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                                        Frank Kameier, FH Düsseldorf<br />

                                                        Tobias Pohlmann, FH Düsseldorf<br />

                                                        Michael Köhl, Müller BBM GmbH, Gelsenkirchen<br />

                                                        Wind turbines – could they be too noisy?<br />

                                                        • Inspiration for this talk:<br />

                                                        Oct. 23 rd 2012 ARTE “Kampf gegen Windparks“<br />

                                                        http://www.youtube.com/watch?v=_7EVgd_LE50<br />

                                                        • Infrasound, vibrations, flow separation ?!<br />

                                                        • Atmospheric wind profile is responsible for different inflow<br />

                                                        conditions at the rotor blade (CFD Demo)<br />

                                                        • Active control of flow separation with a flexible trailing edge<br />

                                                        • Summary – a call for the wind turbine industry to enforce<br />

                                                        low noise design<br />

                                                        DAGA 2013 / Kameier 0 http://ifs.mv.fh-duesseldorf.de

                                                    

                                                    Low frequency vibrations<br />

                                                        France: 4 wind turbines in 2007 possibly induce vibrations -<br />

                                                        cracks occur on all walls of the house in 350 m<br />

                                                        Origin: ARTE Oct. 23 rd 2012 ARTE “Kampf gegen Windparks“ http://www.youtube.com/watch?v=_7EVgd_LE50<br />

                                                        DAGA 2013 / Kameier 1 http://ifs.mv.fh-duesseldorf.de

                                                    

                                                    Low frequency vibrations<br />

                                                        France: A 350m off wind turbine is supposedly responsible for the<br />

                                                        cracks in the walls of a French house.<br />

                                                        Origin: Studer, Koller: Bodendynamik: Grundlagen, Kennziffern, Probleme, Berlin, 1986<br />

                                                        www.springer.com/978-3-540-29624-9<br />

                                                        DAGA 2013 / Kameier 2 http://ifs.mv.fh-duesseldorf.de

                                                    

                                                    Low frequency vibrations<br />

                                                        May be – tower vibrations propagte along the ground<br />

                                                        http://www.esocaet.com/wikiplus/index.php/Windkraftanlagen-Turm_Dynamik#Modalanalyse<br />

                                                        DAGA 2013 / Kameier 3 http://ifs.mv.fh-duesseldorf.de

                                                    

                                                    Beschleunigung<br />

                                                        1.5<br />

                                                        mm/s^2<br />

                                                        Tieffrequente Schwingung<br />

                                                        Kohärenz<br />

                                                        1.0<br />

                                                        0.9<br />

                                                        0.8<br />

                                                        0.7<br />

                                                        0.6<br />

                                                        0.5<br />

                                                        0.4<br />

                                                        0.3<br />

                                                        0.2<br />

                                                        0.1<br />

                                                        Beschl. Fenster Schlaf. (13012011/nach_23Uhr_Schlafzimmer1na_400Hz 23:18 h)<br />

                                                        Beschl. Fenster Schlaf. (13012011/nach_23Uhr_Schlafzimmer2na_400Hz 00:46 h)<br />

                                                        Beschl. Fenster Schlaf. (13012011/nach_23Uhr_Schlafzimmer3na_400Hz 03:55 h)<br />

                                                        www.muellerbbm-vas.de PAK 5.4<br />

                                                        0.0<br />

                                                        0 5 10 15 20 25 30 [Hz]<br />

                                                        Aquisition: 23:18:48h 13.01.2011<br />

                                                        Resolution: 0.125 [Hz] Cal.:0.052375 [V/.] AVG:37(Mittelung über Linien)<br />

                                                        www.muellerbbm-vas.de PAK 5.4<br />

                                                        Format: 1Spec_x_Kurven_coh/1x2D_mehrere_kurven_sr4_brummen_coh.pak_fly<br />

                                                        frank.kameier/13012011/nach_23Uhr_Schlafzimmer1na_400Hz<br />

                                                        Beschl. Fenster Schlaf. (13012011/nach_23Uhr_Schlafzimmer1na_400Hz http://ifs.fh-duesseldorf.de 23:18 h) rms= 7.06 mm/s² 13.01.2013 13:58:59h<br />

