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Instability

waves originating

from a point-source

in 3-D boundary-layer on a 30 ° yawed cylinder

N. Tokugawa, S.Takagi,

N.Itoh and Y. Niwa

National Aerospace Laboratory

ABSTRUCT
Instability of the three-dimensional boundary layer on a yawed circular cylinder is
investigated experimentally. An unsteady disturbance is artificially introduced from a point source
on the cylinder to clarify instability characteristics of the flow. Streamline-curvature instability is
confirmed to dominate rather than cross-flow instability in a certain range of Reynolds number in
agreement with the prediction of linear stability theory, although the amplitudeis modulated by the

effect of stationary mode of cross-flow instability.

Key Words: 3-D boundary layer, stream-curvature instability, cross-flow instability
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Boundary layer transition with free stream turbulence
(For constructing prediction method of natural transition)

by

Masaharu Matsubara' and P. Henrik Alfredsson?
Keio University', Royal Institute of Technology®

ABSTRACT
Natural transition in a flat plate boundary layer has been experimentally investigated with

1.2 % 10 6.6 % free stream turbulence. In flow visualizations, with smoke induced through a slit on

the plate, streamwise streaks randomly appear in the boundary layer while T-S type disturbances are

not observed. A few wavelengths of spanwise wavy motion of the streaks seem to precede

breakdown into turbulent spots. This process is predominant at least within the present experimental

range of free stream turbulence levels, although at free stream turbulence levels below 2.2 % A

shaped structures sometimes appear and breakdown into turbulent spots. Spanwise two-point

correlation of velocity fluctuation confirms longitudinal streaks of high and low streamwise velocity

with a spanwise wavelength similar to that obtained from the smoke visualization. The dimensional

spanwise wavelength is almost independent of streamwise position at Tu=1.2 %, while it increases

downstream at Tu=6.6 %. These results lead to the conclusion that the longitudinal streaks and their

sequential interaction with temporal disturbances play important roles in natural transition.

Key wards: boundary layer, natural transition, free stream turbulence, visualization.
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Secondary instability of inertial waves in rotating fluids

Takeshi Miyazaki, Alexander Lifschitz* and Kazuya Yonekura

Univ.of Electro-Communications, Univ. Illinois at Chicago*

ABSTRACT

Standing plane waves in a rigidly rotating ideal fluid are considered. It is shown that all of
them are unstable with respect to three-dimensional perturbations. The growth rate of the
instabilities increases as their wavenumber increases. It approaches the value predicted by
a WKB analysis (Lifschitz & Fabijonas 1996) from below. The most dangerous modes are
concentrated near the node-planes of the basic flow field. For long wavelength disturbances
of small amplitude inertial waves resonant triad instabilities are observed.

Key Words: Inertial wave, Three-dimensional instability, Resonant triads, Parametric excitation
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Crossflow Instability of the Laminar Ekman boundary Layer

by
Jun Iino, Yasuaki Kohama

Institute of Fluid Science, Tohoku University

ABSTRACT

Experimental investigation reported here is concerned with instabilities
appearing in three-dimensional laminar (Ekman) boundary layer flow. Ekman flow
is produced in between two coaxial systems, one is a rotating cylindrical vessel
filled with water, and another is a stationary disk mounted in the bottom of the
vessel. Appearing instabilities in the boundary layer is visualized by
introducing dye from narrow slits grooved on the stationary disk. In previous
investigations, two types of instabilities were reported to appear, one, which
appears at lower Reynolds number range was called Type I instability, and another,
which appears at higher Reynolds number range was called Type I instability. In
the present investigation, only Type | instability is observed. One of the
important results obtained in the present investigation is that new type of

stationary vortices are visualized in the boundary layer.

Key Words : Ekman boundary layer, Solid rotation, Pressure gradient,

Crossflow instability, Crossflow vortex, Geophysical flow
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Experiments on Supersonic Turbulent Mixing and Combustion
using Streamwise Vorticity Generating Type Fuel Injectors

y
Tetsuji Sunami’, Michael N. Wendt', Michio Nishioka™
“National Aerospace Laboratory, “"Osaka Prefecture University

ABSTRACT

Supersonic mixing and combustion were examined using streamwise vorticity generating type fuel injectors in aMach
2.5 freestream. One of such injectors was ‘A.W. strut’ which could introduce four pair of counter-rotating streamwise
vortices in spanwise low configuration. Another injector was ‘swept ramp injector’ which could introduce a pair of
counter-rotating streamwise vortices. The process of streamwise vortex development in the flow with combustion were
almost similar to that in the cold flow in the case of A.W.strut. A.W.strut and swept ramp injectors were compared with
some traditional wall-injectors and strut-injectors. The wall pressure distributions and the local equivalence ratios at the
exit of the duct showed that the mixing and the combustion were highly enhanced by the use of streamwise vortices compared
with the use of other traditional wall-injectors and strut-injectors. It is possible and effective to apply the mixing control
technique using streamwise vortices studied in the cold flow to the mixing and combustion enhancementin a real combustor.
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Instability of Supersonic Laminar Boundary Layer Disturbed by
Forward/Backward-facing Step

Shoji Sakaue and Michio Nishioka
Osaka Prefecture University

Abstract

The object of the present study is to investigate the instability of supersonic boundary layer flow
past forward/backward-facing step, especially the behavior of Tollmien-Schlichiting wave over
step. Results of the present simulation show that we can predict the streamwise growth of wave
amplitude by the stability calculation on the basis of the mean boundary layer characteristics
past the step. And it is also shown that, for the backward-facing step case, in separated region
behind the step the flow develops an inflectional velocity distribution and excites higher
wavenumber mode, and after the flow undergoes reattachment, this inflection point vanishes
and the higher modes rapidly damp out.

Key words : supersonic boundary layer, Tollmien-Schlichiting wave, forward/backward step
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Fig.2 Simulation result for boundary layer flow past forward/backward-facing step :
(a) wall pressure, (b) local skin friction coefficient.
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Fig.3 Streamwise variation of
fluctuation amplitudes for
forward-facing step (h = 0.4)
comparison between numerical
results and stability theory.

Fig.4 Instantaneous flow field for
forward-facing step (h = 0.4)
represented by means of
vorticity fluctuation contours.

Fig.5 Streamwise variation of
fluctuation amplitudes for
backward-facing step (h = -0.4)
comparison between numerical
results and stability theory.

Fig.6  Streamwise variation of
spatial growth rates for T-S
mode and higher wavenumber
mode.

Fig.7 Instantaneous flow field for
backward-facing step (h = -0.4)
represented by means of
vorticity fluctuation contours.
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ABSTRACT

The cross-independence,
ence,

or the independence of the sum and the differ-
of the velocities at two points is assumed as a closure hypothesis

for making determinate the equations of the velocity distribution func-

tions of homogeneous turbulence.

While the ordinary independence of the velocities is only valid for

points at large distances,
short distances as well.

laws for the sum and the difference of the velocities,

the cross independence is valid for points at
[t also allows us to employ different scaling

for instance, the

viscous scaling for the former and Kolmogorov’'s scaling for the latter.
This hypothesis is applied to the equation of the one-point distribu-

tion function (Lundgren [1], Monin

L22),

and 1t is shown that the closed

equation vields a normal (Gaussian) one-point distribution function as-
sociated with the kinetic energy decaying inverse proportionally in time.

turbulence,
velocities,
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Realization of Large Uniformed Shear Turbulence

Hideharu Makita and Nobumasa Sekishita

Toyohashi University of Technology

ABSTRACT

Uniformly sheared flows with mean shear rates of 2.7/s and 8.0/s were generated in a wind
tunnel by developing a controllable turbulence shear flow generator. The turbulence intensity and
integral scale were about 10 times larger than those obtained by the conventional method and the
turbulence Reynolds number, R ;, reached about 530. Due to the large integral scales of the
present shear flows, the turbulence energy decayed downstream even when its . total strain
T =(X /U.)éU /oY) was far larger than about 4, as pointed out by Tavoularis & Karnik. When the
total strain was smaller than about 4, the power law was more successful than the exponential law
in describing the decay of turbulence energy. The degree of anisotropy became independent of the
initial condition for 1 >6.

