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Prior to the start of any Wind Power Park construction project,
it is necessary to carefully assess available wind potential in the
selected area. The cost of such investigative studies is considera-
ble - even with a relatively small 70 m tall mast it reaches sever-
al tens of thousands of Euros. In order to reduce costs related to
wind speed measurements it is suggested to use the existing cellular
communication masts that are widely spread in Europe. The study
presents a methodological approach and the results of wind speed
and wind shear measurements performed with the use of lattice
cellular communication masts at the height of up to 100 m. A CFD
model of airflow around a cellular communication mast structure
was created in order to explore the impact of mast structure on the
quality of wind speed measurements. The paper presents the re-
sults of the CFD modelling in the form of contour maps depicting
the severity of airflow disturbances around the mast. The study is
based on experimental measurements conducted in 2018 in three
coastal sites of Latvia. At each site wind speed and direction were
measured at several heights along with air temperature, humidity
and air pressure. The experimentally obtained data in combination
with the analysis of modelled CFD results shows the possibility of
using cellular communication masts for accurate measurements of
wind speed. Overall, the study shows that the proposed approach
to wind speed measurements can result in high quality data and
reduced overall expenses.

Keywords: wind speed measurements, CFD modelling, lattice
mast, wind shear

INTRODUCTION

measurement toolkit is composed of a cup sen-
sor and a recording unit, which are installed on

The starting point of any decision regarding
the construction of a wind power generator is
the evaluation of wind energy potential at the
selected construction site. Wind measurement
complexes are the main tools that are used in
order to evaluate the potential performance of
a future Wind Power Park (WPP). A typical

a mast at the potential WPP construction site.
In order to exclude the impact of the surface on
measurements, the height of the mast used for
the assessment of wind energy potential should
exceed 30 m [1].

In order to save time and financial resourc-
es involved in the deployment of new wind
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speed measurement complexes it is possible to
use the existing network of cellular communi-
cation masts. This would allow minimizing the
installation and assembly costs of the measure-
ment equipment. At the same time, measure-
ment results should be in compliance with the
requirements set by the international standard
IEC 61400-12-1 [2]. The standard has been de-
signed to provide uniform methodology to en-
sure consistency, accuracy and reproducibility
of measurements and analysis of wind turbine
power performance.

Therefore, it is important to ensure that mast
structure does not introduce distortions in the
airflow that would cause >1% error in the mea-
surements of wind speed. In practice, the task
of wind shear analysis can be made cheaper and
much simpler if cellular communication masts
are used for installing measuring sensors [3]. In
this case, it is of interest to investigate the influ-
ence of the design elements of these masts on the
distribution of air flow and to evaluate the pos-
sibility of their use for obtaining reliable wind
speed data [4, 5].

The IEC standard provides recommendations
for calculating the distance from the mast centre
at which measurement sensors should be placed
[2]. However, study results reported in [6, 7]
suggest that the boom length calculated in com-
pliance with recommendations of the standard
is overestimated. This causes problems with the
reliability of the boom mount rigidity during the
installation of sensors on the mast [8, 9].

This study investigates how wind flow distri-
bution around a communication mast depends
on its sizes and design, taking into account com-
munication cables placed inside the mast struc-
ture. The extent of the influence exerted by the
structural elements of cellular communication
masts on the turbulent air flow is analysed using
Computational Fluid Dynamics (CFD) model-
ling of wind flow distribution [10].

The estimation of the degree of influence of
the cellular communication mast structure on
the results of wind speed measurement was car-
ried out by experimental studies using three lat-
tice masts on which measurement sensors were
placed. On each mast 9 measurement sensors at
four different height levels were installed. Two
anemometers were installed at each of the three

levels and at one level three sensors were in-
stalled displaced by 120° from each other. The
temperature and direction of the wind were
measured at two different levels.

The rest of the paper is structured as fol-
lows: Section 2 introduces CFD modelling re-
sults of wind flow interaction with a triangular
lattice communication mast. Section 3 provides
the methodology of the experimental studies
of wind speed measurements around a cellular
communication mast. Section 4 provides the
assessment of the effect of the mast’s design on
the results of wind speed measurements at the
altitude of 10, 40, 64 and 84 m, while Section 5
concludes.

