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Abstract:

The basis of linear piston theory in unsteady potential flow is used in this work to develop a
guantitative treatment of the validity range of piston theory. In the limit of steady flow,
velocity perturbations from Donov’s series expansion for the supersonic flow over an airfoil
are used to assess the contributions of nonlinear terms relative to linear terms in the full
perturbed potential equation. The range of Mach number and flow turning angle for which
linear terms dominate is put forward as the analytical validity range for linear piston theory as
based in potential flows. The range of validity of single-term nonlinear extensions to the
linear potential equation into the transonic and hypersonic regions is treated. A brief review
of the development of related aerodynamic methods for supersonic flows which share a
similar form with piston theory is given; where applicable, the piston theory coefficients for
the methods are given. The differences in the theoretical bases between the methods are
highlighted. A discussion of the role of higher-order terms in piston theory and the validity
limits of local piston theory is given.



