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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

1. Ztwi EBREBLTRMNTS. —2ik, EHRLATEEX b

BiEODN S VIC k5 &, BERFILHEEZ B L TWD
MY, EE - SEOHRBESTAIIEATZ VD
WOHRA N —IEEE, KHOH (KEAN)—72) O
BT LIV IV IRICRET HHERHTDH LS. b
BEWICEERY A 7V ERR L TEABEL R LT
WBENS TFABRESN TN 29, —7F, B,
HR~OBEBELZEET DL, HOVRAENOT TR
WAL EREOME, LIEE 5EBBICYE L, mnilho
TCHRE BN NRAERICY L, HLEEENERENS
FTIRABSE IR Y R b U — 7 #aEREN, Fh
RAEE L CHERM AR I N D, BEIE < ORERITCIERS F
R4 HEA~T VR T —FROMBE R L, D
BN EEP SO R NFROEHEBOBHE LD, o
T, BEEIWIRIC RV TEIROFE A T RIS ELAR S 2 17
5 LT, A M) — 2 LHEROERKMFHEERS TR OO
M EE P BT O ENEEERD.

AR TH, BELFELMOREARER & L CORERMDLERR
MEFFIZARR R A2 A N Y — 7 fE D R 2 2 > D

V=2 %AW A N = REZEDOERTHY, ZnE
TREAEARLR TV REWSHEHE— K
(Subharmonic modes) WZEB L, A b U =7 REEIZL
DO IMRIZER D B o TR AR SN D BN S
BELROBENRN L ETEEILTND, b 5 —2I,
HmBT A B I BEmBIAR B @A L CEEREA Y — o &
HESHE, FI/MER R EBNICES] LT ATREA
M) =2 %EBAL, FOLEEBT HMNETEERNC X
DBIEHRZSND A MY =7 OREBEFANEERTHD.

2. Subharmonic streak instability iz & % &%
AREBRTIE, EREVRICNERBA ST, Z0HK
HEFAL CBRERAEFICAIHRERA b Y —2 28
WA XN, BRI, BIEEWITE 400 X 400mm D {KELE
AT bk, ZREE Us=4m/s TH Y, FHiLH
X0 I% AT CTh D, EERIE, Ak GHATRICK, F
W EmECEE FREZy, ARV (AN RLE
=0) 2 &5, AHMEEX N — 27 2FETHDI, &

This document is provided by JAXA.



22 FHIZEPT 7 SRR ER JAXA-SP-06-013

1 WETROFEEEEY. x-z Wi (=3mm).
SEERRIT 0.2 Z A

50

x-xo (mm)

X2 AE—7UAVECIZAHELE 2ET—7
U A i (x-xp, y)=(160mm, 3mm)IZ 5 & .

SR AT D 500mm FHALE (=500mm) 12/ I
3mm, 18 6mm DA % A/ FFANC 15mm fEFE T 17 8%
BLTbD. MAFOBOL (Porosity) 1X0.7 THD. x=
500mmAZE IS T DI BHERRE £ 132.5mm, FERE X iC
HI UA 7 VAEITHI640 Th 5. D T ffix-xo=13.5mm
i, &M Oz LB HEELEA A O/ L (B 2mm)
BRI THD., ZNTHD/NFLIE2 DDA B — DTS
nNTRY, B—ANKOEREE (220X~ ANE
BOMAIE180° £42D) TERENT 2 Z LIk W KAE—

K (Sinuous — K) ZFHET 5 LB TEX 5,

X1, BAFTHRICERINDBROBHIEER b Y
— 7 %, y=3mm & S TO xz BN OEE U D% {HEHR
TRLTWD., ZOHNCATEILZEATS. BHLE
WL, BIPLEEERD X R AHIER % R 60Hz
L L, BEIERIE xx=30mm T 1% CThd. EillL, &
WIFE RS AY 7R BENE % 7R L, x-xo=100mm {13 CEBHEIX
UnlUeo =10% 2l 2, X BHIT, xx=130mm F CTHIFE%
BelT um/Uco =20% T2 E DI FHARIEICEST 5. K2
&, AE—7 VA VIECLDAHLEEBTHS. A MY
— 7 REEIT X B EOIEFTIT 2., x-x=150~200mm f}
T CHREDERSRB Y T —FROBEERTER SN
5X91CRh25. M3k, 20X RiBEELZRETS
eIz, x-z BEKB L KN y-z il O —RITPIV 12X -
TH LN EES By 7)) 7 ks7
VYT NY) BRI D 3 gl OZER A6 2 R
L, MERBOFREES & LTHWLNTW DR ELR T

X3 Rt PIV BE{&h bR O - iliErE. o
RIEIFALIEIC L 5. TEOBIK @I R
FE DA T (U+u)/U..=0.5.

100 150 350 4y (mm) 400

x-Xo (mm
0 (w+wu.

K4 PIVIZE-oTELNEEELFE (=1lmm)
DGR 7138 BE AT (x-z Wri).

