SP-21

SP-21

ISSN 0289-260X
UDC 532.5
533.6

it 2% 55 o B9 BF 7 0 4 B R

SPECIAL PUBLICATION OF NATIONAL AEROSPACE LABORATORY

SP-21

Mg RBEBOMY L FIH, MASHEFEREXE
(31100 - &512H])

"R REBOMREA L HE HRAS

199337-115

WLZE T oW OB OB OROPT

NATIONAL AEROSPACE LABORATORY

Thic dociiment i nrovided hv TAXA



"SEREES O L HIE) RS EERE
(58110m - 5512[0])

Proceedings of the 11th and 12th NAL Workshop on
“Investigation and Control of Boundary-Layer Transition”

"SRG EL OB L HE, RS

Steering Committee of NAL Workshop on

“Investigation and Control of Boundary-Layer Transition”

Thic dociiment i nrovided hv TAXA



X L o %

FHERID, FR4F IHEFR5F 3 BICMEFHEMH A THMES nL/c 110 L F120
EREEBORIPLEE] HRLOBHESEZNBELI- 60T, AHREMKREEL THLrOH
CeENSEBL, COoWMEELSMBEICTLET., AEFEDONITH SIIHFAFRDOAEHTBS b
S AL RICED > 72128, MEEDOEANHELF LI, TORBTEIRELRKICHND EHIKEK
HWHATERICOHILD, BRAKTELTRTVET, COLIHIRKEREEL TR LIIHARROH
Bifrs LTRIBER T,

INE THREIN12EIOH R TOREEL 1200 5 b, HARPPIZA2, ERMFFR8ICH
L, B> 12— a3 VBEAEBIEHFSOBMBICHRELHEDEVERELE A LDIE
BHOBVLRNOTRAIC N S =FEOMB L EFRELERIATURTT, HNOBfEY I aL—va
BT AHARRERCICEDN /. LET, AR ERER L ZOBRILORENFED
BERAOMFEZ2GDLRBRELTEOETY, choicldEd 2H LVRAS, EHRCDRBENLT
RAZXLELIL TBLET,

SEOBFEARXEZTHTT 2iChHic - T, HRXBME, BHE, BHEEFBL2ERLTTS
sth%, BLXURSEREHTS N, BAEBAITE - B2 HEREERBR LEFEREOH
LB BRLERL LT E T,

RS HE T A
[EREER OB L) AR
®E F B F B
th & &
= A E ¥

Thic dociiment i nrovided hv TAXA



FLE
FUEHARS (FER 4% 9 280 - 298 )

1. BEHETICBI AILFEOMBHE oo rrermaa e et et e e e e 1
NZEFHBERMPIRR BN BF

2. IS 7 FEBIEBOBUBE T 3 2 L 5/ 9 3/ trr ettt ettt e e e neas 5
BXEEFEATY LH #Ei
VIV
MZEFHEMARR LEx BE

3. BRAEROAREEY EE LT T IRFEDFEEE  coooevvrerre e i it e et et an e eeans 9
RE LR KiE
B8R &N =5k

4. B Navier Stokes HIEHEM 7o FAT, FETATHOBIELEREAT ~-oorvrrorsremreesene e 13
HESREHTFHER TE 0B

5. BREBOEBBEETEHE — ABBRIDTATL T corerreererrimriir e ee et etrsereaaaeeineaasns 19
ARARFIFR RRELE
RISt RES #E &

6. P EBEHITET AEREFEDHED oot e e 25
SHRSE R KBEEgEX
Kig B

7. Re mﬁ;(_ﬁpf@ﬁmg‘[{’gfﬁ-—;5ﬁ .................................................................................... 31
BWARFETYH HE F&E
K& B2
FEARFLEHR NHF RH

8. ANZTUVEBINDT 7 F 4 TEHIBIT DUN T coeeeeermea e ettt et e eaas 35
RKBEFRILKFETHH EBE &8

9. BBEITBUTBIERREEIB() c--oceorre ot i ettt et e et et r et e e eaeanan 39
RALKFEFAEMERRR PE RH
/MNAERE

10, SRITCHEABOBBIETRIC OV T e PN 43
MZEFHBEBHFTA 5K EP
FE G

11. LR AR IC R D A BIEINT L iR TIIE - et e ‘47
ZFHBERAR BEREX

FLR2EHARS (F 53 A25H - 260 )

12, BT XA LFD QURTLATMERETE oo overrrareerrem et ae e et e et eee et e e e vt e e s ae e saannaeeeenaas 51
HEAFEER MK =R

13. ’&ﬁ{cﬁbﬁé{@ﬁﬁz‘x&ﬁﬁﬁtx .................................................................................... 55
BRUBEARFE @il &

14, FHERREN T RBORIEMMEIC L 25 EE OB AU DBREE  ooooeevrrrrorrie oo 59
BLTESEEMFR KK X
L B

