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Transition Analysis on Axisymmetrical Body at nonzero angle of attack

in supersonic flow

Y. Ueda*, H. Ishikawa*, K. Yoshida*

* National Aerospace Laboratory

Abstract

In the development of a supersonic natural laminar flow wing in the NEXST-1 program, a
transition analysis code (LSTAB code) based on a current e’ method was originally developed.
Recently to improve the precision of the analysis method, a new analysis procedure was
investigated. This procedure consists of estimating laminar boundary layer based on CFD
analysis and computing stability characteristics by LSTAB code. To verify the procedure, two
simple configurations of a sharp cone and the nose cone of the NEXST-1 airplane were analyzed.
Although they are axisymmetric bodies, they have very complex flowfield at nonzero angle of
attack (AOA). Therefore, it is supposed that present analysis procedure is effective to analyze
their transition characteristics. In this article, it is numerically shown that the crossflow
instability on the side surface is dominant on transition phenomenon at nonzero AOA.

Key Words: CFD, NS, 3-D boundary layer, T-S instability, cross-flow instability, sharp cone
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Control of boundary layer transition by wall suction

S, Yoshioka, J. H. M. Fransson and P. H. Alfredsson

Department of Mechanics, Royal Institute of Technology (KTH)

ABSTRACT
Effect of wall suction on the delay of free stream turbulence induced boundary layer transition is
experimentally investigated. Variation of shape factor and downstream evolution of turbulence intensity
in boundary layer show the suction stabilizes the laminar boundary layer and delays the transition. This
trend is remarkably observed when higher velocity suction is applied.

Key Words. Boundary layer transition, Wall suction, Laminar flow control, Free stream turbulence
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Instability of outgoing flow between two parallel disks
and its transition to turbulence

K. Yoshimatsu, D. Tanaka, and J. Mizushima

Department of Mechanical Engineering, Doshisha University

ABSTRACT

Instability of radially outgoing flow between two parallel disks and its transition to turbulence are

investigated by numerical simnulations and linear stability analyses of the steady symmetric flow based

on the assumption of incompressible axisymmetric flow. At small Reynolds numbers, the flow is steady

and symmetric along the centerline between two parallel disks. It is found that the symmetric steady

flow becomes asymmetric above a critical Reynolds number, which is revealed due to a supercritical

pitchfork bifurcation. The transition from the steady symmetric flow to the asymmetric one depends the

inlet radius at which the flow is introduced. The critical Reynolds number is determined as a function

of the inlet radius. Oscillatory flow is also found with further increase of the Reynolds number.

Key Words: radially outgoing flow. transition to turbulence, instability, pitchfork bifurcation, Hopf bifurcation

1. [ZFL®IZ

TAT 2 RS RN, BRAT Y5, ks
T 47 a—WEOTERGES, 77 2F v 7 OFHRHY
ICBWTHLNDEBIWINTHD. KT, T 7 AF
7 O HHRRENZ BT, s B H iy —CEE S
MIZ S ERBEHMESCHEMNEOLEL 2WVEDL M RFENT
D ENBBREOR EIZARRTH S.
FNO+STRICBOWTZORNNREHIFTH D &
&, WELSTIIHRBEOSACEIL, SR FMEED
RE I PERCKHIL TRDT 5. VA IRk
HIONES AR =7 ARIZENE FE TRV
L7 o THEANSHEIZBA T 54, LA VR
MRELRDETHRIZWICLER > TEABREL 2
5 ENFEEMERN L OEENOBBTEDL. L
Mo T, ZOFAT 2 AR ERNIZ BV CRE A O kg
WCHRL ZHEEEN RSN A2 H 5. Raal Y
i, WEOTHA 0 REE FRERO $45 & O (R T
AR B 1 OWAND L —HEFRB AT HIEE O
SFRFEAT 2 FIAR IR E % 220 IR 225 < SUEE
BlZL 0RO, ZORR, LA ALERNS BEEE
RDEWNBEOPICHEERN TEDLZLERVWELE
F7o, FEOBER, FARMTB L ETMROBR SR

HESTRBONIZIEND, HNOREEHESE &
LARettEE FHIL 2.

Mochizuki and Yang 2 i, Raal ) &3 872 0 Eik
TEIMRAEEREHIRE O K E WA OAT 2 AR
NWEERIZLDVFRT. B, BNOFRETHEL ER
WDOWTFHL AL, 0 a0 Rk & iED
BIEOHERNE ,, ZOFAUXIZTEE IR TH S & HIMFL
fo. Ffe, ZOWMNEL A VAN NI E FiH
B2 L OXFRERTKTH D08, LA/ AVRENK
X725 & FBEERE O BB~ L B(LL, ZOESE
WIEIE THICWL I L N > ThEL RBZ EZ RN
iz, SHIEKRERLV A INZETIE, BRMLE
M~DOBBPEE 525, T TRILE» S R~
BEBENEZ DLV SEEORND ¥ — FBHIL
o O, EAEIC KA BRMEHE LITY, MR ER
& HBERE RO TS ENT TIE DIRB A R L
fo. Ein, EBREBEHEOKENS, MEOBEFM
HESMILTL O ALERZ ISR S AV L%

WL

TIZTIE, HEEVNERRAERE L OFLT 2 R
FIBST RN O RZEEM L BRBIZOWT, ENEICX
HZHEBEY I a2l —val BIUEEAHRDOBRHEE

Thic dociiment i nrovided hv TAXA



10

Lz 4 B R SR Bl R 59 5

PRI LV FARD . T M Th 5 SARET
BH, Z OEE Mochizuki and Yang 2} 0 EERAIHF
RICEVIFTFEL VLD L EZLND. +HITENL
A JNVZET, AR TH D 2 FHARE LRI
DWTHMRIN TH DD, LA /N ZEERELT
HEINOLDOMBENENDEELLND.

B 1 EIT2 MR L T EER. AB:KAA. CD:
MHEO. (a) 2EFK. (b) BEX.

2. MBEOERIE
2.1. ERAER

ATIZBAN T2 2 H O FIRO HOF 2 B AN FEA
L, SLEERC AI2s> Tt 5 ERRIC LV 2 MRz
Ex2 5 (H1). B, T2 IROBBOES h* &
RERELL, |ADITBIT 2LHEE Q* /4nh*r] %
{REHEL LT, BETLL -EERN BN TWS. =
T, LFERIF RRTEEREERTS. R1b)
BWT, HAEHA D AB 25 4T 2 HREICHAL,
SRS Mo THER 5. BiESHE T, ERIckx A
YEOMBEEZLHRDVIC, +HKER r(=r)(K
1(b) BT 5 CD) ITBWTHNICHM &G4, it
NITEEREHIRN TH B L RETH. AEEER
ZHAV, FEEREMFTROEE u = (u,v) XA h—
7 ADTAVBE (r, 2, ) 1T LD

_loy 10y

T rdz’ T ror (1)
LERTL, ¢ CLAFRBE L 2XET 3 HFENT
Ow 1 (0P 0ow Oy Ow 1oy 1
E"F(EE?TEEJ‘?&”‘E?%@)

1 5
w= ;D‘U) (3)

&3, T,
8 19 0?2 1

T P R

SNV N

Tor2 ror 922
THBD. Fh, ReiZVv A I NVIXETHY, Re =
Q*/Awvry LEBRBIN D, v XFEOBRERETH
5. 2HOMKE (K 1(b) icki} 5 AD BLU BC)

z = £1 COEREMFIZ,

_18%
YT

LR35 AR r=r TOMAFRLEL L TR

oy
b=y, — =0, 4
Y g, 0, (4)

v=rz, w=0 (5)
oy Y e i)
Y= %(32 ), w=-3: (6)

O2BREOMARGEZE LS. HiHA r = ry TOFEH
ZFEL LT
$=21(32 - 2°)

+3Re?‘% (l o n 3+1z5731—_z7>,

&2 \7° 3° 75
_ .7z 3Reri { 33 2 3
WETST TS < 35° 1% T 5

SRer? (1 11, 1, 1 .,
T (72 35° 75 T30 @

ZRAWS., ZOMMHEBHIT ¢ & wE 1/r(« 1) TRE
EBRL, X2 BIV® 3) KRALTHALN I BER
D — ociTBITIWERTHS.

