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NUMERICAL STUDY ABOUT AERODYNAMIC CHARACTERISTICS AND FLOW
FIELD STRUCTURES FOR A SKIN OF AIRFOIL WITH ACTIVE OSCILLATION AT
LOW REYNOLDS NUMBER Y
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Abstract For the poor aerodynamic performance of airfoil at low Reynolds number, the paper targets the active oscilla-
tion for flexible skin of airfoil in order to improve its aerodynamic characteristics and flow field structures. Roe method

with preconditioning technique was used to solve the unsteady compressible N-S equations and simulate the flow fol
NACAA4415 airfoil at low Reynolds number. The aerodynamic force characteristics and laminar flow separation structures
were compared by time-average and unsteady methods when the skin is static or oscillating. Preliminary studies indicat
when the flexible skin actively oscillates with appropriate amplitude and frequency, the time-average lift and drag char-
acteristics increase significantly. The separation bubble structures transform from trailing-edge laminar separation bubbl
to classic long laminar separation bubble. The separation position moves downstream and the separation region reduce
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On this basis, the paper studied the alterations of the unsteady flow structures and presscientadestributions more
detailed during one period with the two states of the skin. The flow field structures and the pressure distributions keep
steady in the front part of separation region at a static skin. The flow approximates steady separation and the unsteac
flow phenomena like Karman vortex streets only appear at the trailing edge. Otherwise, for the oscillating skin, the un-
steady vortexes generate near the separation position, subsequently move, and then shed along the airfoil surface. T
flow presents unsteady separation and displays a wide range of pressure oscillation. Owing to the oscillating skin, the
fluid movements are closer to the wall. The large scale laminar flow separation phenomenon is suppressed apparently.
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Fig. 12 Unsteady pressure dbeient distributions for the (a) static and

(b) oscillating shin during one period
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Table 2 Average aerodynamic force fodents and rates of

rise with different frequency of oscillation at= 3°

ft C. rates of rise L/D rates of rise
fo 110.4% 234.0%
2fo 10.89% 47.0%
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Fig. 13 Time-average vortex structure of laminar separation bubble at

a=3°f* =21
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