THE MODELLING OF WIND FLOW
INTERACTION WITH A TRIANGULAR
LATTICE MAST

In order to estimate the extent to which the
structure of a lattice cellular communication
mast affects the speed distribution of wind
flow around it, we first consider the interaction
of wind flow with a meteorological mast with
the side width of 0.74 m [11]. Figure 1 shows
a contour map of wind flow speed distribution
around a lattice meteorological mast for wind
speed U = 10.0 m/s and the angle of wind di-
rection a = 0° relative to the position of a boom
with sensor S on the triangular lattice mast.

The position of sensor S is fixed on the mast
by a boom at a distance of 3.2 m relative to the
triangular mast centre, to which one-metre-step
concentric octagons are attached.

In turn, Fig. 2 demonstrates the speed distri-
bution of a wind flow around a lattice cellular
communication mast with side width 0.74 m for
wind speeds U = 5.0 and 10.0 m/s and the angles
of wind direction a = 0°and 180°.

The colours on the contour map are associ-
ated with wind speed deviations in the mod-
elled wind flow, wherein light yellow area corre-
sponds to 100.0 + 1.0% of the undisturbed wind
flow speed values, green area to 101.0-101.5%,
red area to more than 101.5%, violet area to
98.5-99.0%, and brown area to less than 98.5%.
The contour maps show wind flow speed that
would satisfy the IEC standard requirements in
light yellow, green and violet areas, while in the
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L=0.74m; U=10.0m/s; o = 0°.

<98.5% 98.5%

99.0 - 101.0% 101.5% >101.5%

Fig. 1. CFD model of the wind flow interaction with a triangular lattice meteorolo-
gical mast, side width L = 0.74 m, for wind speed U = 10.0 m/s and angle a = 0°
relative to the position of a boom with sensor S

red and brown regions deviations would exceed
the allowed error margin.

The use of CFD models shows that the pres-
ence of cable lines inside a triangular lattice
cellular communication mast slows down wind
flow speed by more than 1.5% and causes the
appearance of a narrow tail with the length of
7.0-9.0 m and angular dimensions of less than
10°. Within the boundaries of the remaining
350° sector, the length of the region with wind
speed distortions beyond 1.5% does not exceed
1.5-2.0 m from the mast centre.

Performed calculations make it possible to
refine the results of prior studies indicating that

L=0.74m;U=5(

L=0.74m;U=100

|-

L IIEEEE

<98.5% 98.5% 99.0 - 101.0% 101.5% >101.5%

the requirements of the IEC standard regarding
the length of the boom are overestimated.

At the same time, the simulation results allow
us to conclude that the standard does not guaran-
tee the measurement accuracy of wind speed of
1.0% in the shadow area of the mast (a = 180°).

As can be seen from the contour maps in
Fig. 2, the sizes of areas where wind speed mea-
surement error would exceed 1.0% varies with
increasing speed U of modelled wind flow. In
order to analyse this phenomenon, CFD model-
ling was performed for a wind flow field around
a triangular lattice cellular communication mast
with side widths L = 1.0 m and 1.2 m, for wind

Fig. 2. CFD modelling results of the wind flow field around a triangular lattice cellular communication mast, side width L =
0.74 m, for wind speeds U = 5.0 and 10.0 m/s and angles a = 0 and 180° relative to the position of a boom with sensor S
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speeds U = 5.0 and 10.0 m/s assuming that an-
gle a = 0°. The results of these calculations for
wind speeds U = 5.0 and 10.0 m/s are presented
in Fig. 3a, b. On the colour contour maps, dis-
tances from the mast centre to the boundaries of
the fields corresponding to the 1.0 and 1.5% wind
speed deviations are marked by solid black trian-
gles.

