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Aerodynamic research progress in wind energy 1 :
Wind turbine aerodynamic characteristics
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Abstract: With the establishment of national policies around the world, the development of wind industry
has been entering its heyday. Wind turbine systems are continuously upsized from megawatt level to multi-
megawatt class, deployed for both onshore wind power and offshore wind power in diverse sea conditions,
intelligentized with smart materials, structures and control strategies, and digitized with precise prediction and
state-aware control system. These mainstream trends for wind energy development, in the meanwhile, raise
tremendous challenging issues for wind energy research and development. Among them, wind turbine
aerodynamics will face new problems and great challenges. As the first review of a sucessive work, this study is
mainly focused on the aerodynamics of horizontal-axis wind turbines. An explanation for the aerodynamic
complexity is addressed at first. Then, research progress on key aerodynamics issues, such as the aerodynamic
characteristics of wind turbine airfoils and blades, as well as modern wind turbine design (special focus is put on
the offshore wind power technology and the inevitable typhoon phenomenon, together with the experienced
aeroelastic problem caused by the increasement in wind turbine size) and new flow control strategies are
discussed. In this process, recent theoretical, experimental, and numerical studies that have contributed to
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improve our understanding of wind turbine aerodynamic performance, such as aerodynamic forces, flow fields

and flow mechanism, are summarized. Additionally, the strength and limitation of these research approaches are

discussed. Possible future research trend is analyzed and prospected, providing some references for large-scale

wind turbine blade design.

Keywords: wind energy; horizontal-axis wind turbine; wind turbine airfoil; aerodynamics; wind turbine

design; research progress
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Fig. 1 Schematic of the onshore atmospheric boundary layer
(ABL) structures during the day and night as well as
the evolution of the turbulent wind

(DM SRR E A EAEE T AR Ml 2R,
NGNS AT TR AFAE TR, R HLH Fr % At



%43

FERJEEE: KEER B2 <3l Sy it et g T« I3l b 3

TIRRHE BN & R EARES o T B0 25 K58 (1 E 2
DR P WS 3 T A S e 32 B AN v S R T 3 A
Ak sE P Eh, de i AR AR w AR s Y ks, R
AT =4k A SRR, i SR A = 4 105 R 2

mE @
0 8 16 24 32 40
180° Azimuth

240° Azimuth

) 30% T

0° Azimuth

FEUT AR DI, i A e e 7 AR A IR A 0 Ay 3k
/R s 5 S 25 1 = 4 e RO o = 4 i e R0 A
2 A R T B A TR & A4S R Se i I R 2%,
2 fistl

300° Azimuth

==

= e —————
——— 30%il S
60° Azimuth 120° Azimuth

2 WA T NREL Phase VI M = 43E BB K E B EEATEE (£ T DDES Fikigm ) ¥
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for the NREL Phase VI blade (based on the DDES turbulence model)”™

(DA B FNE PR S . RITHLRE — DRI &
W12k R G, £330 J1s B 0. B R ARE T A
T 5y AR SR BRI AT . 5 —J5 i, A TE
(et Ay Bt ok 2 e it A Bl R 3, AT it — 2 5
Wi W P B BT, WAL 3 B o SRR g 2 A R

Air speed

/(m-s™")
15.0
—
8.5
2.0

3 RTWAHE EABRNRZEEE (EF CFD BSghiisi) ©

Fig.3 Flow contour around a largely deformed blade
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Fig. 4 Design goals of horizontal-axis wind turbine airfoils
(adapted from reference [9])
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Fig. 5 Schematic of the horizontal-axis blade geometry and

the local inflow and aerodynamic forces of blade elements™”!
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Fig. 16 Smart blade with flapping trailing edges
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