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Operation of modern wind turbines generates infrasound noise which is known as potentially harmful for
humans. In presented study, measurements of infrasound noise generated by operation of five vertical axis, building
mounted, small wind turbines were conducted. Measurements were taken in urban area at several points and
different distances from the installation. Analyses were performed to determine the level of emitted infrasound
noise in vicinity of the installation. Comparative analyses were carried out and the achieved results were referred
to the limits of sound pressure intensity level of infrasound signals as specified for the working environment in

accordance with the Polish standard PN-Z-01338.
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1. Introduction

Operating wind turbine generates audible and inaudi-
ble noise called infrasound [1-4] and vibrations [5-8].
Small wind turbines can also be a source of infrasound
noise which is defined as the acoustic emission at the
frequency range from 2 Hz to 20 Hz [9]. Recent stud-
ies of infrasound indicate that sound pressure levels of
infrasound noise generated by horizontal axis wind tur-
bine (HAWT) has a linear level of 80-90 dB which is un-
likely harmful [10, 11], but it is known that exposure to
infrasound noise may result with problems with concen-
tration, malaise, increased sleepiness, reduction in of la-
bor productivity, balance disorders, impaired psychomo-
tor skills or even syndrome called in literature as vibroa-
coustic disease are being related with exposure to high
levels of infrasound noise [1-3, 12, 13]. Those problems
may be even greater in relation to small wind turbines.
Small wind turbines can be installed on residential or
public buildings [14, 15] where the infrasound noise gen-
erated by operation of small wind turbines can be higher
because of high levels of wind turbulence [16]. Therefore
it is important to perform evaluation of infrasound noise
emission generated by small wind turbines installed in
highly populated area. This is even more important be-
cause of the lack of legal norms regulating the level of
infrasound noise generated by the small wind turbines.
As a commentary, it is important to point out that in-
frasound noise generated by operation of wind turbines
is caused by phenomena of turbulence, turbulences of air
particles caused by “sharp” edges of the turbine, for ex-
ample: blades, generator.

2. Test object

This study presents results of measurement of infra-
sound noise emission generated by small wind farm con-
taining five small, vertical axis, wind turbines (Fig. 1).

Fig. 1. Test subject, small wind farm containing five
small, vertical axis, wind turbines.
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Fig. 2. Windscreen used during measurements, type
UA-0234.

Each turbine nominal power is 1 kW. All five wind tur-
bines are mounted on the same building situated at Opole
University of Technology Second Campus. The mea-
surement were taken by the Briiel&Kjaer measurement
set containing microphone type 4190L1 placed on a tri-
pod. During measurements microphone were equipped
with spherical windscreen type UA-0234 shown in Fig. 2.
The LAN-XT type 3050 infrasound meter and computer
with dedicated software PulseLabShop v. 15.1. Cali-
bration of the microphone was conducted using acous-
tic calibrator KA-50 I class calibrator. There were no
differences in sound pressure levels before and after the
measurement. The measurements of weather conditions
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were performed using the weather station Ventage Pro 2,
type 6152EU. Weather conditions were performed at the
top of the roof where the wind turbines were mounted.
The weather conditions at the time of measurement were
presented in Table I. Measurements were taken in five
points at different places of Second Campus and distances
form wind farm. P1 — 90 m, P2 — 94 m, P3 — 190 m,
P4 — 250 m, P5 — 250 m in a straight line (Fig. 3).
Point 1 was located at roof platform of a nearby build-
ing (N = 50°39'8.7"; E = 17°54’18.6”). Point 2 was
located at the same building roof platform as point 1 at
the opposite side of the roof the roof (N = 50°39’8.5’;
E = 17°54’18.2”). Point 3 was located at the acous-
tic background of a Foreign Language Center building
(N = 50°39'8.7"; E = 17°54’11.1"). Point 4 was lo-
cated at acoustic background between Faculty of Phys-
ical Education and Physiotherapy and garages build-
ings (N = 50°39’12.1"; E = 17°54’7.5”). Point 5 was
located in acoustic background between garages build-
ings (N = 50°39’14.4”;, E = 17°54’8.3”). Research has
been extended on April 2015 to 7 measurement points.
Both additional points were situated in the building
where wind turbines were mounted. Point 6 were sit-
uated at classroom on first floor. Point 7 were situ-
ated in classroom on second floor. Measurements were

