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A MODULAR WATER DISTILLING DEVICE

FIELD OF INVENTION

The present invention relates to water distilling devices. In particular the present
invention relates to water distilling devices which are modular and allow
assembly from a limited number of different components while allowing a
plurality of different configurations.

BACKGROUND OF THE INVENTION

Several solar powered multi effect distillation solutions for freshwater production
have earlier been described. US-A-4.475.988, US-A-4.402.793, US-A-4.329.205
and JP 11.156341 all describe proposed implementations of a solar distillation
system. However, none of the above mentioned applications has ever been
brought to market due to the low efficiency, high manufacturing cost and high
need of maintenance of the systems.

Any of the above systems is based on a number of heat conductive sheets/foils
that through a number of stages will evaporate and condensate a fluid. The
sheets/foils may be placed in any angle and the initial heat for the process may
be added from any side of the system and then travel through the stages to
reuse the energy. It is also given in any of the systems that the stages in the
multiple effect systems must be air/vapour/water tight within the system and to
the ambient in order to work.

The construction of such system is troubled by optimization of a number of
parameters to ensure energy efficiency, consistent good water quality and yield.
Most important are: a very precise spacing between sheets/foils; controlled air
and vapour tightness; a very secure separation of the feed and distilled water
flow; means for automated cleaning; administration of the heat energy in the
system; water distribution; absorption of temperature expansion differences in
materials used and rigidity of the system to withstand external impact. And
finally: the system must be low cost.
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Thus, there is a need for a new design of a multi effect distillation system for
mass production and easy assembly, operation and maintenance. In short, it is
the object of the invention to provide an all-in-one frame for a multi effect
distillation system, which ensures high efficiency, low cost and a simple
construction of a multiple effect still.

SUMMARY OF THE INVENTION

The present invention relates to a device for distilling a fluid, the device
comprising:

— a first and a second plate;

- a frame with opposite outer surfaces being detachably attachable to inner
surfaces of the first and second plates and having a shape by which at least
one chamber is defined by the frame and the inner surfaces, the frame
defining:

an inlet for releasing the fluid into the chamber,

a first outlet for releasing waste fluid from the chamber,

|

a second outlet for releasing distilled fluid from the chamber, and

a separator;

wherein the inlet is arranged to allow the fluid which is released into the
chamber to flow in a first flow path along the inner surface of the first plate from
the inlet towards the first outlet;

wherein the second outlet is arranged in flow communication with a second flow
path along the inner surface of the second plate to capture fluid which is formed
by condensing on the inner surface of the second plate; and
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wherein the separator is defined by an essentially plane element formed in one
piece with the frame and extending from a location between the outlets in a
direction towards the inlet and being arranged between the outer surfaces to
separate a part of the chamber into a first space in which the first flow paths
ends and a second space in which the second flow path ends.

Distilling fluid

The fluid to be distilled may be any fluid containing water such as waste water,
salt water, contaminated water or any other fluid from which water needs to be
distilled (wine, alcohol, fruit juice, process water, pharmaceuticals a.s.o).

Number of plates

In one embodiment the device comprises a plurality of plates such as two, three,
four, five, six etc. Between any to neighbouring plates are provided a frame such
that a chamber is defined between such two plates and the frame. Accordingly,
it will be appreciated that the number of chambers will be equal to the number
of plates minus one, i.e. if the device comprises six plates, then five chambers
are defined.

Distance between plates

In order to obtain an effective evaporation, the distance between the lower
evaporation surface and the upper condensation surface in a chamber should be
as small as possible such as in the range of 2-50 mm, such as 3-20 mm, such as
3-15 mm. Due to the abutment between the plates and the frame, the distance
between the plates are defined by the frame.

Spacers between plates

Due to the small distance between the plates, the device may in some
embodiments comprise spacers arranged to prevent two plates from contacting

each other, e.g. as a result of bending of the plates due to gravity. In these
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embodiments the outer frame may be divided into a number of frames all
sharing a common outer frame. The subdivision of the frame may be as an open
structure allowing vapour to travel between the plates enclosed by the outer
frame — or as individual compartments.

The division by spacers can be placed vertically or horizontally. Also, the spacers
may be a moulded part of the outer frame or inserts to be post mounted into the
structure.