Key Words: uniformly sheared turbulence. high Reynolds number. turbulence energy
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An Experimental and Numerical Study on Supersonic Boundary Layer

Stability and Transition Prediction.

Fuj? Heavy Industries, LTD
Yasuhiro KOSHIOKA, Yasuhiro TANI, and Shigeo YOSHIDA,
ABSTRACT
Wind tunnel tests and stability analyses were carried out on supersonic boundary layer
stability and transition prediction. Wind tunnel tests were performed on a swept wing
model which has 45 and 65 degrees of sweep angle. To clarify transition phenomena, a
boundary layer stability analysis code was developed based on the 1inear stability theory
and wave packet method. The growth of three dimensional disturbance in the compressible

boundary layer was shown by analyses.

Key Words : Supersonic, Boundary Layer, Stability, Transition, LFC
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Enhancement of Supersonic Mixing

Michio Nishioka
Osaka Prefecture University

Abstract

The success of future supersonic combustion ramjet engine highly depends on the efficiency of fuel-air
mixing. As the compressibility suppresses the growth of mixing layers with increasing the convective
Mach number, it is crucial to develop techniques for enhancing supersonic mixing. The present paper
first analyzes important previous results for the growth of supersonic mixing layers to see how the
compressibility hampers the turbulent vortical motions and how to alleviate the effects. We then propose
to use streamwise vortices to enhance the supersonic mixing, and further conduct experiments of
introducing the longitudinal vortices into supersonic wakes at Mach numbers 2.4, 2.5 and 4.0. The
experiments verify that streamwise vortices can be easily generated without large total pressure loses.
The results also show that although the streamwise vortices introduced are rather stable downstream, a
high rate of fluid entrainment into the vortices can be obtained even during their formation stage,
indicating the capability of enhancing the supersonic mixing. We further consider the generation of
small-scale eddies through the breakdown of the streamwise vortices (with various combinations of
intensities, scales, rotations and in spanwise row configurations). It is proposed to cause their
breakdown by small scale eddies (and/or smaller scale streamwise vortices)embeded in them at their
initial formation by their mutual interaction in spanwise row configuration, by their interaction with
incident weak shock waves, and by their own instabilities. In particular, as a powerful means of mixing
enhancement for the supersonic mixing as well as for low speed cases, unstable streamwise vortices are
proposed. Although their streamwise vorticity is axisymmetric, it exists over an annular region only.
Thus the vortex may undergo inflectional instability like low-speed mixing layers. We have
demonstrated the violent inflectional instabilities at the linear and nonlinear stages, through conducting
numerical simulations on the basis of 2D compressible N-S equations.

Key words : supersonic mixing enhancement, streamwise vortices, instability of streamwise vortices,
turbulence control, scramjet
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One Possible Method for Transition Prediction and LFC Technique
for 3D Boundary Layers

by

Yasuaki Kohama and Yasuhiro Egami

Institute of Fluid Science
Tohoku University

ABSTRACT

One possible method for transition prediction and Laminar Flow Control (LFC)
technique for three-dimensional boundary layers (3D) are discussed. General 3D boundary
layers, which have been essentially treated as different instabilities, are treated as the
same instability. Instabilities that appear in general 3D boundary layers can be considered
as "3D centrifugal instability". That occurs because of the existence of the streamline
curvature both parallel and perpendicular to the wall surface. A pair of new parameter C,,
C, is introduced for the prediction of the primary instability onset and fairly good
prediction standard is obtained. For the onset of the secondary instability, local velocity
profile is measured accurately and created new prediction parameter Ko.

Considering very complicated transition structure, unique distributed suction method
is introduced in order to delay the transition. This suction method has advantage to
conventional uniform suction method in less suction power needed to control the flow field.
Beyond 30% transition delay is successfully attained by about half of the suction power for
uniform suction.

Key Words: swept wing, 3D boundary layer transition, transition structure, LI'C, prediction.
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(a) Concave wall boundary layer

Fig. 1 3D bdundary layer structure and its coordinates
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Fig. 3. Details of the suction system
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Fig.5. Transition characteristics for distributed suctions
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Fig. 4. Cross sectional measurement of velocity and
turbulence intensity profiles for different suction surfaces.
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Growth of a Point Source Disturbance in the
Leading Edge Boundary Layer of a Yawed Cylinder
by
Yasuyuki Enomoto and Yu Fukunishi
Tohoku University

ABSTRACT

A numerical simulation study solving incompressible Navier-Stokes
equations is carried out to investigate the boundary layer of a yawed cir-
cular cylinder. Special attention is paid to the new instability due to the
curvature of external streamlines found in three-dimensional boundary
layers, which is different from the cross-flow instability, and is called the
streamline-curvature instability. It is shown that a wavy structure grows
from a point source. The difficulty in detemining whether the structure
is created by a cross-flow instability or a streamline-curvature instability

is shown.

Key Words: Yawed Cylinder, Boundary Layer Transition, Three-Dimensional Boundary

Layer, Streamline-Curvature Instability
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Confluence of wakes behind a Row of Square Bars

[FASHK « T KB ZBRR. )l 38354
Jiro Mizushima and Yasuhiro Kawaguchi
Department of Mechanical Engineering
Doshisha University

Abstract

Confluence of wakes behind a row of square bars, which is placed across a uni-
form flow, is investigated numerically. Two-dimensional and incompressible flow
field is assumed. Each jet which flows between the square bars is independent
of each other when the pitch-to-diameter ratio of the row is large. However, the
confluence of several jets occurs when the pitch-to-diameter ratio is small. In the
previous study. it was found that the confluence of couple or triplet jets is a con-
sequence of a pitchfork bifurcation and a hysteresis phenomenon appears between
the confluence of coulple and triplets jets. In the present study, we find a steady
solution for the confluence of quadruplet jets, and try to explain the cause of the

hysteresis phenomenon.

Keywords: stability, wake, a row of square bars. pitchfork bifurcation
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Vortical Structure and Diffusion Enhancement Mechanism in an Excited Rectangular Jet

Kuniaki TOYODA and Riho HIRAMOTO
Hokkaido Institute of Technology

ABSTRACT

The diffusion mechanism of an excited rectangular jet was investigated by comparing

the measured velocity profiles with the educed vortical structures. Experiments were car-

ried out using an air jet from a sharp-edged rectangular orifice of aspect ratio 4. The jet

was excited in the interaction mode, in which the stable interaction of vortices occurred.

The results reveal that the jet diffusion mechanism is closely related to the vortical struc-

tures in the rectangular jet: the jet width in the major plane decreases due to the inward

flow induced by vortices bending downstream, and that in the minor plane increases sig-

nificantly due to the outward flow induced by stretched vortices and split vortex rings.

