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Abstract—At VOR or radar frequencies, the field scattered by
a windturbine can illuminate nearby windturbines. This depends
on the distance between the two windturbines and also on the
frequency. This paper proposes an assessment of the shadowing
effects between two windturbines at VOR and radar frequencies
for typical distances. The interactions between the windturbines
is shown to be negligible at VOR frequency while at radar
frequencies, it is not the case.

Index Terms—VOR, RADAR, windturbines, shadowing.

I. INTRODUCTION

Due to the fast-growing of green energy, projects of wind-
farms are planed closer and closer to the minimum regulation
distances of radio navigation devices (radar, VOR, ...). To
assess the impact of this windfarms close to radio-navigation
devices, modelling tools are in developments [1]-[6].

Generally, robust modelling methods (MoM) are used to
compute the field scattered by the windturbines [2], [3].
However, assumptions must be done to save memory and
computation time and different modelling methods are based
on RCS computation [4], physical optics [5], [6] or UTD [2].

Besides, the following assumptions are found in literature:
blades are sometimes considered metallic [1], [5], and interac-
tions between windturbines are always neglected. This paper
investigates the relevance of the latter.

Indeed, to lower their impact, a simple idea would be to
place windturbines behind the one closest to the transmitting
antenna to take advantage of the shadowing effect. Therefore,
the shadowed windturbine scattering would be reduced. Nev-
ertheless, this effect mainly depends on the distance and the
frequency. Here, the necessity to account for the shadowing
effect between windturbines is established to notify wind-
energy developer about the shadowing effect of windturbines.

In section II, the configurations of the studied problems are
given. In section III, the shadowing effect for a windturbine
mast at VOR frequency (114 MHz) is studied. In section IV,
the same study is performed at radar frequencies (1.3 GHz and
2.7 GHz). Finally, conclusions and discussion are in section
V.

II. GEOMETRIC AND ELECTROMAGNETIC
CONFIGURATION

The modelled windturbine is an ENERCON-E66. The mast
is a metallic cone (height = 64.17 m, top diameter = 2.18 m,
bottom diameter = 4.17 m). The rotor blades diameter is

70 m. The windturbines are commonly separated of 2 to 5
rotor diameters. In this study a separation distance of 2 rotor
diameters is used (140 m) to consider a worst case (the most
significant shadowing effect).

Only one windturbine mast is considered located at 2000 m
from the VOR station and the scattered field is calculated up to
1000 m behind the illuminated mast. Fig. 1 gives an illustration
of the scenario.

The terrain between the VOR station and the windturbine mast
is considered flat and perfectly conductor. The incident field
is computed with a parabolic equation method (PE).
Physical optics (PO) is used to compute the electromagnetic
scattering from the windturbine. For the sake of conciseness,
the validation of PO with MLFMM is not shown in this paper
and can be found in [6] at the VOR frequency. For radar fre-
quencies, as the object dimension with respect to wavelength
is larger, the PO accuracy is improved. The scattered field is
computed in a plane behind the illuminated windturbine.
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Fig. 1. Geometry of the simulations.

III. SIMULATIONS AND RESULTS FOR VOR DEVICES

The source is a C-VOR antenna at 114 MHz in horizontal
polarisation with the following parameters: a half-wavelength
magnetic antenna at 0.5 m above a counterweight of 3 m
diameter at 3 m above the ground.

The rotor blades are not considered due to their dielectric
composition which generates a lower scattering field compared
to the one of the mast for this frequency [3], [6].

In Figs. 2 and 3, the incident field in the absence of windtur-
bine and the field scattered by the windturbine are displayed.
The scattered field rapidly decreases behind the windturbine
mast. Thus, it rapidly becomes negligible compared to the
incident field.
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Fig. 2. Incident field (dBv/m) from a VOR station at 0 m in the absence of
windturbines.
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Fig. 3. Field scattered (dBV/m) by a windturbine mast at 2000 m illuminated
by a VOR station at 0 m.

