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Noise Prediction around High-lift-devices of an Aircraft
using UPACS-LES

T. Imamura®, Y. Yokokawa®, S. Enomoto, and K. Yamamoto®

* Aviation Program Group, Japan Aerospace Exploration Agency

ABSTRACT
A part of the noise research activities in Aviation Program Group of JAXA are introduced in
this paper. Noise prediction around high-lift-devices of a civil aircraft is performed using
UPACS-LES code. Especially, noise from the flap edge and slats of high-lift-devices are known
to the dominant source and these flows are investigated. From the careful observation of the
computed results, the causes of both narrow and broadband noise became apparent. Current
results give an insight to design the new low noise devices for the future high-lift-devices.

Key Words: noise, aeroacoustics, high-lift-devices, large-eddy-simulation
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Simulation of separation using coarse grid

Kunio Kuwahara*, Kazuhide Minamimoto*, Angel Bethancourt* and Satoko Komurasaki**

*Institute of Computational Fluid Dynamics,
**Department of Mathematics, College of Science and Technology, Nihon University

ABSTRACT

This paper introduces a computational technique to compensate for the added numerical diffusion that is generated when uniform
Cartesian coordinates are used to describe the flow around bluff bodies. Because of the staircase-like representation of the surface
object, it was found that the added surface “roughness” causes larger than expected separation region for some test cases (flow around
a sphere, and flow around a cylindrical body). In order to control the velocity profile in the boundary layer, a new parameter bivr
(boundary layer velocity ratio) is defined, and it is used to set the negative value of the viscosity along the surface. Extensive
visualizations of flow past bluff bodies are performed using the present technique. Numerical solutions of the governing
Navier-Stokes equations are carried out in a uniform Cartesian coordinates using a multi-directional finite difference scheme with a
third-order upwinding. No explicit turbulence model is incorporated into the model, and the dependence of the solution on the bivr
parameter is investigated.

Key Words: Unsteady flow simulation, High Reynolds number, Separation, Negative viscosity

Nomenclature a staircase structure. By using multi-directional finite

3), 4)

differences, a smoother representation of the staircase

u  Velocity vector boundary is achieved, but the resolution problem is not
p  Pressure difference from the base pressure completely solved. In problems involving separation
t Time depending on the resolution of the boundary layer,
ot Time increment in numerical time integration simulations predict larger than expected areas of separation.
Re Reynolds number based on chord length
blvr Velocity ratio in the boundary layer

Superscript

This is due to the numerical diffusion caused by the
roughness on the boundary. To resolve the behavior of the
flow along the staircase boundary, we introduce a negative
n  Time step viscosity on the surface of the body to compensate for the
numerical diffusion. In the present paper, several examples
using this technique are presented.
L. Introduction

Many simulations of a flow past streamlined body have 1. Computational Method
been carried out, mostly using a finite-difference method in a
body-fitted coordinate system.” Simulations of bluff bodies The goveming equations are the incompressible
are less frequent because of difficulties in solver Navier-Stokes equations. In Cartesian coordinates system,
implementation and grid generation. It is often acknowledged, they can be written as it follows,

that grid generation is one of the most difficult and manpower ou, 0wy | duy

=0, U]
consuming parts when dealing with body-fitted coordinates. oy ox, ox
On the other hand, many important applications involve flow O 0w _dp 0 | 1[ou 0wl
. . o ox ox, Ox, |Relox, ox @
around a bluff body, i.e. flow around a car. The simplest way i ‘
to avoid all these complications would be to employ a For high-Reynolds number flow, time-dependent

Cartesian coordinate system in which the body is represented
by creating a masking data (voxel) on the grid coordinates.”
However, this approach results in lack of resolution near the
boundary of the object. If the object is visualized, it looks like

computations are required owing to the strong unsteadiness.
Presently, a finite-difference method is employed to discretize
the basic equations and they are solved using the projection
method (Chorin, ¥ and Takami and Kuwahara®). The
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pressure field is obtained by solving the following Poisson’s
equation:

n

Ap =—div(u- gradu)+%, D =divu 3)

where # is the time step and dt is the time increment. D"/ is
assumed to be zero, but 1" is retained as a corrective term.