                                                        Beschl. Fenster Schlaf. (13012011/nach_23Uhr_Schlafzimmer2na_400Hz 00:46 h) rms= 6.81 mm/s²<br />

                                                        Beschl. Fenster Schlaf. (13012011/nach_23Uhr_Schlafzimmer3na_400Hz 03:55 h) rms= 7.97 mm/s²<br />

                                                        Tieffrequente Schwingung<br />

                                                        1.4<br />

                                                        1.3<br />

                                                        1.2<br />

                                                        1.1<br />

                                                        1.0<br />

                                                        0.9<br />

                                                        0.8<br />

                                                        0.7<br />

                                                        0.6<br />

                                                        0.5<br />

                                                        0.4<br />

                                                        0.3<br />

                                                        0.2<br />

                                                        0.1<br />

                                                        0.0<br />

                                                        0 5 10 15 20 25 30 [Hz]<br />

                                                        Aquisition: 23:18:48h 13.01.2011<br />

                                                        Resolution: 0.125 [Hz] Cal.:0.052375 [V/mm/s²] AVG:()<br />

                                                        Format: 1Spec_x_Kurven_beschl/1x2D_mehrere_kurven_sr4_brummen_beschl.pak_fly<br />

                                                        frank.kameier/13012011/nach_23Uhr_Schlafzimmer1na_400Hz<br />

                                                        Low frequency noise and vibrations<br />

                                                        Tieffrequente Schwingung<br />

                                                        Schalldruck<br />

                                                        70<br />

                                                        -10<br />

                                                        0 5 10 15 20 25 30 [Hz]<br />

                                                        Aquisition: 23:18:48h 13.01.2011<br />

                                                        Resolution: 0.125 [Hz] Cal.:0.501128 [V/dB(lin)] AVG:()<br />

                                                        http://ifs.fh-duesseldorf.de 28.02.2013 17:07:54h<br />
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                                                        dB<br />

                                                        60<br />

                                                        50<br />

                                                        40<br />

                                                        30<br />

                                                        20<br />

                                                        10<br />

                                                        0<br />

                                                        HIGH COHERENCE LEVELS<br />

                                                        vibration/noise<br />

                                                        Mikrofon 1 Schlaf. (13012011/nach_23Uhr_Schlafzimmer1na_400Hz 23:18) Lp= 59.2dB Lp(A)= 19.2dB<br />

                                                        Mikrofon 1 Schlaf. (13012011/nach_23Uhr_Schlafzimmer2na_400Hz 00:46) Lp= 64.8dB Lp(A)= 19.1dB<br />

                                                        Mikrofon 1 Schlaf. (13012011/nach_23Uhr_Schlafzimmer3na_400Hz 03:55) Lp= 63.8dB Lp(A)= 19.4dB<br />

                                                        NO NOISE?<br />

                                                        Format: 1Spec_x_Kurven_micro/1x2D_mehrere_kurven_sr4_brummen.pak_fly<br />

                                                        frank.kameier/13012011/nach_23Uhr_Schlafzimmer1na_400Hz<br />

                                                        http://ifs.fh-duesseldorf.de 13.01.2013 14:24:15h<br />

                                                        www.muellerbbm-vas.de PA<br />

                                                        OVLD<br />

                                                        dB(lin)<br />

                                                        dB(A)

                                                    