Plates — materials

The plates may comprise one or more of the following materials, metal,
composites, ceramics and plastic. In one embodiment the outer surface of one
or more of the plates are steel coated with an anti-corrosion layer, such as
enamel/glazing. One or more of the plates may be coloured e.g. black, to attract
heat or may be coated with a coating suitable for attracting heat such that the
plates are heated, whereby the distillation process may be initiated. In one

embodiment, the plates are made from an essentially planer sheet of metal.

Plate sizes

The plates may have any size such as 130 cm * 50 cm, such as 100 cm * 50
cm, such as any other size. Limitations are the stiffness of the plate material
since bending of the plates is to be avoided.

The plates are preferable as thin as possible, such as in the range of 0.5-10 mm
such as in the range of 0.5-2 mm. It is important for the functionality that the
separator sheet is held in place between the sheets/foils without bending and
thereby risking mixture of the feed water and distillate. A support in form of a
spacer may therefore be moulded into the separator, holding the separator in
place. Once the feed water and the distillate are collected in the groove formed
by the separator, the fluids are led towards the outlet holes by gravity. The
bottom part of the frame may be angled towards the outlet to allow the fluids
easier to run out by gravity.
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Stiffness enhancing means

The plates may define one or more profiles for increasing the surface of the
plate and/or for enhancing its stiffness.

Frame - shape

The frame may be ring-shaped and have a shape corresponding to the plates. In
one embodiment the plates are quadrangular and the frame defines a
quadrangular ring defining four sides and four edges. In another embodiment
the plates are triangular and the frame defines a triangular ring defining three
sides and three edges. In yet another embodiment the plates are circular and

the frame defines a circular ring defining no edges and one single side.

Frame - materials

The frame may be made of a material suitable to provide non-corrosion, water
and air tightness, flexibility in a large temperature range, thermal isolation, UV-
stability, opaqueness and should also be non-toxic. The frame may comprise one
or more of the following materials, metal, plastic, rubber or glass. In one
embodiment the frame comprises a composite material defining two or more
layers.

It will be appreciated that it is desirable that, thermal energy is not conducted
from one plate to another via the frame. Accordingly, the frame may comprise a

‘material with low thermal conductivity, or may be shaped to reduce the thermal

conductivity between the plates, e.g. by being made from a foamed material
which due the low thermal conductivity of the air in the air pockets of the

foamed material has low thermal conductivity.

Size of frame

The frame should be shaped such that the two plates contacting the frame may

overlap at least a part of the frame. Accordingly, the inner width of the frame
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(i.e. the width between inner surfaces of the ring-shaped frame element) should
be smaller than the width of the plates. The same relationship is applies to the
inner length of the frame and the length of the plates. It will be appreciated that
the width/length of the plates should preferably be smailer than the outer
length/width of the frame, as long as an overlap between the plates and the

frame is ensured.

Inlet/outlets

As described above the device comprises a first outlet for collecting waste fluid
from the inner surface of the first plate and a second outlet for collecting distilied
water from the second surface. The outlets are provided on each side of the
separator, which serves to prevent that the distilled water is contaminated with
the waste water.

In embodiments wherein the frame defines a quadrangular ring defining four
sides, the outlets may be provided on a first side and the inlet may be provided
on an opposite side.

Each of the inlet and the two outlets may be fluidly connected to respective flow
passages defined by the frame and extending in a direction which defines a
substantially right angle with one of the plates. In a device comprising two or
more frames, the frames may be positioned such that said flow passages
coincide, whereby water may flow from the flow passage of one frame to the
flow passage of another frame. In order to prevent leakage between the frames
a seal may be provided between the frames in the area adjacent to the flow

passages.

Separator

The separator and the frame may define a monolithic element i.e. be defined in
one piece without seams. Preferably, the frame and the separator are
manufactured by being moulded into one single element. The separator may
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define a right angel with the inner surface of a side of the frame such that the

separator extends from a position between the outlets towards the inlet.

The separator may define an end portion and root portion. The root portion may
be defined in the transition between the inner surface of the frame and the
separator while the tip is defined in the opposite end of the separator i.e. at the
position furthest away from the inner surface of the frame. It will be appreciated
that in order to allow water to flow along either of the inner surfaces, the tip
must be spaced apart from both said surfaces.