Key Words: Rectangular Jet, Diffusion, Vortical Structures, Excitation, Turbulent Fiow.
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Fig. 9 Turbulence intensity profiles of the excited rectangular jet
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Fig. 10 Bifurcation-and-reconnection model of the compound vortex ring
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A Transient Vortical Structure of Flow Past a Sphere

Susumu SHIRAYAMA
3-10-6-108 Uehara, Shibuya-ku, Tokyo, 151

ABSTRACT

A transient vortical structure of flow past a sphere at moderate Reynolds numbers
has been investigated using a computational method. As the Reynolds number
increases, the vortical structure changes. First, a steady axisymmetric separated
flow appears. Secondly, a steady non-axisymmetric flow is observed. And then, an
unsteady flow structure occurs. In this paper, vortex lines are visualized in the wake
region, and a mechanism of vortex shedding is discussed.
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CFD Approach for Unsteady Flow Investigation in Non-perfect Gas

Satoru Yamamoto

Dept. of Aeronautics and Space Engineering, Tohoku University

ABSTRACT

Two computational codes for investigating unsteady flow in non-perfect gas involving shock /shock

or shock/vortex interactions are presented. One is developed for calculating unsteady hyper-

sonic shock/shock interference flows associated with thermochemical nonequilibrium effect. An-

other code is developed for the simulation of unsteady shock/vortex interactions associated with

nonequilibrium condensation effect. Both codes employ the higher-resolution shock-vortex cap-
turing method composed of the 4th-order compact MUSCL TVD scheme and the maximum
2nd-order implicit scheme. The calculated results suggest that the non-perfect gas assumption
is absolutely necessary to get real flow characteristics in those nonequilibrium flows.
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(b) 80% humidity

Fig.4 Instantaneous condensation mass frac-

tion rate contours
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Compressible Viscous Vortex Perturbed in a Supersonic Flow

by

Hiroshi Maekawa, Daisuke Watanabe and Daisuke Ohnuma

Univ. of Electro-Communications

ABSTRACT

The evolution of two-dimensional unsteady viscous vortices perturbed by a plane

compression /expansion wave or an acoustic wave has been simulated numerically.

Direct numerical simulations of the time-dependent compressible Navie-Stokes equa-

tions are performed using spectral collocation method. The numerical plane wave

deformation shows a very good agreement with the observation in the experimental

results done in a shock tube. The results of the vortex array simulations perturbed

by an acoustic wave array show that the vortex core represented by density/pressure

contours oscillates with a relative phase difference of 7/2, which synchronizes with

an acoustic wave array. The creation of vortices that is attributed to the influence of

baroclinic and dilatational effects is found after the passage of a plane compression

wave.

Key Words: DNS, Shock wave, Compressible viscous vortex, Baroclinic torque, Dilatation effects

2 2HE

EFHELR OB O— > I3 HRKL & ORI X -
TEAEAENIERE L 30, FEEMmEERIcRESh
ROWEFSE o NI, 2 OB OREHIE
FEHELREFVOBIBRIC L > TOEETH BN
THHHRSNTOEY, FRRCREBEOE
ARBEERTH 2RV ERE BREBEFEST 5
hTEDL > IIRDEE > DNS 24> TR,

1.

l§

2.

2.1. EWEEHER

ERRERS R ORITREILS  THIST TV, 1§
LRSI & OMHBSERICBEd 5 DNS a— FafE5 1
Hic, PUToX S REAEREZIRES 50 FEEMIER
{2 De Neufville(1957) itk » TUIFD Lk HicBR Sh

“BRAMIEARFE

TW5,
—(m+1) r?
w(r, t) = E Ct ea:p(——4vt)

m=0
2
T
xLpl——1,t>0
’"( 4ut) >

C CT, Cpii Laguerre ZIFR, L, DEAME D SRE
Ahb, m =0DEEIT Oseen(1912) it k> THHE
=BT, m =1DEBAEH Taylor(1918) itk > THX
SN TH B, CHODRIZAEASEPEEDSE S B,
BYXA ORI Ve AR T, D Gauss 53
% ot EREROYIIREG & LTEA %, B
IR EE S IER L D

dp

— = pv*/r

dr (2)
E52 3, EEOSZhIiciERNNH D, AL
Lx v o bt—&E2ETELTERD, JITiR
gg—i(& Lflo

(1)

Thic dociiment i nrovided hv TAXA



72 iz

2.2. XEHFERX

AR T A FEEER TIOR S h -t
Ex. R b—2 258 TH %,

op  B(pwi) _
ot + dz; =0 (3)
9 (pui) 9 (puiuj) _ 0p 07
ot Oz; - _31:,- + oz; (4)

6Er 8(FEru; 9 (puj) . 9(wimij) g

ot + 3.’1:j J) = ;x;) (31‘}")—3_.’%'.(5)
2L, XEAEARYIHRO EREE L STEERD
BHER X, YIHETE po 6 L UREHEGE 1o 1 & » TEIOT
ftEhTns, HEHEE LTRSS IcRESEL
DDV FRTEVREERE L L0T X8R~
7 bV, BSRBICAIRON VY 7 S EEEVE
SEET- 7o AEICAVW A EEEROFRUIETEHA
HBorged s, HERAFII0<zs<4, -2<y<2
Thb. COFHECHEBEE, AT IENHIZE
B & U CEFEARIC Gauss 3% b OF 5%
BEZ 5%, D7y "BUI My = 1.1 TdH b, — DR
DX IRARRDEE IR S < "\ ET M, =0.17
ThH 5, BOEECEFIIR (1) iKBiFs m =105
Bicitd 2% HWT

2
vy = ;;ea:p( 2;%%) (6)
R 3BAREEEOWEE (R. = 0.15) TH Y. Ci3if
DX 2R, PEDEREFILRE TEPHICO ICATL
RO IETEBBLFZFOFES IS, HE
FRIBDIEARSMR 2 - A y - ARBLc FIRASH %
Wi, Bz 75 713 dt = 0.001 TH 3,

—F, BEEHOTHEE TR, vhRicBWTYE
ZRE, —co < y< oo & L. BIEEHL y = —acot(n€)
%2\ o mapped 7 — Y TEAMAY 50, o 13d8R
NS5 A— 5 %FK LARETILa =08 CHELL.
B2 0<2<2, —co<y<oo T FfitHE
RO ETIRG L LTEL. —Hifio<
NEUE M = 1.0, RO IIRAREDEE ICES <
7y N M, = 0.02 Td v [ElEAOIIEEEY TH
%o z Alo] OEREGIEAPPEREMETH 5. B
7 7 dt = 0.00025 ZNATHELK. v1/ VvXH
i3 Re = 10000 & LEHEICAHWZY » Fit 64 x 64
TH 5.

3. FIERRBIUEE

3.1. AURLENKEOTS

VIS & L CBh N E S IR E & bic
2 2ih, FHRBEEST B bfico) S iRz

FH A FEAT B EHE 36 5

EAEL, THCHS EHKR S SIKTRicE» 18
R 5o TEBPIRIMEIEARICYID L > TR
EBARAAIEE 0o B FESSIN #A O E S
% ¥ TORRERICHE > EHE(LOBTF % Fig. 1 ITR
7. A LI L EOFFBIEROICED > TH
&, TOEMKEFEESTE LEDEEFEOE(LE
L%, T0%, ENEHA%EEEd 58, RoEExic
KOESTRCEBE L 5. Fig.licRd ko, 0
[Elzic & b Fhbshind & TV B RIOFEDRRIEIRE
T ER L s 3 MREDS TS 2 - F
HIECEANBE 5, REEOHKA I precursor &
BEh 2 ENEBDBEET 5. T DR OF 118
BE ARl =T AT EENEOE B % ZES W
ZE (p—py) ORHDOEWT H I EHBTE D, M
18- IR xR & L TEH IS -> TV,
FENBEOEEI S AR OB LI NE W, LhL
RELR 2 EENFRERIC & » REFORAMEIL Fig.2
D& I ELT S, BEIESERNIEZOT LIRS
KRB EDEEEN D, THROEHIC bF-1LH
DBRELTWS, OHFLWVBFEOREERIZIRES
BElick-> Tl cE 3. MELHIER

