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(54) Vapour phase drying apparatus

(57) The present invention relates to a vapour phase

drying apparatus (1), comprising: a drying chamber (3) 1
configured to receive an article (4) to be dried by means \/
of the apparatus; a vacuum pump (12) arranged for low- = = £ o o e e e e e e e e e e e ———— 1

ering the pressure within the drying chamber; an evap- I
orator (2) arranged for fluid connection with the drying 1
chamber and for evaporating a volatile fluid such that the !
. L . 1
volatile fluid in vapour form can enter the drying chamber |
by means of the fluid connection; a pressurised gas 1
source (9); and piping (7,10) connected to the evaporator 1
and to the pressurised gas source, and arranged for :
transporting the volatile fluid in liquid form to said evap- 1
orator by means of a pressure provided by said pressu- 1
rised gas source. The invention also relates to a method :
of transporting a volatile fluid to an evaporator of a vapour I
phase drying apparatus. |
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Description
TECHNICAL FIELD

[0001] The invention relates to a vapour phase drying
apparatus as well as to a method of transporting a volatile
fluid to an evaporator of a vapour phase drying apparatus.

BACKGROUND

[0002] Vapourphase drying (VPD) may be used todry,
i.e. remove water moisture, from parts. It may be suitable
for drying active parts of super voltage and high-capacity
transformers, instrument transformers and such. The
transformer to be dried is put in an autoclave, which is
then evacuated. Kerosene is evaporated by an evapo-
rator and the gaseous kerosene is contacted with the
transformer in the autoclave, where it is condensed on
transformer surfaces thereby heating the transformer.
Condensed kerosene is collected at the bottom of the
autoclave and is returned to the evaporator for reuse.
The kerosene is collected and pumped by a circulation
pump back to the evaporatorin a vacuum or low pressure
environment since the kerosene collector and evaporator
are evacuated together with the autoclave. Pumping the
kerosene at low pressure and elevated temperature is
difficult due to the risk of cavitation. A net positive suction
head is required. This is achieved by the use of a pump
pit to create a static pressure of the kerosene being
pumped. When the transformer has reached the desired
temperature, the addition of kerosene vapour to the auto-
claveis stopped and the pressure is reduced by avacuum
pump toremove water and kerosene vapour. The heating
in combination with the reduced pressure dries the trans-
former. An important point is that the saturation pressure
of kerosene is lower than the saturation pressure of wa-
ter, but higher than the saturation pressure of transformer
oil. A vapour phase drying apparatus for drying trans-
formers is disclosed in US 4,292,744

SUMMARY

[0003] Accordingtoan aspect of the presentinvention,
there is provided a vapour phase drying apparatus, com-
prising: a drying chamber configured to receive an article
to be dried by means of the apparatus; a vacuum pump
arranged for lowering the pressure within the drying
chamber; an evaporator arranged for fluid connection
with the drying chamber and for evaporating a volatile
fluid such that the volatile fluid in vapour form can enter
the drying chamber by means of the fluid connection; a
pressurised gas source; and piping connected to the
evaporator and to the pressurised gas source, and ar-
ranged for transporting the volatile fluid in liquid form to
said evaporator by means of a pressure provided by said
pressurised gas source.

[0004] According to another aspect of the present in-
vention, there is provided a vapour phase drying appa-
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ratus, comprising: means for receiving an article to be
dried by means of the apparatus; means for lowering the
pressure within the means for receiving an article; means
arranged for fluid connection with the drying chamber
and for evaporating a volatile fluid such that the volatile
fluid in vapour form can enter the means for receiving an
article by means of the fluid connection; means for pro-
viding a pressurised gas; and means for transporting the
volatile fluid in liquid form to said means for evaporating,
by means of a pressure provided by said pressurised
gas. The means for receiving an article may e.g. be a
drying chamber as mentioned above. The means for low-
ering the pressure may e.g. be a vacuum pump as men-
tioned above. The means for evaporating may e.g. be an
evaporator as mentioned above. The means for providing
a pressurised gas may e.g. be a pressurised gas source
as mentioned above. The means for transporting may
e.g. bethe piping mentioned above. However, alternative
embodiments of the means may be apparent to the per-
son skilled in the art in view of the present disclosure.
[0005] According to another aspect of the present in-
vention, there is provided a method of transporting a vol-
atile fluid to an evaporator of a vapour phase drying ap-
paratus, the method comprising pressing the volatile fluid
in liquid form into the evaporator by means of a pressu-
rised gas source.

