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DESCRIPTION

FIELD

[0001] The present invention relates to a method and a system for dehumidifying interior air in
offshore installations.

BACKGROUND

[0002] Off-shore installations, in particular off-shore wind turbines are especially exposed to
corrosion due to salt and moisture. Particularly salt is a problem due to its hygroscopic nature
and natural ability to transport electrons in corrosion-reactions.

[0003] Whilst the outside of the off-shore installation must be designed to bear the brunt of the
elements, many of the installations within have trouble coping with the harsh environment in
which the off-shore installation must survive. In particularly, the corrosive effects of salt and
water combined must be effectively handled in modern off-shore installations to secure uptime
and production economy.

[0004] Salt and moisture will penetrate into the inside of the off-shore installation in particular
through leaks in the outer sheath of the installation, whether such leaks exist by intention of
construction or by flaws. Airborne salt from droplets or spray from whitecaps and breaking
waves in particular can cause much havoc on sensitive equipment within the off-shore
installation.

[0005] In an off-shore wind turbine air born salt is known to enter into the inside of both tower
and nacelle by leaks, or sometimes "on purpose" when outside air is used to cool inside parts.
After some time, the interior structures will be coved by a salt layer that will attract water, and
speed up corrosion.

[0006] The speed of corrosion is mainly dominated by three factors, 1) relative humidity, 2)
salinity, and 3) temperature. Of these relative humidity is by far the most contributing factor.

[0007] Numerous studies have tried to describe the correlation between humidity and rate of
corrosion in off-shore environments. In general these studies show that the speed of corrosion
decreases as the relative humidity is lowered. At a relative humidity of 40-45% there is no
corrosion, even though salt is present.

[0008] Also 1S09223:2011 points out the relation and based on this classifies corrosion in six
classes, going from harmless C1, and up to a very harsh marine environment in C5X.
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[0009] The classification is important to the cost of manufacturing a wind turbine. The higher
classification, the more requirements are put to materials, surface treatments etc. Therefore
being able to reduce the classification, in particularly the classification of the interior of the wind
turbine, will have significant influence to the price of the wind turbine.

[0010] An economical way to protect the wind turbine against corrosion is by lowering the
relative humidity by a dehumidifier, e.g. a desiccant dehumidifier. Such systems are well known
and have been described in several patent applications such as e.g. WO 2011/091863 or EP
1736665.

[0011] Adsorption dehumidifiers, e.g. desiccant dehumidifiers, remove water from a volume of
air that passes through it. The heart of this process could be an adsorption rotor made from or
coated with a special substance that absorbs the water molecules that make up the moisture in
the passing air. As the rotor absorbs water it becomes necessary to remove the absorbed
water in order to regain the adsorption capability of the rotor. In order to remove the humidity
in the rotor, the rotor is rotated over to a regeneration zone, where it is dried with heated air.
The warm, humid regeneration air is led out, and the rotor is once again ready to absorb water
molecules. This operation can be continuous or stepwise.

[0012] Figure 1 describes a dehumidification system commonly installed in off-shore wind
turbines. In the depicted setup, there are two separate air flows, process air (air to be dried)
and regeneration air (air for removing moisture from rotor). This is normally a desired setup; as
such a setup is pressure neutral to the room and would also be desired for off-shore wind
turbine applications, only it introduces a problem as the system requires regeneration air to be
taken from outside. The outside air is salty with droplets, aerosols, sprays etc. containing salt.
Normally, it is very difficult to adequately arrest salt in a normal filter, as the filter will get wet,
and the saline water will pass. This reduces the efficiency of the filter with a high risk of salt
particles passing it. Further, if the saltwater is arrested, the salt will become sticky, and the filter
is in risk of becoming blocked.

[0013] Figure 2 describes a dehumidification system commonly installed in off-shore wind
turbines and directed to producing an over-pressure within the turbine tower. This has
amongst others the benefits of reducing the inflow of moist and corrosive air through leaks etc.
in the tower and turbine nacelle; to cool down inner parts (gears, generators, switches, etc.).

[0014] In Figure 2, outside air is dehumidified and blown into the wind turbine. This will create
an over-pressure. In the drawing regeneration air is taken from outside, but could also be
taken from inside and like the normal pressure setup, also the displayed over-pressure setup
will have problems with inefficient filters and filters clogging, due to salt.