In the present paper, a multi-directional finite difference
method is implemented when discretizing the governing
equations. In case of 2-dimensional computations, when
structured grid points are given, the black points in Fig. 1(a)
are usually used to approximate the derivatives at the central
point (system A). If we introduce another 45° rotated local
grid system, the white points in Fig. 1(b), can be used to
approximate the derivative at the central point (system B). In
order to improve the derivative value at the central point, the
values of both systems are combined. If a ratio A: B=2:1 is
adopted, the resulting finite difference scheme for the
Laplacian coincides with the well-known 9 point formula
with fourth-order accuracy. This method improves the
rotational invariance of the coordinate system, and then those
cases where flow direction is not parallel to the grid location
are better simulated. In 3 dimensions, three different grid
systems are used. Each grid system is obtained by rotating a
perpendicular plane 45° with respect to each coordinate axis.
One of such systems is shown in Fig. 1(c).

(a) System A.

(b} System B.

{c) System Z: =" —y' — 2.
Figure 1.  System for multi-directional scheme
Space derivatives are discretized using a three-point
central difference approximation with exception of the
convective terms. For the convective terms, a third-order
upwind scheme is used to stabilize the computation
(Kawamura”). It has been found to be the most suitable
for high-Reynolds number flow computations. The
second-order Crank-Nicolson implicit scheme is used for
time integration. The equations are iteratively solved at
each time step by SOR method. A multi-grid method is
utilized to solve the Poisson’s equation.

Negative viscosity

In the Cartesian coordinate system, the body is
represented as a set of voxels at the grid points with their
values set on/off (a binary operator) to indicate its presence.
As stated before, the surface of the body resembles a staircase.
After computations are carried out, larger than expected
regions of separations are observed. This is due to the
numerical diffusion caused by the surface roughness.
Therefore, a special treatment of the boundary conditions is
needed in order to properly simulate these types of flows. The
present technique introduces a negative value of the viscosity
on the surface of the body to compensate for the numerical
diffusion. At high-Reynolds number, turbulence in the free
space is simulated without using an explicit turbulence model
in these computations. Viscous effects are limited only within
the boundary layer. Therefore, a simple model is made for the
boundary layer to account for the viscous effect.
It is important to point out that this negative viscosity has no
definitive physical meaning, and how to determine its value
represent a big challenge. If the absolute value is large
enough, the flow near the boundary accelerates and
separation is reduced. On the other hand, if the absolute value
is small, the separation region becomes larger. Therefore,
research in a proper way to determine this value is undertaken.
The velocity profile in the boundary layer is closely related to

the negative viscosity. The present paper defines a parameter
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blvr (boundary layer velocity ratio) that it is used to determine
the proper value of the negative viscosity (See Figure 2). The
parameter blvr is the ratio of the averaged velocity between
the two points nearest to the surface (bhvr = viA2). If bhvr is
0.5, the local flow Reynolds number is 0.0. On the other hand,
if it is 1.0, a free-slip condition is imposed blvr=vIA2 on the
surface. Therefore, the value of the blvr parameter, as
described in Figure 2, shall fall between 0.5~1.0. Presently,
the value of the negative viscosity ratio (blvr) is a function of
this parameter.

(a) blvr=0.60 (larger separation areas).

]
L

e
i

i)

bhr=vin2
Figure 2. Boundary layer velocity ratio (blvr)

1. Computational Results
(b) blvr=0.70 (occurrence of drag crisis: standard case).

Examples of 3-dimensional simulation of flow around bluff
body with using the negative viscosity are visualized.

Figure 3 shows computational grid and a body represented
by a set of voxels for simulation of a flow around a sphere.
Figure 4 explains the effect of the negative viscosity, and bhvr
in Fig. 4 (a)~(c) are 0.60, 0.70 and 0.75 respectively.

As other examples of simulation, flows past a rectangular
cylinder with 33% rounded corners at Re = 500 and 1, 000,
000 are visualized in Figs. 5 and 6, respectively. Both flows
are simulated with b/vr =0.70. From these figures, it is shown
clearly that both low and high Reynolds number flows are

well captured by using the present technique.

(c) blvr=0.75 (too large bivr).
Figure 4. Flow around a sphere in each b/vr; pressure field

and stream lines.

Figure 3. Computational grid for simulation of flow around a

sphere
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(a) Stream lines and pressure shading.