Thic dociiment i nrovided hv TAXA



15. MBHEICHE SERIIEE IR DIEER oo e e 63
RIGKFELFR FEk Ok
AFEKE

16. B VIBFID IR oot 65
WMAIMFRFATE &H HA

17. BB ARETHICH T ABEERRREIIE  --oveerverremrmrrraem et st ettt 69
BRUBEEARF =% K
BHBAFLFER BX S

18. NRF —WHRFHICHBF BIEDIEEL  ---vvoreererrerrie e 73
FIEHARFIFR KE B

19. A= VRBFIOZRITHEE — Wi Fingers DFEREHE - 79
BERAFLFEH XxB
ST SN

20. Y7L b fﬁﬁgﬂm%ﬁﬁ@gﬁjmﬁﬂﬁ .............................................................................. 85
WOKFTFER =k &

21. *ﬁg@%ﬂ?‘ BRI ERE o et e 91
BAKREETFE A8 #E

29, KBHRNARTEBICBI AEBE 7 O B R - 93
IR FRERFEHRR MR RH
Bl Al
NBETE NHERE

F11E] - FI12EH R L DOERIE LRI oo orerrer 97

Thic dociiment i nrovided hv TAXA



BEEBRWIC BT BALHREADEE

7 & B =

Enhancement of Turbulent Mixing in
Supersonic Wake

Toshiyuki NOMURA
National Aerospace Laboratory

ABSTRACT

Spanwise periodic cutouts at the end of a fuel injector in scramjet engine introduce
longitudinal vortices into the wake and enhance turbulent mixing of hydrogen and oxygen. More
effective mixing is expected if an oblique shock wave impinges on the wake. Thus computational
investigation is made to comfirm this idea in the case of a flat plate with cutouts. An oblique
shock wave with no oscillation has very little effect on the wake, but the shock oscillating with
a low frequency 19.1 kHz makes the core of longitudinal vortex wavy and the shear layers
wrapping round it fluctuate in a complicated manner. When the shock oscillates with a high
frequency 43.1 kHz, the shear layers wave quite regularly, while the core of longitudinal vortex

is hardly influenced.

Key Words:

turbulent mixing, supersonic wake, spanwise periodic cutouts, scramjet engine,

longitudinal vortices, oblique shock wave, oscillation, shear layers
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Numerical Simulation of Laminar-Turbulent
Transition in a Rectangular Duct Flow

Tatsuya YAMADA and Iwao HOSOKAWA
University of Electro-Communications

Kiyoshi YAMAMOTO
National Aerospace Laboratory

ABSTRACT

Numerical simulation of laminar-turbulent transition in a rectangular duct flow is made
using a spectral method. Aspect ratio of the duct is fixed to unity, in which case the flow has
been known to be stable from the linear stability calculation and this is in contrary with the
experimental observation. It is obtained from the simulation that two-dimensional secondary
flow occurs when Reynolds number of the flow is 2750, and three-dimensional turbulent flows
occur when the Reynolds numbers are greater than 3000.
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Instability of the Flow in a Rectangular Duct and
Generation of the Turbulent Secondary Flow

Tomomasa TATSUMI
Kyoto Institute of Technology

Takahiro YOSHIMURA
Information System Developments, Hitachi Lid.

ABSTRACT

Nonlinear instability of the laminar flow in a rectangular duct is investigated extending the
method for linear stability of the flow (Tatsumi & Yoshimura (1990)). The cross-sectional flow
of the turbulent secondary flow is obtained as one of the velocity fields due to the zero-wave-
number component of the disturbance of finite amplitude.
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5E, sTEAKRBHLARHESA, oF i, BREBL Lo
FIHARIBICH L TEERBSRHBI N L0 IEFICL S
boLBbhd, COXHIUTFHEOLEI, QDO
BIEBIEHEELIC 0T, ST 0oMBHEAMsSHRLL

BeoBERELBHT 5,

HHEoME L, QOEREBIBREA=T N TIT LY
b, ¥5it, N=13%fix2, £E52¢itd5b, 2D
tid, —REABIAEUD LS THZH, FFELEHER
TRLELIFRVLONBAMNUTH 5, BE, A—<DER
T 5 KL Poiseuille OB &ITIE, FHBLUBRER
B2 5z 2ardiifiE, N=137:i 2 TT ClEHMIK
ELVWERSBONTEY, N=3,4 SBNUHELEX
ZRBAERLNCEBASNTL S (Herbert (1977))0

LT, N=1, §7bbn=-1,0,1 0O 3IHEHBES,
FEHEHMCIE, 0,1D2KA%ED, ZholtHT2RES
BERX% a=1.0, R=1000, 2000, 3000iC DT, Xx &g
PR ELICE L T T,

PEELE LTRE—F 1 2&D, SFITHOPIRE
aDbLITMOHIRBEERHL/I-LT A, R=3000TIS,
a=0.0115{<3t L T iRE~NO#RESR Sh/cds, R=
100035 & F2000Tid, LD &L D15 a DB L THHIK
BREEHINEL-T. 2D EHS, il kD Rey-
nolds MOF/METH 2IHBILEER Reynolds B R, 13,
2000 & 3000DfEICH B bDEMTEI NS,

FVHEA X S ICEHMICEET i, —BRBOBEL3)
it 2REBHER 2B ORBREMSIHBDT, XOE
FEInBEICHT AEHFEHEILR S OBHBENT
b5, CLOFERBREETHTHO, ROBEICHET S
TEEL, :

