized by weak cyclonic rotation.

Nagata (1998) studied stationary - flow
solutions which bifurcate from the two-dimensional
streamwise vortex flow in rotating Couette flow. He
showed that such a stationary solution may exist within a
rather limited Reynolds number range and that for high
Reynolds numbers these solutions would become
time-dependent.

meg
ji8iwe)

2. Theoretical considerations
For the flow under study there are two non-dimensional

Ao it A NN 11

parameters of interest, namely the Reynolds number,
(Re=Uyh/v) and the rotation number (Ro=2Q2 h/Uy),
where 2h is the channel width, 2U,, is the velocity
difference between the walls and Q is the spanwise
component of the angular velocity of the system
rotation..

For plane Couette flow with spanwise system
rotation, the Coriolis force will either be stabilizing or
destabilizing across the full channel width giving rise to
spanwise periodic disturbances in the form of roll cells.
Lezius & Johnston (1976) showed that for rotating plane
Couette flow the critical Reynolds number for such
disturbances is  given by the following expression

Re=10.3/[Ro(1-Ro)]"?

which gives the lowest Re, as 20.6 for a rotation number

Ra=0 5%

. g .
Ro=0.5. The correenonding critical spanwise wave

il \/UAA\/OPUAKULLJ& Wi itiwir: PIGRLVY L0
number is B=1.56 i.e. the spanwise size of each roll cell
is equal to the channel height (2h). For Ro<0 and Ro>1
it is seen that the flow is stable.

3. Experimental set-up

The present Couette flow apparatus has been used in a
number of reported experiments and its basic technical
details are found in Tillmark & Alfredsson (1992), which

Grratifiag that Anly 3 1t 3 P
justifies that only a brief description will be given here.

The Couette apparatus itself consists of two
open tanks connected by a 1500 mm long open plane
channel with vertical parallel glass walls. The channel
has a rectangular cross section, its vertical extent is 400
mm and the distance between the walls is adjustable
between 10 mm and 70 mm. The flow in the chamnnel is
set up by a transparent polyester plastic belt (360 mm
wide) which runs along the facing inner glass surfaces of
the channel. Vertical cylinders in each tank drives and
steers the belt loop. A feedback controlled DC-motor

rives one of the large cylinders and a tacho-generator on
the other large cylinder, which is driven by the belt itself,
monitors the band speed. The working fluid is water and
for flow visualization it is seeded with light reflecting
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platelets (Merck, Iriodin 120).

4. Some experimental results
We show here only a few examples on flow phenomena
that occur in the rotating plane Couette flow. Fig. 2
shows the Re-Ro-plane with the neutral stability curve
and data points which verify the linear theory. We also
depict various other types instability modes that occur in
the flow field.

Fig. 3 shows a flow visualization photograph
at low Re (=100) and Ro=0.05 where the roll cells have

started to become wavy. An interesting aspect of this .

flow is that the roll cells eventually break down where
after they reappear and the cycle repeats itself. These
flow structures resemble the solutions found by Nagata
(1998).

Rotating Couette flow show a number of
interesting instabilities and other flow phenomena which
makes it an intereseting flow for both theory and
experiments. Future experimental work should aim at
detailed velocity measurements of the tlow filed. For this
PIV would be the best technique.
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(a) (b)
Figure 1. Superposition of rotation on a shear
flow a) Stabilizing (cyclonic) rotation, b)
Destabilizing (anti-cyclonic) rotation. }
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Figure 2. Stability diagram of rotating plane Couette
flow.

Figure 3. Roll-cells with large-scale wavy pattern.
Vertical dimension of roll cells is approximately 2h.
Re=100, Ro=0.05.
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Regeneration mechanisms of coherent structures in near-wall turbulence

Genta Kawahara
*Dept. of Aeronautics and Astronautics, Kyoto University

ABSTRACT

A recently found time-periodic solution to the incompressible three-dimensional Navier-Stokes
equation for plane Couette flow is reviewed to discuss how near-wall turbulence self-sustains. This
solution represents the periodic motion which consists of the cyclic formation and breakdown of
streamwise vortices and low-velocity streaks. Since the solution is unstable, the periodic motion is

SUFCaIIIWISC VOILICEE il 1OW-YTILLIVY DLiTais. il

not attained in reality. In phase space, however, a turbulent state wanders around the correspond-
ing periodic orbit for most of the time except for occasional escapes from it. When the turbulent
state approaches the periodic orbit, coherent structures appear in physical space to exibit recurrent
behaviour, i.e. the regerenation cycle, which is characterized in terms of the present solution.
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Transition process and coherent turbulence structure

above and within a waving plant of large bending oscillation
Mikio Hino, Katasseyama 4-20-6,Fujisawa-shi Japan

ABSTRACT
Two methods of numerical solution of an elastic beam performing large bending oscillation together with LES simulation of
both air and canopy flows have been proposed,. Transition processes to turbulence through the K-H type shear flow instability

mechanism are analyzed using 3D bird’s eye view of the flow field. Turbulent canopy flows are shown to h

ave g multiple

structure consisted of the longitudinal vortices common to wall turbulence and lateral vortices accompanied by low pressure
zones, which supply energy to the former by elongation of vortices. Prevalence of sweeping motion in canopy flow is shown.
3D structure of the so-called micro-front characterizing canopy flow is composed of vertical curtains extending downstream,

Key Words: Transition to turbulence, coherent structure, waving plant, honami
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Flags in the Wind

SATO Hiroshi, SAITO Hironosuke and NAKAMURA Hiroshi

Instutute of Flow Research, Tokyo, Japan

ABSTRACT

Experiments wers carried out on the motion of flying flags in 2 wind wmnel. The motion was observed by both
Y

motion and still cameras. The velocity fluctuation was measured by a hot-wire anemometer. It is clear that the
motion is classified in two kinds. One is the oscillation of flags 28 a whole. The other is the wavy motion on the
surface. The former is proved to be similar to the motion of a single pendulum. One wavy motion is originated by
the flapping motion of flag tail. The other wave comes out from the upper end of the pole. The diameter of pole has

a small effect on the wavy motions.,
Key Words: Soft material in wind,
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Compressible Boundary-Layer Transition and Free-Stream Turbulence

Naoko Tokugawa
Japan Aerospace Exploration Agency

Free-stream pressure fluctuation is measured systematically in four transonic or supersonic wind tunnels
by use of identical measurement system. It is the first step to construct the database of external
disturbances and transition location of compressible boundary layer, which will improve the prediction
of transition location depending on environment conditions.

Key Words: Boundary-layer transition, Prediction, Free-stream turbulence
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Process of boundary layer transition on a Concave Wall

Kohei Yamada® and Akira Ito™

*Dept. of Mech. Eng., Meiji University

ABSTRACT

Process of laminar-turbulent boundary transition on a concave wall of 1m in the radius of curvature was studied experimentally

X7 4

under free-stream velocity of 3ns. It is presented that flow visualization by smoke techniques and flow measurement by X-type probe. It

was discussed about flow fluctuation and normal profiles of mean velocity and turbulent intensity taken at the center of a single low-speed

region.

Key Words : boundary layer transition , Gortler vortices , horseshoe vortices
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The interface between the laminar and turbulent flow regions

Ayumu Inasawa, Seiichiro Izawa, Ao-kui Xiong and Yu Fukunishi
Department of Mechanical Engineering, Tohoku University

ABSTRACT

Breakdown process of the Klebanoff mode and origin of turbulence are experimentally investigated
in detail. An acoustic excitation using a 2D roughness attached on the wall are used for T-S wave
generation. Piezo-ceramic actuators are used to introduce the Klebanoff mode fluctuation. It is
found that another shear layer, in which the spike phenomenon takes place and the turbulence
starts, exists between the A structures aligned in rows. The spreading of the turbulence along the
shear layer induced by the A structures is newly found. '

Key Words : boundary layer, transition, T-S wave, Klebanoff mode

1. Introduction

It is well known that the transition scenario in a
flat plate boundary layer starts from the Tollmien-
Schlichting (T-S) wave when the intensity of the
free stream turbulence is low. The transition pro-
cess via the T-S wave has been reported by many
researchers * % 9. However, how the regularity of the
instability mode is lost and the turbulent motion starts
at the final stage have been left unanswered. Recently,

Bake et al.® conducted a direct numerical simulation
against the flow field mentioned above. In their compu-

tation, the initial condition was matched to the exper-
imental data. They reported that the random velocity
fluctuation appeared from the near wall region, where
the strong velocity gradient was present. However, ex-

extremely high-resolution computation is required ev-

erywhere in the boundary layer for this kind of flow

computations and the grid points may not be enough.
The purpose of the present study is to investigate how

the Klebanoff mode breaks down and the turbulence
starts.

2. Experimental setup

The experiment is carried out in the low-turbulence
wind tunnel at the Institute of Fluid Science, Tohcku
University. The flat plate is made of an aluminum alloy,
which in 10 mm thick, 3,200 mm long and 1,000 mm
wide. The experimental setup is as shown in Fig. 1.
The velocity measurement is performed by a single hot-
wire probe with CTA circuit. The 300 realizations are
used to obtain the ensemble-averaged information in this
study.

