Pengujian Kinerja Sirip Bionik Pada Aerofoil SG6043 Untuk Mengatasi Kelemahan Aerofoil Dalam
Mengahadapi Laju Angin Kecepatan Rendah Menggunakan Simulasi Numerik
RAFLY RAYYAAN P, Ir. Kutut Suryopratomo, M.T., M.Sc; Dr. Eng. Mohammad Kholid Ridwan; S.T., M.Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR PUSTAKA

[1] J. Null and C. Archer, ‘Wind Power: The Ultimate Renewable Energy
Source’,  Weatherwise, vol. 61, pp. 34-41, Jul. 2008, doi:
10.3200/WEWI1.613.4.34-41.

[2] Global Wind Energy Council, ‘Global Wind Report 2021°, Global Wind
Energy Council, Brussels, Mar. 2021. Accessed: Mar. 01, 2022. [Online].
Available: https://gwec.net/global-wind-report-2021/

[3] IEA, ‘Wind Power’, Paris, 2021. [Online]. Available:
https://www.iea.org/reports/wind-power

[4] ‘Pusat Penelitian dan Pengembangan Teknologi Ketenagalistrikan, Energi
Baru, Terbarukan, dan Konservasi Energi’. https://p3tkebt.esdm.go.id/pilot-
plan-project/energi_angin/potensi-energi-angin-indonesia-2020  (accessed
Mar. 01, 2022).

[5] C. Ghenai, ‘Life Cycle Analysis of Wind Turbine’, in Sustainable
Development - Energy, Engineering and Technologies - Manufacturing and
Environment, C. Ghenai, Ed. InTech, 2012. doi: 10.5772/29184.

[6] W. Tong, Ed., Wind power generation and wind turbine design.
Southampton ; Boston: WIT Press, 2010.

[7] E.Dupont, R. Koppelaar, and H. Jeanmart, ‘Global available wind energy with
physical and energy return on investment constraints’, Appl. Energy, vol. 209,
Oct. 2017, doi: 10.1016/j.apenergy.2017.09.085.

[8] G. Jacobs, J. Jongh, R. Rijs, and J. Pierik, ‘SMALL WIND TURBINE
SYSTEMS FOR BATTERY CHARGING?’, Sep. 2022.

[91 N. P. Noronha and M. Krishna, ‘Aerodynamic performance comparison of
airfoils suggested for small horizontal axis wind turbines’, Mater. Today
Proc., vol. 46, pp. 2450-2455, Jan. 2021, doi: 10/gpjj4q.

[10] T. Burton, Ed., Wind energy handbook, 2nd ed. Chichester, West Sussex:
Wiley, 2011.

[11] M. A. Aldheeb, W. Asrar, E. Sulaeman, and A. A. Omar, ‘A Review on
Aerodynamics of Non-Flapping Bird Wings’, J. Aerosp. Technol. Manag.,
vol. 8, no. 1, pp. 7-17, Mar. 2016, doi: 10.5028/jatm.v811.564.

[12] D. W. Bechert, M. Bruse, W. Hage, and R. Meyer, ‘Fluid Mechanics of
Biological Surfaces and their Technological Application’,
Naturwissenschaften, vol. 87, no. 4, pp. 157-171, Apr. 2000, doi:
10.1007/s001140050696.

[13] D. Bechert et al., ‘Biological surfaces and their technological application -
Laboratory and flight experiments on drag reduction and separation control’,
in 28th Fluid Dynamics Conference, Berlin: American Institute of Aeronautics
and Astronautics, 2012. doi: 10.2514/6.1997-1960.




Pengujian Kinerja Sirip Bionik Pada Aerofoil SG6043 Untuk Mengatasi Kelemahan Aerofoil Dalam
Mengahadapi Laju Angin Kecepatan Rendah Menggunakan Simulasi Numerik
RAFLY RAYYAAN P, Ir. Kutut Suryopratomo, M.T., M.Sc; Dr. Eng. Mohammad Kholid Ridwan, S.T., M.Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

[14] L. Hao, Y. Gao, B. Wei, and K. Song, ‘Numerical Simulation of Flow over
Bionic Airfoil’, Int. J. Aerosp. Eng., vol. 2021, p. €5556463, Sep. 2021, doi:
10/gnmd5z.

[15] K. Kernstine, C. Moore, A. Cutler, and R. Mittal, ‘Initial Characterization of
Self-Activated Movable Flaps, “Pop-Up Feathers™, presented at the 46th
AIAA Aecrospace Sciences Meeting and Exhibit, Reno, Nevada, Jan. 2008.
doi: 10.2514/6.2008-369.

