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Static aerodynamic characteristics of symmetrical wind turbine airfoils
considering the influence of near-ocean underlying surface

. . .oF .
Jia Xiaofeng, Huang Wen, Hu Chuanxin , Xu Xinye
(School of urban construction, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: This paper presents a numerical investigation into the effects of the ocean underlying surface
(OUS) on the static aerodynamic characteristics of a symmetric NACAO0012 airfoil near the sea surface, utilizing
the volume of fluid (VOF) model. The interference of OUS on the static aerodynamic characteristics of
NACAO0012 is thoroughly studied by examining the time-frequency characteristics of lift coefficients and flow
field characteristics under different wind-wave conditions. Results show that the interference exerted by OUS
originates from an additional angle of attack. Root mean square (RMS) values of the airfoil lift coefficients and
the additional angle of attack exhibit a similar variation trend with wave height and wind speed. The airfoil's
static stall angle of attack in the wind-wave field is smaller than that in the wind field, with the decrement
depending on the mean value of the additional angle of attack. The interference of OUS persists throughout all
flow stages of the airfoil, but it significantly suppresses the development of airfoil vortices only at high angles of
attack, leading to different development mechanisms for leading-edge drift vortices and trailing-edge shedding
vortices. The former is a long-period (wave period of 4.5 s), high-intensity drift disturbed by OUS, while the

WiS E#3:2024-10-29; 21T HER:2025-01-17; A HH#A:2025-02-19; M4 kR FiE): 2025-05-28
BEIE: MK E A5 H (2022YFB4201501)
1EE BT TIRIE(2000—), T, VBRI PHN, W0 7 A2, WF 7807 [0 B 25 5 4 IR A2, E-mail: 2679433834@qq.com
BAEEE: LW (1987—), B, ALBEM A, W12 B, Wk, B 9007 - M7 25 45 XL F2. E-mail: chuanxinhoo@]126.com
SR8 TIeUE, 1852, WA 0, 5. 25 HE I PR B T ZR T S0 0 6 BRI 3 B e S Bl R 1 (D] 23 R8N 70 22 2541k, 2026, 44(1): 128-136.
Jia Xiaofeng, Huang Wen, Hu Chuanxin, et al. Static aerodynamic characteristics of symmetrical wind turbine airfoils considering the influence of

near-ocean underlying surface[J]. Acta Aerodynamica Sinica, 2026, 44(1): 128—136(in Chinese). doi: 10.7638/kqdlxxb-2024.0164


mailto:2679433834@qq.com
mailto:chuanxinhoo@126.com
https://doi.org/10.7638/kqdlxxb-2024.0164
https://doi.org/10.7638/kqdlxxb-2024.0164
https://doi.org/10.7638/kqdlxxb-2024.0164

%14

DUGR A5 28 pEOUT B 12 ¥ A T 8 THT B2 M 0o R UL 38 R i = 8l A 1 129

latter is a short-period, low-intensity shedding induced by the flow separation around the high angles of attack of

airfoil itself. Notably, the shedding frequency of trailing edge vortices in the wind wave field is 0.537 Hz lower

than that in the wind field. When the airfoil is positioned 30 meters above the still water surface, an independent

trailing-edge vortex shedding frequency of 0.430 Hz appears, accompanied by a more complex vortex shape. The

findings of this study shed light on improving the safety performance of large floating wind turbines.

Keywords: ocean underlying surface; airfoil; flow separation; aerodynamic characteristics; numerical

simulation
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Fig.2 Angles of attack concept diagram
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Fig.1 Schematic of geometry and mesh generation for the airfoil under wind-wave conditions
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Table 1 Operating conditions of wind field and wind-wave field
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Table 2 Grid independence verification

P s A
7hH 1277 2377 3877
WETHR%E /% 3.87 2.62 2.98 2.53
FHREOREZE /% 8.63 6.49 4.26 2.78
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Fig.3 Simulation verification of wind-wave surface elevation
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Fig. 10 Comparison of flow fields around an airfoil at different initial angles of attack in wind-wave fields and wind fields
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