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A DNS study of Reynolds-number dependence
on pressure fluctuations in a turbulent channel flow

H. Abe*, Y. Matsuo*, and H. Kawamura**

* Japan Aerospace Exploration Agency
** Dept. of Mech. Eng., Tokyo University of Science

ABSTRACT
Direct numerical simulation of a turbulent channel flow has been carried out at four Reynolds
numbers, 180, 395, 640 and 1020, based on the friction velocity and the channel half width in order to
investigate the Reynolds-number dependence on the pressure fluctuations. In the present study, root-
mean square values and power spectra of the pressure fluctuations are presented and their Reynolds-

number effects are discussed.

Keywords : Direct numerical simulation, pressure fluctuations, large-scale structures

1. Il

BEHIRICB T D ENEEOXEL2IBET S 203, E
WEE, EHOFRRLL Y EWREOILKT T NV OBE
WIERICEETh S, —JF, EALENNE, HELHMH
EEBHO X S TiEke <, HESETEIAREEIND T a
—NARYHBETHDIZ 0, TOWEEHFRDZ L
IERICEE LY, 207, BEMHFECHZY, %%
K OEBRD EHOHEITLATE R (F 2,
Willmarth D ; Eckelmann 2; Bull ).
ZOXYIRIADO L &, IEFEOEER BN, HEHE
RO EE & BT, EHEHIEY I 2 L —3 3 (Direct
Numerical Simulation; DNS) {2 X 2 FE @D 3 RIoh /e 2
BYOEAT S RIEE L 72 o T2 46, F 20, Kim4 ik, BEmEE
BHEu, &t F v RAVEBSIKESIS VA VR
Re~u:8/v=180 ®DNS % EFT L, FATFRETRICHBIT D
FEHEHOBBEFAITWD, i, %3, R7YF
By —AEICRITABFHE, ERBIEBOZEE L H
Ledbiz, FREFNOEIZOWTRT Y o HFRA %
BL, EAESEEFE (Rapid ), JEBFIE (Slow H)
WHBEL THRTWD, ZORE, BEmITE T, Rapid
H & Slow EARBEOCRF S L L, THLUSOHEE TR
Slow HPRapid HE D b KERFEETHZ L ZHHEML
TW5%, Choi & Moin » X, Re=180 D ZATEIREIELF
DODNS %547 L, BER TE VA B ORFZE D28 %, FFiZ,
2= v TENC 2N T, MECERBER LR TEZ
LIZXVERL WD, ik, BERmELESO
B AT MLk, NBOYEE CERT LTZES
SRS R r— ) &R, B OYEE CER

TAL LB SR AR S R r— U T EAND LW
LTW5%. Johansson © © %, Re =180 DE{TXHREIEL
FRDODNS F— & ~N— 2 % H, BT B0 ELEESE DS
A I 21T o 72, 1 51X, BV RATRY e S EAE T,
HABBOBEICEBRLTWAZ EZERLTWS, L
2L, 5E TCOEHLEODNS IZ L AT Re<400 T
FhHhNTHEY, Re=180 @ DNS IZIZEL A /XD
EREET LD, 2OLA JAEOHEHETLA /L
PR R AT 5 2 ST LW,

F T, AWFETIE, Abe H DD Re=180~ 1020 @
AT AR R DODNS 57— 42 =2 % AW, EHEEHD
RMS fli, /N7 —2~_27 bR L, LA JIVAERTEE
EHETAILERET S,

2, HHEFHERVHEARAT A—4

WAL+ HE LT AT EREELR 2 AV, SEES
AETERGHEHL LD E Lz, LA /2T,
Re=180, 395, 640, 1020 »4 FMEICHE L. FEHE
W, TR TR, ERRBEREDNT A—FTAbe b
NEFRHETH B, 728, FHERE O YL LA 2 LT
Rt e, LG T ARIL, Abe 5 79I LV EE
HELTWD, $7, FHEFIEOFHMIL Abe b ® TEE
HEL TN,

3. BRRUER
T L, BZFET, padtw i, y*TRBE, LA v
A oEeE & HIicF v X2 THESBEEICHEML T
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Fig. 1 Root-mean-square values of the pressure
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Fig. 2 Root-mean-square values of the pressure
derivatives normalized by Tu./v.
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RD &, HhEEE, Ny 7 r—EBTEETHLN, SE
T, P ms/Tw PEHE LBV, NELRDBEMPRZT S
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X1, 2 Tid, BEETEET, EHEHE, —FEHIOFH
EHORMS ERBEZICHEM L TWD, Z 2T, Z 0N
DEE M LADBER TR IND EPITEREN.,
ZDRERRD DI, ENER), —EMDOEIES
O REEMEC ST D EEmEGLE A, #Eicv A X
BaELy, M3ITRT. K3 T, pms 2/t 1, Re=1020
WELTHERE LTHEEICHEINT 2011, p)im/
(Toue/V)? 13, Re=1020 IZFET % & HBINOENE 2> faFnik &
20 20h5b, ZIT, pmd/te? DEMOE A,

