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(Effects of Upstream Wake Frequency on the Unsteady Boundary Layer
Characteristics On a Downstream Blade)
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ABSTRACT : The effects of the frequency of upstream gust on the unsteady boundary
characteristics on a downstream blade was simulated by using a Navier-Stokes code. The
Navier-Stokes code is based on an unstructured finite volume method and ises a low
Reynolds k-e turbulence model to close the momentum equations. The MIT f apping foil
experiment set-up is used to simulate the interaction between the upstream wake and a
blade. The frequency of the upstream wake is simulated by varying rate of pitching motion of
the flapping airfoils. Three reduced frequencies. 3.62. 7.24, and 10.86. are simulated. As the
frequency increases, the unsteady fluctuation on the surfaces of the downstream hydrofoil is
shown to decrease while the upstream flapper wake has larger first harmonics of
y-velocity component. The unsteady vortices are shown to interact with each other and. as a
result, the upstream wake becomes undiscernible inside the inner layer. The turbulence
kinetic energy shows a similar behavior. Limiting streamlines around the trailing edge of the
flapper are shown to conform with the unsteady Kutta condition for a round trailing edge.
while limiting streamlines around the trailing edge of the hydrofoil conforms with the
unsteady Kutta condition for a sharp edge.
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Fig. 1 Schematic diagram of the MIT flapping
foil experiment
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Fig. 4 Comparison of the wall pressure
coefficient
{a) at y+ = 100, k =3.62 (b) at y+ = 1000, k =3.62

Fig. 5 Time histories of the unsteady velocity
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(a) at y+ = 100, k =3.62

(b) at y+ =

1000, k =3.62

Fig. 6 Time histories of the turbulence kinetic
energy
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Fig. 9 Streamlines around the trailing edge of
the flapping airfoil
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