(b) Longitudinal component of vorticity.
Figure 5. Flow around a cylindrical body at Re = 500.

(@) Stream lines and pressure shading.

(b) Longitudinal component of vorticity.
Figure 6. Flow around a cylindrical body at Re =1, 000, 000.

IV. Conclusion

Three dimensional flows around bluff bodies were
simulated in Cartesian coordinate system. In this system, the
separation was effectively reduced by using the negative
viscosity. Also, flow fields were clearly captured consistently.

Extension to compressible fluid flow is easy and
straightforward.
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The randomization of 2-dimensional wake by random noise

H Sato H.Saito and H,Nakamura

Institute of Flow Research

ABSTRACT

An expenment was camed out on the randomization process of a wake excited by random sound The
randomization is accelerated by random noise as well as by sinusoidal sound commposed of 7 distinet frequencies
The clementary-wave analysis method was used for clarifying the details of randomization mechamism,, The
so-¢alled mndom number based on the analysis is a good indication of the progress of randomization

Key Words: two-dimennsional wake, ranndomization procsss
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Hierarchical Vortical Structures in a Homogeneous Isotropic Turbulence

A K. Waleed, S. Izawa, M. Shigeta and Yu Fukunishi
Dept. of Mech. Eng., Tohoku University

ABSTRACT

Extraction and traction of hierarchical vortical structures in a homogeneous isotropic turbulence
are attempted. Fourier and Wavelet decompositions are applied to extract three scales, namely the
large, intermediate and fine scaled structures from the flow field. Both filtering methods captured
almost the same structures. An automatic tracking scheme that could handle vortex division is

developed and presented.

Key Words : homogeneous isotropic turbulence, vortical structure, flitering, extraction

1. [FLC®IC

TSI FEE U2 EL TR TP I R MR & T R A — L D ifE
AN FE RS S, AWICIELS ERZ KIE L H> TV
5. 20X BRAT— VORI L METZOMEER T
FNFX—NAr—FREWVWIHIELR-STHN, TRLF—
BAEE O KBEBEE» L EWEBREREZ R aLedn
T A — )V DEAGEFRE O /N~ & R L — B TE
S E 2o TND . AT M OFRTIZRALE—D
WAux, e 70HRICH E SV TZEDORE
MERHLNCENTWS. 77, EFEODA—/N—a
Fa—% DELWESOBT T, ELEOEEEE
(DNS) & Rex 23103 A —& —F% THENAREIZR D,
HHROBIELED SN TS O LR, EBRIC
B Al — REHESTW D IFLOIROTEE 15 & T R r—
K7av R L OBEILEZHO TRV, GLEO KR
BIDNS ¥ —# Z# Ak LTI LT, TR —1{F
HHEBICHY 45 L5 k& 2y — Lot
EREHTZOT, HDOITHHER OM < &G T
E0ThHD. TibbRA 7 — L OTHHER OO
EEENOLRDEEZOND. LN LIOEETITRA
HA— NV OIEE iR T D OIIREETCH L. £ 2T
BAF—LOWMERNSE L LB L TRTIE, RS
A7 — L OIRIEE ] O BRI O W T ORIV 5 <
RAHLDOLEEZBND. FZTANIE T, ELIEZ R
ST TVWEZRAX =D Ay — K7 ok A &imEEHO
BENSHMBT L 2AME LT, ST EED
A — Vi m EEME L, @4 0EoER % | B8
B2 HIEEREL, M SNZROER O T2 H42
L7-.

2. HEAERUEFFE

ARAFFE TG &+ 2 DI, 58— 5L EL RS
5.ﬁh%@%%m,m%%%HMLt%%waV/
FIZE 0 ITo 70, R TEIT 2562 TH Y, HFEl 2
H3DE—FNBRDT U NRREET A SR E
IR DT> GEEMIZIEAT D Z & T, LS & Hefr

Fig.1 Isosurface of Q (without filtering).

