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Abstract 
 

Aerodynamic coefficients of the rotor blades are an important input to the rotor analysis codes 

used for calculating the aeromechanical behaviour of the helicopter rotor. For the analysis of 

hovering flight, steady aerodynamic data can be used as the rotor blades have a constant angle of 

attack throughout the azimuth. However, for the analysis of forward flight, - especially with 

moderate or high advance ratios - the angle of attack and the relative freestream acting on the rotor 

blades change rapidly throughout the azimuth, generating dynamic stall and calling for an 

inclusion of unsteady aerodynamic data. The development of stall and flow separation mechanisms 

during dynamic stall are fundamentally different from that of static stall, causing the rotor blades 

to showcase significantly different aerodynamic behaviour.  

 

Rotor aeromechanic codes currently used by the industry or academia rely on semi-empirical 

dynamic stall models to generate the aerodynamic data. However, the experimental data on which 

these models are based on were generated at steady freestream, whereas this freestream is time-

varying in real life.  

 

The goal of the paper to be presented is to assess the differences between dynamic stall data 

generated at steady and time-varying freestreams as well as to create a framework through which 

these can be implemented in a rotor aeromechanical code. The ANSYS-Fluent software is used to 

generate the dynamic stall data, and QoptR, an in-house Blade Element Theory code, is used to 

evaluate the overall rotor performance parameters. The paper will assess the sensitivity of 2D 

dynamic stall data to time-varying Reynolds number, Mach number and angle of attack, and 

present a framework through which these CFD data can be implemented in the QoptR code. The 

CFD results showed a clear sensitivity to the freestream conditions mentioned above, and its 

considerable impact on the accuracy of the forward flight performance prediction was also 

observed.  
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