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DESCRIPTION

[0001] The present invention pertains to a wind turbine comprising a tower, the tower having an upper part, a middle part and a
lower part, the lower and the middle part of the tower forming the base of the tower; waste heat generating equipment located in
the middle part of the tower, and a cooling device with at least one cooling device inlet formed in the tower for introducing outside
air surrounding the tower into the tower, wherein the cooling device is adapted to guide the outside air from the or each cooling
device inlet into the lower part of the tower such that the outside air can ascend towards the middle part and upper part of the
tower while cooling the waste heat generating equipment.

[0002] Such a wind turbine is known, for example, from WO 2010/015674 A2. This type of wind turbine, which uses outside air to
cool the waste heat generating equipment inside the tower, is not well adapted for certain environments, and in particular
environments where the outside air is very humid and/or salty, such as marine environments. In such an environment, the
humidity and salt entering the tower as part of the outside air lead to corrosion inside the tower, with the corresponding risk of a
breakdown of the wind turbine.

[0003] In order to solve this problem, WO 2010/015674 A2 teaches the use of additional filters, heaters, dehumidifiers and the
like or even the use of two separate air circuits with a heat exchanger.

[0004] However, the solutions taught by WO 2010/015674 A2 are complex, costly and consume a lot of energy.
[0005] WO 2010/142263 A2 discloses a wind turbine featuring recirculation of a cooling stream.

[0006] EP 1 736 665 A2 discloses a wind turbine tower with a dehumidifier having an inlet and an outlet extending through the
tower wall. The inlet and the outlet are used for guiding regeneration air in the form of a regeneration air current through the
dehumidifier. Air inside the tower is circulated in the form of a process air current separate from the regeneration air current.

[0007] WO 2010/051815 A2 discloses a device for dehumidification of a wind power plant.

[0008] In the light of the above, an object of the present invention is therefore to provide a wind turbine with a cooling device
using outside air, the cooling device being in particular adapted for marine environments while at the same time remaining simple,
cheap and low in energy consumption.

[0009] This object is achieved by a wind turbine as introduced above, characterized in that the or each cooling device inlet is
located in the upper part of the tower.

[0010] By arranging the or each inlet for the outside air in the upper part of the tower, the cooling device draws outside air with
such a low water and salt content that there is no need for the outside air to undergo complex treatment before it can be used for
cooling. Hence, the cooling device of the present invention can do without sophisticated air treatment elements and remains
simple.

[0011] The invention is based in particular on the insight that, in a typical marine environment, the humidity and salt content of
the outside air is not uniform but decreases notably with increasing distance from the sea level. In offshore wind turbines with a
typical tower height of around 100 meters, the outside air surrounding the upper part of the tower is sufficiently remote from the
sea that it can be used for cooling without prior elaborate treatment, in particular without energy costly de-humidifying.

[0012] According to preferred embodiments, the wind turbine of the invention has one or several of the following features, taken
in isolation or in all technically possible combinations:

e a waste heat dissipating device, said waste heat dissipating device having a first setting wherein it is adjusted for extracting
waste heat from the waste heat generating equipment and for dumping the extracted waste heat into the base of the tower;

o the first setting is a circulation setting, wherein inside air located in the base of the tower is drawn into the waste heat
dissipating device, waste heat is transferred to the drawn-in air, and the ensuing heated air is outputted back to the base of
the tower;

¢ the waste heat dissipating device has a second setting wherein it is adjusted for extracting waste heat from the waste heat
generating equipment and for dumping the extracted waste heat into the environment surrounding the wind turbine;

¢ the second setting is a throughput setting wherein air outside the tower is drawn into the waste heat dissipating device,
waste heat is transferred to the drawn-in air, and the ensuing heated air is outputted back to the outside;
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¢ the waste heat dissipating device includes:
1. a) an intake piece with an inside air inlet and an outside air inlet;
2. b) a discharge piece with an inside air outlet and an outside air outlet; and
3. c) a switching device for switching the waste heat dissipating device between:
1. i) a circulation setting wherein the inside air inlet is in fluid communication with the inside air outlet; and
2. ii) a throughput setting wherein the outside air inlet is in fluid communication with the outside air outlet;