6w3 Ows

at +UE=—(’U.1

0 0
wa(—-’-‘-l- + =2

3w3
0z,

9p 0P
8:::1 81‘2

U )8w3 — g

32+ S5 e o _s0op)
x5

LREINS, EHEOARSKEL BRI LSBT
HBOFE I HOBARFEDOARE SWKEL 8B, 208
£, WELAEEER L CHRICEESRE L THRES
FOR 210 CEDERTE S, 1, ENK
BRI > BEAR L AT 1. HFEA TR
LT ISHAELS RS 5 R AN S, Fig. 3
BRI RORELES|WTERBR LA bDTEHD, AN
iz ETic oo & ORELBIR I TV S T &4
B3, —Hh, HOWEI NSV SDODOXDIES LS
HECTEEAMNCRIEL, —HBAFERELAEIR IR Hs
B EEHIEITN TV T EBah 3B,

8:1;1 832

32. MLHFBIOTH

z AR CRAMBEREMEE L TV A O EFiET
ODFBBEE 3, T L THSOENE(LOBEHES
% Figd ISR AP OA>TL 2R F -G
Wil Cij & iRodifitetEs & LT, S
X BET] EEFESRHNICER R DR TR TSR
oha, ¥RNERTHENEBBHE SN, @
HOEN5H EEEAHMIIAVOMIEL 0 EEZ, &
IR SR L ES T 2 EICREPHRE ICIRE)
LTWB I B0 ol L L, MESMHIHET
KA SN BBEWNES VW EEDIBEAER(LLE

Thic dociiment i nrovided hv TAXA



LI O] & G T 2 2 ¥R Y 7 ARG UK

Wo BESTROZALIZ NS WOE /S DA & —F

LTW3,

4. FrD

(1) EAi Dl & b RERRE DR EI X 0|

EPERL 735,

(2) /& i@ & THEkicky —hRiRc
FIIRENSTES 5. Zhid, IBERESER0H 0
DDMEFEEIC X - THIEXx NS,

(3) IDEERIC & » FHEESEIS 50

(4) BEH SRR T & v BN OES, & -1
ENTERNE LT 5.

BE

73

[i]Spina,E.F,Smits.A.J.and Robinson.S.K. Annu.,Rev., Fluid

Mech.,26(1994),287.

[2]Lele,S K. Annu.,Rev., Fluid Mech.,26(1994),287.

[3]Mackawa et al. JSME Int. J.,39-4 (1996),692.

Fig.2 Vorticity difference

----- Perturbed
— Unperturbed

]
1
t

Fig.3 Maximum value of vorticity

/ S W\
N
Ity n:: 7\ !
) Ty ”n‘[o‘ i
Yy, Moot
A
e

Fig.4 Pressure

Thic dociiment i nrovided hv TAXA



Thic dociiment i nrovided hv TAXA



75

Adverse-Pressure-Gradient Effects in Three-Dimensional Swept-Wing Flows

Gary N. Coleman?, John Kim' and Philippe R. Spalart?
TUCLA Mechanical & Aerospace Engrg., 48-121 Engr. IV, Box 951597, Los Angeles, California, 90095, USA
2Boeing Commercial Airplane Group, P.O. Box 3707, MS 67-LM, Seattle, Washington, 98124, USA

Abstract

Three-dimensional (3D) wall layers are studied by
subjecting fully developed turbulent two-dimensional
channel flow to mean strains characteristic of those
induced by pressure gradients in boundary layers over
swept wings. This 1s done by applying irrotational
temporal deformations to the flow domain of a con-
ventional channel direct numerical simulation code.
The velocity difference between the inner and outer
layer is controlled by accelerating the walls in the
streamwise-spanwise plane, allowing duplication of the
defining features of both the inner and outer regions.
Strains imitating infinite-swept-wing boundary lay-
ers both with and without adverse-pressure-gradients
%APG) are considered. We find that while both strain

elds alter the structure of the turbulence, the influ-
ence of the APG dominates over that of the pure skew-

ing.

Keywords: three-dimensional boundary layers,
adverse-pressure gradient, turbulence, direct numert-
cal simulation

Introduction and Approach

Three-dimensional boundary layers (3DBLs) can
be defined as wall layers with mean velocities that
change not only magnitude but also direction; they
thus possess nonzero mean streamwise vorticity. Here
our attention is directed toward the pressure-driven
nonequilibrium case, for which the 3DBL is created by
an abrupt change in the mean pressure field to which
the turbulence has not yet adjusted. (See Coleman,
Kim & Spalart (1996; hereinafter referred to as CKS)
for a discussion of the difference between pressure-
and shear-driven 3DBLs.) This choice is motivated
by its relevance to many technically important flows
(such as that over swept-wing aircraft), and by the fact
that the physics of nonequilibrium 3DBLs is not yet
well understood. Specifically, incompressible turbu-
lent two-dimensional (2D) plane channel flow is sub-
Jected to spatially uniform irrotational strains char-
acteristic of those induced in the outer region of engi-
neering boundary layers by pressure gradients. We are
thus able to capture the essential physics of spatially
developing pressure-driven shear layers using a tem-
porally evolving flow. Advantages of this approach,
which is described in detail in CKS, and represented
schematically for the case of a pure 3D-skewing strain
in figure 1, include having a single well-defined ini-
tial condition (instead of dealing with the uncertainty
associated with inflow and outflow boundary condi-
tions), and being able to generate statistics by averag-
ing over two homogeneous directions and both halves
of the channel. Another is being able to use an un-
steady one-dimensional problem to test and develop
turbulence models for spatially evolving flows.

Solutions are obtained using direct numerical sim-
ulation (DNS); since all relevant scales of motion
are resolved, no turbulence or subgrid-scale model
is required. In contrast to previous DNS studies of
strained flows, which assumed that both the strain
and the turbulence were homogeneous (Rogallo 1981),
here we apply a uniform strain to turbulence between
two no-slip surfaces. The imposed strain field is given
by the divergence-free irrotational deformation,

o U9z 0 8U/o:
A,‘j = 5—' = 0 BV/ay 0 ) (l)
Zj OW/dox 0 OW/d:
where
Ay + Aga+ Azz =0 and A1z = Aar. (2)

Each point of the flow volume is affected by the strain
(figure 1). This amounts to distorting the entire
computational domain consisting of the two walls at
y = 6(t) (where 6 is the channel half-width, which
when As; # 0 will be a function of time) and the pe-
riodic boundaries in z and z. The fact that the walls
deform complicates the comparison between the near-
wall regions of the present and actual pressure-driven
boundary layers. However, since the magnitude of
the irrotational outer-layer strains are typically much
smaller than the mean shear near the wall, and be-
cause the appropriate behavior of the near-wall rota-
tional gradients can be approximated in a straightfor-
ward manner (see below), the significance of this for-
mal inconsistency is limited. It 1s convenient at this
point to differentiate between the irrotational and vor-
tical mean fields observed by the turbulence. The for-
mer is prescribed by imposing the various A;; compo-
nents in (1); the latter is due to wall-normal variations
of the mean velocity u(y) between the no-slip channel
walls. Note that the applied irrotational strains will
affect both the turbulence and the rotational mean,
since the streamwise and spanwise shear, 9u/0y and
dw /0y respectively, are the components of mean vor-
ticity (i.e. both the perturbation and mean vorticity
will be altered by A;;). In order to subject the turbu-
lence near the walls to the correct rotational mean gra-
dient the following strategy is employed: the walls are
accelerated in the z-z plane such that the difference
between the mean channel centerline velocity (%, w.)
and the wall velocity (uy,w,) varies in time at the
same rate that the outer-layer velocity in the spatial
flow changes as it convects downstream. For example,
when the 2D APG strain given by A1 = —A443 < 0
is applied (with all other components zero), the dif-
ference between the mean streamwise velocity at the
centerline and the wall, @.—u,, , follows %(0) exp(A11?)
— since we desire 0(u. —uy,)/0t = (¥, — uy )A11. This
accounts for the bulk deceleration caused by an APG
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FIGURE 1. Schematic of 3D boundary layer. Top: Spa-
tially developing analog. Middle: Strain applied to
fluid element at & = 0 of spatially developing flow and
at ¢ = 0 of strained-channel DNS. Bottom: Initial and
deformed domain of strained-channel DNS.