2.2, BIEFTEZE

ZITCiE, BiEY 2 —3a vk EERHRROEE
REMEC LY, T2 ARMENONEE £0
BEICOWTHRS, EEHECIZESAERE A5,
HEROERMELERKEVEH CRESKRTRES
LY, MEORWHEZITH D, HELER (r,2) D
bBEEZEM (2,y) ~DOER

r(z) =rqe — r2 ;7“1 tanh (%:f—)) , (8)
z(y) = — tanh(dy), 9
B=09, A %lg(%) (10)

Thic dociiment i nrovided hv TAXA



TEE e ER ORI & HIfH) DRI (B 31H - 5532 [

2179, KX (2)-(4) DEMMAIZ 2 ROPLEFETIE
L3z, A7y oK (3) OMiEIE SOR EE A
%. BEfESEL LT, B A ) VRIS DWW T
WA A 7 —iEE RV, HEAE L A L ZEIZ D0
T ARDN T« 7y ZEE RV

FERRI TE e PR O EHEEER FITiE, K (2) TH
MM TEE RO e K (3) # 8RS (4) () DOTFT
SOREIZ LV HEEIT-T-.

SHFRTE H AR ob 3 2 M R EMEMBATIC BV, &t
MERIEE 0,0 ICHUNER O(r, 2,1), @0, 2, 1) 2 Z,
HNBERBIOREZZNEN Y = ¢+ w0 = @ +
O ERT. BAOBMKENEE (U, 2,1),0(r,2,t) =
(W(r,2),0(r, 2) expM DX S ITRETS. ZDL &4
FARIL R

Aa__l{adgg OO O dw a@ao}
.

Or 9z + or 9z 0z 0r 0z Or
1 81/7’A o _ 1
—’r—z {Euj + aw} = —RTeAw, (11)
W= lD%@ (12)
r

LB, HE 0 DT R EBEREMTHAD (r =
r) EPRER (r=ry) ITBWTIE

$=0 &=0 (13)
ThY, 2MKE (z = £1) THE

S 1%

=0 5 =0 e=T5e
L. BROLARREREIL ¢ 2 2 IV TBRK T
HBHENIZERNDLNPSTWAEDT, HEFETIX

(14)

zﬁ(r, 2’) = W(Ts _Z)v &;(T7 Z) = (:J(?", _Z) (15)

WHRME RS Z LN TESD. 2B, T_RTOHEC
BOTHERERIT ry DIED L DD ZITEIFL 2T &
ZHERL -

3. FTE#R

3.1. EEMR
2FEEDOTNASRM (5) 7213 (6) Db & T, Bk T

A L LA I IVAE Re D\WNAWAIRBEIZ DUV T

BEY I 2L —val &{Tof. ZTOE, EFEROM

GO /S — T HI T ) DIESRIASRIC

KDEUINENST=DT, ZZ T r =1 DB

(a)
i 5 1
(b)
i e S T R
——
;ZZEEEEEEESSSEEEEEEE
T :
1 5 10

B 2y, 7y = 1. (a) Re = 60, (b) Re = 70.
0.15

P

0.10
0.05

0

-0.05 r Re. = 60.6
-0.10

-0.15 : :
55 60 65 70

B 3 iR, r = 1. v, = v(1.95,0).

ONWT —#RIMAARLE (5) Db L THEL 7= 2 HKRRHE
TN OB OWTHAT 5.

VA JVZERHREN & Z I FIBERO 22O /FRE
BHRARLNBEN, LA INVZEERELTEE, E
2(a) ICRBILD & D2, FIBERE ko T=XFRERETE 72
% (Re = 60). ZOEPBITODERVN, FAQLE
(r ~ 2) FHET 2 FREED y FRSAAE L THED
BEMMLZoTND, LA I NVIERKEIRDE
TEAVE O RSB, B 2(b) D X 5 I IEAHER
~NEEBBTS. Raal V) iKW IR ENR R EMIT T
OBBLEERDHDILEILND. IAHEREN D
REACBTBERV A ) VAH Re. EY I 21—
T arORENPLFMT BT, AP(r=1.952=0)
TO 2 HIEE v, ERJEEICL Y, TOEER
(K3). M3&LY, Rec =60.6 L7252 &, Re > Re.
T vl o (Re — Re.) OBIMEAREY, Z 0532 B
REFRQKETH D LRbhoTe.

BEI2v—varilloTBLREZORKEL
RIEZERITIC XL > THRENDTE. WMAEEr =1
DRI, HHERETE S L OEORBEELS, #

Thic dociiment ic nrovided hv TAXA

11



12

iz T T R AR ST R B BB 59 =

-3
g x10
A |
4 L
2 L
0
\
2t Re. = 60.7
4 |
-6 : . .
59 60 61 62 63
Re
X 4 MBFAEEE N\ r; = 1.
(a)
1 5 0’
(b)

1 5 10

>

B 5 FftLiB (F#R). r = 1. Re = 63. (a) FEEXH
EHE Y, (b) HAL 1['.

ELFRERK (11) & (12) 2BEREH (13) & (14) ph LT
fRx EABK ) BLIOC O LBERESR N ZRDE.
K4IZRTE O, NMiZ Re=60.7T0 &72Y, ¥l
VIal—vaVOER (Re. =60.6) L I —HLT
W3, LA JNVZE Re = 63 1CBITHRAHEETE
HLOBEFBEZKEENENE 5(a) BET 5(b) ITR-T.

180
Re.
140

100

60 ¢ T x

20 | 1 1

X6 BRL A/ NVEE Re.. ER: —BHRASZMHE. &
B TR AR,
338. EVYFIA—IVDIBEOBEBRL 1 /LI

VyF I3+ — I BEOERL A ) NVAEEZ 208
RAMAERBFICAONTVANBRTAEE O &1T,

R R EHBITIC L > THHEL . ZOREEEE 61
Y. ZOMT, —HRBAFFOREREERTEKL, K
YWERERARARMEORERE RBRTRL TS,
THOBEY, Re. 13 rm SIEEHMEOBRIZHZZ L
Nbhole., £, ZOMAFROFMEATIE, BHRL A
J VAX¥ Re. id—BRMARBGOBE DI B EHFERE
ARFARGORELY BREVZ ERbh otz

1.40
Vq

1.35

1.30

1.20 ’ - ; ;
0 20 40 60 80 100
4

B 7 z HAEE v, PREHESE). v, = v(18.8,0).