¢ the switching device is a pair of shutters, with one shutter arranged in the intake piece for selectively shutting either the
inside air inlet or the outside air inlet, and the other shutter arranged in the discharge piece for selectively shutting either
the inside air outlet or the outside air outlet;

¢ the waste heat generating equipment includes a transformer, said waste heat dissipating device being adapted for cooling
the transformer;

e a sensor assembly for monitoring air parameters, and in particular air temperature and relative air humidity, inside and/or
outside the wind turbine tower;

e an air conditioning controller adapted for receiving sensor readings from the sensor assembly and for maintaining air
parameters inside the wind turbine tower within a predetermined range by controlling the cooling device and/or the waste
heat dissipating device;

o the wind turbine is an offshore wind turbine;

¢ the upper part of the tower is located above the sea spray zone;

¢ the lower end of the upper part of the tower is located at least 30 meters above sea or ground level,

¢ the cooling device has an air treatment unit for treating the outside air, said air treatment unit having a single intake for the
outside air and two outlets for the treated outside air, each outlet of the air treatment unit preferably including a controllable
fan.

[0013] The invention also relates to a method for conditioning the air inside the tower of a wind turbine, said method comprising
the following steps:

¢ introducing outside air surrounding the upper part of the tower into the tower; and
e guiding the introduced outside air into the lower part of the tower such that the introduced outside air can then ascend
inside the tower.

[0014] Preferably, the wind turbine has waste heat generating equipment located inside its tower, and the method further
comprises the step of dissipating the waste heat generated by the waste heat generating equipment by either:

1. i) transferring said waste heat to the air inside the tower of the wind turbine or
2. i) dumping said waste heat into the environment surrounding the wind turbine,
depending on the current climate inside the tower of the wind turbine.

[0015] The invention will be better understood when reading the following description of a non limiting example of the invention,
with reference to the accompanying figures, wherein

[0016] Figure 1 is a partial longitudinal section through a preferred embodiment of a wind turbine according to the invention in its
first operating mode; and

[0017] Figure 2 shows the wind turbine of figure 1 in its second operating mode.
[0018] With reference to figure 1, there is shown a partial longitudinal section of a wind turbine 1.

[0019] The wind turbine 1 is located in environment 2, which, in the present embodiment, is a marine environment. Accordingly,
the wind turbine 1 shown in the figures is an offshore wind turbine. The sea surrounding the wind turbine 1 is indicated by the
reference S. The sea S defines a sea level L. Above the sea level L, there is a sea spray zone Z with an upper end 3 and a height
H. Sea spray zone Z not only includes a splash water zone where a wave run up is possible (the splash water zone typically ends
10 meters above sea level L), but extends further up to the height that can be reached by scattered water droplets. Accordingly,
sea spray zone Z has a large concentration of scattered water droplets. The typical height H of the sea spray zone Z is of the
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order of 30 meters above sea level L.
[0020] Wind turbine 1 includes waste heat generating equipment 14, such as a transformer.

[0021] Wind turbine 1 also has a tower 100, the tower having an upper part 4 with a lower end 5, a middle part 6 and a lower part
8 with an upper end 7. The lower and the middle part 8, 6 of the tower form the base 9 of the tower.

[0022] The upper part 4 of the tower is defined as that part of the tower which is located above the sea spray zone Z.
Accordingly, the lower end 5 of the upper part 4 of the tower 100 coincides with the upper end 3 of the sea spray zone Z.

[0023] The middle part 6 of the tower is defined as that part of the tower which houses the waste heat generating equipment 14.
[0024] The lower part 8 of the tower is defined as the part of the tower below the waste heat generating equipment 14.

[0025] The upper outside air surrounding the upper part 4 of the tower has the reference number 10. The lower outside air
surrounding the base 9 of the tower, which at the same time is the outside air within the sea spray zone Z, has the reference
number 12.

[0026] The lower outside air 12 has a high salt and water content, whereas the salt and water content of the upper outside air 10
above the sea spray zone Z is substantially lower.

[0027] Wind turbine 1 is equipped with a tower climatisation system. The tower climatisation system comprises a cooling device
16, a waste heat dissipating device 18, a sensor assembly 80, 90 and an air conditioning controller 21.