Overall, an important conclusion can be made
that the requirements of the IEC standard on
wind measurements can be satisfied only if two
sensors arranged in anti-phase are used simulta-
neously. Moreover, at the data processing stage it
is necessary to consider only those measurements
that do not come from a sensor located in the
shadow of the mast. Such method of wind speed
measurements would allow considerably lower-
ing the requirement with respect to the minimum
boom length. The relaxation of the requirements
would result in much easier sensor installation
process of sensors on measurement masts.

It is noteworthy that the use of paired sensors
for wind measurements creates an opportunity
to make use of the existing network of triangu-
lar lattice cellular communication masts. That
considerably reduces the costs of data collection
necessary for performing the assessment of wind
energy resource potential.

THE INSTALLATION OF MEASURING
SENSORS ON CELLULAR
COMMUNICATION MASTS

The preparation of the experiment involved sign-
ing a lease agreement with a local mobile operator
for the use of three masts located on the shore of
the Baltic Sea in the area of Ventspils, Pavilosta
and Ainazi, as shown in Fig. 4. For the experi-
mental studies, triangular lattice masts of guyed
type were chosen, which have a height of about
100 m with side dimensions of 1.2 and 1.4 m, and

Fig. 4. The location map of three 100 m high lattice cellular commu-
nication masts, used in the experiment, on the shores of the Baltic
Sea in Ventspils, Pavilosta and Ainazi regions

L=1.0m;U=>5.0m/s,

<98.6%

98.5% 99.0 - 101.0% 101.5% >101.5%

L=1.0m;U=10.0m,

L=12m;U=100m

-

Fig. 3. CFD modelling results of the wind flow field around a triangular lattice cellular communication mast: (a) side width L =1.0m
and (b) side width L = 1.2 m, for wind speeds U = 5.0 and 10.0 m/s and the angle a = 0° relative to the position of a boom with

sensor S
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located in the vicinity of existing ten-meter height
masts of meteorological stations. According to
the results, which are given in another study [12],
these regions are promising for WPPs. Wind
measurements at these sites were started on the
following dates: Ventspils -21.12.2017, Pavilosta
- 11.01.2018, Ainazi — 21.01.2018. and scheduled
to last at least till the end of 2018. This paper dis-
cusses the measurement results obtained until
06.03.2018.

One of the masts that was used in the experi-
ment and located in Ventspils region is shown in
Fig. 5. The sensors were installed at four levels in
places free of antennas and equipment on 2.8 m
long booms at an angle of 90° with respect to the
sides of the mast. In this case, two cup anemom-
eters of WindSensor P2546A-OPR type were
installed at 10, 64 and 84 m levels, while at the
height of 40 m three such sensors were installed.

Wind direction sensors were installed at a
height of 40 and 84 m, while thermometers were
placed at a height of 10 and 84 m. The location of
two anemometers and a sensor of wind direction
at 84 m is shown in Fig. 6. The position of three
anemometers and a sensor of the wind direction
at the level of 40 m is shown in Fig. 7.

Fig. 5. Guyed type lattice triangular mast, which has a
height of about 100 m with the side width of 1.2m

Fig. 6. The position of two anemometers and a sensor of wind
direction at a height of 84 m

Fig. 7. The position of three anemometers and a sensor of
wind direction at a height of 40 m

The placement of an anemometer of WindSen-
sor P2546A-OPR type at the end of the boom and
the installation of the LOGGER NRG Symphonie
PLUS3 in the lower part of the mast where the hy-
grometer and a photovoltaic panel are located can
be seen in Figs. 8 and 9. The transfer of data from
the registering unit is performed using a GSM
module build in the Symphonie iPACK unit.