The size of the separator determines the amount of fluid in said first and second
flow that can be held on each side of the separator. This is particularly important
when the system is flushed or when the self draining of the system by gravity is
troubled for some reason. In general the separator should be as small as
possible such as 2-5cm in height or 2-10cm in height or 3-15cm in height.

Gutter

In one embodiment the inlet is formed with a gutter shaped groove extending
transversely to the first flow path and being shaped to allow fluid entering the
device through the inlet to be distributed over a width of the frame before being
released onto the first surface. The gutter shaped groove may be detachably
attachable to the frame. Alternatively, the gutter shaped groove and the frame
may define a monolithic element, i.e. defining one element without a seam there
between.

Drip nose

To avoid the feed water from contacting the first plate which is used to collect
the distilled water, the frame may comprises a drip nose which is provided
above the gutter shaped groove. In one embodiment, the drip nose defines a
groove opposite the gutter shaped groove, whereby a transversely extending
flow channel is defined by the gutter shaped groove and said opposite groove.
One advantage of such a channel is that water feed at a relatively high velocity
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into the inlet, will be prevented from flowing directly onto the first surface, and
will instead be evenly distributed along the channel before it flows onto the first

surface.

Flow control element

In one embodiment the device comprises a flow controlling element covering at
least a part of the gutter shaped groove and at least a part of the first surface,
the flow controlling element may be adapted to control the velocity of liquid
flowing from the inlet to the first outlet and/or to ensure an even distribution of
the liquid over at least a part of the first surface. The flow controlling element
may be adapted to facilitate capillary flow of feed water from the inlet towards
the second outlet. In one embodiment, the flow controlling element comprises a

textile woven material, or a fleece material or

The flow controlling element may comprise a retaining means adapted to be
positioned in the gutter shaped groove; the retaining means may be a rod-
shaped element. In one embodiment, the retaining means is wider that the
passage defined between the gutter shaped groove and the opposite groove,
whereby the retaining means is prevented from being moved from the groove
onto the first surface. As the flow controlling means may be fastened/attached
to the retaining means the flow controlling element may be retained in the
correct position.

Drip catcher

In one embodiment, the frame on at least one of its inner surfaces defines a drip
catcher adapted to collect distilled water so as to prevent said distilled water
from flowing from the first flow path to the second flow path along the inner
surface of the frame. In one embodiment, a drip catcher is provided on each of
two opposite sides, i.e. the sides extending between the lower and upper sides
(on which the outlets and the inlets are provided, respectively). The drip catcher
may be plane and extend from an inner surface of the frame and in a direction
transverse to one of the plates, whereby a cavity is defined between the plane
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drip catcher and the frame. The one or more drip catchers may be fluidly
connected to the second outlet such that distilled water flowing into the drip
catcher will be collected.

Guiding means for assembly

In one embodiment the frame comprises guiding means for guiding attachment

of the plates to the frame. The guiding means may take the form of a protrusion
e.g. a pin, extending from one surface of the frame, which protrusion is adapted
to engage a corresponding indentation e.g. a hole, in one of the plates.

Stacking

The device may comprise a plurality of frames arranged between plates to form
a stacked structure with a plurality chambers. Due to the few and simple
elements stacking of the frames and plates are easily done, and the
frames/plates by be held together in a known manner, such as by compression,
by engagement of a holding member extending through all the plates and all the
frames, by snap-locking the frames and the elements together etc.

Compression

In one embodiment a top frame forming an upper layer in the stacked structure
and a bottom frame forming a bottom layer in the stacked structure, the top and
bottom frames facilitating attachment of a compression structure to compress all
layers of the stacked structure towards each other.

Vapour passage

In one embodiment at least one of the plates defines at least one vapour
passagde allowing vapour to pass through the plate. Except from the plates which
define the top and the bottom plates in the device, all the plates define one of
the first surfaces on which the waste water flows, and one of the second

surfaces on which the distilled water is condensed. Accordingly, it will be
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appreciated that care should be taken regarding the position, the shape and the
size of the pores such that the waste water cannot flow from the first to the
second surface and thus contaminate the distilled water. In one embodiment,
the vapour passages are provided in the upper part of one or more of the plates,
i.e. closed to the inlet than to the outlets, such as in the upper third, such as in
the upper fourth, such as in the upper tenth.

