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Description

Device for the separation of water from a fluid flow containing

water

The invention relates to a device according to Claim 1 for the
separation of water, in particular water vapor, from a fluid
flow, in particular a gas flow, containing water, in particular
water vapor, including at least one water-permeable membrane

body that delimits at least one membrane body interior space.

The separation of water from fluid flows containing water, and
thus the recovery of water to save resources, 1s becoming ever
more important. In this context, it 1is known for example to
separate water vapor from waste gas flows. The separated water
vapor 1s conventionally converted to water wusing cooling-
intensive condensation processes. This principle can Dbe
implemented by way of surface condensers that are placed in
waste gas flows, for example taking the form of tube bundle or

plate heat exchangers.

For the separation of water vapor from gas flows containing
water vapor, membrane bodies that are permeable to water vapor,
that is to say are selective to water vapor, have further been
proposed, wherein the water vapor permeates out of the gas flow
and through the membrane body into a membrane body interior
space that 1is delimited by the membrane body. The propulsive
force for the permeation of the water wvapor through the
membrane body i1s a reduced concentration of water vapor in the
membrane body interior space and/or a vacuum applied in the
membrane body interior space and the resulting drop 1in
pressure, 1n particular a drop in the water wvapor partial
pressure. The water vapor that has permeated into the membrane
body interior space 1is converted to liquid water by way of

cooling-intensive condensation processes.
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EP0532368 discloses a device for the separation of, inter alia,
water vapor from a gas flow containing water vapor, which
device comprises a water vapor-permeable bundle of hollow fiber

membranes.

Consequently, the technical approaches that are known from the
prior art to the separation of water from a fluid flow
containing water are susceptible to improvement, in particular
as regards the need for cooling that is required therefor in

the context of condensing the water vapor.

The object of the invention is to specify an improved device

for the separation of water from a fluid flow containing water.

According to the invention, the object is achieved by a device
of the type mentioned at the outset that, according to the
invention, 1s characterized in that there 1is at least one
hydrophobic fluid in the membrane body interior space, for
taking up water, in particular water vapor, that passes out of
the fluid flow, through the membrane body and into the membrane

body interior space.

The technical teaching according to the invention relates to a
particular principle for the separation of water, in particular
water vapor, 1in general water molecules, from a fluid flow
containing water, 1in particular water vapor, 1in particular a
gas flow containing water vapor. In particular, the technical
teaching according to the invention makes it possible in this
way to separate water vapor from gas flows containing water
vapor, 1in particular from waste gas flows containing water
vapor. The ©principle according to the invention may be
implemented by means of the device according to the invention,

which 1s described in more detail below.

The device according to the invention includes at least one

membrane body that delimits at least one membrane body interior
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space. The membrane body is formed from at least one material
that is permeable to liquid and gaseous water molecules and 1is
thus selective to water, in particular selective to water
vapor, such as sulfonated poly(ether ether ketone), abbreviated
to SPEEK, sulfonated poly(ether sulfone), abbreviated to SPES,
or polyether block amide, abbreviated to PEBAX. The fact that
the material forming the membrane body is constructed to be
selective to water, in particular selective to water vapor,
enables water of high purity to be recovered, since undesired
constituents of the fluid flow containing water cannot pass
through the membrane body and into the membrane body interior

space.

The material forming the membrane body may be porous, that is
to say 1t may have a structure that 1is open-pored, 1in
particular at least in certain regions. The pore size of the
material forming the membrane body 1is typically in a range
between 1 and 50 nm, in particular in a range between 1 and 10
nm. It goes without saying that the pore size of the material
forming the membrane body may in exceptional cases also be
outside the pore size ranges mentioned. In principle, however,
it is also conceivable for the material forming the membrane

body not to be porous.

Within the membrane body, that is to say in the membrane body
interior space that is delimited by the membrane body, there is
at least one hydrophobic fluid, that is to say in particular at
least one hydrophobic 1liquid. The hydrophobic fluid is or
includes in general at least one substance that, because of its
structural, in particular chemical, dissimilarity from water,
is immiscible with water or is only very poorly miscible with
water. Thus, the hydrophobic fluid may be for example a natural
or synthetic organic liquid, in particular a natural or mineral

or synthetic oil.
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The use of natural vegetable o0ils, that is to say the use of
plant oils, as the hydrophobic fluid is useful for example if
the water recovered from the hydrophobic fluid is used in the
food technology sector. A further preparation stage of the
water recovered in this manner 1is not absolutely necessary,
since the small quantities of residue of hydrophobic fluid that
may be contained in the recovered water do not themselves have
an adverse effect on the suitability of the recovered water as

a foodstuff or comestible.

