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Analysis of unsteady flow in formation flight using Unsteady Vortex Lattice Method
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Many species of large bird fly in V-shaped formation. So far, it has been widely believed that following birds can
save energy using upwash generated by leading birds and some observations support this idea. In this study, we

focus on unsteady interactions among flapping wings and their wakes. The flow around multiple flapping wings
is obtained using an incompressible potential flow solver, unsteady vortex lattice method. We discuss how to

quantify beneficial flight of following wings and evaluate it for different relative positions and phase differences of

the wings.
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2.1 Unsteady vortex lattice method
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Fig. 1: A vortex element is characterized by circulation
and position of corners. The center of a panel is called
collocation point.
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Fig. 2: Formation flight

Fig. 3: Velocity field of the wake just behind the wing
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