VI NOXMFRERS S & RRFES QERAWET VYL
§2Q2 OFE_EFME L A (1,=-02) LRDEKLT
LizbDThHD., ARk biftflcsnzE iz, ARV
— I RBEEPLEENTHERD, BYDRX M) =72 b
EFENHEB AL, BEEEEFTT—FROMmE
L TWNDDRDLN5. ’
bk X 5z, BEPGBEENTALE T T —F RSB
I, —F, R TIREDLI BRI LBEETY
HMEEETSH. M4, PIVICEoTELNK x-z B
H (=Imm) IZBIT FHNFMEEORMEELE TH D,
MHNCEAINTZA N Y — 7 ORRESRFTZITEER MY
— I BFEEL, LorbA ) — 27 HRETEOMES D
75mmBBEIC/R o TWD Z EBbrb, Z ORI, &
WP CRIEIND, BERMAZIMEL Lz A+=100 I[ZHHY
THETHD., ZOEBTIE, FEHEESMITSEE
BENZT., 7ok, EREHE— FOREIC L DERIT,
Brandt & Henningson 9 {2 & ¥ DNS TiEEf LT3,

This document is provided by JAXA.



MBI B O &Gl BFtaidiEamsCE (58 37 [l - 26 38 [|) 23

3. TLEEBHOFTOEER MY — 7 DR

ANV — I REEE, HREEEERT L —DoDEE
EEL LTERINDD, LrLARRs, HELRE
WEDX 5, sk, 2oL A —)VOEH)
RO EEATWEIEES, BHOBEHEE (Transient
Growth) A bV — 27 ORREEICE  FIREME R IER ST
W3 10, EEE, BEIRICBWTH A MY — 27 REENIE
ETWVBOD, BWT—RITEBEEIEIZLS A N) —7
DORBRBEICEDL DD, ZTHETDEZAPELMTENTY
RV, FZT, BWELREENC K L TERER b Y — 2
AT ISE T 20RO X 5 e EREZE L TR,

=9, ERSEABICRATRICEEE WA 21T - TEEL
KDAN)—7%—HEEIE, ZII0/NERBFER
PRUIFANC BN TATANCRER ) —2 28
ATD. —F, BEIrLEEND LELRERE T OMWEE
BERHFEL, ATARM)—7 OREICESHEEILE LT
fERT 5.

FEBRIE, 200mm X 300mm DIERZWHE & b -0/NEUK
LAEIRBIEB FTEOCERBLZFA L CiTebhiz. K
5102, EREBOMKZ AT, MEH K EFHICIT MR
(BEE3mm, &S Smm) % BEC S CRFIMICELRICEY
IHTWD, ERIF, T_TER (8 EE U= 4m/
s TIT7ebhi, BRI, WALSERICET S & Cloxt
HEES M EZ S OEMBERBICHREL TR, RiALr%
fTleblnWiis, EHEE I 012K LA J VAR,
i, WOAARSESO L (x=0) TKI700 THD. LLT
DEBRTIZ, BIALEE V% FIMEE UD 10% & LTz
2L, Vs BWRIAHZRITRE O, & RAHFHEKEE 4
(100mm X 160mm) TE| - 7= EHHE (= OJ4) Th .
WAL FIRE % OEEBNEE S ICES LA IV AEITH
300, u TEIOENME w/UIL 6% EETHS. HILDEE
AT OWTIESTER 1) 22 R,

WA DO < T O x=35mm AL &I, RIEIDER
DX iz, WA ZAHMICESA TR HHIRER Y
— 7 %EBAT D, A DOANRHRGEIE7.6mm (BERALT
100), B LEIXZFNFA1.9mm & 2.5mm THD. K6
i, BAIKEATLEKER MY —27 Dy=1mm 2T D
BRELEES (PIV THIE) THD. z=-20~20mm O#EHH
WROBNDA N —JEENBRICE VEAINIZEH
BEA N —27ThHD., FMREGER M) — I g%
MEFT 20 NE VD x=60mm fHEETTHY, EA
SN A M) =7 IFRWEREELREABIC L Y 3 ICHE
THDBRDLND.

X 7(a)iXx, OTRICHEESTDIEAMAMN) —2 %
x=45mm |28} D EHHEE U OFEEHRTRL TS, &
WRFICHEETHEER ) — 2 OFEHER L < 2B,
B 7(b) i, [RNLE COu EBDOEZME u O y-z Wik 5346
Thb., HEOSMEHLONGEZRD &, vk, KIEE

Flow

|—2

500 ,
on

Cylinder ﬂ Sefoaiis

Roughness Suction

X5 SEERIERE O,

z (mm)

0wy 10

6 MWOTMICEETHALELEX b
V—7. y=lmm L& DO BEMEES.

y (mm)

0 U 01S

X7 EHEE L EEO yz WS (x=
45mm (L), (a) EHEE UU (FEHIE
0.1~0.9) . (b) E#ME w/U (%FHEHIX
0.015~0.135).