J

performed on tripod, 1.5 m above ground according to
PN-Z-01338:2010 [17]. At least three 1 min samples for
every measured wind speed were taken. Measurements
in P6 and P7 were taken at night hours to minimize influ-
ence of unknown infrasound noise sources. Main goal was
to determine the impact of infrasound noise generated by
operation of specified wind farm.
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Fig. 3. Placement of measurement points [18].

TABLE I
Weather conditions at the time of measurement, 6 Dec 2013; 7 Dec 2013;
1-2 Apr 2015.
Max Min Mean S‘?an.dard
deviation [%)]
wind 15.6| 13 [11.2] 45 22889751 |19.3]13.7]35.5
speed [m/s]
wind 20.6| 17 |15.2] 6.7 3.1 [12.7/12.9] 7.2 |18.7|13.5|34.8
gust [m/s]

temp [°C] | 3.7 | 1.2 | 5.1 | 1.9
humidity [%] | 77 | 73 | 91 | 60

dewpoint [°C]|-1.7|-3.5| 0.4 |-3.4|-4.3

rainfall 0 0 0 0

3. Evaluating the impact of infrasound noise
emission of tested subject

To evaluate the infrasound noise generated by tested
small wind farm, wave forms of frequency spectra for dif-
ferent wind speeds were computed for each of five mea-
suring points and it was expressed in decibels relative to
threshold of audibility, which is pg = 20 puPa. The an-
alyzed frequency range was extended to low frequency
noise and was from 2 Hz to 100 Hz. Sound pressure
level of infrasound noise for a given wind speed and fre-
quency range was determined as arithmetic mean from
all recorded sound pressure levels for the speed. Thus
obtained results were presented in graphs (Figs. 4-9).

1.1 |26 | 1.0 | 4.0 {19.8]23.2]28.9
63 |69.7/70.1|73.9| 7.5 | 3 |10.2
-1.81-2.4(-3.9|-0.7(22.1| 5.7 |77.3
0 0 0 0 -

Based on the characteristics in Figs. 4-9 it can be con-
cluded that the highest sound pressure level is at fre-
quency 1-2 Hz and it was in range from 90 to 108 dB.
Sound pressure level was higher for higher wind speed.
Also it can be stated that the highest measured sound
pressure levels was at measuring point no. 3 and the low-
est sound pressure level was at measuring point no. 4.
In all five measuring points the sound pressure level is de-
creasing with frequency increase from about 90-108 dB
at 2 Hz to about 55-65 dB at 20 Hz and to about 37—
52 dB at 100 Hz. It can be also stated that for all mea-
suring points the recorded sound pressure level was lower
than thresholds of audibility for specified frequencies.
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Fig. 4. Sound pressure level in measuring point 1 at
different wind speeds.
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Fig. 5. As in Fig. 4, but for point 2.

The infrasound threshold audibility reference values from
literature were presented in Table II.

Analyzing characteristics shown in Figs. 4-8 there can
also be stated that no resonant frequency can be found at
these characteristics. At measuring point 4 (Fig. 7) there
are two frequency bands with higher sound pressure levels
from 29 to 35 Hz and from 61 to 69 Hz. This occurs only
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Fig. 6. Asin Fig. 4, but for point 3.
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Fig. 7. As in Fig. 4, but for point 4.
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Fig. 8. Asin Fig. 4, but for point 5.
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7 (floor2).
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Infrasound audibility threshold levels [13].