Fig. 8. Wind measurement cup anemometer of WindSensor
P2546A-0PR type placed at the end of the boom
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Fig. 9. The installation of the LOGGER NRG Symphonie PLUS3,
hygrometer and a photovoltaic panel on the mast

The arrangement of anemometers S,, S,, S
and a wind direction sensor S, on a mast locat-
ed in Ventspils at a height of 40 meters is shown
in Fig. 10. Given that an anemometer is installed
on a 2.8 m long boom, its distance from the mast
centre O with a side width L = 1.2 m is 3.2 m.
The position of wind direction sensors S, with
respect to the northward direction N is adjusted
by setting the offset angle B in the LOGGER de-
vice settings. For masts in Ventspils, Pavilosta and

Fig. 10. The vector diagram of the arrangement of a wind
direction sensor S on a 1.6 m boom with an angle of off-
set B with respect to the northward vector N and anemo-
meters S,, S, S, on 2.8 m long booms that are located at
a 3.2 m distance from the centre 0 of the triangular mast
withasidelengthL=1.2m

Ainazi, the values of this angle are, respectively,
equal to: —26°, -54° and 51°.

The setup works of measuring systems were
carried out in the period from 21.12.2017 to
19.01.2018. In this case, despite a short period of
light time, installation work took less than two
days per mast. Thus, the use of stationary cellular
communication masts makes it possible to sig-
nificantly reduce the time and material resources
required to study the potential of wind energy ata
height of up to 100 meters above the ground level.

THE ANALYSIS OF WIND SPEED
MEASUREMENT RESULTS

The transfer of data from the measuring com-
plexes is performed once a day via GSM mobile
communication channels. Overall, the process of
obtaining daily data for all 10-min measurements
of wind parameters does not pose a problem.
The received information is stored in a database,
which allows to quickly monitor the operation of
the complexes at a distance and analyse the infor-
mation received.

At the same time, it should be noted that the
database contains wind speed values recorded
from anemometers also at a time when they were
in the shadow of the mast. Consequently, these
values will distort the resulting value of the wind
speed, calculated as an average value over the en-
tire measurement period.

From the above pictures of modelling the
airflow around a mast, it can be seen that when
measuring wind speed using two or three sensors
offset by 120° from each other, at each moment
only one sensor can be in the shadow of the mast.
Therefore, if the calculations of average wind
speed from the database exclude measurements
made by the sensor located in the shadow of the
mast, then it should be possible to increase the
reliability of the result of calculations.

According to the analysis of the results of
10-min measurements for two sensors located at
the same height, it can be assumed that the ratio
of their values should characterize the deviation
of the airflow velocity in the corresponding sector
around the mast. Therefore, the results of wind
speed measurements of all sensors were grouped
by time of measurement and in the direction from
0° to 360° with the steps of 1°.
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The results of simultaneous wind speed mea-
surements by two anemometers installed at the
same height with 120° displacement makes it
possible to estimate the degree of wind flow dis-
tortion caused by the mast structure. For quanti-
tative evaluation of wind flow distortion degree,
the following equation can be used:

VA (1)

where V, and V are 10-min wind speed measure-
ments for sensors S, and S, at the same height.

The analysis of wind flow distortion derived
from anemometers S,, S, and S. mounted on
masts at a height of 40 m are presented in Fig. 11
for Pavilosta and Fig. 12 for Ventspils.

The ratios calculated using Eq. 1 for sensors
S, and S, (red diamonds) and sensors S, and
S, (green circles) in relationship to the angle of
wind direction, averaged in steps of one degree
are shown in Fig. 11. The figure shows distinctive
peaks corresponding to the wind direction angles
105° and 225° with respect to angle 0° of the sen-
sor S .. It is important to note that the flow ve-
locity in these directions, which corresponds to
the mast shadow, measured at all heights from 10
to 84 m shows speed reduction up to 50%. The
modelling results given in papers [7, 13] for mete-
orological masts indicate that the speed drop can

reach 30-35%. The difference between the esti-
mates can be explained by the presence of cable
lines inside the cellular communication mast.

For other directions, wind speed distortions
recorded by the sensors do not exceed +5%. The
simulation results suggest that the maximum val-
ue in these areas arises when one sensor is in a
zone where the flow velocity increases and the
second one is in the zone where the flow is slow-
ing down. Thus, the actual deviation of the wind
speed does not exceed 2.5%. In turn, the simula-
tion results predict in these areas a change in the
flow rate of about 2%.