In order to excite a T-S wave in the boundary layer,
a two-dimensional roughness element made of rigid
polyvinyl chloride, which is 30 mm wide and 0.3 mm
thick, is attached on the wall. Its downstream edge

is at = = 600 mm. An acoustic wave is installed
from a speaker set upstream of the settling chamber of

the wind tunnel. The experimental condition is shown
in Tab. 1, where ugcyms is the intensity of the 77.8
Hz sound wave. To excite three-dimensional Klebanoff

Table 1 Experimental conditions

Free stream velocitey Usc[m/s] 14.0
Intensity of free stream turbulence Tu[%] 0.03
Frequency of exciteation fy [Hz] 77.8
Dimensionless frequency F 37.4 x 1076

Sound intensity uac,rms/Uso [%0] 0.19
Sound pressure level SPL [dB] 106
Location of Branch I z; [mm] 560
Location of Branch I 277 [mm] 2380

mode waves against the T-S wave, an array of uni-morph
piezo-electric actuators is mounted at = = 820 — 900
mm, z = —80 — 80 mm. Total of eight uni-morph piezo-
electoric actuators of 0.3 mm thick, 20 mm wide and
80 mm long are aligned side by side along the spanwise
direction. Their downstream edge is at z = 900 mm.

3. Result and discussion
3.1. Exciteation of the T-S wave

Figure 2 shows the wall-normal profile of the ampli-
tude and phase of the T-S wave at == 1,100 mm, 2 =0
mm. The amplitude profile shows two peaks at n =~ 1
and 1 &~ 5. The phase shift of approximately 180 degrees
can be observed at the 1 location where the amplitude
takes the minimum value, i.e. = 3.6. These features

are in accordance with those found in a T-S wave. The
streamwise wavelength is found to be 60 mm and two

3.2. Excitation of the oblique wave

Figure 3 shows the contour map of the ensemble-
averaged velocity fluctuation at n = 1 in the z — 2
plane. Here, one of the driving signals of the actua-
tors is used as the reference. The excitation frequency
of the oblique wave is also 77.8 Hz. From Fig. 3, it can
be found that the positive and negative velocity fluc-
tuating regions are distributed periodically in both the
streamwise and spanwise directions. By measuring the
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distance between the positive or the negative fluctuation
peaks, it is found that the wave lengths of the oblique
wave in the streamwise and spanwise directions are 60
mm and 40 mm, respectively. The ratio between them is
3:2, and which matches the wave angle of the Klebanoff
mode®.

3.3. Klebanoff mode excitation against the T-S

wave
Figure 4 shows the mean velocity profile in the span-

wise direction at z = 1,100 mm, n = 1. In this case, the
excitation phase of the piezo-electoric actuators is 180
degrees shifted from that of T-S wave at z = 1, 100mim,
y=1mm(n=1), z = 30 mm. It can be cbserved that
relatively low velocity spanwise locations exist at z =~
-10, 30 and 70 mm while the velocities of the regions
in between are relatively high. These features represent
what is known as the peak and valley structures® 7.
From Fig. 4, the spanwise scale of the peak-valley struc-
ture can be measured as approximately 40 mm, which
corresponds to the 2/3 wavelength of the T-S wave. The
ratio between the streamwise and the spanwise wave-
lengths agrees with the Klebanoff mode®. Thus, it can
be confirmed that the system using an array of piezo-
electoric actuators is capable of exciting the Klebanoff
mode directly against the T-5S wave.

3.4. Breakdown of the Klebanoff mode and the
start of turbulence

Figures 5 (I) - (IV) show the maps of ensemble-
averaged values of (a) velocity fluctuation u/Us, (b)
velocity gradient fluctuation du/dy and (¢) minimum
value of the random component in three different fre-
quency bands shown in (d), (e) and (f), which are the
intensity of the random component of (d) low- (f < 150
Hz), (e) middle- (150Hz <f< 500 Hz) and (f) high-
(f > 500 Hz) frequencies at the z = 30 mm (peak) in
the z—y plane. Four different phase locations are shown,

and how the lambda structure breaks down and the tur-
bulence starts can be examined. Here, the random com-

ponent corresponds to the amount the velocity fluctu-
ation is dispersed form the ensemble-averaged value at
each phase location, and its intensity denotes the RMS
value of the dispersion. It is well known that, in the tur-
bulent flow, the broadband frequency component of the
velocity fluctuation can be found. So, it should be ratio-
nal to use the minimum value of the random component
intensity in these three different frequency bands as an
indicator of the turbulent region, i.e. the red regions in
Figs. 5(I)(c)-5(IV){c) are defined as a turbulent region
in this s

Figure 5(1) shows the maps at ¢/T = 0. In Fig.
5(1)(b), the strong positive shear layers C and C’, which
are one period different from one another, can be found.
Another positive shear layer B existing in between can
also be found. The shear layers C and C in Fig. 5(I)

are created by the lambda vortices excited by the ac-
tuators. On the other hand, another shear layer which
corresponds to B in Fig. 5(I)(b) is newly found. Here-
inafter, the shear layer C and B are referred as a parent
and child shear layers, respectively.

At t/T = 3/4, random components of the middle- and
high- frequency ranges appear at the child shear layer
location, which is denoted as B’ in Figs. 5(III)(e) and
(II)(f). In this region, the inflection point in the ve-
locity profile can be found at = 1,175 mm, y = 2.8
mm and the single spike signal is observed in the raw
velocity data. It is known that the number of spikes in-
creases as flow goes downstream, i.e. the double spikes
at z = 1,190 mm and the triple spikes at = = 1,200
mm can be clearly observed in this experiment, too. At
z = 1,200 mm, where the triple spike phenomena is
observed, as shown in Fig. 6, the near wall region A
becomes turbulent as shown in Fig. 5(I)(c). This re-
sult agrees with the previous studies'® . However the
strong shear layer found in the DNS result by Bake®
can not be observed here. It should be noted that the
onset of turbulence takes place upstream of the parent
shear layer.

The expansion of the turbulent region A along the
parent shear layer can be found at ¢/7 = 1/4, which
is denoted as D in Fig. 5(II)(c). The low-frequency
component spreads only in the near-wall region (Fig.
5(I1)(d)) while the middle- and high-frequency compo-
nents expand to the outer region of the boundary layer
along the parent shear layer as shown in Figs. 5(II)(e)
and (ID)(f).

At this phase /7 = 1/4, another low-frequency ran-
dom motion, which is denoted as C in Fig. 5(II)(d), is
found on the parent shear layer. This C’ is the same as
C, but one cycle later. In this area, the middle-frequency
component also appears at t/7 = 1/2 as shown in Fig.
(I1)(e). However no high-frequency random component
can be found. Also in this region, the lax dip signal
whose fluctuation is not sharp compared to the spikes
can be found at /T = 1/2+nT, as shown in Fig. 6. It
can be found that the low- and middle-frequency com-
ponent , C’ in Fig. 5(II1)(d) and (III)(e), is due to the
lax dip.

In this study, the spike phenomenon was found only
on the child shear layer, which eventually leads to the
onset of turbulence. This finding contradicts to the pre-
vious studies® % where the spike phenomenon was be-
lieved to take place at the parent shear layer. However,
because the time-traced data were used in the previous
studies for analyses, it was difficult to identify the exact
location of the spike. The time-and-space-traced data
obtained in this study show that in Fig. 6, the spike
can be found at t/T = 1/2 + nT which corresponds to
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the passing of the child shear layer (see Fig. 5(I)(b)),
while the lax dip can be found at ¢/T' = nT' which corre-
sponds to the passing of the parent shear layer (see Fig.
5(III)(b)). So as a conclusion, it should be stated that
the spike phenomenon starts not from the parent but
from the child shear layer. It was also newly found that
the parent shear layer itself is playing an important role
in the starting stage of turbulence, as the turbulence
spreads along this parent shear layer.

4. Concluding remarks

The direct excitation of the Klebanoff mode against
the T-S wave, which was excited by a combination of the
two-dimensional roughness attached on the wall and the
acoustic wave in the free stream, was experimentally at-
tempted using an array of the uni-morph piezo-electoric

actuators.
The oblique wave was successfully generated using an

array of the piezo-electoric actuators which developed
into a peak-valley structure whose streamwise and span-
wise ratio corresponded to the Klebanoff mode.

