
Accepted Manuscript

LES simulation and experimental validation of the unsteady aerodynamics of blunt 
wind turbine airfoils

Guofu Wang, Lei Zhang, Wen Zhong Shen

PII: S0360-5442(18)31158-7

DOI: 10.1016/j.energy.2018.06.093

Reference: EGY 13135

To appear in: Energy

Received Date: 23 January 2018

Accepted Date: 14 June 2018

Please cite this article as: Guofu Wang, Lei Zhang, Wen Zhong Shen, LES simulation and 
experimental validation of the unsteady aerodynamics of blunt wind turbine airfoils,  (2018), Energy
doi: 10.1016/j.energy.2018.06.093

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to 
our customers we are providing this early version of the manuscript. The manuscript will undergo 
copyediting, typesetting, and review of the resulting proof before it is published in its final form. 
Please note that during the production process errors may be discovered which could affect the 
content, and all legal disclaimers that apply to the journal pertain.



ACCEPTED MANUSCRIPT

1 LES simulation and experimental validation of the 

2 unsteady aerodynamics of blunt wind turbine airfoils

3 Guofu Wang 1, Lei Zhang 2*, Wen Zhong Shen3

4 1 Liao Ning Shihua University, Fushun 113001, China

5 2 Institute of Engineering Thermophysics, Chinese Academy of Sciences, Beijing 100190, China

6 3 Department of Wind Energy, Technical University of Denmark, 2800 Lyngby, Denmark

7 * Correspondence: zhanglei@iet.cn; Tel.: +86-10-82543132

8 Abstract: 

9 In order to investigate the unsteady performance of blunt wind turbine airfoils caused by 

10 boundary layer separation and wake eddies, this paper studies the aerodynamic performance by 

11 large eddy simulation (LES) and wind tunnel experiment at a Reynolds number of 2.62×10^5. The 

12 blunt airfoils are obtained by enlarging the trailing edge of the DU 91-W2-250 airfoil to 6% and 

13 10% chords symmetrically on both pressure and suction sides of the airfoil. The simulation was 

14 carried out with the incompressible finite-volume Navier-Stokes code EllipSys3D; and, the 

15 experiment was done in a wind tunnel with a cross-section of 0.5m × 0.5m by measuring the 

16 surface pressure and wake velocities using ESP-64HD pressure scanner and TSI hot-wire 

17 anemometer. The unsteady wake was captured by hot-wire in the wind tunnel, and LES with 

18 EllipSys3D. Both experiment and LES show that the spectrum of aerodynamic forces has a 

19 broadband nature which is in coincidence with the wake eddies, implying that the unsteady 

20 Kármán vortex sheet is the driving mechanism of the force fluctuation. Moreover, the trailing edge 

21 size affects the separation bubbles and transition process in the boundary layer. It shows that the 

22 boundary layer near the leading edge is unstable in the spanwise direction, which is characterized 

23 by low frequency waves. 
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