                                                    Schalldruck<br />

                                                        40<br />

                                                        30<br />

                                                        20<br />

                                                        10<br />

                                                        0<br />

                                                        -10<br />

                                                        -20<br />

                                                        -30<br />

                                                        Low frequency noise and vibrations<br />

                                                        Tieffrequente Schwingung<br />

                                                        Aquisition: 23:18:48h 13.01.2011<br />

                                                        Mikrofon 1 Schlaf. (13012011/nach_23Uhr_Schlafzimmer1 23:18) Lp= 38.7dB Lp(A)= 30.4dB<br />

                                                        Mikrofon 1 Schlaf. (13012011/nach_23Uhr_Schlafzimmer2 00:46) Lp= 35.2dB Lp(A)= 26.7dB<br />

                                                        Mikrofon 1 Schlaf. (13012011/nach_23Uhr_Schlafzimmer3 03:55) Lp= 39.1dB Lp(A)= 29.2dB<br />

                                                        25 63 160 400 1k 2.5k 6.3k 16k [Hz]<br />

                                                        Resolution: [Hz] Cal.:0.501128 [V/dB(A)] AVG:()<br />

                                                        Format: 1Spec_x_Kurven_micro_terz/1x2D_mehrere_kurven_sr4_brummen_terz.pak_fly<br />

                                                        frank.kameier/13012011/nach_23Uhr_Schlafzimmer1<br />

                                                        http://ifs.fh-duesseldorf.de 13.01.2013 13:56:34h<br />

                                                        www.muellerbbm-vas.de PAK 5.4<br />
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                                                        OVLD<br />

                                                        dB(lin)<br />

                                                        dB(A)<br />

                                                        Very low NOISE levels!

                                                    

                                                    Schalldruck<br />

                                                        70<br />

                                                        60<br />

                                                        50<br />

                                                        40<br />

                                                        30<br />

                                                        20<br />

                                                        10<br />

                                                        0<br />

                                                        -10<br />

                                                        -20<br />

                                                        -30<br />

                                                        Aquisition: 03:55:19h 14.01.2011<br />

                                                        Low frequency noise and vibrations<br />

                                                        Tieffrequente Schwingung<br />

                                                        Mikrofon 1 Schlaf. (13012011/nach_23Uhr_Schlafzimmer3 03:55) Lp= 62.7dB Lp(A)= 29.3dB<br />

                                                        Mikrofon 1 Schlaf. (13012011/nach_23Uhr_Schlafzimmer3 03:55) Lp= 40.7dB Lp(A)= 29.3dB<br />

                                                        Mikrofon 1 Schlaf. (15012011/nach_22Uhr_Starenweg_Mess1 22:41) Lp= 57.3dB Lp(A)= 29.0dB<br />

                                                        Mikrofon 1 Schlaf. (15012011/nach_22Uhr_Starenweg_Mess1 22:41) Lp= 50.9dB Lp(A)= 29.0dB<br />

                                                        OVLD<br />

                                                        Very low NOISE levels!<br />

                                                        (on different locations)<br />

                                                        2 16 125 1k 8k [Hz]<br />

                                                        Resolution: 1.34583 [Hz] Cal.:0.501128 [V/dB(lin)] AVG:()<br />

                                                        www.muellerbbm-vas.de PAK 5.4<br />

                                                        Format: 1Spec_x_Kurven_micro_vergleich/1x2D_mehrere_kurven_sr4_brummen_terz_vergleich.pak_fly<br />

                                                        … my sleeping frank.kameier/13012011/nach_23Uhr_Schlafzimmer3 room – 400 m to the<br />

                                                        http://ifs.fh-duesseldorf.de 14.01.2013 18:44:21h<br />

                                                        Duesseldorf International Airport terminal …<br />

                                                        DAGA 2013 / Kameier 6 http://ifs.mv.fh-duesseldorf.de<br />

                                                        dB(lin)<br />

                                                        dB(A)

                                                    

