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Aeroelastic response of horizontal-axis wind turbine in sudden wind gusts based
on Unsteady Blade Element-Momentum method
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Wind turbines are subject to various unsteady aerodynamic effects. This includes the wind gust and the
Received 15 April 2016 change of wind direction. In this work, the aeroelastic behavior of a reference horizontal axis wind
Accepted 19 July 2016 turbine has been investigated under different wind gusts and yaw conditions. Unsteady blade element

Available Online 21 August 2016 momentum (UBEM) theory and Euler-Bernoulli beam assumption were used for rotor power

estimations. To take into account the time delay in aerodynamic loads due to a sudden change in inflow

gm’!oégfﬁem momentum gonditions, a dynamic Wa_ke model was implemer_lted. The ON!ERA d'ynamic stall mot_iel was coupled
Unsteady aerodynamics into the BEM theory to improve the aerodynamic loads prediction in the unsteady inflow and yaw
Stall dynamic conditions. To verify this method, the results in the case of steady-state are compared with the NREL
VAV‘?me'ﬁS“?“y reference wind turbine and in the unsteady case are compared with the Tjaereborg test turbine. The
ind turbine results indicate that sudden change in wind speed causes sharp fluctuations in terms of elastic torsion of
the blade and other parameters such as rotor power. Increase in wind gradient can lead to increasing
time delay to a new equilibrium. The increase in yaw angle can be contributed to the rotor power and
the reduction in periodic loads. The method presented here may facilitate improvements in the

controller design for wind turbines.
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Fig. 11 Different wind speed profile effect on wind turbine power
)P (T3 Ol g Bl ol Ze g laplalF T 1L S5

8 o leut 16 0,95 1395 GLT (yu s Suilfe wise

&b 5l (Soolis (Saibely Lulyd o (Sesluognl calys Sl ooy sl
10 > ol jo 0y Gz C g ol 0l oolinl 8 S o cas
Sg5 SVl oo Sl 9 S Sl ool a8 3 ai i ag 8o 10 90
F S wbs s (i 4565 (bl cnl o |y oy lF g 0n
50 S i Sblog b ey 40w slagbolF ol 0gmg a5 sl ]
Siludde 4z 5 09l oo com | g (Z9> Ol 9 on KD S
Sl 5 IS o slais, 5 55 pskime Shilug il 30
pAe OHgo 5O ab O Lgb)ﬂa.c le.b).uol)l.\ @L..'y Caale Ll el

el St BB (g J S e 392

Cd S des 30 sy (SIS ST )y -3-6
Jeds w9929 51 o Senlus allss oS 5l (6,800 b s ol o
b nl ol 0ol (cumy 0 Gunys (295 Ol 69, 0L ey
el 0als ooly Las 10 S o Dglaie ol aw b

-
N
3

-
. = = =
[ 2 )
L ey

Wind Speed (m/s)
o
(92}

=
o

©
2

o

©o

METERTEIN RN SR B R
1 2 3 4 5
Time (s)

Fig. 8 Second wind speed function
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Fig. 9 Elastic torsion of blade tip and rotor power, rotational speed 10
rpm, with dynamic stall model
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Fig. 12 Yaw effect on wind turbine power in steady condition
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Fig. 13 Yaw effect on wind turbine power in steady condition
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