In another embodiment the size of each of the pores are chosen such that a
droplet cannot pass though the passage while steam (vapour) may pass through
the passage. In one embodiment, the passages are circular while in other
embodiments the passages define longitudinal passages, which are narrow
enough to prevent passage of droplets there through.

In yet another embodiment, the size of the vapour passages vary though out the
device such that the size decreased from the lowermost plate to the upper most
plate.

In another embodiment, the size and number of the vapour passages are
determined by the area of the plates in the device, such that the larger the
plates are, the larger the area and number passages are. In one embodiment
the area of each of the plates is 0.5 m? and two vapour passages - each of 0.5
cm? size - are provided in each plate.

It has been found that a controlled distribution of vapour between the chambers
improves the yield and energy efficiency of a system.

As the number and position of the vapour passages influence the efficiency of
the device, the device may comprise means for blocking one or more of the
vapour passages so as to allow the device to be adapted to the location at which
it is set up. Such blocking means may be a plug or tape which may be adhered

to the first and/or second surface of a plate so as to cover a vapour passage.

Further, the vapour passages may comprise means for opening/closing e.g.
temperature activated valves or electronic devices that control the optimum
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vapour passage. These means would in one embodiment be placed at least as
one device for the whole system, and not as a part of the frame.

Sealing

In order to prevent leakage from a chamber a sealing structure may be provided
between the plates and the frame. Like the frame, the sealing structure may be
ring-shaped and adapted to engage a surface of the frame and a surface of the
plate. In one embodiment, the frame and/or the plate defines a recess for
receiving the sealing structure. It will be appreciated that by compressing the
frames and the plates towards each other, a seal may be provided. In one
embodiment the sealing structure is made from a resilient material like the
materials of which O-rings are manufactured, such as natural or artificial rubber.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be described with reference to the drawings in which:

Fig. 1 discloses a front elevation view of a plate 100 and a frame 102 according
to the invention,

Fig. 2 discloses a cross section view of the frame 102 inlet opening 201 and | the
gutter shaned aroove 202 and the drip nose device 203.

f .
|

Fig. 3 discloses a cross section of the vapour passage 301 in the frame 102
Fig. 4 discloses a cross section of the frame 102 drip catcher 401

Fig. 5 discloses a cross section of the frame 102 outlet opening 107 and the fluid
connection 801 between the one side of the separator 105.

Fig. 6 discloses a cross section of the frame 102 separator 105 and a guiding
member 601.
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Fig. 7 discloses a cross section of the frame 102 separator 105 and a spacer 701
integrated into the separator,

Fig. 8 discloses a cross section of the frame 102 outlet opening 106 and the fluid
connection 801 between the one side of the separator 105.

DETAILED DESCRIPTION OF THE DRAWINGS

Fig. 1 discloses a front elevation view of a plate 100 and a frame 102 according
to the invention. As described in the aforementioned, the device will comprise
two or more plates 100 which are provided such that any two neighbouring
plates 100 are separated by a frame 102.

In the frame the following is shown: An entry passage 201 for the distilling fluid,
a gutter shaped groove for spreading of the distilling fluid 202, a detachable drip
nose 203, a vapour passage opening 301, a number of O-ring sealings 103,
outlet openings 106 and 107, guiding means for assembly 601, the separator
105, the fixation mean for the separator 701, the outlet passage between the
separator gutter and the outlet holes 801, a number of holes for compression
means 104 and the drip catcher 401.

Fig 2 discloses a cross section view of the distilling fluid entry 201 in form of a
hose connection. The distilling fluid entry stretches into and through the frame
102 to the u-shaped gutter 203 that will enhance the spreading of the fluid over
the width of the plate 100. The drip nose 202 is shown here as a detachable
component stretching from one side to the other of the frame 102 or at least
over the same distance as the gutter 203. The o-rings 103 on both sides of the
frame 102 ensures the vapour and fluid tightness between frame 102 and plates
100.

Fig 3 discloses a cross section of the vapour passage hole 301 in the frame 102

in a form where the vapour passes first through a sideways oriented hole that
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corresponds with a vertical hole in the frame 102. To avoid loss of vapour an o-
ring 103 is placed to seal the vapour passage 301 to one another.