by diminishing the mean surface shear stress, and cre-
ates an ‘inner layer’ that propagates outward in time.
In practice, instead of accelerating the walls the same
result can be obtained by keeping the walls station-
ary and imposing a spatially uniform time-dependent
pressure gradient that creates the same %, (¢) history.
Since the two approaches are identical, for ease of vi-
sualization the DNS data presented below, which were
generated with the moving-wall procedure, are plotted
as if the nonzero pressure gradient had been used.

Two cases are briefly considered here, defined by the
strain-rate components summarized in table 1. The
DNS results are obtained using a modified version
of the spectral channel code of Kim, Moin & Moser
(1987). The reader is referred to Coleman, Kim &
Spalart (1997) for a detailed discussion of the numeri-
cal approach, as well as a more complete presentation
of the current (and other) cases.

Results

We begin by imposing the most general deformation
allowed by (1). The resulting flow, denoted Case I,

Case A1z A;n Agy Ass
I 099 —-0.99 198 —0.99
Ia 0.99 0 0 0

TABLE 1: Case parameters.
(Strain magnitudes given in terms of initial u, /§.)

1.07

—~
(=)
N
K
~
3
)
0.5
0.0

00 25 - 50 75 100

w/ Uref

FIGURE 2. Mean spanwise velocity for Case I: ,
Aigt = 0; —==- | At = 0.10; -------- , Ai1st = 0.18.
Reference velocity Urer = 0.73u-(0), where u,(0) is the
surface friction velocity of the 2D initial condition;
distance from the wall y,, = 6§ — |y|.

duplicates the full complexity of a three-dimensional
(3D) boundary layer, since lateral irrotational skew-

ing (A3 = As1), streamwise deceleration (A11 < 0),

lateral convergence (Asz < 0) and wall-normal diver-
gence (Aap > 0) are all present. This strain field thus
corresponds to that found in the 3D boundary layer
experiments of van den Berg et al. (1975) and Brad-
shaw & Pontikos (1985); in the present study the ini-
tial flow direction 1s oriented at 45 deg to the principal
strain axes in the z-z plane, which implies that instead
of the 35 deg sweep angle of the ‘infinite swept wing’
experiments, the effective sweep angle is 45 deg, and
A1y and Asg are equal. '

The evolution of the Case I mean spanwise veloc-
ity is illustrated in figure 2. Two characteristics of
pressure-driven 3D boundary layers can be seen: the
growth of the layer thickness due to the streamwise
deceleration/wall-normal divergence (i.e. the APG),
and the ‘instant’ appearance of spanwise shear (mean
streamwise vorticity) in the outer layer, due to the
Ajz-induced skewing of the mean spanwise vortic-
ity. This latter ‘inviscid skewing’ mechanism domi-
nates the behavior of the outer-layer mean velocity
to the extent that when viewed in hodograph form

(not shown) the & versus @ curve is closely approx-

imated by the Squire-Winter-Hawthorne -expression
(Bradshaw 1987). The strain also affects the relation-
ship between the normal and shear-stress components
of the Reynolds stress tensor. As shown in figure 3, the

-ap structure-parameter (the ratio of the shear-stress

. ——2 .
magnitude 7 = (/o' + v'w’ )2 to twice the turbu-
lent kinetic energy ¢ = w/u!) is uniformly decreased.
The significance of this reduction is twofold. From
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FIGURE 3. Structure parameter a, = 7/¢? for Case I:
symbols as in figure 2. Reynolds shear stress 7

(@ + v )2,

a fundamental point of view it implies that the ef-
ficiency of kinetic energy extraction from the mean
by the turbulence has become less efficient. From a
practical point of view it indicates an inaccuracy of
turbulence models that assume a; is constant for all
flows.

Structure parameter values smaller than that found
in 2D layers have been observed in many 3D boundary
layers — both shear- and pressure-driven, and equilib-
rium and nonequilibrium varieties (Bradshaw & Pon-
tikos 1985, Moin et al. 1990, Schwarz & Bradshaw
1994, Eaton 1995, Johnston & Flack 1996). Some
have proposed that this reduction is primarily a re-
sult of the spanwise shear. This hypothesis can be
directly tested by comparing data from Cases I and
Ia. Since the latter imposes the same skewing com-
ponent upon the same 1nitial conditions, but does so
without also applying the normal components present
in the Case I swept-wing straining field, the difference
between the two simulations will be solely the result
of non-skewing ‘APG effects’. A comparison of the
evolution of the structure parameter under the Case |
and Ja strain fields indicates the dominance of APG
strain over that of the pure-skewing effects. Figure 4
reveals only a slight change of a; due to nonzero Az,
while the change produced (after the same amount of
skewing o =~ 10deg) by the full strain field is much
more profound. We conclude that for strain magni-
tudes of order u, /6 the infinite-swept-wing flow is less
sensitive to pure skewing than to strains caused by
adverse pressure gradients. Further support of this
conclusion is given in Coleman et al. (1997).
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Instability of streamwise vortices over a curved wall.
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Abstract

Curved streamlines generated by Gorller mechanism produce steady vortical structure, known
as Gortler vortices. The nonlincar evolution of that vorlices was experimentally investigated on a
concave-convex curved model. Experiment indicated that the linear state can be brief and the
nonlinear regime dominates the primary instability. It also revealed that the developed mushroom-
likc structurcs arc almost observed in that nonlinear stage. Hot-wire measurement of the vclocity
field allowed reconstruction of the voricx structure. The wall-normal and spanwisc profiles of the
strcamwise component of the velocity showed simple and multiple inflection points. The profiles
become more complex as the flow field becomes more nonlinear state. Spectral analysis of the
spanwise profiles of the streamwise component show that only some modes suffice o represent the

velocity field in the nonlinear regime.

Introduction

Centrifugal instability of wall shear layers, known as
Gortler instability (Gortler 1954) produces streamwise
vortical structures growth in a laminar boundary layer.
Gortler problem has at least tow particular characteristics
that make it different from other instabilities. It has,
usually, a curt linear regime that the vortices almost
appear in the nonlinear regime. Depending on
experimental conditions, thc mode of the sccondary
instability, sinuous type or varicose type, depends upon
the wavclength initially developed.

Many studies have investigated on the nonlinear
evolution of Gortler instability. Most of that work
prescnts a numerical studics, and it had been the subject
of a number of investigations (Herbert 1976, Hall 1988,
Floryan & Saric 1982, Sabry & Liu 1991, Lec & Liu
1992 and Li & Malik 1995).

The experimental works are less numcrous (Bippes &
Gortler 1972, Bippes 1978, Swearingen & Blackwelder
1987, Peerhossaini & Wesfreid 1988, Kohama 1987,
Peerhossaini & Bahri 1997), making the numcrical-
experimental comparison difficult. In this investigation
we report the results of an experimental studics of
Gortler instability in the lincar, nonlinear regimes and
cspecially a decomposition by speciral analysis of the
nonlincar evolution.