3.4. {REIfR

BE I2v—vaicky, BWEEESTRRA
ZHOFEIT Re = 768 TIREMREZB/. H7ICA
Q(r =188,z = 0) TD z FBEE v, DRMEEZ R
T g idvg =0 DEVITEREL TRWZ L L IREME
IXFERHEERN DAL TWHEEI NS,

4. SRORE

SHOFEL LT, HRIEERIC X Y #hxtFrith ok
EOWEET 5 Z & & xtFitE%: b iz Bl Rt~ 0B
ERERST A LB BT BB, Mochizuki and Yang )
IR L FIRENR & ABFSE T R0} i IREVE & D EBR
ZALNCTILNERHD. iz, #frtEE bR
W~ DOBBERARILELH S.

AE
RIS RFERFBAED =M KB LUk HRERICK
DI Z Foo TRV, ZZIEBOBEZRL T

SEXH

1) J. D. Raal: J. Fluid Mech., 85, (1978), pp.401-416.

2) S. Mochizuki and W. J. Yang: J. Fluid Mech., 154,
(1985) pp.377-397

Thic dociiment ic nrovided hv TAXA



TEE e ER O] & hiIfH) PRt (B8 31 E - 55 32 [|) 13

No.4

RANS VEIZ L A [RIEESE O &L S AT
FIER (BEXE), WSHEER, NeY

f2gr (BERFLT)

RANS-simulation of turbulent flows with system rotation

M.Ichikawa, S.Masuda, and S.Obi

Department of Mechanical Engineering, Keio University

ABSTRACT

A RANS simulation of a turbulent channel flow with spanwise rotation has been reported. The primary interest is to

see whether the effects of rotation can be reproduced correctly by simply adding the rotational terms to the existing

model equations explicitly to the governing equations with modifications of neither the model itself nor the model

constants. The simulated mean and turbulent quantities have been compared with experimental and DNS data.
Key Words: turbulence model, rotating channel flow, second momentum closure
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Direct Numerical Simulation By LBM and

Analyses of Two-dimensional Isotropic Turbulence

Ao-kui Xiong
Department of Machine Intelligence and Systems Engineering
Graduate School of Engineering, Tohoku University
Aoba-yama 01, Aoba-ku, Sendai 980-8579, JAPAN

Direct numerical simulations of the forced two-dimensional turbulence are performed by lattice
Boltzmann method with high resolutions. It is confirmed that the lattice Boltzmann method is an
alternative approach to simulate multi-scales flows efficiently before instability takes place. The
instability can occur even after millions time-steps of iteration. Based on the database of the DNS,
the behaviors of energy and enstrophy flux and the features of SGS Lamb vector in context of
large eddy simulation are discussed. The most important observation is that the transverse
component of the SGS Lamb vector, which plays a key role in the dynamics, only dominates in the

regions of curved sheet-like structures.

Key Words: Direct numerical simulation, Lattice Boltzmann method, Two-dimensional turbulence

1. Introduction

In the past a few more than a decade, the lattice
Boltzmann method (LBM), originated firstly from
lattice-gas cellular automaton (LGA), has greatly
developed into an alternative and promising numerical
scheme for simulating fluid flows and modeling physics
in fluids.” Contrasting with the conventional CFD
method, LBM is not a technique of numerical scheme or
algorithm but a physical model of fluid flows with some
advantages. Remarkable one of those is that it is a high
efficient parallel method to simulate turbulent flows with
multi-scales.

One class of physical systems exhibiting
apparent two-dimensional turbulent behaviors is the
large-scale motion of the Earth’s air and ocean masses
that occurs at a state close to geostrophic and hydrostatic
balance.” Another motivation of the studies on
two-dimensional turbulence is that it provides a beautiful
example of dynamic system. In the past thirty years, a
number of theoretical, numerical and experimental
studies have been devoted to the understanding of this
branch of fluid mechanics. But still, many fundamental
questions remain open.”’In this paper, direct numerical
simulations of the forced two-dimensional turbulence are
conducted by lattice Boltzmann method with high
resolutions. Based on the database obtained by DNS, the
behaviors of energy and enstrophy flux and the features
of SGS Lamb vector in context of large eddy simulation
are discussed. The emphases are on the interaction
between large-scale and small-scale in two-dimensional
turbulence that has been paid less attention.

2. Lattice Boltzmann Method

Instead of macro variables such as velocity and
pressure, lattice Boltzmann method deals with
mesoscopic quantities called distribution functions,
which describe the fraction of masses of fluid bulk
moving with a curtain speed and are governed by, in a
standard form

S0 - 1 (o)

T

fao(x+e At +A) = f(x, 1) -

In which, 7 is relaxation time. f, is equilibrium

distribution function, related only to macroscopic states
of the system

£ o) = P13 + 2 (cqu ~Sui]

For two-dimensional flows, w, takes

4 1 1
= w,=—(@=1357),w, =—(@=2,4,68
Wo=goW 9( )W, 36( )

The formulas of the equilibrium distribution function are
derived under some fundamental conservative laws about
collision such as mass and momentum conservations.

Finally, the macro density and velocity of fluid
flows are recovered by

PN =3 f.(x,0)
D e fo(x,0)

u(x,r) =-~2

0 p(x,1)
It can be demonstrated that these density and velocity
distributions satisfy the Navier-Stokes equations of
viscous incompressible flow in second order of accuracy.
Moreover, the pressure of the flow fields can be
recovered by a isothermal state equation and the
viscosity of the fluid is restored as

H=At(r-0.5)pc’

The most challenge in DNS using LBM is the
instability occurring usually when Reynolds number is
high enough. This instability can take place either at first
several stages of simulation or even after millions time
steps of iteration just as what happened in our case.
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3. Simulation and analysis

Two-dimensional turbulences are different very
much from the three-dimensional turbulent flows in the
sense that there exist two opposite cascades in
two-dimensional turbulence: energy (or inverse) cascade
and enstrophy (or direct) cascade. Our simulations began
from still initial condition with 5127 resolution. The flow
was driven by external force only with three lowest
wavenumber modes in Fourier space. This process of
evolution is of pure direct cascade that means both of
energy and enstrophy transfer from large scales to small
scales before stationary state is reached, as shown in
Fig.1. To get database of higher resolution, we continued
simulation with 1024 and 2048’ resolutions, by
rescaling double periodic domains of flow field with
lower resolution as the latter’s initial condition for
time-saving. In these cases, the spectra of small scales
underwent decaying, which usually implies inverse
cascade. The spectral evolution of 2048” resolution was
shown in Fig.2. Fig.3 shows the energy and enstrophy
flux through fields of different scales at very late stage of
time development. Positive value means flux from
large-scale to small-scale for enstrophy but from
small-scale to large-scale for energy flux. One can see
here that inverse energy cascade and direct enstrophy
cascade co-exist simultaneously. Note that the energy
fluxes are very small especially for the smallest scales.
This is consistent with the physical phenomena, saying
that the like sign vortices will merge and the smallest
eddies are easily and quickly merged into larger vortices.
Fig.4 shows a typical vorticity distribution of forced
two-dimensional turbulence. Sheet-like structures are
characteristic pattern of the direct cascade.

The interaction between scales is the key point
of understanding turbulent flows. In the engineering
turbulence computations, models have to be used.
Success of these computations heavily depends on
whether or not the models mimic as closely as possible
the interplaying behaviors. By filtering database of DNS,
the instantaneous turbulent field was decomposed into
scales- resolved and subgrid-scales parts in the context of
large eddy simulation. Fig.5 shows a example of
decomposed signal and vorticity field respectively. The
distinct observation from the latter figure is that the
large-scale structures that usually depend on initial
condition and external force remained its marks in
small-scale field.