                                                    1k<br />

                                                        400<br />

                                                        160<br />

                                                        63<br />

                                                        25<br />

                                                        10<br />

                                                        Hz<br />

                                                        Wind turbine noise – 2 MW site<br />

                                                        1,7 MW – 18 rpm 2 MW – 19 rpm<br />

                                                        (optimised pitch)<br />

                                                        WEATyp_A/baseline Lp dB<br />

                                                        Hz WEATyp_A/modified Lp<br />

                                                        70<br />

                                                        1k<br />

                                                        0 20 40 60 80 100 120 s<br />

                                                        60<br />

                                                        50<br />

                                                        40<br />

                                                        30<br />

                                                        0 20 40 60 80 100 120 s<br />
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                                                        400<br />

                                                        160<br />

                                                        63<br />

                                                        25<br />

                                                        10<br />

                                                        dB<br />

                                                        70<br />

                                                        60<br />

                                                        50<br />

                                                        40<br />

                                                        30

                                                    

                                                    Enercon E-126<br />

                                                        dB<br />

                                                        40<br />

                                                        30<br />

                                                        20<br />

                                                        10<br />

                                                        0<br />

                                                        Wind turbine noise – 2 MW site<br />

                                                        Noise measurements – same site!<br />

                                                        1,7 MW – 16 rpm 2 MW – 19 rpm<br />

                                                        (optimised pitch)<br />

                                                        Sound Pressure (WEATyp_A/baseline) Lp= 73.5dB Lp(A)= 59.1dB<br />

                                                        Sound Pressure (WEATyp_A/modified) Lp= 69.4dB Lp(A)= 54.5dB OVLD<br />

                                                        www.muellerbbm-vas.de PAK 5.7<br />

                                                        31.5 100 315 1k 3.15k Hz<br />

                                                        Aquisition: 10:48:24h 15/01/2011 Resolution: 2 [Hz] Cal.:1.52003 [V/dB(A)] AVG:()<br />

                                                        http://ifs.fh-duesseldorf.de Format: 1Spec_x_Kurven_wea_mbbm/1x2D_mehrere_kurven_sr4_mbbm.pak_fly 07/03/2013 09:22:19h<br />

                                                        frank.kameier/WEATyp_A/baseline<br />
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                                                    Noise measurements – same site!<br />

                                                        1,7 MW – 16 rpm 2 MW – 19 rpm<br />

                                                        Enercon E-126<br />

                                                        (optimised pitch)<br />

                                                        80<br />

                                                        dB<br />

                                                        70<br />

                                                        60<br />

                                                        50<br />

                                                        40<br />

                                                        Wind turbine noise – 2 MW site<br />

                                                        Sound Pressure (WEATyp_A/baseline) Lp= 75.6dB Lp(A)= 59.1dB<br />

                                                        Sound Pressure (WEATyp_A/modified) Lp= 70.8dB Lp(A)= 54.5dB OVLD<br />

                                                        www.muellerbbm-vas.de PAK 5.7<br />

                                                        30<br />

                                                        0 50 100 150 Hz 200<br />

                                                        Aquisition: 10:48:24h 15/01/2011 Resolution: 2 [Hz] Cal.:1.52003 [V/dB(lin)] AVG:()<br />

                                                        http://ifs.fh-duesseldorf.de Format: 1Spec_x_Kurven_wea_mbbm/1x2D_mehrere_kurven_sr4_mbbm.pak_fly 07/03/2013 10:46:12h<br />

                                                        frank.kameier/WEATyp_A/baseline<br />
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                                                    Wind turbine noise – 1.3 MW site<br />

                                                        Own measured levels correspond to<br />

                                                        published ones …<br />

                                                        Origin: Frey BJ, Hadden PJ. Noise radiation from wind turbines installed near homes: Effects on health. 2007<br />

                                                        http://docs.wind-watch.org/wtnoisehealth.pdf<br />

                                                        DAGA 2013 / Kameier 10 http://ifs.mv.fh-duesseldorf.de

                                                    

