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Effects of Wake-Passing Orientation and Frequency on
Unsteady Boundary Layer Transition on an Airfoil

Tae-Choon Park, Woo-Pyung Jeon and Shin-Hyoung Kang
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Effects of wake-passing orientation and frequency on the wake-induced boundary layer transition on a
NACAO0012 airfoil are investigated. The wakes are generated by rotating cylinders clockwise (CW) and
counterclockwise (CCW) around the airfoil. Time- and phase-averaged streamwise mean velocities and
turbulent fluctuations are measured with a single hot-wire probe. Wall skin frictions are estimated by
the Computational Preston Tube Method (CPM). The pressure distribution on the airfoil is different
according to the wake-passing orientation and frequency. Turbulent patches are generated in the laminar
boundary layer due to the passing wake and the boundary layer becomes temporarily transitional. The
transition process is significantly affected by the pressure gradient and the turbulent patches. For the
receding wake, the turbulent patches propagate more rapidly than those for the approaching wake
because adverse pressure gradient becomes larger. As the frequency increases, onset location of
transition moves upstream and the boundary layer near the trailing edge becomes more transitional.
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Fig. 1 Schematic of the test airfoil and wake-
generating system
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Table 1 Experimental cases of incident wakes

N 4 8 12 24
f (Hz) 23.6 47.2 70.7 141

Ste 0.71 1.4 2.1 4.2
1.04 ——

mviscid solution ( blockage effect)
*  base flow
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N= 4 °
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Fig. 2 Variations of static pressure coefficients on
the airfoil with wake-passing frequency
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Fig. 3 Contours of the phase-averaged turbulence intensity v Cw'?> |Us (%) in y -t plane at

five streamwise locations with wake-passing frequency
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Fig. 6 Distributions of r.m.s. values of periodic fluctuating velocity at five
streamwise locations with wake-passing frequency
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Fig. 8 Steamwise profiles of y. with wake-

passing frequency for the (a) CW and
(b) CCW cases
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