[0015] EP 1736665 discloses a method of drying an inner space - sealed off or at least
substantially sealed off from air exchange - of a wind energy plant with a dehumidifying device
connected to the inner space by way of a moist air inlet and a dry air inlet and arranged
between them, in that by drawing air out of the inner space through the moist air inlet a region



DK/EP 2997255 T3

of under-pressure is produced in the inner space, and by expelling dried air through the dry air
outlet into the inner space a region of over-pressure is produced in the inner space, and
between the under-pressure region and the over-pressure region a drying airflow is produced
in the inner space, and the moist air inlet and the dry air outlet are kept at least a distance from
each other by an air duct.

[0016] WO 2011/091863 discloses a system for the treatment of indoor air, in particular for the
treatment of indoor air in the interior space of a tower of a wind energy plant, having an
adsorptions system wherein from at least one dehumidification sector of an adsorption rotor is
delivered dry or dried feed air to said interior space, and at least one regeneration sector of
said adsorption rotor by way of an air-inlet from the exterior of said space is supplied with
humid and salty exterior air as regeneration air, and wherein the moisture absorbed in the
dehumidification sector of said adsorption rotor is released via an air-outlet to the exterior of
said space characterized in that a heat exchanger for the regeneration air with air conduits
sealed hermetically from one another, a first air conduit connected at the entry side with said
air-inlet and at the exit side with said regeneration sector of said adsorption rotor, and a
second air conduit connected at the entry side with said exit of said dehumidification sector
and/or said exit of said regeneration sector of said adsorption rotor and with the exit side of
said air-outlet and/or with said space.

[0017] WO 2011/091863 additionally foresees the use of a salt filter located downstream from
the heat exchanger in direction of the airflow before the airflow reaches the adsorption rotor.

[0018] However, the problem with outside salt, i.e. salt that is entering the dehumidifying
system from the exterior of the wind turbine; is that it is in a moist state and thus is hard to
arrest. This leads to a risk of salt passing the filter, a reduced lifetime of the salt filters installed,
and to unwanted repairs and downtime of such dehumidification systems as described in the
known art.

[0019] It is thus an object of the present invention to improve upon the known art by making
available a system for and a method of dehumidifying the interior of an off-shore installation, in
particular an off-shore wind turbine, wherein the efficiency and the lifetime of salt filters
installed as part of such a dehumidification system are significantly improved and thereby costs
for maintenance and downtime for repairs for such an off-shore installation reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Figure 1:
Schematic drawing of a standard dehumidification system for installation in an off-shore
wind turbine generating a pressure neutral internal airflow.

Figure 2:
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Schematic drawing of a standard dehumidification system for installation in an off-shore
wind turbine generating an over-pressured internal airflow.

Figure 3:
Schematic drawing of an exemplary embodiment of the dehumidification system
according to the present invention.

Figure 4:
Schematic drawing of an exemplary embodiment of the dehumidification system
according to the present invention wherein the dehumidification system is further
connected to a heat exchanger unit.

Figure 5:
Schematic drawing of an exemplary embodiment of the dehumidification system
according to the present invention wherein the dehumidification system is further
connected to a chiller unit.

Figure 6:
Schematic drawing of various positions within the wind turbine tower (A), Nacelle (C) or
both (B) where it is contemplated that a system according to the present invention can
be installed.

DETAILED DESCRIPTION

[0021] A problem of known art salt filters when these are installed as part of systems for
dehumidifying air in off-shore installations is the short lifetimes associated with such filters and
their reduced efficiency which are due to salt clogging of the filters.

[0022] The present invention overcomes this problem by a constructionally simple modification
of known dehumidification systems, whereby the efficiency and lifetime of salt filters are
increased and the overall risk of spread of salt within the off-shore installation, maintenance
time and repair costs for off-shore installations with installed dehumidifiers having a salt filter
can be lowered.

[0023] The fundamental problem with handling of outside salt in marine environments is
related to the physico-chemical properties of salt as a function of the relative humidity.
Depending on relative humidity, the state of the salt can be dry, supersaturated, or wet. Often
all phases will exist in the air in the marine environment at the same time, with supersaturated
and wet salt particles very often dominating the picture.

[0024] Dry salt particles or salt particles having a dry surface can normally be handled in
standard filters fitted to the size of the salt particles to be handled (typically filter class F8 and

above).

