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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

1. EXLdic
BERBOELH~DELED 5 b D/ A N AEH O MBI
b0, IMEASETN, REL, SEREREED
RETZETETTD. PHEL ELRICEDFEAELTE
RWEN BB AUCBIT 50981k, ERES L OBEEHE
ko THEARAENOED LN, FORRNRMEE
PRVEALPZEINTVD O, FLTH, #4 OELFHH
ERBREEE COLSRKBREL TV DR ENIES
P OWELES, AR OKE I BELFRE SR OEHE
WCRETRE R, SLREEOAKE SLFEEOBRED
BB e LIz >N COMER LI TWS, bivbho
IN—=TFTh, FRBGDRB, E VT I Fax—F&EHn
TERLIC SCROEIREIR A B L, Mk s B
FRAEHE D AR W O SRS & S E R s T
B TR LY S, ELRE S B R AR~
D RN L EE R TR S AN A S OBER S FTE L,
T ORERRIT L0 FHE S5 SLIHEE D b B iR E s~
YA ELFEEOIEAZ L L TWA T LR
Mz L7z,

DX D ICHELREIR DB R A 1 = X AT B ik
ZL BRoTETNDE, £UYVMOERH S OBEERIR
HIIEOREZ LR TWA YD, TOREMOARDOE

BHIDZ LIITERY, £ TEZE T, ELRERD
A BOSEETI VL TEZOND L DIT, RED
ROVIZANRCFMIZARRRES TS RT 7 F 2=
— & Z& f AR RUE P KA A TR O ELIR s I
ZEHEE L, B & IR B O RS E OIEIC
DOWTEHMIZHAT, £, BohHERZICRM O
T B ELUTHE 7 OFF 8 & LR LARAE L7z,

2. EREE

EBRIEIR X H LRI O ELEWR % v TR R 4 45 B A
DREECIToTe. REBRCTHWEEEU=50m/s 231}
LZEFROHENAE 0/ U X 025% L FTH S, Fig. 112
EEREEE OIS &R, ERIEA£E1,800mm, 1E490mm,
EX10mm DTNV =0 AEERT, sigmiEEEEt
2324:1 OFERRICINT S TR Y, AT & AR O
FHIZBWTERINEZZE LRV L DT B3 E
BRI b L okT RS LI Tnad, F/z, HESE
EEEEII AT BRI R > TR Y, FIR EDEAWENE 7
WL L IHE L, 2O, MBI TIE<
BELZ2WE O R BRICBR 727 5 v 72 Lz,
FEEROREEERRETRE L, HRFmIC o ®, B
TEEGFEIC g, AR HRNC 28R & o7z,

This document is provided by JAXA.



74 FHATZEIF LB FE B R B ¥R JAXA-SP-06-013

EERTI, Yo /€7 Iv i T7oFaz—F2AN
TEESE P ICELRES A MR EA LT, T4 F
2 T— & i, PARATES 5350mm DN IZF OB <
DE oz ARSI 2 MAESTRED fHid e, 1 DT
ZFar—FORESE, E40mm, &S 150mm, EE
05 THY, TIF a2 —FEMOPEERY B TDFE
WOMETRLEZOF I —7 4 VATEDALTWS,
Ex 7 2 F ax—F OFRE)EEEE 1Hz, FINEE
80Vrms & L7k, ZolE, T/Faxz—F%0 LR
30mm EWAT — 7 CEmMICEEL TWD 7, Tl
BIHz CTEFF5, 7/ Fax—2BRELVEL LR
LEDERBOGIRFERILLBLE2mm THY, Zhit
ZOMBICBITAEREIE S S99 D39%, HEFRE S 5+ @
113%ICHY TS, B, Eo /T2 Fan—FBEHEL
TRECTOmNTIEHRTH Y, ez 0RETE,
600mm (T3 THE DA77 FE L iz SLf o oA
LB,

W ORE T EROBBEE Z AV, T7F 2=z
— & OEEBIEH 2 ILHEES L L TEM [ &mb e 79
VI NEHNR T o7z, T ) v R EILSkHz T
HDH. IHITHAFAORER - ARAEORTEEL<
LD, y=1.0, 2.5, 40, 5.5, 7.0, 8.5mm OF
SEEFSEDT o —T 20 fFIFTMiEo 7 v —T75%
fERE L, Mt 7 o —7 & LT 2= 750mm DOAEIZHE
1.

3. LRI ORE S

AT, HELBHOBI CER<, FORBRAME
BREVEIRZELGER L EELTWD, Thbb, b
DHALE x (TR HHENA UL) 2B OFE U, &
FEZRE) w(h) I3 gL,

U(t)=U, +u(t) (1)

THIRIRR ) 2 EBEES u(t) DT 4 T AT b 0P
NELTEZL, RERRDRE <u/(f) > 2KkR

<u'(f) >= %i(u,(t) —<u(t) >)’ 2)
=1

WEVEHTS, ZZTCNRBT7T Y 7AEHDEE T
by, EBRIZED 96~120 THSE. LT, ZOFRKA
BIRR 73 38 BE 23 2 i D 2% LA b ThIETLHTMEEL & R
TLLLE LEEdoT, ké 2 EELEEORMS KA
L ThH, AR D RE ST AT ELER L 1T R
R,

turbulent region

1.800

(a) Top view

=

§/}|\L - 3 s ))

<
(b) Side view

Fig.1 Experimental setup.
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Fig.2 Contour maps of < u' > /U.. in zy plane at z =
Omm and ¢/T = 0.122 (a), 0.140 (b) and 0.178
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Fig.3 Contour maps of < u' > /U. in 2z plane at y
= 2mm and ¢/T = 1.380.

Fig.4 Ansemble-averaged signals of the rake of hotwire
probes, < U > [Us, at ¢ = 750mm and z =
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.

(Fig. 2(c)), BERBOIMEN L EEQNRSESCPERD
(H/T=0.178). ZD#EREER I < O ELE L0 2 5
iF, ELtEOEES A E~E T T SEICRS, H
ORI, Johonson @ELIEHEA £ x4 & LicHifE 2
2= ar®iIEBWThREshTnd, 20X 3ic
LI R B O B ik A5 & T A I R AR I
IC72->THY, BEERE TR ShdZ 0RnYR
i As Z o CELFTIREE O ES FEERIL T2 RET
HHFERIERE V.

12 T T " T Y T
4T
10 |- —— 0.080 , ]
—e— 0.122 ]
—m— 0.140
8 l- —o— 0.178 A
IS =
4 - -
2 - -
0
0 12,

u/ U

Fig.6 Streamwise velocity profiles accompanying the
passing of a turbulent region.
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