Another lambda-shaped shear layer (child shear layer)
was found between the lambda vortex (parent shear
layer) which was originally excited by the piezo-electoric
actuators. High-frequency instability known as the spike
phenomenon was found to take place at the child shear
layer. It was also confirmed that at the time the triple
spikes appeared on the child shear layer, the turbulence
started at the upstream end of the parent shear layer in
the near-wall region. The phenomenon which the tur-
bulence spreads along the parents shear layer was newly
found.
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Wall pressure fluctuation and organized motions in a flat-plate turbulent
boundary layer: some questions

M.Hayakawa

Division of Mechanical Science, Hokkaido University

ABSTRACT
Experimental data of a zero-pressure-gradient turbulent boundary layer which had been
measured with two wall-pressure sensors and a spanwise rake of 8 single hot-wires, were
analyzed in order for the better understanding of the spatial relationship between the
wall-pressure and velocity field associated with organized motions in the boundary layer.
This report discusses several points that are apparently perplexing to the present writer,
rather than adding new information to existing results,

Key Words! turbulent boundary layer, organized motion, wall-pressure fluctuation
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Interaction between a columnar vortex and turbulence
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ABSTRACT

The interaction between a columnar vortex and external turbulence is investigated nu-
=3

merically.

As the columnar vortex, the Lamb-Oseen vortex is used.

The columnar

vortex is immersed in an initially isomopic homogeneous turbulence field, which itself

N S Pa T

is pr Uuubtd oy

atinn nf dersinine

Irent M ¥ 1
a direct numerical simulation of aecayiig turbulence. Statistical quailli-

anf atieal

tities, such as W o-point-energy-spectra and two-point-enstrophy-spectra, are evaluated
and compared with the theoretical predictions from rapid distortion theory (RDT). The
axial velocity correlation dominates near the vortex surface, whereas the radial velocity
correlation becomes larger where the worms are wrapped. Where the columnar vortex is
strong compared with the external turbulence, external velocity disturbances are blocked
by the vortex and they cannot penetrate into the vortex core directly, whereas various

types of vortex waves are excited.

Keywords: Turbulence, Vortex Breakdown
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2: Time evolution of the radial profile of the axial

(a) numerical data, (b) the Lamb-Oseen
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Simulation of a Flow around an Airfoil with a Circulation Boundary Condition

OKunio Kuwsahara (ISAS) and Satcke Komurasaki (Nihon Univ.)
Key Words: Airfoil simulation, The incompressible Navier-Stokes equations, Subsonic flow, Circulation, Stall

Abstract

In the present paper, a simulation of a subsonic flow around airfoil NACAQ0G12 is aatacked
Computations are done at angles of attack 8° to 18° and at the Reynolds number of 10°
based on the chord length. In this computation, the incompressible Navier-Stokes equations
are solved by the multi-directional finite-difference method with using an O-type grid system.
For high Reynolds number flow, no explicit turbulence models are employed, but a third-
order upwind scheme is adopted. On the far boundary, circulation is corrected consistently,

ana a perzoézc boundary coﬂdltzon xs used in the spanwise dzre‘,ﬁmn Results show that

the value of C’Z at low angles of attack.

1 Introduction

A flow around an airfoil is one of the most funda-
mental problems in aerodynamics. Many simulations
have heen done but some important problems still
remain unsolved.

In the present paper, as one of those unsolved
problems, a simulation of a subsonic flow over an air-
foil near the stall angle, is attacked. Most successful
simulations of this kind at high Reynolds numbers
are based on the third-order upwind formulation(1].
To increase the accuracy, we employ the multi-
directional finite-difference method [2, 3].

Kuwsahara and Komurasaki computed a 3-d sub-

sonic flow around an airfoil under a free-slip
boundary condition[4] and a periodic boundary

condition[5], in the spanwise direction. In these pa~
pers, the main flow properties were captured and Cl
agreed well with the experimental values, without
any explicit turbulence model.

In the present paper, we develop the previous
paper[5] with consistent circulation control on the
far boundary.

2 Computational method

The governing equations are the 3-d incompressible
Navier-Stokes equations and the equation of conti-
nuity as follows:

dive =0 (1)

Ju 1
+ % - gradu = —gradp + ——Aw. 2
B g gradp + —— )
where u, 2,1t &né‘; Re denote the velocity vector, pres-
sure, time and the Reynolds number respectively.
For high-Reynolds-number flows, time-dependent
computations are required owing to the strong un-

ralls norasan

€Lzauy, it increases

steadiness.

The numerical procedure is based on the projec-
tion method. The pressure field is obtained by solv-
ing the following Poisson’s equation:

Y12

Ap = —div{u - gradu) +
i D = divy,
where n is the time step and ¢ is the time increment.

D™+ ig agsumed to be zero, but D is retained as 2
corrective term.

5 3)

The equations are discretized based on the multi-
directional finite-difference method. Space deriva-
tives are discretized using second order central dif-
ference approximation with the exception of the con-
vective terms. For the convective terms, a third-

paeey srvrinidd 3¢
order upwind scheme is used to stabilize the com-

putation. It has been found to be the most suit-
able for high Reynolds number flow computations.
The second-order Crank-Nicolson implicit scheme is
used for time integration. A body-fitted coordinates
system O-grid is employed, and grid points can be
concentrated near the body surface. The number of
grid size is 120%65%65 (fig.1). For airfoil simulation,
C-grid is usually used to avoid the trailing edge sin-
gularity. To make C-grid is not easy for high angles
of attack, and this is another reason of the difficulty
to simulate the flow at high angles of attack. Also
C-grid needs unnecessarily concentrated grid points
in the near wake region beginning from the trailing
edge. This makes the computation unstable. On the
other hand O-grid is, in every sense, much better if
the computation converges.

Figures 2 (a) and (b) show circulation profiles at
angles of attack in case with and without circulation
correction on the far boundary. In previcus compu-
tations, velocity on the far boundary was given as
steady free stream because it is not easy to give ve-
locity condition on the boundary for O-grid. In this
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44 THMENZE

case, circulation on the far boundary is always zero.
However, it is not consistent that circulation is al-
ways zero in computational domain for airfoil flow
because starting vortices generated at the trailing
edge never disappear even after long time. In this
computation, on the far boundary, velocity is cor-
rected consistently and circulation does not become

Zero,
PRRe

"™

LT, %

STIEN!
KL/ TTH IO
grid 128x85x65

7163 points

k:65 points
&

Figure 1 Computational grid.
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(b) Case without circulation control.
Figure 2 Circulation control on the far boundary.
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3 Resulis

Three-dimensional flows around NACAQ012 airfoil
are simulated at Reynolds number of 10, Fully de-
veloped two-dimensional flow is used as an initial
condition for 3-d computation to save the compu-
tation time.

Computational results are visualized in figs.3-6.
Figure 3 shows pressure distribution on the body
surface Cp at angles of attack 14°, 16° and 18°.
Section lift coefficients €1 are given in fig.4. They
are computational values in case with and without
circulation control on the far boundary, and experi-

mental valieel8l atr anclee nf ES tapls
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Figure 4 Section lift coefficients.
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Figure 6 Longitudinal component of vorticity.
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Figures 5 and 6 show instantaneous flow field at an-
gles of attack. In fig.5, a contour surface of low
pressure, pressure shading on the body surface and
stream lines from the leading edge are expressed.
Figure 6 gives longitudinal component of vorticity,
at angles of attack 8 and 16 degrees, with using two
equi-surfaces of a positive and a negative values. In
fig.6, these equi-surfaces show & characteristic pat-
tern at angle of attack 8 degrees.

4 Conclusion

In the present paper, it was shown that circulation
correction on the far boundary had effect on a flow
field. In other words, under s circulation-correction
condition, the value of lift coefficient increased at
lower angles of attack and decreased at higher angles.
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Control of oscillatory thermocapillary convection

J. Shiomi
Dept. of Mech. Eng., The University of Tokyo

ABSTRACT

Possibility to stabilize the oscillatory thermocapiliary convection is demonstrated using a proportional
feedback control. The feedback control is realized by locally modifying the surface temperature by using the
local temperature measured at different locations fed back through a simple control law. The control method was
applied in simplified geometries such as the annular configuration and the half-zone for high Prandtl number
liquids by means of experiments, numerical simulations, and formulation of a simple model equation system.
Successful suppression of the oscillation was obtained especially in the weakly nonlinear regime where the
control completely suppresses the oscillations. With a right choice of actuators, even with the local control, it was
shown that it is possible to modify the linear and weakly-nonlinear properties of the three-dimensional flow

system with linear and weakly nonlinear control.