The device according to the invention is typically designed
such that the hydrophobic fluid flows continuously through the
membrane body interior space, that is to say in particular such
that the hydrophobic fluid circulates through the membrane body
interior space in the manner of a circuit. As a result of the
possibility of circulation of the hydrophobic fluid through the
membrane body interior space in the manner of a circuit, the
operating costs of the device according to the invention, in
particular as regards the hydrophobic fluid, are comparatively
low, and similarly the device according to the invention is in

this way designed for long-term operation.

The principle according to the invention for the separation of
water, in particular water vapor, from a fluid flow containing
water, in particular water vapor, is based on the fact that the
water that has passed, that is to say permeated, through the
membrane body, 1in particular the water vapor that has passed,
that is to say permeated, through the membrane body accumulates
or 1is dispersed within the hydrophobic fluid in the membrane
body interior space. The hydrophobic fluid in the membrane body
interior space thus serves to take up the water or water vapor
that has passed through the membrane body and into the membrane
body interior space, generally the water molecules that have
passed through the membrane body and into the membrane body

interior space.
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The propulsive force for the permeation of water or water vapor
through the membrane body is the taking up of water molecules
in the hydrophobic fluid and the resulting or maintained drop
in concentration (drop in water concentration) between the
fluid flow containing water or water vapor out of which the
water or water vapor is to be separated and the hydrophobic
fluid. There is thus a drop between the water concentration at
the contact surface outside the membrane body, that is to say
the water concentration of the fluid flow that flows outside
the membrane body, and the water concentration at the contact
surface within the membrane body, that is to say the water
concentration within the hydrophobic fluid in the membrane body
interior space. The water concentration (solubility) in the
fluid flow containing water or water vapor 1s in this case
typically markedly higher than the water (vapor) concentration
in the hydrophobic fluid, which ideally approaches zero. This
also makes it possible for there to be a separation of water or
water vapor from fluid flows containing water or water vapor

and having comparatively low water (vapor) concentrations.

As will become clear below, the accumulation or dispersion of
the water or water vapor in the hydrophobic fluid and hence the
taking up of the water or water vapor in the hydrophobic fluid
may further, that is to say as an alternative or in particular
in addition, be promoted by a drop in pressure, that is to say
a difference in pressure, between the fluid flow containing
water or water vapor and the hydrophobic fluid. The pressure
difference may in particular be brought about by a negative
pressure within the membrane body interior space. To bring
about the negative pressure within the membrane body interior
space, the device may include a pressure requlating facility

such as a vacuum pump.

The water taken up or contained in the hydrophobic fluid and
separated from the fluid flow containing water or water vapor

may be separated and thus recovered from the hydrophobic fluid
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by means of chemical and/or physical, in particular mechanical,
separation principles. For this purpose, the device according
to the invention advantageously includes at least one
separating facility, which is associated with the membrane body
and 1s in particular downstream thereof, for the chemical
and/or physical, 1in particular mechanical, separation of the
water contained in the hydrophobic fluid from the hydrophobic
fluid.

In order to bring about the above-mentioned drop between the
water concentration outside the membrane body, that is to say
the water concentration of the fluid flow flowing outside the
membrane body, and the water concentration within the membrane
body, that is to say the water concentration within the
hydrophobic fluid in the membrane body interior space, it 1is
advantageous 1if the hydrophobic fluid flows through the
membrane body interior space, that 1is to say in particular
circulates in or through the membrane body interior space in an
in particular closed circuit. For this purpose, the device
according to the invention may include at 1least one supply
facility for supplying the hydrophobic fluid into the membrane
body interior space and at least one removal facility for
removing the hydrophobic fluid from the membrane body interior
space. The supply facility, like the removal facility, may
include suitable conveying facilities, such as pumps, for
supplying or removing the hydrophobic fluid into and out of the

membrane body interior space.

Thus, by way of the supply facility a supply - in particular a
continuous supply - of hydrophobic fluid into the membrane body
interior space 1is possible. By way of the removal facility,
accordingly, a removal - in particular a continuous removal -
of hydrophobic fluid out of the membrane body interior space 1is
possible. Between the removal facility and the supply facility
it is therefore possible to create an in particular closed

circuit, wherein hydrophobic fluid that is guided by way of the
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removal facility out of the membrane body interior space can be
guided into the supply facility and by way of the latter back
into the membrane body interior space. The membrane body, that
is to say in particular the membrane body interior space, 1is
thus connected within the circuit formed between the removal
facility and the supply facility. It is possible for further
functional components of the device according to the invention,
such as an above-mentioned separating facility, to be connected
within the circuit formed between the removal facility and the

supply facility.