For energy transfer between the resolved and
subgrid fields, the inner product of additional stress with
mean strain rate is broadly used like following

2

R b PR AL g R A Ly
Dt 2 o p 7 acar 2
—VL%‘i'TfS”
J ax]

But there is no rigorous demonstration showing this is
solely correct choice. Other candidates of transfer effects

come from the Helmholtz-Hodge decomposition of the
nonlinear term in governing equations

D 1— & up 1—
—(—uu)=—"—(—2)+ —u,
D 2" s o) e, 2

_you b
axV ax i

7 J

2

here

L,.;, =-oxueu
=Ve(up)+(VxWou
=Ve(up+ ¥xu)+ Ve ©

therefore, there are four possible forms of energy transfer

) 3‘7 , Leu
Fig.6 shows the distributions of the four forms of energy
transfer. The most interesting observation is for the final
form of the four energy transfer terms to be smoother and
then to be more adequate to be modeled in engineering
computation. It is this quantity that was employed by
Perot in his new RANS model as energy budget. * It also
should be noticed that the enstrophy transfer has only
sole form directly related to the transverse component (or,
in other name, the vector potential part) of the
Helmholtz-Hodge decomposition. All of these strongly
suggest that the transverse component plays an important
role in the interaction of resolved scales and subgrid
scales. But more interestingly, the transverse component
is only in the region of curved sheet-like structures to be
over longitudinal component in amplitude just as shown
in Fig.7, where the valuable is defined as

, (Vx\]ﬂ)o; 5 Vo @

O=(Vx®eL/I’

4. Concluding remarks

Contrasting with the conventional CFD method,
LBM is not a technique of numerical scheme or
algorithm but a physical model of fluid flows with some
advantages. Remarkable one of those is that it is a high
efficient parallel method to simulate turbulent flows with
multi-scales. The main challenge in this area is about
instability when high Reynolds number’s flows are to be
simulated. Instability may take place even after millions
time-steps of iteration. This strongly implies that it is
quite different from that usually met in simulations of
fluid flows and then distinct explanation needs to be
given.

Generations of sheet-like structures and/or
mergence/aggregation among vortices with like sign are
fundamental phenomena of two-dimensional turbulence.
The former corresponds to enstrophy (or direct) cascade,
while the latter is regarded as energy (or inverse) cascade.
For pure enstrophy (energy) cascades the energy
(enstrophy), accompanying enstrophy (energy), are
transferred from larger (smaller) scales to smaller (larger)
ones. For co-existing cases, behaviors seem complicated.
In our case, directly cascading of enstrophy and inversely
cascading of energy are observed simultaneously. But the
latter is very weak because it is after a long time of
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evolution and therefore the energy from the small-scales
is exhausted. The effects of large-scale structures
generally dependent on initial condition and external
circumstance remain in small-scale turbulence.The
vector potential of SGS Lamb vector plays key role in
the interactions of the resolved and the residual fields
and much more smooth. Therefore, it should be more
appropriate to be modeled in the context of large eddy
simulation. Though its influence is great, the proportion
of its curl (i.e. the transversal part of the SGS Lamb
vector) is less than the longitudinal part, except where
sheet-like structures are more heavily curved.
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Figure 1. Time development of spectra for the 5127 run.
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Figure 2. Time development of spectra for the 2048’
run.
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Figure 3. Spatial average energy and enstrophy flux
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Figure 4. Distribution of vorticity.
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Figure 5. Signals (left) and flood contours (right) of
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Mechanism of the Vortex Pairing in a Parabolic Plane Jet

N. Sekishita” and H. Makita’
Toyohashi University of Technology

ABSTRACT

Three dimensional deformation and pairing process of vortex tubes were investigated in a two-dimensional
parabolic jet exhausted from a nozzle of 10mm X 400mm. Hot-wire measurement and multi-smokewire visualization
were compared. Vortex pairing occurred periodically around X/2A=7 when the bimodal excitation conducted at
ufu~1, $=0 deg, where u, and u, were fundamental and subharmonic components, respectively, and ¢ was the phase
deference between u, and u,. Vortex arrangement shifted into anti-symmetric one after the pairing. At ¢=120°, the
vortex pairing became to occur occasionally. When two vortices didn’t paired, the symmetric arrangement was kept
until far downstream. Rib structures elongated from the roll vortices were important role as the interaction between

the roll vortices.

Key Words: Jet, Bimodal Excitation, Coherent Structure, Vortex Pairing, Hot-Wire Measurement Flow Visualizaiton
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Fig.1 Experimental Setup.
Table 1 Excitation Condition.
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Fig. 4 Rib structure in the bimodally excited jet
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Experiments on the separation of laminar boundary layers

H.Sato H.Saito and H.Nakamura
Institute of Flow Research
ABSTRACT

The separation of laminar boundary layer was observed in the flow of water by
hydrogen bubble technique and hot-wire velocimeter. The purpose of experiment is to
compare results of two different methods. The separation was caused by 4 different
devices including a fence, a semi-cylinder in the boundary layer and sepsration from
trailing edge. In all cases we observed the remarkable disagreement between two
results. It is clear that in order to understand complicated turbulent flows we have to

use all available devices and fuse them by numerical computations.
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An Experimental Study on Side Flow Stabilization

by using Stepped Nosed Method

Anang Cakrawala and Akira Umemura
Nagoya University, Aerospace Engineering Department, Propulsion Lab.
1- Furocho Chikusa-ku , Nagoya 464-8601, JAPAN
(E-mail : anang@prop.nuae.nagoya-u.ac.jp)

Abstract
Experimental study on fluid flow characteristics around step obstacle at angle of attack zero were carried
out for Reynolds number in the range 0.5x10° to 1.5 10°. Previous experiment study shows optimum stepped

configuration obtains for some case of step height. In order to understand the structure of fluid flow around

optimum configuration of the stepped nosed obstacle, we has been carry out an experimental study by using

stepped nosed model result in various step height and stepped length. A small rectangular attached to a square

cylinder, which is configure various stepped nosed obstacle, reduced the drag coefficient significantly. The
underlying physics are that (1) the vortices trapped in the step regions produce the thrust forces acting on the

step surfaces facing against the uniform stream which cancel the drag force acting on the front surface of the
stepped nose obstacle and that (2) the tangent reattachment of the flow separating from the front surface edges
to the side surfaces of the main body decreases the suction pressure acting on the back surface of the main body.
In the present study, we would like to clarify the flow structure at the optimum stepped configuration. The
optimum stepped configuration means the stepped nosed obstacle with minimum drag force. It is also examine

the effect of Reynolds number for optimum stepped configuration.

This paper describe experimental result on the optimum stepped configuration include the following:

A. Stepped obstacle drag coefficient map.
B. Surface pressure distribution

C. Flow visualization

D. Strouhal number measurement

Experimental results shows there is no significant Reynolds number effect in case Re between 0.5 10°~

1.5 10°. Since Separation on bluff body such as stepped nosed obstacle occurs directly from the both front

corner. The flow on side surface of the stepped obstacle shows stable, low turbulence intensity and almost

attach to side surface of the obstacle. This condition result to narrow wakes and increase Strouhal number.

1. Introductions

The present work is an extension of previous
investigation by using numerical simulation on stepped
nose obstacle. It is known that step nose method is
effective to reduce total drag of the obstacle until half of
obstacle without treatment. However, an effect of
stepped nose mode in turbulent flow has not been fully
understood especially research on experimental. our
experimental will be complete an information on flow
around stepped nose model for Reynolds number
around 1.0 x 10° where obstacle height (H) and test
section inlet velocity (U..) used as references.