Key Words: Thermocapillary convection, feedback control, annular configuration, half-zone

1. Introduction
In acrystal growth method called floating-zone

technique, the time dependent state of the convection is
blamed for detrimental striations in the chemical
composition of the finished crystal. The industrial need
has motivated a number of theoretical, experimental and
numerical studies to clarify the onset mechanism of the
instability and the structure of the resulting oscillation.
Many studies on the convective flow were carried out in
various simplified model problems where generic
convection similar to that of the flow in the floating-zone

. T4 13 £ 3 i £3
melt 1g realized Recentl fuirth lonmen 7 4
meil 1S reaiized. RECCniiy, Iurincr GeVe;GPuA\.«Et i inge

field of study has contributed on understanding important
characteristics of supercritical behavior of the oscillatory
flows. Most of the ground-based experiments are carried
out in geometries with scales of several millimeters in
order to have thermocapillary forces dominant over
buoyancy forces. With the demand for experiments in
micro-gravity conditions, this problem has been caught
in the limelight as a candidate for space-based projects.
Based on the knowledge obtained from these
extensive researches, the ultimate goal of this field of
study would be to stabilize the instability to improve the
quality of semiconductors. In the industries, the control
problem of the crystal growth process has been around
for years. For example, in the floating-zone technique
with radio frequency heating, because of the asymmetric
thermal field of the radio frequency coil, the growing
crystal is subjected to a rotation to obtain a symmetric
single crystal. The rotation is also often applied to the
system to maintain the cylindrical shape of the melted
zone. Since the oscillatory state of the convection was
found to be the prior cause of the detrimental striation,
the microscopic inhomogeneity of dopant and impurity
distribution, in the finished product, there has been an
increasing interest in suppression of the oscillation.
Most of the works done thus far aim to reduce or alter

the steady state, in other word, to decrease the effective
Marangoni number, and thus to attenuate the fluctuation.
For example, a well known method is to apply a
magnetic field to an electronically conductive melt.
Others are counteracting the surface flow by generating a
stream by end-wall vibration or directing a gas jet
parallel to the surface. A drawback of these methods is
that the damping of the base convection enhances the
macro-segregation of the chemical compositions due to
the weakening of the global mixing.

An alternative way to attenuate the oscillation would
be to act only on the thermocapillary instability. If one
could stabilize the instability without influencing the
base flow appreciably, it might be beneficial in terms of
both microscopic and macroscopic homogeneity of the
final single crystal. When it comes to this type of method
to control the oscillatory thermocapillary convection,
there has been only a limited number of works reported.
The idea originates in that if the surface temperature
distribution plays a key role in the instability mechanism,
the property of the oscillation should be able to be
altered by modification of the temperature. The objective
is to suppress only the fluctuation without altering the
base flow by modifying the stability characteristics. D
Knowing the structure of the oscillation, a few sensors
and actuators are strategically positioned to realize the
feedback control. With the help of feedback control, an
attempt can be made to minimize the cost of control.

The attraction of the current study in the academic
point of view should also be noted. This problem
contains rich fundamental physics with nonlinear
dynamics which can lead the flow to chaotic states. At
the same time, the problem has a few advantages to be
subjected for active flow control. Firstly, since only a
limited number of spatial modes play a role in the
instability, the flow can be possibly controlled with a
small number of controllers. Secondly, the flow can be
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altered by modifying the temperature which is usually
experimentally accessible. Finally, being a rather slow
phenomenon compared to other popular targets of flow
control, for instance flows on airfoils, the instability
could be a suitable target for a control scheme which
involves real-time computation of system equations.

2. Glebal suppression of the oscillation

The local feedback control was experimentally
applied in an annular configuration and a half-zone
model > * . The details of the control method and the
experimental realization are described in the referred
articles. In both geometries, significant attenuation of the
oscillation was achieved in a range of supercritical Ma
(Marangoni number) and the global stabilization of the
oscillation was achieved. Especially, in the half-zone
experiment, the control was performed together with
flow visualization and the transitional process of global
flow field stabilization was captured ¥. On applying the
control, the mode-2 standing wave with the visualized
elliptical particle-free area gradually reaches a steady
axisymmetric state.

In both geometries, the linear control performs best
in the weakly nonlinear regime, where the amplitude of
the uncontrolled oscillation is predictable by the weakly
nonlinear theory. In this regime, the oscillation could be
suppressed to the background noise level as shown in
Fig.1. Having the saturated oscillatory state as the initial
condition, with a proper choice of the control gain, the
system with the control loop exhibits an exponential
decay which clearly indicates that the linear stability of
the target mode was modified without influencing the
stability of other modes. The heater output plotted bellow

chowe th thonoh the outnnt {n;f;anw overshoots. the

Q 1
shows that, though the output initially overshoots, the

power needed to maintain the stabilization is less than 1
mW, which is in the order of a hundredth of the driving
power of the base convection. This state could be
maintained for infinite time and was quantitatively
repeatable. On turning off the control, the fluctuation
grows exponentially until it reaches the nonlinear
saturation. Similar results were obtained from the
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Fig. 1. The typical picture of successful control of
oscillation with weakly nonlinearity. Top: Time history
of the dimensionless temperature. Bottom:
Simultaneously measured heater output power.

numerical simulation of annular flows for the values of ¢

= (Ma-Ma)/Ma,, very close to the critical one ",

3. Limitations of control

Although successful suppression of the oscillation
was demonstrated for small g, the control also exhibited
limitations as nonlinearity becomes stronger. At these
values of &, maximum suppression is reduced, where the
shortcoming is accompanied with a distortion of the
temporal signals. There seems to be different scenarics
causing the limitation, depending on the geometry and
configuration of the controllers.

3.1. Destabilization of linear modes

It was experimentally observed that, beyond the
limitation of control, the time signal exhibits clear
modulation which suggests the appearance of other
spatial modes with close-by critical frequency as the
original one. In the half-zone experiment Y the flow
visualization captured a clear process of waves with new
azimuthal wavenumber (mode), taking the value of 1 for
this case, being destabilized. As increasing the linear
control gain, the new mode is amplified and eventually
dominates the flow as shown in Fig.2 where excited
mode-1 standing wave is visualized by the number of
symmetries of the particle-free zone in core region of the

liquid bridge *.
The results from the annular configuration
experiments %9 show that the control can amplify both

or either of the frequency peaks in the close-by
frequency to the fundamental one as in the half-zon
experiment, and the first harmonic frequency. For the
former case, temperature measurements at multiple

locations suggested that the newly appearing oscillation

was mode-2. This was confirmed by carrying out a
numerical simulation for the annular geometry ”, where
the results show transition from mode-3 to mode-2
dominated flow as increasing the control gain. For the
latter case, the toy model shows that an atiempt to target
the fundamental mode with current local proportional
control can result in the destabilization of the first
harmonic mode ¥. In the numerical simulation, this type

£ Aogtahils % 17
of destabilization was not evident for the limited range of
€

The controlled oscillation always appeared to be a
standing wave with nodes nearby sensors and heaters.
Therefore, on turning off the control, when the original
uncontrolled oscillation has a traveling nature, the
symmetry of the problem gives equal possibilities for

Fig. 2. Flow visualization of excited mode-1 standing
wave in a half-zone.
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Fig. 3. Broadening of the spectra of the oscillation
subjected to the linear control. The temporal spectra of the
oscillation without (dashed lines) and with (solid lines)
control at two different azimuthal positions. Heater length,

Lh=0.5 mm. £=0.24.

both clockwise and counterclockwise wave to take over.
This could be seen in switch of the direction of rotation
before and after applying the control,

3.2. Nonlinear limits

The control can certainly enhance nonlinear features
of the oscillation. Experiments have shown that an
excess of control gain and Ma can result in the
broadening of the temporal spectra which would
eventually make the state to chaotic. Since the actuation
employed in the current control method has definite
length, the actuator (or heater) influences a broad range
of modes whose width depends on the geometry of the
actuator. In spite of our original hope for the generated
higher modes to diffuse away, they have a strong
influence for high control gain and Ma. As shown in Fig.
3, temporal spectra from the experiment in the annular
configuration depict the broadening of the peak. Further
increase of the control gain forces the system to a chaotic
state. The numerical simulation supports these
observation where broadening in the spatio-temporal
spectra is observed as shown in Fig. 4.

Fig. 4 Broadening of the spectra of the oscillation
subjected to the linear control. The spatio-temporal
decomposition of the oscillation in the numerical
simulation. y is the suppression ratio. € =0.07.
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Fig. 5. The ~power spectrum density for the
nondimensional temperature signal for both sensors.
Dashed lines: without control. Solid lines: subjected to
the linear control with, Gain=-0.155W (a) and Gain=-
0.503W (b). Heater length, Lh = 1.5 mm. £=0.24.

4. Remedies
4.1 Actuator size

The broadening of the spatio-temporal spectra caused
by the local heating can be reduced by increasing the
azimuthal length of the actuator. The idea is to attenuate
the generation of the broad wavenumber waves in order
to reduce the enhancement of nonlinear events. The
modification resulted in a significant change in the
controlled oscillation where original broad spectra are
reduced to clear peaks of two fundamental modes. The
change can be observed in the difference between Fig. 3
and Fig. 5. The limitation of the control is now due to
clear destabilization of a linear mode which can be
delayed with the following methods. This feature of the
controlled oscillation for difference actuator length was
also observed in the numerical simulation ”.

