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ABSTRACT

Bl ade fatigue life is an inportant elenment in determ ning the econom c
viability of the Vertical-Axis Wnd Turbine (VAW). A principal source
of blade fatigue is thought to be the stochastic (i.e., random
aerodynami c | oads created by atnospheric turbulence. This report

descri bes the theoretical background of the VAW Stochastic Aerodynam c
Loads (VAW-SAL) computer code, whose purpose is to nunerically

simul ate these random | oads, given the rotor geonetry, operating
condi ti ons, and assuned turbul ence properties. A Double-Miltiple-
StreanTube (DVBT) analysis is enployed to nodel the rotor’s aerodynam c
response. The analysis includes the effects of Reynol ds nunber
variations, different airfoil sections and chord | engths al ong the

bl ade span, and an enpirical nodel for dynamc stall effects. The nmean
anbient wind is assuned to have a shear profile which is described by
either a power law or a logarithm c variation with hei ght above ground.
Superinmposed on this is a full 3-Dfield of turbulence: i.e., in
addition to random fluctuations in time, the turbulence is allowed to
vary randomy in planes perpendicular to the nean wind. The influence
of flow retardation on the convection of turbul ence through the turbine
is also nodeled. Calculations are presented for the VAW 34-m Test Bed
currently in operation at Bushland, Texas. Predicted tinme histories of
the | oads, as well as their Fourier spectra, are presented and

di scussed. Particular enmphasis is placed on the differences between
so-cal l ed “steady-state” (mean wi nd only) predictions, and those
produced wi th turbul ence present. Somewhat surprisingly, turbulence is
found to be capabl e of either increasing or decreasing the average

out put power, depending on the turbine's tip-speed ratio. A heuristic
expl anation for such behavior is postulated, and a sinple formula is
derived for predicting the magnitude of this effect w thout the need
for a full stochastic sinulation.