ST, AMROFBETHBEK_RFRO>VLTTH 5
7, D EOBEOKMREBOEAL LA > EE, #
il 0 B2 OMENFROERED, - T oPIREE
DE—FIZE-THRED, Reynolds ¥ R, ¥, #1188
Bl a, Bt UERRBEASEBINLNENITLET
b5,

AELT, PIBERHOE—F1 (=V), 1, Ditxd 3
#EILo 0 EERBRSOMEARERAE, ThthH 1, 2, 3iC
Rd. M2hoMniskdic, =— F1icHd a8@mAHE
BRI, AFE-ZKFEOZThEBRUTEY, HhoBRE b
FHEHRLTVWE, T &3, “BLH_RE" 7, BHR
DFBEALEME ICE D  ERRBEEO 0 RS TH
5L9%, b RBROELIAZBRHE260TH D
EBbh3E,

1212, CTRFIBERSRET S, Tid, T,
=-FlB8IULoMEBHEIICXs, H1BXU3DLS
SEmARERRS, LR RFEIKBOTREAI TV
M, LVHTETHD, ORI L CHELNRELS
Z5icE, BEobhbhoHERBEIR+9THD, %
DtzHicis, XVILEEBD Renolds M R, ¥ «a, KW a
T 2HBEETOLENS D, LDT LR, S FiLEX
1R MEOREICL > TBTHOERINDIBDTHD,
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BEEGE /I Navier-Stokes HRER 2\ 72
47, IEPAITIRO R E AT

F %

E*

Stability Analysis of Parallel and Non-Parallel Flows
Using Discretized Navier-Stokes Equation

Satoshi CHIBA
Institute of Computational Fluid Dynamics

ABSTRACT

Erikson’s method {2] developed for analysis of numerical stability was applied to study
of linear stability of incompressible fluids. Since this method is purely numerical, it is free
from restrictions for basic flows associated with analytical method. As computational examples,
plane Poiseuille flow, Benard’s problem and 2D cavity flow were analyzed.

Key Words: Eriksson’s method, linear stability, non-parallel flow

1. @ L& E&E

FhoEEHOHEICE T HBITNASE (XIXEMS S
BRXoBEEAEARHE) 1, Y7 4 - ERDIEW
R L TRSEB LN, /N7 x — 5 DE{LicE T 2D
ERNEHLETRLLT VRS AR, ERSELT
HEAEXALEL 20, BT T 3 ERICETHREOH
BAss %, BEORNIKBIVHEFITHTHD, ZTOE
S CEARAY S 5. BEFTHROBR U B0
HOIELITHICR 51 5, Navier-Stokes HER OHEERK
iAo ERICGEAHR 503, PIPERES LT
MIBAE D foddic, 1EORTICHLTYT 2 — 9 ZEROD
—EOR LUMELNT, FHBOEHMNES I TARET
&5, APRTRE L VBELEHOMITE (Eriksson @
Hik &S ) IO\ Tl %, Eriksson Fidne, FER
- LOREHOTE D icC 0B HEBF LI, Fho
BREEEROREIICATEETH 5. H ISR ICEER
T, LEHIRBERUEL Navier-Stokes HIEEXOBRITHID
FEEE,SHEENS, ARE T, Eriksson D HEDIE
EfFEHR~OBRE, BEANSEITOFINC OV TR~ S,
7 L CHIERIE L L ¢ FEf Poiseuille #i, Benard OfRED

* A E RSO

B EITO, RICEELITRORXREHOHEL LT 2T
Cavity FREBI9 %,

2. BERE

2R AR BE R L & 7o FE ERE¥EYE R D Navier-Stokes

HERE, UTokHicEL,

du/ot=f(u), f(u)y=—(u-P)u+Re™ PPu—Fp (1)
LZT, t3EHET, u, pRBRTNZThEBERFHLELET S
HENI PVEEDNTHY, plludBIHEEZL B, uid
BHEEGLMEL TV, fiRuitBTsZ8AATHO,
Re ZReynolds M ThH %, T H#F u, EBMEELL £2F X,
u=uptu L9 B5ERRADESND,

du/dt= Au (2)
AZBIBAITIIT A=(0f/0u)u-uy TH B, u, fE LT
5¢, BNBoRELXEH I nxn RTOIEFBFETHI A
OEBE IV »oREIND, — KT ADKITRBIEFICLK
X151, ARZBBICKRD B T ERRAIRELIBSHB O,
z 2T, Arnoldi 0F#> T ADEMEE %D L Hes-
senberg {15 %5tHE T 5,

u,; EEFIHIN bV (58 LX7 bv)

€ :(al: al )-“2 l—11

for k=1 to m(<n)
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P
Uks1 = Aep— ;‘;1 hjrej, hj r=(ej, Aer),

et ~ 1/2 _
th, p=(Uker, Uks1)', €r11=URn /hlcﬂ,kﬂ

next k (3)

22T H={hj} 3 mxm KDL Hessenberg 75| TH
%, Arnoldi ®F ki, Lanczos it & RIREICR T m %14
MEXE3L HOEHEORESIEEEN S ADEB MBI
HLTWE, m=n CLELEIKEI—ETEY, AD
APEE~S brvid