4.2 Configuration of the controllers

In case that the limitation of the control is due to the
destabilization of a new linear mode, once we have an
idea of which mode is amplified, it is possible to delay
the destabilization by changing the configuration of the
sensors and the actuators. The original series of
experiment were carried out with negative control gain.
Taking the two close-by fundamental modes (original
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and new) into account, it was suggested that positive
gain with corresponding changes in the configuration can
delay the destabilization of the new modes 46D,

4.3 Weakly nonlinear control

Applying the weakly nonlinear control, the amplitude
of the oscillation can be attenuated without altering the
linear stability (Ma.,) of the system. The effect can been
seen not only for the original critical wavenumber waves
but also for the newly appearing mode. This allows us to
delay the destabilization of the new mode while
attenuating the original mode *5) This effect was more
evident in the half-zone experim@ni than the annular one.
In the anmular configuration, the improvement of the
control performance was limited to a slight one. With
excess of the conirol gains, the control does eventually
influences the stability characteristics and the transition

to the new mode takes place.

5. Overall performance

The overall performance of the control deduced from
the experimental studies both the annular
configuration and the half-zone is shown in Fig. 6. In
both geomeiries, when & < 1, the suppression ratio,
defined as the ratio of the magnitude of the controlled
fluctuation to uncontrolled one, is decreased to the signal
to noise ratio. For both cases, y gradually increases with
¢ with the steepest increment around ¢ ~ 0.45. In overall,
a significant attenuation was observed in a wide range of
g (< 1). Comparing the two cases, control shows better
performance for the half-zone than for annular geometry.
One of the reasons could be due to the higher signal to
noise ratio in the half-zone owning to more volatile

oscillation.

in

6. Conclusions

In the series of studies presented in this report, we
proposed a proportional control method where the
controllers are strategically placed using the knowledge
of the modal flow structures. It was shown that the
method can be used to attenuate the oscillation in a range
of supercritical Ma. Especially in the weakly nonlinear
regime, the conirol completely suppresses the
oscillations. With the right choice of the actuators, even
with a local conirol, it is shown that it is possible to
modify the linear and weakly-nonlinear property of the
three-dimensional flow system with linear and weakly
nonlinear control.

The actuation of the system using the local boundary
heating can also destabilize different mode structures,
which increases the dimension of the problem. However,
it was shown that, having an idea of the newly appearing
modes and the fact they are likely to be standing waves,
the destabilization can be delayed by optimizing the
configuration of sensors and heaters.

The validity of the qualitative analyses presented in
this work suggests that the experimental system is clean
and simple so that, despite the complexity of three-
dimensional system with local actuations, the control
problem could be reduced to a lower dimensional model,

B AR SRR JAXA-SP-05-012

such as, if all goes well, ordinary differential equat;ons
Such a simple model as the toy model study > could
recreate many of the features of the controlled system.
This encourages the hope for construction of a model
system which is sufficiently accurate and simple to be
used to realize a control scheme that requires real time
computation of the system equation. This may allow us
to overcome the limitation of the control performance
due to nonlinear dynamics of the system whose influence
is inevitable for the current linear control method when
Ma is high.

Being 2 slow phenomenon with a limited number of
active modes in the instability and the means of actuation
with well-understood influence to the system, the
problem may be one of the most suitable problems for
experimental realization of the recent development in the

art of flow conirol theories. This problem can be the
hridee hetween twgo communities of eyneﬂmen‘m! and

UVRiUgL Uliwowi CUREIIENINLS U W CLITRELRERAS

theoretical conirol as the problem of thermal convection
loop, but with a strong connection with the practical
application.
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Study of transition mechanism in a supersonic boundary layer at M=3
using spatial DNS

H. Maekawa, D. Watanabe & K.Ozaki

e

L h. system iima Un Y
Qnatial direct ; ; : . : ; ‘
Spatial direct numerical simulations are used to study the formation and development of

three-dimensional structures in a supersonic flat plate boundary layer, where the freestream
Mach number is 3 and the Reynolds number at the inlet based on the displacement thickness
1000. Random disturbances are superimposed on the laminar profile at the inlet plane of the
boundary layer computational box. Hairpin vortices are generated in an intermittent manner
on a low speed streak downstream after the low/high speed streaks formation. The numerical
turbulent velocity fluctuations are in good agreement with the experimental data of the
supersonic turbulent boundary layer for M=2.9.

Key Words: Supersonic boundary layer, Bypass-transition, Spatial DNS, Aeroacoustics
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Effect of turbulence on aerodynamic noise generation
Akiyoshi Tida", Kenji Morita’, and Hiroyuki Tanida

*Dept. Mech. Eng., Kogakuin University
**Hitachi Industries Ltd

ABSTRACT
In this paper we attempted to develop a low-noise "active turbulence generator (ATG)" for aerodynamic
noise measurement in a large scale turbulent flow field. The aerodynamic noise from the developed ATG
was only 10 dB larger than that of the conventional wind tunnel. Aerodynamic noise from a rearview
mirror was measured to estimate sound generation effect on turbulence intensity. The experimental result
showed that the edge tone of the rearview mirror was disappeared in the case of strong turbulent flow
field. Aerodynamic noises strongly depend on the turbulence intensity and eddy scale of incoming flow.
The turbulence of incoming flow is important parameter to estimate flow around real cars. The active

turbulence generator is one of the useful devices to simulate real road simulations in wind tunnels.

Key Words: Aerodynamic noise, Turbulence, Bluff body, Edge-tone
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wind tunnel with small agitator wings and
driving motors

108 = 7
10° -
= 10* .
2
g .
5 10 I
0 a ATG =
10" = e Grid Turbulence = =
- A.T.G (Makita) A i
= Atmospheric Turbulence =
mrmm—— ! A
1072~ Pao's model ‘4 .
3

i 1 § H H |23

10° 10° 107 10° 107 107
kn

3g | Background Neise .. __ Hem - - -
Optimized ATG

20
100 160 250 400 630 1k 1.6k 2.5k 4k 6.3k 10k CA
Frequency [Hz]

Figure 3. Aerodynamic noise of the active turbulence
iy [ o~
1

generator at flow velocity of 30 my/s

This document is provided by JAXA.



HEREBB ORI &I L RmREGRICE (B35 [F - 55 36 [) 55

DI EDPLMNUNELRIZ R > TH I
DE IR KB LABEOFFXTLEALE
BRI, LR T, EEOH®BBEOEST

W TKADOENDZETHE Y RE< 20k
Zzonb. Fl, BRI LD RITEIRER
(JBIt) LD bDRPNSLRDAREERD .

(b) Circular cylinder with holes (Laminar)

e w8 e

(D) Circular cylindér ;K}Ith hg)les (Turbulence)

Figure 4 Flow pattern around a circular cylinder
(Uo=1m/s)}

8 Circular Cylinder

N

60

Circular with

Cylinder

7

49

SPL [dB(A)]
&
{ |

30 N .
Background Noise

20
106 180 250 400 639 ik 1.8k 2.5k 4k 83k 10k OA
Frequency [Hz]

(a) Laminar flow, Uy=30m/s

80 Circular Cylinder
Circular Cylinder with

70 \ - holes

oD
=1

SPL [dB(A)]
&

Background Noise

S
=3

39

20
630 1k 1.6k 2.5k 4k 6.3k 10k O.A.
Frequency [Hz]

100 180 250 400

(b) Turbulent flow, Ug=30m/s

M 67 HENE 7 X T — &8 U 7= AR SR
ROZ R4, Z OFERTITEMFE OIS 1/4 R
PEROMTEESETARER L. RT7TIT—
IIEE O Z LS TIEAS 2D, FEIZE
ERTEHZEREN., MRt I RT
T INREICEREREE LT T %0,
EEoFEnBEAEE L. K7 ICEETRIERRSE
Y. BREORBNBEICL o TCE— 7 HEOBEE N
H2EA L HZWESERSD., 2ok —7
MEER I EE L L CRIEE 2D %, K8
= HORELEBREORSOBRE T, B
EOBEN T I 7 —-FRHEDOERBE SO 01E
EOWAITRNEERRET L Rbnd. =
TR ENERE L0 BEWHAE, ERBNICE
R EOAELISEA SN, FOAEN RTI T —
DWE S FH L TEBTNRETI IO L THEIN
%, BERENILRIGESR TS L RENEELRL
AT D, AENRT 2T E TEFOE

This document is provided by JAXA.



56 FHM L R IIBERIE R JAXA-SP-05-012

FHERET 20 E 0 R EFOREIZEEL TS
HLOEEZBNA.

B 9 IXELIR R AT E 2 > THROWELNGIZ T
LT —ETINERE LBEOZEEERERRT
HD. ELNBRENKE 2B & BEDOFRENIH
ENDHIERDLIDL. FEROELNWEEPKEL 2
BHERTIT—REOEEIZL > TELNDIE
BOROWBEEE SN, F7 Ik s>

A= RN I ENERSNR 2D EEZDND.

FEEROBBEOEITPITEEROFEICL - T
REPRETLHALRELRVWEERDLLE
ZbidZ &7%% ELUTRE AL E 2 722 6
ERHENC LY, EIEEOFAEICKH T DI O
B R _aﬁlf\é ZENARETHD.

