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On the aerodynamic-noise generation from 2-D airfoils at low Reynolds numbers
— computational aspects —

Tomoaki IKEDA and Shohei TAKAGI

JAXA Aerospace Research and Development Directorate

ABSTRACT

Aerodynamic noise generated from 2-D airfoils is of interest in conjunction with the development of Karman-vortex

shedding in the wake region. In this study, the computational aspects are discussed to reproduce the trailing-edge noise

using acoustic analogies, based on the fl w fiel obtained by a compressible fl w solver with higher-order numerical

schemes. The comparative study indicates that less-expensive acoustic analogies fail in representing the acoustically non-

compact sound source with incompressible f1 w field However, by using a compressible near-fiel solution, the FW-H

equation successfully predicts the far-fiel sound pressure directivity, for an accurate pressure fluctuatio is provided at

the airfoil surface.

Key Words: trailing-edge noise, computational aeroacoustics, acoustic analogy
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Fig. 2 Instantaneous sound pressure distributions
generated from TE: (fop) direct computation; (bottom)
dipole term of the FW-H equation. One contour level
denotes 6.3 x 10*5])0.

Fig. 3 Instantaneous sound-source distribution of the
y-direction for the compact Green’s function.

LT3, FW-H ORZ#EMA T 2 BIciE—kRRicR LT
AV LA EHET, TN BONEEEETER Y S
S—RDEEEN TS, FW-H RO TIE, 3EHED
DI THCE S E T, EHEMOEEN D 72 RIS ER
CHBLTW20O0bM 5, Fic, B Eigmics U TE
WEEMERE L TO2HFIMEA 5, Thid, BibddT5K5
2, B Ry TI—RIC K O FIEMIE S N e T <
FHEO AT MERETZENIRW TE /A ARFH OHE T
HBEMREEND,

R, a23%7 b Green BIBUC K BT THEORE %179,
Fig. 312, Lamb N7 MVOWKHHD 0,(&d x @) IS LT, 3
737 & Green BIEUC X 2 R AN E A2 EH & B T2 557
ffi%RT, TTTE. FRDTHS y SRy OHEH L
TWb, HEHEO1EER, RIchH2EDBXZ 1.8L THD,
EIRODAAFPANIZ DA =)L X O+ /NS NI E 2R,
Fio. BROBMZANERE, BEFEOX S ICHiROKE N
LATCHBL ., BB OMATOF 5 2HEIRE ¥ 51FH%Z

FHILZETIERR AR R BB JAXA-SP-09-014

Fig. 4 Directivity of dpms at 7 = 10L: O, FW-H;
<, compact Green’s function; - , FW-H using the fl w
fiel at M = 0.05.
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Control of backward facing step flow
by stability analysis in low Reynolds number

S. Yamada®, S. Honami®, M. Motosuke®, and H. Ishikawa®

“Tokyo University of Science

ABSTRACT

The objective of this study is to control the reattachment process of the separating and
reattaching flow by the synthetic jet over a backward facing step in a low Reynolds number
range. To determine the exciting frequency of the synthetic jet, this paper presents the
stability analysis of the separating shear layer downstream of the step. The Reynolds number
based on the step height ranges from 133 to 3670. The results show effectiveness of the
synthetic jet for flow control. The reattachment length on the lower wall decreases due to the
vortices which are generated by the synthetic jet with the exciting frequency.

Key Words: backward facing step. separating shear layer, instability analysis, flow control
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Linear Stability Analysis of Supersonic Streamwise Vortices

Toshihiko HIEJIMA

Dept. of Aerospace Eng., Osaka Prefecture University

ABSTRACT

This paper describes a theoretical study on the stability of supersonic streamwise vortices. The spatial as
well as temporal stability calculations are made for a single streamwise vortex in a Mach 2.45 free stream.
The basic flow data necessary for the stability analysis such as the velocity and vorticity distributions
are obtained by conducting numerical simulation of the flow past the so—called alternating wedge vortex
generator. By describing the results for the unstable modes the spatial stability characteristics are shown
to be in good agreement with those of temporal one. It is emphasized that the streamwise vortex is
demonstrated to be much more unstable and powerful in enhancing supersonic mixing, compared with the
so—called mixing layer. Importantly this comparison is made possible by newly defining the convective

Mach number for the streamwise vortex.