Hyy =X, 05= & (5)ner, (=1to m) ()
DORILKDONE, TL Ty, A o, 32 0FN HDOEE
~g v, BEE, AOEUEE~NS r L THB, LLED
BB IO EMEORELERMEARD B LHHEEK B,
L LBEnEoRELEHoRIFTli@ LT 20 EEHE
BEICGAOCHYREMETHD, LD AEDEETERE
EoWwEBEAB S EMNHRIEV, £ TR ARHE
B LT 285,
uMt=pBu" (5)
T CTT, B=exp (AL4t) TH 5, N, LI3BEEHMH 7 »
7T, 4t 13ER%IA THB, 1° & BOEHH P 3 =exp
(2L4t) LV HBFRTREIEINTVWS, Zhick hhIZE
fHiEne— FoBEBEHEE 1:AEIC, TEE— FEBHEIIZO
o 10OHICEREND, Arnoldi BRI 28813,
BMICKESLTITBYD, B)XND Aer® Be, TE XWX
%o Berldu, D ERZEAEZRL TLUTOLI KRB B,

Ber=0.5¢" {B(uo+eer)— Blug—¢er)) (6)
LZTe3NSRIEDOKET B, KRR TIIHEEHSRERE
EDI0BEIRALIICHB LI, NsHHe 252 5C
titky, BMET ZRERIMNTON S,

wic, BAMLEREDFR IO L TRRB, fhiED
HEECIEBRENELAH VS, (1), GIROBEICIE, B
] 2 RIS D Runge-Kutta =2 H W05, —HRMBEER
ABAL, HBEHEFidstaggard BFEH 05, ZRIKS
HRMABECAREEODLERT L SIBEDE L%
5%, WHIRIK 4 TBEODLESE, TOMODIAIC 2K
BREODTLESEMGS, HOFEER, EE~X7 tvodt
Hitll, TNFNQR &, FREGAHERT 5, K1
FOFMEARL 1.

3. & & &

M@ Poiseuille & : MREHFIKELMICEBEE, L
THBENC NonSlip &4 525, Ly ZRMEARS LT
5E, COFEER TR RS B/ NKEREBEAD, 2n
/Ly &85, ZHL FOKFHBHEEIE COBEOBEKLE L
1%, Re=10", a=1.00H4&, Orr-Sommerfeld X%
Orszag OF#" T Chebyshev #2501 & L CHE L@

[T A RO FRM, p LRMRENROS, ]

1
2EAMEERLMEOREL D Bo = DMEE source tem
LT 3 RNRMDOPoisson HRA LM S, MRS L Tsolenoidal %
ARORETERD S, TUEEMEL, ei& T3,

~l
S IRR ARORAt MiBHhT5, WAOKESM AJ
eCTHET 5.

[smemratim< (L2727) . B7MEu, ET3. |

|

[seomooRmolat£L3I<. MEOKESLLARET S, |
: A

[cHRREABAZMC (LA777) . ALMEu,t35. |
i

[7.u,. u, 5B ¥MNT 2. Be =05el(y-uy) ]

I
[sAmoaiE i X h X2 7 » 7ORAEHKT 2. ]
I
[93BhmBCniRBLHERD S, |

|

[roHoEAM, BA~7 FrERNT3, |

1
ln.Aoﬁm BERZ FLENRT B, ]

M1 #EoFME

Bl 2°=0.00386+0.235; TH Y, Eriksson D HETH
FE121x21 & LTKRDI- b DA 24=0.003+0.235iTH 5,
BERLITHIRBRLLIC—BL T3, B2tk
AR, EEb Orszag D5 I L BEREFIE TH 5,
BERBIEFTINIVIZD—BIIHGF T IV, £
TOHEEALERBRIHARICX BN T B,

Benard fSE : COBBR 2 vF-HEXSBMbL S
HELROBMIBEETRIE B, L TRAESEICEAPIER
45z, FTEI NonSlip R L ZFBERHEA2BIA5E
COWTRING 5, K3 ILRERART, EEEBITNS
BTHBELEBREE TH S, Eriksson DAETIHEL F6L
BRI, BN HETRDIIREREFFTICLO—ER
LTWw3s,

2 RIT cavity K : AEETIE, Shen® DR LM
5 Cavity #ICDWTHEAT 5o Shen 3IRENBEDIRICH
BEOWEREHAE Z - Cavity %, Chebyshev-
Tau AR OCYIEREE LTHE L, TORRE,
BHOREE AR Hopf A TH 0, R Re$i310000 1>
5105000 H b, BFIICALELT 5 €~ FORBIIZ
#1128 Ui, M4 ICHENBOBERRIEBRERLTT, %k
11C Eriksson O H#ETRKD1- Re=10* DB S OEEFMHED
BHETRT, ChicHiEdT2EEE— FARISITRYT, #
125E—FIMBALEALTHEENRPB, KITH
IRBHEAT->1. 61T Re=10* BT BHA(K4)
D y HEEERSD O RFIF — 9 27857, Thh S Re=10*
THRICEYVIOALESEBZITED, 20» 1 FHok
B (BRA2ONBEELTVB T EMnnh b, BRITEEE
LBEOROEL LY, TORBAERDE TR LI B’
SOBKERSOE—F1EE{—RLTVWS, THEA