[0006] According to another aspect of the present in-
vention, there is provided a use of a pressurised gas
source for pressing a volatile fluid into an evaporator of
a vapour phase drying apparatus.

[0007] By using a pressurised gas source for pressing
the liquid volatile fluid into the evaporator, the circulation
pump(s) and pump pit of the prior art may no longer be
needed, or the need is at least reduced. This pumping
equipment including surrounding equipment and redun-
dancies may thus be dispensed with. The vapour phase
drying apparatus is thus made simpler and more cheaper
to construct and maintain. Specifically, the foundation of
a vapour phase drying plant in accordance with the
present invention may be prepared more cheaply, easily
and faster since fewer concrete pour steps may be need-
ed. The hydraulic situation in the ground may be of less
importance with the invention. The presentinvention may
also be suitable for retrofitting old plants.

[0008] The discussions above and below in respect of
any of the aspects of the invention is also in applicable
parts relevant to any other aspect of the present inven-
tion.

[0009] Generally, all terms used in the claims are to be
interpreted according to their ordinary meaning in the
technical field, unless explicitly defined otherwise herein.
All references to "a/an/the element, apparatus, compo-
nent, means, step, etc." are to be interpreted openly as
referring to at least one instance of the element, appa-
ratus, component, means, step, etc., unless explicitly
stated otherwise. The steps of any method disclosed
herein do not have to be performed in the exact order
disclosed, unless explicitly stated.



3 EP 2 568 243 A1 4

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention is now described, by way of ex-
ample, with reference to the accompanying drawings, in
which:

Fig 1 is a schematic diagram of an embodiment of
an apparatus of the present invention.

Fig 2 is a schematic diagram of another embodiment
of an apparatus of the present invention.

Fig 3 is a schematic flow chart of an embodiment of
a method of the present invention.

DETAILED DESCRIPTION

[0011] The invention will now be described more fully
hereinafter with reference to the accompanying draw-
ings, in which certain embodiments of the invention are
shown. This invention may, however, be embodied in
many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these
embodiments are provided by way of example so that
this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those skilled in
the art. Like numbers refer to like elements throughout
the description.

[0012] The term "volatile fluid" should be interpreted
broadly. Any fluid which may be evaporated and used
for heating an article to be dried in vapour phase drying
is included by the term. Preferably, the volatile fluid is
more volatile than water. Conveniently, the volatile fluid
is a petroleum fraction, such as kerosene.

[0013] The term "piping" and the like is herein used
broadly and is not limited to a certain material or design.
The term encompasses any type of piping, tubing, con-
duit or the like. Also, the term encompasses not only reg-
ular pipes for transporting a fluid from one place to an-
other, but also tanks, valves, couplings etc. as needed.
[0014] The pressurised gas source and the pressu-
rised gas of the present invention, is pressurised in the
sense that it has an over pressure when compared with
the interior pressure of the evaporator, thus allowing it to
pressthe volatile fluid into the evaporator. If e.g. the evap-
orator, as well as the drying chamber, is evacuated e.g.
by mans of a vacuum pump, the pressurised gas source
and the pressurised gas may very well have a pressure
below atmospheric pressure, since it may still have a
pressure above the pressure of the evaporator.