                                                    Flow separation - wind turbine blade<br />

                                                        Oncomming turbulence? NO!<br />

                                                        Origin: Wagner, Bareiß, Guidati, Wind Turbine Noise, Springer, Berlin, 1996 (primär)<br />

                                                        Rogers, A.L., University of Massachusetts, 2006 (sekundär)<br />

                                                        http://www.ceere.org/rerl/publications/published/Renewable<br />

                                                        DAGA 2013 / Kameier 11 http://ifs.mv.fh-duesseldorf.de

                                                    

                                                    Flow separation - wind turbine blade<br />

                                                        Atmospheric turbulence? NO!<br />

                                                        Origin: Con J. Doolan, Danielle J. Moreau and Laura A. Brooks, WIND TURBINE NOISE<br />

                                                        MECHANISMS AND SOME CONCEPTS FOR ITS CONTROL, School of Mechanical Engineering, The<br />

                                                        University of Adelaide, Adelaide, SA 5005, Australia, Acoustics Australia Vol. 40, No. 1, April 2012 - 7<br />

                                                        DAGA 2013 / Kameier 12 http://ifs.mv.fh-duesseldorf.de

                                                    

                                                    h [m]<br />

                                                        140<br />

                                                        120<br />

                                                        100<br />

                                                        80<br />

                                                        60<br />

                                                        40<br />

                                                        20<br />

                                                        0<br />

                                                        Flow separation - wind turbine blade<br />

                                                        Congruent blade flow<br />

                                                        - no flow separation in top and bottom position is impossible -<br />

                                                        c c<br />

                                                         h <br />

                                                        1<br />

                                                        1  Messhöhe  <br />

                                                        hMesshöhe mit z=0,4<br />

                                                        z<br />

                                                        0 2 4 6 8 10 12 14 16<br />

                                                        c [m/s]<br />

                                                        … responsible for significant for flow separation …<br />

                                                        12 m/s<br />

                                                        DAGA 2013 / Kameier 13 http://ifs.mv.fh-duesseldorf.de<br />

                                                        14 m/s

                                                    

                                                    caxial=14m/s<br />

                                                        Flow separation - wind turbine blade<br />

                                                        Velocity triangles (fixed and rotating frame of reference)<br />

                                                        Blade top position – large suction sided flow separation<br />

                                                        w=40.21m/s<br />

                                                        U=37,7m/s<br />

                                                        Blade bottom position – small suction sided flow<br />

                                                        separation – also no blade congruent flow<br />

                                                        caxial=12m/s<br />

                                                        w=39,56m/s<br />

                                                        U=37,7m/s<br />

                                                        Origin: FH Duesseldorf calculations, 54WEA, radial profile cut at r=24 m, Pohlmann 2013.<br />
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                                                    Q-criterion<br />

                                                        14 m/s inflow wind speed<br />
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                                                    Q-criterion<br />

                                                        Flow separation - wind turbine blade<br />

                                                        14 m/s inflow wind speed<br />

                                                        48 Hz<br />
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                                                    Q-criterion<br />

                                                        12 m/s inflow wind speed<br />
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                                                    Flow separation - wind turbine blade<br />

                                                        Q-criterion<br />

                                                        12 m/s inflow wind speed<br />

                                                        70 Hz<br />
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                                                    Wind tunnel – noise measurements – TEMBRA smart blade<br />

                                                        Turbulence screen – for the reduction of turbulent pressure fluctuations<br />

                                                        (1/2“ microphone application Brüel&Kjær UA0436)<br />

                                                        Wind tunnel test<br />

                                                        (no rotation)<br />

                                                        Origin: Neise, W., Messungen in Strömungen, in: Möser, M. (Editor), Messtechnik der Akustik, Berlin, 2010<br />

                                                        DAGA 2013 / Kameier 19 http://ifs.mv.fh-duesseldorf.de

                                                    

                                                    Wind tunnel – noise measurements – TEMBRA smart blade<br />

                                                        Turbulence -Generators<br />
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                                                    Incidence variation 0-13°, c_in_flow=20 m/s (Flap in 0 position)<br />