Separated flows are typical flows around bluff
bodies that occur in a large variety of environmental and
engineering situations. The recirculating flow regions
also known as separation bubbles encountered in this
flow have a significant impact on the performance of
airfoil at higher angles of attack, turbine blades,

diffusers, heat exchangers, combustors and so on.
Separated flows determine the drag of road vehicles and
are the dominant feature of atmospheric flows over
buildings, fence, and hills. They are also critical factors
in the designing structures, such as bridges, which are
susceptible to potentially disastrous wind.

Stepped nose obstacle is a method that treats such
problems by controlling flow instability and boundary
layer growth at the sidewall of a bluff nose obstacle.
This paper summarizes a detailed experimental
investigation on flow field measurements were made
using, X-probe hotwire anemometer and surface
pressure. All quantities were made dimensionless. The
length, velocity, and time were made dimensionless
using the obstacle height / and uniform velocity U.

2. Apparatus and experimental procedures
2.1 Flow parameter and model dimensions
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The experiments were conducted with a 45 cm x 34
cm wind tunnel at Nagoya University Propulsion
Energy Systems Laboratory. Figure 1 illustrates how to
construct the tested, two-dimensional, stepped nose
obstacles with various step sizes. A block with square
cross section is partially inserted into a casing, which
constitutes the square form of main body of stepped
nose obstacle. The size of the main body is H. The step
height (#) is determined by the casing thickness, while
the step length (/) can be varied by changing the
insertion block. As shownyin

Step wall
Step floor

NBase part

\J/ Inserted vart X

Figure 1. Experimental setup and model description

Fig. 1, the beam constructed in this way is mounted at
the center of the test section, and about 20 times model
height downstream of the end of contraction. Here, we
apply only solid blockage of the model to corrected
dynamic pressure value at the center of test section
which use ass free stream flow velocity. The solid
blockage of the stepped nose obstacles used in the
present experiment was about 10 percents. Reynolds
number based on the obstacle height (H = 50 mm) and
depend on free stream flow velocity variation (U, =
10 to 30 m/s) is about 0.5 x 10° to 1.5 x 10°. The

obstacle was mounted at the center of the test section,
and about 20 times model height downstream of the end
of contraction, as shown in Fig. 1. We consider that this
experiment is enough to measure the stepped nose effect
on side flow properties in the two-dimensional flow
around a stepped nose obstacle.

2.2 Pressure measurement apparatus

The static pressure along the body surface was
measured by means of pressure transducers. Pressure
orifices with 0.5 mm diameter were drilled both in the
casing and in the inserting block to measure the surface
static pressure distribution at the mid-span of the
obstacle. The main body part was instrumented with 28
pressure orifices, and the inserted block with 6 to 18
pressure orifices. In order to minimize interference
effects between pressure orifices, the pressure orifices
were arranged inclined to the uniform stream. To
prevent the time lag difference of each pressure orifice
measurement, almost same length of vinyl tubes was
used to connect the transducer to the orifice on the
obstacle. The static pressure distribution on the surface
of the stepped nose obstacle was measured using
differential 48-port
scanivalve system.

pressure transducers and a

N

Step height b =071

1
0 1 Step length 1
-1

Pressure coefficient

-25 -1.5 -05 05 1.5 25
Distance along body surface

Figure 2. Pressure distribution along surface model

2.3 Turbulence measurements

Turbulence levels in this measurement were very
high where the flow is separated from the obstacle. We
used the turbulence intensity measurement method as
used by Fernholz, H.H. and J. D. Vagt (1981) in the
turbulence measurement of an adverse pressure gradient
three-dimensional turbulence boundary layer along a
circular cylinder. In the experiment, a time-averaged
turbulence measurement was used to measure the
turbulence intensities around the obstacle. The hot-wire
anemometer measurement was conducted at fixed
sampling time 7 = 1.0 ~ 2.0 sec, sampling frequency f=
1000 Hz ~ 5000 Hz. The total number of data point at
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each measuring point was 2048 ~ 5096.

3. Results and Discussion

3.1 Pressure distribution dependences on stepped
nose configuration

The time-averaged surface pressure distribution was
measured for various step lengths and step heights.
Figure 2 shows surface pressure distribution for step
height = 0.1 and step length = 0.1 when the stepped
nosed obstacle reach the optimum drag reduction is
plotted to distance from center of forebody move
clockwise.

The results are shown in Fig. 2, which indicates
that the pressure distribution at step region is
significantly reducing drag of the obstacle. The pressure
distribution also shown the pressure distribution
recovers at side surface of the stepped nosed obstacle.

osf R ITNEE
2.06 l TO 18 f"’) f‘l |1 \ll \'\ ! \
| # - 4
! # A {
1 / \ ;(
04 1_[5 ) Q.69 f ;él 1 J2.08
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R P
0.3f

Tix ! ‘><093 x067 ,'xfl 61 %240

Step length

b
#
o
v"l

0.3 0.4 0.5

Step height
Figure 3 Contour of drag coefficient for various step
length and step height.

3.2. Drag coefficient dependences on step
configuration

The drag coefficient of the stepped corner obstacle is
obtained by integrating the pressure coefficient over the
surfaces facing parallel to the uniform stream.

Experimental result on drag coefficient for various
step length and step height is shows at fig. 3. In area at
step height (/) range 0.1 to 0.2 and step length (/) range
0.15 to 0.4 shows that the drag coefficient becomes
minimum. In this condition we consider that the stepped
nosed obstacle has an maximum drag on drag reduction.
The stepped nosed configuration in this area namely
optimum stepped configuration. This figure also shows

ARSI (BB 311 - 55 32 M) 27

good agreement with theoretical result on drag force of
stepped nosed obstacle. at area when step height ore
than 0.3, shows drag coefficient higher than square
obstacle. The reason is separated flow from forebody
reattach at the step wall (see fig.1). Thus, high positive
occur on both of step region.

In contrast with stepped nose obstacle with optimum
step configuration, separated flow on side surface was
prevented then the net drag at forebody surface of the
step obstacle considerably becomes zero. The flow
visualization by using smoked machine indicated that
the flow in optimum step configuration was stable than
others step obstacle. As illustrates in Fig. 4 those large
scale of separated flow was prevented in optimum step
configuration. However, the large scale of separation
occurs in side surface of the others obstacle.

Circular

Figure 4. Flow visualization around step nose obstacle
at the Reynolds number 2.5x10*

3.3 Turbulence measurement at side surface of the
stepped nose obstacle
The turbulence intensities decay drastically as
increasing step length beyond a certain value. We
consider that strength of the vortex trapped in the step
region significantly affects the streamline pattern of the
separated flow. Figure 5 shows the characteristics of the
turbulence intensities in various step lengths.
Tupewom denotes turbulence at measuring position
closes to the side surface, Tu,,, denotes the maximum
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turbulence intensity at measuring station, and Tugg
denotes the turbulence intensity at edge of measuring
station (Y/H = 3.5). We can conclude that the optimum
stepped nose could reduce the turbulence intensities Tu
< 10%, instead of Tu = 50% for other case
configurations. Thus, the turbulence growth on the side
surface for the optimum stepped nose obstacle is similar
with turbulence growth on plate surface.