Fig 4 discloses a cross section of a side of the frame 102 where a drip catcher
401 is placed in the inner side of the frame 102. The distillate that is collected in
this drip catcher is lead to the upper side of the separator 105 so that the
distillate runs off on the upper side of the separator. As shown before o-rings
103 ensures tightness between plates 100 and frame 102. A humber of holes
104 throughout the frame 102 are holes in which means for compressing the

plates and frames is to be placed e.g. a threaded bolt.

Fig 5 discloses a cross section the identical outlet holes 106 and 107 for the first
and second fluid flow. Tightness between frames in a stacked embodiment is
ensured by o-rings 103. A combined drip nose and assembly guide is shown in
108 that interlock the frames 102 when being stacked.

Fig 6 discloses a cross section of the lower end of the frame 102 with 2 plates
100, showing the moulded separator 105 that stretches from the one side of the

frame to the other.

Fig 7 discloses a cross section of the lower end of the frame 102 with 2 plates
100, showing the moulded separator 105 that stretches from the one side of the
frame to the other and with a spacer 701 that holds the separator 105 in place
between the plates 100. 104 is another hole for means of compression.

Fig 8 shows a cross section of the lower end of the frame 102 with 2 plates 100,
showing the fluid connection 801 between the gutter on one side of the
separator 105 and the outlet hole 107 leading one of the fluid flow out. A similar
fluid connection 801 is placed on the other side of the separator and corresponds
to the other outlet hole 106 leading the other fluid flow out.
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CLAIMS

1. A device for distilling a fluid, the device comprising:

— afirst and a second plate;

— a frame with opposite outer surfaces being detachably attachable to inner
surfaces of the first and second plates and having a shape by which at least
one chamber is defined by the frame and the inner surfaces, the frame
defining:

an inlet for releasing the fluid into the chamber,

a first outlet for releasing waste fluid from the chamber,

a second outlet for releasing distilled fluid from the chamber, and

a separator;

wherein the inlet is arranged to allow the fluid which is released into the
chamber to flow in a first flow path along the inner surface of the first plate from
the inlet towards the first outlet;

wherein the second outlet is arranged in flow communication with a second flow
path along the inner surface of the second plate to capture fluid which is formed

by condensing on the inner surface of the second plate; and

wherein the separator is defined by an essentially plane element formed in one
piece with the frame and extending from a location between the outlets in a
direction towards the inlet and being arranged between the outer surfaces to
separate a part of the chamber into a first space in which the first flow paths
ends and a second space in which the second flow path ends.
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2. A device according to claim 1, wherein the inlet is formed with a gutter
shaped groove extending transversely to the first flow path and being shaped to
allow fluid entering the device through the inlet to be distributed over a width of
the frame before being released onto the first surface.

3. A device according to claim 2, further comprising a flow controlling element
covering at least a part of the gutter shaped groove and the first surface, the
flow controlling element being adapted to control a velocity of liquid flowing from
the inlet to the first outlet and/or to ensure an even distribution of the liquid
over at least a part of the first surface.

4. A device according to any of the preceding claims, wherein the frame on at
least one of its inner surfaces defines a drip catcher adapted to collect distilled
water so as to prevent said distilled water from flowing from the first flow path
to the second flow path along the inner surface of the frame.

5. A device according to any of the preceding claims, wherein the frame
comprises guiding means for guiding attachment of the plates to the frame.

6. A device according to any of the preceding claims, comprising a plurality of
frames arranged between plates to form a stacked structure with a plurality

chambers.

7. A device according to claim 6, comprising a top frame forming an upper layer
in the stacked structure and a bottom frame forming a bottom layer in the
stacked structure, the top and bottom frames facilitating attachment of a
compression structure to compress all layers of the stacked structure towards
each other.

8. A device according to any of the preceding claims, wherein at least one of the
plates defines at least one vapour passage allowing vapour to pass through the
plate.
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9. A device according to any of the preceding claims, wherein the plates are
made from an essentially planer sheet of metal.

10. A device according to any of the preceding claims, wherein the outer
surfaces comprises a sealing structure for sealing fluid tightly against the inner

surfaces when biased there against.
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