In principle, it 1is ensured by way of the hydrophobic fluid
circulating in the manner of a circuit through the membrane
body interior space that hydrophobic fluid that is enriched
with water or water vapor that has passed out of the fluid flow
containing water or water vapor and through the membrane body
in the membrane body interior space can be removed from the
membrane body. In this way, there 1is in the membrane body
interior space always a comparatively small water (vapor)
concentration, that is to say at least below the water (vapor)
concentration in the fluid flow containing water, and this can
have a positive effect on the creation and maintenance of the
above-mentioned propulsive force that brings about the passage
of the water or water vapor out of the fluid containing water
or water vapor, through the membrane body and into the membrane

body interior space.

For creation of the propulsive force that brings about the
permeation of water, in particular water vwvapor, out of the
fluid flow containing water, 1in particular water vapor and
through the membrane body into the membrane body interior
space, 1t 1is essential that there is a very low water (vapor)
concentration at the surface of the membrane body that faces

the fluid flow containing water or water vapor.
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The creation of a corresponding circuit in or through which the
hydrophobic fluid <circulates may be Dbrought about by a
construction for example such that the membrane body is of
hollow cylindrical construction, wherein a supply facility for
supplying the hydrophobic fluid into the membrane body interior
space 1is or may be arranged on or in the region of a first end
face of the membrane body, and a removal facility for removing
the hydrophobic fluid from the membrane body interior space 1is
or may be arranged on or in the region of a second end face of
the membrane body. This embodiment of the device according to
the invention thus enables axial through-flow and hence axial
circulation of the hydrophobic fluid through the membrane body
and the membrane body interior space respectively, during which
the supply and removal of the hydrophobic fluid into and out of
the membrane body interior space take ©place by way of
corresponding supply and removal facilities arranged on or in
the region of the respective end faces of the membrane body.
The supply and removal of the hydrophobic fluid in this case
typically take place by way of different, that is to say in
particular opposing, end faces of the membrane body. It goes
without saying that the same principle can be transferred to
membrane bodies having other geometries, that is to say for
example membrane bodies constructed in the shape of a plate or

sphere.

The creation of a corresponding circuit in or through which the
hydrophobic fluid circulates may also be brought about by a
construction for example such that the membrane body is of
hollow c¢ylindrical construction, wherein a supply facility
having at least one supply channel that passes through certain
regions of the membrane body interior space, coaxially with
respect to the longitudinal axis of the membrane body, 1is
provided, wherein a removal facility is provided in the region
of an annular space that radially surrounds the supply channel.
In this embodiment of the device according to the invention,

the hydrophobic fluid flows by way of a supply facility that is
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typically arranged on or in the region of a first end face of
the membrane body, first into at least one supply channel that
passes axially through the membrane body interior space and is
hence arranged within the membrane body interior space. The
hydrophobic fluid that passes out of the at least one supply
channel, typically in the region of a second end face of the
membrane body that lies opposite the first end face, and into
the membrane body interior space flows through an annular
space, which radially surrounds the at least one supply
channel, to a removal facility which, in this case, and
similarly to the supply facility, is typically arranged on or
in the region of the first end face of the membrane body. In
this embodiment of the device according to the invention, the
supply and removal of the hydrophobic fluid can thus take place
by way of the same end face of the membrane body, which in some
cases enables a construction of the device according to the
invention that takes up comparatively little structural space.
It goes without saying that the same principle can similarly be
transferred to membrane bodies having other geometries, that is
to say for example membrane bodies constructed in the shape of
a plate or sphere.

In particular, where the water to be separated from the fluid
flow containing water is gaseous, that is to say where the
water to be separated from the fluid flow containing water is
water vapor, it is advantageous for recovery of the water to
condense the water vapor contained in the hydrophobic fluid,
that is to say to convert the water that is in its gaseous
phase, in the form of water vapor, into its liquid phase. For
this purpose, the device according to the invention
advantageously includes at least one condensation facility that
is associated with the membrane body, in particular being
downstream thereof, for condensing the gaseous water that 1is
taken up or contained in the hydrophobic fluid. By way of the
condensation facility, which typically includes at least one
cooling facility for cooling the water vapor that is taken up

or contained in the hydrophobic fluid to or Dbelow its
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condensation temperature, it 1is thus possible to bring about
the conversion of water vapor, that is to say gaseous water,

into liquid water.

It is also conceivable for condensation of the water vapor
already to take place within the membrane body or in the
hydrophobic fluid, before cooling. This will be explained with
reference to the example below, for a fluid flow, containing
water vapor and at a temperature of approximately 70°C. In a
fluid flow of this kind, a water vapor content of approximately
30% may be produced, that 1is to say that at atmospheric
pressure (1 bar) there is a water vapor partial pressure of 300
mbar. As a result of the permeation of the water vapor through
the membrane body and into the membrane body interior space,
the temperature of the hydrophobic fluid in the membrane body
interior space is similarly approximately 70°C. A pressure of 1
bar similarly prevails in the membrane body interior space.
Because the water vapor molecules are hence under a pressure of
1 bar, they condense within the hydrophobic fluid, that is to
say that the water wvapor already 1liquefies within the

hydrophobic fluid, before cooling.

