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ABSTRACT 

The fundamentals of circumferentially varying stator cascades and their interactions 

with a downstream fixed pitch propeller were investigated experimentally utilizing 

multiple measurement techniques.  The flow physics associated with the isolated 

circumferentially varying, or cyclic, stator cascade was studied in a wind tunnel 

environment through string tuft flow visualization, 2-D PIV, Stereoscopic PIV, and 

static surface pressure measurements.  The coupled wake physics of the cyclic stator 

cascade with propeller were then investigated in a water tunnel using Stereo PIV.  

Finally, the global performance of components and the coupled system were quantified 

through force and moment measurements on the model in the water tunnel.  

A cyclic distribution of the stators’ deflections resulted in non-axisymmetric 

distributions of the surface pressure and the flow field downstream of the stator array.  In 

the model near wake the flow field is associated with secondary flow patterns in the 

form of coherent streamwise vortical structures that can be described by potential flow 

mechanisms.  The collective pitch distribution of the stators produces a flow field that 

resembles a potential Rankine vortex, whereas the cyclic pitch distribution generates a 

flow pattern that can be described by a potential vortex pair in a cross flow.  The stator 

distribution alone produces a significant side force that increases linearly with stator 

pitch amplitude 

When a propeller is incorporated downstream from the cyclic cascade the side force 

from the stator cascade is reduced, but a small vertical force and pitching moment are 

created.  The generation of these secondary forces and moments can be related to the 

redistribution of the tangential flow from the cyclic cascade into the axial direction by 

the retreating and advancing blade states of the fixed pitch propeller. 

 