P21t = alog(uS/v) +b (a=5.0,b=-9.0) 6}

OEEICHE > TW5., Z DFEHRE, Bradshaw!D, Town-

Fig. 3 Near-wall limiting values of p’,msz/’cw2 and p’,;
e (T 0/ V) as a function of the Reynolds number:
(@) P s/t ) D)1 TV O, O, A, Y,
Present; X , DNS by Spalart B0 ,Experiment by
Bull & Langeheinekenl4).
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Fig. 4 One-dimensional wavenumber power spectra
of the wall pressure fluctuations for Re.=180, 395,
640 and 1020 with inner scaling: (a) streamwise; (b)
spanwise. —--—-- , Tsuji et al. 1" at Re,~1092.
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STHEML TS, —F, AEHRE%E Bull & Lange-
heineken 49 OFABEWNELROEBROER L ILERT 5 &, W
FIZIEFICAELS —BLTWA, ZOfFERE, NEKRTH
2 AT AR ELTE, ME AL CBEE QLA E
BiR o0, AEFHE THLEMERBI, SBRNER
EIERESERY, FEEEEIEREERS T &0 &
HhAZ e, NEROEHDEHEL Y b AR ES
FRTHDEEZLLND,

FEAEFH DR — 227 b Y, KDL S IKERS
na,

[Totc)dr, = [ 9(k,)dk, = pr, @
LT, ke kEENENFNGR, AN FHEOERK

Thd, BEEENEHONST =27 M vk, AEOX
r—0vr7%L, H417T. B4 12, Tsuji 519D
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Fig. 5 One-dimensional streamwise wavenumber
power spectra of the wall pressure fluctuations for
Re. = 180, 395,640 and 1020 normalized by 1,°0 at
k.0 < 50.
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Fig. 6 Streamwise wavenumber power spectra of the
pressure fluctuations for Re;=1020 normalized by
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Fig. 7 Frequency spectrum of the wall pressure
fluctuations normalized by u /1.2 at Re~1020 as
compared with the experimental data'>'9.
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LIZ%2 Ko WERTALER L TW5D, 6 TiX, y™=30
DPLB DALY bV EBEBEAEEHDO AL MR
FEUASFZRLTWA, ZORER, Kim9, Johansson
LOBERMLTWBS X3, BHTENEM~OFERS
B3Ry 7y —BrbTHAI LB LTWS, —7,
BEm» BB Blcot, B OhERRXF—) @
FEEPWD L, KESE (KRERAT ) OFLEFH
MLTWS, 220, {EREEZAD L, Kia) O8R
HEAEGD AT bV & I k8=2.5~3.4 DIREIKIZ
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ELTWS, ZOFRE, NEORBEHERICRITH 2~
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UM ATED DT, Re~1020 IZBWT, Choi &
Moin 5 © 51E% RWEBRICEREA L7 MLk, [
LA JIVARE DA T Mz kE UALFEERE 0.8Up %
FANWTEBR LU EREA bbb s LT, M7
Rt K7 TR, WEOASLT R, SRR
NWTHEL—ELTWD, ZORIE, EEoO Taylor Kt
ERWLE -7 BEEOREY REY ThoTl LR R
L TWS., &bIZ, /7 Tik, Tsuji 19, Farabee &
Casarella 10D ELFE R B OEBRIZBW TR EFRICI
B LA VA DAY MV ER ULE S
ToTWBH, FHEME, Tsuji & 19, Farabee &
Casarella 10 DEBFERIL, =FH L bIBRES LT
WA, Blz, -7 BiEEE, =HELIIERIZEL —
HLTWS, T, ZHUOLOFRLY, RIFFETEHR
LTzl A~ 7 b VORI oY, RERBOE
BRI, RIS D AT MO B 028 &R
BHIWZBEBL WAL D EEZLRD,

7B, 78T, HBOHNOMEYE IR DN
TEOFAT M I (RBFgE) & AR O LR R 19,
1) DAY bR, KRFRKIZRNT, NT—3ETE
Bb00, FREICAERICE— /x5 2 LITHE
BRIV, ZOfRRIE, MeICRizL o, KikEozd)
IFAE DR EICEEL TWA Z 2, TR
MIELHTE &SRB R I BT 4B O E A BB O KIS
i, MR EITERMELR L AL ER B CETEY b
OO, FEHRE I A r—ViEdmREI E HIERFE LT
HEZEERRERLTWAELDEEZHND.

4. ¥

AT ELRIZ IV T, Re=180, 395, 640, 1020
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~, FEROEmEEK.
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ThV, BEEHENEED ZFEIME p'ms Y12 1L, 5E
DA I NVAEROEMETIZ, LA AXEOEmME &%
IZ log(Re) WS LT L 72,

2) BETHEHORNFEDART M VIZBW T,
SO VA S NZE O T, kS=2.5~3.4 Ok

lZRERE—7PREN, £, ZToOv—7ORERK, K
BRI BB 2 EAEGHOARERE IS & %
AU, BT, ZOEBART MVOREROZEENL,
ILmBEREOERICB T 5 AEHARY VOB
DEE) EAEHICERL TWAZ & ERLE.
AWFEOHE T, FEMERAHBEEORESL I 2
L—& & FWTITo Tz,
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Streamlines in 3D lid-driven cavity flows with large spanwise aspect ratios

Katsuya Ishii*, Tomonori Nihei* and Shizuko Adachi**
*ITC, Nagoya Univ
**Riken

ABSTRACT
Streamlines in the incompressible vortical flows in three-dimensional lid-driven cavities at the
Reynolds number Re=850 are numerically studied using a combined compact finite difference (CCD)
scheme with high accuracy and high resolution. The results show that the bifurcation of the stream-
line pattern occurs at the spanwise aspect ratio between 4 and 5. The chaotic streamlines are generally

observed at Re=850. However, the tori of streamlines localized near the symmetric plane are observed

for the cavity flows with longer spans,

Keywords : Incompressible flow, Lid-driven cavity, Spanwise aspect ration, Torus of streamline,