[0015] The drying chamber may be any chamber able
to receive an article to be dried at reduced pressure, such
as an autoclave. The drying chamber may have any size,
depending on the article it is designed to receive. The
drying chamber does not have to be completely air tight,
justtight enough to allow a reduction of a pressure therein
by means of a vacuum pump, or the like, while the vac-
uum pump is in use for lowering the pressure in the drying
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chamber.

[0016] The article may be any article that may be dried
by vapour phase drying. Conveniently, the article may
be an electrical article, such as a transformer.

[0017] The vacuum pump may be any means able to
lower the pressure in the drying chamber, such as a reg-
ular vacuum pump arranged to pump a gas phase out
from the drying chamber through piping/tubing/conduit
putting the vacuum pump in fluid connection with the dry-
ing chamber. The gas phase may be released to the at-
mosphere or may be at least partly condensed for recov-
ering and recycling.

[0018] The evaporator may be any means able to
evaporate the volatile fluid. The evaporator is arranged
for fluid connection with the drying chamber. Thus, the
evaporator, when operating may be connected, via pip-
ing/tubing/conduit, to the drying chamber such that a flu-
id, e.g. the volatile fluid in gas/vapour phase, may pass
from the evaporator to the drying chamber and enter the
same. The evaporator may be at a reduced pressure,
just as the drying chamber, and connected to the vacuum
pump, either directly or via the connection to the drying
chamber.

[0019] The pressurised gas source, may be any such
source, such as a gas tube, a container for intermediate
storing of gas, and/or a gas production unit. Convenient-
ly, the pressurised gas source is a pressurised gas con-
tainer arranged to allow the pressurised gas to be pro-
vided to the piping from the gas container. The container
may e.g. be provided with a valve which wheniitis opened
allows pressurised gas access to the piping. This access
to the piping may be such that the pressurised gas enters
into the piping, and/or it may be such that the pressure
of the pressurised gas presses on fluid already present
in the piping such that the pressure provided by the pres-
surised gas propagates through the piping towards the
evaporator.

[0020] The piping in connected to both the evaporator
and to the pressurised gas source. The piping may thus
allow the pressure of the gas source to be used for push-
ing or pressing the volatile fluid into the evaporator. The
piping may thus be configured such that the evaporator
is in fluid connection with the pressurised gas source
such that a fluid pressure of the gas source may propa-
gate via the piping to the evaporator.

[0021] The pressurised gas may be any gas, such as
air. However, it may be convenient to use an inert gas.
Thus, the pressurised gas container according to an em-
bodiment of the present invention may contain an inert
gas. An advantage with using an inert gas is that the risk
of fire is reduced, especially if the volatile fluid is com-
bustible, which is the case with e.g. kerosene and other
petroleum products. It may thus be preferred to use an
inert gas which protects the volatile fluid from oxidising
agents such as oxygen. Another advantage with an inert
gas is that corrosion, of piping and other parts of the
apparatus which the pressurised gas may come into con-
tact with, may be reduced. It may be convenient to use
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nitrogen gas as the pressurised gas. Nitrogen is readily
available and inert at regular operating conditions of the
apparatus.