As a result of the analysis of obtained wind
speed measurement values using a vector diagram
depicted in Fig. 10 and curves C , it can be seen
that there are three directions around the mast
that create a shadow for the sensors in the process
of wind speed measurements. An illustration of
the areas and angles of shading for Ventspils site
are shown in the vector diagram in Fig. 12, where
the direction angles for the wind flows w, W,
W, relative to the northward direction N are, re-
spectively, —40°, 80° and -150°.

In Fig. 12, the boundaries of the shadow re-
gion are depicted approximately, while the shape
of the curves on Fig. 11 and models in Fig. 3 sug-
gests that the shadow region has a conical shape.
At the same time, it can be seen that the shadow

Degree of wind flow distortion, C,,

07 The ratio of wind speed

VIV,
® Vu/Ve

0.6
0 50 100 150 200 250 300 350

Wind direction, deg

Fig. 11. The degree of wind flow distortion C of measured wind speeds from sensors S, and S, (red
diamonds) and S, and S, (green circles) located in Pavilosta site at a height of 40 m, in relationship to the
angle of wind direction
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Shadow of mast

Fig. 12. The vector diagram of the wind flows W,, W,, W,, which
create a shadow from the mast for sensors S, S, S, and the corres-
ponding angles of directions —40°, 80° and —150° relative to the
direction vector north N for Ventspils site

Table 1. Values of average wind speeds (V,,,) before and after corrections (V,, ) and their difference (1 —

area has a displacement and is not perpendicu-
lar to the side of the mast. The displacement can
be attributed to the presence of communication
lines and ladders inside the mast and non-sym-
metric wind sensor position with respect to the
mast side.

Based on the simulation results and experi-
mental studies presented above, it can be con-
cluded that for each sensor on the mast there is
a sector within which the results of wind speed
measurements will not meet the requirements of
the standard. However, the size of this sector does
not exceed 70°. It follows that in order to measure
wind speed in accordance with the requirements
of the standard, two sensors offset by an angle of
at least 120° must be used and the results of mea-
surements should be related to the direction of
the wind flow.

In this case, the measured values of wind
speed, which are obtained in the area shaded
from the wind, must be excluded from calcula-
tions. Therefore, in order to estimate wind speed,

Vg

) in percents for sen-

avgeorr

sors SA, SB, SC, installed on cellular communication masts in Ventspils, Pavilosta and Ainazi at the heights of 10, 40, 64 and 84 m

Location sites
E Ventspils Pavilosta Ainazi
.:g‘ Sensors Average wind Average wind speed, Average wind speed,
= Auzbuith Diff,, % it Diff,, % L5 Diff,, %
Vawg | Vavgcon Vavg Vavg_corr Vavg Vavg_corr
S, 2.27 2.29 0.9% 1.87 1.90 1.3% 2.55 2.55 0.1%
10 S, 2.22 2.31 3.6% 1.81 1.91 5.3% 245 2.56 4.5%
S, ;SE 2.25 2.30 2.3% 1.84 1.91 3.3% 2.50 2.56 2.3%
S, 4.21 4.27 1.4% 3.60 3.67 1.9% 3.72 3.74 0.6%
S, 4.15 4.26 2.7% 3.53 3.69 4.3% 3.55 3.78 5.9%
40 Sc 4.11 4.25 3.2% 3.62 3.65 1.0% 3.57 3.76 5.0%
w 4.16 4.26 2.5% 3.58 3.67 2.4% 3.62 3.76 3.9%
S, 5.27 535 1.5% 4.42 4.52 2.2% 4.19 4.21 0.5%
64 S, 5.28 5.40 2.2% 4.37 4.55 3.9% 4.02 4.25 5.4%
54 ;S” 5.27 5.38 1.9% 4.39 4.53 3.0% 4.11 4.23 3.0%
3 6.05 6.16 1.7% 4.86 4.98 2.2% 4.70 472 0.4%
84 S, 6.11 6.25 2.2% 4.82 5.00 3.6% 4.49 4.74 5.4%
54ty 6.08 6.20 1.9% 4.84 4.99 2.9% 4.59 4.73 2.9%
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observations from one sensor are used, which at
the time is located outside of the shadow area.