Combined compact difference
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Evaluation of Hydrogen-Air Supersonic Mixing Condition

using Catalytic Reaction

T. Arai

Department of Aerospace Engineering, Osaka Prefecture University, Sakai, Osaka, Japan

ABSTRACT

An experiment was carried out to confirm the validity of time series evaluation of supersonic mixing
condition by using catalytic reaction on a platinum wire. Gaseous hydrogen was injected into super-
sonic free-stream (M1=1.81) from injector. Time series condition of supersonic mixing was evaluated
by using W-type probe which has a platinum wire and reference wire (nickel wire). The evaluation
was done by simultaneously measuring each electric power supplied by each electric circuit which
kept the temperature of wire constant. Specifically supplied electric power to Pt wire depended on
catalytic heat release rate (giving hydrogen concentration) and flow convection. Meanwhile that to
Ni wire depended on flow convection. The result showed that correlation coefficient between these
electric powers increased when mixing developed. Investigations were also conducted for helium,
air and no secondary injectant cases to compare with the hydrogen injectant case. The results indi-
cated that it was possible to measure the time-series behavior of air-hydrogen supersonic mixing
layer or coherent motion of turbulence by using this evaluation..

Key Words : Supersonic Mixing, Mixing Enhancement, Measurement, Mixing Condition, Scramjet
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On Selectivity of Karman-vortex shedding Frequency

S. Takagi*, T. Atobe*, N. Itoh**, S. Kamono*** and S. Rikitake***

* Institute of Aerospace Technology, Japan Aerospace Exploration Agency,
** Teikyo University, and *** Gakushuin University

ABSTRACT
Wake structure behind an NACA0012 with no incidence was examined to scrutinize the frequency
selection mechanism of growing disturbances at Re=7200 based on the wing chord and the free-stream
velocity. Two different kinds of unstable disturbances, which exponentially grow in space, were ob-
served. The minor disturbance is due to convective instability, while the origin of the major one may be

attributed to absolute instability. Theoretical comparison is necessary to identify these disturbances.

Keywords : absolute instability, convective instability, frequency selection mechanism, airfoil wake
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Experiments on the randomization in a two-dimensional wake

H.Sato, H.Saito and H.Nakamura

Institute of Flow Research

ABSTRACT

A two-dimensional wake was formed behind a fine-mesh screens placed perpendicular to the uniform flow, The
transition process in the wake was observed by a hot-wire anemometer. The starting period of the process is the
linear growth of small-amplitude velocity fluctuations. The period is followed by the nonlinear interraction between
various spectral components. The last and the most important stage is the randomization of periodical fluctuation The
quantitative description of the ranndomness was tried by the use of amplitude and wave length of randomized

velocity fluctuations,
Key Words: wake transition, randomization
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Consideration for "Cross-Independence Hypothesis"

Iwao Hosokawa (Prof. Emeritus, Univ. Electro-Comm.)

ABSTRACT
Qualities of similarity solution based on "the cross-Independence hypothesis" in decaying homoge-

neous isotropic turbulence recently proposed by Tatsumi and Yoshimura are discussed.

Keywords : Turbulence, Cross-independence hypothesis

1. ZLoi

L SHEFOFOLEESAOFEARIFLI967
££|Z Monin & Lundgren iZ X o CERIZ DA 3 53BN
BRALLTHISNTWAY, “hrlmaFiz s
HESMETTEY EF5, Wb dERE5 VT
Lizd D5 EClideroT,

ISR B RECCREIB R, Bl (28NS
M WS MBI I ESWT, Tatsumi &
Yoshimura (2004) 12 X o> TToITW 5 Z L 3 A D &
BYTH D,

T Z TG, Fluid Dyn. Res. 1253 S 4172 2004 FE O3
X AZFEDSNT, BB R HEg R 2B L2, 20
WL TRETE R oT, Wb b RFTEE OO
WHEZFEZ IR E > Tl O £ 5 T, EoaviCidEE
MENTWDY, HEMICERLEEEEG T2 ik
HLWOT, ZITRIBALRNWI LIZTS,

b UABRES & B & T hud, EAREER Lo b 0ds,
Fleh D ELEMEBILERT D,

2. AWM

—FETHEARTIX, 1 ASHEEE (v, 2858
R E fO(v,vort) & T5, TZTVIZEENRS ML ER
L, ri32 SHOEERY My, tIIEEEETH S, &
FEMIIME L VO DX, 2 SIS BEE (vi,vy) DIEZEM]
Tve=(vi+v)2 & v=(v)-v2)/2 OEZERIZEBRL,

£O (v, vy, ) =27 g% (v, ,v_,r1) €9
ZzL 7T
g? (v, vrt) =g, (v,,r,) g (v.,rt) )

EIRETHZETHD,

Tatsumi & Yoshimura DT S HHEELIR DR T
FAEZ L EFIH LT, Monin-Lundgren D& 7 7R HHR
ZUTOABMOTREARICELDELOTH D,

0 ol

5'{'“(05{ Jf(VJ):O ‘ (3)

a1 Jaf

5 2", Jg+(v+”"’)=° @)

E‘FlOl(f) 0| (v ,r0)=0

or 2 v e (5)
2 . |of¢ p

C((t) =—3—Vljr1£p§‘ J.IVJ gf(\)‘,r’l‘)dvi (6)

K(6)HE, AABEFEETIVE, FHBORE &) D 1/310%
L, vIZEBRMEREETH D, COFBRNRTEED
ST Y T, T-Y Closure &FEA T Ly,

UL, BREZOROBEBLZTPRY REVERE
EMiizbOT, RAEROHREELEDTEOND LD
BOT, FRIOWTOHEMIZZ I TRHTERY., ZO
X oREER, BIchBET7T ey —Tike<, ©D
Monin-Lundgren ¢ 57 7R H D FHIITE N D D
BEIPENTRVELTH D,

3. BB Lk

T-Y Closure (3-6) iIfHEIZ R 2 52, EiX# 5 TiER
Ve 4 EORBOIERIEME N ESL B TH L. EFE
Tz B I FE LR

w, = vituz,s = rt‘llz,gt (v,rt)= tmGi (w,,5) @)
%ﬁk L’
o(f) = ot (8

This document is provided by JAXA.



