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ABSTRACT

The development, and stability of streamwise streaks are studied in an air-flow channel
experiment at sub-critical Reynolds numbers. The streaks were generated by continuous
suction through small slits at the wall. The streak amplitude first grows algebraically, and if the
amplitude exceeds a certain threshold secondary instability in the form of travelling waves is
observed. These waves give rise to high wu,,,, values in the region of large spanwise mean flow
gradient. Measurements with two how-wire probes indicate that velocity fluctuations are 180°
out of phase at two neighbouring peaks at each side of a low velocity region. Furthermore flow
visualization clearly shows the oscillation of the low velocity region and implies the existence of
a sinuous type instability.

Measurements were also made with controlled disturbances where earphones were used to
force the secondary instability. Data filtered in a narrow band provides the growth rate as well
as phase speed of the secondary instability. Several of these features suggest that the instability
is of inflectional origin. Finally the disturbance breaks down and the flow undergoes transition
to turbulence. It is hypothesized that this scenario resembles certain types of bypass transition.

Key Words : bypass transition, streaky structure, secondary instability.

1. XLoic
SWITEED ) e—F N2 HRILE < OH AW L.

EHENEFIC L > THRABPEALRICEST 5 Z L il
A MY =2 ORERDH D LEWEICET S L ith

HrRX > HHEABEOERNTHL LEX LN, TFS
< OWFFEE OB EMEA TWA. Gustavsson (1991) 1X
itk 7 LV — R U XA 2N ORI 247V, HERS
LA JVAEIRIC BT R TTBEL D R I BRI AR
LR, fihhmicslxoidahiofg, bR MY
— 7 HEN A LS AlietE #4641 L 72 (transient growth).
L LR, ZOAR)—7#ERVMICEEL LD

* BB A RER R AT
+ Department of Mechanics, Royal Institute of Technology

BAREL Y, BEHEEFROFRLER (ZIRREERK)
BHEAEL, HLIERTD.

I MEE T £, b L < ITROEERCEN ORBIC L
S THERBRET 2 ARV TS, AR —
7 EICRRE L TR RA R EEABEI N TVD.
b OB X o T, MABITIL A FRIZER
B - sl A boA b ) — 2 #ERHIR SN,
ZRALEEEHPFHET D, Swearingen & Blackwelder
(1987) HBEBLAFRLEIC L > CTMf LIcFEL L

Thic dociiment ic nrovided hv TAXA



26 BEF BRI AR 3 B R 40 5

Gortler O RAE T 2 & A ZFMICHE L, —KALE
MR 2o O 2 dh SEGERE SRR T S L iSRS
HTna.

AW T, WEER LA X BIT A Y —
7 OBHHAIEE (transient growth) 38 XUV OTRLER
MERYES . ERIIRY XL afihicB 0Ty, %
VAR L > TA MY — 7 X ATIICHRTSH. B
BRFCEEHC X AN AEEEBORE, 3L OWEREIC
SO Z T o7,

2. EBIEEB L OHIE
ERIIEZTRAYE (KTH) ITECRBINAEER
WF v R AERA L TThhl., Zhil Klingmann
(1992) It k- THEHENELDERLTHY, —HD
YEATZ2 10mm BN T A A 625 (1), @EL7 7~
MBS S 7 28 EIUARLE 40 ¢ 1 OILREERIZ L - T
E&Ei, #E 830mm, £X 1900mm, @& 8.2mm DOF
Y URNEDCAD. A EERELET AT RICE i o0 w]
FEE7 NI =0 L7775 BT 7 2AHCEY i 6h
7o LW T i EEREL A TR 7 iR 5
O ZKEELEXNFTH72DDOLDTHD. REBETOM
RIDEFHZ X D REDET Lictkic, EFMT T 7iCfE
AAY v b (§&65mmx & & lmm) ARiTbhi.

{1, EEBEE (WAL : mm)

2.1 —RBEL

L7 7 e bhiemZoD A Y » + (HE 1mm,
& 10mm) 2°HDBVRAIRIT L > TARHREIZHRH]
WA M) — 2GS HRT D, FEER KNS 7 7%
fEHT A Zink - T, RV v MEFAFMICHIX 2
FA M) —2E% Omm 25 15mm £ TEELIED T

LAAHRIC RS, Elefae DAY v b bDRVIALE
P2 RS S D LT, ARV HEIC— kAR EE R
SmBfEbhd. AV vy MIBEICEERK TLTTh
b OMIEEBIRA ET D .