Separation line

Figure 6. Oil flow images of the flow around a

rearview mirror with (left) and without (right) the
active turbulence generator (Up=30m/s)
60 |
L
50
g 48
= 30
»

6 2 4 6 8 10
Frequency [kHz]

Figure 7 Aerodynamic noise spectra from rearview
mirrors with step (U, = 30 m/s)

45
40 = & =0.75mm
L =10mm
%35
3 B 54
£ 30
@
25
T
28
0.6 8.2 8.4 8.6 0.8 1.0

100 rearview mirror (turbulence)
< rearview mirror (laminar)
80 b — BGN _
n
g 60
5 40
0
20
0
0 2 4 6 8 10

Frequency[kHzZ]

Figure 9. Aerodynamic Noise form a rearview mirror
in large scale turbulent flow (Up=30nv/s)

A L XA
oW W
FLEX NP T o 9% He i B 2. g EX I I He 1
R Rl AR R L, EAEEORAE

HTBEMOEEBIZ OV TR, DA< /D
X0 R RIRAR s b B S A N ERFICR LT
ITELR DB/ E WD, RT7 27— 0 S
N2RBFIZRTHEBIIRENZ EDNbho T,
Stk ELOVREE, WMAT—E2E ﬁ% DR E
oML, HEEOIETRICBI D ENEE

L - - .
SIS T TN E T,

References

[1] H. Makita, Fluid Dyna. Res. Vol. §, pp. 53-64
(1991)

[2] R. Siegert, V. Schwarz, & J. Reichenberger,
Numerical Simulation of Aero Acoustic Sound
Generated by Generic Bodies Placed on a Plate -
Prediction of Radiated Sound Pressure, 5th
ATAA/CEAS Aeroacoustics Conference, ATAA-
99-1895.(1999)

This document is provided by JAXA.



(EREEROMA L HIHE FFRSEERTE B35HE - F36R) 57

oo & YR, TA IV AZEDOZRET IV
vakdEss, e BESE (B
Vortex Pair and Vortex Ring as Flow Models for Aeolian Tones
Michio Nishioka and Shoji Sakaue
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ABSTRACT

To obtain a better understanding of the vortex sound the present study considers the sound generation by
oscillating vortex pair and vortex ring. The vortex pair is such that the two vortex filaments maintain their
constant distance, with their mutually sign-different circulations of the same intensity varying in time
periodically. For the case of oscillating vortex ring the same time-varying vortex filament maintains a
rectangle shape with a constant enclosing area. We have analyzed the far-field sound generated by the
present 2D and 3D oscillating vortex systems in the otherwise calm space and obtained closed form
expressions for the sound pressure. The present flow models are applied to the Kdrmén vortex street of a
circular cylinder, in particular, to the vortex formation region immediately behind the cylinder in order to
obtain the far-field sound. With all those results we have discussed the flow mechanism of vortex pair and
vortex ring working as the dipole sound source generating the Aeolian tones.

Key Words: Aerodynamic sound, Vortex sound, Acolian tones, Karmén vortex street, Vortex pair, Vortex ring
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Local Equilibrium of Velocity Distributions
in Homogeneous Isotropic Turbulence

T. Tatsumi (Kyoto University) T, Yoshimura (Toyota Technos)

ABSTRACT

. R N 1) . . . .
Succeeding to the previous reporis by the authors’ which mostly concemned with the inertal

similarity of the velocity distributions in homogeneous isotropic turbulence, the local equili-
brium similarity of the velocity distributions is studied in this report using the cross-indepen-
dence closure hypothesis and the local variables, The one- and two-point velocity distributions
are all expressed, except for the longitudinal velocity-difference distribution, in terms of the
inertial normal distributions associated with the self-energy dissipation rates, The
non-npormal and asymmetric properties of the longitudinal velocity-difference distribution are

discussed in relation with the structure of the governing equation,

Key words: Turbulence; Cross-indepsndence hypothesis;, Velocity distributions; Self-energy dissipation

1. ZZMRSLEEg
EXEBRINET, IZEMIHES %

EEMEEEO T I, LR/ NEER SN S
DLRFEEERIL. FOBERETH BKol-

AW BLmERICE LT, 19974 3 B LAkfH
WOBEETFR-TER, TOKBE, —BEH
PEELR L BReynolds#E O b & Tix, KEEO=x
RN —BHERBOBEEBEM L, PEEO X
N F—-BBRBORPTEEREL L 0 Z o0 8E
Az E»CEBEENRDZZER™ DD o7,
IO5h, BEFFEEMELAENE, T CIZKolmo-
gorov(194D) PNz E » T, BLEO/MEERS X
BT EEMZEHRE LTRREESN, UESE
WEDET, SESERBTERY - BHENR
R fTon &, RFRRIEHLT, &
RevnoldsE O BB CERICERYT 5 [ MmT
B zRAVEEESTH FERXOBITIcE - T
HANBRLEEZ LD LERZ2-TINES,
ABETILE 512, KolmogorovEih TlE K&
AThomELMORBERSIZELC. 1 A8
LTV 2 REERAHEN, =R VF—FHEE: 2
FAE— LT BERSFRIZL-TEPLENSBZ
ErALE, IR, —BREHFEALRIIBWNT
X, KEERESD D E ~KolnogorovDIE M LLE]
KHESZE, ZLTENRERERETAZRLE—
Bk e 2, MHEERSRZIIETEGEES L L
TRDODENDZIEEFLELOTH D,

mogorovE X n =0(v") NEEMERV L L Hizok
BABEDHIZEETS, LR sT., FOREE
EBEBEANBEDIZE, BES 2 BB LT 5B

BEEERERVERT 2T bRTRERL R
VW, TNAEKBRECEWTHS, LT, BED
EOIRBREEERE BFEE. To4o0EE
ORISR T IEE 2 AREE LT,
AR 0@ 0B, BiRlck
UAERBHEBLIHETHE, EREERBIT. 4
b — BTz Prandt] (1904) I L - TRES
NiEb 0T, BEReynoldsBIZ BT A3WECEY
DERET, WELZBEIEMEORT 2L
e, MEREBEZB O >BERBLOERLLTE
b, BREOEX =002 E8IzL o
REEEEZBOEBHICE-T. BREZ KD
A EEEELELOTH S, Uk, &
BIzE28HRMEAZOREBNRBRE., 0k
RBEBRETEEBELTZLOTH B,
IOBEBRBERIKONEERSO SO B BT
S, BREAORT vy ViR KRB
SOEDBHARERIIHETEEE, TOBRK
CEEO o OBEB N EIZ BReynoldsEIZ BT
LZHEBRTHIZEVEDLNRBZTHS S,

This document is provided by JAXA.



60 IR ZERT e AR RIE R JAXA-SP-05-012

BERZEIC L 58K
AHETHERBRLREARET I, £0
ERAE—E BLOT R F— %ﬁie@ﬁ%
B3 Tl £ =Fot', s =cot OFIZEZD
NTW5, BFIPEERERE ST R RS2 ¥
—E LT, Do EEERyvEZ LY, BFEE
EROESLERAEE LTESRT S,
B X =x(v e o)
BRR t=t(v/e0) V7
BE u=uleov) '’
EA p/p =uleov) */p.
BEHEEO B ReynoldsEIZ R =1 &
BREEICIBT 8T, EESH

{\zdrrvan-—}nn'n{ Q’?\é) S)m‘s‘:%:’ = %

gren—moninii VoI REEGE

Lu
ﬁfﬁ%ﬁbb\;ﬂ£*%@4%ﬁ%
LTILABLU2 REESHICRY %*
BAZ2EL PO ETED NS,

e
v

il
1

e
oF 3O o

Qﬁ
IR
ol °

\
&
3
e

Ry

3. 1AEESS
1A E AR I ﬁ%%ﬁ BT,
flv, t) = (t/4mee) expl-| v t/4a0], (1)
TRPLEIEELSANDELTELZLATY
2, BFEBCBOLTLERBICIOMNI,
£G0, ) = (8 A o) Vexp = v P/ 4a 0], (2)
fﬁbaﬁén::K=

g (t)==dE(¢)/dt’, E
T, A RERTT R AF—H
L REE SN, AAHER
UCHMZERESHORITK
R R ﬁw&bfi%w% BREa =¢/30
HEEHR, BERBvIZIbRVI I3, —EE
ﬁ@ﬁﬁ@%%&&%ﬁ%mbbf&% =5
WWZORERIT., TR A2 2 KEESHICE
TAERLBE T, TOHEBROLVEELILTE

BOUEBICHIVWRERZEZ D LD EER D,

4. 2 H5EELSH
RSB 2 2 88 ESHRICHTEHE
X, BROFBTHS 3;§ﬁ§f\ﬁéiﬁb“@‘“
EMERE 2EERTA LR AN, AE
BT L AEESHIIRNTI2OLELLY 5T
Ehnbd, EEL, BEEERCIBITAER LR
BT, Ak 2 REENRALURBIERICE
NBZEEEZEBLRTRIERL RN,
CREESAR—RICRANEE 2O T, &
NE2ROEEM vi=+4 (i +tu.) CHEE o