20 FHNZET PR RRE R JAXA-SP-06-013

2 A,
ao_gvygyéﬁﬂw|G(W;@dW ©

LEE, OFERRE L., T LTHSPI ) 2R
&, 1HASmER

_ [
Fn) = (47r0¢0 J [ 4o, (10)

B, CZETRAETHS,

STHIC G+ (ws) E IR, ZHITHERX 4,5)
-,

3/2G,—5/20G,/0s+w, /290G, /1w,

+0, 120/ w,[' G, =0 (1)
WWXEL S, HOMT g+ OrikFEE2 =3, L L, 2004
FEOFHXY TR ORITHRLONL TRV, ZOMRbY

W2, A R— MZHFRER(3) EOFELHICER L Trigik
F LW
/ 3/2 ‘V I
g(V,f)z(mJ XP{ 2%} (12)

Br>0 DEFETHERT, gu(va) bIFA D“C“?)Z) L
Tr=0DFAT A5 ICETLEOFERICH > TER
EN, BIFETAVZERIC, BEXQ0) Ol —%T 5
T EREERERE.

4. MRS

Rl A BOBWE ORI, FErFER(G-6)%
I 7EA S B FEER6) TH D, Eicik~izg (v,0)
DOWTFHDOHEEANTHR(O) TR at) =0 (. ap=0) &
7Y, ROOFREOFEEIFTESND, ZZICFEN
HEORDL, EphlTTOMLES VY,

A D T-Y Closure 234 % 2 72 i, (6) DA RE
THYSDE IR g (v 1) ETiE G (WS) RO B
RN, NE)DMBE L TIhEERTE SR
EBATERV, EEMICER IS THBOEE Ah
TbOTHO)FEREL, FICritikFET 228 TO
E—Frbmhizw, ZiacdNe) 0D PFHETE
T, HOEESER o) 25 2 D0 ERX DS,

5. FHLIH O — MR EI M

b L HDEEE 2 T-Y Closure DFEMERE SN D &
FTHIUE, FRUTED L 5 R L ob,

FTH(6) DFF TR L 51T, K (8,9) 76, FHE
R

£(t) = 3oyt ™ (13)

OBWZEARE LN, kY =3 X —DOBEERK
-1 k725,

KIZ, ZOERBICITZOOHERDOKNIREE A — LR
b, PR L TiE.

2/3

1L(z)=<vf>3/2/.ss=g’§—(ozor)“2 (14)
n(0) = (*le)"™ = (v 130,) " 11 (15)

PELND, BHEEET (b LEETID ZhboR
TNV DRICFEETDETH D, MAT =N 12k
BLTHOTIT T, EEEETAAR RS L
TR,

AT =N E o> Tl A J VA Re(t) #EEL LS.

L) é3./4 %3/4= »
o (3) (3] = o

RelFRHATE LY, b LESDRT—NAE2ELLAD
Ay — TR L ThNRE, =X AXF—IEET5
K%%Ef,ﬁbﬁﬁ%ﬁﬁwoif%%ﬁéhé’k
Wi, ek x i, HEEOHCHERETERAE L7
Do

I HIIALIROBEE RN T, LT LLERENTIE
RNE, —DODEFNELTOEKIESHZIEAH, &
VIIE PSR Tk Kolmogorov IGRICE ¥ e o B E %
v, ZOIMAIT T-Y Closure & BBRICERT DI L VH
FHEEEZTLR, THIHOLZATHD THEEKRTS.2
LR EZEEOTICAND &,

of(t) = ot ™" (17
a>1/4 DEMT, BEOMBOFEEIH T 5. K (10)
O—HALLENT B2, BEOHA TEKT D, ZoFh
5, ERoBEEICELN R (Re(t) DFETS) XV
EH2 L OB ROPBAEEN D LD, SHOMETH
s

3k
1) T. Tatsumi & T. Yoshimura (2004) Fluid Dyn. Res. 35,

123,
2) I. Hosokawa, to be published in Fluid Dyn. Res. (Memo-

rial issue of Professor Imai.)

This document is provided by JAXA.



(SR EER O S PrEaERCE (37 - 538 M) 21

No. 7 A MY =Y FTRENDEER

BIHEN (FHAR), DR GREHBCRE)

Experimental investigation of the streak instability
M. Asai* and Y. Konishi**

*Dept. of Aerospace Eng., Tokyo Metropolitan University
**Dept. of Aerospace Eng., Tokyo Metropolitan Institute of Technology

ABSTRACT

Two kinds of experiments are carried out on the instability and breakdown of low-speed streaks. First
the development of subharmonic streak instability is examined by using artificially-generated spanwise-
periodic low-speed streaks in a laminar boundary layer. Up to the nonlinear saturation stage of the
streak instability, the disturbance development along each low-speed streak is similar to that observed
in a single low-speed streak. Beyond the saturation stage, the neighbouring quasi-streamwise vortices
developing along each low-speed streak interact with each other, causing an arch-like vortex structure
to develop away from the wall. After the breakdown of the primary low-speed streaks, near-wall streaks
newly develop downstream. The developed low-speed streaks have lateral spacing of 100 wall units, the
same as the value in wall turbulence. Secondly two-dimensional suction is applied to a turbulent bound-
ary layer through a perforated wall strip to realize a quasi-laminar boundary layer with suction-survived
high-intensity turbulence, and spanwise-periodic low-speed streaks are artificially introduced there. The
results show that under such high-intensity background turbulence the streak breakdown is governed
not by the linear instability process but by the transient disturbance growth.