Where condensation of water vapor takes ©place in the
hydrophobic fluid within the membrane body interior space, a
corresponding condensation facility must be replaced by a
cooling facility or heat dissipation facility by way of which
cooling of the heated hydrophobic fluid takes place. It is thus
possible to associate at least one cooling facility for cooling
the hydrophobic fluid with the membrane body, in particular

placing it downstream of the latter.

By way of the condensation of the water or water vapor that is
taken up or contained in the hydrophobic fluid, the hydrophobic
fluid can thus be divided into a phase mixture containing two
mutually separated phases, that 1is to say a first phase

comprising the hydrophobic fluid and a second phase comprising
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water, wherein the second phase comprising water is simply to
be separated out of this phase mixture. It goes without saying
that the one phase may have left or remaining in it a small
proportion of the respectively other phase, depending on the

respective miscibility of the two phases.

Advantageously, the pressure within the condensation facility
may be elevated by comparison with the pressure prevailing
within the membrane body in order to keep the condensation
temperature of the water or water vapor taken up or contained
in the hydrophobic fluid as high as possible, such that a
cooling source of comparatively high temperature can be used
for condensation of the water or water vapor taken up or
contained in the hydrophobic fluid. This approach is
advantageous in respect of the energy efficiency of the device
according to the invention or separation of the water or water
vapor that is taken up or contained in the fluid flow from the
fluid flow. Elevation of the pressure within the condensation
facility is particularly advantageous if the accumulation or
dispersion of the water or water vapor in the hydrophobic fluid
and hence the taking up of water or water wvapor in the
hydrophobic fluid is further promoted by a drop in pressure,
that is to say a difference in pressure, between the fluid flow
containing water or water vapor and the hydrophobic fluid,
which as mentioned is typically brought about by a negative
pressure within the membrane body or the membrane body interior

space.

As further already mentioned above, the device according to the
invention may advantageously include at least one separating
facility, which is downstream of the membrane body or where
appropriate the condensation facility associated with or
downstream of the membrane body, for the chemical and/or
physical, in particular mechanical, separation of the water
that is taken up in the hydrophobic fluid from the hydrophobic
fluid. By way of the separating facility, the water that 1is
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taken up or contained in the hydrophobic fluid is separated
from the hydrophobic fluid. The hydrophobic fluid that has been
freed of the water can be supplied to the membrane body again.
The water that has been freed of the hydrophobic fluid and thus
recovered can be used for various purposes outside or within
the device according to the invention. The separation of liquid
water that is taken up or contained in the hydrophobic fluid
from the hydrophobic fluid may in particular take place
mechanically, that is to say by sedimentation (deposition or
settling), such that the separating facility is accordingly set
up for sedimentation of the water that is taken up in the
hydrophobic fluid. The separating facility can thus include for
example at least one sedimentation tank. It goes without saying
that in principle other chemical and/or physical separating
principles for separating the water that 1is taken up or
contained in the hydrophobic fluid from the hydrophobic fluid

are conceilvable.

Further, the invention relates to a method according to Claim 5
for the separation of water, in particular water vapor, from a
fluid flow containing water, in particular water vapor. The
method is characterized in that the water or water wvapor to be
separated is transferred through at least one membrane body
that is permeable to water or water vapor, in general water
molecules, into at least one hydrophobic fluid that is within a
membrane body interior space delimited by the membrane body,
and is taken up in the hydrophobic fluid. The method according
to the invention may, as far as a device 1is concerned, be
implemented in ©particular in a device according to the

invention.

In principle, as regards the method according to the invention
all the statements made in connection with the device according
to the 1invention, in all the embodiments and variants
described, apply analogously. Conversely, all the embodiments

in connection with the method according to the invention, in



10

15

20

25

30

35

DK/EP 3043887 T3

13

all the embodiments and variants described, apply analogously

to the device according to the invention.

In the context of the method according to the invention, it is
advantageous 1if the hydrophobic fluid flows through the
membrane body interior space, in particular in the manner of a
circuit. The hydrophobic fluid can thus flow or circulate in
particular in a circuit within which the membrane body and/or
the membrane body interior space are connected. It is possible
for further functional components of the device implementing
the method according to the invention, such as condensation
facilities for condensing gaseous water contained in the
hydrophobic fluid, and/or cooling facilities for cooling
hydrophobic fluid that is heated by previous condensation,
and/or separating facilities for the chemical and/or physical
separation of the water that is taken up or contained in the
hydrophobic fluid from the hydrophobic fluid, to be connected

within the circuit.

A negative pressure may advantageously be applied within the
membrane body interior space. The negative pressure serves in
particular as an additionally supporting propulsive force for
the passage or permeation of the water or water vapor that is
contained in the fluid flow containing water through the
membrane body and into the membrane body interior space and

hence into the hydrophobic fluid.