[16] J. Johnston and A. Gopalarathnam, ‘Investigation of a bio-inspired lift-
enhancing effector on a 2D airfoil’, Bioinspir. Biomim., vol. 7, no. 3, p.
036003, Apr. 2012, doi: 10.1088/1748-3182/7/3/036003.

[17] P. Giguere and M. S. Selig, ‘New Airfoils for Small Horizontal Axis Wind
Turbines’, J. Sol. Energy Eng., vol. 120, no. 2, pp. 108—114, May 1998, doi:
10.1115/1.2888052.

[18] J. Wata, M. Faizal, B. Talu, L. Vanawalu, P. Sotia, and M. R. Ahmed, ‘Studies
on a low Reynolds number airfoil for small wind turbine applications’, Sci.
China Technol. Sci., vol. 54, no. 7, pp. 1684—-1688, Jul. 2011, doi: 10/c4tbbg.

[19] S. Jain, N. Sitaram, and S. Krishnaswamy, ‘Computational Investigations on
the Effects of Gurney Flap on Airfoil Aerodynamics’, Int. Sch. Res. Not., vol.
2015, pp. 1-11, Jan. 2015, doi: 10/gb6epg.

[20] J. Zerihan and X. Zhang, ‘Aerodynamics of Gurney Flaps on a Wing in
Ground Effect’, AIAA4 J., vol. 39, no. 5, pp. 772-780, 2001, doi: 10/{t263x.

[21] M. S. Kuester, K. Brown, T. Meyers, N. Intaratep, A. Borgoltz, and W. J.
Devenport, ‘Wind Tunnel Testing of Airfoils for Wind Turbine Applications’,
Wind Eng., vol. 39, no. 6, pp. 651-660, 2015, doi: 10.1260/0309-
524X.39.6.651.

[22] C. Axten, L. Metkowski, and M. Maughmer, Low-Turbulence Wind Tunnel
Results for a Low-Reynolds Number Airfoil. 2021. doi: 10.2514/6.2021-2514.

[23] W. Chen and L. Bernal, Design and Performance of Low Reynolds Number
Airfoils for Solar-Powered Flight. 2008. doi: 10.2514/6.2008-316.

[24] J. N. Goundar, S. Narayan, and M. R. Ahmed, ‘Design of a Horizontal Axis
Wind Turbine for Fiji’, in Volume 6. Energy, Parts A and B, Houston, Texas,
USA, Nov. 2012, pp. 1781-1789. doi: 10.1115/IMECE2012-88572.

[25] M. Selig, R. Deters, and G. Wiliamson, ‘Wind Tunnel Testing Airfoils at Low
Reynolds Numbers’, presented at the 49th AIAA Aerospace Sciences Meeting
including the New Horizons Forum and Aerospace Exposition, Orlando,
Florida, Jan. 2011. doi: 10.2514/6.2011-875.

[26] M. S. Selig, Ed., Summary of low speed airfoil data. Virginia Beach, Va:
SoarTech Publications, 1995.

[27] M. S. Selig, Ed., Summary of low speed airfoil data. 2 / Michael S. Selig, 1.
print. Virginia Beach, Va: SoarTech Publications, 1996.

[28] M. R. Ahmed, S. Narayan, M. A. Zullah, and Y.-H. Lee, ‘Experimental and
Numerical Studies on a Low Reynolds Number Airfoil for Wind Turbine
Blades’, J. Fluid Sci. Technol., vol. 6, no. 3, pp. 357-371, 2011, doi:
10.1299/jfst.6.357.

164




Pengujian Kinerja Sirip Bionik Pada Aerofoil SG6043 Untuk Mengatasi Kelemahan Aerofoil Dalam
Mengahadapi Laju Angin Kecepatan Rendah Menggunakan Simulasi Numerik
RAFLY RAYYAAN P, Ir. Kutut Suryopratomo, M.T., M.Sc; Dr. Eng. Mohammad Kholid Ridwan, S.T., M.Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

[29] Md. Z. Akhter, A. R. Ali, and F. K. Omar, ‘Aerodynamics of a three-
dimensional bionic morphing flap’, Sustain. Energy Technol. Assess., vol. 52,
p. 102286, Aug. 2022, doi: 10.1016/j.seta.2022.102286.

[30] E. Daniele, I. Herraez, B. Stoevesandt, and J. Peinke, ‘DES Study of Airfoil
Lift Coefficient Sensitivity to Flow Turbulence’, 2014, pp. 9-15. doi:
10.1007/978-3-642-54696-9 2.