Keywords : Boundary layer, Transition, Low-speed streaks, Streak instability, Transient growth
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Vertical movement of vortex ring with smaller density than ambient

S. Masuda and T. Arizono

Dept. of Mech. Eng., Keio University,

ABSTRACT

The purpose of the present investigation is to reveal the effect of buoyancy on vertical movement of
a laminar vortex ring whose density is smaller than ambient. Its downward motion may be obstructed
by buoyancy and travel distance may be reduced. The numerical simulation based on the finite volume
method is performed assuming axisymmetry and incompressibility. Vertical movement is significantly
obstructed by small density difference even below 0.1%. The ring is decelerated, its diameter is re-
duced and the circulation decreases with higher rate than uniform density. Due to the baroclinic gen-
eration of negative vorticity, the outer part of a ring is gradually peeled away and finally stops to de-
scend. The buoyancy effect decreases relatively with increasing initial circulation.

Keywords : Vortex ring, density difference, numerical simulation
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On the supersonic boundary layer transition

S. Sakaue, M. Nishioka
Osaka Prefecture University

ABSTRACT

To obtain a better understanding of the mechanism for supersonic boundary layer transition,
experiments are made at Mach number 2.0 by using a small supersonic wind-tunnel, with focusing
efforts on finding non-linear disturbances governing the transition. We examine a boundary layer along
the nozzle wall and its transition process by means of quantitative schlieren optical system. It is found
that vortical structures our schlieren system visualizes are mostly similar to each other in shape, being
stick-like and inclined at about 30 to 70 degrees to the wall, and start to grow often forming a group at
streamwise stations where the momentum thickness Reynolds number is around 580 and the transi-
tion proceeds as they increase in number to cover the whole boundary layer. We examine the statisti-
cal feature of such oblique vortical structures using 1800 samples and show that these structures are
important non-linear disturbances as the mechanism of supersonic boundary layer transition.

Keywords : supersonic boundary layer, transition, non-linear disturbance, oblique vortical structure
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Fig.1 Instantaneous schlieren photograph of boundary layer
transition region expanded vertically by 4 times: knife
edge;®.
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Fig.2 Streamwise distribution of the probability for the
boundary layer to be turbulent (intermittency factor).
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Fig.3 (a) Instantaneous schlieren photograph of boundary
layer transition region, (b) magnified view of (a): knife
edge;O.
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Fig.4 Probability density distribution of the inclination of
oblique vortical structures: solid line indicates
log-normal probability density function with same mean
and variance.
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Fig.5 Streamwise variation of the number of observed
vortical structures.
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Fig.6 Probability density distributions of the height of the oblique vortical structures: solid lines indicate
log-normal probability density functions with same means and variances.
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Fig.7 Comparison between the probability distributions of height of the vortical structures (@, O) and the
normal-to-wall distributions of averaged density gradients (solid lines) at the final stage of the transition.
Open symbols (O) represent the probability distributions expanded vertically by 1.4 times.

il % OtEE 2B T2 2 L BREHC 2 -
S OEEITL LAEMLTWS

ORLLT,
TWBEHTHY,
tEZLND,

X 6 i3ARMICFAT HBBEORE h OWERFE S
T, FERITEHME & R U & aHcE b oREB0E
HOMTHD., SRECET D ERDMNOITHET
TFTRIZAP > TEIEFHEL TN Z EPHERTE S,

B 7 W BES GRS 2 IREEOE X h DR
iR, EHRIT y=1mm O TESRE L % ES
mmy@aw%ﬁ%ib HEOHITHEESH (@) %
BEREBEIICBTHL)y FMIKH14HFLEZLDT
&5#,@%@@& BHLTWS, 2oz eid, Zhb
WS L > CERERB OB ERPEES L x
FELTEY, AFETER L BSENBEERERE
BEAXETIIERBEIL T D LB ENE. 20k
ik, M1 KBWTERSR 2 2<0d ERENIL
Wicies) EETHEIR IS, Ek, ELk
BEREH CTHEZEISNDEBEEY CRIEDOLDTHD.
Thebb, ZOMWMMEENFET DEELREETEICELTR
EBTHBEEZLNS. LEN-T, BIEENERES
HWORL L, BELLIMERBORESEEND5ES

BB TR, K7 ORERSAMAIEMRERER (Tiiikds
KPS EN ARV AENDZ LI L5
RYE) Oy ARG L, TS ESEEAR S &I
EHLUTHD LS BREWERABONL TV D, — 7,
XV RHE BB I BT, ELFIREE & RS
PEDLRVWEBTHRESEXMICEN, Z0Z &idinhE
KEBTOWMESTITITBS R nTo), B, fER
A & E AEL AR IR R B A,

X3 OBMEEREZE L <D L, x=T70mm 33 (Rep
=580 IZAHY) 2 LIS RE— AR L TVWDO L O ICR
%5, THEM LT, H30) s Ti@ERLES, [
fECIESMEEDNEE Y THD, 100 HOBEMBE{G 2R
Rz 23, BEBHER CIHEB LIZ WD, BB
HIEERE (60mm <x < 100mm ) 2RV TH 100 EOER
ERERL, EME#EKT 2EE GH9470 &) 1i2on
THEMYIZF~TZ.