L7-. & ORI, WG IZIEEF TR -T2 A
DF =R EZMNTIToT-. 2D & X Rey 1L 180 Th-o7-.
WmofmiciE, 7V WL v—T Ly NEHE
FALE @ 72—V o BHMIZLDITFETIE, g—rs3A
TANE—IZED AT — VORRLW/MEMB L. 20
LEEHLES Y MA TR k116, 24, 64 O 3 FE
HThY, TNENESFEEHED 1/16 1%, 74 7 —F
D 1/6~1/71%, arEIa7ED 1.6 GREOHZ
HI 2z Lkt b, £72, v=—7 Ly FMEHTIE
<= =T Ly "D R — N RT A= s B
2B ETHHENZIMDOR r— V2Bl EE. 20
FiEE, QEZEE I ANVE ) ITE50TT—) 7
SIVE =T & B FIBEITERD & T — 2 b 7e < THe
FERH 5.

3. HRLEE

Fig. 11X, 74NV F =TT E Z0HhGo
rThsd MZQEOSEEmERLTEY, UTFTIX
e LTl SNEHaER 2RO 3%E 2085
RQEEEATHHLLTWS. Fig. 21, 77—V =K
N z—T by b7 VX —IZ X5 RE RS, &
A —VEICHE & HIC L B7agE A LTV 5.
IO LE, ENENOFIETHH S @i o EgE R

This document is provided by JAXA.



” AR SE T ARMAERIYOR ] AXA-SP-07-009

(b1)s = 01 (b2

EET

Fig.2 Isosurface of Q ((a) Fourier and (b) Wavelet filterings).

1% 75%~90%LL B EFEFITHWEEL 2o TNz, Fiz
T—U T 4B —DFRERE R TIROMGEEZHE L
THhD &, ZDOWEBE AT k. = 16, 26 TIX65%, k.
=64 TIEDBANIEDEEZ &V, NS A —/LOiE
EalE iz an e WEm A R b N,

Wiz, lxOimZ2 B BERIENT S Z & 2R Ak *
OFEOME Z LTIk <5. 7, BExgE 2
Ex OMEFEET .

1. WA, S Qmax & RO T HARY, Zh
RIS LT 5.

2. BT DT RO TN D 5D LEUVME Qy Lo
ARG

3. 2 DA BN < oIS T, T
SOEDEREZVEODIBE BT

4. 3 THETEESNLEHRERNE D SBRANT 5.
5. 1~3 OFNEZ Y KT

728, fhi S5 ARG ORI LR TR D IEH 1T/
SWIRHEIEIE ) A X E R LT, TPORNSE SR Bk
SRHEEAT-T=. RWT,

LBBRRF S & 72 Bl & IREFZNZ B U 2 it & & b
T5.

2. b & O E DEMERN 30%LL EHIVITRE T & H
iE.

LV D FIEZ R CIRIEZ O ONLE % F5 € LT-. Fig. 3
W, k. = 26 D7 — V7 4V E—ZNT RS
LD LM EBHLI-—FITH 5. HEORKBL &
Hizmnglx s, o s, BRI Hs%

1 4

Fig.3 Automatic tracking of one vortex (Fourier filter-
ing).

N

LTCWAEELBZONTWS., £12, thdo R r—1o
A ONWT S, RRFEEAREST 52 LT, [k
LCHOBNLZDOTHOME CHEIMITENT S Z
LMTE.
4. F&H

—REFEELRE O RE IR L2 EeH L,

18 % DI\ ORF B &2 B EAIIBBE 2 Z & 27, B
R RE R BT

& Xk
1) Kandea, Y., Ishihara, T., Journal of Turbulence, 7
(2006), 1-17

2) Waleed, A.K.., Izawa, S., Xiong, A.K., Fukunishi,
Y., 11th Asian Congress of Fluid Mechanics, (2006),
CD-ROM

This document is provided by JAXA.



[BE 5 R OMWILHIH ] DF7eaREER 4 (5539m)

Kolmogorov ¥ i & 38 2= M G

[

M wg (B&U

BIERFEHEBIR)

Kolmogorov's Theory vs. the Cross—-Independence Hypothesis
Iwao Hosokawa (Prof. Emeritus, Univ. Electro-Comm.)

ABSTRACT

It is proved that the cross-independence hypothesis by Tatsumi and Yoshimura in
homogeneous isotropic turbuloence is inconsistent with Kolmogorov's theory of the
structure functions of longitudinal velocity increment across distance r in the inertial
range of r. Related to this, an unexpected paradox is found in the 1962 Kolmogorov

(refined similarity) hypothesis.