ALY =2 OEADEETAREB LIZ2 2O — 27 % F;
STBAaETR L, KHER MY =27 ORI HILROKIET]
Wi L CIREENIIERICHV. JhE, A MY —7 Dt
1TI2#E < Sinuous T— KD u BEIDAT DR 6D ThH B,

This document is provided by JAXA.



24 FH T2 e R R JAXA-SP-06-013

(b)
2z (mm) #
4 C;lkf 7 © 5 )
7 el | g
AO %@ -
0
h 0 z(mm) 4 4 0 2 (mm) 4
RO o]@ )
® );'\ d \\'-\XJ fg =
g DN (AN =
: * @®
(PE=——— 0
4 0 2 (mm)

X8 uEBDRE IRy D EELA (=
45mm Héﬁ—ﬁ) . (a) Ug s0m (b) ”z’o—Jo.m ’ (C) Wit i
(d) )y goms (€) fgipoms (D Uo0_120,m + FERRIT
0.006~0.054.

X8 i, x=45mm 28T, u BENOKEHERLD D
y-z BTEROENESFEE LTS, FlziE, 20HzUTF
DIEBIRLD DEZE 0.20 o' 1, /8T =227 MVEE
P() 26 WD X 5 lzskd bz,

! 20 1/2
0 = (J, P

Kok 9z, & BEES & b Sinuous E— R TH Y, 20
~ 40Hz & 40 ~ 60Hz 0 S EESTEE E TR k& 72
a3, Kok, &EEEKS ORELIEIE % g
LTW5, () iEEE, Kb IEEDEOEE (F
ROLTXNVF) Ox FAELEZRLTWS, 100Hz LA
TOREEES S DWTH b HERRITZNIE EEV SR,
MO x fLED 632> 15mm Tt D x=50mm {131 THEIlE
NEEDH, ALY —27 M 7.6mm (BEHALT100) T
B EhL, AN)—7ERO 2 % (BEEALLT200) L
DEEEIR I, ZF OB TEME ' /UL T TIT 14%
WCELTWS, £z, M) 2525 X Hic, KKIREE
ICEET 5 E TOZRVFHEIL x 1T U 72 ARERA I
ThY, WhdiBEHIERREOREERL TS,
ZDXHIT, AN — 7 ORREICE S B ORI
A N — 27 REEIC X % I EEEE TIdz < ¥
HIETHY, A M) — 7RO 2 (E5EE DR CR A
IE2R LD BLBEBREICAD., £, HEERORFNK
KEELEE TR, #-oT, BEELFETFORX NI —27 D
BREICRWTIE, BIEALEME LD biBEEiREE =
ECTHY, HELE L TERT 2 ELREB O S OREN
ANV =7 OFREEZBRS KT D2 AR INTZ,

0.2 _ . .
U/ U | [ | 1

U 0.20.0/U-- - (a) A E
U 20400/ U B A A4
U s0-60.0/ U 0.1 A
u’60-80,m/U-- i i

1 ’80-100.n/ U E

U’ 100-120.0/ Ues = A
0 L | | | ! |
30 40 50 60 70

0.006 ;
(020U )
= (b) _

(u 2040,/ U=» )?
0.004
(4 10-60./ U= )?

(44 60-80.m/ Uss )?
0.002|-

(4 80-100.m/ U= )?
(u "100-120.0/ Uss ) i
0

O <Dre
<>

HC &9
|}

EO <O0> e

L | ! |

B~ mo<oe>
1

x (mm)

B9 EKEHR MY —7 LD u BEIDFHRE
O Upsom » @ U gom > AU eom s V Heosom >

O Usoo100m > B Uigo-120m > AU, -

71 SCHER
1) Jeong, J., Hussain, F., Schoppa, W. and Kim, J. Fluid

Mech. 332 (1997) 185-214.

2) Hamilton, J.M., Kim, J. and Waleffe, F. J. Fluid Mech.
287 (1995) 317-348.

3) Itano, T. and Toh, S. J. Phys. Soc. Japan 70, (2001) 703-
716.

4) Kawahara, G. and Kida, S. J. Fluid Mech. 449 (2001)
291-300.

5) Jimenez, J. and Pinelli, A. J. Fluid Mech. 389 (1999) 335-
359.

6) Asai, M., Minagawa, M. and Nishioka, M. J. Fluid Mech.
455 (2002) 289-314.

7) Konishi Y. and Asai M. Fluid Fyn. Res. 34 (2004) 299-
315.

8) Jeong, J. and Hussain, F. J. Fluid Mech. 285 (1995) 69-
94,

9) Brandt, L. and Henningson, D.S. J. Fluid Mech. 472
(2002) 239-261.

10) Schoppa, W. and Hussain, F. J. Fluid Mech. 453 (2002)

57-108.
11) /FE, e, KR B AR 2R SUEB 70-690 (2004)
319-324.

This document is provided by JAXA.