[31] O. Eisele and G. Pechlivanoglou, ‘Single and Multi-element Airfoil
Performance Simulation Study and Wind Tunnel Validation’, 2014, pp. 17—
22. doi: 10.1007/978-3-642-54696-9 3.

[32] W. Z. Shen et al., ‘Validation of the CQU-DTU-LNI1 series of airfoils’, J.
Phys. Conf. Ser., vol. 555, p. 012093, Dec. 2014, doi: 10.1088/1742-
6596/555/1/012093.

[33] P. Chougule and S. R. K. Nielsen, ‘Simulation of flow over double-element
airfoil and wind tunnel test for use in vertical axis wind turbine’, J. Phys. Conf.
Ser., vol. 524, p. 012009, Jun. 2014, doi: 10.1088/1742-6596/524/1/012009.

[34] M. S. G. Samuel and P. Rajendran, CFD Validation of NACA 2412 Airfoil.
2019. doi: 10.13140/RG.2.2.16245.42723.

[35] H. Seetharam, E. J. Rodgers, and W. Wentz, ‘Experimental Studies of Flow
Separation of the NACA 2412 Airfoil at Low Speeds’, 1997, [Online].
Available: https://www.semanticscholar.org/paper/Experimental-Studies-of-
Flow-Separation-of-the-NACA-Seetharam-
Rodgers/70c491a5¢629abc95¢872b5321dd0718e86a8bab

[36] G. Bangga et al., ‘Modeling the static and dynamic characteristics of a wind
turbine airfoil and validation with experimental data’, J. Phys. Conf. Ser., vol.
1618, p. 052020, Sep. 2020, doi: 10.1088/1742-6596/1618/5/052020.

[37] R. R. Ramsay, M. J. Hoffman, and G. M. Gregorek, ‘Effects of grit roughness
and pitch oscillations on the S801 airfoil’, National Renewable Energy Lab.
(NREL), Golden, CO (United States), NREL/TP-442-7818, Jan. 1996. doi:
10.2172/204225.

[38] Y. Zhang, Z. Sun, A. van Zuijlen, and G. van Bussel, ‘Numerical simulation
of transitional flow on a wind turbine airfoil with RANS-based transition
model’, J. Turbul., vol. 18, no. 9, pp. 879-898, Sep. 2017, doi:
10.1080/14685248.2017.1334908.

[39] W. Timmer and R. P. J. O. M. Rooij, ‘Summary of the Delft University Wind
Turbine Dedicated Airfoils’, J. Sol. Energy Eng.-Trans. Asme - J SOL
ENERGY ENG, vol. 125, Jan. 2003, doi: 10.1115/1.1626129.

[40] N. Shelil, ‘2D Numerical Simulation Study of Airfoil Performance’, Wind
Energy Sci. Discuss., pp. 1-19, May 2021, doi: 10.5194/wes-2021-45.

[41] J. Yang, H. Yang, W. Zhu, N. Li, and Y. Yuan, ‘Experimental Study on
Aerodynamic Characteristics of a Gurney Flap on a Wind Turbine Airfoil
under High Turbulent Flow Condition’, Appl. Sci., vol. 10, no. 20, Art. no. 20,
Jan. 2020, doi: 10.3390/app10207258.

[42] M. Sayed, H. Kandil, and E. Imam Morgan, ‘Computational Fluid Dynamics
Study of Wind Turbine Blade Profiles at Low Reynolds Numbers for Various
Angles of Attack’, AIP Conf. Proc., vol. 1440, pp. 467-479, Jun. 2012, doi:
10.1063/1.4704251.

165




Pengujian Kinerja Sirip Bionik Pada Aerofoil SG6043 Untuk Mengatasi Kelemahan Aerofoil Dalam
Mengahadapi Laju Angin Kecepatan Rendah Menggunakan Simulasi Numerik
RAFLY RAYYAAN P, Ir. Kutut Suryopratomo, M.T., M.Sc; Dr. Eng. Mohammad Kholid Ridwan, S.T., M.Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

[43] W. Wolfe, S. Ochs, W. Wolfe, and S. Ochs, ‘CFD calculations of S809
aerodynamic characteristics’, in 35th Aerospace Sciences Meeting and
Exhibit, American Institute of Aeronautics and Astronautics. doi:
10.2514/6.1997-973.

[44] A. Kalmikov, ‘Chapter 2 - Wind Power Fundamentals’, in Wind Energy
Engineering, T. M. Letcher, Ed. Academic Press, 2017, pp. 17-24. doi:
10.1016/B978-0-12-809451-8.00002-3.