Key Words: Linear stability; supersonic mixing; streamwise vortex; compressible swirl flow; ¢—Vortex
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X =-0.25 mm X =4.75 mm X =7.25 mm X = 14.75 mm X = 22.25 mm
(d) CNR11-R22, Y —Z cross section
Fig. 1 Direct numerical simulation results for the generation process of supersonic streamwise vortex behind the alternating

wedge vortex generators CNR11-R15 and CNR11-R22 at M= 2.45: (a) and (b) density contour plots for the case of
CNR11-R15; (c) and (d) axial vorticity of isosurface (positive: red, negative: blue) for the case of CNR11-R22.
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Fig. 2 Comparison of simulation results with measurements® for the streamwise mass—flux, for the case of CNR11-R22 at
Moo= 2.45: (a) X = 10 mm, (b) X = 22 mm, and (c) X = 35 mm.
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Fig. 3 Simulation results for Y—distributions of (A) axial velocity, (B) axial vorticity at X = 22.25 mm and for (C)
streamwise variation of circulation in Y —Z cross section, for the case of CNR11-R22 at M.,= 2.45.
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Fig. 4 Linear instability characteristics of compressible streamwise vortices at Mo, = 2.45: CNR11-R22, ¢ = 0.27, p =
0.35, (A) w; vs. wr, (B) wi vs. «, (C) wr vs. a; (D) —a; vs. w, (E) —ay vs. ar, (F) wvs. ar, (G) comparison between
spatial growth rate —a; and fal(.s) converted from w;. WCNR, ¢ = 0.1, p = 0.2, (H) —a; vs. w, for various azimuthal wave
numbers; and (I) normalized maximum growth rate vs. M. for ¢ = 0, 0.1, and 0.27.
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The structure of wakes behind a group of cylinders

H.Sato, H,saito and H,Nakamura

Insrttute of Flow Research

ABSTRUCT

The strudture of a single cylinder has been investigated in detal by many authers. But littles are

known about the wake structure of a group of cykinders in complicated configurations This paper

presents the first step to this complicated problem We made a measurement by hot-wire

anemometer in a small low-turbulence wind tunnel. . The most important orocess in the wake is the

randomization process in the vortex street. We introduced rhe objective measurement of the wake

by compairing line and continuos spectra. it was proved that the downstream cylider screens the

votex street of the upstream cylinder..

keywords ; :two-dimennsional wake,vortex street
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Boundary layer transition subjected to weak free stream turbulence

M. Matsubara*, K. Takaichi*, and T. Kenchi™

" Dept. of Mech. Systems Eng., Shinshu University,
Dept. of Mech. Eng., Gifu National College of Technology

ABSTRACT
Process of boundary layer transition due to free stream turbulence strongly depends on properties of the free
stream turbulence. In this report, the primary instability in a week free stream case is experimentally identified
as locally generated Tollmien-Schlichting waves. This disturbance immediately breaks down with its
deformation to the three-dimensional structure of the L shape and turbulent region starts to propagate in both

streamwise and spanwise directions with forming a turbulent spot. Modal disturbances have chance to trigger
the boundary layer transition induced by weak initial disturbance in the free stream.