[0025] Supersaturated and especially wet particles are more delicate to filter. As the particles
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are wet, the salt will make a wet film on the filter increasing the risk of salt spray passing the
fiter unhindered thereby reducing the filter efficiency. Further, they have an increased
tendency to clog the filter. This increases the demands on the design of such salt filters as well
as inducing the risk of poor filtration and a high rate of parts replacement.

[0026] The present invention suggests using some of the dehumidified air generated in the
dehumidifier unit and recirculating this dehumidified air into the air feed for the dehumidifier
before the air feed reaches the salt filter. By pretreating the air feed with dryer air, the relative
humidity of the incoming air will already be lowered when it reaches the salt filter and the
likelihood of the salt particles being in a supersaturated or wet physico-chemical state is
thereby reduced, prevalently resulting in easy to filter salt particles and increased lifetimes of
the salt filters.

[0027] The skilled person will notice that other means for lowering the humidity can be applied
to the air feed to the salt filters in order to reduce the relative humidity before the air feed
reaches said filter, e.g. by heating the air feed. The present inventors however, have found that
by producing a recirculation flow a particularly easy to handle, low maintenance, and energy
efficient system for off-shore purposes is generated.

[0028] What is disclosed is an arrangement (1) for dehumidifying the interior of an off-shore
installation (2a,2b), in particular a wind energy plant, said interior being sealed off or at least
substantially sealed off from air exchange with the exterior of said off-shore installation (2a,2b);
said dehumidifying arrangement (1) comprising an air-inlet (4) for allowing intake of air from
the exterior of said off-shore installation (2a,2b), a salt filter (11), a dehumidifier unit (12), an
intake air flow path leading said intake air from said air-inlet (4) to said dehumidifier unit (12)
via said salt filter (11); a flow path for desalted and dehumidified air (9) leading from said
dehumidifier unit (12) to the interior of said off-shore installation(2a,2b); a regeneration flow
path (8b) leading air from said interior to an air outlet (5) via said dehumidifier unit (12) wherein
said dehumidifying arrangement (1) further comprises an air mixing unit (10) positioned in said
intake air flow path upstream to said salt filter (11); and a return flow path (6) arranged to direct
a portion of a flow of said desalted and dehumidified air from said dehumidifier unit (12) to said
mixing unit(10); and/or a first recirculation flow path leading air from said interior to said mixing
unit (10).

[0029] In Figure 3 is shown an exemplary embodiment of the present invention according to
the preceding paragraph wherein the dehumidifier unit (12) is disclosed in the form of a
desiccant rotary adsorption unit and wherein additionally to the components disclosed above
an air filter (14) and a heater (15) is shown as part of the regeneration flow path (8b) together
with fans (13,16) for moving the air through the arrangement. In this exemplary embodiment,
the air exits the dehumidifier unit (12) following a single flow path (7) and is split between the
flow paths 6, 8a, and 9 downstream from the dehumidifier unit (12) and a fan 13. This
arrangement is preferred but the invention is not limited by this. E.g. for some applications it
will be advantageous to split the flow paths early before introducing fans to move the air.
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[0030] Also disclosed and shown in Figure 3 is an arrangement as described above further
comprising a second recirculation flow path (8a) arranged to direct a portion of a flow of said
desalted and dehumidified air from said dehumidifier (12) to said regeneration flow path (8b).

[0031] The air exiting the dehumidifier unit (12) will be warmer than the entry air as the
dehumidification and desalting process releases some quantities of store energy from the
system. If the air is destined to be used for cooling within the off-shore installation it is
contemplated that the arrangement as described above can be extended through the use of a
heat exchanger, e.g. a plate heat exchanger or simply cooled using a chiller. Due to the
removal of the salt from the interior air an industrial quality chiller which is not necessarily
specified for off-shore use may nonetheless be used in the arrangement.

[0032] The use of a plate heat exchanger will require cooling with external air, which however,
does not have to be salt free; on the contrary it can be advantageous to design the heat
exchanger for regular whole unit exchange at system maintenance.

[0033] Herein disclosed and shown in Figure 4 is an arrangement as described above which
further comprises a heat exchanger (17) arranged downstream from said dehumidifier unit
(12) in said flow path for desalted and dehumidified air (9).

[0034] In the exemplary embodiment of the invention shown in Figure 4, the air entering the
heat exchanger (17) via the flow path (9) exits the heat exchanger via the flow path (18) while
a coolant air flow (19) is transported through the heat exchanger by means of a fan (20).