50
40 © x=00 |
= x=02 !
30 - X=04 |
g 2 Ty Ty
® 10 edge —— X=10
2 0 *
2 50
g a4
3
c
o 10
£ o
2 50
)
30
20
10
o ;
0 01 02 03 04 05
Step length
Figure 5. Turbulence measurement in various step
lengths
4. Strouhal Number Measurements
0.
0.25
0.20
0.15
01 a
0.1 0.2 0.3 0.4 0.5 0.6

Figure 6. Strouhal number (S¢) in various step lengths
and step heights
One important quantity taken into account in the present
analysis is Strouhal number (S¢). It is measured by
hotwire anemometer behind the obstacle. The
characteristics of frequency f were determined by
spectral analysis fast furrier transformations, FFT of
flow velocity measured behind the model. Figure 7
shows summarizes of the Strouhal number analysis in
various step length. An increase of Strouhal number at
the optimum step configuration implies altering the flow
properties of step obstacle. As expected, the large scale

Lz 4 B R SR Bl R 59 5

of separation occurs on side surface result in large-scale
vortices produced. However, at the optimum step
configuration the large scale of separated flow were
prevented, then turbulence intensity decayed. Thus,
Strouhal number becomes increase.

5. Conclusions

An experimental investigation of stepped nose
effects in various step lengths and heights placed at
forebody of square cylinder has been investigated. From
this investigation we learned that, there is an optimum
size of step configuration, where the net drag force at
forebody of the stepped nose obstacle becomes zero, the
turbulence growth at side surface of the stepped nose
obstacle stabilized.
Furthermore, turbulence intensity at side surface
becomes lower than 10% of free stream velocity. It is
concluded that at the side surface of the obstacle,
stepped nose configuration, the separated flow is

become  suppressed, and

affected in such a way that a stable boundary layer
profile is obtained. The turbulence intensities of the
optimum stepped nose configuration could be
suppressed down to a 10% of free stream velocity. This
leads to stable Von-Karman vortex configuration and
low base pressure, and large drag reduction.

The pressure measurement was conducted for various
step lengths. It is concluded that the suction pressure
acting on the step region, and base pressures at the back
surface of the obstacle, depend on the step length. For
the optimum stepped nose configuration the pressure
relaxation are observed at side surface. This leads to a
stable boundary layer and low base pressure.
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On the Receptivity of Supersonic Boundary Layer to Oscillating Mach Waves

Shoji SAKAUE" and Michio NISHIOKA”
" Dept. of Aerospace Eng., Osaka Prefecture University

ABSTRACT
The present paper describes our numerical study of supersonic boundary layer receptivity to
oscillating Mach waves incident onto leading edge at a freestream Mach number 2.2. We
examine the external disturbance field around the leading edge in detail to clarify the formation of
oscillating Stokes layer and its evolution into TS wave.

Key Words: Supersonic Boundary Layer, Receptivity, Oscillating Mach Wave, Stokes Layer
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Fig. 1 Phase contour of pressure and u-fluctuations near the leading-edge.
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Fig. 2 y-distributions of amplitude and phase of u-fluctuations for flat plate near the leading-edge.
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Table 1. u-fluctuation amplitude ( x 10-3).

TS wave; Arg Mach wave; 4,, | Stokes layer; Ag
2s (x=20.0) (x=0.0) (x=2.0) Arg/An ArgAs
4.0 0.1297 0.3934 0.1122 0.3297 1.1560
Flat plate
18.0 0.3479 0.1988 0.2886 1.7502 1.2058
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Fig. 3 y-distributions of amplitude and phase of u-fluctuations for flat plate.
Solid lines represent the results from linear stability stability analysis.
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Fig. 4 Streamwise variations of amplitude and phase of vorticity fluctuations on the wall.
Solid lines represent the results from linear stability analysis.
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On the Mechanism of Supersonic Cavity Flow Oscillation

M. NISHIOKA, T. ASAI S. SAKAUE and K. SHIRAI
Dept. of Aerospace Eng., Osaka Prefecture University

ABSTRACT

We have been working on the problem of supersonic cavity flows, which are characterized by

violent self-sustaining flow oscillations generating strong vortical motions, hoping that such

vortical motions can be used as a powerful means for supersonic mixing/combustion

enhancement, a key technology developing scamjet engines.

This paper summarizes our

recent experimental, numerical and theoretical studies on the mechanism of supersonic cavity

flow oscillations.

Key Words: Supersonic cavity oscillation, Supersonic mixing, Scramjet engine
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Difficulties around Active Control of Oblique Waves in a Flat-Plate Boundary Layer

S. Izawa, T. Sakai, K. Shibamoto and Y. Fukunishi
Machine Intelligence and System Engineering, Tohoku University

Aramaki-Aoba 01, Aoba-ku Sendai 980-8579, JAPAN

ABSTRACT
The aim of this study is to develop a method to control T-S wave and oblique waves observed at the early stage of

transition of a flat-plate boundary layer using an array of thin piezo-ceramic actuators attached on the flat-plate

surface. In particular, the difficulties encountered during the experiment is reported. One major problem is

that the effects of control are not uniform along the spanwise direction. It is shown that the unevenness is

caused by the spanwise deformation of the velocity fluctuation pattern introduced by each piece of actuators.
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Decomposition of two instability modes near attachment-line boundary layers

Akira NISHIZAWA*, Prijo Kusmo**, Naoko Tokugawa*, Shohei TAKAGI*

*National Aerospace Laboratory, **Aoyama Gakuin University
ABSTRACT

An iterative calculation method was applied to identify two different instability modes in a
three-dimensional boundary layer near attachment-line on a yawed cylinder. The point disturbance
originating from a small hole on the cylinder was dispersed in the wedge-shaped region which consists of
two types of unstable waves. Detailed hot-wire measurements illustrated the wave crests suggesting the
each distribution of phase line for the two instability modes. The iterative calculation based on an
assumption for the distribution function of the amplitude successfully provided the decomposition of the
original experimental data into the two modes. The decomposition enabled us the comparison with the
prediction by Itoh’s linear stability theory and the identification of these modes, the streamline-curvature
(S-C) modes and cross-flow (C-F) modes.

Key Words: 3-D boundary layer, streamline-curvature instability, cross-flow instability
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On Stationary and Traveling Waves in Swept-Wing Boundary Layers

Toshiyuki Nomura

National Aerospace Laboratory of Japan

ABSTRACT
Using the prediction system of boundary-layer transition, we investigate the growth of various stationary and

traveling waves in the supersonic boundary layers over the infinite swept wing that is the simplified wing of

the semispan model of the NAL’s experimental airplane. At the angle of attack of 0°, first-mode waves

destabilized strongly by CF instability grow so much, which is supposed to be the main cause for the

transition observed in the experiments. On the other hand, at the angle of attack of 2.7°, neither stationary

waves nor traveling ones grow enough to cause transition. It is presumed that strong spanwise contamination

yielded by a shock impingement led to the transition in the experiments.

Key Words: Boundary-Layer Transition, Swept Wing, First-Mode Waves, CF Instability
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Critical Reynolds number near a swept attachment line

Akira NISHIZAWA, Naoko Tokugawa, Shohei TAKAGI

National Aerospace Laboratory
ABSTRACT

Characteristic features of small disturbances originating from a point source on a yawed cylinder were
experimentally investigated in order to decide the critical Reynolds number near the attachment line.
Various frequencies were examined by hotwire measurements. The results showed that the disturbances
propagate downstream in wedge-like regions and the cross-flow instability is dominant for all the
frequencies examined here in comparison with the streamline-curvature instability. For lower frequency
disturbances the neutral points were clearly observed in contrast to the higher ones. A critical Reynolds
number for off attachment line was obtained. The value is about 7% lower than the well known critical

Reynolds number R=583 for attachment-line instability.