2.2 ZIRIEE.

A+ V=7 b RET ZRMIRER IR ARE ER D3
HEMRL-, FMl7Z 7 iz 6mm B TRIT B
NI Zo0/R (B 0.5mm) 25, (L B L7
EAEI XN, —KIEEL 7T 7 & R o O FR[[EliR
TS ERATHIZL LT, Zo0/pAROMRBEEX
FIAEE D AR FAMBICERELZHR T2 Z & A AHE
Thb., BBRAERNLDEZLEIL 204 ¥k Al
b L I T b, 64 1 1 OEAICE - T
WEHL - MYGARICEMREIND. SEIOFERTHI
N7 ZIEED rms {EIXE TP OBEED 0.6% LLTFT
b5, FCEELZVEY EBRIZA MY — 2 MR A=
15mm (=3.6h), VA / VA Re(Ugh/v)= 2000 TfT
bihi. 2By MEREFy o xvPOEEL, 2T
ORESBIVCHEHERTATET Y @S b, JEil
OB U o ko TER T LS TV 5.

3. FEBREHR

3.1 ARV — 7

PV VAZIT L 2 T B— A ¥ AOFARSBERFITIC
BlEXFEDLN, FORKBEASHEICE - FEERAAE
HIZRbAEA M) — 7 #ENRETSH. BREFEOR:
HMVALRIZBITS (a) A MY —Z1RIE AU B LU
L5 (b)u,, Dz HA~OFEDORT HE 21277,

8O

B

el - e
S 4of . =20
:g 1@
20/
ol L AT *
0 20 40 60 BO 100 120

0 20 40 60 80

E2. (a)2 F)—ZRIBAUB LV (b) u,,, OHE
RUAEESEPMA P Y — 7 RIBOEVIZ LD,
2 M) =7 RIBOYIMRENL 2 I L TRETHY, fa
ML LM L > TR MIZHMET S (transient
growth). 1E& A EDHFITBNT u,,, PEIXI—EDE
FTHDIN, A M — V7 IRIBORKIE AU, DU, D70%
B IABHODOHEIEBVT, u,, iz FAICEES S
SRR ETT.

Thic dociiment ic nrovided hv TAXA



(R R R O RREA & I DFFi MR R 27

3.2 ZIRAREM (FERbE)

U, DEEERT DI+ RBRB E{ToTe L ED
(a) Uy BE (b) uy,, PEEBRRIZR 3 ITRT. T2
T U, I HER» H& 2 O o (L#TORR T
B & LW b DO THD. rms D5 KRR
EHERRYICE - EEFERoM cBbhs Z L &xRL,
HHEEHROMBAIZIESE LW L0 b, EORRNHE
B ThE L bbb,

=

®3. z—z ElicBiTA() U,BLEY (b) u.,., OHF&HHAR
y=0.63, U;=%10%,+20%,..., U, =0.6%, 1%, 1.6%, 2.7%,...
AOSBHBIIFERICL > TRERLTWS.

[ 41z z-z FEIZRT HHRABOFEIEER 2757
whEnbaThy, 7V y FROMBIEEFmE b
12 50mm, AIHOEEMRIL 2=150mm [ZHYET 5. A
Yy b b EA S E KR O LI i
A, A RY—Z i EETH Y 2=200mm
fHEE T2 < ELELERVD, 2=220mm {(TLTAA
CHBNCHRE) La®, 2=320mm {HETA Y —27 DR
wmRhES. BHXY, “RALERL LTEEAHE
— FREXEHTHAZENDbMY, HinFROEE L,
B LE 20mm THDEHHEIND. LRBHRITEC
L ANMERLRICHAEMEBEEDLNA DN, MO
AL D BUE— A # ADHAD = L Bbha.

150 35[)

4. R < ofho TRk (BAL : mm)

T OO0 A v, DE— 7B AOMR%E
RO LRI A 2 E L 72 KE R,  BORERE— R
ERCHAZL, BLOZOREEEN U, DB LE67%
DOAAEE CHETLTWAZ L EHE LTS
3.3 ZIRALTEME Db

ALY =2 DRESFKEICETDHTY (2=27) I

BOWTA YRV BN, ZRAELER 2 N TR EEY
A. TWEIHANETAARNRCFEAEE LT, L%
Bile 2=1.0 BLV 24 BBENE. T b ITEHEE
ABATBED B9, ARCHMOREEARDIEHKE
7 AACEITHY TS, T 2=1.0 DHERWTKE
HLENAT et A TET B,

Z, (a)
ol
20 40 60 80 100 120
02 : .
0.1 ‘d“o“/
- 0 ‘}'f“‘f‘w . (b)
0.1 e

(©

0.1
0 0.5 1 1.5

w

B5. (a) BiedARIBICH T 5 BEMRE (N=ln(u/w)), (b)
AU, & v DB, Re: O, 2000;®, 2500;%, 2900, (c) v
OEN A JE 0 ~OETFE

B 5 (a) & ZWEELOFHREE v,,,=012% b
06% FTLLIZRTHED x Ha~ORIBHEOET
wARY. ZORIAAEBEK f=250Hz, AU,,.= 8%
BEDERETHS. RIBOVMIKESIEHMEMTHD
Zk, BXUOTOMERSHAIREICEFE L2V ER
bhs. BOTHRERy & AU, PBFEEZR LE S (b)

b, “HEBIHOBEEICH LTA M) —ZRIBICLE WD
i (AU, .= 0.7U,) BEETHZ L, A MU—27 KRG
LR ROMICEBIZBEENE S D Z LB L URERIT LA
INVZEIERFE LR W ERALNTHS. IHIZHS
(c) IR AEEE (0=27 fh/Usy) ~DRERDEK
fFEERLTBY, ZOMREIL Walleffe (1995) (215
LZEHBEORPL B —HT 5. ULXh &S]
ML LT u,,,=024%, AU, =78%, [=250Hz % &
Rk, ZOFRECBWT, BABIETF ¥ o RAVHATHE
BItED. o0 YRhrEZHWTEMHE— FB LD
e — FORE R0, AEBRFMICE O THE
T— FORERFIEZ LT, LUFEFE— Nl D
EROBERETD.