Experimental apparatus

Experiments were run on a concave-convex model
fixed in a low-speed wind tunnel with a nominal frec
strcam velocity of 2 my/s. The modecl, Figure 1, consists
essentially of a concave partof 65 cm radius of
curvature, followed by a convex onc. A flat plate tangent
1o the convex wall at its summit, which can pivot
around the center of curvature of the convex part,
completes the working surface of the model. Spanwisc
wavelength are triggered artificially througha 0.2 mm-
diameter wire grid vertically positioned at the leading
edge. The wavelength is fixed to 30 mm.

Flow visualizations are performed by injectling
smoke through a slit of 0.7 mm thickness inclined at
45°. The boundary layer is enlighicncd by an Argon laser

sheet oriented normally to the wall at diffcrent
streamwise positions. Gortler vortices are viewed by a
camera mounied perpendicularly to the plane of the laser
sheet.

Single hot-wire probe is uscd to measurc the
streamwise component of the velocity. The probe scans,
at each strcamwise location, the boundary layer cross-
section in wall-normal and spanwisc dircctions.

N\ Toding rige

11400 nnm

figure 1: Concave-convex model.

Results and discussion

Flow visualizations arc pcrformed at four streamwisc
positions located at x = 95, 260, 425 and 580 mm from
the leading cdge.

Al the first location x = 95 mm from the leading edge
smoke visualization don't reveal any significant rotating
structure. At x = 260 mm, Figurc 2 (a), a local growth
"small hump" of smoke has been obscrved in back of
cach trigging wire. However, streamwisce location x =
425 mm shows three pairs of devcloped vortices
presented in Figure 2 (b).

Thic dociiment i nrovided hv TAXA



80 L2 F T ARSI 0 FE 8 36

T —————— e —— —

Figure: 2, Visualization of Gortler vortices at
a) x=260, b) 425 mm from the leading edge.

Hot-wire measurements of the streamwise velocity
permitted the reconstruction of the vortex structure.
Figure 3 (a) shows, at the position x = 95 mm, that the
boundary layer is more or less uniform except at its edge
where the effects of the disturbed-wires are distinct. At x
=260 mm, Figure 3 (b), the iso-velocity lines present
an undulation in the low speed region situated behind
each disturbed-wire. That undulations discern the rotation
of the streamwise vortices. However, at x = 425 mm
figure 3 (c) shows that the boundary layer thickness
change its shape, the vortices are fully developed and
situated at the edge of the boundary layer.

&
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Wall normal distance y in (mm) Wall normal distance y wn {mm)

Figure: 3, Iso-velocity lines at the locations:
a) x=95mm, b) x=260 mm and c) x=425 mm.

Figure 4 shows the distribution of the mean
streamwise velocity plotted against z/A of one pair of
vortex located at x = 260 mm. It shows that the velocity
presents a deficit in the peak region "low speed region"
due to the pumping of the fluid particles of low
momentum situated near the wall. However, at x=425
given by Figure 5, the streamwise velocity modify
completely its distribution over the boundary layer.
Therefore, multi-inflexional profiles appearin the peak
"region of low speed" and overa layer situated from
y=0.6 8 to y=0.8 8. Away from that layer, the profiles
became simple-inflexional and are similar to the
pervious location.

1.0
_...-v-'-"“'*\\ et 0P 0
0.8 Lt IN ST 040
2 j = -'"'f‘m\' \ / e O30
S g 6d VAN T
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Figure 4: Spanwise distribution of the velocity at
x=260 mm.

1.0" ; 2 \\l i ]

3 0.4: 5. f(f‘ 68
5., v/ o

= . Y

D 47§

0.7 e )-8 H

o
©
e
in;.;,_a;k

0.6 T T r v v v T T T v

0.00.1020.3040.50.60.70.80.91.0
z [Lambda

Figure 5: Spanwise distribution of the velocily at
x=425 mm.

In order to study the nonlinear regime of Gortler
vortices, the streamwise component of the disturbance
velocity can be described in terms of Fourier series
expansion as:

N
U (x,9,2) =ug+ QU (x, y)cos(naz)
n-1

where u' is the disturbance velocity, a is the wave
number and n represents the truncation number for
Fourier series, which should be properly chosen to give
an accurate solution. Thus a spectral analysis was
performed on the spanwisc profiles of the streamwise
velocity by an FFT algorithm and the spectral
distribution of modes in the nonlinear state of the
Gortler vortices was obtained. In Figure 6 arc plotted the
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amplitude of disturbances for different modes. It shows
that only six or seven modes can describe satisfactorily
the measured velocity field.
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Figure: 6, Power spectrum at x=425 mm

The wall-normal and spanwise iso-shears U /gy and
dU/ dz , calculated from the same data of figure 3, are
presented in Figure 7. They show that the iso-shears
dU/ dz grow faster than the aU/dy and the inflexional
profiles appear in the spanwise direction earlier that the
wall-normal direction.

The secondary instability was not observed due to the
model shape. The convex-part of the model accelerate the
flow and modify the growth of the streamwise vortices.
However, the rapid growth of dU/ dz lets suggested thal
the sinuous mode of the secondary instability will be
appears. This results confirm the work of Swearingen &
Blackwelder that the sinuous mode of the secondary
instability appears first and it is related to JU/ oz .
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Figure: 7, Iso-shear contours of: (a) dU/ dz and (b) AU/ dy
at the location x=425 mnm.

Conclusion

The nonlinear evolution of Gortler vortices generated
on a concave-convex model was experimentally studied.
Flow visualization as well as hot-wire measurements
indicated that the linear state can be brief and the
nonlinear regime dominates the primary instability.

Hot-wire measurements, scanned in the cross-section
of the boundary layer, showed simple and multiple
inflection profiles in different streamwise locations.

A spectral analysis was performed on the spanwise
profiles of the streamwise velocity using an FFT
algorithm, and the spectral distribution of the modes in
the nonlinear state was obtained. It was shown that the
power spectrum of different modes is non uniformly
distributed in the frequency space and only six or seven
modes are requesied to determine the velocity.

The iso-shear layers show that dU/ dz appears before
dU /gy . It is inferred that the sinuous mode of the
secondary instability would be the dominant mechanism
should this instability occur.

Flow visualization confirmed that the developed
mushroom-like structures are almost obscrved in the
nonlinear stage when the inflexional profiles, inthe
spanwise direction, are formed.
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Fine Structure of Homogeneous Isotropic Turbulence
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Direct numerical simulation (DNS) of decaying homogeneous isotropic turbulence with a high

resolution (512% spatial mesh points)

is carried out using the Numerical Wind Tunnel.

Fine

organized structures of the turbulent vorticity and temperature fields obtained by the

simulation are visualized with a graphic work station.

vorticity concentrates into local fine vortex tubes,

concentrates into local sheet-like layers.
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Structures of Free Shear Flows

by

Hiroshi MAEKAWA

Univ. of Electro-Communications

ABSTRACT

The use of direct numerical simulations to study structures of free shear flows

is discussed. Both spatially and temporally developing simulations have been

performed. The instability modes obtained from the linear stability spatial and

temporal theories are used as the inflow boundary and initial conditions of DNS

respectively. With the fidelity of the numerical solution established, basic stud-

ies of the various structures and their modification using the instability modes

are considered. The non-linear mechanism of vortex tilting/stretching or vortex

dilatation are important to generate the free shear structures, but also the 3-D

subharmonic disturbances in the nonlinear regime which grow downstream play

a crucial role to make the large-scale structures observed in the experiments. A

reduction in the normalized growth rate found in recent experiments on com-

pressible mixing layers is explained using linear stability analysis.