[45] B. H. Bailey, S. L. McDonald, D. W. Bernadett, M. J. Markus, and K. V.
Elsholz, ‘Wind resource assessment handbook: Fundamentals for conducting
a successful monitoring program’, NREL/SR--440-22223, ON: DE97000250,
486127, Apr. 1997. doi: 10.2172/486127.

[46] S. Mark, ‘The Earliest Sailboats in Egypt and Their Influence on the
Development of Trade, Seafaring in the Red Sea, and State Development’, J.
Anc. Egypt. Interconnect., vol. 5, no. 1, Art. no. 1, Feb. 2013, doi:
10.2458/azu_jaei v05il mark.

[47] A.Y. al-Hassan and D. R. Hill, Islamic Technology: An Illustrated History,
Pbk ed. edition. Cambridge ; New York : Paris: Cambridge University Press,
1992.

[48] G. Juleff, ‘An ancient wind-powered iron smelting technology in Sri Lanka’,
Nature, vol. 379, no. 6560, Art. no. 6560, Jan. 1996, doi: 10.1038/379060a0.

[49] ‘MR. BRUSH’S WINDMILL DYNAMO?’, Sci. Am., vol. 63, no. 25, pp. 389—
389, 1890, doi: 10.1038/scientificamerican12201890-389.

[50] D. A. Spera, Ed., Wind turbine technology. fundamental concepts of wind
turbine engineering, 2nd ed. New York, NY: ASME Press, 20009.

[51] T. M. Letcher, Ed., Wind energy engineering: a handbook for onshore and
offshore wind turbines. London ; San Diego: Academic Press, an imprint of
Elsevier, 2017.

[52] A. Betz, ‘Das Maximum der theoretisch moglichen Ausniitzung des Windes
durch Windmotoren’, Z. Gesamte Turbinenwesen, vol. 26, pp. 307-309, 1920.

[53] F. W. Lanchester, ‘A Contribution to the Theory of Propulsion and the Screw
Propeller’, J. Am. Soc. Nav. Eng., vol. 27, no. 2, pp. 509-510, 1915, doi:
10.1111/5.1559-3584.1915.tb00408 x.

[54] J. F. Manwell, J. G. McGowan, and A. L. Rogers, Wind energy explained.:
theory, design and application, 2nd ed. Chichester, U.K: Wiley, 2009.

[55] M. A. Rosato, Small wind turbines for electricity and irrigation: design and
construction. Boca Raton: CRC Press, Taylor and Francis, 2019.

[56] Wind turbines. Part 2, Small wind turbines, Edition 3.0. Geneva, Switzerland:
International Electrotechnical Commission, 2013.

[57] H. Gitano-Briggs and H. Gitano-Briggs, Low Speed Wind Turbine Design.
IntechOpen, 2012. doi: 10.5772/53141.

[58] D. K. Schmidt, Modern flight dynamics. New York, NY: McGraw-Hill, 2012.

[59] M. H. Sadraey, Aircraft design: a systems engineering approach. Chichestet,
West Sussex: Wiley, 2013.

[60] J. D. Anderson, Introduction to flight, 7th ed. New York: McGraw Hill, 2012.

[61] R. H. Barnard and D. R. Philpott, Aircraft flight: a description of the physical
principles of aircraft flight. 2010.

166




Pengujian Kinerja Sirip Bionik Pada Aerofoil SG6043 Untuk Mengatasi Kelemahan Aerofoil Dalam
Mengahadapi Laju Angin Kecepatan Rendah Menggunakan Simulasi Numerik
RAFLY RAYYAAN P, Ir. Kutut Suryopratomo, M.T., M.Sc; Dr. Eng. Mohammad Kholid Ridwan, S.T., M.Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

[62] S. Gudmundsson, General aviation aircraft design: applied methods and
procedures, Second edition. Oxford Cambridge, MA: Butterworth-
Heinemann, 2022.

[63] E. N. Jacobs, K. E. Ward, U. S. N. A. C. for Aeronautics, and R. M. Pinkerton,
The Characteristics of 78 Related Airfoil Section from Tests in the Variable-
density Wind Tunnel. U.S. Government Printing Office, 1933.