Key Words: Isotropic turbulence, Cross—-independence hypothesis, structure functions,

Kolmogorov's 4/5th law
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Characteristics of Thermal Diffusion in a Thermal Plume from a Point
Source in Large-Scale Shear Turbulence Fields

N. Miyata®

and H. Makita*

* Dept. of Mech. Eng., Toyohashi University of Technology

ABSTRACT
Thermal diffusion from a point source was experimentally investigated in actively agitated
homogeneous and uniform-shear flows with velocity gradients of 0 U/0 y=0, 2.6, 6.3 s and
turbulent Reynolds numbers of R,=36~490. Simultaneous measurement was conducted on

temperature and velocity fluctuations. Short-time diffusion was realized in the excited
turbulence fields of R,=310~410. Then, the centroid of the plume meandered around the
center-line irrespective of the velocity gradient. The lateral integral scale, Ly, strongly affected
the streamwise growth of the time-averaged plume width. The streamwise decay rate of
intermittency factor at the point of the peak temperature, I,p, increased with R, .

Key Words: Thermal Diffusion, Plume, Meandering Motion, Shear Flow,
Concentration Fluctuation, Flow Control
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Pattern formation and instability of flow between two corotating disks

T. Miura, T. Okamoto and J. Mizushima

Department of Mechanical Engineering, Doshisha University

ABSTRACT

Formation and instability of flow between two corotating disks in an enclosure is investigated numerically , in which

the origin of polygonal flow pattern is explored utilizing numerical simulation and linear stability analyses. The outer

cylindrical boundary of the flow field is assumed to be stationary, whereas the inner cylinder rotates together with the two

disks. Polygonal flow patterns are known to appear due to instability of the axisymmetric flow with respect to the axis of

rotation, which is a unique solution at small Reynolds numbers. The origin of the flow structure of so called shift-and-

reflect flow pattern is clarified from the solution of the linear stability analyses and occurs due to Hopf bifurcation. In

addition, we found that the most unstable mode of disturbance has an unexpected wavenumber as large as 20 to 30 for

very narrow disk spacings.
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On the boundary layer instability of a supersonic rectangular nozzle
S. Sakaue and M. Nishioka
Osaka Prefecture University

ABSTRACT
This numerical study examines the supersonic rectangular-nozzle flow by focusing attention on the
development of secondary flow and corner-flow and their effects on the boundary layer instability
and transition. The results show that secondary flows appear in the side wall boundary layers and
form into streamwise vortices in the corner region immediately behind the throat station where the
boundary layer momentum thickness Reynolds number is 400. The streamwise vortex increases in
number downstream and induces a local normal-to-wall flow as large as 4% of the local mainstream.
The present simulation is in good agreement with the corresponding experiment, in particular, on the
appearance of cross-flow instability on the side wall boundary layer and the streamwise location
where the streamwise vortex first appears. The corner-flow is found to be of extremely unstable
nature suggesting that the turbulent transition observed is directly caused by the corner-flow

disturbances.

Key Words: supersonic rectangular-nozzle flow, secondary flow, corner-flow
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Fig.3 Streamwise variations of the momentum thickness
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Fig.5 Development of streamwise vortices in the upper wall corner region visualized by contour maps of (a) streamwise
velocity U and (b) vorticity @, with (¥, W) velocity vector field.
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Measurement of Aerodynamics Forces Exerted
on Baseballs by a High-Speed Video Camera

JMARUYAMA', Y.YOKOYAMA", T.MIYAZAKI', and R. HIMENO™

" University of Electro-Communications,
™ Advanced Computing and Communication Center

ABSTRACT

Using a high-speed video camera, we have recorded the trajectory and the rotation of a hard baseball and a
sphere thrown by pitching machines. We measured the drag and lift coefficients by analyzing the video
images. We altered pithing machines on the market in order to throw a 'gyro-ball', whose rotational axis lies
almost in the translational direction. The drag coefficient of a gyro-ball decreases with the Reynolds numbers
(Re). For a fast-ball, the drag coefficient doesn't depend on Re and the lift coefficient is increases with the Re
and the spin parameter (SP). The drag coefficient of a sphere is larger than that of a baseball for fast- and gyro-
pitches, indicating that seams on the ball surface have substantial influence on the flow field.

Key Words: baseball, gyro-ball, fast-ball, Reynolds number, drag, lift, pitching machine, Magnus force
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