Key Words: direct numerical simulation, free shear flows, structures,

linear stability of compressible/incompressible free shear flows.
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Fig. 3 The normalized maximum amplification rate
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IMPACT OF THE RECENT ADVANCEMENT IN NUMERICAL
CALCULATIONS ON COMBUSTION SCIENCE AND
TECHNOLOGY

Tadao Takeno
Department of Mechanical Engineering, Nagoya University

ABSTRACT

The impact of the recent advancement in numerical calculation on combustion science and
technology will be reviewed. The impact on combustion technology seems insignificant at this
stage, however it has a great potential to change the engineering approach completely. The
possible direction of change will be illustrated by showing an example. In combustion science, on
the other hand, it has generated a new scientific approach of numerical experiment, which has
been proved to be very successful in understanding the physics and chemistry of complicated
combustion phenomena. The advantages of numerical experiments over real experiments will be
explained with some illustrative examples. Then the problems to be overcome are discussed.

Finally, future problems will be identified.

keywords; Numerical Calculation, Combustion Science and Technology
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Direct numerical simulation and modeling of compressible turbulence

Hitoshi FUJIWARA

and Chuichi ARAKAWA

Experimental results show that the growth rate of compressible mixing layer is critically reduced due to
compressibility effect on turbulence. In this study, Direct numerical simulation was performed to clarify the

effect of compressibility on turbulence in shear layers. The results of the simulation show that the growth of
kinetic energy of turbulence is suppressed with increasing turbulent Mach number. Moreover, the anisotropy

of turbulence in compressible shear flows is shown to be increase with increasing turbulent Mach number.
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Measurement of Flow around a High Speed Train
by

Yutaka SAKUMA, Masahire SUZUKI & Tatsuo MAEDA
Railway Technical Research Institute

ABSTRACT

Flow-induced vibration of high-speed trains becomes one of issues in recent years. It was
noticed that the yawing vibration of the car in a tunnel section(cross section 63.4 m’) was more
noticeable than that in a open section. The pressure fluctuation on the sides of the high-speed train
has been considered one of the causes of yawing vibrations, which may spoil riding comfort. Few
experimental studies, however, have been conducted and little knowledge has been obtained. In
this study, we measures unsteady pressure and velocity on the sides of the high-speed train
(16cars, length 400 m, cross section 10.2 m2) to investigate the flow structure. The results
indicate the existence of the large-scale structures such as vortices in the space between the train
side and the tunnel wall.

Key Words : high-speed train, flow-induced vibration, unsteady flow
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Boundary Layer Transition Prediction Problem
in Re-entry Vehicle Development

FEAEL— BEH I
Koichi HOZUMI Keisuke FUIJII
MZEFEHBINMARER N FE

ABSTRACT

Problems associated with boundary layer transition prediction are discussed for aerothermal design of
re-entry vehicle. First, windward boundary layer transition characteristics are examined based on US Shuttle
and HYFLEX flight data. Then, results of available basic wind tunnel experiments which may be associated
with distinctive feature of re-entry vehicle transition are reviewed. Nose bluntness and angle of attack effect are
mainly discussed. These effects will related to unit Reynolds number reduction by nose shock total pressure
loss, boundary layer edge flow condition change by entropy layer swallowing, and change of shock layer flow
profile following change of flight attitude. Finally, importance of efforts in theoretical and experimental studies
on boundary layer instability to clarify transition mechanism is emphasized.

Key Words: boundary-layer transition, re-entry vehicle, nose bluntness effect , hypersonic
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Expect for the Progress of Turbulence Research
for the Development of SST of Next-Generation

Toshiyuki Iwamiya and Satoru Ogawa
National Aerospace Laboratory

Abstract
National Aerospace Laboratory(NAL) has started a research program to develop an unmanned
supersonic experimental aircraft to establish aerodynamic design technology composed with
Computational Fluid Dynamics(CFD). Rocket-engine launched aircraft will be designed to test a
design technology for clean aircraft configuration and jet-engine propelled aircraft will be developed
for evaluate a propulsion integration design technology. This paper describes the present status of
the aerodynamic design process of the Rocket-engine launched aircraft and the problems of

aerodynamic design with CFD.
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Receptivity of Separated Flow to Acoustic Forcing

Masahito Asai and Masakazu Kaneko

Tokyo Metropolitan Institute of Technology

ABSTRACT
Receptivity of the flow separating at a convex corner is examined experimentally.

Acoustic forcing is applied to excite instability waves.

A particular attention is paid to

the comparison of receptivity coefficient, i.e. ratio of the amplitude of excited instability
wave to that of the external disturbance, between the cases of a sharp corner and a
slightly round corner (whose radius of curvature is 20 mm). The results show that the
receptivity coefficient is quite sensitive to such a slight difference of corner geometry.
It is also found that the receptivity affects the reattachment location of the separated

flow appreciably.

Key Words: separated flow, receptivity, flow instability, sound.
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On Aerodynamic sound and Large Scale Eddies in the Wake of a Circular Cylinder
by
Akiyoshi Iida and Toshio Otaguro
Mechanical Engineering Research Laboratory, Hitachi, Ltd.

ABSTRACT

We predict aerodynamic sound from a circular cylinder focusing on the relationship between
radiated sound and coherence length of surface pressure fluctuation. We estimated experimentally the
coherence length, L., defined as the integral scale of the spanwise coherence function of surface
pressure fluctuation. We attempted to calculate sound spectra with a modified Curle’s equation by
using measured surface pressure fluctuations and L. Up to five times the fundamental frequency, the
predicted spectra of radiated sound are in good agreement with those actually measured. Here, L. turns
out to act as a good index to estimate the character of radiated sound by using surface pressure
fluctuation. We also found that the spanwise coherence function at the fundamental frequency is a
Gaussian function, including spanwise spacing with Reynolds number as a control parameter, and
revealed that the coherence length L. is inversely proportional to Re'”. The wavelength of shear layer
instability in the laminar wake of a circular cylinder is proportional to the thickness of separating
boundary layer, which scales approximately with Re'”. Therefore, we speculate that L. is related to the
wavelength of shear layer instability. We evaluated the distribution of aerodynamic sound source by
using coherent output power (Cop) in terms of vorticity and aerodynamic sound. It was found that Cop
is high near the formation region of Karman vorties; that is, X/D=1.5 to 2.0, Y/D=%0.4. This result

shows that separated shear flows contribute strongly to the aerodynamic sound generation.

Keywords: Aerodynamic sound, Turbulence, Wake, Pressure fluctuation
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Sound and Flow with Obstacles inside a Tube
by
Fujihiko SAKAO * and Hiroshi SATO **

* Schoo!l of Engrg., Kinki Univ. Takaya-cho, Hogashihiroshima 739-21
** Inst. Flow Research, Akasaka 6-10-39-205, Minato-ku, Tokyo 107

Experimental Investigation is carried out to find sources of sound caused by an obstacle in a
soft-walled duct, which is to model extraordinary situations in human airways. One of the most
important sources of sound due to the presence of an obstacle has been traced to unsteady separa-
tion of the boundary layer on smooth, convex surface of the obstacle. Pressure fluctuation in the
flow-field, especially on a wall-surface is investigated using a Kulite-based sensor. Results do not
seem to give support to the theory that another important source of the sound can be unsteadiness
of the reattachment to the wall of the separated flow.

Keywords : Aerodynamic sound, Dict obstacles, Static pressure fluctuation
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Active Control of a Separation-Reattachment Flow
after a Forward / Backward Facing Step

Satoshi Kikuchi and Yu Fukunishi

Tohoku University

ABSTRACT

An experimental investigation to control a separation-reattachment

flow after a forward facing step and a backward facing step is performed.