TABLE II

freq [Hz] | 4 | 8 |10

12.5

20

25

31.5

40

50

63

80

100

level [dB][107[100(97

92

79

69

60

51

44

38

32

27
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for wind speed 9.4 m/s so it is probably with influence
of unknown source of infrasound noise. Analyzing char-
acteristics shown in Fig. 9 which represents infrasound
noise spectra inside building, large irregularities can be
observed. At points 6 and 7 located on the first and
second floor there is an increase of sound pressure level
at frequencies: at 10 Hz to 20 Hz. There is also an in-
crease of sound pressure level at frequencies about 53 Hz
and 60 Hz which indicates resonant frequencies. It can
be also stated that infrasound noise SPL measured at
points 6 and 7, which were inside the building, were much
lower than outside the building and was about 65-70 dB
at 1 Hz and about 20 to 33 dB at 20 Hz.
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Next stage was to compute interpolation function for
shown characteristics in Figs. 4 to 8. Fourth-degree poly-
nomial was chosen and computed for average sound pres-
sure level for every measuring point. The results have
been shown in Figs. 4-7 as “interpolated”. Interpolation
was made as average of every wind speed recorded in
measuring point.

In the final stage of the analysis comparison of
the values of sound pressure level corrected with the
G-weighting frequency characteristic to a limit values de-
fined in relevant standards for workplaces was performed.
The methodology of comparison is described in [15]. Re-
sults of comparison were presented in Table III.

TABLE III

Comparative tabulation of equivalent sound pressure level values referred to 8-hour
working day or a working week (8 h ESP) derived from measurements and current

regulations for measuring points.

One-third octave

8 h ESP determined from measurements

band center for point 1 for point 2 for point 3
frequency [Hz| [dB] [dB] [dB]
10, 12.5, 16 76.36, 74.97, 75.02 | 80.13, 78.80, 78.42 | 81.41, 81.42, 81.54
20 75.38 78.94 82.89
25 65.77 69.32 73.73
31.5, 40 54.93, 40.35 57.86, 42.37 62.96, 48.69

8 h ESP determined from measurements

8 h ESP based |8 h ESP workplaces

for point 4 for point 5 on [17] reference requiring high
[dB] [dB] ESP [dB] attention [17] [dB]
72.33, 71.56, 71.39 | 69.36, 68.70, 68.21
71.49 68.96 102 36
61.57 59.08
50.17, 35.20 49.02, 33.57
8 h ESP determined from measurements| 8 h ESP based |8 h ESP workplaces
for point 6 for point 7 on [17] reference requiring high
[dB] [dB] ESP [dB] attention [17] [dB]
16.82, 31.58, 38.83 | 20.84, 24.43, 32.45
32.07 42.37 102 36
37.86 29.15
22.06, —0.65 30.82, 6.55

4. Conclusions

Based on the research studies, analysis and compar-
isons, the following conclusions can be stated:

e The sound pressure level of infrasound noise gener-
ated by tested small wind farm increases with wind
speed.

e The sound pressure level of infrasound noise gen-
erated by tested small wind farm was below the
threshold of audibility.

e The sound pressure level of infrasound noise
measured inside building was much lower than

measured outside the building and much lower than
referenced.

e The sound pressure level of infrasound noise was
comparable at both measuring points located in
building.

e The highest sound pressure level of infrasound noise
was measured in measuring point 3 and the lowest
in measuring point 4 both located in acoustic back-
ground.

e In the case of measuring point 3 the measured val-
ues exceeded slightly the values stated in relevant
standards.
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The Authors believe that there exists a necessity for
further research works in this area, which will include a
wide range of micro-wind turbines of different construc-
tion. This applies to measurements of sound pressure
level of generated low-frequency signals, as well as to de-
termination of the effect of a number of parameters on the
results obtained. It is also planned to model the physical
processes associated with the phenomenon of generation
and propagation of infrasound signals. Currently in this
area some research works are carried out within the dis-
sertation of one of the Authors.
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