[0028] Cooling device 16 includes:

¢ at least one cooling device inlet 22 formed in the upper part 4 of the tower for introducing upper outside air 10 surrounding
the tower into the tower;

e an air treatment unit 20 for treating the upper outside air 10, said air treatment unit having an intake 24 for the upper
outside air and at least one outlet 26 for the treated upper outside air; and

e an air guiding element 28, such as a piping, for guiding the upper outside air 10 from the cooling device inlet 22 through
the air treatment unit 20 into the lower part 8 of the tower 100.

[0029] Preferably, the air treatment unit 20 comprises one or more filters 32 and one or more controllable fans 34.

[0030] In one embodiment (not shown), the air treatment unit 20 has a single intake 24 for the upper outside air 10 and two
outlets 26 for the treated upper outside air 10, each of the two outlets 26 of the air treatment unit 20 including a controllable fan
34. In this embodiment, the piping 28 includes two parallel pipes, the two pipes guiding the treated air in two separate air flows
from the air treatment unit 20 to the lower part 8 of the tower 100.

[0031] The waste heat dissipating device 18 is a cooling apparatus fitted to the transformer 14 in order to cool it. The waste heat
dissipating device 18 comprises:

¢ an intake piece 36 with an inside air inlet 38 and an outside air inlet 42;

¢ a heat exchanger 40 connected to the intake piece 36;

¢ a conveyor fan 43 connected to the heat exchanger 40;

¢ adischarge piece 44 with an inside air outlet 46 and an outside air outlet 48; and
¢ a switching device 50.

[0032] Preferably, the switching device is a pair of shutters 50, with one shutter 50 arranged in the intake piece 36 for selectively
shutting either the inside air inlet 38 or the outside air inlet 42, and the other shutter 50 arranged in the discharge piece 44 for
selectively shutting either the inside air outlet 46 or the outside air outlet 48.

[0033] The sensor assembly comprises a first set of air temperature and relative air humidity sensors 90 arranged inside the
tower 100, and a second set of air temperature and relative air humidity sensors 80 arranged outside the tower 100, above the
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sea spray zone Z.

[0034] The air conditioning controller 21 is adapted to control the cooling device 16 and the waste heat dissipating device 18 via
control connections C and to receive sensor readings from the sensor assembly 80, 90 via read out connections R.

[0035] More precisely, the control connections C permit the fans 34, 43 and the switching device 50 to be controlled by the air
conditioning controller 21.

[0036] The operation of the tower climatisation system will now be described.

[0037] The tower climatisation system has two main operating modes, namely a circulation mode and a forced throughput mode.
Figure 1 shows the circulation mode and figure 2 the throughput mode. The air conditioning controller 21 switches the tower
climatisation system from one mode to the other and controls the tower climatisation system within each mode as a function of the
sensor readings coming from the sensor assembly 80, 90 and/or the current power output of the wind turbine. Preferably, the air
conditioning controller 21 controls the tower climatisation system such that the relative humidity inside the tower 100 is kept below
or equal to 75%. This is because corrosion is inhibited below 75% relative humidity, whereas it increases exponentially above
75% relative humidity.

[0038] In both modes, upper outside air 10 is sucked into the upper part 4 of the tower 100 by the fan 34. The fan's 34 suction
power is controlled by the air conditioning controller 21 in order to adapt the amount of sucked-in air to the conditions inside the
tower as indicated by the sensor assembly 80, 90.

[0039] The sucked-in air is then filtered in the air treatment unit 20 and blown into the lower part 8 of the tower 100. As indicated
by arrows A, the air then ascends towards the upper part 4 of the tower, while flowing along the waste heat generating equipment
14. The ascending air takes up heat from the waste heat generating equipment, which reduces the air's relative humidity and
cools the waste heat generating equipment.

[0040] By using upper outside air to cool the waste heat generating equipment 14, the air treatment unit 20 can be kept simple,
preferably having only a few passive filters. Indeed, no complex air treatment is needed since the upper outside air 10 is relatively
"clean", i.e. relatively free from corrosion inducing salt and water.