Key Words: 3-D boundary layer, critical Reynolds number, streamline-curvature instability, cross-flow instability
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Experimental investigation of instability of plane channel flow bounded by corrugated wall

M. Asai’, T. Okamoto” and J.M. Floryan™

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

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

ABSTRACT
In order to clarify effects of distributed roughness on the stability of wall-bounded shear flows, the
instability of laminar channel flow bounded by corrugated wall is investigated experimentally. The
experiment is conducted at subcritical Reynolds numbers for the linear instability of plane Poiseuille flow.
The non-dimensional wavenumber of the corrugated wall is 1.02 and the amplitude is 4% of the channel

half height.
number down to about 4000.

It is shown that such a slight waviness of the wall surface reduces the critical Reynolds

Key Words: Channel flow, Instability, Surface roughness, Critical Reynolds number
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Simulations of boundary-layer transition using ®-S model

T. Kitamura, S. Obi
Department of Mechanical Engineering, Keio University

ABSTRACT

New simulating method named ®-S model is proposed and results of boundary-layer transition in a flat-plate is

presented. @-S model, based on vortex method, is mesh-free and uses particles for discrete of velocity gradient at the

field. The distinctive point is to handle not only vorticity tensol but also strain-rate tensol. Applied this model to initial

value problem, we found that the most effective disturbance for the growth of streamwise vortex had relatively large

value of | O v/ O x|+| 0 w/ O x|. That means, the optimal disturbance is created when flow goes over or around a obstacle.

Key Words : @S model, vorticity tensol, strain-rate tensol, vortex method, boundary-layer transition, shear flow
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Statistical properties of turbulent jets developed from turbulent pipe flows

T. Ishida, M. Oda, M. Matsubara,

T. Yoshida and Y. Tsuchiya

Dept. of Mech. Systems Engng., Shinshu University

ABSTRACT
The turbulence characteristics of air jets issuing from the exit of turbulent duct and pipe flows were
investigated using hot wire anemometry. The statistics of turbulence that include turbulence intensity,
skewness factor and flatness factor show that the strong entrainment that bring the surrounding fluid at
rest into the jet around the early development of the jet and these values saturate to the general turbulence
values downstream. The velocity correlations show apparent negative values that suggest certain large
scale of the turbulence both in time and the spanwise direction. Though the spectra never indicate any
specific peaks, this result suggests that the jet flows from the turbulent duct or pipe flows have a large
coherent structure at least in the region close to the jet exit.

Key Words: 2-D, rectangular , circular pipe, jet , correlation, coherent structure
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Interaction between Two Horseshoe Vortices in a Turbulent Boundary Layer
H. Makita, N. Sekishita’, R. Aoyama’ and Y. Hayashi"
Toyohashi University of Technology

ABSTRACT

Interaction phenomena between adjacent horseshoe vortices were experimentally investigated in a fully developed turbulent boundary layer. A
pair of horseshoe vortices was artificially induced by injecting small swirling jets. To observe vortex structure, coherent velocity and vorticity
components were obtained by conditional hot-wire measurement. A stronger sweep was induced by inside legs of two horseshoe vortices than by
single horseshoe vortex in the symmetrical vertical plane. When two horseshoe vortices were induced simultaneously, they merged with each
other at X=700mm and each inside leg of horseshoe vortices was separated. The separated legs might change to streaks. The merged horseshoe
vortices grew to a single larger horseshoe structure in the downstream region. On the other hand, two horseshoe vortices induced with time delay
of 20msec didn’t connected between them. Separation of their inside legs was not observed apparently. Peak values of normal vorticity of trailing
horseshoe vortex was smaller than that of leading horseshoe vortex at X=700mm, Y/6=1.0.

Key Words : Horseshoe vortex, Turbulent boundary layer, Interaction, Conditional sampling
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‘Dance of falling leaves
H.Sato, H.Saito and H.Nakamura

Institute of Flow Research

ABSTRACT
When summer ends , tree leaves start falling. They dance around in air. We planned to perform a systematic
investigation on the dance. We used a transparent water tank and dropped various kinds of thin model. Among them
the best dance is performed by the one-yen coin. The dance by the coin is very regular and reprodecible. After

hundreds of trial we found that the stable dance is performed by models with axial symmmetry. In the process of
falling all models turn around the vertical axis and if there is no symmetricity, falling mode changes. Appropriate

conditions for the stable dance were discovered.
Key Words: Falling leaves, water tank
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% Kb (EE&EF)
Inertial Similarity of Velocity Distributions in the Burgers Turbulence

T. Tatsumi* and T. Yoshimura**
*International Institute for Advanced Studies
**Toyota Technoservice Corp.

ABSTRACT

One and two-point velocity distributions of the Burgers turbulence are worked out using the cross-
independence hypothesis of two-point velocities, which was employed by the authors for dealing with homogeneous
isotropic turbulence in an incompressible viscous fluid.” Since no external excitation has been introduced, turbulence
decays in time, and the self-similar evolution of the statistical characteristics is assumed.

One-point velocity distribution is found to be an inertial normal distribution including only the energy dissipation
rate ¢ as the inverse diffusion parameter. Initially it starts from an uniform distribution with infinitesimal prob-
ability density, grows up in time as a normal distribution with decreasing variance, and eventually tends to a delfa
distribution corresponding to the dead still state. During this decay process, the kinetic energy £ changes in time ¢
as E oc ¢ ' and thus the energy dissipation rate & as & o t?

Two-point velocity distribution is expressed in terms of the velocity-sum and velocity-difference distributions.
The both distributions are obtained as another inertial normal distribution for all finite distance » > 0, associated
with the constant ¢ /2 in place of ¢ of the one-point velocity distribution.

The inertial normality of the both distributions makes all length-scale related with the viscosity v vanishingly
small and causes discontinuous change of the distributions in the limit of small distance » — 0. The inertial normal-
ity is broken for the velocity-difference distribution at the inertial range, which is obtained numerically as the asym-
metric non-normal distribution depicted in Fig.2. Except for this case, the prevailing inertial normality
of the general statistics of the Burgers turbulence provides us with a bright prospect for the extension of the theory
to more complex turbulent flows.

Key Words: The Burgers turbulence, velocity distributions, inertial normality
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Boundary layer theory of magnetic reconnection

Akihiro Ishizawa’, Masahiro Wakatani* and Shinji Tokuda**

' Graduate School of Energy Science, Kyoto University
" Naka Fusion Research Establishment, Japan Atomic Energy Research Institute

Abstract

The boundary layer theory of magnetic reconnection is presented. The theory is a singular
perturbation theory for small diffusivity. In the theory a whole region is divided into an ideal
region and a boundary layer. The time evolution of reconnection is obtained by demanding
that a solution in the boundary layer asymptotically matches to a solution in the ideal region.

Typical time scales of several types of reconnections are shown.

Key Words: MHD, boundary layer theory, asymptotic matching, magnetic reconnection
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Statistical Characteristics of Vertical Gravitational Flow
Impinging onto Horizontal Ground
T.Nagata*', K.Iyama**, S.Obi**, S Masuda**

*National Space Development Agency of Japan,
** Dept. of Mechanical Engineering, Keio University

ABSTRACT
As a laboratory model of downburst, statistics of turbulent velocity field of a vertical gravitational flow is

investigated. By mechanically breaking a thin film placed at the bottom of a cylindrical container, a finite mass of a

high-density liquid begins to fall into a stationary low-density liquid, forming a vertical thermal, impinging onto a

horizontal ground and diverging radial outward. By employing PIV, the ensemble-averaged maps of velocity vectors,

azimuthal vorticity and turbulent stresses in a meridian plane are obtained. The statistical characteristics in the

downdraft stage, impinging stage and diverging stage are examined.