                                                        1500<br />

                                                        1000<br />

                                                        500<br />

                                                        Wind tunnel – noise measurements – TEMBRA smart blade<br />

                                                        Großer Windkanal TU Berlin<br />

                                                        with turbulence generator baseline<br />

                                                        2000 Hz<br />

                                                        Flap 0 Pos 20 m/s Anstellwinkel 0 bis 13 Grad mit Tubulator<br />

                                                        Turbulenzschirm<br />

                                                        dB<br />

                                                        100<br />

                                                        0<br />

                                                        0 20 40 60 80 100 120<br />

                                                        s<br />

                                                        90<br />

                                                        80<br />

                                                        70<br />

                                                        60<br />

                                                        2000 Hz<br />

                                                        Flap 0 Pos 20 m/s Anstellwinkel 0 bis 13 Grad<br />

                                                        Turbulenzschirm<br />

                                                        dB<br />

                                                        0<br />

                                                        0 20 40 60 80 100 120<br />

                                                        s<br />

                                                        0° 3°  6° 12° 0° 3°  6° 12°<br />
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                                                        1500<br />

                                                        1000<br />

                                                        500<br />

                                                        100<br />

                                                        90<br />

                                                        80<br />

                                                        70<br />

                                                        60

                                                    

                                                    Wind tunnel – noise measurements – TEMBRA smart blade<br />

                                                        Flexible trailing edge - is it a fast enough way to compensate<br />

                                                        the different value of the incoming flow?<br />

                                                        Origin: http://www.tembra.de/index.php/aktuelles-liste/items/autonews-1352977984-348.html<br />

                                                        DAGA 2013 / Kameier 22 http://ifs.mv.fh-duesseldorf.de

                                                    

                                                    Wind tunnel – noise measurements – TEMBRA smart blade<br />

                                                        Flap top/bottom, 10° incidence, c_in_flow=20 m/s<br />

                                                        10grad 20 m/s Flap ganz oben<br />

                                                        Schalldruck<br />

                                                        120<br />

                                                        110<br />

                                                        100<br />

                                                        90<br />

                                                        80<br />

                                                        70<br />

                                                        60<br />

                                                        Turbulenzschirm (tembra_berlin/Flap_oben(1,6V)10grad_20m_s_2200_min_nr6) Lp= 104.8dB Lp(A)= 96.0dB<br />

                                                        Turbulenzschirm (tembra_berlin/Flap_(3,1V)10grad_20m_s_2200_min_nr9) Lp= 110.1dB Lp(A)= 97.1dB<br />

                                                        Turbulenzschirm (tembra_berlin/Flap_(4,1V)10grad_20m_s_2200_min_nr11) Lp= 116.1dB Lp(A)= 99.5dB<br />

                                                        Microphone with turbulence screen<br />

                                                        Flap in bottom position<br />

                                                        Flap in top<br />

                                                        position<br />

                                                        50<br />

                                                        31.5 100 315 1k 3.15k 10k [Hz]<br />

                                                        Aquisition: 15:44:35h 21.02.2013 Resolution: [Hz] Cal.:0.00839991 [V/dB(lin)] Fenster: AVG:( )<br />

                                                        www.muellerbbm-vas.de PAK 5.5<br />

                                                        DAGA 2013 / Kameier 23 http://ifs.mv.fh-duesseldorf.de<br />

                                                        dB(lin)<br />

                                                        dB(A)

                                                    

                                                    110<br />

                                                        100<br />

                                                        Wind tunnel – noise measurements – TEMBRA smart blade<br />

                                                        Schalldruck<br />

                                                        120<br />

                                                        90<br />

                                                        80<br />

                                                        70<br />

                                                        60<br />

                                                        Flap top/bottom, 6° incidence, c_in_flow=20 m/s<br />

                                                        6grad 20 m/s Flap (1.6) ganz oben<br />

                                                        Nasenkonus2 (tembra_berlin/Flap_oben(1,6V)6grad_20m_s_2200_min_nr15) Lp= 98.7dB Lp(A)= 93.3dB<br />

