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Influence of the External Disturbances on Natural Transition in Boundary Layers on NACA0012 Airfoil *
Naoko TOKUGAWA* ', Shohei TAKAGI *', Yoshine UEDA*2, Atsushi IDO *3

Abstract

A series of experimental investigations have been carried out to examine the influence of free-stream turbulence and
acoustic noise on laminar-to-turbulent transition in boundary layers on an NACA0012 airfoil. The quantitative evaluation of
the influence on the total growth rate N of the most amplified disturbance obtained from the e¥ method at the transition
location is made in an empirical relation between the total growth rate N and both the residual turbulence 7k and the sound
pressure level SPL. Consequently, the transition location is detected as a linear equation N=C, X In{Tw) +Cyy X SPL+C
for not only 2-D case with zero angles of both sweep and attack but also 3-D case with non-zero angles of both sweep and
attack, though each coefficient in N depends on geometrical configuration of airfoil such as cross-sectional shape and swept
angle. Accuracy of predicted chord length is expected to be improved 10% by use of the obtained empirical relation. Surface
temperature measurement technique by use of infrared camera is shown to be efficient and useful for transition detection in

low subsonic flow. Usefulness is also shown in visualizing cross-flow stationary vortices growing in 3-D boundary layer.

Key words: Boundary-layer transition, Transition prediction, eM-method, Free-stream turbulence, Acoustic noise, Infrared

image technique
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