“ OFF – DESIGN PERFORMANCE  CHARACTERISTICS OF WIND TURBINES “

ABED,  K.  A.   and    BADR,  M.A.

Mech .  Eng.  Dept . ,  National Research Center,  Cairo ,  Egypt.


Most of the Wind turbines spend considerable time operating at conditions away from the design point of the turbine. So,  it  is often necessary to determine the performance characteristics of a wind  turbine for conditions other than those for which the turbine is designed. Wind turbines for pumping water, operate generally at variable speed due to changes of  wind speed or  water demand. 


Off-design performance for a specific wind turbine geometry can , of  course,  be  established  experimentally.  Experimental determination  of    the   performance  of wind turbine  has  many  difficulties  and  usually  expensive . When  the  effect  of  all  significant parameters on  the  performance  is  fully  known,  wind turbine performance for off-design conditions may also be computed, but such detailed information is not available.


In this paper a new method is presented to predict the power coefficient and torque coefficient of  wind turbine for off-design conditions  when  design  performance   is   known.  To achieve that, mathematical model  and  computer   program  which simulate   the  operation  of  a   small and medium   scale  wind  turbine  were constructed. For small wind turbine for pumping water, which is manufactured in Mechanical  Engineering Department, National Research Center, Egypt, was selected. For medium wind turbine , specifications and performance data of four different wind turbines covering the range from 22 to 225 kW, were used. The simulation results were analyzed to find empirical formulae of the  power and torque as a function of  wind speed and rotational speed, valid for wide range of operating conditions. Also , power and  torque coefficients could be estimated.The obtained empirical formulae have a correlation factor higher than 95%.