Thic dociiment i nrovided hv TAXA



[BREEBORALEIR) IRLBHAE 15

o 4 1 ;
o-m /_—-*__?&',_\*-O 20

/
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1.0\\\\\\\ LY 0l I O e N i S
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Q\Q I~ \\‘;:i ™ 90 { 0.01]
NSRRI T e |

0.5 SFR2121 k‘;\iff\\i\it'\\\:\
SASSNERSSSSS

I NN NN
10° 10* ’ 10°

Re

K2 BE#E (Re(1?})) & Poiseuille
#E& : Orszag # (Chebyshev 35078 ) , @ : Eriksson D4 &

" s aNind %./ |
RS Yy AP

ISy |
AL
(48T VG
SViTiN S ENR E N
INEEY/A 8T E RN
]
]

AT

/ -0 fes uou‘ y 52
] WiV, . e
G AENE NGNS E
10 10° 10° 10* 10°

Ra

3 HREZE (Re{i%}) Benard [E5178, ER : A
O, A : Eriksson D A&

FEBR iu=16x2(1-x)2,v=0.3pdy=0

£1 BEHME 2 K3TCavityii
Re=10"t&FE61x61
— FE&5 EHE
Re{)\’) Im{A")
BRER 1 33582 .2148e+l
A = 2 -.1261e-1 7185
9pfox =0 3 -8395¢-2 0
A (0.917.0.250) 4 -.2492e-1 .1438e+1
5 -3524e-1  .1736e+]
6 -424de-1  .1307e+]
7 -5568e-1  .2587e+1
8 -4498e-1  .2854e+l
_L 9 -5727e-1 3577+l
y=0

-x=0 X 'F%Bﬁﬂ:v:&p/&y:O x=1

B4 2T Cavity BRI, RUBEREH
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1‘» {é}
D)o/ 6

o

o)
o

5 BRI FvER(HEABIE ) 2%t Cavity i,
Re=10*
T 61x61, 46=0.002, m=80, L=200,
R CITEIE 423

v -0.05148

-0.05149
-0.0515
-0.05151 H
-0.05152 1
-0.05153

-0.05154 -

-0.05155 +

-0.05156 -

=-0.05157

-0.05158 n L ) L L L L 1 s
3700 3705 3710 3715 3720 3725 3730 3735 3740 3745 3750

t

e FEEPEESE (AR, y HEEERS ), Re=10",
BTH61x61

B SEtHEINEGE— F1OAMIRK2.9 Th b EEERE
HAHEE—HL T2, ReBAZISETE-F 1 OET
EAEHR LI, BRENSILRT, Chbd, H10EHA
R, Re=9900f1C, #0DET Hopf DIEAtET % 2 &
AR L f-g '

1. #& i

Eriksson @ k%, JEFHEMM RO LB DR ICE
MUt CORBEOREAWRST 5715, EE Poiseuille
i, Benard OFBEIC > W\ THELOBRERAZT T, 24

M7 BREE S EE TS 0%, WA, Re=10°,

¥ TH61x61
2.16
£ 7500
hd - [o13)
2.15 9:‘9“ 1(.:9.,
2.14
2.13
‘:2.500
212
2.1
) A o 5
2.1 V : . 1\’900
209 11 vl\l‘l‘ll‘l; |‘rv1‘1 - L1
-0.04 -0.03 -0.02 -0.01 0 0.01 0.02

Re

8 ReMickZEEM Re(2?)) OFfL, =—F1,
R Fi3 Re %

LOMER, BN ETRD I b0 & BIFIc—% L1,
TITRNOLEMERFE LT, 2R Cavity 5 % BT L
T ZTOFER, MEOBRALMICAHEFEADI O Cavity
RTREER ReB3H9.9x10° L 15 5 1o, CHERATR
Hopf 73 Ik L AR NICHITT 5, ROALERE— FO
FHE#2.9TH - 720
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Transition and Unsteady Separation of Boundary
Layers, Appearing as the Aerodynamic
Sound of Human Airway Models

Fujihiko SAKAO
Faculty of Engrg., Kinki Univ. Higashihiroshima

Hiroshi SATO
Institute of Flow Research, Akasaka, Tokyo

ABSTRACT

Sound generated aerodynamically by obstacles in a duct is observed outside the soft duct
‘wall, in simulation of diagnosing obstacle in human body through sound. For obstacle with
convex surface the sound is due mainly to unsteady swinging of separation point of the flow
over the convex surface. The oncoming flow is quasy-uniform or jet-like, simulating exhaltation
and inhaltation phase, respectively. In the latter case, the dependence of sound increment on the
flow parameters is complicated, often with unexpected features. These behavior may be explained

if:

(1) There is unsteady flow-separation on the convex obstacle (and reattachment on the wall,

too) to give the dominant sound, and

(2) The unsteady behavior is rather critically dependent on disturbances in the oncoming flow,
as established previously by one of the authors (FS).

