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Effect of Reduced Frequency on the Unsteady
Aerodynamic Performance of a Wind Turbine Blade Section

M. R. Soltani, M. Seddighi, and A. Bakhshalipour
Department of Aerospace Engineering, Sharif University of Technology

Abstract: The blades of wind turbines are the most important parts in producing power output. In this study, a section of a
660 KW wind turbine blade will be installed in Iran in near future was tested in a wind tunnel. In addition to steady tests, various
unsteady tests including the effects of reduced frequency, mean angle of attack, and amplitudes were carried out. The preliminary
results show strong effects of reduced frequency on the aerodynamic coefficients of the airfoil. Moreover, increasing the reduced
frequency delays dynamic stall angle of attack but increases lift and drag coefficients compared to the static results. Further, the
values of the aerodynamic coefficients in the upstroke motion (increasing angle of attack) are different form their corresponding
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values in the downstroke (decreasing angle of attack). These differences create a hysteresis loop where its width and shape are
strong functions of reduced frequency, mean angle of attack, and amplitudes.

Keywords: Reduced frequency, Wind turbine, Unsteady flow, Dynamic stall, Hysteresis loop.
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17. bias error

18. repeat-sampled data
19. upstroke

20. downstroke

21. suction peak

22. circulatory part

e
(5u}ﬂj¢)’3_“‘>.£”")'td)b)j_>;ﬂ}")'fg;”ua'k_“‘ ()
VUL e 5Ll s dom 53 (oSl b (Saliss ]

WY olo o (Lablgn wdige (6l jor (il 28 s

6. Swalwell, K. E., Sheridan, J., and Melbourne, W. H.,

“The Effect of Turbulence Scale and Intensity on
Stall of NACA 4421 Airfoil,” Department of
Mechanical Engineering, Monash  University,
Victoria, Australia, 2003.

7. Mccroskey, W. J., “Unsteady Airfoils,” Ann. Rev.

Fluid Mech., U.S. Army Aerodynamics Laboratory
and NASA, pp. 285-309, 1982.

VAP e ) aled YF Jle (Il


https://dorl.net/dor/20.1001.1.2251600.1386.26.1.17.4

[ DOR: 20.1001.1.2251600.1386.26.1.17.4 ]

8. Vermeer, K. J., Sqrensen J. N., and crespo A., Wind
Turbine Wake Aerodynamics, Progress in Aerospace
Sciences, Elsevier, 2003.

9. Huyer, S. A., Simms, D., and Robinson, M. C.,
“Unsteady  Aerodynamics Associated with a
Horizontal-Axis Wind Turbine,” AIAA Journal.
Vol. 34, Number 7, pp. 1410-1419, July 1996.

10. Eggleston D. M. and Stoddard F. S., Wind Turbine
Design, Von Nostrand Reinhold, New York, 1987.
11.Leishman J. G., and Martin G. L., “Challenges in
Modeling the Unsteady Aerodynamic of Wind
Turbines,” AIAA4, 2002-0037, 40th AIAA Aerospace

Sciences Meeting, Reno, 2002.

12. Lang J. D., and Francis M. S., “Unsteady Aerodynamics
and Dynamic Aircraft Maneuverability,” AGARD-CP-
36, pp. 143-162, May 1985.

13.Commerford G. L., and Carta F. O., “Unsteady
Aerodynamic Response of a Two-Dimensional
Airfoil at High Reduced Frequency,” United Aircraft
Research Laboratories, East Hardford, Conn., 1974.

14. Soltani, M.R., and Seddighi, M., “Determination of
the Influence of Turbulence Intersity on the Unsteady
Behavior of a Wind Turbine Blade Section,” 45"
AIAA Aerospace Sciences Meeting and Exhibit, 26™
ASME wind Energy Symposium, “Accepted for
print”, Jan. 2007.

15. Seddighi, M., and Soltani, M., “Effect of Surface
Roughness on an Airfoil in Pitching Motion,” AI4A,
2006-3918, 36™ Fluid Dynamics Conference and
Exhibit, Jun 2006.

16. Walker, J., Wind Energy Technology, John
Wiley&Son, Inc. 1997.

VAP e ) asled Y7 Jl (Il

17.Hansen A. C., and Butterfield C. P., “Aerodynamics
of Horizontal Axis Wind Turbines,” Annual Review
of Fluid Mechanics, 1993.

18.Rae, W. H., Pope Jr. and A., Low-Speed Wind Tunnel
Testing, John Wiley & Sons, Inc, 1984.

19. Holman, J. P., Experimental Methods for Engineers,
Seventh Edition, McGraw-Hill, 2001.

20.Soltani, M. R., Rasi, F., Seddighi, M., and
Bakhshalipour, A., “An Experimental Investigation
of Time Lag in Pressure-Measuring Systems,” 4IAC-
2005-028, presented at 2 Ankara International
Aerospace Conference, Ankara, Turkey, Aug. 22-25,
2005.

21.Horowitz P., and Hill W., The Art of Electronics, 2nd
Edition, Cambridge University Press, UK, 1989.

22.Beckwith, T. G., Marangoni, R. D., and Lienhard V,
J. H., Mechanical Measurements, Fifth Edition,
Addison-Wesley Publishing Company, 1993.

PSP ST S LI R B R A

s o plate (Salinsnl DS 655 2 605 Sl

XV oylad (s 1 g 5 ks aslda s ol
Al FA-0A o

24.Soltani, M. R., Askari F., and Bakhshalipour A.,
“Roughness and Turbulence effect on the
Aerodynamic Efficiency of a Wind Turbine Blade
Section,” AIAC-2005-057, 2" Ankara International
Aerospace Conference, Aug. 2005.

YEA


https://dorl.net/dor/20.1001.1.2251600.1386.26.1.17.4
http://www.tcpdf.org

