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Abstract Field campaign — infrasound measurements Estlmatmg noise amplltudes
Aerodynamic noise emissions from the continuously growing number of wind turbines in . L. 130 S e . S
Germany are creating increasing problems for infrasound recording systems. Such systems at as wina turbine :§ gi:jzzok:vwf-::: - E%j;g}myvv\%zgggi)

are equipped with highly sensitive micro pressure sensors, which are accurately measuring
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acoustic signals in a frequency range inaudible to humans. At infrasound station IGADE, B S A R & i g
north of Bremen, a constantly increasing background noise has been observed throughout | .| A 20y [Eears ;.‘3"’"“ S _
the years since its installation in 2005. The spectral peaks are reflecting well the blade A - , : gt ‘,; fE ] |
passing harmonics, which vary with prevailing wind speeds. Overall, a decrease is noted for | =™ e T el S Fosmy ” ] _
the infrasound array’s detection capability. This aspect is particularly important for the | 3 T N \Ji P RIRE= = 20 z RS A
other two sites of the German infrasound stations 126DE in the Bavarian Forest and 127DE in e = . AN g e il i _
Antarctica, because plans for installing wind turbines near these locations are being under | «™; 5 — f/ L I — ey I - R — e
discussion. These stations are part of the International Monitoring System (IMS) verifying | | = | T G A N S P U o S TEem | S Renoeliml o

. . . 7N [« s Nl L 4 11/ | Fig. 6: Based on the theoretical model sound pressure levels (SPL) are computed for the second blade-
compliance with the Comprehensive Nuclear-Test-Ban Treaty (CTBT), and have to meet S IR ey | : / 17 . . . . . . . .

, e L , , _ , O <N | ol o 95E T 2 %{%—54E | passing harmonic (BPH) as a function of distance and the wind turbine design parameters. Obviously,
stringent specifications with respect to infrasonic background noise. °F FE I0F IR WE eE modern wind turbines with hub heights of about 80 m and larger as well as minimum 600 kW power
Therefore data obtained during a field experiment with mobile micro-barometer stations Fig. 3: In summer 2004, BGR carried out four weeks fieldwork 20 km to the north of Hannover, near Schwarmstedt, using output can emit aerodynamic noise signals in the 1 to 2 Hz frequency range which can be recorded at
for measuring the infrasonic pressure level of a single horizontal-axis wind turbine have four mobi{e infras.ound rgcording systems, each equipped with a MB2000 micr?-barometen Measurements were c.arried distances of more than 10 km. At such large distances, the SPL still exceeds the background noise level
been revisited. The results of this experiment successfully validate a theoretical model out. at a single Wln(,j/ turbine (Vestas V47 200 I.<W) to c.learly df:fm.e the correlatlon. between sourcezand recordeq s:gngls, between 1 and 3 Hz at the German IMS station I26DE, which is marked by horizontal black line; the grey
whicheimas he generated sound pressre evel o wind turines an s t possiole | = 2170 b e ovro i e dety b Lowe Soxr ot L L At St e | o shows s vriato, Corsierng windfrns f 1.5 st computed L of e secand 5
to specify the minimum allowable distance between wind turbines and infrasound stations 19 July, 5 to 7 frong1 19 to 29 Juli and 8 from 29 July to 5 Au)g/ust. In order to obtain optimum refording.conditions for thze signal amplitudes exceed background no1/:0e level even at distances farger than 30 km.
for undisturbed recording. Since the theoretical model also takes wind turbine design infrasound signals at low ambient noise, the vegetation along the survey line at sites 1 to 7 was used to reduce wind o e Fig. 7: For the independent power supply of the German
parameters into account, suitable locations for planned infrasound stations outside the effects. The small array around measuring point 8 was located in a small grove. Furthermore, spatial filters consisting of 1 | %5 AntarctiF researcﬁ basie Neumeyer—3 a park of three 30-
determined disturbance range can be found, which will be presented; and vice versa, the | four3mlong porous hoses were laid out on the ground. ' ey oo kW horizontal axis wind turbines has been planned. To
model calculations’ results for fixing the minimum distance for wind turbines planned for s F’W _ | - N E: estimate in advance the impact on the near-by infrasound
_ T T 2 10 00 % g O - array I127DE, our theoretical model has been applied: The
installation in the vicinity of an existing infrasound array. . ;;L 0 ] 2 80 ;j_ most prominent wind directions are from south and east

