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Flow Field Phenomena Contains Laminar Separation and Separation Bubble on
NACAO0012 Airfoil at Low Reynolds Numbers

by
Tomohisa OHTAKE, Yusuke NAKAE, Akinori MURAMATSU and Tatsuo MOTOHASHI

ABSTRACT

We carried out flow measurements using a CTA hot-wire anemometer to clarify flow field phenomena contains laminar separation and
separation bubble on NACAO0012 airfoil at three low Reynolds numbers; Re = 10,000, 30,000 and 50,000. A laminar separation region was
observed on the airfoil near the trailing edge when the angle of attack was nearly 0.0 deg. at all Reynolds numbers. The instability of the
laminar separation region induced the growth of turbulent intensity in the separated shear layer on the airfoil. The growth of turbulent
intensity caused a reattachment of the separated boundary layer on the airfoil surface, and a separation bubble formed on the airfoil. The
separation bubble observed over a rather wide range of angle of attack until the maximum lift coefficient was reached at Re = 30,000 and
50,000. However, the separation bubble was also observed in the narrow range of angle of attack of from 7.0 deg. to 8.0 deg. at Re = 10,000.
The flow field phenomena on the airfoil at Re = 10,000 shows that the laminar separation region extended with the movement of the
separation point, and the separated shear layer was detached from the airfoil surface until the maximum lift coefficient was reached. This
difference of flow field phenomena on the airfoil, the changing process of flow pattern from laminar separation region to separation bubble
depended on the Reynolds numbers, might play an essential role in the performance of the airfoil at low Reynolds numbers consequently.
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Fig.3 Representative lift characteristics of NACA0012 at low
Reynolds numbers (Re=1.0x10%, 3.0x10% 5.0x10%.
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Fig.5 Velocity distributions on NACA0012 airfoil at Re=3.0x10* (Exp).
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Fig.6 Velocity distributions on NACA0012 airfoil at Re=5.0x10* (Exp).
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Fig. 8 Instantaneous pressure contour around NACAO0012 airfoil
with periodic C; fluctuation at Re=3.0x10* a=7° (2D-CFD).
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