Key Words: Gravitational flow, Flow Visualization, PIV, Downburst
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Fig.5 Contour of apparent
Reynolds stress components
and velocity vector map in a
meridian  plane.
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Fig.6 Contour of production
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map in a meridian plane.
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means negative values.

P
- .
.

oy
=1t

FOKEME~DEZRIZHOWTEREITH T2
FERUTOEBHLNI ST,
- fEfEREm A R b D,
< PG OAKEF R ORREEIX, t/T=2.8 T
0703V, Th v, ZONME (r,z) &
(1. 2R, 0. 1R)) THEUHIESN Tz, F7z, $HETIH
X DR REEIL, t/T,=0.74 T 1.1%0.5V,, L
BIXH O ECTE S 2=1. 2R, £ 2> TV D,
cbA JIVARETE = VBRI A WDIZIFETE L,
ERIELIS I DAERLIR P_IXERE H R DY AW K&
Y= VDI TRE L —H, R
55 P i3 TR C I —~ L I 4 A B AER
T, F AU IR B Oy TR E

.

Uy,

SEER

1.Fyjita, T.T.:. The Downburst. Univ. Chicago Pre
ss. 1985

2.Wilson, J. W., et al.: J. Climate and Applied
Meteorology, 1984, Vol. 23, 898-915

3.Lundgren, T.S., et al. J. Fluid. Mech., 1992, V
01.239, 1992, 461-488.

4. Alahyari,A. et al.: ATAA. 1995,Vol.33, No.11,
2128-2136.

5.Srivastava, R.C.: J. Atmospheric Sciences, 45(2
1). 1004-1023, 198s5.

6.Proctor.F.H.: J. Atmospheric Sciences, 45(21): 3
137-3160, 1988.

7. Alahyari.A, et al.: Experiments in Fluids, vol.l
7 (1994),434-440.

Thic dociiment ic nrovided hv TAXA



TEE e ER O] & hiIfH) PRt (B8 31 E - 55 32 [|) 75

No.23

BIRPICARE L - W5 EE R BT 5%

WF R, G K&, Bl AR, BT # (REEH)

Experimental Study on the Parallel Vertical-Axis Type Windmill in a Wake

M. Yamagishi’, D.Sato’, K.Nozaki’, and J. Miyashita’
Dept. of Mech. Eng., Nagaoka National College of Technology

ABSTRACT
To improve the performance of the drag-type vertical-axis windmills, the system using a wake
behind a bluff body is proposed. In this study, the model which is constructed with two Savonius

rotors placed in parallel behind a circular cylinder is made. 1In this windmill system, drag which acts

on the reversing bucket of Savonius rotor decreases owing to being in the low speed velocity region

in a wake. Furthermore, as the flow accelerates beside the circular cylinder, drag which acts on the

advancing bucket increases. To compare the revolution of the rotor in the windmill system with that

of the single rotor, the wind tunnel experiments were conducted. It is found that the revolution in

the system is higher than that of the single rotor.

In order to determine the Savonius rotors

configuration, the experiments at the system were conducted for various configurations of rotors.

The results showed that there is the optimal configuration of the rotors. The experiments were

conducted with three types of the power augmentation system; guide-vane, casing cover and splitter

plate. The revolutions of rotors with the power augmentation system are decreased in all conditions.

Key Words : Windmill, Vertical-axis, Savonius rotor, Wake
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Skin friction reduction effect of microbubbles and its characteristics

Y. Kodama, T. Takahashi, M. Makino, K. Sugiyama, H. Kitagawa*

* National Maritime Research Institute

ABSTRACT
The effectiveness of microbubbles was proved by a full-scale experiment using a training ship
of length over 100m. The skin friction decreased by 3%, which resulted in the net
power-saving of 2%, by taking into account the energy needed for air injection. A PTV/LIF
technique was used to measure turbulence of microbubble flows, and the reduction in Reynolds
stress by bubbles was measured. The numerical simulation of bubbles injected into horizontal
channel flow was carried out, and the skin friction reduction was successfully simulated.

Key Words: microbubbels, skin friction reduction, full-scale experiment, PTV, LIF
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Process of Boundary Layer Transition on a Concave Wall

Akira ITO and Kohei YAMADA

School of Science and Technology, Meiji University

Abstract
Process of laminar-turbulent boundary layer transition on a concave wall of 1m in the radius of curvature
was studied experimentally under main airflow velocity of 3.0 m/s. The mean velocity and the turbulent inten-
sity were measured over the whole concave wall, and the relationship between the periodic high-frequency
horse-shoe vortices and the boundary layer transition are also discussed.

Key Words: Gortler vortices, Boundary transition, Velocity and turbulent intensity measurements
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On stability analysis of rotating-disk flow

Nobutake Itoh

Institute of Flow Research

ABSTRACT
The flow on a rotating disk is the simplest example of three-dimensional boundary layers where two kinds of
instabilities can appear in general. One is the familiar cross-flow instability of the inflexion-point type
essentially described by Rayleigh's inviscid stability equation, and the other is streamline-curvature instability,
whose rigorous mathematical description is not yet established. The present study gives an asymptotic series
solution of the exact partial differential equations governing small but wavy disturbances superimposed on
rotating-disk flow and compares the results with some known properties of streamline-curvature instability.

Key Words: 3-D boundary layer, streamline-curvature instability, cross-flow instability
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Fig. 2. Neutral curve of the asymptotic solution.
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Fig. 3. Neutral curves of a nonparallel-stability model®.
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Transition Analysis of the SST Experimental Airplane
Using the C-S-C Saddle Point Method

T. Atobe* and H.H.Chen**

* National Aerospace Laboratory,
" California State University, Long Beach

ABSTRACT
The wing of Next Generation Supersonic Transport (NEXST) was designed using the
natural-laminar-flow (NLF) concept to reduce the friction drag. The onset of transition from
laminar to turbulent flow of NEXST-1 wing model at Mach 2 was predicted using the eN
method with the saddle-point method. The velocity and temperature profiles were obtained by
solving the compressible boundary layer equations with the infinite swept wing assumption.
The stability analyses were executed at eight span-wise sections of the wing. Numerical
results obtained from the present study showed that the amplitude of disturbance are growing
rapidly near the leading edge but the growth rate gets slow down soon thereafter. It is seen
that this wing model has wide laminar region near the mid-span and the NLF concept was

validated.

Key Words: Supersonic flow, boundary layer, transition, saddle point method
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Boundary-layer transition measurements on axisymmmetric body

with angles of attack in supersonic flow

Hiroki Sugiura, Akira Nishizawa, Naoko Tokugawa
National Aerospace Laboratory

ABSTRACT
Transition on a Sears-Haack body was measured by an unsteady pressure transducer and an infrared camera
at Mach 1.2. Sears-Haack body has minimum aerodynamic drag at given volume in supersonic flow. As a
result, transition location moved forward on the side and moved rearward both on the leeward and windward
rays. According to the measurement result of the surface pressure fluctuation, turbulent flow and laminar flow
appeared intermittently on the leeward ray. The growth of crossflow instability was observed on the side ray.

Key Words: Boundary-Layer Transition, Axisymmetric Body, Infrared Camera
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