In particular where the water to be separated from the fluid
flow containing water 1is gaseous, that is to say where the
water to be separated from the fluid flow containing water is
water vapor, it is advantageous for recovery of the water if
the gaseous water taken up or contained in the hydrophobic
fluid, that is to say the water vapor taken up or contained in

the hydrophobic fluid, is condensed.
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In this case, in order to keep the condensation temperature of
the water vapor to be condensed as high as possible, and thus
similarly to enable the wuse of a cooling source at a
comparatively high temperature, it 1is advantageous if the
pressure of the gaseous water or water vapor that is taken up
or contained in the hydrophobic fluid is elevated before the

condensation.

The water taken up or contained in the hydrophobic fluid may be
separated from the hydrophobic fluid chemically and/oxr
physically, in particular mechanically. In particular, for
separating ligquid water that is taken up or contained in the
hydrophobic fluid from the hydrophobic fluid, a mechanical
separation in the form of sedimentation (deposition or
settling) is possible. It goes without saying that in principle
other chemical and/or ©physical separating principles for
separating water that 1is taken up or contained in the
hydrophobic fluid from the hydrophobic fluid are also

conceivable.

Where the separation of water taken up or contained in the
hydrophobic fluid from the hydrophobic fluid takes place by way
of sedimentation, the flow rate of the hydrophobic fluid may be
reduced in the region of a corresponding separating facility
for the purpose of sedimentation. In this way, the degree of

efficiency of the sedimentation can be improved.

Within the context of the method according to the invention, it
is possible to use as the hydrophobic fluid in particular a
natural or synthetic organic liquid, in particular a natural or

mineral or synthetic oil.

Further advantages, features and details of the invention will
emerge from the exemplary embodiments described below and from

the drawing, in which:
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FIGS. 1-3 each show an illustration of the principle of a
device for the separation of water, in particular
water vapor, from a fluid flow containing water,
in particular water wvapor, according to an

exemplary embodiment of the invention.

FIG. 1 shows an illustration of the principle of a device 1 for
the separation of water, in particular water vapor, from a
fluid flow containing water, in particular water vapor,

according to an exemplary embodiment of the invention.

The device 1 that is shown in FIG. 1, as indeed the devices 1
that are shown in Figs. 2, 3, are in each case constructed or
set up to perform a method for the separation of water, in
particular water vapor, from a fluid flow containing water, in
particular water vapor, according to an exemplary embodiment of

the invention.

The device 1 is connected directly into a channel 2 that guides
a gas flow containing water vapor. The gas flow that 1is
indicated by the arrow Pl is for example a waste gas or waste
air flow containing water vapor, which occurs in the context of
a technical process, such as the operation of a power station,
in particular a gas turbine power station. As well as water
vapor, the gas flow typically contains other, in particular
gaseous, constituents, such as oxygen, nitrogen, carbon
dioxide, nitrogen oxides, sulfur oxides, etc. The gas flow 1is
typically heated to a particular temperature brought about by

the respective technical process from which it arises.

The device 1 includes a hollow cylindrical membrane body 3. The
membrane body 3 could similarly also have another geometry,
that is to say it could for example also be constructed in the

shape of a plate or sphere.
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Since the membrane body 3 is formed by a material selective to
water vapor, such as sulfonated poly(ether ether ketone), the
membrane body 3 is permeable to the water vapor contained in
the gas flow. Thus, the other constituents of the gas flow
cannot permeate the membrane body 3 but flow along the membrane
body 3 without cooling significantly. The material forming the
membrane body 3 1is porous, that 1is to say it has an in
particular open-pored structure having a pore size between 1

and 10 nm.

The membrane body 3 delimits a membrane body interior space 4.
A hydrophobic fluid 5, that is to say for example a mineral or
vegetable o0il, flows through the membrane body interior space
4. The hydrophobic fluid 5 that flows through the membrane body
interior space 4 serves to take up water vapor that has
permeated through the membrane body 3 and into the membrane
body interior space 4, that is to say water molecules that have
permeated through the membrane body 3 and into the membrane
body interior space 4. The permeation of water vapor or water
molecules through the membrane body 3 and into the membrane

body interior space 4 is indicated by the arrows P2.