(a) Uy, (b) u,, BIOENFEES £, b LIXEOAN
—E=y 7 AEBELTT A NE — DT (u,,), D

Thic dociiment ic nrovided hv TAXA



28

2T BT R B BN 40 55

HWREEZE 6T, (c) LBEV (e) 3f, DABEK
BT OO —2 BHONMERL, TIb R HEE
DA FRAREKE 2ALE, bbb R RfTTi
frffT 52 L Rbhs. FHICKH LT (d) 2f, BL ()
Af, DBFIIE—2 2—2 L, T b EHERK
OHMALET 2. LA LORBRIIZIRALE R D KA
FT—RFTHHILEIFTHHLOTHD.

1 1
05 J "’:ﬁ@’}m" LC 05
- S @ o ®
05 0.5
o 1 2 3 ‘o 1 2 3
1 1
05 ( / ] 05
= 0 @:@ (c) 0 @* (d)
05 Q > 05
o 1 2 3 ‘o 1 2 3
1 1
05 - 05 :
= 0 w () 0 Qﬁ@ ()
05 05
‘o 1 2 3 Ty 1 2 3
z z

6. yz ¥ (z=75) {28 5(a) U, SEMBME6%, (b,c)
Urnar (urma);‘s 1%, (d} (um:)z_f’ 0.2%, (e} (ﬂ'rms)sfl 0.02%,
(1) (Upmm)ay » 0.01%

X7 (a) (TR I2ENRI R B0 31T HALHEME O+
. WER 9=0.26 B\ TiThh, EREEE f,
{¥ 150Hz A5 350Hz OfEHZ AWz, ZHh L OEMBRO
& A Bl 2 O JE BB X D ALAREE ¢ HRED.

osl - . e R )

0

o 06

Soa 150 200 250 300 350 400
f(Hz)

B 7. (a) Bis HENTA BB T HMMARE, fo - O, 150Hz ;
+, 200Hz; X, 250Hz;%, 300Hz;®, 350Hz, (b) {ffHEE
(O) & v, DE—Z (BRI 5 BFTHEE (X) OLE, EHiZ
c=0.69.

7 (b) IXENRIREEK f, OELICR U CTHARERE 2T
—EDHE 060U, &L AL &KL, TOMIAIETHE

LI 067U, &V, HEED=HIC u, DE—2
fiLfE (K6 (b)) WBIDRATEELRLTVD A, &
BAVIARERE L B < —BT 5.

BB _EKALREBEORN G REHa s, A Y —2
BEL, ZEAL LEEAAV BB OBFEAZE S8 Iz

27h
-2 s
T, ZIT fRE4OL ICH L TRLEEROK X
WERETHY, MREEc 3I—ETHD. RILVHL
ML HIC g ORI a O 2RABY, A FY—2
OMBEARED Z LI > T ZRAREROEE E
<RBTERTFETS.

2 T

1.6 ITT lj:s ITQ 2 8 2j| 2j2 21] 2‘.4 25
K 8. HhTme & A Jrimg M OB ,
E# 1Y o =0.70 B +0.087.

4. BBbYIZ

HWERL A ) NVAEEOR T XL 2 s BT b

V=27 EICRET D ZRAREREM~DH 7, RiA

A oTAM I —22FE R L. TOER

(1) AbMY—ZRIBIVNCHRIZERE L, AFILZO
Lo X Y 3T B transient growth OfF[H %
~ L.

(2) AMV—ZiRERHDLEWEZEX H L AN
FH o EE ABSESRIC ZRARER (T —
F) BR4AETS.

(3) ZHRALEEDOVMRR IEHEHZHTHY, K
ERIA MY —7 R L TRIERIIZEMNT 5

4) XLITRERIIVA I VK FEET, ZOF
REMENEMEERTH D Z L 2 meT 5.

BEICHR

(1) Klingmann, B. G. B. ; J. Fluid Mech. 240 (1992)
167-195.

Gustavsson,L. H. ; J. Fluid Mech. 224 (1991) 241-
260.

Swearingen, J. D. & Blackwelder, R. F. ; J. Fluid
Mech. 182 (1987) 255-290.

Waleffe, F. ; Stud. Appl. Math. 95 (1995) 319-343.

(2)

(3)

(4)

Thic dociiment ic nrovided hv TAXA