In a vertical cut at 140 m behind the mast (distance=
2140 m, the scattered field is compared with the incident
field (in the absence of the mast) and with the total field
(incident plus scattered field) (Fig. 4). The difference between
the total field by a mast and the incident field is plotted in
Fig. 5 at 140 m from the mast. The difference is lower than
2 dB and decreases for higher altitudes. Then, at two rotor
distance between two windturbines, no shadowing effect can
be considered for VOR system.

IV. SIMULATIONS AND RESULTS FOR RADAR DEVICES

The radiation pattern of a TRAC2000 antenna at 1.3 GHz
and a STAR2000 at 2.7 GHz, both in horizontal polarisation
at 20 m above the ground. Antenna tilts of 1.2° and 2.3° are
considered, respectively.

A. Radar at 1.3 GHz

The same simulation as for the VOR device is performed for
a primary radar at 1.3 GHz. In the vertical cut at 140 m behind
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Fig. 4. Electrical fields (dBV/m) for the VOR device in the visualisation

plane (z is the altitude). Scattered field (red), incident field (blue), and total
field (green)
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Fig. 5. Difference (dB) between the total field (dBv/m) in the presence of

a mast and the incident field (dBv/m) in a vertical cut (z is the altitude) for
the VOR device.

the mast, the scattered field is compared with the incident
field (in the absence of windturbine) and with the total field
(incident plus scattered field) in Fig. 6. The difference between
the total field and the incident field is plotted in Fig. 7 at 140 m
behind the mast. The maximum difference is less than 5 dB
and greater than 2 dB below the mast height (64m).

Then, at two rotors distance between windturbines, the
shadowing effect should be considered between successive
windturbines.

B. Radar at 2.7 GHz

At 2.7 GHz, in a vertical cut at 140 m behind the mast
the scattered field is compared with the incident field (in the
absence of windturbine) and with the total field (incident plus
scattered field) (Fig. 8). The difference between the total field
and the incident field is also plotted in Fig. 9 at 140 m behind
the mast. The maximum difference between the total field and
the incident field is less than 7 dB and greater than 2 dB below
the mast height (64m).

Then, at two rotors distance between windturbines, the
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Fig. 6. Electric fields (dBV/m) in a vertical cut (z is the altitude); Scattered
field (red), Incident field (blue), and total field (green) at 1.3 GHz
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Fig. 7. Difference (dB) between the total field (dBV/m) and the incident

field (dBV/m) in a vertical cut (z is the altitude) at 1.3 GHz

shadowing effect must be considered between successive
windturbines and the alignment of windturbines may be an
efficient strategy to reduce the windturbines effects.

Moreover, at this frequency, the rotor-blade may increase the
shadowing effect and should be taken into account in further
works.

V. CONCLUSION

The assessment of the shadowing effect behind a windtur-
bine for the windturbine alignment has been addressed at VOR
(114 MHz) and radar frequencies (1.3 GHz and 2.7 GHz).

For the VOR system, no significant shadowing effect is
observed. Thus, windturbines alignment is not efficient to
reduce their impact. Moreover, windturbine interactions can
be neglected in electromagnetic simulation tools.

For radar, the difference between the incident field and the
total field is around 5 dB and 6 dB for 1.3 GHz and 2.7 GHz,
respectively. Hence, it could be relevant to align windturbines
to reduce their impact. Besides, the windturbine interactions
must be accounted in electromagnetic simulation tools.

100 ----==

b 1 1 1
1 1 1 1
80 4------ - : hE SRR EEELY <
' ' ' T— '
60 +------ - To----- F----- Q------ T -
E i ! ! ! !
AT, S R romm - . amo - -
1 1 1 1 1
1 1 1 1 1
I I I - = I
20 direct [ . i K
——  scattered |, , T .
= = total 1 1 1
0 U t et
-50 -40 -30 -20 -10 0 10
dB(E)
Fig. 8. Electric fields (dBv/m) for a radar device at 2.7 GHz in a vertical

cut (z is the altitude). Scattered field (red), incident field (blue), and total field
(green).
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Fig. 9. Difference (dB) between the total field (dBv/m) and the incident field
(dBv/m) in the visualisation plane (z is the altitude) at 2.7 GHz.
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