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Summary: 

             The thesis objective is to evaluate numerically the performance of partial cascades at the 

blade tip of horizontal axis wind turbines. The numerical investigations of the flow fields around 

the wind turbine are done using the ANSYS FLUENT commercial package. A parametric study 

is performed taking in to consideration the effect of the cascade spacing, cascade length and 

cascade configuration on the turbine performance. The Blade Element Theory model is used to 

design a suitable wind turbine. The turbine is then simulated numerically and the results are 

compared with those obtained by the blade element method. The results show good agreement. 

The turbine geometry is modified by adding the partial cascades at the blade tip. A simple two 

dimensional cascading airfoils analysis is achieved by changing the axial and tangential spacing 

and the results are applied to the three dimensional HAWT project. The new configuration has a 

large impact on turbine power over a wide range of operating conditions. 
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ABSTRACT 

In order to reduce wind energy cost, the output power of wind turbines should be 

augmented. A new concept to enhance the performance of horizontal axis wind turbine is 

suggested in the current study by adding partial cascades at the blade tip. The effect of fitting 

partial cascading tip arrangement on the performance of horizontal axis wind rotors is 

investigated numerically using finite volume CFD ANSYS FLUENT code. The numerical study 

demonstrates the resulting flow pattern of this new configuration and its effect on the turbine 

performance. Subsequently, several design parameters are studied -over a wide range of angle of 

attack- to select the optimum design of the new turbine configuration. These parameters include 

the axial and tangential space to chord ratios and the length of the partial cascaded tip to blade tip 

radius.  

A simple two dimensional study on the cascaded airfoils is performed and the results of this 

study are applied to three dimensional horizontal axis wind turbines. Two HAWT cases are 

considered before and after fitting the partial cascading tip arrangement. These cases are NREL 

phase II wind turbine which is designed with an untapered untwisted blade and a highly tapered 

and highly twisted 7kW Cairo University HAWT project.  

The two dimensional results indicate that the tangential force is increased as a result of the 

separation delay. Thus the cascade compound can be used at high angles of attack. The optimum 

cascade spacing for angles of attack below 17
o
 is different from the optimum spacing for angles 

of attack above 17
o
 because the suction side of turbine blade is affected by the pressure side of 

the front cascade while the pressure side of the blade  is affected by the suction side of the back 

cascade.  

The cascades are added to the horizontal axis wind turbine of NREL phase II. The results 

indicate that adding a cascade on the front side of the blade increases the power by 26.5%, and 

adding a cascade on the back side of the blade increases the power by 26.8%. Using both 

cascades, the power can be increased by 75% at wind speed of 13 m/s. 

  


