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Aerodynamic Transfer Functions for a Finite

Wing in Incompressible Flow

Hiroshi MATSUSHITA

ABSTRACT

The aerodynamic transfer functions for a wing with a control surface in an incom-
pressible flow are presented analytically using Laplace transform technique. The aerody-
namic transfer function for an airfoil can be analytically represented with the generalized
Theodorsen function as cirCulatory parts and the rational function as noncirculatory
parts. The aerodynamic transfer function for a finite wing is obtained in a closed form
which includes the nonrational function called “‘a modified circulation”. A modified
circulation function shows a finite wing effect and is governed by an integro-differential
equation, which can be solved efficiently by numerical computation. These results
extend the simple harmonic theory to a general transient motion. With the expression
thus obtained, the characteristics of the aerodynamic transfer function for a finite wing
clearly show that it should have a branch point at the origin and have no singularities
along the negative real axis.

Transient aerodynamic forces in time domain such as an indicial lifts are obtained
by inverse Laplace transforming the present results. Comparison of these results with
the other methods and the experimental values shows a good agreement.
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