¥ 2 N &

ZHOEB L L TOESBOBERIIEH O, 5 L0IFHE
WRETHEN, HoMGEVELH 5. LrL, BESH
TELAH L 2HMERMAREAALOER OB GG AI
v, BRSESSZENETHD, DL THHERAEON
AULETAKEERTH D, HLEMPOODHEKEZ > M
LT, BRI ZOEBHARALITIE > T\ 5,

EFOFRBERIOLSEBTELNTS, TTTRE
S[NFNLE, IbRhBHAEF OHEOKEFOPIES
Mhid BT, FRICPE > TRETAEEHRICT S (B
Eiicid, BARREEATORBILLOENFET 2HHSR
SNTVD ), ZAZTOWMARIBMICE VD, TN EEH
dBmicth 35, ERAEARICEDSHICHOTT

* R KFTFEH
x* AL EH

Hotro BEPHBTEBLRONIBTRENE, WY
OBERELZBL TANRER (H: EZFE ), BRLZE
FHRIizH5E 1, BRELALSHAEEIHNEORIELEN
24, ,

E FDORRBZ2RO LD KEELROLTL, ATOE%
BOTRULKBEEZBL TARTHATE %, T THE
T 50, RBROBEYOELELI->TREL, o,
WEBAEL TARTERIINAZEATIC DL TERLL
ERTH 5,

£ B ¥ B

X1 3HBoEARTH 5, NEMmEIESE, B3
AEEI10mmD7 7 ) ViR, 1 EERE.01-0.02g/
cm? OHBIT, ZOARW0MmMIKEVZ12mm DI ¥V F ¥
YvA 7 0FTEABRT S, - CEEHEHEES
ZOH, ZNARAL TEFEMGEL X AR, B
ZOFERRKICFI DAV, BHOMBIZ Y32 5 — T/
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FIEFHERBATRIER2S
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X7 P NVDOFERT, AT D, ER100Hz UL FAE
XNRENLZ, ERISENEGOREY (KN3IBZB) %, #
OHLBHEOETHBOEE V55 130mm DHEiCH 3
LORRELIEE, ABREEYR L COERTH 3B,
BEVMOBRTHRENGIRESD, BEYOETORES
RCILTHS (> THBIZRED Do x0p, Tmic 3 F
HEEYODLE, w4 7ok OME, t 3T HEEY
DREITH 3, #MBBEET ToRTICE T, BEYOALL

~~ |0 B
e
N 0020 gﬁﬁ%ﬁma S 7
% oo
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X3 EBEHosaEEIFERICLIFTOERDH
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Comparison between Experiment and
Computation for the Near
Wake Behind a Circular Cylinder

Toshio OTAGURO and Hiroshi SUITO
Institute of Computational Fluid Dynamics

ABSTRACT

The near wake structure behind a circular cylinder was investigated using both experimental
measurement and two-dimensional numerical simulation in order to test the feasibility of close
cooperation between experiment and CFD. First, a comparative method was briefly discussed
for complementary study with experimental and numerical methods. Results with both methods
show that the present numerical method contains several serious drawbacks, in particular, to
pressure estimation just behind the cylinder and to mass continuity calculation further downstream

of the cylinder.

Key Words: cylinder wake, near wake, shear layer, hot wire, CFD, comparison
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Forces Acting on a Rotating Circular
Cylinder Near the Critical Reynolds Number

Muneshige OKUDE and Nobuyuki OHKURA
Meijo University

Tatsuya MATSUI
Gifu University

ABSTRACT

Forces acting on a circular cylinder rotating in a uniform flow were investigated
experimentally at Reynolds numbers near the critical value. Lift acting on a circular cylinder
changed from positive to negative with increase in the rotating speed. At subcritical Reynolds
numbers, the change was rather gradual. At supercritical Reynolds numbers, lift dropped suddenly
from a positive value to a negative value at some rotating speed. To see the mechanism of the
lift-change, at first, the forces acting on a non-rotating, stationary cylinder. As the results, a lift
force, positive or negative, was measured in a very narrow range of Reynolds number around
the value of 3.6 X 105, though no lift was measured at other Reynolds numers. The generation
of lift was explained by the difference between the behaviors, that is, laminar separation, formation
of a separation bubble, laminer-to-turbulent transition, and separation of the turbulent boundary
layer, of the boundary layers on both sides of the cylinder.

Key Words: rotating cylinder, critical Reynolds number, separation bubble
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On the Active Control of Karman Vortex Street

Michio NISHIOKA
College of Engineering, University of Osaka Prefecture

ABSTRACT

An experimental study is conducted to see if the negative feedback control is effective in
suppressing Kdrman vortex street behind a circular cylinder. The Reynolds number (based on
the diameter d) tested is 420. Two end plates with a separation distance of 104 are used to
maintain the near-wake flow two-dimensional. A sensor het-wire probe is located at the y-
maximum position of u-fluctuation at x = 1.5d. The u-fluctuation signal is feedback to the near-
wake, with proper phase shift and amplitude through a loudspeaker so as to minimize the vortical
and thus to stabilize the near-wake flow. It is found that the active control is able to delay the
formation of the vortex street but unable to completely suppress it. The present paper describes

these results and discusses the related problems.