[0035] Also disclosed and shown in Figure 5 is an arrangement as described above further
comprising a chiller (22) arranged downstream from said dehumidifier unit (12) in said flow
path for desalted and dehumidified air (9).

[0036] Finally a dehumidification unit comprising an arrangement as described above and an
off-shore installation comprising at least one dehumidification unit is disclosed.

[0037] In further embodiments, the dehumidifier unit (12) is a desiccant rotary adsorption unit,
a condenser unit or a heating unit.

[0038] Further, the mixing unit (10) can be a mixing duct, a mixing chamber or a mixing unit
having active means for mixing air flows such as e.g. a fan. Also the mixing unit can be
constructed with means for passive mixing e.g. by means of passive augers.

[0039] An arrangement, a dehumidification unit and an off-shore installation as described
above offer several advantages including that the filtered and dehumidified air offers means for
corrosion protection, means for cooling or heating an off-shore installation or means for
supplying fresh air and clean air to further installations and units within the off-shore installation
in need thereof.
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[0040] Figure 6 shows exemplary embodiments of the possible locations for installing an
arrangement or a unit according to the present invention. The further away from the sea level
the arrangement or unit is installed; the lower the salt content of the intake air. This can be
beneficial for some applications while for other applications it is preferred to install the
arrangement or the unit close to the sea level within the off-shore installation. For some
applications it may even be beneficial to install the arrangement outside the off-shore
installation, e.g. in an adjacent shed, in order to improve accessibility to the arrangement for
maintenance.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
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Patentkrayv

1. Indretning (1) til affugtning af det indre i en offshore-installation (2a,2b), iseer
et vindenergianlaeg, hvor det indre er teetnet eller i det mindste i det vaesentlige
teetnet mod udveksling af luft med offshore-installationens (2a,2b) ydre; hvor
affugtningsindretningen (1) omfatter

- en luftindgang (4) til indtag af Iuft fra offshore-installationens (2a,2b) ydre,

- et saltfilter (11),

- en affugterenhed (12),

- en indtagsstramningsvej, der farer indtagsluften fra luftindgangen (4) til af-
fugterenheden (12) via saltfiltret (11);

- en stramningsvej til afsaltet og affugtet luft (9), der farer fra affugterenheden
(12) til offshore-installationens (2a,2b) indre;

- en regenereringsstramningsvej (8b), der farer Iuft fra det indre til en luftud-
gang (5) via affugterenheden (12),

hvor affugtningsindretningen (1) endvidere omfatter

- en luftblandingsenhed (10), der er positioneret i indtagsluftstramningsvejen
opstregms for saltfiltret (11); og

- en returstremningsvej (6), der er indrettet til at rette en del af en stram af den
afsaltede og affugtede luft fra affugterenheden (12) til blandingsenheden (10);
- og/eller en forste recirkuleringsstromningsvej, der forer |uft fra det indre til
blandingsenheden (10).

2. Indretning ifglge krav 1, endvidere omfattende en anden recirkulerings-
stramningsvej (8a), der er indrettet til at rette en del af en strom af den afsal-
tede og affugtede Iuft fra affugterenheden (12) til regenereringsstramningsve-
jen (8b).

3. Indretning ifglge krav 1 eller 2, endvidere omfattende en varmeveksler (17),
der er anbragt nedstroms for affugterenheden (12) i stramningsvejen til afsal-
tet og affugtet luft (9).

4. Indretning ifolge krav 1 eller 2, endvidere omfattende en afkaler (22), der er
anbragt nedstrems for affugterenheden (12) i stramningsvejen til afsaltet og
affugtet luft (9).
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5. Affugtningsenhed (3) omfattende en indretning ifalge et af kravene 1 til 4.

6. Offshore-installation omfattende mindst en affugtningsenhed (3) ifelge krav
5.

7. Indretning ifalge krav 1, hvor affugterenheden (12) er et torrehjul, en kon-
denserenhed eller en varmeenhed.

8. Indretning ifalge krav 1, hvor blandingsenheden (10) er en blandingskanal,
et blandingskammer med midler til passiv luftblanding, sasom f.eks. passive
snegle, og/eller et blandingskammer med midler til aktiv luftblanding, sdsom
f.eks. en ventilator.
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DRAWINGS
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Figure 6