[0022] The nitrogen may be provided e.g. by obtaining
an externally prepared and filled gas tube containing ni-
trogen. Another way of obtaining nitrogen gas is to inte-
grate the apparatus with an air separation unit configured
to separate nitrogen from e.g. atmospheric air or from
compressed air available in close vicinity of the inventive
apparatus. The apparatus may thus also comprise an air
separation unit connected to the gas container and ar-
ranged to supply the pressurised nitrogen to said gas
container after having separated said nitrogen from air.
The air separation unit may be regarded as the gas pro-
duction unit mentioned above. For large scale vapour
phase drying, this may be preferred to buying gas tubes
since it may be cheaper and the apparatus may become
more self sufficient. On the other hand, it may in some
cases be convenient to use an externally filled nitrogen
gas tube or other externally produced pressurised nitro-
gen, if e.g. a gas tube is already available at a plant com-
prising the apparatus, since not much pressurised nitro-
gen may be needed to provide the pressure needed to
press the volatile fluid into the evaporator (the nitrogen
itself may not be consumed, only provide pressure). The
air separation unit may operate in any way to separate
nitrogen from air, e.g. by cryogenic separation, or by us-
ing a filter or membrane. It may be convenient to use a
filter/membrane since only the nitrogen is of interest and
not the other gas compounds of air (oxygen, argon etc.).
The air separation unit may thus conveniently comprise
a membrane for separating the nitrogen from air. Since
many industrial plants have compressed air available for
different uses, it may be convenient to use such com-
pressed air (air having a pressure above atmospheric
pressure) as the source of air for the air separation unit.
[0023] In accordance with the present invention, the
volatile fluid may be pressed into the evaporator by cre-
ating an over pressure upstream of the evaporator by
means of the pressurised gas source, which over pres-
sure is in relation to the pressure in the evaporator as
well as downstream of the evaporator. A pressure gra-
dient over the evaporator may thus be created. The vol-
atile fluid may accordingly be pressed into the evapora-
tor, evaporated, and further pressed into the drying
chamber as vapour. If the pressure of the drying chamber
is atmospheric, the pressurised gas source of the inven-
tive method has a pressure above atmospheric pressure.
However, a vacuum pump or the like may be used to
lower the pressure in the drying chamber and down-
stream of the evaporator, increasing the pressure gradi-
ent over the evaporator and/or reducing the required
pressure of the pressurised gas source. Additionally or
alternatively, the pressure gradient may be increased or
created by placing the evaporator below, i.e. at a lower
altitude than, the drying chamber, thereby taking advan-
tage of the action of gravity.

[0024] The pressurised gas may engage or contact the
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volatile fluid such that the fluid is pressed into the vapor-
iser. However, it may not be convenient to allow the pres-
surised gas, or at least not much of it, to enter the evap-
orator, since this would consume pressurised gas, re-
duce any reduced pressure downstream of the evapora-
tor, put more strain on a vacuum pump etc. The piping
of the apparatus may thus be designed such that the
pressurised gas is allowed to contact a liquid surface of
the volatile fluid in liquid form. The contacting may e.g.
take place in an intermediate storage tank for the volatile
fluid. The pressure applied to the liquid surface may then
press the volatile fluid through a pipe or such and through
an inlet of the evaporator, without allowing the pressu-
rised gas to enter the evaporator via the pipe and inlet.
This may function in a similar way as when the atmos-
pheric pressure presses liquid through a drinking straw
when in use.

[0025] Above it has been described how the pressu-
rised gas source may be used to press the volatile fluid
into the evaporator. However, the pressurised gas source
may be used also elsewhere in the apparatus for trans-
porting the volatile fluid or any other fluid, such as water
and/or oil evaporated and pumped from the drying cham-
ber. The pressurised gas source may e.g. be used to
press the volatile fluid from a storage tank to the appa-
ratus or vice versa, or to press the volatile fluid after con-
densation at the bottom of the drying chamber from the
intermediate tank (which intermediate tank is supplying
fluid to the evaporator and is discussed above) to the
evaporator or to the fluid storage tank.

