\

ELIEBE M O A & BIEIC BT 2 N E OM BT

fZ=m E S g6l RX

Wyl J3/H =N =

Merging of Turbulent Spots and Interaction between Internal Structures at the

/ing tips

Hideharu Makita® and Akira Nishizawa*
“Toyohashi University of Technology

ABSTRACT

The wind-tunnel experiment was made to clarify the interaction phenomena between turbulent spots generated in a
laminar boundary layer. Measurements using a rake of 16 I-type hot-wires gave instantaneous plane views of a single
and merged spot. The results showed that the arrowhead-shaped turbulent region of the turbulent spot was composed
of a number of small-scale streaky structures elongated in the streamwise direction. The spot is always accompanied by
streaky velocity-defect regions around its both wing tips. When the two simultaneously generated spots came in
contact with each other, strong mutual interaction occurred between the streaky structures at their inside wing tips,

and gave birth to a strong ejection on the symmetry plane of the merged spot.

Key Words: turbulent spots, multi-point measurement, conditional sampling, laminar boundary layer

1. ZL&HIC

JE BN E I ET D AL B AU BN o SMANC
B L KREREEZET 5 2 L b fek, LR
DT E OBEEWERTER SN T D Y, HEEHELIX
SEOBERBEAE LA > TELMBE R 2R L T <
B\EIT. BERRE O L LA BB IR T i O SLik R g
OBEIZEDL Y REEBERETONEHLINCTS
e, ZOOBBRPMET AT LW TEIN, B
WS 2 BERDEA T 25 A (IR BT 18]~ iR 3
RET B ERR LY, ZOMHEITELTE LY L OB
HERRD ECHEETHY . AR TIRWEST 2 Z o0
B OBIBEHNME L& XONEEEOEILES R
FIEFEHRNC £ 0 -~ @A K D REARE ORIz o
THRET L7z,

2. RERFE - RRAE

JELJA 8 XE 6 (7 187 0.44m X 0.75m., & S 8m)IZEhiE I
RE SN EREERWME.75m, £ET. TmICENA
BROENBHRERBEZHA L, #ifks S700mmo
MEBIZERImmOKEHLLEZ o iF7=, T b
DA FH M ERIZ40mm T H B, & L7 6 0 NE i
EFREHL, Zo0ELMEAEZFREICEKR L, £
MIMEITUL=Sm/s& LTz, BEREF AT >0k &
LILodReE Lz, ARNWBIZBITIBIHRERED
R EE AT ERE S B < —H L, X=300mmiZk
TAERIBE X §=9.0mm, KX H LNMEIZRKITD

ERIBHERE X § p*=2.6mmiZES3< LA 7 W XHK
BR817TTH D, EREREOFMIIERIEBR I
e, FHENZIX16F ¥ U RVREFER 1 o —T (@R E
Imm, BBESpm)E AWz, ZHFRIZERL % 1
7o —7OMRIESmmTH B,

3. RBRRLER

X ZBERZ M TR LIZBED YV 6=041281F5
HELE) w O Z-T Writi A (BRRER) OFh T b % 7R
T, BEE#oOmEIIAENSETHY ., KhFREEND
FEBRED, L, SEEARR—OHRZ THRITM
BB L2 b O TR, 22T, EELE » IIBEAD
RWBTREORFTESRELSOThTH D, EDjfin
FHIANLE T b LA 1 A B 2N 1R 72 5 I fE I
DEERMIZIEDR 2 TWDBDOIZRE L, FHtNZ I E g
DA T2 B BOEFEIR & ME A D < 55 03 TR
LTW5%, BERAEICIZZEOMRBRONT © U RNTFE
T5ZENARILIC K > TERES TV 98, il
OMEFER FRRREEEY) (32 O X 5 2/ NRBE R i
BIFAEL T RN EXD»5D, K1 Ok 723K
W U 2R’ LZESR7T— NV (RPRAITRLE
FIRR) & 3 2 & LMD < o 7o DRl R <o s
Bixmn iz miRkichoTnaZ Enbnd
M. O Z FEFERRITERBE SN TV S ERNEO
MERORBRREIWVETH Y P, FERICE > THR S
HEBEFRZTZbOLEEX OGNS, WET D ZS>OBR
BEETDHE. BOICEMTIONBRETHEND

Thic docniment ie nrovided hv 1AXA

13



14 P ZE e BN I TE TR ] B k435

201 Calmed region
01 TU_.=100mm
-20 1

Z(mm)

Z(mm)
i

0
g

H
(=)

N
o O
.

Z(mm)

L
IS

10ms/div

B ERMBRICHITA2ERELES v O Z-THESHORNE
L. ¥/ §=0.4, (a)X=300mm, (b) X=400mm, (c) X=500mm.