The average wind speed values V obtained
from measurements and corrected average
wind speeds Vuvgﬁn, for anemometers S o Sp S
at heights of 10, 40, 64 and 84 m for the entire
measurement periods on each site are given in
Table 1. Along with this, the table shows mean
wind speed values for each height and difference
in percent between raw and corrected values.

Based on the measurement results it is possi-
ble to conclude that wind speed values recorded
from anemometers for one height differ among
themselves within several percent. In this case,
the real value of the wind speed differs from the
measured values by same level.

The comparison of the results of measure-
ments of wind speed shows that, as a result of
the correction, the average speed at all heights
increased by ~1.9-3.9%. Since distorted values
were excluded from the calculations, this means
that the reliability of the measurement results
has increased by a similar amount.

CONCLUSIONS

The recommendation of the IEC 61400-12-1
standard for the choice of boom length does not
guarantee that measurements are taken with the
required accuracy of 1% between 0° and 360°
degrees around the mast.

The study presents the results of calculat-
ing the average value of wind speed V , m/s
for three coastal sites in Latvia at the heights of
10, 40, 64 and 84 m for the entire measurement
period with and without filtering out distorted
measurement data on the basis of wind flow di-
rection.

In order to increase the reliability of the re-
sults of wind speed measurements, it is sufficient
to use two anemometers offset by at least 120°
from each other in combination with a wind di-
rection sensor used for determining the direc-
tion of the shadow induced by the mast. Further
increase in the number of sensors installed on a
mast for the purpose of performing wind speed
measurements does not improve the reliability
of the flow velocity measurement.

The reliability of average wind speed estima-
tion increases after the exclusion of distorted

measurements from calculations. As a result of
such correction, the speed values at all heights
increased by ~1.9-3.9% on average.

The use of stationary cellular communication
masts for wind speed measurements provides a
valid option for significantly reducing the time
and material resources required to study the po-
tential of wind energy at the height of up to 100
meters above ground level.
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RYSIU BOKSTU NAUDOJIMAS VEJO SLYTIES
TYRIMAMS

Santrauka
Prie$ pradedant bet kurj véjo jégainiy parko statybos
projekta, butina atidziai jvertinti galima véjo potencia-
la pasirinktoje teritorijoje. Tokiy tyrimy islaidos yra
didelés, jos siekia kelias des$imtis tikstanciy eury, net
jei tai santykinai mazas 70 m aukscio stiebas. Siekiant
sumazinti véjo grei¢io matavimy islaidas siiloma
naudoti Europoje pladiai iSdéstytus esamus mobiliy-
jy ry$iy bokstus. Straipsnyje pateikiama metodolo-
gija ir véjo greicio bei véjo Slyties matavimy, atlikty
naudojant esamus iki 100 m auks¢io mobiliyjy rysiy
bokstus, rezultatai. Siekiant istirti boksto konstrukei-
jos jtaka véjo grei¢io matavimy kokybei, buvo sukur-
tas oro srauto aplink mobiliojo rysio boksta skaitinis
modelis. Straipsnyje pateikiamos CFD modeliavimo
vizualizacijos, vaizduojancios oro srauto trikdziy dydj
aplink stieba. Tyrimas remiasi eksperimentiniais ma-
tavimais, atliktais 2018 m. trijose Latvijos pakrantés
vietose. Kiekvienoje matavimy aiksteléje véjo greitis ir
kryptis buvo matuojami keliuose auksc¢iuose, fiksuota
oro temperatiira, drégmé ir oro slégis. Remiantis eks-
perimentiniy duomeny bei skaitiniy rezultaty analize
parodyta galimybé naudoti mobiliojo rysio stiebus
tiksliems véjo grei¢io matavimams. Atliktas tyrimas
rodo, kad sitiloma véjo grei¢io matavimo metodika
gali pateikti tikslius duomenis ir sumazinti bendrasias
véjo energetikos projekty islaidas.

Raktazodziai: véjo grei¢io matavimas, CFD mode-
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