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STABILITY DERIVATIVES CAST IN THE FRAME OF SUBSONIC 
UNSTEADY AERODYNAMICS 

M. N O W A K (WARSZAWA)

On the basis of numerical results and theoretical considerations, a generał form of the (un

steady) linear, discretized aerodynamic operator in the Laplace- and in the time-domain, for 

two- and three-dimensional subsonic flow is proposed. It corresponds to the classical Theodorsen 

solution for an airfoil in incompressible flow. The model of aerodynamic derivatives uses a poly

nomial approximation to the transfer functions. There are identified terms, which are neglected 

in this approach: these are the deficiency function and, in the case of compressible fluid, also 

the term responsible for the initial pulse. These results clears the limitations and possible im

provements of the aerodynamic derivatives model. 

1. INTR0DUCTI0N

In Flight Dynamics, the aerodynamic loads are usually determined by means 
of aerodynamic (stability) derivatives. The aerodynamic forces are assumed to 
be linear functions of generalized coordinates , velocities and their first deriva
tives ( with respect to time). The coefficients in these linear functions are called 
"aerodynamic derivatives" and are assumed to be constant, independent of pa
rameters which describe the motion. They are usually calculated on the basis of 
a simple steady, linear aerodynamic model. This approach was first introduced 
into the engineering practice in 1904 by BRYAN [1], and since then is used with 
great success in the stability analysis of aeroplanes, when the structure may 
be regarded as rigid and all changes of the state variables are sufficiently slow. 
The characteristic feature of this model is the assumption, that the aerodynamic 
forces depend only on instantaneous values of parameters used to describe the 
motion of the structure. 

In the flutter analysis of aircrafts, it is necessary to use more complex aero
dynamic models, which take into account the influence of the flow disturbances 
(determined by the history of motion of the structure) on aerodynamic forces. 
Although the model of stability derivatives may be regarded as a particular case 
of the unsteady aerodynamic model, it neglects some factors which may be im
portant if the aerodynamic forces change very rapidly, and also the asymptotic 
























