The essential propulsive force for the permeation of the water
vapor contained in the gas flow through the membrane body 3 and
into the membrane body interior space 4, and hence for the
accumulation or dispersion of the water wvapor in the
hydrophobic fluid 5, is a drop in concentration (drop in water
concentration) between the interfaces of the membrane body 3 on
the side with the gas flow containing water out of which the
water or water vapor is to be separated, outside the membrane
body 3, and on the side with the hydrophobic fluid 5 within the
membrane body 3 or within the membrane body interior space 4.
The water concentration in the gas flow containing water 1is
typically markedly higher than the water concentration in the
hydrophobic fluid 5.
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The drop in concentration is maintained in particular in that
the hydrophobic fluid 5 flows through the membrane Dbody
interior space 4 continuously and at a particular flow rate.
For this purpose, a supply facility 6 for supplying the
hydrophobic fluid 5 to the membrane body interior space 4 and a
removal facility 7 for removing the hydrophobic fluid 5
enriched with water vapor from the membrane body interior space
1, are part of the device 1 (cf. FIG. 2). The supply facility
6, and indeed the removal facility 7, include suitable
conveying facilities (not shown), such as pumps, for supplying
and removing the hydrophobic fluid 5 to and from the membrane

body interior space 4.

Consequently it is ensured that hydrophobic fluid 5 laden with
water 1s removed from the membrane body interior space 4 and
unladen hydrophobic fluid 5 is supplied to the membrane body
interior space 4. In a state of equilibrium that results from
the ratio of the quantity of hydrophobic fluid 5 that 1is
supplied to the membrane body interior space 4 and the quantity
thereof removed from the membrane body interior space 4, the
concentration of water vapor contained in the hydrophobic fluid
5 that flows through the membrane body interior space 4 1is
typically markedly lower than the concentration of water vapor

contained in the gas flow.

In order to create the propulsive force that brings about the
permeation of water vapor from the gas flow containing water
vapor through the membrane body 3 and into the membrane body
interior space 4, it is essential that there is a very small
concentration of water vapor at the surface of the membrane

body 3 facing the gas flow containing water vapor.

Where appropriate, it is possible to dispense with the supply
facility 6 and the removal facility 7 and hence a forced flow
of the hydrophobic fluid 5 within the membrane body interior

space 4, since it 1is also in principle possible within the
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context of the invention for the separation of the water
contained in the hydrophobic fluid 5 also to be able to take
place as a result of natural convection or gravitational force
and the resulting accumulation of water at the bottom of the

membrane body 3.

In order to further increase the propulsive force for the
permeation of the water vapor contained in the gas flow through
the membrane body 3 and into the membrane body interior space 4
and thus into the hydrophobic fluid 5 flowing in the membrane
body interior space 4, a negative pressure may prevail in the
membrane body interior space 4. Consequently, the pressure
within the membrane body interior space 4 lies markedly below
the pressure outside the membrane body 3, and thus within the
channel 2 through which the gas flow flows. To bring about the
negative pressure within the membrane body 3 or within the
membrane body interior space 4, the device 1 includes a
pressure regulating facility (not shown), for example in the
form of a vacuum pump. It goes without saying that it is also
conceivable, with the same objective, as an alternative or in

addition to increase the pressure outside the membrane body 3.

The water vapor taken wup in the hydrophobic fluid 5 1is
typically in the form of individual, distributed or at least
partly coagulated Dbubbles of gas or 1liquid there. The
hydrophobic fluid 5 containing water vapor can thus be

considered a dispersion.

Separation of the water vapor contained in the hydrophobic
fluid 5 from the hydrophobic fluid 5 is performed in a

condensation step and, subsequent thereto, a separating step.

In the condensation step, which 1is carried out by way of a
condensation facility 8 that is part of the device 1 according
to the invention and is downstream of the membrane body 3 (cf.

Figs. 2, 3), the water vapor contained in the hydrophobic fluid
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5 is condensed, that is to say that the water contained in the
hydrophobic fluid 5 is converted from the gaseous state to the
liquid state. As shown in principle in FIG. 1, in this way a
phase mixture having two mutually separated phases, that is to
say a first phase substantially comprising the hydrophobic
fluid and a second phase substantially comprising water, can be
formed. The respective phases may contain small proportions of

the respectively other phase.

In order to obtain as high as ©possible a condensation
temperature and as high as possible a water vapor partial
pressure of the water vapor to be condensed in the condensation
step and thus to keep as 1low as possible the cooling
requirement for condensation or the cooling power needed for
condensation, this being provided by way of a cooling facility
(not shown) associated with the condensation facility 8, and to
initiate it at a high temperature, the pressure within the
condensation facility 8 can be increased. For the condensation,
new cooling sources can thus be used or alternatively, if
existing cooling sources are used, the temperature difference
for the heat transfer can be increased, which makes it possible
to use more compact cooling facilities having lower power
consumption. Similarly, it is possible in this way to increase
the spread of temperature of a cooling medium used for cooling,
such as air, such that the mass flow of cooling agent required
or to be applied for «cooling and the associated energy

requirement can be reduced.