[0041] Under conditions of low temperature and high relative humidity inside the tower 100 and/or low power output from the wind
turbine 1, the air conditioning controller 21 operates the tower climatisation system in the circulation mode. In this mode (cf. figure
1), the shutters 50 of the waste heat dissipating device 18 are adjusted such that the inside air inlet 38 is in fluid communication
with the inside air outlet 46. Consequently, as indicated by arrows 60, air inside the tower base 9 circulates through the waste
heat dissipating device 18. Hence, waste heat from the transformer 14 is dumped into the base 9 of the tower 100. This waste
heat is also taken up by the ascending air. In other words, in the circulation mode, the waste heat dissipating device 18 generates
a heat buffer in the tower base 9, which heat buffer keeps the relative humidity of the air inside the tower at an acceptable level,
thus minimizing the risk of corrosion.

[0042] Under conditions of high temperature and low relative humidity inside the tower 100 and/or high power output from the
wind turbine 1, the air conditioning controller 21 operates the tower climatisation system in the througput mode. In this mode (cf.
figure 2), the shutters 50 of the waste heat dissipating device 18 are adjusted such that the outside air inlet 42 is in fluid
communication with the outside air outlet 48. Accordingly, as indicated by arrows 70, lower outside air 12 circulates through the
waste heat dissipating device 18. Hence, waste heat from the transformer 14 is dumped into the environment 2 of the tower 100.

[0043] Note that the shutters 50 are coupled in a way preventing lower outside air 12 from entering the inside air outlet 46 or the
inside air inlet 38. Due to its high salt and water content, lower outside air 12 must not be blown freely into the interior of the tower
100.

[0044] The tower climatisation system as described above has the additional advantage of low energy consumption. Indeed, the
only energy consuming devices are the fans 34, 43, the sensor assembly 80, 90 and the air conditioning controller 21. Note that
the energy consumption of the sensor assembly 80, 90 and the air conditioning controller 21 is almost negligible since these
components are low voltage devices.
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Patentkrav

1. Vindmglle (1), der omfatter:

- et tarn (100), hvilket tarn har en gvre del (4), en midterdel (6) og en nedre
del (8), hvilken nedre del og hvilken midterdel af tarnet danner tarnets basis
(9);

- spildvarmegenereringsudstyr (14) anbragt i midterdelen af tarnet; og

- en keleindretning (16) med mindst én kgleindretningsindgang (22) udformet
i tarnet til indfgring af udeluft (10), som omgiver tarnet, i tarnet;

hvor keleindretningen (16) er indrettet til at lede udeluften fra kaleindretnings-
indgangen eller hver kgleindretningsindgang (22) ind i den nedre del (8) af
tarnet, saledes at udeluften kan stige op imod midterdelen og den gvre del af
tarnet, mens den afkgler spildvarmegnereringsudstyret (14), kendetegnet
ved, at koleindretningsindgangen eller hver kgleindretningsindgang (22) er
anbragt i den gvre del (4) af tarnet.

2. Vindmglle ifglge krav 1, yderligere omfattende en spildvarmeafledningsind-
retning (18), hvilken spildvarmeafledningsindretning har en fgrste indstilling,
hvor den er justeret til at ekstrahere spildvarme fra spildvarmegenererings-
udstyret og til at afgive den ekstraherede spildvarme i tarnets basis (9).

3. Vindmglle ifglge krav 2, hvor den farste indstilling er en cirkulationsindstil-
ling, hvor indeluft (60), der befinder sig i tarnets basis, suges ind i spildvar-
meafledningsindretningen, spildvarme overfgres til den indsugede Iuft, og
den resulterende opvarmede Iuft (60) udsendes tilbage til tarnets basis.

4. Vindmglle ifglge krav 2 eller 3, hvor spildvarmeafledningsindretningen (18)
har en anden indstilling, hvor den er justeret til at ekstrahere spildvarme fra
spildvarmegenereringsudstyret (14) og til at afgive den ekstraherede spild-
varme til vindmellens (1) omgivelser (2).