=4 (u.—u1) OHHICHEL T, HEZEDL
AL, i%%fﬁ%ﬁm WIPEAS %
BN TWaoT, BEMS ﬁk%%% YA D F
B

EEBIZRDBZENTE B,

5. EEMmSMA
HERMSMAIZ, SARERE
g+ (ve, 1) = (t/27m000) Pexp[-| v (4)
THOLE2ERSA(NYD ELTELLREY,
TR TR., (YRS Qoﬁg.)/\?){’ﬁ?“’“ao
N E a0 lZE-TVAD LICEESRE N,
BERFERIIBOTYL, EENSMIIERSH
TRDLENDAE, TNIERLSHANITHERLSEBIE

f-c ANy~ B NI
RRIJTAINING/

g (v, 1) =t /dno-o ()" x
xexp[-|v. % /40 (x) ] (5)
TEzZ LN B, = : AN
e

b\“Ci

G((r,p):: () 3= e
g (r,t)=~dE.(r,t)/dt,
&u»m%déﬁ>

=4 (| + Wi+ [ (6)

T, ELREEM BT AR T R,
o L BECZRAR—BEELEDL, L
THhHEERILETH S,
f@ﬁmaﬁ%mﬁ&ﬂm\_n DEFTV
NG 2 ABoOEE- OBETHEBNE iE

Al Ha3 R > 2l AP IS IS A BN | By S S8

FAN3 BG)RILoTr & & HiInELT A,
r =0 OB Tiloe—sun &30 0, o -sa &

Fa in INAE N2 7»‘:/.31&:Mt ?
id Uy NI iING VAT AI LY L

r$—>oo @%;&E N 2»‘?3%;;{211 Fux ITHEY \]ygﬁj
&@éﬁQ\%y%’&}Bﬁ%Q\@—%%@

o

:
Fus

)
H

P

I
r

"R o

o |
\zz‘r \5‘11

Z N S
Do FAAN

fy

h

EY . AN RESERIIBIT SN2
BT 5,
ZOXHELT, BREBIIBVWTBRATE

DERIEERSHANI I, FESHORYE
Lo, BFEBEOER LA r -0 B LW
r s OFERICIWT, ABERIzIRIT AR

“& Ln. l%/}ﬁ’ffﬁﬁﬁ%@;g;iﬁ%@& 72’3“(1!\5

6. EEESTT
HEZESAOEENMSA L BB, AEEER
BOTHRE2EES ﬁ@@)

g-(v-, t) = (£/2no0) Pexpl-|v- 1"t/ 2m00]  (7)
LhpmkavRans, Dk, BRI
HEMEBEEENHEZETHIZLERLTV S,
BFERIIBTE, BEEDHAHFERXRE
ML bd

This document is provided by JAXA.



[ RIEES O L) BrEss

[0/t +2v ~8/or+a-(r, t) | 8/dv |2
+%W%Zm%1gdif+§ﬁw“ﬁ}

=8/0% B (v, )+ v (v z)}}}y
xg~(‘!—, ,’ =0, (8)
TEHEz2zLND, Z 212,
o, )= () /8= olr)t,
e-(r,t)=-dE" (¢, t)/dt
E (e, t)=+ (%
=4 (| F@e=u) % (9)

ELREERE v KETIHCZRAFE—,
- e BEOZXAF—EAERZEbL, W
TALEATLETH B, F/. By v, Bo 7o
. WTRLEEEERY ICE LT 2ROESY
BETHDH, FHEERT S,

G BILITRTERINT o . g: Ee/p ¥
DEHCESRAZ A Z -3, Boningx,

a (W) =a &, )+ o, t),

e (D=¢. &, t)+e (1),

E) =8+, ) (10)
WE->TEERTZ A —LBEEST RTINS,

6.1. HEEE LA
FRR () IFEEr RkELRVWERE &S

THHREFHEIGRZY, Z0OLDEFERICE
TEREZERHIE—RICEERESHRT %5
z:z‘(@ﬁ@fﬁﬁm%&%ﬁ
[/t +a - (', ) lo/av - Flg (v, 1, L>-s (11)
EEANE, ODXOBIR, AT AF—o Or

EKEFEEOEELPEETAEHIZBONT @R R0M®
Llg-o T3, ZOEKT, UDRXOERME,
g (v r,t)={"/4r0 0 (r)) ¥ x
()] (12)
PEA4TERS “%‘ﬁ(f\i%)&ﬁ%&&*%’wﬁ‘ SHIN4
REEENTMORSFEESAYE 25,
IOMELHROHIEEESAOBERSE G
Bl LT3, @OQXpoBHLMA2ES 12, (12)
RDRT A Z— o o FEREr OBETHI NS,
SAANA Hr b BB T B, ro0 OBET
Fus0E BB Nb, a0k Y ., HHNG T
FAERIEIEBITT S, —FH. r—w OBRE TR
4.\}§th£3251§9\ 5921\&5:‘72(7373’%\ (9)
RICEIVE-S+E, o >+ a'di2h, HFN4
FAMEEII BT AN EBITTS, oo
L2I2L T, BRERICBOTHEESES AN
X, BEEBOBERTHAr >0 BL U 30 ®
WIBRIZIB W CHAMERDRLE — B L., BRE
HEOSEERBELZ-TNE,

EHEACE (B35H-E36E) 61

6.2. MIEESST
EEESFZ, RFERICBCIRgE R
<, BEEENZ PAr 2 LTEERBTHS
o, BHFROREEEESTE, FRICERT
HHEE %’\?‘%‘eu}:ﬂ”ﬁ“fﬁzé
EEREx =(x,y,2), BEEE~Y b dr =
(i”“ 0, 0). 3§f;¥%§7§."; = (V*u V:, V‘_L) BT
W, BEEELS g BIUOBEESE S fig i,
TNENROLIICEDLEIN B,
g, t)=fle v 0, dvidve,
gL, )=l ) dvdv e,
g, =06 Odvidv..  (13)
RETEBIC BT A HEEES A IBRAIZ. ®

BLOUNEX»oROEBIZE X bBRLD,

(8/0t +a - (', ¢ 8/0v Te (vi, v, 1)) =0. (14)
(IO)XFHELIPZESERESTFERXOD®
IRTETHING, HEEZESHIRSER
SH(2) D LRI,
(v, r, )= d4no -0 (r))" x
xexpl-v it /40 0 (r)] (15)
LT, EEAHNATEDARS,
LEed-T, MEEESH U I, REER
SAN4EFE, BFEROSERIZBNTERS
Wl TRmelio T3,

6.3. BEEENH

59

%%?‘%ﬁ IR LHEREESN R, 8

B33 4 AT i -

BILOAHXPLROELSIZEMLNS,

TAa/8t 4ov" A/8r o n (v + YA 72"

LO/OU +&4V 30/ 0v + 0L -\T, »/U/UV;;}g“{V;g,f‘,i}

+ho/ovilila/ox B (v, )+ yilv ., t)}

~8/0x B (v L )+ v, ) Ix
xg- (v, r,t)dvidve =0, (18)
(1) X LH LM, $EEXES g 2EESR
POERBTH D,

. RREBEEY 2 EEOOBTELTE
WALV O TERBERD D, BB . 1.
Bon v:DEHEN (BB IZEHIELREITRS L.

Bri=pe=— (/3 [v 15, yi=y.=0, a7
LRy, (IR FROL W sh 5,

(6/8t +o - (v, N /0v)°
+0/8r {2+ (1/3)8/0v (v +de - (', 1) ) } I x
Xgu("#rr, v, ) =0. (18)

ZIT, BMEEESMAS) LFEC A CHEME
ZRELT, MEEHE,

w-= (wy, wo, W)
AT,

Glwy,s), (19)

= =172 ® =172 *
=y.t ={vygt ,v.t
® -1/2

; L .
s=rt =, glvyr,t)=t

* This document is provided by JAXA.