In the separating step, which follows the condensation step and
is carried out by way of a separating facility 9 that is part
of the device 1 according to the invention and is downstream of
the condensing facility 8 (cf. Figs. 2, 3), the second phase
comprising condensed water is separated from the first phase
comprising hydrophobic fluid 5, chemically and/or physically.
The separation of the second phase comprising water from the

first phase comprising hydrophobic fluid 5 may be performed for
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example by way of sedimentation. Advantageously, a low flow
rate is to be provided in the separating facility 9 in order to
enable sedimentation processes, or to increase the efficiency

of sedimentation processes.

FIG. 2 shows an illustration of the principle of a device 1 for
the separation of water, in particular water vapor, from a
fluid flow containing water, in particular water wvapor,
according to an exemplary embodiment of the invention.
Referring to Fig. 2, a conceivable constructional
implementation of the device 1 according to the invention can
be seen. The device 1 is once again connected directly within a

channel 2 guiding a gas flow containing water vapor.

Projecting into the membrane body interior space 4 that 1is
delimited by the hollow cylindrical membrane body 3 is a supply
channel 10 that extends through the membrane body 3, coaxially
with respect to the longitudinal axis of the membrane body 3.
In the region of the end face of the membrane body 3 that is at
the top in Fig. 2, the supply channel 10 is connected to a
supply facility 6 that is similarly arranged in the region of
the upper end face of the membrane body 3. By way of the supply
facility 6, hydrophobic fluid 5 that is ready to take up water
vapor 1s conveyed continuously into the supply channel 10, this
hydrophobic fluid 5 passing out of the supply channel 10 in the
region of the free end of the supply channel 10, which lies in
the region of the lower end face of the membrane body 3. The
hydrophobic fluid 5 that has passed out of the supply channel
10 flows upward within an annular space that radially surrounds
the supply channel 10, and in so doing it 1is enriched with
water vapor that has permeated through the membrane body 3 and
into the membrane body interior space 4, and it is removed from
the upper end face of the membrane body 3 by way of the removal

facility 7, which is similarly arranged in the region thereof.
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It can be seen that the removal facility 7 communicates with
the supply facility 6 by way of the condensation facility 8 and
the separating facility 9, which are connected between them, as
a result of which the above-mentioned closed circuit is formed.
The circuit thus includes in particular the following
functional components that are part of the device 1 according
to the invention: the supply facility 6, membrane body 3,
removal facility 7, condensation facility 8 and separating

facility 9.

Where condensation of water vapor already takes place within
the membrane body 3, a condensation facility 8 1s not
absolutely necessary. In that case, a cooling facility or heat
dissipation facility by way of which cooling of the hydrophobic
fluid takes place would in particular be connected downstream

of the membrane body 3.

FIG. 3 shows an illustration of the principle of a device 1 for
the separation of water, in particular water vapor, from a
fluid flow containing water, in particular water vapor,
according to an exemplary embodiment of the invention. The
exemplary embodiment shown in FIG. 3 1is substantially an
illustration of the exemplary embodiment shown in FIG. 2 as a

process flow diagram.

Referring to FIG. 3, the sequence of an exemplary embodiment of
the method according to the invention for the separation of
water vapor from a gas flow containing water vapor can be
explained once again. The water vapor contained in the gas flow
permeates into the hydrophobic fluid 5 flowing through the
membrane body interior space 4, in particular as a result of a
drop between the water vapor concentration prevailing outside
the membrane body 3 and the water vapor concentration
prevailing within the membrane body 3, that is to say within
the membrane body interior space 4. The remaining gas flow, at

least partly freed of water vapor originally contained therein,
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flows out of the device 1 (cf. arrow P3). It goes without
saying that the gas flow can be returned such that it flows

through the device 1 a plurality of times.

The hydrophobic fluid 5 that is laden with water vapor 1is
supplied to a condensation facility 8, which in FIG. 3 1is
illustrated simply as a cooling facility or heat exchanger. The
water vapor contained in the hydrophobic fluid is condensed in
a condensation step that is carried out in the condensation
facility 8. Here, a phase mixture that contains a first phase
substantially comprising the hydrophobic fluid and a second
phase substantially comprising water is formed, and the second
phase containing the condensed water vapor 1is separated from
this phase mixture in a separating step that is carried out in
a separating facility 9 downstream of the condensation facility

8, as indicated by the arrow P4.

The first phase, containing only the hydrophobic fluid 5, 1is
guided back into the membrane body interior space 4, as
indicated by the arrow P5. For this purpose, conveying
facilities (not shown), for example in the form of pumps, that
are connected between the separating facility 9 and the

membrane body 3 may be provided.