                                                        Nasenkonus2 (tembra_berlin/Flap(4.1V)6grad_20m_s_2200_min_nr20) Lp= 115.3dB Lp(A)= 105.6dB<br />

                                                        Nose cone (=pressure fluctuations)<br />

                                                        50<br />

                                                        31.5 100 315 1k 3.15k 10k [Hz]<br />

                                                        Aquisition: 16:25:55h 21.02.2013<br />

                                                        Flap in bottom position<br />

                                                        Flap in top<br />

                                                        position<br />

                                                        Resolution: [Hz] Cal.:0.0496609 [V/dB(lin)] Fenster: AVG:( )<br />

                                                        Format: 1Spec_x_Kurven_micro_4/1x2D_mehrere_kurven_sr4_brummen.pak_fly<br />

                                                        frank.kameier/tembra_berlin/Flap_oben(1,6V)6grad_20m_s_2200_min_nr15<br />

                                                        www.muellerbbm-vas.de PAK 5.5<br />
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                                                        11:43:03h<br />

                                                        dB(lin)<br />

                                                        dB(A)

                                                    

                                                    Continuous Flap variation<br />

                                                        (from top to bottom position, 0° incidence, c_in_flow=20 m/s<br />

                                                        2000 Hz<br />

                                                        Hinterkante wird bewegt<br />

                                                        Turbulenzschirm<br />

                                                        1500<br />

                                                        1000<br />

                                                        500<br />

                                                        0<br />

                                                        Wind tunnel – noise measurements – TEMBRA smart blade<br />

                                                        Großer Windkanal TU Berlin<br />

                                                        Turbulence screen (=noise) Wall pressure fluc. (B&K 4949)<br />

                                                        2.0 2.5 3.0 3.5 4.0 4.5<br />

                                                        deg<br />

                                                        dB<br />

                                                        100<br />

                                                        90<br />

                                                        80<br />

                                                        70<br />

                                                        60<br />

                                                        2000 Hz<br />

                                                        Hinterkante wird bewegt<br />

                                                        Wanddruck2<br />

                                                        2.0 2.5 3.0 3.5 4.0 4.5<br />

                                                        deg<br />

                                                        DAGA 2013 / Kameier 25 http://ifs.mv.fh-duesseldorf.de<br />

                                                        1500<br />

                                                        1000<br />

                                                        500<br />

                                                        0<br />

                                                        dB<br />

                                                        110<br />

                                                        100<br />

                                                        90<br />

                                                        80<br />

                                                        70<br />

                                                        60

                                                    

                                                    Summary<br />

                                                        Wind turbines – could they be too noisy?<br />

                                                        • Flow induced sound is being spotlighted for noise reduction methods.<br />

                                                        • Infrasound will not be considered a relevant source of noise for wind<br />

                                                        turbines, however low frequency vibrations can occur and propagate through<br />

                                                        the ground.<br />

                                                        • CFD calculations in the rotor area were carried out for a better understanding<br />

                                                        of the flow topology (Q- or  2-criterion are helpful!).<br />

                                                        • The audible sound of a wind turbine could be reduced by influencing<br />

                                                        unsteady aerodynamics with TEMBRA smart blades.<br />

                                                        • Therefore research needs to be sponsored by the wind turbine industry.<br />

                                                        • At this point in time one could have the impression that not enough people<br />

                                                        are aware of the effects of this technology.<br />

                                                        • From a technical point of view, low noise design of wind turbines must be<br />

                                                        tackled.<br />

                                                        With best thanks to Niels Bøgholm from Brüel & Kjær Denmark for the provided wall pressure<br />

                                                        microphones!<br />
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