[0026] With reference to figure 1, an embodiment of a
vapour phase drying apparatus 1 according to the
presentinvention is schematically shown. The apparatus
1 comprises an evaporator 2 e.g. in the form of a heat
exchanger. The evaporator is arranged to evaporate a
volatile fluid by heat exchanging with a heating medium
in the evaporator 2. The evaporator 2 is connected to the
drying chamber 3 containing the article 4 to be dried by
means of the apparatus 1. The evaporator 2 is connected
to the drying chamber 3 by means of the fluid connection
or conduit 5 arranged to allow evaporated fluid to travel
from the evaporator 2 to the drying chamber 3. The evap-
orator 2 is also connected to the fluid container 6 via the
fluid connection or conduit 7 arranged to allow liquid fluid
to travel from the fluid container 6 to the evaporator 2 via
the conduit 7. The fluid container 6 is configured to hold
the volatile fluid such that a liquid surface 8 is formed in
the fluid container (the surface 8 is illustrated by the
dashed line within the container 6 in figure 1). The liquid
surface 8 may alternatively be defined as a gas-liquid
interface. The conduit 7 is arranged extending into the
container 6 such that it can extend below the liquid sur-
face 8 so as not to transport any of the gas above the
liquid interface 8 to the evaporator 2. The container 6 is
connected to a pressurised gas source 9 via the fluid
connection or conduit 10. The conduit 10, when open
such that the pressurised gas of the gas source 9 con-
tacts the volatile fluid at the liquid surface 8, allows the
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gas source to provide an over pressure to the volatile
fluid such that the volatile fluid is pressed into the evap-
orator 2 via the conduit 7. It may be convenient to connect
the container 6 via the conduit 10 above the liquid surface
8 to avoid foaming of, or bubbles in, the volatile fluid. The
container 6 is also connected with a fluid connection or
conduit 11 for supplying the liquid volatile fluid to the con-
tainer 6. In an alternative embodiment of the present ap-
paratus 1, the liquid surface 8 may be in the conduit 10
instead of in the container 6, whereby the conduit 7 may
not have to extend into the container 6 and the container
6 may be reduced, possibly to a three-way joint of the
three conduits 7, 10 and 11. The drying chamber 3 is
connected to a vacuum pump 12 via the fluid connection
or conduit 13, allowing the vacuum pump 12 to reduce
the pressure of the chamber 3 to below atmospheric and
possibly to essentially vacuum. Since the vacuum pump
12 may be in fluid connection with the chamber 3 via the
conduit 13, and the chamber 3 is in fluid connection with
the evaporator 2 via the conduit 5, the vacuum pump 12
may also reduce the pressure of the evaporator 2. Thus,
a pressure gradient may be formed over the evaporator
2 by means of the over pressure provided by the gas
source 9 upstream of the evaporator 2 and the vacuum
pump downstream of the evaporator 2, able to press and
suck, respectively, the volatile fluid downstream from the
container 6 to the chamber 3 via the conduits 7 and 5.
[0027] Figure 2 schematically shows an embodiment
of an apparatus 1 of the present invention in more detail.
When applicable, the same reference numerals are used
as in figure 1 for corresponding parts of the apparatus 1.
As in figure 1, the drying chamber 3 is