. 8 50 g -01p oo - % 1 75 = directions. The super-position of both radiated SPL shows
Obse rvathnS at IGAD E 7 N 02 l ] | P l % .L;L? 1,0 = that only two of nine array elements (L5 and L8) are
: | | | \ 05 ¥ o6 g ° 1 ’ e ° ! ° =2 T — N - ” slightly affected with signal amplitudes above 60 dB.
, % g 5 o 2 R AR AN A R I AN R R A o, o sl Moreover, the research base itself provides acoustic
85 g 4 = o7 | 3l SN T | [ 1°®  shadow for the single sensors, which might explain why
il 50 3 - _ 15 since its installation no spectral peak have been observed
E | " 2 0 L : NI U B S It
g ) 20 E 1 E ol L | | [km] positive to East
=5 | g R e, Findings & Conclusions
2 |- 0 : : : : : : : | : : et
| 1% %13 :zzoorppnr;u;%rmfs Y The effects of a wind farm on the detection capability of a nearby infrasound array
| AP 1 T R 1T R A 1% B 30 A ol pm v=tomis] ERIEEE RN become apparent at station IGADE. The 4-element array with an aperture of about 800 m
T T T 45 Time [h] after 08-Jul-2004 00:00 (UTC) " Frequency [H " is only 4 km away from a small wind farm. This causes a partial blinding of a 10° segment;
Fig. 1: Sound pressure level (SPL) measured at stations site IGAH2, which is one of the four array elements Fig. 4: The time-frequency analysis clearly demonstrates the correlation between the emitted sound pressure level and the whereas the detection capability of an infrasound array with respect to transient signals
of IGADE, over the time period from January 2009 to June 2013. Spectral peaks at 1.35, 2.70, 4.05, and rotational speeds and wind speeds. For a period of 72 hours, the average SPL, calculated every five minutes, is plotted is only reduced by noise disturbances if their bearings and apparent velocities are
5.40 Hz are clearly visible throughout the years during those periods which are characterized by strong against the rotational speed, as well as the wind speed measured at the hub. The strong impact of the aerodynamic noise |  idantical Aar varvy clace +a oacrh athear Armvwway thoce
identical or very close to each other. Anyway, these observations underscore that it is
winds gomg along .Wlth GI.’) mcreasec{ background noise level. Those spectral lines are generqted by four genera.ted by W/n.d turbines on infrasound recor.d/ng sys.tems becgmes dom{nant at the time /.nterval from 36 to 66 hours essential to define minimum distances between infrasound stations and wind turbines
1.5 MW wind turbines being approximately 4.1 km away from the sensor; whereas 1.35 Hz is the blade in particular. At site 3, about 200 m from the wind turbine, the signal amplitudes (blade passing harmonics —BPH) exceed , , , , , ,
passing harmonic (BPH) of these three-blade horizontal axis wind turbines, rotating with 27 revolutions the background noise by up to 20 dB and 10 dB at high and moderate wind speeds, respectively. which take into account their design parameters and number, especially for IMS stations.
per minute at moderate to high wind speeds. Acoustic impulses arise from rapid changes in the aerodynamic load on the blades caused by the blades passing turbulent Therefore all the necessary procedures have been collected for estimating the minimum
2000 | | | | | | or discontinuous air flow. The time series shows that the aerodynamic wake of the horizontal-axis wind turbine’s tower allowable distance between wind turbines and infrasound stations to guarantee
S K_-_ql_fgr;yspl_gg,?i_q __________________ - _c;._ty_ of Bremen § | a_rt_i_u_gr_y_f_irg_:____s_gpe_r_ﬁp_nlilc_ _g_u_rr]_cggﬁ;_ ________ i causes the strongest load variations by passing blades and therefore generates the strongest acoustic impulsive signals. undisturbed recordings. Vital data was provided by the measurements at a single wind
ja% 2000 f—-- oo - superé;?)r;?c alri;?:lrt;nz://fr the---------- ------------------ ---------- EREE & -------------- 0V€rt90rtea --------- — o ng L,Or"‘r’iﬁa'r“iSOi’i between the measured and theoretical SPL turbine north of Hannover,. and the experience gained from other infrasound stations.
I I . BalicSea | . ... S S wind gturbines SR S _ 1:: | [Viterna, 1981, NASA CP 2815] is made for the whole range of The theoretical model for computing the SPL of the aerodynamic noise generated by
8 1000 f oo S S S A—— ) e ¥ SR S . ol | 2 km considering rotational speeds of 20 and 26 rpm during wind turbines as a function of their design parameters, as well as the verification of this
200 R S s e L o R - e 5 u westerly winds. The 2" BPH is considered because it has the model for the infrasound frequency range, also made a valuable contribution.
00 p” " 13'5 - e — — = % j:_\ o O e strf)ngest S,DECtI’CI/ ampli?ude and therefore is most likely Of As 3 rule, 3 distance of 15 to 20 km should be kept between an infrasound station and
. o . . ceen femih . | S | being observed at all sites. In general, good agreement Is wind turbines to guarantee unhindered recording and detection conditions. The distance
Fig. 2: Distribution of station azimuths of coherent signal detections - generated by anthropogenic & observed, except at location 1 due to the fact that the signals . . . .
sources - obtained at IGADE in the frequency range from 0.7 to 4.0 Hz over 4.5 years; most prominent is :z I : ] were recorded in the proximal field at distances of a single mlght neeq .to b.e larger in the (?ase of a wind farm Comparable t.o the considered 15
the direction of 219°+6° which coincides with the near by wind park, overall ~16.5 % of all detections. e Ezg g: wavelength. However, our theoretical model describes the SPL turbine facility with 1.5-MW turbines. However, geometrical spreading, turbulences, and
Therefore infrasound emissions generated by large wind turbines have a strong impact on the detection ol e , R in the distal field of a wind turbine, hence overestimate the terrain effects mlght VIE|d that a distance of 20 km also appears to be adequate for every
capability of infrasound arrays, leading to partial blinding in the direction of those turbines. > Range [km] - measured values of infrasonic. kind of wind farm.
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