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Control of the Crossflow Inétability Field

Yasuaki KOHAMA, Yasuhiro EGAMI
Institute of Fluid Science, Tohoku University

Full turbulent transition process is created on a yawed flat plate with displacement body sys-

temin a wind tunnel.

First, detailed transition process is measured by using hot wire anemometry and smoke visu-

alization technique. From the obtained results, it can be said that turbulent transition in

crossflow dominant boundary layer transition is driven by the secondary instability.

Second, control of turbulent transition is tried by applying selective suction system consider-

ing flow structure in the transition region.

Keywords : turbulent transition, three-dimensional boundary layer, aircraft drag reduction,

crossflow instability, secondary instability, selective suction
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Figure 2. Detail of the suction slits
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(a) Flow visualization by Naphthalene method
(Ueo=15m,"s, A =45°)
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(b) Flow visualization by smoke wire method
(Us=15m,'s, A =45° wire position
z=400mm, z=18mm)
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(¢) Flow visualization by Stage-smoke method
(Usw=15m,s, A =45° nozzle position
z+=280mm, y==1100mm )

Figure 3. Flow visualizations
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Figure 4. Cross section mesh measurements of
velocity and turbulence intensity

(velocity contour line step : 5% of Ue)

2. 2 ETHREAOKRE

X4 (a), (DREFENEL BB 2 BBHE
it S B RHEEBE O RBEBATRERERLILGD
ThHbd, CNXDBERBHFRET S ICEVERKROETE
BRELAPSBELRB LS, HHnOoREL L bITRE
TEIELDbrE, O—EORRI, BELIRLEH
DPEENZoRNSIcE T 3 EBEEECY LEDTH
UL T3, ok, R3IDMOABILEAELS bbh
23k5i, EERBRIMTCRERAB _RAKE L PH
RO EL - TEHAED 3, AEERTERI OO,
2L LOBERIALY—HEBEREZL, OB
BETRERNARTI TIRBEIRELE->TED, LOH
Fick-THOED TV 2, ThicdblbS T, K3
@DF 752 yOBRBEICILE-TED, bikh
SRELHEROUASEELEI TVWELD LS ICHL
3, TOKDREMmICE Y B LR, S, Rk E
W< &V (turbulent wedge) & W HERBIHMEMA X
h, PIZAIECOBEF 7Ly BEREIIEA BN
ROBBRERONTEEHEND 5, L LEAERE
FEhroi, BhoRE CRALZEHORER) 377
srvvyofkicdibL T8y, F75LryOHITVLE
BaRrcoBEErcRrILihhsvnsIfEshtn
B3lEbh B, TOKIEEMEI, B3 (a)&X3(b)
DODHEN LSS THD, F75 L v BKRIBLEDE
HEoBROEBBES, LB sBL I L8bh 3,
THbL, RO “BH &0 EVWHRBRBHLTLD
BYITHEh - EHBRPARERLSHOhICEI N
LB, 2 D EmHTOAEILES S OER TR,

fo BELhoRER) BESFRIEBTERVLEVS
LTH3, BLhOFREREmMIED, S TIINL, BAE
OHRETEL B0 O5TH 3,

2. 3 ETHBEORELEHAES

FiEoERE Y, BERNARES KRN =KTHlR
BrhTid, BEhALEREDS b, EHERS ERNR),
EETHS (KRHEIEL ), =L TERAE_RARE
(f) OB EBI>ORKEHBELTED, Eh
ZThRELE-1-EIELTVWAEI LB D,

ILHERAEICEVT, FhENNEDLI RS H-
T3 2L0FLERT DR, BRABROZE
RIHELZMA CEHNEBETH 5,

DX HNHNT, BRMETIC X ZHRBAROKE
Wrfic>WTA Y Yaitfll 27>, 5, (b
TOERERT K5@idAH, R5MiRf it 3
HRTH 2, RAIREENICRTEETR DO HHEH
BIEICR LTV, FhEFNOBEORENELEET
A1:8ic, X5 (a)Tid80—100Hz, X5 (b) Ti31.25—
25kHZ DXV 27 4 Wy =2 T3, B5 (@)

N ALEMLY I T

- h i

i ] f i

S 100 SN ; =

m =S =

o N _

© L i
E L
50 |-
g L
€ |
< -
0

10! s 10° s 10° 5

(Hz)

100

\\\\\
-----

50
x/C=0.50

Arbitrary Scale (dBV)

1 T 7T |IRA

x/C=0.55
0 b)Between vortices | »/c=0.56

U SR | aa . AN

10! 5100 s s
(Hz)

Figure 5. FFT analysis results of velocity

fluctuations at different chord positions

(Ux=15m,/s, 2=0.8mm)
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Figure 6. Growth rate of disturbances in
streamwise direction (U« =15m /s)
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Figure7. FFT analysis results of velocity
fluctuations by distributed suction
(Us=12m /s, 7.,/¢=080, 2=12mm)
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Figure 8. Cross section mesh measurement of
velocity and turbulence intensity for
distributed suction
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Figure9. Time-averaged velocity profiles
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Response of the Flow around the Airfoil to External Forcing

Masahito ASAI and Takafumi SENO
Tokyo Metropolitan Institute of Technology

In the present study, the response of the flow around the airfoil to acoustic forcing is exam-
ined experimentally for NACA0012 airfoil at moderate and high angles of attack, at a chord-
Reynolds number R, =23X10% At the moderate angle of attack a =10°, the flow is highly re-
ceptive to acoustic forcings over a wide range of frequencies, and the excited vortices can gov-

ern the downstream wake. At the stall angle a =16°, on the other hand, the nearly periodic

vortical structures appear in the wake without the forcing, suggesting the appearance of the
nature of absolute instability not unlike that of bluff-body wakes. In this case, the acoustic

forcing can not control the wake structure except at and around the natural shedding frequen-

cy.

Key Words : airfoil wake, flow instability, flow control, acoustic forcing
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