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Dynamics of flow structures on heaving and pitching airfoils
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The flow structures on a heaving and a heaving and free
pitching airfoil are investigated by means of particle image
velocimetry in a windtunnel and watertunnel. They are
compared to numerical simulation carried out in advance.
The aim is to have a validated numerical method for
predicting aerodynamic coefficients and the dynamical
behavior of flapping airfoils at low Reynolds numbers.

the heaving motion.

1. Experimental Setup
For the experiments in a low noise/low turbulence windtunnel
(Tu = 0.1%) a motion apparatus was designed to realize
heaving and pitching motion of an airfoil up to 10 Hz with
maximum heaving amplitude of 100mm and pitching
amplitude of 20°. The motion pattern is nearly sinusoidal and
the phase difference between pitching and heaving can be
selected freely. Due to the motion apparatus only stereoscopic
PIV could be used. For the watertunnel setup a second
apparatus was used where also standard PIV measurements
were possible.

Fig. 2 Reynolds shear stress distribution of a heaving and
free pitching airfoil at Re 60000 and k=0.5
3. Experiments
The experiments carried out in the wind and watertunnel
show that for the case of small variations of the effective
angle of attack the numerical prediction of the separation is
quite good but the reattachment depends strongly on the
turbulence model. For cases with higher variations of the
effective angle attack where no separation bubble appears the
qualitative analyses of the flow structures shows good
agreement. Additionally the pitching angels are in good
agreement with the numerical predictions for the free pitching
motion.

Fig. 1 Motion apparatus for the windtunnel
2. Numerical Calculations
To get insight into the flow structures at first numerical
simulations with the adapted RANS solver FLOWer were
carried out. The solver can predict transition and is also able
to calculate solid body motion. For free pitching motion the
equation of motion was integrated into the solver and solved
with a 4th order Runge Kutta scheme. Thereby the moments
due to aerodynamic, gravity, inertia, spring and damping
forces were included. For coupling a staggered approach was
used. Figure 2 shows the Reynolds shear stresses for the
SD7003 airfoil at a reduced frequency of k=0.5 (k=πfc/U∞; f
heaving frequency, c chord, U∞ free stream velocity) and
Reynolds number of 60000. Pitching motion is free and has
with respect to efficiency a nearly optimal phase lag of 84° to

Fig. 3 Measurements of the behavior of a laminar
separation bubble on the airfoil SD7003 in the watertunnel
at Re 60000 and k=0.1 in pure heaving motion
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