62 FHMZEI IR BRI AR JAXA-SP-05-012

ERTIE. X KROBIZET 3B,

G+ widC/dw —s 8G/ds +a &6 /owy’

+28/8s (2w +(1/3) 8/6w (wi+22")}6=0, (20)
Al e

a =2 o(r) =Mw.") =M., (21)

T, M REHEEZEDT,
HEFBRANCOOE, BXUHFEBKX(U6) 0
BT ERRIROBRIIZESY, CORXOE
DOEMPEHEZIZ DN TEALTBE L,
CORBT 2 2BRERSFTREAT, FHES
& L CREMmE,

s=(4/3)w+(1/Dw, (22)
BELNS, CQOEAMNLEBIZ,
s<<l D& & W g,

s>>1 D& E wee s, (23)

LB, QHOEIINIT. s<<IODERLBBFTE
EESROTFPOEGBEE., s>>10@EBNMEENE
BlztnFndiET+23 2R 00T 5,

7. BEBFEEE—A b
BRI T, BEESHFOET— A
FAEEREr LB ST BB, BT, =R
R XN F -G ELT2RE—AV
@HE, M1OBEOLIICRD, )R =0
DEFE TR IZEHAL, rRREL B L
CHALTHEKRTS, —or OEBNBREES
i, FLTr 7 oEEMERMERIC ST B,
—F . EEROFO2RE—A L @),
(1IOXLLR1IOEREDOILIZRD LN B,
@HEr=0 BT EEWHPEHBELT, K
EHR W=+ @ HIRELTEEZ W) 0Es
FHOTHEATS, 2LT, r Db BEr. T,

s

@H=@hH=4wh, (24)
LB,
1.0
Wy
a8 //,;4‘:.——_;:;;;
T
PR |
,/" i
ol 3 ,
r =r/n

M1 BHEBLEEAOIRET—AV MO
BEHr/ il T2328L0oBEER

r=ro AT, BEEEREERLABEOKR
EELRY. REENARONEERS EED
TEWS R EEEBEOMBLARND LD, £
DESBEHETHIEENERI I TED D,
rere OEETIR, EEMLEEZEORIN
B2y, HEIEEEMAINZET 5 A4A8E
Behd, FLTHRRQ) LEERE I UHE
EZO0BETEES AR T ATORTRIT S,

1. ZERrERFROoERNERE
SEIOREOEA. BMEOHESIZBNT, &
FIEH(2008)7 12 £ B TREMEKE S v
EWMIUEHROEZGRNRE] LETAIHREEED
FTonTnikrbtdEmokz, BE. 28R
Lizé A, BRFFOEReynoldsEEFHEZ AL
T, BEAETRTOBERIIBWCAER
BHROGERZIRIIREERIEBLNATEY,
FELEFORFEELLENALE, DL
NLEELREEATHD ABEETOEEE
SHOEFERE] o0 ThH, HEREED
(2002)"DERIZ L B L 0T, BETRELEDN
MBI EERELTEBERZN,

ez TZZEED 2 RMEE] oFHE KH
ORI, TILEABXOBESKIZEMNTS
EBRERC, InB3HEMIBEFRETh- %,

} ERISA o, 31 1 N, 25E - k= Yo ~
I, FIRESIBULTELEEREZ LIV,

AU SR i bl T e / ¥ -EHBRR
84 7 T i RAM T T i ]
[EI5 TR RS 1 9 11y o . -
k ‘ ﬂm‘ (ST
p : = _
02T T
3 .
& il
; =3
A\
33 1t PRTINY S i s srel REPVEECH
i > 3 5 &
10 13 1o’ W 10 10 10 10

K2 EEEE 2 YK v &I R, =350)
1
C<ul> e <uu >, A <u’>

(B~ -8 T (2005) %12 X 3)
SIRXE
1)T. Tatsumi &T. Yoshimura (2004) £1. Dyn. Res. 3B, 123.
2)4. N, Kolmogorov (1841) Dokl. Akad. Nauk SSSR 30, 301,
3)L. Prandtl (1904) Vehr. FIT Int, Mat. Kong. Heidel. 484.
4}T. S, Lundgren {1887) Pays. Fluids, 10, 868,
5YA.S. Monin (1987) Pl J. Appl. #ath. Hech. 31, 1057,
8) FE - -8 T (2005) HUFHAF JAXA-SP-04-002, 71.
7) BB (2002) RUF B BT B & kP56, 71,

This document is provided by JAXA.



[BES OMY L HIE ) AR RCE (B350 - B 36 M) 63

IVEERERCLEETSERS) . B (LEEREREER)

Boundary Layer and Vorticity Model
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" Hokkaido Institute of Technology, ~ Dept of Eng. Hokkaido University
ABSTRACT

Based on the idea that the flow phenomena of the real fluids are governed by vorticty,

the vorticity model is proposed. The model is found to be very effective to study the

boundary layer structure both of laminar and turbulent fype.
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Aerodynamic performance improvement of Aero-Train

D. H. Yoon, K. Suzuki, H. Endo, and Y. Kohama
Institute of Fluid Science, Tohoku University

ABSTRACT
Aerodynamic performance improvement of the Aero-Train has been conducted both experimentally
and numerically. Suction side of the WIG aerofoil tend to separate, because of the existence of the

ground surface, and also wing-wing, wing-fuselage interactions appears. Those flow separations
limit the lift to drag ratio performance. In order to improve overall Aero-Train performance,

optimum wing configuration determination, blowing from the pressure side, and swept forward

guide wing configuration are studied.
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Carps swim in the wind
H.Sato, H.Saito and H Nakamura

Institute of F Research

A TILNTER A VT

ABSTRACT
Kites are the most popular toy in the world. In Japan people ednjoy carps swimming in the fragrant May wind.

They belong to the same family from the fluiddynamical view point. We have made wind-tunnel experiments on the
performance of carp model. As a simplified model we chose straight round hollow cylinders of varicus size and
weight . If 2 model is light enough. it floats in the flow by a single support thread attached to the mouth. Obviously,
the lift force acting on the cylinder support the model. If 2 model is heavy it staris violent oscillations. The reason
for the oscillation sesms to be due to the stall of cylinder wing. Models of carps suspended ih the wind tunnsl show
similar performance. The best way in realizing 2 stable swimming is the choice of connecting camps to a rod.
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Multi-fan wind tunnel as a tool generating high Reynolds number turbulence fields

K. Sassa
Dept. of Natural Environmental Science, Kochi University

H. Miyagi
Dept. of Applied Physics, Miyazaki University

ABSTRACT
We tried to generate quasi-isotropic homogeneous turbulence fields with high Reynolds numbers in the
multi-fan wind tunnel. The fans making flow and counter flow were arranged like a checkered pattern and
they were driven by a fluctuating signal transformed from continuous spectra with -5/3 slope. The Reynolds
number of the resultant turbulence fields ranged from 330 to 560. The turbulence fields realized in the
multi-fan wind tunnel are expected to be very useful to study high Reynolds number turbulence, though their

uniformity and isotropy were 1ot so good.

Key Words: turbulence, Reynolds number, multi-fan wind tunnel
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Pattern formation in flow between two corotating disks

T. Miura and J. Mizushima

Department of Mechanical Engineering, Doshisha University
ABSTRACT

Pattern formation in flow between two corotating disks in an enclosure is investigated numerically and
experimentally. The outer cylindrical boundary of the flow field is assumed to be fixed, whereas the inner
cylinder rotates together with the two disks. The flow is not only symmetric with respect to the inter-disk
midplane but also axisymmetric around the axis of rotation at small Reynolds numbers. The axisymmetry
of the flow field is broken due to instability at high Reynolds numbers. Such an instability occurs for small
gap ratios, the ratio of the gap between two disks to the radius of the annulus, and yields a polygonal flow
pattern in a plane normal to the rotation axis. We identified two kinds of three dimensional unsteady flow by
numerical simulations, one of which is asymmetric with respect to the inter-disk midplane and the other has
a shift-and-reflect symmetry with the midplane, and compared them with those obtained by experiment. We
found that the critical Reynolds number at which the axisymmetric makes a transition to unsteady 3D flow is
smaller than those evaluated in previous papers, although the flow patterns are consistent with those reported

in them.

Key Words: corotating disks, Couette flow, polygonal pattern
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Influence of 2D surface roughness on the linear instability of plane channel flow

M. Asai , J.M. Floryan and Y. Maeda™

*Dept. of Aerospace Eng., Tokyo Metropolitan Institute of Technology

“Dept. of Mechanical and Materials Eng., The Univ. Western Ontario

ABSTRACT

Experiments on the linear instability of flow in a wavy-wall channel are carried out to examine the effects
of 2D distributed surface roughness on the stability of wall-bounded shear flows. One of the channel walls
is modified by introduction of the wavy wall model with the amplitude of 4% of the channel half height and
the wave number of 1.02. The experiment is focused on the two-dimensional travelling wave instability.
The results are compared with the theory proposed by Floryan. It is shown that the flow is destabilized by
the wall corrugation at subcritical Reynolds numbers below 5772, as predicted by the theory. For the
present corrugation geometry, the critical Reynolds number is decreased down to about 4000. The spatial
growth rates, the disturbance wave numbers and the distribution of disturbance amplitude measured over
such wavy wall also agree well with the theoretical results.

Key Words: Channel flow, Flow instability, Surface roughness, Critical Reynolds number
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Influence of the External Disturbances on Boundary-Layer Transition

Naoko TOKUGAWA, Shohei TAKAGI, Yoshine UEDA
Japan Aerospace Exploration Agency

A series of experimental investigations have been carried out to examine the influence of free-stream
turbulence and acoustic noise on laminar-to-turbulent transition in rectangular wing flow. The
quantitative examination deduces an empirical relation between the total growth rate N for the transition
prediction obtained from the ¢ method and both residual vortical and non-vortical fluctuations. Also,
we propose a modified relation, which takes account for both external fluctuations with effective

contribution to transition.
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Key Words: Transition prediction, e -method, Free-stream turbulence, Acoustic noise
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