connected to three vacuum pumps 12 via the conduit 13
and connected with the chamber 6 via the conduit 5 and
the evaporator 2. The container 6 is connected to the
pressurised gas source 9 (nitrogen, N2, in figure 2) via
the conduit 10, and the conduit 11 is connected to the
container 6 for supplying the evaporator 2 with liquid vol-
atile fluid. As shown in figure 2, the volatile fluid may be
supplied from a storage tank 21. The drying chamber 3
is also provided with a liquid outlet 22 at the bottom of
the drying chamber 3. The outlet 22 is arranged to allow
condensed volatile fluid to leave the drying chamber 3.
The condensed volatile fluid may then either be returned
to the storage tank 21 or be recycled to the evaporator
2 via the conduit 11. Since the condensed volatile fluid
may be regarded as dirty, it may be convenient not to
allow it to return to the storage tank, but to rather pass a
filter and be recycled. The article, such as a transformer,
may contain oil, whereby the drying of the article may
also include washing of the article, this oil may be re-
moved from the article and exit the drying chamber 3 via
the outlet 22 together with the volatile fluid and be recy-
cled with the fluid via the conduit 11 to the evaporator 2,
where the oil may be separated by not being evaporated
with the fluid and removed via an outlet at the bottom of
the container 6 via the conduit 14. The oil is generally
heavier than the volatile fluid (e.g. kerosene). The waste
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oil of conduit 14 may be used to pre-heat the volatile fluid
before it enters the container 15. The conduit 13 is ar-
ranged to allow the pumps 12 to remove any gases from
the chamber 3. The gases will be water vapour, un-
condensed volatile fluid and possibly some nitrogen that
has leaked in from the pressurised gas source 9. The
removed gases passes a condenser 16 where the water
and volatile fluid condenses and are transported to the
container 17. Any nitrogen is pumped passed the vacuum
pumps 12 and may either be released to the atmosphere
or be compressed by the compressor 20 and returned to
the air separation unit 18 for recycling to the conduit 10
or the gas source 9. Compressed air may be fed to the
air separation unit 18 from a compressed air source 19.
The air separation unit 18 comprises a membrane which
separates the nitrogen from the other air constituents
(mainly oxygen, 02). The nitrogen may then be transport-
ed to the conduit 10 or the gas source 9, whereas the
oxygen may be released to the atmosphere or used else-
where. The container 17 is arranged to receive the con-
densate from the condenser 16 and to separate the wa-
ter, which may be released to a drain, and the volatile
fluid, which may be returned to the evaporator 2 or the
containers 15 or 6, via the conduit 11, or to the storage
tank 21. Since the volatile fluid vapour from the chamber
3is clean, or at least cleaner than the condensed fluid in
container 15, the volatile fluid in container 17 may con-
veniently be returned to the storage tank 21. According
to figure 2, the vacuum pumps 12 may act via conduits
on the chamber 3 as well as on the containers 6, 15 and
17, thus able to reduce the pressure of different parts of
the apparatus 1 as needed to transport the volatile fluid
within the apparatus 1. Similarly, the pressurised gas
source 9 may also act on the containers 6, 15 and/or 17
to raise the pressure of different parts of the apparatus
1 as needed to transport the volatile fluid within the ap-
paratus 1. Thus, pressure gradients may be created and
controlled at different parts in the apparatus 1 by means
of the vacuum pumps 12 and the pressurised gas source
9 such that the volatile fluid may be transported within
the apparatus 1 without the need of pumping the volatile
fluid. In figure 2, the words "N2", "Fluid" and "Vacuum"
have been associated with different conduits of the ap-
paratus 1 in order to make it easier to see where, i.e. via
which conduits, the pressurised gas source 9 may act,
the volatile fluid may flow and the vacuum pumps 12 may
act, respectively. Also, valves are marked on the different
conduits of the apparatus 1, by conventional marking. It
should be noted, that this is a simplified illustration of an
apparatus 1 of the present invention why additional com-
ponents, such as conventional components associated
with the components shown in figure 2, may very well be
included in the apparatus 1.

[0028] It is noted, with reference to figure 2 and the
embodiment illustrated therein, that for the fluid con-
densed in the chamber 3 and recycled to the evaporator
2, the container 15 may have the function of the container
6 in figure 1, i.e. the fluid is pressed by means of gas
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pressure in the container 15 from said container 15 into
the evaporator 2 without passing the container 6. Then
the valve towards the chamber 3 and the valve towards
the container 6 may be closed and the valve towards the
evaporator 2 is open. Similarly, the container 17 may
have the function of the container 6 in figure 1 for pressing
the condensed fluid vapour from the container 17 into
the evaporator 2 without passing the container 6. Addi-
tionally, or alternatively, the container 6 may be used for
intermediate storage or as buffer of volatile fluid for the
evaporator 2 from the container 15 (condensed fluid from
the drying chamber 3) and/or from the chamber 17 (con-
densed vapour from the chamber 17).

