rE®E I RKFFR
a5 FEoW J. University of Shanghai for Science and Technology Vol.45 No.6 2023

E S 11007 — 6735(2023)06 — 0584 — 07 DOI: 10.13255/j.cnki.jusst.20220423007

R R R I B S B M 0 B S 3 = 218t

4 ')"
Wert K, mIa
(g TR Bl 530 TAE22 0, il 200093)

HE. FERANFRBREEETHEX, IRTADIIMEKR, HEAELTH, Yraldhkit
FeiZ ATAGE M, A3 IX —FI#, vA£E NREL £3E6) 5 MW XA R Bt R/ A4, safdsirs
BREBARBE, CEARFEHFETRIEADXTE O HHEB= fthib, KL THEHE
Bitde % BiAE ik, AR T ERAKATAEA R R K AHAL B AR, MLt R 5 R¥ R
TER. RRATHAGERBITI, EREW: AT TAT, METRETH, HALTH
BARAEZH ARG R AR AR T 4EAR T 5%; TRAULMHET, T RAHAT R/ e e A -7
RIT 1%, "THRTLEFHERT 5.8%, TREMHATH G PR T LE-FHERT 4%,

XEW: Rt R ; ZAMKK; AshziE,; AzHg; L
FESES: TK 83 XHERERL: A

High efficiency and low load three-dimensional design of the
aerodynamic shape of long blades in large wind turbine blade

YAO Yechen, HUANG Diangui
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Large-scale wind power equipment such as offshore wind turbines have long blades, which
bear a large aerodynamic load and are prone to deformation, which affects aerodynamic performance
and operational stability. In response to this problem, the 5 MW large-scale wind turbine blade of the
NREL laboratory in the United States of America was taken as an example. A three-dimensional
optimization of high efficiency and low load was carried out with the airfoil profile of each section, the
installation angle and the pitch angle at rated power as the design variables. The maximum wind energy
utilization rate and the minimum blade root bending moment were taken as the optimization goals. The
optimization design based on the blade element momentum theory and the multi-island genetic
algorithm, and the aerodynamic performance of the optimized blade under variable pitch and variable
wind conditions was compared with the original blade. The optimization results showed that, compared
with the original blade, under the design conditions, the optimized blade reduced the root bending
moment by 5% while ensuring high aerodynamic efficiency. Under variable wind conditions, the wind
energy utilization rate of the optimized blades before the pitch change was increased by an average of
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1%, and the root bending moment of the blade was reduced by an average of 5.8%. After the pitching,

the blade root bending moment of the optimized blade was reduced by an average of 4%.

Keywords: wind turbine blade; airfoil optimization; aerodynamic efficiency; aerodynamic load;

genetic algorithm
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Fig.1 Force and velocity triangle of the airfoil section
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Tab.2 Related airfoil data

AR iEROE S HAA/(°) ZRK/m
DU40 0.25 13.308 4.652
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Fig.2 Comparison of calculation results
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Tab.3 Comparison of geometric parameters of airfoils before and after the optimization
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