X8 14 M & HE Ak D it E O RIR Ax DFERE K 540
T, FERUIFHAME & [ U & ok b OB 26
FFET. SO MBA OFHEE LS mm, EREES
SiEx = 60mm T#J0.6mm, x = 100mm TH2mm TV,
BRSO THMBIIREABE S IITEFE L.

>
(NN

This document is provided by JAXA.



30 FHME SR SRS IR JAXA-SP-06-013

Prob(Ax)
(=]
T

Fig.8 Probability density distribution of the interval of
oblique vortical structures: solid line indicates
log-normal probability density function with same mean
and variance.
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structures: solid line indicates log-normal probability
density function with same mean and variance.
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Investigation of local correlation based transition model

Takashi Misaka, Sigeru Obayashi
Institute of Fluid Science, Tohoku University

In this paper, the y»-Reg transition model proposed by Menter et al. is investigated. Correlations not
described in the original paper are reproduced based on other literature and validated by several test
cases: T3A-(Tu=1%), T3A(3%), T3B(6%) for .atplate boundary layers with bypass transition, and
Schubauer&Klebanof(0.2%) for .atplate boundary layer with natural transition. T3LC test case is used
for separated .ow transition which is important for RANS simulation applied to separated .ow prob-
lems. Transition position on .atplate for each free-stream turbulent intensity has good agreement with
experiment, although transition lengths estimated for low free-stream turbulent intensity are too short.
For T3LC test case, the length of laminar separation bubble is correctly predicted by using the present

transition model.
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Tab. 2: T3LC test case for separated-flow transition
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Fig. 6: Computational mesh for T3LC test case
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Phased-Array 12 X 5 NACA0012 D TE / A RIZBT A5

aMe, CrEkeE, AR)I#E (JAXA)

An Investigation of TE Noise on a NACA0012 Airfoil
by Phased-Array Measurement

Hiroki Ura* , Takeshi Ito* and Yuzuru Yokokawa*

* Japan Aerospace Exploration Agency

ABSTRACT
Phased-Array Microphone system has been developed at 2m % 2m Low-speed Wind Tunnel (LWTZ)
of JAXA. As a function checkout of the system, NACA0012 airfoil was tested. The results of this test
were observed distinctly the noise generated near or on the trailing edge. In this paper, the outline of
the results is reported.

Keywords : TE Noise, Phased-array, NACA0012, Separation, Transition
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Prompt Report of Transition Detection of
Experimental Supersonic Transport “NEXST-1”

Naoko TOKUGAWA, Kenji YOSHIDA, Yoshine UEDA
Japan Aerospace Exploration Agency

The experimental validation of natural laminar flow wing designed with the original CFD-based
inverse design method is carried out by the flight test of an unmanned and scaled supersonic experi-
mental airplane. It is the first challenge to apply the natural laminar flow wing concept to a supersonic
vehicle. The concept of natural laminar flow wing is validated by measuring the surface pressure and
the transition location. In this paper, the transition characteristics detected by the hot-film sensors and
dynamic pressure transducers are briefly introduced. To classify the transition location objectively, a
quantity, called “transition level” , is newly introduced. The transition location detected experimen-
tally is in good agreement with numerically predicted location, and the natural laminar flow effect is

confirmed at the design condition.

Keywords : Boundary Layer, Transition Measurements, Supersonic Transport, Natural Laminar Flow,

Flight Test
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Design Optimization of Gliders for Birdman Rally Contest
by using a Genetic Algorithm

AKkiyoshi Iida, Masashi Iwasaki, and Akisato Mizuno
Department of Mechanical Engineering, Kogakuin University

ABSTRACT
Nowadays, the flight distance of champion team of the birdman rally contest was over 400 m. In order
to break the record, we have to consider the weather conditions, flight conditions and design optimiza-
tion of the glider. For this purpose, we developed the three-dimensional flight simulator and the opti-
mization program based on genetic algorithm. The simulation result of the three-dimensional flight
simulator was reasonably agreement with the real flight. GA optimization was carried out with two
hundreds samples and fifty generations. The dominant genes of airplane for the contest were obtained
with GA. The performance map showed the optimal airplanes such as the champion team were sensi-
tive and not easy-handle. The simulator was suggested another optimized model with flexible wing
that was not sensitive to flight conditions. The proposed model got the fourth prize and the referee’s

award of the birdman rally contest 2005.

Keywords : Glider, Optimal design, Genetic algorithm, Flight-simulation, Optimization
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Fig.1 Picture of airplane for the birdman rally
contest : Birdman Project Wendy, Kogakuin Univ.
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Fig.2 Simulation results of flight orbits of glider
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Fig.3 Parameters of design variable

Tablet Design variables in chromosome

Design variable | Admissible values | Granularity NOL;n;E:r Sgrg?sggpnlg
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Wing chord 0.8=X.<1.4m 32 5 5t0 10

Horizontal tail span| 1 =X, = 10m 32 5 111015
Horizontal tail chord] 0.1 = X, =2m 32 5 15 to 20
Vertical tail span 1= X; =8m 32 5 211025
Vertical tail chord 0.1 = Xe¢=2m 32 5 2510 30

Tail pipe length 15X =10m 32 5 311035

Diving angle -20 = X < 5deg 32 5 35 t0 40
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Transition to turbulence of compressible plane channel flow

A. Uehara” and H. Maekawa™

* Graduate School of Eng., Hiroshima University
** Graduate School of Eng., Hiroshima University

ABSTRACT
A study of compressible subsonic/supersonic transitional and turbulent flow in a plane channel
with isothermal walls has been performed using a spatially developing DNS. Random
disturbance is artificially introduced at the inlet of the computational channel, which yields
streamwise vortices and low/high speed streaks downstream. At high Mach number flows, the
isothermal boundary conditions give rise to a flow that is strongly influenced by wall-normal
gradients of mean density and temperature. These gradients are found to cause major
differences of the transitional streak structure between subsonic and supersonic channel flows.