[0029] With reference to figure 3, an embodiment of a
method 100 according to the present invention is sche-
matically illustrated. By means of the over pressure pro-
vided by the pressurised gas source 9 upstream of the
evaporator 2 (i.e. at the side of the evaporator 2 where
the conduit 7 is provided for transportation of liquid vol-
atile fluid to the evaporator 2) and the reduced pressure
provided by the vacuum pump 12 downstream of the
evaporator 2 (i.e. at the side of the evaporator 2 where
the conduit 5 is provided for transportation of vaporised
volatile fluid from the evaporator 2), a pressure gradient
is obtained (step 101) over the evaporator 2. This ob-
tained 101 pressure gradient act to press/suck the vola-
tile fluid downstream through the evaporator such that
the volatile fluid is transported (step 102) to the evapo-
rator 2 via the conduit 7 by means of the pressurised gas
source 9. The volatile fluid is evaporated in the evaporator
2 and the evaporated volatile fluid in gas form is further
transported 102 to the chamber 3 via the conduit 5.
[0030] Theinvention has mainly beendescribed above
with reference to a few embodiments. However, as is
readily appreciated by a person skilled in the art, other
embodiments than the ones disclosed above are equally
possible within the scope of the invention, as defined by
the appended patent claims.

Claims
1. A vapour phase drying apparatus (1), comprising:

a drying chamber (3) configured to receive an
article (4) to be dried by means of the apparatus
(1

a vacuum pump (12) arranged for lowering the
pressure within the drying chamber (3);

an evaporator (2) arranged for fluid connection
with the drying chamber (3) and for evaporating
a volatile fluid such that the volatile fluid in va-
pour form can enter the drying chamber (3) by
means of the fluid connection;

a pressurised gas source (9); and

piping (7,10) connected to the evaporator (2)
and to the pressurised gas source (9), and ar-
ranged for transporting the volatile fluid in liquid
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form to said evaporator (2) by means of a pres-
sure provided by said pressurised gas source

9).

2. The apparatus of claim 1, further comprising a vol-
atile fluid container (6;15;17) arranged for fluid con-
nection with the evaporator (2) and the pressurised
gas source (9), and arranged for, in the volatile fluid
container (6;15;17), allowing pressurised gas from
the pressurised gas source (9) to contact and press
on a liquid surface of the liquid volatile fluid such that
the liquid fluid is pressed into the evaporator (2) with-
out the pressurised gas entering the evaporator (2).

3. The apparatus of claim 1 or 2, wherein the pressu-
rised gas source (9) is a pressurised gas container
arranged to allow the pressurised gas to be provided
to the piping (10) from said gas container.

4. The apparatus of claim 3, wherein the gas container
(9) contains a pressurised inert gas.

5. Theapparatus ofclaim4, wherein the gasis nitrogen.

6. The apparatus of claim 5, further comprising an air
separation unit (18) connected to the gas container
(9) and arranged to supply the pressurised nitrogen
to said gas container (9) after having separated said
nitrogen from air.

7. The apparatus of claim 6, wherein the air separation
unit (18) comprises a membrane for separating the
nitrogen from air.

8. The apparatus of claim 6 or 7, wherein the air is com-
pressed air having a pressure above atmospheric
pressure.

9. The apparatus of any preceding claim, wherein the
evaporator (2) is arranged at a lower altitude than
the drying chamber (3), such as below a bottom wall
of the drying chamber (3).

10. A method (100) of transporting a volatile fluid to an
evaporator (2) of a vapour phase drying apparatus
(1), the method comprising pressing (102) the vola-
tile fluid in liquid form into the evaporator (2) by
means of a pressurised gas source (9).

11. The method of claim 10, wherein the pressing (102)
of the volatile fluid is achieved by obtaining (101) a
pressure gradient over the evaporator (2), with a
pressure provided by the pressurised gas source (9)
upstream of the evaporator (2) and a reduced pres-
sure provided by means of a vacuum pump (12)
downstream of the evaporator (2), such that the vol-
atile fluid is pressed downstream through the evap-
orator (2).
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The method of claim 10 or 11, wherein the pressu-
rised gas contacts and presses on a liquid surface
of the liquid volatile fluid such that the liquid fluid is
pressed into the evaporator (2) without the pressu-
rised gas entering the evaporator (2).