5. Vindmglle ifelge krav 4, hvor den anden indstilling er en gennemlgbsind-
stilling, hvor luft (70) uden for tarnet suges ind i spildvarmeafledningsindret-
ningen, spildvarme overfares til den indsugede luft og den resulterende op-
varmede luft (70) udsendes tilbage til ydersiden.
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6. Vindmglle ifglge et hvilket som helst af kravene 2 til 5, hvor spildvarmeaf-
ledningsindretningen indbefatter:

- et indtagsstykke (36) med en indeluftindgang (38) og en udeluftindgang
(42);

- et udledningsstykke (44) med et indeluftudigb (46) og et udeluftudigb (48);
09

- en omskiftningsindretning (50) til omskiftning af spildvarmeafledningsindret-
ningen mellem:

i) en cirkulationsindstilling, hvor indeluftindgangen (38) er i fluidforbindelse
med indeluftudigbet (46); og

i) en gennemlgbsindstilling, hvor udeluftindgangen (42) er i fluidforbindelse
med udeluftudigbet (48).

7. Vindmglle ifalge krav 6, hvor omskiftningsindretningen er et par klapper
(50), idet en klap er anbragt i indtagsstykket (36) for selektivt at lukke for en-
ten indeluftindgangen (38) eller udeluftindgangen (42), og den anden klap
(50) er anbragt i udgangsstykket (44) for selektivt at lukke for enten indeluft-
udlgbet (46) eller udeluftudigbet (48).

8. Vindmglle ifglge et hvilket som helst af kravene 2 til 7, hvor spildvarmege-
nereringsudstyret indbefatter en transformer (14), hvilken spildvarmeafled-
ningsindretning (18) er indrettet til afkaling af transformeren.

9. Vindmaglle ifalge et hvilket som helst af kravene 2 til 8, yderligere omfat-
tende:

- en sensorenhed (80, 90) til monitorering af luftparametre, og isaer lufttempe-
ratur og relativ luftfugtighed, inde i og/eller uden for vindmglletarnet; og

- en luftkonditioneringsstyreenhed (21), der er indrettet til at modtage sensor-
afleesninger fra sensorenheden og til at holde luftparametre inde i vindmolle-
tarnet inden for et forudbestemt omrade ved at styre kgleindretningen (16)
og/eller spildvarmeafledningsindretningen (18).

10. Vindmglle ifalge et hvilket som helst af de foregaende krav, hvor vindmgil-
len (1) er en offshore-vindmaglle.
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11. Vindmolle ifalge krav 10, hvor den gvre del (4) af tarnet befinder sig over
havsprgjtzonen (Z).

12. Vindmglle ifolge et hvilket som helst af de foregéende krav, hvor den
nedre ende (5) af den ovre del (4) af tarnet befinder sig mindst 30 meter over
havoverfladen eller terreenniveau (L).

13. Vindmglle ifglge et hvilket som helst af de foregadende krav, hvor kgleind-
retningen (16) har en luftoehandlingsenhed (20) til behandling af udeluften,
hvilken luftbehandlingsenhed har et enkelt indtag (24) til udeluften og to ud-
lob (26) til den behandlede udeluft, idet hvert udlgb (26) af luftoehandlings-
enheden fortrinsvis indbefatter en styrbar ventilator (34).

14. Fremgangsmade til konditionering af luften inde i tarnet (100) af en vind-
melle (1), hvilken fremgangsmade omfatter folgende trin:

- at indfare udeluft (10), som omgiver den gvre del (4) af tarnet, i tarnet; og

- at lede den indfgrte udeluft (10) ind i den nedre del (8) af tarnet, sdledes at
den indforte udeluft kan stige op inden i tarnet.

15. Fremgangsmade ifalge krav 14, hvor vindmgllen (1) har spildvarmegene-
reringsudstyr (14) anbragt inde i tarnet, og hvor fremgangsméaden yderligere
omfatter trinnet at aflede den spildvarme, der genereres af spildvarmegene-
reringsudstyret (14), ved enten:

i) at overfare spildvarmen til luften inde i vindmgllens tarn eller

i) afgive spildvarmen til vindmgllens omgivelser (2),

afheengigt af det aktuelle klima inde i vindmgllens tarn (100).



DK/EP 2568169 T3

DRAWINGS

16
1 20
2 \ &z 3?
AL

10 TR,
_. 1
100—Y %0
i
—
-2]_
2
R\ /C
H 7
12 /
Al 90
z \




DK/EP 2568169 T3




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