Key Words: transition, boundary layer, free stream turbulence, T-S wave, streaky structure
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Flow along a Hydro-Gel Wall

O. Mochizuki*

*Department of System Robotics, Toyo University

ABSTRACT
The purpose of this study is to verify the possibility of friction-drag reduction of a flow along a polymer substance. The
velocity profiles of a flow along an inclined agar with different water contents wall were measured by a PIV method.
The velocity profiles on the agar were compared with the exact solution of the thin flow driven by the gravity along an
inclined wa ll. The slip velocity was observed for the velocity profiles o f flow on the a gar. The wall shear stres s

decreases with in creasing th e rate o f water contents of t he agar.

reduces in the case of the hydro-gel wall.

The results show the friction drag of water flow

Key Words: Slip flow, Polymer substance, Hydro-gel, PIV measurement, Velocity profile
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Interactions of wing-tip vortices and their effects on the aerodynamic characteristics in formation flight
Fumihide Mori, Masahito Asai and Ayumu Inasawa (Tokyo Metropolitan University)

Key Words: Aerodynamics, Formation Flight, Trailing Vortices, Vortex interaction

Abstract
In order to clarify influences of trailing vortices of a forward wing on the aerodynamics of a backward wing in formation
flight, behaviors and interactions of trailing vortices are examined experimentally in two-wing configuration at a Reynolds
number Re=2.5X10°.
5. The wings are arranged in the horizontal plane with streamwise distance of 2.5 times the airfoil chord, and the

Both the wings have a NACA23012 airfoil section and rectangular plan-form with aspect ratio of
forward wing is fixed at an angle of attack 8°. In such an arrangement, the lift to drag ratio is found to increase by 25%
when the two wings are overlapped with each other by 2.5-5% of the full span, i.e., about the diameter of wing-tip vortex.
Flow visualization and PIV measurements show that interactions of wing-tip vortices of both the wings occur most
intensively in these conditions.
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Transition of convectively unstable flow past a rectangular cylinder
to an absolutely unstable state

Y. Takemoto* and J. Mizushima**

* Dassault Systemes Simulia Corp.,
** Dept. of Mech. Eng., Doshisha Univ.

ABSTRACT

Transition of convectively unstable flow past a rectangular cylinder to an absolutely unstable state is investigated numer-
ically, in which a localized disturbance is added at a certain point in the flow field and the subsequent spatio-temporal
development of the disturbance is observed. We found that the added localized disturbance propagates immediately to an
absolutely unstable region just behind the cylinder, and then, it is convected downstream after growing in the absolutely
unstable region if the flow is globally unstable (at supercritical Reynolds numbers). The boundary separating the abso-
Iutely and convectively unstable regions is estimated in numerical simulation for the non-parallel two-dimensional flow
in which the flow is approximated by the parallel flow field in the downstream region than a prescribed distance behind
the cylinder. We conclude that the existence of the absolutely unstable region causes the global instability of the flow and
that the theory of stability for parallel flow is sufficient to identify the location and the scale of the absolutely unstable
region.

Key Words: wake, rectangular cylinder, Karman vortex street, absolute instability, convective instability
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Overlap layer in wall turbulence

Michio Nishioka

Graduate School of Eng. Kyoto University

ABSTRACT

By t aking i nto a ccount the non-parallel flow ef fect a system o f d ifferential e quations is d erived w hich
describes the velocity profile for the wall-law defect-law overlap region as well as the outer layer velocity and
length scales. For the general solution two kinds o f velocity profiles are obtained in combination with the
solutions for th e o uter la yer s cales. One is a lo g-law ty pe, t he o ther b eing a p ower-law type. T hese
solutions r epresent the n ecessary co ndition for the existence of the overlap region. This paper discusses
recent ex perimental r esults f or zer o-pressure-gradient turbulent boundary 1 ayer in t he 1ight o fthe p resent
solutions and shows that the observed velocity profile follows the log-law solution for Ry above 20000.

Key Words: turbulent boundary layer, law of the wall, velocity defect law, overlap region, logarithmic profile
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Origin of oscillation leading to Karmén’s vortex street in the flow
past a rectangular (circular) cylinder

J. Mizushima* and Y. Takemoto™*

* Dept. of Mech. Eng., Doshisha Univ.,
** Dassault Systemes Simulia Corp.