Key Words: Karmén vortex street, flow control, active control, flow instability, absolute

instability, acoustic excitation
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Boundary Layer Transition on a Swept Wing

Yasuaki KOHAMA and Yasushi KODASHIMA
Institute of Fluid Science, Tohoku University

ABSTRACT

Boundary-layer transition study is being conducted on a swept wing in Tohoku University.
Sweep angle and attack angle are varied in order to see the dependence on the turbulent transition
feature. Crossflow vortices (primary instability) and inflexional secondary instability are visualized
by two different techniques and hot wire measurement. Results showed that, wavelength of
crossflow vortices seems to change with respect to sweep angle, and inflexional secondary

instability is successfully visualized.

Key Wards: swept wing, 3D-boundary layer transition, crossflow instability -
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Observation of Traveling
Waves in the Three-Dimensional Boundary Layer
Along a Yawed Cylinder

Shohei TAKAGI and Nobutake ITOH
National Aerospace Laboratory

ABSTRACT

Experimental investigations are made on crossflow instability of the three-dimensional
boundary layer along a yawed circular cylinder. Unsteady disturbances with definite frequencies
instead of stationary vortices, which have long been considered as generic disturbances, are
observed in hot-wire surveys of the unstable flow field. Detailed measurements with the aid of
hot-wire arrays have confirmed that the unsteady disturbances are identical with the so-calied
crossflow traveling waves predicted by linear stability theory as the most unstable disturbances,
although some discrepancies still remain between experimental results and theoretical predictions.

Key Wards: 3D-boundary layer, transition, crossflow instability, crossflow traveling wave
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Fluid Dynamics in Relation to the Environmental
Issues Inherent in the Supersonic Transport Operation

Masao EBIHARA

National Aerospace Laboratory

ABSTRACT

Brief description is given of the two environmental issues related to the operation of SST,
viz. ozon depletion due to the engine emission and community annoyance caused by the sonic
boom. The importance of the aircraft weight reduction is stressed in alleviating the impact of
the environmental concernes upon the development of the second generation SST. It is hoped
for that fluid dynamicists will contribute in either the weight reduction process or bringing
about effective solutions to the environmental issues themselves.

Key Wards: supersonic transport (SST), environmental issue, ozon depletion, sonic boom
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Two-Dimensional
Bifurcation Structure in Poiseuille Flow

Makoto UMEKI
Department of Physics, University of Tokyo

ABSTRACT

Bifurcations and transitions to turbulence in two-dimensional Poiseuille flow are studied by
direct numerical simulation based on the Fourier-Chebyshev pseudospectral method. It is shown
that two successive Hopf bifurcations appear on the steady progressive wave when a = 1 and
5450 < Re < 6150. Spacial structures and turbulent characteristics are examined.

Key Words: Poiseuille flow, bifurcation, transition, Tollmien-Schlichting wave, chaos
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(z=L/2,y=1)

POWER SPECTRA OF &(x = L/2,y = 1)
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POWER SPECTRA OF <w >, (y=1)
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Absolute and Convective Chaos in a Wake

Hiroshi MAEKAWA

The University of Electro-Communications

ABSTRACT

In the present paper, convective chaos and absolute chaos in a wake were studied by means
of two-dimensional direct numerical simulations of a spatially developing plane wake. When the
wake is convective unstable, the inlet plane was forced with low-level external noise superimposed
on the fundamental mode. In the absolute unstable wake, a fundamental mode of amplitude
0.0005 was introduced at the inlet plane for one period. We investigated the time traces of the
u and v velocity fluctuations and the corresponding instantaneous structures. The numerical
results of the convective unstable wake show that the low-level external noise amplified spatially
in the convective unstable layer is responsible for convective chaos. For the absolute unstable
wake, we find that the « and v velocity fluctuations continue to oscillate after the inlet forcing
stopped and that low-frequency modes generated during the modulation of the initial disturbance
mode in the absolute unstable layers lead absolute chaos.
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Spatial and Temporal Structure of Coherent Motion by
Combined Simultaneous Flow Visualization Technique of
Dye-Streak/Particle-Pass Line

Hirofumi OHNARI and Katsutoshi WATANABE
Tokuyama College of Technology

ABSTRACT

Relationship between simultaneous visual pattern of coherent motion and fluctuating
components of 4 and v in the near-wall turbulent flow is investigated using 'Dye-Particle-Image
Velocimetry (DPIV)' technique. The results indicate that dye-streak patterns of coherent vortical
motions associate with the vorticity of @, and uv structures. DPIV technique plays an important

role to understand the physics of coherent motion in the near-wall turbulence.