Although the invention has been illustrated and described in
detail with detailed reference to the preferred exemplary
embodiment, the invention is not restricted by the disclosed
examples, and other variations may be derived therefrom by
those skilled in the art without departing from the scope of

the invention.
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Patentkrayv

1. Indretning (1) til separation af vand, isaer vanddamp, fra en fluidstrem, der
indeholder vand, isaer vanddamp, omfattende mindst et membranlegeme (3),
som er gennemtraengeligt for vand, hvilket membranlegeme begraenser mindst
et membranlegemeinderrum (4), hvor membranlegemeinderrummet (4) er eg-
net til gennemstrgmning med mindst en hydrofob vaeske (5) til optagelse af
vand, isaer vanddamp, som lgber fra fluidstrammen gennem membranlegemet
(3) ind i membranlegemeinderrummet (3), hvor membranlegemet (3) er udfert
hulcylindrisk, kendetegnet ved, at der er anbragt en tilferselsindretning (6)
med mindst en tilfgrselskanal (10), som er anbragt i membranlegemeinder-
rummet (4) koaksialt med den langsgaende akse af membranlegemet (3), hvor
tilfarselskanalen (10) gar gennem membranlegemeinderrummet (4) i det mind-
ste over en del af membranlegemeinderrummets (4) lzengde, hvor en bortled-
ningsindretning (7) er anbragt i omradet af et ringrum, som radialt omslutter
den mindst ene tilfgrselskanal (10).

2. Indretning ifelge krav 1, kendetegnet ved, at der ved eller i omradet af en
forste frontside af membranlegemet (3) er anbragt en tilfgrselsindretning (6)
for at fgre den hydrofobe vaeske (5) ind i membranlegemeinderrummet (4), og
der ved eller i omradet af en anden frontside af membranlegemet (3) kan an-
bringes eller er anbragt en bortledningsindretning (7) for at bortlede den hy-
drofobe vaeske (5) fra membranlegemeinderrummet (4).

3. Indretning ifelge et af de foregaende krav, kendetegnet ved mindst en kon-
densationsindretning (8), som er tilordnet, isaer efterkoblet, membranlegemet
(3), til kondensation af gasformigt vand, som er indeholdt i den hydrofobe vae-
ske (5), og/eller mindst en kgleindretning, som er tilordnet, isaer efterkoblet,
membranlegemet (3), til kgling af den hydrofobe vaeske (5), der opvarmes ved
kondensation af vanddamp.

4. Indretning ifelge et af de foregaende krav, kendetegnet ved en separati-
onsindretning (9), som er tilordnet, isaer efterkoblet, membranlegemet (3),
eventuelt kondensationsindretningen (8), der er tilordnet membranlegemet (3),
til kemisk og/eller fysisk, isaer mekanisk, separation af vandet, der er optaget |
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den hydrofobe vaeske (5), fra den hydrofobe vaeske (5).

5. Fremgangsmade til separation af vand, isaer vanddamp, fra en fluidstrem,
der indeholder vand, iseer vanddamp, hvor vandet, som skal separeres, isaer
vanddamp, overfgres gennem mindst et membranlegeme (3), der er gennem-
traengeligt for vand, til mindst en hydrofob vaeske (5), som befinder sig inde i
et membranlegemeinderrum (4), der begraenses af membranlegemet (3), og
som stremmer gennem membranlegemeinderrummet (4), kendetegnet ved,
at den hydrofobe vaeske (5) feres gennem en tilfgrselsindretning (6), som med
mindst en tilfgrselskanal (10) er anbragt i membranlegemeinderrummet (4) ko-
aksialt med den langsgaende akse af membranlegemet (3), hvor tilferselska-
nalen (10) gar gennem membranlegemeinderrummet (4) i det mindste over en
del af membranlegemeinderrummets (4) laengde, hvor en bortledningsindret-
ning (7) er anbragt i omradet af et ringrum, som radialt omslutter den mindst
ene tilfgrselskanal (10).

6. Fremgangsmade ifglge krav 5, kendetegnet ved, at den hydrofobe vaeske
(5) cirkulerer i et kredslgb, som membranlegemet (3) er koblet ind i.

7. Fremgangsmade ifglge et af kravene 5 eller 6, kendetegnet ved, at et un-
dertryk er til stede inde i membranlegemeinderrummet (4).

8. Fremgangsmade ifelge krav 5 til 7, kendetegnet ved, at gasformigt vand,
der er indeholdt i den hydrofobe vaeske (5), kondenseres.

9. Fremgangsmade ifglge krav 8, kendetegnet ved, at trykket af det gasfor-
mige vand, som er indeholdt i den hydrofobe vaeske (5), @ges fgr kondensati-
onen.

10. Fremgangsmade ifglge et af kravene 5 til 9, kendetegnet ved, at vandet,
der er indeholdt i den hydrofobe vaeske (5), separeres kemisk og/eller fysisk,
isger mekanisk, fra den hydrofobe vaeske (5).

11. Fremgangsmade ifglge et af kravene 5 til 10, kendetegnet ved, at der som
hydrofob vaeske (5) anvendes en naturlig eller syntetisk organisk vaeske, isaer
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en naturlig eller mineralsk eller syntetisk olie.
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