The method of any one of claims 10-12, wherein the
pressurised gas is an inert gas, such as nitrogen.

Use of a pressurised gas source (9) for pressing
(101) a volatile fluid into an evaporator (2) of a vapour
phase drying apparatus (1).

Amended claims in accordance with Rule 137(2)
EPC.

1. A vapour phase drying apparatus (1), comprising:

a drying chamber (3) configured to receive an
article (4) to be dried by means of the apparatus
(1

a vacuum pump (12) arranged for lowering the
pressure within the drying chamber (3);

an evaporator (2) arranged for fluid connection
with the drying chamber (3) and for evaporating
a volatile fluid such that the volatile fluid in va-
pour form can enter the drying chamber (3) by
means of the fluid connection;

a pressurised gas source (9);

piping (7,10) connected to the evaporator (2)
and to the pressurised gas source (9), and ar-
ranged for transporting the volatile fluid in liquid
form to said evaporator (2) by means of a pres-
sure provided by said pressurised gas source
(9); and

piping (11) arranged for recycling liquid volatile
fluid to the evaporator (2) from the drying cham-
ber (3).

2. The apparatus of claim 1, further comprising a
volatile fluid container (6;15;17) arranged for fluid
connection with the evaporator (2) and the pressu-
rised gas source (9), and arranged for, in the volatile
fluid container (6;15;17), allowing pressurised gas
from the pressurised gas source (9) to contact and
press on a liquid surface of the liquid volatile fluid
such that the liquid fluid is pressed into the evapo-
rator (2) without the pressurised gas entering the
evaporator (2).

3. The apparatus of claim 1 or 2, wherein the pres-
surised gas source (9) is a pressurised gas container
arranged to allow the pressurised gas to be provided
to the piping (10) from said gas container.

4. The apparatus of claim 3, wherein the gas con-
tainer (9) contains a pressurised inert gas.
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5. The apparatus of claim 4, wherein the gas is ni-
trogen.

6. The apparatus of claim 5, further comprising an
air separation unit (18) connected to the gas con-
tainer (9) and arranged to supply the pressurised
nitrogen to said gas container (9) after having sep-
arated said nitrogen from air.

7. The apparatus of claim 6, wherein the air separa-
tion unit (18) comprises a membrane for separating
the nitrogen from air.

8. The apparatus of claim 6 or 7, wherein the air is
compressed air having a pressure above atmos-
pheric pressure.

9. The apparatus of any preceding claim, wherein
the evaporator (2) is arranged at a lower altitude than
the drying chamber (3), such as below a bottom wall
of the drying chamber (3).

10. A method (100) of transporting a volatile fluid to
an evaporator (2) of a vapour phase drying appara-
tus (1), the method comprising;

pressing (102) the volatile fluid in liquid form into
the evaporator (2) by means of a pressurised
gas source (9);

evaporating the volatile fluid in the evaporator
(2) such that the volatile fluid in vapour form en-
ters a drying chamber (3) of the apparatus by
means of fa reduced pressure of the drying
chamber;

condensing the volatile fluid in the drying cham-
ber (3) to heat the article (4) therein; and recy-
cling the liquid volatile fluid from the drying
chamber (3) to the evaporator (2).

11. The method of claim 10, wherein the pressing
(102) of the volatile fluid is achieved by obtaining
(101) a pressure gradient over the evaporator (2),
with a pressure provided by the pressurised gas
source (9) upstream of the evaporator (2) and a re-
duced pressure provided by means of a vacuum
pump (12) downstream of the evaporator (2), such
that the volatile fluid is pressed downstream through
the evaporator (2).

12. The method of claim 10 or 11, wherein the pres-
surised gas contacts and presses on a liquid surface
of the liquid volatile fluid such that the liquid fluid is
pressed into the evaporator (2) without the pressu-
rised gas entering the evaporator (2).

13. The method of any one of claims 10-12, wherein
the pressurised gas is aninert gas, such as nitrogen.
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