Key Words: coherent motion, streak pattern, particle-image technique, flow visualization, .

vortical structure
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Experiments on Wavelengths of Longitudinal
Vortices along a Concave Wall

Akira ITO and Shotaro ISHII
Meiji University

ABSTRACT

The experiments on the wavelengths of the longitudinal vortices along a concave wall
with a radius of curvature of 0.5, 1, 3 and 5 m were carried out in a main airflow velocity range
of 0.7 to 6 m/s. For each different concave wall tested, it was shown that the vortices grow at
same positions on a concave wall. Furthermore, the relation between the velocity profiles
generated by a gauze and the growing positions of the vortices are discussed.
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Mechanism of Frequency-Selection of Karman
Vortex Streets

Masahito ASAl
Tokyo Metropolitan Institute of Technology

ABSTRACT

In order to clarify the mechanism of frequency-selection of Karman vortex streets, the
temporal (absolute) disturbance growth leading to the formation of vortex streets is investigated
numerically for the wake behind a plate. Stability analysis is also made for the wake velocity
distributions to obtain their local instability characteristics. In the initial stage, the frequency of -
growing disturbance agrees well with that of absolutely unstable disturbance for the (initial)
steady wake, but it increases as the wake-shear-layers roll up to the vortex streets. Such increase
of the frequency is also explained by the alteration n of the absolute instability characteristics

of the near-wake.
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The Effect of Stable
Stratification on the Elliptical Instability

Takeshi MIYAZAKI
University of Electro-Communications

Yasuhide FUKUMOTO
Nagoya University

ABSTRACT

The linear stability of unbounded strained vortices in a stably stratified rotating fluid is
investigated theoretically. The problem is reduced to a Matrix-Floquet problem, which is solved
numerically to determine the stability characteristics. The Coriolis force and the buoyancy force
suppress the subharmonic elliptical instability of cyclonic and weak anticyclonic vortices, whereas
enhances that of strong anticyclonic vortices. The fundamental and superharmonic instability
modes occur, in addition. They are due to higher-order resonance. The growth rate of each
instability shows complicated dependence on the parameters N (the normalized Brunt-Vaisala
frequency) and R, (the Rossby number: defined inversely as usual), if their values are small. It
decreases as the background rotation rate becomes larger and as the stratification becomes stronger.
The instability mode whose order of resonance is less than Min {N, 2 [1+R]} is inhibited.
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Pattern Formation in Rayleigh-Bénard
Convection

Jiro MIZUSHIMA
Faculty of Engineering, Doshisha University

ABSTRACT

An attempt is made to clarify the mechanism of pattern formation in Rayleigh-Bénard
convection. A set of model equations, which describe the time development of the amplitudes
of Fourier modes, are proposed. It is shown that a hexagonal cellular pattern is a stable steady
solution of the set of model equations. Results of numerical simulations for the set of model
equations illustrate the mechanism of the pattern formation.
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Three Dimensional Structure of Karman
Vortex Streets
—Formation process of “Fingers” in the vortex streets—

Hiroshi NAGATA and Takahiro HORAYAMA

Faculty of Engineering, Gifu University

ABSTRACT

The spanwise cell structure which is called “Fingers” by Gerrard was studied by means of
flow visualization techniques and hot-wire anemometry in water flow. The formation process of
the “Fingers” induced artificially by a fine wire set to perturb the flow is clarified in the wake
of a circular cylinder. At the location where the “Fingers” are formed, the shedding frequency
of the vortices in the near wake of the cylinder is slightly lower than the shedding frequency
at the same location without “Fingers”. This local discrepancy of the shedding frequency creates
the time variation of the phase difference of the vortex shedding in the spanwise direction.
When the phase difference increases to some extent, a vortex filament reconnects the other
vortex filament and the phase difference diminishes temporarily. The origin of “Fingers” exists

in the reconnection of vortex filaments.

Key Words: Karman vortex street, three dimensional flow, cell structure, secondary flow,

near wake, flow visualization
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The Mean Velocity Distribution of
Open Channel
Turbulent Flow on a Sawtooth Riblet Surface

Takashi SAITOH

Yamaguchi University

ABSTRACT

The mean velocity distribution of open channel turbulent flow over ribret surface with a
triangle cross-section were measured by using a pitot tube with a rectangle open section
(h=0.5 mm, w =3 mm) and we discussed about the apparent origin of the velocity profile and
the distribution of mixing-length and eddy viscosity on the basis of experimental results. We
may conclude that the velocity profile in the buffer region differs very much from that of

smooth wall.
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Roughness-Induced Instability

Tatsuo MOTOHASHI
Nihon University

ABSTRACT

Roughness in the boundary layer induces a kind of instability in its surrounding flow field.
The instability generated strongly depends on its shape and position. The roughness is classified
into three types: two dimensional, three dimensional and distributed roughnesses. Effect of these

roughnesses on the instability is discussed.

Key Words: roughness, transition, flow control
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Turbulent-Transition Process in Crossflow
Instability Field

Yasuaki KOHAMA and Hajime WATANABE
Institute of Fluid Science

Yasushi KODASHIMA
Kawasaki Heavy Industry Co. Lid.

ABSTRACT

Turbulent transition process in crossflow instability field is investigated experimentally using
a swept wing model and a spinning disk. In this flow field, there are a couple of important things
which are not very clear. One is stational nature of the crossflow vortices (primary instability),
and another is the existence of two different traveling disturbances which are different in their
frequency at about one order. Present investigation is focused on making these things clear
through experiment. Wall mounted hot wire probe with slip ring device is used to measure the
traveling disturbances in spinning disk boundary layer.

Key Words: crossflow instability, turbulent transition, swept wing, spinning disk, flow control
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