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Traveling Instabilities on a Crossflow Instability Dominant Boundary Layer

Yasuhiro EGAMI and Yasuaki KOHAMA

Full turbulent transition is created in three-dimensional (3D) boundary layer on a swept back
flat plate with a displacement body system in a wind tunnel. In the case of general crossflow
dominant 3D boundary layer transitions, it is known that after crossflow vortices appeared, crossflow-
traveling instability appears. However, it is not clear how the crossflow traveling instability starts
to appear and what is the roll of it in the transition process. The flow field is measured in detail using
hot-wire anemometry and the smoke visualization technique. Visualization of the crossflow travel-
ing instability /i is succeeded using high-speed camera. Periodical rolling up vortex motion generat-
ed propagating wave with the frequency of /i. From the results, it can be concluded that crossflow
traveling instability /i is the inflectional point instability existing in spanwise velocity profile. Such

unstable condition is originally generated by the streamwise vortex motion.

Key Words: Turbulent Transition Mechanism, Three-Dimensional Boundary Layer, Visualiza-
tion Technique, Crossflow Instability, Crossflow Traveling Instability
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.
C=800mm

Perspective view
@ wind tunnel contraction nozzle @ wind tunnel collector
@ extended nozzle @ side plate (® pressure taps g flat plate
@ displacement body separation preventing plate
@ smoke visualization slit

Fig. 1 Experimental set-up and coordinate system
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(a) U.=8 m/s, Re =3.1X10°

crossflow component
——— ?

vortex A(clockwise rotation)

(b) U= 10 m/s, Re =3.8x10°

(¢) U= 12.1 m/s, Re =4.6 X10°

5mm (d) U= 13.5 m/s, Re =52 X10°
Fig. 2 Development of crossflow vortices
taken by high speed video camera.
(x/C=0.72)
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(a) T=0.0msec

Smm

Fig. 3 Time series of crossflow vortices motion photographed by high speed camera.

( U= 10.0m/s, x/C=0.72)
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Fig. 4 Flow visualization of crossflow traveling instability
by smoke method and its sketch.

(U = 10m/s, Rec = 5.3 X 10°, nozzle position x/C =0.35, y = =100mm)
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Fig. 5 Time signals u (%) at different chordwise
positions. ( U= 15.0m/s, z= 0.8mm)
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Fig. 6 Cross section mesh measurement of velocity and
turbulence intensities at different chord positions.

(Bandpass filter range : 80-100Hz, for disturbance 17,
velocity contour line step : 5% of Ue, Un=15m/s)
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Fig. 7 Velocity profile and turbulence intensity profiles
in x-y plane. (Ux=15m/s, z=0.7mm, Rec=8.0 x10° )
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