ABSTRACT

The transition of the fl w past a rectangular cylinder from a convectively unstable state to an absolutely unstable one

is investigated numerically, in which a localized disturbance is added at a certain point in the fl w, and the subsequent

spatio-temporal development of the disturbance is observed. We evaluated the absolutely unstable region in the fl w fiel

in order to identify the origin of oscillation leading to Kdrmdn’s vortex street. Our results suggest that the origin lies in

the absolutely unstable region, whose spatial scale is proved to be consistent with those reported in previous papers.

Key Words: wake, rectangular cylinder, Kdrman’s vortex street, absolute instability, convective instability
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The interaction of wakes behind circular cykinders ochikazuitevarioue sizes

H.Sato, H.Saito and H.Nnakamura

Institute of Flow Research

ABSTRACT

A small-scale experiment was made on the interaction of wakes behind circular cylinders of
various diameters. THe purpose of the experimenti is two-fold., one is to clarify the mechanism of
vortex streets forrmed in the wake , the other is to use the flow around cylinders as a model of
the human society.. Tthe concept of "fluiddynamic impedance" was introduced. The usefullnes of

the model may be found in the future investigation.
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Theory of Turbulence based on Crozs-lndependence Closure Hypothesis
an
Generalization of Hypothesis

Tomomasa TATSUMI

Kyoto University, Professor Emeritus

ABSTRACT

The basic framework of the statistical theory of turbulence based on the cross-independence closure hypothesis
is examined and its general validity is reconfirmed. Then the hypothesis which is genuinely concerned with
the two-point closure is generalized to the n-point closures (n > 3) of the Lundgren-Monin equations for the
multi-point velocity distributions.
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Study on the fluttering characteristics of multi-articulated flat plate
in the mean-flow

M. yamagishi and T. Watanabe

" Dept. of Mech. Eng., Nagaoka National College of Tech.
" Dept. of Mech. Eng., Nagaoka University of Tech.

ABSTRACT
The flag jointed some flat plates by articulations flutters itself in the mean-flow, and it has steady fluttering
mode. The fluttering characteristics of this ‘multi-articulated flat plate” were investigated experimentally in a
wind tunnel. In this paper, the shape of the flat plate is rectangular in several aspect ratios and areas. The
results show that the frequency of the fluttering increases with increasing the mean-flow velocity in all shape
flat plates. The frequency is large in the large aspect ratio and the small area of the flat plate. Almost all

cases show the fluttering mode with node-less flutter.

seen in the shape with low aspect ratio.

On the other hand, the fluttering mode with node is

Key Words: Flow induced vibration, Flutter, Wind/Water power generation
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Numerical study on the stability of flow in a channel with rough wall

Ayumu Inasawa’, J.M. Floryan" and Masahito Asai’,

" Dept. of Aerospace Eng., Tokyo Metropolitan University
Dept. of Mechanical and Materials Eng., The University of Western Ontario

ABSTRACT

The effect of beginning of roughness patch on the evolution of two-dimensional Tollmien-Schlichting waves
is investigated theoretically and numerically. The wall roughness is found to destabilize the flow through the
positive energy production just above the inflection point of base flow in the concave region of the roughness.
For the change in wall geometry, about 14 periods are needed to attain the stability characteristic of
streamwise-periodically corrugated roughness when the wavelength of the T-S wave and wall corrugation is
comparable while the effect of change in average position of roughness remains further. The latter influence
is also studied by considering channel with a simple expansion/contraction. It is shown that evolution of base
flow towards the plane Poiseuille flow downstream of step is found to be represented by using
slowly-decaying stationary eigenmodes, similar to that for the channel entrance flow. It is also found that the
influence of sudden expansion/contraction to the stability of flow persists far downstream.

