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Role of passive flexibility of wing in flapping flight
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Role of the wing flexibility and deformation in flapping wing aerodynamics under zero

and non-zero advance ratio are investigated The study can be divided into insects flight

regime [1] and birds flight regime [2] as the wing flexibility plays a vital role in both unsteady

and quasi-steady regimes respectively. The insect models are investigated for the Re range

of 2000-10000 and the wing aspect ratio 1.5 to 3 with different flexural rigidity. The role

of flexibility in the retention duration of the leading edge vortex (LEV) and the resulting

flow field and force field is investigated in details in these parameters ranges. The flow

field is measured using PIV at zero forward velocity [3] and force field is measured using

unsteady force transducer. PIV measurements conducted in the wake profile of the insect

model enhance the understanding of the vortex interactions and other flow features that

take place in flapping. The butterfly shaped wing shows better lift and thrust generation

than a rectangular wing of the same span and same aspect ratio. Among the rectangular

wings, the one with aspect ratio 2 gives optimum lift and thrust characteristics.

Figure 1: (a) PIV velocity field of the butterfly wing flapping at 5Hz, at t/T = 0.5Hz (b)
Passive wing deformation in the bird model showing the change in the camber of the wing
in both the strokes.

In the birds flight regime flow visualization and force measurements are carried out for

different wing flexibility in the Re range of 4000 to 21000. A theoretical model has been

developed based on quasi-steady lifting line theory. The experimental observations predict
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close match with the analytical estimations at lower J (advance ratio) values (as at lower

frequencies the inertial and added mass effect are low which is neglected in the theory).

Increase in rigidity favors the lift and thrust upto a certain point and then it falls, thus

there is only a range of flight parameters where flexibility and deformation is useful. The

stiffness of the wing also changes on the flight parameters like the effective angle of attack

at various wing sections, including the change of camber along the wing span helping in

sustaining an overall positive lift or thrust depending upon the case.
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