Key Words: Compressible channel turbulent flow, Bypass-transition, DNS
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Table.1 Flow and computational parameters
Case M Re 7 (x=36L) LxXLyXLz Nx X Ny X Nz AX+ Ay+ Az+
Casel 0.75 249 | 40LX2L x4 L/3 1001 X 73% X 110 10| 1.1(min)  ,14(max) 9.5
Case?2 3.0 242 | 40Lx2Lx4mwL/3 | 1001 X 73*x 110 9.7] 1.0(min)  ,14(max) 9.2
3. AIEHRBLIUER - —
MAMBELIRBEE EREED 5% & L DNS %7 L 3oL M:"-” .0 (Colemanetal) |
AR, F v RN AT, Gl A N U—2 i, “o=® ML oLl al) et
s | —— M*=0.51 (casel)
AT EVIRE WS BB REE DEANERDOIRK. B —+— M*=1.97 (case2) . .
LUV, ZOBREIESHRENOBBEZRBTH & 20 = et |
MNTE, Fig. 1 12 casel (M=0.75) Dk (B) &
X, BEZNY—2 (#) @T?ﬁ“o)%%@ﬁ?%‘?? |
(B EDOFEICIIHENR T >V VIVDE_ARER Q
DEEEmERVE) AT EROMEEISMHRN S5
THD., Mt OWNRITIEE R < OEEDTRAENK & 0

EFSNEEZ N -2 ZRRT D78, TOEER b

U —JERDEBELIIDRNTEVRMIBELTWS, X
 —EOEEX U= ZITH L THSDNDOANT EY

?ﬁl?b\Irf‘jiﬁkjt/uTﬁ% LTWaHTHHATE S,

Fig.1 Iso-surface of Q, 2.0 (dark) and w,-0.1 (gray) for

M=0.75

Fig.2 I3 FHE (x=36L) B 3 EEHHNMER LT
HDTHbDH, wall unit Z> TERLULHEDHIIE
KTl M=0.75 OB ERHANCIER 1R < B JEEME
HF v FIVELR OB EITIEFITEV., —F, M=3.0 D
BHIERNCIE <, BHIFE DNS I8 5 & 5 1t H)
MHEENTWS Z &13720, 72721, Van Driest ZH (%
y BB EEOELEERLMITE) TRTE, £
DT RN E D LR HEEIMITHHE T 2 2 &8
HEIND, ZI T, Coleman HIZX D DNS D#5HE
(1995)2 LT B72DIT, y HRIZDWT O HE
EREFEEE LTy N M*ZH W, Casel, case2
 M*TET & TNEN M*=0.51, 1.97 &85, F/=,
Fig.3 KEBHEBICBUI2EmMAHFEORA N — g%
KT, AMU—=JRERAFMAIIBNT, IO M) —2
ERFZEL—FDA MY =T EBRT B END =%
NIRT, YONBDORLEZ2DODOFGE2LEKTHE, <
INERNENBEDFNZA R —IDPHNKEL,

ERFENT DN THEIC T DOHENELT B Ebh
%o LA VRSN ERMBREEHED ERKIZT v N
TREAEREZE-, BFERNTIE, A0OFHENS
BOERENRE UEBBICHEE A TN E0hN5,

Fig.2 Distribution of mean streamwise velocity u in wall

units.

sy - Ve
- - e

..LM# ——— —
0 20L
Fig3. Contours of w’ at for (a) M=0.75, (b) M=3.0, (black:w’

>0,white:w’<0)
F/o, BRI CHENSEIN Casel & Case2 THLE2 5,

4. k5

Re=6000, (FLIEI T Rer ~250), WMATHEELIRIE
5%& LT DNS Z2EF LR, FyXIHENCBIT2
BERRHBEOEMABLY, SLRNOBEBZHERTL L
MTERE, RABB2TyNRTHEBELESS, vy /N\ER
KEWEZEBBMNBENTHEABE T2 L 2HETER,
T, IUNEBRKREIVEE, BEEBICBIAA MY
—IEDONNNI N ENbho Tz,
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Statistical theory of inhomogeneous turbulence under
the cross-independence closure hypothesis

Tomomasa Tatsumi

Kyoto University, IIAS

ABSTRACT

Inhomogeneous turbulence is studied statistically using the cross-independence closure hypo-
thesis for the equations of multi-point velocity distributions, First, the turbulent velocity field
is decomposed into the mean flow and turbulent fluctuation around the mean. The equations
for the mean velocity and the distributions of turbulent velocity are derived. These equations
are closed by applying the cross-independence closure hypothesis which has been successfully
used for homogeneous turbulence (Tatsumi & Yoshimura, 2004, 2006). The closed equations
are obtained for the mean velocity and the one- and two-point velocity distributions. At large
Reynolds numbers, these equation are shown to give the inertial normal velocity distributions
in the outer range and the non-normal velocity distributions in the local range respectively.