Key Words: linear stability, channel flow, wall roughness, DNS
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Fig. 1. Schematics of flow domain.
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Fig. 6. Streamwise variation of growth rate. Symbols
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analyses, respectively.
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Prediction of flow instability including a nolinear effect

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

ABSTRACT

The flow instability is evaluated by solving the 3D NS equation against a one-dimensional flow
field on the wall using a spectral method. The results on the stability of a flat-plate boundary
layer including the pressure gradient agree well with the linear stability theory. The effect of wall
curvature on the flow instability is also discussed. The transition point on a wing is estimated based

on this method.

Key Words : flow instability, prediction, nonlinear effect
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Effect of Outer Local Disturbance on a Boundary Layer Transition

Y. FUKUNISHI, Y. SUZUKI, M. SHIGETA, and S. IZAWA

Dept. of. Mech. Eng., Tohoku University

ABSTRACT

The effect of a localized disturbance outside a boundary layer on the transition is investigated by a
wind-tunnel experiment. The disturbance is introduced by a turbulence generator which consists of
two vortex-ring-generating units arranged face to face along the spanwise direction in the
freestream. Each vortex-ring-generating unit issues intermittent jets that soon roll up into vortex
rings. The two rings each from a vortex-ring-generating unit collide outside the boundary layer
generating a velocity fluctuation pattern of high-speed and low-speed regions, with the high-speed
region on the downstream side. An opposite pattern appears inside the boundary layer near the wall.
In the high-speed region inside the boundary layer, a generation and a growth of random velocity
fluctuations are observed. The velocity fluctuation grows downstream and triggers the transition to
turbulence.

Keyword: Transition, boundary layer, wind tunnel
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Numerical simulations of trailing-edge noise generation from
2-D airfoils at low Reynolds numbers

Tomoaki IKEDA and Shohei TAKAGI

JAXA Aerospace Research and Development Directorate

ABSTRACT
The compressible fl ws around 2-D airfoils are simulated by using a high-order numerical scheme. In this study, the
generation of trailing-edge noise is directly reproduced as the fluctuatio in pressure field Two types of airfoils are
investigated: NACAO0012 and NACAO0006. The obtained results on the vortex-shedding frequencies and the growth
rate of velocity fluctuation confir that the tone noise frequency is determined by the wake instability in both cases.

The dipole sound scattered by the acoustically non-compact airfoils shows multiple lobes in the far-fiel directivity. By

imposing non-zero angle of attack, very weak instability waves develop in the suction-side boundary layer, which has

an inflection-poin instability. However, the observed instability waves has little effects on the development of Karman

vortex shedding in the present calculation.

Key Words: trailing-edge noise, computational aeroacoustics, wake instability
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Fig. 1 Flow configuratio for NACA0006 airfoil.
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Fig. 2 Sound directivity sampled at r = 10L for var-
ious Mach numbers of the fl w around NACAO0O012.
The factor M?® dependence is multiplied to compare
with the case M = 0.1.

Fig. 3 Sound directivity for the fl w around
NACAOQ006. See the caption of Fig. 2.
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Fig. 4 Streamwise growth of the root-mean-square
velocity magnitude for NACA(0012. Maximum at each
x location is presented.
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Fig. 5 Streamwise growth of the root-mean-square
velocity magnitude for NACA0006.
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Memoirs of research activities during my tenure of thirty years at NAL

S. Takagi

Japan Aerospace Exploration Agency,
Aerospace Research and Development Directorate

ABSTRACT
This brief note presents my research activities since I moved in the National Aerospace
Laboratory as a researcher in 1979. During this period, my study was consistently made on
the impregnable philosophy of “the basic research leading to promising applied research and
the applied research developing on basic research”.

Key Words: LEBU, ASU unsteady wind tunnel, 3-D boundary layer, streamline-curvature instability,
cross-flow instability, rotating-disk flow, attachment-line instability
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