[64] E. N. Jacobs and R. M. Pinkerton, ‘Tests in the variable-density wind tunnel
of related airfoils having the maximum camber unusually far forward’. Jan.
01, 1936. Accessed: Jul. 14, 2022. [Online]. Available:
https://ntrs.nasa.gov/citations/19930091610

[65] E. N. Jacobs, R. M. Pinkerton, and H. Greenberg, ‘Tests of related forward-
camber airfoils in the variable-density wind tunnel’. Jan. 01, 1937. Accessed:
Jul. 14, 2022. [Online]. Available:
https://ntrs.nasa.gov/citations/19930091685

[66] J. D. A. Jr, J. D. Anderson, and N. A. and S. M. J. A. Jr, The Airplane: A
History of Its Technology. AIAA, 2002.

[67] 1. H. Abbott, A. E. Von Doenhoff, and L. Stivers, ‘Summary of Airfoil Data’.
Jan. 01, 1945. Accessed: Jul. 14, 2022. [Online]. Available:
https://ntrs.nasa.gov/citations/19930090976

[68] D. J. Graham, ‘The Development of Cambered Airfoil Sections Having
Favorable Lift Characteristics at Supercritical Mach Numbers’, NACA-TN-
1771, Dec. 1948. Accessed: Jul. 14, 2022. [Online]. Available:
https://ntrs.nasa.gov/citations/19930082444

[69] V. Salgado Fuentes, C. Troya, G. Moreno, and J. Molina - Osejos, ‘Airfoil
Selection Methodology for Small Wind Turbines’, Int. J. Renew. Energy Res.-
IJRER, vol. 6, p. 1410, Dec. 2016.

[70] J. H. Ferziger, M. Peri¢, and R. L. Street, Computational methods for fluid
dynamics, Fourth edition. Cham: Springer, 2020.

[71] G. Qin, Computational Fluid Dynamics for Mechanical Engineering, 1st ed.
Boca Raton: CRC Press, 2021. doi: 10.1201/9781003138822.

[72] D.S.-K. Ting, Ed., Basics of engineering turbulence. London, U.K: Academic
Press is an imprint of Elsevier, 2016.

[73] S. Bogos, A. Dumitrache, and F. Frunzulica, Turbulence models in CFD
simulation of low-Reynolds number airfoils flow, vol. 1648. 2015. doi:
10.1063/1.4912704.

[74] ANSYS, Inc., ‘Modeling Turbulent Flows’, Fluent User Services Center,
2006. [Online]. Available:
https://www.southampton.ac.uk/~nwb/lectures/GoodPracticeCFD/Articles/T
urbulence Notes Fluent-v6.3.06.pdf

[75] Y. Fujino, K. Kimura, and H. Tanaka, Wind Resistant Design of Bridges in
Japan. Tokyo: Springer Japan, 2012. doi: 10.1007/978-4-431-54046-5.

[76] B. K. Shivamoggi, Theoretical Fluid Dynamics, 2nd ed. Orlando, Florida:
John Wiley & Sons, Inc., 2011. [Online]. Available: https:/nbn-
resolving.org/urn:nbn:de:101:1-2014123010929

167




Pengujian Kinerja Sirip Bionik Pada Aerofoil SG6043 Untuk Mengatasi Kelemahan Aerofoil Dalam
Mengahadapi Laju Angin Kecepatan Rendah Menggunakan Simulasi Numerik
RAFLY RAYYAAN P, Ir. Kutut Suryopratomo, M.T., M.Sc; Dr. Eng. Mohammad Kholid Ridwan, S.T., M.Sc.

UNIVERSITAS Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/
GADJAH MADA

[77] J. R. Horlock, Experimental Fluid Mechanics. Elsevier Science, 1970.
Accessed: Jul. 13, 2022. [Online]. Available:
http://www.myilibrary.com?id=934562

[78] ANSYS, Inc., ‘Introduction to ANSYS FLUENT’, Fluent User Services
Center, 2010. [Online]. Available:
https://imechanica.org/files/fluent 13.0 lecture02-intro-to-cfd.pdf

[79] J. Tu, G. H. Yeoh, and C. Liu, Computational fluid dynamics: a practical
approach, Third edition. Oxford ; Cambridge, MA: Butterworth-Heinemann,
2018.

[80] ‘UIUC Airfoil Data Site’. https://m-
selig.ae.illinois.edu/ads/coord database.html (accessed Jun. 15, 2022).

[81] R. E. Sheldahl and P. C. Klimas, ‘Aerodynamic characteristics of seven
symmetrical airfoil sections through 180-degree angle of attack for use in
aerodynamic analysis of vertical axis wind turbines’, Sandia National Labs.,
Albuquerque, NM (USA), SAND-80-2114, Mar. 1981. doi: 10.2172/6548367.

168