Two different systems are used for the control. One is small plates ma-

nipulated by piezo actuators, and the other is a wire oscillated by elec-
tromagnetic induction. These systems are capable of controlling the flow
along the spanwise direction to oscillate at different phases. Experimen-

tal results show that the spanwise phase of the separation-reattachment

can be manipulated without increasing flow disturbance using this sys-

tem.

Key Words: Separation-reattachment flow, Active control, Step
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On the Characteristic Values of Vortex Structure Determined by the
Invariant Values of Velocity Gradient Tensor

by

Hiroshi Nagata, Tatsuharu Narita, Yoshikazu Tanaka and Chiharu Fukusima
Gifu University, Faculty of Engineering

Vortex structure of the vortex streets in the wake of a circular cylinder is studied with the use of
invariants of velocity gradient tensor F ( p= trF, q =detF, w: vorticity ). The invariants were

measured using hydrogen bubble techniques for Reynolds number, Re=120 and Re=500. Particular
interests are paid in clarifying the flow features concerning vortex structure in those regions where

non-zero vorticity is distributed and in those regions where the eigen values of the velocity gradient
tensor are complex. We show that the scatter plot of q vs. p and that of 4q-p® vs. » > are useful for

identifying the vortex structure which is a stable rod-like vortex or an unstable sheet-like vortex in
the laminar wake (Re=120). And the scatter plots of these values are also useful to elucidate the snap
shot structure of turbulent vortex streets in the near wake of the cylinder (Re=500).
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Fig.3 Vortex streets visualized bv electrolysis method
Re=500, A xu/d=5.0, P yu/d=1.0
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An Outlook on Intelligent Turbulence Control

by

Nobuhide Kasagi
The University of Tokyo

Abstract

Turbulence control has been one of the central issues in modern scientific, engineering and envi-
ronmental research efforts. Its potential benefits can be easily recognized if one thinks about the
significance of the artificial manipulation of turbulent drag, noise, heat transfer as well as chemical
reaction, to name a few. Among various efforts, many intensive investigations have been undertaken
focusing on possible drag reducing techniques over the decades. Although there is considerable em-
pirical knowledge on passive control methods such as polymers, riblets and LEBU, efforts are now
directed toward to interactive ones, particularly those exploiting emerging micromachining technol-
ogy, called microelectromechanical (MEMS) systems. The turbulent structures in real flows are very
small in size, and their lifetime is also very short. In the past, direct manipulation of these structures
was very difficult, but is now expected to become possible with miniature sensors and actuators of
micron size fabricated by MEMS. A MEMS controller unit, with its integrated mechanical parts and
IC, will be able to sense the physical world, process the information, and then manipulate the physical
phenomena through actuators. From this viewpoint, studies of active turbulence control will be even
more accelerated by exploiting new and powerful research tools such as direct numerical simulation
and advanced measurement techniques based on image processing for developing both hardware and
software of smart control of turbulence.

Key Words: turbulence, control, direct numerical simulation, image processing, microelectromechanical sys-
tem.
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3-D Laser Measurement Techniques for Turbulent Flows

by

A. Koichi Hayashi
Aoyama Gakuin University

ABSTRACT

Measurements foy physical properties for turbulent flows have become better and better

these years due to a development of leser system and computer.

In this paper a three-

dimensional laser measurement system for turbulent flows is reviewed to study a further

accurate measurement system. A theoretical support to quantify the method of Dahm et al

developed is described to explain their 3-D method.

Key Words: Turbulent Flows, Laser Diagnostics, Scalar Measurements
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FIGURE 1. Schematic of 3D boundary layer. Top: Spa-
tially developing analog. Middle: Strain applied to
fluid element at & = 0 of spatially developing flow and
at ¢ = 0 of strained-channel DNS. Bottom: Initial and
deformed domain of strained-channel DNS.

by diminishing the mean surface shear stress, and cre-
ates an ‘inner layer’ that propagates outward in time.
In practice, instead of accelerating the walls the same
result can be obtained by keeping the walls station-
ary and imposing a spatially uniform time-dependent
pressure gradient that creates the same %, (¢) history.
Since the two approaches are identical, for ease of vi-
sualization the DNS data presented below, which were
generated with the moving-wall procedure, are plotted
as if the nonzero pressure gradient had been used.

Two cases are briefly considered here, defined by the
strain-rate components summarized in table 1. The
DNS results are obtained using a modified version
of the spectral channel code of Kim, Moin & Moser
(1987). The reader is referred to Coleman, Kim &
Spalart (1997) for a detailed discussion of the numeri-
cal approach, as well as a more complete presentation
of the current (and other) cases.

Results

We begin by imposing the most general deformation
allowed by (1). The resulting flow, denoted Case I,

Case A1z A;n Agy Ass
I 099 —-0.99 198 —0.99
Ia 0.99 0 0 0

TABLE 1: Case parameters.
(Strain magnitudes given in terms of initial u, /§.)
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FIGURE 2. Mean spanwise velocity for Case I: ,
Aigt = 0; —==- | At = 0.10; -------- , Ai1st = 0.18.
Reference velocity Urer = 0.73u-(0), where u,(0) is the
surface friction velocity of the 2D initial condition;
distance from the wall y,, = 6§ — |y|.

duplicates the full complexity of a three-dimensional
(3D) boundary layer, since lateral irrotational skew-

ing (A3 = As1), streamwise deceleration (A11 < 0),

lateral convergence (Asz < 0) and wall-normal diver-
gence (Aap > 0) are all present. This strain field thus
corresponds to that found in the 3D boundary layer
experiments of van den Berg et al. (1975) and Brad-
shaw & Pontikos (1985); in the present study the ini-
tial flow direction 1s oriented at 45 deg to the principal
strain axes in the z-z plane, which implies that instead
of the 35 deg sweep angle of the ‘infinite swept wing’
experiments, the effective sweep angle is 45 deg, and
A1y and Asg are equal. '

The evolution of the Case I mean spanwise veloc-
ity is illustrated in figure 2. Two characteristics of
pressure-driven 3D boundary layers can be seen: the
growth of the layer thickness due to the streamwise
deceleration/wall-normal divergence (i.e. the APG),
and the ‘instant’ appearance of spanwise shear (mean
streamwise vorticity) in the outer layer, due to the
Ajz-induced skewing of the mean spanwise vortic-
ity. This latter ‘inviscid skewing’ mechanism domi-
nates the behavior of the outer-layer mean velocity
to the extent that when viewed in hodograph form

(not shown) the & versus @ curve is closely approx-

imated by the Squire-Winter-Hawthorne -expression
(Bradshaw 1987). The strain also affects the relation-
ship between the normal and shear-stress components
of the Reynolds stress tensor. As shown in figure 3, the

-ap structure-parameter (the ratio of the shear-stress

. ——2 .
magnitude 7 = (/o' + v'w’ )2 to twice the turbu-
lent kinetic energy ¢ = w/u!) is uniformly decreased.
The significance of this reduction is twofold. From
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Advanced Turbulence Research in National Aerospace Laboratory

by

Yuichi Matsuo
National Aerospace Laboratory

ABSTRACT

In National Aerospace Laboratory (NAL), a new research program called Advanced
Turbulence Research has been launched recently. In the program, we try to select topics
attractive for young scientists and be positive to newly developed methods such as DNS and
PIV, and we aim at finding new insights into turbulence physics mainly using numerical
approaches and giving appropriate solutions to the key technological issues in HOPE and SST
projects. In addition, we try to make our research activity more international and more open
to public through international research exchange and turbulence database construction.
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