BBHoOBEIHAMOBETHBE2H#H 2 L THRICE
ETHHN, BEREICIZED X (LEIZB T HEICHEE
AL ET D, AL TIIBERONEIEE & LTA~T
i@ ObLEBIND A T OMERER o B {KE E
B (BOE ) 2. B 0O LS & R BRI 0 g RE )
EHETDHEEZD & MBI A SRR T 5 R
MO BPBEESIIA~ATECR TR FROFGERBIZ/I T
WBAEREMED H D, Fii~T< LEEAIIRET 2439
BHREEEZRL O ONHEOMEDOE MR Z TVDH I L
Nond, ZHTREBHE X CEEIZBS O TH 203
HEMNR END Z EI0 & W BERMN R/ JiH & it
BEZHEET 2 Y20 Th D,

B2 12T A ZoOBEmAEA LTZE %0 X=300
mmiZieiT DEREHE % 176 =0.4,0.2 ORI 12DV TR
T, V6=04 IZB VT Z OB E O PRI T
SEVVEEFEE A LI D o TIER SN TV 5,
B BE A O35 A (K 1), B 56 8B 3 H 12 M0l i B A L
BT 200 WiET D SBEA OB LRI,
FNER OSSR E - H i & Jkﬂ HAMZ
BldEd A REMN Gt ER L THIET D &5 HiLD,
L7z o T, ZOOBAO@MENI umﬁw S 7
#BE A ORI E T D e B IS A F sk
U, E#EGBEO LA NERIC o /R, sV EuR
HEAERENEZLOEEZ LN D, ¥/6=02 TiX
BEAEOEEAMEBK THIN _DOHRD
qsr‘;ic:m\fammﬁf;ﬁmﬁr&#;fﬂ&éum\
B, £72. V/6=02 {IZBWVT oD L PRI

Wéntﬁﬁﬁ@@‘mhbMLWUtm%T%U\

DY 6=04 OFGEBEE LY b LRMANEL TV 5,
SHUTAA L BRI AL 3D B HEMAY XD xS
LEHL-EEZETIALOEELOND, AWVIZ
WEEET 25 ERIBHBOMBN Z OB OMEIT
;Uﬁéb\~00ﬁw«7tyMﬁ%Wéﬂéﬂ
EtELH DA ﬂA%KATEVMﬁ%Wéﬂ

&oﬁliﬁnunhﬂﬁﬁﬁt L XA D B A A

20]

Z(mm)

L
S)

[ SN
S O O

Z(mm)

-20

10ms/div

K2 BEHAICEIT2EEES « O Z-THE S 1.
X=300mm, (a)Y/ 8 =0.4, (b) ¥/ & =0.2.

ZODHAOBAEILL o THEOFMICER EN
fEGCHEE L. AROOREE L & HICTR~TR
ENRBOERZEL TN EEZ NN, ZOHIA
RO @EENTFEE LRV, BRI TR
CERMESZHR AL SPETHIFERD LOMRE
Wizl BEOZDOHFEE#HL TV, BEAN
HIEA~ATECRIEG TRAABDOH DO BHEE
LEEL TV 9, UETIHAOREWITIER
WEHORPMICHEENDI DT ICEIBMEEZETD
AT EUVBPEREINRTWAEELH D, Lh
2T, MBIV ALLBBVVEEIISRE LHF~KE
THRREAVDEE L TWAZ ENTFRIN, 207D
FTHRIZEWTHAKMAOESHAEMHEADO LD X
DEMTI LN EEZLND,
BAEMICBITAMBEORE - BREBRLMAT
BIZIL, 5%, /R T7ue—TE2HOTHEED KD
FRBHMNTAZ L, B BEHoBELEM
WHRONA LD 7o —TOTEROMBEEZESD D
IERENPMLETHN, ZTOFERIZOWVTIRERIC
T3,

4. &0

B AR S B S EOFIROBEIC L
S THRMR SN TE D BEHIZIEE O/MUIZ BEER %
FRTIBENEIFET D, Z20HAOBERIZIX
A IRV BOR IR R T 5 £ ) REEDHED
HMETFSR4A L., EHOBEREKD L ~DREIE
Eaxns,

&5 XHk

1) Coles,D. & Barker,S.J.: Turbulent Mixing in Nonreactive and
Reactive Flows, Plenum (1975) 295.

2)F5MH - FiR: #3A B 64-627 (1998) 3682.

3)FEM - FHIR: £ B % 65-632 (1999) 1283.

4) Matsui,T.: Laminar-Turbulent Transition, Springer (1980) 288

5) Schubauer,G.B..& Klebanoff,P.S.: NACA TN-3489 (1955)
RAYZEM . FEIR- BEIA R & AS_A2N 71000\ 377

Thic docniment ie nrovided hv 1AXA





