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ABSTRACT

Investigation of natural transition has been done in a flat plate boundary layer subjected
tofree stream turbulence using hot wire anemometory. Upstream of turbulent spots generation
low frequency components of velocity fluctuations in a boundary layer are much larger thanin free
stream while high frequency components are dumped. The wall-normal position of the
maximum fluctuation corresponds with the maximum amplitude of the transient growth
perturbation, and energy of disturbance lineary increases with distance from the leading edge
but not expanentially. These results suggested that the primary instability in the natural
transition corresponds to streaky structures predicted by the transient growth theory. This
instability has notably different character from modal perturbations such as the Tallmien-

Key wards:boundarylayer, natural transition, free stream turbulence, transient growth

1 B

FHFEAVEOFEDS, EHEEBINE
KEZ 5TV V= Tallmien-Schlichting # (U4
TTS K HothErBEEE 20, B
OYIBFETT TTA M) — RS B2 %
BERECTNWAZEN Ty E M2k
BSMNTzoTe, AN—UREEL. AN H
FNZEEREE DK 265 TRUAAICERD T
WA —IVERED, ZOAR)—T7INFRTA
ISR, COER, SRR
LETMN SRR DR EA G T 5. D5
B, BEIBE T T-S WISV DA, Z

DESTZRI> HRBRZRF ORELORREIS.

HERDEIEERTBITS Squire OEREEFE
5,

—. PEROGIZEER TR UAANSRTT S
RO ZRE L TOBD, TOIEZEF

IRAEATIE TS Bidide < B ORSE
ZH ORI O TS Z EHBERHIC
TRENTTWS BT 2) . ZOXS7EELD
FRE IR EER LA EN SR T H
BH RV 375 Transient growth SFAIH
W5,

Z OIS R L ARERER A B &I,

BRI BN A HEELOMGEEE 281 5
MNZL., T 517 Transient growth BRI L 5T
HEDHEZE T,

2 FERHFEBIUNER

SR 3BT 0.8 m X12 m 2RO
[ERFTERRA RS 2 mie 1.2m ORI &Rz
AL, FORH& 15m FiiTELE 200
M@ ERE U it 6=0 mm)
OFFFEAERE TeeumyUJ3 15% T, Hii

Thic dociiment ic nrovided hv TAXA

29



30

2 F R BRI AR I B 40 55

H U 12mk THA,

PR Iesio | R/ 0— 7 —
ifFREEZ RV TRUAIANC 24 51 BEEE
HINZ 32 5, EIENDALET 1000000 51D
dTr—4% 25kHz TH> 7 7 UT=,

4112, SRS LTSS EN
EHRHIZBIT A0S EEDANRYT )
FRETORERZR T TP OBFATIL T, 5
FIERNOWEIE (94 a) | HEERRR DL T
BO., BEEERODETES TOHBDHND S,
F-ZOPIDANRT ML (A b) ZAHTH,
T IEFEN T 200 Hz DL FOEERRE
BROASEINL., ELL EORERBRR A L
TW%, ZHUIBHIEN CEERBIRELA B L
TWAZEZERL TS, A Hz 5D
HEUS, TR F—THREHELD 100 £224 HC
BRI

2\ UAOEDE A BEE tms 2717 o
EAURS I IEWR USLE TOBKIE  trmspmax
THI> TS, BEEE AN y i3T5 857
[EOHBRES 6 TRIGULL Tdhsd, HELDD
IR ERNTHIETH ., F5E

fITIIEFELND—EEOE B R . FHL

Transient growth B 31 ZK DEABERERF
ORELOSIEIIT, BENMIEERATELN
HMEMIERLS—BLTND I EAYNS,

4 3 (ZEN R U AE BT SDEN TRV F
—DERIE B Urmsmad &\ TORNEZ &S
BEFE TADNIE yna DR UTTFES LR
Rl S IR D < LA VAR
Re=Usxh TH5, ENTHINF—T (X a)
Re \ZHHILTHEITT 22N ELABESASEAE L
465% Re=106(HIT THENPRAVEBITE UK
izl ol BEOK T & EBITEMETI
<., Transient growth BERIZ LD &, HDH
FUTOIABDEEL TRV F—E EBELT
)VA—E, DL BE Red L% Z EAHIS
NTHH, THEN TORELO TRIVF—H
Rex IZHHITHZ LT, ZDIELEBES.
Fe FRAVEAEEESAE (X b) (3EL