Key Words: Inhomogeneous turbulence, Cross-independence closure hypothesis, Inertial
normal velocity distribution, Local non-normal velocity distribution
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Detailed structure of the randomizing process in a two-dimensional wake

Hiroshi Sato, Hironosuke Saito and Hiroshi Nakamura

Institute of Flow Research

ABSTRACT

An experiment was made in the wake behind a strip of screen in the uniform flow. The wake was excited by various
kinds of sound introduced from a loudspeaker. One purpose is to compare the turbulent wakes created by various
sounds. The close similarity was found. Another accomplishment is the quantative expression of randomness of
randomizing wakes. The random componennts in the randomizing process were also clarified.

Key Words : 2D wake randomizing process
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Vorticity and History of its Family

Y. Kobashi’, M. Hayakawa*
* Hokkaido Inst. Technology, ** Hokkaido University

ABSTRACT

Development of vorticity family and the role of its family members to the flow phenomena and

structures are discussed.

Key Words: vorticity model, vorticle, eddy, vortex, turbulent vortex, organized structure
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Vortex shedding from a circular cylinder
moving at a constant acceleration

K. Toda*, A. Inasawa** and M. Asai**

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

** Dept. of Aerospace Eng., Tokyo Metropolitan University

ABSTRACT

Vortex shedding from a circular cylinder moving at a constant acceleration is investigated experimen-

tally. The cylinder installed in a linear-motor actuator system moves in the air at rest. The results show
that the critical Reynolds number above which the self-sustained wake oscillation occurs due to the
global instability of cylinder wake increases with the magnitude of the acceleration normalized by the
cylinder diameter and the kinematic viscosity. It is also found that with increasing the acceleration, the

Karman vortex street remains two-dimensional even at Reynolds numbers around 200 at which the

vortex-dislocation does occur for the case of constant moving speed or steady oncoming flow.

Keywords : wake, Karman vortex street, accelerating circular-cylinder
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Transition and Instability of Flow past a Pair of Circular Cylinders

Yoichi Ino, Jiro Mizushima
Dept. of Mech. Eng., Doshisha University, Kyotanabe, Kyoto 610-0394, Japan

ABSTRACT
The instability and transition of flow past two circular cylinders arranged perpendicularly to the
stream are investigated numerically. It is a steady symmetric flow that is realized at small Reynolds
numbers, but the flow becomes unstable above a critical Reynolds numbers. It has been believed that
the resultant flow due to the instability is always oscillatory . However, we found a steady asymmetric
flow as well as the oscillatory flow arising from the instability in a region of the gap width between the
two cylinders. We evaluated the critical Reynolds number and clarified the region of the gap width in

which the steady asymmetric flow is realized.

Keywords : two circular cylinders, wake, stability, bifurcation.
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Numerical Simulation of Unsteady Subsonic Flow
with High Accuracy and Resolution

T. Kurotaki*, T. Sumi*

* Institute of Space Technology and Aeronautics, JAXA

ABSTRACT
An advanced Large Eddy Simulation (LES) technique with high accuracy and resolution is proposed
with the Approximated Deconvolution Method approach, the generalized characteristic interface con-
ditions, and the generalized Navier-Stokes boundary conditions. Several applications to flows around
2-D NACAOQ012 aerofoil are presented and discussed. Numerical results show that this method can
capture the laminar to turbulent transition phenomena in the order of Reynolds number of 106. In
order to validate the present LES technique in more detail, the results are compared with existing

wind-tunnel experiments and linear stability analyses with the eN method and discussed.

Keywords : Subsonic Flow , Transition, Unsteady Flow, LES
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A RTRI 3m*5m Large-scale low-noise wind tunnel (Tu=0.04% at 30m/s)
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Study of Laminar/Turbulent Streamwise Interfaces in a Boundary Layer Flow

O. Terashima, Y. Miki, S. Izawa, A. K. Xiong and Yu Fukunishi
Dept. of Mech. Eng., Tohoku University

ABSTRACT

Streamwise interfaces between laminar and turbulent regions in a .at-plate boundary layer are investi-
gated using a rake of single hotwire probes. Two pieces of piezo-ceramic actuators are used to gener-
ate trapezoidal shaped turbulent regions, which have a wide leading edge in the spanwise direction. Its
aim is to eliminate the contamination between the side interfaces and the downstream interface that
are unavoidable in turbulent spot experiments. Experimental results show that a turbulent region has
a sharp leading edge and a gradual trailing edge. It is shown that when a turbulent region passes by,
the RMS value remains high for a while although there is little disturbance remaining. It is also shown
that inside this region, known as the calmed region, because the .ow returns laminar away from the
wall, the turbulent .ow near the wall is accelerated, which may be causing the inverse-transition.

Keywords : turbulent sopt, calmed region, streamwise interface, boundary layer
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Fig.4 Ansemble-averaged signals of the rake of hotwire
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Omm for the different distances from the wall.
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Fig.5 Propagating velocity of the laminar/turbulent
interface compared to the local velocity.
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Fig.6 Streamwise velocity profiles accompanying the
passing of a turbulent region.
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Low-Speed Wind-Tunnel Test of the High-Lift Configuration
Aircraft Model
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ABSTRACT
The results of the wind tunnel testing for a high-lift configuration aircraft model in JAXA are given in this
paper. The testing was aiming to store large amount of basic aerodynamic information by various mea-
surement techniques to provide the experimental data for CFD validation and to understand flow phys-
ics. As a result of the testing, data for forces, moments, pressure distributions, surface flow patterns,
transition characteristics were acquired. In addition, measurement techniques, especially PIV, PSP

and noise survey were advanced.

Keywords : High-lift system, realistic aircraft configuration, CFD validation
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