BERCRARTTIR yined=1.3 OEERESITF B
L. BLABERORA:E & BICBELITEE) L &
Bh¥H 3 LELE 25,
FEELOREAT K 5 EEEN R 4 I TRT .
Z TV IELIRBE) St L 7RFDRbe B9 H
SEDERATVS, K a THEMhEFHR TR
Uiz TS0 25D 5 &, yo<1.7 TS
TGO XML DD TINTIREL 30>1.7 TH
5, IO OO TR EMS,
PELERIBODREZFZITEL TS HDD,
BIAEIE TEAIHEDREITHHEED
N3, Mbid3T5o0 20 EDZE Uy R
o M SZEDBRAIE Ui TEATHEL TH
%, T30 2 LD ITAF Uk &
0, yo=17 T U0 T3> T5, Ua D5
AL Y2DIE, 2 TRUZE D7I3—EDHR
WA DIELOIERIE PN L O 3.
FINTNAZEERBL TS,

3 #bbiz

FERDBOFEED R IRBEDSS, v
UZHENBA M) —IksEEBHn5hdTh
SRR BRERF OB TH 2 &
N FEREDRERNS SN T
DOV A—DpkR BT T <
RIS OHE L Thnd 3 2 &%, &L
FTBRE DEEHELMAD S, Transient growth B
i CY RSN AFELOSEAYTNRENS, L
LIRSS TEM BELDRIN 1]
P72 Transient growth BERdl 8L 73
HbHD, FREBEROWIHOIE> TEHA
BHBTWETE LB,

SESHR

1) AR, Alfredsson: RiZ¥ D7 SP-
36(1997).5-8.

2) Hennigson, D. S.: In Advances in turbulence
V (Benz R, editor, 1995), 190-204. Kluwer.
3) Luchim, private contact (1997).

Thic dociiment ic nrovided hv TAXA



SR EE ORI & G TTESMERR

31

— y/3=1.3
------ Free stream

13 10¢
(a) Free stream i (b)
12
1
ME
0.1
w10l
~
£ w
-
S 9fb :
? 001k
s |
0.001 &
7 y/8=1.3
1 L
P — : ' : ' 0.0001 -
0 100 200 300 400 500 0 100 200
t (ms)

300 400 500
f (Hz)

1 LS ERENEELE O 6=700mm) @FEEFA ) A7 BL

urms/urms,max

1.0
O x=200 mm
A x=400 mm
0.8 - O x=600 mm
* x=800 mm
0.6 - ® x=1000 mm
A x=1150 mm
—— Luchini (1997)
0.4
o)
0.2 LAQ A
A* o &
0.0 '
0 1 2 3 4
y/d

2 FHABRE/ & Transient growth w3 EOLEE

Thic dociiment ic nrovided hv TAXA



32 MEFHEN R 405
20x10°
(a) 1410 (b)
(%] o o o VOO
1.2+ o
151 F% °
o] o 1.0+
o]
o
%o, L o8} ©o
\E 00
> 0.6 o]
0.4 o
oo
o]
0.2+ ooO oo
| 0.0 | i |
1.5 2.0x10° 0.0 0.5 1.0 1.5 2.0x10°
Re,
M 3 BOENTRIF—ETOREHAENAEDNR UIE Ha) SATRSE, (b) SRhnE
1.0 - y 1.0 yay —_
(a) “%. O x=700mm (b)
gﬂ g A x=800mm |
0.8 A O x=900mm
0.5 %,o . ¥ x=1000 mm
4 ® x=1100 mm
O x=700 mm 5 o _
06 e AOR) i . A x=1150 mm
J 0O x=900mm o 0.0 S
304 * x=1000 mm 30 '3 b o
’ ® x=1100 mm © &0 %
A x=1150 mm 4 &
0.2 —— Blasius profile 0.3
0.0 _ 1 | | -1.0 | 1 |
0 1 2 3 4 5 0 1 3 4 5
y/d y/d

4 HIREORO @ EIRE 0TI AMEDE

Thic dociiment ic nrovided hv TAXA





